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ABBREVIATIONS 

Angina pectoris AP 

Apo Apolipoprotein- (proteins fOWld in association with plasma lipids in 

lipoproteins) 

ApoA-l 

ACAT 

BA 

BS 

Apolipoprotein A-I 

Acyl-cholesterol acyltransferase 

Bile acid 

Bile salts 

CAD/CHD Coronary artery disease/Coronary heart disease (HID) 

CDC Centre for Disease Control 

CE Cholesterol ester (cholesterol esterified to a fatty acid at the alcohol 

moiety on position 3. 

ChoJ 

CETP 

CM 

dysp 

Cholesterol 

Cholesterol ester transfer protein 

Chylomicrons 

dysbetalipoproteinaemia 

IIDTA. Ethylenediaminetetraacetic acid 

Fe Free cholesterol 

FDB-BIOO Familial defective binding apoBIOO 

FFA Free Fatty Acid 

FB Familial hypercholesterolaemia. 

GGE Gradient Gel Electrophoresis 
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BDL 

HL 

IDL 

IBD 

LCAT 

LDL 

LDLR 

LRP 

LP 

LPL 

Lp(a) 

LpX 

MI 

NEFA 

PL 

High density lipoprotein. 

Hepatic Lipase 

Intermediate density lipoprotein. 

Iscbaemic Heart Disease 

Lecithin cholesterol acyl-transferase •. 

Low density lipoprotein 

Low density lipoprotein receptor 

Low density lipoprotein Related Protein 

Lipoprotein. 

Lipoprotein lipase. 

Lipoprotein (a) (pronounced lipoprotein little "a") 

Lipoprotein X. 

Myocardial Infaction. 

Non Esterified Fatty Acid 

Phospholipids 

TG (TAG) Triglyceride better known as triacylglycerol. 

MUF A Mono-unsaturated fatty acid is a fatty acid with one double bond 

PUFA 

VLDL 

xma 

Poly-unsaturated fatty acid bas more than one double bond 

Very low-density lipoprotein 

Xanthomas. 1be abnormal accumulation of lipids in macroscopically 

recognisable lesions in the skin and tendons characterised by foam 

cells on histological examination. 
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CllAPTERI 

1.1 Introduction 

Pregnancy, a physiological and temporary phenomenon in women in their 

reproductive years, induces changes in lipoprotein metabolism. These changes 

include mild hypertriglyceridaemia, hypercholesterolaemia and alterations in LDL 

particle size. The overproduction of VLDL by the liver causes the 

hypertriglyceridaemia and results in remodelling ofLDL to smaller, denser particles. 

When there is a hindrance of clearance of remnants of the TG-rich lipoproteins or of 

lipolysis by genetic detects in apoE and LPL, dysfl and severe hypertriglyceridaemia 

may be induced during pregnancy. 

Dysfl also known as broad fl disease or type m hyperlipidaemia is a highly 

atherogenic dyslipoproteinaemia. Premature or accelerated atherosclerosis occurs in 

one third to more than one half of individuals with type m hyperlipoproteinaemia. 

Peripheral vascular disease involving the lower extremities is almost as common as 

coronary artery disease in Dysfl. This is different :from the distribution of vascular 

disease seen in familial hypercholesterolaemia in which there is less involvement of 

the lower extremities. Although the mechanism tmderlying the predisposition for 

atherosclerosis of peripheral vessels in type m is unknown, it is worth noting that 

certain cholesterol-fed animals with high levels of P-VLDL have a higher incidence 

of peripheral vascular disease than of coronary atherosclerosis. Morganroth et al~ 

10 
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1.2 This study of pregnant women in Zimbabwe therefore set itself the following 

aims: 

L To descn"be lipid and lipoproteins during and after pregnancy, 

ii. To examine the prevalence of apoE variants, 

iii. To evaluate dys,Uipoproteinaemia in pregnancy, 

iv. The correlation between dysplipoproteinaemia and the apoE genotypes. 

This is the first study to systematically examine lipids and lipoproteins during 

pregnancy in black Afiicans. The notion that coronary heart disease (CHD) is not at 

epidemic proportions in developing coootries bas bampeIed progress in this area of 

research [Gomo]. A poorly developed and poorly supported academic inftastructure 

bas also detracted nom comprehensive swveys ofDyslipidaemia in Africa. 
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CllAPTER2 

1.1 Bioehelaistry of ApoIipoprotein E 

Apolipoprotein E is a 299 amino acid peptide with a molecular weight of 34 kilo 

Daltons. The gene for Apo E is found in cbromosome 19 and is 3.7-kilo bases in 

length and contains 4 exoDS. It is normally present in Serum at approximately 3-5 

mg per decilitre. Approximately three quarters of the plasma apoE is synthesized in 

the liver, in the hepatic parenchymal cells where it is incorporated into VIDL. Other 

organs, including the brain, lungs, spleen, adrenaIs, ovaries, kidneys, muscle cells 

and macrophages also produce small amounts of apoE. 

The secondary structure can be divided into three main areas. An amino tenninal 

end made up of 165 residues is higbly ordered, the next 35 residues make up a 

random structure and the carboxyl tenninal becomes higbly ordered again The 

Carboxyl tenninal forms the strongest lipid binding area. The majority of the 

secondary structure, about 6?A. is fonned from alpha helices which are ampbipathic 

and important in lipid binding. While also providing a more hydrophilic aspect to the 

water environment, the rest of the secondary structure is made up of beta sheets 

(9OA.), beta turns (11 %) and random structure (18%) [Mahley 1988]. 

The five arginine and three lysine residues between 140 and 160 are essential for 

binding to the LDL receptor. This is important for the cellular uptake of 

lipoproteins. 

14 



2.2 Apo E isofonns. 

ApoE was first isolated from plasma in 1973 and was originally known as arginine­

rich apolipoprotein. As previously stated, there are three common isoforms of 

apolipoproteinE designated E2, E3 and E4 according to their charges in isoelectric 

focusing. 

The main differences between the isoforms are at the amino acid residues 112 and 

158. ApoE2 has cysteine at both of these residues and it has the lowest affinity for 

the LDLR: with less than 2% of normal receptor binding activity. Apo E3 has a 

cysteine at residue 112 and arginine at 158, and has a much better receptor binding 

activity. ApoE4 has arginine at both these residues and shows 1000/0 normal 

receptor binding activity and hence it has a very rapid clearance from HDL, VLDL 

and Chylomicrons. [Mahley 1988] Apo E3 and APO E4 both have normal LDLR 

binding activity as the R at 158 forms a salt bridge with aspartate at 154 leaving the 

series of positively charged R and K between 130 and 148 often to interact with the 

negatively charged area on the LDLR. 

E2/2 E3/3 E4/4 

Relative Charge 0 +1 +2 

Residue 112 Cysteine Cysteine Arginine 

Residue 158 Cysteine Arginine Arginine 

Table 1.1 LocatioBs of aJBiao add raid .. ad tIIeir ella ...... dUfereat apolipoproteiu. 
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Studies of apoE and & allelic frequency among various populations arOlmd the world 

have revealed interesting ethnic differences and demonstrated that the apoE 

genotype has a major effect on plasma lipid levels and possibly cardiovascular risk. 

In almost all populations studied, apo-313 phenotype is by far the most common 

(typically 50-70010 of the population) and the &3 allele makes up a large majority of 

the apoE gene pool (typically 70-80010 of the population. The six common genotypes 

comprise three homozygous states (E-4/4; E-313 and E-212) and three heterozygous 

(E-4I3; E-3fl and E-4fl) states. The minor sialylated isoforms are designated with 

subscripts for example E-4s or E-3s depending on the isofonn that has been 

modified The high frequency of &3 allele lead to the conclusion that it was the wild 

type, but the occurrence of &4 allele in nearly all animal species makes it the 

ancestral allele. 

2.3 Apo E nomenclature 

Electrophoretic studies of apoE revealed that it is composed of numerous isoprotein 

components [Utermann; Clinical Genetics 1977, Utennann; Lipid Research 1977, 

Pagan, Warnick; Clio Chern 1979, p279-284, Weidman]. The complexity of apoE 

results from both genetic polymorphism and post-translational modifications with 

carbohydrate chains containing sialic acid. Current genetic studies have shown the 

existence of three alleles at two loci that specify six different apoE phenotypes 

[Zannis, Biochemistry 1981]. These phenotypes can be recognized on a two­

dimensional gel electrophoresis and one-dimensional isoelectric focusing 

[Weisgraber, Utermann, Human Genetics 1982]. 
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The original work based on one-dimensional isoelectric focusing resulted in a 

nomenclature system [UtennaDn, Clinical Genetics 1977 and Nature 1977] whereas 

the later work with two-dimensional polyacrylamide electrophoresis resulted in a 

different nomenclature [Zannis, Biochemistry 1981 and H1.Ull3D Genetics 1981]. In 

order to avoid confusion a unifurm system that describes the apoE isoproteins, 

alleles, genotypes and phenotypes is currently used. The apoE alleles are 64, 63 and 

s2 while the major asialo apoE isoproteins seen in plasma by two--dimensional gel 

electrophoresis are designated apoFA, apoE3 and apoE2 respectively. ApoFA is the 

most basic while apoE2 is the most acidic isoprotein. The minor plasma apoE 

isoproteins that can be eliminated by treatment with neuraminidase are collectively 

designated apoEs. Thus the sialo apoE isoproteins of apoE4, apoE3 and apoE2 are 

desjgnated apoFAs, apoE3s and apoE2s respectively. Distinction between sialo 

apoE isoproteins can be achieved by adding a nwnber after the subscript as 

apoE3s1, apoE382 and apoE3s3. 

2.4 Binding Properties 

The heparin-binding domain between 131 and 150 amino acids of apoE is 

responsible for the high affinity binding to the LDL and LRP receptors. 

Receptor binding is due to the ionic interaction between basic amino acid residues 

in this region and acidic amino acid residues of the LDL receptor. The IDL receptor 

possesses seven repeated segments that include critical acidic amino acids aspartate 

and glutamate near the N-terminus representing the ligand-binding site. The LRP 

contains 31 domains, homologous to the lig;tnd binding sites of LDL receptOr. 
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[Brown] Both residues 112 and 158 are outside the binding region of apoE. The 

bincfing affinity can not be directly linked to residue 112, but residue 158 can have 

an influence on the bincfing affinity depending on the salt bridge it forms with other 

amino acids. The basic amino acids in the 131 - 150 region are largely solvent 

exposed extending away from the backbone of the helli4 forming a basic field of 

charge that may be available to interact with the receptor. The backbone structures 

of ApoE 2 and Apo E 3 are essentially identical; however there are local changes in 

the region of the residue 158. In Apo E3 there is a salt bridge between arginine 158 

and aspartate 154. In Apo E2, which has a neutral amino acid cysteine rather than 

the arginine residue at 158, that salt bridge cannot form and the aspartate interacts 

instead with arginine 150, forming a new salt bridge. This interaction swings the 

side chain of arginine 150 into a new plane outside the receptor-bincfing region and 

disrupts receptor binding because arginine is part of the receptor-binding region. 

Therefore, the substitution at residue 158 of Apo E2 appears to have a secondary 

effect on the receptor-bincfing domain of Apo E, affecting binding indirectly. 

[Ia1azar] All autosomal dominant ApoE mutations cause defective IDL receptor 

binding, but their LDL receptor bincfing activities are higher than those of autosomal 

recessive Apo E2 mutations. The Apo E2 variant with <2% of normal receptor 

binding activity has the most defective IDL receptor bincfing and is expected to 

have reduced remnant metabolism but this is not the case as it is the rare ApoE 

variants which have 20 - 50010 of normal receptor bincfing activity that are 

paradoxically associated with the dominant mode of inheritance and the invariable 
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presence of hyperlipidaemia. Which means the LDL receptor binding activity cannot 

alone explain the mechanism of producing dysJi. (See remnant metabolism) 

1.S Apo E Mutations 

The apo E-2/2 genetic status is associated with dysJi. These subjects clear remnants 

slowly but most persons with impairment of remnant clearance on this basis will not 

develop hyperlipidaemia because the production rate of remnants and their 

clearance rates are balanced. In most subjects dysJi is associated with homozygosity 

for apoE2 as the permissive state for derangement but an additional 'hit'is still 

required. Increased production rates are typical of diabetes and reduced clearance is 

typical of hypothyroidism. Other associations between the environmental factors 

and the recessive mutation include massive dietary fat or alcohol intake, renal 

disease, menopause and obesity. Certain mutations are known to confer dysJi in an 

autosomal dominant fashion, albeit with delayed penetrance because additional 

stresses still seem necessary to confer the phenotype. The autosomal dominant 

inheritance of dysJi occurs in several variants of apoE (see table below). These 

mutations are thought to result in the reduction or abolition of the positive charge on 

the apoE-binding domain leading to the accumulation of remnants due to reduced 

binding affinity. In the autosomal dominant cases, the presence of a single variant 

allele is ideally sufficient for phenotypic presentation. 
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Table 2.2 below shows apolipoprotein E variants associated with Type III 

Hyperlipidaemia and the parameters modulating expression of Hyperlipidaemia 

M .... tioa· Mede .r Il-VLDL LDL receptor Heparia Upae 

I t rri1awce 
....... t hiwIDIr bjwIiJIg deled- pl'Ol 

. 
III 

Defect 

1~ Recessive Yes 2% No Yes(HL) 

136Arg-.Ser lhIboMI Yes 41% 

1~ ))eniunt Yes W~ Yes 

145Arg-+CJs J\eneinapt Yes 45% Yes 

146Lys-+GIn ))omjg-at Yes WAt Yes(LPL) 

146Lys--+G1a ))en_at Yes <5% Yes 

7 .. ·*iIIIertimI. J)cwiuat Yes 25% Yes No 

T.bIe 1.l (MahIey, Metabolic ad Meleeuhr BuiI ofIHerited Diu If, Seve.tIl ~] 

Xq: 

*Lim cltaga ~ 10 Apod sII'rIdIu'e (q lSI ~-IqSteiM. tII'giIIiM lit tGi4w lSI cll .. ed to 

cpleille lit did .. 

IIhae trYi. ".#If ApoEJ ...... 

*·7 tIMbro tJCiIb tblpliclltio. o/taidu 12110 127 

_ iIulicIItt!S lUll Fd .,UIIIiItH 
The mutations affect the metabolic properties of apolipoprotein E differently. Some 

mutations produce defects in the LDL receptor binding; others in heparin binding 

and others may also produce a lipase-processing defect. 

It has previously been reported from Cape Town that apo E R145C is particularly 

prevalent amongst subjects with dysp. The apoE R145C was especially over­

represented in the black population that was predominantly of Xhosa descent 

Roblmann et al supported by Veniant et al demonstrated that LDL receptor 
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mutation resulting in reduced binding affinity for the remnant does not seem to 

produce phenotypic dysp. They fUrther demonstrated that apolipoprotein E 

deficiency in the presence of LDL receptors produces worse dysp than in LDL 

receptor deficiency or absence [Veniant]. This means that null or any mutation in 

the LDL receptor is not likely to produce any phenotypic dysJt 

2.6 ApoE aDd Alzheilner's disease (AO) 

Increasing interest and research in AD and its association with apolipoproteinE 

warrants a brief discussion of what is currently known. The association between 

apoE4/4 and Alzheimer's disease bas been reported in several studies but the 

pathophysiology has not been clearly defined. Lahiri et 01 (Neurobiol Aging 2004 

May-Jun; 25(5): 651-60.) reported that ApoE mRNA and protein are fotmd 

predominantly in astrocytes within the CNS. There is also a high expression of 

ApoE mRNA in the brains of people with sporadic AD. ApoE acts as a cholesterol 

transporter in the brain. Cholesterol controls amyloid production and deposition by 

regulating beta-secretase. Das et 01 Rev Neurosci. 1996 Oct-Dec; 7(4): 277-83 

reported that hyperphosphoryJation of "tau" has been indicated for the generation of 

neurofibrillary tangles in the brains of Alzheimer's patients. Since apoE4 does not 

bind to "tau", apoE4 may contribute to the hyperphosphoryJation of "tau" which may 

cause the formation of neurofibrillary tangles in AD patients. Ohm et 01 Biochem 

Soc Symp. 2001; (67): 121-9 have reported that apart from age, the APOE epsilon 4 

allele represents the most important risk factor in sporadic Alzheimer's disease 

(AD). Compared to APOE epsilon 3 homozygotes, the histopathological onset of 
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tau pathology is foood 1-2 decades earlier but progresses with the same speed. 

ApoE dose-dependently and specifically increases free intraneuronal ca1cRm levels 

in the order ApoE4 > ApoE3 > ApoE2. This effect is amplified in the presence of 

beta A4-peptide. The ApoE effects on ca1cimn are not affected by the blockade of 

action potentials with tetrodotoxit\ or by inhibition of common ApoE binding sites. 

The ca1cimn channel involved bas been identified as a PIQ-type-like channel The 

production of ApoE in astrocytes is controlled by several receptor/effector systems 

such as adrenoceptors and cAMP. In the presence of beta A4-peptide ftagments, 

astrocytes stop their synthesis of ApoE resulting in a massive reduction in the 

bioavailability of ApoE. In the periphery, ApoE directs cholesterol transport and 

thereby influences its cellular concentrations. In neurons, changes in the 

concentration of cholesterol influence the phosphorylation status of the protein tau. 
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CHAPTER 3 

3.1 General Lipid aDd Lipoprotein metabolism. 

In order to appreciate the remnant metabolism and the effects of pregnancy on lipid 

and lipoprotein metabolism, general lipoprotein metabolic pathways may be 

considered in three broad divisions: exogenous lipid metabo1.ism, endogenous lipid 

metabolism and reverse cholesterol1Iaospot1.. Special consideration will be given to 

remnant clearance in this discussion. 

3.2 Exogenous pathways 

This pathway essentially deals with the dietary acquired lipids, which operates in 

the post absorptive stage lasting fiom one to five hours after a meal. Dietary fat is 

mainly TO. Lipases hydrolyse lipids; lipase secreted by the tongue and soft palate 

and gastric mucosa can hydrolyse up to 3()oA, of fats in the stomach [Henderson]. 

These may have a significant role when there is pancreatic dysfunction as they do 

not require bile saIts (BS) and are active at gastric pH [Henderson]. The presence of 

lipids in the small intestines stimulates the release of CCK (Cholecystokinin), an 

enzyme fiom the upper part of the duodenum, which activates gall bladder 

contraction, resulting in the release of bile salts and the simultaneous release of 

pancreatic digestive enzymes. Secretin, a hormone highly concen1rated in the upper 

duodenwn but fOWld throughout the small intestine, causes the release of a secretion 

that is rich in bicarbonate. This neutralises the acidic contents coming from the 

stomach [Henderson]. Cholesterol esters are hydrolysed by cholesterol esterase -

phospholipids are hydrolysed by phospholipase A2. 
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The digestive products form micelles with the aid of bile salts. The micelles convey 

the non-poJar lipid molecules from the lwnen of the gut to the epithelial cell surt8ce. 

A high concentration of monoglycerides and fatty acids adjacent to the enterocytes 

facilitates absorption. Absorption is facilitated by fatty acid binding protein in the 

cytosol of the cell that bas a high affinity for fatty acids. Within the enterocyte, fatty 

acids are incorporated into TO, which, together with phospholipids, cholesterol and 

cholesterol esters and specific apolipoproteins (apoB-48 and apoA-l) are 

assembled into spherical chylomicrons. These are released by exocytosis into the 

intestinal lacteals. [Ho1mes] The apolipoprotein B-48 synthesised by the intestinal 

mucosal cells is the permanent structural protein of a chylomicron. The Iacteals 

drain into the cystem chyli and thence to the thoracic duct. Chylomicrons finally 

enter the subclavian vein for systemic circulation. Up to this stage no infonnation is 

available regarding the effects of pregnancy on the handling of lipids. Absorption of 

dietary fatty acids is usually complete whereas absorption of total gut cholesterol 

(biliary and dietary) is variable. Once in the systemic circulation, chylomicrons 

donate A-I to HDL in exchange ofapoC-II and apo-E. ApoC-II, now present on the 

surtace of chylomicrons activates lipoprotein lipase situated on the capillary 

endothelial surfaces. LPL hydrolyses TO to yield monoacyJglycerol and free fatty 

acids. The fatty acids released into circulation associate with aIbwnin to return to 

the liver if not taken up and can be taken up by organs such as muscle (energy 

source) or adipocytes (storage). Dming chylomicron circulation (5 to 30 minutes), 

they rapidly deliver TO to peripheral tissues. No chylomicrons should be present in 
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the plasma ofa fasting subject six to eight hours after a meal. The metabolism ofTG 

rapidly depletes the core of the chylomicron particle, reducing its size and 

increasing its density. Cholesterol ester from HDL or LDL may be incorporated into 

the chylomicrons by the action of CETP (Choleterol Ester Transfer Protein) in 

exchange for TG. These changes result in loss of affinity for apoC lipoprotein which 

partitions to HDL. The chylomicron remnant contains less TG and much more 

cholesterol ester than the original chylomicrons, possibly explaining the highly 

atherogenic nature of these LP. Only ApoB 48 and Apo E remain on the 

chylomicron remnants and the latter serves as ligand for the hepatic receptors. 'The 

chylomicron remnants are internalised through the IDL and LRP receptors by 

endocytosis. The components of the chylomicrons are hydrolysed in the Iysosomes 

and the cholesterol released from the hepatic lysosomes can enter pathways for the 

formation of bile acids, be secreted into the bile as such, be incorporated in nascent 

lipoproteins or esterified with long fatty acids and can down-regulate HMG CoA­

reductase, the rate limiting enzyme of cholesterol biosynthesis. 

3.3 Endogenous Pathway 

This pathway essentially deals with the export ofTG and some cholesterol from the 

fiver. Hepatocytes have the ability to synthesise TG from carbohydrates and fatty 

acids. The hepatocyte also regulates the de novo synthesis of cholesterol, when 

dietary cholesterol acquired from the receptor-mediated uptake of chylomicron 

remnants is insufficient, hepatocytes increase the activity of HMG CoA reductase 

together with IDLR. Cholesterol and TO are packaged into secretory vesicles in the 
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Oolgi apparatus, transported by exocytosis into the extracellular space and 

introduced into the circulation through the fenestrae of the hepatic sinusoidal 

endothelimn in the form of nascent VLDL. The composition is 60010 TO, 20010 

cholesterol and 5% protein. The proteins comprise apoB 100, apoA, apoCII and 

apoE. Additionally apoCII is transferred after secretion, from circulating lIDL. As 

in chylomicron metabolism, the apoCII on VLDL activates LPL dwing its 

circulation and LPL metabolises TO. The released free fatty acids bind to albumin 

and are delivered to peripheral tissues. The apoCII is transferred back to HDL. The 

VLDL particles are thus converted to VLDL remnants, some of which are taken up 

by the liver. These remnants may become smaller and denser particles that may now 

have the density of IDL. The rate of hydrolysis of VLDL TO is slower than that of 

chylomicron TO, possibly due to the smaller size of the average VLDL particle, 

which can bind fewer lipoprotein lipase molecules than the larger chylomicron 

particle. The normal residence time for chylomicrons in blood is 5 to 10 minutes 

whereas for VLDL TO it is 15 to 60 minutes. Lipoproteins containing apoE (such as 

chylomicron and VLDL remnants) and apoB (such as LDL) are cleared by the 

LDLR. Additionally, LRP can clear apoE-containing lipoproteins. However the 

apoE-containing lipoproteins are cleared more efficiently than apoB-containing 

lipoproteins. For this reason, chylomicron and VLDL remnants (IOL) are not 

measurable in normal individuals because of their rapid clearance. Apo-B 100 in 

VLDL is similar to that for LDL but cannot bind LDLR owing to inappropriate 
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conformation for receptors. VLDL, like LDL relies on the apo-E to for its clearance 

[Rifaij. 

3.4 Reverse Pa'thway 

This deals with the transport of cholesterol in cells from the peripheral tissues to the 

liver. HDL is produced in the liver, the gut and from the chylomicron slD'face 

membrane liberated dwing chylomicron metabolism. Nascent HDL is a 

phospholipid disc with no lipid core but during its circulation, it acquires cholesterol 

either from VLDL and LDL. LCAT, which esteri:fies the surface free cholesterol 

provides neutral lipid that forms the core. When the surface cholesterol is esterified, 

it enters the nonpolar core ofHDL thus, leaving the surface ofHDL free to acquire 

more cholesterol from lipoproteins and cell membranes. The size of HDL particles 

increases as cholesterol esters accumulate (HDL2). The liver, through a putative 

HDL receptor delivering cholestero~ clears some of the HDL2. The exact 

mechanism for HDL up-take from circulation to the liver is not clear. However some 

of the cholesterol esters are transferred from HDL2 by CETP resulting in the 

formation of the smaller HDL (HDL3) and some is transferred to chylomicrons and 

VLDL. McCarthy II et al Iournal of Medical Genetics 2003; 40:453-458 reported 

that the scavenger receptor class B type 1(SR-B1), highly expressed in the liver is a 

key component in the reverse cholesterol transport pathway. 

3.5 RemnaDt LipoproteiD ClearaneelMetabolism Pathways 

Until the early work carried out by Hui and associates, and supported by Hers et al 

EMBO I; 1988: (7) 4119-4127, the LDL receptor was thought to be the only one 
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responsible for the Lipoprotein remnants clearance. Apo-E is postulated to be 

important not only for remnant metabolism, but could also be rate limiting for 

remnant clearance. Plasma clearance of intestinally derived remnant lipoprotein by 

the liver involves several steps that can be grouped into; sequestration, processing 

and internalisation [Mahley 1991]. 

Sequestration 

Chylomicron and VLDL remnants pass through the fenestrae of hepatic sinusoidal 

endothelial cells into the space of Disse. The fenestration acts as a dynamic bio­

filter that restricts the entry of large chylomicrons while allowing the smaller 

remnants to enter [Fraser]. The size of the fenestrae can change with age, possibly 

contributing to the emergence of dysp in pre-disposed individuals. Although there 

is no specific information on the effect of ageing on the fenestration in women, it 

is likely to remain normal in reproductive years. The space of Disse contains 

heparan sulfate proteoglycans (HSPG) on the microvillous projections of the 

hepatocytes. There is also an abundance of apoE and HL, which are synthesised 

and secreted by hepatocytes. LPL is also present presumably carried into the space 

of Disse on the remnants [Hamilton, Stow, Sanan]. Molecules taken up by the 

liver and secreted from the hepatocytes traverse this space. The initial step in the 

clearance of remnants from plasma is their sequestration into the space of Disse 

where they bind to proteoglycans as well as lipoprotein receptors such as LRP. 

The heparin binding domains of apoE are important for this step. 

28 



Processing 

The processing of remnants will result in their uptake by one of the three-uptake 

pathways. A~E binds avidly to heparin and specifically to heparan sulfate of 

hepatic origin [Mahley 1991] and its abWldance suggests that apoE enrichment of 

remnant particles occurring within the liver be of physiological importance in the 

clearance of remnants. This step also involves lipases on the sinusoidal endothelial 

ceUs or within the space of Disse. Hepatic lipase is a heparin binding lipase 

produced by the liver. Treatment of chylomicrons with hepatic lipase results in an 

accelerated rate of clearance of the remnants by the rat liver. Sultan et aI 

demons1rated that inhibition of hepatic lipase by intravenous injection of specific 

antiserum retards the clearance of chylomicron remnants in rats. LPL which 

normally resides in the extrahepatic endothelial surfaces attached to cell-surface 

proteoglycans, appears to attach to the chylomicrons and to be transported into the 

liver, where it enhances the binding of the remnants to the LRP. In-vitro studies 

have shown that the lipases serve as ligands for the HSPG-LRP pathway. [lIui] 

Intema1isation/Upfake 

Three major pathways are thought to be important in remnant lipoprotein uptake by 

hepatocytes. Firstly LDL receptors can mOOiate the direct uptake of remnant 

lipoproteins. (Choi, Ishibashi] Secondly, the HSPG-LRP pathway can mediate 

uptake either by transfer of the remnant from the HSPG to the LRP for 

intemalisation or by binding of the remnant lipoproteins to HSPG forming a tertiary 

complex with the LRP that is then internalised. The HSPG are critical for the 
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HSPG-LRP pathway because in their absence, the remnants do not bind and are not 

taken up to a major extent by the LRP on the hepatocytes. Thirdly, the HSPG alone 

can mediate remnant lipoprotein uptake [Mabley 1994, Mahley 1996 and Ji, 1993]. 

Among others, jn..vitro laboratory studies by Robert Mabley and Zhong-Sheng 

revealed that HSPG participates in the binding and uptake of apoE-enriched p­

VIDL. Treatment of a variety of cells with heparinase, removing the sulfated 

g1ycosaminoglycan side chains from the proteoglycans, significantly inhibits the 

binding and uptake of the apoE enriched remnant lipoproteins. Heparinase 

decreased remnant binding by 80010 in normal human fibroblasts, and by 90010 in FH 

fibroblasts with the LDL receptor null mutation [Ji, 1993]. These findings were 

confirmed when hemizygous and homozygous LRP-null fibroblasts from futal mice 

were examined. [Ji, 1997 and Herz; 1995] 

The concept that bas evolved is a secretion-capture model: that apoE secreted into 

the space of Disse from hepatocytes becomes associated with the remnant 

lipoproteins and thus the apo-E enriched remnants are sequestrated into the space of 

Disse by interacting with HSPO. This interaction directs the lipoproteins to the LRP 

fix intemalisation. LPL on the smface of the remnants may also direct the remnants 

to the LRP and mediate their interaction with the receptor. The LDL receptor 

remnant uptake is independent from both the HSPG and the LRP. The decline in the 

activity of both LPL and HI., during gestation [Kimunen., Sattar 1999] will have a 

direct effect on remnant metabo~ resulting in the dysbetalipoproteinaemic 

picture due to the reduced remnant clearance in a predisposed individual. After 

30 



remnants are ~ further catabolism occurs in the lysosomes with the 

various remnant components entering various metabolic pathways. 

3.68 Lipid Metabolism in Pregnaney 

During Pregnancy matemal metabolism must satisfy not only the usual demands of 

the mother but also the adaptive changes of gestation as well the demands of the 

developing foetus. Early pregnancy is considered the anabolic phase, characterised 

by increased hepatic production of TO and enhanced removal of TO from the 

circulation, resulting in an increased deposition of tat in matemal adipose tissue. In 

contrast, 1ate pregnancy is referred to as the catabolic phase; the release of free tatty 

acids from adipocytes is enhanced due to both. relative insulin resistance and 

stimulation of hormone-sensitive lipase by p1acental hormones. These metabolic 

changes allow the metabolism of the gravid female to store enet'&Y in early 

pregnancy to meet the energy requirements of1ate gestation. [Stock] 

As a consequence, the matemal lipid metabolism is specifically altered during 

pregpancy. Plasma cholesterol and phospholipids increase moderately, whereas 

plasma ro levels rise markedly [Boyd, Peters]. Increased amounts of ro are not 

only found in the very low-density lipoprotein (VLDL) fraction, but in all 

lipoprotein fractions (LDL and HDL) during late gestation [Montelongo, Knopp]. 

Two mechanisms specific for pregnancy seem to be responsible for this 

phenomenon. First, elevated oestrogen levels during gestation JeSuit in increased 

hepatic synthesis of TO-rich VLDL [Julius, Walsh]. Secondly, removal of 

lipoprotein TO is reduced due to low activities of lipoprotein lipase (LPL) and 
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hepatic TO lipase (HL), the effect being more striking for HL than for LPL 

[Kinnunen, SattarJ The abundance of VLDL-TO drives an accelerated transfer of 

TO to lipoproteins of higher density by the cholesteryl ester transfer protein 

(CETP). Thus the reduced HI., activity appears to be responsible for the shift of 

HDL subclasses toward larger, TO rich and more buoyant species in late gestation. 

Owing gestation, LDL particles become enriched in TO as well, but in contrast to 

HDL particles, LDL particles have been reported to become smaller and denser. 

[Silliman 1994, Hubel] LDL particles are heterogeneous with regard to their 

chemical and physical properties. Using non-naturing gradient gel electrophoresis, 

Austin et al, demonstrated that two patterns of LDL subclass distribution, A and B, 

could be distinguished. Pattern A is characterised by a predominance of LDL 

particles that are large and buoyant, and pattern B is characterised by a 

predominance of small, dense LDL particles. The larger, more buoyant subclasses 

of LDL predominate in healthy females of reproductive age, whereas smaller, 

denser LDL often occurs after menopause {MacNamara]. Compared with large and 

buoyant LDL, small dense LDL particles are more susceptJ."ble to oxidation, show 

increased binding to proteoglycans of the vessel wall, and exhibit reduced uptake by 

the LDL receptor. [Abner]. In men and non-pregnant women, plasma TO account 

for 40 - 60010 of the variability in small, dense LDL concentrations. Several studies 

have shown an association between elevated plasma TO concentrations, small dense 

LDL (pattern B) and decreased HDL cholesterol, in particular HDU cholesterol 

[Austin 1990]. This metabolic situation is referred to as the atherogenic lipoprotein 
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phenotype. Thus elevated TO and the accumulation of small, dense LOL during 

pregnancy are thought to increase the risk of endothelial damage despite the fact 

that there is a preponderance of large buoyant HOL in late gestation [Alvarez, 

Sj1Jjman1. Elevated TO present in the first trimester may be responsible for the 

increase in the LDL seen in the early stages of pregnaticy. However with advancing 

gestation, there is no fin1h.er increase in the dense LOL, but there is an increase in 

buoyant lipoproteins VLDL, IDL and 

LDL .. 1 a pattern resembling HL deficiency. HL is reported to be responsible for the 

conversion of IDL to LOL [Demant1 in chylomicron remnant catabolism [Daggy, 

Shafi1 and in HOL metabolism [Kuusi, Blades1. Impaired HL activity results in 

elevated HOL2-cholesterol and enrichment of LDL and HOL particles with TO 

[lshibashi1. The prolonged circulation of TO-rich LDL is probably responsible for 

the smaller size despite the decrease in HL and LPL activity. Alvarez et al 

demonstrated a progressive decrease in post heparin HL activity after the first 

trimester throughout pregnancy. This decrease was significantly correlated with the 

changes in the HOL subclasses. [Alvarez1 In addition HL activity was negatively 

correlated with oestradiol levels as demonstrated in other studies where oestrogen 

concentrations are associated with decreased HL activity [Applebawn-Bowden1. 

The significant increase in apoC-ill, an inhibitor ofLPL may also contribute to the 

impairment of maternal lipolysis, thereby increasing the residence time of TO-rich 

lipoproteins. The prolonged exposme of these lipoproteins to CETP rather than 

elevated activity of CETP is therefore is responsible for the observed 

33 



compositional changes when VLDL and IDL become enriched in eE, whereas LDL 

and HDL particles become enriched in TG. Sattar et al found that, in mothers 

with intrauterine growth retardation, the appropriate synthesis of LDL precursors, 

namely VLDL and IDL, filils to occur in the third trimester, suggesting that in late 

gestation the welfare of the foetus depends on an adequate supply of lipids. ISattar 

1997] Free fatty acids are transferred across the placenta by simple diffusion, but 

the capacity of this transport is limited. Human placenta expresses lipoprotein 

receptors in high amounts, with the binding of VLDL to placental membrane 

exceeding that of LDL, suggesting that the placenta is primarily endowed with 

receptors that preferentially bind to VLDL (Naown]. Northern blot analysis of the 

placenta revealed a 2.6 fold increase in VLDUapoE receptor messenger RNA 

between the first trimester and delivery [Wittmaack]. Thus, in the catabolic phase of 

pregnancy, the effect of placental honnones is to enhance VLDL production and 

decrease HL activity. Coupled with the increased expression of the VLDUapoE 

receptor in the placenta, this may result in a coordinated re-routing of the TG-rich 

lipoproteins from the mother to the feto-placental unit. In conclusion, current 

evidence does not support the idea that the same mechanisms as those described for 

the atherogenic lipoprotein phenotype govern lipid metabolism in late pregnancy. 

3.6b Lipoprotein Lipase Activity in Pregnancy 

Lipoprotein lipase, gastric lipase, hormone sensitive lipase, acid lipase and 

pancreatic lipase are members of a multigene family. LPL is synthesised in 

parenchyma cells in a variety of tissues, especially striated muscle. From these cells, 
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it is transported to the endothelial surface of blood capillaries where it is b01md to 

the hepamn sulphate. Heparan sulphate is a glycosaminoglycan, which is degraded 

by lysosomal enzymes. LPL is required for hydrolysis of TO in chylomicrons and 

VLDL and the conversion of chylomicrons to chylomicron remnants with apoC-ll as 

a cofactor. During gestation, the removal of lipoprotein TO is reduced resulting in 

the increase in VLDL which is coincidental with a decrease in the LPL activity and 

hepatic TO lipase (HL), the effect being more striking for HL than LPL [Kinnunen, 

Sattar 1999] It is the LPL activity and variability in different tissues that presents an 

interesting discussion. The plasma enzyme activity in late gestation was measured in 

pregnant women 10 minutes after administration of 501U1kg intravenous heparin. 

There was a decrease in activity, which is much more than just a dilutional effect 

Table 3.1 below shows plasma VLDL lipids and post heparin LPL activity in 

pregnant women during the first and third trimester. 

First Trimester Third Trimester P value 

VLDL-TO (mgldl) 31.0 ± 5.1 112.8 ±16.5 <0.001 

VLDL-cholesterol (mgldI) 5.22 ± 0.85 21.92 ± 3.13 <0.001 

VLDL-TriglVLDL-Chol (mgldl) 5.83 ± 0.23 5.28 ± 0.35 NS 

Post heparin LPL activity (nkatlml) 424 ± 51 71 ± 16 <0.001 

T.bIe 3.1 N=12 women per group.. P= sigaifteanee of the diffeftnee between third .ad 
lint trilDesters of gestatioa. (Herren) 

The activity of LPL bas been shown to be variable (decreases in the adipose tissue 

and the liver but increased in the mammary and p1acental tissues). 
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This plays an important role in the fate of circulating TG, which is diverted from 

uptake by adipose tissue to uptake by the mammary glands for milk synthesis and 

also hydrolysis by the placental LPL to release and transfer non-esterified fatty acids 

to the foetus. The high level of LPL activity in the adipose tissue compared to other 

tissues under non-pregnant conditions, and the reduction in activity dwing 

pregnancy must produce a diminished clearance of circulating TG-rich lipoproteins. 

The above variables were demonstrated by measwing the post heparin enzyme 

activity in different pregnant rat tissues that were rapidly excised and stored in 

liquid nitrogen. [Nilsson-Ehle] 

3.6e Literature review on lipid metabolism in pregnancy 

Considerable research has been undertaken to investigate lipids and lipoprotein 

changes in pregnancy. These studies dating as far back as 1912 by Herman and 

Neumann are still continuing with improved technology and better Wlderstanding 

(Gardner JA, Warth]. More detailed studies have Wlveiled the changes in 

Lipoproteins during the different trimesters. Whilst the current study was primarily 

for dysp during pregnancy, these changes need to be viewed in the context of the 

other reported lipoprotein changes during pregnancy. 

Peters, Heinemann and Maine in 1950, looked at the serwn lipids in pregnancy. 

They concluded that the senun lipids of 34 normal women and women with 

medically treated hyperthyroidism, may decline slightly in the early weeks of 

pregnancy. After twelve weeks serum lipids rise progressively, Wlill delivery. 

Thereafter, they decline at variable rate. Total and free cholesterol and 
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phospholipids, participate proportionally in the hyperlipidaemia of pregnancy, 

maintaining their normal relations to one another. Neutral fat however rises 

proportionally far more than the other lipid fractions and declines more rapidly after 

delivery [peters]. Mazurkiewick et al investigated the effects of pregnancy on 

serum lipid, lipoprotein and apolipoprotein concentrations. A comparison of women 

in the second trimester to their age matched non-pregnant COWlterparts revealed that 

there were significant increases in total cholesterol, TO, LDL cholestero~ HDL 

cholesterol and apolipoproteins AI, All and B during the second half of pregnancy. 

Contrary to the longitudinal study by Desoye et al no significant differences were 

noted in apolipoprotein (a). Desoye et al reported a positive correlation between 

changes in the lipid and lipoprotein concentrations and the changes in the 

concentrations of the pregnancy hormones oestradio~ progesterone and human 

placental lactogen. However TO was also positively correlated with increasing 

concentrations of insulin in the second half of gestation [Desoye] 

Knopp et aI, Bergelin, Wahl, and Walden, examined lipoprotein lipid concentrations 

and lipoprotein electrophoresis in 553 Caucasian women at 36 weeks gestation, 64 

of these at six weeks post partwn, and groups of comparably- aged non-pregnant 

women. They reported that TO increases in the lipoprotein fraction are proportional 

to the total TO rise. The majority of the cholesterol rise occurred in low density 

lipoprotein (LOL) which are increased by 49010 in pregnant women, 26% in 

postpartwn women and 7% in hormone treated women compared to control 

SUbjects. Median high-density lipoprotein (HOL) cholesterol is elevated by 230/0 in 
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pregnancy and 12% postpartwn but was 45% lower in hormone users, compared to 

control subjects. With respect to electrophoretic characteristics, chylomicronaeamia 

is slightly more prevalent in pregnant and postpartwn women by 2.4% and 1.6% 

respectively, compared to either hormone users or non-users. Floating beta bands 

were also fotmd more frequently in pregnant women by 1.1% and postpartwn 

women by 1.6%, compared to either hormone users or non-users. Sinking-pre beta 

lipoprotein (lipoprotein (a» is less common in pregnant women (4.9010) than in 

postpartum women (12.5%), hormone users (13.«)010) and non-hormone users (1SOIo) 

[Knopp]. 

Desoyer et al obtained data concerning plasma lipids, apolipoproteins and 

lipoproteins measured longitudinally during pregnancy and postpartum. They 

analyzed hormonal influences using pregnancy as a model of altered lipid 

metabolism. [Schwertner] The subjects were 42 pregnant women and 24 n0n­

pregnant women as controls. The hormone studied was chosen according to their 

established effects on plasma lipid levels oestradiol (E2), progesterone (PO), insulin 

and due to their specific occurrence dwing pregnancy (hCO and human placental 

lactogen (hPL). They concluded that by time series analysis, hPL, E2 and PO affect 

lipid concentrations during gestation. Most of the existing data regarding the effects 

of hormones on lipid metabolism was derived from the effects of oral contraceptives 

and exogenous steroid hormone administration in postmenopausal women. 

Oestrogen replacement therapy was believed to be associated with low rates of 

coronary heart disease in postmenopausal women [Psaty, Grodstein]. Campos et al 
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studied the effect of 17~-oestradiol on apolipoprotein B-100 metabolism in eight 

healthy postmenopausal women. After an overnight fast, apoB in VLDL, IDL and 

LDL subclasses was endogenously labeled with a non-radioactive isotope D3L­

Leucine. Lipoprotein measurements were done on all the samples. For light LDL, 

oestrogen increased the mean fractional catabolic rate by 63%, whereas the 

production rate increased by a lesser amount (42%). These metabolic changes 

reduced light LDL cholesterol and apoB concentrations by 26% and 19% 

respectively. In contrast the dense LDL cholesterol and apoB concentrations were 

unchanged by the intervention as both the apoB fractional catabolic rate and 

production rate were significantly increased by similar amounts 39010 and 38% 

respectively. Oestrogen increased the production rate of light VLDL by 64%. It 

exclusively affected the production rate of the fast compartment of light VLDL 

particles, representing 76%-78% of light VLDL particle mass, while the production 

rate of slow, light VLDL was unchanged. In contrast the IDL production was not 

significantly affected. Pregnancy can therefore be accepted to have at least part of 

its hypertriglyceridaemia explained by overproduction of TO-rich VLDL. van 

Stiphout et al investigated the association between pregnancy and serum lipids in a 

cohort of 831 Dutch wotp.en initially aged 5 to 19 years whom they followed up 

yearly from 1975 to 1985. At the final examination, women who had been pregnant 

showed lower HDL cholesterol levels than those who had never been pregnant. The 

difference was most marked in users of oral contraceptives. These observations 

suggested that serum total and HDL cholesterol levels were elevated during 
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pregnancy probably because of hormonal changes. In addition it raised the 

probability of a lowering effect of parity on HDL cholesterol. This finding may help 

to explain the reported positive association between parity and the occurrence of 

cardiovascular disease. [van Stiphout] 

Lars Fahraeus et aI carried out a prospective study in 19 healthy women starting 

before conception and ending up to eight weeks after deliVery. Plasma lipoprotein 

fractions were determined before conception and every six to eight weeks during 

pregnancy and eight weeks after delivery [FaIuaeus 1982]. The elevation of sennn 

lipids during hwnan pregnancy has been docwnented in nwnerous reports, 

[FaIuaeus, Knopp 1981] but few longitudinal studies of the alterations of the 

different lipoprotein fractions during various stages of gestation have been carried 

out. In the study LDL concentration was decreased in the eighth wee~ which was 

in agreement with the reduced cholesterol and phospholipids found in early 

pregnancy [Knopp 1981, Darmady]. Oestrogen might be responsible for the reduced 

LDL, as exogenous oestrogen has been shown to reduce LDL and as oestrogen 

deficiency in menopause has been associated with a rise in LDL. [Fahraeus 1985] 

LDL started to increase in mid and late pregnancy. HDL was elevated in the 14th 

week and showed maximwn rise of 41 % in the 28th week of pregnancy that was due 

to an increase of HDL2. VLDL-TG showed a continuous increase from week 14, 

reaching three times pre-pregnancy levels in week 36. During Iactation, eight weeks 

after delivery, the LDL remained elevated whereas the other lipoproteins had 

returned to pre-pregnancy levels. SiJiman et al carried out a study to determine 
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whether the hyperlipidaemia associated with late pregnancy was associated with 

changes in HDL subclass distribution and neither observed changes could be 

correlated with plasma lipid concentrations and! or other factors that play a role in 

HDL metabolism. They looked at a group of 36 women at 35 to 36 weeks of 

gestation and again at 6 weeks postpartwn. HDL levels were increased in the 

presence of hypertriglyceridaemi~ Wlusual in that triglyceridaemia is usually 

associated with decreases in HDL levels. Non-denaturing gradient gel 

electrophoresis (GGE) demonstrated the existence of two subclasses for HDL2 

ftactions (HDL2b, 9.7 to 12.9nmand HDL2a, 8.8 to 9.7nm) and three subclasses for 

HDL3 (HDL3~ 8.2 to 8.8nm HDL3b, 7.8 to 8.2 and HDL3c, 7.2 to 7.8nrn). Late 

pregnancy is accompanied by significant increases in TG and cholesterol [Desoye, 

WiJliams] Their analysis showed that at 35 to 36 weeks of gestation, 86% of the 

subjects had substantial increases of the most buoyant and largest of the HDL 

species, HDL2b, while postpartum and non-pregnant HDL subclass distribution was 

characterized by the predominance ofHDL3a. There were significant elevations in 

the concentrations of cholesteryl ester transfer protein (CETP) and oestrogen during 

late pregnancy. 

Within each subject, oestrogen was significantly linked to changes in HDL2b; for 

every 1 nglmI increase in oestrogen level during 1ate pregnancy, there was 0,94 % 

increase in HDL2b mass. They speculated that the shift in HDL subclass distribution 

during the late pregnancy might be accoWlted for by an increase in CETP activity 
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with a parallel decrease in hepatic lipase activity. The major modulator for both of 

these activities is likely to be oestrogen. [Si1)jman 1993] 

They further investigated if the LDL subclasses change during the hyperlipidaemia 

state of pregnancy and whether such changes were related to plasma TO and 

apolipoproteins. [Silliman 1994] LDL particles are heterogeneous in their chemical 

and physical properties [S~ Krauss] exhibiting two major particle sizes, with 

subclass A being larger (>25.5 DOl diameter) and more buoyant whereas subclass B 

is smaller (~25.5 DOl diameter) and denser and is associated with increased risk of 

myocardial infarction. [Silliman 1994] Of the thirty-six Hispanic subjects at 35 to 36 

weeks gestation, 97610 were categorized as LDL subclass patterns B or I, indicating 

that the smaller and dense LDL particles were predominant The predominance of 

the smaller and dense LDL was associated with plasma TO concentration, showing 

a significant inverse relationship between the LDL peak particle diameter and 

plasma TO. Sattar et al carried out a longitudinal examination of plasma lipoprotein 

sub fractions concentrations and compositions during pregnancy. During the comse 

of normal pregnancy, plasma TO and cholesterol concentrations rise by 200 - 400010 

and 25 - 50010 respectively. Although the rudiments of this process have been the 

subject of many studies [Piechota, Ordovas, Montelongo], few were tmdertaken 

throughout the gestational peri~ and fewer still incorporated measurements of 

lipoprotein subclasses. This information is important because it has become 

apparent that lipoprotein particles are not homogenous but contain discrete sub­

ftactions differing in structure, physicochemical properties, kinetic behaviour, and 
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LDL-peak particle diameter (LDL-PPD) is significantly decreased in preeclampsia 

relatively to normal pregnancy. It would be important to measure not only LDL­

PPD (predominant LDL size at maximwn optical density) but also LDL - mean 

particle diameter (LDL - MPD), a reliable indicator of the size of the entire LDL 

population. The evaluation of LDL size is important because it has implications for 

atherosclerosis. Smaller, denser subpopulations of LDL are more susceptible to 

oxidation and may also penetrate tissue better. Once oxidised, LDL is believed to 

have enhanced atherogenic potential, promoting foam cell formation and initiating 

endothelial dysfunction. Whereas, there is a strong inverse relationship between 

HDL-cholesterol (HDL-C) concentration and atherogenic situations, no agreement 

exists in literature about changes in HDL-C in preeclamptic pregnancies. 

Prevalence of apoE Isoforms in different populations 

Zekraoui et al1997and Lucotte et al1997 both analysed the frequency of ApoE 4 

allele and pattern of apoE4 allele in Africa and Europe respectively. The highest 

frequency of apoE4 was observed in Aka Pygmies (40.7%). There is some 

disagreement in the literature concerning the identity of the ancestral allele at the 

apoE locus. ApoE3 is the most prevalent allele in most hwnan populations and has 

been considered the original allele accordingly [Mahley 1988]. At the protein level 

both ApoE2 and ApoE4 can be derived from the apoE3 gene sequence by single 

mutational events, whereas two successive mutations would be needed to derive 

apoE2 from apoE4. However analysis of the apoE protein of apes by 

electrophoresis gave signals at a similar position to the hwnan apoE2, suggesting 
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[Zannis 1985] that apoE2 may be the ancestral allele (the analysis depends on a 

protein's molecular weight and charge and is therefore not a reliable indicator for 

sequence comparisons between species). At the genomic level, for both positions 

112 and 158, there is a change of the. nucleotide sequence from CGC to TGC, 

resulting in a change from arginine to cysteine in the protein; because the likely 

direction of mutation is C to G and so Larsen et al 1993 suggested that the apoE4 

allele is the ancestral one. This was supported by the sequenced apoE genes of 

baboons by Hixson et al 1988, cynomolgus monkeys by Marotti et a/ 1989 and 

Lucotte et al in 1997. 
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Table 3.2 below shows Apo E Gene Frequencies in 30 European Populations 

according to latitude (from north to south) A study was selected if it included at 

least 100 subjects. 

APOEAIIeIe 
~uencv(}!l 

Latitrlde Sample 
Population (Degrees north) Size ·1 ·3 ·4 Reference 
Iceland 64 185 6.8 76.8 16.5 Hallman et al (1991) 
Finland 

Kuopio 64 729 3.5 78.1 18.4 Lehtimaki et al. (1990) 
Tampere 61 698 5.2 74.2 20.5 Salo et al. (1993) 
Helsinki 60 615 4.1 73.3 22.7 Ebnholm et al (1986) 

Oslo, NOIWay 60 156 8.3 76.0 15.7 Pedersen and Berg (1989) 
Linkoping, Sweden 58 279 11.9 67.5 20.6 Gerdes et al (1992) 
Grampian region. 
Sootland 57 400 8.3 77.0 14.8 Cumming & Robertson (1984) 
Belfast Ireland 55 175 10.3 75.4 14.3 Luc et al (1994) 
London, England 51 159 9.0 77.31 13.7 Gerdes et al (1992) 
Aarhus, Denmark: 56 466 8.5 74.1 17.4 Gerdes et al (1992) 
Amsterdam. 
Netherlands 52 2318 8.2 75.0 16.7 Smit et al (1988) 
Germany 

Munster 52 1557 8.2 78.2 13.6 Assman et al (1984) 
Marburg 51 1031 7.7 77.3 15.0 Uterman et al (1984) 

FI'IIllCe 
LilIe 50 178 11.9 74.1 14.0 Luc et al (1994)' 
Strasbourg 49 159 8.5 80.8 10.7 Luc et al (1994) 
Nancy 49 303 12.0 76.4 11.6 Gueguen et al (1989) 
Reims 49 249 8.1 80.0 11.9 Luootte et al (1995) 
Paris 49 249 7.9 80.1 12.0 BaiUeuJ et al (1993) 
Toulouse 44 171 5.6 86.3 8.2 Luc et al (1994) 

Hungary 48 202 6.4 80.7 12.9 Hallman et al (1991 
Tyrol, Austria 47 469 9.0 79.2 11.8 Hallman et al (1991) 
Geneva, Swit2Jerland 46 173 7.2 87.1 10.7 James et al (1987) 
Italy 

Padua 45 352 4.4 85.7 9.8 Gerdes et al (1992) 
Central Italy 42 365 7.2 84.7 8.1 James et al (1993) 
Rome 42 195 6.2 86.7 7.2 Xu et al (1990) 
Southern Italy and 
Sicily 40 1696 6.0 85.2 8.8 Corbo et al (1995) 
Sardinia 41 280 5.0 89.8 5.2 Ccrbo et al (1995) 

Spain 
Barcelona 41 100 7.5 82.5 10.0 Gerdes et al (1992) 
Madrid 40 186 5.7 88.2 6.1 Ibarreta et al (1995) 

Istanbul, Turk 41 8366 7.9 86.0 6.1 

Table 3.1 
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Table 3.3 below shows the frequencies of the Apos alleles (%) in the various Non­
Pygmy ethnic groups. 

Ethnic Group Number of Allele Freou.en~ 
(COJmtries) Alleles 

ApoS*2 ApoS*3 ApoS*4 

Afar and Issas 34 2.9 85.3 11.8 <0.20 

Arabs (Mauritian) 20 7.5 82.5 11.8 NS 

Bambara (Mali) 16 6.2 71.9 21.9 NS 

Bamileke (Cameroon) 18 11.1 66.7 22.2 NS 

Djema (Niger) 16 6.2 81.2 12.5 NS 

Ewe (Togo) 19 31.6 47.4 21.0 <0.20 

Fang (Gabon) 25 12.0 68.0 20.0 NS 

Fon(Benin) 17 0.0 70.6 29.4 <0.20 

Haoussa (Niger) 37 2.7 78.4 18.9 NS 

Hutu (Rwanda) 21 9.5 66.7 23.8 NS 

Malinke (Guinea)30 23.3 60.0 16.7 <0.20 

Merina (Madgascar) 22 22.7 59.1 18.2 NS 

Mossi (Burldna Faso) 20 37.5 50.0 12.5 0.01 

Wolof(SenegaI) 33 3.0 93.9 3.0 <0.5 

Peu1 (Senegal) 45 7.8 67.8 24.4 NS 

Songbai (Mali) 17 20.6 73.5 5.9 NS 

Chadians 22 4.5 68.2 27.3 NS 

Toucouleur (Senegal) 17 11.8 70.6 17.6 NS 

Tutsi (Burundi) 13 0.0 61.5 8.5 <0.10 

Zairians 24 4.2 62.5 33.3 <0.10 

NS, nonsignificant 

Table 3.3 Zekraoui et 1111991 
In some ethRie groups allele freqaeaeies are statistically difJereRt from tbe wbole group of sub-sabara ROR­
Pygmy Afrieaas coasidered 
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Table 3.4 below shows the :frequency of apoE genotype and apoE alleles in 

pygmies from Central African Republic compared to other Africans from West, 

Central and East Africa. 

Genotype or Allele 

Genotype 

ApoE2/2 

ApoE2/3 

ApoE2/4 

ApoE3/3 

ApoE3/4 

ApoE4/4 

Allele 

Apos2 

Apo83 

Apo&4 

Pygmies Mricans 

0 2.3 

7.2 14.3 

4.3 4.3 

27.1 52.1 

45.7 22.8 

15.7 4.3 

5.7 11.6 

53.6 70.6 

40.7 17.8 

Table 3.4 Zekraoui ellIll997. Table sbows tbat ap083 is the lDost predolDiDant allele in the two groups, but 

ap0s4 is very bigb iD tbe Pygmies. 
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Lipoprotein Reference Range During Pregnancy 

Despite documented differences between pregnant and non-pregnant women's lipid 

profiles, the reference ranges used for pregnant subjects is the same as for the 

general population. Difficulties have been encountered in setting up credible 

reference ranges for the lipids and lipoproteins variations for the three trimesters. 

According to the ideal guidelines for the establishment of reference ranges, 

precision of the percentiles increases with an increasing nwnber of observations as 

shown by the narrowing of their confidence intervals. The International Federation 

of Clinical Chemistry Expert Panel on Theory of Reference Values has 

recommended a sample size of at least 120 reference values in setting up limits for 

the reference ranges. Most studies have not been able been able to fulfill these 

criteria Several factors like parity, age, weight and consent from patients with 

normal pregnancy contribute to the intra-racial difficulties that are encomrtered in 

such an exercise. Racial and ethnic differences in the lipid and lipoprotein 

metabolism during pregnancy have been reported with blacks displaying lower 

values than their white counterparts. To investigate if this difference was reflected in 

the babies, using cord blood, Glueck et al 1977 reported, in a comparison of black 

and white neonates, that there were no differences in total cholesterol, high-density 

lipoprotein cholesterol, and low-density lipoprotein cholesterol. However cord 

blood TG were slightly higher in black neonates (p = 0.02). Several other &etors 

have been reported and these include a report by Sirikulchayanonta et al 2000 that 

senun TC and LDL-C levels increased with parity. There was a significant 
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difference between maternal TC and parity (F = 4.702, p = 0.01) as well as LDL-C 

and parity (F = 4.883, p < 0.01), especially PI and P3. There was no significant 

difference between maternal TG and parity as to HDL-C and parity (p > 0.05). In 

1987, larnfeh-Samsioe et al examined serum lipid and lipoprotein concentrations in 

98 healthy pregnant women in early and late pregnancy. Sixty of these women 

complained of emesis gravidanun. Compared to non-pregnant controls the 

pregnancy values of senun cholesterol, TG and phospholipids were elevated in all 

subjects due to an increase in all lipoprotein classes. In addition, low-density 

lipoproteins (LDL) and higb-density lipoproteins (HDL) were enriched in TG 

relative to other components. Differences in senun lipids and lipoproteins between 

the emetic and non-emetic subjects were found. The lipid contents ofLDL and HDL 

were significantly higher and lower, respectively, in the emetic women in early 

pregnancy. During late pregnancy the total lipid content in all fractions was higher 

in previously emetic subjects. Thus, a metabolic difference between the groups 

persisted throughout pregnancy. Despite these difficulties, several studies have been 

conducted in an effort to establish lipoprotein (a) levels during and after pregnancy. 

[Zechner] Manten et a12003 constructed a cwve for plasma lipoprotein (a) that 

may serve as the standard reference for changes in pregnancy. 

The curve defined by the formula: 

Lp(a) (DIgit) = exp [4.789 + (0.05215 x GA) + (-0.0007371 x GAl)] 

where GA = gestational age in weeks. It is helpful in predicting changes of 

gestational age-dependent changes of lipoprotein (a) in normal pregnancy. In a 
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population-based study Knopp et al 1982, compared lipoprot~in lipid reference 

values for pregnant women to non-pregnant women some of whom used sex 

hormones. The study was on 553 Caucasian women at 36 weeks gestation, thus 

fulfil1illing the minimum number criterion. 64 of the women were studied 6 weeks 

JlOstpartum. 
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Table 3.5 below shows the plasma lipoprotein lipid distribution for 100 women not 

using honnones, 79 women using oral conuaceplive hormones, 553 women at 36 

weeks gestation and 64 women 3t 6 weeks post panum. 
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The results in the table above were in mgldl but were convened to mmoVi using the 

convenion factOD I) for cholCllI.:rol is mgldl x 0.026 = mmolll 

2) for TG is mgldl x 0.0113 =mmoVl 

Our patient with scVl!re hypertriglyceridaemia was hospitalised but the details 

sum)unding the illness have not yet been established. Uowever Qin Uua el at 2004 

reported 3 caSl."S of hypcrlipidaemic pancreatitis. According to Nics et al 1990 

hypcrlipidocmic pancreatitis is rare, accounting for only 40/0-6% of acute 

pancreatitis during pregnancy. It usually occurs in the second and third trimesters of 

primaparo women who have hyperlipoproteinaemia. This condition has been 

reported 10 lead to a high rote of fctal mortality (up to 37'%), primarily due to 

premature birth Tonolo et ai, all.:r examining 16 nonnal women between 25 and 36 

years with oormal menstrual cycles. concluded thai lhe physiological variation of 

sex honnones during the menstrual cycle in nonnolipidaemic subjects influences the 

plasma levels of lipids and lipoproteins. indicating ovarian honnones s the major 

modulator of lipoprotein metabolism. Despite extensive research and reports of 

dyslipidaemia in pregnancy. this study is the first to investigate dys(J in pregnancy. 

Glueck et ai, AmJ. Obstel Gynecol 1980, March 15 reported an asymptomatic 

SUbject with TG levels greater than (5000mgfdl) 56.5mmolll during pregnancy and 

subsequent studies revealed familial dysp. 



CHAPTER 4 

METHODS IMATERIALS 

Both the University of Cape Ethics Review Committee and the Medical Research 

Council of Zimbabwe approved the study. Informed consent was obtained during 

the first antenatal clinic visit. After clinical data wa.<; docwncnted, venesection was 

perfonned for the tests outlined below. 

4.1 Study population 

The srucly subjects were recruited altwo major Polyclinics in Harare Zimbabwe. 

Mbare Polyclinic is located in the oldest high. density suburb Southwest of the City 

of Harare. II comprises a highly mobile community serving aU the Zimbabwe rural 

areas and Southern African Development Countries (SADC) countries by buses and 

mini buses. lnevitably the antenatal clinic deals wi th some clients from outside its 

boundaries. Its catchment area includes all the Mbarc wards and nearby suburbs like 

Sunningdale, Waterfalls and some city dwellers (Avenues). The good antenatal 

service offered has attracted some white clients who cannot afford the private 

oospilai fees. Mabvuku Polyclinic is located in a high-density suburb East of 

Harare. The clients are from the nearby rural areas (Chishawasha and Ruwa), semi· 

fonna l centres (Epworth), and adjacent high and low-density suburbs (Tafara, 

Portland and Greendale). 
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4.2 Reuuitment StageS/Phases 

690 nonno-tensive subjects ag(:d between 16 and 42 years attending antenatal 

consultation at two m<ljor polyclinics in Harare took pan after giving infOflTled 

consent. The recrui tment W<lS divided into rour sUlges: 

Stage I 

The first stag(' WIiS tnc explanation of the protocol 10 all those who had come for 

the inilitll anlcrottll booking. P<lrticipants ,", erc SOOna ..... omen without any known 

medical conditions. Those who werc willing 10 participate were requested to return 

the loliowing day att.:r an uvernight rast . Travdling allowance was paid alter 

realising that the prevailing harsh l"Conomic conditions prevented most subjects fium 

participating bt.'C3use the overnight fast meant an unbudgeted trip 10 the clinic. The 

lra~'ellins atlowancc increased every week bi..'Cause or the fuel s ituation in the 

country. 

t~ ... 1 I'h b>.~. f'oI,,"~.M-. r:.1~.r .:0>1 ..... r~,..,.,I!.~ r ~. Inlrla l . ral:.D of .~; ..... ' Iooo .all , ~ .. r .... _ pan of 

.... ~-. 
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Stage 2 

The second stage was individual interviews lor tnose who came back in ordcr to get 

a detailed nisIOf)' and exclude any conditions that could influencc lipid melabolism. 

In addition to tne study subjl><:ts' nonnal demography, the original nome area and 

maiden name ",cre requested in order to eonfinn Shona grouping. The past medical 

and drug nistory focused on tnc causes of secondary dyslipidacmia like (malaria, 

leprosy, tuberculosis, renal, thyroid disease and alcohol conswnption). Anli­

retroviral drugs were not availablc in the public health institutions and none of thc 

participating subjects could aflord Ihese drugs in the private sector. Despite the 

availability of thc I-II V status from another project thaI was also uoocrway, the HI V 

Slatus was not rl"qucstcd because it was not in the prescnt in our proposal. 
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Stage 3 

The third stage involved the usool physical examination, including height. weight, 

and hlood prc!'t!'turc and urinalysis. lfno obvious pathology wa.~ detected, signing of 

the consent lorm, whieh was written in both Shona and English, (see appendix I and 

2) followed and then venesection was done. 
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Stage 4 

The final phase obtained infonnation and hlood samples after the pregnancy in 545 

subjects (79'%). Oll(.' death (MI77) .... a.s recorded at Mab\'uJ..u Polyclinic but no 

detailed account of this cven1 was available. 

S3mple collection and preparations 

4,5mls of blood was collected into EDTA lUbes. Samples were s tored at 4Co in the 

clinic and then delivered to Chemical I'athology labol"'.uory for funhcr preparation 

on the same day. The samples were spun at 3000 RI'M and plastic ~asteur pipettes 

.... ere USl-d for the separation of plasma, ""hieh was 31iquoted into two microrcaclion 

vials. to be used for lipid profile and GGE. The burry coat (layer between plasma 

and red cells) was harvested and dispensed into 2ml cryovials :md mixed with saffiC 

voluffiC of freeze mix (10% glycerol and sodium azide). Glycerol is a very vi~cous 

trihydric alcohol (propane-I. 2,3-triol). The high viscosity prevents cell from 
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adhering and clumping and thus facilitates DNA extraction. The plasma and the 

bulTy coat were stored at _8OCo Wltil exported to South Africa. The samples were 

imported to South Africa in terms of Regulation 2 and 3 of GN (Government 

Notice) 2]06 of21 December 1920 and our Reference J 1/11121312. To ensure that 

the samples remained frozen during the four-nour transportation period, on the day 

of export the samples were packaged inlo a cooler bag containing freezer "bricks" 

containing ethylene glycol. The samples were still frozen on arrival and they were 

stored al _2OCo• 1bc GGE were carried oul within one week of arrival and the 

results were reponed and recorded. DNA extraction was done. A limited lipid 

profile was done last. 

4.4 Anlil lytklil l Methods 

An array of Biochemical tests is required in order to confirm the diagnosis of dysB 

because there isn't a single accepted standard test (BlomJ. Genotyping and 

ultracenlrifugation offers confirmatory diagnostic tests, but besides the prohibitively 

high costs, they both demand a high level of expertise and only a limited number of 

samples can be run at time. 

G radient Gel Eleclrophnre~ i ~ 

Assay Principle 

Pre-stained lipoproteins in plasma are run at 4C in a gel sandwiched between IwO 

glass plates. The lipoproteins are separnted according to size. in a gel in which the 

cnncentration of acrylamide rises progressive ly. The gcl is designed 10 separate all 
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apoB-containing lipoproteins. The small panicles like LDL·B migrate the funhest in 

the gel because the size of pores decrease wilh an increase in acrylamide content 

Procedure 

I) The frozen samples were thawed lit 4C over night. 

2) Lipoproteins in plnsma were stained with Sudlln btllck by mixing 1001-11 of plllSIl1ll 

with 50J.l1 of Sudan Black stain. The 100J.l1 and 50111 in the sllmple preparation 

results in plasma constituting 213 of the mixture. The Sudan Illack Stain is prepared 

by dissolving I g in looml ethylene glycol. The mixture was mixed on a vone>: and 

left to incubate at 4C for II minimum of one hour. 

Lipids in plasma and in tissues lire nonnally demonslrnted by Sudan dyes. Not all 

lipids are stained; free fauy acids, phosphoglycerides and free cholesterol stain less 

intensely. Oil-soluble dyes stain lipids because they lire more soluble in the lipids 

than in their solvent. Most of these are not dyes in II sense, i.e. they do not contain 

lIuxochromic groups but are chromogens. An exception to this is Sudan Black, 

which contains the amino group auxochrome. This acCOWlts for the more sensitive 

fill staining occurring with this dye, which is panicularly apparent during staining of 

phospholipid-rich tissues, where some degree of sail binding occurs. Oil-soluble 

dyes are vinually insoluble in water and dissolve to II variable degree in alcohol. 

J) Spin sample and Sudan Black mixture at 10000 RPM for 20minutes in order to 

sediment lhe granules of Sudan black that may have fonned. 

4) Pipette 50111 of the lOp layer (supernatant), which represents JJ.J% of plasma and 

mix with 501-11 of saturated sucrose. This is done to ensure that the sample mixed 
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with the dense sucrose will settle at the bottom of the well. The 100J.Ll mixture 

contains 113 of plasma sample. 

5) A worksheet was prepared and 12J.Ll of the stained sample and sucrose mixture 

were loaded into the appropriate well on the labelled gel. Since the final mixture 

contains 113 of initial plasma sample, 12J.Ll represents 4111 of the initial plasma 

sample. 

Gel Preparations 

Two separate solutions (A) and (B) were freshly made according to the tables below 

and then mixed to produce a gradient gel, in which the concentration of acrylamide 

rises progressively. 

1% Gel Preparation (A solution) 

Water 2.40 ml 

Buffer B (No glycerol) 1.34 ml 

30 % Acrylamide 0.27 ml 

AMPS (Ammoniumpersulphate) 3 o III 

TEMED (1: 10 solution) 15 III 
Table 4.1 

This solution was dispensed into the left side of the gel maker 

63 



7% Gel Preparation (B solution) 

Water 1.73 ml 

Buffer A (Contains glycerol) 1.34 ml 

30010 Acrylamide 0.93 ml 

AMPS (Ammoniwnpersulphate) 30,.u 

TEMED (1: 1 0 solution) 15,.u 
Table 4.l 

This solution was dispensed into the right (outlet) side of gel maker 

Calculation 

IF 4 ml of a 5% gel solution is desired it is calculated as follows. 

Desired concentration obtained by 5/30 X 4/x 

115 X 4/x 

x=4/5 

x= 0.80ml. 

Therefore 0.80ml of the 30% acrylamide stock solution is required. So 0.80ml 

acrylamide + 1.34ml (buffer) + 1.66ml (water)=4ml 

3°A. Stacking Gel (Volumes for only one pair of gel) 

Stacking Buffer 4.50 ml 

30 % Acrylamide 0.50 ml 

AMPS (Ammoniumpersulphate) 200~ 

TEMED (1: 1 0 solution) 40 III 
Table 4.3 
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Tank buffer was prepared by adding 600mls of water to 150 ml of stock buffer. 

PolyacryJamide mini-gels (6cm long) were freshly made. A 300A. stock solution of 

acrylamide with 2.7% bisacrylamide was used to prepare the 8% (B) and 2% (A) 

solution of acryJamide in a buffer containing 13.6gGAt Tris and 300/o(v/v) glycerol at 

pH8.8 

2) Gel polymerisation for both solution A and B was done separately by adding 

i) 30J.Ll of a lOOmg1ml solution of (AMPS) ammoniwnpersulphate (prepared by 

weighing l00mg or O.lg of AMPS and dissolved in 1 ml of deionised water) 

(it) 15J.Ll ofTEMED (tetramethylethylenediamine) 

AcryJamide is polymerised in the presence of free radical generators and a cross­

linker enhances the formation of a mesh. 

3) The activated solutions were dispensed into A and B chambers of the gradient gel 

marker respectively. The 8% gel was dispensed into the B chamber, nearer the 

outlet and the 2% gel into the A chamber on the left. So the 2% gel has to flow into 

the B chamber where it is mixed with the 8%. The:mixtw'e is achieved by means of 

the small magnets in each chamber. As the 8% gel flows out from chamber B, there 

is a reduction in volume in chamber B and so the 20/0 gel solution from chamber A, 

flows in to maintain the volume equilibrium between the two chambers since they 

have a connmmicating channel between them. As the 2% solution flows in, it mixes 

with the 8% solution at the base resulting in a less dense ge4 which ensures it will 

overlie the denser solution allow at least one hour for complete polymerisation to 

take place. 
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4) Once the separation gel is set, adding l00J.1l of ammoniumpersulpbate and 40J.1l 

of tetramethylethylenediamine (TEMED) sets up the polymerisation action of the 

stacking gel containing 30010 of stock acrylamide in 1.68gGlO Tris at pH6.8. This 

allows a firmer gel that will permit the formation of loading wells. 

5) The sample holding wells were created using a 15-lane comb placed into the 

space above the separating gel and then the stacking gel is dispensed using a glass 

Pasteur pipette. After settin& the combs are removed and the gels are transferred to 

gel holder (one pair of gels per holder). Care is taken to have <lmm of stacking gel 

above the separation gel. 

Sample Loading and Running the Gel 

1) The gel holders are positioned inside the gel tank. 

A 1:5 runningItank buffer reconstituted by making up 150mls of Tris glycine buffer 

pH 8.3 to 750mls with deionised water is poured into the space formed between the 

gels to check for leaks. And if there are no leaks detected, the rest of the tank buffer 

is dispensed in the tank. 

2) Samples are then loaded into the corresponding wells and known LDL controls 

are loaded into the position 7 (LDL-A the larger species) and 8 (LDL-B the smaller 

species) of all the gels. The same set of standards is used on successive gels as a 

quality control measure. 

3) Place the tank lid onto the tank: making sure that the red goes to the red connector 

and the black to the black connector. 
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4) The tank is then transferred to a 4C environment where the gels are nm for 12-18 

hours at 120V at 4C in Tris Glycine buffer pH 8.3) 

Gel Reports aad Reeonls 

The gels are removed at the end of the nm and excess fluidlbuffer is blotted ftom 

the glass slides and the gels are photocopied onto a white paper for reporting and 

record keeping. Direct gel interpretation was made by mostly by Prof AD Marais 

and sometimes by Dr D Blo~ both of whom have used the method for several 

years. Mrs P Byrnes recorded the report onto the appropriate/corresponding nmnber 

on the gel copy. The GOE were done before any other tests were nUl and without 

knowledge of the patient's identity or clinical data. 

The gel terminology was derived to describe the lipoproteins corresponding to the 

particles separated and calibrated by ultracentrifugaon. The origin of the separation 

gel represents 0 and the migration of small dense represents 1,0 and all lipoproteins 

in this gel system were calibrated by ultra centrifugally prepared samples. 

Chylomicrons appear at the origin, Rf 0 - 0.15 termed as O. VLDL 1 appears 

between 0.15 and is refired to as Me. Whilst VLDL2 is between - and -, referred to 

as MI. IDL is between Rf 0-085 and in this system includes Lp(a). This range is 

called pre A. The LDL traction ranges ftom Rf 0.85- 1.0 displaying for most 

subjects a single or bighly dorminant discrete band. The largest is designated A and 

the smallest is B. An I species is recoppised in the middle and further categories of 

AI and m are recognised. The general categorical classification is used in the 
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laboratory, as measuring the distance or migration is tedious. After repor1ing. the 

glass s lides were removed and the gels dried using the BIO-RAD Gel Air Drying 

Frame Assembly procedure. The dried gel and the copied gc l constitute the hard 

copies ror pcnnancnt storage. Ovcr 15 years the Lipid Laboratory has built up 

experience that pemlilS other d iagnoses from the same electrophoretic syste m 

depictl,.'<! in figure 4 .7. or intel'l,."St is that dys(l can be identified with high sensitivi ty 

and specificity ISlom] and this pattern is abbreviated MI in the laboratory 

shorthand. 
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R~presenlaliY~ GGE on yideodcnsitomeler 

. j 

KEY 

I) The black columns on either side of the gel are !he gel spacers 

2) 53/00 is the gellabor8lory identilY number 

3) Lane 3 (blue) is a MJ band with flO LDL s~ies (Type III) 

4) Lane 4 (brown) shows the origin in a chylomicronaemic subject. 

S) Lane 7 (red) LDL-A s~ies 

6) Lane 8 (green) LDL-IB + B species 
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4.6 LIPID PROFILE 

Lipid profile included TC, TG, and HDL-C. LDL-C was calculated by the 

Friedewald formula. 

Total Cholesterol 

Brief Review 

Liebermann first reported cholesterol analysis in 1885 followed by Burchard in 

1889. In the Liebermann-Burchard reaction, cholesterol forms a blue-green dye 

from polymeric WlSaturated carbohydrates m an acetic acid/acetic 

anhydride/concentrated sulphuric acid mediwn. 

The current fully automated enzymatic methods are a result of several modifications 

dating back to 1944 when GE Turfitt reported the oxidation of cholesterol by 

proactinomyces species (Nocardia) [Turfitt]. The method in use on the Roche­

Hitachi Modular Analytics is based on the first fully enzymatic work done in 1974 

[Allain]. 

After enzymatic cleavage of the cholesterol ester by cholesterol esterase, the 

conversion of cholesterol to cholest-4-en-3-one and hydrogen peroxide is catalyzed 

by cholesterol oxidase. The hydrogen peroxide forms the quinonemine dye in the 

Trinder reaction. Other assays like those utilized on some Beckman Instrwnents do 

not incorporate the Trinder reaction step, they determine cholesterol concentration 

by amperometric measurement of the rate of oxygen consumption. 

70 



Test Principle 

1) Cholesterol Esters + H10 ~ Cholesterol + Fatty Acids 

Cholesterol esters are cleaved by the action of cholesterol esterase to yield free 

cholesterol and free fatty acids. 

2) Cholesterol +Oxygen ~ Cholest-4-en-3-one + H20 2 

Cholesterol is converted by oxygen with the aid of cholesterol oxidase to cholest-4-

en-3-one and hydrogen peroxide 

3) 2H20 2 +4-aminophenozone + phenol 

4-p-benzoquinone-monoimino)- phenazone "+ 4H2 

Hydrogen peroxide forms a red colour after reacting with 4-aminophenazone and 

phenol (Trinder reaction). The colour intensity is directly proportional to the 

concentration of cholesterol. 

Assay Specifications 

Serum, heparinised or EDTA plasma can be used. 

Stability 5-7 days at 4°C or 3 months at -20°C 

Interferences 

Icterus: No significant interference up to a concentration of 426J.Ullolll conjugated 

bilirubin and 171 wnolllDlconjugated bilirubin. 

Haemolysis: No significant interference up to a concentration of 700mg/dl of 

haemoglobin. 

Lipaemia: No significant intereference up to TG concentration of 28.5mmolll. 

71 



Several polyanion-divalent cation combinations have been used. Heparin sulfate-Mn 

Cl2 was widely used, but the introduction of enzymatic cholesterol methods, residual 

Mn+2 was fOWld to interfere giving artifactually high results. This has resulted in the 

use of other precipitants like phosphotungstate-Mg2+ and dextransulfate-Mg2+ 

The HDL-C method utilized on the modular was developed by Hiroyuki Sugiuchi 

et al in 1994 Cholesterol esterase (BC 3.1.1.13) and Cholesterol oxidase (BC 

1.1.3.6) are both from Pseudomonas species. The ~ p, and y cyclodextrins are 

cyclic oligosaccharides consisting of six, seven, and eight D-glucopyranose Wlits 

respectively. The number of these Wlits determine the dimension of the torus-shaped 

hydrophobic cavity, in which guest molecules of suitable size and low polarity can 

be accommodated and establish an equilibriwn. 

They have many primary and secondary hydroxyl groups exchangeable for 

substituents that could extend the physicochemical properties and inclusion 

capacities of such derivatives. The sulfation of a majority of the hydroxyl groups of 

cyclodextrins imparts unique biological activities similar or superior to those of 

heparin [Folkman]. 

Szejtli et al 1988 successfully utilised cyclodextrins as substrates, stabilisers, 

solubilizers and scavengers of interfering substances in diagnostic preparations. The 

modified PEG-modified cholesterol esterase and oxidase exhibit selective catalytic 

activities towards HDL-cholesterol in serum and a-cyclodextrin sulfate reduces the 

reactivity towards cholesterol, especially in those lipoproteins with a low 

protein/lipid ratio in the presence of MgP. N-hydroxysuccinimide and 
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dicyclohexylcardodiimide according to the method described by Leonard at el 

activate the PEG 6000. 1be enzymes are then coupled to the activated PEG and any 

excess PEG is removed by ultrafiltration. 

1be modular meth~ utilises PEG (polyethylene glycol) modified enzymes and 

sulfated dextran. PEG only modified cholesterol esterase and cholesterol oxidase 

showed selective catalytic activities towards lipoprotein fractions, with the reactivity 

increasing in the order LDL< VLDL< Chy< HDL. In the presence of magnesium 

ions, a-cyclodextrin sulfilte reduced the reactivity of cholesterol especially 

chylomicrons, and VLDL without the need for precipitation of these lipoprotein 

fractions. 

General Principles 

Polyanions react with positively charged groups on lipoproteins; their action is 

facilitated by the presence of divalent cations, which interact with negatively 

charged groups. When added to an aliquot of plasma or serum, an immediate heavy 

precipitate is formed. The HDL-C is determined in the same way as total 

cholesterol 1he COC reference method uses a combination of ultracentrifugation 

and polyanion precipitation to prepare the HDL containing fraction. 

TG 

Brief Review 

Until 1957 TG were estimated by the subtraction method: 

TG = Total lipids - (Cholesterol +Phospholipids), when Van Handel and Zilversmit 

published a direct manual method in which the phospholipids were removed from 
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the lipid extract by an adsorbent and the TG were determined by measurement of 

the amoWlt of glycerol released by saponification with potassiwn hydroxide (KOH) 

[Russell]. This method has been widely adopted and modified. Lofland established a 

semi-automated adaptation of this method on the Technicon AutoAnalyser-1. In all 

the current methods, the first step is the lipase-catalysed hydrolysis of TG to 

gylcerol and fatty acids [Rifai]. The glycerol portion of the TG molecules after 

hydrolysis is used to determine the TG concentration 

Test Principle 

---+ glycerol + 3 Fatty acids (RCOOH) 

2) Glycerol + ATP ---+ glycerol-3-phosphate + ADP 

3) Glycerol-3-phosphate + O2 dihyroxyacetone phosphate + H20 2 

4) H20 2 + 4-aminophenazone + 4-chlorophenol 

4-(p-benzoquinone-monoimino )-phenazone (colour) + 2 H20 2 + HCI 

Assay Specifications 

Serum, heparinised or EDT A plasma can be used. 

Stability 5-7 days at 4°C. 

3 months at -20°C 

Interference 

Icterus: No significant interference up to a concentration of 426:molll conjugated 

bilirubin and 171 wnoll Wlconjugated bilirubin. 
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Haemolysis: No significant interference up to a concentration of 600mgIdl of 

haemoglobin 

Lipaemia: Lipaemic samples should be diluted with 0.9% NaCI and the result 

corrected with the dilution factor. 

Reportable Range 

0.08 -20.7 mmolll 

Calculation 

System automatically calculates the TG concentration of each sample. 

Conversion factors: mgldl x 0.0113 = mmoll 

mmolll x 87.5 = mgldl 

The CDC reference method covered in these references [Rifai]. The other 

commonly used method by Booolo and David [Russell] is based on the decrease in 

absorbance ofNADH (Nicotinamide adenine dinucleotide). 

In this ~ TG is hydrolysed by lipase to release glycerol and fatty acids. The 

glycerol is reacted with adenosine triphosphate (A TP) in a reaction catalysed by 

glycerol kinase with magnesium as a co-factor to produce g1ycerol-3-phosphate and 

adenosine diphosphate (ADP). The ADP is reacted with phosphoenolpyruvate in a 

reaction cataIysed by pyruvate kinase to produce A TP and pyruvate. The pyruvate 

then reduces NADH to NAD + lactate in a reaction catalysed by lactate 

dehydrogenase. The decrease in absorbance of NADH as it disappears is measured 

at340mn 
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Low Density Lipoprotein (LDL) 

LDL methods assume that total cholesterol is composed primarily of cholesterol in 

the VLDL, LDL and HDL. 

Total Cholesterol = VLDL-C + LDL-C +HDL-C 

It can be measw-ed using both direct and indirect methods. The indirect method 

utilizes the Friedewald Equation. Cholesterol, TG and HDL-C are measured and 

LDL-C is calculated using the empirical equation ofFriedwald et al. 

(LDL-C) = (TC) - (HDL-C) - (TG/S) where all concentrations are in milligrams 

per decilitre but TGI2.22 is used when the wlits are expressed in rniUimoles per litre. 

The factor TG/S is an estimate of VLDL-C concentration and is based on the 

average ratio of TG to cholesterol in VLDL. Many other workers have come up 

with other factors but NCEP recommends the use of the original factor. 

At high TG levels, the factor TG/S cannot be applied because such samples can also 

contain chylomicrons, which all have higher TG/cholesterol ratios than normal. The 

use of the factor TG/S would overestimate VLDL-C and therefore underestimate 

LDL-C. The opposite error occurs if the factor TOts is used in Type m 

hypercholesterolaemia. VLDL found in type ill hypercholesterolaemia has a 

TG/cholesterol ratio in the order of 3:1 and application of the factor would 

underestimate VLDL-C resulting in the overestimation of LDL. So the LDL 

calculated for dys2 must be interpreted with caution. 

CDC is currently trying to develop a reference method for LDL cholesterol. 
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Quality Control 

Internal and external quality-control schemes are used to ensure high accuracy and 

precision in these determinations. For internal quality control, Precinorm and 

Precipath control sera were used and results of the tests were only accepted when 

the results for control sera were within the manufacture's given range. For external 

quality control, unknown concentration control sera ftom the BIORAD cycle quality 

control program were assayed and the results were within 2SD dwing the period our 

samples were nm. Shaina et al 1997 reported that the Friedewald equation and the 

direct LDL C assay correlated well with beta quantification 

(r = 0.969 and r:::: 0.971 respectively) for IDIre determination in diabetic patients. 

The Friedelwald equation in comparison with beta quantification, underestimated 

(8%) IDL cholesterol values in diabetic patients, the direct IDL cholesterol assay 

had a mean bias of less than 1%. 

4.7 GENOTYPING 

DNA Extraetion 

The rapid method for the isolation of DNA ftom whole blood was used in 

preparation for the (polymerase chain reaction) PCR.. The frozen mixture of buffy 

coat and freeze mix is defrosted and mixed thoroughly; 100:1 of the defrosted blood 

is transferred into 1.5m! mix reaction vials. 

400:1 of freshly made ammoniwn chloride is added and mixed by inversion and left 

at room temperatme for 20 minutes or more for the precipitation of DNA. The 
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mixture is then SpWl for 30 seconds in a microfuge and the supernatant is carefully 

discarded without dislodging the pellet of white cells at the base of the tube. 

The pellet is re-suspended in 400:1 of cold saline to wash/clean the cells and mixed 

well by vortexing and then spun again in a microfuge. This is repeated three times 

until the pellet is clear. 

After the final wash the pellet is re-suspended in 200:1 of 0.05M or 0.2g/dl of 

sodiwn hydroxide (NaOH) and boiled for 10 minutes, then cooled in ice before 

being neutralised with 25:1 of TRIS buffer. The DNA can then be stored until the 

(polymerase chain reaction) PCR is done. 

The apoE genotyping was according to Hixson and Vernier method. [Hixson] The 

method employs the restriction enzyme Hha 1 for the identification of the common 

apolipoprotein E isoforms (E2, E3, and FA). The apoE gene fragment containing 

amino acid arginine on position 112 and 158 is amplified. The PCR amplified 

products are digested with Hha 1 and the digested fragments are separated by 

electrophoresis on polyacrylamide gels. The nucleotide substitutions that result from 

the arginine-cystine interchanges at position 112 and 158 alter Hha 1 cleavage sites, 

enabling each genotype to be identified by unique combinations of the Hha 1 

ftagment sizes in all combinations. The apoE 212 samples contain 91 and 83 base­

pair (bp) Hhal fragments, reflecting the absence of sites at 112 cystine and 158 

cystine. The apoE3/3 sample contains the 91bp fragment as well as 48 and 35 bp 

ftagments from cleavage at the Hha 1 site at 158 arginine. The apoE4/4 sample also 

containc-xl these 48 and 35 bp ftagments (158 arginine) as well as a unique 72bp 
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fragment from the cleavage of at 112 arginine (the 19bp :fragment is too small for 

detection) Each of the samples from heterozygotic combinations contains both sets 

of fragments from each apoE allele. 

PCR Master mix for apoEl, 3 and .. 

Premix (50u1s) 

Water 
lOx Buff'er 
DNTPs(2mM) 
023 (20:M) 
024 (20 :M) 
DMSO 
Taq polymerase (5unitJul) 
DNA (denatured) 

MgCh25mMIL 

TabIe".1 

xl assay 
(*Boehringer) 
32.8:ls 
5.0:ls 
2.5:ls (100 :M ) 
2.5:1s (1 :M) 
2.5 :Is (1 :M) 
2.5:ls (5%) 
0.2uls(1 unit) 
2.0:ls 

o 

xl assay 
(*Promega) 
29.8:lss 
5.0:ls 
2.5:ls 
2.5:ls 
2.5:ls 
0.2:ls 
0.2:ls 
2.0:ls 

3.0:ls (final1.5mMIL) 

Note that the Boehringer buffer contains M~ while the Promega buffer does not 

and thus needs Mg supplement in assay. Roo positive controls of apo E2, E3 and E4 

homozygotes. 

Overlay with 2 drops of mineral oil to prevent evaporation because the lid does not 

heat up. PCR cycles: 1 cycle 95 for 5 minutes, for 35 cycles: 94,5 for 45 seconds, 

60 for 1 min. 

Hha 1 digestion 

Roo 10J.Ll ofPCR production on 1% agarose gel to check whether PCR worked. 

Transfer 30J.Ll of product to Eppendof tube. 

Add lflls (10 units) Promega Hhal enzyme to tube and incubate in 37C water bath 

overnight 
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Spin in microfuge 2 seconds and add 41J.ls sucrose loading buffer. 

Run 12% polyacrylamide gel. 

Stain with ethidium bromide for 10 mins. Photograph with Polaroid camera. 

The nucleotide substitutions that result in arg-cys interchanges at positions 112 

and 158 also alter Hhal cleavage sites. Unique combinations of Hhal fragment 

sizes in all homozygous and heterozygous combinations can distinguish each 

genotype. The 7aa repeated by insertion of 122-129 at 122 in apoE yields a larger 

fragment than normal. 

2/2 3/3 4/4 2/3 214 3/4 

91 -- ---

83 - --

72 ---

48 -----

38 ------

35 -----

Tile possible apoE lragDIents obtained with HllIII restriction 

Hh,d 

Restriction enzymes, also referred to as restriction endonucleases, are enzymes, 

which recognize short, specific (often palindrominc) DNA seqeuences. They 

cleave double-stranded DNA (dsDNA) at specific sites within or adjacent to their 

recognition sequences. Most restriction enzymes (RE) will not cut DNA that is 
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.ethylated on one or both strands of their reeognition site, although some require 

substrate methylation. 

Each restriction enzyme has specific requirements to achieve optimal activity. Ideal 

storage and assay conditions fitvour the most activity and highest fidelity in a 

particular enzyme's function. Conditions such as temperature, pH, enzyme 

cotactor( s), salt composition and ionic strength affect enzyme activity and stability. 

Two buffers usually accompany each Promega's restriction enzymes. One buffer is 

the optimal reaction buffer, which may be from the 4-CORE® 

DNA Substrate Considerations 

DNA substrates commonly used for restriction enzyme digestion include DNA from 

bacteriophage lambda, bacterial plasmid DNA and genomic DNA. Lambda DNA is 

a linear DNA form that is an industry standard for measuring and expressing unit 

activity for many restriction enzymes. Compared to linear DNA, intact supercoiled 

plasmid DNA (and DNA with a large number of the target restriction site) requires 

more units of enzyme (2-to-IO-fold) per microgram than the DNA used in the 

enzyme's activity assay. 

PCR products and oligonucleotides are relatively small compared with DNA used 

for defining RE units. Therefore, when using these substrates in a restriction digest, 

it is essential to take into consideration the molar concentration of enzyme 

recognition sites and not just the mass of DNA with an RE site near its end. When 

PCR cloning strategies include the use of primers containing a RE site, care is 

necessary in designing the primer with adequate DNA SlDToWlding the core RE 
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recognition sequence. In addition to the form and original source of the DNA, the 

purity is another fuctor that must be considered. Depending on the purification 

method and the handling of the DNA, it may contain varying amoWlts of 

contaminants that affect restriction enzyme digestion and analysis. Contaminants 

may include other types of DNA, nucleases, salts and inhibitors of restriction 

enzymes. The effect of a contaminant on a RE digest is generally dose-dependant: 

i.e., the inhibitory effects will increase with the volume of DNA added to the 

restriction enzyme reaction. Relatively pure DNA is required. for the efficient 

restriction enzyme digestion. Contaminating nucleases are usually activated only 

after the addition of salts (e.g., restriction enzyme buffer) to the DNA solution. 

Therefore, appropriate control reactions should always be nm in parallel with the 

restriction digest Buffers solutions containing EDTA in low concentration91mM) 

are often used to protect DNA from nucleases degradation during storage, but the 

EDTA can interfere with restriction enzymes digestion if the final concentration of 

EDTA in the reaction too high. This situation usually results when the concentration 

of the substrate DNA is low and it is necessary to use a large volume of DNA in the 

digest. In such cases, it is best to concentrate the DNA (e.g., by ethanol 

precipitation). The organic solvents, salts, detergents and chelating agents that are 

sometimes used during the purification of DNA can also interfere with restriction 

enzyme activity if they carry over into the final DNA solution. Dialysis and/or 

ethanol precipitation with 2.5M-ammoniwn acetate (final concentration before 

adding ethanol) followed by drying and resuspension can remove many of these 
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substances. While reJatively pure DNA is required for efficient restriction enzyme 

digestion, addition of acetylated BSA to a final concentration of O.lmglml can 

sometimes improve the quality and efficiency of enzyme assays containing impure 

DNA and we recommend that it be included in aU digests. 

Settiag .p a RestridioD Enzyme Digest 

An analytical scale restriction enzyme digest is usually performed in a volume of 

20p} on O.2-1.5pg of substrate DN~ using a 2-to-lO-fokl excess of enzyme over 

DNA. If an unusually large volwne of DNA or enzyme is used, aberrant results may 

occur and mayor may not be readily recognized. The following is an example of a 

typical RE digest In sterile tubes~ assemble in order: 

Sterile, deionized water 16.3 pI 

RE lOX Buffer 2pl 

Acetylated BS~ IOpglpl O.2pl 

DN~ lpg/pi 1 pi 

Mix by pi petting, and then add: 

Restriction Enzyme, lOu/pi O.5pl 

Final volume 20pl 

Mix gently by pipetting; close the tube and centrifuge for a few seconds in a 

microcentrifuge. Incubate at the optimwn temperature for 1-4 hours. 

Add 4pl of 6X loading buffer and proceed to gel analysis. Note that overnight digest 

is usually mmecessary and may result in degradation of the DNA. 
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Procedure For ApoE R145C 

From the PCR product 10J.lI of the sample is nm on a 1% agarose gel to check 

whether the PCR worked. 30J.lI of product is transferred to an eppendorf tube. Add 

1J.lI (10 units) Promega to Hha1 enzyme to tube and incubate at 37degrees Celsius 

overnight. Spin in microfuge for 2 seconds and add 4-J.lI sucrose loading buffer and 

nm on 1% polyacrylamide gel It is stained with ethidiwn bromide for 10 minutes 

and photographed with a Polaroid camera tmder UV viewing box. The nucleotide 

substitution that results in arg-cys interchanges at positions 112 and 158 alter the 

Hha 1 cleavage sites. Each genotype can be distinguished by a unique combination 

of the Hba1 fragment sizes in all homozygous and heterozygous combinations. The 

7aa repeated by insertion of 122-129 at 122 in ApoE yields a larger fragment than 

normal. The Bbv1 cuts at GCAGC yielding from 5 ... prime to 3-prime fragments 

25,108,33,78 bases in the wild type and in R145C the fragments are 25,108,111 

from 5-prime to 3-prime. The latter process gives a clearer distinction between 

heterozygous and nonnal types. Prepare the same amplified fragments as above. 

The procedure of choice is to use the enzyme Bbv1 for which the buffer is the same 

as Taq polymarase. Transfer 30J.lI of the product to eppendorf tubes and dry by 

ultracentrigation mder vacuum (about 3 hrs). To remove dimethylsulphoxide which 

can impair enzyme activity and reconstitute the pellet with 30J.lI pure water. Cut 

with 2 units of enzyme overnight at 37 degrees Celsius and nm on 12% PAGE for 4 

hours at 110 vaults and docwnent the gel as above. 
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DATA ANALYSIS 

All statistical analyses were performed using commercially available software 

packages. Data is presented as mean ±SD and analysed by unpaired or paired t test 

when appropriate. Categorical variables were analysed with the chi-square test (X2
) 

A p-value less than 0.05 taken as statistically significant. 



CHAPTERS 

RESULTS 

S.1 Deseription of cohort and lipoproteins 

690 8hona subjects were recruited, 323 (47%) of them were primiparous. Of the 

483 (70010) who participated in the postnatal (minimwn six weeks postpartum) 

follow-up, only those whose samples were adequate for both antenatal and postnatal 

full investigations bad paired analysis done. 30010 of the subjects were excluded from 

the postpartum stage because of their refusal to participate or inability to schedule a 

postpartum meeting within 15 weeks of delivery. In order to keep within 15 weeks 

after delivery after hour's home visits were arranged and other nurses were recruited 

in order not to over burden the Clinic nurses. lbose who refused to participate 

despite home visits requested financial incentives that could not be satisfied. 
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·Iltc table 5.1 below shows whole cohort baselim: clinical characteristics, the 

antenat.1J and postnatal laboratory results for the whole cohort. "lltc p \':lIuc 

compares the data from whole cohort ante pactum and postpartum 

V"""" PanicipanlS (n) Mean. Std Deviation and Ranl:~ P value 

Age (years) '" 24.41 .t 5.293 (16 42) 

Gcstmion (weeks) 690 29.17:1; 3.966 (13 38) 

BMI (kglm') 690 24.29.t 3.SS (16.7 4S.2) 

Bp (~)'l;tolic) .. , 112.8:1; 10.54 (&0.0 190.0) 

IIp (diasto lic ) '88 70.84:1; 7.4S (40 110) 

Aru=u1 

Total Chok.·Sh:rol '" 4 . 17 :I; 0.89 (2.00 7.70) 

TG ... 1.&4 :I; 3.53 (0.40 79. 1) 

LDL-Cholestcrol 66' 2. 17 ± 0.72 (0.40 5.0) 

IIDL·Cho1cstcrol '" 1.29 ± 0.38 (0.20 2.6) 

POSIIl:J.lal 

TOlal Choleslerol '" J.S6:1; 0.77 (1.0 6.10) pO.OIS! 

TG ". 0.69:1; 0.26 (0.10 - 1.90) p<U.OOOI 

LDL-Cholcstcrul ". 2.07± 0.65 (0.4O - 4.4) PO.0012 

HDL-Choiestcrol 483 1.18J: 0.35 (0. 10 2.3) p<U.OOOJ 

l .b~5.1 

'Mlole COtut Ante ard Postp<Jtum LIpIdS Drecl CompiJ1SOIl 

, .. _ .... .,... .... , .. &0< 
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5.2 DirKt Comparison of Ante p2rtum and Postpartum Lipoproteins 

V""'" panicipanls (n) Mean. SId Deviation and Range P value 

Age (years) 477 24.58 .l. 5.30 (16 41) 

Gestation ( ..... cds) 483 29. 18% 3.89 OJ 38) 

BMI (kglm) 483 24.34±3.52{17.0 39.3) 

Bp (syslooc) 48' 112.9± 10.50 (80 190) 

Rp (diaslolic) 481 70.95 ± 7.4 (40 110) 

Antenalai 

lOla! Cholesterol 483 4.20 :1:. 0.91 (2.00 7.70) 

TG 483 1.83 .:1:. 3.70 rOAO 79.10) 

LDL-Cholestcrol 472 2.17 ± O. n (0.40 - 5.0) 

IIDL-Cho1esterol 477 1.31 .:I:. 0.38 (0.20 2.60) 

Postnatal 

TOIa! Cholcslerul 483 3.56±O.77 ( 1.00 - 6.10) pO.0167 

TG 483 0.69 ± 0.26 (0. 10 1.90) p<O.OOOI 

LDL-Cboksterol 482 2.07 ± 0.65 (0.40 - 4.40) pO.OOIJ 

HDL-Ololesterol 481 1.1 8 ± 0.35 (O. IO - 2.30) pO.OOOI 

. . . . 

Antepartum venus Postpartum Lipid Profiles 

" 472 1'(' TG LDL--C HDL·C 

Anlepanwn Median 4. ' J.S 2.0 1.3 

95%Cl 4.1 - 4.3 L5 - 2.2 2 .0 - 2.1 1.28 _ 1.47 

Postpartum Median 3.6 0.6 2.0 J.J 

95".CI 3.S - 3.6 0.6 - 0 .7 2.0 - 2.1 1.14 - 1.21 

M4III1 \\Ihitney P<O.OO I <0.001 0.16 <0.001 

T.IM 5J _ doe ditr~",..,., bet>orH ........ ~ .. rt .. . ..:1 ..... rt .. LDL-C~luol II .... . . ilk • • I. .. 
.. 



Thest! subjects show very desirable lipid profilt:s, assuciated with luw Curonary 

Anery Disease. 

.. 
• 
! 

ColTllanson between Ante ani PoslpaI1lm iJ!>ods 

In both whole cohon (Table 5. J and Graph 5. J) and the paired direct comparison 

(Table 5.1 and Graph 5.2). For all the clinical characteristics, the p value was 

significant, but evcn thQugh significant; the I1MI value snows a higher p value!. The 

study was conducted during a very difficult economic period ror the population with 

most of them struggling to get even one meal a day. The hard economic conditions 

made it difficult for the subjects 10 book early and maintain thc required antenatal 

consultations as shown by tnc differences in the gestation at the time of booking. 

The economic hardship also impacted on the patients' body weighl, but those 

patients who had come from the nearby affiuent areas/suburbs improved the 

statistical significance. 



5.3 Oyslipidaemia 

Lipoprotein Criterion Antenatal I'ostnata) Antenatal % Postnata.l (%) 

TG >5mmoVJ 5 0 0.7 0 

> ISmmoVJ 4 0 0.6 0 

lDl-Cholcstcrol >5mmoVJ 0 0 0 0 

<1.0mm0Vl 18 15 2.6 J.l 

HOI.-Cbo~t('f01 '>2.SmmoVl 0 o. , 0 

<O.6nwnoVi 8 8 1.2 1.6 

GGE " J 0.2 

T.bk 5.J T.babt;'" of <byti""' .. ....., .-eMll1s ~Ii.t ", ..... ty He •• bj..ct ... ill, poo.""n.", dysl 
elec'~lk ""11 ....... GGf- no.. aubj«1"" RI45Cyo ..... l>IlitoL 

The dyslipidaemia observed includes an increase in plasma TG, Total Cholesterol 

and HDL-Cholestcrol. LDL-CholesteroJ levels did not show any significant 

difference but the LDL size was altered as discussed below. These findings 

are in agreement with nwnerous other invesligators and therefore. may be applied 

more widely. Severe hypcrtriglyceridaemias with significant risk of pancreatitis 

accepting that hypcrtriglyccridacmia of > 15mmolll is regarded as a risk factor for 

pancreatitis. severe hypcnriglyccridaemia, accepting thai values >75mmoVI are 

indicative of significant metabolic abnormalitics In the fasting state were 

encowltercd. Only one subject would be classified as FH if a cut-off value of 

>5mmolll for LDLC is taken into account. Accepting a cut off value of 1.5 mmolll. 

dl..'Crcased levels of LDLC were observed in 2.6% and 3.1 % of the subjects 
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antenataJly and postnatally respc<;tively. These observations could possibly be 

related to either disease/nutrition or hypobetalipoproteinaemia. Dysp pattern 

observed on Gradient Gel Electrophoresis (GGE) during antepartum was observed 

in only one postpartum sample ror a subject with R I 45Cys mutation. confinning 

reports that the metabolic changes during pregnancy may stress lipid metabolism. 

Excluded from table 4 are 30 subjects and I subject that had no LDL spc<;ies during 

anlepal1um and post partum respectively. Also excluded are 26 and 56 subjects who 

displayed dual LDL species during ante partwn and post pal1um respectively as 

snown in the summary table 5.5 below. 



A AI I IB B Bp M 0",1 Total 

"_Itp,num II 78 207 246 61 3 30 26 660 

POSlp'rcu .. 172 101 93 13 0 0 I 56 450 

C,(;F. Anlrpulum vtnus Prnllpllf1um ')Ind Comparisoa 

• 
• 
• • 
• • 
• 

,. 
• 
" 
" • • 
• 
• • • • • [ . \-,.. .. -

_ r ... ,. ..... 

Since there were differences in the LOt size when comparing the anle partwn and 

postpartum stales, an attempt was made to detennine whether the particle si,.e 

influenced lhe change. Taking poslpa!tum as the noon. comparing the categorical 

change in LO!. species in pregnancy. the change can range through A. AI, I, m and 

B as well as loss of LOL species. Analysis of 480 subjectS revealed thaI 14 (2.9%) 
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subjlX:ts had LOL.c species changing from smaller 10 larger spe<:ies larger 10 

smaller species. 59 (12.3%) remained the same while 407 (84.4%) had LDL species 

changing 10 smaller. The analysis of the LOL species becoming smaller was 

significant with '1.J analysis lOr the whole cohort p <0.000 1 and '1. analysis of A, AI 

and I (J <0.0001. The magnitude of change analyzed as the categorical change 

productln showed A = 2.6. AJ " 1.8, I .. 1.8, lB - 0.6 and B q) with an average 

change of 2.2. This reveals a signifICant lrend for larger species of LOL having a 

greater change in the category than mid or smaller LDL It is likely that more CE in 

the larger species is exchanged for TG by CETP. The limited HL and tJ>L activity 

may still suffice to remodel Inc LOI.. species and the absolute ehange in particle size 

is determined by the size of the original species before ~gnancy_ It is also possible 

that a more TG-rich LDt is directly secreted from the liver in pregnancy, yielding 

the same changes as outlined above. 

The influence of age on LOL species was examined in the post panum state. 
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The gr:lph shows quintile 5 subjects as having the highest number \\ jlh the small 

dense (B) LDL-Cholcstcrol species but this was nol statistical!} :malysed in this 

study, Thcrc is no innucnce of age on Illc LDL species during pregnancy. Ilowc\,cr 

in the general population sc\'cr::Il studies hn\,.;.' found that males and older women 

have higher proportions of the small dellSe low-density lipoprotein. Rc!:ults from the 

rr.!ming."am O!1~pring stud} 1992 reported a small «255..\) d"'llSC lo\\-dcnsit) 



lipoorot~in prem!ence of 30% In males. 5% prcmcnooaus31 women and 14% 

postlTK."nopausa! \\ omen 

• --•• N -o. 

••• .. ,. .' -. • 

• 
N 

" 

• 

" 

Qu,n,i" I (13 26..mi) 

,01. __ .......... ,~" .. .,.. 

• - • 

Quin1," • .-Q .. ",hkS 

• 

I"" 0.074 

Low-density lipoprotein distribution appeared to favour sm:t!Jer SOCCICS with 

advancing gestation. e\,jdent by :!8-30 \\eeks relative to 13- 26 wc:cks. Ibis did nOl 

n>:wh sl;ltistieal significance but a p value of <0 10 suggests th:1I this may be:. trend. 

Owing. to limited equioment and time. the LDL PJrticle size could not be derived 3S 

J continuous par.uneter to improve the power of this :malvsis. A greater $[Imple size 



could resolve the issue or a longitudinal study may also improve the resolution. Carl 

et al 1988 nOled lhe same decrease by 16 - 20 relative to 5 - 12 weeks. They also 

reported that lhe average diameter decrease from early to late gestation was 13 A. 

Other researchers have reported differences in the period during which the decrease 

was observed. 

Number of subjects (% 678) 

Genotype Number ofSubjccts Percentage 

E212 " 3.7 

E2IJ 118 11.4 

£214 48 7.1 

EJB 27 1 40.0 

8 /4 "5 25.8 

E4/4 41 6.1 

AI"'k Nwnbl:r ofS u!:jccts Per<:entage 

" 216 15.90 

, 3 835 61.60 

, 4 3" 22.50 

. 
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ApoE ApoE ApoE ApoE ApoE ApoE " m 213 214 313 3{4 414 
GcllOtypC AlielO F,equencv 

The Apolipoprotein E genotype percentage and Apolipoprotein E allelc rrcqucncy in 

this study closely rcsembh.:s the study from Ccntral African Republic and other 

Africuns from Wcst, Centrul Afric:! and East Africa groupcd together. 

ApoF. gell\! rrequency repon\!d in wme countries. Countries have bl.ocn arr.:mged 

alphabetically. 

COWllry c2 E3 E4 

Cameroon 11.1 66.7 22.2 

Gabon 12.0 68.0 20.0 

Sweden 11.9 67.5 20.6 

Zimbabwe 15.9 62.6 22.5 
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The comparisons shown in graph 7 were done by different investigators but rcport<.'d 

in combined reports, Shona (Zimbabwe), Linkoping (Sweden) Gerdes ct al )994, 

13amilckc (Cameroon) and Fang (Gabon) Zckrnoui <.'\ al 1997. The graph clearly 

confirms the aiready established fuet that :lpeE) is the most prevalent followed by 

apol::4 with apo£2 being thc !c:l5l. 



Table 5.8 below shows lipids and lipoprotein profiles in each of the s ix possible 
genotype combinations. Mean ±SD values for Ante partum and post partum lipids 
and lipoproteins in mmoVi. 
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This is probably one of the very few if not the first study in which the 

behaviour/changes of the LOL species was investigated in relation to the ApoE 

genotype. In order that larger nwnbcrs could he obtained for 8ruJlysis, (A and AI), I 

and (fB and B) were compared. 

Analysis revealed that the ApoE genotype did not influence LOL species 

distribution. The contingency table al'l31ysis of thc distribution of LOL species 

revealed the following; 

Ante partum .• A "/ "I"'''B'' 1.2 P = 0.33 for E2I2 versus E3/3 versus E4/4 

Postpartum "A'" " 1"/ " B" l P = 0.53 tor the same subjects as analysed ante 

ranum. The LDL species changed significantly with pregnancy in all the apoE 

genotypes "A "I "1"/ "9" '1..2 P = :::;0.01. 
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An examination was done to establish whether apoE isoforms E2/X, d /3, E41X 

innuence the WL species changes, according to the LDL species that pertained in 

the postpartum statc. Xl analysis of the change revealed that LDL (A) was not 

significant in all genotypes with a p = 0.66, LDL (A I) with p = 0.09 revealed lhat &2 

seems 10 be resistant or changed the least. LDL ( I) with p - 0.006, a changes the 

least but &4 changes the most and for LDL 18 and B with p = 0.04 &4 changes the 

most. This provides evidence that apoE influences the susceptibili ty of LDL species 

size to change. with £4 being most susceptible to change. 

These categories. depicted in table 5.10, were derivcd from the data displayed in 

table 5.9. 

A A I I IB B 

Ant' P"" Ante P"" Ante P"'" Ante P"'" Ante P"" 

E2I2 I 4 3 6 7 6 5 0 2 0 

E2I3 2 46 II 22 33 20 50 2 6 0 

E2/4 0 12 7 9 22 II 16 0 2 0 

Eo3/3 3 80 J2 49 90 46 95 6 27 2 

E3/4 2 45 14 32 4. 28 75 2 20 2 

E4/4 I I I 4 4 13 6 14 I 4 0 

. . 
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A AI I 18 B 

Ante Poo' Ante Post Ante Post Ante p"" Ante po~ 

E2IX 3 62 21 J7 62 J7 71 , 10 0 

EJ/3 3 80 J2 49 90 46 95 6 21 2 

E4/X 3 56 18 3. 62 34 89 3 24 2 

Table 5. 111 Tab~I.CI"" or J . ' .. ion! .... ~ or • r UC'Ordia 10 UII .. , .. ~, orinoliooo •• I~ " ,. flu. ,lid 

Resull.!! orCenolyping for RI45C 

564 subjccts with apoEJ background were gcnotypcd rOf RJ45C mutat ion, 

revealing the mutation in 31 (5%) with 8 (260/.) orlhcm displaying a dysp pattern 

on GGE. In this cohon 24 (770/,) wcrcapol::313. 5 ( 16%) were apob3J4 and 2 (7%) 

were apoE2I3. There were 2 (1%) homozygous for R145C. 

Arg 145 e ys Antepartum and Postpartum Lipid Profiles 

TC TG LDL-C J LDL-C 

Anlepanum Median 3.8 2. I 1.8 1.3 

9SYoCi 3.5 • 4 .2 t.5 - 2.6 1.6 -2.0 I.I- IA 

Postpartum Median 3.4 0.57 1.8 1.3 

95'YoCl 3.1-3.7 0.49 - 0.64 1.6 -2. 1 1.2 - 1.5 

Poor nutritional status and possible underlying disease could be the reason why 

lipid levels in this cohon is much lower than reported in other studies. 
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Arg 145 Cys Ante and Postpartum Lipids Direct Comparison 

The Argl45Cys ante partum and postpartum lipids show concentrations arc 

simi lar to the other ApoE genotypes. 

LDL species A AI I IB " MI 

Ante partum % 0 3 2 9 1 8 

Post partum % 6 6 6 I 0 I 

Ta bloS.l l 

The inOuencc ofapoE RI45C on LDL species was examined. and the results in 

table 5. 11 show thai smaller LDL species are predominant during antepartum. 8 

(26%) in this cohort clearly displayed a dysjJ electrophoretic pattcrn on GGE. 
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ArgI4SC)'$ Antepartum and Postpartum LDL species also display a similar pancm 

with the smaller species predominant during antepartum and I\.-vcning 10 the larger 

species postpartum. The laQ;c (A) spc.;ics is absent antcnatally while Inc smaller (11) 

is absent postnatally. The ML ....,- DyslJ pallem on GGE constitutes 25% of all the 

Argl45Cys subjC(;ts patients during pregnancy <Ind tncre is u reversion rrom dysl~ 

pal1cm in 7/8 of these subjccts post partum. The same phenomenon was examined 

for apoE2r.?:. 
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25 (4% of whole cohort) subjects who were homozygous for apoE212. Of this 

cohort, 6 (24%) displayed a classical MI characteristic on GGE during antepartum. 

Only 1(4% of apoE2l2) displayed a classical Ml paucm post panum. From these 

findings it is clear thal pregnancy presents an adequate metabolic str~ss for 

converting susceptible genotypes to dys2 

'" 



C HAPTER SIX 

6. 1 Limitations or Study 

TIle study was conducted during an (X';onomie depression in Zimbabwe and limited 

budgets and equipment in South Afiiea. In Zimbabwe this posed problems because 

it was a period when no budget could be followed because costs were going up 

every 24 hours at rates as high as 500%. The incentives given 10 both patients and 

staff needcd to be reviewed daily. Secondly the acute shortage of food and general 

conunodities resulted in severe staff absenteeism from work in search of these 

commodities. For example sessions would be abruptly abandoned if word got round 

that there some ' bread' had just anived at a nearby shop as the subjects and staff 

ehose to go and queue fOT what ever commodity that would have arrived. The 

economic state might have affected the subjects s ince most ofthcm could not afford 

a single meal a day. 1bc ante pactum period faced imminent coll3pse because the 

few who initially came, did so without fasting and were requested to return the 

following day after an overnight fast. Their return was not guaranteed. as the lack of 

price control would see transport costs fluctualing. This was made worse by the lack 

of support from any institut ion including the Univcrsity as no one had any spare 

funds in their budgets. The second reason also relatcd 10 the economic s ilUalion was 

that most ofthcm with healthy babies did not see the need to come back as transport 

re-imbursemcnt offered earlier during the antenatal period was no longer enough 

even for a single trip to the clinic (the tnmsport costs had risen by 500-1000 %). 

Thc third problem was that some subjects came from other parts of Harare to live 
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with relatives in order to attend these clinics because of their good antenatal care 

record. Other subjects came from their own newly acquired homes in and arotmd 

Harare to live with their parents in order to give birth in or arOlmd their parents' 

home (maiden home) according to African culture. In order to overcome these 

problems home visits were scheduled and more appropriate transport incentives 

were made. Those who had gone back to other parts of Harare were contacted and 

separate arrangements were made to either meet them at the nearest clinic or to have 

venesection done at home. The remaining 20010 had either gone back to their rural 

homes >50-kms from Harare or were untraceable. It was very sad to see people 

abandoning their professional post in search of day-to-day living commodities, 

things that are taken for granted in South Africa. The proportions of degeneracy 

would have been difficuh for an individual to present without the reports in the 

newspapers. Family financial and assets sacrifices, whose effects will persist for a 

very long time, overcame this and kept the project numing. The Lipid Research 

Fund without which this project would not have taken place was also limited in that 

not aU the assays were done especially lipoprotein (a). 

6.2 Lipids and Lipoprotein Values 

1be study confirmed several other reports that nonnal hwnan pregnancy is 

characterized by rises in senun TG and cholesterol, with reversal postpartwn. The 

study was limited by a lack of standardization of meal content and the interval 

between last meal and venepuncture, introducing a potential source of error to 

analyses involving TG. However, recent prospective studies of myocardial 
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infarction [Stampfer] and coronary artery disease [Gardner CD] reveal strong 

inverse correlations between nonfasting TG and LDL diameter; the latter study 

pointed out the nonfasting TG may be more indicative of 24-hour average TG levels 

[Gardner CD]. Nevertheless, the relationship between TG and LDL size in our study 

might not be equivalent to the fasted state in all respects. There is no significant 

effect of prandial status on WL particle diameter. [Gardner CD, MacNamara] 

During the first half of normal pregnancy, increased maternal adipose fat 

accwnulation sets the stage for the physiologic hyperlipidaemia of late gestation. 

[Herrera] Serum lipid changes seen in this study, docwnented previously, [potter, 

Alvarez] include increases in TG and total cholesterol concentrations, with TG 

increasing more than the other lipids. Interestingly, in this study LDLC did not 

change significantly. This may be as a result of a low baseline concentration and 

needs further investigations. Despite this, LDL species changed between ante 

partum and post partum. The physiological mechanisms involved in the gestational 

increases in TG include increased adipocyte lipolytic activity resulting from the 

insulin-resistant condition of late gestation. [Alvarez] The resultant increased release 

of free fatty acid and glycerol into the circulation increases substrate for hepatic TG 

(VLDL) synthesis. Oestrogen-induced increases in hepatic output of VLDL also 

likely occur. [Knopp 1992] In addition, both adipose tissue lipoprotein lipase and 

hepatic lipase activities decrease dwing normal pregnancy (effects reportedly 

related to insulin resistance and increased oestrogen, respectively), whereas 

placental lipoprotein lipase increases as term approaches. These changes probably 
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impair removal of TO-rich lipoproteins from the circulation [Alvarez] and boost 

transfer of maternal essential tatty acids to the growing fetus. [Knopp 1992, 

Coleman) the decrease in diameter of the predominant LDL subclass during 

pregnancy could reflect increased production and/or decreased clearance of small 

dense LDL particles. [Silliman 1994] Increased transfer of TO from VLDL to LDL 

coupled with hydrolysis of TO in LDL, even with lower gestational activity of 

hepatic lipase, may increase production of small, dense LDL particles during 

pregnancy. [Sattar 1999] Additionally, more TO-enriched VLDL may be 

metabolized to smaller LDL by virtue of its composition. 

6.3 LDL Species 

This study confirmed other reports of a decrease in diameter of the predominant 

LDL subclass dwing pregnancy. This change and the accompanying rise in TG are 

transient because LDL reverts to larger particles and TO concentrations decrease 

postpartwn. Blood lipoproteins exert a variety of cellular effects in addition to lipid 

transport, and many of these effects are modulated by size and density distribution. 

Small, dense LDL particles are intrinsically less resistant to oxidation; and thus may 

contribute to oxidative stress and later vascular endothelial cell dysfimction in the 

grandmultiparous subjects. However despite the changes in LDL profile dwing 

pregnancy, it was reported that the oxidative resistance of LDL increases with 

progressing gestation, which could be partially explained by the concomitant 

increase in plasma vitamin E levels. However, despite the increase in maternal 
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levels of Vitamin E and, it was reported that other lipid soluble vitamins with 

antioxidant activity't such as 2-carotene and vitamin A and decrease in plasma 

throughout gestation. This led to an evaluation of changes in levels of oxidized low­

density lipoprotein (Ox-LDL) during pregnancy and how they correlate with 

changes in LDL size and sennn total antioxidant status (TAS). [Belo 2004] 

Studies in Zimbabwe't by Gelfand M et al; Clinica Chemica A~ 1974 (57) 131-

134 showed that Africans had lower cholesterol levels than their European 

counterparts. Adebisi SA et al; showed that pregnant Nigerian women had 

significantly lower total cholesterol and HDL-Cholesterol than their non-pregnant 

counterparts, Niger Postgrad Med J 2004 (1) 1-3. This study concurs with the 

Nigerian study. 

6.4 mv and DyslipidaeDlia 

The lllV statistics in Zimbabwe as published in two newspapers articles warrant 

some comments on the dyslipidaemia associated with IDV. Two reports in the 

National Newspaper 'The Herald't on the 28th October 2004 and 20th December 

estimated that nearly two million (20010) people in Zimbabwe were IDV positive. 

Close to a million children in the coootry have lost one or both parents as a result of 

IDV and Aids, the United Nations Children'ts Food (UNICEF) country 

representative to Zimbabwe Dr Festo Kavishe has said. In a statement to mark the 

mooch of the State of the World't s Children Report for the year 2OO5't Dr Kavishe 

said he expected the mnnber of children orphaned by Aids to grow in the next year. 
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"By 2003 some 2, 1 million children under the age of five were living with mv and 

Aids, most of them infected dwing pregnancy, birth or breastfeeding. "Zimbabwe, 

with one of the world's highest prevalence rates, registered the largest swells in 

child death rates from 1990 to 2002," he said. At least 1,8 million people in 

Zimbabwe are living with mv and Aids, while more than 2 000 people die each 

week from Aids-related illnesses; Herald Health Reporter. It can thus be expected 

that about 115 of the subjects in this study was mv positive. The study did not 

include the mv status and the time required for additional ethics approval was 

likely to be too long and the fimding for this additional parameter was lacking. None 

of the subjects were likely to be on conventional treatment for mv, even though 

some would probably be on some traditional treatment. The traditional treatment for 

mv still requires an evaluation on their effect on lipids and lipoproteins. Sharon A 

et al reported in JAMA June 11 2003, Vol 289 No 22 that before the availability of 

highly active antiretroviral therapy (HAARn studies in persons infected with 

hwnan immWlOdeficiency virus (lllV) demonstrated lipid abnormalities, especially 

hypocholesterolaem.ia with and without hypertriglyceridaemia An association 

between plasma TG levels and circulating interferon K level has been observed in 

persons with AIDS. A pattern of hyperlipidaemia characterized by elevated total 

cholesterol, low-density lipoprotein cholesterol, TG and reduced level of high­

density lipoprotein cholesterol has been observed in patients treated with protease 

inhibitors. Ducobu J, et al reported that mv infection induces an early decrease of 

cholesterol and a late increase ofTG (TG) with a reduction ofHDL. These changes 
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are proportional with the lowering of CD4, which reflects the infection's severity. 

Both the increase of TG synthesis and the decrease of TG catabolism, in relation 

with a reduction of lipoprotein lipase activity, are responsible of these changes. 

Moreover, LDL catabolism is enhanced by macrophage scavenger receptors, due to 

a high proportion of ~ dense LDL, which are more easily oxidized. 

An association of hypocholestero1aemia and mv infection in our subjects can 

therefore most likely be linked to the observations made before the availability of 

HAAR T because none of the subjects could afford them, as they were only 

available in the private sector during the time of the study. There is currently no 

published work comparing the lipoprotein patterns in mv -positive and lllV­

negative pregnant subjects. Hyperlipidaemia is frequently associated with 

antiretroviral trea1ment caused concern about the possible increased cardiovascular 

risk in treated lllV-positive patients. It has been shown that hypocholesterolaemia 

found in mv -positive patients is frequently associated with the elevation of very 

low-density lipoprotein (VLDL). Mauss S et a~ AIDS: Volwne 17(2) 24 January 

2003 pp 189-194 used two well-descnl>ed genetically inherited lipid disorders that 

involve an increase in VLDL as models to analyse the lipoprotein pattern in mv­

positive patients with elevated VLDL and to estimate their cardiovascular risk. 

Familial combined hyperlipidaemia is caused by overproduction of small VLDL 
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particles in the liver, leading to a parallel increase in apolipoprotein B and is 

associated with increased cardiovascular risk. Familial hypertriglyceridaemia is 

cbaracterized by production of normal levels of large VLDL particles containing 

more TG than normal resulting in normal apolipoprotein B levels and without or 

with only modestly increased cardiovascular risk The lipoprotein patterns in mv­

positive patients with and without antiretroviral treatment, mv -seronegative 

patients with fumjlial combined hyperlipidaemia (high cardiovascular risk) or with 

familial hypertriglyceridaemia (low cardiovascular risk) as well the size of VLDL 

particles were measured in a subgroup of mv -positive were analysed. In the mv­

positive patients, the ratio ofVLDL-TG to VLDL-apolipoprotein B was 16.2 ± 6.0 

(range, 9.4-42.5). This ratio was not different from the ratio fotmd in patients with 

fiunilial hypertriglyceridaemia, 16.9 ± 6.0 (range, 8.8-24.3; P = 0.61). In contrast, 

the ratio of VLDL-TO to VLDL-apolipoprotein B in these two groups differed 

highly from the 10 patients with &milial combined hyperlipidaemia, who bad a ratio 

of 6.7 ± 1.0 (range, 5.3-8.5; P < 0.00001). In addition, patients with fiuniJial 

combined hyperlipidaemia showed increased senun apolipoprotein B compared with 

patients with mv -associated hyperlipidaemia or familial hypertriglyceridaemia 

This analysis of VLDL particle size indicated that the particles in mv -positive 

patients were large, similar to those in patients with fiunilial hypertriglyceridaemia 

Since this study fulfills the reference range required nwnbers, the lipid levels can be 

used to establish the third trimester reference range for a similar population. 
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ApoE 213/4 and R14SC 

4% of the subjects have an apoE Arg145Cys mutation further adding credence to a 

report by de Villiers et a1 1997 that this mutation could be prevalent among the 

African population. However the lipid levels in this cohort is much lower than those 

reported by de Villiers et a11997 and Hsia et a11995. A factor that seems to have 

affected our subjects is probably nutrition and underlying disease to explain lower 

post partum levels but pregnancy appeared to trigger dysfJ at least temporarily. 

Dyslipidaemia is lDlusual in Zimbabwean women during their reproductive years 

with 1% revealing serious hypertriglyceridaemia, 4% hypobetaJipoproteinaemia and 

hypoaIpbalipoproteinaemia. DysfJ present during pregnancy reverted after 

postpartum in most subjects. Pregnancy increases TO, Total Cholesterol, and High 

Density Lipoprotein-Cholesterol Low Density Lipoprotein-Cholesterol remained 

unchanged but the size decreased. Apolipoprotein E genotypes are similar to those 

reported for other populations. The LDL size distribution is similar in all 

apolipoprotein E subsets. Apolipoprotein E genotype may influence change in LDL 

species and this is the first time that evidence bas been found that apolipoprotein E 

influences the susceptibility ofLDL to change. 

6.2 Future Studies 

1) Analysis of modulating factors antepartwn and postpartum 

2) Analysis ofhypofJ to include primary and secondary causes. 

116 



REFERENCES 

Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Enzymatic 

determination of total serum cholesterol. Clin Chern; 1974 Apr: 20 (4) 470-

475. 

Alvarez J, Montelongo A, Iglesias A, Lasuncion MA, Herrera E. Longitudinal 

study on lipoprotein profile, high density lipoprotein subclass, and post 

heparin lipases during gestation in women. Journal of Lipid Research; 1996: 

(37) 299-308. 

Anber V, Griffin BA, McConnell M, Packard CJ, Shepherd J. Influence of 

plasma lipid and LDL-subfraction profile on the interaction between low­

density lipoprotein with human arterial wall proteoglycans. Arteriosclerosis; 

1996: (124) 261-271. 

Applebaum-Bowden D, McLean P, Steinmetz A, et al. Lipoprotein, 

apolipoprotein, and lipolytic enzyme changes following oestrogen 

administration in postmenopausal women. Journal of Lipid Research; 1989: 

(30) 1895-1906. 

117 



Austin MA, King MC, Vranizian KM, Krauss RM. The atherogenic 

lipoprotein phenotype: a proposed genetic marker for coronary heart disease 

risk. Circulation; 1990: (82) 495-506. 

Austin MA, Edwards KL. 1996 Small, dense low-density lipoprotein, and 

insulin resistance syndrome and noninsulin-dependent diabetes. Curr Opin 

Lipidol. 7:167-171. 

Belo L, Caslake M, Gaffney D, Santos-Silva A, Pereira-Leite L, Quintanilha 

A, Rebelo I. Changes in WL size and HDL concentration in normal and 

preeclamptic pregnancies. Atherosclerosis; 2002 Jun: 162 (2) 425-32. 

Belo L, Caslake M, Gaffney D, Santos-Silva A, Pereira-Leite L, Quintanilha 

A, Rebelo I. Castro EMB' WL size, total antioxidant status and oxidised LDL 

in normal human pregnancy: Atherosclerosis; 2004 December: 177 (2) 391-

399. 

Blades B, Vega GL, Gnmdy SM. Activities of lipoprotein lipase and 

hepatic TG lipase in postheparin plasma of patients with low concentrations of 

HDL cholesterol. Arteriosclerosis Thromb; 1993: (13) 1227-1235. 

118 



Blorn DJ, Byrnes P, Jones S, Marais AD. Non-denaturing polyacrylamide 

gradient gel electrophoresis for the diagnosis of dysbetalipoproteinemia. : J 

Lipid Res. 2003 Jan; 44 (1):212-7. 

Boyd EM. The lipaemia of pregnancy. Journal of Clinical Investigation; 

1934: (13) 347-363. 

Brown MS, Herz J, Kowal RC, Goldstein JL. The low-density lipoprotein 

receptor-related protein: Double agent or decoy? CUrrent Opinion Lipidology 

1991; (2) 65 

Breckenridge WC, Little JA, Alaupovic P, et al. Lipoprotein abnormalities 

associated with a familial deficiency of hepatic lipase. Arteriosclerosis; 1982: 

(45) 161-179. 

Bucolo and H. David H. Quantitative determination of serwn TG by the use 

of enzymes. Clin Chern 19 (1973), pp. 476-482 

Choi, S. Y., Fong, L. G., Kirven, M. J., Cooper, A. D. Use of an anti-low 

density lipoprotein receptor antibody to quantify the role of the LDL receptor 

119 



in the removal of chylomicron remnants in the mouse in vivo. J. Clin. Invest; 

1991: (88) 1173-1181 

Coleman RA, The role of the placenta in lipid metabolism and transport. 

Semin Perinatol13 (1989), pp. 180-191 

Daggy BP, BensadmUl A. Enrichment of apolipoprotein B-48 in the LDL 

density class following in vivo inhibition of hepatic lipase. Biochim Biophys 

Acta; 1986: (877) 252-261. 

Darmady JM, Postle AD.Lipid metabolism in pregnancy. Br J Obstet 

Gynaecol; 1982 Mar: 89 (3) 211-5. 

Demacker PN, Vos-Janssen HE, Hijmans AG, van't Laar A, Jansen AP. 

Measurement of high-density lipoprotein cholesterol in serwn: comparison of 

six isolation methods combined with enzymic cholesterol analysis. 

Clin Chern. 1980 Dec; 26 (13) 1780-6. 

Demant T, Carlsson LA, Holmquist L, et ale Lipoprotein metabolism in 

hepatic lipase deficiency: studies on the turnover of apolipoprotein B and on 

120 



the effect of hepatic lipase on high density lipoprotein. Journal of Lipid 

Research; 1988: (29) 1603-1611. 

Desoye 0, Schweditsch MO, Pfeiffer KP, Zechner R, Kostner OM. 

aCorrelation of hormones with lipid and lipoprotein levels dwing normal 

pregnancy and postpartwn. J Clin Endocrinol Metab; 1987 Apr: 64 (4)704-

712. 

Dong L-M, Parkin S, Trakhanov SD, Rupp B, Simmons T, Arnold KS 

Newhouse YM, Innerarity 1L and Weisgraber KH. Novel mechanism for 

defective receptor binding of apolipoprotein E2 in type ill 

hyperclipoproteinaemia Nature Structural Biology 1996; (3) 718-722 

Fahraeus L, Larsson-Cohn U, Wallentin L. 

Plasma lipoproteins including high-density lipoprotein subfractions dwing 

nonna! pregnancy. Obstet Oynecol; 1985 Oct: 66 (4) 468-72. 

Fahraeus L, Larsson-Cohn U, Wallentin L. Lipoproteins dwing oral and 

cutaneous administration of oestradiol-17 beta to menopausal women. Acta 

Endocrinol (Copenh); 1982 Dec:l0l (4) 597-602. 

121 



Folkman J, Weisz PB, Joullie MM, Li WW, Ewing WR. Control of 

angiogenesis with synthetic heparin substitutes. Science; 1989 Mar: (17) 243 

(4897) 1490-3 

Fraser, R., Dobbs, B. R., Rogers, G. W. T. Lipoproteins and the liver sieve: 

the role of the fenestrated sinusoidal endothelium in lipoprotein metabolism, 

atherosclerosis, and cirrhosis. Hepatology; 1995: (21) 863-874. 

Gardner JA and Gainsborough H. The cholesterol metabolism during 

pregnancy. Lancet; 1929: (1) 603 

Gardner CD, S.P. Fortmann and R.M. Krauss, Association of small low­

density lipoprotein particles with the incidence of coronary artery disease in 

men and women. JAMA 276 (1996), pp. 875-881. 

Gomo Z.A.R. Concentrations of Lipids, Lipoproteins and Apolipoproteins in 

serum of Zimbabwean Africans. Clinical Chemistry 1985; (31) 8: 1390-1392. 

Grodstein F, Stampfer MJ, Manson JE, Colditz GA, Willett WC, Rosner B, 

Speizer FE, Hennekens CH. Postmenopausal oestrogen and progestin use 

122 



and the risk of cardiovascular disease. N Eng]. J Med; 1996 Aug 15: 335 (7) 

453-61. 

Hamilton, R. L., Wong, J. S., Guo, L. S. S., Krisans, S., Have~ R. J. 

Apolipoprotein E localization in rat hepatocytes by inllmBlogold labeling of 

cryothin sections. J. Lipid Res; 1990: (31) 1589-1603 

Hegele RA, Little JA, Vezina C, et al. Hepatic lipase deficiency, Clinic~ 

biochemic~ and molecular genetic characteristics. Arteriosclerosis Thromb; 

1993: (13) 720--728. 

Henderson RA, Alan D and Rinker MS. Gastric, Pancreatic and Intestinal 

FWlction. In Tietz Textbook of Clinical Chemisrty, Third Edition Burtis CA 

and Ashwood ER, WB SaWlders Company, 1999 1271-1327 

HelTera E, LasWlcion MA, Gomez-Coronado D, Aranda P, opez-Looa P, 

Role of lipoprotein lipase activity on lipoprotein metabolism and the fate of 

circulating TG in pregnancy. Am J Obstet Gynecol; 1988 Joo: 158 (6 Pt 2): 

1575-83. 

123 



Herz, J., Hamann, U., Rogne, S., Myklebost, 0., Gausepobl, H., Stanley, K. 

K. Swface location and high affinity for calcimn of a 500-kd liver membrane 

protein closely related to the LDL-receptor suggest a physiological role as 

lipoprotein receptor. EMBO J; 1988: (7) 4119-4127 

Holmes R and Lobley RW. Intestinal brush border revisited. Gut; 1989: (30) 

1667-1678 

Herz J, Qiu, S-Q., Oesterle, A., de Silva, H. V., Shafi, S., Havel, R. J. Initial 

hepatic removal of chylomicron remnants is unaffected but endocytosis is 

delayed in mice lacking the low-density lipoprotein receptor. Proc. Natl. 

Acad. Sci. USA; 1995: 92:4611-4615 

Hixson JE, and Vernier DT. Restriction isotyping ofhmnan apolipoprotein E 

by gene amplification and cleavage with HhaI. J. Lipid Res. 1990 31: 545-

548 

Hubel CA, Shakir Y, Gallaher MJ, McLaughlin MK, Roberts IM. Low­

density lipoprotein particle size decreases during nonnal pregnancy in 

association with TG increases. J Soc Gynecol Invest; 1998: (5) 244-250. 

124 



Hui, D. Y., Innerarity, T. L., Milne, R. W., Marcel, Y. L., Mahley, R. W. 

Binding of chylomicron remnants and .B-very low density lipoproteins to 

hepatic and extrahepatic lipoprotein receptors. A process independent of 

apolipoprotein B48. I. BioI. Chern; 1984: (259) 15060-15068 

Ishibashi, S., Herz, I., Maeda, N., Goldstein, I. L., Brown, M. S. The two­

receptor model of lipoprotein clearance: tests of the hypothesis in "knockout" 

mice lacking the low-density lipoprotein receptor, apolipoprotein E, or both 

proteins. Proc. Natl. Acad. Sci. USA; 1994: (91) 4431-4435 

Ii, Z-S., Brecht, W. I., Miranda, R. D., Hussain, M. M., Innerarity, T. L., 

Mahley, R. W. Role of heparan sulfate proteoglycans in the binding and 

uptake of apolipoprotein E-enriched remnant lipoproteins by cultured cells. I. 

BioI. Chern; 1993: (268) 10160-10167 

Ii, Z-S., Dichek, H. L., Miranda, R. D., Mahley, R. W. Heparan sulfate 

proteoglycans participate in hepatic lipase- and apolipoprotein E-mediated 

binding and uptake of plasma lipoproteins, including high density 

lipoproteins. I. BioI. Chern; 1997: 2 (72) 31285-31292. 

125 



Julius U, Fritsch H, Fritsch W, Rehak E, FUcker K, Leonhardt W, Hanefeld 

M. Impact of hormone replacement therapy on postprandial lipoproteins and 

lipoprotein (a) in normolipidemic postmenopausal women. Clinical 

Investigation 1994. 72:502-507. 

KinnWlen PK, Unnerus HA, Ranta T, Ehnholm C, NikkiUi EA, SeppiUa M. 

Activities of postheparin plasma lipoprotein lipase and hepatic lipase during 

pregnancy and lactation. European Journal of Clinical Investigation; 1980: 

10:469-474. 

Knopp RH, Bonet MA, Lasuncion A, Montelongo A, Herrera E. Lipoprotein 

metabolism in pregnancy. In: Perinatal biochemistry 1992; Boca Raton: CRC 

Press; 19-51. 

Knopp RH, Bergelin RO, Wahl PW, Walden CE, Chapman M, Irvine S. 

Population-based lipoprotein lipid reference values for pregnant women 

compared to non- pregnant women classified by sex hormone usage. Am J 

Obstet Gynecol; 1982 Jul15: 143 (6) 626-637. 

126 



Knopp RH, Montes A, Childs M, Li JR, Mabuchi H. Metabolic. adjustments 

in normal and diabetic pregnancy. Coo Obstet Gynecol; 1981 Mar: 24 (1) 21-

49. 

R.H. Knopp, B. Bonet, M.A. LasWlcion, A. Montelongo and E. Herrera, 

Lipoprotein metabolism in pregnancy. In: E. Herrera and R. Knopp Editors, 

Perinatal biochemistry CRC Press, Boca Raton, Florida (1992), pp. 2~51 

Krauss RM, Burke DJ. Identification of multiple subclasses of plasma low 

density lipoproteins in normal hwnans. J Lipid Res. 1982 Jan; 23 (1) 97-104 

Kuusi T, Ehnholm C, Viikari J, et al. Postheparin plasma lipoprotein and 

hepatic lipase are determinants of hypo- and hyperalphalipoproteinemia. 

Journal of Lipid Research; 1989: (30) 1117-1126 

Lalazar AK, Weisgraber H, RaIl Junior SC, Giladi H, Innerarity TL, Levanon 

AZ, Boyles JK, Amit B, Gorecki M, Mahley RW and Vogel T. Site-specific 

mutagenesis of hwnan apolipoprotein E. Receptor binding activity of variants 

with single amino acid substitutions. Journal of Biological Chemistry 1988; 

(263) 3542-3545. 

127 



MacNamara JR, Campos H, Ordovas JM, Peterson JH, Wilson PWF, 

Schaefer E. Effect of gender, age, and lipid status on low density lipoprotein 

subfraction distribution. Arteriosclerosis; 1987: (7) 483-490 

Mahley, R. W. Heparan sulfate proteoglycanllow density lipoprotein 

receptor-related protein pathway involved in type ill hyperlipoproteinemia 

and Alzheimer's disease. Isr. J. Med. Sci; 1996: (32) 414-429 

Mahley, R. W. Ji, Z-S., Brecht, W. J., Miranda, R. D., He, D. Role of 

heparan sulfate proteoglycans and the LDL receptor-related protein in 

remnant lipoprotein metabolism. Ann. NY Academy of Science; 1994: (737) 

39-52 

Mahley RW and Hussain MM. Chylomicron and chylomicron remnant 

catabolism. Current Opinion Lipidology; 1991: (2) 170 

Mahley RW. Apolipoprotein E: Cholesterol Transport Protein with 

Expanding Role in Cell Biology. Science 1988; (240) 622-640. 

Mahley RW and Rall SC. Type m Hyperlipoproteinaemia (DysB): The Role 

of Apolipoprotein E in Normal and Abnormal Lipoprotein Metabolism. In 

128 



The Metabolic and Molecular Basis of Inherited Disease, Volume IT, Seventh 

Edition' Scriver CR,Beaudet AL, Sly WS and Valle D. 1993, 1953-1980 

Mazurkiewicz JC, Watts GF, Warburton FG, Slavin BM, Lowy C, Koukkou 

E. Serwn lipids, lipoproteins and apolipoproteins in pregnant non-diabetic 

patients. J Clin Pathol; 1994 Aug: 47 (8) 728-31. 

Montelongo A, LasWlcion MA, Pallardo LF, and Herrera E. Longitudinal 

study of plasma lipoproteins and honnones during pregnancy in normal and 

diabetic women. Diabetes; 1992: (41) 1651-1659. 

Naoum HG, De-Chazal RC, Eaton BM, Contractor SF. Characterization and 

specificity of lipoprotein binding to tenn human placental membranes. 

BiochimBiophys Acta; 1987: (902) 193-199. 

Nguyen T, Warnick GR. Improved method for the quantitation of total HDL 

and subclasses. Clin Chem; 1989: (35) 1086 

Nilsson-Ehle P, Garfinkel AS, Schotz MC. : Lipolytic enzymes and plasma 

lipoprotein metabolism.Annu Rev Biochem; 1980: (49) 667-93 

129 



Ordovas JM, Pocovi M, and Grande F. Plasma lipids and cholesterol 

esterification rate during pregnancy. Obstet Gynecol; 1984: 63:20-25 

Pagan A, Havel RJ, Kane JP and Kotite L. Characterization of human very 

low density lipoproteins containing two electrophoretic populations:double 

pre-beta lipoproteinaemia and primary dysB; Journal of Lipid Research 1977 

(18) 613-622. 

Peters JP, Heinemann M, Man EB. The lipids of serwn in pregnancy_ Journal 

of Clinical Investigation; 1951: (30) 388-394 

Piechota W, and Staszewski A. Reference ranges of lipids and 

apolipoproteins in pregnancy. Eur J Obstet Gynecol Reprod BioI; 1992: (45) 

27-35. 

Potter 1M and P.J. Nestel, The hyperlipidaemia of pregnancy in normal and 

complicated pregnancies. Am J Obstet Gynecol133 (1979), pp. 165-170 

130 



Psaty BM, Heckbert SR, Atkins D, Siscovick DS, Koepsell TO, Wahl PW, 

Longstreth WT Ir, Weiss NS, Wagner EH, Prentice R, et al. A review of the 

association of oestrogens and progestins with cardiovascular disease in 

postmenopausal women. Arch IntemMed; 199310028: 153 (12) 1421·1427 

Rifai N, Bachorick PS and Albers II. Lipids, Lipoproteins and 

Apolipoproteins. In Tietz Textbook of Clinical Chemisrty; Third Edition, 

Burtis CA and Ashwood ER: WB Saooders Company, 1999, 809·861 

Russell PT. Lipids. In Clinical Chemistry ,Theory, Analysis and Correlation. 

First Edition, Kaplan LA and Pesce AI. CV Mosby Company, 1984, 1183· 

1229 

Sanan, D. A., Fan, I., BensadoWl, A., Taylor, I. M. Hepatic lipase is 

abWldant on both hepatocyte and endothelial cell surfaces in the liver. I Lipid 

Research; 1997: (38) 1002·1013 

Sattar N, Greer fA, Galloway PI, et al. Lipid and lipoprotein concentrations 

in pregnancies complicated by intrauterine growth restriction. Iournal of 

Clinical Endocrinology Metabolism; 1999: (84) 128-130. 

131 



Sattar N, Greer IA, Louden J, et aI. Lipoprotein subfraction changes in 

normal pregnancy: threshold effect of plasma TG on appearance of small, 

dense low-density lipoprotein. Jownal of Clinical Endocrine Metabolism; 

1997: (82) 2483-2491. 

Schwertner HA, Torres L, Jackson WG, ClarkDA. Pregnancy as a model for 

studying honnonal mechanisms involved in cholesterol metabolism. 

Arteriosclerosis; 1985: (5) 520a 

Shafi S, Brady SE, BensadoWl A, Havel RJ. Role of hepatic lipase in the 

uptake and processing of chylomicron remnants in the rat liver. Journal of 

Lipid Research; 1994: (35) 709-720. 

Shen MMS, Krauss RM, Lindgren FT et aI. Heterogeneity of sennn low­

density lipoproteins in normal hwnan subjects. J. Lipid Res; 1981: (22) 236-

244 

SHUman K., Tall AR, Kretchmer N, Forte TM 

Unusual high-density lipoprotein subclass distribution during late pregnancy. 

Metabolism. 1993 Dec;42(12):1592-9. 

132 



Silliman K, Shore V, Forte TM. HyperTOmia during late pregnancy is 

associated with the formation of smaIl dense low-density lipoproteins and the 

presence of large buoyant high-density lipoproteins. 

Metabolism; 1994 Aug: 43 (8) 1035-41 

Stampfer MJ, R.M. Krauss, J. Ma et al., A prospective study of TO level, 

low-density lipoprotein particle diameter, and risk of myocardial infarction. 

JAMA 276 (1996), pp. 882-888 

Steinberg D, Parathasarathy S, Carew T, Khoo J, Witzwn JL. 1989 Beyond 

cholesterol: Modifications of low-density lipoprotein that increase its 

atherogenicity. New Engl J Med; 1989: (320) 915-924. 

Stock MJ, Metcalfe J. Maternal physiology during gestation. In: The 

Physiology of reproduction. New York: Raven Press; 1994: 947-983. 

Stow, J. L., Kjellen, L., Unger, E., Hook, M., Farquhar, M. O. Heparan 

sulfate proteoglycans are concentrated on the sinusoidal plasmalemmal 

domain and in intracellular organelles of hepatocytes. J. Cell BioI; 1985: 

(100) 975-980. 

133 



Tan CE, Squires L, Caslake MJ, et at. 1995 Relationship between very low 

and low-density lipoprotein subfractions in normolipaemic men and women 

Arterioscler Thromb Vasc BioI, 13: 1839-1848 

Tornvall P, Karpe F, Carlson LA, Hamsten A. 1991 Relationship of low­

density lipoprotein subfractions to angiographicaUy defined coronary artery 

disease in y01mg survivors of myocardial infarction. Arteriosclerosis; 1991: 

(90) 67-80. 

Turfitt GE. The microbiological degradation of steroids. 2 Oxidation of 

cholesterol by Proactinomyces spp. Bichemistry J; 1944: (38) 49 

Utermann G, Hees and Steinmetz A. Polymorphism of apolipoprotein E and 

occurrence ofdysB in man. Nature; 1977: (269) 604-607. 

Utermann G, Steinmetz A and Waber W. Polymorphism of hwnan 

apolipoprotein E: genetic control and gene frequencies. American Journal of 

Hwnan Genetics. 1982 

Utermann G, Ganzler M, Hees M, Jaeschke M, Muhlfellner W, Schoeborn 

W and Vogelberg KH. Studies on the metabolic defect in broad- disease 

(hyperlipoproteinaemia type ill) Clinical Genetics; 1977 (12) 139-154 

134 



Veniant M, Zlot C, Walzem R, Pierotti V, Dricoloui R, and D Dichek. 

Lipoprotein Clearance Mechanism in LDL Receptor-Deficient 'Apo-B48 

only' and 'Apo-B-I00 only' mice. Journal of Clinical Investigation; 1998; 

(102) 8: 1559-1568 

Walsh BW, Schiff!, Rosner B, Greenberg L, Ravnikar V, Sacks FM. Effects 

of postmenopausal oestrogen replacement on the concentrations and 

metabolism of plasma lipoproteins. New England Journal of Medicine; 1991: 

(325) 1196-1204. 

Warnick GR, Mayfield C, Albers JJ, and Hazzard WR. Gel focusing method 

for specific diagnosis of familial hyperlipoproteinaemia type m. Clinical 

Chemistry 1979 (25) 279-284 

Warnick GR, Benderson J Albers JJ. Dextran sulfate-Mg2+ precipitation for 

quantitation of high-density lipoprotein cholesterol. Clin Chem; 1982: (28) 

1379-88 

13S 



Warnick GR, CheWlg MC, Albers JJ. Comparison of current methods for 

high-density lipoprotein cholesterol quantitation. Clin Chern; 1979 Apr: 25 

(4) 596-604 

Warnick GR, Albers JJ. A comprehensive evaluation of the heparin­

manganese precipitation procedure for estimating high-density lipoprotein. J 

Lipid Res; 1978: (19) 65-76 

Warth MR, Arky RA, and Knopp RH. Lipid metabolism in pregnancy. ID. 

Altered lipid composition in intermediate, very low, low, and high-density 

lipoprotein fractions. J Clin Endocrinol Metab; 1975: (41) 649--655. 

Weidman SW, Suarez B, Falko 1M, Witztwn JL, Kolar J, Raben H and 

Schonfeld G. Type ill hyperlipoproteinaemia: development of a VLDL apoE 

gel isoelectric focusing technique and application in family studies. Journal of 

Laboratory Clinical Medicine; 1979: (93) 549-571 

Weisgraber KH, RaIl SC, and Mahley RW. Human E apoprotein 

heterogeneity: cysteine-arginine interchanges in the amino acid sequences of 

the apoE isoforms. Journal of Biological Chemistry; 1981: (256) 9077-9083 

136 



Williams PF, Simons LA, Turtle JR.Plasma lipoproteins in pregnancy. Honn 

Res; 1976: 7 (2) 83-90. 

Wittmaack FM, Gafvels ME, Bronner M, et aI. Localization and regulation 

of the hwnan very low density lipoprotein/apolipoprotein-E receptor: 

trophoblast expression predicts a role for the receptor in placental lipid 

transport. Endocrinology; 1995: (136) 340--348. 

van Stiphout W A, Hofman A, de Bruijn AM. Serum lipids in yOWlg women 

before, dming, and after pregnancy. Am J Epidemiol; 1987 Nov: 126 (5) 922-

8 

Zannis VI, and Breslow U. Hwnan VLDL apoE isoprotein polymorphism is 

explained by genetic variation and post-translational modification. 

Biochemistry; 1981: (20) 1033-1041. 

Zannis VI, Just PW and BreslowJL. Hwnan apolipoprotein E isoprotein 

subclasses are genetically determined. American Journal of Hwnan Genetics; 

1981: (33) 11-24. 

137 



Zechner R, Desoye 0, Schweditsch MO, Pfeiffer KP, Kostner OM. 

Fluctuations of plasma lipoprotein-A concentrations during pregnancy and 

post partum. Metabolism; 1986 Apr: 35 (4) 333-6. 

138 



Zechner R, Desoye G, Schweditsch MO, Pfeiffer KP, Kostner GM. 

Fluctuations of plasma lipoprotein-A concentrations during pregnancy and 

post partwn. Metabolism; 19~6 Apr: 35 (4) 333-6. 

138 



APPENDIX 1 

., .-" 

'ZVlRIMAERERANO NEONGORORI JNO 

tINI'VERSlTY OF 21MB.tutWE 
J)epartmeat orOllI .. d~ 

aa4 
Rarare City IIalth Dej)l.l'tmc8t 

Mut.sa iri. tjdut .... ~ mhtmdodzemlfilta_aaikwa~ ~ 
Ir.-. baa rii1l!mhj..,. ~~:m""""O"?pIIIIIIIlocb:i inoita bisa 
nhlP i . INa bwmatbIa .........ntwamllftlllll. Waoaorom,..inoda ropa shoIamUU 
(cbipuall dlimwe_~chae ridrato&wa katItu. Mafuta abwanda IDIllqIII ooo.gcDI 

............ isa lnaaoaiwolDliUta aya, MogcDl ~ aIarwauda pauguva ~ 
aduIwsab tidlaPda rimwe ropa ~ RllliaISl'lWD!iP,b. Kaa pachioae pavranitwa 
~ise lIbIDO,dai1:em1:te '\Vl!D}'D mozms..w.1C8IIa panecbabipa ~ 
muabu oekuda kwemaitta, l'III.IIlbu ~ ODObva atauritwa ~ yezwmafiai nzira 
dzeb.lzvidziWira J:taCbobtiirful btiadtndze qPIz:i ~~. 

BVUMlDZQ YEKUQNGOllORWA KWEMAf!lfA MUNE 'VAKAZ)TIAKURA. 
Ini ndinobwma Jo.dj iDi boa hIIma d.zaDp dzitonw ropa kana :nimwewo lwti zviongororwe 
netuci zvizopfibikwa kana zvaara. 

Zita. .................................................................................................... . 

Kl!I:O yekwnba ........... _ ....................................................................... . 
Nhen,go id.wIJe iri : mbodzi dzinob:va mwopa O. 
MusIm.~ ZlIIkakwana ndinormri:sisa kuti: 
"Kutorwa ~ • h/da.ImI njodzi y.abkur:a aekuti nzim nezvinhu .zWtoshanclisw<I 
ndizyo zviri~. 

"Mhodzi icbi nervic:IIawanik ~IWa uku, zvidlac:beugetwa zwbtsindidzwa 
zvabo}'JUIya.~~:yekw'apw.a~$.'eU)--~ bumbiro 
ten1itr.tao :YIItSiba cbvanhu )Uacarirwa vaong<K'Qri nellnM!r.sity. Mhodzi irh:i 
~a~ lIl!IDIICherecblKbo _ nhamba inenge usma zita rangu 
Bvumo,..~ ~ ichidiwa kuti 1"'iitiko nezvose n'inoeoder.ana 
oeIaQlgotOt.ll ubi zvitaliline kana kunItid;twa lame ITlWmII'lI munhu brut chikwata 
·Ch~ ~ kana dll!Chiitiko dlioCJgODa bsabudapachena aebda 
kwekusanzwisisa z:vaIcakwana pamusoro puvinoitwa n«Izinde iri Iam:\>~ kana 
rvisingakwanisib kuri rioagororwe mwnbori kana lwti mubama dzose-. ~ uekuIi 
~ tnadziBdIIl!lCJBOIIa brpombod:ra boa .Iculcr.tdIidt: maitiro idziQde iri. In; %\'05e 

zviaogQoa k.uti ndizopa dzimwBtnOdzi kana bti mhuri yenp ~ muwull 
rnokJDiBe ~ vamwaWllhu vasati vakumbirwa 
*Mbodzi dziomga dzakapfimbikwa, dzin.og!ana kutDtwa muchihWlllldehwand& lruti 
~ muIatr.svaka n'*utsigin Imburitsa padleo.a.umbawo wa. 
*Ndinogona kIIlnisI bwmo yangu m~ iyi pandioenge ndada U>'e%I.~ 
.nisingazoshandura marapirwo angu mUl:lllramanpwana. 

Signature ............................................................................ Nnimbo .............. . 

Cltapupu (N}'OQI ~ ................... , ..•. , ..•.•••••• Zuw ........................ . 

139 



'. 

APPENDIX 2 

INFORMAllON ABOUT mE Sll1DY 

.. . lbis study will examiae tbe lit ill tIM: blood (cholesterol_ tPc\cel iih) ad IIowkisdisttihiik:d 
imo di1i:reat pIIticfis(JipoplotM da:b~} -.la" tDit,..a_iR~the 
fill conc:cutratila iR a.lIbM. thIt .. witl'~.'oar, ....... of blood (1.5 . 
teaspoons) at 3 ... E • e •• fi4 m 1ht 'blmd lP.liidI&dtO~bat lQII)'ooty!date to' 
the time that youae pnIIIIIIDt .... tlIal is whta~""'1Ic~1_1btprCJIIIiIIICYis O¥a'. 

If. problem is bmdClurq or .. tIII:~.tfJtMfiilfl!.belllll!dtbowato,ourdoctor. 
If a 'significant JPd problem is, diw»'IICRld,. Jon' wmJI4 beahJe to lllidfI* ~ measmes 
mI Jessen the risk ofheart ~ on. a4vice of an expert cJinic. 

I '-' 

CONSENT FOR STUDY OFPIA.SMAUf'OPROrEINS IN PREGNANCY 

NAME ......................... : ............................................................. . 

AOORESS .................................................................................. .. 

ADalysd and Storage orBioIogie SaR!p}e$: PIasmIIand DNA 

I hereby consent to the l'CIDOwl, processing. storage and analysis of the abovemateriaJ. :fi:ommy 
own body :fbr the purpose of diagnosis ml :research into disorders of lipid and lipoprotein 
.metabolism. After due expIauatioD, I understand that: 
(l)Conventio1l8lproeedures8Dd techniques are employli:d and that the heelthrisk is minimal. 
(2)The material and n:suIts of the inwstigations remain strictly confidential ~rding to medical 
practi<:e and such ethical gu&!ines as gowm research at the universities. To ~'e IIlIOlIymity, 
the samples are coded by IlUIJlbers and my written pennission is required fur release ofidenti:fiabIe 
infurmation to another party. , 
(3)Precise diagnoses may DOt always be possible because the defect{s) may not yet be knoVtn or 
there is iDadequate other .information to derM the defect OVl1ng to modulatOIY roks that other 
genes or the environment may play. 
(4) The stored material may be used aimnymously in future to derive new infoniwion or 
fOr rcsean:h purposes. Suda tunue use may be of DO dim:t benefit to the subject 
(5) Permission to participate in tbe study may be withdmwn III any time and any stored 
biological material will also be destroyed. The withdrawal will not affect the subject's 
futnre mediad care. 

Study Subject Name ............................. , ...... .. Signature ......................................... . 

WrtIIeS!; Natne ............................................ .. Signature ................................. .. 

Date .......................... .. P1!sce ...................................... . 

140 




