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Abstract 

A placenta's lipid content and lipid intermediates are referred to in biology as lipid 

mediators, which act as cellular messengers established during pregnancy in the 

mother's cells. The outer and inner sites of the cell membrane rely on lipids' structural 

fluidity, permeability, and transport. Phospholipids in cell membranes are 

amphiphiles that affect cellular and metabolic pathways and the balance between 

pro- and anti-inflammatory responses. Pregnancy perturbations might be influenced 

by fluctuations between phospholipids and insulin in the body. This project aims to 

learn about and identify total lipid species from the human placenta and maternal 

plasma. A potential global marker of obesity and gestational diabetes mellitus 

(GDM) pregnancy as a pro-inflammatory biomarker can also be determined by 

measuring phosphatidylcholine (PC) versus lysophosphatidylcholine (LPC). Our 

work aims to develop extraction and bioanalytical TLC addition confirmation for 

MALDI TOF MS mass spectrometry to understand lipid biologics better. Also, learn 

and understand the placenta lipidome in obese and GDM placentas. MALDI TOF 

MS mass spectrometry is used to gain a broad understanding of lipid composition 

using thin-layer chromatography (TLC) and preparative TLC. Using MALDI ToF 

MS confirms total lipid species, including phospholipid species. As a potential 

biomarker that disrupts the balance between pro-inflammatory and anti-

inflammatory responses, hydrolysed lysophosphatidylcholine LPC and native 

phosphatidylcholine PC can trigger pro-inflammatory responses. Placentas and 

plasmas of healthy controls and obese and GDM patients were compared for body 

mass index BMI. Using a total lipid extract and adapted chromatography, lipid 

extraction and separation could be performed to gain insights into what is inside the 

placenta regarding lipids. The experimental bioanalysis using TLC and MALDI ToF 

MS provided a good basis for observing and identifying the mass-to-charge ratios of 

lipid species and collaborative confirmation of the method's ability to be applied to 

further advanced chromatography techniques. 
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Chapter: 1 Introduction 

 

1.1 Overview  

This introduction gives the reason for this work and describes already-known 

insights about human placental lipid composition, the cellular function of lipids, and 

approaches to lipid analysis. Work explains particularly phospholipids, thin layer 

chromatography (TLC), high-performance preparative thin layer chromatography 

(HP-TLC) separation of the placenta and plasma lipids, and analysis by matrix-

assisted laser desorption ionisation-time of flight mass spectrometry (MALDI ToF 

MS. This work aims to understand the placenta's lipid content and identify the 

molecular masses of lipids to measure any differences in healthy compared to 

diseased samples. Disease samples include obesity based on body mass index (BMI) 

and gestational diabetes mellitus (GDM) based on clinical ascertainment. The aim is 

to provide biological insights by identifying placental lipids, particularly 

phospholipids, towards measuring inflammation to improve understanding of 

disease and as a potential biomarker. Limited literature exists on human placental 

lipids and their functions as cellular signalling molecules. However, this work 

focuses on setting up placental and plasma lipid chromatographic separation and 

analysis methods to facilitate the study of these.  

One key focus is analysing phosphatidylcholine (PC) and lysophosphatidylcholine 

(LPC) to measure the relative ratio of these in placentas and plasma from women 

who are obese or have GDM compared to healthy gestation age-matched controls. 

The goal is a reliable method for lipid extraction and identification from the human 

placenta and blood plasma. The approach includes identification by TLC as a 

bridging opportunity to bioanalytical high-resolution mass spectrometry with 

collaborators in-house and externally. Further, this work also explains the initial 

stages of setting up methods for sample preparation and running MALDI Imaging. 

The MALDI Imaging work was an essential part of this research, and working efforts 

can help future research in lipid imaging in placental tissue.  
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1.1.1 Study Aims 

This research study has investigated placental tissue and plasma lipids. Lipids, in 

general, are naturally occurring biochemical molecules alongside proteins and 

carbohydrates. Critical roles for lipids in biology include energy storage, cell 

membrane composition and metabolic breakdown pathways to cellular signalling via 

the intermediates of fatty acids, known as lipid mediators.  The research objectives 

are methodology, protocol setup, and validation towards future research to enable 

the identification of lipids in biological environments. It includes placenta, blood 

plasma, or other human tissue samples that use lipids as ways of tracing, for example, 

the cancer microenvironment or inflammation-related disorders. The purpose of this 

research is to establish methods and find out differences or similarities in placenta 

lipids, having validated methods optimised on human tissue placenta and blood 

plasma approach with bioanalytical semiquantitative data acquisition and analysis 

using phosphatidylcholine with the hydrolysed lysophosphatidylcholine as a relative 

percentage ratio comparison between placenta BMI group and plasma. The aim of 

measuring total lipids in placenta tissue and blood plasma is to use this approach in 

identifying limits for lipid biomarkers in pregnancy obesity and gestational diabetes, 

which is essential and highly relevant to other diseases such as cancer, inflammation, 

and hypertension in obstetrics during adverse pregnancy. We aim to identify possible 

inflammatory biomarkers and, later, consider them as cellular signalling molecules 

through additional studies of fatty acids with future collaborations. The extraction 

methods and analysis of the total lipid extract by TLC and further isolation of the 

total lipid into separate lipid bands described in this thesis work as a methodical 

narrative setup and investigation by ionisation methods in MALDI ToF MS MS mass 

spectrometry with the reported relative ratio of the placenta extract and plasma total 

lipids evaluated as relative ratio PC/LPC plotted using GraphPad to observe 

differences and similarities in healthy control pregnancies versus obesity and 

gestational diabetes mellitus GDM.  

1.2 Pregnancy Overview 

Pregnancy affects hormone levels and weight gain and causes biophysical and 

emotional changes. Pregnancy lasts around 40 weeks, divided into three trimesters 



26 

 

(1). The start of pregnancy is considered the first day of the last menstrual period. In 

the first trimester, a fertilised egg implants into the uterus, the placenta forms, and 

major organs, such as the baby's heart, develop by the end of the first trimester. 

Miscarriage risk decreases during the second trimester when the baby's organs 

continue to evolve, the mother's belly grows, and the mother starts to feel fetal 

movement. The third trimester begins at around week twenty-nine and lasts until 

delivery. Pregnancy starts with fertilisation, which happens when a sperm cell 

successfully penetrates and fuses with an egg (ovum, oocyte), resulting in a zygote 

that contains all the genetic information needed for development. Cell division leads 

to the development of the multicellular morula (Figure 1.1), which moves through 

the fallopian tube to the blastocyst stage, which settles and then penetrates the 

endometrium of the uterus. The endometrium undergoes a structural change called 

decidualisation, which involves a morphological change of the endometrium lining 

into the decidua lining (2). The decidua provides temporary nutrition for the embryo 

until the yolk sac and the placenta properly develop. The decidual reaction begins 

during the menstrual cycle after ovulation, where elevated progesterone levels 

initiate the molecular changes leading to decidualisation. It is accompanied by an 

influx of white blood cells that will either support endometrium breakdown if 

pregnancy does not occur or implantation and placentation if pregnancy does occur 

(3, 4).                                                                                                                                     

The implantation process is summarised in (Figure 1.1) early fertilisation and 

implantation stages are in (Figure 1.2). A critical stage in embryonic development is 

the formation of morula during fertilisation. Cell-to-cell tight junctions are 

established during the morula stage, characterised by a compact sphere of cells(5). 

A trophectoderm (TE) precursor emerges during this transition, contributing to 

placental development. Also, at the same time, cells constitute the inner cell mass 

(ICM), contributing to embryonic and extraembryonic development (6). Forming a 

mature placenta begins when morula ball cells become trophoblasts (7). As morula 

compaction and blastocyst formation proceed, ICM and trophoblasts differentiate 

(8). 

A blastocyst forms about five to six days after fertilisation, consisting of two main 

parts: the inner cell mass ICM, which has the most cells (which produces the embryo 
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developments)  and the trophoblast (which makes extraembryonic tissues). These 

pluripotent cells can create all types of organs and tissues. The trophoblast is one of 

two types of cells that differentiate from the outer layer in the blastocyst (9). All 

human cells originate in three primary germ layers: ectoderm, mesoderm, and 

endoderm. There are two primary kinds of cells in the trophectoderm on the surface 

of the blastocyst: trophectoderm forms placentas, amnions, and chorions, which are 

extraembryonic tissues (9). During implantation, trophectoderm attaches the 

blastocyst to the uterine wall—mother and embryo exchange waste and nutrients 

through the placenta (10, 11). Placentation and implantation are dependent on it. The 

placenta is nourished and supported by trophoblasts, which convert cells into 

extraembryonic tissues (10). It is trophoblasts that make pregnancy possible(9). 

Differentiation leads to various structures, including the placenta, which exchanges 

nutrients and supports the embryo. Trophectoderm derivatives are called 

trophoblasts in placenta development, as trophectoderm comes from trophoblasts(9). 

Tissue differentiation into trophoblastic cells occurs as trophectoderm cells divide. 

The trophoblastic cells create the placenta, interact with the uterine lining, and 

produce hormones like HCG in pregnancy (12). In pregnancy, trophoblast cells 

differentiate into syncytiotrophoblast and cytotrophoblast. The blastocyst outer layer 

is covered and formed from the trophoblast (9). These cells help the blastocyst attach 

to the uterine wall during implantation and go on to produce the placenta. The 

trophoblast makes amnion, chorion, and allantois, supporting embryonic 

development and growth (9, 12). 

1.3 Placenta embryology overview  

The placenta grows parallel to the development of the uterus as a temporary organ 

whose genetic characteristics are identical to the developing fetus. The placenta 

comprises the parenchyma, chorion, amnion, and umbilical cord. It forms from the 

zygote, separates the fetus from the endometrium, and gets delivered after birth. The 

contact of the trophoblast with the endometrium causes the development of the 

syncytiotrophoblast and cytotrophoblast, which secrete enzymes that break down the 

bond between endometrial cells so the syncytiotrophoblast can invade the 

endometrial wall. These cells are part of the chorion, which develops into the 
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placenta. The decidua connective tissue develops into decidua cells as progesterone 

increases, and the decidua capsularis villi degenerate and disappear as they fuse with 

the decidua parietalis. The monochorionic membrane then ruptures during labour. 

The monochorionic membrane with the fetal vessels makes up the chorionic plate, 

which is attached to the endometrium by the fetal chorionic sac. Fetal blood vessels 

are bathing in maternal blood, but there is usually no mixing between maternal and 

fetal red blood cells.  

The placenta is an immune and endocrine organ that produces hormones and growth 

factors in autocrine and paracrine modalities. It can make its glycogen and 

cholesterol from maternal glucose and fatty acids, synthesising human chorionic 

gonadotropin and human lactogen. Several molecules interact with the placenta, 

including leptin, insulin, many growth factors, human chorionic gonadotropin, 

steroids, and hypoxia. The placenta is the means of communication between mother 

and fetus and is essential for transferring gases, electrolytes, hormones, maternal 

antibodies, fetal waste, and nutrition. The placenta uses channels for ion transport, 

facilitated diffusion for glucose using carrier proteins, and active transport for several 

solutes.  

The placenta can grow through the total thickness of the myometrium and reach the 

serosa of the uterus, which can cause bleeding during pregnancy and bleeding 

complications postpartum. The umbilical cord can also have multiple arteries, veins, 

and cysts. The placenta can have a velamentous insertion or a marginal insertion. A 

velamentous insertion is dangerous because the vessels are exposed and not 

protected by Wharton's jelly. The placenta may be stored in a refrigerator or fixative 

for further examination after parturition. Placental detachment is a hazardous 

circumstance and may be due to hypertension, diabetes, or drug use. The placenta is 

a vital fetal organ necessary for a healthy pregnancy for both mother and fetus (13-

19). 

1.3.1 Placenta stages  

An effective pregnancy depends on the development of the placenta. Structures 

develop in the fetal and maternal environments to support the growing fetus. The 
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following are the main components and stages in placental development: During 

fertilisation, sperm cells fertilise eggs, forming zygotes—a ball of cells morula, 

forms in the zygote after several divisions. The morula divides into a blastocyst 

composed of two main parts: the trophoblast and the inner cell mass. An outer layer 

of cells in a blastocyst is known as the trophoblast. It undergoes differentiation and 

plays a vital role in implantation. The blastocyst connects to the uterine wall 

(endometrium) approximately six days after fertilisation. This attachment establishes 

pregnancy. 

Following implantation, trophoblast cells differentiate and produce various fetal 

structures, including the amnion and chorion. The chorion at the fetal side surrounds 

the embryo. Endometrium changes on the maternal side to form the decidua, which 

consists of three parts: decidua basalis (deeply located at the implantation site), 

decidua capsularis (covering the implantation site), and decidua parietalis 

(surrounding the rest of the uterine cavity). The placenta gradually grows in 

complexity through the first trimester and beyond. It exchanges nutrients, oxygen, 

and waste products in circulation. The placenta interacts with the maternal 

environment during pregnancy, regulating hormone production, immune responses, 

and nutrition transfer. During pregnancy, the placenta transforms into a temporary 

organ, sharing the genetic characteristics of the fetus. A healthy pregnancy depends 

on the placenta's development. Complications or abnormalities in placental 

development can affect both mother and baby. A crucial part of prenatal care is 

monitoring the placenta's health (13-19). 

1.3.2 Early stage  

The early stages of pregnancy highlight the remarkable journey from fertilisation to 

establishing a functional placenta. Following fertilisation, the zygote divides several 

times to form a morula, eventually developing into a blastocyst. There is an inner 

cell mass (the future embryo) and an outer layer called a trophoblast (the future 

placenta). Following fertilisation, the blastocyst implants into the uterus and 

differentiates into trophoblasts. A trophoblast differentiates into a 

syncytiotrophoblast that invades the endometrium and secretes hCG. In addition, 

these cells become cytotrophoblasts, which secrete enzymes that facilitate invasion. 
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The chorion, the basis of the placenta, evolves through the interaction between 

trophoblasts and extraembryonic mesoderm. In primary chorionic villi, the 

cytotrophoblast develops into the syncytiotrophoblast. The villi develop into 

secondary and tertiary villi to exchange between maternal and fetal circulation. A 

modified decidua endometrial lining and the amniotic sac surrounding the embryo 

develop simultaneously. As the decidua capsularis and parietalis merge, it provides 

stability. The placental cotyledon forms at the fetomaternal junction, where the 

chorionic villi anchor the fetus to the uterus. Each cotyledon is bathed in maternal 

blood via uterine spiral arteries, exchanging nutrients and gas without mixing 

maternal and fetal blood. The two arteries, one vein, connect the fetus with the 

placenta via the umbilical cord by supplying oxygenated blood and nutrients (13-

19). 

1.3.3 Endocrine function 

The multifunctional nature of the placenta, encompassing both protective and 

supportive roles, highlights its complexity and importance in human reproduction. 

The placenta is a complex organ with critical cellular structures and functions. These 

include immune and endocrine cellular tasks that protect the fetus from harmful 

substances and infections. They also produce hormones and growth factors critical 

for a healthy pregnancy. ATP-binding cassette (ABC) is a superfamily of protein 

transporters' biochemical structures. There are different ABC superfamily members 

which transport many substances found in the placenta. For example, multidrug 

resistance protein type 1 (MDR1), breast cancer resistance protein (BCRP), and 

multidrug resistance-like proteins (MRP2 and MRP5) are the most important 

proteins. They support the placenta by removing harmful substances from the 

placental and fetal circulation. These proteins protect the development of the fetus. 

The placenta provides an immune interface between the mother and fetus. It protects 

the fetus from infectious agents, while the mother's immune system suppresses to 

avoid rejecting the fetus. Placenta-derived immune cells and immune-modulating 

molecules facilitate the placenta's immunological function. A placenta is an 

endocrine organ that secretes hormones and growth factors essential for maintaining 

pregnancy and fetal development. It consists of the uterine lining maintained by 

progesterone, human chorionic gonadotropin (hCG, which signals the corpus luteum 
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to continue producing progesterone) and human placental lactogen (hPL, which is 

essential for maternal metabolism and fetal growth). The two types of cells secrete 

corticotropin-releasing hormone (CRH) and fibroblast growth factor (FGF), which 

function both during fetal development and pregnancy (13-19). 

1.3.4 Biochemical function  

The placenta's biochemical functions convert maternal glucose into glycogen, which 

the fetus uses for energy. Progesterone and estrogen maintain pregnancy and prepare 

the mother for childbirth. Produced from maternal fatty acids, which are crucial for 

hormone production. The development and maturation of fetal lungs require 

glucocorticoids. In alveoli, surfactants are produced by glucocorticoids, which 

reduce surface tension by stimulating surfactant production (20). It has been reported 

that it increases phosphatidylcholine activity and increases the production of 

surfactant proteins (21). In fetuses and embryos, placental enzymes partially 

inactivate glucocorticoids. Glucocorticoids play a vital role in cell type 

differentiation and tissue maturation, especially in the lungs. That is, as the 

hypothalamus, pituitary, and adrenal systems mature. Glucocorticoids promote 

structural maturation by stimulating cell maturation and differentiation (22). 

Consequently, they alter interstitial DNA synthesis and alveolar development. That 

hormone helps the lungs absorb lung fluid when the fetal stage transitions to the 

neonatal stage. In the developing lungs, glucocorticoids act through enzymes like 

catalase, glutathione peroxidase, and superoxide dismutase to protect them from 

oxidative stress. The effects of glucocorticoids on lung function and development 

can be attributed to gene expression. The glucocorticoids that trigger lung maturation 

cause specific proteins to be synthesized. The activation of enzymes by 

glucocorticoids enhances surfactant production. The glucocorticoids also interact 

with transcription factors such as nuclear factor kappa-B and activated protein-1 to 

regulate inflammation (22, 23).          

Several peptide hormones engage in placental fetal development; for example, hCG 

boosts progesterone in the corpus luteum in pregnancy. For instance, hPL regulates 

maternal metabolism and fetal growth. Fetus growth is affected by Growth Hormone 
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(GH). Angiogenesis and vascular development depend on Vascular Endothelial 

Growth Factor (VEGF). The hypothalamic-pituitary-adrenal (HPA) axis function is 

regulated by corticotropin-releasing hormones (CRH). Prenatal growth depends on 

insulin-like Growth Factor (IGF). The placental growth factor (PlGF) promotes 

placental development. Cytokines stimulate immune responses (13-19). 

1.3.4.1 Hormonal interphase  

Placental interactions during fetal development use leptin, a homeostatic agent that 

promotes proliferation, protein synthesis, and anti-apoptotic activity. Insulin, growth 

factors, hCG, steroids, and hypoxia affect regulation. Different substances, including 

growth factors, hormones, and oxygen, regulate placenta function and health. As an 

active endocrine organ, the placenta regulates fetal development and maternal 

physiology during pregnancy and provides nutrient and gas exchange. The interplay 

between hormones and molecular factors ensures healthy fetal development, 

demonstrating the profound complexity of pregnancy at a molecular and biochemical 

level. The placenta controls the HPA axis and parturition (childbirth) timing. The 

fetal HPA axis is a significant component of the neuroendocrine system, and the 

HPA axis regulates digestion, the immune system, mood and emotions, sexuality, 

and energy storage and expenditure in response to stress. The HPA axis influences 

lung development and maturation in the fetus (13-19).  

Like the brain's hypothalamus, the placenta produces CRH (Corticotropin-Releasing 

Hormone). Placental CRH stimulates ACTH (Adrenocorticotropic Hormone) 

secreted by the pituitary gland, stimulating cortisol production by the adrenal glands. 

Cortisol is especially crucial for fetal organ development, which produces surfactants 

that facilitate breathing after birth. Unlike adults, the fetal HPA axis does not have a 

fully developed feedback inhibition mechanism. High cortisol levels do not 

significantly inhibit CRH and ACTH production as they do in the adult HPA axis. 

Preparing the fetus for birth and initiating labour is a crucial function of the placental 

HPA axis. A complex interplay of hormones exists between the fetus, the placenta, 

and the mother. One of the critical events triggering labour is the activation of the 

fetal HPA axis, leading to an increase in cortisol production. In the uterus and 

placenta, cortisol from the fetus stimulates prostaglandin production, which initiates 
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labour. As labour approaches, the placental CRH increases. Increasing uterine 

contractility and influencing other labour hormones play a role in parturition timing. 

Placental hormones and fetal cortisol interact with maternal hormones, preparing the 

body for birth. They increase uterine sensitivity to contraction-inducing agents by 

converting maternal progesterone to estrogen. Parturition timing is also affected by 

mechanical factors (such as stretching of the uterus and cervix) (8-9).  

1.3.4.2 Efficacy  

Placental efficiency in nutrient and gas exchange can be affected by maternal health, 

blood flow, and substances or conditions (e.g., hypoxia leading to fetal growth 

restriction). Fetal development and the mother's well-being depend on the placenta's 

exchange of nutrients, gases, and wastes. The functions are as follows: oxygen and 

carbon dioxide exchange between mother and fetus through the placenta. Maternal 

blood oxygenates fetal blood, while fetal blood carbon dioxide is passed to maternal 

blood. Due to their lipophilic nature, these gases are highly permeable across 

placental tissues, facilitating fetal respiration. Mother and fetus share nutrients 

through the placenta. Nutrients include water, amino acids, glucose, vitamins, and 

free fatty acids. During this nutrient transfer, the bulk flow of water carries nutrients 

across the placental membrane through solvent drag. Maintaining a healthy fetal 

environment requires the removal of waste from the fetal system. The placenta 

transfers fetal waste products like urea, uric acid, and bilirubin to the mother's blood. 

Placentas exchange hormones that maintain pregnancy and prepare the mother's 

body for childbirth and lactation. The placenta transfers maternal antibodies to the 

developing fetus, providing passive immunity. Alpha-fetoprotein and other essential 

molecules are exchanged through the placental barrier, affecting fetal development 

and maternal health. Placentas transfer beneficial substances, but they also function 

as selective barriers. Placental transport mechanisms include simple diffusion for 

gases, facilitated diffusion (such as carrier proteins for glucose), active transport for 

specific solutes, and ion channels to balance electrolytes (10-14). 

In general, the placental barrier is effective but not impenetrable. Gaseous diffusion, 

glucose diffusion, active transport, and ion channels contribute to placental transport 
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(24). The placental barrier prevents harmful substances from reaching the fetus, but 

it is fallible. The congenital infections (Toxoplasma gondii, Rubella virus, 

Cytomegalovirus, and Herpes virus) best known by the acronym TORCH pose a 

significant threat to reproductive health by potentially infecting fetuses and resulting 

in severe fetal outcomes (25, 26) (27, 28) (29, 30) (31). It has been shown that these 

viral pathogens can bypass placental defences and cause intrauterine infections, 

which can lead to congenital disorders such as microcephaly, neurological damage, 

and hearing loss in infants (29). A compromised fetoplacental barrier and potential 

harm caused by viral effects may manifest with placental insufficiency in women 

with TORCH infections (27). Researchers need to understand the interaction of 

TORCH pathogens with the placenta to monitor and diagnose perinatal infections in 

at-risk newborns (25, 32, 33). Infections of the TORCH type can lead to severe 

congenital anomalies during pregnancy(31) (34). Some infections can cross the 

placental barrier, leading to infant death and lifelong morbidity in neonates (26) and 

mortality. Maternal TORCH serology screens for suspected fetal infection (30) are 

crucial for understanding their pathogenesis and defence mechanisms.  

Environmental pollutants and nanoparticles have also been reported to cross the 

placental barrier through fetal exposure (35, 36). In addition, research has been 

conducted on factors influencing placental barrier permeability. For example, a 

reduction in placental volume and surface area is associated with intrauterine growth 

restriction (IUGR) (37). Placental proteins, transporters, and enzymes contribute to 

the placenta's drug permeability (38). Researchers have developed placenta-on-a-

chip models to study placenta biology and assess barrier permeability. These models 

provide insight into how substances are transported across the placental barrier (39, 

40). Studies using trophoblast stem cells have also contributed to developing novel 

human placental barrier models, allowing the investigation of substance exchange 

and fetus harm (41). 
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Figure 1:1 Diagram shows the early stages of fertilisation. The early fertilisation 
stages comprise morula ball forming, leading to embryonic endometrial stromal cells 
(ESCs). An embryonic blastocyst inner cell mass (ICM) is a cluster of cells within 
the early stages of development. I-pen drawings have been created in PowerPoint 
and saved as jpegs. 

 

Figure 1:2 The stages of human implantation: apposition, adhesion, invasion, 
penetration, and decidualisation. The illustration has been hand drawn using an i-pen 
in PowerPoint and saved as a picture idea adapted from (2) 
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1.3.4.3 Trophoblast 

Attachment of the blastocyst to the endometrium depends on integrins, selectins, and 

cell adhesion molecules. As the blastocyst implants, the embryo, yolk sac and 

placenta emerge as separate structures. The internal cellular mass evolves and 

develops into the fetus, and the external embryonic cells differentiate into the 

trophectoderm, which converts and expands into the mature placenta. Trophoblast 

cells from the trophectoderm invade the endometrium, where they remodel the local 

tissue, including the maternal vasculature, to eventually establish the fully 

functioning placenta that supports fetal development for the remainder of the 

pregnancy. During implantation, placental trophoblast cells release signalling 

molecules that control the embryo and the endometrium. There are two main types 

of trophoblast cells: cytotrophoblast and syncytiotrophoblast. Cytotrophoblasts 

differentiate from blastocysts and invade the endometrium through signalling 

molecules and proteolytic enzymes such as matrix metalloproteinases (MMPs). 

Hormones, growth factors, cytokines, and other mediators support communication 

between the embryo and endometrium to support the establishment of the placenta. 

Examples include human chorionic gonadotropin (hCG), leukaemia inhibitory factor 

(LIF), interleukin-1 (IL-1), insulin-like growth factor (IGF), fibroblast growth factor 

(FGF), and interferons.  

1.4 The placenta   

The placenta is genetically identical to the fetus. Placental development in humans 

brings the maternal and fetal circulations close together to enable gas exchange and 

nutrient delivery (42). The placenta's job is to deliver oxygen, nutrients, and growth 

factors to the fetus, protect it against external toxins and pathogens, and remove 

waste and carbon dioxide. Once the folk sac disintegrates, all necessary nutrients 

must come from the maternal circulation via blood vessels in the placenta, umbilical 

cord, and fetus (42). During placental development, the two blood circulations are 

only separated by the epithelial cell line layer called syncytiotrophoblast, the stromal 

layer comprising fibroblast blasts and macrophages, and the endothelial cells lining 

the fetal capillaries. The syncytiotrophoblast cells – derived by syncytialisation of 

cytotrophoblasts - of the syncytial epithelium are the critical transporters between 
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the fetal and maternal sides, being fundamental for solute transfer, diffusion, active 

transport, and endocytosis. The transport of nutrients from the mother to the placenta 

operates by the mother's ability to provide nutrients in response to the demands of 

the fetus. Therefore, the placenta's ability to deliver nutrients changes in response to 

maternal and fetal signalling demands. Any adverse changes in placental function 

can contribute directly to abnormal structural or physiological fetal growth. 

Therefore, understanding placenta function and maternal-fetal communication via 

the placenta is essential to understanding and preventing pregnancy abnormalities 

and developing new interventions or diagnostic strategies.  

1.4.1 Structure 

By full term, or from the 37th week of gestation, the placenta weighs 500-1500 grams, 

is about 2.5 cm thick at its thickest part and is 20-22 cm in circumference. The 

placenta has two surfaces. On the fetal side is a chorionic plate connecting with the 

umbilical cord, and the basal plate is attached to the uterus wall. Between the 

chorionic and basal plates, the intermediate layer of the placenta fills with a heavily 

branched, tree-like villous structure as the placenta develops and grows. Villous 

length, diameter, and structure change and expand during pregnancy. The branched 

villous tree originates from the villous stem cells attached to the chorionic plate that 

differentiate and branch off sequentially to populate a series of globular lobules 

approximately 3 cm in diameter. These lobules spread over the maternal spiral 

arteries (see Figure 1.3), enabling blood to flush over the basal plate, where nutrients, 

gases, and other molecules exchange before maternal blood drains to the uterine 

veins and maternal circulation. Exchange between the maternal and fetal circulation 

happens independently in each lobule. The branches of villous trees are final and 

terminal villi composed of large networks of fetal vascular capillaries spread in a 

sinusoidal wave-like shape to keep the fetal endothelium close to the trophoblast 

layer to optimise diffusion distance from maternal to fetal circulation. The villous 

tree coating is by epithelial syncytiotrophoblast cells. These are multinucleated 

syncytium and are unique to this area only. They specialise in forming a solid layer 

with no gaps that not only supports exchange between mother and fetus but also 

limits the passage of pathogens and harmful substances from mother to fetus (43). A 
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diagram of the placental structure, including a cross-section of chorionic villi in the 

first and third trimesters, is shown in (Figure 1.3).  

                                         
Figure 1:3  Structure of the placenta. Top images A, B, C          

                           

Figure 1:3 continued placenta circulation barrier. Top images A, B, C shows the 
cross-section of the placenta (A) with a cross-section of chorionic villi in the (B) first 
and (C) third trimester: chorionic plate(CP), umbilical cord (UC), chorionic villi 
(CV), intervillous space(IS), spiral arteries (SA), uterine veins (UV), villous 
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trophoblasts (T), basal plate (BP) contains extra villous trophoblasts and decidual 
cells, cytotrophoblasts (CTB), placental-fetal-endothelial-cells (pFEC), 
syncytiotrophoblast (STB). (Authors permission to reuse as a reference) (44). Lower 
image A shows placental blood flow, and B blood circulation within the chorionic 
villi and components of the placental barrier.  

Placental function depends heavily on the syncytiotrophoblast layer throughout 

pregnancy (45). The location of the syncytiotrophoblast supports essential functions 

in the placenta, such as ion and nutrient exchange and the synthesis and secretion of 

steroids and peptide hormones (45). Syncytiotrophoblast forms by the differentiation 

and fusion of mononuclear cytotrophoblasts (45), and as pregnancy progresses, the 

syncytiotrophoblast layer gradually thins out, and the cytotrophoblast layer disperses 

(46).  Another crucial step in placental development is the establishment of maternal-

fetal circulation. Under the syncytiotrophoblast, capillaries form, reducing the 

distance between placental pigs' maternal and fetal circulatory systems (47). The 

mother and fetus exchange nutrients and waste products, and changes in this network 

affect placental development and fetal growth. Placenta studies use animal models, 

such as mice and swine, to study uterine structure and function (48).  As a result, 

these models provide valuable insights into how placentas develop. Human stem 

cells and microfluidics are future placenta developments (47).  

1.4.1.1 Placental blood supply 

The chorionic villi regulate the amount of oxygen and carbon dioxide in the fetal 

bloodstream. Two arteries deliver deoxygenated blood and waste from the fetus to 

the placenta, while oxygen-rich blood travels directly to the fetus via the umbilical 

vein (Figure 1.3A). Maternal blood enters the uterus via spiral arteries remodelled 

during implantation and early placental development and leaves through uterine 

veins. The spiral arteries and uterine veins are specialised to provide access to the 

uterus and placenta for maternal blood. Villous trophoblast cells meet maternal blood 

in the intervillous space, where oxygen and nutrients transfer from maternal to fetal 

blood. Syncytiotrophoblast cells form the outermost layer of the placenta that 

contacts the mother's blood. It is a multinucleated layer without cell boundaries 

created by the fusion of cytotrophoblast located beneath the syncytiotrophoblast and 

forms the villous tree's outer epithelial covering. Connective tissue (stroma) is 

underneath the trophoblast layers, and there is a layer of connective tissue within the 
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chorionic villi that contains fibroblasts and macrophages, including Hofbauer cells, 

a specialist macrophage of the placenta. Endothelial cells of the fetal capillary blood 

vessels are the innermost cells in the chorionic villi. Fetal blood is brought close to 

maternal blood without mixing (Figure 1.3B). The thin walls of the capillaries enable 

the exchange of substances in the bloodstream. During pregnancy, this barrier 

narrows as the cytotrophoblast layer regresses and ensures an efficient exchange of 

gases and nutrients as the baby grows. While the placental barrier physically 

separates the fetal and maternal blood supplies, certain substances can cross this 

barrier, including nutrients like glucose and oxygen, waste products, and some drugs 

and viruses. However, the placental barrier provides some level of immunological 

protection to the fetus from pathogens in the maternal blood. It is critical to note that 

while there are these layers, they do not form a continuous "cell layer" barrier; 

instead, the placental barrier is a gradient allowing for selective exchange. The blood 

itself never mixes due to the tight control of the barrier. However, bi-directional cell 

transfer occurs in human and animal pregnancies across the placental barrier, 

creating fetal-maternal micro chimerism wherein a small number of cells originating 

from the fetus live within the mother and vice versa, the mother's cells that reside 

within the fetus.  

1.4.1.2 Placental transport 

The development of the placenta is crucial to the growth of the fetus and the outcome 

of the pregnancy. Villous cytotrophoblast and syncytiotrophoblast cells exchange 

gases and nutrients between the mother and fetus (49). The properties of the vascular-

syncytial exchange surface influence the placental transfer of oxygen and carbon 

dioxide through simple diffusion. The placenta uses transcellular and paracellular 

pathways to transport energy to the fetus – namely glucose proteins and lipids, 

examples of trans-placental transfer. Several factors influence the placental transfer 

of these and other substrates, including substance size, polarity, degree of binding, 

concentration gradient, presence of transporters, and enzyme activity (50). Specific 

transporters expressed and distributed between placental cell types and subcellular 

membrane fractions affect the maternal-fetal transport kinetics of molecules.  
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Placental exchange factors and glucose metabolism balance are crucial for optimal 

fetal development (51). For transporting glucose, the placenta engages the primary 

glucose transporter GLUT1 (50), but other molecules, including iron, drugs, and 

hormones, can affect glucose transfer by competition for the transporter (50). 

Maternal diabetes affects placental glucose transporters, such as GLUT1, affecting 

glucose delivery to the fetus (52). Factors, including glucose concentrations, 

hormones, and metabolic status, can influence the maternal-fetal glucose gradient. 

The placenta's structure and flow area via syncytial exchange determine glucose 

transfer rate availability and utilisation (51). For example, fetal insulin can lower 

fetal glucose levels and promote maternal-fetal glucose transfer, and insulin-like 

growth factors (IGF-1) might positively regulate fetal development and sugar 

metabolism (53).  

Fetal plasma amino acid concentrations are significantly higher than maternal plasma 

due to active transport across the placenta (54). Impaired placental amino acid 

transport can reduce birth weight (55), and, in turn, fetal growth restriction reduces 

amino acid uptake, emphasizing the importance of amino acid transport to normal 

fetal development (56). During amino acid transport in the human placenta, the 

rapamycin (mTOR) signalling pathway senses nutrients and regulates the placental 

L-type amino acid transporter system (serine/threonine) kinase (57). Abnormal 

mTOR pathways might contribute to preeclampsia, intrauterine growth restriction 

(IUGR), and gestational diabetes (57).  
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Figure 1:4 Placental metabolism and interconversion into the tricarboxylic acid cycle 
(also known as citric acid cycle) of substrates, top diagram simplified overview over 
possible pathways. Diagrams were handmade using ChemDraw and PowerPoint I-
Pen and saved as images in a jpeg.  

Glucose that is not transferred to the fetus may be directed into glycolysis to produce 

pyruvate, fermentation to lactate or the pentose phosphate or polyol pathways, both 

of which are important in the production of precursors of nucleotides for DNA and 

RNA synthesis. Glucose may also be stored as glycogen. Amino acids can be 

converted to and exchanged for other amino acids, used as building blocks for protein 

synthesis, or as fuel for the citric acid cycle. Free fatty acids can be used as fuel via 
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beta-oxidation to produce NADH and acetyl-CoA, stored as triglycerides, or they 

may be converted to other free fatty acids before being transported to the fetus. The 

relative importance of these pathways in the human placenta depends on oxygen and 

substrate availability and is yet to be determined. AA: amino acids, FFA: free fatty 

acids, TG: triglycerides, NADH: nicotinamide adenine dinucleotide, ATP: adenosine 

triphosphate.  

Lipoprotein lipases produce free fatty acids and triglycerides for hormone synthesis, 

and these bind transmembrane proteins sitting on the cell surface, such as a cluster 

of differentiation 36 (CD36) that binds to fatty acids and helps their transport through 

the membrane bilayer in the placenta (54). The regulation of placental lipid transport 

metabolism involves various other proteins and factors, including fatty acid transport 

protein (FATP) 2 and fatty acid binding proteins (FABPs) (58). Providing enough 

lipids to the fetus through these proteins contributes to fetal growth and development 

(59). FATP2 plays a role in transporting fatty acids across membranes, and placental 

cells transport fatty acids from the maternal circulation using FATP2. Various FABP 

isoforms exist in the placenta, and they facilitate the movement of fatty acids within 

the placental cells, directing them to appropriate metabolic pathways for energy 

production or membrane synthesis (60).  

Regulation of placental lipid metabolism by hypoxia-inducible factors (HIFs) is vital 

to help cells adapt to low oxygen levels (hypoxia). HIFs regulate lipid metabolism 

in the placenta based on oxygen levels, stabilising and activating lipid metabolism 

genes during low oxygen. HIFs also increase lipid storage and modify fatty acid 

oxidation during distorted glucose metabolism (61). A sufficient supply of fatty acids 

during maternal obesity is essential for developing neurons in the fetus (62); as a 

result of proteins such as HIFs, FATP2, and FABPs, the developing fetus normally 

receives enough lipids to grow and develop. The disruption or dysregulation of these 

proteins can have implications, including IUGR (63). Placenta cells also require 

cholesterol for structure and function (64). Cholesterol must be transferred from the 

maternal to the fetal compartment during fetal development. Placental cholesterol 

uptake occurs through low-density lipoprotein (LDL) using LDL scavenger 

receptors. 
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The classical LDL receptor pathway regulates LDL uptake to prevent cholesterol 

overload. Maternal blood sugar, triglyceride, and placental function influence fetal 

growth. Fetal hormones also regulate maternal metabolism, showing bidirectional 

communication between the fetus and the mother for nutrition allocation (65). 

Complications can develop if supply is disturbed by maternal obesity, diabetes or 

undernutrition that causes constant or chronic pulsative maternal hyperglycaemia 

cells (66, 67). As a result, complications like preeclampsia and fetal macrosomia can 

arise with both immediate and long-term effects on the health of the mother and child 

(68). 

1.5 Lipids in Biology  

Understanding lipid expression and metabolism is essential to understanding normal 

and adverse placental function. What is a lipid? Lipids are molecules that are 

insoluble in water but soluble in organic solvents. The natural lipid group consists of 

fatty acids, waxes, eicosanoids, monoglycerides, diglycerides, triglycerides, 

phospholipids, sphingolipids, sterols, terpenes, phenols, and fat-based vitamins (like 

vitamins A, D, E, and K). Other major biological molecules, namely nucleic acids, 

amino acids, and carbohydrates, are not lipid-soluble. A lipid serves as a signalling 

molecule, energy storage molecule, and cell membrane structural component. Lipids 

are hydrophobic or amphipathic small molecules originating from carbanion-based 

condensations of thioesters and carbanion-based condensations of isoprenes. Lipids 

can be classified into distinct categories and perform different roles within and 

between cells. Lipids include six main categories: fatty acyls, glycerolipids, 

glycerophospholipids, sphingolipids, sacharolipids, and polyketides, sterols, 

steroids, and bile acids, which are the result of the fermentation/condensation of 

ketoacyl subunits. Lipids are insoluble in water but highly soluble in polar solvents 

like alcohols, ethers, chloroform, and benzene. Many studies describe lipid profiles 

and metabolism in cells, tissue and biological systems and predict approximate 

concentrations from milligrams per mol (mg/mol) to nanograms per mol (ng/mol) 

(69).          

 Lipids not only have a role as an energy source, as noted above, but they exist 

in cell membranes and internal organelles where triglycerides, glycerolipids, and 

cholesterol contribute to the structural rigidity of cell membranes (70). Lipids also 
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regulate biological processes in physiology, pathology, and disease, including 

cancer, inflammation, hypertension, and diabetes, through cellular signalling (71). 

Evidence shows that ceramides derived from sphingosine can contribute to 

inflammation, particularly in obesity-linked conditions (72). Several studies have 

identified ceramide-1-phosphate (C1P) as an anti-inflammatory, promoting glucose 

release from cells and producing Omega 6 arachidonic acid and prostaglandins (73). 

Khanapure et al., 2007 show that eicosanoid mediators are released from 

phospholipid reservoirs and regulate inflammation, tumour proliferation, and 

diabetes (74). Eicosanoids such as prostaglandin E2 (PGE2), prostaglandin D2 

(PGD2), and hydroxy eicosatetraenoic acids (HETE) regulate immune responses and 

blood pressure (75).  Hait & Maiti, 2017 have well-documented the role of 

sphingosine-1-phosphate (S1P) and ceramide-1-phosphate (C1P) in inflammation 

and cancer (73). Simanshu et al., 2013 reported phosphorylated sphingolipids, 

including ceramide-1-phosphate C1P and sphingosine-1-phosphate S1P, as critical 

cell growth, survival, migration, and inflammation regulators(76). Sphingolipids are 

also integral components of cell membranes and regulate vital cell functions (77). 

Several eicosanoids, including prostaglandins and leukotrienes, engage in 

inflammation. Numerous inflammatory diseases are linked to them (78). Watrous et 

al., 2019 found that eicosanoids are associated with inflammation markers and 

clinical characteristics related to inflammation (79). Shekhar et al., 2019 found that 

20-HETE is essential in causing hypertension and stroke, with specific CYP4F2 and 

CYP4A11 gene polymorphisms involved (80). The 20-HETE is also known to cause 

hypertension by regulating renin-angiotensin-aldosterone and causing renal fibrosis 

(81). Sphingosine-based ceramides, C1P, and eicosanoids are crucial to 

inflammation, offering therapeutic possibilities.  

A crucial role of lipids in reproductive physiology during pregnancy is their ability 

to synthesise hormones like progesterone and estrogen. Progesterone and estrogen 

influence placental health, maternal physiological adaptation to pregnancy, and fetal 

development. Lipids like cholesterol are precursors to steroid hormones like 

progesterone and estrogen. Conversion of cholesterol into pregnenolone leads to the 

synthesis of progesterone and other steroid hormones. It occurs primarily in the 

adrenal glands and gonads. In addition to maintaining pregnancy, it regulates various 

physiological processes during pregnancy. The production of progesterone and 
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estrogen depends on lipid metabolism and the availability of lipid precursors during 

pregnancy reproductive physiology. They are essential for establishing and 

maintaining a pregnancy in terms of placental function and maternal adaptation. 

Progesterone is produced in the ovary for early pregnancy. It encourages 

decidualisation of the endometrium, prepares it for embryo implantation, and 

supports placenta development. Progesterone also regulates specific genes and 

proteins crucial for pregnancy maintenance. The hormone estrogen also regulates 

many physiological processes during pregnancy. They include placenta growth and 

development, fetal organogenesis, and uterine function. It helps the uterus for 

embryo implantation and supports placentation by promoting endometrial cell 

proliferation and differentiation. The combined effects of progesterone and estrogen 

ensure a conducive implantation and growth environment for embryos. Napso et al., 

2018 contend that hCG maintains the corpus luteum during early pregnancy, 

allowing the ovary to continue secreting progesterone and estrogen until the fetal-

placental unit can compensate for maternal ovarian function (82).  

The progesterone and estrogen receptors -1 are critical mediators, including embryo 

implantation, placental development, and breast cancer (83). These nuclear receptors 

are key in eliciting signalling pathways essential for early pregnancy success (83). 

There is also a possibility that progesterone and estrogen may act through membrane 

receptors (84). Competition between PGR and ESR1 might also contribute to 

progesterone attenuation of estrogen responses (85). Recent studies have shown that 

nuclear receptor coactivator 6 maintains the appropriate level and activity of uterine 

ESR1 for successful embryo implantation (86). ESR1 is more highly expressed in 

the endometrium than ESR2, emphasizing its primary role in estrogenic action (87). 

ESR1 and PGR expression may be affected by genetic polymorphisms, which may 

affect their expression in breast tumours (88). It has been shown that nuclear estrogen 

and progesterone receptors are present in osteoclasts, suggesting their potential role 

in bone physiology (89). ESR1 and PGR expressions were evaluated with placental 

development during early pregnancy, revealing their patterns in utero-placental 

compartments (90). Estrogen (E2) and progesterone (P4) are required for the 

proliferation and differentiation of stromal cells around the embryo during 

implantation (91) through nuclear estrogen (ER) and progesterone (PR) receptors. 

Embryo implantation requires estrogen, progesterone, and locally produced 
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signalling molecules (86). Estrogen and progesterone are the dominant hormones 

during embryo implantation (92). They are associated with an increase in transcript 

levels and secretion of human chorionic gonadotropin (hCG), human placental 

lactogen (hPL), placental growth hormone (PGH) and leptin (93). Human placental 

lactogen (hPL), also known as human chorionic somatomammotropin (HCS), is a 

polypeptide hormone secreted from the syncytiotrophoblast of the placenta (94). 

1.5.1 Energy and metabolism 

        Fatty acids are transported via acyl-carnitines, and degradation occurs through 

beta-oxidation in mitochondria. This pathway sequentially removes two-carbon units 

from the fatty acid chain, producing acetyl-CoA molecules that enter the 

tetracarboxylic acid cycle to give ATP, the energy currency of our body, carbon 

dioxide (CO2), and water (H2O) (71).  

 

Figure 1:5 The β-oxidation of fatty acids occurring in the mitochondrion.  In Figure 
1:6, The β-oxidation of fatty acids occurring in the mitochondrion, the two carbons 
degrade the fatty acid at a time to form acetyl-CoA, and the steps are repeated until 
the entire fatty acid is converted to the acetyl-CoA two-carbon fragments. The acetyl-
CoA produced can enter the citric acid cycle for conversion to ATP. ATP, Adenosine 
triphosphate; CoA, coenzyme A. Schematics idea came from literature with authors' 
permission adapted (95). 
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The breakdown of fatty acids to acetyl-CoA molecules occurs in multiple steps 

involving the oxidation of fatty acids and the subsequent cleavage of the carbon 

chain. For example, during the breakdown of a 16-carbon fatty acid, the pathway 

proceeds through seven rounds of beta-oxidation, producing eight acetyl-CoA 

molecules, each of which can enter the citric acid cycle. Fatty acid biosynthesis, or 

lipogenesis, occurs in the cytoplasm. It uses acetyl-CoA derived from carbohydrates, 

amino acids, or other fatty acids as a precursor (95). These triacylglycerols 

(converted fatty acids by lipogenesis) load onto lipoproteins, particularly very low-

density lipoproteins (VLDLs), secreted from the liver. The storage and metabolism 

of energy-rich molecules such as triacylglycerols are crucial to maintaining energy 

balance and supporting various physiological functions. Other lipids include fat-

soluble vitamins E, A, K, and D₃, which are only soluble in fat and are isoprene-

based lipids essential for cell physiological functions. They are "fat-soluble" and can 

only be digested in the liver and further located for storage in adipose tissues. Each 

of these vitamins has separate roles in the body. For example, Vitamin D supports 

bones and immune function and controls calcium and phosphorous levels, and 

Vitamin K is an antioxidant essential for bone health and blood clots, which 

undergoes beta-oxidation into the mitochondria, generating energy. 

Fatty acid synthesis in the cytoplasm pathway involves the stepwise addition of two-

carbon units to a growing fatty acid chain, utilising acetyl-CoA and malonyl-CoA as 

building blocks, and these steps use the beta-oxidation pathway and the fatty acids 

synthesis pathway (96). The second example of fatty acid synthesis is an anabolic 

pathway that allows our body to synthesise fatty acids for various purposes, such as 

production and hormone synthesis in the cell membrane. This pathway involves the 

stepwise addition of two-carbon units to a growing heavy acid chain. One of the 

critical enzymes involved in this process is fatty acid synthase. This enzyme 

catalyses the condensation of acetyl-CoA and malonyl-CoA to form a four-carbon 

intermediate. This intermediate is then further elongated through subsequent 

reactions. For instance, palmitic acid, a 16-carbon fatty acid, requires seven iterations 

of the fatty acid synthesis pathway. Animals use triglycerides for energy storage due 

to their high caloric content. 
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Figure 1:7 As part of the lipid metabolism in animal tissues, acetyl-coenzyme A 
carboxylase 1 (ACC1) differs from (ACC2). In the diet, fatty acids (FAs), glucose, 
and amino acids are transported to the liver, adipose tissue, and muscle tissue. In the 
liver, acetate is converted into acyl-CoA via glycolysis of glucose, which produces 
pyruvate, which is then oxidized by mitochondria via pyruvate dehydrogenase. As 
well as acetyl-CoA, amino acids produce adenosine. B-oxidation occurs in 
mitochondria when acyl-CoA is transferred to carnitine/palmitoyl-transferase 1. A 
citric acid cycle occurs when acetyl-CoA oxidizes to produce energy, water, and 
carbon dioxide, or it is converted to (1) citrate, which enters the cytosol and is 
converted to acetyl-CoA by ATP citrate lyase (ACLY), (2) ketone bodies by 
hydroxymethylglutaryl-CoA (HMG-CoA), or (3) carnitine/acetyl-CoA (CAT), 
which leaves the mitochondria. Carboxylation of acetyl-CoA by ACC1 produces 
malonyl-CoA, which is then converted into palmitate by fatty acid synthase (FAS), 
which produces triglycerides and VLDL. As acetyl-CoA passes through the 
mitochondrial membrane, it is carbonylated by ACC2 to form malonyl-CoA. That 
inhibits CPT1 and reduces the transfer of acyl-CoA. Similar reactions are occurring 
in adipose tissue and muscle tissue, although with appropriate modifications. Figure 
adapted from literature (Wakil, S. J., (2009) (97) 

1.5.2 Lipids in cell and cell membrane overview  

The active lipid constituents of cell membranes comprise biochemical and structural 

components that can spontaneously align themselves in an aqueous solution (Figure 

1.5). The membrane fills with three main groups: phospholipids, sphingomyelins, 

and cholesterol. The distribution of phospholipids within the plasma membrane is 
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asymmetrical. The sphingomyelin (SM) and phosphatidylcholine (PC) are enriched 

in the outer membrane. The interior membrane facing the cytoplasm holds the amino-

based phospholipids phosphatidylserine (PS), phosphatidylinositol (PI), and 

phosphatidylethanolamine (PE) (98, 99).   Cholesterol sits in the membrane interior, 

drives membrane distribution, and provides structural support (69, 70). The 

phospholipid bilayer is selectively permeable and serves as a gate controlling 

incoming and outgoing macromolecules. Lipid bilayers contain microdomains of 

phospholipids, cholesterol, and sphingomyelin (100) that disappear after cholesterol 

reduction (101-104) and are critical to cell signalling as lipid rafts.

Glycerophospholipids are components of biological cell membranes embedded with 

sphingophospholipids and cholesterol to give structural support, hydration, and 

fluidity. These phospholipids contain a tail made up of an acyl chain, which consists 

of two fatty acids connected by glycerol, three carbon groups, and ester. Different 

head groups distinguish the six main classes: PC, PE, PS, PG, PI, and PA. 

Phosphatidic acid (PA) is an intermediate in lipid biosynthesis synthesised from 

glycerol kinase and serves as a precursor for synthesising other membrane lipids. 

The cytidine diphosphate diacylglycerol (CDP) diacylglycerol (CDP-DAG) plays a 

crucial role in lipid metabolism and synthesising various lipids, including 

phospholipids and glycerophospholipids. PE is a significant cell membrane 

component synthesised by enzymatic transfer of an ethanolamine group to CDP-

DAG. PC is another abundant phospholipid in cell membrane synthesised from PE 

through a series of enzymatic reactions involving choline phosphotransferase.  

In mammalian tissues and cell membranes, the PC headgroup functions with 

sphingolipid and sphingomyelin-forming ceramides (105). PC is part of unsaturated 

hydrocarbon chains in tissues or organelles and a significant component of 

pulmonary surfactants, which are complex mixtures of lipids and proteins produced 

by type II alveolar cells such as dipalmitoyl phosphatidylcholine (DPPC) (106).  

Cardiolipins (Figure )are part of phospholipids located in the inner mitochondrial 

membrane, making up twenty per cent (107) constructed of four acyl units and three 

glycerol units where they activate enzymes involved in oxidative phosphorylation 

(108), an essential process in mitochondrial energy production.  



 

51 

 

 

Figure 1:8 Cardiolipin top structure adapted from Merck-SigmaAldrich, the below 
structure of cardiolipin (CL) constricts of a glycerol head group bound to two 
phosphatidyl moieties, forming an anionic polar head group. The presence of four 
esterified fatty acyl chains bound to the glycerol head group forms a cone-shaped 
structure. Diagram adapted from literature with author's permission to reuse. (109) 

Phosphatidylinositol (PI) is a minor but essential phospholipid in the cell membrane 

synthesised through a series of enzymatic reactions. Cholesterol is critical in cell 

membranes, contributing to their stability and fluidity. Cholesterol esters are found 

in the lipid droplets and lipoprotein particles. Cholesterol is also a precursor for 

synthesising essential molecules, including steroid hormones (such as cortisol, 

estrogen, and testosterone), bile acids, and the 7-dehydrocholesterol is the precursor 

of vitamin D. Cholesterol synthesis is only one aspect of cholesterol metabolism. 

The body also obtains cholesterol from the diet, primarily from animal-based foods. 

Cholesterol transport within the body is through low-density lipoprotein (LDL) and 

high-density lipoprotein (HDL). These lipoproteins are crucial in transporting 

cholesterol to various tissues and organs. Cholesterol synthesis is shown in (Figure 

1:9) as a diagram, and it begins with the formation of acetyl-CoA, derived from 

multiple sources, including carbohydrates, fatty acids, and amino acids. In the 

cytoplasm, two acetyl-CoA molecules condense to form acetoacetyl-CoA. Then, a 

third acetyl-CoA molecule is reduced with acetoacetyl-CoA to produce 3-hydroxy-

3-methylglutaryl-coenzyme A (HMG-CoA) using the enzyme thiolase in the 
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reaction. In the biosynthesis of cholesterol, HMG-CoA plays a central role. It serves 

as a precursor for synthesising steroid hormones and bile acids and is essential for 

the structure of cell membranes. HMG-CoA is then converted into mevalonate by 

HMG-CoA reductase. Mevalonate is a critical intermediate in cholesterol 

biosynthesis; HMG-CoA conversion to mevalonate is the committed step in 

cholesterol synthesis. Mevalonate is then phosphorylated by the enzyme mevalonate 

kinase, followed by a second phosphorylation catalysed by phosphomevalonate 

kinase. These reactions convert mevalonate to mevalonate 5-phosphate and then 

mevalonate-5-pyrophosphate. Mevalonate 5-pyrophosphate decarboxylation 

produces the five-carbon building blocks of isoprenoids and isopentenyl-5-

pyrophosphate (IPP). The isopentenyl pyrophosphate IPP converts to geranyl 

pyrophosphate (GPP) by the enzyme geranyl pyrophosphate synthase. The geranyl 

pyrophosphate GPP undergoes another condensation reaction with isopentenyl 

pyrophosphate IPP, catalysed by farnesyl pyrophosphate synthase, to produce 

farnesyl pyrophosphate (FPP). Finally, two molecules of farnesyl pyrophosphate 

FPP combine to form squalene, a linear 30-carbon molecule. That is a reaction 

catalysed by squalene synthase. Squalene-to-cholesterol conversion involves 

complex reactions within the endoplasmic reticulum. Squalene is first converted to 

2,3-oxidosqualene by the enzyme squalene epoxidase. Next, a series of enzyme-

catalysed reactions, collectively known as cyclisation, convert 2,3-oxidosqualene to 

lanosterol. Lanosterol is then further modified through a series of responses, 

including removing three methyl groups, reducing a double bond, migrating another 

double bond, and changing a side chain. Various enzymes, including cytochrome 

P450 enzymes, catalyse these reactions.  
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Figure 1:10 Lipids layout in cell membrane (A, B) 
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D                                                                                                                                                                                

Figure 1:11 Lipids layout in cell membrane (C and D) hydrolysis reaction 

mechanism. 
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Figure 1:12 Lipids layout in cell membrane (C and D) hydrolysis reaction 

mechanism. All drawings are handmade in ChemDraw and PowerPoint using i-pen 

and saved as JPEGs. As shown in the above A-D diagrams, lipids layout in the cell 

membrane layout of glycerophospholipids, sphingolipids and sterols, carbohydrates 

cyclic chains and facing the outer cell membrane of the aqueous environment, the 

hydrophilic head groups, which are the most reactive Glycerophospholipids, 

sphingolipids and sterols -cholesterol. The membrane bilayer (Figure 1.10) is filled 

with saturated carbon chains and has sphingosine bases in the backbone of 

sphingomyelins in the ceramides. Hydrogen bonds between sterol cholesterol and 

ceramides add strength to the lateral packing between the sterol ring of the 

cholesterol and the sphingomyelin. ATP- the energy carrier connects with the family 

group called ‘ABC protein transporters,’ which utilises the ATP transport from the 

hydrophilic to the lipophilic phase of the cell membrane. Lipoproteins help to 

provide easier passage by diffusing lipid headgroups and activating translocators to 

maintain the lipid asymmetry and drive active translocation. The lipoproteins use 

ATP to help transport amino phospholipids such as phosphatidylethanolamine amine 

and phosphatidylserine by the ABC translocase protein group (99, 104, 110) (111, 

112). 

                                                                       

Figure 1:13 Cellular communication Cellular communication and signalling 
molecules 
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Figure 1:14 Cellular communication and signalling molecules phospholipase PLA2 
hydrolyses phospholipids to release arachidonic acid, which is then converted to 
prostaglandins and leukotrienes, essential in cellular signalling. The idea was 
adapted from literature (118), reconstructed by hand in PowerPoint and saved as a 
jpeg. 

 

Figure 1:15 Structure schematics of (A) glycerophospholipids
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Figure 1:16 Structure schematics of (B) sphingolipids and gangliosides. 

Figure 1:17 represents the cellular membrane and the representative structure 

schematics of (A) glycerophospholipids and  (B) sphingolipids and gangliosides. 

Gangliosides are complex lipids that may contain a variable number of glucose units. 

Gangliosides make an extensive and heterogeneous family of glycosphingolipids. 

They are amphiphilic molecules composed of a hydrophobic ceramide moiety on 

which a hydrophilic oligosaccharides chain branched GD3 saccharide sequence: 

(Glc-Gal-AcNeu); (Glc)-glucose; (Gal)-galactose; (AcNeu)-n-acetylneuraminic acid 

in (Fig.1BGM3) next to sphingolipids. The chain's one or more sialic acids are a 

distinctive feature of gangliosides (GGs). For a detailed explanation of the structure 

of branched gangliosides, original reference (117) drawings are handmade, using an 

i-pen in PowerPoint, and saved as a jpeg.
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Cellular communication ( in Figure 1.11) is called cellular signalling and involves 

the molecules of the central nervous system's neurotransmitters and cells' cytokines 

in response to inflammation and hormone growth factors. These factors are 

centralised via the vascular system and osteoclast formation. Cellular signals can be 

transmitted by direct cell-to-cell contact or by secreted molecules. Endocrine 

signalling transports hormones to distant target cells through the circulatory system. 

The paracrine signalling system involves the release of a molecule from one cell that 

affects nearby target cells. Autocrine signalling means that cells produce signal 

molecules and respond to them. Lipid-mediated signalling is crucial for maintaining 

cellular homeostasis, regulating physiological processes, and responding to external 

stimuli. A sphingolipid derived from ceramide, such as sphingosine-1-phosphate 

(S1P), participates in cell processes, including calcium mobilisation, cell growth, and 

apoptosis (programmed cell death). S1P interacts with specific receptors, called S1P 

receptors, to transmit its signalling effects. Signalling regulates inflammation, 

immune response, cell proliferation, migration, and vascular development pathways. 

DAG and phosphatidylinositol phosphates (PIPs) participate in the calcium-

mediated activation of protein kinase C (PKC), an essential enzyme in signal 

transduction pathways. PKC activation regulates various cellular processes and 

functions. 

Fatty acid metabolites prostaglandins (Figure 1:12) in cellular communication and 

signalling are molecules which enzyme phospholipase PLA2 hydrolyses 

phospholipids to release arachidonic acid, which is then converted to prostaglandins 

and leukotrienes, derived from arachidonic acid, a polyunsaturated fatty acid, and 

mediate the body's response to injury or infection and regulate various immune and 

inflammatory processes. Different mechanisms can trigger inflammation through 

plasma membrane lipids. Among the most crucial aspects of resolving inflammation 

is the role of specialised pro-resolving mediators (SPMs). Several SPMs derive from 

membrane lipids, including resolvins, protectins, and maresins (113). Biologically, 

these SPMs bind and enhance the killing and clearance of microbes and have organ-

protective properties (113), and they are crucial in regulating the resolution of 

inflammation and preventing chronic inflammation (113). Steroid hormones derived 

from cholesterol include estrogen, testosterone, and cortisol. These hormones 

function as signalling molecules and regulate various bodily functions, such as 
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reproduction, metabolism, immune response, and blood pressure. They interact with 

specific nuclear receptors, modulating gene expression and cellular responses. 

Oxysterols are oxidised cholesterol derivatives, for example, 25-hydroxycholesterol, 

which serve as agonists for liver X receptors (LXRs), nuclear receptors regulating 

cholesterol metabolism and homeostasis. G-protein-coupled receptors (GPCRs) and 

nuclear receptors are common mechanisms through which lipid molecules signal. 

Sensory signals, hormones, neurotransmitters, and hormone-coupled receptors 

(GPCRs) mediate placental physiological processes (114). Plasma lipids are essential 

in helping to distribute fatty acids to all tissues. PC is a critical component of cell 

membranes and the dominant phospholipid in most major organs, including the 

heart, lung, liver, and brain. PC is the most abundant phospholipid in circulation, 

forming part of plasma lipoproteins such as high-density lipoproteins (HDL) that 

facilitate its transport in circulation. 

 

Figure 1:18 Membrane phospholipids hydrolyzing proteins enzymes on the 
Glycerophospholipids backbone structure: cleaving enzymes PLA1, PLA2, PLC, 
and PLD handmade schematics in PowerPoint and saved as picture jpeg.
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 Figure 1:19  Chemical structures diagram A) glycolipids sphingoid base backbone B) glycerol backbone phospholipids, diagrams were 
handmade in PowerPoint, and Perking Elmer ChemDraw saved as a picture jpeg.
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Figure 1:20 Chemical structures A) Glycerophospholipids, Sulfatides, B) Sphingolipids, Glyceroglycolipids, Sphingoglycolipids, ceramide, 
glucosylceramide and C) Gangliosides, GM1, significant ganglioside components of the human brain, diagrams were handmade in PowerPoint, 
and Perking Elmer ChemDraw saved as a picture jpeg.  
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1.5.3 Phosphatidylcholine (PC) and Lysophosphatidylcholine (LPC) 

PC and LPC are a focus here due to interest in these research groups as broad 

inflammation markers (115). The main pathway of PC synthesis in mammals is the 

cytidine diphosphate (CDP) choline pathway shown below (Figure 1:12 ). When 

choline is ingested and absorbed from foods, it is subject to degradation by the 

enzyme choline kinase (CK), which phosphorylates choline in the cell cytoplasm and 

produces phosphocholine (116). Phosphocholine reacts with cytidine triphosphate 

(CTP) via the enzyme CTP: phosphocholine cytidyltransferase (CCT) to form CDP-

choline (117). CCT is a rate-limiting step in synthesising PC and lipids derived from 

PC. It occurs as two isoforms, alpha (α) and beta (β); CCTα is in the nucleus and the 

endoplasmic reticulum, whereas CCTβ localises to the endoplasmic reticulum. PC 

can also come from PE via the methylation pathway (PEMT) that uses the methyl 

donor S-adenosylmethionine (SAM) for transfer of three methyl groups to PE 

catalysed by PE-N-methyltransferase (Figure 1.7). Diacylation-re-acylation changes 

the fatty acid component of PC. Phospholipases (lipolytic enzymes) hydrolyse PC 

and other glycerophospholipids into lysophospholipids and free fatty acids. Both 

lysophospholipids and free fatty acids are essential for cell communication and can 

make membranes unstable. Excessive amounts of lysophospholipids can damage 

cells and cause inflammation. Maintaining a balanced production and breakdown of 

lysophospholipids is necessary for optimal cell function and health.  

Phospholipases occur as different isoforms specific to each human phospholipid 

class. For example, phospholipase C produces diacylglycerol and phosphocholine by 

hydrolysis of the phosphodiester bond of PC, leading to phosphoinositide 

metabolism. Phospholipase C activates sphingomyelin synthesis and eliminates both 

fatty acids to produce glycerophosphocholine. Lysophosphatidylcholine (LPC) is the 

product of hydrolysis of PC by phospholipase A2 (PLA2). When 

phosphatidylcholine is cleaved, lysophosphatidylcholine and free fatty acids are 

released. While the breakdown of diacylglycerol leads to 2-arachidonoylglycerol, 

other phospholipases can produce degradation products such as lysophosphatidic 

acid and glycerophosphocholine. PLA2 is found primarily in neutrophilic 

granulocytes and plays a role in inflammation. LPC levels increase due to reactive 



 

63 

 

oxygen species generated by activated neutrophils. LPC plays a vital role in 

cardiovascular and neurodegenerative processes with pro-inflammatory properties. 

LPC is one of the significant components in the blood that causes an inflammatory 

state in arteries associated with atherosclerosis and might function as a plasma 

biomarker of the oxidation of lipoproteins in atherosclerotic lesions produced by 

overexpression of PLA2. LPC is the precursor of lysophosphatidic acid, an essential 

lipid mediator.  

  

Figure 1:21  Phosphatidylcholine synthesis by the cytidine diphosphate (CDP)-
choline (Kennedy) and phosphatidylethanolamine methylation (PEMT) pathways. 
Legend to (Figure1.7) was handmade in PowerPoint and saved as a picture jpeg. 
Adapted from (Wang, B. & Tontonoz, P. 2019) (118). 
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1.5.4 Gestational diabetes mellitus (GDM) and obesity 

The prevalence of gestational diabetes has risen in recent years due to increasing 

obesity and sedentary lifestyles. Obesity can lead to insulin resistance, a hallmark of 

GDM. The altered lipid profile of an obese pregnant woman puts her at a higher risk 

of not only GDM but also preeclampsia (119). Among women with GDM, high 

blood sugar during pregnancy levels increases pregnancy complications, such as 

preeclampsia and caesarean delivery (120). The mother and her child are at greater 

risk of developing type 2 diabetes (119). Maternal glucose resistance allows 

accumulated carbohydrates to promote the rapid development of the fetus by 

switching from carbohydrate to fat utilization, promoting lipids as a maternal energy 

source (121) (122). The underlying relationship between maternal obesity and GDM 

and fetal macrosomia (a condition where a newborn is significantly larger than 

average) is complex. It involves multiple pathways, including changes to lipid 

metabolism and other lipid-related mechanisms that might be affected, such as 

triglycerides, free fatty acids (FFA), cholesterol, lipoproteins: low-density 

lipoproteins (LDL) and very low-density lipoproteins (VLDL), adipose tissue 

hormones (adipokines: leptin, adiponectin, resistin, and visfatin), phospholipids, 

enzymes phospholipases, eicosanoids, ketone bodies, and insulin resistance and 

other endocrine glands and mediators (liver, kidney, pancreas, intestines and bile 

acids and salts). 

The health of a mother and her unborn child is negatively affected by maternal pre-

gestational obesity and excessive pregnancy weight gain (123). A higher risk of 

overgrowth in newborns is associated with these conditions (124). Globally, obesity 

prevalence among women of reproductive age has increased (125).  As a result of 

this increase in obesity rates among women of reproductive age, an intergenerational 

cycle of detrimental metabolic health effects in medical obstetrics and human health 

contributes to economic burden(125-127). Maternal BMI is associated with 

pregnancy complications such as preeclampsia, GDM and caesarean delivery (128). 

Pregnancy-related changes in lipid metabolism affect a mother's plasma lipid levels 

(129). Lipid levels gradually change during pregnancy. Abnormal lipid levels in 

early pregnancy are associated with preterm birth, GDM, and small for gestational-
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age babies (122).  Preferably, lipid levels must be monitored and managed during 

pregnancy to optimise maternal and fetal health. Evidence of altered lipid 

metabolism is also present in preeclampsia and hypertriglyceridemia during 

pregnancy (130).  

During pregnancy, insulin sensitivity fluctuates, with placental hormones such as 

hPL and progesterone increasing insulin deficiency in the second and third 

trimesters. This normal physiological reaction ensures enough glucose and other 

nutrients are available to the growing fetus. Typically, insulin sensitivity is 

unchanged or enhanced during early pregnancy, and glucose tolerance is standard or 

slightly improved. As fetal growth increases during late gestation, diabetogenic 

hormone levels rise, and insulin resistance develops (131). The maternal pancreas 

makes more insulin as compensation in response to insulin resistance, but if this is 

insufficient, GDM develops. Through structural changes such as increased size and 

altered blood flow, insulin resistance in GDM affects the placenta's function and 

expression of glucose transporters, affecting the supply of glucose to the fetus. As a 

result, the fetus receives higher glucose levels, causing hyperinsulinemia and 

macrosomia (a larger-than-normal fetus) and complicating delivery. 

Hyperglycaemia impairs glucose transporter trafficking by downregulating AMPK 

in women with GDM (132), disturbing mitochondria function and cellular 

metabolism (133). In obese placentas, a lipotoxic environment is characterised by 

increased placental lipid content and reduced AMPK. Chronic low-grade 

inflammation associated with the obese placenta further impairs insulin signalling 

(134).  In GDM placentas, insulin resistance alters peptide metabolism and 

inflammation, impairing insulin receptor signal transduction (135, 136). 

Insulin sensitivity is also affected by hormones secreted by adipose tissue. So-called 

adipokines - leptin, adiponectin, resistin, and visfatin - contribute to insulin 

sensitivity, secretion, and inflammation, influencing placental nutrient transfer and 

fetal growth (137). Adipose tissue produces pro-inflammatory cytokines when 

insulin resistance increases in obese individuals. Adipokines are altered with 

pregnancy, and the placenta releases adipokines into the maternal and fetal 

circulations during pregnancy (138) (139) (140-142). These can be further 
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dysregulated, possibly contributing to obstetric and perinatal complications in 

pathological pregnancy (143). Adipokines are associated with insulin resistance 

markers in GDM, further emphasizing insulin resistance and metabolic disorders 

during pregnancy. The adipokines visfatin and resistin are dysregulated during the 

second and third trimesters in GDM (144-146). Leptin and adiponectin levels are 

also dysregulated in pathological conditions such as GDM, preeclampsia and IUGR 

(147) (141, 148) (141, 142, 149-152).  

High blood sugar levels are indicative of gestational diabetes during pregnancy. It is 

associated with various factors, including insulin resistance, hormonal changes, 

genetic predisposition, and obesity. Women with gestational diabetes may exhibit 

higher maternal triglyceride levels and HbA1c levels in the second 

trimester. Triglycerides are fats found in the blood. The medical test uses 

haemoglobin A1c (HbA1c) to measure the average blood glucose level over three 

months as a percentage. Insulin resistance, a key factor in gestational diabetes, is 

when cells do not respond to insulin efficacy, resulting in higher insulin production 

in the pancreas. Insulin controls lipid metabolism, which results in elevated 

triglyceride levels in the blood. Increased estrogen and progesterone concentrations 

during pregnancy affect insulin sensitivity, causing increased hunger and calorie 

consumption. It raises blood sugar protein (HbA1c) levels, which cannot be managed 

through diet. Genetic factors also play a role in gestational diabetes. Obese women 

are at higher risk due to higher triglyceride and HbA1c levels. 

Furthermore, the placenta produces hormones that interfere with insulin action, 

potentially worsening insulin resistance as pregnancy progresses. It leads to higher 

triglyceride and HbA1c levels. Proper management of gestational diabetes is crucial, 

and it includes dietary modifications, physical activity, and lifestyle, with medication 

or insulin therapy may help. However, regular monitoring of HbA1c levels is 

essential for assessing long-term glycemic control in women with gestational 

diabetes. A decrease in HbA1c levels indicates better glucose control. Maintaining 

better blood sugar control reduces related difficulties and heart or kidney diseases 

with nerve damage. Researchers found that gestational diabetes significantly 

increases maternal triglycerides and HbA1c levels during the second trimester. 
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During gestational diabetes, Siminova-Krstevska et al. (2014) found elevated 

triglycerides and high HbA1c levels (153). 

Some insights into gastrointestinal diabetes (GDM) related to insulin and metabolic 

triglycerides increase obesity risk. In Olmos et al. 2014 study, maternal triglyceride 

levels contributed to large-for-gestational-age infants in obese and overweight 

mothers with gestational diabetes (154). Recent studies have demonstrated that 

elevated triglycerides lead to impaired glucose metabolism during pregnancy, 

reinforcing the association between triglycerides and gestational diabetes (155). 

Hormonal changes, genetic predisposition, and obesity can all contribute to 

gestational diabetes (156). Gestational diabetes causes insulin resistance, which 

affects lipid metabolism and raises blood triglycerides (155). As estrogen and 

progesterone rise during pregnancy, blood sugar and HbA1c levels rise (156). A high 

triglyceride and HbA1c level in obese women increases gestational diabetes risk 

(157). As pregnancy advances, placental hormones disrupt insulin action, increasing 

triglyceride and HbA1c levels (156). Diet, exercise, and lifestyle changes are 

recommended to manage gestational diabetes (158). By monitoring HbA1c levels 

regularly, diabetes-related complications can be reduced (159). Maternal lipids 

influence the pregnancy environment and fetal growth (156). 

A hormone called Insulin-like Growth Factor-1 (IGF-1) plays a critical role in 

growth and development, both before and after birth. It is produced in response to 

the pituitary gland's release of growth hormone (GH) (160). IGF-1 promotes cell 

growth and division, contributing significantly to fetal development. IGF-1 levels in 

maternal-fetal blood contribute to gestational diabetes-induced hypertrophy in the 

fetus (160). Also, maternal serum triglyceride levels affect neonatal birth weight 

(161). Gestational diabetes management requires addressing various factors, 

including insulin resistance, hormonal changes, and genetic predisposition. HbA1c 

levels and maternal triglycerides should be monitored regularly. The focus is on 

lifestyle changes and, if needed, insulin therapy. Factors like altered metabolism, 

maternal dietary patterns, and intrauterine growth restriction can explain lipid group 

differences in pregnancy. Prenatal health management depends on understanding 

these variations (162). 
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Pregnant women with gestational diabetes have the highest triglycerides, followed 

by obese women. Healthy BMI pregnancies have lower cholesterol and LDL levels 

than obese and GDM pregnancies. The pattern may change in GDM pregnancies, 

with more apparent dyslipidemia, resulting in increased lipolysis and higher free 

fatty acids. With GDM and obesity, LDL particles are more significant, dense, and 

atherogenic (153, 158, 163-167). Various factors influence maternal lipid profiles 

during pregnancy, such as gestational diabetes and obesity. A woman with 

gestational diabetes mellitus may experience higher glucose levels during pregnancy, 

which is a precursor to type 2 diabetes in the future(168). A maternal dietary pattern 

during pregnancy was also associated with lower cardiometabolic markers like 

cholesterol and triglycerides (169). 

Additionally, pregnant women with gestational diabetes had higher maternal 

triglyceride and HbA1c levels in the second trimester compared to healthy 

pregnancies (153). Also, intrauterine growth restriction has been associated with 

changes in the mother's lipoprotein composition and placental lipoprotein receptors 

(165). Normal pregnancies had significantly higher maternal plasma LDL 

cholesterol levels than intrauterine growth-restricted pregnancies. During pregnancy, 

it has been suggested that increased triglyceride synthesis causes elevated serum 

triglycerides (167). Compared to a healthy pregnancy, pregnancies with obesity and 

pregnancies with gestational diabetes mellitus, triglyceride, cholesterol, and LDL 

levels differ significantly. 

1.5.5 Lipids in healthy and adverse pregnancy  

Many essential changes in lipid metabolism occur during pregnancy to support fetal 

development and prepare for lactation. Pregnancy weight changes are affected by the 

mother's health, BMI, GDM, and other medical conditions. During pregnancy, 

women with a healthy BMI (less than ≤ 30 kg/m2) naturally experience an increase 

in total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and high-

density lipoprotein cholesterol (HDL-C). The body's TG production increases during 

the second and third trimesters, and metabolism decreases with the rise in oestrogen 

and progesterone hormones. Adverse pregnancy environments such as obesity and 
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GDM are the focus here and have dramatic effects on lipid metabolism in pregnant 

women with detrimental effects on birth and child health outcomes. A woman with 

an obese BMI entering pregnancy has higher triglycerides, TC, LDL-C, and 

sometimes HDL-C levels than a woman with a healthy BMI. Obese pregnancies lead 

to inflammation and lipid changes. These women are at risk of hyperlipidaemia, 

which increases their risk of preeclampsia, pregnancy hypertension, and GDM. 

GDM symptoms include carbohydrate intolerance and insulin resistance. Pregnant 

women with GDM can have a similar lipid profile to a pregnant woman with type 2 

diabetes, with higher triglycerides and lower HDL-C. GDM insulin resistance leads 

to pregnancy hyperlipidaemia, dyslipidaemia, and fetal macrosomia that cause 

complications during delivery and increase the risk of metabolic disorders later in 

life. Despite general trends, pregnancy lipid profiles differ from woman to woman. 

Genetics, insulin resistance, diet, and metabolic changes can cause these changes. In 

the last trimester of pregnancy, long-chain polyunsaturated docosahexaenoic acid 

(DHA) with arachidonic acid (AA) is crucial in fetal development (124, 170).  

Several studies have shown that these fatty acids are critical to proper neural and 

visual development (124, 170).  In maternal obesity, higher levels of DHA and 

arachidonic acid AA suggest an association of neuroprostanes derived from 

docosahexaenoic acid DHA and isoprostane derived from arachidonic acid AA, 

which might impact placental function (171). Maternal obesity can significantly 

affect placental signalling (172) (173); as a result, the placental level of interleukin-

6 (IL-6), a pro-inflammatory cytokine, decreases (174). Inflammation levels in the 

placental environment can be affected by changes in their levels and impact fetal 

development during pregnancy (175). Hormones influence fetal growth and 

development, including leptin, which regulates energy balance, and human chorionic 

gonadotropin (HCG). Maternal obesity impacts placental function, including 

cytokine and hormone secretion, immune cell content, morphology, nutrient 

transporter expression, and vessel density. Inflammation in the mother has been 

linked to fetal inflammation, leading to changes in cytokine secretion and placental 

inflammatory status in the fetus (176). Cetin et al. (2012) link maternal obesity to 

changes in placental lipid turnover, which impact hormone release and the placental 

lipid environment (62). Musa et al., 2023 suggest that pregnancy-related low-grade 
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chronic inflammation may influence immune cells in the placenta, influencing their 

composition and function (176). As a result, maternal obesity affects hormone 

secretion, gene expression in the placenta, and DNA methylation (172). Maternal 

obesity affects nutrient transporter expression and placental fatty acid transport (62). 

Diet-induced obesity decreases placental vascularity, compromising vessel density 

and impairing blood flow and nutrient exchange (177). 

1.5.6 Triglycerides 

Triglycerides are part of the physiological support for fetal growth and development 

and contribute to metabolism and energy storage. During maternal adaptation to 

pregnancy, lipid synthesis and storage in adipose tissue are critical responses in the 

earlier phase of pregnancy. Then maternal metabolism slows down and increases 

triglyceride levels in maternal blood due to hormonal changes, mainly elevated 

estrogen and progesterone levels, ensuring a nutrient supply to the fetus (178). 

Progesterone and estrogen help suppress the maternal breakdown of fats (lipolysis) 

and promote the storage of fats in the first and early second trimester, which aids in 

preserving fat stores for the energy demands of late pregnancy and lactation (179). 

As pregnancy progresses, the stored fat in triglycerides is mobilized from maternal 

adipose tissue to provide energy with hormones such as placental lactogen (hPL) 

controlling the release of free fatty acids (FFAs) from maternal metabolism available 

to the fetus. Triglycerides do not transfer directly across the placenta. Lipoprotein 

lipase (LPL) and intracellular FATPs and FABPs transport maternal plasma 

triglycerides to the fetus for hydrolysis into FFAs and glycerol. Once FFAs are 

available in fetal circulation, they can be used immediately for energy by beta-

oxidation or re-esterified into triglycerides and stored in fetal adipose tissue. They 

can also be incorporated into phospholipids and other complex lipids necessary to 

develop fetal brain and neuronal cell membranes. 

As pregnancy progresses, placental hormones contribute to mild insulin resistance in 

the mother, which helps to increase glucose availability for the fetus but also causes 

a rise in maternal lipids due to decreased lipid clearance, accumulating lipid droplets 

as pregnancy progresses. These are also an essential source of nutrients for the 
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developing fetus and a building block for the developing fetus. In obese and GDM 

placentas, there is an accumulation of large quantities of triglycerides, causing 

metabolic risk. Hypertension, IUGR, preterm birth, and fetal macrosomia all 

correlate with maternal triglyceride levels in early pregnancy(121, 131) (120, 122). 

GDM also causes immunoendocrine dysregulation in the placenta, leading to stress-

activated and inflammatory responses (180, 181). Dysregulation of these pathways 

might further harm triglyceride metabolism. Lipid receptor transporters become 

more abundant in the placenta, resulting in higher lipid uptake, triglyceride levels, 

lipid accumulation, and placental dysfunction due to increased lipid storage. As a 

result of the elevated lipid environment, the placenta experiences metabolic stress, 

resulting in a higher synthesis of reactive oxygen species (ROS). The circulating 

hormone levels altered with obese pregnancies, including leptin, insulin, and 

adiponectin, can affect placental function. The placenta can be affected by GDM in 

ways such as obesity. There is a more significant disruption in the lipid storage and 

mobilisation balance, often leading to increased triglyceride accumulation. Insulin 

resistance may also impair lipid metabolism in GDM since insulin regulates critical 

enzymes that synthesise and break down lipids. Dysregulation of triglyceride 

metabolism leads to an oversupply of lipids in the fetus, which can lead to fetal 

obesity and metabolic diseases later in life in the child. 

1.5.7 Cholesterol  pathways 
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Figure 1:22  Cholesterol synthesis and its derivatives analogue are major parts of cell 
membrane providing major structural support as well as present in internal organs, 
liver, and adrenal glands where its metabolism and hydrolysis take place and travels 
to intestines via protein cargo using high-density lipid transporters and stores in low-
density lipid transporters. The diagram was adapted using Lipid Maps, then 
ChemDraw, Bio Render, and PowerPoint to readapt and save as a jpeg.  

 

Figure 1:23 Cholesterol storage, used Biorender, PowerPoint, hand made saved as 
picture jpeg.  

Cholesterol is essential for fetal development, but abnormal levels in the maternal 

circulation may influence fetal growth and development, causing 

hypercholesterolemia, changing fetal cholesterol metabolism, and contributing to 

macrosomia. Three types of total cholesterol (TC) participate in lipid metabolism 
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and regulation: low-density lipoproteins (LDL-C) and high-density lipoproteins 

(HDL-C). TC is the sum of all cholesterol types in the body, including LDL-C, HDL-

C, and VLDL-C. The body requires cholesterol to synthesize hormones, maintain 

cellular structure, and the precursor 7-dehydrocholesterol to produce vitamin D. 

Placentas require cholesterol to produce progesterone and estrogen, fetal 

development hormones, and maintain pregnancy. While there is evidence of the 

transfer of maternal cholesterol to the fetus in early pregnancy, the baby relies on 

cholesterol, which synthesises itself from maternal LDL and HDL through a process 

mediated by placental lipase enzymes. Lipoprotein scavenger receptors and 

transporters class A  (ApoA-1) and B type1 (SR-B1) control the transport of 

lipoprotein-bound cholesterol. 

When pregnant, the body's demand for cholesterol increases, leading to an increase 

in LDL-C. In the placenta, receptor-mediated endocytosis takes up LDL-C through 

the LDL receptors that recognize apolipoprotein B100, the primary apolipoprotein 

on LDL particles. After uptake, LDL-C travels to lysosomes, where cholesterol is 

released and used by the placenta or transferred to fetal circulation. The placenta uses 

cholesterol to produce hormones and other essential molecules. As pregnancy 

progresses, HDL-C levels rise. The placenta uses HDL-C for transport, hormone 

production, cellular membrane synthesis, and overall growth and development. 

Maternal BMI status can influence the placental metabolism of TC, creating a 

lipotoxic environment characterised by increased placental lipid levels and CIDEA 

protein levels (182) and decreased AMP-activated protein kinase (AMPK) activation 

(183) in the obese placenta. These molecular changes suggest that obesity leads to 

dysregulation of TC metabolism in the placenta, contributing to the altered lipid 

profile. The plasma LPC species involved in lipid metabolism change in individuals 

with GDM (184). As LPCs are involved in cholesterol transport and metabolism 

(184), these changes could reflect dysregulated TC metabolism, which also occurs 

with GDM. Placental cholesterol transport in GDM placentas is affected by insulin 

treatment (185). 
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Below Figure 1:24 Continuation to cholesterol, the systematic name is cholest-5-en-

3β-ol, identification in lipid maps LMST01010001, C27H46O, the table containing 

exact masses in positive, negative and neutral exact mass 386.354865. 
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Figure 1:25 Schematical illustration of cholesterol synthesis metabolism.  
A rate-limiting step (degradation and regulation) involves HMG-CoA reductase 
(HMGR), which slows down the enzyme catalytical process at the start of the 
pathway. That protein supports cholesterol homeostasis by activating HMG-CoA 
reductase HMGR. Firstly, cholesterol esterification by cholesterol acyltransferase 
(ACAT) is responsible for lipid droplet storage. Secondly, cholesterol is transported 
backwards via LDL receptors and HDL. Statins are HMG-CoA reductase HMGR 
inhibitors that lower (block) intracellular cholesterol synthesis to increase LDL 
uptake from extracellular sources. They regulate cholesterol synthesis and 
transporter efflux genes. In the cell, cholesterol homeostasis depends on the activity 
of 3-hydroxy-3-methylglutaryl-coenzyme A reductase(HMGR). The HMGR 
enzyme is the last enzyme in the mevalonate pathway to create cholesterol, ketones, 
polyols, prenylated proteins, dolichol, coenzyme Q, and the side chain of 
haemoglobin A. In cholesterol synthesis, mevalonic acid is synthesised from HMG-
CoA by the enzyme. Hormones, proteins, and small molecules control the activity of 
the enzyme. All schematics were hand drawn in PowerPoint i-Pen and saved as jpeg 
images. The idea of the schematics comes from literature and student adaptation of 
originals (44). 

1.5.8 Free Fatty Acids (FFAs) 

FFAs are essential to placenta metabolism and exert their effects by activating and 

binding to specific molecules. Peroxisome proliferator-activated receptors (PPARs) 

regulate energy balance by stimulating hormones and enzymes in lipid metabolism. 

In addition, they regulate fat storage and carbohydrate production. Albumin is a 

glycosylated protein that binds to FFA to support uptake and transport. Specific 

proteins in the syncytiotrophoblast such as fatty acid transport protein FAT/CD36 

and plasma membrane-associated FATBPs, help transport FFAs into the placenta 
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and across to the fetus for energy and synthesis of structural lipids essential to fetal 

growth and development. In response to fetal metabolic signals, the placenta 

modulates FFA transfer and utilization through its enzymatic systems, such as 

elongases (enzymes that catalyses carbon chain extension, especially a fatty acid) 

and desaturases, which convert FFAs into long-chain polyunsaturated fatty acids 

(LCPUFAs), which are crucial for fetal development. Insulin is essential for 

transporting FFAs across the placenta, promoting uptake by regulating FATPs and 

FABPs. The lipotoxic environment of the obese placenta causes dysregulation of 

FFA metabolism. Increased levels of FFAs in maternal circulation can increase 

placental uptake of FFAs by upregulating FATPs and FABPs (186). The hallmarks 

of insulin resistance in GDM are evident in the placenta and complicate FFA 

metabolism, decreasing the expression of FATPs and FABPs and reducing FFA 

uptake (187, 188). 

1.5.9  Lipoproteins 

Lipoproteins carry cholesterol and triglycerides throughout the bloodstream in 

structures containing a lipid core surrounded by phospholipids, cholesterol, and 

proteins (apolipoproteins). As the fetus develops, hPL and progesterone mobilise 

fatty acids from maternal stores and alter lipoprotein lipase activity, hydrolysing 

triglycerides into lipoproteins. With a healthy maternal BMI, lipoprotein 

subfractions are stable and can meet the metabolic demands of the mother and fetus. 

Lipoprotein profiles related to a healthy BMI are favourable - higher HDL and lower 

LDL. HDL reduces inflammation and oxidative stress in the placenta. Placental 

enzymes and receptors that regulate lipid metabolism, including lipoprotein lipase 

(LPL), change due to maternal obesity, and lipoproteins accumulate in the placenta, 

causing cholesterol accumulation and impairing placental function. For example, 

lipoprotein transport is over-expressed in the first-trimester placenta of overweight 

or obese pregnant women (189). The ensuing oxidative stress and inflammation 

within the placenta increase lipid deposits, potentially affecting fetal growth and 

health. Prenatal gestational weight impacts DNA methylation (190), affecting 

lipoprotein metabolism (190-192), and changes might impact lipoprotein 

metabolism in GDM placentas with affected placental trophoblast cells showing 
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mitochondrial dysfunction in the assembly and secretion of triacylglycerol-rich 

lipoproteins (193). 

1.6 Analysis of lipids    

Determining how different lipid groups affect and are affected by maternal obesity 

and GDM is critical to the experimental models and interventional studies that can 

be used towards better strategies to mitigate the detrimental effects of these complex 

interactions. A better understanding of placental lipid changes can help us understand 

pregnancy-related complications. The literature presents mainly an analysis of 

animal tissues, especially from mice and rats, as models for studying lipids in 

biology. The most abundant bioactive lipids are within tissues such as the liver, heart, 

blood, and plasma. Adipose tissue is the leading site of lipid storage, which is equally 

important but in a different form as metabolites and intermediates. The most 

abundant lipid species in human and animal tissue and organs involve fatty acids 

(194). The most abundant simple lipids are unesterified cholesterol, cholesterol 

esters and diglycerol. There is always the danger of hydrolysis, and artefacts can 

affect hydrolysis during sample preparation and analysis as they are related to the 

hydrolysis of fatty acids during extraction or storage (195). During sample 

preparation of tissue extraction, a low temperature must be maintained to prevent 

this. Various methods can be used to provide insights into placental lipid 

composition, metabolism, and potential functions. The study of lipids in biological 

samples involves profiling and quantification with mass spectrometry for lipidomics 

analytics, which is the standard due to its sensitivity and specificity. 

Lipid analysis usually involves chromatography, mass spectrometry, and 

spectroscopy, which can help identify changes in the lipid profiles during pregnancy. 

For example, it can enable us to understand better how lipid metabolism is affected 

by pregnancy and how it affects the fetus by determining the concentration of the 

lipid in the blood, such as lipoproteins, triglycerides, and cholesterol levels. As the 

most abundant sterol sulfate in human plasma, cholesterol sulfate overlaps with 

highly abundant dehydroepiandrosterone (DHEA) sulfate. Although these 

sulfolipids produce and disintegrate at similar rates, they come from distinct sources 



 

79 

 

and undergo different metabolic pathways. A regulatory molecule, cholesterol 

sulphate, serves a purpose that DHEA sulphate does not. 

Among its functions, cholesterol sulphate protects erythrocytes from osmotic lysis 

and regulates sperm capacitation in cell membranes. It assists platelet adhesion in 

platelet membranes. In blood clotting, fibrinolysis, and epidermal cell adhesion, 

cholesterol sulphate regulates serine proteases. Signal transduction involves 

cholesterol sulphate because it regulates protein kinase C isoforms and modulates 

phosphatidylinositol 3-kinase activity. When cholesterol sulphate is present in the 

body, it induces genes that encode key factors in barrier development. By inducing 

genes that encode barrier components, cholesterol sulphate contributes to 

keratinocyte differentiation (196). By measuring these lipids, it is possible to gain 

insight into changes during all stages of pregnancy (197). Various techniques can be 

used to measure the concentration of different lipid species, including fatty acids, 

glycerolipids, glycerophospholipids, and sphingolipids and cholesterols in analytical 

biochemistry, which supports cell (103) biology of disease research, including 

obesity, diabetes, cardiovascular disease, neurodegeneration, and central nervous 

system and pulmonary pathways (198-201).    

The lipids are not soluble in water but are soluble in organic solvents, and lipid 

separation due to chemical differences in their matrices makes lipid analysis very 

complex (202) (203). Choosing a lipid analysis method depends on the lipid of 

interest, the matrix complexity, the sensitivity, and the specificity required (204, 

205). A comprehensive profile of lipid composition uses a combination of 

hyphenated methods (104, 206-211). Every method has its advantages and 

limitations. A lipid analysis method depends on the lipid class, the sample type, the 

sensitivity and specificity required, and the instrumentation available. The precision, 

speed, and breadth of lipid analysis improve with analytical techniques and 

instrumentation advances. Mass spectrometry has high sensitivity and specificity, 

making it ideal for lipidomics studies (212-215). NMR provides structural 

information without destroying the sample, and thin-layer chromatography helps 

separate complex lipid mixtures (216-221). In addition to exploring different lipid 

compositions and biological functions, each method offers advantages (222, 223). It 
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is crucial to our understanding to identify lipid-related biomarkers, explore lipid-

targeted therapies, and advance knowledge of lipid metabolism and their roles in 

disease development, metabolic processes, and overall physiological functions 

(224). 

1.6.1 Extraction  

Most lipid analysis techniques, including TLC, GC, LC, MS, and NMR, require 

sample extraction before analysis. Therefore, lipid extraction is a standard starting 

point by isolating lipids from the sample matrix with a solvent like chloroform or 

methanol. Any impurities that are likely to interfere with analysis might need 

additional extraction. Standard lipid analysis methods from biological samples 

include extraction by the Folch method, which involves chloroform and methanol as 

solvents. The Bligh and Dyer (225) method uses chloroform, methanol, and water in 

different proportions than the Folch Stanley Sloan (226) method. The steps of 

extraction of the Bligh and Dyer method are fully presented in detail in Chapter 2. 

1.6.2 Mass spectrometry 

Lipid profiling methods often include mass spectrometry (MS), a powerful tool for 

identifying and quantifying lipids in various biofluids, including cells and tissues 

(227). Researchers have used MS to investigate lipid profiles associated with cancer, 

cardiovascular diseases, diabetes, obesity,  neurodegenerative diseases, and many 

others (227). Due to its high sensitivity and ability to provide detailed structural 

information, MS is a powerful lipid analysis tool that can be coupled with 

chromatographic techniques like LC or GC. The mass-to-charge ratio (m/z) and 

fragmentation patterns can reveal individual lipid species, and double bond location 

can be determined. Multiple MS methods can be applied to the analysis of lipids: 

separation of fatty acid isomers uses supercritical fluid chromatography (SFC); 

electrospray ionisation spectrometry (ESI-MS) analyses complex lipid mixtures as 

does matrix-assisted laser desorption ionisation (MALDI-MS); double-bonded 

positions and configurations of fatty acid chains can be determined using tandem 

mass spectrometry (MS/MS). These single-stand or hyphenated techniques are 
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suitable for monitoring lipid changes in the placenta and plasma to provide insight 

into lipid metabolism and maternal health.  

Several techniques can complement MS in lipidomics analysis, including mass 

spectrometry imaging, stable isotope labelling, and NMR spectrometry (see section 

1.8.5). Different mass spectrometry methods are available for imaging tissue lipid 

distribution (228). Mass spectrometry imaging can visualise a lipid map in cell tissue, 

including phospholipids and their oxides (229), and provide a spatial mapping of 

lipid location in tissues, a feature typically lost when extracting lipids from tissues 

en masse. Studying lipid metabolism and turnover in lipidomics with stable isotope 

labelling is also possible (230). The fate of lipid species can be tracked by 

incorporating stable isotopes into lipids to monitor the fate of specific lipid species 

and measure their turnover rates (230). It offers high sensitivity, specificity, and 

versatility in lipid analysis (231) and is widely used in lipidomics research to 

investigate lipid profiles associated with various diseases and conditions (232). 

1.6.2.1 MALDI-ToF MS is an example.  

Identification of lipid classes might benefit from MALDI-ToF MS, and an overview 

of the methodological approach is provided as an example of some of the critical 

considerations that need to be made when pursuing MS-based analysis ahead of 

applying this method in results chapters. MALDI ToF MS analysis involves peak 

picking, checking for Gaussian shape and centroid, and mass accuracy to four 

decimal places. It is necessary for lipid species identification and quantification, such 

as comparisons between samples or groups to identify changes in lipid content. 

Running each sample in triplicate is ideal for sample mass spectra repeatability, at 

least for its cumulative mass spectrum range. Any slight variations in instrumental 

parameters can be averaged by taking an average of three samples, reducing drift 

impact. As a final benefit, internal calibration ensures that the mass range remains 

constant, ensuring that the sample's identity does not change over time. It is critical 

to note that the specific details of sample preparation, matrix selection, and 

instrument parameters may vary depending on the research question and lipid classes 
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of interest when approaching testing. Optimising these parameters is necessary to 

achieve the most accurate results.  

The following steps apply when measuring lipid content using MALDI-TOF mass 

spectrometry. Sample preparation begins with extracting lipids from tissue or 

biological fluid through appropriate extraction methods. Extracted lipids can then 

dissolve in a suitable solvent for MALDI-TOF analysis. Standard matrices for lipid 

analysis include 2,5-dihydroxybenzoic acid (DHB) or α-cyano-4-hydroxycinnamic 

acid (CHCA) (208). The matrix solution typically dissolves the matrix in a solvent 

such as acetonitrile or methanol before spotting the sample mixed in the matrix onto 

the target using a pipette or an automated device. There are different methods and 

practices to apply the sample matrix to the target, depending on the protocol and user 

experience. 

The sample is usually mixed with the matrix solution to target sample spots and left 

to dry. The matrix solution helps co-crystallise lipids and facilitates ionisation during 

the MALDI process. The working steps include loading the prepared target plate into 

the MALDI-ToF mass spectrometer, allowing time for the instrument to equilibrate, 

and setting the appropriate parameters for the analysis, including laser intensity, 

mass range, acquisition mode and vacuum voltage. Once all is working and the 

instrument system software changes the mode from docking to ready active, data 

acquisition begins by using the laser shots around the sample displayed in the 

viewing window, making sure there are crystals and accruing total accumulative 

mass spectra, starting with calibration with a known MALDI calibrant compound to 

ensure the mass range values of the calibrant are within an acceptable range. Data 

analysis of mass spectra uses appropriate software depending on the instrument 

provider. Most lipidomics use electrospray ionisation (ESI) (233, 234) rather than 

APCI (235) 

1.6.2.2 TLC, MALDI ToF MS and MALDI  imaging as an example 

Several steps and considerations go into thin-layer chromatography (TLC) and 

matrix-assisted laser desorption/ionization time-of-flight mass spectrometry 

(MALDI-TOF MS).TLC analysis separates and identifies compounds in a mixture 
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using thin-layer chromatography. Lipid extracts from the placenta are prepared by 

homogenizing tissue and extracting lipids with organic solvents such as chloroform 

and methanol. The TLC experiment involves applying lipid extracts to a TLC plate 

coated with silica gel. With an appropriate solvent system, the lipids can separate by 

their polarity and affinity for the stationary phase. To detect sulphur-containing lipids 

such as cholesterol sulphate, the TLC plate is visualized using iodinated vapour or 

other staining methods. The MALDI-TOF technique is a tool for analysing complex 

mixtures. Its high sensitivity makes it ideal for analysing lipids such as cholesterol 

sulphate. 

Cholesterol sulphate ionization depends on matrix selection. Sulphated lipids 

respond well to 9-aminoacridine. First, samples are co-crystallized with a matrix on 

a target plate for MALDI-TOF MS ionization and detection. Lasers ionize the 

sample, and then mass/charge ratios separate the ions. Detecting cholesterol sulphate 

as a deprotonated ion ([M-H]) in negative ion mode is suitable for sulphated 

compounds. Using mass spectra, we can determine lipid molecular weight and 

structure. A characteristic peak can be observed to identify and quantify cholesterol 

sulphate. 

Here are some challenges and considerations when considering cholesterol and its 

derivatives that may show low ionization efficiency, which can be enhanced by 

derivatizing them or using specific matrices. It is critical to choose a matrix that 

minimizes interference with the analytes. Some studies have explored alternate 

ionization techniques to reduce matrix effects.  There are key differences between 

TLC-MALDI-imaging and traditional lipid staining techniques in terms of 

sensitivity, specificity, and application. The system is capable of detecting and 

identifying a wide range of lipid species. The method is particularly useful for 

analyzing complex lipid mixtures since it allows the identification of individual lipid 

components that may be difficult to distinguish from traditional staining. In addition 

to providing spatially resolved data, TLC-MALDI-IMS offers a significant 

advantage for analyzing lipid distribution within a sample. Traditional staining 

techniques do not provide spatial context, only qualitative information. It can be used 

for both qualitative and quantitative analyses of lipids based on TLC-MALDI-IMS. 
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With traditional staining methods, it is often difficult to precisely quantify lipid 

species. These are the benefits of conventional staining, like Coomassie staining, 

which is generally less complex and requires less specialized equipment than TLC-

MALDI-IMS. These methods are widely accessible in laboratories without advanced 

mass spectrometry facilities. 

An analysis using staining techniques is primarily qualitative, providing a visual 

representation of lipids. However, they do not provide detailed structural information 

or precise lipid species quantification. Traditional staining is often more cost-

effective than mass spectrometry. Because it is cheaper to implement and requires 

fewer resources, it is suitable for routine analysis. The combination of Thin-Layer 

Chromatography with Matrix-Assisted Laser Desorption/Ionization Imaging Mass 

Spectrometry (TLC-MALDI-IMS) offers several advantages over traditional 

staining techniques. A comparison of the two methods: Traditional staining methods, 

including primuline staining, detect fewer lipid classes. Specificity and resolution 

allow the identification of specific molecules within complex mixtures based on 

high-resolution images and detailed molecular information. 

In contrast to molecular specificity, staining techniques are more qualitative and 

provide limited information about lipid structures. Despite not being inherently 

quantitative, TLC-MALDI-IMS provides relative concentration data that can be used 

to infer quantitative information. The traditional staining method provides qualitative 

information on lipid concentration rather than quantitative data. Combined 

separation and analysis in one workflow makes TLC-MALDI-IMS more efficient. 

While staining techniques are often simpler and faster to perform, they require 

additional steps for quantitative analysis and molecular identification. Specifically 

used for routine lipid separation and visualization, it is suitable for less complex 

lipidomics analysis of complex lipid mixtures. It is also ideal for lipid spatial 

distribution in tissues (236-238).  

1.6.2.3 ESI-MS as an example  

By using Electrospray ionisation (ESI), which is an ionisation technique developed 

by Fenn and colleagues, polar compounds can be analysed. (Fenn et al., 1990, Fenn 
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Nobel 2003) (239, 240), atmospheric pressure matrix-assisted laser 

desorption/ionisation (AP MALDI) (Creaser & Ratcliffe, 2006) (235), and 

desorption electrospray ionisation (DESI) (Takats et al., 2004) (241) are among the 

many ionisation techniques. As ions are produced at higher pressures, narrow, 

conductance-limiting apertures must be used to separate differentially pumped 

vacuum chambers before reaching the mass analyser's high vacuum region to achieve 

maximum sensitivity. During these various vacuum stages, the ability to control ion 

motion really influences the mass spectrometer's ion transmission efficiency. When 

applying magnetic and electric fields, ions can be precisely manipulated even when 

no background gas molecules are present (e.g., in a low vacuum). Ion motion is 

influenced by collisions with gas molecules at higher pressures. It can also be 

transmitted in high vacuum at low pressures (10mTorr), where radio frequency (RF)-

only multipoles enable efficient ion transmission (Thomson, 1998) (242, 243). Great 

reviews of electrospray over the last thirty years by detailed literature of the 

specialists in the fields (Mann M. et al., 2019)  and many electrospray developmental 

specialists (244-247). 

Electrospray ionisation ESI schematics as an example  

There are many theories regarding how ions are produced, and many physical 

processes are described in detail. The figure diagrams below of the HPLC-ESI-MS 

show the working stages of the sample travelling via a capillary tube at a very slow 

rate flow of one to ten millilitres per minute  (1–10 ml/min) and applied to a 106 V/m 

electric field potential difference of 3–6 kV under atmospheric pressure. Droplets of 

highly charged mobile phase spray from the capillary end when charges accumulate 

at the liquid surface. A coaxially flowing sheath gas limits the dispersion space and 

minimises the effects of mobile phase differences during ESI/MS. Ions are generated 

for MS analysis by passing droplets through heated inert gases (often nitrogen). A 

hundred years ago, Lord Rayleigh predicted that when droplets evaporate, 

Coulombic forces approach surface tension. The Rayleigh equation formula is 

represented by (q2 = 8π2ε0γD3) where (q) represents charge, (ε0) is the permittivity 

of the environment, (γ) is the surface tension, and (D) is the diameter of a spherical 

droplet (Figure 1.11)  and (Figure 1.12) When a droplet exceeds the Rayleigh 
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stability limit, it explodes, releasing many smaller ones. This results in successively 

smaller and smaller ruptures, followed by smaller and smaller droplets, such as 

“Columbic repulsion” explosions, as shown in the schematic diagram (Figure 1.12). 

A droplet is ionised after its solvent is sufficiently evaporated. The ESI method can 

also generate adduct ions for molecules that do not possess intrinsic ionising sites. If 

the conditions are right, small anions or cations can be ionised during ESI if there is 

enough dipole potential between the molecules. The nonpolar lipids, triacylglycerols 

(TAGs) containing long-chain fatty acids can be ionised and quantified with 

sensitivity to picomoles using noncovalently attached lithium ions to carbonyl 

molecules (239, 240, 248-253). 

  

Figure 1:26 Schematics (HPLC-ESI-MS) analyses complex mixtures 
www.waters.com 

http://www.waters.com/
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Figure 1:27 Schematics diagram of ESI and how it works. ESI droplets desorption 
ionization of a sample dissolved in an aqueous solution, for example, in methanol, 
which then produces multiply charged ions M+1, M+2, M+3. Generation of 
multivalent molecular ions and how solvent is removed. The figure was adapted from 
Waters.com, accessed on 30 May 2024, reconstructed in PowerPoint, and then saved 
as a picture. 

1.6.2.4 APCI-MS as an example  

As another example, atmospheric pressure-chemical ionisation mass spectrometry 

(APCI-MS) has emerged as an ideal technique for lipid analysis because it ionises 

large neutral molecules in a broad range of mobile phases. APCI-MS has been 

applied successfully to analyse triacylglycerols and their oxidation products, 

demonstrating its effectiveness (254). Cellular lipids were analysed qualitatively and 

quantitatively by APCI-MS, showing potential for comprehensive lipid analysis and 

systems-level assessment (255). A consistent sample is created by carefully 

preparing tissue samples, usually through homogenisation and extraction with 

chloroform and methanol. Samples are introduced in the liquid state and nebulised 

into delicate sprays in APCI ionisation by corona discharges or other sources. In the 

MS detector, the ionised molecule follows separated ion detection of mass-to-charge 

ratio (m/z). Protons (H+) are added or removed from lipid molecules in APCI to form 

charged particles (ions). The conventional APCI-MS/MS technique has limited 
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sensitivity, especially in studies involving trace amounts of non-esterified bioactive 

lipids in cell culture systems (256). As a result, it is crucial to examine APCI-MS 

limitations and potential advancements to make it more sensitive and applicable to 

analysing placenta lipids, cholesterol, and oxysterols. Identifying cholesterol and its 

oxidation products accurately and completing HPLC separations are essential when 

using HPLC-APCI-MS (257), and this combination of  HPLC and APCI-MS 

provides a powerful technique for analysing cholesterol and its oxides (258).  

1.6.2.5 Chromatography   

Thin-layer chromatography (TLC) in lipid separation can only be used as a 

preliminary identification test for lipid groups and not individual lipid species.  The 

detailed lipid identification and quantification can be made via liquid 

chromatography (LC), for example, high-performance liquid chromatography 

(HPLC), connected with Electrospray ionisation (ESI) and hyphenated with mass 

spectrometry detector (LC-MS) to support mass spectrometry comparative analysis. 

HPLC consists of different stationary stainless-steel columns packed with silica 

crystal granule phases to separate lipids based on their polarity, and quantifications 

of specific lipid classes are enabled by coupling LC with ultraviolet (UV) and 

fluorescence detectors. Using LC-based methods, researchers can determine lipid 

classes, subclasses, and individual species, allowing them to study lipid profiles and 

their relationship to physiological and pathological conditions. Liquid 

chromatography (LC) offers excellent separation and detection capabilities for lipids 

of different polarities and masses. Several LC techniques employ lipid analysis, 

including normal phase (NP), reverse phase (RP), and hydrophilic interaction liquid 

chromatography (HILIC). Bridging LC to mass spectrometry (LC-MS) makes lipid 

identification and quantification more specific. Lipid analysis in human biological 

samples can be improved significantly with high-performance liquid 

chromatography (HPLC) and ultra-performance liquid chromatography (UPLC), 

and these are commonly used variations of liquid chromatography with improved 

resolution. Different lipid classes, including cholesterol, phospholipids, and 

sphingolipids, are identified and quantified based on their polarity. Due to its high 

sensitivity and resolution, it is ideal for analysing complex lipid mixtures coupled 
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with UV, RI (Refractive Index), ELSD (Evaporative Light Scattering Detector), or 

MS (Mass Spectrometry). In GC, individual lipid molecules are separated depending 

on their volatility and affinity for the stationary phase. Analysis of fatty acids, 

triglycerides, and sterols is well suited to this technique. A helpful method for the 

study of fatty acid methyl esters (FAMEs) after derivatisation is gas chromatography 

(GC). Various downstream detectors can further analyse lipid composition, 

including flame ionisation (FID) and MS.  

1.7 Introduction to MALDI ToF MS 

An introduction to MALDI ToF MS, the results of which are presented later on in 

Chapter 4. Time of Flight mass spectrometry has been around since Stephens in 1946 

(259) and Wiley and McLaren in 1955 (260) and has progressed into use in biological 

analyses. In 1985, German scientists Franz Hillenkamp and Michael Karas and co-

workers (261) discovered the MALDI phenomenon using the amino acid alanine, 

which was not ionisable using a 266 nm UV laser pulse. However, adding another 

amino acid, tryptophan greatly increased alanine ionisation efficiency (262-264). 

Moreover, they developed their discovery into the generalised MALDI ionisation 

method for mass spectrometry (264, 265). In 1988, Koichi Tanaka observed a similar 

matrix effect using glycerol mixed with a metal powder and analysed polymers, 

proteins, and large molecules (266). Hillenkamp and Karas analysed large proteins 

and used nicotinic acid as a solid organic matrix (261). The discovery of adding an 

organic crystal structure that absorbs ultraviolet light helped charge polar 

biomolecules (261). With that detection, the MALDI technique became popular in 

biomolecule analysis and led to the creation of the field of proteomics. Biomolecule 

analysis, including lipid analysis, using MALDI, has been growing but still needs 

development. With MALDI, it is now possible to routinely analyse proteins, 

peptides, polymers, and lipids (69) (267). The significance of MALDI as an 

ionisation technique was recognised by the Nobel Prize in 2002/3. (268)  

MALDI requires a suitable matrix mixed with the analyte. Usually, the matrix 

proportions are more than the sample depending on the species and are in molar 

ratios of (1:100, 1:500, or 1:1000). The correct ratio is a matter of trial and error to 
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find what gives a good signal for a given matrix and analyte. The characteristic 

matrix for MALDI experiments is a low molecular weight organic acid in a powder 

with high absorption for the UV laser wavelength. Upon irradiation, the matrix 

absorbs the laser energy, protecting the sample, which then desorbs from the surface, 

creating a plume of matrix and analyte molecules into the gas phase, during which 

the molecular ions gain charge – usually by protonation from the acidic matrix 

molecules - and the resulting ions carry that charge through the ion optics tube during 

the flight until they hit the detector plate.  

After applying the matrix mixed with the sample to the target plate, the plate is 

attached to the target holder and sent via an airlock into the vacuum chamber. When 

the laser hits the target sample spots, the matrix mixed with the sample absorbs the 

laser energy, desorbs, vaporises the analyte, and travels away through the time-of-

flight tube. The complete method of sample ionisation is still under vigorous debate 

in the literature, but the general mechanism involves the desorption of large clusters, 

which further dissociate into separate molecular ions with charged mass. Workable 

MALDI sample ionisation mechanism theories are in the MALDI section below 

(269, 270). MALDI often couples with time-of-flight mass spectrometers but can 

also couple with other mass analysers like ion trap mass analysers and ion cyclotron 

resonance. 

1.7.1 The Mechanism of MALDI  

While the mechanism of MALDI is still under robust debate within the mass 

spectrometry literature, there is no doubt that it works, and several characteristics are 

apparent. MALDI requires a matrix to absorb the laser light, desorb the 

matrix/analyte crystals into the gas phase, and ionise the sample. During the MALDI 

experiment, the laser irradiates the matrix with short laser beam pulses of three to 

twenty nanoseconds (for UV lasers). (271)  The adjusted and focused laser spot size 

is usually 50-200 nm. The laser fluence is laser power per area, a physical parameter 

in the window setting on the instrument control computer. The ideal initial value is 

a matter of experience. The applied laser pulses desorb the matrix/analyte crystals 

into the gas phase plume, where they undergo fission, resulting in free ions and a 



 

91 

 

substantial background of ionised matrix molecules. The mass spectrometer can 

detect these analytes if this matrix background is not in the same mass/charge ratio 

range as the analytes. MALDI can generate positive and negative ions via 

protonation or deprotonation. Radical cations or anions can also form with specific 

analytes, usually as a low-abundance component. When studying proteins and 

peptides, singly protonated species [M+H]+ and some dimers that carry double the 

mass [2M+H]+ are usually seen. Multi–charged ions are sometimes generated, 

particularly with high molecular weight species (272) (273). 

 

Figure 1:28 Chemical structure of Matric 9AA, DHB, and sample application to 
MALDI targets. Figure legend of (Figure 1:10):  Two matrix molecules, 9-
aminoacridine 9AA and 2,5-dihydroxybenzoic acid DHB, were used in this thesis's 
studies. The yellow spots are samples mixed with 0.5 M 9AA matrix dissolved in 
3:2 isopropanol: acetonitrile (IPA/CAN v/v), and the white spots are lipid samples 
in 0.5 M DHB matrix dissolved in methanol. Each spot volume was 0.5 - 1 µl at 10 
mg/ml, and the molecular structures of the two matrices are in the inset. 

 

1.7.2 The desorption and Ion Formation mechanism 

The desorption and photo-ionisation processes in MALDI are unclear, and the theory 

proposes thermodynamic processes that involve quasi-thermal evaporation due to 

increased molecular internal vibrational energy (274) (275) (276). A suitable matrix 
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needs an excellent molar absorption coefficient to absorb the laser irradiation so that 

the matrix sublimes into the gas phase, where the sample competes for the charge. 

 

Figure 1:29 Figure MALDI target plate sample desorption. Figure legend of (Figure 
1:14) One general hypothesis (273, 276) states that after sample desorption into the 
gas phase, it undergoes a proton transfer reaction from the excited matrix molecules 
that occurs during plume expansion. Agreeing with the Karas model, these excited 
matrix molecules must produce ionised gaseous analyte ions. Another hypothesis 
suggests that desorption into clusters is first, followed by desolvation like 
electrospray, where the hot matrix molecules effectively act as the solvent (276). 
Time-of-flight mass analysis has the advantage of simplicity and speed and can cope 
with extremely high mass range and repetition rates (276). 

 

Figure 1:30 Figure Time of Flight Mass Analyser. Figure legend of (Figure1.15) 
Time of Flight Mass Analyser with pulsed laser ionisation, extracted ions accelerate 
through an electrical field (V) into a time-of-flight mass analyser tube for mass 
analysis.   

1.7.3 MALDI ToF MS physics 

Physicists define charge as a constant denoted by (e) and as the interaction between 

particles and electromagnetic fields. Charges can be positive or negative. Charges 
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that are similar repel each other, while charges that are opposite attract each other. 

Charge is measured in Coulombs (C), and it can be discrete (quantified) or 

continuous. The elementary charge is defined as the amount of charge on one 

electron or one proton. In general, protons carry a positive charge (approximately 

+1.6 x 10-19 C), electrons carry a negative charge (approximately -1.6 x 10-19 C), 

and neutrons have no charge. In an isolated system, the total electric charge remains 

constant over time according to charge conservation. 

In the MALDI-ToF MS experiment, ions first need to gain charge, and they do that 

by accelerating the desorbed ions through an electric potential field as per (Eqn. 1).   

Epot = zeV   (Eqn. 1)                                                      

 The ion's electric potential energy ( Epot ) showing in (Eqn. 1) is the first energy of 

the ions found on the voltage plate where the ions gain charge (z), which is produced 

by the laser approximately 1.602 x10⁻19 coluomb (C) and through the ion 

acceleration with the potential energy, it then produces ions with kinetic energy as 

per (Eqn. 2). 

Ekin = ½ mv2   (Eqn. 2)                                                           

When ions start leaving the ion source, they have velocity (v) and the accelerating 

ions through the source and the flight tube gain the ion's kinetic energy, which equals 

the potential energy ( Epot )  as per (Eqn. 1) and when ions are in an isolated system, 

the total electric charge remains constant over time according to a charge 

conservation law. 

zeV = ½ mv2   (Eqn. 3)                                                                                             

The energy stays the same during ion acceleration and converts ions to kinetic 

energy. Thus, the kinetic energy equals the voltage (V) multiplied by the charge (z) 

and is scaled to the elemental charge (e-). Rearranging (Eqn. 3) to solve for velocity 

yields: 

2𝑧𝑧𝑧𝑧𝑧𝑧
𝑚𝑚

 = v²           (Eqn. 4)                  
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 or      �2𝑧𝑧𝑧𝑧𝑧𝑧
𝑚𝑚

 = v     (Eqn. 5)                                                

The time of flight equals the flight distance divided by the velocity.  

 t = 𝐿𝐿
𝑣𝑣
    =  𝐿𝐿

�2𝑧𝑧𝑧𝑧𝑧𝑧
𝑚𝑚

   (Eqn. 6)      

or           t = L � 𝑚𝑚
2𝑧𝑧𝑧𝑧𝑧𝑧

  (Eqn. 7)                                                                   

The square root of (m/ze) is relative to the time of flight (Eqn.7) to or, 

t2 = L2 𝑚𝑚
2𝑧𝑧𝑧𝑧𝑧𝑧

   (Eqn. 8)         

 or          2𝑉𝑉𝑡𝑡
2

𝐿𝐿2
 = 𝑚𝑚

𝑧𝑧𝑧𝑧
  (Eqn. 9)                                                                       

 Introducing a constant calibration, A for the main terms, 

A= 2𝑉𝑉
𝐿𝐿²

    (Eqn. 10)                                                                                                      

So, in charge units of e, (Eqn. 9) becomes:     

At² = m/z (Eqn. 11) 

Furthermore, by adding constant B for drift delays and corrections, we achieve the 

time-of-flight calibration equation:     

At² + B = m/z               (Eqn.12).  

Variable definitions:  

Epot = potential energy  

Ekin = kinetic energy 

electron ( e) number (1.602x10⁻¹⁹ C)  
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C = Coulomb C x V = Kg x 𝑚𝑚²
𝑠𝑠²

 

mass conversion constant 1.66x10⁻²⁶ kg/Da    

V = electric field strength (Volts) 

L = length of flight tube (m)              

v = velocity  

t = time seconds (s)  

m = mass (kg)    

z = ion charge   

Assumptions: All ions have the same kinetic energy when entering the field-free 
region. The ion source region is much shorter than the free field path. Ions sit for a 
shorter time in the ion source than in the flight path. The ions' velocity stays constant 
in these equations. After laser desorption, the ion pulse travels down the flight tube 
and, at the detector, generates a pulse of ion current detection. Lighter mass to charge 
molecules arrive first at the analyser, followed by heavier mass to charge ions m/z. 
MALDI typically generates singly charged ions (276, 277). 

1.7.4 Pulsed Ion Extraction  
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Figure 1:31 Figure The time-of-flight tube with the ion source in the top figure and 
reflectron time-of-flight tube lower drawing. Initially, upon desorption, the ions 
cloud expands slowly, and the matrix clusters disaggregate. Upon the molecular ions 
leaving the matrix cluster and leaving the ion source, the ions are accelerated further 
with a second voltage pulse. The second voltage timing pulse, typically less than a 
microsecond after the laser pulse, bunches the ions. This extra voltage pulse allows 
the slower ions which lagged in the ion source to catch up with the faster ions at a 
focal plane along the flight path, and with voltage tuning, that plane position can 
adjust to be at the detector to maximize resolution (459). 

1.7.5 The Reflectron 

When a pulse of ions arrives at the end of the flight tube, they are typically spread 

out over a flight arrival time distribution, redirecting the kinetic energy distribution. 

In the 1980s, Boris Mamyrin (278) developed the reflectron to reflect the ions to a 

second detector. In this manner, all ions turn around, and those with slightly higher 

kinetic energy experience slightly longer reflectron time delays, thus allowing ion 

kinetic energy distributions to be refocused at the detector plate and improve the 

mass resolution. (279) 

1.7.6 Lipidomics   

Recently, lipidomics has gained prominence alongside chromatography and 

spectroscopy-based methods. It is a rapidly growing field of biomedical research 

which studies lipids and their roles in health and disease (227). It can be applied to 

the placenta and plasma. Lipidomics typically involves analyzing lipid profiles in 

biological samples with mass spectrometry and liquid chromatography (280). It can 

provide incredible detail about the lipids present in a sample, but in the case of 

tissues, especially, all spatial information is lost during sample preparation. The 

development of MS-based lipidomics has revolutionised the field by providing 

comprehensive lipid profiles, structural characterisation of lipids, the discovery of 

lipid biomarkers, and the elucidation of lipid-related pathways with accompanying 

bioinformatics tools and databases essential to identifying and quantifying lipids. 

Shotgun lipidomics is a complementary approach that can even provide insight into 

lipid profiles with prior separation or extraction and is commonly used for the 

analysis of plasma. For example, in pregnancy, total lipid analysis methodologies 

offer insights into biological samples using shotgun lipidomics and lipid droplets, 
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giving a comprehensive, accurate, and practical analysis of placental lipids. The 

literature discusses strategies for enhancing shotgun lipidomics to analyse lipid 

species(281). Considerations highlight the physiochemical properties of lipid groups 

and subclasses for shotgun lipidomics in biology and medicine to identify and 

quantify cellular lipidome (282). Studies discuss developing a program for high-

throughput lipid analysis using multidimensional mass spectrometry-based shotgun 

lipidomics, which could be relevant to placental lipid characterization (283). The 

literature demonstrates the ability of shotgun lipidomics to resolve isobaric and 

isomeric species (284) and discusses using high-resolution shotgun lipidomics to 

quantify and analyze total lipids in uncharacterized biological membranes (285). 

1.7.6.1 Lipids Quantitation by Mass Spectrometry  

The rationale behind why mass spectrometry is the ideal method for quantification 

is that it requires substantial method development for reliable results. The standard 

mass spectrometry method for quantitation, including lipids, involves single-reaction 

monitoring (SRM) or the multiplexed version known as multiple-reaction 

monitoring (MRM). SRM/MRM methods require LC-MS, typically using 

electrospray ionisation or atmospheric pressure chemical ionisation APCI with 

tandem mass spectrometry fragmentation using collision-induced dissociation 

(CID), so it is an LC-MS/MS method. The quantitative method setups require 

establishing a reliable quantitative calibration curve, using precise concentrations of 

internal standards either dosed into a matrix mimic or added quantitatively to a 

'typical sample' matrix. A series of LC-MS/MS experiments are then run, in triplicate 

at least, at a series of concentration values spanning the concentration range of 

interest. In each SRM experiment, a specific precursor molecule is isolated and 

fragmented. Then, a selected ion chromatogram of a particular ion of a fragment is 

monitored (e.g. phosphate head groups, e.g. choline, ethanolamine, serine, inositol), 

and the peak of interest integrated to generate a value which is proportional to the 

original concentration of the precursor molecule in the matrix. With MRM methods, 

multiple precursors and- or multiple fragments monitoring by setting the instrument 

to 'hop' between precursors and fragments, and how many fragment pieces to monitor 

depends on the speed of instrument acquisition and the chromatographic separations' 
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average peak elution time profile. This approach is highly effective and routinely 

used throughout the clinical and pharmaceutical industries using shotgun lipidomics 

to acquire an estimated quantitative data of lipids groups as an overall but not 

individual molecules unless detailed molecular structure needs elucidation 

confirmation for the substrates position stereochemistry and cleavages of the 

substrates bonds. However, it requires that the separations be consistent and that 

there is no overlapping elution of the precursors and fragments – across the range of 

biological samples to be studied. MS/MS is usually the preferred method for 

quantitation rather than just monitoring the LC-MS peak profile of a precursor ion 

because the isolation event prior to the MS/MS fragmentation event provides 

selection and specificity to the experiment as it is far less likely to observe co-eluting 

peaks with the same (m/z) values which also have the same fragment ion masses. 

Nevertheless, selected ion monitoring (SIM) from a specific peak elution profile in 

LC-MS mode can also be effective for simple mixtures or ions that are particularly 

abundant relative to other sample matrix molecules. Typically, setting up a new 

method for quantitative mass spectrometry clinical studies, such as for lipid profiling 

in pregnancy, requires about six months for an expert mass spectrometric because of 

the complexity of lipids within biological tissues, and using this method requires 

constant statistical evaluation and testing for new overlapping elution profiles in the 

LC-MS/MS experiment. Thus, in academia, accurate quantitative studies are usually 

not done except in cases where the research group focuses on a few specific 

molecules (e.g. cholesterol esters, fatty acids, sacharolipids, or lipoproteins carriers). 

Therefore, the time investment in setting up the method can pay off in the long run. 

For the experiments in this research, TLC followed by MALDI-TOF mass 

spectrometry was used to identify the lipid classes. However, as quantitative internal 

standards were not available, an attempt for accurate quantitation was not followed 

due to various reasons, from lack of expert knowledge support in instrumental 

methodology setups to instrumental optimisation and data acquisition and data 

analytics processing, which is something that could be expanded and worked on 

shortly perhaps. 
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Nevertheless, the MALDI-ToF peak intensities are proportional to the concentration 

in the sample (with different proportionality constants for each precursor ion class 

and with signal suppression events also modulating those constants), so the peak 

intensities only show as 'indicative trends' and not as an absolute value of relative 

ratios in the concentrations of various lipids, particularly within specific lipid classes 

as the most significant variance of the proportionality constants is between lipid 

classes. Therefore, in these experiments, we aim to identify relative concentration 

trends between sample types, which can, in the future, be followed up with the 

development of quantitative calibration methods using SRM/MRM approaches. 

Literature insights on quantitation by mass spectrometry approach can further 

expand using this research groundwork towards placenta total lipids quantitation. 

The human placenta's quantitative lipid composition depends on understanding its 

potential health significance. Using liquid chromatography and mass spectrometry 

for lipid profiling offers powerful advantages, and advances in quantification 

methods further enhance the accuracy of lipid analysis. Using these approaches is 

critical to understanding the placenta and plasma lipid content. Quantifying the lipid 

composition of the placenta is crucial for understanding its implications for health 

and disease. Most modern lipidomics studies use isotope-labelled standards. In lipid 

profiling and quantification, liquid chromatography and mass spectrometry are the 

standards for separating and detecting lipids based on their chemical behaviour (286-

288). Lam et al. (2011) have used this approach to characterise lipid profiles in 

various biological samples, including human meibum, where ageing impacts lipid 

composition (289). 

A thorough approach to lipid quantification, defined as the systematic investigation 

and analysis of lipids, is ideal for lipid profiling (290). Toxicological evaluations and 

reproductive and developmental studies must understand the placenta's lipid 

composition. The human placenta is morphologically, physiologically, and 

toxicologically different from that of rats, emphasising the need to evaluate it in 

studies accurately (291). Studies on lipid profiling use an expression of specific 

genes, such as CGB, LGALS13, and GH2, further supporting the importance of 

comprehensive lipid profiling (292). The comparison of different quantification 

workflows shows improvements in accuracy, highlighting the importance of rigorous 
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quantification methods for lipid analysis (293). Deuterium oxide labelling and 

carbon thirteen isotope (¹³C) lipidome isotope-labeling of yeast (LILY)(294) lipids 

as internal standards have permitted compound-specific quantification of lipids in 

human plasma, highlighting the capability for precise quantification methods in 

lipidomics(295). An example study by Watkins et al. 2019  used human villous 

placental explants from caesarean section pregnancies to investigate the processing 

of different stable isotope-labelled fatty acids (FAs) in these placental explants when 

incorporated into placental lipids (296). It sheds light on the potential impact of 

maternal factors on placental lipid metabolism. It also discussed its relevance to fetal 

development and maternal metabolic health off fully quantitative analysis of placenta 

villi explants by treatment of three different stable isotope-labelled fatty acids: 

palmitic acid ((¹³C -PA), oleic acid (¹³C-OA) and docosahexaenoic acid (¹³C-DHA) 

(296)Treatment durations are three, twenty-four and forty-eight hours. The study 

used liquid chromatography-mass spectrometry to quantify stable isotope-labelled 

lipids synthesised by placental explants(296).  

These lipids were phosphatidylcholines (PCs), triacylglycerols (TAGs), and 

phosphatidylethanolamines. The results showed that ¹³C-PA was primarily directed 

into PC synthesis (74% of (¹³C -PA–labelled lipids), while ¹³C-oleic acid was 

directed almost equally into phosphatidylcholine PC and triacyl glycerides TAG 

synthesis (45%,53%, respectively, of ¹³C-OA–labelled lipids) (296). On the other 

hand, ¹³C-docosahexaenoic acid DHA was only detectable in TAGs. 

Triacylglycerols (TAGs demonstrated the highest isotopic enrichment for all ¹³C-

FAs, with ¹³C-OA–TAGs comprising over 50% of total OA-TAGs (labelled and 

unlabelled). It suggests that TAGs in the placenta act as accessible reservoirs for fatty 

acid storage. The study found that lipid incorporation variations into placental lipids 

correlate with maternal factors such as glycemia (blood glucose levels) and body 

mass index (BMI). It suggests maternal factors influence how the placenta 

metabolises and partitions fatty acids (297).  The study concluded that the metabolic 

partitioning of freshly imported fatty acids into labile and less labile lipid reservoirs 

in the placenta depends on the specific fatty acid. This process may play a role in the 

preferential transplacental transfer of specific fatty acids to the fetus. It may also be 

involved in the fetal-placental pathophysiology of maternal metabolic dysfunction 
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(297). Duttaroy, A.K. (2009) discusses long-chain fatty acids (LCFAs) uptake and 

translocation across the human placenta (298). The passive diffusion of long-chain 

fatty acids into cells uses several proteins facilitating their transport because of their 

lipophilic nature. FAT/CD36 absorbs LCFAs. The LCFAs are actively bound and 

transported into cells through this channel. Membrane FABPs have a high affinity 

for the uptake of LCFAs captured from extracellular space and entering the cell 

membrane. Intracellular FABPs bind LCFAs once inside the cell. Fatty acids are 

transported intracellularly by these proteins to specific locations within the cell, such 

as the mitochondria for beta-oxidation or the endoplasmic reticulum for lipid 

synthesis. The placenta contains these transport and binding proteins, which ensure 

that essential fatty acids are efficiently transferred from the mother to the fetus during 

development, especially of the brain. By regulating LCFA uptake, these proteins help 

maintain a healthy fatty acid balance. These proteins also govern placental lipid 

metabolism, which is necessary for producing energy and synthesising essential 

lipid-based molecules (298, 299). Dancy, B.C. (2015) used stable isotopes, 

specifically carbon-13 (¹³C) and nitrogen-15 (15N), to study the decay rate of 

individual fatty acids and intact phospholipids in lipid membranes (300). ¹³C and 15N 

isotopes can quantify and trace specific molecules in biological systems. The 

isotopes are non-radioactive and safe for use in research. It is possible to detect and 

quantify these isotopes in fatty acids and phospholipids. It provides detailed insights 

into lipid metabolism. (300). The mass spectrometry technique measures atoms' and 

molecules' mass and relative concentrations. This method enables precise 

quantitation of ¹³C and 15N labelled molecules, providing insights into lipid synthesis 

and conversions (300). Keeping membranes fluid, functional, and intact depends on 

rapid phospholipid turnover. It allows cells to respond quickly to environmental 

changes, repair damage, and maintain essential processes like signalling. Data from 

this study indicate that phospholipid synthesis and recycling are highly active 

processes in cells. Keeping membrane integrity may also reflect cells' metabolic 

priorities. Phospholipid dynamics are important in neurodegenerative diseases, 

diabetes, and cancer, and they affect membrane composition and integrity. 

Development of targeted therapies that modulate lipid metabolism could use this 

knowledge. It highlights the metabolic roles and regulatory mechanisms governing 

phospholipids and neutral lipids (such as triglycerides and cholesterol esters). 
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Phospholipids structurally and functionally govern cells, while neutral lipids are 

energy storage (300). 

1.8 MALDI imaging mass spectrometry (IMS) is an example.  

Mass spectrometry imaging is a rapidly expanding tool in mass spectrometry MS 

with pioneers in the field(301-305). This method reveals molecular characteristics 

by measuring the ‘mass-to-charge (m/z) ratio’ of molecules in the sample. In addition 

to tissue localisation, MSI software can also produce images in 2D or 3D (306, 307). 

Combining it with other imaging techniques can make it even more powerful. There 

is no need to label molecule-specific samples or to have prior knowledge of the tissue 

being analysed for imaging. Biological samples reveal peptides, proteins, 

oligonucleotides, lipids, sugars, and other small molecules (308), making molecular 

mapping possible (306). 

In contrast to conventional MS, which loses spatial information after sample 

preparation, homogenisation, and extraction, MSI does not require extraction or 

separation, and it is possible to study a molecule’s spatial distribution. Because MSI 

only determines m/z ratios and their distribution on the investigated sample or tissue, 

it provides no information about the molecule. As a result, it is unsuitable for 

biomolecule structural identification in complex biological or clinical tissues. It can, 

however, be overcome by combining it with different separation techniques, on-

tissue enzyme digestion, and tandem MS. Mass spectrometry coupled with MALDI 

selects isolates and fragments precursor ions directly from tissue sections. A bottom-

up proteomics workflow combined with MSI allows enzymatic digestion of tissue 

section proteins. As a result, MSI can be used to discover biomarkers under certain 

circumstances since it can be used with other fragmentation and molecule 

identification techniques to predict relative concentrations of molecules in tissues. 

There are several reasons for differences in intensities on different MSI images, e.g., 

differences in ionisation or matrix effects (309). In addition to accumulating a 

biomarker in particular tissue fragments, we can also obtain its temporal 

characteristics. Expression of a specific molecule can be tracked across several time 
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points (e.g., during embryonic or tumour development) (306, 307). The human body 

uses lipids for various functions. 

Amphipathic phospholipids (PL) participate in cell membrane construction, while 

triacylglycerols (TAGs) are reserve nutrients. As components of cell membranes, 

glycerophospholipids possess a distinctive asymmetry between cell organelles 

(intra- and inter-cellular). A group of lipids known as sphingosines includes 

ceramides, gangliosides, and sphingomyelin (310, 311). They are essential for 

apoptosis, cell growth, differentiation, and adhesion(310). In addition to 

participating in endocytosis and exocytosis (310, 312), these lipids also influence 

chemotaxis and cytokinesis. Physiologically, they also affect growth, synaptic 

signalling, and immune system monitoring (310, 311). Lipids are biologically active 

because of fatty acids (FAs): TGs contain three fatty acids, whereas phospholipids 

have one or two. The carbon atoms in these (FAs) are usually even. Depending on 

how many double bonds there are in fatty acids, they can be classified as saturated 

or unsaturated. Saturated (FAs) increase cell membrane rigidity, while unsaturated 

fatty acids increase fluidity. Certain (FAs) participate in signalling, such as those 

with 20 carbon atoms. These (FAs) have oxygenated derivatives that promote 

platelet aggregation, cause inflammation, regulate immune responses, and stimulate 

smooth cell contraction, among placenta fatty acid transfer (311, 313-315). 

Using mass spectrometry imaging (MSI) technology in analytical biochemistry, it is 

possible to map the abundance of a particular compound in tissue slices pixel by 

pixel(316). Compound distribution within tissue samples can be visualised via MSI, 

a novel analytical biochemistry technique (317). The MSI generates compound-

specific images, where each pixel represents the abundance of that compound (317). 

Each pixel records mass spectra, allowing simultaneous compound analysis(317). 

One limitation of MSI is that cholesterol and other neutral sterols often need to be 

better ionised by ionisation techniques (317). MSI literature underrepresents 

cholesterol despite its abundance and biological significance in mammalian tissues. 

As Griffiths et al., 2023 pointed out, cholesterol ionisation has been a challenge in 

MSI; researchers explored ways to improve it and how MSI can be used to study 

cholesterol metabolism in animal models and human samples (317). Different 
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disorders are related to cholesterol metabolism. Animal models and human biopsies 

can be examined with MSI to trace cholesterol-related metabolic disorders (316-

319). 

1.9 MALDI imaging mass spectrometry of lipids  

MALDI imaging mass spectrometry effectively visualises spatial lipid distribution 

in placenta tissue prepared from porcine gelatine. Biological tissues, including the 

placenta, use this technique due to its high-resolution and comprehensive profiling 

capability. Placental function and development can be better understood by 

understanding the differential impact of lipid aldehydes on lipid metabolism genes. 

Vidová et al. (2010) use matrix-assisted laser desorption/ionisation imaging and 

MALDI mass spectrometry to visualise lipid spatial distribution in porcine gelatine 

placenta tissue (320). By combining this technique with high-resolution mass 

spectrometry, different biomolecules, including lipids, have been successfully 

studied in various tissues to reveal how they are organised spatially(321). Several 

recent studies have demonstrated the importance of lipid analysis in placental tissue 

via the differential effect of lipid aldehydes on key lipid metabolism genes (322). 

Integrating surface plasmon resonance imaging with MALDI imaging mass 

spectrometry enables quantitative and regioselective imaging of different proteins in 

placenta tissue prepared with porcine gelatine, demonstrating comprehensive lipid 

visualisation (323). These results shed light on how oxidative stress, which causes 

lipid aldehydes to be produced, might affect placental function. A study of the effects 

of two lipid aldehydes on lipid metabolism in full-term human placentas, 4-

hydroxynonenal (4-HNE) and 4-hydroxyhexenal (4-HHE), which are intermediates 

of AA arachidonic acid and DHA docosahexaenoic acid (324). Normal fetal 

development and placental function require long-chain polyunsaturated fatty acids 

(LCPUFAs) like AA (omega-6) and DHA (omega-3). Preventing metabolic diseases 

later in life depends on providing the fetus with optimal LCPUFAs. It is not explicitly 

required for pregnant women to take n-3 LCPUFA supplements. Oxidative stress 

causes toxic compounds known as lipid aldehydes. A high level of these lipid 

aldehydes, specifically 4-HNE and 4-HHE, can negatively impact tissue function 

and cause inflammation. A full-term human placenta was treated with different 
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concentrations of 4-HNE and 4-HHE for the expression of 40 genes related to lipid 

metabolism. As a result, 4-HNE increased the expression of ACC, FASN, ACAT1, 

and FATP4 genes involved in lipogenesis and lipid uptake. The expression of LDLR, 

MFSD2a, and SCD1 was decreased by 4-HHE, while genes associated with 

lipogenesis and lipid uptake were increased. The results indicate that these two lipid 

aldehydes may alter the processing and utilisation of LCPUFAs within the placenta 

through differential effects on FA metabolism genes (322). This study suggests that 

LCPUFA supplementation may have implications for oxidative stress’s impact on 

placental lipid metabolism. According to the study, oxidative stress and specific lipid 

aldehydes can influence gene expression in placental lipid metabolism. That affects 

how essential LCPUFAs are used and potentially affects long-term metabolic health 

and fetal development (325). A mass spectrometry imaging (MSI) method that 

enables the simultaneous acquisition of molecular information and the spatial 

distribution of analytes within a sample offers several advantages over traditional 

histochemical methods. Mass spectrometry imaging allows different structural 

modifications to be distinguished within a sample without labelling specific 

compounds. It can identify and map different molecules in tissue samples based on 

mass and molecular characteristics. High mass resolution is achieved with a 

resolution power (R) of 30,000. Molecules can be identified and characterised 

precisely, even with minute mass differences. Typically, the technique offers 5–10 

micrometres of spatial resolution translated into cellular images. It provides detailed 

spatial information about molecular distributions. Matrix-assisted laser 

desorption/ionisation (MALDI) occurs at atmospheric pressure. Mass measurements 

are enhanced by an orbital trapping mass spectrometer coupled to this source. MSI 

has been successfully applied to various samples to image and analyse molecules, 

including phospholipids, peptides, drug compounds, and proteins. These samples 

include tissues, single cells, and human lung carcinoma tissue. Histological staining 

results from this MSI method are excellently correlated with traditional methods. It 

indicates that MSI provides the same molecular information as standard staining. 

The technique complements traditional histochemical protocols and reveals novel 

molecular processes. Biomedical research and pathology provide high-quality mass 

analysis and spatial resolution to single cells (326). Some studies use matrix-assisted 

laser desorption/ionisation (MALDI) imaging and mass spectrometry to visualise 
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lipid distribution in biological tissues (320, 327, 328). The technique provides high 

spatial resolution ( x, y, z) and comprehensive lipid spatial distribution profiling 

(325, 329). It has also been used to study how lipid distribution changes with age 

(330). Researchers have explored the spatial distribution of proteins and small 

molecules in tissues using MALDI imaging mass spectrometry (331, 332). By 

analysing tissues in situ, MALDI imaging mass spectrometry effectively examines 

the distribution of proteins and small molecules within biological systems (332). 

Also, this technique has been applied to study glycerophospholipid spatial 

distribution in the ocular lens, demonstrating its potential to profile lipids over some 

time in complex biological structures (320). Multiple relevant studies support the 

comprehensive profiling of the placental lipidome using matrix-assisted laser 

desorption/ionisation (MALDI) imaging mass spectrometry (IMS). MALDI-IMS 

has been demonstrated to analyse spatial distribution and relative abundance directly 

in situ, especially in tissue sections, without prior treatment (333-335). A feasibility 

study explored the use of spatial lipidomics by MALDI-IMS for tissue differentiation 

based on content, suggesting the potential for comprehensive lipid visualisation in 

biological tissues (336). A high-coverage pseudo-targeted lipidomics method has 

also been proposed for comprehensive studies (326). Using high-resolution mass 

spectrometry lipidomics to characterise lipid species in placentas derived from 

pregnancies accompanied by gestational diabetes mellitus underscores the relevance 

of placental lipidomics (337). A study has shown that MALDI-IMS provides spatial 

information about specific metabolites and lipid molecules across cells or tissues, 

which suggests its applicability to comprehensive lipid visualisation (338). These 

references demonstrate that MALDI imaging mass spectrometry is useful for 

lipidomics in human tissues. They also demonstrate its potential for identifying and 

visualising lipid distributions and their relevance to cancer, neurodegenerative 

diseases, and drug localisation (339, 340) (341). 

1.9.1.1 Nuclear Magnetic Resonance (NMR) and other spectroscopy 

techniques 

A valuable technique for lipid analysis is nuclear magnetic resonance (NMR). It 

provides information on structural dynamics with attached functional groups. In 
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NMR, fatty acid profiles and lipid interaction with other molecules can be used to 

study lipoproteins. NMR measures chemical shifts in magnetic interactions between 

nearby nuclei or chemical bonds to determine J-coupling constants measured in 

(Herts J=Hz). Organic molecules use a J-coupling constant between protons 

(hydrogen nuclei). NMR peak analysis of overlapping carbon-carbon (C-C) and or 

carbon-hydrogen (C-H) distance constrains coordination dynamics and can 

determine the exact molecular position with lipid chemical structures are primarily 

associated with spin-spin coupling, which is a result of the magnetic interactions 

between the nuclear spins of neighbouring atoms which can help when study lipid 

metabolic structures. It can also follow particular functional groups on the structure 

due to bile acids hydrolysis, bile salts, lipid-protein interactions, and lipid cleavage 

atomic order positions in lipids extracted from cells and tissues (342). Using proton 

(1H) NMR, fatty acids can be classified based on their degree of unsaturation and 

type. 

With carbon 13 isotopes (¹³C), NMR provides structural information about the 

molecules. NMR provides accurate elucidation of lipid structure in two-dimensional 

(2D) but is more complex in three-dimensional (3D) (220). NMR spectroscopy for 

lipid analysis is another non-destructive technique. Infrared spectroscopy helps 

determine certain functional groups in lipid molecules, like carbonyls (C=O), 

carbon-carbon (C=C), cyanide (C=N), and nitric oxides (N=O). Molecular bonds 

restrain vibrational information in lipid structure when applying Raman 

spectroscopy (vibrational light energy modes, stokes, and anti-stokes). 

1.9.1.2 Enzyme and Other Assays  

Enzyme assays measure specific lipid metabolites or enzymes involved in lipid 

metabolism. On the one hand, enzyme reactions measure lipid classes, such as 

cholesterol and triglycerides – the total or active component. On the other hand, 

antibodies detect and quantify lipid molecules and enzymes in immunoassays, such 

as enzyme-linked immunosorbent assays (ELISA). Enzymatic assays quantify the 

presence of certain lipid classes using enzymes, for example, cholesterol oxidase for 

cholesterol measurement, and triglyceride detection uses enzymatic reaction with 
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glycerol phosphate oxidase. Fluorescent and other dyes for microscopic visualisation 

of lipids in cells or tissue sections include Oil Red O and Nile Red, Sudan III, and 

Sudan IV. In gravimetric analysis, lipid quantification compares the extracted lipid's 

weight with the total sample weight. Phospholipase-based assays study the function 

activity of different phospholipases. Calorimetric assays use sulfophosphovanillin 

(SpV) reactions for total lipid content in microorganisms, for example (343). 

Fluorometric assays detect specific lipid classes using fluorescent dyes that bind to 

lipid molecules. 

When using a fluorometric assay to determine lipid droplets in the placenta, selecting 

fluorescent dyes that bind specifically to lipid molecules is crucial. A fluorometric 

assay with Nile red and BODIPY dyes has previously stained cellular lipid droplets. 

Phospholipids can also be quantified by enzyme fluorometry in cells and intracellular 

organelles, which may apply to placental tissues. Particularly in pregnancy, studies 

have highlighted the importance of lipid metabolism and toxicity in the placenta. 

These enzymatic fluorometric assays for measuring all major phospholipid classes 

may apply to tissues, fluids, lipoproteins, extracellular vesicles, and intracellular 

organelles of many organisms. Literature insights of fluorescent dyes assay in cells 

and tissue assays to detect specific lipid classes using fluorescent dyes that bind to 

particular lipid molecules for cellular or tissue lipids (Sudan III, IV, black, Oil red 

O) are in-depth in the following papers (344-350). These assays can assess multiple 

diseases, such as dyslipidaemia, cardiovascular disease, and metabolic disorders. 

They can be complemented by mass spectrometry by microscopy using white light 

or fluorescent microscopy or imaging (MSI) to visualise lipid distribution in tissue 

sections and other techniques.  

1.10 Lipids as biomarkers in pregnancy 

Placental tissue is a valuable source for studying lipid biomarkers in various 

conditions. More and more studies are exploring lipid profiles in different situations 

in pregnancy, and there is immense interest in using high-throughput platforms for 

detailed lipidomic analysis of various mouse tissues and the human placenta (351, 

352) (353). However, plasma analysis is also pursued as the placenta is not readily 
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available until the baby is born after a healthy pregnancy or one afflicted by the 

disorder of interest. In pre-eclampsia, lipidomic analysis of plasma and placenta has 

been used to reveal alterations in patients with pre-eclampsia, showing increased 

levels of plasma glycerophosphoserines(PS), glycerophosphoethanolamines(PE), 

glycerophosphocholine (PC), and flavonoids (FLV) compared to controls (354). 

Additionally, markers of lipid peroxidation, such as F2-isoprostanes, nitrotyrosine, 

and 4-hydroxynonenal, were elevated in preeclamptic placentas (355). The placenta 

shows altered fatty acid metabolites in pre-eclampsia due to responding to 

inflammation caused by oxidative stress with placental function affected by 

vasoconstriction and pro-inflammatory metabolites such as hydroxy eicosatetraenoic 

acids (HETEs) and F2-isoprostanes. Lipid analysis helps establish trimester-specific 

reference intervals for serum lipids and evaluates their associations with pregnancy 

complications and undesirable perinatal outcomes (356). Lipid analysis in adverse 

pregnancy focuses on understanding the association between lipid metabolism and 

gestational diabetes, pregnancy-induced hypertension, and high birth weight, which 

are associated with fetal blood lipid concentrations (357) observed in mouse models 

of gestational diabetes mellitus (GDM) (353). Maternal intrahepatic cholestasis 

during pregnancy has been shown to program genetic disease in offspring, with an 

accumulation of lipids in the fetoplacental unit (358). During pregnancy and GDM, 

changes in lipid metabolism are due to increased cortisol and insulin, which regulate 

lipid metabolism. Placenta-derived extracellular vesicles (EVs) have also come 

under scrutiny. Analysis of the lipidome of EVs from primary placental explants 

cultured for 72 hours revealed that placentas from healthy women's placentas can 

incorporate glucose into lipids, reduce fatty acid oxidation, and increase triglyceride 

accumulation in the placenta under high glucose conditions (359). This model is 

intended to replicate GDM in vitro. By analysing the concentration of lipid species 

through lipidomic and metabolomic approaches, researchers have sought to gain 

insight into metabolic changes during maternal adaptation to pregnancy that might 

lead to cardiometabolic risk in women in later life (197). The study showed that the 

concentration of specific lipid species was higher during pregnancy, indicating that 

lipid metabolism had shifted. This shift in lipid metabolism was then linked to 
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changes in mothers' cardiometabolic risk profiles, demonstrating that lipid analysis 

can be a powerful tool for understanding metabolic changes during pregnancy.  

APCI-MS has also been used to study placental lipid and metabolite changes in fetal 

development, pregnancy complications (such as preeclampsia), and different 

maternal nutritional and environmental exposures (254, 360, 361). To understand the 

metabolic reprogramming associated with IUGR, APCI-MS has been used for 

targeted metabolomics study of the placenta by analysing crude extracts of biological 

cellular lipidomes(234). It has shown not only the versatility of this approach for 

profiling (362) but by analysing triacylglycerols and their oxidation products enabled 

an understanding of products formed by triacylglycerol oxidation by APCI-MS 

characterised lipid metabolite changes in placental function and pregnancy 

complications (363). 

Proton magnetic resonance spectroscopy (1H MRS) has also been used to assess 

placental metabolism, with reductions in N-acetyl aspartate (NAA) / choline ratio 

and detection of lactate methyl emerging as potential biomarkers of impaired 

neuronal metabolism and fetal hypoxia in placental compromise (364) (351, 353, 

365). Nuclear magnetic resonance spectroscopy (NMR) analyses placental lipid 

composition and structure. The method identifies and quantifies different lipid 

species based on proton NMR chemical shifts and spin coupling pattern analysis for 

intra-uterine growth restriction IUGR (366). A powerful tool for analysing lipid 

composition and structure in various biological samples is nuclear magnetic 

resonance (NMR). Spin-spin coupling (J-coupling constraints distance hydrogen to 

hydrogen H-H, hydrogen to carbon H-C) analysis of proton and carbon NMR 

chemical shifts identifies and quantifies lipid species (367). There are several 

relevant references supporting proton NMR studies in placenta lipidomics. For 

example, Pinto et al. (2015) examined maternal plasma and lipid extracts for pre- 

and post-diagnosis GDM metabolic biomarkers and examined how NMR can be 

used to identify lipid metabolism biomarkers (368). Denison et al. (2012) 

demonstrated that NMR can detect biomarkers associated with impaired placental 

function by reducing the choline/lipid ratio in IUGR placentae as a novel biomarker 

of reduced cell turnover (369). Wang et al. (2020) used NMR to identify and quantify 
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lipid species in biological matrices and provide atomic resolution structural 

information (370). A study by Oostendorp et al. (2006) demonstrated the potential 

of NMR spectroscopy for lipid analysis as it simultaneously detected and measured 

patients' blood to monitor different inborn errors in lipid metabolism (371). 

Himmelreich et al. (2003) also applied NMR spectroscopy to characterize metabolite 

profiles versus lipid species identification (372). Medina et al.(1995) used the 

technique to study lipid modifications during industrial processes, such as tuna 

canning (373). Kostara et al. (2010) demonstrate NMR-based lipidomics' potential 

for biomarker discovery and disease research, in addition to studying lipid species in 

physiological processes and diseases (374). These and other analysis approaches can 

be complemented by placenta immunohistochemistry and the like to provide depth 

to lipid profiling. Specific antibodies can stain placental tissue sections and assess 

the distribution and co-location of, for example,  oxidative stress maternal placental 

interactions in pre-eclampsia (375, 376). Overall, these findings highlight the 

importance of lipid biomarkers in understanding placental physiology and 

pathologies (377-379) (380) (381) (382)  (383, 384), but in the setting of GDM, 

primarily, even within obesity, changes are not fully understood. 

1.11 Hypothesis and Objectives 

1.11.1 Hypothesis 

Do PC and LPC have potential as global biomarkers for predicting adverse 

pregnancy outcomes? What do we learn from the analysis of experimental studies? 

1.11.2 Objectives 

Establish methods of extraction and analysis towards further detailed approaches to 

the placenta and plasma lipidome and gain biological insights so that this research 

work can be expanded further and collaborated with other specialists in lipidomics 

research. 
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Chapter: 2 Thin Layer Chromatography 

 

2.1 Introduction 

Historically, partition chromatography was pioneered by Martin and Synge in 1941, 

and Consden et al. developed paper chromatography in 1944, extending partition 

chromatography (385). These methods were rapidly adopted after developing paper 

chromatography and related techniques. Compared to earlier separation methods, 

they offered small sample sizes, excellent resolution, and quick analysis. 

Chromatography on paper has several advantages, making it highly attractive for 

various applications. Small sample volumes and fast results contributed to excellent 

amino acid and hydrophilic compound separation. Paper chromatography and related 

methods were not effective in separating lipophilic compounds (or hydrophobic 

compounds). The problems of lipophilic compounds could not be fully addressed by 

reversed-phase paper chromatography. It was Mikhail Semyonovich Tswett, a 

Russian botanist, who first described chromatography in 1906 when he separated 

colour-coding plant pigments into coloured bands within a column (386) (Figure 2.1) 

(387). The technique worked well for lipophilic materials and represented an early 

separation solution. Tswett was working on separating plant pigments, and he 

developed adsorption chromatography based on a column of calcium carbonate, 

sucrose, and alumina. He used petroleum ether/ethanol as an eluent to pass the leaf 

extract through the column (388). The adsorption chromatography of liquids in 

Tswett's research is considered the scientific foundation of chromatography (389). 

As well as separating mixtures by passing them through towers or columns of 

powdered adsorbents, Tswett's chromatographic adsorption method, which 

originated in 1942, could also detect inorganic and organic substances (390). 
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2.2 Historical routes of chromatography  

With a technique involving a glass column filled with powdered limestone calcium 

carbonate (CaCO₃), Tswett separated various plant cellular physiology pigments, 

such as chlorophyll, from plants much earlier in 1896 (391), then followed with 

chlorophyll (alpha and beta), xanthophylls, and carotenoids. Leaf pigments were 

extracted with ethanol (EtOH) and flushed down the column using EtOH. As a result, 

different pigments in the original plant extract formed a series of coloured bands. As 

a result of its ability to separate solution components by colour, Tswett called this 

method “chromatography” (Figure 2.1). As a result of his liquid chromatography 

technique, chromatographic methods such as paper chromatography, thin-layer 

chromatography (TLC), high-pressure liquid chromatography (HPLC), ion 

chromatography, and gas chromatography (GC) have since evolved. As a pivotal 

aspect of chromatography, Mikhail Tswett observed that chlorophyll pigments have 

“insolubility” in petrol ether and ligroin (petroleum naphtha), in contrast to their 

“solubility” in ethanol. He also proposed that this behaviour arose from molecular 

forces interfering in the tissue, causing adsorption. Several years after Tswett’s 

experiments, adsorption chromatography was developed. The techniques were also 

the basis for chromatography, as published in “The Discovery of Chromatography: 

Early Work 1899-1903”(392). Chromatography was revolutionised and laid the 

groundwork for a broad range of analytical chemistry applications, including 

scientific and industrial, and it has been profoundly influenced by it in the modern 

age. An understanding of Mikhail Tswett's adsorption chromatography, published in 

1906 by Nobel laureates Martin and Synge, was revealed by reconstructing Tswett's 

chromatography from his observatory experiments (393). It elucidates utilising a 

natural process for a meaningful purpose and developing a systematic laboratory 

separation method. The article explains and corrects the factual historical 

background of the Nobel Prize in Chemistry awarded to Martin and Synge in 1952 

for partition chromatography and honouring Tswett’s resemblance chromatography 

in 1906 and its impact on scientific and industrial applications (393).  
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Figure 2:1 Schematics annotations using the illustration from Tswett’s experiments 
on chlorophyll, xanthophylls, and carotenoid adsorption were published in 1906.  

Legend of an illustration of apparatus and methodology used in chromatographic 
separation along with the description of the stationary phase (calcium carbonate, 
CaCO₃) and eluent (disulfates, S₂O₅⁻²), as a result of his observations and 
experiments, we now understand the fundamentals of chromatography, including the 
dissolving power of ligroin and the interaction of similar molecular forces in tissues 
plant pigments Xanthophyl (beta,) chlorophyll (beta), chlorophyll (alpha), 
Xanthophyl (alpha prime), and Xanthophyl (alpha). Apparatus (a) for the 
simultaneous use of as many as five columns. The lower part of the small funnel-like 
glass pieces (2-3mm density and 20-30 mm length) served as the packed column. 
Apparatus (b) for larger samples (1-3cm in density packing, length 5-9cm) 
Chromatographic separation (c) of plant tissue pigments as drawn by Tswett. 
Stationary phase: calcium carbonate ion (CaCO₃), eluent disulfates ion, (S₂O₅⁻²) 
known as (metabisulfite or pyrosulfates) provides an excellent foundation for 
understanding early chromatography technique (272, 279-281).     Tswett’s 1906 
original paper in German, “Berichte der Deutscher Botanischen Gesellschaft  1906”, 
excerpted in Henry M. Leicester, Source Book in Chemistry 1900-1950  and 
translated into English “Reports of the German Botanical Society 24, 316-23 (1906)” 
(276, 278-280) Tswett chromatography archives' Phenomenex UK Accessed 16 
January 2024 
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2.2.1 TLC in lipid analysis 

Lipid analysis techniques often rely on chromatography, which separates lipids 

based on their chemical properties, such as polarity or size (394). TLC is a commonly 

used technique for simple lipid isolation, while preparative TLC allows for the large-

scale isolation of specific lipid classes (394) from complex mixtures for further 

analysis to understand the composition of lipids in biological processes (395). 

Research studies have highlighted that pregnancy complications such as 

preeclampsia and GDM are associated with changes to lipid metabolism and alter 

the function of the placenta in these disorders. While early studies centred on TLC, 

including somewhere GC accompanied TLC, mass spectrometry and lipidomics 

have become more common. Different methods can be used to prepare human 

placenta lipid extracts for analysis. For example, matrix solid-phase dispersion of 

short-chain chlorinated paraffin has been used for the study of the human placenta 

(396, 397). Rotor-stator homogenization and wet weight normalization have been 

the most suitable techniques for quantitatively analysing lipids in placental blood 

vessels (397). 

The placenta can be processed by crushing, extracting with organic reagents, and 

fractionating with sodium chloride solution (397). The isolation of lipid droplets 

from the human placenta has been developed by modifying existing methods for 

other tissues (397). Klingler's studies developed a technique for measuring fatty acid 

concentrations in placental tissue involving lipid extraction with 

chloroform/methanol and isolating different lipid fractions (398). These methods 

provide the foundations for valuable insights into the lipid composition of the 

placenta and its role in fetal nutrition and pregnancy disorders.  

TLC has already been used to provide information about the composition of placental 

lipids, including the total lipid content of the placenta (399, 400). In the human 

placenta, phospholipids comprise 75% of essential lipids, while neutral fats comprise 

25% (394, 401-405). Given the size of the placenta, it is necessary to note that fatty 

acid composition varies across different sites in the placenta (406), so a consistent 

sampling strategy is essential for comparisons between different study groups (407-

409). A study comparing lipid profiles between preeclampsia-affected and healthy 
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placentas found that preeclampsia-pregnancy placentas contained higher lipids, 

storage cholesterol, ester, polyunsaturated fatty acids and triglycerides (399).  Fatty 

acids in the placenta have numerous roles, discussed in Chapter 1, just as in other 

tissues. However, in the placenta, linoleic, linolenic, and arachidonic acids, for 

example, are readily detectable. In gestational diabetes mellitus (GDM), Yang et al. 

(2021) have demonstrated the significance of long-chain fatty acid (LFA) as a 

potential biomarker (410). Linolenic acid has been associated with a lower 

prevalence of hypertension, indicating it may benefit cardiovascular health (411). 

The placenta synthesises polyunsaturated fatty acids (PUFAs) during pregnancy, 

supplying these essential nutrients to fetal cells (412). Phospholipids, necessary for 

various placental functions, are hydrolysed, absorbed, and synthesised in the 

placenta (413).  The phospholipid composition of preeclampsia is altered, including 

elevated levels of phosphatidylcholine (PC), phosphatidylserine (PS), 

phosphatidylinositol (PI), and phosphatidylethanolamine (PE), indicating 

dyslipidemia can harm placental health (414). In the placenta, lipid storage droplets 

are found, demonstrating their role in fat metabolism and storage (415).  

The phospholipids in cell membranes are vital to cellular processes. The precursors 

PA, PS, PE, PC, PG, cardiolipin (CL), and PI are phosphorylated to form other 

phosphoinositides. As phospholipid levels and composition change, so do diseases. 

Among the essential lipids in the placenta, sphingomyelin, PC, PS, and PI comprise 

a significant portion (416, 417). Placental phospholipids undergo hydrolysis, uptake, 

and resynthesis (418). Diabetes mellitus also affects the placenta, accumulating fats 

and lipids (410, 419). Literature findings highlight GDM's significant influence on 

pregnancy outcomes (420). A type of diabetes mellitus that affects pregnancy and 

the placenta is gestational diabetes mellitus (GDM). As a result of GDM, human 

placentas undergo functional and structural changes, including increased placental 

weight and a higher incidence of placental lesions, such as villous maturational 

defects and fibrinoid necrosis(420, 421). Placental mitochondrial dysfunction is 

associated with the progression of GDM (422, 423). Type 2 diabetes mellitus 

enhances lipid accumulation in non-adipose tissue, particularly in skeletal muscle 

and liver (424, 425). There is also evidence that GDM affects the placenta by 

showing only a few differentially expressed genes in placentas complicated by type 
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2 and type 1. In contrast, the effects of preeclampsia and GDM were not identified 

in a specific cohort (426). There is a higher risk for pregnancies with GDM. 

Depending on gestational age, these include placental abruption, placenta previa, and 

placenta per Creta (427). 

The composition of sphingomyelin and PC in human-term placentas has also been 

altered under pathological maternal malperfusion conditions, which refers to a 

condition where there is insufficient blood flow or circulation to a specific organ or 

tissue (407, 408). Placental phospholipid levels are elevated in preeclampsia (414). 

In pregnant women, high-fat diets can contribute to lipid deposition in the placenta, 

affecting placental health and fetal development (428). There are also changes in 

glycosphingolipid composition in rat placentas during pregnancy, indicating 

dynamic lipid changes (428, 429). Since altered phospholipids are implicated in 

many diseases, detecting and quantifying specific phospholipids must be quick and 

easy. A thin-layer chromatogram was first discovered in 1938 by Izmailov and 

Shreiber and described in Perry in 1973 (385) (430) (431). Perry et al., 1973 

described the first method as spotting plant extracts onto microscope slides covered 

in adsorbent layers. 

The components are applied to a thin layer of stationary phase and then separated by 

a mobile phase interaction with the stationary phase (phase separation). Eventually, 

in 1944, Consden et al. introduced paper chromatography. Efforts were made in the 

1950s to extend the technique to lipophilic solutes. It was not until 1956 that Stahl 

recognized that TLC needed standardized procedures, adsorbents, and equipment. In 

1958, commercial TLC equipment, including coating apparatus, glass carrier plates, 

developing tanks, and adsorbents, became available. There are over 1000 

publications per year using TLC in fields like biochemistry, pharmaceuticals, 

synthetic organic chemistry, and industrial organic analysis since 1960. TLC was 

initially used to separate qualitatively, but recent developments have improved 

reproducibility and quantitative analysis. Specific separation mechanisms may vary, 

but the techniques and apparatus are applicable. Separation using TLC is simple, 

rapid, and cost-effective. This technique is beneficial when analysing samples that 

can be separated easily. 
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In comparison with high-efficiency columns, they tend to offer lower efficiency. A 

thin layer of stationary phase coats the bottom of a plate with diluted solutions. A 

stationary phase layer is typically 100mm - 300mm thick (385). Firstly, there is a 

stationary phase, most commonly silica gel, with particle size ranging from 10nm to 

50nm for standard TLC and a 5nm particle size for high-performance TLC (HP-

TLC). Secondly, there is a mobile phase, a combination of organic solvents. The 

composition varies between different protocols.  

In preeclampsia (PET), high blood pressure and increased protein are found in the 

urine. The percentage of pregnancies affected by morbidity and mortality is 2% to 

10%. Various clinical presentations are described in PET (399). It is caused by an 

atypical maternal vascular response and a defect in the invasion of trophoblast cells 

(cells that form the placenta) (432-434). A maternal obesity risk factor is associated 

with PET. It suggests a link between metabolic health and disease development. 

Mothers' metabolism of lipids changes during pregnancy. Pregnancy hormones 

increase insulin resistance and adipose tissue storage of fatty acids (435-439). The 

fetus receives energy and essential lipids for development from these processes (440-

443). Evidence shows that PET decreases adipose tissue expansion and increases 

insulin-resistant adipocytes. As a result, the liver produces more very low-density 

lipoprotein (VLDL), resulting in gestational hypertriglyceridemia (121, 444-446). 

Poor handling of fatty acids during pregnancy can result in vascular dysfunction 

(438, 447, 448), insulin resistance (449), and difficulty mobilizing long-chain 

PUFAs. Poor handling of long-chain polyunsaturated fatty acids PUFAs during 

pregnancy leads to liver dysfunction, coagulation dysfunction, and insulin resistance 

(450-452).   

Stress during pregnancy can affect the immune system, leading to vascular 

dysfunction and immune-mediated diseases, such as cardiovascular disease (453). 

Poor maternal nutrition, for example, can alter the development of the metabolic, 

endocrine, and cardiovascular systems during pregnancy, increasing the risk of 

visceral obesity and insulin resistance post-partum (454). Lactating women transfer 

long-chain PUFAs across the placenta to the fetus (455). Changes in maternal fatty 

acid and oxylipin levels have been observed during pregnancy, indicating that 
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maternal fatty acid metabolism is critical for fetal development (456). The link 

between maternal consumption of oily fish, containing long-chain omega-3 PUFAs, 

and reduced aortic stiffness in offspring emphasizes the vital role fatty acids play in 

vascular health (456, 457). Hypertensive disorders can impair uteroplacental blood 

flow and lead to poor pregnancy outcomes (458, 459). Insulin resistance during 

pregnancy may also be associated with increased fatty acid oxidation, reducing 

glucose utilization in oxidative muscles (460). In addition, ectopic fat accumulation, 

such as in the liver, can result in lipotoxicity (378, 444, 445). Haematoxylin staining 

of the rat's placenta revealed lipid storage droplets in preeclampsia (428). 

There is also a difference in lipid content between placentae from healthy 

pregnancies and those affected by preeclampsia. Literature offers lipid analysis 

(449), including insights on PET and intrauterine growth restriction (IUGR) lipid 

content in placental tissue, showing that women with preeclampsia had higher 

phospholipid (PL) and cholesterol (461, 462). Differences in lipid mass spectral ion 

intensity exist between healthy pregnancies and those affected by preeclampsia 

(463). No detailed information in the literature includes quantitative data regarding 

neutral lipid storage in the human placenta. These are triglycerides and cholesterol 

esters that are neutral lipids and would be detected as intermediate or derivatives 

from free cholesterol molecules in the forms of bile acids salts and sterols, a specialist 

area belonging to the metabolomics field and would require a special method of 

fractional collection separation and use or specialist method to run on mass 

spectrometry instrument and tracing the hydroxide (OH-) isotopically labelled 

groups or other specialist method that research group has validated previously.  

The placental lipid profiles of women who were lean versus those who were obese 

versus those with GDM were found to be very similar, and it was only the subsets 

with obesity and GDM that showed any difference, having significantly higher 

triglyceride levels than the healthy BMI placental group (464). Studies by 

Hirschmugl et al. (2016-2021) were conducted on the modulation of intracellular 

lipid turnover in the placenta of pregnant women in the context of maternal obesity. 

They found that triglyceride content was increased in the placental tissue of women 

with obesity versus those with normal weight (465-469). Accompanying analysis of 
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proteins that might regulate lipid metabolism identified that expression of CGI-58, a 

primary regulator of triglyceride hydrolysis, was doubled in the placentas of obese 

women. Navarro et al. (2010) explored the increase in placental apolipoprotein D as 

an adaptation to GDM that might provide a placental defence mechanism against 

oxidative stress related to lipid metabolism (470). It highlights that once differences 

in lipid content are revealed, studies of why this occurs are important to 

understanding the contribution to pregnancy disorder (471). 

Plasma has also been the focus of analysis, including maternal peripheral and 

umbilical venous plasma from healthy and GDM pregnancies, where TLC analysis 

revealed alterations in high-density lipoprotein (HDL) composition in neonates of 

women with GDM (472). In maternal peripheral or umbilical venous plasma from 

GDM pregnancies, a low-density lipoprotein (LDL) composition has been observed 

(473). Women with GDM cannot control blood sugar during the second or third 

trimester (474). A study by Ryckman et al. (2015) found that dyslipidemia during 

pregnancy is a potential indicator of preexisting insulin resistance in women with 

GDM (475). A woman's serum triglyceride levels during mid-pregnancy may help 

identify women who give birth to large-for-gestational-age (LGA) babies (476). In 

addition, maternal lipid profiles have been studied extensively in women with and 

without GDM, with inconsistent results reported in the literature (477). Increasing 

lipoprotein receptors and reducing protein transporters class ABC in GDM explain 

reduced total cholesterol, low-density lipoprotein, high-density lipoprotein, LDL, 

HDL, apoA1, and apoB100 levels in maternal circulation (478). Women undergoing 

assisted reproductive treatment have a higher risk of developing GDM than women 

conceiving naturally (479). The mother's triglycerides and free fatty acid levels also 

affect fetal growth in GDM (480). Although previous studies have yielded 

inconsistent results, aberrant lipid metabolism is also suspected to be a factor in 

GDM. (481) Lipid metabolism, GDM, and fetal outcome interact complexly, as 

highlighted in the literature, and further research continues to elucidate the 

underlying mechanisms.  
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2.2.2 TLC in pregnancy studies for lipid detection  

The TLC separation of human placental lipids can be optimised by considering many 

factors demonstrating lipid separation efficiency using commercial TLC plates with 

minimal post-separation processing requirements (482). Burdge et al. (2000) also 

demonstrated a rapid and efficient alternative to TLC for isolating lipid classes from 

plasma (483). Klingler et al. (2003) emphasised that further research on fatty acid 

content in human placentas is needed (195). Rejšek et al. (2016) found desorption 

atmospheric pressure photo ionisation -mass spectrometry effective for detecting 

TLC-identified lipids (484). To achieve high-sensitivity detection, Chai et al. (2002) 

emphasised the need to precondition TLC plates by reducing chemical background 

noise, which is crucial for accurate lipid separation (485). Using these references, 

TLC can be optimised for separating and detecting human placental lipids, 

highlighting the potential for efficient and rapid techniques. Another important factor 

in TLC lipid separation is the combination of mobile phase solvents. In this research 

study, we followed Bligh-Dyer's 1959 (225) method of methanol with chloroform 

and a fraction of aqueous ammonium acetate, 155 millimolar. Placenta total lipids 

can be separated using different mobile phases in chromatography. As a mobile 

phase, Pojjanapornpun et al. (2021) demonstrated that ethyl acetate/isooctane with 

0.1% acetic acid is promising for the simultaneous separation of neutral lipids (486). 

Dassou et al. (2010) also highlighted the importance of acidic additives in the mobile 

phase for basic drug enantiomers resolving by separation (487). Depending on the 

additive (basic or acidic) in the mobile phase, Gogaladze et al. (2015) observed 

opposite elution orders for enantiomers (488). The mobile phase composition is 

crucial to achieving effective lipid separation. Jiskra et al. (2003) also separated 

strongly, moderately, and weakly basic, acidic, and neutral solutes containing n-

hexylamine as a comprising base in a single run (489). The choice of a mobile phase 

may affect the separation of different compounds simultaneously. Wan et al. (2016) 

found that silicon oxynitride stationary phases were hydrophilic when combined with 

reversed-phase mobile phases, showing that stationary and mobile phase properties 

are critical for effective separation (490). 
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2.2.3 Lipid detection 

There is well-documented evidence of a neutral lipid increase in preeclampsia, 

suggesting lipid metabolism may be associated with its pathogenesis. During 

preeclampsia pregnancy, researchers conducted a lipidomic analysis of the placenta, 

which showed higher neutral lipid content than healthy placentae, with 40% more 

triacylglycerol and 33% more cholesteryl ester in preeclampsia, independent of 

maternal gestation (415). There were also higher neutral lipid contents in placental 

lipid profiles from PET pregnancies, with increases in triacylglycerol, cholesteryl 

ester, and high phosphatidylcholine (PC) lipids (464). These findings suggest that 

placental-neutral lipids consistently elevate in preeclampsia. An increase in small 

and large-dense low-density lipoproteins (LDL) was observed in preeclampsia, 

suggesting an alteration in lipid composition within the maternal vascular system 

(491). Lipidomic analysis of plasma and placenta was conducted in women with 

preeclampsia early in pregnancy; PS and macrolides/polyketides-PK04 levels were 

higher in patients with preeclampsia than in a control group (354). The study also 

showed that preeclampsia increased total cholesterol, triglycerides, and low-density 

lipoprotein-cholesterol (LDL-C), suggesting estrogen stimulation and insulin 

resistance may contribute to an altered lipid profile in preeclampsia (492). 

Preeclampsia placentas contain increased levels of glycerophosphocholine, further 

indicating disturbed lipid metabolism (493). The evidence from the selected 

references suggests the presence of neutral lipids in preeclampsia, highlighting the 

role of altered lipid metabolism in disease progression.  

Recent research has focused on the direct coupling of TLC and mass spectrometry 

(MS). By coupling TLC and electrospray MS, direct analysis of compounds 

separated by TLC was demonstrated in many world-class bioanalytical research 

groups, Costello C, (494-496) Clench M, (497) Fuchs B, Schiller. J, (218), Sherma 

J (498) and many more (103, 209, 217, 218, 253, 401, 482, 496, 499-515). This 

approach offers low detection levels and molecular identification. Using liquid 

chromatography-electrospray with MS fragmentation LC/ESI-MS/MS, the precise 

elucidation of structures from ganglioside and sulfatide fragmentation patterns was 

demonstrated (516). The literature is replete with examples of mass spectrometry 

used to analyse fractions separated on TLC plates by the offline method of "scrape 
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and elute." There have been many attempts to combine TLC and MS, all failing 

directly. Matrix-assisted laser desorption/ionisation (MALDI) and electrospray (ES) 

have been discussed in the literature for TLC/MS coupling. TLC/MS, MALDI-MS 

has had recent success, but it has limitations, such as extensive post-separation TLC 

plate preparation and low-mass spectral noise. In contrast, ES offers an atmospheric 

pressure inlet/ionisation system alternative for TLC/MS coupling without many of 

the limitations of MALDI-MS. Rationale  

The overarching goal of this research study was to learn about placental and plasma 

lipids and, if possible, identify lipid biomarkers for obesity/GDM in pregnancy by 

knowing what to expect and what is different. This chapter aimed to create a library 

of information about the total lipids present and observed in the placenta and plasma. 

As a result, further studies could assess lipid profiles in more detail guided by this 

baseline information. TLC was chosen for this first step as a broad mapping 

approach. This project analysed placental and plasma lipids to determine the total 

lipid content using TLC ahead of further work where TLC-separated lipid bands 

would be isolated (high performance-TLC abbreviated to HP-TLC) and mass 

spectrometry matrix-assisted laser desorption ionisation and time of flight mass 

spectrometry detection (MALDI ToF MS). TLC was also able to be pursued during 

COVID-19 lockdowns/working from home by UK/Welsh government 

recommendations. While laboratories in the Institute of Life Science 1 (ILS1) at 

Swansea University Medical School were re-opened in July 2020 after extensive risk 

assessment, there were limitations to the number of users who could be present in 

general laboratories at any one time and access to specialist laboratory facilities such 

as MS was very limited.  

2.3 Methodology  

2.3.1 Samples and ethics 

Placentas were collected from healthy term pregnancies less than thirty-seven weeks 

of gestation, and all of them were delivered by elective caesarean section at Singleton 

Hospital, Swansea, UK. Placentas were processed within two hours of delivery with 

agreed written consent from study participants and ethical approval from Wales 

Research Ethics Committee 6 (REC No. 11/WA/0040). Blood was collected from 
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full-term (≥ 37 weeks of gestation) pregnant women during caesarean pre-operative 

appointments in Singleton Hospital, Swansea. A maximum of 35ml of blood could 

be obtained from pregnant women. Non-pregnant women aged 18–40 years were 

drawn from Swansea University staff and students; up to 120 ml of blood could be 

collected from this group of participants. Blood was collected in BD Vacutainer 

heparin blood collection tubes (Greiner Bio-one, Frickenhausen, Germany) to 

prevent coagulation. Ethical approval was given by a Health Research Authority 

(HRA) Research Ethics Committee (13/WA/0190 – healthy volunteers; 

11/WA/0040 – full-term pregnant women). All tissue and blood donations were 

voluntary, and donors had the right to withdraw consent at any point. Personal 

information was confidential, and informed written consent was obtained from all 

donors. Samples were collected from healthy non-pregnant women, healthy 

normal/overweight pregnant women (BMI 18.5 – 29.9 kg/m2), obese pregnant 

women (BMI >30 kg/m2), and pregnant women with a diagnosis of GDM. Due to 

the COVID-19 pandemic, before 23 March 2020, GDM was diagnosed via glucose 

tolerance testing (GTT), but from the first lockdown that started 23rd March 2020 

until July 2022, it was diagnosed by measurement of HbA1c. 

2.3.2 Placenta preparation 

The placenta was received in the laboratory within 2 hours of delivery and transferred 

to a biological safety level (BSL) 2 cabinet for all handling. All instruments, such as 

tweezers, scissors, and sample containers, were sterile, single-use, and freshly 

opened from the packaging. The maternal decidua was removed from the maternal 

side of the placenta, and pieces of villous tissue of around 1 cm³ were removed and 

placed into phosphate buffered (PBS pH 7.4; Gibco UK) and rinsed with PBS to 

remove as much blood as possible. Placental tissue was put into a pre-weighed glass 

tube containing freshly prepared ammonium acetate 155 mM in HLPC analytical 

grade deionized water (Fisher Scientific, Germany Darmstadt, Sigma-Aldrich UK). 

The tissue was homogenised after re-weighing to provide the total tissue weight 

(PowerGen 125 Homogenizer Probe, 5mm blade; Fisher Scientific UK). The tissue 

was gently homogenised for two minutes on ice, stopping every thirty seconds to 
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prevent the tissue from warming up. Occasionally, prepared placental biopsies were 

wrapped in aluminium foil, snap-frozen on liquid nitrogen, placed into a labelled 

container and then stored at (-80°C) until needed.  

2.3.3 Plasma preparation 

Peripheral blood from pregnant women collected into heparinised vacutainers was 

centrifuged at 1811 x g for 10 minutes. All plasma was removed with a sterile 

disposable single-use pipette in a BSL2 cabinet with 4 ml of plasma retained and 

stored at -80°C until downstream processing.  

2.3.4 Lipid extraction 

Some lipid extraction methods are available. Bligh & Dyer's method  (225) uses a 

solvent system chloroform : methanol: water in volumetric ratio 1: 1: 0.9  (v/v/v) to 

extract a small amount of biological samples. After phase separation, total lipids are 

present in the chloroform phase. It is a well-established and widely used method. 

Disadvantages include using hazardous chloroform and collecting chloroform 

extract from the bottom layer (which may cause water-soluble impurities to carry 

over), as well as difficulty with automation. Folch method (226) uses a solvent 

system chloroform/methanol (2:1,v/v) to extract biological tissue, then add water or 

0.9% NaCl to wash the solvent extract. Like the modified Bligh & Dyer method, it 

has advantages and disadvantages. MTBE method (Methyl, Tetryl Butyl Ether ) is 

the Matyash method (517), which uses the solvent system (methyl-tertiary-butyl 

ether (MTBE)/methanol/water) (5:1.5:1.45, v/v/v). The method resolves some of the 

disadvantages of chloroform-based methods because MTBE is present in the top 

layer after phase separation and, therefore, is more feasible for high throughput and 

automation. The disadvantage of the MTBE phase is that it contains significant 

aqueous components that may carry water-soluble contaminants. Relevant literature 

discussed the optimisation of the three methods (518). One-phase extraction in 1 ml 

polypropylene tubes containing ceramic beads for the initial homogenization is 

performed using butanol and methanol (BUME). The BUME method uses the 

solvent system butanol/methanol (BUME, 3:1, v/v) to a small aqueous phase volume 

of three parts heptane with three parts ethyl with one part acetate (3:1, v/v) and 1% 
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acetic acid (v/v) to induce phase separation (519). The BUME method compensates 

for the MTBE method with fewer water-soluble contaminants carried over into the 

organic phase. Its difficulty is in evaporating butanol components in the organic 

phase (519, 520).   

This research study follows Bligh and Dyer's method with modifications. Tissue 

1000 mg is placed into a thick glass specifically designed for homogenisation, and 

then 5 ml of freshly prepared [155 mM] ammonium acetate is added. 

Homogenisation was performed on ice using a stainless steel electrical, mechanical 

probe hand-held blender with removal probe length 10 cm with tip engraved blade 

diameter 5 mm research for tough human tissue Fisher Scientific for 2 minutes with 

stopping every 30 seconds to prevent sample heating. Once the 5 ml of placenta 

tissue stock is homogenised, 1.6 ml of the sample is added to each glass tube A and 

B to process duplicate samples. For plasma, 1.6 ml is processed without this step, 

directly taking 1.6 ml and going to solvent extraction in a single tube as there is not 

enough plasma to use as double repeats as per placental case homogenates tube A 

1.6ml and tube B 1.6ml. Plasma is just one tube A containing a standard lone volume 

of 1.6 ml. In the future, this should be run in doubles like placenta. The extraction 

process is detailed in (Figure 2.3, Figure 2.4, and Figure 2.5). Details of all placental 

and plasma sample weights, concentrations, and percentage recovery (%) are 

provided in the table of this chapter. 
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Figure 2:2: Experimental Images of Placenta sides. Legend to (Figure 2.2): Placenta 
edges and central near cord (A) Maternal side globules around the edges, (B) 
Placenta Fetal side of cord near the centre, (C) Placenta wins' birth contains two 
cords, (D) Placenta fetal side twins contain two cords left already cut off, and right 
remains, abundant in veins and plastic like gristles tubes. 
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Figure 2:3: Photographic images of placenta preparation and homogenisation All placenta and plasma samples used in the Phd research study are 
included in the three tables and organised into groups: healthy, obese, and GDM. Concentration tables 1A,1B, and 1C for all placenta and plasma 
sample weights.



 

130 

 

 
Table 2.1 Tables containing samples of placenta recovery percentage weight from 0.5-1.5% w/w in control (healthy BMI Placentas n=46)  
Concentration tables 1A,1B, and 1C for all placenta and plasma sample weights.
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 Table 2.2 Tables containing placenta group obese BMI n=26, and placenta group gestational diabetes GDM n=16  all samples recovery 
percentage weight from (0.6 -2.6 % w/w) in (obese BMI Placentas n=26) and (0.5- 4% w/w) in (GDM Placentas n=1 Concentration tables 1A,1B, 
and 1C for all placenta and plasma sample weights.
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Table 2.3 Tables containing all plasma samples from non-pregnant to healthy BMI, obese BMI, and GDM samples. Concentration tables 1A,1B, 
and 1C for all placenta and plasma recovery percentage weight per volume (1.6ml plasma per each sample subjected to lipid extraction gives 
different approximations in ratio recovered of total dried lipid extract weight  group red  (GDM/obes   w/v 3.5-19.4%,)   purple (obese BMI  w/v 
7.1-22%), blue (healthy BMI  w/v  2.6-%13.9)  and green non-pregnant patients  (man/woman  w/v 1.3-4.6%
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Figure 2:4 Photographic images during the placenta tissue handling experiment, 
which involves systematic steps, washing, cutting, and weighing followed by 
placenta homogenisation and the homogenate aliquots in duplicates 1.6ml per tube 
A and per tube B used per each placement for lipid extraction and combine into one 
tube at the end during solvent nitrogen drying.  
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Figure 2:5 The pictorial overview of Bligh& Dyer: lipid extraction from 
homogenisation to target for MALDI ToF MS. Below in (Figure 2.12) a detailed 
overview of the Swansea adaptation of Dr Lapalco’s method protocol in detailed 
steps of each stage learnt from Dr Lopalco lipid extraction from microalgae and 
adapted and modified to placenta organ tissue, and blood plasma.   
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Figure 2:6 Placental homogenisation total and aliquoted duplicate portions of 1.6ml 
to tubes A and B counted as one sample. 

 
 Figure 2:7 Blood separation to prepare blood plasma for lipid extraction. 

 

 

 

 

A 

B 

C 
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Figure 2:8 All-in-one diagram overview of plasma lipid extraction. 
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Figure 2:9 The separation of plasma from the full blood volume was received at 1.8 
ml and used for extraction at 1.6 ml. Legend to (Figure 2.9): Placenta sample 
reference CAT1680 pregnant gestational diabetes myelitis (GDM) BMI varied  30 - 
60 kg/m2 CAT1641 Pregnant obese  BMI > 30-60 kg/m2, CRF 511 Nonpregnant  
BMI not relevant, CAT 1531 Pregnant healthy  BMI ˂ 30 kg/m2. As per 
classification, BMI (kg/m²): Underweight  <18.5 BMI (kg/m²):  Normal Range  18.5 
– 24.9 BMI (kg/m²): Overweight  25.0 – 29.9 BMI (kg/m²):  Obese  30.0 or more 
BMI (kg/m²): Obesity broken down into classes: Class I  30.0 – 34.9 BMI (kg/m²): 
Class II 35.0 – 39.9 BMI (kg/m²): Class III  40.0 or more BMI (kg/m²):  

The schematic and images below follow the steps of plasma preparation and, when 

isolated from blood, are subjected to solvent addition, mixing, centrifugation and 

extraction using the Bligh & Dyer method protocol of the solvent methanol to 

chloroform ratio. Blood composition is a mix of cellular and liquid elements (521). 

During centrifugation, we observe red blood cells called erythrocytes, the heaviest 

cells carrying heme complexes (224). Hence, they sink to the bottom because their 

standard volume is plus or minus 45% of the total blood volume. Another part of 

blood is white blood cells, leukocytes, and platelets in the middle of the blood tube 
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(522), and studies on mononuclear cells use that system (523). Most of the blood in 

the top yellow layer is water, which floats (524); therefore, 90% of the blood is water. 

Plasma is mostly water, 90% and contains gases, hormones, waste products, and 

ions. Blood proteins comprise 7-7% of albumin protein blood carriers composed of 

immunoglobulins and fibrinogen, a clotting protein, Na+, K+, Ca2+, Mg2+, Cl, and 

HCO3-. After coagulation, the fluid is serum, a noncellular blood component. The 

serum is plasma without clotting factors. Erythrocytes transport oxygen throughout 

the body. Granulocytes and leukocytes contain polymorphonuclear cytoplasmic 

granules. Approximately 60% of neutrophils fight bacteria and some cancers; 3% 

fight parasites and allergic reactions; 0.5% fight basophilic infections and allergic 

reactions. There are 5% of leukocytes in the body, and since leukocytes are 

constantly replenishing resident macrophages and dendritic cells (525). Under 

normal conditions, 30% of lymphocytes are rare circulating and are responsible for 

the innate immune system (T-cells, B-cells, NK-cells). The T-lymphocytes mediate 

cellular immune responses, while the B-lymphocytes produce antibodies to fight 

infection—platelets from fragmented megakaryocytes clot (248, 524, 526-530).  

 

Figure 2:10 Figure  Representative diagram of plasma family Legend to (Figure 
2.10): Plasma comprises four groups, which include non-pregnant patients' blood, 
pregnant with healthy BMI blood, pregnant with obese BMI blood, and gestational 
diabetes GDM blood with variable BMIs, it could be with healthy or obese BMI.  
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Figure 2:11 Photographic images overview of placenta homogenates,  

Legend to (Figure 2.11): Images (A-P) show photographic steps starting from cutting 
placenta chunks to weighing them. After that, lipid extraction in methanol 
chloroform was dried under nitrogen gas, and then the dried lipid extract was 
reconstituted and ready for TLC and MALDI ToF MS analysis. Placenta 
Homogenisation throughout adding solvents during the extraction process, till 
nitrogen drying the chloroform containing total lipids until fully dried total lipid 
extract in the vial showing darker yellow colour  (L), then weighing the dried extract 
and re-constituting back with chloroform accordingly to the measured weight and 
record concentration which is always constant at 10[mg/ml]. 

2.3.5 Monophase solvent system      

The mono-phase solvent system consists of water, methanol, and chloroform 

[H2O/CH3OH/CHCl3] in ratios of (0.8/2/1), respectively. A 1.6ml aliquot of 

homogenised placental tissue or plasma was placed into glass tubes. Solvents were 

then added sequentially – 4 ml methanol and 2 ml chloroform - to tubes placed in the 

ice bath sonicate for 15 gentle sonication with the addition of each solvent. Once 

both solvents had been added and gently mixed, samples were centrifuged at 2,800 
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x g for 15 min at 4°C. The supernatant layer was gently removed into a new 15 ml 

glass tube, and the pellet was washed again with 2 ml methanol and 1 ml chloroform 

by centrifugation. The supernatant from the second centrifugation was added to that 

from the first. This solvent mixture homogenises to create a single mixed-solvent 

phase, called the “monophase system.” The next step involves changing the solvent 

ratio to create a “double phase system, " forming an organic phase, mostly 

chloroform, on the bottom layer and an ‘aqueous phase’ layer, mostly methanol, on 

the top. The lipids are mostly confined to the bottom ‘organic phase,’ so they are 

extracted from the lower chloroform layer.  

2.3.6 Double-phase solvent system 

The supernatant from the above is then further extracted using H2O/CH3OH/CHCl3 

at a ratio of 0.9/1/1 by adding 1.7 ml aqueous 155 mM ammonium acetate (this is 

your water)  and 2 ml chloroform CHCl3. After gentle mixing, centrifuge at 2,800 x 

g for 15 minutes at 4°C. The double layer that results consists of a top layer of 

aqueous methanol/water and a bottom layer of organic chloroform containing lipids. 

Using a long glass Pasteur pipette, the organic chloroform containing lipid layer is 

removed and transferred to a new pre-weighed glass vial. The methanol-water layer 

is washed again with half volume of extracting solvents with 0.85 ml of aqueous 155 

mM ammonium acetate and 1 ml chloroform. After centrifugation, as before, the 

lower chloroform layer is removed and added to that collected after the first 

centrifugation. The lipid-rich chloroform is then dried gently under nitrogen. Once 

completely dry, the glass vial is re-weighed to calculate the total lipid extract before 

reconstituting with pure chloroform to 10 mg/ml and then stored at -20 °C until 

analysis.  
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 Figure 2:12 Legend to (Figure 2.12): Placenta lipid extraction starts with Part 1 of lipid extraction H2O/CH3OH/CHCl3 (0.8/2/1), then 
creating double phase for extraction H2O/CH3OH/CHCl3 (0.9/1/1) (Bligh and Dyer 1956) (225). All schematics are hand-made in PowerPoint 
using i-pen and saved as jpeg. 
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Figure 2:13 Overview method protocol of placenta lipid extraction solvent drying 
off using nitrogen gas and transferring it from large tubes into small vials and 
weighing the dried residue before reconstituting in solvent chloroform as weigh per 
volume concentration to [10mg/ml]. 
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2.3.7 Thin Layer Chromatography 

 

Figure 2:14 The thin-layer chromatogram (A) shows the migration behaviour of 
separated substances.  

As a result of migration distances of separated substances behaviour in the TLC 

experiment shown in (Figure 2.13 A and B), it estimates the retardation factor (RF), 

which is the measure of the distance travelled by the sample against the distance 

travelled of the solvent front top line. Identity confirmation uses Rf values compared 

to corresponding standards run under identical conditions. (RF) means the 

retardation factor and is equal to Zs / Zf – Z0; the distance (Zs) between the substance 

zone and the starting line (mm); the distance (Zf) between the solvent front and the 

solvent liquid level (mm) and (Z0) indicates how far the solvent liquid level is from 

the starting line (mm)—image (A) diagram of TLC plate showing solvent level, 

separation bands and solvent from distances. Image (B) is an example of a TLC plate 

strip cut off the preparative TLC used to analyse biological phospholipids. It 

demonstrates the lipid band's neat separation of phospholipids in the TLC results. 

The black and white TLC strip adapted from literature modified with annotation 

additions to the original (253). They used electrospray (ESI) mass spectrometry and 

prior thin-layer chromatography to separate phospholipids—retardation factor (Rf) 

on TLC elution order. Rf is calculated by dividing the distance moved by the sample 

species from the baseline to the top line of the solvent front by the distance moved 

by the lipid reference standards. It gives the difference of the moved sample. 

Theoretically, this equation applies if the solvent mobile phase and extraction steps 

are the same. Because species share complex molecular similarities, a millimetre 

measurement is not always an exact measurement as the physical parameter. As an 
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example of the elution of lipid species, Rf distances in millimetres were originally 

conducted by Lerey et al. (1987) (531). 

 

Table 2.4 As an example of the elution of lipid species Rf distances in millimeters 
conducted originally by Lerey et al. 1987. It confirms theoretical distance elution 
with the Avanti lipids reference table of standards. The bands were assigned by the 
student based on the original estimated measurements by hand using a soft ruler. 
They were compared to visual observations of lipid standards and eluted distances. 
Based on the ruler's estimated measurements, this study confirmed distance elution 
with lipid maps. Solvent Systems Lipid Migration: Charts are included below. Lipids 
standards Avanti Polar USA date of access 30 March 2020, linked verified last 
accessed 26 January 2024. 
https://avantilipids.com/wpcontent/uploads/2015/11/SolventSystemsChart.pdf. 

2.3.8 Stationary phase 

TLC uses glass or aluminium plates coated with silica gel, allowing the samples to 

adhere and partition during migration as the mobile phase solvent rises through the 

plate. This study used 20cm x 10cm glass plates coated in silica gel (HPTLC Silica 

gel 60 RP-18). Preparing the plate for sample loading involves line drawing with a 

soft pencil, plate washing and oven activation at 180°C. Preheat oven temperature to 

185°C for one hour. Draw the lines 1.5 cm from the top and 1.5 cm from the bottom, 

with sample wells of 5mm starting 1.5 cm from the left spaced every 1cm across the 

Rf mm     Compound (lipid species) Assignment 

0.08 mm   Lysophosphatidylcholine (LPS)   Band 1/ Band 2 
0.11mm   Sphingomyelin (SM)   Band 1/ Band 2 
0.21mm   Lysophosphatidylcholine (LPC)   
0.21mm   Phosphatidylcholine (PC) 

Band 1/ Band 2 
Band 3 

0.22 mm  Cerebroside type I   Band 1/ Band 2 
0.25mm   Cerebroside type II   Band 1/ Band 2 
0.26 mm  Phosphatidylinositol (PI)   Band 1/ Band 2 
0.32mm   Sulfatides   Band 1/ Band 2 
0.32mm  Lysophosphatidylethanolamine (LPE)  
0.32 mm  Phosphatidylcholine (PC) 

Band 2 
Band 3 

0.38mm   Phosphatidylserine (PS)   Band 2 
0.47 mm  Phosphatidylglycerol (PG)  Band 2 
0.51mm   Phosphatidylethanolamine (PE)  Band 4 
0.58 mm  Phosphatidic acid (PA)  Band 4 
0.68 mm  Cardiolipin (CL)  Band 5  
0.70 mm  Ceramide (CER) Sphingosine Fatty acids esters Band 5 
0.74 mm  Free fatty acids  Band 6 
0.81mm   N-acyl phosphatidylethanolamine  Band 6 
0.96mm  Cholesterol  Band 6/ Band 7 
0.98mm  Mono, di and triacylglycerols  Band 6/ Band 7 
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plate, stopping 1cm from the right-hand side (Figure 2.6). Washing TLC plates 

requires 50:50 % v/v methanol: chloroform (MeOH: CHCl3 50:50 v/v). The first 

wash uses 50 ml, and the second uses 30 ml. The plate is allowed to dry at room 

temperature for one hour before oven activation for 2 hrs at 180°C.  

2.3.9 Sample loading  

Plate layout accommodates 6 samples and 6 lipid standards or 8 samples and 4 

standards, depending on the experiment. Typically, the reference samples are loaded, 

followed by the experimental samples and the standards. Cholesterol, TAG, DAG, 

and MAG mix (all Avanti Polar, Alabama, USA) were standard. Placental and 

plasma lipid samples were loaded as 10µL of 8 µg/µl, and standards were loaded as 

10µL of 5 µg/µl using Hamilton glass syringes. When all samples and standards are 

loaded onto the TLC plate, the plate is placed into the glass tank, gently resting the 

bottom of the plate on the gridded lines in the tank and the top of the plate is leaning 

against the tank wall so that the plate is at an angle.  

2.3.10 Materials, solvents, and standards are included in all TLC 

experiments. 

2.3.11 Lipid standards  

All lipid standards are purchased from Avanti Polar, Alabama, USA. The original 

samples contain a “stock concentration” of 10 mg/ml. Once opened, sets of aliquots 

were distributed into two vials and kept at -20 °C. The aliquoted portion of stock 

standards was diluted accordingly with pure chloroform to make a “working 

standards concentration” of 1 mg/ml, which was used throughout this research study 

in all TLC samples and all MALDI ToF MS as well as with the University of 

Warwick collaborator from the first day of opening.  

− Brain PS contains chloroform L-α-phosphatidylserine (Brain, Porcine) sodium 
salts reference code:840032C-10MG-B827; [MW 824.966 g/mol], stock 1x10 
mg (1mL); concentration [10mg/ml]; made aliquots 2 x (500ml).  

− Soy PI contains chloroform, L-α-phosphatidylinositol (Soy) sodium salt, 
reference code: 840044C-10MG-D-179 [MW 866.647 g/mol], 1 x 10 mg (1mL) 
[10 mg/ml],  (5 x 200ml).  
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− Egg SM contains chloroform, Sphingomyelin (Egg, Chicken), reference code: 
860061C-25MG-A-116 [MW 710.965 g/mol], 1 x 25 mg (2.5 mL) [10 mg/ml]   
(3x 500ml 5x 200ml).  

− 18:1 LysoPE contains chloroform, 1-oleoyl-2hydroxy-sn-glycerol-3-
phosphoethanolamine, reference code:846725C-25MG-A-056, [MW 479.588 
g/mol], 1 x 25 mg     (2.5 mL) [ 10 mg/ml ] (3 x 500ml, 5 x 200ml).  

− 18:1 LysoPC contains chloroform, 1-oleoyl-2hydroxy-sn-glycerol-3-
phosphocholine, reference code: 845875C-25MG-A-072 [MW 521.667 g/mol], 
1 x 25 mg (2.5 mL) [10 mg/ml], (3 x 500ml, 5x 200ml).  

− 16:1 (Δ9-Cis) PC, contains chloroform, 1,2-dipalmitoyl-sn-glycerol-3-
phosphocholine, reference code: 850358C-25MG-B-046 [MW 730.007 g/mol],  
1 x 25 mg (2.5 mL) [10 mg/ml], (3x 500ml, 5x 200ml). 

− 18:1 Cardiolipin contains reference code: 710335C-25MG-B-056 [MW 
1501.959 g/mol], 1 x 25 mg (2.5 mL) [10 mg/ml] (3x 500ml, 5x 200ml). 

− 15:0 Cholesteryl-d7ester, cholesteryl-d7 pentadecanoate, reference code: 
700144p-10MG-A-011 [MW 618.095 g/mol], 1x10 mg powder [10 mg/ml ]   (2x 
500ml) 

− Cholesteryl Sulphate 700016P-25MG-E-013 [MW 488.699 g/mol], 1 x 25 mg 
powder [10 mg/ml ] (5x 500ml); Mix standard concentration [1mg/ml] prepared 
by Dr Lopalco during her visit and included (monoglycerides, diglycerides, 
triglycerides) 

− TLC plates (10x10cm, 10x20cm) silica gel coated Merck (Merck TLC Silica gel 
60, Glass plates). Acetonitrile, ACS reagent, ≥99.5%.  

− Flex Analysis version 3.3 MALDI-TOF MS MicroFlex LRF. MALDI Matrix: 9 
Aminoacridine (9-AA) hemihydrate - Acros Organics (Morris Plains, NJ) 98%; 
2,5-dihydroxybenzoic acid (DHB)-Fluka  Germany.  

− Lipid standards Avanti Polar Lipids, (Inc. USA). Glass ampules content from (1 
ml) to (2.5 ml) stocks at concentration [10 mg/ml].  

− Working standards diluted with pure chloroform CHCL₃ [1mg /ml].  
− Chloroform 34854 2.5l Sigma-Aldrich UK with amylene stabiliser Chloroform 

650471 1L purity 99.9% for residue analysis 0.5-1% with ethanol stabiliser.  
− Methanol 34885 2.5L 99.9% HPLC-MS Grade Sigma-Aldrich UK.  
− Nitrogen Genie British GAS BOC 1066, compressed G20EC 231-783-9, 300 

15°C.  
− Pyrex glass tubes 15ml disposable cap GPI 15-415 Corning Life Science Mexico.  
− Analytical Balance AND-Medical accuracy 0.01mg. (Japan).  

Glass Vials (1.5ml) Fisher Scientific HPLC certified 1343-9748 blue inserts tops. 

Hamilton glass syringes 5µL, 10µL, 50µL, 100µL Cole Palmer UK. Pork skin 

gelatine powder Sigma Aldrich Merck Life Science UK Limited CAS RN: 9000-70-

8 Synonyms: Gelatine, Teleostean gelatine (G7765 and G7741).                                                         

All detailed materials in the Appendix. 
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2.3.12 All samples and Body Mass Index BMI (kg/m2) 

 

Table 2.5 Placenta or plasma content of all samples extracted and run on 
bioanalytical TLC and then MALDI ToF MS body mass index BMI measure kg/m2 
is used to determine types of pregnancies BMI in National Health Service Wales 
NHS Wales is divided by pregnancies BMI: Very Healthy (up to 25 BMI), Normal 
Healthy UK (25-30 BMI),  Obese ( 30-60)  gestational diabetes Mellitus GDM 30-
60 BMI. 
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2.3.13 All samples of TLC layouts plan 
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Table 2.6   All TLC experiment layouts from Study 1 to Study 10  

 

2.4 Experiment TLC Results Setting up quality control (QC)  

The first step was to ensure good quality lipid extraction and TLC by repeatedly 

extracting and processing from the same placenta of a normal-weight woman and 

running in parallel with samples prepared by Dr Lopalco, who taught this technique. 

The purpose is to establish a baseline of the sample homogenisation and solvent 

extraction with bioanalytical checking using TLC to a reasonable qualitative level. 

Extractions and analysis of samples from one placenta on four different days across 

two months showed good reproducibility (Figure 2.9). 

 
Figure 2:15 Quality control and reproducibility. Samples were extracted and run in 
acid solvent on silica TLC plates. Plates were imaged using Bio-Rad Chem Station 
white light scanner images saved in .tiff format using a calorimetric set filter white 
light format resolution of 600 pixels. 

2.4.1 Optimization of mobile phases and visualisation methods 

A series of placental samples from normal-weight, obese, and women with GDM 

and plasma samples from non-pregnant women were run in various mobilisation 

solvents and visualised with multiple stains (Figure 2.10). In image A1, the total 

lipids of the placentas run in acidic solvent and stained with sulphuric acid show 

much darker or denser spots of the lipid groups in bands 2 to 6 and 7. In contrast, the 

B1 plasma of eight non-pregnant women and two healthy pregnant placentas shows 

apparent gaps in bands 1 and 4 to 5. Bands six and seven have much thinner lines 

than the pregnant placentas extract in A1. The identical A2 lipid extracts, according 
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to the A1 TLC plate, only show the six and seven bands, which are the most 

lipophilic lipid groups such as sterols, triglycerides, and cholesterol at the top line, 

but the mobile phase has overrun. B2, on the other hand, the non-pregnant plasma 

sample and two placentas lipid extracts show bands 2 and 3 with bands 6 and 7. It 

could mean that those lipids contain phosphate groups. A3 TLC placentas lipids, 

according to plate A1, were incubated in the mobile phase with a neutral solvent and 

sprayed with ninhydrin to determine amino acids, with the lipid standards used in 

this case being PE and LPE. It shows lipid band 2 with darker and denser lipid spots 

in placentas samples, while B3 TLC, with non-pregnant plasma and two placenta 

samples, shows much lighter lipid spots in band 2. It demonstrates the start of 

observing and understanding the elution and separation of similar lipid molecules to 

properly separate and visualise lipid classes within the placenta and plasma.  
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Figure 2:16 Comparison of different mobile phase solvents and visualisation 
methods of placental and plasma lipid extracts. Lipids extracted from (A) placenta 
and (B) plasma were separated and visualise using (1) acidic mobile phase and 
sulphuric acid, (2) basic mobile phase and Azure A, and (3) neutral mobile phase 
and ninhydrin. Each TLC has 12 spots and contains the following placental - healthy 
n=4; obese n=6; GDM n=2 – or plasma samples from 8 non-pregnant women, and 
the last spot is lipid standard cholesterol sulphate (Chol Sulf) for acidic and basic 
solvent or last two spots PE and LPE for neutral solvent. Plates were imaged using 
Bio-Rad ChemStation white light scanner images saved in tiff format using a 
calorimetric set filter white light format resolution of 600 pixels. 
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Figure 2:17 Analysis of placenta and plasma samples using acid and neutral solvents 
visualise using sulphuric acid. The sample type in each well is labelled in the figure. 
Lipid standards vary on the plate, such as LPC, SM, LPE, PC, or PE. PI, PC, PG, 
PE, and a mix containing mono, di, triglycerides. Plates were imaged using Bio-Rad 
ChemStation white light scanner images saved in .tiff format using a calorimetric set 
filter white light format resolution of 600 pixels. 

2.4.2 Continuity of sample extraction and observing how and what to 

improve  

Each time a new placenta or plasma sample came to the laboratory, they were 

subjected to sample handling and preparation for storage at -80 °C until they were 

ready for homogenisation and total lipid extraction, followed by TLC quality and 

precision assurance. In Figure 2.17, plates A, B and C were a mixture of different 

placentas and plasma total lipid extracts, all incubated in the acidic mobile phase, 

then air-dried and sprayed with 5 % (v/v) sulfuric acid (90% pure) fixing agent, then 

a hot air-dried before putting them in the oven at 180 °C for ten minutes to see the 

change of the lipid spots. Plate D was run in a neutral mobile phase and contained 

non-pregnant plasma samples with lipid standards (Figure 2.17). The four plates 

have similarities in TLC plate A and TLC plate B, which include healthy, obese 

GDM placenta with clear separation of lipids from band 1 to band 7.  
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2.4.3 Identification of lipid bands 

A comparison of TLC lipid bands with lipid standards, literature, and the elution 

table for lipid maps could indicate what to expect. Lipid band 1 spreading to band 2 

includes LPS, SM, LPC, cerebrosides, phosphatidylinositol (Cer-PI), and 

sulfatides—lipid band 2 LPE, PS,  and LPE. Lipid band 3 includes PC, SM, and 

sphingosine-based choline headgroups. Lipid band 4 includes PG, PE, and 

phosphatidic acid PA. Lipid band 5 includes CL 18:2, ceramide (CER), sphingosine, 

fatty acid esters, and squalene. Lipid band 6 / band 7 include the following: squalene, 

FFAs, N-acyl phosphatidylethanolamine, total cholesterol, cholesterol esters, and 

triglycerides (monoglyceride, diglyceride and triacylglycerols). The placentas of 

healthy, obese, and GDM women show all lipid groups, and when compared to the 

standards on the right side, we can see that the total lipid extract of the placentas 

contains these species. Some spots are darker or more intense than others in placental 

lipid extracts, which could mean more lipid species and subspecies are in those 

bands. Plate C contains a mixture of plasmas and placenta, and contrast is more 

visible, especially in lipid band 2, showing darker spots in plasma but lighter spots 

in bands 1 to 5. It could mean fewer hydrolysed lipids in plasma or samples that are 

not clean enough. The last TLC plate D contains all non-pregnant plasma samples 

run in a neutral solvent mobile phase, and it clearly shows distinct lipid bands 2 and 

3 with upper bands 6 and 7. It shows darker spots of triglycerides, sterols, and 

cholesterol in non-pregnant samples with high PI, PC and PG. Thus, the main 

difference is the mobile phase, from acidic to neutral, which distinguishes the 

apparent differences in lipid species that we can observe.  
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Figure 2:18 Analysis of placenta and plasma samples using acid and neutral solvents 
visualise using sulphuric acid.  The sample type in each well is labelled on the figure, 
and six lipid standards, LPC, SM, LPE, PC, PE CL18: 1, were included. Plates were 
imaged using Bio-Rad ChemStation white light scanner images saved in .tiff format 
using a calorimetric set filter white light format resolution of 600 pixels. 

2.4.4 Analysis of plasma lipids with acidic mobile phase  

Plates A, B, and C in Figure 2.18 show the initial quality control experiment results 

of extracted plasma samples from non-pregnant and pregnant women, all incubated 

and developed with sulphuric acid and charring. Plasma samples in plates A, B, and 

C show similarities in lipid band 2, lipid band 3, and lipid bands 6 and 7—the 

presumptive identification of observed lipids in band 2 includes LPE, PS, and LPE. 

Lipid band 3 includes PC, SM, and Sphingosine-based choline headgroups. Lipid 

band 4 includes PG, PE, and PA. Lipid band 5 includes CL 18:2, CER, sphingosine, 

fatty acid esters, and squalene. Lipid band 6 / band 7 include the following: squalene, 

FFAs, N-acyl phosphatidylethanolamine, total cholesterol, cholesterol esters, and 
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triglycerides (mono, di and triacylglycerols). The eluting lipid species in plasma 

samples are sphingomyelin belonging to sphingolipids, shown on the image as SM, 

then PC and lighter spots in PE and darker spots in the top of bands 6 and 7, which 

belong to cholesterol, sterol, triglycerides, and ceramides. 

2.4.5 Comparison of plasma samples from non-pregnant and pregnant 

women 

A comparison included lean versus obese pregnant women and women with GDM 

(n = 8/group; Figure 2.18). In the acidic mobile phase, all plasma samples seem the 

same. Some spots appear more intense and prominent, while others are more defined. 

However, all non-pregnant patients show similar bands with darker spots for PC. In 

contrast, bands 6 and 7 are much darker in healthy BMI plasma, indicating they 

belong to cholesterol and triglycerides. It appears consistent with pregnancy 

literature that accumulated sugar is energy stored and converted to fats. The band 1 

lipid groups are not displayed in obese and GDM plasma. It suggests that the 

gangliosides are not visible in acidic plasma since they normally have negative 

charges and would be more visible in basic plasma. Also, non-pregnant women have 

a much lower amount of PE compared to healthy, obese GDM patients, which might 

be due to the amino acids, which are also present in amino acids, and this makes 

sense and confirms that higher levels of PE occur during pregnancy due to higher 

levels of protein production and amino acids are the fundamental constituents of 

protein synthesis, especially in pregnancy. 
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Figure 2:19 shows that plasma samples (A, B, Non-pregnant) exhibit much darker 
lipid spots than PC, PI, SM, and LPE tissues.  

The plate is still dark because it was too long in the oven. Due to this, the scan looks 
much darker than it should. Similar to Plate C, Plate C appears much darker due to 
oven overstay and later dark scans. Comparing groups on the same plate rather than 
separately emphasizes the importance of doing so. Comparing groups should also be 
done using densitometry or another semi-quantitative method. As seen on Plate C, 
total lipid extracts are separated, all with healthy body mass indexes. There are no 
lipid spots on plate D with obese BMI plasma samples, but there are lighter spots in 
bands 2, 3 and 4. It suggests no hydrolyzed polar groups but more sphingoid lipids 
such as sphingosine PC, PE gangliosides, and ceramides. In the acidic mobile phase, 
plates (C, D, E healthy, obese, GDM pregnant plasma) were visualized with 
sulphuric acid. On each plate, the sample type is labelled and includes samples from 
non-pregnant women, obese pregnant women, and pregnant women with GDM (n = 
8 / group). The lipid standards included in each plate are LPC, LPE, PC, and PE. 
Images were captured using a Bio-Rad ChemStation white light scanner and saved 
as .tiff files. Calorimetric image filters with 600-pixel resolution were used to capture 
images.
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Figure 2:20 Analysis of plasma samples using neutral mobile phase and visualise 
using sulphuric acid. Sample type in each well is labelled on the figure and includes 
samples from non-pregnant women, normal-weight pregnant women, pregnant 
women with obesity and pregnant women with GDM (n = 8 /group); lipid standards 
were cholesterol and MAG/DAG/TAG mix and were included on every plate. Plates 
were imaged using Bio-Rad ChemStation white light scanner images saved in tiff 
format using a calorimetric set filter white light. 

2.4.6 Analysis of plasma lipids with neutral mobile phase 

The same plasma samples used in Figure 2.20 were separated with a neutral mobile 

phase for comparison. In all four plates from plate A to plate D, we can see that 

plasma total lipid extract contains lipids in band 2, which contains cholesterol and 

triglycerides, and top band 6/7 shows intense dark spots that belong to higher neutral 

charge lipids and steroids. 
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Figure 2:21 Analysis of placenta sample plates TLC-A, TLC-B, TLC-C, TLC-D, 
TLC-E, and TLC-F using neutral mobile phase and visualise using sulphuric acid. 
Sample type in each well is labelled on the figure and includes samples from non-
pregnant women, normal-weight pregnant women, pregnant women with obesity, 
and pregnant women with GDM (n=8/group); lipid standards were cholesterol and 
MAG/DAG/TAG mix and were included on every plate. Plates were imaged using 
Bio-Rad ChemStation white light scanner images saved in tiff format using a 
calorimetric filter white light format resolution of 600 pixels. 

2.4.7 Analysis of placental lipids with a neutral mobile phase  

Plates (A-C) in Figure 2.21 contain sample loading at a half concentration of 4µg, 

whereas TLC plates (E-F) contain 8µg sample loading to compare the elution of lipid 

when halved concentration in case there was smearing. It shows that the last two 

plates (E-F) have darker lipid spots, suggesting more lipids present as expected with 

double the amount loaded. However, with the samples from the placenta of lean 

women, there is no smearing, whereas smearing is seen with the GDM placentas. It 

could be because of poor separation from some unknown methodological reason or 

some other species trying to separate first, such as glycolipids having additional 

mono and polysaccharides moieties such as saccharose, pentose, mannose, hexose 

sugar rings, and alcohols. That would suggest that the GDM placenta contains a high 

abundance of glycolipids mono and polysaccharides, which would elute first in band 

1, leaving the smearing suggesting a richer content of triglyceride storage lipids that 

are resistant to accumulating saccharides, which correlates with altered carbohydrate 

metabolism with GDM. Smearing has also occurred in other samples, so 

contamination of the samples was considered.  
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Figure 2:22 Trying 4µg and 8µg concentrations to observe for smearing new 
homogenization of frozen older chunks healthy obese GDM Centre, random. 
Analysis of freshly extracted plasma samples using acidic mobile phase and 
visualisation using sulphuric acid. Sample type in each well is labelled on the figure 
and includes samples from non-pregnant women, normal-weight pregnant women, 
pregnant women with obesity, and pregnant women with GDM (n = 8 /group); eight 
lipid standards LPC, PI, LPE, SM, PC, PG, PE and cholesterol were included on 
every plate. Plates were imaged using Bio-Rad ChemStation white light scanner 
images saved in .tiff format using a calorimetric set filter white light format 
resolution of 600 pixels. It needs changing letters and wrong names. 

2.4.8 Re-analysis of plasma lipids with acidic mobile phase  
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Figure 2:23 Further analysis of plasma samples was made with a more extensive 

array of standards for better presumptive identification of bands.TLC Plates A, B, C, 

D, E, and F show the analysis of freshly extracted placental samples using acidic 

mobile phase and visualised using sulphuric acid. The sample type in each well is 

labelled on the figure and includes samples from normal-weight pregnant women (n 

=8/group healthy); lipid standards of LPC and PC +/- PI were included on every 

plate. Plates were imaged using BioRad ChemStation white light scanner images 

saved in .tiff format using a calorimetric set filter white light format resolution of 

600 pixels. 

 
Figure 2:23 Analysis of freshly extracted placental samples using acidic mobile 
phase and visualised using sulphuric acid. Sample type in each well is labelled on 
the figure and includes samples from non-pregnant women, normal-weight pregnant 
women, pregnant women with obesity, and pregnant women with GDM (n = 8 
/group); lipid standards of LPC and PC +/- PI were included on every plate. Plates 
were imaged using BioRad ChemStation white light scanner images saved in .tiff 
format using a calorimetric set filter white light format resolution of 600 pixels.
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2.4.9 Re-analysis of placental lipids with acidic mobile phase  

After recognising hints of contamination, an extensive deep cleaning of all 

components was performed on the homogeniser and tanks. Deep cleaning of the 

Hamilton syringes - hot water sonication bath, followed by methanol wash and 

drying in a fume hood under a protected glass chamber - was introduced as standard 

practice and seemed to resolve this issue. Repeated runs of freshly extracted samples 

over several months (Figure 2.24) revealed that the contaminated issue was resolved.  

 
Figure 2:24 Analysis of freshly extracted placental samples using acidic mobile 
phase and visualise using sulphuric acid. Sample type in each well is labelled on the 
figure and includes samples from non-pregnant women, normal-weight pregnant 
women, pregnant women with obesity, and pregnant women with GDM (n 
=8/group); lipid standards of LPC and PC +/- PI were included on every plate. Plates 
were imaged using Bio-Rad ChemStation white light scanner images saved in .tiff 
format using a calorimetric set filter white light format resolution of 600 pixels. 
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Figure 2:25 Summarizes a three-phase mobile comparison of placental lipid extracts 
from women who are normal/overweight or obese or have GDM in the acidic, basic, 
and neutral mobile phases. 
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Figure 2:26 Analysis of freshly extracted placental samples using acidic, mobile 
phase and visualise using sulphuric acid. Sample type in each well is labelled on the 
figure and includes samples from non-pregnant women, normal-weight pregnant 
women, pregnant women with obesity, and pregnant women with GDM (n = 12 
/group); lipid standards of cholesterols and MAG/DAG/TAG were included on every 
plate. Plates were imaged using Bio-Rad ChemStation white light scanner images 
saved in .tiff format using a calorimetric set filter white light format resolution of 
600 pixels. 
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Figure 2:27 Analysis of freshly extracted placental samples using basic mobile phase 
and visualise using sulphuric acid. Sample type in each well is labelled on the figure 
and includes samples from non-pregnant women, normal-weight pregnant women, 
pregnant women with obesity, and pregnant women with GDM (n =12 /group); lipid 
standards of cholesterols and MAG/DAG/TAG were included on every plate. Plates 
were imaged using Bio-Rad ChemStation white light scanner images saved in .tiff 
format using a calorimetric set filter white light resolution of 600 pixels. 
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Figure 2:28 Analysis of freshly extracted placental samples using neutral mobile 
phase and visualise using sulphuric acid. Sample type in each well is labelled on the 
figure and includes samples from non-pregnant women, normal-weight pregnant 
women, pregnant women with obesity, and pregnant women with GDM (n = 12 
/group); lipid standards of cholesterols and MAG/DAG/TAG were included on every 
plate. Plates were imaged using Bio-Rad ChemStation white light scanner images 
saved in .tiff format using a calorimetric set filter white light format resolution of 
600 pixels. 
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2.5 Analysis of comparative placental groups study.  

Having optimised the TLC analysis, including addressing contamination issues, the 

final step was to compare lipid extracts from placental samples from the three study 

groups separated using each mobile phase, as summarised in (Figures 2.27 - 2.29).  

The mobile phase separation of the acidic solvent total lipid extract revealed all the 

lipid bands from bands 1 to 7 amongst all the three groups of placentas with no 

specific visual difference between them (Figure 2.27 A1 – D1). Basic solvent mobile 

phase separation of the total lipid extract shows different spread elution visible to the 

naked eye and not showing lipid band 1 in all samples with clear distinction of high 

abundance in PC, PE, and visible cardiolipin 18:1 in Plate A2 and plate D2  luting in 

lipid band 5 but with no observable differences in the groups (Figure 2.28 A2 – D2). 

Neutral solvent mobile phase separation of the total lipid extract shows visible 

cholesterol high abundance elution in band 2 in all plates A3-D3 and the mix of 

monoglycerides, diglycerides and triglycerides but with no observable differences in 

the groups (Figure 2.29 A3 – D3). 

2.6 Discussion  

2.6.1 TLC observed results 

The primary purpose of the TLC approach here was to identify lipid species groups 

visible to the human eye and compare their distribution and abundance in placentas 

from lean and obese women and women with GDM, as well as plasma from the same 

groups of women alongside plasma from non-pregnant women. Total lipids can be 

separated using placental tissue and plasma. A system of acidic solvents, a system of 

basic solvents, and a system of neutral solvents were used to separate and elute lipids. 

There was a clear separation of lipid species groups with a positive or negative 

charge on the head groups in acidic and basic solvents. Our observations in the 

neutral mobile phase included lipid species with no charge and cholesterol and 

triglyceride mixes composed of mono glycerol, diacylglycerol, and triacylglycerol. 

However, we cannot confirm which of the mixed glycerides are present, and 

additional analysis using gas chromatography separation would be required in future 

work studies. Other observations include healthy pregnancies in plasma or placentas 

or non-pregnancies. They differ in the context of darker or larger spots, but not much 
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else is different. TLC spots are larger in obese and GDM placenta and plasma 

samples but separate in healthy and non-pregnant samples. TLC analysis involves 

many steps of preparation and a careful and clean approach to avoid disturbing the 

previously prepared, washed, and activated TLC plate. 

Lipids are a diverse class of biomolecules insoluble in water but soluble in organic 

solvents. Organic solvents play a crucial role in lipid analysis. These solvents are 

essential for extracting, separating, and identifying lipids from various biological 

samples. Notably, the choice of organic solvents in lipid analysis depends on the 

specific lipid classes of interest. Proper solvent selection and optimisation ensure 

accurate and reliable lipid analysis results. Here, acidic, basic, and neutral mobile 

phases are used. The chloroform-methanol-acetic acid (CMA) method is commonly 

used to extract and analyse phospholipids with positively charged headgroups such 

as PC and PE (532, 533). An acidic environment facilitates their separation and 

quantification. Although relatively rare, these positively charged lipid groups are 

critical for cell signalling and membrane structural support, so they are expected to 

be relatively abundant in tissues, cells and biological fluids (532, 533). 

At lower pH levels, the choline head group of PC is positively polar and interacts 

with other polar molecules to modulate cellular processes (532). It can also be used 

for separating and analysing negatively charged lipids, including phospholipids with 

anionic phosphate groups (532). The cationic lipids SM and sphingosine-1-

phosphate (S1P) are found in human tissues and are essential for cell signalling, 

proliferation, migration, and immunity (532). These cationic lipids are less prevalent 

than neutral or negatively charged lipids in the placenta and plasma (533). Cell 

membranes contain a variety of cationic lipid molecules, including PS and PI. They 

contribute to membrane stability, protein localization, and cellular processes (532). 

These anionic lipids maintain signal transduction pathways, membrane fusion 

events, membrane stability, and protein localization (533). A phospholipid's 

hydrophilic head, such as PS, contains negatively charged oxygen atoms. These 

oxygen atoms are essential to forming and stabilizing cell membranes and improving 

hydrophilicity (533). Ions are transported into and out of cells by lipid rafts, which 

are enriched with anionic phosphate groups. To modulate cellular processes, they 

interact with positively charged groups (533). Compared to neutral lipids, such as 
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triglycerides, waxes, cholesterol, and squalene, anionic and cationic lipids are 

essential for energy storage, insulation, and membrane structure. 

In contrast to neutral lipids, anionic and cationic lipids are soluble in nonpolar 

organic solvents such as chloroform and dichloromethane and are insoluble in polar 

solvents, for example, water or methanol (533). Studies have shown that peptides 

selectively bind to anionic lipids and disorder them in mixed membranes (534), 

indicating the specificity of the interactions. Developing a non-ionic phospholipid 

fluorescent sensor demonstrates the importance of understanding how anionic lipids 

act in biological systems (535). Anionic lipids in membrane biology have been 

highlighted by stabilising transmembrane protein complexes by annular anionic 

lipids (536). 

Negatively charged lipids enhance protein binding to lipid bilayers, affecting their 

orientation relative to the membrane (537). At low concentrations of peptide/lipid, 

positively polarized lipids can also bind to membranes, causing phase boundary 

defects (538). Proton exchange membrane fuel cells may also benefit from composite 

membranes containing strongly reactive components. Adding negatively charged 

components can improve membrane performance and stability, making them 

potential fuel-cell materials (539-541). Negatively charged lipid molecules in cell 

membranes are critical for biological processes and hold significant technological 

potential, particularly for fuel cell membrane development. 

When separating negatively charged lipids, such as phospholipids, from negatively 

phosphorylated groups, it is crucial to choose an organic solvent. Several studies 

provide valuable insights into organic solvent choice. Chloroform/methanol is used 

for phase separation of charged and neutral lipids, lipids, and cholesterol dissolving 

(542). It highlights the potential of chloroform/methanol (2:1) as a solvent for 

dissolving and separating lipids. A three-gradient solvent system that combines lipid 

hydrophilic interaction and liquid chromatography (HILIC) was used to separate 

yeast lipids, suggesting the effectiveness of this method (543). Ultrahigh-

performance capillary liquid chromatography improves lipidome coverage and 

separates isomeric and isobaric species (544). Vacher et al. (1989) discussed lipid 

extraction and separation due to the similarities in solubility between charged lipids 
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and proteolipids (545). Comprehensive lipid analysis is also characterized by the 

need for different chromatographic separations to provide optimal separation of polar 

(or ionic) and nonpolar lipid classes (546). Selecting organic solvents for 

chromatography separation of negatively charged lipids is critical for accurate and 

comprehensive analyses. These studies' insights provide effective lipid separation 

and analysis using specific solvent systems, such as chloroform/methanol and 

HILIC.  

An analysis of the specific extraction and separation requirements can determine the 

correct solvent system for separating glycolipids from lipids in TLC. It is critical to 

select a correct solvent system to ensure that the lipids in the sample are effectively 

extracted and not contaminated by non-lipid components (547). It is difficult to 

isolate pure lipids in TLC without the sugar moieties, as other more advanced 

techniques, such as HPLC, also have those problems (548). Literature also 

highlighted the difficulty of quantitative analysis with HPLC due to glycolipid 

separation challenges(548). The study by Huang et al. (2020) separated 

glycerophospholipids from sphingolipids and glycolipids in aprotic solvents, which 

may provide insights into selecting suitable solvent systems (549). Wojcik et al. 

(2017) explored using placenta and blood in obese pregnancies by applying an 

advanced technique called ultra-high-resolution ion mobility spectrometry 

separations for lipid and glycolipid isomer analyses, indicating their potential as 

advanced separation techniques (550). Therefore, when choosing the most 

appropriate solvent system for separating glycolipids from lipids in TLC, lipid 

extraction effectiveness, glycolipid separation challenges, and advanced separation 

techniques should be considered.  

Polar and neutral glycolipids have been separated using butanol for organic phase 

extraction, showing their potential for glycolipid isolation from lipid extracts (551). 

Extracting and analysing glycolipids from placental tissue lipid extracts can be easier 

using this solvent. A volumetric ratio one-to-one (1:1,v/v) solution containing 

methanol to chloroform extracts fatty acids and lipids from placental tissue lipid 

extracts (552). This solvent composition can also extract and separate fatty acids and 

neutral lipids. To separate and analyse cholesterol, fatty acids, neutral lipids, and 



 

170 

 

glycolipids in placental tissue lipid extracts, a chloroform/methanol (2:1) solvent 

system, butanol solvent, or methanol/chloroform solvent is recommended.  

Anionic lipid dysregulation and associated processes can adversely affect placental 

tissues. Biological membranes, including those in the placenta, are maintained by 

anionic lipids, such as PS. GDM and maternal obesity are associated with 

dysregulation of lipid metabolism in the placenta (553, 554). Placental expression 

and activity of lipoprotein lipase (LPL) are dysregulated in women with pregnancy 

complications like obesity and GDM (553). As a result of oxidative stress-induced 

damage to lipids, proteins, and DNA in the placental tissue, adverse pregnancy 

outcomes have been observed (554). Dysregulation of lipid hydrolysis contributes to 

fetal hepatic lipid accumulation and possibly overgrowth (555). Furthermore, lipid 

aldehydes, such as 4-hydroxynonenal and 4-hydroxyhexenal, affect lipogenic 

pathways in the placenta, leading to inflammation and perhaps affecting tissue 

function (556).  

GDM is associated with dysregulation of placental endothelial lipase in obese 

women, highlighting the importance of lipid regulation for placental function (557). 

Dysregulation of lipid metabolism in the placenta has been linked to altered 

maternal-fetal transfer, impaired mitochondrial function, and increased oxidative 

stress (558). There is an association between these metabolic changes and elevated 

placental lipid accumulation(558). Anionic lipid dysregulation and associated 

processes can impact pregnancy outcomes and maternal health. 

Neutral lipids are stored primarily in lipid droplets (LD) (559). Placental lipid droplet 

fractions can be enriched for neutral lipids using this information for neutral lipid 

extraction and isolation. The Kennedy pathway regulates the balance between mouse 

placenta phospholipids and neutral lipid profiles (560). Placental lipid synthesis and 

accumulation can be understood by understanding the regulatory pathways involved 

in lipid metabolism. Additionally, neutral lipids can be detected in frozen tissue 

sections through staining techniques such as “Oil Red O” (ORO) staining (561). This 

method allows neutral lipids within the placenta to be visualized and localized.  
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2.6.2 Conclusions 

A range of mobile phases, including acidic, basic, and neutral, are useful for 

separating plasma and placental lipids. The results of the TLC analysis showed 

differences between placenta and plasma, as expected, but only slight differences 

between the study groups. It is possible to answer that question by doing an image 

densitometry analysis, but it cannot be verified as it only gives preliminary 

identification. We must comprehensively analyse each lipid group to get a more 

detailed answer on lipids in particular groups. Its goal is to establish a lipid map of 

observable lipids in the placenta and plasma. In the next steps of this project, 

quantitative analyses can be conducted to gather more details. The research focus 

can be narrowed down to specific areas of inquiry. Still, it is the primary method of 

assessing total lipid quality, providing the basis for preparative TLC and MALDI 

ToF MS mass spectrometry, which are the focus of Chapter 3. The next chapter 

explains the mechanism of preparative TLC, its use, and what was learned from it. 
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Chapter: 3 Preparative TLC  

 

3.1  Introduction 

Preparative thin-layer chromatography (TLC), or high-performance thin-layer 

chromatography (HP-TLC), was used in this study as a complementary follow-up 

technique to study the individual six to seven lipid bands of the total lipid extract 

previously observed in chapter two. HP-TLC is a chromatographic technique that 

separates and isolates large quantities of compounds from a mixture. Purifying 

organic compounds, natural products, and other substances is essential in research 

and analytical laboratories. Preparative TLC operates on the same principles as 

analytical TLC but scales to manage larger sample quantities. The basic idea is to 

separate a mixture of compounds based on their differential migration on a TLC 

plate. That is due to differences in their affinity for the stationary phase (typically 

silica gel or other suitable adsorbents) and the mobile phase (solvent). 

This chapter explains the principles of the technique and reasons for applying it as a 

purification step of each separate lipid band. Two approaches were taken: extraction 

of the lipid band for further separation on another TLC plate exposed to a mobile 

phase and extraction of the parent/further separated lipid bands for MALDI ToF MS 

mass spectrometry. The preparative TLC or HP-TLC is similar to traditional 

analytical TLC with additional steps, such as the development of the separated total 

lipid extract in the mobile phase as per Chapter 2, which is then subjected to a further 

development stage using a separate glass tank filled with solid iodine granules which 

saturate the tank with the oxidising fumes. When the plate develops in the iodine 

granules, fumes react with the lipid bands in the stationary phase silica, oxidating the 

lipids and changing their colour to a light brown. This change of colour is visible to 

the naked eye, and spots for analysis can be highlighted with a soft pencil as soon as 

possible, as the iodine reaction process is reversible. The silica spot is then scraped 

gently and transferred into individual 15ml glass tubes for solvent extraction and 

bioanalytical TLC alongside lipid standards ahead of MALDI to check individual 

lipid bands.  
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3.2 Material and apparatus use.  

3.2.1  Use of preparative TLC literature synopsis  

These studies demonstrate the utility of preparative TLC in analysing lipid extracts, 

especially phospholipids and glycerolipids. Topics include metabolomic analysis of 

phospholipids, lipid metabolism in the fetal-placenta unit, lipidomic assessment of 

plasma and placenta in preeclampsia, and animal models for pregnancy research 

[342]. The second conceptual model is based on metabolic analysis of molecular 

phospholipids changes during normal and preeclamptic placentas, which are 

explored using preparative TLC [163, 343-346] [308, 347-350] [300]. Using 

Arabidopsis thaliana as a model, glycerolipids profiles related to plant development, 

physiology, and genetics have been studied using polar lipid extracts and preparative 

TLC analysis and GC [351] [352]. Selective binding between phospholipids and 

silica gel was investigated using thin-layer chromatography combined with MALDI-

TOF-MS and 31P-NMR [353]. TLC and Coomassie staining were used to prepare 

lipidomics samples quickly and efficiently [354]. The first step was to prepare TLC 

extracts for LC-MS analysis [355]. Combining TLC with nano MALDI MS with 

ionic liquid stabilisation allowed efficient separation, detection, and identification of 

oligosaccharides [356]. TLC was also used to separate neutral oligosaccharides, 

highlighting its utility in separating complex carbohydrate mixtures [357]. Also, the 

power of TLC in carbohydrate analysis has been demonstrated by coupling it to 

matrix-free  MALDI MS [358]. Together, these studies demonstrate the diverse 

applications of preparative TLC in carbohydrate analysis, including acidic 

carbohydrates.  

Many publications provide deeper insights into lipid separation using preparative 

TLC [342, 359-364]. Two examples of eliminating the scraped silica from lipid 

extracts are using a chromatographic short column packed with long-chain 

carbohydrates reverse phase (C18-Sep-Pak) cartridges [342] or using anhydrous 

sodium sulphate [360] as a drying agent. These approaches commonly purify lipids 

using preparative TLC and eliminate silica contamination from scraped samples. 

Scraped silica gel is usually used to extract gangliosides using chloroform-methanol. 

Methanol concentrations in the extraction solvent are favourable for higher 

ganglioside recovery. As a result, gangliosides are contaminated with more silica gel 



 

174 

 

when methanol is used as a solvent. This dilemma limits ganglioside purification 

with preparative TLC. With a short reverse-phase column and C18 Sep-Pak 

cartridge, salts and other nonlipid contaminants can be removed from gangliosides. 

Protein contaminants can be removed using liquid-liquid extraction. The TAG 

fraction can be separated from these contaminants using preparative TLC. Fresh 

anhydrous sodium sulphate is added at all filtering stages to eliminate silica, but it 

can affect lipid weight accuracy [342]. A preparative TLC method has been used to 

analyse integumentary lipids in mammals with hexane, ether, and acetic acid as the 

mobile phase. The TLC plate can be resolved into four distinct bands: sterols, free 

fatty acids, trans fatty acids, and sterol esters/wax esters/squalene, although this is 

not always possible as sterols and waxy esters are not always separated. However, 

these bands can be separated using a different mobile phase (isooctane: ethyl ether). 

A poor TLC separation can be caused by chamber conditions, seal quality, 

equilibration time, and chamber cleanliness. These factors must be controlled for 

consistent and high-quality TLC separations and data. 

3.2.1.1 Rationale 

This study quantitatively uses high-performance (HP) preparative TLC to separate 

individual lipid bands. Separating placental and plasma total lipid extracts is to 

observe a more detailed lipid profile. This study aims to map the lipid composition 

of the placenta and link it to potential biomarkers of placental inflammation and, 

similarly, analyse plasma. As in Chapter 2, the COVID-19 pandemic impacted 

experimental planning, focusing on TLC overcoming laboratory access limitations. 

3.3 Materials and Methods  

3.3.1 Reagents, materials and equipment 

All reagents, materials and equipment used for the work described in this chapter are 

summarised in Table 3.1 

3.3.1.1 Samples and Ethics 

All sample and ethical approval as described in Chapter 2, section 2.3.1  
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3.3.2 Tissue/blood processing and lipid extraction 

Lipid extraction by Bligh and Dyer methods is summarised in Chapter 2.  

3.3.3 Preparative TLC Experiment run 

3.3.3.1  Preparative TLC plate preparation experiment 

The total dry mass of lipids in each run of preparative TLC is equivalent to 12-14 

mg. Once the plate is ready, the total lipid extract is applied. The first step in 

preparing a plate is drawing its lines, twice washing it, and oven activation at 180 

°C. Plate line drawings show solvent front lines at the bottom and top of the plate. In 

the preparative HP-TLC at the start baseline, thirty-five millimetres wide markings 

are spaced one by one continuously. With a soft pencil and a micro ruler, draw 30 

strips of 5 mm depth. Once all line drawings are done, the plate is ready for a solvent 

wash in the tall glass tank with a glass lid using a 50 ml (50:50 v/v) ratio of methanol 

and chloroform as wash solvent. Once the plate has dried off in the fume hood,  a 

minimum of two hours at 180 °C is required for activation. Plates can remain at 50 

°C until use. Standards are applied 5-8 ug per 5 mm allocated space, and for samples, 

40 ug per 5 mm allocated slot, continuously applying small volumes up to thirty 

times/space. Preparative TLC uses the sample glass plate coated with silica 

stationary phase as the typical TLC Plate, but they are twice the size. It separates 

lipid bands during the mobile phase run liquid phase separation and offers each band 

scraping analysis after comparison to the reference classic TLC strip of total lipids.  

Bio-Rad Scanner white calorimetric filter resolution 600 pixels black and white 

image ready for publication saved as jpeg/tiff on the computer file folder. The TLC 

silica gel-coated glass plates contain a fluorine metal (F254) binder purchased from 

Merk UK. The preparative TLC plate size is 20 cm x 20 cm. A total of 1200 ug/ul 

for all samples in this study, making a 10 mg/ml concentration. The 12 mg of dried 

lipid extract reconstitutes into 1200 µl of chloroform) and distributes across the plate 

in a continuous line, covering 30 slot spaces as shown in the diagram below (Figure 

3.1). The plate runs first in the acidic mobile phase for 3 hours until the solvent front 

reaches the plate line's top. The total lipid sample is 1200 µL application dropwise 

per loading capacity of 40µg. These 30 wells at 40 µg/well of the same sample form 

into one long lipid lane, which separates into 7 bands as described in Chapter 2.  Once 
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the run is complete, the plate is placed into an iodine-deep glass tank for the iodine 

vapours to work. Once the sublimation of the iodine fumes develops a deep yellow 

colour on the large plate, the plate is removed. With soft pencil circle markings, each 

lipid band as the iodine staining is reversible, and the yellow colours disappear once 

they are out of the iodine tanks. 

 

Figure 3:1 Images hand-made starting from the left-hand side smaller size 10x10cm 
TLC plate line drawing, the middle is the large plate of 20x20cm for preparative 
high-performance HP-TLC for iodine staining and silica scraping for individual 
bands, and last is the incubation tank with solvent and TLC Plate in it during 
development and saturate fumes fill up the tanks.  

3.3.3.2 Lipid band collection and extraction 

Iodine granules are used to saturate the glass tank with iodine fumes to enable the 

reaction and colour change of the separated lipid species. Iodine vapours are highly 

reactive to organic compounds that contain saturated single carbon-hydrogen (C─H) 

bonds and unsaturated carbon-hydrogen double (C=C) bonds in fatty acids chains of 

hydrocarbons and molecules such as polysaccharide glycans or glycolipids. The TLC 

plate remains inside the iodine tank and waits until the colour changes and the bands 

appear. The plate is carefully removed with gloved hands and gently placed onto a 

clean bench when the colour changes. The lipid bands are gently circled with a soft 
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pencil. A scalpel blade is used to scrape each band from silica off the plate into the 

silver foil, which is then gently transferred to a glass tube with a glass funnel to avoid 

silica powder overflow. The scraped silica is then washed with a polar solvent of 1 

ml of methanol, ready for extraction. After scraping from the large preparative TLC 

plate, the single band samples named band one (b1), band two (b2), band three (b3), 

band four (b4), band five (b5), band six (b6), and band seven (b7) were stored at -20 

°C in 1 ml of methanol for up to 7 months during the COVID-19 lockdowns. Samples 

were then re-extracted using the Bligh and Dyer method for this extraction process, 

as described in Chapter 2.  

3.3.4 Bioanalytical TLC  

3.3.4.1 Preparations of the matrix for MALDI ToF MS  

All extracted lipids were resuspended at 10 mg/ml in chloroform and were applied 

to the MALDI Target (MTP 384 target plate non-polished steel BC 828078, MTP 

target frame III 8074115 Brucker UK Limited, UK). Two different matrix 

preparations - 9AA and 2.5 DHB- were used.  

3.3.4.2 Materials, solvents, standards  

− Preparative TLC plates 10x20cm Merck UK TLC Silica gel 60, Glass plates. 
Isopropanol, Acetonitrile, ACS reagent, ≥99.5%, Sigma Aldrich MSD UK. 

− MALDI Matrix: 9 Aminoacridine (9-AA) hemihydrate - Acros Organics (Morris 
Plains, NJ) 98%, 2,5-dihydroxybenzoic acid (DHB)- Fluka Germany.  

− Lipid standards Avanti Polar Lipids, (Inc. USA) 1 ml to 2.5 ml stocks at 
concentration [10 mg/ml]-then working standards diluted with pure chloroform 
CHCL₃ [1mg /ml]. 

− Chloroform 34854 2.5l Sigma-Aldrich UK with ethanol stabilizer amylene 
99.9%. Chloroform 650471 1L purity 99.9% for residue analysis 0.5-1% ethanol 
stabilizers.  Methanol 34885 2.5L 99.9% HPLC-MS Grade Sigma-Aldrich UK. 
Nitrogen Genie  

− British GAS BOC unit 1066, compressed gas, G20ec 231-783-9, 300 15°C. Glass 
Vials (1.5ml) Fisher Scientific 

− HPLC-certified 1343-9748 blue inserts tops.  
− Special Hamilton glass syringes (5µL, 10µL, 50µL, 100µL) purchase Cole 

Palmer UK 
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3.3.4.3 Lipid identification 

Different lipid species were first identified by observing TLC relative retention 

volumes, and the MALDI-ToF results were searched against the lipid maps database 

for molecular weight masses in positive and negative ions to assign the chemical 

structure. The negative and positive ion spectra were then compared to the results 

from an in-depth literature search study, including published supplementary data 

results, to build the mass assignment tables. 

3.3.4.4 Data analysis 

Statistical analysis was done with one-way ANOVA, Kruskal-Wallis and Dunns 

non-parametric pairwise multiple comparisons. Data plots presented in this work 

were plotted using GraphPad Prism version 10.1.2 (324). 

3.4 Results of Preparative TLC Lipid Bands  

 

Figure 3:2 Figure: Literature example of lipid bands molar concentration [g/mol] 
elution using high-performance liquid chromatography with mass spectrometry, LC-
MS, electrospray ESI mass spectrometry and MALDI imaging mass spectrometry. 
The order of elution of lipid groups as molar mass distribution of compounds was 
extracted from lipoproteins with apolar (non-polar) solvents. The ranges of molar 
masses are caused by a different fatty acid composition (ranging from palmitic acid 
16:0 up to arachidonic acid 20:4). The lysophosphatidylcholine Lyso-PC, 
triacylglycerides TAG, cholesteryl esters, only a few studies have been done in 
which DHB was used as MALDI matrix (Leopold et al. 2018). In another study, 
apolar lipid constituents like diacylglycerol (DAG), Triacylglycerol (TAG), sterols, 
and cholesteryl esters were determined by MALDI-TOF MS (Holcapek et al. 2015). 
A study by Zaima et al. showed that cholesterol linoleate and cholesterol oleate in 
human and mouse lipid-rich regions were determined by imaging mass spectrometry 
using DHB as a matrix (Zaima et al. 2011). 
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Figure 3:3: Schematic of preparative TLC using a larger plate (top left) with 
pencilled-in yellow lipid bands after iodine granules development (top right) that are 
then scraped off, solvent extracted, dried and run on the bioanalytical TLC plate 
alongside quality control samples (smaller bottom plate). 
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Figure 3:4: Overview of lipid extraction of silica scrapings. 
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Figure 3:5: Preparative TLC plate with applied total lipid extract in the acidic mobile 
phase (left tank). Then, after drying, the TLC plate is placed into the iodine tank 
(right tank) for the iodine vapours to saturate the lipid bands and observed change of 
colour to yellow/light brown, enabling each lipid band to be marked by soft pencil 
to identify an area for scraping. 

                                        

 Figure 3:6: Schematics of preparative TLC after developing lipid bands with iodine 
vapour marking each band region with a soft pencil, the scraped silica from each 
band is transferred to separate glass tubes and stored in 1 ml methanol at -20°C to 
preserve lipid integrity until ready for lipid extraction. Each tube is labelled with the 
sample number (e.g. 1578) and corresponding band number (b1 – b7). 

 

Figure 3:7: Example of preparative TLC – staining and scraping of discrete lipid 
bands into glass tubes and then preserved overnight in 1 ml methanol at -20°C, ready 
for further processing the next day. 
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Figure 3:8: Schematic of lipid extraction from scraped silica lipid bands. After evaporating the initial methanol stored scraping using nitrogen, 
samples were extracted repeatedly per the Bligh & Dyer method, as summarised in this figure.
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Figure 3:9: Sample drying using a gentle stream of nitrogen gas initially from a large 15ml glass that held scraping/methanol through to smaller 
vials used for lipid extraction by the Bligh & Dyer method. The weight of the small vials is recorded before and after each extraction/reconstitution 
step. The final lipid extract is dried with nitrogen, weighed in a pre-weighed final glass vial, and reconstituted to 10mg/ml concentration with pure 
chloroform ready for analytical TLC and MALDI TOF MS analysis.
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Figure 3:9: Bioanalytical TLC quality control of the preparative TLC lipid bands 
before MALDI ToF MS Once the quality of the sample is confirmed, the lipoid 
extract is dried and resuspended in the matrix. After thoroughly resuspending, the 
sample in the matrix is applied to the target for mass spectrometry.    

3.4.1 Results from Preparative TLC 

After Dr Lopalco taught the basic principles and procedures of preparative TLC 

(Figure 3.15), the next step was to optimise this approach further. It included 

reproducibility of the 7 bands in repeated samples (Figure 3.16 C and F) and tentative 

confirmation of the lipid type represented by various bands (Figure 3.16 D and E). 

Having established the principle of preparative TLC for placental lipid extracts, 

further band characterisation was optimised using different mobile phases (Figures 

3.17, 3.18 and 3.19). 
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Figure 3:10: Photographic overview of laboratory experimental work of silica scraping in preparative TLC. Results from Preparative TLC
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3.4.2 Results from Preparative TLC 

 

Figure 3:11: Illustrations of preparative TLC drawing the line with sample wells (A). 
After iodine incubation, each lipid band changes colour to yellow (reference lane B, 
iodine stains yellow makes circulated with soft pencil C ), scraped yellow bands 
black and white plate scanned using Bio-Rad scanner (D) transferred each scraped 
band into glass tube (E) all hand made.  
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3.4.3 Results from Preparative TLC 

Figure 3:12: Silica scraping of total lipid bands using large plate 20x20cm 
preparative TLC, then each scraped lane was solvent extracted as per Bligh Dyer 
Method described previously in Chapter 2. Each separated band was run on 
analytical TLC using acidic and neutral solvents over three experiment sets, as shown 
in experiment1, 2, and 3
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3.4.4 Results from Preparative TLC 

  

Figure 3:13: Preparative TLC Lipid Band 1-4 of the 3 experiments continuing below 
in Figure 3.14 Preparative TLC Lipid Band 5-7run in positive +ve  and negative -ve  
ion mode on MALDI ToF MS in 9AA matrix. 
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Figure 3:14 Preparative TLC Lipid Bands 5-7 of the 3 experiments continuing from 
the previous page, figure 3.13: band 5 and 6/7 run in positive +ve  and negative -ve  
ion mode on MALDI ToF MS in 9AA matrix. 

 

The general observations of preparative TLC purification of lipid bands assignment 

are based on visualisation during analytical TLC and further purity by preparative 

TLC. The MALDI observations allow the assignment of lipid species based on mass-

to-charge ratio, m/z, as qualitative results. The prominent peaks take the hydrolysed 

state's ratio to the native state of lipid as PC only to observe differences in healthy 

versus diseased samples in blood plasma and placenta tissue. 
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Figure 3:15:  (A) Scraped silica bands during the first teaching of the method, 
prepared in methanol and stored at -80C. TLC based on Dr Loplaco TLC B, All 
placenta and plasma sample concentrations are the same throughout this research: 
10mg/ml with 4ul or 8ul applied to TLC, followed by lipid standards at the same 
working concentration [1mg/ml] with aliquots 5ul PI, SM, LPE, LPC, PC, PG, Chol 
and PE, mono-, di-, triglycerides, all run in acidic mobile phase.  
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Figure 3:16 A, B  Dr Lopalco's TLC results in data during her teaching visit to 
Swansea. The A B  shows two repeats of the same placental Cat1351 obese BMI 
samples S1, S2 followed by lipids standards at 1mg/ml 5ul. (B) Dr Lapalco’s visit 
and teaching are included as a TLC reference guide during the original training 
process. (D). The student annotated lipid bands with lipid standards to show how 
they are obtained by cutting off the rest of the plate. Blue oval shapes are used to 
indicate band spreading. Dr Lopalco ran Swansea placenta samples  (P) is the loaded 
placenta total lipid extract at the start line, G: Gangliosides, LPI: 
Lysophosphatidylinositol, LPC: Lysophosphatidylcholine, PI: Phosphatidylinositol, 
SM: Sphingomyelin, LPE: Lysophosphatidylethanolamine, PS: Phosphatidylserine, 
PC: Phosphatidylcholine, PG: phosphatidylglycerol, PE: Phosphatidylethanolamine, 
CL: Cardiolipin, Chol: Cholesterol. 
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Figure 3:17 First result of Preparative TLC band3, band 2, band 1  

3.4.5 MALDI TOF MS analysis of lipids separated with preparative 

TLC.  

Having confirmed that preparative TLC consistently yielded 7 bands that had a 

putative assignment of various lipid families – lysophospholipids LPC, LPI, LPE, 

LSM, SM, and PS, the next step was to provide more information about each of these 

lipid families using MALDI TOF MS. Initial analysis (Figure 3.20) was made with 

samples sent to Dr Lopalco at University of Barri as the MS facility there re-opened 

after first COVID-19 lockdown sooner than the local Swansea University facility 

and this work was in collaboration with them. Further analysis was in Swansea. 

MALDI TOF MS analysis of bands 1, 2, and 3 was run in an acidic mobile phase on 

the analytical TLC and then on positive and negative ion mode MALDI matrix 9AA. 

The lower bands display ganglioside and polar hydrolysed lipid headgroups, moving 

up to observable lipids SM, PI, PS, LPC, PC, and PE, then in neutral mobile phase 

observable cholesterol and triglycerides. The scraped silica bands were not clean 

enough and contained smearing, and masses were different in MALDI due to 

unresolved lipid separation and would need additional separation; however, when 

lipid extracts from healthy placentas were sent to Italy, the total lipid extract well, as 
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comparative approaches to check Swansa samples run by the student. The 

preparative gave some clean separations but with smearing tailing for each band, 

indicating silica contamination and requiring additional clean sample separation. 

Figure 3:18 This is the first identification of lipid bands from preparative TLC and 
MALDI ToF MS results.  Samples were sent to Dr Lopalco laboratory in Italy for an 
initial run of the total lipid extract from the placenta. Dr Lopalco analyses them as 
an introductory identification and guideline towards Swansea data compassion. The 
data in this figure contains data images sent from Dr Lopalco to use as a guide 
towards the data acquisition expected at Swansea Labs. Dr Lapalco’s data figure for 
MALDI ToF mass spectra represents the following: In the middle of the figure, there 
is a preparative TLC strip as a guide for each lipid band eluted, and each lipid band 
scraped from the preparative TLC plates was extracted and run on MALDI ToF MS. 
Beginning from the bottom of the TLC plate strip showing lipid band 1 in negative 
ion mode noted as [M-H]- in DHB matrix Dr Loplaco identified as gangliosides, 
observable in MALDI ToF MS. In Band 2, Dr Loplaco identified lipid groups as 
sphingolipids and phosphatidylinositol PI dominating the mass spectra. It is 
consistent with lipid groups phosphatidylglycerol PG and phosphatidylethanolamine 
PE in lipid band 4 in negative ions. The lipid band 3 was run in positive ion mode 
noted as [M+H]+ Dr Lopalco interpreted it as phosphatidylcholine PC, 
Sphingomyelin SM, Ceramides, which construct a choline headgroup. Cardiolipin 
CL18:2 1478 m/z, possibly band 5 or 6, very visible, cholesterol esters 436.561 m/z, 
cholesterol sulphate 465.76 m/z and other cholesterol derivatives. These derivatives 
would require further analysis to confirm accuracy using electrospray ionisation and 
mass spectrometry. 
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Figure 3:20 shows an example of Preparative TLC  Lipid band 1. Figure 3:19 shows 

preparative TLC lipid band 1 specifically showed that better spectra were obtained 

from normal plasma lipid extracts than pre-emptive. As a result, I used normal 

MALDI and full mass spectra of band 1 from placental (left) and plasma (right) lipid 

extracts in negative ion mode with 9AA as a matrix. A pregnant woman with obesity 

provided both samples, zoomed in to the region 417-716 m/z (top left) of the wider 

placental 1220-1320 m/z (bottom right), 1225-1450 m/z plasma BMI Obese-9AA, 

and glycolipids (sphingolipid bases, saccharolipids, galactosidase, gangliosides, 

ceramides, glucosides). This figure shows the complete mass spectra of band 1 

obtained using an acidic mobile phase during preparative TLC. Using the 9AA 

matrix, MALDI ToF MS was performed in positive ion mode. The top right spectra 

are zoomed in at 400-750 m/z 9AA+ve from the bottom right spectrum. The spectra 

of the silica scrapings from lipid Cath 1351 band 1 are not very clear; they are noisy 

at the lower end, so the purple colour of the top spectra illustrates that the spectra 

from ordinary lipid extraction are better and cleaner than those from preparative TLC 

scraping. A circular peak at 995-1000 indicates triglyceride hydrolysis. I used that 

purposely to show how I can better identify the total lipid extract from normal 

extraction instead of Preparative TLC without further cleanup. 
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Figure 3:21 Preparative TLC identification of lipid band 1, band 2 and band 6/7 Figure 3:21 shows MALDI spectra run at Swansea Labs identified 
lipid bands 1 and top right MALDI mass spectra run and identified by Dr Lopalco Laboroarory in Italy identified as cholesterol sulphate run in 
negative ion [M-H]- and in positive ion mode [M+H]+ identified as 24-methylene-cholesterol sulfate, which also has been observed in Swansea 
labs from placenta and plasma samples run at Swansea on MALDI ToF MS.
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Figure 3:20 Cholesterol derivatives conjugate Cholesterol sulphate or  glycerophosphatydic acid 465 regarding calculations explained later on in 

the MALDI results section  
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Figure 3:21 Cholesterol derivatives conjugate Cholesterol sulphate or glycerophosphatydic acid 465 regarding calculationsThe theoretical 
calculations were done using Excel, and lipid maps were matched. The calculation table for cholesterol sulphate and derivatives is below.  

Common Name: Systematic Name: Lipid Maps ID: Formula:  M (neutral ) Exact Mass 
Calc  m/z 

Positive ion 
[M+H]⁺

Formula:  Negative ion [M-
H ]+e-   (e)= 
0.00054858

Formula:  

Cholesterol  cholest-5-en-3β-ol LMST01010001 (C27H46O) 386.3549  386.354865 387.3621 (C27H47O) 383.3319  (C27H47O)
Desmosterol cholest-5,24-dien-3β-ol LMST01010016 (C27H44O) 384.3392 384.339215 385.3465  (C27H45O) 383.3319  (C27H43O)
7-dehydrocholesterol cholesta-5,7-dien-3β-ol LMST01010069 C27H44O 384.3392 384.339215 385.3465 (C27H45O) 383.3319  (C27H43O)
5,6alpha-epoxy-cholesterol 5α,6α-epoxy-5α-cholestan-3β-ol LMST01010011 C27H46O2 402.3498  402.34978 403.3571 (C27H47O2) 401.3425  (C27H45O2)
24S-hydroxy-cholesterol cholest-5-en-3β,24S-diol LMST01010019 C27H46O2 402.3498  402.34978 403.3571 (C27H47O2) 401.3425 (C27H45O2)
7alpha-hydroxy-cholesterol cholest-5-en-3β,7α-diol LMST01010013 C27H46O2 402.3498 402.34978 403.3571 (C27H47O2) 401.3425  (C27H46O2)
7beta-hydroxycholesterol 5-cholestene-3β,7β-diol LMST01010047 C27H46O2 402.3498 402.34978 403.3571 (C27H47O2) 401.3425  (C27H45O2)
22R-hydroxycholesterol cholest-5-en-3β,22R-diol LMST01010086 C27H46O2 402.3498 402.34978 403.3571 (C27H47O2) 401.3425 (C27H45O2)
27-hydroxy-cholesterol cholest-5-en-3β,26-diol LMST01010057 C27H46O2 402.3498 402.34978 403.3571 (C27H47O2) 401.3425  (C27H45O2)
4beta-hydroxy-cholesterol cholest-5-en-3β,4β-diol LMST01010014 C27H46O2 402.3498 402.34978 403.3571 (C27H47O2) 401.3425 (C27H45O2)
Cholestenone cholest-4-en-3-one LMST01010015 C27H44O 384.3392 384.339215 385.3465  (C27H45O) 383.3319  (C27H43O)
25-hydroxy-cholesterol cholest-5-en-3β,25-diol LMST01010018 C27H46O2 402.3498 402.34978 403.3571  (C27H47O2) 401.3425 (C27H45O2)
24-methylene-cholesterol sulfate 24-methylene-cholest-5-en-3β-ol-3-sulfate LMST05020012 C28H46O4S 478.3117  478.311682 479.3190  (C28H47O4S) 477.3044  (C28H45O4S)
cholesterol sulfate cholest-5-en-3β-yl hydrogen sulfate LMST05020016 C27H46O4S 466.3117  466.311682 467.319 (C27H47O4S) 465.3044 (C27H45O4S)
Cholesterol Ester 18:2 cholest-5-en-3β-yl (9Z,12Z-octadecadienoate) LMST01020008 C45H76O2 648.5845  648.58453 649.5918 (C45H77O2) 647.5773  (C45H75O2)

Name Symbol average mass Relative Atomic Mass Abund.

Carbon C (12) 12.000000 98.9
Hydrogen H (1) 1.007825 99.99
Nitrogen N (14) 14.003074 99.63
Oxygen O (16) 15.994915 99.76
Phosphorus P (31) 30.973763 100
Sulfur S (32) 31.972072 95.02
Sodium Na (23) 22.989770 100
Potassium K (39) 38.963708 93.2
atomic mass unit  (amu) of electron (e)- 0.000549
Acetate ion OAc (C2H3O2-) (C2H3O2-) 59.012756
Methyl group CH3 15.023475
water (H2O) 18.010564
CH2 methyl ketone  group CH2 13.007825
OH Hydoxide group OH 17.002739
SO₄H Sulphate Hydroxide SO₄H 96.959552
Cholesterol (C27H46O) 386.354865
SO₄H+ cholesterol= cholesteryl sulfate C27H46O4S 483.314452
cholesterol sulfate (-H2O) C27H46O4S - (H2O) 18.010564
Cholesterol sulfate negative ion [M-H]- (C27H46O4S) 465.303892
24-methylene-cholesterol sulfate (C28H46O4S) 496.322247
24-methylene-cholesterol sulfate - H2O (C28H46O4S) - (H2O) 478.311683.
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As cholesterol elutes with triglycerides first during neutral mobile phase TLC, it 

ranks lowest on the plate. Acidic mobile phase TLC elutes cholesterol last on the 

spot 6/7. MALDI detects cholesterol only as cholesterol esters, sulphates in negative 

ion mode or cholesterol esters since cholesterol does not ionise well. Cholesterol 

sulphate in acidic solvent elutes band 6/7 and cholesterol and triglycerides. 

Cholesterol elutes in the neutral mobile phase in band 2, showing MALDI Mass 

spectrum of attentive assignment (See table below) of phosphatidic acid PA, 465.303 

m/z and or a cholesterol sulphate 465.642 m/z, 468.216 m/z, 475.134 m/z, 479.76 

24-methylene-cholesterol sulphate m/z, cholesterol with ammonium ion (NH4+) 

427.327 m/z, with TLC plates placenta total lipid extract samples showing the 

presence of cholesterol standard and mix of triglycerides (monoglyceride, 

diglyceride and triglycerides) standard. 

The theoretical calculations were done using Excel, and using lipid maps were 

matched. The calculation table for cholesterol sulphate and derivatives is below.  
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Figure 3:22 Gangliosides and cardiolipins in placental lipid extracts samples  GDM/Obese 1614, -ve ion 2ul+20ul 9AA rep1 0:K10 MS Ganglioside 
and Cardiolipins in the placenta in negative ion 9AA, DHB 
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Figure 3:23 Gangliosides and cardiolipins in plasma lipid extracts analyses in negative ion mode with -ve 9AA matrix. Non-pregnant plasma (n = 
3) versus pregnant plasma (n = 3 – one each of healthy weight, obese and GDM). 
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3.4.6 LPC and PC analysis in plasma and placental total lipid extracts. 

As expected, there are big differences in the total lipid extract of placental tissue 

versus plasma. Plasma is rich in low-density lipoproteins, and tissue contains less 

depending on the patient's BMI. Plasma contains cholesterol and lipoproteins, so the 

dried lipid extract was always much bigger than from the placenta. There were purity 

challenges with smearing on TLC and noisy MALDI spectra.  

As MALDI TOF MS clearly showed several different species of PC and LPC in the 

biological samples of interest, and there was wider interest in the research group in 

using this ratio to reveal overall inflammation status, further analysis of this using 

total lipid extracts was made. All mass spectral data, focusing on calculating the PC/LPC 

ratios, are included in the Excel tables attached in the appendices. Smaller tables represent 

the plotted graphs of the PC/LPC m/z intensities values and the average of each total lipid 

extra placenta or plasma of three repeats. Because of matrix ions, the MALDI ToF MS 

technique is known for its high chemical noise' in the mass spectra below 400 m/z. So, some 

low molecular weight dissociating fragments of phospholipids that occur during the in-

source ionisation could not be identified. Still, we can observe some useful peaks in the low 

mass range, which are identified and compared through the literature in the negative ion 

Excel table in the MALDI result chapter and observable peaks in negative ion [M-H]- are 

highlighted in the green column in the excel table presented in the MALDI result chapter. 

3.4.7 Lipid bands identification on MALDI  

Calculations used in this study of total lipid extract used to calculate the relative 

percentage ratio using hydrolysed lysophosphatidylcholine LPC to native form 

phosphatidylcholine PC was adapted from literature by Angelini R. et al., 2014  and 

it using “intact horse serum for the determination of the PC/LPC by MALDI-TOF 

MS as “an easy-to-follow lipid biomarker of inflammation” (562-564) In addition 

the publication by Lopalco P. at al. 2016 (565), Lopalco P. et al. 2019 (566), Lopalco 

P. et al. 2019 (567), Eibisch M. et al., 2011,(223) Le Bon A et al.,2018,(568)  
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3.4.8 Explaining calculation steps include tables with annotations 

The theoretical calculations were done using Excel, and using lipid maps were 

matched. The calculation table for cholesterol sulphate and derivatives is below.  

Using each element's atomic masses, then showing how the PC LPC theoretical 

literature masses versus observed in experiments study then calculated for positive 

ion mode using Lipid Mass Tables check and excel individual input as lipid maps do 

not include mass of the electron (e⁻)  in the negative ion mode [M-H]-, In mass 

spectrometry measurements, the notation of mass accuracy error is denoted as parts-

per-million (ppm, 10−6), parts-per-billion (ppb, 10−9), parts-per-trillion (ppt, 

10−12) and parts-per-quadrillion (ppq, 10−15)   
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Figure 3:24  Peaks list adapted from literature by Angelini 2014 theoretical mass m/z Spectrum: E:\Edyta Placenta flex analysis all data 22 04 

2021\Positive ion mode  1mgml\CAT1315[10mg-ml ] 

                                                           
Figure 3:25  Showing 3 repeats, then put each intensity versus sample identity in GraphPad using sample identification type and maldi calculate 

the average intensity of the repeats to plot for each 

PC/LPC [M+H]+
Experimental m/z 

[M+H]+
Experiemntal SD 

error
Matched 

Mass Scienetific notation
numeral  
notation

LPC 16:0 (+H+) 496.3398 496.3800 0.04 496.3398 0 LPC 16:0 C24H50NO7P [M+H]+ 8.09E-11 (+/-) 8.1 ppt
LPC 16:0 (+Na+) 518.3241 518.4305 0.16 518.3217 0.0024 LPC 16:0 C24H50NO7PNa [M+Na]+ 2.10E-10 (+/-) 2.1 ppb
LPC 18:2 (+H+) 520.2905 520.3860 0.05 520.3398 0.0493 LPC 18:2 C26H50NO7P [M+H]+ 8.88E-11 (+/-) 9 ppt
LPC 18:1 (+H+) 522.1672 522.4241 0.08 522.3554 0.0362 LPC 18:1 C26H52NO7P [M+H]+ 1.32E-10 (+/-) 1.3 ppb
LPC 18:0 (+H+) 524.2854 524.4047 0.03 524.3135 0.0281 LPC 20:5 C28H48NO7P [M+H-H2O]+ 1.74E-10 (+/-) 2 ppb
LPC 18:2 (+Na+) 542.3241 not observed N/A 542.3241 0 LPC 20:5 C28H48NO7P [M+H]+ N/A N/A
LPC 18:1 (+Na+) 544.2672 544.3913 0.05 544.3164 0.0492 LPC O-18:2 C26H52NO6PK [M+K]+ 1.38E-10 (+/-) 1.4 ppb
LPC 18:0 (+Na+) 546.3554 546.3840 0.02 546.3530 0.0024 LPC 18:0 C26H54NO7PNa [M+Na]+ 5.67E-11 (+/-) 6 ppt
PC 16:0/18:2 (+H+) 758.5694 758.6673 0.12 758.5694 0 PC 34:2 C42H80NO8P [M+H]+ 1.29E-10 (+/-) 1.3 ppb
PC 16:0/18:1 (+H+) 760.5851 760.5850 0.15 760.5851 0 PC 34:1 C42H82NO8P [M+H]+ -1.72E-13 (+/-) 2 ppt
PC 16:0/18:2 (+Na+) 780.5538 780.6207 0.06 780.5514 0.0024 PC 34:2 C42H80NO8PNa [M+Na]+ 8.88E-11 (+/-) 9 ppt
PC 16:0/18:1 (+Na+) and PC 16:0/20:4 (+H+) 782.5694 782.6326 0.06 782.5670 0.0024 PC 34:1 C42H82NO8PNa [M+Na]+ 8.38E-11 (+/-) 9 ppt
PC 18:0/18:3 (+H+) 784.5851 784.6526 0.07 784.5851 0 PC 36:3 C44H82NO8P [M+H]+ 8.61E-11 (+/-) 9 ppt
PC 18:0/18:2 (+H+) 786.6454 786.5303 0.28 786.6007 0.0447 PC 36:2 C44H84NO8P [M+H]+ -8.95E-11 (+/-) 9 ppt
PC 16:0/20:4 (+Na+) 804.5749 804.6244 0.08 804.5514 0.0235 PC 36:4 C44H80NO8PNa [M+Na]+ 9.07E-11 (+/-) 9 ppt
PC 18:0/18:3 (+Na+) 806.5694 806.6303 0.06 806.5670 0.0024 PC 36:3 C44H82NO8PNa [M+Na]+ 7.85E-11 (+/-) 8  ppt
PC 18:0/18:2 (+Na+) 808.5851 808.5834 0.22 808.5827 0.0024 PC 36:2 C44H84NO8PNa [M+Na]+ 8.70E-13 (+/-) 9 ppt

Agelini 2014 Theoretical Mass - from lipid Maps 

Edyta Actual MALDI 
Observed mass m/z 

[M+H]+ in 
Healthy_Placenta_

Standard 
deviation of 3 
reps of each 

sample 

lipid maps

Positive ion mode with added aducts hydrogen and sodoim
Calculated  relaive mass acucracy 
parts per million (ppm) (Mm-Mt) / 

(Mt x10‾⁶)
Lipid 
maps 

relative  
error

Name Formula
 Positive ion 

[M+H]⁺

Sample ID Observed  m/z Intens.  S/N set to 9 Sample ID Observed  m/z Intens.  S/N set to 9 Sample ID Observed  m/z Intens.  S/N set to 9 

CAT 1315 - 1st rep 496.3458259 124346 33.72302933 CAT 1315 - 2nd rep 496.4157953 99018 32.56718082 CAT 1315 - 3rd rep 496.4260453 89273 32.30956681
518.4447797 144043 38.38645235 518.504833 289057 99.51168153 518.5104347 374103 140.7706944
524.3846068 54754 13.54751328 524.455741 91504 30.55715802 524.4646696 86971 31.68918633
758.5348193 70576 18.33304141 758.609914 44198 15.84675108 758.6214921 76751 32.35866334
760.5565502 73689 19.29504323 760.6227814 50089 18.25636366 760.634539 43026 17.20714171
780.5278378 30795 6.050805606 782.6113365 46923 17.00050467 780.5974413 36134 13.76007554
782.5404357 83966 23.51700769 784.6252659 31350 10.47010682 782.622494 36186 14.07244039
784.5525036 55515 14.26512351 786.6449423 26559 8.461043948 784.5820945 30138 11.24903581
786.360054 37298 8.34119908 808.6290446 20973 6.228147739 786.650872 35793 13.88897511
804.5285507 30289 6.233222843 804.6245588 19018 6.161309706
806.5491321 38687 9.041291154 806.6223239 20093 6.671725299
808.5556786 35553 7.993364733 808.6290446
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  Figure 3:26  In Graph pad, when you do the plots, then use one-way non-parametric test Kruskall 
Wallis One way Anova to compare between each group and eal liner parallel, and gives you an idea of standard error as per table. 

  

Figure 3:27Performing calculations in Excel for PC/LPCacquired spectrum: E:\Edyta placenta flex analysis all data 22 04 2021\Positive ion mode 
[10mgml] \CAT1315 in order to get the average of three replicas per each sample to have a data point to plan on GraphPad. Flex Analysis copied 
data to Excel Intensities  6x10-4 - 1x10-5. First, all sample intensities data, acquired at least three times signal to noise 3 S/N and already method 
preset to S/N=9, Observed Intensities  6x10-4 - 1x10-5 LPC and PC m/z  in MALDI ToF MS. Fully annotated based on normal extraction rather 
than preparative TLC as the samples were smearing and gave unclean spectra. 9AA matrices are weak bases, while DHB matrices are weak acids 
well known in literature and mass spectrometry, providing a stronger enhancement signal. Several other matrices can be used. The matrix might 
help with ionisation but also depresses the signal by causing a matrix effect. See Figure 3.29 for the results of the placental work. 

Plasma Groups BMI Samples Std. 
Deviation 

Std. Error 
Mean

Lower 
95% CI

Upper 95% 
CI

Control (Non-Pregnant) n=7 2.357 0.891 0.1984 4.559
Healthy BMI n=10 1.411 0.4463 3.443 5.462
Obese BMI n=10 1.824 0.5767 2.047 3.618
GDM BMI n=10 2.377 0.7518 5.462 7.019

Graph Pad Prism Group comparison Kruskal –Wallis's test descriptive statistics Anova results 

Placenta Plasma 10 [mg/mL] 
MALDI ToF MS

Peak intensities 3 
repeats per 
sample

LPC 16:0 (+H+) 
496.3398 m/z 

LPC 16:0 (+Na+) 
518.3241 m/z

LPC 18:0 (+H+) 
524.2854 m/z

LPC 18:0 
(+Na+) 
546.3554 

PC 16:0/18:2 
(+H+) 
758.5694 m/z

PC 16:0/18:1 (+H+) 
760.5851 m/z

PC 16:0/18:2 
(+Na+) 
780.5538 m/z

PC 16:0/18:1 (+Na+); 
PC 16:0/20:4 (+H+) 
782.5694 m/z

PC 18:0/18:3 (+H+) 
784.5851 m/z

PC 18:0/18:2 
(+H+) 786.6454 
m/z

PC 16:0/20:4 
(+Na+) 804.5749 
m/z

PC 18:0/18:3 
(+Na+) 806.5694 
m/z

PC 18:0/18:2 
(+Na+) 808.5851 
m/z

∑LPC ∑PC ∑PC/∑LPC  Average 
of 3 
Replicat

496.3458 518.445 524.385 0 758.535 760.557 780.528 782.540 784.553 786.360 804.529 806.549 808.556
Sample refernce Intensity 3 reps Intensity 3 reps Intensity 3 reps Intensity 3 reps Intensity 3 repIntensity 3 reps Intensity 3 reps Intensity 3 reps Intensity 3 reps Intensity 3 reps Intensity 3 reps Intensity 3 reps Intensity 3 reps Intensity 3 reps
CAT1315 tissue 1st repeat 56724.000 78882.000 26690.000 0 30404.000 30404.000 0 35993.000 23123.000 20321.000 23123.000 20321.000 0 162296.000 183689.000 1.131814709
CAT1315 tissue 2nd repeat 119748.000 233643.000 66810.000 0 53608.000 53608.000 0 64682.000 0 38278.000 44770.000 0 0 420201.000 254946.000 0.606723925
CAT1315  tissue 3rd repeat 124346.000 144043.000 54754.000 0 70576.000 73689.000 30795.000 83966.000 55515.000 45256.000 30289.000 38687.000 35553.000 323143.000 464326.000 1.436905642 1.0585
CAT 1487 tissue 1st repeat 38869.000 125406.000 33240.000 0 41448.000 40984.000 38880.000 57361.000 37114.000 42285.000 36260.000 41085.000 0 197515.000 335417.000 1.698184948
CAT 1487  tissue 2nd repeat 40885.000 135198.000 33085.000 0 42307.000 46486.000 41093.000 62994.000 42997.000 47210.000 63405.000 42652.000 38543.000 209168.000 427687.000 2.044705691
CAT 1487 tissue 3rd repeat 37614.000 82551.000 25422.000 0 46290.000 49174.000 45448.000 69266.000 46050.000 47697.000 68296.000 44974.000 37828.000 145587.000 455023.000 3.125437024 2.2894
CAT1489  tissue 1st repeat 55519.000 201886.000 50850.000 0 59941.000 59670.000 64685.000 84422.000 59596.000 63845.000 74687.000 60410.000 48863.000 308255.000 576119.000 1.868968873
CAT1489  tissue 2nd repeat 40843.000 113665.000 36076.000 0 68062.000 59981.000 62598.000 92559.000 62004.000 62604.000 77243.000 68849.000 53076.000 190584.000 606976.000 3.184821391
CAT1489 tissue 3rd repeat 37614.000 9300.000 0 0 0 0 3967.000 0 0 0 0 0 3875.000 46914.000 7842.000 0.167156925 1.7403
CAT1494 GDM  tissue 1st repeat 65572.000 179767.000 42768.000 0 42813.000 39627.000 0 44020.000 35670.000 60656.000 34258.000 0 0 288107.000 257044.000 0.892182418
CAT1494 GDM tissue 2nd repeat 56068.000 150021.000 35464.000 0 33654.000 33743.000 0 39585.000 28397.000 0 0 0 27866.000 241553.000 163245.000 0.675814418
CAT1494 GDM  tissue 3rd repeat 43424.000 66296.000 22144.000 0 32860.000 31125.000 0 37667.000 29876.000 24358.000 25956.000 22351.000 0 131864.000 204193.000 1.548512103 1.0388
CAT1496 GDM  tissue 1st repeat 42548.000 0 0 0 0 0 0 0 0 0 28858.000 0 0 42548.000 28858.000 0.678245746
CAT1496 GDM  tissue 2nd repeat 13232.000 29145.000 0 0 0 12553.000 0 16253.000 0 12369.000 11680.000 0 0 42377.000 52855.000 1.247256767
CAT1496 GDM  tissue 3rd repeat 18984.000 52498.000 14548.000 0 0 18014.000 0 24546.000 16472.000 18084.000 19538.000 0 0 86030.000 96654.000 1.123491805 1.0163
CAT 1515 plasma 1st repeat 206092.000 88147.000 45080.000 0 563857.000 262922.000 59336.000 171545.000 135651.000 154860.000 20087.000 82301.000 42675.000 339319.000 1493234.000 4.400679007
CAT 1515  plasma 2nd repeat 254982.000 78402.000 51267.000 0 59655.000 336607.000 77054.000 230273.000 172829.000 192736.000 24549.000 104023.000 59864.000 384651.000 1257590.000 3.269431251
CAT 1515 plasma 3rd repeat 290603.000 56628.000 17263.000 0 67884.000 387732.000 90133.000 264363.000 191738.000 223664.000 28572.000 120243.000 69999.000 364494.000 1444328.000 3.962556311 3.8776
CRF424 NP plasma 1st repeat 220318.000 48130.000 67000.000 0 194734.000 143014.000 69771.000 91280.000 63961.000 101428.000 17251.000 66193.000 59397.000 335448.000 807029.000 2.40582445
CRF424 NP  plasma 2nd repeat 152572.000 28209.000 48304.000 0 116925.000 88675.000 55614.000 65623.000 44239.000 63728.000 0 43510.000 44785.000 229085.000 523099.000 2.283427549
CRF424 NP plasma 3rd repeat 210147.000 33987.000 70493.000 0 17260.000 129919.000 69220.000 84821.000 63360.000 97561.000 0 60347.000 57026.000 314627.000 579514.000 1.841908037 2.1771
CRF458 NP  plasma 1st repeat 176967.000 381973.000 100594.000 0 145017.000 93548.000 36517.000 69645.000 50678.000 62326.000 0 25114.000 25009.000 659534.000 507854.000 0.770019438
CRF458 NP plasma 2nd repeat 173898.000 350136.000 91124.000 0 170385.000 109386.000 50390.000 91374.000 63797.000 75419.000 23043.000 34778.000 34723.000 615158.000 653295.000 1.061995455
CRF458 NP  plasma 3rd repeat 233821.000 356409.000 106710.000 0 23519.000 135219.000 62037.000 103921.000 75752.000 87035.000 25901.000 41557.000 41599.000 696940.000 596540.000 0.855941688 0.896

Edyta Observed LPC ,PC m/z 
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Figure 3:28 The full mass spectra of band 2 from preparative TLC were run using an acidic mobile phase. MALDI TOF -MS analysis was in 
negative and positive ion mode using a 9AA matrix. The top left negative ion mass spectra are zoomed in from the middle left negative ion mass 
spectra; positive mass spectra are shown at the bottom left. 



 

206 

 

 

Figure 3:29 The full mass spectra of band 3 from preparative TLC were run using an acidic mobile phase. MALDI TOF MS analysis was in positive 
ion mode using 9AA or DHB matrix. All top right mass spectra are in positive ion mode with 9AA as the matrix; bottom right mass spectra are in 
positive ion mode with DHB as the matrix.  
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Figure 3:30 MALDI TOF MS analysis of lipid bands 1, 2 and 3 preparative TLC using acidic mobile phase, lipid bands 1, 2 shown are from 
negative ion mode with 9AA matrix confirmed the presence of PI, SM, PS, and sulphatides. Band 3 mass spectra are from positive ion mode with 
DHB matrix showing the LPC and PC peaks. 
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Figure 3:31 MALDI ToF MS analysis of lipid bands 1, obtained on preparative TLC using acidic mobile phase. Bands 1 and 2 mass spectra shown 
are from negative ion mode [M-H]- 9AA matrix and confirmed the presence of hydrolysed lipid groups LPI, LPE, LPC, PA, SM, ceramides, and 
glycolipids presence in obese and GDM plasma and placentas sample
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3.4.9 Results Summary  

This research focused on screening total lipids extracts total lipids from the human 

placenta and maternal plasma without specifically targeted aims to learn and 

investigate lipids as potential biomarkers, creating a whole lipid map of placenta 

lipid content to inform other tissue analysis, for example. The total lipids extract 

enables essential identification of the lipid group species with clear evidence of 

phospholipids subgroups, including the hydrolysed glycerophospholipids such as 

LPC, LPI, LPS, LPE PG, PA, as well as the native glycerophospholipids including 

phosphatidylcholine, phosphatidylethanolamine, sphingosine phospholipids such as 

sphingomyelin, gangliosides, ceramides, PS, PI, and neutral lipids cholesterol esters, 

cholesterol sulphates, and observable fragments of sulphatides, and the mixture of 

triglycerides, that are observable by TLC and assignable by MALDI ToF MS. It is a 

method of investigation for optimisation of detection of all lipids within placenta 

tissue towards further translational and clinical work.  

The main point of this project was to establish a reliable lipid extraction methodology 

that can be adapted and easily understood. As many different lipids have significant 

structural complexity, the methodical and bioanalytical literature approaches explore 

more advanced techniques than those employed here. In the literature, for example, 

many lipid researchers use a mass spectrometry approach to use single-ion or 

multiple-ion monitoring of a specific species of interest. By applying advanced mass 

spectrometry, lipidome researchers can identify the observable lipid functional 

groups with specific diagnostic peaks for structural identification when searching the 

Lipid Maps database, the most respected current academic lipid database with an 

excellent reputation for critically perceived bioanalytical data sets (206, 217, 335, 

401, 405, 505, 511, 569-578).  

This research analysed placental and plasma samples using Bligh and Dyer lipid 

extraction without additional derivatisation or lipid-protein digestion. The reasons 

for not doing that were a slow start on the student's part, lack of organisation and a 

methodical approach with insufficient lipid knowledge at the time, which put these 

techniques out of this research's scope. Nevertheless, accomplishing that in 
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subsequent studies would be helpful as we are likely missing much of the lipoprotein 

components.  

In this research, we have specifically focused on relative PC/LPC ratios, as previous 

literature had suggested that PC/LPC ratios could be used as a simple biomarker of 

adverse events in pregnancy. These ratios were studied with two MALDI matrices 

with different ionisation effects, likely due to the polarity of the matrix molecules. 

The 9AA matrix is a mild base, and DHB is a weak acid known to influence how the 

sample gets ionised, and all ions start travelling simultaneously through the time-of-

flight reflectron mode. DHB is an excellent matrix for positive ion mode as it 

produces low-fragmentation products in phospholipids and enhances detection. 

Samples analysed here were placentas from healthy women, obese women, and 

women with GDM, as well as plasma from the same groups alongside plasma from 

non-pregnant women. PC and LPC measurements were taken in positive ion mode 

to calculate discrepancies, and in negative ion mode, PE, PI, PS, PA, SM, PG, and 

cardiolipin were measured. PE/LPE with PI/LPI were the most intense peaks for the 

calculation ratio in negative ion mode. Within lipid headgroup classes, the relative 

quantitation of ion abundance is correlated with concentration, but ionisation 

efficiencies vary highly between lipid classes, so relative quantitation is unreliable 

without quantitative internal standards. To be able to identify accurately the 

dissociation of the phosphate head group in the glycerophospholipids, a more 

sensitive mass spectrometry technique would be helpful with soft chemical 

ionisation such as atmospheric pressure chemical ionisation or electrospray 

ionisation to confirm the phosphate head group and any expected loss diagnostic 

ions.  

When we compare the two matrices, 9AA is a base, and DHB is acidic, and as the 

matrix produces spectra with varying peak heights, which arises from the 

phospholipids ionising differently in each matrix, we cannot expect the same mass 

spectral intensities for the PC/LPC due to ionisation differences. In the 9AA matrix, 

lipids ionise with lower signal intensity, whereas in the DHB matrix, lipids ionise at 

much higher intensities. However, it does not mean more lipids are in the DHB 

matrix until we run a quantitative calibration curve to determine the ionisation 
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efficiencies of these species with these exact ionisation conditions. Nevertheless, 

since we were primarily interested in determining trends, the lack of absolute 

quantitation information is not a great hindrance. 

Based on this investigation, both matrices are excellent for lipids analysis. A key 

result from these investigations is that negative ion mode for most lipid species is 

generally a very effective tool, apart from the positively charged quaternary 

ammonium ions on the choline and the sphingosine-based lipids. The remaining 

neutral and basic charged lipids, specifically cardiolipin, ethanolamine, inositol, 

serine, phosphatides, glycolipids, and gangliosides, are easily detectable in negative 

ion mode.  

The placental and plasma studies focused on PC/LPC abundance ratios acquired 

from MALDI ToF MS. The PC/LPC of triplicate repeats were averaged to calculate 

the intensity amongst healthy versus diseased groups to observe for any differences 

or similarities. The peak cluster for each phospholipid subgroup in positive and 

negative ion modes is presented to point out that they can be seen in spectra, although 

they have yet to be fully quantified.  

An example of the hydrolysed lipid is LPC and the free hydroxyl group on the 

glycerol's connection to the fatty acid in the sn-2 position makes the molecule prone 

to enzymatic cleavage. In MALDI ToF MS positive ion, the intensity for PC/LPC 

cluster peaks containing several isotopic peaks can be monitored. The most intense 

peak corresponds to PC (758.6, [M + H] +), (760.6, [M + H] +), (780.6, [M + H]+),  

(782.6, [M + H] +), and (810.6, [M + H] +). The sodium adducts PC 758.6 [M+Na] 

contribute to the peaks at 780.6 and 782.6. The polarity and charge state must play 

an important role. This lower sensitivity of MALDI-TOF toward detecting 

phospholipids of higher polarity could make the quantification of individual 

phospholipids in a phospholipid mixture difficult (579) (580).  

With a better visual understanding of lipid separation from the experimental results, 

the next step was to analyse the total lipid extract using MALDI ToF MS. The total 

lipid identification was conducted on normal TLC lipid extracts in negative ion mode 

for most neutral or ionic lipids. Positive ions were used for positively charged groups 

like phosphatidylcholine-based and sphingolipid-based ceramides. Although 
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preparative TLC separated all the bands into smaller bands in the initial and 

secondary observations, there is smearing likely due to silica contamination in the 

lipid extracts or samples containing similar species that were not separated. The 

scraped silica powder would need to be filtered out of the lipid extracts in additional 

extraction steps. As the results of the three independent experiments were similar, 

no further experiments were carried out. However, the next approach should include 

a cartridge solid phase extraction step, avoid preparative TLC, and use high-

performance liquid chromatography HPLC to separate individual lipid bands. Due 

to overlapping lipid groups and clear non-discrimination between the lipid groups, 

the scraped lipid bands (1-6) could not provide sufficient lipid identification for the 

individual species.  

3.4.10 Summarising Preparative TLC Results  

Careful sample preparations are critical for preparative TLC and MALDI analysis. 

In the last ten years, lipid analysis of biological samples has advanced, and 

quantitative approaches are now possible. In this project, semi-quantitative analysis, 

which is still a reliable qualitative method for bioanalytical measurement, was 

performed. When developing and setting up novel methods for total lipid quantitative 

analysis, expert knowledge is a critical priority to have a reliable process and 

instrument, whether MALDI ToF MS or other LC-MS methods are employed. In our 

case, data was reliably acquired from 400 m/z to 2000 m/z, which enabled the semi-

quantitative analysis of total lipids.  

For full, reliable quantitation, an analytical method requires liquid chromatography 

and mass spectrometry using tandem mass spectrometry CID, which requires 

experience with mass spectrometry and understanding lipids. It must rely on 

knowledgeable expertise in preparing, running and analysing this set-up, and the LC-

MS/MS methodology takes time to run or learn. For full quantitation, each lipid 

species needs selective internal standards for the individual lipid headgroups 

(isotopically labelled), which is costly and requires extensive optimisation to find the 

best parameter settings in data acquisition, avoiding the many potential mass 

overlaps that could distort the quantitation.  
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This research study employed MALDI Time-of-flight (ToF) Mass Spectrometry 

(MS) as the primary confirmative of the mass-to-charge ratio for the lipid species. 

Furthermore, with internal standards, a calibration curve should be created for each 

lipid head group. Running samples, with at least triplicate analysis, would take a long 

time to get a reliable and reproducible signal to construct a calibration curve that can 

be relied upon and trusted. There is no fast-paced process for accurate absolute 

quantitation in mass spectrometry. Instead, it is a laborious and time-consuming 

process, which can be inconvenient without enough time or access to the necessary 

equipment. Full quantitative mass spectrometry requires either developing the LC-

MS/MS methods with dedicated instruments or sending the quantitation experiments 

to external laboratories. The experimental and instrumental time was cut short by 

lack of time and COVID lock.  
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Chapter: 4 (MALDI ToF MS) 

Matrix-assisted laser desorption ionisation time of flight mass 
spectrometry  

 

Figure 4:1 Pictorial overview sample crystallization in matrix applying to the target 

4.1 Rationale in the pictorial overview 

In this thesis, we used thin-layer chromatography (TLC) at the analytical and 

preparative scales to extract and separate the lipids from placental tissue and plasma. 

TLC bands can be partially assigned to specific lipid subclasses compared to the 
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literature elution order and profiles, but the more accurate assignment of the lipid 

classes and structures requires more information. MALDI-ToF mass spectrometry 

can provide additional information about the masses of the molecules desorbed from 

the TLC plate bands, and it can sometimes yield further information regarding the 

relative concentration of specific lipids and some fragment ions which helps to 

confirm the class of the lipids. This chapter explains the MALDI-ToF experiment, 

gives details of the sample preparation and acquisition methods, and highlights many 

of the lipid analyses revealed using MALDI-ToF, the TLC bands described in 

chapters 2 and 3. 

4.2 Materials and Methods  

All reagents, materials and equipment used for the work described in this chapter are 

summarised in Table 3.1., sample ethical approval as per Chapter 2, section 2.3.1 

4.2.1 MALDI Sample Preparation  

The sample mixes into the matrix, and tiny spots at an analyte concentration of 0.5 - 

1 µg/µL were applied onto a MALDI target, as shown in the schematic diagram 

(Figure 4.1). Different methods are available for sample preparation, depending on 

the sample, solvent system, and matrix. Different matrices can be tried when unsure 

of what gives us the best signal. Popular peptide analysis requires sample 

evaporation that needs mixing with a matrix on the MALDI target, creating thin 

crystals, as per the literature. The sample spots holding the mixed analyte/matrix 

spots are dried and subjected to MALDI (236, 237). 

4.2.2 Choosing a Matrix  

Experiments used 9-aminoacridine (9-AA) and 2,5-dihydroxybenzoic acid (DHB) as 

matrices. The matrix 9-AA molecular weight MW 194.23 g/mol was used at [0.5 M] 

dissolved in isopropanol with acetonitrile (IPA/ACN 3:2 v/v). DHB MW 154.12 

g/mol was used at [0.5 M] dissolved in methanol (236, 237, 270) (581). In negative 

mode, the 9AA works by deprotonation, whereas protonation in positive ion mode 

adds a hydrogen atom. Most matrices (e.g. Figure 4.2), like DHB, easily donate 
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protons, and 9AA readily accepts them, forming [M−H]ˉ species (223, 236, 237, 563, 

582, 583). 

 

Figure 4:1 Some typical MALDI matrices. The choice of matrix is critical for 
successful MALDI analysis. The key in sample preparation is careful handling to 
prevent contamination of the lipid samples. Sample and matrix integrity depends on 
careful, homogeneous preparation and mixing, vortexing, and speedy spotting so that 
the sample and matrix mixture form large, flat crystals after evaporation of the 
solvent. These crystals absorb light and desorb molecules, and as the initial position 
of the desorption surface determines kinetic energy reproducibility, it is critical for 
spectral mass resolution. For experiments here, all samples were run in triplicate for 
comparability and reproducibility control during method validation (236, 237). 

 
Figure 4:3 Visual diagrams of samples and the MALDI measurements. A) Plasma 

sample total lipid extracts, B) placenta chunks edges, near the centre from placenta 

groups based on  BMI kg/m2 range where healthy range group is within 30 BMI, 

obese 30-60 BMI and GDM 20-60 BMI. Therefore, measured placenta groups in 

image (B) and plasma groups in image (A) were then applied to MALDI ToF MS 

analysis with Matrix 9AA, DHB, on the image (C) and followed by triplicate runs 
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per each lipid extract per group and using the clusters of phosphatidylcholine to 

lysophosphatidylcholine mass to charge ration m/z value on the image (D) base on 

the average ration of the three replicates calculation in excel tablet PC/LPC image 

(E). 

 

Figure 4:2 The three placenta groups, healthy, healthy and GDM, and the total lipid 
extract subjected to TLC analysis before MALDI as the first lipid separation and 
observation site
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4.2.3 Standards:  

All lipid standards were from Avanti Polar Lipids Inc. (Alabaster, AL). As 

purchased, the initial stock concentration of lipids standards was 20 mg/ml in 

chloroform. The 9AA and DHB matrices were purchased from Sigma/Merck 

(Germany).   

4.2.4 Protocol for sample-to-matrix preparation for the MALDI target 

The DHB matrix was weighed and diluted in HPLC-grade methanol to prepare a 0.5 

molar solution. Lipid standard dilutions were made using 99.98% pure chloroform 

to a 10 mg/ml stock concentration and 1 mg/ml working concentration. All samples 

were prepared by weighing the total dried extract and reconstituting it with 

chloroform, homogenisation, extraction, and nitrogen drying. The weights of all 

placenta and plasma total lipid extracts are calculated on recovered weight (mg) and 

reconstituted in solvent volume (ml). Samples were reconstituted with chloroform 

and stored at -20 °C until analysis. Sample preparation consists of taking 10 µL from 

the sample vial using a Hamilton syringe and transferring this sample into the small 

glass insert vial. The nitrogen gas stream dries the 10 µL of the lipid extract until no 

more droplets are visible. Ten microliters of the prepared matrix (0.5 M 9AA or 0.5 

M DHB) are then added to that dried lipid extract and placed on a small vial vortex. 

Immediately after vortexing, 0.5 – 1 µL of the sample was gently applied onto the 

MALDI target and dried. Each sample was spotted three times. The facility manager 

presets instrument parameters and adds a caesium iodide calibrant mixture to a free 

sample spot to ensure instrument calibration is within 5 ppm or better. Internal 

calibration makes higher mass accuracy possible. The signal is acquired and signal-

averaged for each spot for each MALDI mass spectrum until a sufficient signal-to-

noise (S/N) level. S/N of 3 is a general guideline for a peak to be accepted, which 

usually requires approximately five to fifteen laser shots per target spot before 

moving on to the next sample. Each sample data is recorded with reference number, 

matrix, and positive or negative ion mode and saved to a flash drive to open and 

process on the laptop later using a naming convention of year /month /date/sample 

reference/matrix. From the estimated recovery weight of dried lipid extract from the 

placenta tissue, we estimate that total lipid recovery is plus or minus 0.3 – 1 % w/w 
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from a tissue sample and 2 – 4 % w/v from plasma samples. That number takes the 

original wet weight of tissue and compares it to the recovered total lipid extract.  

4.2.5 The instrument  

In this research work, an instrument by Bruker Daltonics Ultra-Flex MALDI ToF 

MS was used and applied to all data acquisition and data processing with the software 

Flex Analysis. The instrument uses a pulsed nitrogen laser, emitting at 337 nm. The 

stable base pressure of the instrument was 1 x 10-6 mbar, and the kinetic energy of 

the ion source was 20 keV. MALDI ToF MS detection was used in reflectron mode 

to enhance the spectral resolution over a flight path of two meters. Positive and 

negative mode ion calibration was performed using CsI clusters over an m/z range 

from 399 – 2000 m/z, and the six masses were selected as a minimum out of ten 

masses to calibrate the instrument for mass accuracy within 1 ppm. After the spectral 

acquisition, internal calibration was reapplied again by selecting the CsI peaks 

applied earlier. The calibration masses are shown in Table A and Table A1  below 

calibrant caesium iodine CsI, which is suitable and sufficient for sample mass 

calibration of the accurate mass of lipids of interest in positive and negative ion 

modes with good reproducibility using the DHB. The 9AA matrix gave moderate 

intensity but not as good as the DHB matrix. The laser power used during CsI 

calibration was ten per cent of the maximum available in the instrument. For lipid 

analysis, the laser was adjusted between 10% and 40% of the total laser power 

available using the instrument control parameters within the MALDI user view 

window. The table contains calibration masses in negative ion mode acquired on 

each running day located at Swansea University Mass Spectrometry Facility NMSF 

calibration masses of caesium iodine (CsI₃ ) used for instrument calibration to run 

lipids in positive and negative ion modes. The exact calibration was applied as 

internal calibration to improve the mass accuracy error to 5 parts per million (ppm). 

All acquired lipid mass spectra were recalibrated in positive [M+H]+ and negative 

[M-H]- ion modes at the acquisition and reapplying calibration to improve mass 

accuracy. Mass accuracy as calculated lipid species PC/LPC in all run batches was 

checked randomly across the whole spectra to obtain part per million relative error 

and standard deviation to justify the analysis accuracy amongst all samples. 
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Figure 4:3 Table A mass spectra of  C Mass calibration Caesium Iodine MALDI  

 

Algorithm: Reference Mass Assignment, Assigned Calibrants: 6 
Mode: ToF Cubic Enhanced, Mass Control List: CsI_Neg, 

Quality Before Calibration: 84.655, Quality After Calibration: 0.008 
Calibrant 1:  Calibrant 4:  
   Calibrant Name: [Cs2I3]    Calibrant Name: [Cs5I6] 
   Calibrant Mass: 646.525 Da    Calibrant Mass: 1425.955 Da 
   Mass Before Calibration: 646.562 Da    Mass Before Calibration: 1426.072 Da 
   Mass After Calibration: 646.525 Da    Mass After Calibration: 1425.955 Da 
   Mass Error: 0.001 ppm    Mass Error: 0.011 ppm 
Calibrant 2:  Calibrant 5:  
   Calibrant Name: [Cs3I4]    Calibrant Name: [Cs6I7] 
   Calibrant Mass: 906.335 Da    Calibrant Mass: 1685.765 Da 
   Mass Before Calibration: 906.395 Da    Mass Before Calibration: 1685.911 Da 
   Mass After Calibration: 906.335 Da    Mass After Calibration: 1685.765 Da 
   Mass Error: 0.004 ppm    Mass Error: 0.007 ppm 
Calibrant 3:  Calibrant 6:  
   Calibrant Name: [Cs4I5]    Calibrant Name: [Cs7I8] 
   Calibrant Mass: 1166.145 Da    Calibrant Mass: 1945.574 Da 
   Mass Before Calibration: 1166.233 Da    Mass Before Calibration: 1945.749 Da 
   Mass After Calibration: 1166.145 Da    Mass After Calibration: 1945.574 Da 
   Mass Error: 0.009 ppm    Mass Error: 0.002 ppm 
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4.3 Results 

This study involves a comparative analysis of total placenta lipids of 94 samples in 

triplicate MALDI-TOF spectra runs per placenta group in positive ion mode and 

negative ion mode in two matrices for a total of 2 x 282 =564 ( in triplicate)  mass 

spectra total of  MALDI mass spectra 1692 acquired and analyzed. The two matrices 

used are 9AA and DHB in positive ion mode for the semi-quantitative analysis of 

LPC to PC relative ratio based on the representative cluster peaks mass to charge 

ratio values m/z for LPC  experimentally observed in MALDI ToF MS mass spectra 

of placenta groups comprising of placentas- healthy, placentas-obese and placentas-

GDM, as well as for plasma groups comprising of non-pregnant plasma group, 

healthy pregnancy plasma group, obese pregnant plasma group and GDM pregnant 

plasma group are shown in comparisons data used from MALDI ToF MS and 

generated plots using software Prism GraphPad starting from comparative placenta 

sides Centre versus edges as a representative in Table 4.1: GraphPad which is 

comparing the PC/LPC ratio at the edges versus the centre of the placenta. Continue 

explaining  

Preparative TLC and analytical TLC analysed 94 combined samples (placentas, 

plasma), run in triplicate in MALDI-TOF mass spectrometry, and recorded by date, 

BMI, and GDM status. The table of these samples is in the Appendix, and all TLC 

and MALDI results are available separately. Representative MALDI mass spectra 

are included in this chapter for discussion. The many mass spectra were analysed by 

comparing the observed mass spectral peaks to the literature reports of lipid mass 

spectral peaks. Table 4.1, below, is typical. In this table, observed positive ion 

[M+H]+ peaks are highlighted in yellow in the last column, and they are assigned 

due to their prior observation in the literature in the referenced papers. The peaks 

were counted as 'observed' in our spectra if detected in 9AA in DHB or. Table 4.2, 

below, also shows the observed mass spectral peaks in negative ion mode, using 9AA 

and DHB as the matrix. In the negative ion spectra, some fragments were also 

observed in the literature in the right column and our peaks (in green), but fragment 

ion masses from the literature marked in red in the right column were not observed 

in our spectra. Table 4.1 and Table 4.2 is shown below. The peak identification 

shown in Table 4.1 is of the positive ion mode  [M+H]⁺m/z  9AA, DHB matrix. By 
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reviewing supplementary data tables showing lipid mass to charge ratios (m/z) 

obtained from tissues, hearts, kidneys, lungs, and placenta with MALDI ToF MS 

Ultra Flex, Brucker observed peaks of positive ions [M+H]⁺ in matrix 9AA, DHB 

based on the literature, using animal and human models and stem cells (103, 503, 

584) (562, 585) (303, 563, 565-567, 585, 586) (Sarbu, M. 2022), (587) Sup Data +ve 

ion DHB [M+H]⁺, [M+Na]⁺, [M+K]⁺ big tables all data for +ve ion and -ve ion saved 

in excel. Effect of MALDI matrices on lipid analyses of biological tissues using 

MALDI‐2 post ionisation mass spectrometry. Journal of Mass Spectrometry (12). 

Generally, DHB yielded better spectra in positive and negative ion mode and showed 

almost twice as many assignable masses compared to the 9AA in positive ion 9AA 

and yielded better 9AA in negative ion mode, and the fragment ion masses visible in 

the negative ion mode were useful to confirm many of the assignments.  

4.3.1 Explained the steps involved in each calculation  

Starting from Excel, create tables in order to get the PC/LPC relative ratio for each 

sample of three repeats. 

First, you acquire data in Maldi ToF Instruments and save it under your folder: 

day/month/year/ sample ID/matrix/ ion mode.  

Then, after acquiring data, you copy the raw data file exported from the USB saved 

from Brucker Flex Analysis, so you can open it on your laptop using the 

FlexAanlysis software previously downloaded. Best use the external portable drive. 

Then, for each sample (three repeats), you export excellent rad data from which you 

pick the intensity values of your LPC and PC as well as the actual mass-to-charge 

values for each LPC PC. Here is the example below:  

Export raw data to Excel: Create a table with your PC/LPC actual experimental mass 

to charge ration m/z in the table highlighted read, measure PC LPC M/Z, and the top 

line is your literature peak mass values, and that helps you to work out SD for each 

sample. 
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Figure 4:4 Analysis explanation working step 1 for cluster peaks PC/LPC on MALDI 
ToF MS showing three replicates per sample      
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Figure 4:5 Explanation working step 2 m/z peaks PC/LPC (Angelini et al.  2014)   

Figure 4:6 Explanation of working step on how to select mass values  m/z versus 
intensities providing single-to-noise ratio is greater than 3 as a minimum for each of 
the three replicates.    

 

Figure 4:7 Explanation of working step 4 calculation in excel using monoisotopic 
masses theoretical mass values for PC/LPC versus compared to Lipid Maps and the 
actual experimental values later on of  three replicates per each sample     

  Positive ion mode [M+H]+  matix 9AA                 m/z
LPC 16:0 (+H+) 496.3398
LPC 16:0 (+Na+) 518.3241
LPC 18:0 (+H+) 524.2854
LPC 18:2 (+Na+) 542.3241
LPC 18:1 (+Na+) 544.2672
LPC 18:0 (+Na+) 546.3554
PC 16:0/18:2 (+H+) 758.5694
PC 16:0/18:1 (+H+) 760.5851
PC 16:0/18:2 (+Na+) 780.5538
PC 16:0/18:1 (+Na+) and PC 16:0/20:4 (+H+) 782.5694
PC 18:0/18:3 (+H+) 784.5851
PC 18:0/18:2 (+H+) 786.6454
PC 16:0/20:4 (+Na+) 804.5749
PC 18:0/18:3 (+Na+) 806.5694
PC 18:0/18:2 (+Na+) 808.5851

Angelini 2014 Literature reference

Experimental m/z SD +/-  (x3 reps) Experimental m/z SD +/-  (x3 reps) Experimental m/z SD +/-  (x3 reps) Experimental m/z SD +/-  (x3 reps)
496.41082 0.03 496.4021 0.01 496.4044 0.00 496.4179 0.00
518.42334 0.007 518.3908 0.01 518.3937 0.01 518.4084 0.02
524.44421 0.04 524.4400 0.00 524.4399 0.00 524.4522 0.01
not observed not observed not observed not observed not observed not observed not observed not observed
544.43433 0.04 544.4100 0.00 544.4109 0.01 not observed not observed
not observed not observed 546.4234 0.01 546.4269 0.01 not observed not observed
758.67447 0.05 758.6655 0.00 758.6662 0.01 758.6849 0.01
760.63825 0.16 760.6821 0.00 760.6422 0.16 760.6597 0.17
780.65938 0.06 780.6530 0.01 780.7799 0.51 780.6723 0.01
782.67565 0.05 782.6706 0.00 782.6715 0.01 782.6890 0.01
784.69237 0.05 784.6870 0.01 784.6882 0.01 784.7053 0.01
786.70743 0.05 786.6712 0.13 786.7053 0.01 786.6493 0.20
804.70638 0.02 804.6541 0.01 804.6594 0.01 804.6877 0.01
806.68295 0.05 806.6739 0.00 806.6758 0.01 806.6941 0.01
808.69086 0.06 808.6908 0.01 808.6947 0.01 808.7088 0.01

GDM pregnant plasmaAll Nonpregnant plasma All Healthy pregnant plasma All Obese pregnant plasma
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 Figure 4:9 Explanation: working step 5 shows how it was created and calculated in Excel of three replicates per 
sample and then used the last column as an average of the three repeat values to plot on  GraphPad. Figure 4:8  Explanation step 6 showing how to 
create a table and what to do from working step 5 in order to plot on GrapHad for every three replicates per each sample and used the average 
intensities calculated in the fourth column in the table following the formula sum of m/z pc intensities divided by sum of the LPC m/z intensities. 
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Additional extra information from researched literature peaks of gangliosides in 
negative ion mode with reference below. They play a dominant part in placenta and 
plasma and cannot be ignored. They are also observed in this research work.  

  

Figure 4:9: Table: An example of negative [M+H]+ and positive [M-H]- ions in the 
DHB matrix of ganglioside identification adapted from literature with permission of 
authors is given in table: Sarbu, M.; Ica, R.; Zamfir, A.D. Gangliosides as 
Biomarkers of Human Brain Diseases: Trends in Discovery and Characterization by 
High-Performance Mass Spectrometry. Int. J. Mol. Sci. 2022, 23, 693 

Below three are two tables in positive ion mode represented by formula [M+H]+ 

where M=mass m/z, [H]+ / [H]- proton and in negative ion mode [M-H]-. The table 

contains this work experimentally observed mass-to-charge ratios m/z  in positive 

ion mode [M+H] with researched literature supplementary data and then compared 

to actual observable m/z ions in this work run in MALDI ToF MS.  

Gangliosides Negative Ions Experimental Mass (m/z)
Theoretical Mass 
(m/z)

Error (m/z)

GM1/GD1-sialic acid (d18:1/18:0M-H 1545.4 1544.9 0.5
GM1/GD1-sialic acid (20:1/18:0)M-H 1573.5 1572.9 0.6
GD1 (18:1/18:0) M+K-2H 1874.5 1874.1 0.4
GD1 (20:1/18:0) M+Na-2H 1886.5 1886 0.5
GD1 (20:1/18:0) M+K-2H 1902.3 1902.1 0.2
GM2 (18:0/18:0) M-H 1385.4 1384.7 0.7
GM3 (18:0/20:1) M-H 1208.3 1207.8 0.5
GM3 (18:1/24:0) M-H 1264.1 1263.8 0.3
m/z (Monoisotopic) Molecular Ion Proposed Structure
787.37 [M-H]− LacCer(d18:1/11:2)
834.26 [M-H]− LacCer(d18:1/14:0)
884.32 [M-H]− LacCer(d18:1/18:2)
891.06 [M-H]− LacCer(d18:0/18:0)
995.86 [M-H]− GA2(d18:0/11:0)
1041.1 [M-H]− GM4(d18:1/20:2)
1149.99 [M-H]− GM3(d18:1/16:1)
1151.98 [M-H]− GM3(d18:1/16:0)
1167.7 [M-H]− GM3(t18:1/16:0)
1177.96 [M-H]− GM3(d18:1/18:1)
1233.93 [M-H]− GM3(d18:1/22:1)
1259.9 [M-H]− GM3(d18:1/24:2)
1261.91 [M-H]− GM3(d18:1/24:1)
1275.82 [M-H]− GM3(t18:1/24:2)
1277.8 [M-H]− GM3(t18:1/24:1)
1437.65 [M-H]− GM2(d18:1/22:1)
1462.61 [M-H]− GM2(d18:1/24:2)
1489.55 [M-H]− GD3(t18:0/18:0)
1514.44 [M-H]− GD3(d18:0/21:0) or O-Ac-GD3(d18:0/18:0)
1542.41 [M-H]− GM1(d18:1/18:1)
1570.45 [M-H]− GM1(d18:1/20:1)
1598.4 [M-H]− GM1(d18:1/22:1)
1626.23 [M-H]− GM1(d18:1/24:1) or GM1(d18:0/24:2)
1628.22 [M-H]− GM1(d18:1/24:0)
1640.35 [M-H]− GM1(d18:1/25:1)
1644.31 [M-H]− GM1(d18:0/25:0)
1659.32 [M-H]− GM1(t18:1/25:0)
1792.69 [M-H]− GD1(d18:1/15:1)
1833.98 [M-H]− GD1(d18:1/18:1)
1861.95 [M-H]− GD1(d18:0/20:1)
1915.07 [M-H]− GD1(t18:1/24:3)
1916.92 [M-H]− GD1(d18:1/24:2)
1919.86 [M-H]− GD1(d18:1/24:0) or GD1(t18:1/23:1)
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Figure 4:10: Positive ion mode observed mass spectral peaks and their assignments 
according to expected peaks from the literature (references in column 1). The peaks in 
the (yellow) column were included if they were observed in [M+H]+ m/z  9AA, DHB 
matrix. Literature reference for positive and negative ions (70, 103, 233, 253, 270, 335, 
513, 582, 588-607). 

 

Literature Refernces: 
Beate Fuchs 2008 Analysis of stem cell lipids by offline HPTLC-MALDI-TOF MS Authors: (B.Fuchs 2008), (M.Eibisch 
J. Schiller 2011), (R.Agelini 2012), (K.A. Zemski-Berry 2011), (P.Lopalco 2019), (Sarbu, M. 2022), (Sup Data J.C. 
McMillen, R. M. Caprioli 2020

Attentative assigment
Observed in 
MALDI [M+H]+ 
m/z

B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 LPC 16:0 (+H+) 496.3398
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 LPC 16:0 (+Na+) 518.3241
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 LPC 18:2 (+H+) 520.2905
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 LPC 18:1 (+H+) 522.1672
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 LPC 18:0 (+H+) 524.2854
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 LPC 18:2 (+Na+) 542.3241
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 LPC 18:1 (+Na+) 544.2672
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 LPC 18:0 (+Na+) 546.3554
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 PC 16:0/18:2 (+H+) 758.5694
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 PC 16:0/18:1 (+H+) 760.5851
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 PC 16:0/18:2 (+Na+) 780.5538
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020

 /  ( )        
PC 16:0/20:4 (+H+) 782.5694

B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 PC 16:0/20:4 (+H+) 782.5694
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 PC 18:0/18:3 (+H+) 784.5851
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 PC 18:0/18:2 (+H+) 786.6454
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 PC 16:0/20:4 (+Na+) 804.5749
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 PC 18:0/18:3 (+Na+) 806.5694
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, R.Agelini 2012,McMillen, Caprioli 2020 PC 18:0/18:2 (+Na+) 808.5851
B.Fuchs 2008 ,M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, McMillen, Caprioli 2020 SM(d18:1/16:0) 703.4000
B.Fuchs 2008 ,M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, McMillen, Caprioli 2020 SM(d18:0/16:0) 705.4000
B.Fuchs 2008 ,M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, McMillen, Caprioli 2020 SM(d18:1/16:0)+Na 725.5000
B.Fuchs 2008 ,M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, McMillen, Caprioli 2020 SM(d18:1/18:0) 731.5000
B.Fuchs 2008 ,M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, McMillen, Caprioli 2020 SM(d18:1/16:0)+K 741.5000
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, McMillen, Caprioli 2020 SM(d18:1/18:0)+Na 753.4000
B.Fuchs 2008, M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019, McMillen, Caprioli 2020 SM  (d16:1–22:0) 759.6370
B.Fuchs 2008, M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019, McMillen, Caprioli 2020 SM(d18:1/18:0)+K 769.5000
B.Fuchs 2008, M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019, McMillen, Caprioli 2020 SM (d17:1–22:0) 773.6530
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019, McMillen, Caprioli 2020 SM  (d17:0–22:0) 775.6690
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019, McMillen, Caprioli 2020 SM(d18:1/20:0)+K 797.5000
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019, McMillen, Caprioli 2020 SM (d18:0–22:0) 789.6840
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019, McMillen, Caprioli 2020 SM (d20:2–22:1) 811.6690
B.Fuchs 2008, M Petkovic 2009 , M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019, McMillen, Caprioli 2020 SM (+ Na⁺) (d16:1–18:0) 725.5570
B.Fuchs 2008 , M Petkovic 2009 , M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011,McMillen, Caprioli 2020 SM(d18:1/24:1)+Na 835.8000
B.Fuchs 2008 , M Petkovic 2009 , M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011,McMillen, Caprioli 2020 SM(d18:1/24:0)+Na 837.5000
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 SM (+ Na⁺)  (d16:1–22:0) 781.6190
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 SM (+ Na⁺)  (d17:1–22:0) 795.6350
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 SM (+ Na⁺)   (d17:0–22:0) 797.6510
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 TAG (+Na⁺)   (48:1) 827.7200
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 TAG (+Na⁺) (48:0) 829.7360
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 TAG (+Na⁺)  (52:4) 877.7360
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 TAG (+Na⁺)  (54:6) 901.7360
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 TAG (+Na⁺)  (54:5) 903.7520
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 TAG (+Na⁺)    (54:1) 911.8150
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 TAG (+Na⁺) (54:0) 913.8300
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 DAG (+Na⁺) 32:2 587.4750
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 DAG (+Na⁺) 34:2 615.5070
B.Fuchs 2008 , M Petkovic 2009, M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 DAG (+Na⁺) 36:4 639.5070
B.Fuchs 2008 ,M Petkovic 2009 ,M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 DAG (+Na⁺) 36:3 641.5220
Sarbu, M. Sarbu, M.Ica, R. Zamfir, A.D. 2022 GM2 (18:0/18:0) 1385.4000
Sarbu, M. Sarbu, M.Ica, R. Zamfir, A.D. 2022 GM3 (18:0/20:1) 1208.3000
Sarbu, M. Sarbu, M.Ica, R. Zamfir, A.D. 2022 GM3 (18:1/24:0) 1264.1000
Literature Reference DHB Matrix [M+H]+ m/z
B.Fuchs 2008 , M Petkovic 2009 ,M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 PC(16:0/OH) 496.9000
B.Fuchs 2008 , M Petkovic 2009 ,M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 PC(34:1) +Na 726.3000
B.Fuchs 2008 , M Petkovic 2009 ,M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 PC(32:0) 735.3600
B.Fuchs 2008 , M Petkovic 2009 ,M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 PC(34:2) 759.3900
B.Fuchs 2008 , M Petkovic 2009 ,M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 PC(34:1) 761.3900
B.Fuchs 2008 , M Petkovic 2009 ,M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 PC(36:3) 785.4000
B.Fuchs 2008 , M Petkovic 2009 ,M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 PC (36:4) 805.4000
B.Fuchs 2008 , M Petkovic 2009 ,M.Eibisch J. Schiller 2011, K.A. Zemski-Berry 2011, P.Lopalco 2019 ,McMillen, Caprioli 2020 PC (36:4) 821.4000

 Observed m/z  [M+H]+

Observed in Placenta total lipids extract  acquired on MALDI ToF MS Ultra Flex Brucker observed peakspositive ion [M+H]+ m/z  in Matrix  9AA, DHB
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L. Maps neutral Sterols ST 27:2;O3 415.3272
Messias 2018 PA 18:1 418

LPI 419.3655 415
LPE  16:0 436.3938 418 436

Khalil 2017 Lopalco 2019 LPE  16:0 452.246 418 ##
PG 34:2 465.3756

L. Maps neutral Chol. Sulph. CS 465.299
L. Maps neutral Chol. Sulph. CS 466.3024
L. Maps neutral Chol. Sulph. CS 467.3051
Lopalco 2019 LPE  18:3 474.268

Khalil 2017 Lopalco 2019 LPE  18:1 478.298
Han Gross 1996 Khalil 2017 Lopalco 2019 LPE  18:0 480.309

Khalil 2017 LPG(16:0) 483.2153
PG   34:1 491.3768

B Fuchs 2009 Lopalco 2019 Plsm-LPE 20:0 494.302
Khalil 2017 LPE (20:4) 500.3272
Khalil 2017 LPE (20:0) 508.3983
Khalil 2017 LPG (18:1) 509.3797
L. Maps neutral LPI 535.1621
L. Maps neutral LPI 571.3186
L. Maps neutral PI  36:2 581.3417
L. Maps neutral LPI 597.3291

Goto 2014 Khalil 2017 P Angel 2012 Burnum 2009 Murphy 2009 PI (18:0/OH) 599.3048 283 315 ## 535 571 577 597
T Goto 2014 Brugger 1997 PA 30:0 619.3042

Khalil 2017 RC.Baker 2014 Brugger 1997 PA32:2 643.4995
Khalil 2017 T Goto 2014 PA 673.3273  spliting

Houjou 2004 [M-CZaczek 2016[SM-C Khalil 2017 Cer-PE (36:1) 687.546
Khalil 2017 PE (32:1) 688.5491
L. Maps neutral PA 36:4 695.4731 splitin hump*

Brugger 1997 T Goto 2014 P Angel 2012 PA 699.5029
Brugger 1997 Khalil 2017 Goto 2014 PA 701.5234

Brugger 1997 PA 703.3163
[M-H]- POPE Lopalco 2019 PE 34:3 712.516

B Fuchs 2009 Khalil 2017 T Goto 2014 Burnum 2009 Murphy 2009 PE 716.5513 hump 255 ## 478 436 418 508
Murphy 2009 PE 16:0/18:1 722.4837

Brugger 1997 [M-2H]-² 1447.958Han Gross 2004 [CL M-2H]2- 723.5108
Murphy 2009 PE 18:1/18:2 726.5521
Murphy 2009 PE 728.5645
Lopalco 2019 PE 34:4 736.55

Khalil 2017 Lopalco 2019 PE 36:4 738.557
Khalil 2017 Lopalco 2019 PE  36:3 740.565

T Goto 2014 Khalil 2017 Lopalco 2019 Burnum 2009 Murphy 2009 PE  36:2 742.582 279 283 ## 480 478
[PC 16:0/18:1 -CHB Fuchs 2009 P Angel 2012 Murphy 2009 PE 744.565

Lopalco 2019 PG 34:2 745.563 465 483 ## 509
P Angel 2012 Burnum 2009 Murphy 2009 PE 746.517 327 436 ##
Houjou 2004 [M+HBurnum 2009 Murphy 2009 PG   34:1 747.521 281 255 ## 465 483 491

PC -SM-Ceramide P Angel 2012 PEp 748.5362
P Angel 2012 Burnum 2009 Murphy 2009 PE 750.549 331 436

P Angel 2012 PS 760.5293
P Angel 2012 Lopalco 2019 Murphy 2009 PE 38:6 762.546

P Angel 2012 PS 762.5184
Lopalco 2019 Burnum 2009 Murphy 2009 PE  38:5 764.529 303 281 ##
P Angel 2012 Lopalco 2019 Murphy2009[PC-CHPE  38:4 766.58

Lopalco 2019 PE 38:3 768.585
Lopalco 2019 Burnum 2009 Murphy 2009 PE 38:2 770.575 279 283 ## 460 508 307

P.Angel 2012 PE 772.6451
P Angel 2012 Murphy 2009 PE 774.5061
Weingartner 2012 Murphy 2009 IPC d34:1 778.4892

Lopalco 2019 PS  36:5 780.609 701 419 ## 699 415
P Angel 2012 PI 781.5505
Lopalco 2019 PS 36:4 782.628
Lopalco 2019 PS 36:3 784.643

P Angel 2012 Lopalco 2019 Burnum 2009 Murphy 2009 PS 36:2 786.534 699 419 ## 415 279
P Angel 2012  Khalil 2017 Lopalco 2019 Burnum 2009 Murphy 2009 PS 36:1 788.551 701 419 ## 417 504

P Angel 2012 Murphy 2009 PE 790.5038 hump*
Murphy 2009 PI 794.483
P.Angel 2012 PI 795.5198

Khalil 2017 Goto 2014 PI (16:0/16:0) 809.5377
Khalil 2017 P.Angel 2012 Murphy 2009 PS (38:4) 810.4899

P Angel 2012 PS 812.5554
Weingartner 2012 Lopalco 2019 PI 831.612

 Khalil 2017 T Goto 2014 Burnum 2009 Murphy 2009 PI (16:0/18:2) 833.523 553 391 ## 599 415 279
Weingartner 2012 P Angel 2012 IPC d38:1 834.4865
Khalil 2017 T Goto 2014 PI(16:0/18:1) 835.5827

L. Maps neutral PI 836.5882
Khalil 2017 T Goto 2014 Burnum 2009 Murphy 2009 PI (16:0/18:0) 837.556 531 419 ## 577 599 415 297

T Goto 2014 P Angel 2012  Khalil 2017 Lopalco 2019 Burnum 2009 Murphy 2009 PI (16:0/20:4) 857.522 553 391 ## 303 255 439 297
T Goto 2014 Lopalco 2019 PI (16:0/20:3) 859.666

T Goto 2014  Khalil 2017 Lopalco 2019 Burnum 2009 Murphy 2009 PI (18:0/18:2) 861.534 581 419 ## 599 415 297
D Anderson 2013 T Goto 2014 Murphy 2009 PI 862.5132

Petkovic 2009 Sulphatides Ceramide 862.6097
A Weingartner 20 Khalil 2017 T Goto 2014 IPC (18:0/18:1) 863.618

Lopalco 2019 Plsm-PI     38:3 873.652
Lopalco 2019 PI 875.667
Lopalco 2019 PI 877.673

Khalil 2017 P Angel 2012 PI (38:6) 881.5189
L. Maps neutral PI 882.5216

T Goto 2014 P Angel 2012  Khalil 2017 Lopalco 2019 Burnum 2009 Murphy 2009 PI (18:1/20:4) 883.541 579 417 ## 597 601 303 439
L. Maps neutral PI 38:4 884.5374

T Goto 2014 P Angel 2012 Lopalco 2019 Burnum 2009 Murphy 2009 PI (18:0/20:4) 885.553 581 419 ## 599 601 303 297 ##
Murphy 2009 PI 38:2 886.5548
T Goto 2014  PI(18:0/20:3) 887.5642
M Petkovic 2009 Sulphatides Ceramide 888.5694

Khalil 2017 T Goto 2014 PI(18:0/20:2) 889.659
Lopalco 2019 Plsml-PI     40:4 899.666
Murphy 2009 ST 890.5387 hump*
Lopalco 2019 Plsml-PI     40:3 901.685
Murphy 2009 ST 904.5806 hump*

P Angel 2012 Murphy 2009 ST 906.4719 hump*
T Goto 2014 Burnum 2009 Murphy 2009 PI (18:0/22:6) 909.556 581 419 ## 599 625 297

L. Maps neutral CL 18:1 1447.9582
Lopalco 2019 Angelini 2012 CL 18:1 1448.0333 see

Angelini 2012 CL 18:1 1450.9671 see
Angelini 2012 CL 18:1 1452.978 see
Angelini 2012 CL18:1 1474.97 see
Angelini 2012 CL 18:1 1476.988 see
Angelini 2012 CL [M+Na-2H]- 1478.9957 see

CL 18:1 1494.9819
CL 18:1 1496.0439

Fragments: ( I see ) (I do not see )

Literature  authors:( Han Gross 1996);(Brugger 1997); (Houjou 2004); (Han Gross 2004);  (R.Murphy 
2009); (K.Zemsky-Berry 2011); (R Caprioli 2009); (K .Burnum 2009); (B Fuchs 2009);(M.Petkovic 
2009) (J Schiller 2009);  (R.Angelini 2012); (D Anderson 2013); (RC.Baker 2014);(T Goto 2014 ) 
(R.Angelini 2014);(Zaczek 2016),(Messias 2018) (P. Lopalco 2019); (Han Gross 1996); (T Goto 2014);  
(RC.Baker 2014); (YuliaTyurina 2014) (Peggy Angel 2012); (Weingartner 2012); (Khalil 2017); 
(Wang& Han 2018) (Minkler & Hoppel 2020), Lipid Maps 

MALDI ToF Ms negative ion 
Observed 
peaks          
[M-H]- m/z

Attentative 
assignment Lipid 
species [M-H]-  
Matrix   9AA ; DHB

Figure 4:13: The table contains this work experimentally observed peaks in Maldi in negative 
ion mode [M-H]- from literature supplementary tables compared to actual observable in this 
research work run in MALDI ToF MS with peaks in the (yellow) were included observed in 
either 9AA or DHB  [M-H]- m/z.  
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Figure 4:11: MALDI Full mass spectra 400-2000 m/z of the total lipid extracts from a healthy placenta in positive ion mode (M+H]+ in 9AA 

placenta CAT 1515 healthy BMI. 
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Figure 4:12 Positive ion mode (M+H]+ 9AA, Placenta Healthy BMI control  (9AA +ve IPA/AcN 1:10v/v ) CAT 1515-rep3 0:D15 MS: Int.Cal  
Zoomed in (x10) regions: 420-610 m/z, 700-840 m/z, 1480 -1620 m/z Figure: 4.35. Positive ion mode (M+H]+ DHB, The top plot is the full 

spectrum, and the four subplots below are the zoomed-in regions Zoomed in (x10) region 420 - 600 m/z, 580-725 m/z, 580-725 m/z, 720 – 840  
m/z, 1440 – 1620  m/z of the same spectrum. Different assigned peaks are mostly labelled, including PC, LPC, SM, PI, sulfatides, CER, 

cholesterol and cholesterol esters, mono, di, triacyl glycerides, and PE. The assignments are from Table 4.21 literature. 
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Figure 4:13: Full mass spectra obese BMI placenta CAT 1719 negative ion mode in 9AA matrix solvent isopropanol API /acetone nitrile CAN(3:2 
v/v, sample: Matrix 1:10) peak 465.2706 m/z [M-H-H2O]-  is either cholesterol sulphate or phosphatidic acid, showing similarities below table 
composed from checking with lipid maps using matched mass accuracy and calculation are explained as well using excel tables and then in text. 
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Figure 4:14: Full mass spectra showing zoomed in (x10) on each region A (400-500 m/z); B (600-830 m/z); C(830-975 m/z) ;D ( 1200-1500 m/z) 
comparing matrix 9AA in negative ion [M-H]- (IPA/ACN 3:2, 2ul+20ul)  representative example of placenta obese/GDM CAT 1719 



 

233 

 

 

Figure 4:15: Positive ion mode (M+H]+ DHB, Full mass spectra from 400-2000 m/placenta healthy BMI CAT 1531 control  (DHB +ve in methanol, 
matrix/sample 1:1v/v ) 1531-rep3 0:B9 MS: Intern. Cal 
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Figure 4:16 Positive ion mode (M+H]+ DHB, Full mass spectra from 400-2000 m/z, Placenta Healthy BMI CAT 1531 control  (DHB +ve in 

methanol, matrix/sample 1:1v/v ) 1531-rep3 0:B9 MS: Intern. Cal,  Zoomed in (x10) regions  420 - 600 m/z , 580-725 m/z 720 – 840  m/z and  
1440 – 1620  m/z 
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Figure 4:17: Whole mass spectra lipid extract BMI obese/GDM 1719 -ve ion DHB 2,5-Dihydroxybenzoic acid  [M-H]- (10ul +10ul) in methanol 
1 0:F11 MS Raw
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Figure 4:18: The full mass spectrum of the same sample (CAT 1719 total lipid extract from an obese patient placenta), DHB –ve mass spectra 

zoomed in (x10) on each region A (300 - 700 m/z); B (600-885 m/z); C (820 - 980 m/z) Sulphatides (ST) Ceramide (Cer) (ST-Ce
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4.3.2 PC/LPC ratio analysis  

The mass spectra of phospholipids in the negative-ion mode show heights lower than 

those in the positive-ion mode. It occurs because, in positive mode, molecules such 

as hydrogen, sodium, or potassium ions are present during ionisation, competing for 

an ionic charge. In the negative ion mode, the main characteristic of the molecular 

species is the loss of one hydrogen proton, which generates the negatively charged 

molecular ion [M-H]. The presence of negatively charged ions changes the molecular 

weight of phospholipids, which decreases by two mass units (also called Daltons, 

Da) compared to the same molecule observed in positive ion mode [M+H]+ versus 

negative ion mode [M-H]-. Below are sets of figures: Figure 4.12, Figure 4.13, and 

Figure 4.14 show representative MALDI mass spectra of the total lipid extracts from 

the placenta of healthy, obese, and GDM patients, respectively. The PC and LPC 

peaks are noted both on the spectra and insets, as these are important for further 

analysis and the discussion below. The project attempted to focus on PC and LPC 

lipids because there are many assignable lipids from TLC combined with MALDI-

TOF mass spectral analysis. As the ratio of PC/LPC lipids was previously reported 

as a biomarker correlated with adverse pregnancy outcomes (April's paper), all 282 

mass spectra were analyzed by summing the peak intensities of the PC and LPC 

peaks and calculating the ratio. The peak intensities from the mass spectra and these 

calculations are in the tables in the Appendix. The PC and LPC components were 

identified according to the m/z ratio of the peaks in the mass spectra, and the PC/LPC 

ratio comparisons between healthy controls, obese, and gestational diabetes mellitus 

(GDM) were plotted in the bar charts below. Healthy versus obese assignment is 

based on the mother's body mass index, with healthy patients having a BMI of less 

than 25 and obese with a 30-60 kg/m2 BMI. GDM was a clinical diagnosis, and 

patients have varying BMIs for this analysis.   

 

4.3.3 Explanatory working steps showing the PC/LPC ratio 
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Figure 4:19 PC/LPC Peaks m/z MALDI mass spectrum of the placenta of a healthy patient. The masses of the observed PC and LPC lipids are 
shown in the inset and noted on the spectrum. 
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Figure 4:20 Representative MALDI ToF MS of placental lipids from an obese patient. 



 

240 

 

                           
Figure 4:21 Placenta three groups comparative study top in green is healthy placentas, middle in red obese placentas and bottom in blue GDM 
placentas comparison of relative ration LPC/PC acquired on MALDI ToF MS  showing total lipid extraction and the intensities from clusters peaks 
for PC/LPC are plotted in GraphPad. These spectral zooms indicate the 18 PC/LPC m/z peaks analyzed in all comparative studies. A healthy 
placenta total lipid extract is at the top (green), an obese placenta total lipid extract is in the middle (red), and a GDM placenta total lipid extract is 
at the bottom (blue).
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4.3.4 Explanation - calculations for observed cholesterol sulphates  

4.3.5 Plot Data  of MALDI ToF MS  Intensities 

All data was calculated in order to show data representative plots for each placenta 

and plasm group acquired by MALDI ToF MS. Total of 94 samples, including 

placenta plasma, were run triplicate in this work in positive ion mode noted as 

[M+H]+ in both matrices +ve 9AA and +ve DHB matrix and all 94 samples resulted 

in generating a total of 20 GraphPad Plots covering all samples run in triplicate on 

MALDI ToF MS, and prior run on bioanalytical TLC.  Each data plot 1-20 used 

LPC/PC ratios for a set of sample intensities acquired by MALDI-ToF MS  using 

per each sample three repeats and taking an average of the three intensities of each 

cluster peaks for LPC and PC then added all together and calculated in excel by 

dividing sum of LPC intensity peaks by sum of PC intensities peaks per each placenta 

groups and plotting that number against each sample per group as a data point in the 

GraphPad representative for each group as the average of three replicas using ratio 

formula ∑LPC/∑PC and all sample calculation excel tables of each.  

4.3.6 Steps: How to do it 

Step 1 First, from Flex Analysis, import to Excel all sample intensities data, acquired 

at least three times signal to noise 3 S/N and already method preset to S/N=9 Spectrum: 

Exported data file to Excell Raw Data file from Flex Analysis: Spectrum: E:\Edyta 

Placenta flex analysis all data 22 04 2021\210422\Positive mode 22 04 2021\Positive 

ion mode  1mgml\CAT1315 1mg-ml POSITIVE 2\0_A1\1\1Ref.    

 Results Observed in Placenta total lipids extract acquired on MALDI ToF 

MS Ultra Flex Brucker observed positive ion [M+H]+ m/z  in Matrix  9AA, DHB, 

followed by literature using supplementary data tables and mass spectra including 

Beate Fuchs 2008 Analysis of stem cell lipids by offline HPTLC-MALDI-TOF MS 

Authors: (Fuchs 2008), (M.Eibisch J. Schiller 2011), (Angelini 2012), (K.A. Zemski-

Berry 2011), (Lopalco 2019), (Sarbu, M. 2022), (Sup Data J.C. McMillen, R. M. 

Caprioli 2020).         

 Results Observe in the negative ion Attenuative assignment Lipid species 

[M-H]-  Matrix   9AA; DHB in-depth literature was used, searched and studies 
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supplementary data including the following Literature  authors: (107)and Lipid Maps 

theoretical calculations and matches  

Step 2 Use the monoisotopic molecular mass for each atomic element in the 

formula to calculate molecular atomic masses used from NIST.  

https://physics.nist.gov/cgi-bin/Compositions/stand_alone.pl  accessed January 

2024. Figure 4:22 Step 2 Use the monoisotopic molecular mass 

Step 3 checking for each type of place ta groups and plasma groups average accurate 

mess m/z observed in experimental MALDI ToF MS Calculated relative mass 

accuracy parts per million (ppm) (Mm-Mt) / (Mt x10⁶): parts-per-

million (ppm, 10⁻⁶), parts-per-billion (ppb, 10⁻⁹), parts-per-trillion (ppt, 10⁻¹²) 

and parts-per-quadrillion (ppq, 10⁻¹⁵).  

Step 4 Check your literature peaks' mass values by using Excel calculations and lipid 

maps to double check the mass accuracy of the literature peaks versus your actual 

peaks observed in experimental data acquisition m/z and compare the error values as 

shown below using Literature reference Angelini et al.,2014 and then compare to 

your values observed in placenta and plasma groups for the PC/LPC m/z. 

 

 

 

Name Symbol average mass Relative Atomic Mass Abund.
Carbon C (12) 12.0000000 98.9
Hydrogen H (1) 1.007825 99.99
Nitrogen N (14) 14.003074 99.63
Oxygen O (16) 15.994915 99.76
Phosphorus P (31) 30.973763 100
Sulfur S (32) 31.972072 95.02
Sulphurdihydrate ion SH₂ SH₂ 33.987722
Sodium Na (23) 22.98977 100
Potassium K (39) 38.963708 93.2
atomic mass unit  (amu) of electron (e)- 0.00054858
Acetate ion OAc (C2H3O2-) (C2H3O2-) 59.01275642
Methyl group CH3 15.023475
Water (H2O) 18.010564
Methyl ketone  group CH2 13.007825
Hydoxide group OH 17.002739
Sulphate Hydroxide SO₄H 96.959552
Cholesterol (C27H46O) 386.354865
Sulphate hydoxide + cholesterol = cholesteryl sulfate C27H46O4S 483.314452
cholesterol sulfate minus Water negative ion [M-H]- C27H46O4S - (H2O) 465.303892
24-methylene-cholesterol sulfate (C28H46O4S) 496.322247
24-methylene-cholesterol sulfate - H2O (C28H46O4S) - (H2O) 478.311683.
Cholesterol ester depending on  Fatty Acyl =Fatty acids : Archchidonic, Palmitic, Oleic, etc

https://physics.nist.gov/cgi-bin/Compositions/stand_alone.pl
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Figure 4:26 Checking mass to charge ration  m/z values and mass accuracy error first Literature Angelini et al.,2014 compared to your observed 

PC/LPC m/z in placenta and plasma groups for the calculated table observed in the results  from MALDI Tof Ms 

Agelini 2014 Theoretical Mass - from lipid 
Maps [M+H]+ PC/LPC	m/z

Theoretical 
Reference m/z

Observed  m/z  in MALDI 
ToF MS  + Int. Calibr  
Placenta_Healthy_BMI_CAT
_1495-2

lipid maps 
MATCHED 
MASS

Lipid maps 
relative  error SD

Name Formula  Positive ion 
[M+H]⁺

(Mm-Mt) / 
(Mt) x100 
relative mass 
accuracy  %

LPC 16:0 (+H+) 496.3398 496.441 496.3398 0.000 LPC 16:0 C24H50NO7P [M+H]+ 0.02
LPC 16:0 (+Na+) 518.3241 518.430 518.3217 0.002 LPC 16:0 C24H50NO7PNa [M+Na]+ 0.02
LPC 18:2 (+H+) 520.2905 520.443 520.3398 0.049 LPC 18:2 C26H50NO7P [M+H]+ 0.02
LPC 18:1 (+H+) 522.1672 522.461 522.3554 0.036 LPC 18:1 C26H52NO7P [M+H]+ 0.02
LPC 18:0 (+H+) 524.2854 524.409 524.3135 0.028 LPC 20:5 C28H48NO7P [M+H-H2O]+ 0.02
LPC 18:2 (+Na+) 542.3241 not observed / noise level 542.3241 0.000 LPC 20:5 C28H48NO7P [M+H]+ not observed 
LPC 18:1 (+Na+) 544.2672 544.452 544.3164 0.049 LPC O-18:2 C26H52NO6PK [M+K]+ 0.02
LPC 18:0 (+Na+) 546.3554 546.380 546.3530 0.002 LPC 18:0 C26H54NO7PNa [M+Na]+ 0.01
PC 16:0/18:2 (+H+) 758.5694 758.733 758.5694 0.000 PC 34:2 C42H80NO8P [M+H]+ 0.02
PC 16:0/18:1 (+H+) 760.5851 760.195 760.5851 0.000 PC 34:1 C42H82NO8P [M+H]+ -0.05
PC 16:0/18:2 (+Na+) 780.5538 780.722 780.5514 0.002 PC 34:2 C42H80NO8PNa [M+Na]+ 0.02
PC 16:0/18:1 (+Na+) and PC 16:0/20:4 (+H+) 782.5694 782.742 782.5670 0.002 PC 34:1 C42H82NO8PNa [M+Na]+ 0.02
PC 18:0/18:3 (+H+) 784.5851 784.753 784.5851 0.000 PC 36:3 C44H82NO8P [M+H]+ 0.02
PC 18:0/18:2 (+H+) 786.6454 786.768 786.6007 0.045 PC 36:2 C44H84NO8P [M+H]+ 0.02
PC 16:0/20:4 (+Na+) 804.5749 804.727 804.5514 0.024 PC 36:4 C44H80NO8PNa [M+Na]+ 0.02
PC 18:0/18:3 (+Na+) 806.5694 806.746 806.5670 0.002 PC 36:3 C44H82NO8PNa [M+Na]+ 0.02
PC 18:0/18:2 (+Na+) 808.5851 808.764 808.5827 0.002 PC 36:2 C44H84NO8PNa [M+Na]+ 0.02

M+H]+ [M-H]- H(1)-e- CH3 LPC PC
Agelini et al 2014 Literature refence PC/LPC pc/lpc 1.00727642 15.023475 [M-CH3]- Sum [M-CH3]-
LPC 16:0 (+H+) 496.3398 495.3325 1.0073 15.0235 480.3090 480.3085
LPC 16:0 (+Na+) 518.3241 517.3168 1.0073 15.0235 502.2933 480.3085
LPC 18:2 (+H+) 520.2905 519.2832 1.0073 15.0235 504.2597 504.3085
LPC 18:1 (+H+) 522.1672 521.1599 1.0073 15.0235 506.1364 506.3241
LPC 18:0 (+H+) 524.2854 523.2781 1.0073 15.0235 508.2546 526.2928
LPC 18:2 (+Na+) 542.3241 541.3168 1.0073 15.0235 526.2933 526.2928
LPC 18:1 (+Na+) 544.2672 543.2599 1.0073 15.0235 528.2364 490.3292
LPC 18:0 (+Na+) 546.3554 545.3481 1.0073 15.0235 530.3246 508.3398
PC 16:0/18:2 (+H+) 758.5694 757.5621 1.0073 15.0235 742.5386 742.5381
PC 16:0/18:1 (+H+) 760.5851 759.5778 1.0073 15.0235 744.5543 744.5538
PC 16:0/18:2 (+Na+) 780.5538 779.5465 1.0073 15.0235 764.5230 742.5381
PC 16:0/18:1 (+Na+) and PC 16:0/20:4 (+H+) 782.5694 781.5621 1.0073 15.0235 766.5386 744.5538
PC 18:0/18:3 (+H+) 784.5851 783.5778 1.0073 15.0235 768.5543 766.5381
PC 18:0/18:2 (+H+) 786.6454 785.6381 1.0073 15.0235 770.6146 768.5538
PC 16:0/20:4 (+Na+) 804.5749 803.5676 1.0073 15.0235 788.5441 770.5694
PC 18:0/18:3 (+Na+) 806.5694 805.5621 1.0073 15.0235 790.5386 766.5381
PC 18:0/18:2 (+Na+) 808.5851 807.5778 1.0073 15.0235 792.5543 768.5538

Edyta Calculated 
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Figure 4:27 Your observed PC/LPC m/z average intensity Use for GraphPad Plots 

Graph Pad  Healthy Placentas  +ve ion 9AA Matrix 
No. Cut Area chunk CAT BMI (body 

mass index) 

PC/LPC 

Average  

3replica 

1 Near centre 1706 22.7 7.12 

2 edges 1645 22.9 9.33 

3 Random edge 1 1706 22.7 7.84 

4 Random edge 2 1706 22.7 7.21 

5 Left side edge 3 1706 22.7 6.92 

6 Random edge 1679 25.5 11.42 

7 Left side edge 1 1681 23.4 9.83 

8 Random edge 2 1681 23.4 9.40 

9 Random edge 3 1681 23.4 16.61 

10 new homg. Ave 10 reps 1706 22.7 9.33 
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Figure 4:23 Explanation for cholesterol sulphate or phosphatidic acid: how did I get that 
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Figure4:28 Cholesterol structure Note: explain what was summed to give the ratio in words and calculations for cholesterol sulphates



 

247 

 

 

 

Figure 4:30 Explaining Cholesterol and cholesterol sulphate calculations the Sulphate hydroxide head group molecular mass SO₄H  96.959552 
plus cholesterol (C27H46O) 386.354865 molecular mass sum equals to C27H46O4S 483.314452 molecular mass and in negative ion ionisation 
loss of hydroxide and loss of proton ( minus water) plus electron negative mass value added equals to cholesterol sulphate minus water in negative 
ion [M-H]⁻ + (e)⁻   formula C27H46O4S - (H2O) = 465.303892.  

Common Name: Systematic Name: Lipid Maps ID: Formula:  M (neutral ) Exact Mass 
Calculated 

m/z 

Positive ion [M+H]⁺ Formula:  Negative ion 
[M-H+ e⁻ ]⁻

Formula:  Negative ion [M-
H- H₂0+ e]⁻

Negative ion [M- 
CH3+ e]⁻

 Cholesterol  cholest-5-en-3β-ol LMST01010001 (C27H46O) 386.3549  386.354865 387.3621 (C27H47O) 383.3319  (C27H47O) 367.3365 371.3319
Desmosterol cholest-5,24-dien-3β-ol LMST01010016 (C27H44O) 384.3392 384.339215 385.3465  (C27H45O) 383.3319  (C27H43O) 365.3208 369.3163

7-dehydrocholesterol cholesta-5,7-dien-3β-ol LMST01010069 C27H44O 384.3392 384.339215 385.3465 (C27H45O) 383.3319  (C27H43O) 365.3208 369.3163
Cholesterol ester example: 5,6alpha-epoxy-cholesterol 5α,6α-epoxy-5α-cholestan-3β-ol LMST01010011 C27H46O2 402.3498  402.34978 403.3571 (C27H47O2) 401.3425  (C27H45O2) 383.3314 387.3269

24S-hydroxy-cholesterol cholest-5-en-3β,24S-diol LMST01010019 C27H46O2 402.3498  402.34978 403.3571 (C27H47O2) 401.3425  (C27H45O2) 383.3314 387.3269
7alpha-hydroxy-cholesterol cholest-5-en-3β,7α-diol LMST01010013 C27H46O2 402.3498 402.34978 403.3571 (C27H47O2) 401.3425  C27H46O2 383.3314 387.3269
7beta-hydroxycholesterol 5-cholestene-3β,7β-diol LMST01010047 C27H46O2 402.3498 402.34978 403.3571  (C27H47O2) 401.3425  (C27H45O2) 383.3314 387.3269
22R-hydroxycholesterol cholest-5-en-3β,22R-diol LMST01010086 C27H46O2 402.3498 402.34978 403.3571 (C27H47O2) 401.3425 (C27H45O2) 383.3314 387.3269
27-hydroxy-cholesterol cholest-5-en-3β,26-diol LMST01010057 C27H46O2 402.3498 402.34978 403.3571 (C27H47O2) 401.3425  (C27H45O2) 383.3314 387.3269

4beta-hydroxy-cholesterol cholest-5-en-3β,4β-diol LMST01010014 C27H46O2 402.3498 402.34978 403.3571  (C27H47O2) 401.3425 (C27H45O2) 383.3314 387.3269
Cholestenone cholest-4-en-3-one LMST01010015 C27H44O 384.3392 384.339215 385.3465  (C27H45O) 383.3319  (C27H43O) 365.3208 369.3163

25-hydroxy-cholesterol cholest-5-en-3β,25-diol LMST01010018 C27H46O2 402.3498 402.34978 403.3571  (C27H47O2) 401.3425 (C27H45O2) 383.3314 387.3269
24-methylene-cholesterol sulfate 24-methylene-cholest-5-en-3β-ol-3-sulfate LMST05020012 C28H46O4S 478.3117  478.311682 479.3190  (C28H47O4S) 477.3044  (C28H45O4S) 459.2933 463.2888

cholesterol sulfate cholest-5-en-3β-yl hydrogen sulfate LMST05020016 C27H46O4S 466.3117  466.311682 467.319  (C27H47O4S) 465.3044 (C27H45O4S) 447.2933 451.2888

Input Mass Matched Mass DELTA Name Formula Ion LMSD LM_ID Common Name Systematic Name Mass Formula

465.303892 465.3044 0.0005 ST   27:1;O;S C27H46O4S [M-H]- EXAMPLES LMST05020016 cholesterol sulfate cholest-5-en-3beta-yl hydrogen sulfate 466.31 C27H46O4S
465.303892 465.2987 0.0052 LPA  20:0 C23H47O7P [M-H]- EXAMPLES LMGP10050018 PA(20:0/0:0) 1-eicosanoyl-glycero-3-phosphate 466.31 C23H47O7P
465.303892 465.3222 0.0183 ST   27:1;O6 C27H46O6 [M-H]- EXAMPLES 
465.303892 465.3374 0.0335 ST   31:5;O3 C31H46O3 [M-H]- EXAMPLES 
465.303892 465.2647 0.0392 ST   29:7;O5 C29H38O5 [M-H]- EXAMPLES 

Hydrogen         H     1.007825 
atomic mass unit  (amu) of electron     (e)-     0.00054858 
Hydroxide group       OH     17.002739 
Sulphate Hydroxide       SO₄H              96.959552 

Cholesterol       (C27H46O)  386.354865 
Sulphate hydroxide + cholesterol = cholesteryl sulphate   C27H46O4S  483.314452 
cholesterol sulphate -H20 in [M-H]⁻ + (e)⁻                         C27H46O4S - H2O    465.303892 
24-methylene-cholesterol sulphate     C28H46O4S)  496.322247 
24-methylene-cholesterol sulphate – (H₂O)   C28H46O4S - (H2O)   478.311683 
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Figure 4:29Observed and measured PC/LPC per each placenta group and plasma standard error in mass accuracy: Mm = measured mass m/z;  Mt 
= theoretical mass m/z; ppm=  1 part per million or in per cent % ; (Mm-Mt) / (Mt) x100 relative mass accuracy (%)

(Mm-Mt) / (Mt) 
x100 relative mass 
accuracy  %

(Mm-Mt) / (Mt) 
x100 relative mass 
accuracy  %

(Mm-Mt) / (Mt) 
x100 relative mass 
accuracy  %

496.3800 0.039 0.008 496.3969 0.036 0.012 496.4290 0.006 0.018
518.4305 0.033 0.021 518.4493 0.038 0.025 not observed not observed not observed
520.3860 0.047 0.009 520.4254 0.039 0.016 520.4432 0.000 0.020
522.4241 0.078 0.013 522.4734 0.102 0.023 522.5115 0.118 0.030
524.4053 0.033 0.018 524.4385 0.039 0.024 524.5070 0.102 0.037
not observed not observed not observed not observed not observed not observed not observed not observed not observed
544.4116 0.051 0.017 544.4020 0.041 0.016 not observed not observed not observed
546.3828 0.007 0.005 not observed not observed not observed not observed not observed not observed
758.6673 0.119 0.013 758.6490 0.065 0.010 758.7000 0.017 0.017
760.5850 0.154 0.000 760.6671 0.066 0.011 760.7155 0.019 0.017
780.6207 0.061 0.009 780.6346 0.070 0.011 780.6346 0.070 0.011
782.6326 0.064 0.008 782.6928 0.113 0.016 782.6928 0.113 0.016
784.6638 0.070 0.010 784.6683 0.064 0.011 784.8907 1.047 0.039
786.5567 0.274 -0.006 786.6804 0.230 0.010 786.7268 0.008 0.016
804.6193 0.080 0.008 804.6404 0.069 0.011 804.6854 0.018 0.017
806.6303 0.063 0.008 806.6529 0.065 0.011 806.7072 0.020 0.017
808.5834 0.218 0.000 808.6712 0.068 0.011 808.6185 0.250 0.004

Measured All Healthy Placenta 
Experimental m/z  SD +/-  (x3 reps)

 Measured All Obese Placenta 
Experimental m/z SD +/-  (x3 reps)

Measured All GDM Placenta 
Experimental m/z  SD +/-  (x3 reps)

All Placenta Observed / Measured in MALDI ToF MS   Positive ion mode [M+H]+ 9AA, +DHB    PC LPC  m/z

(Mm-Mt) / (Mt) 
x100 relative mass 
accuracy  %  

(Mm-Mt) / (Mt) 
x100 relative mass 
accuracy  %

(Mm-Mt) / (Mt) 
x100 relative mass 
accuracy  %

LPC 16:0 (+H+) 496.3398 496.41082 0.03 0.014 496.4021 0.01 0.013 496.4044 0.00 0.013 496.4179 0.00
LPC 16:0 (+Na+) 518.3241 518.42334 0.007 0.020 518.3908 0.01 0.013 518.3937 0.01 0.014 518.4084 0.02
LPC 18:2 (+H+) 520.2905 not observed not observed not observed not observed not observed not observed not observed
LPC 18:1 (+H+) 522.1672 not observed not observed not observed not observed not observed not observed not observed
LPC 18:0 (+H+) 524.2854 524.44421 0.04 0.025 524.4400 0.00 0.024 524.4399 0.00 0.024 524.4522 0.01
LPC 18:2 (+Na+) 542.3241 544.43433 0.04 0.389 not observed not observed not observed not observed not observed not observed
LPC 18:1 (+Na+) 544.2672 not observed not observed 544.4100 0.00 0.017 544.4109 0.01 0.017 not observed not observed
LPC 18:0 (+Na+) 546.3554 not observed not observed 546.4234 0.01 0.013 546.4269 0.01 0.014 not observed not observed
PC 16:0/18:2 (+H+) 758.5694 758.67447 0.05 0.014 758.6655 0.00 0.013 758.6662 0.01 0.013 758.6849 0.01
PC 16:0/18:1 (+H+) 760.5851 760.63825 0.16 0.007 760.6821 0.00 0.013 760.6422 0.16 0.008 760.6597 0.20
PC 16:0/18:2 (+Na+) 780.5538 780.65938 0.06 0.014 780.6530 0.01 0.013 780.7799 0.51 0.029 780.6723 0.01
PC 16:0/18:1 (+Na+) and PC 16:0/20:4 (+H+)782.5694 782.67565 0.05 0.014 782.6706 0.00 0.013 782.6715 0.01 0.013 782.6890 0.01
PC 18:0/18:3 (+H+) 784.5851 784.69237 0.05 0.014 784.6870 0.01 0.013 784.6882 0.01 0.013 784.7053 0.01
PC 18:0/18:2 (+H+) 786.6454 786.70743 0.05 0.014 786.6712 0.13 0.009 786.7053 0.01 0.013 786.6493 0.20
PC 16:0/20:4 (+Na+) 804.5749 804.70638 0.02 0.019 804.6541 0.01 0.013 804.6594 0.01 0.013 804.6877 0.01
PC 18:0/18:3 (+Na+) 806.5694 806.68295 0.05 0.014 806.6739 0.00 0.013 806.6758 0.01 0.013 806.6941 0.01
PC 18:0/18:2 (+Na+) 808.5851 808.69086 0.06 0.013 808.6908 0.01 0.013 808.6947 0.01 0.014 808.7088 0.01

 Positive ion mode [M+H]+  matix 9AA          PC LPC     
All Plasma Observed/Measured in MALDI ToF MS   Positive ion mode [M+H]+ 9AA, +DHB   PC LPC  m/z

Measured All GDM pregnant 
plasma Experimental m/z  SD +/-  
(x3 reps)

Measured All Non-pregnant 
plasma  Experimental m/z                       
SD +/-  (x3 reps)

Measured All Healthy pregnant 
plasma Experimental m/z SD +/-  
(x3 reps)

Measured All Obese pregnant 
plasma Experimental m/z SD +/-  
(x3 reps)

Angelini 2014 Literature reference
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4.4 MALDI ToF MS Results GraphPad Plots for all studies  

All data plots below are numbered starting from plot number 12, which compares 
placental sides centre from edges to illustrate place groups overview. Starting from 
Plot No.1, comparative study. Then, from No.2 till No.20, show MALDI-TOF peaks 
intensity, taking an average of three repeats per sample per each group of patient 
donors.  

 

                           

Table 4.1: GraphPad Plot no.12 Comparing the PC/LPC ratio at the edges versus the 
centre of the placenta. Placenta samples from the edges of healthy (n = 17), obese (n 
= 6), and GDM (n = 6) placentas and the centre of health (n = 9), obese (n = 14), 
GDM (n = 14) were extracted and processed for in MALDI positive ion mode using 

   

      
 

 
    

  
       

  
 

  
    

       
    
    

    

Table:12 All combined  
Kruskal-Wallis test Anova Results
Table Analyzed Combined  healthy ( edges + centre)             
ANOVA
Kruskal-Wallis test
P value <0.0001
Exact or approximate P value? Approximate
P value summary ****
Do the medians vary signif. (P < 0.05)? Yes
Number of groups 6
Kruskal-Wallis statistic 43.65
Kruskal-Wallis test Multiple comparisons 
Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value
healthy edges vs. obese centre 31.03 Yes *** 0.0001 A-B
healthy edges vs. gdm centre 28.75 Yes *** 0.0005 A-C
healthy edges vs. healthy centre 27.07 Yes ** 0.0094 A-D
healthy edges vs. obese edges 2.51 No ns >0.9999 A-E
healthy edges vs. gdm edges -10.16 No ns >0.9999 A-F
obese centre vs. gdm centre -2.286 No ns >0.9999 B-C
obese centre vs. healthy centre -3.968 No ns >0.9999 B-D
obese centre vs. obese edges -28.52 Yes * 0.0349 B-E
obese centre vs. gdm edges -41.19 Yes *** 0.0002 B-F
gdm centre vs. healthy centre -1.683 No ns >0.9999 C-D
gdm centre vs. obese edges -26.24 No ns 0.0763 C-E
gdm centre vs. gdm edges -38.9 Yes *** 0.0005 C-F
healthy centre vs. obese edges -24.56 No ns 0.2282 D-E
healthy centre vs. gdm edges -37.22 Yes ** 0.0035 D-F
obese edges vs. gdm edges -12.67 No ns >0.9999 E-F

     

Placenta 3Groups (+DHB ) PC/LPC Results               
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9AA matrix. Statistical Data Analysis for Each graph pad plot presented in the 
results: 

 

 

 

Table 4.2: GraphPad plots No.1 run +9AA,+DHB for PC/LPC ratio in the placenta 
groups with calculated statistical data Kruskal-Wallis test, Dunn's multiple 
comparisons tests; * < 0.05 for each placenta group of healthy, obese and GDM 
placentas (n=11/group).  

1

Table:1 Comaprative study 9AA +ve (3 greoup 3x n=11)
Date: 11-11-2022 healthy n=11 obese n=11 gdm n=11
Kruskal-Wallis test 10.790 5.139 8.019

P value 0.022 10.928 5.995 17.974

Exact or approximate P value? Approximate 8.647 5.389 14.088

P value summary * 8.418 8.053 9.183

Do the medians vary signif. (P < 0.05)? Yes 10.072 10.571 11.103

Number of groups 3 6.393 6.715 6.505

Kruskal-Wallis statistic 7.631 10.641 6.002 11.805

Number of comparisons per family 3 11.205 5.413 6.505

Alpha 0.05 9.448 6.789 6.331

Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value 10.222 7.530 9.796

healthy vs. obese 10.36 Yes * 0.0359 A-B 6.062 9.325 6.305

healthy vs. gdm 1.091 No ns >0.9999 A-C
obese vs. gdm -9.273 No ns 0.0735 B-C
Test details Mean rank 1 Mean rank 2 Mean rank diff. n1 n2
healthy vs. obese 20.82 10.45 10.36 11 11
healthy vs. gdm 20.82 19.73 1.091 11 11
obese vs. gdm 10.45 19.73 -9.273 11 11

1

Table: 1  Comaparative study (3x n=11)  Matirx DHB +ve
Date 18-07-2022: healthy n=12 obese  n=12 gdm  n=12
Kruskal-Wallis test 12.584 12.190 14.847

P value 0.1027 14.830 19.877 31.396

Exact or approximate P value? Approximate 16.888 19.159 16.410

P value summary ns 24.795 16.091 33.254

Do the medians vary signif. (P < 0.05)? No 40.634 25.732 38.053

Number of groups 3 17.360 13.340 20.019

Kruskal-Wallis statistic 4.551 28.401 25.065 14.467

Data summary 11.625 16.358 15.843

Number of treatments (columns) 3 9.469 16.496 30.512

Number of values (total) 36 12.500 17.871 27.859

Number of comparisons per family 3 8.488 14.657 34.270

Alpha 0.05 11.205 14.109 11.446

Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value
healthy vs. obese -3.417 No ns >0.9999 A-B
healthy vs. gdm -9.083 No ns 0.1041 A-C
obese vs. gdm -5.667 No ns 0.563 B-C
Test details Mean rank 1 Mean rank 2 Mean rank diff. n1 n2
healthy vs. obese 14.33 17.75 -3.417 12 12
healthy vs. gdm 14.33 23.42 -9.083 12 12
obese vs. gdm 17.75 23.42 -5.667 12 12

Comaparative study (3x n=11)  Matirx DHB +ve

 Placenta DHB +ve Healthy Obes GDM n=12

Placenta 9AA+ve Healthy Obese GDM n=11
Placenta 3Groups (+DHB) PC/LPC MALDI data sets values

Placenta 3Groups (+DHB) PC/LPC MALDI data sets values

Comparative study (3x n=11)  Matirx 9AA +ve
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Table 4.3: GraphPad Plots no.2, no.3, no.4, no.5, and no.6 MALDI-ToF MS analysis 
of PC/LPC ratios for a set of samples and Statistical Data Analysis for Each graph 
pad plot presented in the results:

Table:2
 06/09/2021  2

Data sets values A Healthy n=12 B Obese n=9 C GDM n=9 A Healthy n=12 B Obese n=9 C GDM n=9

Ordinary one-way ANOVA results 3.302 0.623 2.525

P value <0.0001 2.539 1.276 1.686

P value summary **** 3.120 0.821 1.763

Significant diff. among means (P < 0.05)? Yes 4.192 0.530 1.821

R squared 0.5154 2.649 0.156 3.294

Kruskal-Wallis Test multiple comparison A Healthy n=12 B Obese n=9 C GDM n=9 1.954 0.787 3.568

Alpha 0.05 1.786 1.921 3.969

Dunn's multiple comparisons test Mean Diff. Below threshold? Summary Adjusted P Value A-Healthy 2.025 0.979 1.231

Healthy vs. Obese 1.795 Yes **** <0.0001 B obese 2.224 1.007 1.200

Healthy vs. GDM 0.3549 No ns 0.3136 C gdm 2.074

Test details Mean 1 Mean 2 Mean Diff. SE of diff. 3.006

Healthy vs. Obese 2.695 0.9 1.795 0.3456 3.464

Healthy vs. GDM 2.695 2.34 0.3549 0.3456

Table:3 3

Table 11/11/2021 A Healthy n=11 B Obese n=11 C GDM n=9

Data sets analyzed A Healthy n=11 B Obese n=11 C GDM n=9 10.790 5.139 8.019

Ordinary one-way ANOVA results 11-11-2021 Placenta 9AA+ve Healthy Obese GDM n=11 10.928 5.995 17.974

Kruskal-Wallis test Anova Results 8.647 5.389 14.088

P value 0.022 8.418 8.053 9.183

Exact or approximate P value? Approximate 10.072 10.571 11.103

P value summary * 6.393 6.715 6.505

Do the medians vary signif. (P < 0.05)? Yes 10.641 6.002 11.805

Number of groups 3 11.205 5.413 6.505

Kruskal-Wallis statistic 7.631 9.448 6.789 6.331

Alpha 0.05 10.222 7.530 9.796

Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value 6.062 9.325 6.305

healthy vs. obese 10.36 Yes * 0.0359 A-B
healthy vs. gdm 1.091 No ns >0.9999 A-C
obese vs. gdm -9.273 No ns 0.0735 B-C

Table:4 4

Table Analyzed Number of families 1 healthy centre n=2 obese centre n=2 gdm centre n=2

Kruskal-Wallis test Number of comparis   3 7.664 6.422 5.205

P value 0.0667 7.062 6.258 4.295

Exact or approximate P value? Exact
P value summary ns
Do the medians vary signif. (P < 0.05)? No
Number of groups 3
Kruskal-Wallis statistic 4.571
Alpha 0.05
Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value
healthy centre vs. obese centre 2 No ns 0.8551 A-B
healthy centre vs. gdm centre 4 No ns 0.0975 A-C
obese centre vs. gdm centre 2 No ns 0.8551 B-C
Test details Mean rank 1 Mean rank 2 Mean rank diff. n1 n2
healthy centre vs. obese centre 5.5 3.5 2 2 2
healthy centre vs. gdm centre 5.5 1.5 4 2 2
obese centre vs. gdm centre 3.5 1.5 2 2 2

Placenta 3Groups (+9AA) PC/LPC MALDI data sets values

Placenta 3Groups (+9AA) PC/LPC MALDI data sets values

Placenta 3Groups (+9AA) PC/LPC MALDI data sets values

Placenta 3Groups (+9AA) PC/LPC Results

Placenta 3Groups (+9AA) PC/LPC Results

Placenta 3Groups (+9AA) PC/LPC Results
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Table 4.4: GraphPad Plots no.2, no.3, no.4, no.5, and no.6 MALDI-ToF MS analysis 
of PC/LPC ratios for a set of samples and Statistical Data Analysis for Each graph 
pad plot presented in the results: 

5

Table:5 healthy n=9 obese n=9 gdm n=9

Kruskal-Wallis Ordinary one-way ANOVA 2.074 4.277 2.525

P value 0.0015 3.302 0.156 1.686

Exact or approximate P value? Approximate 5.317 0.623 1.045

P value summary ** 1.954 1.276 0.034

Do the medians vary signif. (P < 0.05)? Yes 2.025 0.821 1.763

Number of groups 3 3.302 0.530 1.200

Kruskal-Wallis statistic 13 3.120 0.900 0.217

Dunnett's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value 2.649 0.900 0.282

healthy vs. obese 11.44 Yes ** 0.0066 A-B 2.959 0.900 0.298

healthy vs. gdm 11.89 Yes ** 0.0044 A-C
obese vs. gdm 0.4444 No ns >0.9999 B-C
Dunnett's multiple comparisons test Mean Diff. 95.00% CI of diff. Below threshold? Summary Adjusted P Value
healthy vs. obese 1.813 0.1164 to 3.510 Yes * 0.0379
healthy vs. gdm 1.961 0.7120 to 3.211 Yes ** 0.0055
Test details Mean 1 Mean 2 Mean Diff. SE of diff.
healthy vs. obese 2.967 1.154 1.813 0.6348
healthy vs. gdm 2.967 1.006 1.961 0.4674

       
 

    
  

       
  

 
       
  
  

  
   

  

 

 

 
   

  
  

   

   
 

    
  

       
  

 
       

  
  

  

    

    

       

Placenta 3Groups (+9AA) PC/LPC MALDI data sets values
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Table:6 6

Kruskal-Wallis test Anova Results Healthy control n=10 gdm n=6 obese n=9
P value 0.0025 2.074 4.277 2.525
Exact or approximate P value? Approximate 3.302 0.156 1.686
P value summary ** 5.317 0.623 1.045
Do the medians vary signif. (P < 0.05)? Yes 1.954 1.276 0.034
Number of groups 3 2.025 0.821 1.763
Kruskal-Wallis statistic 11.95 3.302 0.530 1.200
Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value 3.120 0.217
control vs. gdm 9.533 Yes * 0.0363 A-B 2.649 0.282
control vs. obese 10.87 Yes ** 0.0039 A-C 1.786 0.298
gdm vs. obese 1.333 No ns >0.9999 B-C 2.959
Descriptive Statistics Kruskal-Wallis test control gdm obese
Number of values 10 6 9
Minimum 1.786 0.1562 0.03437
25% Percentile 2.007 0.4369 0.2495
Median 2.804 0.722 1.045
75% Percentile 3.302 2.026 1.724
Maximum 5.317 4.277 2.525
Mean 2.849 1.281 1.006
Std. Deviation 1.046 1.513 0.8642
Std. Error of Mean 0.3306 0.6178 0.2881
Lower 95% CI 2.101 -0.3074 0.3413
Upper 95% CI 3.597 2.869 1.67
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Table 4.5: GraphPad Plots no.7, no.8, no.9, and no.10 MALDI-ToF MS analysis of 
PC/LPC ratios for a set of samples and Statistical Data Analysis for Each graph pad 
plot presented in the results:   

An explanatory note from the left-hand side begins with Plot 2 to Plot 6 and continues 

on the following pages. For example Table 2-Table 6  each contains the following: 

three groups of placenta samples per group healthy n= number of samples , obese 

n=number of sample, Gestational Diabetes GDM n=number of samples, which are 

run on MLADI in the positive ion and negative ion in two matrices  9AA matrix 

(IPA/CAN 3:2 v/v sample to Matrix 1:1 ration , applies spot to MALDI target 1ul)  

and DBH matrix ( Methanol 1:1 matrix to sample, 1 ul spotted to MALDI plate) each 

sample run in triplicate then intensities of the cluster peaks mass to charge ration m/z 

for phosphatidyl choline PC native form to the hydrolysed degraded form Lyso 

phosphatidylcholine LPC using the 18 Peaks masses intensities showing in Figure 

4.20, 4.21 and 4.22 in the mass spectra and each  run in triplicate then the calculated 

average ration in the excel tables were taken and plotted on the GraphPad producing 

those column plots as comparison of how my of the native versus hydrolyses PC to 

   

    
 

    
  

       
  

 
       

  
  

  
          

    
    

      
  
  

       
 

    
  

       
  

 
       
  
  

  
   

  

 

 

 
   

  
  

Table:7 healthy n=25 obese n=11 gdm n=11
13/05/2022 3.753 5.139 6.305

ANOVA 5.223 5.284 6.331

Kruskal-Wallis test Anova Results 5.291 5.413 6.505

P value 0.0719 5.835 5.995 6.505

Exact or approximate P value? Approximate 6.393 6.002 8.019

P value summary ns 7.151 6.715 9.183

Do the medians vary signif. (P < 0.05)? No 7.472 6.789 9.796

Number of groups 3 7.843 7.530 11.103

Kruskal-Wallis statistic 5.265 7.998 8.053 11.805

Dunnett's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value 8.418 9.325 14.088

healthy vs. obese 9.269 No ns 0.1851 A-B 8.647 10.571 17.974

healthy vs. gdm -3.458 No ns >0.9999 A-C 9.448

obese vs. gdm -12.73 No ns 0.0885 B-C 9.592

9.836

10.222

10.601

10.928

11.205

11.791

13.199

7.001

7.011

7.720

7.998

9.364

    

Placenta 3Groups (+9AA) PC/LPC Results
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LPC is measurable by the intensities signal in each sample per each group , by taking 

to consideration the group BMI Healthy versus obese. So, the point is to determine 

if measuring the native state of PC to hydrolyses from LPC can be monitored 

amongst the groups and potentially used as a biomarker of obesity in complicated 

pregnancies as an indicator of lipid groups. By measuring large amounts of samples 

in human biological tissue, which is very heterogeneous, and that is the reason for 

using so many samples, we try to learn and build up a better understanding of how 

we can apply and follow this approach and further develop to monitor problematic 

pregnancies especially gestational diabetes and obesity as those pregnancies require 

all caesarean delivery because of the health risk and complications from obesity. The 

educational development towards better underacting and educational transparency 

amongst obstetricians and patients and family planning clinics is to educate and make 

all new and potential mothers aware of the health risks such as obesity and 

gestational diabetes. We aim to develop this further as group interest is in this 

particularly active topic of research and health and not easily or comfortably made 

aware to pregnant women. Ealy lipid measurement diagnostics could offer 

information if there were problems of miscarriage, hypertension, preeclampsia or 

other unsuccessful pregnancy outcomes. Plot 2 Placenta groups samples (healthy 

n=12, obese n=9, GDM n=9) 3*star rating showing significance in healthy and obese 

groups. Plot 3 Placenta group samples (healthy n=11, obese n=11, GDM n=9) 1*star 

rating showing only significance in healthy and obese groups. Plot 4 Placenta group 

samples( healthy n=9, obese n=9, GDM n=9) showed no significance in placenta 

chunks cut from the central part near the cord. Plot 5 Placenta group samples (healthy 

n=9, obese n=9, GDM n=9) 2*star rating showing significance in healthy and obese 

and 2*healthy with gestational diabetes GDM group. Plot 6 Placenta groups samples 

(healthy n=10, obese n=6, GDM n= 9) 2*star rating showing significance healthy 

and obese and 1*healthy with gestational diabetes GDM group  
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Table 4.4: GraphPad Plots no.7, no.8, no.9, and no.10 MALDI-ToF MS analysis of 
PC/LPC ratios for a set of samples and Statistical Data Analysis for Each graph pad 
plot presented in the results:   

8

Table:8 healthy n=12 obese n=14 gdm n=15
Date 18-07-2022: 12.584 12.190 12.190

ANOVA 14.830 19.877 19.877

Mixed-effects model (REML) Matching: Across row 16.888 19.159 19.159

Assume sphericity? No 24.795 16.091 16.091

Alpha 0.05 40.634 25.732 25.732

Fixed effect (type III) P value P value summary Statistically significant (P < 0.05)? 17.360 31.779 31.779

Treatment (between columns) 0.395 ns No 28.401 13.340 38.384

Random effects SD Variance 11.625 38.078 13.340

Individual (between rows) 3.319 11.01 9.469 25.065 38.078

Residual 7.872 61.96 12.500 16.358 25.065

Chi-square, df 0.7634, 1 8.488 16.496 16.358

P value 0.3823 11.205 17.871 16.496

P value summary ns 14.657 17.871

Is there significant matching (P < 0.05)? No 14.109 14.657

Kruskal-Wallis test Multiple comparisons 14.109

Dunnett's multiple comparisons test Mean Diff. 95.00% CI of diff. Below threshold? Summary Adjusted P Value
healthy vs. obese -2.659 -11.35 to 6.028 No ns 0.661
healthy vs. gdm -3.881 -11.65 to 3.891 No ns 0.3716
Descriptive Statistics Kruskal-Wallis test
Number of values 12 14 15
Number of missing values 3 1 0
Minimum 8.488 12.19 12.19
25% Percentile 11.31 14.52 14.66
Median 13.71 17.18 17.87
75% Percentile 22.94 25.23 25.73
Maximum 40.63 38.08 38.38
Mean 17.4 20.06 21.28
Std. Deviation 9.456 7.538 8.669
Std. Error of Mean 2.73 2.015 2.238
Lower 95% CI 11.39 15.7 16.48
Upper 95% CI 23.41 24.41 26.08

     

   
 

    
  

       
  

 
  
    

    
       
  
  

  

    

     

   
 

    
  

       
  

 
  
    

       
    
    
    

        

 

 

 
   

  
  

Placenta 3Groups (+DHB ) PC/LPC Results

     

     

Placenta 3Groups (+DHB) PC/LPC MALDI data sets values

       

       

   
  

    
 

          
  

 
  

  
 
  
      

    
          

    
    

   
  
   

 

 

 
   

  
  

Table:9 9

Date 18-07-2022: healthy n=11 obese n=11 gdm n=11

ANOVA 12.584 12.190 12.190

Kruskal-Wallis test Anova Results 14.830 19.877 19.877

P value 0.2093 16.888 19.159 19.159

Exact or approximate P value? Approximate 24.795 16.091 16.091

P value summary ns 40.634 25.732 25.732

Do the medians vary signif. (P < 0.05)? No 17.360 31.779 31.779

Number of groups 3 28.401 13.340 38.384

Kruskal-Wallis statistic 3.128 11.625 38.078 13.340

Number of families 1 9.469 25.065 38.078

Number of comparisons per family 3 12.500 16.358 25.065

Alpha 0.05 8.488 16.496 16.358

Kruskal-Wallis test Multiple comparisons 11.205 17.871 16.496

Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value 14.657 17.871

healthy vs. obese -6.583 No ns 0.4865 A-B 14.109 14.657

healthy vs. gdm -7.75 No ns 0.2839 A-C 14.109

obese vs. gdm -1.167 No ns >0.9999 B-C
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Table 4.6: GraphPad Plots no.7, no.8, no.9, and no.10 MALDI-ToF MS analysis of 
PC/LPC ratios for a set of samples and statistical analysis for each graph pad plot 
presented in the results:   

An explanatory note from the left-hand side begins with table Plot 7 Placenta groups 

samples +ve 9AA matrix  (healthy n=25, obese n=11, GDM n=11) showing NO 

significance amongst the three groups. Plot 8 Placenta group samples run in +ve 

DHB Matrix  (healthy n=12, obese n=14, GDM n=15) showing NO significance 

amongst the three groups. Plot 9 Placenta groups samples run in +ve DHB Matrix 

(healthy n=9, obese n=9, GDM n=9) 2*star rating showing significance healthy and 

obese and 2*healthy with gestational diabetes GDM group. Plot 10 Plasma group 

samples run in +ve 9AA matrix (non-pregnant n=10 pregnant healthy n=7, pregnant 

obese n=7, pregnant GDM n= 9) showing 4* star rating highest significance amongst 

non-pregnant patients with gestational diabetes GDM patience difference in PC/LPC 

relative ratio. 

   
  

    
 

          
  

 
  

  
 
  
      

    
          

    
    

   
  
   

 

 

 
   

  
  

     

   
 

    
  

       
  

 
  
    

    
       
  
  

  

Table: 10  All Plasma
Date:04-09-2022 10

ANOVA Non pregnant N=10 healthy N=7 obese N=7 gdm N=9

Kruskal-Wallis test Anova Results 2.748 8.085 5.097 6.370

P value 0.0002 4.194 5.040 3.519 5.747

Exact or approximate P value? Approximate 1.706 4.970 4.379 7.403

P value summary *** 4.518 4.281 4.114 5.945

Do the medians vary signif. (P < 0.05)? Yes 1.410 3.906 5.727 5.937

Number of groups 4 0.779 3.725 4.544 5.605

Kruskal-Wallis statistic 19.63 2.856 3.720 3.417 7.251

Number of families 1 2.033 7.251

Number of comparisons per family 3 1.977 7.251

Alpha 0.05 5.628

Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value A-?
Non pregnant vs. healthy -8.943 No ns 0.1814 B healthy
Non pregnant vs. obese -7.371 No ns 0.3653 C obese
Non pregnant vs. gdm -19.58 Yes **** <0.0001 D gdm
Descriptive Statistics Kruskal-Wallis test Non pregnant n=10 healthy n=7 obese n=7 gdm n=9
Minimum 0.7792 3.72 3.417 5.605
25% Percentile 1.632 3.725 3.519 5.842
Median 2.39 4.281 4.379 6.37
75% Percentile 4.275 5.04 5.097 7.251
Maximum 5.628 8.085 5.727 7.403
Mean 2.785 4.818 4.4 6.529
Std. Deviation 1.541 1.542 0.8259 0.751
Std. Error of Mean 0.4873 0.5829 0.3121 0.2503
Lower 95% CI 1.682 3.392 3.636 5.952
Upper 95% CI 3.887 6.244 5.163 7.106
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Placenta 3Groups (+9AA) PC/LPC MALDI data sets values



 

257 

 

 

 

11

healthy edges obese edges gdm edges
Table:11 10.601 8.053 17.974
Table Analyzed  Healhy centre vsobese , gdm 10.928 10.571 14.088

Kruskal-Wallis test 10.641 6.715 9.183

P value 0.0143 11.205 6.789 11.103

Exact or approximate P value? Approximate 10.222 7.530 11.805

P value summary * 13.199 9.325 9.796

Do the medians vary signif. (P < 0.05)? Yes 8.647

Number of groups 3 8.418

Kruskal-Wallis statistic 8.5 10.072

Number of families 1 9.448

Number of comparisons per family 3 7.472

Alpha 0.05 11.791

Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value
healthy edges vs. obese edges 7.5 No ns 0.1017 A-B
healthy edges vs. gdm edges -4.167 No ns 0.7158 A-C
obese edges vs. gdm edges -11.67 Yes * 0.0128 B-C

Table:12 All combined  
Kruskal-Wallis test Anova Results 12

Table Analyzed Combined  healthy ( edges + centre) healthy edges n17 obese centre n=14 gdm centre n=14 healthy centre n=9 obese edges n=6 gdm edges n=6
ANOVA 8.647 4.277 2.525 2.074 8.053 17.974
Kruskal-Wallis test 8.418 0.156 1.686 3.302 10.571 14.088
P value <0.0001 10.072 0.623 1.045 5.317 6.715 9.183
Exact or approximate P value? Approximate 9.448 1.276 0.034 1.954 6.789 11.103
P value summary **** 7.472 0.821 1.763 2.025 7.530 11.805
Do the medians vary signif. (P < 0.05)? Yes 11.791 0.530 1.200 3.302 9.325 9.796
Number of groups 6 10.601 0.900 0.217 3.120
Kruskal-Wallis statistic 43.65 10.928 0.900 0.282 2.649
Kruskal-Wallis test Multiple comparisons 10.641 0.900 0.298 2.959
Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value 11.205 5.139 8.019

healthy edges vs. obese centre 31.03 Yes *** 0.0001 A-B 10.222 5.995 6.505

healthy edges vs. gdm centre 28.75 Yes *** 0.0005 A-C 13.199 5.389 6.505

healthy edges vs. healthy centre 27.07 Yes ** 0.0094 A-D 6.393 6.002 6.331

healthy edges vs. obese edges 2.51 No ns >0.9999 A-E 3.753 5.413 6.305

healthy edges vs. gdm edges -10.16 No ns >0.9999 A-F 5.291

obese centre vs. gdm centre -2.286 No ns >0.9999 B-C 9.284

obese centre vs. healthy centre -3.968 No ns >0.9999 B-D 5.835

obese centre vs. obese edges -28.52 Yes * 0.0349 B-E
obese centre vs. gdm edges -41.19 Yes *** 0.0002 B-F
gdm centre vs. healthy centre -1.683 No ns >0.9999 C-D
gdm centre vs. obese edges -26.24 No ns 0.0763 C-E
gdm centre vs. gdm edges -38.9 Yes *** 0.0005 C-F
healthy centre vs. obese edges -24.56 No ns 0.2282 D-E
healthy centre vs. gdm edges -37.22 Yes ** 0.0035 D-F
obese edges vs. gdm edges -12.67 No ns >0.9999 E-F

Placenta 3Groups (+DHB ) PC/LPC Results

Placenta 3Groups (+DHB ) PC/LPC Results Placenta 3Groups (+DHB) PC/LPC MALDI data sets values Placenta 3Groups (+DHB) PC/LPC MALDI data sets values

Placenta 3Groups (+DHB) PC/LPC MALDI data sets values
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Table 4.7: LPC/PC ratios for a set of samples Plots 11-14. GraphPad Plot no.11, Plot 
no.12, Plot no.13, and Plot no.14 peak intensities acquired by MALDI-ToF MS 
Statistical Data Analysis for Each graph pad plot presented in the results using per 
each sample three repeats and taking an average of the three intensities of each 
cluster peaks for LPC and PC and plotting as a data point in the GraphPad using 
∑LPC/∑PC and all sample calculation excel tables of each  

13

healthy edges n=17 obese centre n=14 gdm centre n=14

Table:13 8.647 4.277 2.525

Table Analyzed 8.418 0.156 1.686

ANOVA 10.072 0.623 1.045

Kruskal-Wallis test Anova Results 9.448 1.276 0.034

P value <0.0001 7.472 0.821 1.763

Exact or approximate P value? Approximate 11.791 0.530 1.200

P value summary **** 10.601 0.900 0.217

Do the medians vary signif. (P < 0.05)? Yes 10.928 0.900 0.282

Number of groups 3 10.641 0.900 0.298

Kruskal-Wallis statistic 23.72 11.205 5.139 8.019

Kruskal-Wallis test Multiple comparisons 10.222 5.995 6.505

Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value 13.199 5.389 6.505

healthy edges vs. obese centre 20.75 Yes **** <0.0001 A-B 6.393 6.002 6.331

healthy edges vs. gdm centre 18.39 Yes *** 0.0003 A-C 3.753 5.413 6.305

obese centre vs. gdm centre -2.357 No ns >0.9999 B-C 5.291

9.284

5.835

Table:14 14

Date:  01-04-22 healthy n=23 obese n=9 gdm n=9

ANOVA summary 2.074 4.277 2.525

Kruskal-Wallis test Anova Results 3.302 0.156 1.686

P value <0.0001 5.317 0.623 1.045

Exact or approximate P value? Approximate 1.954 1.276 0.034

P value summary **** 2.025 0.821 1.763

Do the medians vary signif. (P < 0.05)? Yes 3.302 0.530 1.200

Number of groups 3 3.120 0.900 0.217

Kruskal-Wallis statistic 26.53 2.649 0.900 0.282

Kruskal-Wallis test Multiple comparisons 2.959 0.900 0.298

Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value 10.601

healthy vs. obese 19.19 Yes *** 0.0001 A-B 10.928

healthy vs. gdm 19.63 Yes **** <0.0001 A-C 8.647

obese vs. gdm 0.4444 No ns >0.9999 B-C 8.418

10.072

6.393

10.641

11.205

9.448

10.222

9.284

7.472

11.791
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Plot 11 Placenta groups samples (healthy n=12, obese n=6, GDM n=6) 1*star rating 

showing significance of healthy and gestational diabetes GDM group. Plot 12 

Placenta groups samples cut from near central cord versus edges as the comparison 

on one graph plot (Healthy edges n=17, obese centre n=14, GDM centre n=14), and 

healthy centre n=9, obese edges n=6 GDM edges n=6) 3*star, 2*, 1* rating showing 

the significance of among these three groups in placenta cuts from central cord versus 

placenta l edges, which suggested the wealthiest parts in nutrients are the placenta 

globules edges not the centre. Which is very fibrous and full of nodular capillaries, 

almost plastic straw-like connectors, and the edges are meatier and have more tissue 

present. Plot 13 Placenta groups samples( healthy edges n=17, obese centre n=14, 

GDM centre n= 14) 4*star and 3*star significance in placenta chunks cut from 

healthy edges globules compared to cuts from central parts near the cord of placentas 

cuts from obese and gestational diabetes GDM, which suggests that not only the parts 

of placenta are essential as well as the lipid accumulation contes prefers to be in the 

maternal side globules trophoblast more meaty parts rather then in plasticity side of 

cord closer to the fetal side. Plot 14 Placenta group samples (healthy n=23, obese 

n=9, GDM n= 9) 3*star rating showing the significance of more significant numbers 

of healthy placenta samples to the lower number of obese and GDM samples, 

specifically GDM  and obese and 2*healthy with gestational diabetes GDM group. 

The research could suggest that the control healthy samples have less PC/LPC and 

need twice as many volume samples to observe significant differences amongst the 

group's PC/LPC reactivation. 
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11.791
Table:15 13.199
Kruskal-Wallis test Anova Results
F 4.856 15

P value 0.0162 healthy edges n=17 obese edges n=6 gdm edges n=6

P value summary * 8.647 8.053 17.974

Significant diff. among means (P < 0.05)? Yes 8.418 10.571 14.088

R squared 0.2719 10.072 6.715 9.183

Kruskal-Wallis test Multiple comparisons 9.448 6.789 11.103

Holm-Šídák's multiple comparisons test Mean Diff. Below threshold? Summary Adjusted P Value A-? 7.472 7.530 11.805

healthy edges vs. obese edges 0.8478 No ns 0.4883 B-obese edges 11.791 9.325 9.796

healthy edges vs. gdm edges -3.313 Yes * 0.0214 C-gdm edges 10.601

Mean 9.012 8.164 12.32 10.928

Std. Deviation 2.538 1.52 3.257 10.641

Std. Error of Mean 0.6156 0.6203 1.33 11.205

10.222

13.199

6.393

3.753

5.291

9.284

5.835

     

     

Placenta 3Groups (+DHB ) PC/LPC Results

       

       

Placenta 3Groups (+DHB) PC/LPC MALDI data sets values

Table:16 16

Date: 01-04-22 Placenta aded more healthy healthy n=23 obese n-12 gdm n=12

ANOVA summary 2.074 4.277 2.525

Kruskal-Wallis test Anova Results 3.302 0.156 1.686

P value <0.0001 5.317 0.623 1.045

Exact or approximate P value? Approximate 1.954 1.276 0.034

P value summary **** 2.025 0.821 1.763

Do the medians vary signif. (P < 0.05)? Yes 3.302 0.530 1.200

Number of groups 3 3.120 0.900 0.217

Kruskal-Wallis statistic 20.18 2.649 0.900 0.282

Kruskal-Wallis test Multiple comparisons 2.959 0.900 0.298

Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value 10.601 5.139 6.505

healthy vs. obese 18.26 Yes *** 0.0006 A-B 10.928 5.995 6.331

healthy vs. gdm 17.67 Yes *** 0.0009 A-C 8.647 5.389 6.305

obese vs. gdm -0.5833 No ns >0.9999 B-C 8.418

10.072

6.393

10.641

11.205

9.448

10.222

9.284

7.472

11.791

13.199

Table:17
Dates: 02-02-22  ,  01-04-22 New Placenta  healthy near cordcentre vs edges gdm and edges obese
ANOVA summary 17

Kruskal-Wallis test Anova Results Healthy central n=5 obese edges n=6 gdm edges n=6

P value 0.001 6.393 8.053 17.974

Exact or approximate P value? Exact 3.753 10.571 14.088

P value summary ** 5.291 6.715 9.183

Do the medians vary signif. (P < 0.05)? Yes 9.284 6.789 11.103

Number of groups 3 5.835 7.530 11.805

Kruskal-Wallis statistic 10.5 9.325 9.796

Kruskal-Wallis test Multiple comparisons 
Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value
Healthy central vs. obese edges -4.333 No ns 0.4693 A-B
Healthy central vs. gdm edges -9.833 Yes ** 0.0039 A-C
obese edges vs. gdm edges -5.5 No ns 0.1777 B-C

Placenta 3Groups (+DHB ) PC/LPC Results

Placenta 3Groups (+DHB ) PC/LPC Results

Placenta 3Groups (+DHB) PC/LPC MALDI data sets values

Placenta 3Groups (+DHB) PC/LPC MALDI data sets values

Placenta 9AA 02-02-22 01-04-22 New 



 

261 

 

  

 

Table 4.8: GraphPad Plots No.15-to-No.20 MALDI-ToF MS analysis of PC/LPC 
ratios for a set of samples.  

Plot 15 Placenta group samples (healthy n=17, obese n=6, GDM n=6) 1*star rating 

showing only significance healthy edges cut to the gestational diabetes edges cut and 

no importance to obese. Plot 16 Placenta group samples (healthy n=23, obese n=12, 

GDM n= 12) 3*star rating showing good significance in healthy and obese groups 

similarly observed in plots no.13 and no.14.Plot 17 Placenta group samples( healthy 

n=5, obese n=6, GDM n=6) showed no significance in placenta chunks cut from 

edges and central near cord. Plot 18 Placenta group samples (healthy n=5, obese n=5, 

GDM n=5) 2 no significance showing significance healthy and obese and 2*healthy 

Table:18 18

Table Analyzed Placenta healthy edges centre vs gdm obese healthy centre n=5 obese centre n=5 gdm centre n=5

ANOVA summary 6.393 5.139 8.019

Kruskal-Wallis test Anova Results 3.753 5.995 6.505

P value 0.065 5.291 5.389 6.505

Exact or approximate P value? Exact 9.284 6.002 6.331

P value summary ns 5.835 5.413 6.305

Do the medians vary signif. (P < 0.05)? No
Number of groups 3
Kruskal-Wallis statistic 5.36
Kruskal-Wallis test Multiple comparisons 
Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value
healthy centre vs. obese centre 2 No ns >0.9999 A-B
healthy centre vs. gdm centre -4.4 No ns 0.3594 A-C
obese centre vs. gdm centre -6.4 No ns 0.071 B-C

Table:19
Table Analyzed Placenta  healthy edges centre vs gdm obese
ANOVA summary 19

Kruskal-Wallis test Anova Results healthy centre n=12 obese centre n=5 gdm centre n=5

P value 0.065 6.393 5.139 8.019

Exact or approximate P value? Exact 3.753 5.995 6.505

P value summary ns 5.291 5.389 6.505

Do the medians vary signif. (P < 0.05)? No 9.284 6.002 6.331

Number of groups 3 5.835 5.413 6.305

Kruskal-Wallis statistic 5.36
Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value
healthy centre vs. obese centre 2 No ns >0.9999 A-B
healthy centre vs. gdm centre -4.4 No ns 0.3594 A-C
obese centre vs. gdm centre -6.4 No ns 0.071 B-C

Table:20
Kruskal-Wallis test Anova Results
P value 0.0107 20

Exact or approximate P value? Exact healthy centre n=3 obese centre n=3 gdm centre n=3

P value summary * 3.753 5.995 8.019

Do the medians vary signif. (P < 0.05)? Yes 5.291 6.002 6.505

Number of groups 3 5.835 5.413 6.505

Kruskal-Wallis statistic 6.489
Dunn's multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value
healthy centre vs. obese centre -2.333 No ns 0.8902 A-B
healthy centre vs. gdm centre -5.667 Yes * 0.0338 A-C
obese centre vs. gdm centre -3.333 No ns 0.4081 B-C
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with gestational diabetes GDM group. Plot 19 Placenta group samples (healthy n=12, 

obese n=5, GDM n= 5) 3*star rating showing significance for healthy and obese, 

which suggests that twice the number of healthy samples needed to observe 

differences, which could be down to the quality of the sample, contamination during 

extraction or just biological heterogeneity. Plot 20 Placenta groups samples (healthy 

n=3, obese n=3, GDM n= 3) 1*star rating showing only significance 1*healthy with 

gestational diabetes GDM groupThe plot results show that TLC combined with 

MALDI can measure the relevant trends. 

 

4.5 Collaboration with the University of Warwick 

The MALDI results above show that using mass spectra analytical data processing 

knowledge can identify lipid classes and lipid chain lengths by comparing the 

measured masses to the known or expected structures from the literature. However, 

literature values have substantial ambiguity in the lengths of the acyl chains as well 

as acyl chain structural features such as double bond position, branching, hydroxyl 

positions, and cis/trans isomerism, although all are known to vary within the range 

of biologically relevant lipid structures. A straightforward approach to determining 

some of these detailed structural features is to use tandem mass spectrometry 

techniques (MS/MS or MSn) rather than just simple mass measurement (MS).  As 

MSn is not possible on the instruments available at Swansea University, further work 

was done in collaboration with the Ion Cyclotron Resonance Facility at the 

University of Warwick.   

Mr Basim Hussain, a PhD student in the facility, performed high mass resolution and 

mass accuracy analysis to confirm our lipid assignments. Then, he performed 

MS/MS experiments using a variety of fragmentation techniques, including 

collision-induced dissociation (CID), electron detachment dissociation (EDD), and 

ultraviolet photodissociation (UVPD) to generate fragment ions from the isolated, 

individual lipid species. He used these techniques in his experiments to determine 

the (sn-1) versus (sn-2) lipid positional assignments and the position of double bonds 

within the lipid chains. 
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Mr Hussain diluted the sample 10-fold to 1 mg/ml and used a micropipette to put 2 

µl of sample into a glass capillary pulled under heat to make a 1 m inner diameter 

nano-electrospray tip. The sample was placed in the nano-electrospray ion source 

and measured on the FTICR mass spectrometer. A phosphatidylcholine precursor 

ion's primary sodiated ion peak at m/z 758.6 was isolated and fragmented with CID 

in the collision cell. The resulting MS/MS spectrum showed the phosphate head 

group at 184.5 Da and two fatty acid chains from fragmentation at the sn-1 and sn-2 

positions. The sample was run directly on the FTICR mass spectrometer with no 

additional sample preparation other than dilution, which means that the sample 

preparation methodologies used in chapters 2 and 3 effectively generated good, clean 

samples. 

Figure 4:24: Photographs taken during experiments with PhD student Basim at the 
University of Warwick FTICR MS Centre. 



 

264 

 

                       
Figure 4:25: FTICR MS/MS analysis of Swansea total lipid extracts run by PhD student collaborator Mr Basim Hussain at the University of 

Warwick. 



 

265 

 

 

Figure 4:26: Diagram of the FTICR MS/MS experiment analyses by PhD student Mr. Basim Husain based at the University of Warwick on total 
lipid extracts from the placenta of an obese placenta CAT 1531 patient.  Basim utilised UVPD, IRMPD, and CID collision-induced dissociation 
MS/MS. Using CID, Mr. Hussain was able to identify the headgroup and the lipid sidechains, and using UVPD and EDD, he was able to determine 
the double bond position on those same lipids. 
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4.6 Discussion 

Most lipids are readily observable by MALDI MS in the negative ion mode; the only 

lipid groups observable in the positive ion mode using 9AA or DHB are PC and LPC, 

sphingolipids, sphingomyelins, which are choline-based, also ceramides that belong 

to the same family with acidic groups which can help to stabilise protons. The 

negative mode is best for most phospholipids, inositol, serine, ethanolamine, 

glycerol, cardiolipin, as well as gangliosides and many more sulfatides and other 

molecules that are not identified as they are outside MALDI ToF MS limits of 

detection. Although we did not have access to the equipment for such studies, we 

expect that more sensitive mass spectrometry techniques using atmospheric pressure 

ionisation and tandem mass spectrometry for MRM and SRM studies would work 

very well for detection and potentially for quantitation of these lipids, provided 

sufficient effort was made to develop the methods and quantitative calibration 

curves. Furthermore, the MALDI results show a need to be able to observe ions at 

lower m/z ranges, where matrix peaks dominate MALDI signals. Also, many 

fragment ions, such as the phosphate headgroup of PC lipids at 182 m/z, would be 

difficult to detect in a MALDI experiment due to the dominance of matrix peak 

signals in the low m/z region. 

There are many opportunities to further develop these studies with the right approach 

and collaborations with specific bioanalytical techniques to quantify all 

phospholipids, neutral lipids, sterols, cholesterol esters, cholesterol sulphates, and 

especially cardiolipin, which are overwhelmingly negative in the matrix 9AA, in 

negative ion mode and the negative ion DHB, especially in obese and placentas with 

GDM, but not in the healthy placenta—presence of glycolipid gangliosides in the 

obese placenta and GDM in negative ions. An example is the collaboration with the 

Warwick Mass Spectrometry Centre shown in the figures above work by PhD 

student Basim Hussain, who presented his work at an international mass 

spectrometry conference in the USA and UK twice, and the Warwick -Swansea 

collaborative publication is in due future to come.  

The PC/LPS ratio was explored as a measure of global inflammation as per early 

literature indicators as a pro-inflammatory biomarker. The results in figures 4.16- 
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4.18 show a trend that PC/LPC ratios generally rise from healthy to obese to GDM 

patients and are much higher than the bulk PC/LPC ratios in the plasma of non-

pregnant donors. Plots 4-6 in Figure 4.14 show a different trend, which we speculate 

is due to the tissue sampling being done close to the umbilical cord, which likely is 

impacted by the increased blood flow in that region.   

The literature and all pathological studies of human placenta tissue have noted that 

the biological integrity of the placenta rapidly degrades and processes within 40 

minutes from vaginal delivery. (588) Physiological and hormonal factors influence 

the levels of lyso-glycerol-phospholipids (LGPs) and lyso-sphingoid-phospholipids 

(LSPLs) during healthy, obese, and gestational diabetes mellitus (GDM) 

pregnancies. Alterations in lysoglycerophospholipids and also-sphingoid-

phospholipids during healthy, obese, and GDM pregnancies indicate the complex 

interplay between lipid metabolism, hormonal changes, and metabolic disorders. 

GDM's impact on lysoglycerophospholipid levels underscores their potential as 

biomarkers for GDM. It highlights the need for further research to elucidate these 

alterations' underlying mechanisms. 

LPC species levels are reduced in obesity and type 2 diabetes (589). LPCs, which 

are lipids associated with pro-inflammatory and atherogenic conditions, are 

increased in obese individuals (590). Studies have confirmed that obesity alters LPC 

species, especially LPC 16:1 (591). LPCs decrease in obese individuals experiencing 

chronic pain (592). LPCs in early pregnancy are also associated with GDM risk in 

Chinese women, suggesting that LPCs may mediate disease risk(593). Obesity and 

changes in LPC levels have also been linked to inflammation and metabolic 

syndrome (184, 594). A study showed a significant decrease in brain 

phosphatidylcholine after an ischemic stroke, indicating a potential role for LPCs in 

neurological disorders (595). A possible biomarker for GDM risk assessment is 

LPCs in early pregnancy, which are differentially associated with GDM severity 

(Wang et al., 2022). Pregnant women with insufficient insulin production develop 

GDM (596). There has also been evidence that serum levels of specific LPC species 

are lower in GDM patients than in normal pregnant women (597). Pregnant women 

with GDM exhibit decreased levels of LGPs, particularly lysoglycerophospholipids, 

in their plasma (598). Such an observation was also confirmed with studies on type 
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2 diabetes (T2D), indicating a potential link between altered LGP levels and 

cardiovascular disorders (599). Additionally, metabolic profiling of women with 

GDM and their offspring has revealed decreased circulating glycerophospholipids, 

with lysoglycerophospholipids being the most prominently affected during 

pregnancy and postpartum (599). 

Further proof that LPC levels are associated with obesity comes from animal models 

that show reduced levels of unsaturated LPCs (600). Besides metabolic control, 

LPCs are involved in immune response modulation and parasite transmission 

regulation (601, 602). LPCs induce endothelial nitric oxide synthase downregulation 

and abnormal vascular reactivity, implicating them in cardiovascular health (603). 

LPCs cause arrhythmias similar to ischemia-induced ones (604). Therefore, analyses 

that study placenta tissue require coordination with the medical ward to prepare the 

placenta organ immediately after birth, keep it on ice, and wash it with PBS saline. 

Future studies would also be useful in studying total lipid content in whole blood 

compared to the already isolated plasma. Full blood samples at the time of collection 

were limited by return after the COVID-19 lockdown, so the priority was researchers 

who investigated cell work. As this project's main focus was initially on the placenta, 

the separated and given plasma was only provided if there were enough blood 

samples to share. Using full blood instead of already separated plasma comparison 

would be beneficial in observing comparative total lipid extract from full blood, then 

from already separated plasma. For the total lipid extract as an initial groundwork 

discovery study, this work has provided a wide area of information on the total lipid 

composition in the human placenta. The placenta is almost like a sponge that absorbs 

and filters out all metabolic nutrients.  

4.6.1 Conclusion 

Part of this project involved testing the hypothesis that PC/LPC ratios are correlated 

with adverse pregnancy outcomes, but the samples were only provided noting the 

body-mass index of the mother and the gestational diabetes status of the mother. 

Therefore, the plots in figures 4.16-4.18 instead show that there is a general, but not 

a fully consistent, correlation between rising PC/LPC ratios from healthy to obese to 

GDM patients. Given that the trend is not fully consistent with healthy vs obese vs 



 

269 

 

GDM, much less the unknown parameter of adverse pregnancy outcomes, it is not 

clear that PC/LPC ratios are a true and diagnostic biomarker for such outcomes. 

More specific sample information must be provided to fully test that hypothesis, 

including the occurrence of said outcomes, blood analysis of cholesterol, LDL, and 

HDL, and, ideally, some information about the patient's diet. This research work 

confirms higher levels of PC/LPC in plasmas from obese GDM patients (GraphPad 

plot nr.10) indicative of metabolic disorders when compared with other literature 

findings as per study finding of the group co-colleague Rees et al. 2023 (115). An 

example of collaboration with the Warwick Mass Spectrometry Centre FTICRMS is 

in the above figure by PhD student Basim Hussain, showing his work of detailed 

lipid characterisations that can be done on each lipid group species with 

fragmentation. It is necessary to confirm the structures by verifying the position of 

double bonds in fatty acids' chemical structure. Only then can it be said by 

confirming which PC it is, 18:1 or 18:2, seen in the placenta's or plasma's total lipids. 

Depending on the researcher's needs, this detailed structure can enhance confidence 

in identifying or discovering structurally lipid biomarkers. 

The cost of performing such data analysis externally by an outsourced company is 

approximately 1200-1500 pounds sterling GB per sample, excluding a 

comprehensive study and explanation. Educational collaboration with lipidomics 

experts would be very helpful, and these goals are achievable. It takes much effort 

and dedication to ensure that the sample preparation for placenta extraction is clean, 

reproducible, and observable by thin-layer chromatography. The repeatability, 

consistency, and accuracy of MALDI peaks are compared to MALDI ToF MS data 

analysis. Intensities always vary, so they cannot be considered absolutes. This 

method is partially semi-quantitative, using relative percentage measurements to 

indicate the lipid groups present in the sample and mass spectrum, assuming the 

isobaric head group overlaps the glycerophospholipids such as PC, LPE, and PE. 

Several liposome species contain NH4+ choline PC head groups in 

glycosphingolipids, sphingomyelin, and ceramides. This study identified lipids by 

analysing the literature, which is a helpful starting point for the next researcher. If 

they choose, they can promote LC-MS/MS or other hyphenated approaches to 

chromatography, including gas chromatography, CC-MS, atmospheric pressure 
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chemical ionisation (APCI) ion source hyphenated with mass spectrometry detector, 

for example, present at the Swansea cholesterol specialist research group Griffiths 

laboratory showing cholesterol-related analysis is of interest which would enhance 

value to the placenta lipidome since cholesterol related oxidised sterols 3-beta-

hydroxysteroid dehydrogenase was learnt and discovered. (605) Its carriers, such as 

HDLP, LDLP, and blood, are abundant in the placenta and plasma. (606, 607) Many 

studies have compared full glycerophospholipid fractional analyses, for example, not 

just PC/LP, but all the phospholipids comparison bar chars as a graphical 

representation, a standard approach in the literature. To conclude, this work has 

achieved a reasonable quality of bioanalytical sample preparation and extraction, as 

confirmed by TLC and MALDI ToF MS and enhanced by the Warwick 

collaboration. It suggests the method is good enough and needs more analytical work 

to answer more actual biological questions. Future collaborations are needed and 

appreciated to expand this work further. 
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Chapter: 5 MALDI Imaging  

 

5.1 Introduction  

MALDI Imaging Mass Spectrometry (MALDI IMS) has provided several key 

insights into the role of lipids in placental function based on literature insights. The 

MALDI IMS visualizes lipid localization within placental tissue structures at high 

resolution (typically 10-50 μm). It is possible to map lipids to specific areas of the 

placenta and particular types of cells. It has been shown that dynamic changes in 

lipid distribution and composition during pregnancy can be revealed using MALDI 

IMS. Researchers found that the distribution of several phosphatidylserines PS, 

phosphatidylinositols PI, and phosphatidylglycerols PG varied from days 4-8 of 

pregnancy in mice. It has been demonstrated that specific lipid localization is related 

to significant biological processes. During embryo implantation, arachidonate-

containing PE lipids correlate with prostaglandin signalling enzyme expression. It 

has been shown that the placenta's lipid composition varies across its various regions 

using MALDI IMS. Studies have found that 12 lipid groups (largely 

phosphatidylcholines and sphingomyelins) differ significantly between the chorionic 

plate and basal plate, with the basal plate showing higher abundances of most of 

these lipids. Apoptosis-response regions were localized to docosahexaenoate-

containing PE lipids, while angiogenesis regions were localized to oleate- and 

arachidonate-based PE lipids. It has been possible to examine the distribution of 

Phosphatidylcholine PC species in placental tissue by MALDI IMS. Using MALDI 

IMS, lipid changes associated with pregnancy complications or placental pathologies 

could be detected, potentially identifying new biomarkers or therapeutic targets. The 

findings of this study provide evidence that MALDI IMS can be a powerful tool for 

understanding the complex roles of lipids in the structure, function, and development 

of the placenta during pregnancy, and it is an exciting prospect for future research in 

this field (236, 237, 608, 609) (238, 610). 
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5.2 Rationale   

To develop methods for placenta lipids density maps using MALDI Imaging. 

5.3 Materials and Methods   

5.3.1 Samples and ethics ( as per Chapter 2, section 2.3.1) 

See chapter 2, section 3.2.2. All reagents, materials and equipment used for the work 

described in this chapter are summarized in Table 3.1. All sample and ethical 

approval as described in Chapter 2, section 2.3.1 

5.3.1.1 Sample collection  

A critical limiting factor in these experiments is tissue integrity. The placenta from 

a caesarean birth should go immediately in a plastic bag and be stored on ice awaiting 

collection to avoid tissue lysis. 

5.3.2 Sample preparation  

The placenta is a soft tissue that must be frozen and sectioned before generating mass 

spectral images. Snap freezing, also known as flash freezing, is a rapid cooling 

process that lowers samples to temperatures below -70 °C and involves using dry ice 

or liquid nitrogen to achieve a rapid freezing rate. Snap freezing using a pre-cooled 

module flask, such as the one shown in Figure 5.1, ensures that the freezing process 

occurs efficiently and maintains the molecular integrity of the samples. The placental 

samples undergo proper cleaning, washing, cutting, and efficient freezing, ensuring 

the minimisation of contamination and preservation of the molecular integrity of the 

tissue. To avoid oxidation, strict handling procedures should be followed. Tissue 

frost burning is a risk, but rapid freezing minimises that risk, depending on the size 

and density of the tissue. A fast freezing process minimises ice crystal formation. 

The frozen sections can follow immunochemistry, enzyme detection, and in situ 

hybridisation. 

Fresh placental tissue is first prepared and washed thoroughly with PBS for flash 

freezing, as described in Chapter 2. Section 3.2.2 to remove any blood. It is then 

dried gently on tissue paper before cutting into small chunks, approximately 1 cm3. 
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A chunk of tissue is washed in PBS, a small globe chank, pad dry, the blood and 

weighed, wrapped in aluminium foil and with a silver tweezer placed on a thermo 

flask containing dry ice slurry with isopentane and the small aluminium parcel 

wrapped inside tissue placed gently on the white weighing bat and onto the dry ice 

slurry or if liquid nitrogen just put into fumes holding with long tongues. It is not 

compulsory to use liquid nitrogen for immunohistochemistry. For MALDI imaging, 

yes, but anything with dry ice is fine. Then, After freezing, wrap it tightly in 

aluminium foil to protect it from oxidation and place it in a plastic box inside a dry 

ice box (the foggy atmosphere generated by the sublimation of carbon dioxide ice is 

also helpful for reducing reaction with atmospheric oxygen). The labelled box with 

appropriate identifiers is promptly transferred to a freezer (-80 °C) until it is ready 

for cryostat cutting.  

If using isopentane instead of dry ice, prepare a box full of crushed water ice and add 

50-100 ml of isopentane to create a slurry. The tweezers place the wrapped tissue 

chunk on top of the slurry. It is crucial to ensure that the fresh placenta tissue is not 

wet but pad-dried and kept on an ice box protected with white weighing boats (top 

and bottom) to prevent air exposure and dust contamination of the surrounding 

tissue. Following these procedures, one will have frozen chunks of placenta tissue 

embedded in optimum cutting temperature polymer gel clear white gel to hold tissue 

onto the holder mounting (OCT), a clear white gel ready for cutting on the cryostat. 

Dr Angelini was the overseeing supervisor, and we followed his suggestions as a 

learning point. Firstly, freezing tissue in gelatine, but getting out of the tube was 

difficult. One is frozen, so you must break the tube from -80C, which is difficult. I 

would not recommend that, and then gelatine interferes with the sample. It is 

probably best to freeze on dry ice slurry. I have recommended plenty of literature 

and Tissue Bank UK to search and read up more on tissue freezing, as it is very 

important from birth that it needs to be immediately placed on ice, not in the box 

waiting in warm. So the alternative was to learn and ask around how to flash freeze 

and learn by trial and error. I have learned that way. Dr Angelini explained to put a 

dry ice box in a silver dish and gently place dry ice and some isopentane on the 

button. I tried that approach until I learned how to do it by making mistakes and 

burning the tissue. Learning takes a few trials, but it is fast and easy once you practice 
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it. I did not know any other method, only through reading papers, and until you do it 

yourself by your hand, you get a feel for it. Reading papers does not give you that 

feeling. Nobody has advised or suggested how to freeze. I asked Dr Owain, and he 

explained to wrap it up in aluminium foil, use dry ice, and keep practising, similar to 

cryostat cutting.  

I am unsure how to decide as I have only done one or twice, a few and then spent a 

week on cryostat cutting the same tissue 100 times. That is the hardest part. By 

imaging, academics may offer their learned help to guide new students. OCT tissue 

freezing medium aqueous based. Leica tissue freezing medium, cutting blades, 

brushes, and all specialist supplies for tissue imaging. Leica Biosystems 

Microsystems UK, Histopathology instrumentation , Berkland. The placenta tissue 

was prepared in 5% pork teleostean gelatine (G7765 and G7741 r Sigma Aldrich 

Merck Life Science UK)  for freezing and cutting prior to chemical staining and for 

MALDI Imaging mass spectrometry. The representative images from A-T in the 

image figure are visual method steps for sample preparation, freezing and cutting. 

The placenta’s left side in Image A is ideal for cutting and washing. Look for the 

striped patterns observed in images B and C—a 5% porcine gelatine solution on dry 

ice in the falcon tube sample hole. The sample is placed into the falcon tube filled 

with gelatine. Image E. Wait until the sample freezes, and move the sample to the -

80 °C freezer for storage. The sample is removed from the freezer, cut from the 

frozen gelatine, and attached to the cryostat stage holder using dropwise amounts of 

OCT solution to freeze it into the holding stage sample holder. The sample holder 

can adjust the level and height to move the sample to the cryostat-cutting stage. With 

practice, the angle and speed control are adjusted by manually turning the nob 

(images I – J) to generate 10 µm tissue slices.  

5.3.3 Sample cutting and slide selection 

MALDI-ToF mass spectrometry requires a conductive substrate to prevent static 

charging during ionisation, causing potential drift and reducing mass resolution. 

Therefore, MALDI imaging used conductive indium tin oxide (ITO) slides (add 

supplier details). Carefully hold the slide, with gloves, on the sides to avoid 

contamination of the front surface, and mark the frosted side of the slide with a pencil 
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to label it with the sample reference information. The frozen placental tissue is 

retrieved, and the OCT can be removed with a scalpel before the bare tissue is 

attached to the cryostat. Using new, clean scalpels and tweezers is critical to avoid 

sample cross-contamination. 

The tissue is then cut into slices 10 micrometres (µm) thick.  Prepare the thermo flask 

with crushed ice and place the thermo conductive tray platform into the ice until 

water vapour collects on the surface. Allow it to cool until condensed. Note that 

adding isopentane causes it to become hot. Alternatively, use Liquid nitrogen; dry 

ice is much easier.  If liquid nitrogen is used, the tissue should remain submerged in 

the liquid nitrogen for at least 30 seconds or until the liquid nitrogen boiling 

minimises. Before cutting the placenta chunks of tissue on the cryostat, the tissue 

should be allowed to equilibrate to the cryostat temperature (-18°C). The placenta 

tissue is ready for the cryostat for cutting (303, 507, 611-613). Before freezing, cells 

and small tissues can be mixed in an inert support medium such as an optimal cutting 

temperature [OCT] compound. These references provide in-depth information on 

cryosection protocols (611, 614-616). For mounting on the ITO glass slides, use a 

clean glass slide to touch the front surface to the tissue slice, using capillary action 

and freezing to attach the tissue to the slide, being sure to use gloves and hold the 

slide along the edges only to avoid contamination. The slide is lifted as in image L 

and placed into the dry ice box filled with dry ice so that it is under a carbon dioxide 

atmosphere to avoid reaction with atmospheric oxygen. Then, cut a slice of 

placement tissue on the stage and press it onto the slide.  

5.3.4 Slide preparation for MALDI Imaging  

Describing photographic images that were taken during the actual learning of 

experiments and kept specifically towards this thesis as a visual aid with the content, 

these include figures from (Figures 5.1 to Figure 5.6). Once the tissue is embedded 

on the ITO slide, preserved in the holder box, and kept at -80C till ready for 

instrumental analysis, the next steps are to prepare the slide for matrix spaying and 

imaging and be careful not to contaminate the slide. Firstly, take it out of the -80C 

freezer into the dry ice box and keep the temperature constant; it is a very important 

deep ice box. Place the slide into the plastic chamber and put it into a cassette slide 
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holder. The plastic bubble chamber is filled with silica granules as the drying agent. 

This step aims to remove all the humidity from the tissue with air suction on floor 3 

in Professor William Griffiths’ laboratory air vacuum pump. Set it to 180-220 air 

suction until it reaches the number and seals the chamber.  

5.3.4.1 Preparing matrix for tissue spraying  

Matrix solution: cyano-4-hydroxycinnamic acid Sigma Aldrich CAS number: 

28166-41-8; code: 70990-1G-F 30mg of matrix powder into 6ml matrix delivery 

solvent (30% water; 40% IPA; 30% ACN) matrix solution concentration of 

[5mg/mL]. Before removing the matrix mix from the sonicate, completely dissolve 

the powder. The next day, MALDI MSI allowed the desiccator to reach room 

temperature. The slides were sprayed using an alpha-cyano-4-hydroxycinnamic acid 

(CHCA) MALDI matrix.  

5.3.4.2 Prepare the sprayer  

The HTXTM-Sprayer (HTX) was used to spray CHCA Technologies, NC, USA) at 

5 mg/mL in water: propane-2-ol: acetonitrile (3:4:3, v:v:v) at a flow rate of 80L/min 

and a linear velocity of 1200mm/min, with a line spacing of 2 mm and with a 

crisscross deposition method that alternates vertical and horizontal passes. The 

matrix density is 1.3 mg/mm2. The sprayer nozzle was heated to 70 degrees Celsius 

for faster solvent evaporation. 

5.3.4.3 Prepare the slides  

Mark them with White Tippex, leaving around 2mm between them so the slides can 

be taped to the matrix sprayer without touching the tissue. Use the Epson scanner to 

scan each slide, one slide at a time, using white paper to border each slide. Save the 

scanned images to MALDI Imaging. 

5.3.4.4 Spray the matrix. 

 To do this, turn on the computer, plug it in, and click on the desktop - do not open 

the software. Remove the attachment from the syringe, remove the air bubbles from 

the lines, and push the solvent through the waste tube. Make sure no air bubbles are 
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moved in. Set the air pressure at ten psi. Turn on the sprayer unit (press the start 

button on the left of the unit) and set the valve to LOAD. On the computer, launch 

TM-Sprayer. To use more than one slide, change the bottom margin (to 35 for two 

slides) and change the operating temperature to 70°C by selecting the load method 

previously used and saved as “Roberto-CHCA-07” and plate (Std. Glass Slide). Put 

sellotape over the slide, making sure it does not touch the Tipp-Ex crosses and does 

not move. The sprayer needle must be crystal-free; if so, use 100% methanol on a 

cotton bud to remove the crystals. Wait until 70°C, and check if it sprays a circle. 

The matrix solution must be loaded into the machine in 5ml syringes. Keep the valve 

in the load position. Upon loading the matrix, the valve should be converted to the 

SPRAY position, waited 25 seconds, and then sprayed. White tissue under the 

sprayer should be held for 15-20 minutes. Put the slides in a desiccator under a 

vacuum, peel the Sellotape off the white sand, and prepare the stand for MALDI 

(clean stand with 100% MeOH). The machine should be shut down as instructed. 

5.3.4.5 MALDI Flex Imagine Set the sequence  

The lower the resolution, the better the Image, but the longer it takes. Create an 

original sequence with Flex Imaging software and save it as date_name.mis ( 2024-

01-24-ECP-CAT1535). Place the three marks on the Tipp-Ex crosses using the 

scanned Image and the slide coordinates. Make sure the methods are correct before 

defining the first measurement region. Save the sequence 

(Imaging_name_region1.xml) and auto-execute it. Note how long it takes to image 

each region and record it in the facility logbook. Make a second measurement region 

and delete the first. Name the sequence name_region2.xml, and save the auto-

execute sequence. Adapt the method if necessary for the remaining areas. Repeat the 

above steps if there are other slides. Lastly, start the batch runner with the auto-

execute sequence. 

5.3.4.6 Imaging by mass spectrometry  

Before any analysis, the mass spectrometer must optimise several parameters driving 

ionisation and detection. MLDI-TOF vacuum parameters are set up, as well as laser 

and data acquisition. The experiments were conducted on an UltrafleXtreme MALDI 



 

278 

 

TOF MS and MS/TOF mass spectrometer operated in reflectron mode and positive 

polarity (Bruker Daltonics, Bremen, Germany). The mass spectrums were 

automatically acquired in the m/z 400–1000 range using Flex Control (Bruker 

Daltonics) software. Bruker Daltonics FlexImaging 4.1 software (small laser focus) 

set the spatial resolution to 50 nanometres (nm).  

5.3.4.7 Laser power  

Laser power was tuned to optimise the signal-to-noise (S/N) ratio without distortions 

of the baseline at 80% of maximum with Global Offset at 5%, Attenuator Offset at 

40%, and Attenuator Range at 40%. The laser spot measures about 50mm in 

diameter, according to factory specifications and confirmed by visual inspection. 

Among the voltages used for the extraction were IS1 20.00 kV, IS2 17.90 kV, Lens 

8.50 kV, Rfl 21.10 kV, and Rfl2 10.95 kV. A 3.0X reflector gain was set and timed 

at 160 ns, Pulsed Ion Extraction. Ion suppression was applied up to 375 m/z. A raster 

was sampled with 200 shots in 5 steps for 1000 shots. An average of 11.5 hours was 

spent acquiring 27000 positions and 24000 MB of data.  

5.3.4.8 Calibration  

MALDI was calibrated with phosphatidylcholine and lysophosphatidylcholine 

(Avanti Polar Lipids) of known compositions and with mass ranges in the target 

ranges. 20 ppm deviation is typical. Spectra were recalibrated using the batch process 

after measurement. The data were analysed and visualised using FlexImaging 3.0 

(Bruker Daltonics) and SCiLS Lab 2014b (SCiLS, Bremen, Germany). 

[2H7]Cholesterol data were visualised with “window” (ISTD) normalisation at 

525.4. The mass filter width was 0.5, typically resulting in a mass resolution of 20000 

grains per unit width. 

5.3.4.9 Laser Nd: YAG technology smart beam 

Neodymium-doped Yttrium Aluminium Garnet (Nd:YAG). In laser technology, it is 

a solid-state laser crystal. Neodymium ions (Nd3+) are added as dopants to a 

synthetic crystal composed of yttrium, aluminium, and garnet to make YAG lasers. 

Near-infrared Nd: YAG lasers emit light with a 1064 nanometres (nm) wavelength. 
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The Nd: YAG laser is versatile and operates in pulsed and continuous modes. These 

lasers can produce high-energy laser pulses applied in laser surgery and therapy for 

skin conditions, eye disorders, kidney stones, vascular lesions, pigmented lesions, 

tattoo removal, and hair removal. These devices can deliver short, high-intensity 

laser pulses, making them ideal for precision and power applications. A Q-switched 

Nd-YAG laser produces extremely short, intense light pulses important for laser 

rangefinders and laser-induced breakdown spectroscopy (LIBS). Below (Figures 5.1 

to 5.6) is a photographic collection of images from experimental work as learning 

points towards the future. They are included here to provide a visual representation 

of the narrative context. Literature reference on MALDI Imaging tissue biospecimen 

method challenges in clinical settings and direct analysis (301, 304, 332, 611, 617-

623) 
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Figure 5:1: Flash freezing of placental tissue prior to cryostat cutting and embedding 
onto the slide for chemical staining and MALDI imaging.  
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5.3.5 Observations and results  

5.3.5.1 Literature on tissue flash freezing  

The study of placental biology and pathology can be enhanced with 

immunohistochemistry (IHC). IHC has been used in several studies to examine 

placenta cellular components and molecular markers. IHC studies certain proteins, 

such as Notch family proteins (624), NADPH oxidase isoform 1 (Nox1), and 

TonEBP, has been studied by IHC in the placenta and pregnancy 

complications(625). Furthermore, IHC uses specific antigens to obtain insight into 

cellular processes, apoptosis, and hypoxic conditions within the placenta, including 

granzyme B (GrzB) and caspase-3 (624). In addition, IHC has been applied to 

examine infectious agents and their effect on the placenta. Studies have used IHC to 

detect bacterial antigens, such as Coxiella until (625), and specific pathogens, such 

as Leptospira (626), demonstrating how IHC can be used in placenta infection 

evaluation. In addition, IHC has proven useful in examining placental anatomy and 

molecular characteristics under various pathological conditions. As part of the study, 

collagen fibre architecture was assessed (627) and apoptosis in infected placentas 

and preeclampsia markers. IHC has also been used to study the impact of placental 

pathology on later health outcomes, such as white matter damage and cerebral palsy 

(628). The literature shows how IHC can investigate protein expression, infectious 

diseases, structural characteristics, and maternal and fetal health outcomes due to 

pathology (629-631). 

5.3.5.2 What has been learnt?  

Literature offers many different techniques, and prior expert knowledge is required 

to follow the appropriate protocols depending on what molecular species we want to 

learn. The student learning knowledge came from reading around literature and 

trying to ask questions of more experienced users in the lab but without any success. 

It was a self-exploratory learning journey, and the initial trial was freezing placenta 

tissue in the gelatine solution of 5% porcine gelatine in methanol prepared using the 

plastic tube 50ml, the same as for blood separation. The 5% gelatine was prepared 

by weighing the gelatine powder, dissolved in analytical grade LC-MS methanol, 

and placed in a dry ice box in the container until the solution was semi-permeable. 
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Gently use tweezers, submerse it into the gelatine, and let it sit naturally on the ice 

box. Place the lid and keep it at -80C till ready for cryostat cutting. Please keep it on 

ice and cut the tube carefully with a knife. Please do not destroy the sample inside; 

make it with a watertight marker or label it where the tissue sits in the tube. Do not 

destroy it when breaking the tube later. Dr Angelini showed and taught this process 

based on his past knowledge and experience. The second trial was preparing tissue 

by flash freezing per freezing protocol. Dried weighed tissue was wrapped in 

aluminium foil and gently placed on a dry ice slurry containing isopentane. These 

newly flashed froze on dry ice slurry placenta samples were conducted and 

embedded onto the ITO slides, and they only ran once on the instrument before the 

instrument breakdown. The results presented here are from this flashed-free sample, 

not gelatine, as there was too much interference in data acquisition, and the spectra 

were unresolved to identify anything.  

5.3.5.3 Protocol setup to snap-frozen a biospecimen. 

This work describes the method and development of standard operating procedures 

(SOPs) for flash-freezing human tissues, biospecimen organs, and the placenta. A 

representative collection of photographic and schematic diagrams and figures 

starting from (Figure 5.2 to Figure 5.7) is specifically used to help recreate the 

experimental time during this research. It is here as a visual aid for the reader and 

further research to continue and expand this methodical process. 

The origins of this protocol came from medical and pathological literature relevant 

to human tissue processing, storage, and collection. Adapted and learned from the 

National Cancer Institute’s Best Practices for Biospecimen Resources, this evidence-

based method practice applies to all human tissues to be snap-frozen for preservation. 

These procedures preserve biospecimens for downstream DNA, RNA, protein, and 

morphology analyses. This document does not cover additional analytical endpoints, 

such as viability, cell sorting, drug sensitivity testing, or primary tissue culture donor 

specimens. A tissue-dedicated clean bench paper, plastic double bagging, sterile 

disposable containers and cutting instruments are needed to perform tissue cutting. 

It needs liquid nitrogen, a flask, and a cryogenic container (cryovial, cryomold)  

designed for temperatures of -190°C storage. Alternatively, freezing media include 
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pre-cooled isopentane with dry ice, dry ice alone, and a -80°C freezer. Record pre-

acquisition data whenever possible. 

The integrity of the biospecimen may be compromised. The data may include 

references and BMI. For each placenta tissue organ dissection, cryogenic containers 

are pre-labelled and arranged. Organization and labelling of specimen containers are 

essential. Segregate healthy and diseased tissue samples (tumour and normal tissues) 

according to BMI groups of patients. When cutting tissues, use disposable scalpels 

and forceps. Cutting and tissue dissection should be performed on wet ice in a sterile 

container immediately after placenta release from the hospital to minimize cold 

ischemia. Ideally, the hospital could place the placenta on an ice box until collection 

so it does not sit on the warm shelf. It should take less than 2 hours from tissue biopsy 

and be placed in cryogenic specimen storage if thicker than 1cm. Specimens can be 

prepared for morphological analysis before freezing, and an OCT medium is used; 

however, it is not required but is suitable for some molecular analysis methods. 

An ideal cryogenic specimen storage container should be frozen in LN2 

vapour. Stainless steel beakers can be suspended inside benchtop Dewar flasks pre-

filled with LN2. Once the specimen storage container is inside the steel beaker, it 

should stay there for 2 minutes or less. Alternatives to freezing in liquid nitrogen 

vapour include immersion in liquid nitrogen or isopentane pre-cooled to -80°C. 

Alternatively, isopentane pre-cooled with dry ice or placed in a freezer at -80°C may 

be used. It is advisable to avoid freezing specimens directly on dry ice for 

morphological analysis. Biospecimen transfer and storage are recommended to store 

cryogenic specimens in a liquid nitrogen vapour freezer after freezing. Without 

liquid nitrogen, specimen storage containers can be stored at (-70°C). Alternatives 

include placing frozen specimens directly on liquid nitrogen shippers for immediate 

transport. It is recommended that specimens should stay in liquid nitrogen vapour 

before and during transfer to a repository or long-term storage. Without liquid 

nitrogen, specimen storage containers can be shipped on dry ice. Dry ice should be 

used before and during transporting specimen containers destined for storage at -

80°C. 
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5.3.5.4 Tissue preservation and analysis  

Ischemia, freezing methods, and storage conditions are discussed in the literature to 

give valuable insight into the preservation and analysis of tissue samples. The 

findings emphasize the importance of minimizing ischemia time, choosing 

appropriate freezing methods, and considering the impact of OCT embedding. Tissue 

specimens may also be affected by storage temperature and shipping conditions. 

These references support the key findings on tissue preservation. These include 

tissue preservation impact on microbiota, RNA integrity, cryopreservation methods, 

tissue procurement procedures, RNA integrity, gene expression, and morphology in 

breast cancer. They contribute to developing an evidence-based protocol for snap-

freezing human placenta organ samples. Considering tissue integrity and 

downstream analysis should be part of the evidence-based protocol for snap-freezing 

human placenta organ tissues. Molecular components and tissue integrity are 

preserved by snap freezing (Fouhy et al., 2015). A study by Hatzis et al. (2011) 

demonstrated that samples preserved in RNA later had improved RNA integrity and 

greater RNA yield. The Leidenfrost effect can also adversely affect snap-frozen 

samples (Wieser et al., 2022). A genome-wide analysis of nucleic acids requires 

optimized collection procedures for the success of basic molecular research using 

biospecimens (Wolfe et al., 2014). Careful consideration of integrity in tissue 

management procedures is crucial for preserving RNA, gene expression, and 

morphology (Kap et al., 2015). The references complement each other in 

emphasizing the importance of maintaining tissue integrity and molecular 

components during snap-freezing. Gene expression and morphology are influenced 

by tissue procurement procedures and the effects of freezing on RNA integrity and 

yield. 

5.3.5.5 OCT embedding effect: 

It is not reported that OCT-embedded specimens immersed in isopentane pre-cooled 

with liquid nitrogen adversely affect PCR, RT-PCR, immunohistochemistry, or 

Western blot analyses. However, recent studies have found no harmful effects on 

PCR analysis of various amplicons with OCT embedding. Assays of receptor binding 

capability and other assays produce similar results between embedded and 
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unembedded controls. Several assays, such as the Lowry Protein and dextran-

charcoal assays, interfere with OCT. Removing the OCT compound by ether-

methanol precipitation or filter-aided sample preparation is possible. 

5.3.5.6 The Freezing Method: 

The morphology of specimens immersed in liquid nitrogen vapour within a double-

walled vessel or in media is superior to that of specimens directly immersed in liquid 

nitrogen or on dry ice using a cooling device. Upon contact with substances hotter 

than the boiling point of liquid nitrogen, direct immersion in liquid nitrogen can lead 

to the Leidenfrost effect. The DNA, RNA, and protein yields in samples preserved 

in liquid nitrogen or isopentane pre-cooled to -80°C are comparable. RNA from 

frozen specimens can be used for cDNA library construction and other analyses after 

freezing at -70°C or immersing in liquid nitrogen. It is possible to compromise 

specimen morphology when frozen on dry ice or with carbon dioxide freeze. Tissue 

types may differ in their response to ice crystal formation. 

5.3.6 MALDI MS image analysis 

In mass spectrometry imaging (MSI), many molecules can be mapped with 

unmatched chemical specificity in a biological tissue slice. MSI can measure many 

ions simultaneously without tagging molecular targets in a single experiment. A 

camera creates three colour channels: red, green, and blue. Each channel corresponds 

to the intensity of a specific wavelength of light. MSI generates images with tens of 

thousands to millions of different “channels”, each representing the intensity of a 

particular m/z value. MSI enables the untargeted screening of thousands of 

biomolecules in a single tissue section. Data analysis is important because the 

technology generates large, complex datasets. Data from a single experiment, i.e., 

one tissue section, typically amounts to tens of gigabytes up to multiple terabytes. 

Therefore, high-throughput settings require efficient, streamlined workflows for 

bioinformatics to process resulting data and extract insights quickly. 
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5.3.7 Acquiring data from mass spectrometry imaging 

Mass spectra are acquired at various points (pixels) in a tissue section in an MSI 

experiment. As a concept, MSI data sets are images with mass spectrums associated 

with each pixel. For example, how does the MALDI MSI experiment work? In brief, 

a tissue section is cut about 8-10 micrometres thick at a temperature of approximately 

(-18-20°C) and gently adjusted, making sure it does not roll, but it is flat cut directly 

deposited onto the stage so the blade level needs changing, and then gently pressed 

and mounted onto an ITO slide. Once cut and preserved, it is then covered with a 

chemical matrix, for example, 9AA, DHB or CHCH, which aids in the ionisation 

process, and placed in the slide holder marked with white crosses and inserted into 

the sample holder of the mass spectrometer. In each grid cell, a laser is fired after a 

virtual grid is laid out. By ionising molecules in that pixel, a mass spectrum is 

compiled for that pixel by sending those locally generated ions to the mass analyser. 

Each grid cell is processed separately. Ionisation methods differ slightly, but the 

general concept remains the same. 

5.3.7.1 MALDI-MSI experiment. 

First, the tissue is coated with a chemical matrix that aids ionisation. A laser is fired 

locally in each grid cell to ionise the tissue, resulting in localised ion mass spectra 

with chemical information. The grid is repeated in every cell. The stage moves 

quickly with MSI instruments, and the laser fires at a high rate, enabling spectra to 

be acquired at different locations on the section at a greater speed than with non-

imaging MS instruments. It applies to instruments that acquire MSI data at a high 

spatial resolution, resulting in many pixels. It is often necessary to exchange between 

a low number of pixels measured at a high mass resolution (low spatial resolution, 

long measurement times per pixel) and a high number of pixels measured at a low 

mass resolution (high spatial resolution, short measurement times per pixel). While 

some non-imaging MS instruments can be made imaging-capable using custom 

sources, most MSI instruments operate the same way as non-imaging MS 

instruments. The advantages and challenges of MSI naturally map onto MS since it 

is based on mass spectrometry. 
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Nevertheless, some methods used in other types of MS cannot be used in imaging. 

Liquid chromatography, for instance, cannot be used to separate ingredients within 

a mixture. MSI usually analyses. 

5.3.7.2 Mass spectrometry imagining (MSI) data.  

MSI data sets are spectral images characterised by the mass spectra associated with 

each pixel. A standard MSI data set has three axes: spatial (x and y) and spectral 

(m/z). In some advanced approaches, such as ion mobility, additional axes can be 

added, but not covered here. The number of pixels can vary between a few thousand 

and several million per tissue section, while the number of m/z bins can also vary 

from several thousand to several million. The number of pixels can be numerically 

higher in SIMS, characterised by extremely high spatial resolution. In raw data, the 

size is determined by the pixels in the set and the number of m/z bins per spectrum. 

For example, consider MSI data sets with around 50,000 pixels per spectrum and 

100,000 m/z bins. When stored as 32-bit floating point numbers, an intensity dataset 

of this size would require about 20 gigabytes (GB) of storage. Using a spatial 

resolution of 50 micrometres, 50,000 pixels correspond to an imaged area of 125 

mm², i.e., a square with sides of 1.12 cm. 

5.3.7.3 Background format (mathematical matrix)  

Matrix representations of MSI data have rows denoting pixels and columns denoting 

m/z bins. Therefore, a single MSI data set is represented by the number of pixels (x) 

and the number of spectral bins (y), which is m/z, and each row of depth (d) is the 

mass spectrum of a pixel in the sample. Unlike a matrix representation, MSI data 

does not directly encode the spatial location of pixels (rows), but many types of data 

analysis do not require them. Spectral grid coordinates are also stored separately in 

a separate data structure. A high spatial resolution experiment usually produces a tall 

data matrix (many pixels, few m/z bins).      

 In contrast, a high-mass resolution experiment typically produces a wide data 

matrix (fewer pixels, many m/z bins). The shape of the data matrix can impact 

computer memory requirements, depending on the type of data analysis. Data 

analysis may require explicit realignment during MSI data analysis due to the matrix 

representation of m/z compartments (bins) used in the spectra columns of depths (d). 
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In MSI terminology, data sets with common m/z bins are called continuous data sets 

based on the nomenclature used in m/z. 

5.3.7.4 An example of tissue obese BMI CAT 1351  

The following section illustrates how MSI data can be analysed. Spatial analysis 

often uses complementary strategies to generate images from MSI data by slicing 

along the m/z axis. This research acquired MSI datasets using Bruker UltraFlex 

MALDI ToF MS with imaging cell instruments. In the Placenta tissue, two slides of 

the same CAT 1351 were deposited by spraying the 9AA matrix and DHB with a 

2,5-DHB matrix. Around 500.000 pixels were collected with a sampling resolution 

of 10 microns. Six thousand ion images are obtained in the m/z range of 600-1000 

Da. 

5.3.7.5 A visualisation of biomolecule  

MSI data provides an understanding of the spatial distribution of biomolecular ions 

by plotting the intensities for each m/z value across all pixels. In MSI terminology, 

this is called an ion image. An image is a heat map rendered in a colour map, so these 

false-colour images are sometimes called false-colour images. The below figures 

show three example ion images at different m/z values.    

 An example image of placenta tissue with obese BMI CAT 1351 shows a 

spectrum of the internal standard ions in Figure 5.6 in all photographic images and 

mass. Each m/z value in the spectrum corresponds to an ion image. With MSI 

technology, studying the localisation of thousands of biomolecular ions at once is 

possible. Other technologies, however, have a limited range of applications. There 

are many ways to multiplex biomolecular ion distributions on a single image. The 

easiest approach uses different m/z values for colour channels. As shown in Figure 

5.6, each colour channel receives an image with multiple ion intensities. 

5.3.7.6 A region of interest (ROI) 

This study aims to use MALDI Imaging on placenta tissue to learn about lipids and 

create total lipid maps, which could be complemented with immunohistochemistry, 

chemical staining, and microscopy. It would allow us to correlate the lipids visually 
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and spatially to have better biological insights on placentas cell distribution and 

correlation of the placental maternal fetal sides cells to investigate the biomolecular 

composition of two regions of interest analysed by imaging spatial information, 

which is different from non-imaging MS technology. A region of biospecimen 

chemical interactions can be defined based on many properties, such as tumours 

versus healthy tissue, anatomical structures, cell types or even ions in the MSI data. 

It is common to pair MSI data with stained microscopy sections (usually H&E) to 

identify morphologically relevant regions. The regions are independent of MSI data 

acquisition during post-acquisition analyses, regardless of how they are defined. The 

Image in Figure 5.5 shows regions of interest marked with white crosses, and a strip 

depth of 5mm of the whole tissue on the slide is isolated on the computer to 

investigate further. It is the area where the laser beam fires to acquire a signal of 

depth and intensity. Figure 5.7 shows the 5mm region mean spectrum for each 

region. Literature includes identifying biomolecules in different regions based on 

chemical information given prior, and the mean spectrum of two areas is computed. 

The first step in non-imaging mass spectrometry analysis would have been to 

homogenise the tissue. As a result, the single mass spectrum would resemble a 

convoluted mixture of the spectra of all chemically distinct regions. That means that 

MSI technology enables us to select mass spectra from the homogeneous areas 

within tissues rather than whole organs. This method identifies molecular differences 

in small tissue regions for which non-imaging MS miss the signal. 

5.3.7.7 Molecular isotopic detection  

MSI data is a powerful tool for detecting isotopes in this final example. MS without 

imaging relies on assessing peaks with some statistical certainty if they correspond 

to an expected isotopic distribution. MSI allows one to look at ion images of all 

potentially relevant peaks to verify spatial consistency. Because these molecules 

have the same biochemical behaviour in the tissue, their spatial expression should be 

similar. An example of three isotopic peaks is shown in Figure 5.7: These peaks 

have 1 Da and are, therefore, likely to be isotopic. These peaks have similar spatial 

expressions on the ion images, confirming that they are isotopes. A higher mass 

resolution in the mass spectrometer allows a more confident assessment. Eventually, 

identification is needed to determine the analyte’s nature, extending beyond this 
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introduction and student knowledge. The internal standard (IS) ion images in Figure 

5.7 (at 518.5 m/z and 525.4 m/z) represent the isotopic distribution of a single 

biomolecule lysophosphatidylcholine LPC. The mean spectrum shows the isotope 

distribution and each ion image has an intensity scale. 
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Figure 5:2: The cryotome tissue sectioning process was followed by mounting the tissue slices on ITO microscope slides for MALDI imaging. 
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Figure 5:3: A pictorial overview of the MALDI-imaging tissue sample preparation 
procedure. 
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Figure 5:4: General images of the tissue sectioning and imaging procedures. 

 

Figure 5:5: The MALDI-ToF imaging mode acquisition. A descriptive narrative is 
used in the text, explaining the process of the imaging experiment. 
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Figure 5.6: MALDI ToF MS imaging of a placental tissue sample at ‘low’ spatial 
resolution of 200 microns (top) and 50 microns (bottom). Below, the narrative in the 
text refers to the images with the explanation. 

 

 



 

295 

 

 

Figure 5.7: MALDI-ToF mass spectrometry tissue imaging of various lipid peaks in 
the mass spectra. Below is a narrative relating to the images in more detail 
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5.3.8 Discussing MALDI Imaging results  

5.3.9 What has been achieved? 

As shown in (Figure 5.7), the top images compare the mean spectrum of a placenta 

sample frozen in 5% porcine gelatine solution compared to a 50-um and 200-um 

high-resolution first trail of placenta tissue. Here are photographs of the same 

placenta tissue stained with H&E for the first time and observed with a white light 

microscope. The internal standard IS phosphatidylcholine PC added to the matrix 

during sample spraying of the placenta tissue was to keep track of the section of 

interest, a 5mm section of placenta tissue subjected to laser imaging. These are initial 

first-time-go results. (Figure 5.5 - Figure 5.6) shows marked crosses on the sliding 

grid for the laser to navigate and select a strip of tissue sample size 5mm. The 

detector generates clusters of density signals for every ion hitting it. These signals 

are converted to intensities and produce a mass spectrum, which can be a colourful 

image as a density map encoded and processed by a supercomputer. The mass spectra 

of each peak are assigned a coloured line (Figure 5.6), and then the scanned area strip 

is assigned a colour for each spectral peak, starting with the mass-to-charge ratio.   

Peak data were taken for obese placenta BMI CAT 1351 sample in gelatine peaks, 

positive ion mode [M+H]+ 9AA/NEDC matrix [5mg/ml] internal standard 

phosphatidylcholine PC and lysophosphatidylcholine LPC  [1mg/ml] (535.35m/z, 

615.9m/z,  688.3m/z,  717.3m/z,723.3 m/z, 727.25m/z, 729.25m/z, 743.33 m/z, 

745.3 m/z, 747.3 m/z, 749.3 m/z, 751.3 m/z, 764.3 m/z,765.3 m/z, 757.3 m/z, 

769.3m/z, 775.3m/z, 787.4m/z, 789.4 m/z, 791. 4m/z, 811.4 m/z, 834.4 m/z, 835.45 

m/z, 836.4 m/z, 858.4 m/z, 886.5 m/z ).  

Peak data were taken for obese placenta BMI CAT 1351 sample in gelatine, negative 

ion mode [M-H]- DHB matrix [5mg/ml]- LPC internal standard [1mg/ml] (496.9 

m/z, 726.3 m/z, 735.6 m/z, 759.39 m/z, 761.39 m/z, 785.4 m/z, 799.4 m/z, 805.4 

m/z, 821.4 m/z), scanned with white crosses to navigate before entering MALDI. 

Since the supercomputer was unavailable due to a COVID-19 lockdown delivery 

delay, this acquired data has yet to be processed or further analysed. Nevertheless, it 

is hoped that it can be utilized as a guide to lay the foundation for future research. 

Insights from the literature suggest that variant analyses of differences should be 
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performed. Based on chemical information, it is possible to identify biomolecular 

variances between areas(632).          

In contrast to non-imaging MS, mass spectrometry imaging (MSI) allows the 

selection of MS spectra from homogeneous tissue areas, providing a more detailed 

and accurate analysis (632). By verifying spatial consistency in ion images of 

potentially relevant peaks, data can be used to detect isotopes (633). In the spatial 

expression of ion images as isotopic peaks, it is possible to identify molecules in a 

tissue according to their biochemical behaviour (633). As shown in (Figure 5.6), the 

top graph, the mean total spectrum of two peaks (518.4m/z, 525.4m/z), 

corresponding to the isotopic distribution of biomolecule in the placenta, the Internal 

Standard (IS) phosphatidylcholine PC and hydrolyses lysophosphatidylcholine LPC 

biomolecule shows clear isotopic distribution inside the placenta. That confirms that 

mass spectrometry imaging on placenta samples is possible and capable of isotopic 

detection (634). As a result, this initial groundwork can be explored further and even 

sent for detailed analysis using advanced imaging techniques or similar imaging 

techniques, such as high resolution, where the instrument’s biomolecular accuracy 

allows the identification of elemental formulas and isotope patterns in the detection 

process (635). High-resolution and accurate measurements of metabolites and 

biomolecules within biological samples can be achieved using MALDI imaging, 

which enables the identification of differences in biomolecular compositions within 

small tissue regions and the detection of isotopic distributions. 

5.3.10 What has been learnt from it? 

This chapter represents the initial attempts towards MALDI-ToF mass spectrometry 

imaging analysis of placental tissue. The results shown in (Figures 5.5-5.7) 

demonstrate that such analysis is possible, but further testing and refinement of the 

method are required. More spatial analysis of placental tissue was impossible due to 

significant instrument downtime, lockdown, and loss of key personnel and expertise 

from the former National Mass Spectrometry Facility.  

Nevertheless, the methodology shows promise when combined with the MALDI 

lipid analysis in Chapter 4. The types of lipids that we observed in our MALDI ToF 

MS data analysis are molecules such as phosphatidylcholines, sphingomyelins, 
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phosphatidylethanolamine, and phosphatidylserines in positive mode. The primary 

identifier is the phosphatidylcholine species identified by the loss of choline 

phosphate with a monoisotopic mass of 182.05877 Da in the neutral state.  

However, powerful signals from highly abundant charged quaternary nitrogen-

containing phosphatidylcholines suppress the ion yields of other lipids in low 

abundance, i.e., some phospho- and glycolipids (636), as the protonation event inside 

the evolution of the MALDI plume has a limited number of possible protons and 

molecules with very slightly higher proton affinity dominates the spectra by 

capturing a disproportionate number of the available protons. This so-called ‘signal 

suppression effect’ is a significant challenge in the quantitation of lipids from 

MALDI, except for ions of very similar proton affinities, so our approach in Chapter 

4 of using PC/LPC ratios is inherently inaccurate but still provides an indication of 

relative changes. The suppression of ions is less evident in negative ion mode, 

allowing us to observe phosphatidylserines, phosphatidylinositols, 

phosphatidylethanolamines, phosphatidylglycerols, cardiolipins, and glycerolipids. 

Some lipid classes also show low ionisation efficiencies in negative ion mode or 

cannot be analyzed (e.g., phosphatidylcholines, diacyl, and triacylglycerols).  

MALDI can also analyze oxidatively modified lipids since, during analysis, the 

samples are in a high vacuum to minimize oxidative artefacts (619).To overcome the 

suppression of ions caused by phosphatidylcholines, a modification of the ion source 

called “MALDI-2” by Soltwisch, introduced in 2015 (637), increased ion yields by 

further laser-based post-ionisation, initiated by a secondary MALDI-like ionisation 

in the gas phase with a second laser pulse fired nanoseconds after the first. 

Quantifying absolute concentrations of various lipid classes by MALDI-MSI is also 

possible by adding appropriate internal standards (637-639) (640). 

5.3.11 Conclusions about MALDI Imaging  

This initial trial allowed for the running of planta samples and the identification of 

the internal standard run positive and negative ions, so it was a good start. It should 

continue as it has much potential with placenta tissue. To conclude, what was 

achieved was a brief, intense learning experience that lasted until the end of this 

research. The research began with Raman Imaging, and one experiment is shown in 
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Figure 5.4 under Raman Imaging. It shows a cluster of density areas and a Raman 

spectrum with wavelength absorbance bands underneath. By assigning vector 

distance values and algorithms to the differences, mathematical computing and 

coding programs, such as MATLAB and Machine Learning, are required to analyse 

the differences in multidimensional ways. It is beyond the scope of this thesis and 

has not been discussed. However, it may be an opportunity for a future researcher in 

mathematical coding and learning tissue density. Spectrometry imaging is an 

extremely fascinating technology. From the start to the end, sample preparation skills 

are required, which is the key to this analysis. Flash freezing, crayon cutting, matrix 

application, data acquisition, and data analysis are the most challenging parts of this 

experience. It would be nice to gain more knowledge, become an expert in tissue 

imaging, and learn more about it. It was a short period that gave me a good taste of 

the technique and a love for it. 
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Chapter: 6 Discussion 

 

6.1 General Discussion  

The findings of this thesis support MALDI-TOF MS as a powerful tool for screening 

the lipid composition of organic extracts of cells and tissues. The advantages of 

MALDI-TOF mass spectrometry toward lipid analysis are the excellent signal-to-

noise ratio, the low extent of fragmentation, and good mass resolution. Additionally, 

the method is fast and has a low sensitivity toward impurities (e.g., buffer salts) 

compared to other mass spectrometric techniques. The matrix and the analyte 

mixture are highly homogeneous in contrast to proteins and carbohydrates because 

both are readily soluble in organic solvents. All these advantages of MALDI-TOF 

mass spectrometry make this method a very convenient tool for analysing samples 

of biological origin.  

Different phospholipids suppressed by PC or LPC depend on their concentrations in 

the mixture. LPC may even prevent the detection of other lysophospholipids, 

especially acidic ones. Therefore, caution should apply when interpreting the spectra 

of total lipid mixtures dominated by peaks emerging from PC or LPC. These 

problems of the detectability of different phospholipid species are significant if 

organic biological extracts are analysed since PC is one of the most abundant species 

in cell membranes. In this case, the recording of spectra with varying concentrations 

of phospholipids is necessary. The second problem addressed in this paper is the 

potential quantification of one individual phospholipid in a lipid mixture. 

MALDI-TOF mass spectrometry makes quantifying phospholipids in PC or LPC 

impossible. In the presence of PC, the peak intensity does not reflect the abundance 

of phospholipids within the mixture. Despite some advantages of MALDI-TOF mass 

spectrometry, at present, quantification of individual phospholipids in a mix is rather 

complex, and prior separation of phospholipids, e.g., by HPLC into separate classes, 

is required. MALDI-TOF mass spectrometry is suitable for investigating 

phospholipase A2 activity and detecting lysophospholipids. These findings are 

significant because routine lysophospholipid analysis by electrospray ionisation and 
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mass spectrometry (30) shows advantages in lipid analysis. Mass spectrometry 

provides immediate information on the fatty acid composition of the corresponding 

lysophospholipid and the lipid class simultaneously. That indicates MALDI-TOF 

mass spectrometry’s capability for studying enzyme activities and kinetic studies. 

That is the first report on the different sensitivity of MALDI-TOF mass spectrometry 

toward detecting other phospholipids in a phospholipid mixture. 

Further studies on the quantification of different phospholipids in placenta tissue and 

blood plasma would add an accurate and quantitative value given the total lipids in 

the placenta. Future studies may expand further toward quantitative method 

optimisation based on full lipid knowledge achieved by preparative TLC setup.   

6.2 Lipid identification 

There are specific and nonspecific regions of the biomolecule within lipids groups 

that separate or elute in the chromatograph of TLC with nonpolar species. These 

observations can be monitored directly by targeted lipidomics studies using mass 

spectrometry, where nonpolar lipids have similar fragmentation patterns in losses of 

molecular ion species in terms of head group, fatty acids chains, oxidative 

phosphorylation, methylation, hydrolysis, and many more. These fragments use the 

collision cell to induce the gas phase of the nitrogen line so that the molecules can 

collide and break up into smaller fragments. All separate carbons, hydrogens, 

oxygens, and nitrogen atoms with phosphorus ionic groups are calculated looking to 

where the cleavage occurs by adding all the numbers from the head group to the 

glycerol or sphingosine backbone, with acyl tails of sn1 and sn2 if searching for 

phospholipids like choline, ethanolamine, inositol, serine, sphingomyelin, glycerol, 

and hydrated version also. The difference in the monoisotopic group in a mass 

spectrum means that the mass of the isotopic peaks and their elemental composition 

include the most abundant isotopes of each element, and the average mass consists 

of the average isotopic abundance.  

There are various mass spectrometry websites, but this one is used worldwide: 

https://www.jeolusa.com/ https://www.jeolusa.com/Application-List/Life Sciences. 

https://www.jeolusa.com/Application-List/Life
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Enter the box to determine the species of the lipid group and hundreds of lipids there 

to differentiate PC from SM. The lipid maps database only has computer-simulated 

predictors for data fragment ions. The Lipid Maps calculator predictor characterised 

the markers and the fragment values visible in [M+H]+. Due to the inability to use 

the collision cell within the MALDI ToF MS instrument, fragmentation was 

impossible. The fragmentation method is confirmed only by collision-induced 

dissociation, where applying higher energy to the precursor ion induces smashing it 

into smaller parts, known as fragments, that belong to the same parent ion. The 

insourced fragments during the ionisation process are known as in-source 

fragmentation, but this is not confirmed.  

However, the spectrum can still be searched against the common precursor 

fragmentation ions via literature and see if moderate intensity, taking a minimum 

reading at the three-time signal-to-noise ratio of (3x S/N), which is the minimum 

requirement in data acquisition in mass spectrometry, can be observed. In the 

instrument method, parameters set up accounts to collect the signal at minimum the 

required rules of mass spectrometry requirements. The technique acquires intensity 

at a noise level noted as one thousand or arbitrary units on the y-axis [1x10⁻³], 

considered noise, and the acquisition for intensity measurements was minimum 

[1x10⁻⁴ ]. Therefore, it is possible to meet the (3x S/N) noise levels. Peak shapes are 

Gaussian shapes.  

These studies run at Swansea Labs used collaborator help in using their external 

method validation of the samples prepared at Swansea and delivered to the 

collaborator. The Warwick student collaborator Basim Husain worked alongside the 

Swansea student (myself) and prepared further dilutions for the collaborator sample 

preparation to run the Swansea sample on high-resolution mass spectrometry with a 

15-Tesla magnet interconnected to ion cyclotron mass spectrometry ICR-MS. The 

supervisory postdoctoral researcher ensured we were doing everything correctly and 

not disturbing the instrument. Basim has acquired the mass spectra of the healthy 

placenta sample reference, which was freshly homogenised, extracted, and run in 

TLC and MALDI a few days before transfer to Warwick to ensure that the samples 

were fresh and of acceptable quality for the high-resolution instrument at Warwick. 

At Warwick labs, fragmentation in the collision cell CID with the sodiated adducts 
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phosphatidylcholine precursor ion (758.6 m/z) ion and identified the phosphate head 

group at (184.5 m/z), and the two fatty acid chains referred to as acyl bonds (sn1) 

and (sn2) was performed. Via structural calculations of monoisotopic masses for 

each atom, the possible segments of predicted fragments were calculated, and spectra 

searched spectra to correlate them with the structure. The exact position of hit 

cleavage was calculated with an assigned double-bond work and accurately derived 

details of molecular structure elucidation and analytical chemistry knowledge.  

Figure 6:1 Images taken during the sample delivery and run with collaborative work 

student to student date 02/12/2021 

Due to methodological differences, these molecules differ in experimental detection 

by other fields of proteomic, peptidome, or lipidomic approaches. Our research 

approach with placenta tissue molecules adds to biological tissue and plasma 

knowledge. It needs to be expanded through mass spectrometry assistance in 

collaborative work of analytical chemistry, specialising in structural chemistry. The 

reproducibility of the TLC was sufficient to allow qualitative comparisons of the 

total lipid extracts. Further purification by preparative TLC gave us better separation 

of individual band species, running on MALDI toward further observation and viable 

identification. Observed identification of the lipid species in TLC and MALDI was 

adequate for identification by lipid map search and via collaborative mass 
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spectrometry project with the Warwick student. Our instrument MALDI Flex at 

Swansea labs has instrument limitations to the level of sensitivity, where spectral 

noise came from 0 to 400m/z, so data was acquired from 396-2000 m/z. Any small 

organic molecules and their diagnostic ions are not showing in MALDI, but they 

could hopefully be observed and identified with Warwick collaborators on other 

instruments. If we were to approach from the lipoprotein point of view, we would 

need to perform complete protein sequencing for any lower abundance of smaller 

molecules.  

Research on the human placenta is interesting clinically but challenging analytically 

and pathologically. Most placenta studies involve proteomics and investigate the 

most abundant proteins in the placenta. Preeclampsia, maternal death, and problems 

affecting pregnancies are not understood, and placental pathologies and the cause of 

abnormalities are still unanswered. The contributing factors to unsuccessful 

pregnancy are related to metabolism deregulation. Our TLC plates show total lipids 

in healthy and diseased human placental tissue and blood plasma. Comparisons 

among healthy and diseased groups have been highlighted with statistical 

significance to identify differences and create a visual map of phospholipids in 

placental tissue layers. The ambitious approach sounds complex and requires 

multidisciplinary collaboration.  

The sample preparation method and lipid species observation confirm that the 

chromatographic separation extraction method by TLC is valid, followed by 

preparative TLC and MALDI. Validation of the sample preparation was provided 

through collaboration between Swansea and Warwick students and gave positive and 

encouraging outcomes of the initial setup with great potential for further 

development.  

The placental lipidome, alongside the transcriptome, proteome and metabolome, can 

help to understand the physiology of the placenta and help medical diagnoses 

identify adverse pregnancies such as preterm birth, intrauterine growth restriction, 

hypertension, and preeclampsia, amongst others associated with fetal and maternal 

morbidity and mortality.  
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6.3 Future work 

This project initially intended to use MALDI imaging to determine the spatial 

distribution of lipids within placental tissue. However, this part of the project was 

only partially successful due to the lockdown and substantial instrument downtime. 

There was some progress in developing MALDI imaging methodologies and 

generating some initial mass spectrometry images, but as MALDI imaging requires 

extensive instrument time, the issues noted above precluded further analysis. 

Nevertheless, the methods developed and the results shown herein demonstrate that 

MALDI imaging of placental tissue is feasible and likely to generate new knowledge 

about the spatial distribution of lipids, especially  

concerning adverse pregnancy outcomes. Accompanying these with immunostaining 

and chemical staining would complement this imaging of placenta tissue. CID 

fragmentation is currently the best method for quantitative analysis, and it uses MRM 

analysis on a triple quadrupole. However, it is feasible to perform MRM analysis on 

other tandem mass spectrometry systems, such as a TOF-TOF mass spectrometer, so 

by combining these techniques, more efficient and more quantitatively accurate 

results can be obtained toward placenta lipids, including fuller evaluation of the 

PC/LPC ratio as a biomarker for adverse pregnancy. To further improve this research 

study on placenta tissue and the molecular identification of total lipids in blood 

plasma, robust instrumentation and the expertise to establish a bio map of placenta 

lipids are required if advances are to be made with cellular studies in obstetrics (639). 

Many other combinations of complex mass analyses, such as linear ion traps, are 

equally capable systems and allow quantitative analysis and single or multiple 

reaction monitoring (641-643)and triple quadrupole (642). 

Furthermore, advanced mass spectrometry offers the highest mass resolution power 

and measurement accuracy, such as the fifteen tesla fourier transform ion cyclotron 

resonance (FTICR) systems. These instrumental techniques belong to the specialist 

areas of mass spectrometry and require expertise, knowledge, and understanding of 

the instrument and technique. They are best done by collaboration with the experts 

as initiated here. 
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Appendix A-T: includes calculation Excel Tables, BMI, Inventory 

Appendix Table  A:  MALDI intensities for PC/LPC,  GDM Placentas 9AA+ 

Appendix Table  B: MALDI intensities for PC/LPC, GDM  Placenta DHB+ 

Appendix Table  A: Healthy Plasma PC-LPC, 4 groups Plasmas 9AA+ve 

Appendix Table  D: GDM Plasma PC-LPC, 4 groups Plasmas 9AA+ve 

Appendix Table  E: Obese Plasma PC-LPC, 4 groups Plasmas 9AA+ve 

Appendix Table  F: Non-Pregnant Plasma  PC-LPC, 4 groups Plasmas 9AA+ve 

Appendix Table  G: Obese Placenta 9AA+ 

Appendix Table  H: Obese placenta DHB  DHB+ 

Appendix Table  I: Placenta Healthy (+DHB) calculated Results PC-LPC redone 

Appendix Table  K: Healthy placentas  (TLC smear) but good in DHB +ve 

Appendix Table  L: GDM placentas +ve DHB GDM  

Appendix Table  M: Health placentas +ve DHB Healthy  

Appendix Table  N: Obese placentas +ve DHB Obese  

Appendix Table  P: New placentas different cuts edges, centre after Hamilton 

syringe sterilisation deep cleaning due to previous smearing, Warwick trip 9AA+ 

Appendix Table  Q: Placentas GDM PC-LPC 9AA+v 

Appendix Table  R: Placenta different cuts edges, centre groups healthy, obese, 

GDM results PC LPC all run in  +9AA 

Appendix Table  S: Body Mass Index of all samples used in this study BMI 

Appendix Table  T: Inventory includes all equipment, standards, and solvents used 

in this research work. 



  

307 

 

 

Appendix Table  B:  MALDI intensities for PC/LPC,  12-01-2022 GDM Placentas 9AA+, each sample is run in triplicate and last column value 
Average relative ratio of 3 repeats MALDI Intensities calculated  m/z ∑PC / ∑LPC m/z is used to plot on GraphPad 
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Appendix Table  C: MALDI intensities for PC/LPC, 19-01-2022 GDM  Placenta DHB+, each sample is run in triplicate and last column value 
Average relative ratio of 3 repeats MALDI Intensities calculated  m/z ∑PC / ∑LPC m/z is used to plot on GraphPad 
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Appendix Table  D: Healthy Plasma PC-LPC, 12-10-2021 ALL 4 groups of Plasmas 9AA+ve 
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Appendix Table  E: GDM Plasma PC-LPC,12-10-2021 ALL 4 groups of Plasmas 9AA+ve 
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Appendix Table  F: Obese Plasma PC-LPC 12-10-2021 ALL 4 groups of Plasmas 9AA+ve 
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Appendix Table  G: Non-Pregnant Plasma  PC-LPC, 12-10-2021 ALL 4 groups of Plasmas 9AA+ve 
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  Appendix Table  H: 13-01-2022 Obese Placenta 9AA+ 
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Appendix Table  I: Obese placenta DHB 14-01-22 DHB+ 
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Appendix Table  J: 20-01-2022 Placenta Healthy (+DHB) calculated Results PC-LPC redone 
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Appendix Table  K: placenta different area cuts edges/Centre 31-03-20220 Healthy 9AA +ve 

Appendix Table  L: Healthy placentas 06-04-2022 showing (TLC smear) but good in MALDI DHB +ve 
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  Appendix Table  M: GDM placentas +ve DHB GDM 06-04-22 
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    Appendix Table  N: Health placentas +ve DHB Healthy 06-04-22 
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Appendix Table  O: Obese placentas +ve DHB Obese 06-04-22 



 

320 

 

Appendix Table  P: New placentas homogenization different cuts edges, centre after Hamilton Seringer sterilisation deep cleaning due to previous 
smearing, healthy, obese, GDM 6-12-2021 Warwick trip 9AA+ 

Appendix Table  Q: New placentas different cuts edges, centre after Hamilton syringe sterilisation deep cleaning due to previous smearing, healthy, 
obese, GDM 6-12-2021 Warwick trip 9AA+ 



 

321 

 

 

Appendix Table  R: Placentas GDM PC-LPC 9AA+ve 
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Appendix Table  S: Placenta different cuts edges, centre groups healthy, obese, GDM results PC LPC all run in  +9AA 
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  Appendix Table  T: Body Mass Index of all samples used in this study BMI
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 12 March 2020  First lipid extract  Dr Lopalco CAT1351,  Edyta follws October 2020  method validation TLC quality control QC CAT 1342
Note: Covid -19 lockdown 20March 2020 Covid 19 lockdown  closure
All Experimental  items used: Edyta PhD experimental items used: 
MALDI Tof MS Brucker Daltonics  Flex Analysis 3.4 software
Path: D:\ Brucker\MALDI ToF\FlexControl\FlexAnalysis\Data\Aacquisition\Methods\Lipids\Edyta 
Flex Control / Flex Analysis: version 3.4
Methods: Reflectron +ve ion RP 400-2000Da-Lipids.par-ve ion RN 400-2000Da-Lipids.par
Laboratory: NMSF Swansea University Swansea Wales
Operator: Edyta Carrion Paczkowska 
Dates: from 03-06-2021  till last use 04/04/2022
Validation name: Method development and optimisation placental blood plasma total lipids 
Type of validation: Biological assay 
Reference standards SKU:710335C-25mg
Name 18:1, 14:1 Cardilopin in chloroform
Chemichal product name: 1`,3`bis[1,2-dioleoyl-sn-glycerol-3phospho]-glycerol (sodium salt)
Molecular Weight: 1501.959 g/mol
Lot Number 5231CJB056
Standard purity: 0.998
Opening Date: 43897
Manufacture: Avanti Polar Lipids,INC USA 
CAS: 115404-77-8
Reference standards SKU:700000-500mg
Name Cholesterol (ovine wool)
Chemichal product name: Cholesterol (ovine wool, 98%)
Molecular Weight: 386.654
Lot Number 700000-P-500mg-A-107
Standard purity: 0.998
Opening Date: 43897
Manufacture: Avanti Polar Lipids,INC USA 
CAS: 57-88-5
Reference standards SKU:840032C-10mg
Name Brain PS in chloroform
Chemichal product name: L-α-phosphatydilserine (Brain, Porcine) (sodium salt)
Molecular Weight: 824.966  (average based on fatty acid contribution)
Lot Number 840032c-10mgG-B-827
Standard purity: 0.998
Opening Date: 43897
Manufacture: Avanti Polar Lipids,INC USA 
CAS: 383907-32-2
Reference standards SKU:860512P-5mg
Name C12 Cerammide (d18:1/12:0) powder
Chemichal product name: N-lauroyl-D-erythro-sphingosine
Molecular Weight: 481.794
Lot Number 5966PHC010
Standard purity: 0.998
Opening Date: 43897
Manufacture: Avanti Polar Lipids,INC USA 
CAS: 74713-60-3
Reference standards SKU:700144p-10mg
Name 15:0 cholesteryl-d7 ester
Chemichal product name: cholesteryl-d7 pentadecanoate
Molecular Weight: 618.095
Lot Number 700144P-10MG-A-011 MLOT: 5209PIA011
Standard purity: 0.998
Opening Date: 43897
Manufacture: Avanti Polar Lipids,INC USA 
CAS: Not avaialbe
Reference standards SKU:70016p-25mg
Name cholesterol sulfate powder
Chemichal product name: cholesterol 3-sulfate (sodium salt)
Molecular Weight: 488.699
Lot Number 70016P-25MG-E-013, MLOT: 5103PJE013
Standard purity: 0.998
Opening Date: 43897
Manufacture: Avanti Polar Lipids,INC USA 
CAS: 2864-50-8
TLC plates for analytical Chromatography Merk KGaA Damstad Germany , Milipore USA ,Sigma Aldrich 
TLC Silica get 60 HX90656226
50 Glass plates 10 x 20cm AZ292966, Lot:2009498,  1.05626.0001
TLC Silica gel 60 HX74397421
25 Glass plates 20 x 20 cm lot: 2977498, Z292966
Analytical Balance Used: A&D Instruments Ltd Japan, 
ID: GR-202
Weight accuracy: Max 210g, min 1mg, e=1mg, d=0,01/0,1mg,  accuracy  0,001 
Calibration: Build in automation check to weight accuracy 0,001
Calibation on arrival with 100 mg speacial weights 100.00mg  date: 11/11/2020
Daily check: intenal calibration adjustment correction
Performance Validation (PV)  Used 200 -100-50-10-1 mg l weights
Performance Monitoring (PM) daily, weekly, yearly external contractor
Centrifuge Used: Eppendorf AG, 22331 Hamburg, Germany
ID Centrifuge 5811 No. 09814 
Performance Validation (PV) Avantor
Performance Monitoring (PM) 44236
Speed used rpm, g-force, 3500 rpm, 
rpm= revolution per minute, g-force =gravity foce maximu speed 140,000 g
time 15 min
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Appendix Table  U: Inventory includes all equipment, standards, and solvents used in this 
research work. 

Chemichal items recorder weight  = (mg) Borrowed from Dr .Angelini Lab 
Ammonium acetate 155mM in pure water -HPLC grade Fisher Scientific UK 
9-AA Matrix 9-Aminoacridine , 99,5% pure 92817-1G ,Sigma 
DHB Matrix 9-Aminoacridine , 99,5% pure 92817-1G ,Sigma 
Supelco Clear Glass, USA , Lot:139032 , part 29391-U, Certified Screw Thread Cap, Bonded PTFE/Silicone 
ninehydrin Borrowed from Dr .Angelini Lab 
azurea Borrowed from Dr .Angelini Lab
5% sulphuric acid prepared from stoc 95% H2SO4 Borrowed from Dr .Angelini Lab
Ultrasonication batch Fisherbrand Operation modes: sonicate, sweep, degass
ID 15051
Timer automated setting, time upto 30 minutes
Deiones Milley Q water + ice ICE cubes from internal building ils1 2nd floor labs
Volumetric Glassware 
100 ml volumetric cylinder class A Cole-Parmer USA -UK 
Glass pipetes 1ml, 5ml, 10ml class A Cole-Parmer USA -UK 
Rubber buld for glass pipettes Cole-Parmer USA -UK 
Glass solvents jars with glass tops  500 ml Cole-Parmer USA -UK 
Glass beackers Shandon, 
Glass volumetric flasks Cole-Parmer USA -UK 
Glass hend sprayer with glas diffuser Cole-Parmer USA -UK 
Glass Tubes 15 ml Cole-Parmer USA -UK 
Glass Pasteur Pitepptes  long 15 ml Cole-Parmer USA -UK 
Pyrex Glass Tubes , black screw Caps disposable GPI15-415, Product Code: 99502-15, Corning Life Sciences, Mexico, 
Glass Pasteur Pitepptes  SHORT 10 ml Cole-Parmer USA -UK 
Rubber tip for paster pipetter Cole-Parmer USA -UK 
Cole-Parmer USA : Hamilton seringes  2x boxes of 6 (12x 10ul  ) and individauls 1000ul, 500ul, 100ul, 50ul, 25 ul, 10ul, 5ul
Ependoft, Gibson , Fisherbrand Elite  pipettes 1000ul, 100ul, 20ul, 10ul, 5ul, 1ul
MALDI UltraFlex , Brucker Germany Bremen
Agilent glas 250ul, pulledd point inserts Part Number: 5183-2085, 
Brucker Target plate brushed steel MTP 384 target plate polished steel BC # 8280781 Brucker Germany Bremen 
Brucker Targer frame holder brushed steel MTP target frame III # 8074115 Brucker Germany Bremen 
IPN/CAN matrix solvent 3:2 Brucker Germany Bremen 
Isopropanol/Acentonnitrile Borrowed from Dr .Angelini Lab
Stiness steel spatula to weigh out 10mg Cole-Parmer USA -UK 
Methanol rinse solvent for plate wash Cole-Parmer USA -UK 
KimWipe tissue for target plate Cole-Parmer USA -UK 
CsI3 = Cesium Iodide  mass calibrant  Facility Manager Dr Ann Hunter Lipid method set up by Dr.Angelini  on Flex Analysis 
Maldi Flex Analysis Method:  RP 400-2000Da-Edyta Lipids.par
Missolenious items needs oragnisation
Cold Room Glass Rotator MX-RD-Pro
Rotating plate with 20 clamps fitting 15ml tubes 
Utomated temperature, with digital set rotation timer Cold room freidge 4C with fanassisted air flow to maintain 4ctemp
Pyrex Glass Tubes , black screw Caps disposable GPI15-415, Product Code: 99502-15, Corning Life Sciences, Mexico, 
Pyrex Centrifuge glass tubes Lot 06220009, cm 104402387 Corniing Life Sciences, Mexico, 
Cryovials for blood plasma storage storage at -80 C  , volume 1,8ml
Dri-Block DB-3D TECHNE brand 
Ultra low temperature Freezers: Temperature -80C Chamber New Brunswick Scientific
Part No. U9440-001
Model: U725-86
Serial: 1005-4033-05-07
Vortex: JENCONS-PLS
Mill-Q water  qgard00r1,  Q-grad1 lot  : F8KA94393
Millipak Express 20 , filter 0.22um Merck, serial 8616, lot no: F8DA49035
Thermostat Oven Thermo Scinetific , 
Made in: Termo Electron LED , Germany
Capacity: Fisherbrand 65L Oven 230V 
Maximum temperature: 250 Celsius 
Serial SN: 42680322, Cat. No.15805911
Freezer Eppendorf CryoCube -80C automated digital dispaly control window F740hi
Disposable sterile sciecors Rocialle,Wales
Disposable sterilee Gripprite Ble Forceps SW Rocialle,Wales REF: RML 109-006 ,LOT: W479000
PBS ph7.4 Sterille A Phospate Buffered Saline 500ml Gibco, Life Technologies, UK Ref: 10010-015, Lot: 2242218
Sulphuric Acid 95-97% Sigma Aldrich UK 07208-1L-M, Lot: STBG9176
Dieethyl Ether Sigma Aldich UK 296082-1L, Lot: STBJ1842
Acetone 99.6% Acrons Organics Code: 423240010, Lot:A0414350
Hexane 95% HPLC Plus GC residue analysis,  Sigma Aldrich UK 650552-1L, Lot:MKCH5832
Acetic Acid glacial 99% Fisher Scientific UK, Acros Organic Belgium Code:A/036/PB17, Lot:1922268
Chlorofolrm 99.99% HPLC Plus,0.5-1.0% ethanol as stabiliser 1.06035.2500, 2.5L, Lot: I1102735033
ChemiDoc XRS + with Image Lab software BioRad 
DiamondCautter glass knife Langlong LL20030
ZeroSta 3Milty static charge emilinator for balance 
Sodium cholesteryl Sulphate C9523-25mg  for TLC staiing lot: SLCD
Ninhydrin Sigma ALDRICH   for tlc staiing amino acids detection lot:BCBX4469 Sigma , N4876-100g 
2,4 Lutidine 99% 2,4 dimethylpyridine, L3609-100 ml Lot:MKCK5213
Homogeniser 150  Fisherbrand Thermo Fisher Germany Darmastad, 
Stainess steel probe for tissue cole palmer UK cutting head 0.5mm specifit for hard fibroulus tissue colepalmer
TLC Chroma tank PANGLAS, Shandon, 
NH4OH 29% made from 100% NH4OH Mass Spec Rob Borrowed from Dr .Angelini Lab
50ml Falcon tubes  as holder inserts for glass centrifuge ILS1 , 2ND Floor Lab stock 
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