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ABSTRACT

Eight experiments were conducted to determine the effects
of gender, gonadectomy and sex hormones on growth and
cholesterol metabolism in Landrace pigs and Sprague Dawley rats.
In Exp. 1, 20 3-wk-old and 20 10-wk-old rats were divided into four
groups of 10 rats each, respectively: young and adult male and
female. All groups were fed a hypercholesterolemic diet (HCD)
containing 0.5% cholesterol and 0.2% cholate for 1 wk. For Exp. 2,
16 male (163 g) and 16 female rats (135 g), both at the same age (35
d), were divided into four groups of 8 rats each, respectively: sham-
operated male and female, and gonadectomized (GNX) male and
female. These rats had free access to a HCD for 4 wk. In Exp. 3,
24 male (130 g) and 24 female (124 g) GNX rats were assigned to
eight groups of 6 rats each, respectively: sham-operated male and
female, GNX male and female, GNX+17B-estradiol (E;) male and
female, and GNX+17a-methyltestosterone (MT) male and female.
Rats were injected once every week intramuscularly with MT or E,
(7 mg/kg body weight). Rats had free access to a commercial chow

diet without supplementary cholesterol for 4 wk. In Exp. 4, 24



GNX female rats (115 g) were divided into three groups of eight
each: GNX, GNX+E, and GNX+MT, hormones injected weekly at 7
mg per kg body weight. Rats were fed a NCD for 3 wk.  For Exp.
5, 18 male (165 g) and 18 female (135 g) rats were divided into six
groups of six rats each: sham-operated, GNX and GNX+MT (100
mg/kg diet), each consisting of 6 of each sex. Rats were fed a HCD
for 4 wk. In Exp. 6, 10 male (177 g) and 10 female (154 g) rats
both at the same age (5 wk) were allowed to have free access to a
HCD for 4 wk. For Exp. 7, five sham-operated and five GNX
female Landrace pigs (26 kg) were allowed to have free access to a
diet for 70 d. In Exp. 8, 10 male (104 kg) and 10 female (98 kg)
pigs were assigned to four groups of five pigs each: sham-operated
male and female, and GNX male and female. Pigs were fed a HCD
containing 0.5% supplementary cholesterol and 0.1% cholate for 10
d. Both genders of 3-wk-old rats fed a HCD showed
hypercholesterolemia, whereas only females of 10-wk-old rats had
hypercholesterolemia, compared to the 10-wk-old male rats (P <
0.01) (Exp. 1). Average daily gain (ADG) was higher (P <0.01) in
sham-operated male rats than in their female counterparts, but GNX

reversed the suppressed growth in females.  Plasma total



cholesterol levels in female rats were twice that of males when rats
were fed a HCD (Exp. 2). Intramuscular injection of E; suppressed
growth both in GNX females and males, whereas MT administration
did not significantly affect ADG in GNX rats. Plasma cortisol levels
in sham-operated females were much higher (P < 0.01) than in their
male counterparts, but this gender difference disappeared when rats
were gonadectomized (Exp. 3). E, injection increased (P < 0.01)
plasma estradiol and cortisol levels, and relative uterine weight in
GNX female rats. Regression analysis showed that plasma cortisol
concentration (r = 0.72, P < 0.01) and uterine weight (r = 0.84, P <
0.01) were highly correlated with plasma estradiol levels (Exp. 4).
GNX increased (P < 0.01) plasma cholesterol level in male rats, but
had no effect (P > 0.05) in female rats. MT administration to GNX
male and female rats decreased the plasma cholesterol level by 23
and 45%, respectively (Exp. 5). Plasma total bile acids
concentrations were higher (P = 0.08) in females than in male rats.
Fecal excretion of total bile acids was much higher (P < 0.01) in
males than in females (Exp. 6). GNX also increased average daily
gain (P < 0.04), but had no effect (P > 0.44) on feed efficiency

during the growing-finishing period in female pigs (Exp 7). There



were no significant differences in the plasma total or HDL
cholesterol levels and HDL/(LDL+VLDL) ratio between genders or
treatments before feeding a HCD. Plasma cholesterol levels in pigs
fed a HCD for 10 d were much higher in sham-operated females
than in their male counterparts (Exp. 8). Results indicate that
estrogen suppresses growth, perhaps through inducing the secretion
of hormones that increase with stress, and that testosterone appears
to be responsible for the lower plasma cholesterol level in male than

in female animals with hypercholesterolemia.



I . Introduction

Males grow faster and also are larger in mature size than
their female counterparts in most mammals. Sex hormones are
believed to be behind the gender difference in growth rate. Early
studies (Kitay, 1961, 1963; Critchlow et al,, 1963; Smith and
Norman, 1987; Lesniewska et al., 1990; Burgess and Handa, 1992)
showed gender differences in cortisol secretion, indicating that
estrogen elevates basal levels of cortisol, corticosterone and
adrenocorticotropin, and their responses to various stimuli in rats.
Short-term estradiol treatment to young men increased cortisol and
norepinephrine concentrations in the saliva following stress over a
placebo control (Kirschbaum et al., 1996). Studies (Tarttelin and
Gorski, 1973; Wallen et al., 2001) have shown that steroid hormones
influence growth in rats, although the mechanism is not clearly
known.

In the Framingham study, the risk of cardiovascular disease
(CVD) was shown to significantly increase in women who had taken
estrogen (Wilson et al., 1985). More recently, Manhem et al.

(1996) reported that estrogen administration resulted in an enhanced



cardiovascular response to mental stress in young menstruating
women. However, estrogen has long been known to exert
cardioprotective effect (Barrett-Connor and Bush, 1991), although
the precise mechanism underlying its benefits is unclear (Sudhir et
al., 1997). Gender differences have also been reported in plasma
cholesterol level in rats (Lee et al., 1999) and guinea pigs (Fernandez
et al., 1995), when they were fed hypercholesterolemic diets.
Conflicting results have been reported on the effect of sex
hormones on plasma cholesterol level in rats fed
normocholesterolemic diets, e.g., increasing (Arjmandi et al., 1997)
or decreasing (Lundeen et al., 1997) effect of estradiol replacement
on plasma cholesterol level. Handa et al. (1997) demonstrated that
plasma free testosterone level was associated with lower levels of
HDL-C and that estradiol was related to elevated levels of HDL-C
levels in Japanese men in their early fifties, supporting that
testosterone may be causally associated with atherosclerosis in men
through altered lipoprotein metabolism. However, to my
knowledge, no studies have clearly demonstrated that testosterone is
related to the gender difference in plasma cholesterol level in

animals fed hypercholesterolemic diets. Therefore, a series of



experiments was conducted to determine the effects of gender,
gonadectomy and sex hormones on growth and cholesterol

metabolism using the rat and pig as model animals.



II . Literature review

1. Effects of gender, gonadectomy and sex hormones on growth.

Growth rate and feed efficiency are main economical
concerns in the livestock industry.  Although males grow faster and
also are larger in mature size than their female counterparts in most
mammals, scientific bases for the gender difference in growth have
not been well established.

Sex hormones are believed to be behind the gender
difference in growth rate. Female rats show greater
adrenocorticotropin (ACTH) and corticosterone responses to stress
and also secrete higher basal levels of corticosterone than do male
rats (Kitay, 1961; Critchlow et al., 1963; Le Mevel et al., 1979).
This gender difference was abolished by ovariectomy and was
reinstated by estradiol administration (Le Mevel et al., 1979). The
gender difference in the pattern of cortisol secretion was also
reported in the nonhuman primate macaques, and estradiol implant
in castrated male macaques elicited a female pattern of plasma

cortisol levels (Smith and Norman, 1987; Norman et al., 1992).



In healthy men, short-term treatment with estradiol led to
enhanced hypothalamic-pituitary-adrenal (HPA) and sympathetic
responsiveness to psychological stress, resulting in increased ACTH,
cortisol and norepinephrine concentrations in the saliva compared to
the placebo (Kirschbaum et al., 1996). Corticosterone and ACTH
levels after a 5-second footshock stress with one mamp were much

higher and maintained for a prolonged time in ovariectomized rats

when administered with estradiol, compared to those found without

estrogen replacement (Burgess and Handa, 1992). They indicated
that estrogen treatment results in a loss of the glucocorticoid
receptor's ability of autoregulation (Burgess and Handa, 1992).
However, estrogen has been reported to have both
stimulatory and inhibitory effects on HPA functions, depending on
the time after ovariectomy and different doses of estradiol (Luber et
al., 1991; Redei et al., 1994). Cortisol as well as catecholaminergic
responses to stress has also been known to vary with estrous cycle in
women (Marinari et al., 1976; Hastrup and Light, 1984; Collins et al.,
1985) and in rats (Viau and Meaney, 1991; Carey et al., 1995).
Studies (Tarttelin and Gorski, 1973; Wallen et al., 2001) have shown

that steroid hormones influence growth in rats, although the



mechanism is not clearly known, and testosterone is known to have

anabolic effect in rats (Hagar and Kalkhoff, 1989).

2. Effects of gender, gonadectomy and sex hormones on

cholesterol metabolism.

Cholesterol homeostasis in animals' body is associated with
various factors such as genes, diets and hormones. A feedback
control is known to exist in the synthesis of cholesterol in vivo.
However, when absorbed cholesterol exceeds body's need, it
accumulates in the body and may become a causing factor of CVD
including atherosclerosis.

Our recent study (Lee et al., 1999) showed a marked gender
difference in plasma cholesterol levels when rats were fed a HCD
and we speculated that ovarian activities might be responsible for the
increased plasma cholesterol level. Interestingly, Munilla and
Herrera (1997) reported that pregnant rats showed a much higher
hypercholesterolemic response to dietary cholesterol than do virgin
rats. They speculated that the increased plasma cholesterol level

may be due to a decreased number of LDL receptors, or an increased
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entry rate of cholesterol-bearing lipoproteins in the circulation.

Estrogen administration results in an enhanced
cardiovascular response to mental stress in young menstruating
women (Manhem et al, 1996). However, on the basis of
observational studies on estrogen replacement, estrogen has long
been considered to have cardioprotective effect (Barrett-Connor and
Bush, 1991), although the precise mechanism underlying its benefits
is unclear (Sudhir et al., 1997).

Estrogen administration decreased plasma total and HDL
cholesterol levels over the basal level in a dose-dependent manner in
adult ovariectomized rats fed a commercial chow but not in 19-d-old
immature intact rats (Lundeen et al., 1997). Furthermore, estrogen
administration increased the LDL-receptor mRNA and the receptor
protein in rats (Srivastava et al., 1993; Parini et al, 1997). In
theory, this increased receptor protein should depress cholesterol
synthesis and in tumn plasma cholesterol levels. The
hypocholesterolemic effect of estrogen seems to be highly variable
among studies. Lundeen et al. (1997) found no estrogen effect at
levels below 0.01 mg (injected daily for 4 d per kg body weight), but

at a higher level (1 mg), plasma cholesterol was almost disappeared

11



(<10 mg/100 mL).

By contrast, estradiol implant (50 mg for 7 d) in chicks
increased plasma triacylglycerol levels 45 fold and cholesterol levels
6 fold compared to the control (Park and Cho, 1988). Estrogen's
involvement in lipoprotein metabolism (e.g., an increased ratio of
HDL to LDL cholesterol) has also been implicated in its role in
cardioprotection (Wagner et al., 1991; Campos et al., 1997).

Carter et al. (1997) reported that cholesterol absorption
efficiency is a highly regulated process and the regulation may also
be controlled by distinct genetic factors. The more elevated plasma
LDL-C levels observed in female guinea pigs fed a HCD may be due
to a gender-associated effect related to reduced ability to maintain
hepatic cholesterol homeostasis with high dietary cholesterol
(Fernandez et al., 1995). Marsh et al. (1999) reported that estradiol
protected LDL receptor-deficient (LDRL-/-) female mice from
atherosclerosis and this protection was independent of changes in
plasma cholesterol levels. However, under conditions in which
there is an increase in peroxidase activity, estradiol may act as a
proxidant and promote the oxidation of LDL-C (Santanam et al,

1998).

12



There have been conflicting reports on the role of
testosterone in cholesterol metabolism; the effect differs, depending
on different model animals, age, gender and the route of testosterone
administration. Several studies have shown that testosterone has
adverse effect on cholesterol metabolism by altering lipoprotein
profiles.  Total testosterone concentrations and sex hormone-
binding globulin (SHBG) are significantly associated with LDL size
in men (Haffner et al., 1996).

Testosterone, per se, if administered at sufficiently high
doses and for long durations, can significantly raise total cholesterol,
triacylglycerol, LDL-C and Apo-B and, at the same time, lower
HDL-C in androgenized women, indicating that male predilection
for CVD may be due to adverse effects of higher androgen levels on
lipid and lipoprotein profiles (Goh et al., 1995). Anderson et al.
(1995) also showed that HDL-C was significantly depressed by
intramuscular injection of testosterone enanthate (200 mg per week
for 12 months) in men while there were no changes in plasma total
and LDL cholesterol or triacylglycerol levels during treatment.

More recently, Handa et al. (1997) demonstrated that plasma

free testosterone level was associated with lower levels of HDL-C

13



and that total estradiol was related to elevated levels of HDL-C
levels in Japanese men in their early fifties, supporting that
testosterone may be causally associated with atherosclerosis in men
through altered lipoprotein metabolism. Male hamsters fed a HCD
containing 0.05% cholesterol develop greater elevations in plasma
total cholesterol and greater concentrations of plasma HDL-C, and
greater development of early aortic atherosclerosis versus female
hamsters (Wilson et al., 1999).

On the contrary, testosterone replacement therapy in
hypogonadal and elderly men showed a beneficial effect on
cardiovascular system, decreasing total cholesterol and atherogenic
fraction of LDL-C without significant alterations in HDL-C levels or
its subfractions HDL,-C and HDL;-C (Zgliczynski et al., 1996).
Tchernof et al. (1997) also showed that increased testosterone levels
were associated with reduced triacylglycerol and Apo B; total and
LDL cholesterol concentrations; and increased HDL/total cholesterol
and HDL,-C/HDL;-C ratios.

Hypotestosteronemia was observed in Chinese male patients
with CVD, and positive correlation of plasma testosterone level with

plasma HDL-C, but negative correlation with plasma Lp(a) level

14



was found, suggesting that testosterone has a protective effect
against atherosclerosis (Zhao and Li, 1998). These conflicting
results led us to study the gender differences in cholesterol

metabolism using pigs and rats.
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III. Materials and methods

1. Animals and diets.

Animal care. Sprague Dawley rats (Korea Institute of
Chemistry, Tae-Jun, Korea) in rat experiments were housed
individually in suspended wire cages in a room maintained at 20-23
C with a 12-hr light (0700 to 1900) and 12-hr dark (1900 to 0700)
cycle. Rats had a free access to water and diets (Table 1). For pig
experiments, Landrace pigs were kept individually in pens with
60%-slatted concrete floor (9 m”) and allowed to have free access to
water and diets (Table 2). All animal management and sampling
procedures were in accord with the NIH Guide for the Care and Use
of Laboratory Animals (Publ. no 85-23 rev.).

Exp. 1. The effect of gender and age on cholesterol
metabolism in young and adult rats was determined using 40 rats
(average initial body weight of young (3 wk) and old (10 wk) male
and female was 52.9 and 52.9, and 249.7 and 190.9 g, respectively).
A HCD was received by all groups. During the 7 d of feeding trial,

body weight and feed intake were recorded.
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Table 1. Composition of the experimental diet used for Exp. 1, 2, 4*, 5°and 6 (as-

fed basis)

Ingredient % Ingredient %
Casein 20.0 L-Methionine 0.3
Cormn starch 44 3 Vitamin mix® 1.0
Lard 5.0 Mineral mix° 35
Com oil 5.0 Cholesterol 0.5
Sucrose 20.0 Cholic acid 02
Choline chlonde 0.2 Total 100

*For normocholesterolemic diet, corn starch was substituted for cholesterol and
cholic acid in Exp. 4.

®For testosterone administration, 17a-methyltcstosterone (100 mg/kg diet)
was added at the cost of com starch in Exp. 5.
°AIN (1976) purchased from Halan Teklad, Madison, W1.

Exp. 2. This study was conducted to assess the effect of
gender and gonadectomy (GNX) on growth and plasma cholesterol
levels and body composition. Sixteen male (163 g) and 16 female
rats (135 g), both at the same age (35 d), were divided into four
groups of 8 rats each, respectively: sham-operated and GNX male
and female. These rats had free access to water and a HCD for 4
wk. Rats were weighed every other d and feed intake was
monitored.

Exp. 3. This experiment was conducted to confirm the

result of Exp. 2, and also to further study the sex hormone effect in

17



GNX rats, 24 male (130 g) and 24 female (124 g) rats divided into
eight groups of 6 rats each, respectively: sham-operated male and
female, GNX male and female, GNX+17B-estradiol (E;) male and
female, and GNX+17a-methyltestosterone (MT) male and female.
Rats were injected once every week intramuscularly (thigh area)
with 0.1 mL of 20% (v/v in saline) ethanol solution alone or 0.1 mL
of 20% ethanol solution containing either MT or E; (7 mg/kg body
weight), which was dissolved in absolute ethanol first and then
diluted with saline. Rats had free access to water and a commercial
chow (normocholesterolemic diet, NCD) for 4 wk. Body weight
and feed intake were monitored. ~ After the feeding trial, livers were
taken and weighed to calculate relative liver weight (100 x liver
weight/body weight).

Exp. 4. This experiment was carried out to verify the
effects of gender on growth, and also to determine the effect of MT
or E, administration on growth, plasma cortisol level and uterine
weight using 24 GNX female rats (115 g at 4 wk of age) divided into
three groups of eight rats each: GNX, GNX + E; and GNX + MT.
Rats were injected once every week intramuscularly with either MT

or E; (7 mg/kg body weight), which was prepared using the same

18



method described in Exp. 3. Rats were fed a NCD for 3 wk after 7-
d recovery from surgery. At the end of feeding trial, rats were
killed and uteri isolated and weighed to confirm the effectiveness of
injected E,.

Exp. 5. This experiment was done to reassess the effects
of gender on cholesterol metabolism, and also to determine the effect
of MT in a diet fed GNX rats on plasma cholesterol level, assuming
that testosterone is responsible for the lower plasma cholesterol level
in male than in female animals. FEighteen male (165 g) and 18
female (135 g) rats, both at the same age (5 wk), were divided into
six groups (3 x 2) of six rats each: sham-operated, GNX and GNX +
MT (100 mg/kg diet), each consisting of six males and six females.
Rats had free access to water and a HCD for 4 wk.

Exp. 6. The effects of gender on bile acids excretion in
rats fed a HCD were determined using 10 male (177 g) and 10
female (154 g) rats both at the same age (5 wk), which were allowed
to have free access to a HCD for 4 wk. Body weight and feed

intake were monitored, and feces was collected every other day.
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Table 2. Composition of the experimental diet used for Exp. 7 and 8* (as-fed

basis)
Ingredient % Ingredient %
Corn 289 Tallow 32
Wheat 38.0 Molasses 30
Wheat bran 0.5 Vitamin mix® 0.1
Soybean meal 23.5 Mineral mix® 0.1
Limestone 1.4 Salt 03
Monocalcium P 1.0 Total 100
Chemical composition (calculated)
CP, % 17.7
ME, kcal/kg 3,272
Ca, % 0.61
P, % 0.57
*0.5% cholesterol and 0.1% cholic acid were added at the cost of com in
Exp. 8.

*Provided the following per kg of diet: Fe, 60 mg; Cu, 15 mg; Mn, 25
mg; Zn, 60 mg; I, 0.20 mg; Se, 0.25 mg; vitamin A, 8,000 IU; vitamin D3,
1,500 IU; vitamin E, 30 IU; vitamin K, 1.5 mg; vitamin Bl, 1.0 mg; vitamin
B2, 4.0 mg; vitamin B6, 2.0 mg; vitamin B12, 0.02 mg; pantothenic acid, 7.5
mg; Niacin, 20 mg; Biotin, 0.1 mg; Folic acid, 0.6 mg.

Exp. 7. This trial was done to confirm the effect of GNX
on growth and feed efficiency in female pigs. Five sham-operated
control and five GNX Landrace female pigs (26 kg) were allowed to
have free access to water and a diet (Table 2) for 70 d. Body

weight and feed consumption were recorded every other wk, and
ADG, ADFI and gain/feed over the 70-d period calculated.

Exp. 8. The effect of gender and GNX on plasma

20



cholesterol level in pigs was examined using 10 male (104 kg) and
10 female (98 kg) Landrace pigs divided into four groups: sham-
operated male and female, and GNX male and female. Pigs were
kept individually in pens with 60%-concrete floor (9 m?) and
allowed to have free access to water and a HCD (Table 2) containing

0.5% supplementary cholesterol and 0.1% cholic acid for 10 d.

2. Gonadectomy, hormone administration, plasma sample

preparation and carcass measurement.

Testicles were removed through a small incision in the tip of
the scrotum after ligation of the spermatic cords. Ovaries were
removed through a dorsal paramedial incision at the level of the
lower poles of the kidneys, and the incision was closed with stitches
for pigs or wound clips using an autoclip applier (Stoelting Co.,
Wood Dale, IL) for rats. The intact control animals were sham-
operated leaving the organs intact. These procedures were
performed in pigs at 10 d of age or in rats at 3 wk of age under light
ether anesthesia. The stitches and wound clips were removed 7 d

after surgery. At the end of feeding trials and at both the beginning

21



and end of 10-d feeding period in Exp. 8, blood samples were
collected from jugular vein into vacutainer tubes containing EDTA
after 16-h fasting. Plasma was prepared from the blood samples by
centrifugation, and stored at -20°C for later analysis. In Exp. 3 and
4, rats were killed 1 d after the third weekly injection of hormones.
After killed in Exp. 2, rat carcass were divided into small
pieces, lyophilized. ground in liquid nitrogen, and stored at -70C
until analysis. In Exp. 7, back fat thickness was measured at two
spots of 11' thoracic and I* lumbar vertebra, and the average value
was used. Dressing percentage was calculated dividing slaughter

weight by live weight.

3. Analysis of plasma cholesterol and triacylglycerol, and plasma

and fecal bile acids.

Total cholesterol, high-density lipoprotein (HDL)
cholesterol and triacylglycerol concentrations in the plasma were
determined using commercial assay kits (International Reagent
Corp., Tokyo, Japan for the former, and WAKO Pure Chemical Ind.,

Osaka, Japan for the latter two) according to the manufacturer's

22



instruction.  Low-density lipoprotein (LDL) cholesterol was
calculated by subtracting HDL cholesterol from total cholesterol.
Total bile acids in the plasma and feces were measured
using commercial assay kits (Daiichi, Japan) and biochemical
analyzer (HITACHI Photometer 4020, Japan) in Exp. 6. For the
determination of bile acids in the feces, 2 mL of diethylether was
added to 0.5 g fecal sample, and the mixed samples were shaken and
centrifuged at 1,400 x g for 5 min. The supernatants were collected
and the remaiing residues were extracted with diethylether the
second time and the supernatants were added to the first extracts.
The extracted samples were dried using N, and stored at -70C until
analysis. At the beginning of measurement, the dried samples were

resolved in 1.2 mL diethylether.

4. Plasma hormone assay.

Plasma estradiol, testosterone and cortisol concentrations
were determined using the radioimmunoassay kits (Diagnostic
Products Corp., Los Angeles, CA), and a y counter (COBRA,

Packard, Meriden, MD), according to the manufacturer's instructions.
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S. Statistical analysis.

The student -test was used to assess the effect of gender or
GNX on growth and cholesterol metabolism in Exp. 6 and 7. One-
way (Exp. 4) or two-way (Exp. 1, 2, 3, 5 and 8) ANOVA was also
apphied to the analysis of data using SAS package (SAS, 1988, SAS
Inst. Inc., Gary, NC). In ANOVA, the sources of variation for all
variables were young and adult for each sex (2 x 2) in Exp. 1; sham-
operated and GNX for each sex (2 x 2) in Exp. 2 and 8; sham-
operated, GNX, GNX + E; and GNX + TM for each sex (4 x 2) in
Exp. 3; GNX, GNX + E, and GNX + TM in Exp. 4; sham-operated,
GNX and GNX + TM for each sex (3 x 2) in Exp. 5. When the F-
value in ANOVA was significant, the Duncan's multiple range test
was used to compare individual means. A Pearson correlation
analysis was done to calculate correlation coefficient (r) between

plasma estradiol and cortisol levels or uterine weights in Exp. 4.
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IV. Results

Exp. 1. ADG and gain to feed ratio were higher (P <0.01)
in male than in female rats over 1-w feeding period. Both genders
of 4-wk-old rats fed a HCD for 1 wk showed hypercholesterolemia
(501 and 484 mg/100 mL plasma for male and female, respectively),
showing no difference between genders. In adult rats, however,
plasma total cholesterol levels were much higher (P < 0.01) in
female than in male rats (277 vs 157 mg/100 mL plasma) (Table 3).

Exp. 2. ADG was higher (P < 0.01) in sham-operated
male rats than in their female counterparts, but GNX reversed the
suppressed growth in females. Plasma total cholesterol levels in
female rats were twice that of males when rats were fed a HCD and
the ratio of HDL to LDL cholesterol level tended to be opposite to
the total cholesterol level, but these gender differences seemed to
disappear when rats were gonadectomized. Tracylglycerol levels
were not different between genders or treatments (Table 4). GNX
increased (P < 0.05) the crude fat contents of carcass in both genders,

but decreased (P < 0.05) crude ash contents, whereas crude protein
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contents were not different between genders or treatments (Table 5).

Table 3. Effect of gender on weight gain and plasma cholesterol levels in young

and adult rats fed a hypercholesterolemic diet for 1 wk*® - Exp. 1

Young (4 wk) Adult (11 wk)
Item Male Female Male Female
Weight gain™, g/d 54" 478 3.7 2.9'
t 024 t0.17 t 0.25 t 0.16
Gain/feed™, g/g 0.50" 0.46° 0.20" 0.18"
t 0.01 t 0.01 t 0.01 t 0.01
Rel. liver weight®, % 4.6 4.6 3.58 3.38
t 0.10 t 0.10 t 0.06 t 0.03
TC*, mg/100 mL 501° 484" 157" 2778
+ 399 + 49.0 + 18.0° t 329

*Values are means with SE of 10 rats (initial body weight for males and
females of young and adult rats was 52.9 and 52.9, and 249.7 and 190.9 g,
respectively).

*Treatment effect (P < 0.01).

‘Gender effect (P < 0.01).

Gender x treatment interaction (P < 0.05).

“Total cholesterol.

f"Within a row, means without a common superscript letter differ (P < 0.01).
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Table 4. Effect of gender and gonadectomy on weight gain, feed efficiency, and

plasma cholesterol levels in rats fed a hypercholesterolemic diet for 4 wk*- Exp. 2

Sham-operated® GNX®
Item Male Female Male Female
Weight gain®, g/d 6.1 3.8) 52" 5.6
+ 048 t 027 + 035 t0.14
Gain/feed™, g/g 0.40' 0.30 0.37' 037"
+ 0.02 + 0.01 + 0.01 t 0.01
TC®, mg/100 mL 113 390' 177 399'
t 121 t 563 t 202 t 612
HDL-C* 8.8' 32.9 37.5Y 9.5
t 37 t27 + 331 t 81
LDL+VLDL-C? 65 357 140 360’
t 122 t 573 + 207 t 58.7
HDL-C/VLDL-C* 1.2 0.11 0.3V 0.12
t 0.48 + 0.0l +0.05 + 0.02
TG", mg/100 mL 59.1 62.3 55.9 52.4
t 6.41 t 411 t43 t28

*Values are means with SE of 8 rats (the average initial body weight of males

and females was 163 g and 135 g, respectively).

®Sham-operated or gonadectomized.
‘Gender effect (P < 0.01).

Gender x treatment interaction (P < 0.01).

“Total cholesterol.

"High density lipoprotein-cholesterol.

8Low density + very low density lipoprotein-cholesterol.

*Triacylglycerol.

"Within a row, means without a common superscript letter differ (P < 0.05).

Exp. 3. GNX increased (P < 0.01) average daily gain

compared to that of sham-operated female rats.

Intramuscular

injection of E; once every week markedly suppressed growth both in
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GNX females and males, whereas MT administration did not
significantly increase ADG in GNX rats. Gain/feed in GNX rats
was decreased (P < 0.01) by E, injection compared to the other
treatments. E, injection once every week increased (P < 0.001)
relative uterine weight in GNX rats. Plasma cortisol levels in
sham-operated females were much higher (P < 0.01) than in their
male counterparts, but this gender difference disappeared when rats
were gonadectomized. No significant differences were found in the
plasma total or HDL cholesterol levels and HDL/(LDL+VLDL)
cholesterol ratio between the genders or treatments when rats were

fed a NCD (Table 6).

Table 5. Effect of gender and gonadectomy on body composition in rats fed a
hypercholesterolemic diet for 4 wk®- Exp. 2

Sham-operated® GNX®
Item Male Female Male Female
Crude protein, % 686 £ 1.6 668 £ 0.8 643+ 07 661113
Crude fat, % 186 + 15 202 + 09 244+ 07 218t 1.1
Crude ash, % 130 + 03% 140 £ 02° 123 + 05* 135 £ 0.4%

*Values are means with SE of 8 rats (the average initial body weight of males

and females was 163 g and 135 g, respectively).
*Sham-operated or gonadectomized.

“}Within a row, means without a common superscript letter differ (P < 0.05).
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Exp. 4. Intramuscular injection of E, once every week
markedly suppressed growth in GNX female rats (4.67 vs 1.18 g/d),
whereas MT injection slightly increased growth. Gain/feed was
increased (P < 0.01) by GNX compared to the sham-operated (0.21
vs 0.15), and decreased (P < 0.01) by E, replacement (0.10 vs 0.20)
in female rats. Compared with the control, E; injection increased
plasma estradiol (18,600 vs 172 pg/100 mL) and cortisol (1.18 vs
0.59 pg/100 mL) levels measured 1 d after the injection in GNX
female rats. E, injection once every week increased (P < 0.001)
relative uterine weight in GNX female rats. Plasma cortisol or
testosterone level measured 1 d after injection of MT was not
different from the control (Table 7). A Pearson correlation analysis
showed that plasma cortisol concentration (r = 0.72, P < 0.01) and
uterine weight (r = 0.84, P < 0.01) were highly correlated with
plasma estradiol levels (Table 8).

Exp. 5. Average daily gain was different (P < 0.01)
between genders in sham-operated rats, but GNX increased growth
in female rats compared to the sham-operated control. MT
administration in a diet slightly increased weight gain in GNX

females, and feed efficiency showed the same trend as the weight
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gain. Plasma total cholesterol levels of female rats were twice that
of males and the ratio of HDL to LDL+VLDL cholesterol level
tended to be opposite to the total cholesterol level. GNX increased
(P < 0.01) plasma cholesterol level in male rats, but had no effect (P
> 0.05) in female rats. MT administration to GNX male and female
rats decreased the plasma cholesterol level by 23 and 45%,
respectively.  Plasma triacylglycerol levels were not different
between genders or treatments (Table 9).

Exp. 6. ADG, ADFI, gain/feed and consequently, total
cholesterol intake were higher (P < 0.01) in males than in females.
Female rats also showed hypercholesterolemia (530 vs 332 mg/100
mL plasma). Plasma total bile acid concentrations in female rats
were higher than those found in males although not significant (© =
0.08). Fecal total bile acid excretion was much higher (P <0.01) in

males than females (Table 10).
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Table 7. Effect of estradiol or testosterone injection on plasma sex hormone and

cortisol concentrations in female rats fed a normocholesterolemic diet for 3 wk® -

Exp.4

Item GNX® GNX + E;° GNX + MT*

Estradiol*' , pg/mL 172 t 67 18,600 227t 122
+ 3.100"

Testosterone® , ng/mL <0.01 <0.01 <0.01

Cortisol*’, 1g/100mL 059+ 0.17' 1.18 £ 025" 065t 0.14'

ADG, g/d 467+ 083" 188+ 043 504t 060"

Gain/feed, g/g 0.20 + 0.04" 0.10% 0.02' 0221 0.03"

Uterus weight"®, % 0.05 + 0.07' 079+ 028"  0.06 + 0.03'

*Values are means with SE of 8 rats (initial body weight, 115 g).

®Gonadectomized and intamuscularly injected once every week with 0.1 mL
of 20% ethanol solution.

‘Gonadectomized and intramuscularly injected once every week with 0.1
mL of 20% ethanol solution containing 17B-estradiol (7 mg/kg body weight).

YGonadectomized and intramuscularly injected once every week with 0.1
mL of 20% ethanol solution containig 17a-methyltestosterone (7 mg/kg body
weight).

“Hormone concentrations were measured 1 d after the third weekly injection
of hormones.

Correlation coefficient (r) between estrogen and cortisol or uterus was 0.72
(P <0.01) or 0.84 (P < 0.01), respectively.

ERelative uterine weight = 100 (g uterus/g body weight).

“Within a row, means without a common superscript letter differ (P < 0.01).

Table 8. Correlation analysis - Exp. 4

Item Cortisol ADG Uterus Weight
Estradiol 0.720%* -0.877%*+ 0.837%**
Cortisol - -0.758** -

**+ P<0.01,*** P<0.001
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Table 9. Effect of gender, gonadectomy or 17a-methyltestosterone administration
on the growth and plasma cholesterol levels in rats fed a hyvpercholesterolemic

dict for 4 wk® - Exp. 5

Sham-operated® GNX* GNX+MT®
Item Male Female Male Female Male Female
ADG* g 75 3.7 58" 5.4™ 5.6 6.8

+03 +032 +033 +016 020 033
Gain/Feed*™®,  0.23' 0.15"  027™  021™ 020 0.22tm
g/g + 0004 + 0008 001 +0006 0007 = 0006
TCeh 279" s561m 511 601" 395'™ 330™

+ 413 +582 +752 t812 +502 512
HDL-C" 96° 135/™ 147 161' 114™° 103™

+ 112 +74 +173 +113 +143 +103
LDL-C'® 183" 425' 364'™ 440' 281 220"

+314 1533 +624 + 711 t464 t 441
HDL-/LDL-C 055 0.33 0.41 0.37 0.41 0.47

+ 005 003 +t006 +006 +008 +004
TG 442 58.1 515 412 593 61.4

+32 1121 +63 +92 +82 t23
Testosterone, 1.7 <0.01 <0.01 <0.01 <0.01 <0.01
ng/mL t 044

*Values are means with SE of 6 rats fed a hypercholesterolemic diet for 4 wk

(average initial body weight of males and females was 165 g and 135 g,

respectively).

*Sham-operated control.

‘Gonadectomized.

%Gonadectomized and fed a diet containing 17a-methyltestosterone (100

mg/kg).

°Gender effect (P < 0.01).

Treatment effect (P < 0.01).
EGender x treatment interaction (P < 0.01).
"Total cholesterol, mg/100 mL.

'High density lipoprotein-cholesterol, mg/100 mL.

JLow density + very low density lipoprotein-cholesterol, mg/100 mL.

“Triacylglycerol, mg/100 mL.

Imowithin a row, means without a common superscript letters differ (P < 0.05).
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Exp. 7. GNX increased ADG (P < 0.04) compared with
that of sham-operated female pigs during the growing-finishing
period, but had no effect (P > 0.44) on feed efficiency. Back fat
thickness and dressing percentage tended to be higher in GNX

females than in sham-operated females (Table 11).

Table 10. Effect of gender on plasma cholesterol levels and bile acids excretion

in rats fed a hvpercholesterolemic dict for 4 wk® - Exp. 6

Item Male Female
ADFI, g 214 + 057 153 £ 092
ADG, G 7.2 +0.33° 351020
Gain/feed. g/g 0.33 + 0.009° 0.23 * 0.006
Total cholesterol input, g/28d 3.0 £ 0.07° 2.1 £ 041
Rel. cholesterol input” 0.78 + 0.007 0.82 + 0.029
Total cholesterol, mg/dL 332k 230r 530 £ 9.1
Plasma bile acids, pmol/L 199 t 6.1 399 t 8.1
Fecal bile acids, pg

Per g feces 1488 + 73.1 1287 + 104

Per total feces 15211 £ 1255° 8911 + 924

*Values are means with SE of 10 rats (initial body weight for males and

females was 177.7 and 154 4 g both at 5 wk of age. respectively).
PRelative cholesterol intake = 100 (g total cholesterol intake/g final body
weight).

‘Mean values differ between genders according to the student t-test (P <

0.01).

Exp. 8. There were no significant differences in the
plasma total or HDL cholesterol levels and HDL/(LDL+VLDL) ratio
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before feeding a HCD between genders or treatments. However,
when they were fed a HCD for 10 d, plasma cholesterol levels were
much higher in sham-operated females than in their male
counterparts (161 vs 104 mg/100 mL plasma). GNX significantly
increased the plasma cholesterol level in male but not in female pigs.
HDL/(LDL+VLDL) ratio appeared to be higher in males than in
females, and was not influenced by GNX in both male and female
pigs (Table 12).

Table 11. Effect of gonadectomy on daily weight gain and feed efficiency in
female pigs* - Exp. 7

Item Sham-operated” GNX®
Initial BW, kg 261 t 16 264 + 138
ADFI, kg 24 £ 0.05 26 + 0.09
ADG, kg 0.88 + 0.03° 1.01 £ 0.04
Gain/feed 037 £ 0.02 039 + 0.03
Carcass traits

Back fat thickness®, mm 204 t 37 236 t 4.4
Dressing percentage 712 16 732t 14

*Values are means with SE of 5 pigs.

*Sham-oprated or gonadectomized at 10 d of age and group-fed until the
experiment began at 26 kg of body weight.

‘Mean values differ between sham-operated and GNX groups according to
the student #-test (P < 0.05).
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Table 12. Effect of gender and gonadectomy on plasma cholesterol levels in adult
pigs fed a hypercholesterolemic diet for 10 d* - Exp. 8

Sham-operated’ GNX®
Item Male Female Male Female
Feed intake, kg/d 3.60 3.06 3.12 2.89
t 0.25 t 0.16 1t 0.11 t 0.07
TC*
Before feeding C 97 111 105 107
t 35 t50 t 51 t 36
After feeding C' 104" 1618 136% 1608
t 96 t 126 1t 10.1 t 116
HDL-C*
Before feeding C 44 4 44.0 43.0 388
t14 t15 t 21 t 238
After feeding C 445 38.2 498 418
t 68 t 5.1 t 36 t20
LDL+VLDL-C*
Before feeding C 524 67.0 62.0 68.2
t 49 t62 t 45 t52
After feeding C' 59" 1228 86 1188
t 117 t 146 t 89 t 115
HDL/(LDL+VLDL)
Before feeding C 0.89 0.68 0.70 0.59
1t 0.11 t 0.08 t+ 0.05 t 0.09
After feeding C' 0.74" 0.348 0.57% 0.37¢%
t 0.07 t 0.04 t 0.03 1 0.02

*Values are means with SE of 5 pigs (the average initial body weight, 100.7
kg).

®Pigs were sham-operated or gonadectomized at 10 d of age and fed a diet
without supplementary cholesterol and cholate before the hypercholesterolemic
diet was fed for 10 d.

“Total cholesterol, mg/100 mL.

%High density lipoprotein-cholesterol, mg/100 mL.

*Low density + very low density lipoprotein-cholesterol, mg/100 mL.

‘Gender effect (P < 0.01).

#Within a row, means without a common superscript letter differ (P < 0.01).
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V . Discussion

1. The effects of gender, gonadectomy and sex hormones on the

growth.

The present studies clearly demonstrated that suppressed
growth in female animals is mostly due to their ovarian activity or
estrogen secretion. Ovariectomy increased weight gain in female
pigs and rats, but estradiol replacement in GNX female rats
markedly suppressed growth, while elevating plasma cortisol levels
(Tables 6 and 7). ~Similar results have been reported by others
(Tarttelin and Gorski, 1973; Wallen et al., 2001) showing increased
growth by ovariectomy, but suppressed growth by estradiol
replacement in female rats.

Plasma cortisol concentration was highly correlated with
plasma estradiol level (r = 0.72, P <0.01). Different from estradiol,
17a-methyltestosterone injection had no effect on cortisol or
testosterone concentrations in the plasma sampled 1 d after the
injection (Table 7). Considering that the half-life of testosterone 1s

much shorter than that of estradiol and that testosterone was
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measured 1 d after 17a-methyltestosterone was injected, it is not
surprising that no significant amounts of testosterone were detected
in GNX female rats.

Female rats are known to show greater adrenocorticotropin
(ACTH) and corticosterone responses to stress and also have higher
basal levels of corticosterone than do male rats (Kitay, 1961,
Critchlow et al., 1963; Le Mevel et al, 1979). This gender
difference was abolished by ovariectomy and was reinstated by
estradiol administration (Le Mevel et al., 1979). Estradiol implant
in GNX males elicited a female pattern of plasma cortisol level in
the nonhuman primate macaques (Norman et. al., 1992).

In healthy men, short-term treatment with estradiol led to
enhanced hypothalamic-pituitary-adrenal (HPA) and sympathetic
responsiveness to psychological stress, resulting in increased ACTH,
cortisol and norepinephrine concentrations in the saliva compared to
the placebo (Kirschbaum et al., 1996). Burgess and Handa (1992)
showed that corticosterone and ACTH levels after a 5-second
footshock stress with 1-mamp current were much higher and
maintained for a prolonged time when ovariectomized rats were

administered with estradiol. However, estrogen has been reported
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to have both stimulatory and inhibitory effects on HPA functions,
depending on the time after ovariectomy and different doses of
estradiol (Luber et al., 1991; Redei et al., 1994). Cortisol as well as
catecholaminergic responses to stress have also been known to vary
with estrous cycle in women (Marinari, 1976) and in rats (Viau and
Meaney, 1991).

Together, these data and others' indicate that estrogen
induces the secretion of hormones that increase with stress, in turn
resulting in growth suppression. These hormones likely change
animal’s energy use toward catabolic direction. This hypothesis
appeared to be evident because gain/feed was increased by GNX and
decreased by estradiol replacement in female rats (Tables 6 and 7).
Although gain/feed was not significantly increased in female pigs,
the average gain/feed and ADG were improved 5% (0.39 vs 0.37)
and 15% (1.01 vs 0.88) by ovariectomy, respectively (Table 11).
Therefore, ovariectomy appears to be an economically viable
practice to improve growth and feed utilization of female farm
animals. In fact, ovariectomy has long been practiced by pig
farmers in some areas of China as a means of improving growth and

pork quality (Shu-tang Feng, email: xmskyczy@public3.bta.net.cn,
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personal communication). In contrast to estrogen, testosterone is
known to have anabolic effect in rats (Hagar and Kalkhoff, 1989).
Our current study showed that MT administration increased (P <
0.01) ADG in GNX female rats, but not in GNX male rats (Table 9).
Our data indicate that estrogen is a hormone that increases metabolic
rates and consequently depletes body energy reserves that may

otherwise be used for weight gain.

2. The effects of gender, gonadectomy and sex hormones on the

cholesterol metabolism.

Studies have shown marked gender differences in plasma
cholesterol levels in Sprague Dawley rats (Lee et al., 1999) and in
guinea pigs (Fernandez et al., 1995) when animals were fed
hypercholesterolemic diets. We speculated that ovarian activities
might be responsible for the hypercholesterolemic response to
dietary cholesterol in female animals. Unexpectedly, our
experiments showed that: 1) ovariectomy or estradiol replacement
had no effect on plasma cholesterol levels in adult female rats fed

either normo- or hypercholesterolemic diets; and 2) young rats (28 d
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of age) fed a HCD for 1 wk had hypercholesterolemia in both male
(501 mg/100 mL plasma) and female (484). These findings clearly
suggest that the gender difference in cholesterol metabolism does not
appear before sexual maturity and is not related to ovarian activities.

Our next question was on the effect of testis or testosterone
on cholesterol metabolism and we used the rat and pig as model
animals to find that testosterone secreted by males is responsible for
the gender difference in plasma cholesterol level. GNX of male
fats increased the plasma cholesterol level to that of females and MT
treatment markedly decreased the cholesterol level of GNX male
(23%) and female (45%) rats (Table 9), clearly demonstrating that
testosterone suppresses plasma cholesterol level in animals fed
hypercholesterolemic diets. However, our pig study showed that
differences in plasma cholesterol level between male and female
(104 vs 161 mg/100 mL plasma) or between sham-operated and
GNX male pigs (104 vs 136) were less drastic compared to those
found in rat studies (279 vs 561 and 279 vs 511, respectively). The
difference in the magnitude of plasma cholesterol level between the
two species may be due to the different length of time when

hypercholesterolemic diets were fed (28 d for rat study vs 10 d for
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pig study), the different type of diet or interspecies variation in
cholesterol metabolism. Strain-specific responses to
hypercholesterolemic diets have been shown in plasma and liver
cholesterol levels in rats (Bottger et al., 1996).

There have been conflicting reports on the role of
testosterone in cholesterol metabolism; the effect differs, depending
on different model animals, age, gender and the route of testosterone
administration. Several studies have shown that testosterone has
adverse effect on cholesterol metabolism by altering lipoprotein
profiles.  Total testosterone concentrations and sex hormone-
binding globulin (SHBG) are significantly associated with LDL size
in men (Haffner et al., 1996). Testosterone, per se, if administered
at sufficiently high doses and for long duration, can significantly
raise total cholesterol, triacylglycerol, LDL-C and Apo-B and, at the
same time, lower HDL-C in androgenized women, indicating that
male predilection for CVD may be due to adverse effects of higher
androgen levels on lipid and lipoprotein profiles (Goh et al. 1995).
Anderson et al. (1995) also showed that HDL-C was significantly
depressed by intramuscular injection of testosterone enanthate (200

mg per week for 12 months) in men while there were no changes in
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plasma total and LDL cholesterol or triacylglycerol levels during
treatment.

More recently, Handa et al. (1997) demonstrated that
plasma free testosterone level was associated with lower levels of
HDL-C and that total estradiol was related to elevated levels of
HDL-C levels in Japanese men in their early fifties, supporting that
testosterone may be causally associated with atherosclerosis in men
through altered lipoprotein metabolism. Male hamsters fed a HCD
containing 0.05% cholesterol developed greater elevations in plasma
total cholesterol and greater concentrations of plasma HDL-C, and
greater development of early aortic atherosclerosis versus female
hamsters (Wilson et al., 1999).

On the contrary, testosterone replacement therapy in
hypogonadal and elderly men showed a beneficial effect on
cardiovascular system, decreasing total cholesterol and atherogenic
fraction of LDL-C without significant alterations in HDL-C levels or
its subfractions HDL,-C and HDL;-C (Zgliczynski et al., 1996).
Tchernof et al. (1997) also showed that increased testosterone levels
were associated with reduced triacylglycerol and Apo B; total and

LDL cholesterol concentrations; and increased HDL/total cholesterol
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and HDL,-C/HDL;-C ratios. Hypotestosteronemia was observed in
Chinese male patients with CHD, and positive correlation of plasma
testosterone level with plasma HDL-C, but negative correlation with
plasma Lp(a) level was found, suggesting that testosterone has a
protective effect against atherosclerosis (Zhao and Li, 1998).

Further studies are needed to clarify the mechanism by
which testosterone suppresses plasma cholesterol level in animals
fed hypercholesterolemic diets, e.g., through regulation of all or
some of the following: LDL receptor, HMG-CoA reductase and 7a-
hydroxylase in the liver, possibly at the gene transcription level.
Dietary cholesterol has been known to decrease the activity and
mRNA of LDL receptor and HMG-CoA reductase, and increase
those of 7a-hydroxylase (which is suppressed by dietary cholate) in
rats (Roach et al., 1993) and mice (Dueland et al., 1993).

Estrogen administration was reported to increase the LDL-
receptor mRNA and the receptor protein in Sprague Dawley rats
(Srivastava et al. 1993, Parini et al. 1997). In theory, this increased
receptor protein should depress cholesterol synthesis and in turn
plasma cholesterol levels. However, Femandez et al. (1995)

showed that hepatic HMG-CoA reductase activity was much higher



in female than in male guinea pigs when they were fed a
hypercholesterolemic diet, suggesting that females are less sensitive
than males in feedback control mechanism of cholesterol synthesis.
Our data also suggest likewise. Plasma cholesterol level in female
rats was twice as much as that in males when rats were fed a HCD,
but no gender difference was found with a normocholesterolemic
diet (124 mg/100 mL plasma for male vs 131 for female).

Estrogen's involvement in lipoprotein metabolism (e.g., an
increased ratio of HDL to LDL cholesterol) has also been implicated
in its role in cardioprotection (Wagner et al., 1991; Campos et al,,
1997). Beneficial effect of estrogen on CVD seems to be
contradictory to our findings that female pigs and rats had much
higher plasma cholesterol levels than males when they were fed a
HCD, and ovariectomy had no significant effect on the plasma
cholesterol level. If estrogen plays a role at all in reducing CVD in
females, it may be through actions on other than controlling blood
cholesterol levels. Naito et al. (1995) indicated that the effect of
sex hormones on lipid metabolism is not likely to account for the sex
difference in CVD, on the basis of the reports: 1) men with

premature myocardial infarction was shown to have increased
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estrogen levels (Phillips, 1976), and 2) men who had received high
doses of estrogen showed an increased frequency of cardiovascular
events (Veterans Administration Cooperative Urological Research
Group, 1967; Coronary Drug Project Research Group, 1976).
Estrogen may partly contribute to cardioprotection through
enhancing the secretion of hormones that increase metabolic
activities, as exercise plays a role in cardioprotection (Lindheim et
al., 1994). The proposed hypothesis in the present study may be
further supported by an increased relative liver weight by estrogen
injection in GNX rats, both male and female rats in this study. A
study done by Srivastava et al. (1993) with male Sprague Dawley
rats fed a normocholesterolemic diet showed that subcutaneous
injection of estradiol (5 mg/kg body weight daily for 5 d)
significantly increased relative liver weight (1.5 times the placebo
control), decreased growth (to 85% of the control), and plasma total
cholesterol (to 6%) and triacylglycerol (to 59%). Antioxidant
activity of estrogen has been suggested us its role in cardioprotection
(Walsh et al., 1999), although no inhibitory action on LDL oxidation
was found at physiological concentrations (Santanam et al., 1998).

Overall results of these studies indicate that ovarian activity

46



suppresses growth in female animals and thus ovariectomy (or
inhibition of estrogen secretion) can be an economically viable
method to improve growth and possibly feed efficiency in female
pigs, but we need to develop a simple method of neutering female
pigs either through ovariectomy or nullifying the ovarian activity.
Testis (testosterone) is responsible for the lower plasma cholesterol
level in male than in female animals with hypercholesterolema.
Further studies are required to clarify what stage of cholesterol
metabolism testosterone is involved in; i.e., depression of cholesterol
synthesis (e.g.,, HMG-CoA reductase gene expression), or
enhancement of cholesterol oxidation and excretion (e.g., cholesterol

7o -hydroxylase gene expression).
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Aol E, o ##HEE HEXE HAAROU MT o #EE 9 8N
A71E @EL BRI M 4 cortisol BEE AFHAAM E=A (P < 0.01)
velgow old #y XERE AMEB FES AdME JdEYA
ottt MRS BHEG AdAe & - F B oM b FASHE
BEE 2827 AAHER 3). £ E o HEE AR RS
A I  cortisol BEES 100%7HA #@in Ao FEH G
g AA Em ARG =3 M b estradiol BEES cortisol R TE
TAY HEMOZP < 001) ¥ HMBKEC = 0728 BAFGEE 4).
g2 A SEKE BRSO FAY AR RES M

It

i

A2HE BES A ®m ARHP < 001) MT S o MR
WS FHAA 23% dHAAME 45%71A M+ FH2HE BEE
A BANAGEE 5) STU2dESEE Bests FelodA M
d & bile acids BET AEMN ERT AAAHP = 0.08) FA7L E
eI, B F & bile acids BETE FH/E =A@ < 001
el @i 6). HA RBEAAME AR LS dHR Y HEERS
mEAReYP < 001) BEEHt T& RE KH £ZRE HoA
ARHEE 7). £F HAo FZU2HEMEHE RIS WX F
HKEgol Al ol FHAA m o+ FH2dE BET x4

61



e Gom(P < 005), SR AmiR FHHE m & FASHE
MES 8 AATGER 3).

A Bge KE  estrogen < BEXIY @HHEEE A
BAA e 2 FRES cortisol ¥ £ AEHNA 3229 FUE
A 717] Eo 2 Eatec webA] SR S estrogen o FWE
HAmo R EEsy] wWEol FHKFolA WMRER F FEAREXS
M EA7E AEMA Hkez FIAE F AE ez NG EF
testosterone < ESZAAHSMAES AR AE Bl Ao M +

ZY2HE BES B AT

62



Are) 2

2 HES AU =ZojA g HoA o] FAE YoAE HY
A AL i A7 E Al 2ete AHoRE wyhopm
Yo

A ¢ A FFIS AAFAL AFAARYH A1
FA7A ALEA AZRAFA HAFY wedA JIHoRE AR
nhgS AU £ B =Fo] HEoArzA AR AArLE
A FAF wgd, AR s wgd, oAz wad, AR} AL
di HolAl B AYE op7A doal FEAARYH wydE
A AAE =YYt of & wfR Y o w5 UA HFA A
FEAANIAY FPH S vEE 2 A AAE9 #grt AU
of o] =& vhd F ANFUT 53] Aol P FAAA
Hgog =28 & FeEdTA AFER U APH Fads
7 o] 2& o v g AFY

Bog EXste Y9 Ut FEYH 7IEE 259 BAFI

o] =Fog vy By dAdd. 1ex RolA Y& Fo
Ae oldigl & F4E, ol A9-9 /e AlFel dUsUH

N

2002 9 %o

aju

2
o
2



	표제면
	Abstract
	I. Introduction
	II. Literature Review
	III. Materials and Methods
	IV. Results
	V. Discussion
	VI. Literature cited
	요약

