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ABSTRACT: The aim was to investigate effect of chitosan on markers of obesity and cardiometaboalic risk in rats fed normal chow (NC) or high-
fat/high-cholesterol diet (HF/HCD). Forty male rats were fed NC or HF/HCD for 3months, then divided into 4 groups: group A fed NC, group B:
NC + chitosan, group C: HF/HCD, and group D: HF/HCD + chitosan. Food intake and weight were recorded, and serum glucose, lipid profile,
insulin, leptin, gamma glutamy! transferase (GGT), and tumor necrosis factor o were measured at beginning and after 12weeks. Atherogenic
index (Al), low-density lipoprotein cholesterol:high-density lipoprotein cholesterol (LDL-C:HDL-C), and homeostatic model assessment of insulin
resistance (HOMA-IR) were calculated. At the end of study, food intake was significantly increased in group B; mean values of triglycerides, total
cholesterol, LDL-C, LDL-C:HDL-C, and Al were decreased in group B and group D; mean leptin was increased in group A and decreased in
group B; and mean values of insulin, HOMA-IR, and GGT were increased in group C. The results from this study suggest that chitosan improved

lipid profile, insulin sensitivity, and oxidative stress caused by HF/HCD.
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Introduction

Obesity has recently been considered a disease requiring treat-
ment as a consequence of its association with increased risk of
several serious diseases and disorders of chronic nature.! Indeed,
obesity is reported to increase the risk of premature mortality
and to affect the quality of life, increasing the cost of health care
greatly.? Unfortunately, the prevalence of obesity is increasing
globally’ and in Saudi Arabia in particular.* Unfortunately,
however, there are only limited treatment options.

Several natural products were reported to be helpful in the
management of obesity such as decaffeinated green coffee bean
extract and lingonberry.>~ Chitosan, a natural polysaccharide
composedofcopolymersofglucosamineand N-acetylglucosamine
and formed by partial deacetylation of chitin found in the hard
shells of several crustaceans,® has been proposed as such a prod-
uct.?19 Chitosan is generally regarded as safe,'! showing good
biocompatibility, biodegradability, and absorption properties.?
Numerous supplementation studies reported a lowering effect
on lipid absorption,’® lipid storage’ or weight gain,'%1* and
plasma lipid levels®™ 8 in rodents fed high-fat or high-choles-
terol diets. However, not all studies reported similar findings.
One study, for example, reported that feeding rats a high-fat diet
(plus chitosan oligosaccharide) for 3weeks caused a decrease in

triglycerides (T'Gs) by 29% to 31% and an increase in high-
density lipoprotein cholesterol (HDL-C) levels by 8% to 11%
but without any impact on low-density lipoprotein cholesterol
(LDL-C).18 In another rat study (lasting 12 weeks), chitosan was
reported to significantly reduce total cholesterol, and LDL-C
levels in both the plasma and the liver, but without affecting TG
and HDL-C concentrations.!® Furthermore, food intake during
supplementation was not monitored in most studies. Moreover,
some studies reported increased weight gain in broiler
chicken,?*?! ducks,?? and in pigs.?® Therefore, there is still no
clear consensus on the overall effects of chitosan.

In addition to the above, in vitro studies indicated that chi-
tosan activates macrophages in rats,>+% and in peritoneal mac-
rophages of broiler chicken,?® increasing secretion of interleukin
(IL)-1, IL-2, and tumor necrosis factor o (TNF-a), thus
enhancing the immune function. However, other studies
reported that high-molecular-weight water-soluble chitosan
inhibited secretion of pro-inflammatory cytokines (TNF-o
and IL-8) from mast (HMC-1) cells stimulated by calcium.?”
Furthermore, another study using mice splenocytes reported
that chitosan upregulates the inflammation reaction by
IL-1 and IL-6 and downregulates that by TNF-a in
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lipopolysaccharide-associated immunity.?® Thus, as in the case
of its effect on lipid profile, there still appears to be some dis-
crepancy regarding the effect of chitosan on immune response
and inflammatory cytokine production. Furthermore, no study
examined the effects of chitosan when added to high-fat/high-
cholesterol diet (a common characteristic of human diet), or to
normal diet in rodents, on resulting lipid profile, or on inflam-
matory response or oxidative stress, both known to be increased
in obesity and lead to increased insulin resistance and cardio-
metabolic risk.?*3! Tumor necrosis factor o, in particular,
from adipose tissue is a prominent feature of obesity, which
contributes significantly to the associated insulin resistance.3?
Therefore, the aim was to investigate the effect of adding chi-
tosan to diet of Wistar rats (normal chow, as well as high-fat/
high-cholesterol diet) on weight gain, glucose homeostasis,
insulin resistance, lipid profile, leptin level (as a marker of obe-
sity), inflammatory response (reflected on expression levels of
TNF-a), and oxidative stress estimated by measuring the level
of a recently added marker,33 namely, gamma glutamyl trans-
ferase (GGT), while allowing them to eat without restriction.

Materials and Methods
Animals and diet

Forty male Wistar rats, 3weeks old, with an average initial
body weight of 31 to 42 g were purchased from Animal Unit at
King Fahd Medical Research Center (KFMRC). The animals
were housed in polycarbonate cages at 22+2°C on a 12-hour
light-dark cycle at the Animal Unit. Diet for the study was
prepared and weighed in the “Food and Nutrition Research
Unit” at the same center.

Study design
The study consisted of 2 phases as follows:

First phase. Half of the animals (n=20) were fed high-fat/
high-cholesterol diet (fat content: 30%-40% of energy, made
from mixing butter with sheep’s tail fat 60%:40% weight for
weight) to induce obesity, for 3 months with measurement
of weight every week. The remaining rats (n=20) were fed
normal chow (fat content being 11% of total energy).

Second phase. Rats were divided into 4 groups (A-D) with 10
rats in each group and treated as follows: group A: fed stan-
dard chow diet, group B: fed standard chow diet with the ad-
dition of 1% weight:weight (w/w) chitosan (FGC-1-deacet-
ylation degree =96.1%, supplied by G.T.C. Bio Corporation,
Shandong Province, China), group C: fed high-fat/high-
cholesterol formulated diet, and group D: fed high-fat/high-
cholesterol formulated diet with the addition of 1% w/w
chitosan. Feeding regimen was performed for 12 weeks, with
water and food being allowed “ad libitum.” Food intake was
calculated on a daily basis, and weight was recorded at the start
of the experiment, then at weekly intervals. Ethical approval

was obtained from the “Committee of Ethics in Animal Re-
search” at KFIMRC. Fasting blood samples from all groups
were collected at the beginning and at end of phase 2. Blood
samples were drawn from retro-orbital plexus of anesthetized
rats, collected in plain tubes (Teleknox Electronic AG, Shang-
hai, China), and placed on ice immediately to delay glycolysis.
Blood was allowed to stand for a 0.5 to 1hour at room tem-
perature followed by centrifugation at 2000rpm for 15 min-
utes (EBA 20; Hettich, Tuttlingen, Germany) to separate se-
rum. Obtained serum was divided into several aliquots, stored
at -80°C until the time of analysis. In addition to the above, a
second fasting blood sample (2mL) was collected from all rats
in sodium heparin tubes (Teleknox Electronic AG) contain-
ing 2mL of TRIzol reagent (Life Technologies, Camarillo,
CA, USA) for RNA extraction so that volume of TRIzol to
blood is 1:1. All heparin tubes containing TRIzol reagent were
also stored at -80°C until time of RNA extraction.

Biochemical and endocrine measurements

Glucose, total cholesterol, TG, and HDL-C were measured
using ARCHITECT ¢4000 Clinical Chemistry Analyzer
(Abbott, Chicago, Illinois, USA) using Bio-Rad assay kits
(Bio-Rad, Hercules, CA, USA) and LDL-C was calculated
using the Friedewald equation.3* The LDL-C:HDL-C ratio
and the atherogenic index (AI)* were calculated. Insulin,
leptin, and GGT levels were measured using rat-specific
(CUSABIO
Company, Wuhan, China). Homeostatic model assessment
of insulin resistance (HOMA-IR) was calculated by the
equation as follows: Fasting insulin (mIU/L) x Fasting glucose
(mmol/L)/22.5.36

For the estimation of the expression of TNF-a,, total RNA
was isolated from whole blood by TRIzol (Life Technologies)

according to the manufacturer’s instructions. Following check-

enzyme-linked immunosorbent assay Kkits

ing the quality and quantity of extracted RNAs by NanoDrop
2000c from Thermo Scientific (Thermo Fisher Scientific Inc.,
Waltham, MA, USA), quantitative polymerase chain reaction
(PCR) analysis was conducted using iTaq Universal SYBR
Green One-Step Kit (Bio-Rad). Primers for TNF-a and
B-actin as housekeeping gene were all obtained from
Primerdesign, Chandler’s Ford, UK (Table 1). The PCR
reactions were performed using the StepOnePlus Real-Time
PCR System from Applied Biosystems, Foster City, CA,
USA. Reaction was set as follows: 30 minutes/50°C for reverse
transcription, 15minutes/95°C PCR initial activation step,
40 cycles of denaturation for 20 seconds/95°C, and annealing
step for 60seconds/60°C. Measurement of gene expression
levels was performed using delta cycle threshold (ACT) mean
calculated according to the endogenous control B-actin.

Statistical analysis

Statistical analyses were performed using SPSS version

22 (Chicago, IL, USA). The 2-22¢ method (relative
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quantification [RQ]) was used to quantify gene expression.
The variability degree of the results was expressed as
mean *standard deviation of mean values (mean + SD). The
significance of the differences between mean values of the
same group before and after supplementation was deter-
mined using paired Student # test. The significance of the
differences between mean values of corresponding groups (A
and B and C and D) at zero time and at end of study period
was determined using unpaired Student # test. The difference
was regarded as significant when P value was <.05.

Results
Changes in weight and food intake

At the end of first phase, animals fed high-fat/high-cholesterol
diet were significantly heavier than those on standard chow,
with mean weight (+SD) of 454.0244.9¢g, compared with
403.445.8¢g (P=.001). Two animals died from the fed high-
fat/high-cholesterol diet group at the end of this phase, leaving

Table 1. Gene-specific oligonucleotide primers used in quantitative
polymerase chain reaction.

GENE PRIMER SEQUENCE
TNF F GCTCCCTCTCATCAGTTCCA
R CTCCTCTGCTTGGTGGTTTG
B-actin F ATCTGGCACCACACCTTC
R AGCCAGGTCCAGACGCA

Abbreviation: F, forward; R, reverse; TNF: tumor necrosis factor.

a total of 38 rats to complete the study so that after dividing
animals into 4 groups, groups C and D had 9 animals each.

Weight changes during the second phase of the study are
presented graphically in Figure 1. There was no significant dif-
ference in mean weight between groups A and B nor between
groups C and D at the beginning or at the end of this phase
(P>.325 in all cases).

Food intake for all groups during the second phase is
shown in (Figure 2). Intake of group on high-fat/high-cho-
lesterol diet (group C) was less compared with that on stand-
ard diet (group A) at the beginning and end of the phase, but
the difference did not reach statistical significance (P=.093
and .314, respectively).

After adding chitosan to chow diet, the mean weight of
food intake in group B increased remarkably and was signifi-
cantly higher than that for group A (P=.015) at the end of the
study. However, this was not noted for the 2 other groups (C
and D) (P=.098).

Results of estimated biochemical and endocrine
variables

Results of estimated biochemical and endocrine variables are
presented in Tables 2 and 3. At the beginning of this phase,
there was no significant differences between the mean values of
estimated parameters in corresponding groups (A and B and C
and D), except that the mean of leptin in group B was signifi-
cantly higher compared with group A (P=.008).

At the end of the study, mean levels of TG, LDL-C, and total
cholesterol of group B (chitosan fed) showed significant decrease

compared with the beginning of the study (P=.031, .002, and
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Figure 1. Weight changes of the 4 study groups (group A fed NC, group B: NC+chitosan, group C: HF/HCD, and group D: HF/HCD +chitosan) throughout
the second phase. HF/HCD indicates high-fat/high-cholesterol diet; NC, normal chow.
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Figure 2. Food intake in all groups (group A fed NC, group B: NC +chitosan, group C: HF/HCD, and group D: HF/HCD +chitosan) during the second
phase of experiments. HF/HCD indicates high-fat/high-cholesterol diet; NC, normal chow.

Table 2. Values of estimated biochemical and endocrine variables for groups of rats on standard chow diet.

VARIABLES GROUPS

GROUP A (MEAN+SD)

BEFORE (N=10)

AFTER (N=10)

Total cholesterol, mmol/L 1.72+0.36 1.74+0.31
Triglyceride, mmol/L 0.87+0.38 0.83+0.38
HDL-C, mmol/L 0.61+0.11 0.63+0.11
LDL-C, mmol/L 0.94+0.23 0.93+0.21
LDL-C:HDL-C ratio 1.54+0.22 1.51+0.36
Atherogenic index 0.12+0.193 0.07+0.209
Insulin, mlU/mL 0.96+0.25 0.97+0.25
Glucose, mmol/L 6.9+0.7 71+0.8
HOMA-IR 0.29+0.07 0.305+0.09
Leptin, ng/mL 9.98+0.20 10.89+0.85
GGT, mU/mL 3.5+2.3 3.5+2.3

P VALUE

GROUP B (MEAN+SD) P VALUE

BEFORE (N=10) AFTER (N=10)

917 1.73+0.28 1.13+0.22 <.001
773 0.83+0.37 0.59+0.28 .031
.683 0.63+0.11 0.57+0.15 .275
.940 0.82+0.22 0.46+0.12 .002
.823 1.35+0.43 0.86+0.30 .034
.388 0.086+0.184 0.029+0.164 .021
.548 0.97+0.25 0.89+0.17 5632
.450 6.6+0.7 6.9+0.9 421
.313 0.28+0.07 0.273+0.071 .765
.008 10.82+1.01 9.91+0.27 .031
.686 3.3+1.6 3.6+1.7 135

Abbreviations: GGT, glutamyl transferase; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; LDL-C, low-

density lipoprotein cholesterol. Bold font in P values indicate statistical significance.

<.001, respectively), but there was no significant difference in the
mean of HDL-C values (P=.275). However, there were signifi-
cant decreases in the mean values of LDL-C:HDL-C ratio and
of Al (P=.034 and .021, respectively). However, there were no
significant differences in the mean values of GGT, glucose, insu-
lin, and HOMA-IR at the end of supplementation phase
(P=.135, .421, .532, and .765, respectively). Furthermore, there

was a significant decrease in the mean of leptin values for group

B compared with the starting mean (P=.031). No significant
differences were noted in mean values of estimated parameters
in group A (control group) (P>.313), except for the mean of
leptin which showed a significant increase (P=.008)

Different results of supplementation with chitosan were
obtained when the mean values of the investigated parameters
of groups fed high-fat/high-cholesterol diet (C and D) were
examined. At the end of the study, mean levels of TG, LDL-C,
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Table 3. Values of estimated biochemical and endocrine variables for groups of rats on high-fat/high-cholesterol diet.

VARIABLES GROUPS

GROUP C (MEAN+SD)

BEFORE (N=9) AFTER (N=9)

Total cholesterol, mmol/L 2.33+0.33 2.16+0.31
Triglyceride, mmol/L 1.60+0.76 1.53+0.73
HDL-C, mmol/L 0.75+0.10 0.66+0.09
LDL-C, mmol/L 1.23+0.31 1.19+0.29
LDL-C:HDL-C ratio 1.64+0.35 1.81+0.43
Atherogenic index 0.293+0.216 0.327+0.227
Insulin, mlU/mL 1.13+0.33 1.54+0.26
Glucose, mmol/L 6.6+0.5 71+0.8
HOMA-IR 0.34+0.09 0.48+0.12
Leptin, ng/mL 10.79+0.47 10.96+0.48
GGT, mU/mL 2.5+0.5 2.9+04

P VALUE GROUP D (MEAN+SD) P VALUE
BEFORE (N=9) AFTER (N=9)
231 2.08+0.38 1.26+0.31 <.001
.828 1.85+0.66 1.08+0.52 .001
.005 0.67+0.10 0.55+0.08 .003
.639 1.03+£0.24 0.50+0.21 <.001
106 1.55+0.21 0.85+0.31 <.001
.245 0.427+0.21 0.257+0.214 .039
.003 0.86+0.15 0.91+0.39 .699
132 6.8+0.9 7.0+0.6 452
.004 0.26+0.05 0.28+0.09 .645
481 11.18+0.72 10.68+0.36 105
.003 2.7+1.05 2.98+0.89 .095

Abbreviations: GGT, glutamyl transferase; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; LDL-C, low-

density lipoprotein cholesterol. Bold font in P values indicate statistical significance.

and total cholesterol of group D (chitosan fed) (P=.001, <.001,
and <.001, respectively), but not group C (P=.828, .639, and
.231, respectively), showed significant decrease compared with
the beginning of the study. However, the mean values of
HDL-C in both groups (C and D) were also significantly
decreased (P=.005 and .003, respectively). In spite of this, the
mean values of LDL-C:HDL-C ratio and of Al were both
significantly decreased in group D only (P<.001 and .039,
respectively). However, there were no significant differences in
the mean values of glucose or leptin at the end of supplementa-
tion phase in both groups (P>.105). However, there were sig-
nificant increases in the mean values of insulin, HOMA-IR,
and GGT for group C compared with the starting mean values
(P=.003, .004, and .003, respectively).

RQ of TNF-a gene expression

Relative quantification of TNF-o gene expression as mean + SD
is presented in Figure 3 for groups A and B and in Figure 4 for
groups C and D. RNA concentration for samples ranged
between 101.7 and 1203.3 ng/pL, and the ratio of 260/280 for
RNA samples ranged between 1.87 and 2.09. There were no
significant differences in the mean values of RQ_of TNF-a
expression in corresponding groups (A and B and C and D)
(P=.928 and .27, respectively) due to the noted high standard

deviation of mean.

Discussion
Studies have elucidated the role of adipose tissue in the devel-
opment of insulin resistance, dyslipidemia, hypertension, and

diabetes and hence increased cardiovascular risk.3738 Obese
individuals try to diminish the effect of dyslipdemic phenotype
to decrease the risk of cardiovascular disease by taking drugs
that lower high cholesterol, TG, and LDL-C. However, due to
some harmful side effects of these drugs,3? interest in the use of
natural products, including chitosan, is increasing.

In this animal study, we successfully established a model
of diet-induced obesity by feeding high-fat diet during the
first phase and succeeded in increasing weights of animals on
designed diet considerably compared with those on standard
diet.

Our study was not the first. Indeed, many studies were
conducted to study various effects of adding chitosan to the
diet of animals.%10.14-18 However, results were inconclusive
most likely due to differences in study design, type and quan-
tity of chitosan used, as well as in length of supplementation
study, and various other differences. For example, the dietary
composition of used diets, which is known to affect various
estimated parameters, was different.* Another reason might
be the difference in microbiota in intestine of used animals
as diet affects the intestinal microbiota composition,*' and
intestinal microbiota has been reported to have an effect on
absorption of nutrients, angiogenesis, xenobiotic metabo-
lism, as well as in mucosal barrier and immune function.*?
Furthermore, the presence of chitosan in the diet was
reported to shift the fermentation site toward the distal
colon, thus affecting fecal bacterial enzyme activities, increas-
ing the fecal short-chain fatty acid concentrations in rats,
and increasing the harvesting of energy from fiber.*3 In addi-
tion, dietary intake was not monitored in most studies.
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Figure 3. Relative quantification of TNF-a gene expression for rats on
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(group C: HF/HCD, and group D: HF/HCD +chitosan). NC indicates
normal chow, RQ, relative quantification; TNF-a, tumor necrosis factor a.

Therefore, in the second phase of our study, some of the
limitations of previous studies were avoided. The animals,
which were obtained from the same animal house, hence were
expected to have similar microbiota composition, were fed
either regular diet with fat contributing 11% of energy or high-
fat/high-cholesterol diet (30%-40% by weight, so much higher
% of energy), with and without adding chitosan, while moni-
toring intake and allowing the rats to eat ad libitum, hence
could study the effect of adding chitosan to different dietary
regimens on food intake, and weight gain, as well as glucose
homeostasis, insulin resistance, lipid profile, leptin level as a
marker of increased fat storage, TNF-a as a marker of inflam-
matory response, and GGT as a marker of oxidative stress,334
while controlling for the effect of difference in microbiota.
Therefore, any differences in the results of this study from
previous findings might be mainly due to its study design.

It was shown that chitosan added to standard diet, but not
high-fat/high-cholesterol diet, succeeded in preventing weight

gain in spite of a higher food intake in group B (Figures 1 and
2). Thus, results were in contrast to those from a study report-
ing that low-molecular-weight chitosan oligosaccharide sup-
plement decreased weight gain in rats on high-fat diet without
an effect on appetite when a low or medium dose was given
and a decrease in intake with high dose.’* However, in the
mentioned study, chitosan was given by gavage once daily,
which could have caused stress to the animals and influenced
their food intake. In contrast, another study reported no effect
on weight gain nor food intake in rats fed cholesterol-enriched
diet.3” The study lasted for 4 weeks only, which might not have
been long enough to detect effect on weight gain. Both stud-
ies!*37 used Sprague Dawley rats, whereas Wistar rats were
used in this study, which could have contributed to difference
in results. The higher food intake in this study could be attrib-
uted to the noted decrease in leptin in group B at the end of
the study compared with the beginning, with the opposite
trend noted for group A following supplementation (Table 1)
because decreased leptin level was shown in previous studies to
increase appetite.* In partial agreement with results of this
study, a study reported that treatment with chitosan of rats fed
high-fat diet caused a significant reduction in serum leptin
compared with the control group.*” However, this was not
found in the high-fat/high-cholesterol fed groups, further
indicating the effect of dietary composition on obtained
results, and along with the lack of effect of supplement on
weight gain noted in this group, indicating the ineffectiveness
of chitosan as an obesity treatment when diets are high in fat
and cholesterol, and dietary intake is not restricted. Indeed,
several human studies indicated that when polyglucosamine
or chitosan with different doses was administered concomi-
tantly with a calorie-restricted diet, significantly more weight
loss than with caloric restriction alone was achieved.*-52
However, a Cochrane systematic review?® concluded that even
though there is evidence that chitosan is more effective in the
short-term treatment of obesity and overweight compared
with placebo, the effect on body weight is minimal and unlikely
to be of clinical significance.

Beneficial effects of chitosan on plasma lipids were reported
in various animall4-1847,54-56 and human studies.*8-53 However,
results were inconsistent, with some reporting a decrease in
TGs, 41852 others an increase in HDL-C,!85257 3 decrease in
total,15:16,55,57-60 and/or LDL-C.1516:5257-59 Some of these stud-
ies were very short, lasting 2 to 6 weeks only8°0>457,58.60; hence,
changes in lipid fractions were minimal. This study lasted for
12 weeks, thus allowing adequate time period to detect changes
in plasma lipids. It was found that chitosan significantly
reduced mean values of total cholesterol and LDL-C, TGs,
LDL-C:HDL-C ratio, and Al in both studied groups (B and
D) (P<.05 in all cases). However, chitosan significantly
decreased the mean values of HDL-C of the high-fat/high-
cholesterol fed group (group D), but not the group fed normal
chow (group B). Therefore, the effect on lipid profile appeared
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to be dependent on composition of diet and could partially
explain inconsistencies in results reported in previous animal
studies'+184754-56 employing different dietary regimens.

The reported results are in partial agreement with the
results of previous studies in rats fed high-cholesterol diet
1516 that reported significant decrease in total cholesterol and
LDL levels, with no effect on HDL-C, but they did not
calculate the LDL-C:HDL-C ratio or the AI as we did.
However, in agreement with present findings, another study
on broiler chicken reported that feeding of chitosan contain-
ing diets generally reduced the plasma total cholesterol and
HDL-C.% Furthermore, in another study on rats fed high-fat
diet (plus chitosan oligosaccharide) for 3 weeks, chitosan was
shown to lower T'Gs and to raise HDL-C levels, but without
any impact on LDL-C,® which is in partial agreement with
present results. Similar effects on T'G levels were reported in
a study on obese rats.!*

Despite not finding a change in the mean HDL-C in the
group fed standard diet plus chitosan, decreased LDL-
C:HDL-C ratio was noted. This was previously reported
in a human study on moderately overweight subjects.*8
Furthermore, present findings of reduced mean Al by chi-
tosan supplementation in groups B and D are in agreement
with previous study,’* which was conducted on rats fed high-
cholesterol diet for 4 weeks.

It has been proposed in various animal studies that the
improvement in lipid profile accomplished by chitosan supple-
mentation is related to its fat-binding characteristics.!317°¢ If
this is indeed the true mechanism of action of chitosan, then a
possible side effect of long-term use will be deficiency of fat-
soluble vitamins and essential fatty acids. However, this was
not investigated in any studies so far.

No change was noted on glucose homeostasis in the group
ted standard diet plus chitosan, with the mean values of fasting
glucose, insulin, and HOMA-IR showing no significant differ-
ences compared with mean values before supplement. However,
there was significant increase in the mean values of insulin and
HOMA-IR in the group fed high-fat/high-cholesterol diet
(group C) at the end of the study, which was not noted in the
chitosan-supplemented group (group D) (Table 3).This is in
contrast to a report of a significant reduction in serum insulin
with chitosan supplement compared with the control group*’
and a further indication to the effect of dietary composition on
obtained results. Furthermore, the same study* reported a sig-
nificant reduction in serum TNF-o and GGT which is in con-
trast with present findings as neither TNF-o nor for GGT was
decreased by the addition of chitosan to standard or to high-
fat/high-cholesterol diet. In fact, there was a significant increase
in GGT in group C (Table 3).The difference in present results
could be due to the longer period of the study (21 compared
with 12weeks in this study), as well as difference in diet, as the
study by Zhou et al*’ was conducted on rats fed high-fructose
diet leading to diet-induced hepatic steatohepatitis.

In conclusion, it can be suggested from the results in this
study, as well as other studies mentioned above, that adding
chitosan to diet carries some health benefits and in particular
on lipid metabolism and insulin sensitivity. Thus, this cheap
and apparently safe natural product could be a solution to the
epidemic of obesity-induced dyslipidemia and insulin resist-
ance and hence help to prevent its disastrous effects on health.
Furthermore, present results indicate that chitosan does not
modulate appetite directly but it might be useful in controlling
weight under dietary restriction. However, more well-designed
and controlled clinical trials are needed to investigate most
effective dose and long-term possible side effects, if any.
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