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I. Introduction

A variety of health-promoting food sources have been used
in Korea as well as other countries without knowing well
défined effects. These sources include alfalfa, laver and
pine—needle, which are used in a form of food additives, pills or
drinks, and contain significant amounts of different types of
fibers. Dietary fibers, especially soluble fibers are fermented,
producing lactic acid and volatile fatty acids (VFA) in the large
intestine of nonruminant animals including humans. Dietary
cellulose increases bulk and the amount of water in intestinal
contents, decreasing transit time and thus the concentration of
toxic substances in contact with the intestinal mucosa (Kelsay,
1978). Most of the soluble fibers containing viscous materials,
such as guar‘gum, pectin and psyllium, are known to effectively
reduce serum cholesterol levels (Gallaher et al, 1993; Lund et
al., 1993; De Deckere et al., 1993). Different types of soluble
fibers elicit different hypocholesterolemic responses when fed
with diet containing cholesterol, possibly because of the specific
action of each fiber type in the intestine (Fernandez et al.,
1995).

In addition to an action as a fiber source, pine-needle is

known to inhibit estradiol-178 receptor binding (Wagener and



Jackson, 1983). Estrogen concentrations in systemic blood
increased progressively after the initiation of pine-needle feeding
in cows and the normal rise iIn estrogen asscciated with
parturition was initiated early by feeding pine-needle (Short et
al., 1989).

Sex and sex hormones appear to be major determinants of
cardiovascular disease. Women have less cardiovascular disease
than men, especially in the premenopausal period. In general
population men have higher triglvceride and VLDL and lower
HDL concentrations than women (Heiss et al., 1980). Estrogen
administration has been reported to decrease triglyceride and
low-density lipoprotein cholesterol(LDL) and increase
high-density lipoprotein cholesterol (HDL) levels (Matthews et
al.,, 1989). Fernandez et al. (1995) showed that female guinea
pigs were more susceptible to a dietarv cholesterol than males
and, while dietary fiber lowered plasma and hepatic cholesterol
concentrations, the responses in females were moderate and
more scattered than in males. Similarly, a more significant
effect of dietary fiber in lowering plasma total and LDL
cholesterol levels in men compared to women (Jenkins et al.,
1993). These sex effects on cholesterol metabolism has never
been reported in rats.

One of the benefits of increasing soluble fibers in diet is to
reduce urease activity in the intestine (Wrong et al., 1981). The

enzyme urease is produced by certain intestinal bacteria and
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serves an essential functions in the process of urea recycling by
catalyzing the conversion of urea to ammonia. Ammonia
produced by microbial urease may be used for microbial protein
synthesis or be absorbed into the blood stream, but is known to
be toxic to animals (Visek, 1978). Pigs fed a high fiber diet
have lower concentrations of ammonia-N in fecal, cecal and
colonic samples (Varel, 1983), and rats fed a high cellulose diet
had a lower urease activity (Lee, 1992), compared to the
control. Our study was conducted to determine the effect of
sex and feeding diets containing alfalfa, laver or pine-needle
meal on plasma cholesterol level and cecal urease activity in

male and female rats.



II. Literature Review

1. Effects of dietary fibers on animal’s digestive function

Numerous studies have shown  that nonruminants can
digest fibers. Cellulose, one of the major components of crude
fiber, is an important dietary factor, although it cannot be
termed an essential. ‘nutrient. Fiber alters the digestion,
absorption or subsequent metabolism of various nutrients
(Cummings, 1978; Kelsay, 1978). The amount of cellulose in
diet affects not only its digestibility, but also that of other
dietary constituents. Gargallo and Zimmerman (1980) reported
that the digestibility of dry matter and cellulose varied
inversely with the level of fiber in a diet. Pollmann et al
(1979) found that the digestibility of energy and nitrogen
decreased as the fiber content increased. This reduction may be
explained in part by the rate of passage of material through
the digestive tract. Fioramonti and Bueno (1980) observed that
the rate of passage increased with the fiber content of the

diet, possibly the result of increased gut



motility, in particular that of the large intestine. The shorter
retention time will reduce the time of contents exposed to
digestive enzymes.

The source and level of fiber must also be considered when
the effects of fiber on rate of passage are being evaluated
(Stanogias and Pearce, 1985). Soybean hulls and wheat bran
did not affect the rate of passage when fed at levels from
7% to 15%, but feed transit time increased when fed these
fiber sources at levels between 22%  and 30%. With less
degradable fibrous materials such as ground corn cobs and
alfalfa stems, digesta passage increased as a level of increased.
Coarse fiber particles may be retained in the cecum longer than
more finely ground particles of the same fiber source (Ehle et
al., 1982).

In general, hypocholesterolemic properties are ascribed to
water-soluble fibers, but there is no consensus on how soluble
fibers affect sterol metabolism. It has been proposed that the
presence of soluble fibers in the gastrointestinal tract increases
viscosity and interferes with micelle formation and lipid
absorption (Gallaher et al, 1993). Short-chain fatty acids
(acetate, propionate and butyrate) are produced in large
quantities from the fermentation of dietary fibers in the colon.

Propionate has been shown to inhibit endogenous cholesterol



synthesis (Wright et al, 1990). In contrast, Stark and Madar
(1993) found that short-chain fatty acids are not the
cholesterol-lowering factor of highly fermentable fiber sources.
Despite the widespread use of dietary fibers, unanswered
questions concerning their fate and mechanisms of action in the
body still exist. This is in part due to the large number of
organic substances included in the definition of dietary fiber and
the wide range of physical and chemical properties these

materials possess.

2. Effects of fiber on cholesterol metabolism

Cholesterol, a precursor of steroid hormones and bile acids,
is svnthesized from acetyl Co-A in mitochondria of cells. The
amount of its synthesis is reduced when dietary cholesterol
intake is increased (Grundy et al., 1969). This mechanism
allows body to maintain a relatively constant cholesterol level.
A feedback system exists between synthesis and
absorption of cholesterol in vivo. However, when absorbed

cholesterol exceeds body’'s need, there is its accumulation
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which may be a causing factor of cardiovascular disease
including atherosclerosis.

Lipoprotein is classified into chylomicron, very low density
lipoprotein (VLDL), low density lipoprotein (LDL) and  high
density lipoprotein (HDL). The first three (chylomicron, VLDL,
LDL) are generally called B-lipoprotein or simply low
density lipoprotein (LDL) in total, while high density lipoprotein
(HDL) is called a-lipoprotein. The LDL fraction appears to be
positively related to coronary heart disease, while the HDL
fraction appears to protect against it. Epidemiological, clinical
and experimental studies have shown that the HDL cholesterol
level is more closely related to lower incidence of
atherosclerosis than is total cholesterol, high levels of which
increase the incidence of atherosclerosis.

Dietary cholesterol is absorbed through  portal vein, and
absorbed cholesterol is transported into peripheral tissues
(Vahouny et al., 1988). Liver cells synthesize cholesterol from
acetyl-CoA and the synthesized cholesterol associated with low
density lipoprotein (LDL) is transported to whole body tissue.
LDL receptors located in the surface of cells receive LDL,
which is degraded into individual components, cholesterol,
triacylglycerol, phospholipid and protein inside cells (Goldstein

and Broem, 1977). High density lipoprotein (HDL) transports
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cholesterol from peripheral tissues to the liver. In the liver,
cholesterol transforms into bile salts, which is excreted into
the intestine. Part of excreted bile salts is reabsorbed into the
liver, and recycled (McCarthy, 1993).
Certain dietary water-soluble fibers such as guar gum,
pectin and oat bran have lipid-lowering effects in
experimental animals (Chen et al, 1984). Such fibers are
viscous and fermentable in the large intestine. Both increased
viscosity within the small intestine and increased large bowel
fermentation have been implicated in the cholesterol-lowering
effect of dietary fiber (Gallaher et al, 1993). Increased
fermentation has been hypothesized to lower plasma
cholesterol via an inhibition of hepatic cholesterol synthesis,
mediated by increased production and absorption of the short
chain fatty acid propionate, a fermentation product (Chen et
al, 1984). But Stark and Madar (1993) reported that despite
significantly higher rates of short chain fatty acid (SCFA)
production in pectin-fed rats, cholesterol synthesis was not
inhibited, suggesting that SCFA are not the
cholesterol-lowering factor of highly fermentable fiber sources.
Vigne et al. (1987) reported that low-methoxyl pectin and
wheat bran both beneficially modified the serum triglyceride
and cholesterol levels. However, the magnitude of the effect of
each individual type of fiber was dependent on the fat and

cholesterol content of the diet, suggesting the existence of



different mechanisms of action. An increase in intestinal
contents viscosity could lower plasma cholesterol concentrations
by reducing diffusion of micelles within the intestinal lumen,
thereby interfering with absorption of cholesterol or bile acids
or both (Judd and Truswell, 1983). Alternatively, the reduced pH
in the large intestine that results from increased fermentation
may reduce the solubility of bile acids, leading to an increase
in their excretion. Plasma cholesterol may subsequently be

reduced in order to maintain the bile acid pool.

3. Effects of sex hormones on cholesterol and lipid

metabolism.

Sex hormones appear to be major determinants of
cardiovascular disease. Women have less cardiovascular disease
- than men, especially in the premenopausal period. In general
population men have higher triglyceride and VLDL and lower
HDL concentrations than women (Heiss et al., 1980)

Estrogen administration has been reported to decrease
triglyceride and low-density lipoprotein cholesterol (LDL) and
increase  high-density  lipoprotein  cholesterol (HDL) levels

(Matthews et al., 1989). Estrogen use increases the secretion of
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large VLDL particles and also stimulates the take-up of VLDL
remnants by the liver (Walsh et al, 1991). In contrast to
womern, increased androgen concentrations in men do not seem
to be associated with increased cardiovascular risk factors,
although testosterone concentrations are associated with
increased HDL and decreased insulin concentrations (Steven et
al, 1995 In animals, the effects of testosterone on insulin
sensitivity differ between males and  females. Female rats
treated with testosterone showed decreased insulin sensitivity
and a decreased proportion of red muscle fibers (Holmang et
al, 1990).

Sex hormones may play a role in LDL composition. Since
VLDL 1is the precursor of LDL, it is possible that differing
concentrations or  distributions of VLDL may influence the
resulting LDL particle size. Sex hormones might influence this
conversion of VLDL to LDL, perhaps by affecting hepatic lipase
(Kinnunen et al., 1983).

Several enzvmes involved in HDL and triglvceride
metabolism may be affected by sex hormones. Lipoprotein
lipase is higher in women than in men, while hepatic
triglyceride lipase is higher in men than in women (Kruis et al.,
1974). Tikkanen et al. (1982) suggested that the influence of
sex steroids on HDL levels is mainly  mediated through
changes in  hepatic triglvceride lipase. In  contrast,

administration of intramuscular testosterone does not alter the
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concentration of hepatic triglyceride lipase (Thompson et
al., 1989). Administration of testosterone leads to an increase in
hepatic triglyceride lipase and decreases in HDL (Friedl et al.,
1990). Sex hormones may also have effects on lipolysis. With
age, testosterone levels decline in men and visceral fat
increases (Seidell et al, 1990). Older males have increased
lipolytic activity in subcutaneous abdominal fat, which is
metabolically similar to intraabdominal fat tissue (Rebuffe-Scrive

et al., 1987).

4. Effects of fiber on urea and ammonia metabolism in

the GI tract

Urea is formed in the liver from dietary and endogenous
amino acids, and disposed of either by excretion into the urine
or by hydrolysis in the GI tract. Ammonia produced by
nitrogen metabolism is normally converted to wurea in the
mammalian liver, 20 ~ 25% of which is excreted into the GI
tract and hydrolyzed to  ammonia by microbial urease
(Wrong, 1981). High concentrations of ammonia in the
intestinal tract can be toxic and increase turnover of intestinal

epithelial cells. With the increased turnover, men and animals
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are forced to expend greater energy for maintenance of the
intestinal tract and thus less energy is available for growth
(Visek, 1978, Lin and Visek, 1991). Nitrogen derived from urea
hvdrolysis in the bowel may either be used for microbial protein
synthesis or re—enter the blood stream (Jackson et al., 1990)
The large intestine is generally regarded as the main site
of urea degradation in nonruminants. The low concentrations
of urea in the large bowel are usually attributed to the
presence of bacterial urease, which are produced by many
microbial species, both aerobes and anaerobes, particularly
nonsporing  anaerobes, Peptostreptococcus  and Proteus
species (Donaldson, 1964, Wozny et al., 1977, Suzuki et al.,
1979). Varel et al. (1984) reported that concentrations of
ammonia from fecal, cecal and colonic samples were all
significantly lower in pigs fed the high fiber diet. This, along
with the higher acetate to —propionate ratio, indicates that
high fiber diets modify bacterial metabolism in the large
intestine. The lower ammonia concentration suggests thét less
protein catabolism is taking place or more of the ammonia is
used by the intestinal bacteria. It is well established that
indigestible polysaccharides cause a bacterial proliferation in
the large intestine that is linked with an enlargement of the
cecum (Levrat et al, 1991). The increase in cecal weight is
fueled by short chain fatty acids (SCFA), especially butyrate,

which are the end products of fermentation of
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polysaccharides by the flora. Bacterial growth requires a
source of nitrogen. This is provided to some extent by dietary
protein that escapes digestion and by endogenous proteins such
as pancreatic and intestinal secretions and sloughed epithelial
cells (MacFarlane and Cummings., 1991). Also, a key
supply of nitrogen for bacterial proliferation comes from
blood urea.

When the supply of polysaccharides reaching the cecum is
substantial, the hypertrophy of the cecum results in a much
larger blood flow to the cecum. This allows for the diffusion of
urea from the blood to the cecal Ilumen. (Demigne and
Remesy., 1985). Due to the presence of highly ureolytic
bacteria in the cecum, the urea concentration gradient favors a
net transfer of urea into the cecal lumen. The ammonia
generated by bacterial urease is used for bacterial protein
synthesis, thus trapping nitrogen for elimination into the feces.

Both dietary fibers and oligosaccharides effectively enhance
fecal nitrogen excretion and depress renal nitrogen excretion
(Younes et al, 1995). Small amounts of amino acids such as
glutamine, glutamate, glycine and taurine are transferred from
blood to lumen (Levrat et al, 1993). However, it is blood urea
that constitutes the largest and the most readily available
sources of nitrogen for bacterial protein synthesis in the cecum
(Levrat et al, 1993). When urea is transferred to the cecal

lumen, it is broken down to ammonia by bacterial urease and
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then used for microbial protein synthesis. These microbial
proteins are finally excreted in the feces, where they represent
the major part of nitrogen (Meinl and Kreienbring 1985,
Mortensen 1992, Viallard 1984). |
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III. Materials and Methods

1. Animals and diets

A study was conducted to determine the effect of sex and
four different diets (control, 10% alfalfa, 10% laver and 10%
pine-needle meal diets) in a 2 x 4 factonal design.
Twenty-four male and twenty-four female Sprague Dawley rats
(mean initial weight, 92 g) were housed individually in
suspended wire cages in a room maintained at 20-25C with a
12-h light (07:00 to 19:00) and 12~h dark (19:00 to 07:00) cycle.
Rats were divided into eight groups (2 x 4), each consisting of
six male or female rats. The composition of the experimental
diets is shown in Table 1. Diets and water were provided for
ad libitum consumption.

After a 5-day adjustment period, rats were fed
experimental diets for four weeks. Feed consumption and body

weight were recorded every 2 d during a 28-d feeding period.
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2. Sample collection and incubation of cecal contents

At the end of the feeding experiment, rats were fasted for
12 hours and eight rats from different treatments were
killed daily between day 10:00 and 12:00 until all of the
experimentél rats were used. Blood samples were centrifuged at
3,000 x g for 15 min and the serum stored at -20C for later
analysis. Cecal contents were collected in  50-ml centrifuge
tubes, weighed and diluted 1:4 (w/v) with 0.2 M phosphate
buffer (pH 6.8). The cecal tissue was flushed clean with tap
water, blotted on paper towel and weighed (cecal wall
weight). Duplicate 1-ml samples of diluted contents  were
transferred into 15-ml centrifuge tubes and 0.34 ml of 0.44 M
urea solution was added to one sample, and 0.34 ml distilled
water was added to the other sample and the mixture was
inactivated with 0.134 ml of 6 N H>SO; before incubation and
served as blank. The férmer was incubated at 37C in a
shaking water bath while being flushed with N» for the first 1
min and then each unit was clamped sealed. The incubation was
initiated within about 10 min after rats were Kkilled.

At the end of the 30-min incubation, an air stream was
pulled through the reaction chamber, and 0.134 ml of 6 N
H2SOs was added to the inlet tube of the reaction chamber

to stop the reaction. The inactivated samples were centrifuged
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at 3000 X g for 15 min and supernatants were collected into
plastic vials and immediately stored at -20C for later

analysis.

3. Determination of ammonia production and urease

activity

Ammonia concentrations in supernatants stored at -20C
were determined by using a colorimetric method (Chaney and
Marbach, 1962). Net ammonia production during the 30-min
incubation was calculated by the difference in  ammonia
concentration between the blank and incubated sample. Urease
activity( zmol of urea hydrolyzed/30 min per g) was
calculated by dividing net ammonia production by two.

The urea concentration of plasma was determined by using
a colorimetric method (Chaney and Marbach, 1962).
Two-hundred ul of urease solution (urease 0.09 g and EDTA
0.04 g/L) and 20 ul of plasma sample were mixed and incubated
at 37C for 15 min. Ammonia concentration (gmol) determined
using the same method wused for cecal ammonia concentration
and urea concentration (#mol) was calculated by dividing

ammonia concentration by two.



4. Analysis of cholesterol and triglycerol in the plasma

Total cholesterol and triglycerol were détermined by
using respective commercial  assay kit (International Reagent
Corp., Tokyo, Japan). Ten and 20 ul of plasma were
used for | determining total cholesterol and triglvcerol,
respectively. High-density lipoprotein (HDL) cholesterol (in 50
ul of plasma) was also determined by using commercial assay
kits (WAKO Pure Chemical Ind., Osaka, Japan). Low-density
lipoprotein (LDL) + very low-density lipoprotein (VLDL)
cholesterol was calculated by subtracting HDL  cholesterol

from total cholesterol.

5. Statistical analysis of experimental data

Statistical analysis were carried out by using SAS package
(SAS, 1988). Analyses of variance (ANOVA) were calculated in
a completely randomized block design (Table 2). Duncan's
multiple range test was applied to compare individual means

when F-value was significant (P < 0.05).



IV. Results and Discussion

1. Effects of diets and sex on weight gain, feed intake

and cecal size

Final weights were heavier (P<.001) in male than in female
rats, although their weights at beginning were similar. Rats fed
the control or diets containing laver meal had higher (P<.01)
average daily feed intake and average daily gain, and lower F/G
(feed/gain ratio) than rats fed diets containing alfalfa and
pine-needle meal (Table 3).

It is not surprising that alfalfa and pine-needle meals in
the diet depressed growth because they contained 29.4% and
435% ADF as shown in Table 1, respectively. Reduced feed
intake in rats fed diets supplemented with alfalfa and
pine-needle meals indicates that these components reduced
Jalatability of diet. Over the feeding period, male rats showed
higher (P<.0l) average daily gain and average feed intake, and
lower (P<.01) F/G than females, because the mature size of
females is smaller than males, and the feeding experiment was
extended over the maturity.

Table 4 shows the effects of diets and sex on total cecal

weight, cecal tissue weight and weight of cecal contents.
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Significant (P<0.01) differences were noted in total cecal weight
and cecal contents between sexes also between diets showing
laver and pine-needle meal increased the weight of cecum and
its contents compared to the control or alfalfa meal diet‘ Heavier
body weight of male rats was considered to be a major factor
for the larger cecum size.

Younes et al. (1995) reported that when fibers and
oligosaccharides were added to semipurified diets at 7.5 g/100 g
in place of wheat starch, oat fiber did not cause an enlargement
of the cecum. In contrast, gum arabic and oligosaccharides
elicited a 35 - 60% enlargement of the cecum. These results
indicate that fermentable fibers enlarge the cecum because
fermentation products, volatile fatty acids, (especially butyrate)
stimulate cell proliferation.

In the present study, rats fed diets containing laver or
pine-needle had enlarged cecum and more contents, indicating
that fibers in these are more fermentable than that in alfalfa

meal.



2. Effects of diets and sex on plasma cholesterol and

triacylglycerol of rats.

Plasma total cholesterol, HDL cholesterol, LDL+VLDL
cholesterol and triacylglycerol levels are shown in Table 5.
Plasma total cholesterol level in rats fed diet containing
pine-needle meal was twice (P<.0l) that in rats fed the other
diets. Diet containing laver meal decreased (P<.01) the plasma
cholesterol level, as compared to the control. Plasma cholesterol
level in female rats was two to three folds higher (P<.001) than
that found in males. Feeding a diet containing alfalfa meal
increased (P<.01) serum HDL cholesterol compared to that
obtained with diets containing laver or pine-needle meal.
Interestingly, HDL cholesterol in male rats was significantly
(P<.01) higher (25 to 3.5-folds) than that in female rats. Female
rats fed a diet containing pine-needle meal had much higher
(P<.01) serum triacylglycerol, as compared to male rats fed the
same diet or female rats fed the other diets. Male rats fed
diets containing alfalfa meal, laver meal or control tended to
decrease the serum triacylglycerol, although the difference was
not significant.

Certain dietary fibers have been reported to lower plasma
cholesterol by binding bile acids and reducing their recvcling

through the enterohepatic circulation. In addition, some kinds of
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fibers may delay the digestion and absorption of fat. Numerous
in vitro studies have demonstrated that some, but not all,
sources of dietary fiber bind bile acids, leading to the hypothesis

that bile acid binding is a mechanism whe eby  certain dietary

fibers lower plasma cholesterol (Story et al., 1976;Vahouny et
al., 1981). Story (1986) reported that the response is not
consistent, nor is it likely to be sufficient to completely explain
the hypocholesterolemic response of dietary fiber. For example,
celiulose does not bind bile acids in vitro and in vivo, nor does
it lower plasma cholesterol, vet it has been reported to increase
fecal bile acid excretion. Nishina et al. (1990) reported that
cellulose, an insoluble fiber, appeared to have little or no effect
on lipid metabolism in rats and fibers, often considered to be
physically similar, do not vield the same phyvsiological effects or
the same metabolic alterations. Reddy et al. (1979) reported that
alfalfa did not reduce plasma cholesterol level and decreased the
concentration of fecal neutral sterols, but not the bile acids.
However, because of a two-fold increase in fecal bulk in rats
fed the alfalfa diet, there was an increase in the daily output of
total as well as some of the individual bile acids, particularly
cholic acid, deoxycholic acid., lithocholic acid and
12-ketolithocholic acid. Cuddeford et al. (1992) reported that
alfalfa saponins had no consistently significant effects on plasma
cholesterol and triglyceride values but might contribute to the

negative digestibility of alfalfa ether extract.
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Pectin has a significant plasma cholesterol-lowering effect
with a high cholesterol diet (Fernandez et al, 1994), while guar
gum intake lowers plasma cholesterol more effectively in
combination with a low cholesterol rather than with a high
cholesterol diet (Fernandez et  al, 1995). Such different
responses indicate that the primary mechanisms responsible for
decreasing plasma cholesterol concentrations are specific for each
type of dietary fiber.

Wagner and Jackson (1983) reported that a component of
pine-needles could effectively compete with estradiol-178 in a
uterine cytosolic binding assay.  Estrogen concentrations in
systemic blood increased progressively after the initiation of
pine-needle feeding (Short et al., 1989).  Christenson et al.
(1992) demonstrated that cows fed pine-needles progressively
reduced uterine blood flow to the gravid horn and that this
reduction induced the onset of a premature parturition as
evidenced by normal prepartum changes in steroid secretion.
They suggested that pine-needles may contain a compound
similar in structure to an estrogen-catechol estrogen but with
antiestrogenic activity.

Unexpectedly, rats fed pine-needle meal had about twofold
higher plasma cholesterol level than rats fed the other diets In
the present study. We hypothesize that feeding pine-needle
meal changes the metabolism of steroid hormones that increase

cholesterol synthesis or decrease its degradation.



Sex hormones has been known to be major determinants of
the cardiovascular disease. Women have less cardiovascular
disease than men, especiallv in the premenopausal period.  In
general population men have  highe triglyceride  and
very-low-density  lipoprotein  cholesterol(VLDL) and lower
high-density lipoprotein cholesterol(HDL) concentrations than
women (Heiss et al, 1980). Most cross-sectional studies have
reported that sex hormone-binding globulin  (SHBG)  and
testosterone levels correlate positively with HDL cholesterol
levels. Thus SHBG by modulating the balance in the
biodisposal of testosterone and estradiol, might have a profound
effect on the risk of cardiovascular disease (Pugeat et al, 1995).
Estrogen use increases the secretion of large VLDIL. and also
stimulates the uptake of VLDL by the liver and increases the
catabolism of LDL in the liver. Sex hormones may affect
several enzymes involved in the metabolism of HDL and
triglyceride and may also affect lipolysis (Steven et al., 1995).

Godin et al. (1995 reported that when control or
cholesterol-supplemented diet (1% by weight) to male and
female birds, plasma cholesterol levels in controls were
comparable in both sexes although females showed higher
triglyceride levels. Cholesterol supplementation increased plasma
cholesterol in both males (8.1-fold) and females (2.5-fold) but
triglycerides were significantly elevated (3.4-fold) by cholesterol

feeding only in males. In contrast, Fernandez et al., (1995)
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showed that female guinea pigs had a higher plasma cholesterol
level than males when fed a high cholesterol diet (0.23% of
diet), but not when fed a low cholesterol diet (0.04% of diet).
They also found that dietary soluble fibers lowered plasma and
hepatic cholesterol concentrations, the response being moderate
and more scattered in females than in males.

The present study demonstrated that female rats had twice
as much plasma cholesterol as males when they were fed a
high cholesterol (0.5%) diet. Some of this difference may be
accounted for by more feed intake (or cholesterol intake) per
gram body weight by female than male rats, showing higher
feed/gain ration. But other factors are evident in increasing
plasma cholesterol level in female compared to male rats
because the cholesterol intake per unit body weight by female
rats was no more than 150% of that by males, while the plasma
cholesterol level in females was more than 200% of that of
males.

Certain dietary fibers and their components could also
affect the enterohepatic circulation of bile salts and cholesterol.
In addition, different kinds of fibers can also alter the activity of
gut microflora, which influence the metabolism of bile acids and
cholesterol. Thus, the effect of dietary fiber and on cholesterol

and lipid metabolism is complex and needs to be further studied.



3. Effects of diets and sex on urease activity and

ammonia production in the cecal contents of rats

Net ammonia production (or urease activity), serum urea
and fecal nitrogen concentration are presented in Table 6.
Ammonia concentration(#mol of ammonia per g contents) in the
contents before incubation was higher (P<.05) in the control
than in the other groups, but there were no significant
differences between sexes. Urease activity(umol -of urea
hvdrolvzed/30 min per g content) in rats fed diets containing
laver and pine-needle meal was much lower(P<.01) than that in
rats fed the control or alfalfa meal diet, but was not different
between sexes. However, total urease activity in the contents
was not significantly different between the dietary treatments or
sexes. But urease activity (per total contents) in rats fed laver
and pine-needle meal tended to be lower than in the control or
rats fed alfalfa meal.

Interestingly, male rats showed higher (P<.0l) urease
activity (per total contents) compared to female rats, but male
rats had much lower (P<.01) blood urea concentration than male
rats. No significant differences in urea concentration were
found between dietary treatments.

Feeding a diet containing fiber in rats (Lupton and

Marchant, 1989) or a diet containing lactulose in humans (Weber
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and Veach, 1979) decreased urease activity or ammonia
production in the GI tract. Bacterial urease activity could be
directly inhibited by ammonia concentration as shown with
ureolytic ruminal bacteria (Cheng and Wallace, 1979). If
oligosaccharides were present in the diet at a relatively low
level together with other soluble and insoluble fibers, they could
be useful in stimulating urea diffusion and ureolysis in the large
intestine without inducing excessive nitrogen recycling (Younes
et al, 1993).

In the present study, the consumption of diets containing
laver and pine-needle meal decreased urease activity (per g
collected contents). A significant difference in blood urea
concentration was found between male and female rats.
Tsumura et al. (1995) reported that blood urea nitrogen in
female rats were higher than in male rats. In the present study,

/G of male rats was much lower (P<01) than that of female
rats and thus female rats consumed more protein per unit bodv
weight than did male rats.

In conclusion, results of the present study indicates that
dietary fermentable fibers such as that in laver decrease plasma
cholesterol and cecal urease urease activity. The cholesterol-
increasing effect of pine-needle meal and much higher response
in plasma cholesterol in female than in male rats to the dietary
cholesterol is interesting, but how these happens is vet to be

studied.
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V. Summary

This study was conducted to investigate the effect of
sex and feeding diet containing alfalfa, laver or pine-needle meal
on the plasma cholesterol level and cecal urease activity in rats.
Four groups of Sprague Dawley rats (initial mean weight, 92 g),
each group consisting of six male and 6 females rats, were fed
a control or experimental diets, respectively. All the diets
contained 05% added cholesterol, 5% corn oil and 5% lard.
After a 4-week feeding period, rats were killed and cecal
contents and plasma samples were collected. Rats fed the
control or diets containing laver meal had higher (P<.01)
average daily feed intake (ADFI) and average daily gain (ADG)
and lower feed/gain ratio (F/G) than rats fed diets containing
alfalfa and pine-needle meal. Plasma total cholesterol level in
rats fed diet containing pine-needle meal was twice (P<.01) that
in rats fed the other diets. Diet containing laver meal decreased
(P<.01) the plasma cholesterol level, as compared to the control.
A significant difference (P<.001) in plasma cholesterol was
found between male and female rats. Female rats showed two
to three-fold higher plasma cholesterol levels than male rats,
regardless of diet. Diet containing alfalfa meal increased

(P<.01) the serum HDL cholesterol compared to diets containing



laver and pine-needle meal. Interestingly, HDL cholesterol was
significantly (P<.01) higher (2.5 to 3.5-fold) in male than in
female rats. Female rats fed diet containing pine-needle meal
had higher (P<.01) serum triacylglycerol than their male counter
parts and rats (male+female) fed the other diets. Ammonia
concentration (#mol ammonia per g collected contents) in the
contents (blank) was higher (P<.05) in the control than in the
other groups. Urease activity (¢mol ammonia produced from
urea/30 min per g contents) in rats fed diets containing laver
and pine-needle meal was much lower (P<.01l) than that in rats
fed- the control or alfalfa meal diet, but was not different
between sexes. However, total urease activity in the contents
was not significantly different between the dietary treatments or
sexes. The present studies suggest that dietary soluble fibers
such as that in laver decreases plasma cholesterol and cecal
urease activity. Feeding 'a diet containing pine-needle meal
increases plasma cholesterol level for-unknown reasons. Female
rats respond to dietary cholesterol much greatly, compared to

male rats.
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