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ABSTRACT

This study aimed to investigate the effect of mannan-oligosaccharide
(MOS) on the lipogram and selected organ functions in
hyperlipidemic rats. Animals were subjected to different treatments
for 60 days. Balanced basal diet was supplied to control rats;
saturated high fat- and/or MOS-contained diets were supplied to
tested rats. Sera were collected on escalating times and total lipids,
cholesterol, triacylglycerols, HDL-C, LDL-C, VLDL-C, AST, ALT,
urea and creatinine were evaluated. On the last day, rats were
sacrificed and the kidneys, liver, heart with aorta were picked out for
histopathology. The results of MOS-treated group revealed
significant decrease in total lipids, cholesterol, LDL-C, VLDL-C,
AST, ALT, urea and creatinine with significant increase in HDL-C.
Histopathological findings in the tested organs have been ameliorated
with MOS, comparing with those in hyperlipidemic rats. The
obtained data may give MOS the potential of antihyperlipidemic
activity for prophylaxis and treatment of hyperlipidemia and related
diseases.

Keywords: Phytomedicine, Hyperlipidemia, Mannan-
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INTRODUCTION

The world Health Organization
predicts that by the year 2020, up to 40% of
all deaths will be related to cardiovascular
disease and associated hyperlipidemia. An
increase in serum cholesterol concentration
by 1% results in 2-3% increase in the risk of
cardiovascular disease'. Researchers as’
concluded that using of antihyperlipidemic
chemical drugs as HMG-CoA reductase
inhibitors, fibrates, anion—exchange resins
(bile acid sequestrants), cholesterol
absorption inhibitors, alpha-tocopherol
acetate (vitamin E) and omega-3 marine
triglycerides, have many side effect
including, renal insufficiency,
gastrointestinal upsetting effects,
hyperuricemia, gout, impaired glucose
tolerance, liver dysfunction, myopathy and
rhabdomyolysis. In this sense, specialists are
saving no effort for getting an alternative
remedy for hyperlipidemia without or with
minimal side effects.

Recent interest in what is known as
nutriceuticals or foods with pharmacological
impacts to modulate different abnormal
conditions, including blood lipids, such as
cholesterol and triglycerides has been
developed. Several non-digestible dietary
carbohydrates were found able to regulate
lipemia and triglyceridemia in both humans
and animals with minimal side effects.
Prebiotics are one of these carbohydrates
and might represent novel therapeutic or
preventive agents. The original definition of
prebiotics was coined in 1995 by* as “non-
digestible food ingredients that beneficially
affect the host by selectively stimulating the
growth and/or activity of one or a limited
number of bacteria in the colon as
Bifidibacteria and Lactobacilli”. Some
oligosaccharides, 2-10 monosaccharide
molecules are joined together to form a
larger molecule, fall in this category.
Mannose is a monosaccharide that forms the

building block of mannan-oligosaccharides
(MOS). Mannose-based oligosaccharides
occur naturally in cell walls of the yeast
Saccharomyces cerevisiae and obtained by
centrifugation of lysed yeast culture’. The
small intestine does not contain the digestive
enzymes required to break down MOS
bonds, therefore they arrive at the large
intestine intact after ingestion and passage
through the small intestine’. In the
intestines, MOS provides competitive
binding sites for pathogens with mannose-
specific type-1 fimbriae such as Salmonella
and E. coli and decreases their attachment
with intestinal wall and is ultimately
excreted from the gut’. In addition, MOS
has been demonstrated to be fermented and
utilized by and thus increases the cecal
populations of beneficial bacteria, namely
Lactobacillus spp. and Bifidobacterium
spp™’.

The hypolipidemic  effects of
prebiotics and related compounds as
resistant starches and oligosaccharides have
received considerable attention as a safe
pharmacological approach. Although the
mechanism is currently unknown, studies
have shown positive results and mechanistic
hypotheses have been developed, yet
controversial. The focus of this work,
therefore, will be to investigate the
hyperlipidemia improving profile of the
prebiotic MOS as a nutriceutical approach to
hyperlipidemia in rats rendered
hyperlipidemic by long term feeding on
high-fat diet.

MATERIALS AND METHODS

Mannan-oligosaccharide (MOS)

MOS was obtained as the commercial
product Bio-Mos®, International Free Trade,
Cairo, Egypt; under license from Alltech Inc.,
Nicholasville, KY, USA. Its active ingredient
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is mannose-based oligosaccharide that occurs
naturally in the cell walls of the yeast
Saccharomyces cerevisiae and obtained by
centrifugation of lysed yeast culture. The
MOS powder was incorporated into the rat
diet as 5% (w/w) in the corresponding groups.

Experimental animals

Fifty male rats aging eight weeks of
approximate body weight 200 g were used in
this study. Rats were kept in suitable cages
and allowed to water ad /ibitum and different
diets at room temperature. After one week of
acclimatization, rats received different
treatments as explained below. The European
Commission Directive 86/609/EEC for ethics
of animal experiments has been followed'’.

Diets

Balanced basal diet was supplied to
control rats. High saturated-fat diet was
prepared by incorporating coconut oil 2%
(w/w) and cholesterol 1% (w/w) into the basal
diet. MOS-contained diet was prepared by
incorporating MOS 5% (w/w) viz. 50 gram/kg
diet. Basal diets were formulated according
to'! and illustrated in table 1.

Experimental design

Acclimatized rats were divided into 5
groups, each consists of 10 rats. To fulfill the
aim of the present work, groups are subjected
to different treatments as follows: Group-1:
was negative-control group where rats fed on
normal diet and received no drugs; Group-2:
was positive hyperlipidemic control group
where rats fed on saturated fat-enriched diet
and received no drugs; Group-3: was negative
MOS-treated group where rats fed on normal
diet and received MOS after 30 days from the
start of the experiment; Group-4: was positive
MOS-treated group where rats fed on
saturated fat-enriched diet and received MOS
after 30 days from the start of the experiment;
and finally Group-5: was positive MOS-
prophylactic group where rats fed on

saturated fat-enriched diet and MOS from the
start of the experiment.

Blood and tissue sampling

Blood for serum was collected on the
30", 45™ and 60™ days from the start of the
experiment. Samples were collected from the
retro-orbital venous plexus located at the
medial can thus of the eye by means of
heparinized capillary tubes. The collected
blood was allowed to clot at room
temperature for an hour; and then refrigerated
for further an hour for clot retraction. Clear
sera were separated by centrifugation at 3000
r.p.m. for 10 minutes and then collected in
Eppendorf tubes using automatic pipettes.
Serum samples were tested directly for
parameters that are protein in nature as
enzymes and lipoproteins and then kept in
deep freezer (-20 °C) for analysis of the rest
of the biochemical parameters that are not
affected by freezing and thawing; all tested
parameters included TL, TC, TAG, HDL-C,
LDL-C, VLDL-C, AST, ALT, urea and
creatinine. On the last day of feeding and after
blood collection, rats of each group were
sacrificed and the two kidneys, liver, heart
with aorta were picked out and preserved in
formalin solution (10 %) for histopathological
examination.

Lipid profile

Serum TL were determined according
to the method described by'%; serum TC was
determined enzymatically according to the
method described by'’; serum HDL-C was
determined according to the precipitation
method described by'*; serum TAG were
determined enzymatically according to the
method described by'”; serum LDL-C value
was calculated using the formula described
by'* as LDLC = TC - (HDLC + TAG/5)
mg/dL; while serum VLDL-C value was
calculated using the formula described by'® as
VLDLC = TAG/5 mg/dL.
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Liver function profile

Serum ALT and AST were
quantitatively determined according to the
methods described by'"'*, respectively.

Kidney function profile

Serum urea was quantitatively
determined according to the method described
bylg; while  serum  creatinine = was
quantitatively determined according to the
method described by™.

Histopathological examination

The 10% neutral formalin-fixed
samples of liver, heart with aorta and kidneys
were washed by running water over night.
The washed samples were dehydrated using
graded ascending concentrations of ethyl
alcohol starting with 50% and ending with
absolute alcohol. The dehydrated samples
were then cleared in xylene for 6 hours. The
samples were placed in a crucible containing
soft paraffin and kept in an oven at 56°C for
12 hours. The samples were then blocked in
hard paraffin and cut into sections of about 5
micrometers in thickness. Paraffin was
removed from the sections by two changes of
absolute alcohol (five minutes each) which
was removed by washing with tap water.
Sections were then stained with Harris
haematoxylin and eosin for 10 minutes, and
then washed with running water for 15
minutes for general histological examination
according to?'. Crossman’s trichrome stain
was used for the demonstration of the
collagenous fibers””. The sections were
dehydrated again with two changes of
absolute alcohol (five minutes each), then
cleared with xylene. Sections were mounted
with Canada balsam and covered with cover
slides to be ready for microscopical
examination. Digital photos were picked up to
demonstrate the histological changes between
groups after different treatments.

Statistical analysis

Data were expressed as mean + S.E.
The obtained data were statistically analyzed
using two sample Student's /—test to determine
the significant differences (p < 0.05) between
every two groups (first is control and the
second is treated) using SPSS computer
software™.

RESULTS AND DISCUSSION

As shown in tables 2 & 3, there were
significant increases in serum TL, TC, TAG,
LDL-C and VLDL-C concentrations in rats
fed on fat-enriched diet, compared to rats
received basal diet. While supplementation of
MOS-diet to normal rats caused insignificant
changes in these parameters all over the
period of the experiment; yet, its
supplementation significantly decreased the
parameters’ serum concentrations in rats fed
on fat-enriched diet. On the other hand, as
shown in table 3, there was a significant
decrease in serum HDL-C concentration in
rats fed on fat-enriched diet, compared to rats
received basal diet. While supplementation of
MOS-diet to normal rats caused insignificant
changes in serum HDL-C concentration all
over the period of the experiment; yet, its
supplementation  significantly  increased
serum HDL concentration in rats fed on fat-
enriched diet.

As shown in table 4, there were
significant increases in serum ALT & AST
concentrations in rats fed on fat-enriched diet,
compared to rats received basal diet. MOS-
diet supplementation significantly decreased
the elevated serum ALT & AST
concentration in rats fed on fat-enriched diet
with insignificant changes in negative control
group.

As shown in table 5, there were
significant increases in serum urea &
creatinine concentrations in rats fed on fat-
enriched diet, compared to rats received basal
diet. Although supplementation of MOS-diet
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to normal rats caused insignificant changes in
serum urea & creatinine concentrations; yet,
its administration significantly decreased the
elevated serum urea &  creatinine
concentration in rats fed on fat-enriched diet.

There were no remarkable changes in
negative control group in the examined
organs. However, keeping rats on fat-enriched
diet (positive control group) caused some
degenerative  changes including, fatty
infiltration of Tunica intima of aorta;
hydropic degeneration and periportal fatty
change of hepatocytes; and congestion of
renal blood vessels with vacuolar, hydropic
degeneration and even fatty change of renal
tubular epithelium. These changes were
ameliorated to a great extent in MOS-treated
groups especially in Group-5 whose rats
received MOS from the beginning of the
experiment (Figures 1-3).

The concept of prebiotics was first
introduced in 1995 by*, and they have gained
attention in industry and academia due to their
potential health benefits, even became as
products in the form of capsules and tablets
containing prebiotics. MOS is a non-
digestible prebiotic, which modulate intestinal
floral activity, exhibit serum cholesterol or
triglyceride lowering effect. The mechanism
of this effect is currently unclear with four
different hypotheses being proposed: the
production of propionate, assimilation of
cholesterol by bacteria, binding of cholesterol
to bacterial cell walls and enzymatic

degradation®®.
The present work sheds more light to
hyperlipidemia in rats rendered

hyperlipidemic by long term feeding of high-
fat diet, and investigates the influence use of
MOS as a prebiotic in an attempt to improve
the generalized elevated lipogram, organ
function parameters and pathological lesions
induced by hyperlipidemia. In the present
study (table 2), there was a significant
increase in serum TL concentration in rats fed
on fat-enriched diet, compared to rats

received basal one. These data were
supported by*>. Such increase occurred as an
expected result due to increase of serum
TAG, TC, LDL-C and VLDL-C that were
noted in this study.

Supplementation of  MOS-diet
significantly decreased the elevated serum TL
concentration in rats fed on fat-enriched diet.
Similar results were previously obtained by”’;
but are not in accordance with those reported
by*’, who found that the consumption of
prebiotics have no significant effects on blood
lipids. Although the available data about the
mechanistic effects of prebiotics on lipid
metabolism are limited, but™® suggested that
prebiotics might decrease lipogenic enzyme
activities in the liver and thus decrease lipid
concentration in blood. It is possible that such
decrease occurs as a result of the decreased
levels of serum TAG, TC, LDL-C and
VLDL-C that were observed in the treated
rats. Moreover™, suggested that prebiotics
may decrease lipogenic enzyme gene
expressions. The variety of results of lipid
concentration can be attributed to the
complexity of the biochemistry of lipid
metabolism as mentioned by”. Concerning
serum TC, there was a significant increase in
rats fed on fat-enriched diet, compared to rats
kept on basal diet as shown in (table 2), such
data go hand in hand with those reported
with® who reported that rats received
cholesterol-enriched diet showed
hypercholesterolemia. Rise in serum TC
might be attributed to its reduced catabolic
rate and/or reduced activity of hepatic
cholesterol-7-alpha-hydroxylase, the rate
limiting enzyme in bile acid synthesis from
cholesterol. Supplementation of MOS-diet to
significantly decreased serum TC
concentration in rats fed on fat-enriched diet.
This result added more support to those
previously reported by’' who mentioned that
TC was decreased in prebiotic-given subjects
in comparison with those given placebo. On
the other hand, this result disagree with*> who
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observed that after 3 months of fructose
oligosaccharide as a prebiotic
supplementation, no statistically significant
differences were observed in TC. Moreover>
concluded that the prebiotic treatment did not
affect hepatic and plasma concentrations of
TC*. also, reported that consumption of
several levels of prebiotics had no significant
effect on TC in rats fed a high-fat diet.
Negative evidence was also noted by’> who
reported that the prebiotic feeding alone did
not influence the serum TC and TAG levels.
The most important mechanism by which
prebiotic eliminates cholesterol would likely
be through reducing lipid absorption in
intestine by binding bile acids, which results
in increased cholesterol elimination and
hepatic synthesis of new bile acid®. In
addition, this decrease may be related to
assimilation of cholesterol by bacteria that a
prebiotic stimulates their growth and/or
activity in the colon as Bifidibacteria and
Lactobacilli**.

Assessment of TAG, in the present
study, revealed a significant increase in their
serum concentration in rats fed on fat-
enriched diet, compared to rats kept on basal
diet as noted in table (2). The aforementioned
results agree with that achieved by” who
found that a hyperlipidemic diet caused a
significant increase of the plasma TAG. Such
significant rise in serum TAG level may be
related to the decrease of activity of lipase
which is an insulin-dependent enzyme
involved in TAG clearance from plasma by
mediating their lipolysis into glycerol and free
fatty acids’’. Administration of MOS
significantly =~ decreased  serum  TAG
concentration in rats fed on saturated fat-
enriched diet. Our result is in harmony with
that obtained by”® who achieved that adding
0.08% beta-glucan to diet as a prebiotic to
diet, decreased serum TAG against control
group. The above result is different from that
was reported by’’. Such decrease in TAG
may be attributed to the ability of prebiotics to

decrease serum TAG concentration through
an extrahepatic event, namely enhancing
TAG-rich lipoprotein catabolism™.

Data obtained in the present study
(table 3), revealed a significant decrease in
serum HDL-C concentration in rats fed on
fat-enriched diet with parallel significant
increase in LDL and VLDL, compared to rats
received basal diet all over the period of the
experiment. These results are fit with those
reported by”> who reported that rats receiving
cholesterol-enriched diet showed elevated
plasma LDL-C and VLDL-C compared to
those kept on a normal diet. These elevations
in serum LDL-C and VLDL-C may be related
to reduction of their catabolic rate that occurs
when the production of LDL exceeds the
capacity of LDL receptors present on
hepatocytes. Supplementation of MOS
together with diet significantly increased
serum HDL and decreased LDL-C and
VLDL-C concentration in rats fed on
saturated fat-enriched diet. A support to our
results comes from* who found that barel
beta-glucan prebiotics increased HDL level in
mice; and from>"** reported that feeding rats
diet supplemented with oligofructose as
prebiotics lowered concentrations of VLDL.
These results are not in accordance with®
who observed no statistically significant
difference in HDL, after 3 months of fructose
oligosaccharides as a prebiotic application.
Three mechanisms have been put forward to
explain a hypolipidemic effect of prebiotics;
the first is the modification of glucose or
insulin concentrations where non-digestible
carbohydrates reduce peak levels of blood
glucose after a meal and consequently the
induction of lipogenic enzymes via an
increased gene transcription’®. The second
mechanism proposes that serum cholesterol is
reduced because of precipitation and
excretion of bile acids to the intestine, which
requires the liver to utilize cholesterol for
further bile acid synthesis®. The third is that
carbohydrates in the colon are fermented to
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short chain fatty acids principally, acetate,
propionate and butyrate; acetate is mainly
metabolized in human muscle, kidney, heart
and brain, while propionate is cleared by the
liver, and is a possible glucogenic precursor
which suppresses cholesterol synthesis.
Butyrate, on the other hand, is metabolized by
the colonic epithelium where it serves as a
regulator of cell growth and differentiation*,

The activities of ALT and AST were
measured as indicators of hepatocellular
damage®. AST and ALT activities showed
significant increase on rats fed on fat-enriched
diet all over the experiment when compared
to the control rats that received basal diet.
These results may attributed to fatty liver
disease or/and hepatomegaly as mentioned
by*® and”’, respectively, which occurs as a
result of hepatic changes occurred in the
hepatic tissue upon fat, and damage of
hepatic cell and release of ALT and AST into
the blood. This opinion supported by who
mentioned that AST and ALT are hepatic
enzymes that are released into the blood
stream when liver cell are damaged. The fore
mentioned results were parallel to the results
of histopathological examination which
showed hydropic degeneration and periportal
fatty change of hepatocytes (figure 1a). MOS-
diet supplementation significantly decreased
serum ALT & AST concentrations in sera of
rats fed on fat-enriched diet. Such decrease of
liver enzyme activities is possible after the
improvement of microscope lesions of the
examined liver as noted in figure 1b.

As for the kidney, as shown in table 5,
there was a significant increase in serum urea
& creatinine concentrations in rats fed on fat-
enriched diet, compared to rats received basal
diet, while supplementation of MOS-diet to
hyperlipidemic rats significantly decreased
serum urea & creatinine concentrations. It
was clear that fat-enriched diet caused
damage of the renal tissue as clarified by
biochemical as well as histopathological
means (vacuolar and hydropic degenerations,

intertubular edema and hemorrhages and even
fatty change of renal tubular epithelium
(figure 2a). Renal damage was represented by
significant increase in serum urea and
creatinine as recorded by*’. Hyperlipidemia is
believed to be followed by lipid accumulation
in the renal mesangium with resulting
injurious effects such as foam cell formation,
cell proliferation, matrix formation and
alteration of the charge selectivity in
glomerular basement membrane™.
Supplementation of MOS-diet significantly
decreased serum urea &  creatinine
concentrations in rats fed on fat-enriched diet.
This reduction in urea and creatinine
concentration may be due to the effect MOS
probiotics in improving tissue damage as
clarified by both  biochemical and
histopathological means as noted in figure 2b.
Histopathology, in the present study, also
showed marked fatty infiltration in the aortic
wall that was decreased to a considerable
extent in the MOS-treated groups.

CONCLUSION

It could be concluded that the
prebiotic MOS may be useful and can be used
as an alternative or complementary remedy in
hyperlipidemia and related disease conditions.
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re 1. Effect of MOS 5% daily supplementation on the histological structure of the liver of albino rats fed
on fat-high diet; a, high-fat control; b, high-fat MOS-treated (n=10)
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Figure 3. Effect of MOS 5% daily supplementation on the histological structure of the aorta of albino rats
k fed on fat-high diet; a, high-fat control; b, high-fat MOS-treated (n=10) /

Table 1. Composition of the basal and saturated fat-enriched diets for rats (%)

Saturated fat & . . Saturated fat &
Feed ingredients Basal diet | cholesterol -enriched Basal d'.et with chc?Iesterco_I ’
diet added bio-MOS enriched diet
with bio-MOS

Bio-MOS 00.00 00.00 05.00 05.00

oil! 14.00 12.00 18.00 16.00
Yellow corn 54.00 55.70 43.00 44.70
Concentrate mixture’ 05.00 05.00 05.00 05.00
Soya bean meal (44%) 15.50 13.00 17.50 15.00
Wheat bran 05.00 05.00 05.00 05.00
Cholesterol 00.00 01.00 00.00 01.00
Coconut oil 00.00 02.00 00.00 02.00
Molasses 03.00 03.00 03.00 03.00
Common salt 00.50 00.50 00.50 00.50
Lysine 00.20 00.20 00.20 00.20
DL-methionine 00.70 00.70 00.70 00.70
Min.-vit. premix> 01.50 01.50 01.50 01.50
Ground limestone 00.60 00.40 00.60 00.40

Total 100.00 100.00 100.00 100.00

Calculated analysis

Crude protein % 15.12 15.13 15.10 15.02

ME (kcal/kg diet)* 3987.5 3982.1 3965.5 3960.1
Calcium 0.55 0.56 0.55 0.57
Phosphorus 0.45 0.48 0.44 0.47
Crude fiber 2.63 2.52 2.52 2.41
Lysine 0.95 0.94 0.97 0.97
Methionine 1.00 1.03 0.99 1.02
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'Based on 1g = 8.5 kcal (Small Animal Nutrition, 2001. Sandi Agar. Elsevier Limited. British
Library Cataloguing in Publication Data. Butterworth Heinemann, Oxford).

’Concentrate mixture; composed of corn gluten 60%, meat and bone meal 50%, sunflower
meal 44%, fish meal 45%, dry yeast, limestone, broiler premix, L-lysine HCI, Dicalcium
phosphate, bone meal, Choline chloride, DL-methionine, and common salt (Royal Food, Sharqia,
Egypt).

SEach 3 kg contains; Vitamins (A=12000000 IU, D;= 2000000 IU, E= 10000 mg, K;= 2000
mg, B;= 1000 mg, B,= 5000 mg, Bc= 1500 mg, B;,= 10 mg, Biotin= 50 mg, pantothenic acid=
10000 mg, nicotininc acid= 30000 mg, and folic acid= 1000 mg); Minerals (manganese= 60000
mg, zinc= 50000 mg, iron= 30000 mg, copper= 10000 mg, selenium= 100 mg, and cobalt= 100
mg); and carrier (CaCos) added to 3 kg. Produced by AGRI-Vet. Tenth of Ramadan City, A2,

Egypt.
Metabolizable Energy.
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Table 2. Effect of MOS 5% daily supplementation on serum total lipids, total cholesterol and triacylglycerls (E + S.E; n=10)

Sample
time

Group 5, +ve

Parameter .
prophylactic

Group 1, -ve control Group 2, +ve control Group 3, —ve treated Group 4, +ve treated

- Day30 | 3212 | + |17.3| 677.7%* | + |22.2| 3256 | + | 205 | 6695 | *+ |23.6| 499.2° | t | 185

Uizl ";L'ds Day45 | 3457 | + | 255 | 692.6* | + |243| 3358 | + | 239 | 590.6° | + |248]| 511.6° | * | 209
(mg/dL) Day60 | 373.1 | + | 267 | 711.2* | + |251| 3476 | + | 257 | 550.8° | + | 264 | 5228 | | 222
Total Day30 | 682 | + | 66 | 1423* | + | 96 | 736 | + | 55 | 1415 | + | 79 | 1256° | + | 83
cholesterol Day 45 72.2 + | 54 163.5* + | 79 70.1 & 5.1 128.6" + | 7.2 112.3% + | 44
(mg/dL) Day 60 78.8 + | 86 | 170.1* + |13.1| 66.9 e 9.7 115.3" + | 75 101.2% | 71

, Day30 | 887 | + | 57 | 1866* | + | 86 | 8.11 | =+ | 36 | 1805 | = | 7.4 | 121.2° | = | 9.1
Triacylglycerols =52 e 925 | & | 42 | 189.62* | = | 86 | 833 | * | 51 | 13200° | + | 98 | 1103 | = | 86
(mg/dL) Day60 | 851 | + | 61 | 1985* | + | 74 | 808 | = | 41 | 12227 | + | 44 | 1033" | & | 101

*significantly different from group-1; “significantly different from group-2 (p<0.05)

Table 3. Effect of MOS 5% daily supplementation on serum HDL-C, serum LDL-C and VLDL-C (E + S.E; n=10)

| ,+
Parameter Sa.m ple Group 1, —ve control | Group 2, +ve control | Group 3, —ve treated | Group 4, +ve treated Group 5 \{e
time prophylactic
Day 30 41.8 ik 33 25.3* * 2.5 43.3 * 2.3 24.9 * 3.9 33.5" * 2.2
Serum HDL-C ” H H
(mg/dL) Day 45 42.3 £ 4.5 21.5 + 2.8 45.1 + 2.1 28.5 + 4.2 35.5 + 2.6
Day 60 41.1 £ 2.1 17.9* + 2.9 47.2 + 3.1 32.5" + 4.6 39" + 2.9
Day 30 17.8 £ 1.6 63.6* + 3.6 14.5 + 1.9 64.79 + 3.2 58.9" + 2.1
Serum LDL-C ” 5 5
L Day 45 25.6 £ 1.4 75.3 + 4.5 23.5 + 2.2 55.2 + 3.6 51.2 + 33
Day 60 30.1 £ 1.9 82.3* + 5.1 27.2 + 33 50.2" + 4.9 45.5" + 2.1
Serum VLDL- | Day 30 14.5 ik 1.9 25.9* + 2.3 12.6 + 2.3 26.8 + 2.5 24.2% + 2.5
C Day 45 15.9 + 1.8 27.5* + 2.3 13.5 + 2.2 24.3" + 2.3 21.3% + 1.9
(mg/dL) Day60 | 16.1 W 22 | 29.6* | * 2.2 145 | * 2.8 23.1% | + 3.6 18.9" + 2.7

*significantly different from group-1; “significantly different from group-2 (p<0.05)
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Sample Group 1, -ve Group 2, +ve Group 3, —ve Group 4, +ve Group 5, +ve
Parameter . .

time control control treated treated prophylactic
AST Day 30 23.1 + 2.3 38.7* + 24 | 225 + 2.9 37.7n ik 2.6 33.3: + | 1.6
(U/L) Day 45 21.7 + 2.5 39.3* + 33| 21.1 + 2.2 33.6 ik 2.1 323" | £ | 21
Day 60 20.9 + 2.6 39.8* + 3.1 21.2 + 3.1 32.1% | + 1.4 30" | £ | 2.2
Day 30 14.4 + 2.1 25.8%* + 14 16.1 + 13 26.3 + 1.3 215" | £+ | 1.25
(ﬁl}-[) Day 45 16.3 + 1.6 27.6* + 23 | 15.6 + 1.2 23.1% | * 2.5 2077 | + | 1.84
Day 60 15.7 + 1.8 28.2* + 1.6 | 154 + 1.5 21.5% | * 1.4 201" | + | 1.84

*significantly different from group-1; “significantly different from group-2 (p<0.05)

Table 5. Effect of MOS 5% daily supplementation on serum creatinine and urea concentrations (E + S.E; n=10)

Parameter Sa'm ple Group 1, —ve control Group 2, +ve control Group 3, —ve treated Group 4, +ve treated Group 5, +\{e
time prophylactic
Creatinine Day30 | 1.12 + 0.07 1.85* + 0.08 | 1.25 | # 0.06 1.75,1 + 0.06 1.52: + | 0.08
(mg/dL) Day45 | 1.25 + 0.08 1.93* + 0.09 | 131 | # 0.07 1.65 + 0.07 | 1.34" | +| 0.07
Day60 | 1.18 + 0.09 | 2.11* + 0.1 133 | % 0.1 1.53% | + 0.09 |1.33" |+ |0.09
Urea Day 30 | 40.6 + 2.9 61.1* + 3.1 395 | # 1.8 58.1,: + 1.9 50.2: +| 2.4
(mg/dL) Day 45 | 43.5 + 1.8 60.8%* + 1.8 |39.1| = 2.5 53.1 + 2.1 476 |+ | 2.6
Day 60 | 44.1 + 2.5 62.3* | * 25 |375| * 1.7 49.9% | + 22 | 456° || 23

*significantly different from group-1; “significantly different from group-2 (p<0.05)
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