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Chapter I 

INTRODUCTION 

Oral contraceptives have been shown to be a risk factor 

for coronary heart disease (CHD), at least in women over 40 

years of age. The estrogen component of the contraceptives 

has been shown to be responsible for major alterations of 

lipid metabolism (1,2). Although the literature abounds 

with studies of estrogen and oral contraceptive administra-

tion to premenopausal women and intact rats, the literature 

concerning estrogen treatment and lipid metabolism in the 

postmenopausal state is meager. 

Estrogens are used to treat climacteric complaints such 

as hot flashes and profuse sweating and to prevent atrophy 

of target organs such as skin, breasts, vagina and vulva 

(3). In postmenopausal women, estrogen deprivation is 

thought to be a factor in the development of osteoporosis 

(4), rheumatoid arthritis and hirsutism (3). Recent retros-

pective studies have cited the use of estrogens by postmeno-

pausal women as a risk factor for the development of endome-

trial carcinoma (5). In spite of the concern of a casual 

relationship between estrogen therapy and endometrial canc-

er, many women choose to use estrogens for the rapid relief 

of climacteric symptoms and for the feminizing effects. 

1 
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Diets high in saturated fats have been incriminated as 

having a causitive role in increasing plasma cholesterol and 

promoting the development of CHD (6) while polyunsaturated 

fats lower plasma cholesterol levels (7,8). In view of 

this, the Select Committee on Human Needs of the U.S. Senate 

has recommended (9) that Americans decrease consumption of 

saturated fat and increase consumption of polyunsaturated 

fat. They recommended a concomitant decrease in fat con-

sumption from 43 to 30% of total caloric intake. These 

changes would alter the P/S ratio of the typical American 

diet from 0.5 to 1.0. 

The influence of saturated vs polyunsaturated fat on 

plasma lipids may be altered by exogenous estrogens and by 

the decline of endogenous estrogen levels. Tabacchi and 

Kirksey (10) investigated the influence of oral contracep-

tives as well as type of dietary fat on plasma lipid levels 

in rats that were intact or ovariectomized. Interactions 

among these treatments suggest that the influence of dietary 

polyunsaturated vs saturated fats on plasma lipids is influ-

enced by the hormonal status of rats. 

In animal models, few compounds have been as effective 

as estrogens in altering blood lipid levels. For this rea-

son alone, estrogens are valuable tools in the study of li-

poprotein metabolism. 
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The impact of exogenous estrogens on carbohydrate and 

lipid metabolism deserves attention since a great number of 

women in this country undergo short-term or long-term estro-

gen therapy. Yet few studies have been designed to assess 

the effect of estrogen replacement in postmenopausal women 

or ovariectomized rats, and there is a paucity of informa-

tion concerning possible interactions of hormonal status and 

type of dietary fat. 

This study has been designed to determine whether the 

effect of various dietary fats on plasma lipids and lipopro-

teins could be influenced by the hormonal status of rats. 

The fats used in this experiment (coconut oil, safflower oil 

or cocoa butter) were chosen because the fatty acid compo-

nents of the triglycerides vary greatly in saturation and in 

chain length. This experiment focused on: 

plasma cholesterol and triglyceride levels 

relative distribution and gross composition of VLDL 1 

and HDL that were eluted by gel filtration chromotog-

raphy 

relative proportions of HDL to VLDL + LDL as estimat-

ed by polyacrylamide gel electrophoresis 

Also studied were: 

1 VLDL=very low density lipoproteins, LDL=low density lipo-
proteins and HDL=high density lipoproteins. 
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body weights, weight gain and food intake 

uterus weights 

liver weights, moisture and lipid content 



Chapter II 

REVIEW OF LITERATURE 

2.1 THE MALE SEX AND THE POSTMENOPAUSAL STATE AS RISK 
FACTORS FOR CORONARY HEART DISEASE 

It has been a long standing observation that premeno-

pausal women have lower incidence of coronary heart disease 

(CHD) than do their male age-mates. For example, for the 

residents of Framingham, MA, which have been examined bien-

nially since 1948, the incidence of CHD in subjects 45 to 54 

years of age was 15 times greater for men than for premeno-

pausal women (11). A contrast of the type of CHD experi-

enced by men as compared to women, regardless of menstrual 

state, was still favorable for women. Angina pectoris was 

the major complaint of most women, but of only 25% of men. 

In most men, CHD was first manifested as myocardial infarc-

tion or sudden death. 

Two papers from the Framingham Study have focused on 

the postmenopausal state as a risk factor for CHD (11,12). 

Both indicated that after menopause, women lose their rela-

tive immunity to CHD. The first of two reports (12), pub-

lished in 1976, was a report on the 20 year follow-up of 

these subjects. · For this report, data were combined from 

premenopausal and menopausal women. This was called the 

5 
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premenopausal group, and was contrasted with data from post-

menopausal women. For women age 40 to 54, postmenopausal 

women had a higher incidence of CHD. However, when examined 

by age groups, the higher incidence of CHD in postmenopausal 

women was significant only for women 40-44 years of age, an 

age when most menopause is surgically induced. The risk of 

CHD by age group was difficult to evaluate due to the low 

number of observations per treatment. Further subdivision 

for natural and surgical menopause showed no difference be-

tween these two groups, but this may be unreliable due to 

the small number of observations. 

The second paper from the Framingham Study concerning 

menopausal status and risk for CHD, published in 1978, was 

the result of the 24 year follow-up (11). In addition to 

having more data for this paper, the authors separated the 

data of menopausal women from that of premenopausal women. 

By doing this a sharper distinction could be made between 

premenopausal and postmenopausal effects. The authors stat-

ed that the incidence of CHD was greater for menopausal than 

for premenopausal women, but they did not support this ob-

servation with data. The authors contrasted the incidence 

of CHD in premenopausal women to that of women who were 

postmenopausal naturally or due to surgery. For the age 

range of 40-54 years, women who had natural or surgical me-
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nopause were at greater risk of CHD than were premenopausal 

women. For both postmenopausal groups the relative risk of 

CHD as compared to premenopausal women was 2.7 to 1. In 

this age range there was no difference in the presenting 

form of CHD between women who were postmenopausal naturally 

or surgically. Angina pectoris accounted for 58% of new 

cases of CHD while myocardial infarction and sudden death 

accounted for 30 and 6 to 8%, respectively. 

A complicating factor in this study (11) was the fact 

that women with surgical menopausal status had an increased 

risk of CHD even when both ovaries were left intact. 

Furthermore, these women did not appear to have elevated 

levels of serum cholesterol as, generally, do postmenopausal 

women. 

Problems of age difference arise when working with hu-

man subjects to assess the postmenopausal status as a risk 

for CHD. In the Framingham Study there was an age differ-

ence within four years age spans; postmenopausal women were 

0.6 years older. Additionally, it must be questioned wheth-

er biological age may differ from chronological age. That 

is, can it be assumed that a 47 year old woman who is pre-

memopausal is the same biological age as a postmenopausal 

woman of the same age? 
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2.2 OVERVIEW OF LIPOPROTEIN METABOLISM 

Fats of dietary origin are packaged in the absorptive 

cells of the small intestine as chylomicrons and very low 

density lipoproteins (VLDL). VLDL are also synthesized in 

the liver from glucose, amino acids and free fatty acids. 

These lipoproteins have a hydrophobic core of triglyceride 

and cholesterol ester and an outer membrane or shell of 

phospholipids, unesterified cholesterol and apolipoproteins 

(13). 

In the circulatory system~ core triglyceride of chylo-

microns and VLDL are hydrolyzed as they come into contact 

with lipoprotein lipase (LPL), and the free fatty acids are 

taken up by peripheral tissues (13). The triglyceride-rich 

lipoproteins carry the activator of LPL, apolipoprotein CII 

(14) as well as the inhibitor of LPL, apolipoprotein CIII 

(15). The particles resulting from triglyceride hydrolysis, 

remnants or intermediate density lipoproteins, are smaller 

and contain proportionately more cholesterol (13). 

The fate of remnants is species dependent (16). In hu-

mans, most remnants are further metabolized to low density 

lipoproteins (LDL) in the plasma (17). In rats, approxi-

mately 85-95% of remnants are cleared by the liver (18,19). 

This is the probable explanation for the very low levels of 

LDL in this species. 
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LDL, which deliver cholesterol to tissues, are the 

major cholesterol carrying lipoprotein in humans. LDL are 

the predominant lipoproteins found in atherosclerotic plaque 

(20), and high levels of plasma LDL are positively associat-

ed with atherosclerosis (21). 

Goldstein and Brown (22) have proposed a model, the LDL 

pathway, for regulating cellular uptake of cholesterol. LDL 

are taken up by a receptor mediated process; and, once in-

ternalized, are hydrolyzed in lysosomes. The free choles-

terol released may become a membrane component or a sub-

strate for steroid synthesis; excess is stored as 

cholesterol ester. In the presence of LDL, cells shut down 

synthesis of cholesterol by inhibiting HMG CoA reductase, 

the rate limiting enzyme of cholesterol synthesis. Another 

protection against cholesterol overload is control of LDL 

uptake. When the cell has sufficient quantities of LDL, 

cell receptors for LDL are no longer synthesized. In spite 

of these protective measures, human peripheral cells can be-

come overloaded with LDL and thus with cholesterol. 

Goldstein and Brown have suggested that the system is over-

whelmed by the high levels of LDL common in humans. They 

have speculated that, under these conditions, LDL may be 

taken into peripheral cells, by pinocytosis, when receptor 

sites are no longer available. 
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High density lipoproteins (HDL) appear to have roles in 

protection against atherosclerosis. HDL can remove choles-

terol from peripheral tissues and deliver it to the liver 

where it is processed for excretion (23). HDL are the pre-

ferred substrate for lecithin:cholesterol acyltransferase 

(LCAT), an enzyme that initiates the esterification of cho-

lesterol with a fatty acid froin phosphatidyl choline of HDL. 

Another mechanism by which HDL may protect against atheros-

clerosis is by competing with LDL for binding sites. Be-

cause HDL is poorly internalized by peripheral cells, less 

cholesterol is incorporated into the cells (24). 

HDL originate in the liver and perhaps in the small in-

testine (25). They may also arise from catabolism of tri-

glyceride-rich lipoproteins by the proposed mechanism of 

Tall and Small (26) and Redgrave and Small (27). As VLDL 

and chylomicrons lose triglyceride from their core, the sur-

face material, which is predominantly phospholipids, is pre-

sent in excess. The surplus membrane folds onto itself 

forming buds of lipid bilayer. These buds break away and 

internalize cholesterol from other lipoproteins or from per-

ipheral tissues as they are acted on by lecithin: choles-

terol acyltransferase. 
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2.2.1 HDL Subspecies 

The predominant HDL subspecies in humans are HDL2 and 

HDL3. It is HDL2 that is thought to be more protective 

against CHD. HDL2 is elevated by physical activity (28) and 

women have more HDL2 than do men (29). Although HDL2 are 
0 

smaller than HDL3 [70-75 vs 95-100 A] (30), HDL3 may be a 

precursor of HDL2. Patsch (31) has produced particles that 

resemble HDL2 in size and in density by incubating HDL3 with 

LPL and VLDL. Alternatively, HDL2 may arise directly from 

budding of excess surface material from triglyceride-rich 

lipoproteins (26). 

In rats, the major HDL subspecies are HDLl and HDL2. 
0 

HDLl are smaller than HDL2 [80-120 vs 140-250 A] and contain 

more cholesterol and less protein than do HDL2 (32). Both 

HDLl and HDL2 of rats contain arginine-rich apoprotein 

(ARP), an apolipoprotein that is present only in traces in 

humans and most other specise. 

With cholesterol feeding, rats accumulate a subspecies 

of HDL, HDLc, with flotation properties similar to that of 

LDL (33). However, this lipoprotein differs from LDL since 

it lacks apolipoprotein B, the major apolipoprotein of LDL. 

Although HDLc contains more cholesterol and less protein 

than does HDLl, HDLc may represent an enhanced accumulation 

of the HDLl of normal rats (34). 
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It has recently been observed that HDLc binds to 

receptors of plasma membranes and effectively competes with 

LDL not only for receptor sites but also for internalization 

and degradation (35). The implications of this binding, 

whether it accelerates or mitigates the atherosclerotic pro-

cess, is a current topic of research (36,37). 

2.3 ESTROGEN TREATMENT AND PLASMA LIPIDS OF WOMEN 

2.3.1 Estrogen Treatment and Plasma Cholesterol 

Notelovitz (38) compared plasma cholesterol levels of 

34 postmenopausal women before and after they began estrogen 

treatment. Premarin, 1.25 mg/day, was taken by the women in 

cycles of three weeks on medication and one week off for 15 

months to 2 years. At the end of this time, total plasma 

cholesterol was decreased from pretreatment levels (292 vs 

252 mg/dl). There was a decrease in LDL due to estrogen 

treatment (582 vs 514 mg/dl); HDL were not assayed. 

Punnonen and Rauramo (39) reported the effects of es-

tradiol succinate on plasma total cholesterol values of wom-

en receiving bilateral oophorectomies. One month after sur-

gery, cholesterol levels were significantly increased from 

preoperative levels (259 vs 283 mg/dl). After surgery 10 

women received no estrogen treatment and served as controls. 

The experimental group consisted of 50 women who began es-



13 

trogen treatment 1 month after surgery. They took 2 

mg/day of estradiol succinate continuously for three years. 

Plasma cholesterol levels tended to decrease over the three 

years in women taking estradiol succinate to 271 mg/dl while 

plasma cholesterol levels of control women remain elevated 

(290 mg/dl). The authors concluded that although treatment 

with estradiol succinate caused only minor decreases in 

plasma cholesterol over 3 years time, it inhibited age-re-

lated increases in plasma cholesterol. 

The effects of estrogen replacement on plasma choles-

terol and lipoprotein fractions were reported by Wallentine 

and Larsson-Cohn (40). Ethinyl estradiol, 0.05 mg/day, or 

estradiol valerianate, 2 mg/day, were given to 20 or 19 

postmenopausal women, respectively. The drugs were taken in 

cycles of 3 weeks on medication and 1 week off, and plasma 

lipid levels were determined after ~, 3 and 6 cycles of es-

trogen treatment. For women taking ethinyl estradiol, total 

cholesterol and unesterif ied cholesterol were decreased aft-

er 1, 3 and 6 cycles. These parameters were decreased in 

women given estradiol valerianate only after the first cycle 

of medication. 

In that experiment, the concentration of LDL cholester-

ol decreased by approximately 30% after 1,3 and 6 cycles of 

ethinyl estradiol (40). In women taking estradiol valeria-
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nate, levels of LDL cholesterol decreased only after the 

first cycle, and this decrease was relatively mild (6%). 

Levels of HDL cholesterol increased at all 3 time periods 

for both estrogen treatments. Levels of HDL cholesterol in-

creased 30-35% in women taking ethinyl estradiol and 3-11% 

in women taking estradiol valerianate. 

A direct comparison of the two estrogen compounds in 

this experiment was probably not valid. As the authors 

pointed out, ethinyl estradiol was 80 to 100 times more po-

tent than estradiol valerianate. They suggested that 2 mg 

of estradiol valerianate was comparable to 1.25 mg of equine 

estrogens for supression of vasomotor symptoms in postmeno-

pausal women. 

Estradiol valerianate was the estrogen chosen by 

Nikkila and Tikkanen (41) for use by their 17 postmenopausal 

subjects. After taking estradiol valerianate, 2 mg/day for 

12 months, LDL cholesterol levels decreased by 24% (258 vs 

198 mg/dl). Women with the highest initial levels of LDL 

cholesterol had the greatest decreases in this lipoprotein 

fraction as a result of estrogen treatment. Levels of HDL 

cholesterol increased by 29% during estrogen treatment (55 

vs 71 mg/dl). 

Isaacs and Havard (42) reported mild decreases in plas-

ma total cholesterol in 22 postmenopausal women treated with 
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1.5 to 3.0 mg of piperazine estrone sulfate. The estrogen 

was taken in cycles of 3 weeks on medication and 1 week off, 

and plasma lipids were measured 3 and 6 months after initia-

tion of estrogen therapy. Decreased levels of plasma cho-

lesterol were observed at 3 months (282 vs 264 mg/dl), but 

no further reduction was seen at 6 months. Ten of the women 

had abnormally high initial levels of plasma cholesterol. 

In these women cholesterol levels fell from pretreatment 

levels of 325 mg/dl to 297 and 286 mg/dl at 3 and 6 months, 

respectively. Levels of LDL fell from pretreatment levels 

of 228 mg/dl to 202 mg/dl at 6 months. Levels of HDL were 

not significantly changed. 

There appears to be general agreement in the literature 

concerning the effect of estrogen replacement therapy on 

plasma total cholesterol and cholesterol concentrations of 

LDL and HDL. Plasma total cholesterol generally decreased 

in response to estrogen therapy, although the decreases were 

generally mild in normolipemic women. 

The major cholesterol carrying lipoproteins, LDL, de-

creased as a result of estrogen therapy while HDL levels in-

creased or were unchanged. Elevated levels of plasma cho-

lesterol and LDL are considered risk factors for CHD (43), 

while HDL levels are inversely related to CHD (44,45). 

Therefore, it has been speculated that use of estrogens may 

protect postmenopausal women against against CHD (40,42). 
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However, all evidence does not favorably support estro-

gens as having a protective role for postmenopausal women. 

Gordon et al (11) have reported that for Framingham women, 

use of estrogens after menopause was associated with a 2 

fold increase in risk of CHD. Although mortality was not 

increased in postmenopausal women taking estrogens, the in-

cidence of angina pectoris was 2.3 times greater in users 

than in nonusers of estrogens. The hormone most commonly 

used by these women was Premarin. 

2.3.2 Estrogen Treatment and Plasma Triglycerides 

Furman et al (46) noted that estrogen therapy for post-

menopausal women caused plasma triglycerides to increase as 

a result of increased levels of VLDL. These authors report-

ed that increased levels of serum triglycerides were a more 

sensitive response to estrogen administration than were in-

creased levels of HDL cholesterol. 

Perhaps more importent was their finding that as a re-

sult of estrogen administration, VLDL as well as HDL were 

elevated. These authors described VLDL as increasing in 

parallel with HDL. More recently, Krauss et al (47) report-

ed a strong positive correlation (r = 0.76) between plasma 

triglyceride and HDL cholesterol levels of 1382 participants 

in the Walnut Creek Contraceptive Study (48). These women 
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were 21 to 62 years of age and were taking oral contracep-

tives or other forms of estrogens. Certainly, the increase 

in VLDL concentration detracts from what otherwise may have 

been assumed to be a favorable response to estrogen treat-

ment. 

Many investigators would disagree with the view of 

Furman et al (46) that elevation of plasma triglycerides is 

a more sensitive response to estrogen administration than is 

the increase in HDL cholesterol. Although some investiga-

tors (40,42,47) have found VLDL to be increased in postmeno-

pausal women taking estrogens, other investigators have not 

(38,41). 

Menopausal women studied by Isaacs and Havard (42) had 

plasma triglyceride values of 87 mg/dl prior to estrogen 

treatment. Plasma triglyceride levels were elevated to 102 

mg/dl and 98 mg/dl after treatment with estrone sulfate (1.5 

to 3.0 mg/day) for 3 and 6 months, respectively. 

Plasma triglycerides were elevated in postmenopausal 

women treated with 0.05 mg/day of ethinyl estradiol (40). 

Initial plasma triglyceride concentrations of 108 mg/dl were 

elevated to 137 mg/dl and 144 mg/dl after 1 and 3 cycles, 

respectively, of this hormone treatment. In the same study, 

women taking estradiol valerianate (2.0 mg/day) did not have 

elevated levels of plasma triglycerides, although their lev-

els of HDL cholesterol did increase. 
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Nikkila and Tikkanen (41) administered estradiol vale-

rianate (2 mg/day) to postmenopausal women for 12 months and 

found no change in plasma triglyceride or VLDL levels com-

pared to pretreatment levels. Notelovitz (38) failed to 

find a change in plasma triglycerides as a result of treat-

ing postmenopausal women with conjugated equine estrogens 

(Premarin, 1.25 mg/day) for 15 months to 2 years. 

The effect of castration on plasma triglyceride levels 

is less frequently reported than is the effect of estrogen 

treatment. However, Punnonen and Rauramo (39) have reported 

that 1 month after bilateral oophorectomy the mean plasma 

triglyceride levels of their 50 patients increased from 97 

to 124 mg/dl. 

2.4 ESTROGEN TREATMENT AND PLASMA LIPIDS OF ANIMALS 

2.4.1 Type, Dosage and Duration of Estrogen Administration 

Generally, postmenopausal women rather than ovariectom-

ized laboratory animals have been used as subjects in exper-

iments designed to determine the effects of estrogen re-

placement on blood lipid levels during the postmenopausal 

state. However, rats are frequently ovariectomized to min-

imize variation resulting from stage of the estrus cycle at 

the time of the experimental observation. The type, dosage, 

duration and route of administration of estrogen as well as 
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the age of animals and the feeding conditions vary widely 

among studies. This may account for the lack of consensus 

concerning the effect of estrogens on blood lipid levels in 

ovariectomdized rats. 

A study by Ferreri and Naito (49) examined type, dosage 

and duration of estrogen administration as variables for the 

response of serum lipids. They injected vari0us dosages of 

17-p-estradiol or mestranol into adult female rats daily for 

two weeks and measured concentration of serum cholesterol, 

triglycerides and relative proportions of HDL and VLDL + 

LDL. With estradiol, a biphasic response for serum choles-

terol was observed; high dosages of estradiol (250pg and 2 

mg) decreased serum cholesterol whereas low dosages (2.5 and 

25 µg) increased cholesterol levels. Mestranol injected at 

doses of 0.025, 0.25, 2.5 and 250 pg, elevated serum choles-

terol at each level except the 0.025 pg dosage. 

Serum triglycerides were elevated in rats by both mes-

tranol and estradiol at levels of 2.5 pg/day. With mestra-

nol, the 250 pg dosage decreased serum triglycerides below 

that of controls. This response was judged to be the result 

of liver damage as evidenced by a 5 to 8 fold increase in 

serum bilirubin. 

Serum lipoproteins also showed a biphasic response with 

respect to dosage. An increased ratio of HDL:VLDL + LDL was 
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observed when rats were given the 25 µg dosage. At the dos-

age level of 2 mg/day, the ratio of HDL:VLDL + LDL was de-

creased. An increase in the level of HDL was responsible 

for the increased cholesterol cohcentration seen when low 

dosages of estradiol were administered. 

The duration of treatment influenced serum lipid re-

sponse to estrogen administration (49). After 5 weeks of 

treatment, 0.25, 2.5 and 25 ).lg of estradiol elevated serum 

cholesterol and triglycerides. After 8 weeks of treatment 

only the 0.25 µg dosage elevated serum cholesterol, and tri-

glycerides were not elevated at any of these dosage levels. 

2.4.2 Plasma Lipids and Lipoproteins of Animals Treated 
with Estrogen 

2.4.2.1 Intact Animals 

A recent study by Hak-Joong and Kalkhoff (50) measured 

lipoprotein fractions as well as plasma total cholesterol 

and triglycerides in intact adult female rats. Plasma cho-

lesterol levels of rats injected with estradiol benzoate (5 

µg/day for 21 days) was not different from those of rats re-

. ceiving no hormone treatment; however, HDL was significantly 

increased in rats given estrogen. The composition of HDL 

changed as a result of estrogen treatmemt: the percentage 

of protein and cholesterol increased while percent trigly-

ceride was decreased and percent phospholipid was unchanged. 
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It has been commonly observed that estrogens elevate 

plasma triglyceride levels in rats (50,51) and in chicks 

(52,53). In intact female rats, injection of estradiol ben-

zoate (5 pg/day for 21 days) caused plasma triglycerides to 

increase from 170 mg/dl to 256 mg/dl (50). This increase in 

plasma triglyceride was due to increased levels of VLDL. 

2.4.2.2 Ovariectomy and Estrogen Replacement 

In contrast to women, plasma total cholesterol levels 

of rats are not significantly increased as a result of ovar-

iectomy (10,51). However, the effect of estrogen in ovar-

iectomized rats is not clear. Ovariectomized rats injected 

with 17-fi-estradiol (lO)lg once weekly for 3 weeks) had ele-

vated levels of plasma cholesterol as compared to those giv-

en no estrogen (116 vs 81 mg/dl) (51). Yet, Tabacchi and 

Kirksey (10) reported that plasma cholesterol was decreased 

in ovariectomized rats as a result of feeding small doses of 

various oral contraceptives for 28 days. It should be noted 

that unlike postmenopausal pills, oral contraceptives con-

tain progestins which may have strong antiestrogenic effects 

on blood lipids in women (48) and in rats (51). 

Ovariectomy may alter the composition of HDL in ICR 

mice (54). It was observed in this laboratory that after 

electrophoretic separation of plasma lipoproteins of ovar-
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iectomized mice, HDL appeared as two distinct bands. A sin-

gle band was produced from HDL of intact mice or ovariectom-

ized mice injected with 1 ).lg of 17~)3-estradiol for 6 days. 

The proportion of HDL to VLDL was not altered by ovariecto-

my. Yet, in a subsequent study using mice of the same 

strain, we were unable to support this observation (55). 

The effect of castration alone on plasma triglycerides 

in rats has not been commonly reported. Fischer and Swain 

(51) found no significant difference in plasma triglycerides 

of intact and ovariectomized rats. However, there was a 

trend toward higher triglyceride levels as a result of cas-

tration. 

These authors also investigated triglyceride levels in 

ovariectomized rats after estrogen replacement. They re-

ported that ovariectomized rats had plasma triglyceride lev-

els of 25 mg/dl while ovariectomized rats injected with 

17-p-estradiol (10 ,ug once weekly for 3 weeks) had trigly-

ceride values of 39 mg/dl. However, Tabacchi and Kirksey 

(10) found that feeding low levels of oral contraceptives 

elevated plasma triglycerides only in intact rats. Since 

oral contraceptives did not change the plasma triglyceride 

concentration in ovariectomized rats, the authors suggested 
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that the effect of synthetic hormones is altered by the ab-

sence of endogenous estrogens. 

2.5 OTHER BIOLOGICAL EFFECTS OF ENDOGENOUS AND EXOGENOUS 
ESTROGENS 

2.5.1 Estrogen Levels 

Englund and Johansson (56) assessed by radioimmunoassay 

estrogen levels in women who had undergone natural menopause 

for a minimum of two years prior to the study. Four hours 

after oral administration of a single dose of 1.25 mg of 

Premarin (Ayerst), plasma levels of estrone were increased, 

and after 6 to 10 hours a peak of 120 to 180 pg/ml was 

reached. Plasma estrone returned to baseline levels 48 

hours after administration in three of five subjects. Es-

tradiol followed the same time pattern but reached a peak 

value of 40 pg/ml. 

Levels of estradiol, luteinizing hormone (LH) and fol-

licle-stimulating hormone (FSH) were reported by Utian et al 

(57). The 11 women in that study were premenopausal prior 

to surgery (total hysterectomy) and were not taking estro-

gens. Data from these women were collected before and after 

surgery as well as after estrogen replacement using 0.30, 

0.63, 1.25 or 2.50 mg Premarin per day. This treatment be-

gan 8 days after surgery and followed a cycle of 2 weeks on 
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estrogen treatment followed by 2 weeks off treatment then 2 

weeks on the next higher estrogen level. Prior to surgery, 

estradiol levels of these women had been 73 pg/ml plasma. 

The first postoperative day the levels of estradiol had 

dropped to near 20 pg/ml. Levels of FSH and LH increased on 

days 2 and 3, respectively. Although the 0.3 mg dosage of 

Premarin did not change estradiol to preoperative levels, 

0.63 and 1.25 mg were effective in returning estradiol to 

levels similar to preoperative levels. Although LH and FSH 

declined when the women took 0.63 or 1.25 mg of Premarin, 

they did not return to preoperative levels. The 2.5 mg dos-

age was effective in returning FSH but not LH to preopera-

tive levels; yet, this level increased plasma estradiol lev-

els to 163 pg/ml. 

2.5.2 Hormonal Status and Vaginal Cytology 

The vaginal epithelium is composed of several layers: 

the basal, parabasal, intermediate and superficial layers. 

The level of circulating estrogens greatly influences the 

structure and thickness of the vaginal epithelium. In re-

sponse to increased endogenous or exogenous estrogens, vagi-

nal epithelium proliferate and exfoliate large, flat, super-

ficial cells called squamous cells. 
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In the presence of very low levels of estrogen, the ep-

ithelium matures only to the intermediate layers. This is 

the case in prepubesence and in late menopause (58). Exfo-

liated epithelial cells are smaller and more rounded than 

are the superficial, squamous cells. 

In the absence of estrogens, the vaginal epithelium ma-

tures only to the parabasal layers. Cells from these layers 

are small, round and, unlike more mature cells, are devoid 

of glycogen (59). In the absence of glycogen the normal Do-
derlein flora disappears. This, in combination with atroph-

ic vaginal epithelium increases the risk of inflamation and 

atropic vaginitis. 

2.5.3 Estrogen and Body Weight 

The effect of estrogens on energy balance of humans has 

not been elucidated (3). In the Framingham Study (60) it 

was found that women who experience surgical menopause with 

bilateral oophorectomy weighed more than premenopausal, 

age-matched controls by 3.6% at the biennial exam prior to 

surgery. Although they tended to be heavier (2.9%) at the 

first biennial exam after surgery, the difference from con-

trols was not significant. In contrast; women who experi-

enced natural menopause weighed less than premenopausal, 

age-matched controls at biennial exams prior to (2.3%) dur-

ing (2.6%) and after (2.4%) menopause. 
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Estrogens are known to influence energy balance in rats 

(61-64). Tarttelin and Gorski (61) reported that on the day 

of estrus, food consumption was depressed 20% from mean food 

intake. Body weights at estrus were significantly lower 

than at diestrus or proestrus but not different from metes-

trus. 

Wade (62) and Ter Haar (63) concur with Tarttelin and 

Gorski (61) that food intake and body weight fluctuate with 

the estrus cycle. However, the latter authors maintain that 

proestrus, rather than estrus, is the time of decreased food 

intake. Ter Hear has shown that adult females gain weight 

in spurts that correspond to estrus. Differences reported 

by these investigators in regard to eating behavior and body 

weight may be a matter of categorizing the phases of the es-

trus cycle since Wade classifies proestrus as the period 

when the female is sexually receptive. 

Tarttelin and Gorski (61) reported that ovariectomy 

also has a strong influence on food consumption and body 

weights. Although food intake was decreased during the 

first 2 days after surgery; subsequently, both food intake 

and body weight were significantly greater than that of in-

tact controls. Thirty-two days after surgery the ovariec-

tomized rats had attained body weights that were 22% greater 

than preoperative levels. Controls had an increase in body 

weight of 5% during this time. Estradiol benzoate injec-
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tions of 0.5 µg per 100 g body weight (61) or estradiol imp-

lant (64) in ovariectomized rats resulted in significantly 

decreased food consumption (61) and body weights (64). 

2.6 INDUCTION OF HYPERCHOLESTEROLEMIA IN RATS 

The rat is quite resistant to hypercholesterolemia. 

Feeding cholesterol in the absence of lipid inducing agents 

causes only marginal increases in plasma cholesterol (32). 

For example, Kim et al (65) produced plasma cholesterol lev-

els in male Wistar rats of 78 mg/dl plasma by feeding a diet 

containing 40% butterfat for 4 weeks. Addition of 5% cho-

lesterol to this diet resulted in plasma cholesterol levels 

of only 83 mg/dl. 

In 1959, Nath et al (66) reported that hypercholester-

olemia could be induced in rats by feeding the bile salt so-

dium chelate in a high fat diet containing hydrogenated co-

conut oil and cholesterol. Plasma cholesterol levels were 

drastically increased by incorporating both sodium chelate 

and thiouracil into the diet (Table 1). 

Kim et al (65) evaluated plasma cholesterol response of 

rats to various combinations of lipid inducing agents. In 

combination with high fat diets, they fed cholesterol (5.0%) 

propylthiouracil (0.3%), sodium chelate (2.0%) and choline 

chloride (1.0%). Both sodium cholate and propylthiouracil 



TJ\BLE 1 

Experimental conditions and plasma cholesterol levels attained by feeding lipid-inducing agents 

Dietary Components 
('!; b:i'. weight) Plasma Liver Liver 

Sex and Strain Feeding Propylthio- Cholesterol Lipid Cholesterol 
Reference of rats Period Bile salt uracil Cholesterol Fat (mg/c ll (%) (mg/g liver) 

Nath, N. et al (66) Male 10 wk 1 0.3 1. 0 24% 
Sprague-Dawley Sodium (thiouracil) llydrog. 
or Wistar Chelate Coconut 18f;O 16 68 

or 
None 344 27 135 N 

Kim, D.N. et al (65) ·Male 4 wk 2 o. 3 5.0 40't ex> 
Wis tar Sodium Dutter 392 • • 

Cho late 

Renaud, s. (67) Male l:l wk • None 5.0 32% 
lloltzman Sodium Cocoa Butter !l 30 • • 

Chelate or 
Butter 580 • • 

Tabacchi, M.11. & Female 5-6 mo 0.5 None 0.5 20'1; 
Kirksey, A. (10) Wis tar Sodium Coconut 550 • 34 

Chol ate or 
Safflower 330 • 1\4 

Mahley, R.W. & Male 2-4 wk 0.35 0.1 1. 0 5% 
llolcombe, K.S. ( 33) Osborne-Mend le Sodium Lard 400-fiOO • 

Taurocholate 

Weisgrab~r. K.11. Male 1-2 mo 0.3 0.1 1. 0 5i 
et al (34) Sprague-Dawley Sodium Lnrd 250-300 • • 

Taurocholate 

D'Atri, G. Male 2 wk 2 None 2.0 • 
et al (68) Sprague-Dawley Sodium lligh Pat 17 76 • 50 

Cholate 
T/imount not reported 
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were strong promoters of hypercholesterolemia, and when fed 

in combination, their effects were augmented. Choline chlo-

ride produced varying effects with different combinations of 

the other lipid-inducing agents. 

Mahley (32) suggested the addition of 0.35% taurocholic 

acid, 0.1% propylthiouracil and 1.0% cholesterol to diets 

containing 5% lard to induce hyperlipoproteinemia in rats. 

This was a great reduction in the amount of propylthiouracil 

from that used by Nath (66) and by Kim et al (65). The lat-

ter authors considered the quantities of propylthiouracil 

they used significant to produce hypothyroidism in rats. 

Mahley and coworkers (32-34) use sodium taurocholate rather 

than sodium glycocholate in lipid-inducing diets for rats, 

perhaps because taurocholic acid is the major bile salt of 

rats (69). 

Bile salts are surfactants that markedly increase ab-

sorption of dietary cholesterol and cholesterol that has 

been secreted from the liver into the intestine via bile. 

Thus, feeding bile salts increases recycling of cholesterol 

via entero-hepatic circulation. 
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2.7 TYPE OF DIETARY FAT AND LIPID METABOLISM 

Kinsell et al (70) were among the earliest investiga-

tors to report that substitution of polyunsaturated fats for 

animal (saturated) fats caused a lowering of plasma choles-

terol in humans. This observation has been confirmed by ma-

jor investigators ·of lipoprotein metabolism (71-73). 

The mechanism of action of polyunsaturated fats in low-

ering plasma cholesterol has not been clearly established, 

but the following possibilities have been suggested: de-

creased absorption, decreased synthesis, redistribution from 

plasma to tissues and increased excretion of cholesterol 

and/or bile salts (74). 

Feldman et al (75) compared absorption rates in rats of 

14C after administering oral doses of mixtures containing 

14C-cholesterol, cholic acid and tristearin, tiolein or saf-

flower oil. The label was quantitated in both feces and 

lymph and 14 C in plasma was measured as a percentage of an 

IV dose of 3H-cholesterol. Rats fed tristearin absorbed 

significantly less cholesterol (45% of oral dose) than did 

rats fed triolein (69% of oral dose). Rats fed safflower 

.oil absorbed 69% of cholesterol as measured by fecal excre-

tion and by lymph collection of 14 C and 83% as measured by 

the dual isotope method. In contrast, McGovern and 

Quackenbush (76) found no difference in 14C-cholesterol ab-
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sorption in rats fed diets containing 20%, by weight, saf-

flower oil or hydrogenated coconut oil. 

Feeding polyunsaturated rather than saturated fats may 

cause not only decreased levels of plasma cholesterol but 

also increased levels of tissue cholesterol. For example, 

McGovern and Quackenbush (76) found that feeding polyunsatu-

rated fat decreased plasma cholesterol but increased hepatic 

cholesterol levels. In that experiment, rats were fed diets 

containing 20% fat, 1% cholesterol and 0.5% sodium glycocho-

late. Plasma cholesterol was significantly lower in rats 

fed safflower oil rather than hydrogenated coconut oil (154 

vs 438 mg/dl). However, livers of rats fed safflower oil 

contained considerably more cholesterol (89 vs 69 mg/g liv-

er). 

It should be noted that dietary factors other than type 

of dietary fat have strong influences on liver cholesterol 

levels. Like McGovern and Quackenbush (76), Carroll (77) 

reported lower plasma cholesterol values of rats when the 

diet (15% fat, 1% cholesterol) contained polyunsaturated fat 

(corn oil) rather than saturated fat (hydrogenated coconut 

oil). However, liver lipid, expressed per 100 g body 

weight, was higher for corn oil fed animals only when su-

crose rather than starch was the source of dietary carbohyd-

rate. In the absence of exogenous cholesterol this pattern 
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was reversed. For either dietary carbohydrate group, livers 

of rats fed hydrogenated coconut oil contained more lipid 

than did those of rats fed corn oil. 

Inhibition of cholesterol synthesis is probably not the 

mechanism by which polyunsaturated fats lower plasma choles-
' terol. Labeled precursors of cholesterol ( 14 C-acetate and 

14 C-mevalonate) were more markedly incurporated into liver 

cholesterol when rats were fed polyunsaturated fat rather 

than saturated fat (78). Also, HMG-CoA reductase was higher 

in livers of rats fed polyunsaturated fat rather than satu-

rated fat. 

Grundy (79) reported that both plasma cholesterol and 

triglycerides were lowered in 7 of 11 hypertriglyceridemic 

patients when changed from a diet high in saturated fat 

(lard) to a diet high in polyunsaturated fat (safflower 

oil). Both diets contained low levels of cholesterol. The 

decrease in plasma lipids were greatest for patients with 

the highest initial levels of plasma triglycerides. In 2 of 

8 patients, cholesterol content of bile was significantly 

elevated; and, in 4 of 8 patients, lithogenicity of bile was 

significantly elevated by feeding the polyunsaturated fat 

diet. Bile pools were unchanged indicating that the concen-

tration of bile was not due to a decrease in quantity ex-

creted. 
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Kim et al (80) found, in rats fed 15% fat, that those 

fed Gorn oil rather than butter excreted more fecal choles-

terol. That exper.iment involved injecting 14 C-cholesterol 

into rats and measuring 14 C excreted in feces 9 to !4 days 

after the dose. Although oxidation of cholesterol was not 

altered by type of dietary fat, rats fed chow rather than 

the synthetic diets had ~nhanced oxidation of cholesterol as 

measured by an increased ratio of expired 1 "CO to circulat-
' 2 

ing 14 C. 

Shepherd et al (81) compared the effects of diets high 

in polyunsaturated fat (P/S = 4.0) and saturated fat (P/S = 
0.25) on lipoprotein metabolism in men. Diets contained, on 

a kcal basis, 40% fat. Both diets contained 400 mg choles-

terol per day and were fed for 5 weeks. Feeding the polyun-

saturated fat diet resulted in a decrease of plasma choles-

terol and triglyceride of 23% and 14%, respectively. A 

decrease in LDL accounted for 67% of the reduction in plasma 

cholesterol. There was a 23% reduction in LDL cholesterol 

and a 27% reduction in VLDL and HDL cholesterol. Feeding 

the diet high in polyunsaturated fat enhanced clearance of 

131 !-apo LDL from plasma suggesting increased catabolism of 

LDL. In addition, chemical composition of LDL was modified 

by feeding the diet high in polyunsaturated fat. Relative 

proportions of cholesterol were decreased and phospholipids 

increased while triglyceride and protein were unchanged. 



34 

In another study using the same experimental design, 

Shepherd et al (72) reported the effects of the polyunsatu-

rated fat diet on HDL. In contrast to the diet high in sa-

turated fats, feeding the polyunsaturated fat diet reduced 

plasma HDL by 33% and reduced the ratio of HDL2/HDL3 by 28%. 

In addition, chemical composition of HDL was altered by 

feeding the diet high in polyunsatu~ated fat. Triglycer-

ides, phospholipids and cholesterol esters were enriched 

with polyunsaturated fatty acids at the expense of saturated 

fatty acids. Catabolism of 125I-apo A-I/HDL was decreased 

with feeding the polyunsaturated fat diet suggesting that 

synthesis or secretion of apo A-I was impaired. 



Chapter III 

MATERIALS AND METHODS 

3.1 EXPERIMENTAL DESIGN 

The experiment was designed as a 3 x 3 factorial with 

10 or 11 rats in each of 9 treatment combinations (Figure 

1). Experimental variables were type of fat fed; coconut 

oil, safflower oil or cocoa butter and hormonal status of 

the rats; intact, ovariectomized or ovariectomized receiving 

Premarin. 

35 
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Intact -E 
Coconut Oil 

Safflower Oil 

Cocoa Butter 

-E Coconut Oil 

Ovariectomized Safflower Oil 

Cocoa Butter 

-E 
Coconut Oil 

Ovariectomized 
+ Safflower Oil 

Premarin 
Cocoa Butter 

(n=ll) 

(n=ll) 

(n=ll) 

(n=ll) 

(n=ll) 

(n=lO) 

(n=ll) 

(n=ll) 

(n=lO) 

Figure 1: Experimental design: Dietary fat-hormonal status 
combinations and the number (n) of rats receiving 
each treatment. 
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3.2 DIETS AND ANIMALS 

Composition of diets is shown in Table 2. The order of 

mixing ingredients was that suggested by Navia (82) for min-

imizing protein-mineral and mineral-vitamin interactions. 

Casein, methionine, starch, sucrose and alphacel were mixed 

in a Hobart mixer (Model H600, Hobart Manuf. Co., Troy, OH). 

Choline, dissolved in water, was added and well mixed. Cho-

lesterol was dissolved in the fat, which had been heated in 

a double boiler. The previously mixed dry ingredients were 

combined with cooled cholesterol-fat mixture prior to addi-

tion of minerals. After minerals were coated with oil, vit-

amins were added and mixing continued for 45 minutes. Each 

diet was made in three batches. 

For batch one of all diets, glycotaurocholate was added 

to the oil. This resulted in a fine suspension of bile 

salts. For all other batches, glycotaurocholate was added 

directly to the dry ingredients. Addition of bile salts to 

dry ingredients is the preferred means of incorporation into 

semi-purified diets since bile salts are charged particles. 

However, bile salts were well mixed into all diets, and all 

diets were readily accepted by the rats. 

Just prior to addition of cholesterol, samples of the 

heated oil were taken for analysis of fatty acid composition 

by gas chromotography using a 0.6x350 cm column packed with 
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TABLE 2 

Composition of diets 

g/100 g kcal/100 g % of kcal 

Casein 20.0 80.0 18.2 

DL-Methionine 0.3 1.2 0.3 

Cornstarch 20.0 72.4 16.4 

Sucrose 20.0 77.0 17.5 

Fat 1 23.0 207.0 47.0 

Corn Oil 0.3 2.7 0.6 

Cholesterol 0.5 

Glycotaurocholic Acid 0.5 

AIN Mineral Mixture 3.5 

AIN Vitamin Mixture 1.0 

Choline Bitartrate 0.2 

Alphacel 10.7 

100.0 440.3 100.0 

1 Safflower oil (ICN Pharmaceuticals, Inc., Cleveland, OH), 
coconut oil (ICN) or cocoa butter (Bakers Chocolate and Coconut, 
Dover, DL). 
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15% diethylene glycol succinate (DEGS) on 60-80 mesh Chromo-

sorb W (Supelco, Inc., Bellfonte, PA). Percent fat of diets 

was determined on random samples of ration by extraction in 

a Soxhlet Apparatus. Petroleum ether was used as the sol-

vent and fat was extracted from samples for 48 hours. By 

this method fat content is determined, indirectly, as the 

difference in sample weight before and after extraction. 

The 8 month-old rats used for this study were retired 

breeders of the CD derived Sprague-Dawley strain (Charles 

River Laboratories, Wilmington, MA). Two-thirds were ovar-

iectomized; the remainder were sham operated. Surgery was 

performed by the supplier 2 days prior to being received at 

Virginia Polytechnic Institute and State University. 

Rats were housed individually in wire-bottom cages un-

der controlled temperature (23°) and lighting (12 hour 

light-dark cycle). Rats were fed, ad libitum, Rodent Labo-

ratory Chow #5001 (Ralston Purina Co., St. Louis, MO) until 

they began experimental diets. Access to water was continu-

ous throughout the experiment. 

The fifth day after arrival, rats were assigned to 

treatment groups by weight-controlled randomization. That 

is, the 3 heaviest intact rats were randomly assigned to the 

3 fat treatments and the 6 heaviest ovariectomized rats were 

randomly assigned to the 6 fat-hormone treatments for ovar-

iectomized rats. This process was continued with the next 
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heaviest set of animals and so on until all rats had been 

assigned to treatment groups. This method of assignment in-

sured equal body weight distribution among fat treatments 

but not among hormonal treatments. 

Rats ate experimental diets for 8 weeks (56 days). The 

feeding period was staggered over a 3-week period so that 

only 9 rats, one rat per treatment, were due to be sacrif-

iced on any given day. Thus, rats began eating experimental 

diets from 6 to 24 days after acquisition. Body weights and 

amount of feed consumed were recorded three times weekly. 

All animals remained healthy throughout the experiment. 

3.3 ADMINISTRATION OF PREMARIN 

During the last 4 weeks of the dietary period, half of 

the ovariectomized rats received Premarin (Ayerst Laborato-

ries, Inc., New York, NY) which was acquired in tablet form 

by prescription. Fresh Premarin solution was made weekly. 

The tablets were dissolved in 0.2 M glucose by stirring for 

30 hours on a magnetic plate. This solution was centrifuged 

for 20 minutes at 5,000 rpm (4500 g). Binding agents set-

tled to the bottom and conjugated estrogens were decanted in 

the supernatant. The solution was stored at 4° when not in 

use. 
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Those rats receiving Premarin were dosed on a metabolic 

body weight basis (83). The dose was calculated 3 days be-

fore initiation of Premarin treatment and was based on the 

mean body weight of ovariectomized rats that were to receive 

Premarin. Rats received 30 pg of Premarin per day, a dose 

comparable to that of a 1.25 mg2 dose taken by postmenopau-

sal women. The Premarin solution or glucose vehicle (for 

non-Premarin treatment) was administered each day between 

9:00 and 9:30 AM, including the day of sacrifice. Adminis-

tration was sublingual; dosage was delivered in 0.1 ml vo-

lume from a repeating, push button dispenser (Hamilton Co., 

Reno, NV). 

Vaginal smears were made from each rat 4 and 10 days 

after initiation of Premarin treatment to verify that this 

drug had biological activity in ovariectomized rats at the 

level administered. Cells were .viewed on an Olympus invert-

ed phase light microscope (Sigma Scientific Associates, 

Inc., Annandale, VA) at magnification 200X. Samples were 

coded to avoid investigator bias. 

2 The dose recommended for women with vasomotor symptoms as-
sociated with menopause. Women generally take Premarin 
cyclicly; three weeks on and one week off. 
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3.4 SACRIFICE OF ANIMALS AND COLLECTION OF TISSUES 

Rats were fasted for 8 hours prior to initiation of sa-

crifice. In order to minimize diurnal variation that occurs 

in blood lipids (84), all rats were killed within a 2.5 hour 

span from 2:30 to 5:00 PM. Rats were anesthetized with 

an intraperitoneal injection of sodium pentobarbital (Abbott 

Laboratories, North Chicago, IL or Barber Veterinary Supply 

Co., Richmond, VA). The dose for each animal was calculated 

on a body weight basis (0.075 gr/100 g body weight). Meto-

fane (Pitman-Moore, Inc., Washington Crossing, NJ), an inha-

lation anesthetic, was used as needed. 

Blood was collected from the abdominal aorta into syr-

inges or vacutainers containing Na 2 EDTA. Livers and uteri 

were excised, rinsed in 0.9% saline, blotted dry and 

weighed. All tissues were held on ice during sacrifice. 

Subsequently, livers and uteri were frozen. Blood was cen-

trifuged for 20 minutes at 2,000 rpm (900g) and plasma re-

moved. 

Two small aliquots of whole plasma from each rat were 

frozen for analysis of plasma lipids (cholesterol and tri-

glycerides) and total lipoproteins. Most of the plasma was 

pooled to provide 4 pools per treatment. Three of these 

pools contained 4.5 ml of plasma, 1.5 ml of plasma from each 

of 3 rats. 3 However, one pool from each treatment contained 

3.0 ml of plasma, 1.5 ml from each of 2 rats. 
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3.5 PLASMA LIPID AND LIPOPROTEIN ASSAYS 

3.5.1 Plasma Total Cholesterol and Triglyceride Analysis 

Total cholesterol and triglycerides of plasma were det-

ermined from each rat. Cholesterol was assayed by a colori-

metric procedure based on the Lieberman-Burchard reaction. 

The cholesterol reagent used for this assay was purchased 

commercially (Stanbio Laboratory, Inc., San Antonio, TX). 

Triglycerides were measured as described by Giegel et al 

(85). This method involves liberation of glycerol and its 

oxidation to formaldehyde. In this method, formaldehyde is 

reacted with 2,4 pentanedione to produce 

3,5-diacetyl-1,3-dihydrolutidine, which is read colorimetri-

cally. 

3.5.2 Isolation of Lipoproteins 

Pooled plasma was brought to a density of 1.225 by ad-

ding solid KBr (0.3517 g/ml). The plasma was then transfer-

red to 1.25 x 6.25 cm (6 ml) cellulose nitrate ultracentri-

fuge tubes, overlayed with KBr-NaCl (d 1.225) and capped. 

The samples were centrifuged in a 50.3 Ti rotor (Beckman In-

struments, Palo Alto, CA) for 48 hours at 40,000 rpm 

3 For two pools (one from ovariectomized rats receiving no 
Premarin and one from ovariectomized rats receiving 
Premarin) two rats provided 4.5 ml of plasma, 2.25 ml from 
each rat. 
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(120,000 g) at 16°. 

Total lipoproteins, which float at this density, were 

carefully removed from the tubes with a Pasteur pipet and 

dialyzed to remove KBr. Dialysate buffer contained 8.77 g 

NaCl, 0.1 g EDTA and 0.2 g NaN3 per liter; pH was adjusted 

to 7.2 with NaOH. Lipoproteins were kept at 4° during dia-

lysis and subsequent storage. 

After dialysis, lipoproteins were brought to twice the 

original plasma volume with the dialysate buffer described 

above. Samples thus contained 9 or 6 ml from which 2 or 1 

ml, respectively, was removed for determination of plasma 

total apolipoproteins (not included in this study). The re-

mainder was applied to agarose columns for separation of li-

poproteins as described by Rudel at al (86). 

3.5.3 Separation of Lipoproteins by Gel Permeation 
Chromatography 

Columns (2.5 X 100 cm) were filled to a 92 to 96 cm 

height with Bio-Gel A-Sm (Bio-Rad Laboratories, Richmond, 

CA). Columns were maintained at 3-7°. Column eluant was 

the same as the dialysate buffer previously described. The 

eluant was pumped from the column to a UV mon~tor by a per-

istaltic pump and the eluant was subsequently collected in 4 

ml fractions. A flow rate of 13.2 ml per hour was main-
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tained and carefully monitored before each sample applica-

tion to insure consistent elution of lipoproteins. The UV 

monitor was attached to a recorder for continuous monitoring 

of absorbance at 280 nm. However, the UV monitor (Bio-Rad 

Lab, Richmond, CA) did not work consistently. Therefore, 

the absorbance of each 4 ml fraction was read at 280 nm in a 

Beckman Spectrophotometer (Model 35, Beckman Peristaltic 

Sipper System) and absorbance plotted as a function of the 

tube number or eluant volume. 

Fractions from 2 of the 4 pools thus treated were dia-

lyzed against distilled water containing EDTA, 0.1 g/l. 

Within pools, all fractions representing the VLDL or HDL 

peak were combined. Each VLDL or HDL sample was equally di-

vided into two evaporating dishes, lyophilized and reconsti-

tuted to 1.0 ml with 0.9% saline. Proteins were determined 

by a modification (87) of the Lowery method (88), and ratios 

of HDL to VLDL protein were calculated. Cholesterol was as-

sayed as previously described and expressed as mg per 100 mg 

protein. 

3.5.4 Polyacrylamide Gel Electrophoresis 

Lipoproteins from whole plasma from 7 or 8 rats per 

treatment were separated by polyacrylamide gel electrohore-

si s (PAGE). The method used was that described by Niato and 
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Wada (89) for 3.7% gels except that the sample gel was omit-

ted. Plasma or lipoprotein fractions were incubated with 

Sudan Black B stain in ethylene glycol for 24 to 48 hours 

prior to electrophoresis. Electrophoresis was conducted at 

4°. Power was stopped when lipoprotein bands were well re-

solved. This generally took 20 minutes, and the fastest 

band had migrated approximately one cm into the running gel. 

Since lipoprotein bands fade rapidly, gels were removed from 

the cold individually and scanned through gel tubes. Gels 

were scanned immediately after electrophoresis in a Gelman 

densitometer (Model ACD-18, Gelman Instrument Co., Ann Ar-

bor, MI) using a wavelength of 600 nm and a slit width of 

0.2 X 3 mm. Bands were also photographed and sketched be-

fore gels were discarded. 

3.6 LIVER AND UTERUS ANALYSIS 

Livers and uteri from each animal were lyophilized, and 

percent moisture was caculated. Percent fat of livers was 

determined after fat was extracted in a Soxhlet Apparatus 

from lyophilized liver samples. 
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3.7 ANALYSIS OF DATA 

The effects of the type of dietary fat and the hormonal 

status of the rats was analyzed by General Linear Model 

Procedure. Differences among groups were determined by Dun-

can's Multiple Range Test for those parameters with signifi-

cant F values. Differences were accepted as significant 

when P < 0.05. Correlation coefficients (Pearson product-

moment) were determined for all variables. The Statistical 

Analysis System (90) computer program was used for all data 

anslysis. 



Chapter IV 

RESULTS AND DISCUSSION 

4.1 DIETARY LIPIDS 

Fat was calculated to be 23.3 g/100 g of diet. Alt-

hough this was slightly lower than the value of 27 g/100 g 

of diet obtained by Soxhlet extraction, values were consis-

tent among batches with a range of 26.6 to 28.0 g/100 g. 

Fatty acid composition of the dietary fats (Table 3) were 

similar to those previously reported for these fats (67,91). 

As anticipated, coconut oil contained predominantly short 

chain saturated fatty acids, especially lauric (C 12:0) and 

myristic (C 14:0). Safflower oil contained 76% of the fatty 

acids as a polyunsaturate, linoleic (C 18:2). Cocoa butter 

contained large amounts of the long chain fatty acids, pal-

mitic (C 16:0) and stearic (C 18:0), but the monounsaturated 

fatty acid, oleic (C 18:1), was the most abundant fatty acid 

in this fat. 

48 
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TABLE 3 

Percent fatty acid composition of dietary fats 

8:0 10:0 12:0 14:0 16:0 18:0 18:1 18:2 

% 

Coconut Oil 
Batch 

1 9.5 7.5 46.1 17.5 9.1 3.0 7.3 tr 1 

2 10.4 8.4 44.5 17.3 9.8 2.8 6.7 tr 
3 10.7 7.8 46.1 17.9 9.5 2.3 5.7 tr 

Safflower Oil 

1 7.1 2.7 13.3 76.9 
2 7.9 2.8 13.3 75.9 
3 8.1 3.1 13.6 75.2 

Cocoa Butter 

1 26. 3 31. 5 37.3 4.9 
2 26.7 31. 3 37.4 4.6 
3 25.5 31. 6 38.5 4.4 

1 tr=trace 
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4.2 BODY WEIGHTS AND FOOD INTAKE 

Initial body weights were not different by oil treat-

ment. After 28 days of feeding, rats fed.safflower oil were 

significantly heavier than those fed cocoa butter (Table 4). 

Body weights of rats fed coconut oil were not different from 

those of rats fed the other fats. Differences among final 

body weights (56 days) paralleled differences present after 

28 days of feeding. 

When body weight change was expressed as weight gain 

over the whole experimental period (Table 5), values for all 

dietary treatments differed significantly as follows: saf-

flower oil > coconut oil > cocoa butter. Also, more weight 

was gained during the first 28 days than the last 28 days of 

the study for all levels of both treatments. 

Body weights of ovariectomized rats were significantly 

greater than those of intact controls both initially and 

after 28 days of feeding. Ovariectomized rats began experi-

mental feeding 8 to 26 days after surgery, the difference 

being due to the staggering of the experiment over 3 weeks. 

Tarttelin and Gorski (61) have reported that ovariectomized 

rats remained heavier than controls during 32 postoperative 

days of study. At the end of 32 days, ovariectomized rats 

had body weights 22% above preoperative levels while during 

the same period, controls had increased in weight by 5%. 
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TABLE 4 

Body weights of rats by dietary fat and hormonal status 1 

Treatment 
Level 

Dietary Fat 

Coconut 
Safflower 
Cocoa Butter 

P>F 

Hormonal Status 

Intact 
Ovariectomized 
Ovariectomized 

+ Premarin 

P>F 

Dietary Fat-
Hormonal Status 
Interaction 

P>F 

n 

33 
33 
33 

32 
32 
33 

Body Weights 

Dosage 
Initial Began Final 
day 0 day 28 day 56 

g g g 

383+7a 420+1oab 444+11ab 
383+9a 44s+12a 472+13 3 

381"+8 3 410+1ob 424+1ob 

NS 0.05 0.05 

365+7 3 403+113 428+12 3 

392+sb 437+1ob 465"+13 3 

391+sb 441+1ob 449+11 3 

0.05 0.05 NS 

NS NS NS 

1Data expressed as means + SEM. Values within each column 
of a treatment that do not share a common superscript are 
significantly different (P<0.05). 



Treatment 
Level 

Dietary fat 
Coconut 
Sa ff lower 
Cocoa Butter 

P>F 

Hormonal Status 
Intact 
Ovariectomized 
Ovariectomized 

+ Premarin 

P>F 

Dietary Fat-
Hormonal Status 
Interaction 

P>F 

TABLE 5 

Weight gain of rats by dietary fat and hormonal status 1 

~ 

33 
33 
31 

32 
32 
33 

Weight Gain 
Dosing 

Overall Period 
g 

61+6 a 
89+7 b 
42+6 c 

0.001 

63+7 a 
73+8 a 
58+6 a 

NS 

NS 

g 

24+3 a 
24+4 a 
13+3 b 

0.05 

25+3 a 
28+4 a 

8+4 b 

0.001 

NS 

Average 
Daily Gain 

Dosing 
Overall Period 

g g 

Average Daily Gain 
per 100 kcal 

Dosing 
Overall Period 

g g 

l.l+0.1 8 0.8+0.1 8 l.5+0.1 8 l.l+0.2 8 
- b - a - b - a 1.6+0.l 0.8+0.l 2.0+0.l 1.2+0.2 - c - a - c - b 0.8+0.l 0.5+0.l 0.9+0.l 0.6+0.2 

0.001 NS 0.001 0.05 

l.l+0.1 8 1.0+0.la l.4+0.1 8 l.2+0.2 8 

l.3+0.1 8 0.9+0.la l.6+0.2 8 l.4+0.2 8 

l.o+o.1 8 o.3+0.1b l.3+o.1 8 0.3+0.2b 

NS 0.001 NS 0.001 

NS NS NS NS 

1 Data expressed as means + SEM. Values within each column of a treatment that do not 
share a common superscript are significantly different (P<0.05). 

lJ1 
N 



53 

During the dosing period there was no difference in 

food consumption (Table 6) or weight gain between intact and 

ovariectomized rats. However, rats treated with Premarin 

had significantly lower food intakes, weight gains and aver-

age daily weight gains during the period of Premacin treat-

ment. 

Weight loss during estrogen treatment is common in rats 

(64). This is consistent with the concept that estrogens 

regulate body weight in the female rat (62). During times 

of high estrogen levels such as proestrus or estrogen admin-

istration, rats decrease food consumption and lose body 

weight. Rats eat more and gain weight when estrogen levels 

are low; for example, during diestrus, pseudopregnancy or 

pregnancy. 

In spite of differences in body weights there was no 

significant difference in food consumption by oil treatment. 

The differences observed in body weights by oil treatment 

appear to be a function of utilization of food. Rats fed 

cocoa butter not only gained less weight than did those fed 

other fats, but also gained less per 100 kcal intake. 

Efficiency of absorption of dietary fats is dependent 

on triglyceride configuration; that is, position of fatty 
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TABLE 6 

Daily food intake of rats by dietary fat and hormonal 
status 1 

Treatment 
Level 

Dietary Fat 

Coconut 
Safflower 
Cocoa Butter 

P>F 

Hormonal Status 

Intact 
Ovariectomized 
Ovariectomized 

+ Premarin 

P>F 

Dietary Fat-
Hormonal Status 
Interaction 

P>F 

n 

33 
33 
31 

32 
32 
33 

Average 
Daily Food 

Intake 

Overall 
g 

16.3+0.3a 
17.5+o.4a - a 17.1+0.3 

NS 

16.8+0.4a - a 17.2+0.4 
16.9+0.3a 

NS 

NS 

Dosing 
Period 

g 

14.9+0.4a - a 15.0+0.4 
15.7+0.4a 

NS 

15.8+0.4a - a 15.5+0.4 - b 14.4+0.3 

0.05 

NS 

1Data expressed as means~ SEM. Values within each 
column of a treatment that do not share a common 
superscript are significantly different (P<0.05). 
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acids on the triglyceride molecule (92), as well as the 

chain length (93) and the degree of unsaturation of the fat-

ty acid component (75). Short and medium chain fatty acids 

and polyunsaturated fatty acids are more rapidly absorbed 

than are long chain fatty acids and saturated fatty acids. 

Ninety-five percent or more of dietary fat is absorbed 

by normal adults consuming 100 g of fat per day (94). 

gestibility of cocoa butter is 95%; coconut oil, 98%; 

oil, 97% and safflower oil, 96%. 

Di-

corn 

Feldman et al (75) demonstrated that the degree of unsatu-

ration of fatty acids influenced fat absorption in young adult 

male rats. He fed three fats containing predominantly 18 

carbon chains of saturated, monounsaturated and polyunsatu-

rated fatty acids. The diets contained 10% fat and were fed 

isocalorically; that is, food intake was limited to the mean 

intake of the dietary group (triolein) consuming the least 

food. Body weights of rats fed tristearin (18:0) were sig-

nificantly less than that of rats fed triolein (18:1) or 

safflower oil (18:2). Feces were analyzed for lipid content 

and average fat absorption levels were determined to be 73% 

with tristearin feeding and 98 and 97%, respectively, with 

triolein and safflower oil feeding. 

It has been demonstrated that efficiency of absorption 

is influenced by the arrangement of fatty acids on the tri-
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glyceride molecule. Mattson and Volpenhein (95) determined 

that, in rats, absorption of palmitic acid differed depend-

ing on the form fed. Absorption of palmitic acid as a free 

fatty acid was 55% while absorption of palmitic esterified 

in the 1-position and 2-position of a triglyceride was 84 

and 94%, respectively. 

In a similar experiment, Filer et al (92) studied the 

influence of triglyceride configuration on fat absorption in 

infants who were fed natural lard or randomized lard. 

Eighty-five percent of palmitic acid of the lard was in the 

2-position of the triglyceride whereas randomized lard had 

33% of palmitic acid in the 2-position. Absorption was sig-

nificantly enhanced by feeding natural rather than random-

ized lard. 

4.3 VAGINAL SMEARS 

The biological activity of Premarin at the dosage used 

was verified by viewing cells from vaginal smears (Figure 

2). Cells from ovariectomized rats not receiving Premarin 

were generally small, rounded epithelial cells that were not 

well nucleated. Cells from rats treated with Premarin were 

predominantly large, angular squamous cells which are typi-

cal at esterus or after estrogen administration. Taking 

smears from ovariectomized rats not treated with Premarin 
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was frequently difficult. Vaginal openings of these rats 

were visually smaller and inserting the pledget sometimes 

caused these rats discomfort. Cells from the smears of in-

tact rats varied greatly depending on stage of the estrus 

cycle. 
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INTACT 

OVARIECTOMIZED 

OVARIECTOMIZED + PREMARIN 

Figure 2. Vaginal epithe lia ~ cells ~rom rats t hat were 
i ntact , ovariectomized or ovariectomized and 
treated with ?remarin. 
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4.4 UTERINE WEIGHTS AND MOISTURE CONTENT 

Uterine weights and moisture content were different by 

hormonal status but not by fat treatment {Table 7). For 

uterine weights, uterine weight per kg body weight and ute-

rine moisture, each hormonal state differed significantly 

from the others. Intact rats had the heaviest uteri and the 

largest variation in uterine weight. This variation was 

probably due to fluctuations in uterine weight with stage of 

the estrus cycle. Ovariectomized rats not receiving 

Premarin had the lowest uterine weight, but treatment with 

Premarin did not restore uterine weights to levels compara-

ble to those of intact rats. This pattern of uterine 

weights was not altered by correcting for body weights (ute-

rine weight per kg body weight). 

Uterine moisture was greatest for intact rats, in-

termediate for ovariectomized rats receiving Premarin and 

least for the ovariectomized rats not receiving Premarin. 

Since moisture content of tissues frequently is positively 

associated with protein content, it could be speculated that 

uterine tissue of intact rats contained more protein than 

did others and that protein content of the uterus is de-

creased as a result of ovariectomy. Therefore, estrogen re-

placement was effective in reversing weight loss of uteri 

and uterine moisture. With administration of Premarin, 
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TABLE 7 

Uterine weights and uterine moisture of rats by dietary fat 
and hormonal status 1 

Uterus Weight 
Treatment Uterus per kg Uterine 

Level n Weight Body Weight Moisture 
mg mg mg 

Dietary Fat 

Coconut 33 361+34a 838+ 85 a 73+1a 
Safflower 33 427"+49 a 939"+120 a 73+la 
Cocoa Butter 31 381"+29 a 925+ 78 a 73+la 

P>F NS NS NS 

Hormonal Status 

Intact 33 602+38 a 1441+96 a 77+1 a 
Ovariectomized 32 201+12 b 443"+33 b 67+1 b 
Ovariectomized 32 359"+18c 800"+34 c 75+1 c 

+ Premarin 

P>F 0.001 0.001 0.001 

Dietary Fat-
Hormonal Status 
Interaction 

P>F NS NS NS 

1Data expressed as means~ SEM. Values within each column 
of a treatment that do not share a common superscript are 
significantly different (P<0.05). 



61 

these weights returned toward, but did not reach, weights of 

uteri and uterine moisture of intact rats. 

These results are consistant with the report by Woess-

ner (96) that in women over 50 years of age, postmenopausal 

involution occurs. This results in reduction of uterine 

weights by 53% and a reduction in collagen and elastin of 60 

anu 43%, respectively. 

4.5 LIVER WEIGHTS AND LIPID CONTENT 

Liver weights, liver lipid and liver moisture content 

were significantly different by fat treatment but not by 

hormonal status (Table 8). Ranking of liver weights was as 

follows: safflower oil > coconut oil > cocoa butter, and no 

two values of the oil treatment were the same. Correcting 

for body weight differences did not influence either ranking 

or significance at the 0.05 level. Percent lipid of livers 

paralleled liver weights and percent moisture of livers was 

inversely related to liver weights and liver lipids. 

At autopsy it was noted that, regardless of type of fat 

fed, all livers were fatty. Livers from rats fed safflower 

oil were generally dull and had a clay-like appearance. In 

this laboratory it has been noted that chow fed retired 

breeders of comparable age had livers that weighed 12 to 17 

g and contained 1.2 to 2.8% fat (97). 
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TABLE 8 

Liver weights, lipid and moisture of rats by dietary fat and 
hormonal status 1 

Liver Weight 
Treatment Liver per kg Liver Liver 

Level n Weight Body Weight LiEid Moisture 
g g % % 

Dietary Fat 

Coconut 33 a 39. 6+0. 8 a 25+1a 56+1 8 17.6+0.5 
Safflower 33 - b - b 33+1 b 50+1 b 20.7+0.6 44.0+0.9 
Cocoa Butter 31 - c 14.6+0.4 - c 34.7+0.8 20+1c 59+1c 

P>F 0.001 0.001 0.001 0.001 

Hormonal Status 

Intact 33 16.9+0.5 8 39.6+0.9 8 25+1 8 56+1 8 

Ovariectomized 32 - a 18.3+0.7 - a 39.3+1.l 26"+1 8 55"+1 8 

Ovariectomized 32 - a 17.9+0.8 - a 39.7+1.2 21+1 8 55+1 8 

+Premarin 

P>F NS NS NS NS 

Dietary Fat 
Hormonal Status 
Interaction 

P>F NS NS NS NS 

1Data expressed as means + SEM. Values within each column of 
a treatment that do not share a common superscript are 
significantly different (P<0.05). 
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Nath (66) noted fatty livers in male rats fed for 10 

weeks a diet containing 24% hydrogenated coconut oil, 1% 

cholesterol and 1% sodium cholate. Under these conditions 

livers contained 27% fat. Kim et al (65) also noted fatty 

livers in male rats fed diets containing 40% butter, 5% cho-

lesterol and 2% sodium cholate. However, these authors did 

not quantitate liver lipids. More recent papers (33,34,68) 

have reported plasma lipid and lipoprotein levels of rats 

fed bile salts but have not addressed the problem of fatty 

livers. 

4.6 PLASMA TRIGLYCERIDES AND CHOLESTEROL 

Plasma triglycerides were significantly different by 

fat treatment but not by hormonal status (Table 9). Rats 

fed coconut oil had higher levels of plasma triglycerides 

than did those fed safflower oil or cocoa butter. This is 

consistent with the findings of Tabacchi and Kirksey (10) 

who reported higher triglyceride levels for female rats fed 

coconut oil rather than safflower oil. 

No difference in plasma triglyceride levels was found 

between rats fed safflower oil and those fed cocoa butter. 

This finding is in contrast to the concept that replacing 

animal fats (which also contain long chain saturated fatty 

acids) with polyunsaturated fat will lower plasma triglycer-
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TABLE 9 

Plasma triglycerides of rats by dietary fat and hormonal 
status 1 

Treatment 
Level 

Dietary Fat 

Coconut 
Safflower 
Cocoa Butter 

P>F 

Hormonal Status 

Intact 
Ovariectomized 
Ovariectomized 

+ Premarin 

P>F 

Dietary Fat-
Hormonal Status 
Interaction 

P>F 

n 

33 
33 
31 

33 
32 
32 

Plasma 
Triglycerides 

mg/dl 

97+ 8 a 
44+10 b 
55+10 b 

0.001 

78+14a 
65+ 9 a 
55+ 6 a 

NS 

NS 

1Data expressed means ~ SEM. Values within a 
treatment that do not share a common superscript 
are significantly different (P<0.05). 
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ides. However, subjects that responded to polyunsaturated 

fats are generally those with initially higher values of 

plasma triglycerides (79). 

Body weight is positively associated with elevated lev-

els of plasma triglycerides. Therefore, one might speculate 

that plasma triglyceride levels of rats fed safflower oil 

were not lower than triglyceride levels of rats fed cocoa 

butter because of their greater body weights. However, this 

consideration is weakened since the correlation coefficient 

for plasma triglycerides and body weights was not signifi-

cant. 

Coconut oil contains predominantly medium chain trigly-

cerides which are rapidly absorbed. Fatty acids such as 

lauric and myristic are more water soluble than are the lon-

ger chain fatty acids. Once absorbed, most of these fatty 

acids travel directly to the liver via the portal vein. 

They may avoid being packaged as chylomicrons which are de-

livered via the thoracic duct to the blood stream at the 

subclavian vein. Perhaps the rapid absorption and delivery 

of lauric and myristic acids to the blood results in elevat-

ed levels of plasma triglycerides by mechanisms similar to 

carbohydrate-induced hypertriglyceridemia; that is, overpro-

duction by the liver. 
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In contrast to findings of other investigators (50-53), 

estrogen administration did not elevate plasma triglycer-

ides. However, this lack of influence of hormonal status in 

this experiment is consistent with the findings of Tabacchi 

and Kirksey (10) who found that oral contraceptives elevated 

plasma triglycerides of intact but not ovariectomized rats. 

Al~o, Fisher and Swain (51) have reported no significant 

difference in plasma triglyceride levels of rats that were 

intact or ovariectomized. 

There was a significant interaction (P>F = 0.001) be-

tween treatments for plasma cholesterol levels. As illus-

trated in Figure 3, rats fed cocoa butter had higher levels 

of plasma cholesterol than did those fed the other two fats. 

This increase in plasma cholesterol was especially prominent 

with intact rats. 

Feeding saturated fats or long chain fatty acids in 

conjunction with cholesterol is known to increase plasma 

cholesterol levels in humans (98) and in rats (99). Howev-

er, it should be pointed out that there are species differ-

ences with regard to distribution of plasma cholesterol 

among lipoproteins. In humans, low desity lipoproteins 

(LDL) are the predominent lipoprotein species responsible 

for the transport of cholesterol (98). In rats, high densi-

ty lipoproteins (HDL) are the major lipoprotein, and approx-
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OC>lesterol (rrq/dl) 

m::i so 
I 160+18 280+50 

Ovx 138+19 128+10 

Ovx + p 107+ 8 181+34 

----=::::: ~vx + P = Ovx 

CNO so 

CN:: Cl! 

I 160+18 825+77 

Ovx 138+19 313+74 

Ovx + p 107+ 8 335+43 

Ovx · ~o,,+p 

CNO CB 

so CB 

I 280+50 825:':77 

OVx 128+10 . 313:!:_74 

Ovx + P 181+34 335+43 

so CB 

Dietary fat-hormonal status interaction 
for plasma cholesterol levels. I = intact, 
Ovx = ovariectomized, Ovx+P = ovariectomized 
+ Premarin. CNO = coconut oil, SO = saf-
flower oil, CB = cocoa butter. 
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imately 75% of plasma cholesterol in rats is carried by HDL 

(32). In rats, levels of LDL and HDL have been reported to 

be 16 and 128 mg/dl, respectively (99). In contrast, women 

ages 30 to 49 have LDL levels of 330 mg/dl and HDL levels of 

320 mg/dl (98). From these values it can be calculated that 

the ratio of HDL to LDL in women and in rats is 1 and 8, 

respectively. 

4.7 ELUTION OF LIPOPROTEINS BY GEL FILTRATION 

Total lipoproteins eluted as two major peaks (Figures 

4 and 5 ). Although these figures represent data from in-

tact rats, lipoprotein profiles from other rats were simi-

lar. The largest particles, very low density lipoproteins 

(VLDL), eluted first. Identification of this peak as repre-

senting VLDL was verified by polyacrylamide gel electro-

phoresis (PAGE). The peak absorbance for VLDL was typically 

at 172 ml with a range of 168 to 176 ml. Variation in elu-

tion volume of VLDL was minimal. 

The maximum absorbance for the second peak was typical-

ly at 300 ml with a range of 288 to 308 ml. Lipoproteins 

eluted in this area will be referred to as HDL although the 

complete absence of other lipoprotein classes could not be 

confirmed by PAGE. Fractions representing the second peaks 

were pooled and concentrates were used as samples for PAGE. 
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Figure 4. Lipoprotein elution profile from agarose 
columns showing patterns for rats fed 
safflower or coconut oil. 
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In 3.7% acrylamide gel, this material produced not only 

bands in the HDL region but also a band in the VLDL region. 

This band in the VLDL region may have been due to aggrega-

tion of HDL particles rather than to the presence of VLDL. 

Alternatively, this band could represent "sinking pre-beta" 

lipoproteins. These lipoproteins have the buoyant density 

of.HDL. Yet, like VLDL, they have pre-beta mobility by aga-

rose electrophoresis (30). Whatever the cause, it was appa-
' 

rently not a result of the treatments, for a similar pheno-

menon occurred with lipoproteins from intact retired 

breeders fed chow (100). 

In that study, VLDL (d<l.006) and HDL (d 1.063-1.225) 

were isolated by ultracentrifugation and subsequently ap-

plied to the agarose column. Although the VLDL produced a 

single peak, the HDL produced a major peak in the HDL region 

and a small, but distinct, peak in the VLDL region. Density 

solutions were checked and found to be correct. Also, human 

pl.asma samples that were isolated in the same run with the 

same density solutions showed no VLDL contamination of the 

HDL. 

Albumin, when present, eluted at 350 ml. An example 

can be seen in the elution profile of lipoproteins from rats 

fed cocoa butter. Chemical characterization of material 

eluted from this area supported identification of this peak 
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as albumin. The material was extremely high in protein but 

devoid of cholesterol. 

Fainaru et al (101) reported that separating lipopro-

teins of rats by gel filtration chromatography produced 2 

peaks corresponding to elution of VLDL and HDL. In con-

trast, Nicholosi et al (102) found that separation of lipo-

proteins of gerbils by gel filtration produced a distinct 

LDL peak as well as VLDL and HDL peaks. 

In this experiment the elution patterns (Figures 4 and 

5) of lipoprotein classes showed no variation in elution vo-

lume by experimental treatments. Nicholosi et al (102) also 

reported no variation in elution volume of lipoproteins from 

gerbils fed safflower oil or coconut oil. They interpreted 

this to indicate no size difference of lipoprotein classes 

by oil treatment. However, since VLDL elutes at the void 

volume (86), a strict distinction by size cannot be made for 

VLDL. 

4.8 CHEMICAL COMPOSITION OF VLDL AND HDL 

Elevated levels of plasma cholesterol are generally 

considered a risk factor for atherosclerosis in humans. 

However, humans carry cholesterol predominantly as LDL which 

are positively associated with atherosclerosis (43) while 

rats carry cholesterol predominantly as HDL which, in hu-
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mans, are inversely related to atherosclerosis (44,45). 

Therefore, it was important to determine which lipoprotein 

species was carrying the excess cholesterol present in plas-

ma of rats fed cocoa butter. 

In order to investigate possible differences in lipo-

protein composition, VLDL and HDL separated by the column 

were analyzed for protein, cholesterol and triglycerides 

Pools of VLDL and HDL were concentrated to 1 ml from which 

samples were taken. This was a 3.0 to 4.5 fold concentra-

tion with respect to original plasma volume, and was compen-

sation for any losses that may have occurred at various 

stages of processing. Since the predominant lipoprotein of 

rats is the cholesterol-rich lipoprotein, HDL, one would ex-

pect the highest cholesterol values to be from samples of 

HDL. However, color production from all HDL samples was in-

sufficient to produce absorbance values in the reading range 

of the spectrophotometer (Spectronic 21, Bausch and Lomb, 

Rochester, NY.) for both cholesterol and triglyceride as-

says. This indicated that HDL pools were low in cholesterol 

and triglycerides. 

VLDL, which contain proportionately smaller quantities 

of cholesterol and greater amounts of triglyceride might be 

expected to produce VLDL cholesterol values below the read-

ing range. This was the case for samples from rats fed co-
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conut oil and safflower oil. However, for rats fed cocoa 

butter, cholesterol content of VLDL was quite high (Table 

10) while, regardless of dietary fat treatment, triglyceride 

levels were too low to be read on the spectrophotometer. 

Among the rats fed cocoa butter, those that were intact had 

the highest values for VLDL cholesterol. This is in agree-

ment with the finding that plasma total cholescerol was 

higher in rats fed cocoa butter, especially intact rats fed 

cocoa butter. 

Ratios of HDL protein to VLDL protein are displayed in 

Table 11. Since HDL is thought to have antiatherogenic 

properties and elevation of VLDL levels is a risk factor for 

atherosclerosis, high ratios of HDL to VLDL are desirable. 

Due to the small number of samples, no statistical analysis 

was performed for HDL protein to VLDL protein ratios, yet 

several observations can be made from these data. 

Rats fed coconut oil generally had higher HDL to VLDL 

ratios than did the other rats. This was due, primarily, to 

the higher levels of HDL from these rats. Rats fed cocoa 

butter generally had lower HDL to VLDL ratios than did other 

rats, and this lower ratio was primarily due to increased 

VLDL. 

Thus, as assessed by protein content of these lipopro-

teins, the higher HDL to VLDL ratio for coconut oil fed rats 
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TABLE 10 

VLDL cholesterol of rats fed cocoa butter 

Cholesterol per 
Treatment 100 ml plasma 1 Cholesterol/Protein2 

Level Pool 1 Pool 2 Pool 1 Pool 2 
mg mg mg mg 

Intact 312 151 197 70 
Ovariectomized 44 30 35 27 
Ovariectomized 44 59 32 38 

+Premarin 

1Values were not adjusted for losses in processing. 
2 mg cholesterol per ml sample/mg protein per ml sample. 
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TABLE 11 

Ratios of HDL protein to VLDL protein 1 

POOL 1 POOL 2 

HDL Pro/ HDL Pro/ 
Treatment HDL VLDL VLDL HDL VLDL VLDL 

Level Pro Pro Pro Pro Pro Pro 
ug/rnl ug/rnl ug/rnl ug/rnl 

Coconut 

Intact 87 24 3.6 91 12 7.6 
Ovariectomized 199 19 10.5 143 18 7.9 
Ovariectornized 183 15 12.2 69 10 6.9 

+Prernarin 

Safflower 

Intact 11 25 0.4 24 22 1.1 
Ovariectomized 143 37 3.8 44 8 5.5 
Ovariectomized 85 71 l. 2 105 9 11. 7 

+Premarin 

Cocoa Butter 

Intact 71 271 0.3 46 64 0.7 
Ovariectomized 62 57 l. l 24 34 0.7 
Ovariectomized 49 62 0.8 28 40 0.7 

+Prernarin 

10riginal plasma volume corresponding to pools 1 and 2 were 4.5 
and 3 .0 ml, respectively. Samples were taken from 1 ml 
concentrates. Values were not adjusted for losses in processing. 
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suggests that these rats had the most favorable lipoprotein 

profile under these dietary conditions. Also, the higher 

level of protein in VLDL of rats fed cocoa butter is consis-

tent with the finding of high VLDL cholesterol levels in 

these rats. That is, both suggest that VLDL is elevated in 

rats fed cocoa butter. 

There was a trend toward lower HDL protein to VLDL pro-

tein in animals that were intact rather than ovariectomized 

or ovariectomized receiving Premarin. This appeared to be 

the result of decreased levels of HDL, at least for rats fed 

coconut oil or safflower oil. This would indicate that un-

der these feeding conditions, rats had less favorable lipo-

protein profiles when they were intact. 

4.9 LIPOPROTEIN PROFILES PRODUCED BY POLYACRYLAMIDE GEL 
ELECTROPHORESIS 

Lipoproteins from individual samples of rat serum were 

separated by polyacrylamide gel electrophoresis (PAGE). In-

dividual lipoprotein bands are identified in Figure 6 and 

displayed along with the pattern produced by densitometric 

scanning. Excess dye entered the stacking gel (dye band). 

The band containing VLDL (band 1) was flat and just entered 

the running gel while the band containing LDL (band 2) was 

thin and sharp with slightly upturned edges. Below this 

were 2 broad, diffused bands of HDL (bands 3 and 4). 
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4 

4 3 21 DYE 

Figure 6 . Electrop~oretogram and 3. 7% acrylamide gel 
showing four bands of VLDL. LDL and HDL. 
1 = VLDL, 2 = LDL, 3 and 4 = HDL. 
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Figure 7 contrasts a typical human lipoprotein profile 

with the lipoprotein profile of a retired breeder fed chow. 

In contrast to the human sample, rat HDL was more hetero-

genous. 

There were significant differences in HDL to VLDL + LDL 

ratios by both experimental treatments (Table 12). Rats fed 

coconut oil had ratios of HDL to VLDL + LDL that were more 

than twice as great as ratios from rats fed the other fats. 

The more intense HDL bands from rats fed coconut oil can be 

seen in Figure 8. In contrast to rats fed the experimental 

diets, chow-fed retired breeders had ratios of HDL to 

VLDL+LDL (6.1~0.1) that were 2 fold greater than the highest 

mean ratio obtained from plasma of rats fed the experimental 

diets. This suggests that amount of fat as well as type of 

fat may influence HDL levels. 

Intact rats had lower ratios of HDL to VLDL + LDL than 

did rats that were ovariectomized or ovariectomized and re-

ceiving Premarin. Intact rats fed safflower oil commonly 

had only traces of HDL (Figure 8). Although this deficiency 

of HDL for this particular treatment combination (intact-

safflower oil) was commonly observed, there was no signifi-

cant interaction for dietary fat and hormonal status. HDL 

are the major cholesterol containing lipoproteins of rats. 

Therefore, this observation is consistent with the observa-
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HUMAN RAT 
'.'?igure 7 Pat anc. human lipoproteins separated in 3. 7% 

acrylarnide gel. 
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TABLE 12 

Ratios of plasma HDL to VLDL + LDL of rats by dietary fat 
and hormonal status 1 

Treatment 
Level 

Dietary Fat 

Coconut 
Safflower 
Cocoa Butter 

P>F 

Hormonal Status 

Intact 
Ovariectomized 
Ovariectomized 

+Premarin 

P>F 

Dietary Fat-
Hormonal Status 
Interaction 

P>F 

n 

23 
23 
23 

22 
23 
24 

HDL/VLDL+LDL 

a 3.0_:!:_0.4b 
1.3+0.2 

- b 1.3+0.2 

0.001 

1. 4+0. 3 a 
- b 2.1+0.3 - b 2.1+0.3 

0.05 

NS 

1Data ·expressed as means + SEM. Values within a 
treatment that do not share a commn superscript 
are significantly different (P<0.05). 
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F'igure 8. Lipoproteins o f rats by dietary fat-hormonal status tre atment combinations 

separated in 3. 7% acry .1.amid e ge l.. I = intact, 0vx = ovariectomized , 
Ovx+P = ovariectomize <l + Premarin. 
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tion of Tabacchi and Kirksey (10) that for female rats fed 

safflower oil, levels of plasma cholesterol were higher when 

animals were ovariectomized rather than intact. 

Within each level of the fat treatment, the ratio of 

plasma HDL to VLDL + LDL was significantly correlated with 

plasma total cholesterol values (Table 13). VLDL + LDL rat-

ios were also significantly co~related with plasma choles-

terol levels for rats that were ovariectomized or ovariec-

tomized and receiving Premarin. This correlation approached 

significance (P<0;06) for intact rats. These correlations 

were negative, indicating that those rats with the highest 

levels of total cholesterol had the lowest ratio of HDL to 

VLDL + LDL. Therefore, elevated levels of cholesterol were 

associated with proportionally greater levels of VLDL and/or 

LDL than HDL. 

The reason for the decrease in HDL observed after PAGE 

of plasma from rats fed cocoa buter and safflower oil is not 

clear. The short chain fatty acids of coconut oil may have 

a moderating effect on the liver with regard to reduced 

synthesis or secretion or increased catabolism of HDL. How-

ever, in contrast to rats fed chow, rats fed the lipogenic 

diets all had low ratios of HDL to VLDL + LDL. More concen-

trated bands of HDL from chow-fed rats were observed in pho-

tographs of lipoproteins separated by PAGE. In contrast to 
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TABLE 13 

Correlation coefficients for plasma cholesterol levels and 
HDL to VLDL + LDL ratios 

Treatment Correlation 
Level Coefficient Probability 

Dietary Fat 

Coconut -0.53 < 0. 01 
Safflower -0.60 < 0. 01 
Cocoa Butter -0.49 < 0. 05 

Hormonal Status 

Intact -0.39 NS 
Ovariectomized -0.46 < 0. 05 
Ovariectomized -0.59 <0.01 

+ Premarin 
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rats fed chow, rats fed the lipid inducing diets had de-

creased levels of HDL regardless of the type of fat fed. 

The negative correlations of plasma cholesterol and HDL/VLDL 

+ LDL indicate a strong relationship between high levels of 

plasma cholesterol and low proportions of HDL. 

The influence of hormonal status on lipoprotein pat-

terns produced unexpected results. Sii1ce estrogens have 

been reported to increase HDL levels in humans (41) and in 

rats (50), a depressed ratio of HDL to VLDL + LDL was ex-

pected for ovariectomized rats. Yet, only intact rats had 

lowered levels of HDL. Therefore, intact rats had the least 

favorable lipoprotein profile. 

HDL to VLDL + LDL ratios were significantly correlated 

(r = 0.60, P<0.01) with liver weights of rats fed safflower 

oil, but were not significantly correlated with liver 

weights of rats fed other fats. (It should be noted that 

liver weights of rats fed safflower oil were heavier than 

liver weights of rats fed the other fats). Chemical analy-

sis of livers would be useful for determining which compo-

nent( s) of livers were increased under these conditions. 
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ALTERED LIPOPROTEINS IN COLUMN ELUTED FRACTIONS 
CORRESPONDING TO VLDL 

Fractions from the agarose column that eluted in the 

VLDL range were found to be high in cholesterol only for 

rats fed cocoa butter. Furthermore, these particles from 

rats fed cocoa butter appeared to have an altered chemical 

composition when compared to VLDL of rats fed coconut oil or 

safflower oil. That is, VLDL of rats fed cocoa butter car-

ried more cholesterol and protein, but like rats fed the 

other fats, were low in triglyceride. This increase in cho-

lesterol and protein without a concomitant increase in tri-

glyceride is consistent with the speculation that lipopro-

teins eluted from the column in the VLDL range contained a 

high proportion of remnant particles and/or B-VLDL (B-VLDL 

have the buoyant density of VLDL; but, like LDL, they have 

p-mobility by electrophoresis). 

Among rats fed cocoa butter, intact rats had the high-

est levels of VLDL cholesterol and the highest ratios of 

VLDL cholesterol to protein. This suggests that for rats 

fed cocoa butter, endogenous estrogens have a strong influ-

ence on lipoprotein composition of particles that elute in 

the VLDL range. 

Remnants are normally cleared very quickly from the 

plasma of rats (103). Specific apolipoproteins of remnants 
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appear to be recognized by hepatic receptors; and, once in-

ternalized, remnants are catabolized. It has been reported 

that estrogen administration (104) and ovariectomy (105) al-

ter ratios of apoproteins of remnants. Altered apoprotein 

composition of remnants in response to hormonal status may 

explain the marked evaluation of cholesterol in intact rats 

over other rats fed cocoa butter. 

Increased levels of B-VLDL and remnants have been in-

duced in rats (33) as well as in hypothyroid dogs and euthy-

roid swine (32) fed cholesterol-rich diets. Although bile 

salts and propylthiouracil were incorporated into diets of 

the dogs and rats, B-VLDL of swine were increased without 

those lipogenic agents. However, the influence of type of 

dietary fat on plasma B-VLDL and/or remnants has not been 

well documented in the literature. 

It should be pointed out that in studies of dietary fat 

saturation, coconut oil is frequently the source of saturat-

ed fat. This study emphasizes the difference in response of 

plasma lipids, particularly VLDL, to the two saturated fats. 

Cocoa butter, but not coconut oil, feeding induced plasma 

VLDL that was laden with cholesterol and protein. 
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PLASMA AND LIVER LIPID LEVELS ASSOCIATED WITH FEEDING 
THE LIPOGENIC DIETS 

There are obstacles to consider when using the rat as a 

model for the study of hyperlipoproteinemia and lipoprotein 

metabolism. Not only do rats have very low levels of blood 

lipids, but the proportions of the various lipoproteins dif-

fer markedly from that of humans. Plasma lipid levels can 

be elevated by feeding cholesterol in combination with bile 

salts as was done in this study. It had been anticipated 

that overwhelming catabolic process for lipoproteins by, 

feeding lipogenic diets would elevate LDL in rats. Yet, 

even when overloaded with plasma cholesterol, rats appeared 

to maintain low levels of LDL. 

Perhaps the greatest limiting factor of lipogenic diets 

used in this study was the concomitant development of fatty 

livers with their use. Although certain lipoproteins and 

apolipoproteins are synthesized by the intestine, the liver 

is the major site of lipoprotein anabolism and catabolism 

(104). Therefore, damage to the liver must be considered 

when the experiment is designed to study plasma lipids or 

lipoprotein metabolism. Fatty liver damage may inhibit 

synthesis, secretion, excretion or removal of lipoproteins 

or alter the composition of lipoproteins ~hat are secreted. 

It is unfortunate that fatty infiltration that occurs with 
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feeding bile salts is not generally addressed in the litera-

ture since this may lead to erroneous interpretation of re-

sults. 

4.12 DIETARY FAT, HORMONAL STATUS AND THROMBOSIS 

This study has focused on decreased levels of HDL as a 

risk factor for CHD. However, it should be pointed out that 

high fat diets (65,67) and hormone treatment (10) are known 

to alter blood clotting properties in rats. A state of hy-

percoaguability induced by diet or hormone treatment would 

also be a risk factor for thrombosis and thus for CHD. 

Kim et al (65) found that plasma fibrinogen levels of 

rats were increased as plasma cholesterol levels increased. 

Renauld (67) found that fats rich in stearic acid (cocoa 

butter, butter) were more thrombogenic than were fats low in 

stearic acid (lard, corn oil.). Of the fats fed, cocoa but-

ter produced the highest levels of plasma cholesterol and 

triglycerides as well as the greatest incidence of atheros-

clerosis. Tabacchi and Kirksey (10) found that plasma fi-

brinogen was elevated by oral contraceptives in ovariectom-

ized, but not in intact rats. 



Chapter V 

SUMMARY AND CONCLUSIONS 

The incidence of CHD is increased in women after meno-

pause suggesting that estrogens play a protective role 

against CHD. Yet, estrogens are thought to be responsible 

for increased risk of CHD in premenopausal women who use 

oral contraceptives. In contrast to the great number of pa-

pers published concerning oral contraceptive use and blood 

lipids, very few studies have focused on alterations in 

blood lipids and lipoproteins resulting from estrogen re-

placement in postmenopausal women. 

In this study, 8-month-old rats were chosen as a model 

to determine whether the influence of various dietary fats 

on plasma lipids and lipoproteins could be altered by hor-

rnonal status. Intact and ovariectomized rats were fed 

high-fat diets containing coconut oil, safflower oil or co-

coa butter. During the last 4 weeks of the 8 week feeding 

period, half of the ovariectomized rats were dosed daily 

with 30 pg of Premarin, a conjugated estrogen commonly used 

to treat vasomotor symptoms associated with menopause. 

Initial body weights of rats did not differ by fat 

treatment. Weight gain over the 8 week experimental period 

differed significantly by fat treatment as follows: saf-

90 
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flower oil > coconut oil > cocoa butter. Yet, there was no 

significant difference in food consumption by oil treatment. 

Most of the weight gain occurred during the first 4 weeks of 

feeding. Initially and after 4 weeks of feeding, ovariec-

tomized rats weighed more than did intact controls. Admin-

istration of Premarin to ovariectomized rats resulted in 

lower food intakes and weight gains. 

Vaginal smears taken 4 and 10 days after initiation of 

Premarin treatment were used as an indicator that Premarin 

had biological activity at the dosage used. Epithelial 

cells from ovariectomized rats were small and rounded while 

large, angular squamous cells predominated in ovariectomized 

rats receiving Premarin. Uterine weights also verified 

biological activity of Premarin. Mean uterine weights of 

ovariectomized rats were approximately one-third that of 

uterine weights from controls. With administration of 

Premarin, these weights returned toward those of uteri from 

intact rats. 

Liver weights, liver lipid and liver moisture differed 

by fat treatment but not by hormonal status. Like body 

weights, these parameters differed significantly as follows: 

safflower oil > coconut oil > cocoa butter. However, nor-

malizing for body weight differences did not influence rank-

ing or significance at the 0.05 level. All rats had fatty 

livers, probably a result of feeding bile salts. 



92 

Plasma triglycerides differed by fat treatment but not 

by hormonal status. Rats fed coconut oil had higher levels 

of plasma triglycerides than did rats fed the other fats. A 

significant dietary fat-hormonal status interaction occurred 

for plasma cholesterol levels. Rats fed cocoa butter had 

higher levels of plasma cholesterol than did rats fed the 

other fats. This increase in plasma cholesterol was espe-

cially prominent in intact rats. 

Lipoproteins eluted from a 6% agarose column as 2 major 

peaks representing VLDL and HDL. Within column runs, frac-

tions were pooled by lipoprotein classes, concentrated and 

analyzed for cholesterol, triglyceride and protein. VLDL 

from rats fed cocoa butter were high in cholesterol and pro-

tein but not in triglyceride. Cholesterol was markedly in-

creased in fractions corresponding to VLDL from intact rats 

fed cocoa butter. The increase in cholesterol and protein 

without a concomitant increase in triglyceride suggests that 

for rats fed cocoa butter, a large proportion of particles 

that eluted in the VLDL range were remnant particles and/or 

B-VLDL. 

As judged by protein content of lipoproteins, rats fed 

coconut oil generally had higher HDL to VLDL ratios than did 

rats fed the other fats. This suggests that these rats had 

more favorable lipoprotein profiles than did rats fed other 
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fats. There was a trend toward lower HDL to VLDL protein 

ratios in rats that were intact rather than ovariectomized 

and ovariectomized receiving Premarin. This suggests that 

under these conditions, rats had less favorable lipoprotein 

profiles when they were intact. 

As judged by electrophoretic separation of lipid 

stained lipoproteins, rats fed coconut oi~ had higher ratios 

of HDL to VLDL + LDL than did rats fed other fats. These 

results support observations of lipoprotein ratios that were 

based on protein content. That is, rats fed coconut oil had 

the most favorable lipoprotein profile. Also in agreement 

with estimates of protein content of lipoproteins was the 

observation that intact rats had lower ratios of HDL to VLDL 

+ LDL than did rats that were ovariectomized or ovariectom-

ized and receiving Premarin. Ratios of plasma HDL to VLDL + 

LDL were negatively correlated with plasma total cholesterol 

values indicating that rats with the highest levels of total 

cholesterol had the lowest ratios of HDL to VLDL + LDL. 

Application of these dietary fat variables in a study 

of postmenopausal women and estrogen replacement would be 

expected to produce radically different responses of various 

lipoprotein classes. Yet, the presence of interactions in 

rats suggests that dietary fat-hormonal status interactions 

are likely to occur in women. 
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APPENDIX A 

Body weights and weight gain over the entire experimental 
period 

Rat Initial Final Weight 
# Body Wt Body Wt Gain 1 ADFI 2 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 

01 
02 
03 
04 
OS 
06 
07 
08 
09 
10 
11 

g g g 

421 
327 
398 
399 
345 
324 
415 
374 
331 
339 
366 

345 
399 
413 
407 
368 
411 
412 
355 
495 
380 
340 

457 
364 
469 
455 
407 
346 
481 
394 
371 
373 
477 

428 
511 
531 
455 
494 
460 
561 
402 
591 
416 
371 

COCONUT 
INTACT 

036 
037 
071 
056 
062 
022 
066 
020 
040 
034 
111 

17.7 
15.0 
16.8 
18.0 
15.5 
13.2 
17.8 
15.~ 

14.1 
13.5 
16.9 

COCONUT 
OVARIECTOMIZED 

083 
112 
118 
048 
126 
049 
149 
047 
096 
036 
031 

16.7 
18.3 
19.8 
16.2 
18.6 
15.2 
19.7 
14.1 
19.7 
15.0 
14.5 

ADG 3 

g 

0.64 
0.66 
1. 27 
1. 00 
1.11 
0.39 
1. 18 
0. 36 
0.71 
0.61 
1. 98 

1. 48 
2.00 
2.11 
0.86 
2.25 
0.87 
2.66 
0.84 
1. 71 
0.64 
0.55 

ADG 
/100 
kcal 4 

0.83 
1. 00 
1. 71 
1. 26 
1. 62 
0.68 
1.51 
0.53 
1.15 
1.02 
2.66 

2.01 
2.49 
2.42 
1. 20 
2.74 
1. 31 
3.07 
1. 35 
1. 98 
0.97 
0.87 

ADFI 
/100 g 

Body Wts-
g 

3.86 
4.11 
3.57 
3.95 
3.81 
3.81 
3.69 
3.95 
3.81 
3.62 
3.55 

3.90 
3.57 
3.72 
3.55 
3.77 
3.30 
3.50 
3.51 
3.33 
3.60 
3.91 

COCONUT 
OVARIECTOMIZED + PREMARIN 

01 
02 

429 
427 

560 
518 

131 
091 

20.2 
18.3 

107 

2.34 2.63 3.61 
1.63 2.02 . 3.53 
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03 350 389 039 14.2 0.70 1.11 3.66 
04 333 356 023 13.8 0.41 0.68 3.88 
05 355 423 068 15.9 1.21 1. 74 3.75 
06 355 415 060 15.9 1. 07 1.54 3. 82' 
07 394 400 006 13.9 0. 11 0.17 3.48 
08 414 471 057 16.7 1. 02 1.39 3.54 
09 414 430 016 14.3 0.29 0.45 3.32 
10 460 522 062 18.1 1. 11 1. 39 3.46 
11 343 367 024 14.3 0.43 0.08 3.91 

SAFFLOWER 
INTACT 

01 354 431 077 14.7 1. 38 2.12 3.41 
02 311 420 109 15.9 1. 95 2.78 3.78 
03 452 621 169 23.0 3.02 2.98 3.71 
04 410 432 022 15.4 0. 39 0.58 3.55 
05 376 478 102 20.5 1.82 2.01 4.29 
06 385 469 084 18.4 1. 50 1. 85 3.91 
07 292 312 020 12.6 0. 36 0.65 4.03 
08 350 433 083 16.6 1. 48 2.02 3.84 
09 391 541 150 20.7 2.68 2.94 3.83 
10 349 468 119 18.4 2.13 2.63 3.93 
11 368 451 083 18.3 1. 48 1.84 4.06 

SAFFLOWER 
OVARIECTOMIZED 

01 440 551 111 19.5 1. 98 2.30 3.55 
02 317 441 124 17.0 2.21 2.96 3.85 
03 329 451 122 16.5 2.18 3.00 3.65 
04 361 464 103 17.1 1. 84 2.44 3.69 
05 440 598 158 19.7 2.82 3.25 3.24 
06 374 418 044 14.4 0.79 1. 24 3.44 
07 464 606 142 20.8 2.54 2.77 3.43 
08 436 480 044 16.1 0.79 1. 11 3.35 
09 387 467 080 17.2 1. 43 1. 89 3.68 
10 435 523 088 19.0 1. 57 1. 87 3.64 
11 310 351 041 14.3 0.73 1.16 4.07 

SAFFLOWER 
OVARIECTOMIZED + PREMARIN 

01 310 437 127 17.7 2.27 2.91 4.05 
02 333 398 065 14.7 1.16 1. 80 3.68 
03 344 424 080 16.9 1. 43 1. 93 3.97 
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04 393 418 025 14.9 0.45 0.68 3.55 
05 441 528 087 17.7 1. 55 1.99 3.35 
06 417 516 099 18.8 1.77 2.14 3.64 
07 365 418 053 16.3 0.95 1.32 3.89 
08 411 496 085 19.5 1.52 1.77 3.94 
09 489 571 082 18.6 1.46 1. 79 3.25 
10 473 593 120 21. 4 2.14 2.27 3.61 
11 339 369 030 14.8 0. 54 0.82 4.01 

COCOA BUTTER 
INTACT 

01 321 336 015 16.0 0.27 0. 38 4. 76 
02 400 506 106 20.5 1.89 2.09 4.06 
03 349 400 051 16.1 0.91 1. 28 4.03 
04 310 328 018 15.7 0.32 0.46 4.79 
05 332 346 014 14.8 0.25 0. 38 4.29 
06 461 544 083 20.0 1.48 1.69 3.67 
07 401 410 009 15.1 0.16 0.24 3.67 
08 392 455 063 18.7 1. 13 1. 37 4.11 
09 357 392 035 15.8 0.63 0.90 4.03 
10 3:,4 368 014 15.8 0.25 0. 36 4. 30 
11 306 388 082 17.3 1. 46 1.92 4.46 

COCOA BUTTER 
OVARIECTOMIZED 

01 318 398 080 17.9 1. 43 1.82 4.49 
02 344 382 038 15.5 0.68 0.99 4.06 
03 425 400 -25 14.4 -.45 -.70 3.61 
04 374 451 077 18.7 1. 37 1. 67 4.15 
05 417 381 -36 15.3 -.64 -.95 4.03 
06 366 401 035 16.8 0.63 0.85 4. 18 
07 374 382 008 14.6 0.14 0.22 3.81 
08 474 563 089 21. 0 1. 59 1. 72 3.73 
09 415 480 065 18.1 1.16 1. 46 3.77 
10 419 480 061 18.8 1.09 1.31 3.92 

COCOA BUTTER 
OVARIECTOMIZED + PREMARIN 

01 379 440 061 17.7 1. 09 1.39 4.03 
02 364 405 041 15.7 0.73 1. 06 3.88 
03 360 408 048 16.6 0.87 1.17 4.06 
04 412 475 063 19.2 1. 13 1. 33 4.04 
05 442 460 018 18.2 0.32 0.40 3.96 
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07 443 495 052 18.5 0.93 1.14 
08 345 392 047 16.6 0.84 1. 15 
09 391 386 -05 15.3 -.09 -.13 
10 417 459 042 19.3 0.75 0.88 
11 357 421 064 17.6 l. 14 l. 47 

1Weight gain, overall period 
2 Average daily food intake, overall period 
3 Average daily weight gain, overall period 
4 Average daily gain/100 kcal, overall period 

3.73 
4.24 
3.95 
4. 20 
4. 18 

5 Average daily food intake/100 g body weight, overall period 



APPE~rnrx B 

Body weights and weight gain during the dosing period 

Rat Weight 2 

# Body Wt 1 Gain ADFI 3 ADC" 

g g g g 

COCONUT 
INTACT 

01 441 16 16.18 0.57 
02 331 33 15.36 1.18 
03 443 26 15.00 0.93 
04 423 32 17.71 1.14 
05 370 37 15.21 1.32 
06 322 24 13.43 0.86 
07 431 so 18.04 1. 79 
08 387 7 14.46 0.25 
09 350 21 13.93 0.75 
10 350 23 13.18 0.82 
11 424 53 17.45 1.89 

COCONUT 
OVARIECTOMIZED 

01 402 26 15.54 0.93 
02 433 78 19.57 2.79 
63 490 41 17.25 1. 46 
04 451 4 13.32 0.14 
05 450 44 .1 7. 21 1. 57 
06 408 52 16.93 1. 86 
07 495 66 17.82 2.36 
08 384 18 12.92 0.64 
09 535 56 18.79 2.00 
10 410 6 12.96 0.21 
11 365 6 13.27 0.21 

COCONUT 

ADG 5 

/100 
kcal 

g 

0.800 
1. 745 
1.408 
1.462 
1.971 
1.454 
2.253 
0.393 
1.223 
1.413 
2.460 

1.359 
3.238 
1.922 
0.239 
2.072 
2.495 
3.008 
1.125 
2.418 
0. 368 
0.359 

OVARIECTOMIZED + PREMARIN 

01 524 36 17.50 1. 29 1.674 
02 484 34 16.07 1. 21 1.710 

111 

ADFI 6 

/lOOg 
Body Wt 

g 

3.54 
4.22 
3.20 
3.89 
3.74 
3.88 
3.75 
3.67 
3.75 
3.53 
3.66 

3.63 
3.83 
3.25 
2.93 
3.48 
3.68 
3.18 
3.21 
3.18 
3.11 
3.58 

3.13 
3.10 
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03 381 8 12.43 0.28 0.512 3.19 
04 347 9 12.36 0.32 0.588 3.47 
05 407 16 13.61 0.57 0.951 3.22 
06 418 -3 12.82 -0.11 -0.195 3.09 
07 447 -47 10.21 -1.68 -3.737 2.55 
08 481 -10 12.79 -0.36 -0.639 2.71 
09 419 11 12.93 0.39 0.685 3.01 
10 508 14 15.18 0.50 0. 748 2.91 
11 373 -6 11.45 -0.21 -0.417 3.12 

SAFFLOWER 
INTACT 

01 345 86 18.07 4.19 3.859 3.07 
02 389 31 13.43 3.20 1. 877 1.11 
03 570 51 20.39 3.28 2.027 1. 82 
04 433 -1 13.93 3.22 -0.049 -0.03 
05 464 14 15.46 3.23 0.073 0.05 
06 465 4 15.46 3.30 0. 206 0. 14 
07 322 -10 10.86 3.48 -0.753 -0.36 
08 406 27 14.13 3.26 1.543 0.96 
09 504 37 17.46 3.23 1. 717 1. 32 
10 436 32 16.04 3.43 1. 614 1.14 
11 453 -2 13.91 3.08 -0.114 -0.07 

SAFFLO\\TER 
OVARIECTOMIZED 

01 504 47 17.29 1. 68 2.207 3.14 
02 399 42 14.96 1. 50 2.277 3.39 
03 411 40 14.39 1. 43 2.257 3.19 
04 434. 30 14.79 1. 07 1.643 3.19 
05 530 68 17.32 2.43 3.186 2.90 
06 415 3 11.61 0.11 0.215 2.78 
07 569 37 16.71 1.32 1.794 2.76 
08 478 2 13.54 0.07 0.117 2.82 
09 457 10 14. 36 0. 36 0.569 3.07 
10 500 23 16.57 0.82 1.124 3.17 
11 334 17 11.09 0.61 1.249 3.16 

Sl>_FFLOWER 
OVARIECTOMIZED + PREMARIN 

01 393 44 16.07 1. 57 2.219 3.68 
02 362 36 14.07 1. 29 2.082 3.53 
03 404 20 15.68 0.71 1.028 3 .·70 



113 

04 424 -6 12. 36 -0.21 -0.386 2.96 
05 497 31 16~82 1.11 1.499 3.19 
06 481 35 15.82 1.25 1.795 3.07 
07 424 -6 13.43 -0.21 -0.355 3.21 
08 480 16 15.96 0.57 0.811 3.22 
09 544 27 16.61 0.96 1.313 2.91 
10 577 16 17.07 0.57 0.758 2.88 
11 382 -13 10.77 -0.46 -0.970 2.92 

COCOA BUTTER 
INTACT 

01 323 13 15.07 0.46 0.693 4.49 
02 461 45 19.39 1. 61 1.886 3.83 
03 365 35 16.32 1. 28 1.781 4.08 
04 311 17 16.29 0.61 0.851 4.97 
05 338 8 14.29 0.29 0.461 4.13 
06 536 8 17.64 0.29 0.373 3. 24 
07 407 3 14.64 0.11 0.171 3.57 
08 415 40 19.08 1. 43 1.702 4.19 
09 375 17 15.71 0.61 0.881 4.01 
10 373 -5 15.11 -0.18 -0.271 4.11 
11 342 46 18.21 1. 64 2.045 4.69 

COCOA BUTTER 
OVARIECTOMIZED 

01 371 27 15.50 0.96 1.407 3.89 
02 371 11 13.86 0.39 0.639 3.63 
03 415 -15 11.43 -0.54 -1.073 2.86 
04 423 28 17.50 1. 00 1.298 3.88 
05 376 5 14.61 0. 18 0.280 3.83 
06 401 0 13.93 0 0 3.47 
07 366 16 14.21 0.57 0.911 3.72 
08 517 46 19.54 1. 64 1.906 3.47 
09 432 48 19.46 1. 71 1.996 4.05 
10 458 22 17.29 0.79 1.038 3.60 

COCOA BUTTER 
OVARIECTOMIZED + PREMARIN 

01 419 21 15.25 0.75 1.117 3.47 
02 406 -1 14.21 -0.03 -0.048 3.51 
03 424 -16 13.29 -0.57 -0.974 3.26 
04 474 1 15.68 0.03 0.043 3.30 
05 463 -3 15.82 -0.11 -0.158 3.44 
07 504 -9 14.29 -0.32 -0.509 2.89 



08 
09 
10 
11 

384 
411 
466 
409 

8 
-25 

-7 
12 

14.83 
12.11 
15.79 
16.29 

114 

0.29 
-0.89 
-0.25 
0.43 

0.444 
-1.669 
-0.360 
0.599 

1 Body weight, first day of dosing period 
2 Weight gain, dosing period 
3 Average daily food intake, dosing period 
4 Average daily weight gain, dosing period 
5 Average daily gain/100 kcal, dosing period 

3.78 
3.14 
3.44 
3.87 

'Average daily food intake/100 g body weight, dosing period 



Rat 
# 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 

01 
02 
03 
04 
OS 
06 
07 
08 
09 
10 
11 

01 
02 

Liver 
Wt 

g 

17.485 
15.842 
17.767 
19.372 
16.004 
15.695 
16.789 
16.247 
19.463 
13.974 
20.243 

18.280 
23.682 
21.281 
16.317 
20.234 
15.796 
17.785 
14.468 
23.005 
17.046 
14.116 

APPENDIX C 

Liver data 

Liver 
Moisture 

% 

COCONUT 
INTACT 

57.3 
55.5 
56.4 
57.9 
55.1 
56. 3 
63.9 
53.0 
52.8 
57.0 
55.7 

COCONUT 
OVARIECTOMIZED 

50.0 
57.6 
56.5 
59.0 
50.8 
58.3 
58.4 
55.9 
53.1 
55.5 
57.0 

Liver 
Fat 
% 

23.2 
27.2 
24.0 
22.3 
25.5 
25.7 
14.2 
29.9 
30.2 
24.4 
26.6 

33.3 
23.6 
26.1 
21. 1 
32.4 
21. 9 
21. 0 
23.5 
29.2 
27.1 
22.9 

COCONUT 
OVARIECTOMIZED + PREMARIN 

25.259 
20.575 

58.5 
54.9 

115 

22.8 
26.8 



03 
04 
05 
06 
07 
08 
09 
10 
11 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 

01 
02 
03 

116 

13.701 59.4 20.9 
12.082 58.6 20.8 
20.504 59.4 21. 9 
14.475 52.7 29.4 
13.518 57.l 23.4 
15.940 55.1 25.4 
17.114 61. 0 19.l 
20.626 54.4 28.3 
15.658 51. 5 30.8 

SAFFLOWER 
INTACT 

21.347 49.7 32.8 
15.367 49.9 34.3 
23.508 53.4 28.4 
18.143 56.9 24.0 
22.150 48.5 36.l 
17.713 50.5 31. 5 
14.072 52.5 29.7 
15.504 57.2 .23.2 
22.815 51. 5 31. 3 
20.054 50.1 32.7 
17.769 48.0 35.0 

SAFFLm'lER 
OVARIECTOMIZED 

24.988 46.1 40.5 
21.603 48.6 34.7 
21.595 46.6 40.2 
23.340 57.1 27.6 
26.598 60.0 29.2 
18.107 50.3 32.1 
24.379 49.0 35.4 
19.192 48.6 33.0 
19.411 48.l. 34.9 
22.771 50.0 33.1 
15.223 45.9 31. 0 

SAFFLOWER 
OVARIECTOMIZED + PREMARIN 

24.031 
16.869 
24.853 

44.9 
50.2 
49.1 

41. 0 
32.2 
34.2 



117 

04 19.029 49.5 33.9 
05 24.418 51.1 32.9 
06 24.686 50.2 34.0 
07 19.011 48.2 35.8 
08 19.741 47.9 34.9 
09 22.447 51. 0 31. 3 
10 27.340 48.l 36.4 
11 14.787 48.3 32.7 

COCOA BUTTER 
INTACT 

01 13.201 56.3 25.6 
02 17.575 62.0 17.7 
03 13.184 60.7 19.3 
04 14.557 59.0 21. 3 
05 12.358 60.4 19.6 
06 17.074 57.4 24.0 
07 13.272 61. 4 17.9 
08 16.102 60.2 19.5 
09 12.388 61. 0 17.7 
10 15.266 60.0 19.6 
11 14.077 61. 6 17.7 

COCOA BUTTER 
OVARIECTOMIZED 

01 15.969 57.8 21. 6 
02 11.656 61. 7 15.8 
03 12.244 55.8 24.3 
04 14. 140 64.3 17.3 
05 13.319 63.7 14.1 
06 16.126 57.3 24.8 
07 11.393 60.7 18.3 
08 15.667 66.4 08.9 
09 21. 412 53.5 29.7 
10 15.743 56.0 26.5 

COCOA BUTTER 
OVARIECTOMI ZED + PREMJIRIN 

.01 14.749 51. 2 29.0 
02 14.618 59.2 20.0 
03 15.990 61.1 18.5 
04 17.239 59.4 21. 4 
05 13.505 59.2 20.1 
07 17.584 55.l 27.2 
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Rat 
# 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 

01 
02 

APPENDIX D 

Uterus and plas~a lipid ~ata 

Uterus 
Wt 
g 

0.766 
0.683 
0.716 
0.306 
0.517 
0.534 
0.791 
0. 769 
0.526 
0.394 
0.404 

0.168 
0.173 
0.233 
0. 182 
0.163 
0.182 
0. 208 
0. 169 
0.287 
0.208 
0.187 

0.352 
0.403 

Uterine Plasma Plasma HDL/ 
Moisture Chol TG VLDL+ LDL 

% rng/l OOrnl rng/l OOrnl 

COCONUT 
INTACT 

80.9 166 51. 3 
78.5 163 78.3 
77.8 302 138.3 
76.1 193 90.4 
78.l 115 120.2 
77.7 121 51. 4 
77.5 180 283.0 
78.9 123 74.0 
79.3 102 91. 8 
77.9 092 168.2 
72.3 207 93.4 

COCONUT 
OVARIECTOMIZED 

71. 4 100 37.5 
72.8 140 81. 7 
70.8 132 50.0 
72.0 129 90.8 
69.9 131 74.9 
72.0 318 67.7 
56.7 134 79.5 
71. 0 081 216.3 
70.0 158 71. 8 
57.2 121 110.0 
61. 5 074 86.5 

COCONUT 
OVARIECTOMIZED + PREMARIN 

75.0 
76.7 

100 
146 

119 

89.6 
92.9 

1. 69 
4.19 
1. 39 
0.78 

4.53 
2.08 
]. 30 
3.51 

2.63 
2.74 
3.57 
2.97 

0.79 
6.54 
2.99 
1. 22 

3.76 



03 
04 
OS 
06 
07 
08 
09 
10 
11 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 

01 
02 
03 

0.423 
0.226 
0. 280 
0.259 
0.274 
0.231 
0.331 
0.334 
0.224 

0.773 
0.269 
0.461 
0.655 
0.541 
0.547 
0.745 
1.512 
0.517 
0.782 
0.780 

0.251 
0.137 
0.172 
0.148 
0.187 
0.145 
0.216 
0.190 
0.198 
0.213 
0.186 

0.251 
0. 263 
0.503 

120 

71. 9 131 74.1 
72.l 151 64.9 
73.9 093 67.0 
76.8 083 117.9 
69.3 076 76.3 
71. 0 092 116.2 
74.9 122 131.8 
74.6 089 109.6 
71.0 090 61. 0 

SAFFLOWER 
INTACT 

77.7 120 14.2 
75.8 324 17.6 
74.8 270 10.6 
78.2 415 0.0 
76.5 103 17.0 
76.8 131 23.6 
75.0 578 253.8 
89.2 183 281.9 
77.8 533 18.6 
77.1 191 23.2 
80.9 231 20.5 

SAFFLOWER 
OVARIECTOMIZED 

68.5 128 19.5 
70.l 123 52.1 
69.2 119 52.8 
58.8 090 19.1 
62.0 192 72.0 
66.2 188 30.4 
65.7 129 44.l 
60.5 141 29.6 
63.6 109 20.4 
72.8 109 41. 1 
66.7 084 25.8 

SAFFLOWER 
OVARIECTOMIZED + PREMARIN 

66.9 
74.5 
73.6 

156 
488 
127 

46.8 
3.8 

33.3 

2.44 
3.11 

7.19 
5.68 
2.55 
1. 67 

2.21 
0.50 
0.29 
0.29 

1.05 
0.33 
0.35 
0.40 

1.40 

2.33 
l. 77 

0.93 
3.45 
0.81 
1.40 

1. 74 
0.87 
2.09 



121 

04 0.448 80.8 193 3.9 0.49 
05 0.440 80.7 121 40.7 
06 0.687 82.4 110 40.0 3.16 
07 0. 288 70.5 148 41.8 1. 97 
08 0.450 75.3 155 38.0 0.80 
09 0.461 77.0 259 19.6 0.75 
10 0.377 73.7 079 69.6 
11 0. 302 76.2 159 34.3 

COCOA BUTTER 
INTACT 

01 0.509 76.8 877 16.9 0.45 02 0.361 77.0 876 35.8 0.78 03 0.414 73.2 845 33.3 0. 71 04 0.512 78.3 423 33.3 0.56 05 0.581 79.7 653 22.9 
06 0.536 77. l· 611 36.1 2.81 07 0.598 74.4 787 34.7 1. 30 08 0.727 78.0 1344 254.3 0.55 09 0.645 75.3 1106 50.4 0.87 10 0.519 78.6 906 105.4 
11 0.484 76.2 524 20.l 

COCOA BUTTER 
OVARIECTOMIZED 

01 0.150 73.3 688 208.7 0.47 
02 0.195 68.7 189 33.3 2.33 
03 0.210 69.5 302 10.l 0.49 
04 0.171 69.6 125 61.2 3.26 
05 0.537 77.l 788 35.0 
06 0.178 52.8 158 45.0 3.07 
07 0.211 64.9 280 146.l 0.63 
08 0.205 69.8 143 112.9 1.55 
09 0.164 63.4 169 21. 4 1.55 
10 0.219 64.9 287 25.4 

COCOA BUTTER 
OVARIECTOMIZED + PREMARIN 

01 0.413 78.7 526 17.6 0.88 
02 0.323 78.3 336 16.0 0.85 
03 0.257 72.4 129 33.3 1. 95 
04 0.472 79.2 285 35.4 1. 30 
05 0.376 78.5 283 28.9 
07 0. 347 72.3 129 49.7 2.31 



08 
09 
10 
11 

0.374 
0.319 
0. 344 
0.447 

76.7 
72.4 
74.4 
77.0 

443 
411 
484 
319 

122 

47.4 
28.6 
98.2 
32.7 

0.69 
1. 01 
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ESTROGEN REPLACEMENT IN OVARIECTOMIZED RATS 

FED SAFFLOWER OIL, COCONUT OIL OR COCOA BUTTER: 

THE EFFECTS ON BLOOD LIPIDS AND LIPOPROTEINS 

by 

Beverly Ann Clevidence 

(ABSTRACT) 

This experiment, a 3 x 3 factorial, was designed to 

determine whether the effects of type of dietary fat could 

be modified by hormonal status. Ovariectomized and sham-

operated retired breeders were fed, for 56 days, diets con-

taining 23% coconut oil, safflower oil or cocoa butter. All 

diets contained 0.5% cholesterol and 0.5% sodium glycotauro-

cholate. During the last 28 days of feeding, half the 

ovariectomized rats received, orally, 30 pg of Premarin per 

day while other rats received the vehicle only. Premarin, 

a conjugated equine estrogen, is commonly used to alleviate 

vasomotor discomforts associated with menopause. Over the 

period of oral dosing, food consumption and weight gain of 

ovariectomized rats that received the vehicle only did not 

differ from that of intact rats. However, both food con-

sumption and body weight gain decreased as a result of 

Premarin administration. Weight gain and liver weights were 

greatest for rats fed safflower oil, intermediate for rats 



fed coconut oil and lowest for those fed cocoa butter. Nor-

malizing for body weight did not alter this ranking of liver 

weights. Plasma total cholesterol levels of rats fed cocoa 

butter were higher than those of other rats, and the cocoa 

butter diet and intact hormonal status were synergistic with 

respect to plasma choleste~ol levels. Plasma triglycerides 

were not influenced by hormonal status but were elevated by 

feeding coconut oil. Chemical composition of very low 

density lipoproteins (VLDL) isolated by gel filtration 

chromotography revealed high levels of cholesterol and pro-

tein when rats were fed cocoa butter, and the elevation of 

cholesterol and protein was especially prominent in VLDL of 

intact rats. A concomitant rise in VLDL triglyceride was 

not found with cocoa butter feeding. This suggests the 

presence of a modified lipoprotein within the VLDL fractions. 

It is speculated that intermediate density lipoproteins and 

p-migrating VLDL, which are cholesterol-rich with respect 

to VLDL, were induced by feeding cocoa butter. Rats fed 

coconut oil had the highest ratios of high density lipo-

proteins (HDL) to VLDL as determined from protein content 

of isolated lipoproteins. Similarly, as determined by 

electrophoresis of lipoproteins, ratios of HDL to VLDL plus 

low density lipoproteins (LDL) were greatest for rats fed 

coconut oil. In contrast to rats of other hormonal status, 



intact rats had the lowest ratios of HDL to VLDL plus LDL. 

This stuqy emphasizes the difference in response of plasma 

lipoproteins to various dietary fats, including two saturated 

fats, and demonstrates that response of plasma total choles-

terol and VLDL to type of dietary fat can be altered by hor-

monal status of rats. 
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