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The effect of chitosan on oxidative stress and chronic renal failure was investigated using 5/6 nephrec-
tomized rats. The ingestion of chitosan over a 4-week period resulted in a significant decrease in total
body weight, glucose, serum creatinine and indoxyl sulfate levels (P=0.0011, P=0.0006, P=0.0012, and
P=0.0005, respectively), compared with the non-treated nephrectomized group. The ingestion of chi-

tosan also resulted in a lowered ratio of oxidized to reduced albumin (P=0.003) and an increase in

Keywords:

Chitosan
Antioxidant
Oxidative stress
Chronic renal failure
Indoxyl sulfate

biological antioxidant potential (P=0.023). Interestingly, the oxidized albumin ratio was correlated with
serum indoxyl sulfate levels in vivo. These results suggest that the ingestion of chitosan results in a signif-
icant reduction in the levels of pro-oxidants, such as uremic toxins, in the gastrointestinal tract, thereby
inhibiting the subsequent development of oxidative stress in the systemic circulation.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Oxidative stress, which involves the production of excessive lev-
els of reactive oxygen species, is a pathogenic condition of great
importance in chronic renal failure patients, and has a great impact
on their survival (Himmelfarb, 2004). Furthermore, the manage-
ment of cardiovascular disease is an important issue in cases of
patients with chronic renal failure, and oxidative stress has been
speculated to greatly contribute to such onset (Fort,2005). Thus, the
development of effective anti-oxidant therapy for treating chronic
renal failure would be highly desirable. One proposed mechanism
of oxidative stress in chronic renal failure is the accelerated pro-
duction of oxidants, such as uremic toxins and their reduced renal
clearance. Therefore, the removal of such substances from the sys-
temic circulation may lead to a reduction in oxidative stress in
chronic renal failure.

Chitosan, a linear polymer comprised of (3(1-4) linked bD-
glucosamine units, has been recommended as a suitable functional
material for accomplishing this, because of its biocompatibility,
biodegradability, absence of toxicity, adsorption properties and
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free radical scavenging activities (Anraku et al., 2009; Park, Je,
Byun, Moon, & Kim, 2004; Porporatto, Bianco, Riera, & Correa,
2003). In recent world-wide studies, chitosans were tested as a
dietary supplement for the possible inhibition of the absorption
of certain lipids and bile acids (Gades & Stern, 2005; Muzzarelli
et al., 2006). Regarding the mechanism of lipid absorption, when
ingested, chitosan develops an HCl-layer in the stomach. As capsu-
lated particles of chitosan move into the duodenum, the HCl-layer
becomes diluted and the chitosan particles form agglomerates with
fatty acids and cholesterol, thus reducing the absorption of lipids
in the gastrointestinal tract (Muzzarelli & Muzzarelli, 2006). In
general, a high molecular weight chitosan preparation would be
expected to inhibit the absorption of certain lipids and bile acids.
On the other hand, a low molecular weight chitosan preparation
would be predicted to absorb such substances, but would also be
expected to show increased antioxidant effects. In fact, we showed
that medium molecular weight chitosan has a high antioxidant
activity as well as antilipidemic effects in metabolic syndrome
modelrats (Anraku et al.,2010). Although several studies have been
reported concerning the antioxidant activities of chitosan in several
diseases, including the metabolic syndrome and acute renal failure
(Anraku et al.,, 2011; Yoon et al., 2011), relationships between the
progression of renal failure and its antioxidant activity have not
been extensively reported in chronic renal failure.

In this study, we report on the effects of chitosan on renal func-
tion as well as oxidative stress in chronic renal failure using 5/6
nephrectomized rats.
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2. Materials and methods
2.1. Materials

The chitosan (Chitosamin®; weight-average molecular weight
(Mw =1000kDa), degree of deacetylation 90%) used in these stud-
ies was a generous gift from Nippon Kayaku Food Techno Co., Ltd.
(Gunma, Japan). Other chemicals were also of the highest grade
commercially available, and all solutions were prepared using
deionized, distilled water.

2.2. Animals and treatment

Six-week-old male rats weighting 140-150 g that had been sub-
jected to a 5/6 nephrectomy as a chronic renal failure model were
obtained from the Disease Model Co-operative Research Associa-
tion, Japan. The experimental protocol was reviewed and approved
by the Animal Care and Use Committee of Fukuyama University
and the Japanese government was fully informed prior to the com-
mencement of the study. These rats were divided into two groups
as follows: (a) untreated nephrectomized group (N=5). These rats
received only standard rat chow. (b) Chitosan treated nephrec-
tomized group. These rats received standard rat chow and chitosan
at 1.5 g/kg of body weight for 4 weeks (N =5). All of the rats received
standard rat chow. Untreated nephrectomized rats were pair-fed
with the same amount of chow as the chitosan treated nephrec-
tomized rats. Chitosan was administered with the chow.

2.3. Blood and urine analyses

Blood and urine sample were collected at 0 and 4 weeks after
the administration of chitosan. Biochemical parameters including
serum indoxyl sulfate levels were measured according to previ-
ously described methods (Anraku et al., 2010; Kadowaki et al.,
2007; Shimoishi et al., 2007).

2.4. Effects of chitosan on oxidative stress using oxidized albumin
ratio and biological antioxidant potential

Oxidized albumin ratios were determined by high-performance
liquid chromatography as described previously (Anraku et al., 2004;
Shimoishi et al., 2007). The biological antioxidant potential test is a
photometric test that measures the plasma biological antioxidant
potential as the capacity of the plasma sample to reduce iron from
the ferric (Fesz™) to the ferrous (Fe,*) state (Benzie & Strain, 1996).

2.5. Statistical analysis

Statistical significance was evaluated by the 2-tailed paired
Student’s t-test for comparison between 2 mean values. For all anal-
yses, values of P<0.05 were regarded as statistically significant.
Results are reported as the mean + SEM.

3. Results and discussion

In the present study, we observed a reduction in several impor-
tant biological parameters as the result of chitosan administration
(Table 1). In particular, compared to the corresponding results for
the untreated nephrectomized group, a significant decrease in the
levels of serum indoxyl sulfate was found (P=0.0005). Indoxy!l sul-
fate, which is the most widely studied uremic toxin, has been
shown by us and other research groups to cause an increase in
free radical production and to induce the production of inflam-
matory cytokines in the kidneys and blood circulation (Motojima
et al., 1991; Shimoishi et al., 2007). Therefore, low indoxyl sul-
fate levels might lead to renal function being maintained and low

Table 1
Effects of chitosan ingestion on some selected biochemical and antioxidative prop-
erties of chronic renal failure rats.

Without With
chitosan chitosan
Weight (g) Oweek  204.8 +4.7 198.8 + 5.6
4week 3575+ 7.6 304 £5.2
Glucose (mg/dL) 0 week 813 +£85 85.0 +£ 2.5
4week  201.8+ 156 115.0 +2.82
Triglyceride (mg/dL) 0 week 99.4 + 44 99.1 +£11.9
4 week 110.8 + 14.8 88.9 + 14.9
Serum albumin (mg/dL) 0 week 3.58 £ 0.1 3.68 +£ 0.2
4 week 3.10 £ 0.1 3.10 £ 0.1
Urine albumin (mg/day) 0 week 85.3 + 83 88.8 +11.2
4week  159.7 + 14.2 91.8 + 15.4°
Serum creatinine (mg/dL) 0 week 1.20 + 0.42 1.31 + 042
4 week 222 +0.22 1.68 + 0.32?
Serum indoxyl sulfate (M) 0 week 13.8 +£3.82 14.5 + 3.52
4 week 41.5 + 5.61 19.5 £ 5.332
Lowering of oxidized albumin ratio 0 week 1.14 £+ 0.06 1.09 + 0.13
4 week 1.81 £+ 0.06 1.21 £ 0.12°
Increase in biological antioxidant 0 week 2867 + 66.7 2741 + 40.1
potential 4 week 2754 £+ 65.6 3032 + 59.12

@ p<0.05 vs. at non-treated (N=5).

oxidative stress in the systemic circulation. In fact, as shown in
Table 1, chitosan treatment caused a significant decrease in the oxi-
dized albumin ratio after 4 weeks (P=0.003 vs. ratio of untreated
group at 4th week). Since the extent of oxidation of this prominent
protein can be taken as an index of oxidative stress, these results
demonstrate the potential of chitosan for reducing the effects of
stress in chronic renal failure rats. This conclusion is supported
by an increase in biological antioxidant potential as the result of
the chitosan treatment after 4 weeks (Table 1). These results sug-
gest that chitosan itself is a powerful in vivo antioxidant. Further,
the results shown in Fig. 1 show the existence of a significant
relationship between oxidized albumin ratios and serum indoxyl
sulfate levels (r=0.854, P=0.001). These results also suggest that
the oxidized albumin ratio is a reliable index of the effectiveness of
chitosan treatment on chronic renal failure. Since chitosan itself is
not absorbed from the digestive tract, it is unlikely that the mech-
anism of the antioxidant activity for chitosan involves the direct
scavenging of radicals in the blood. In general, indoxyl sulfate in
the blood arises exclusively from metabolism by intestinal bacte-
ria. Intestinal bacteria metabolize L-tryptophan to indole, which is
absorbed into the blood and is then metabolized to indoxyl sulfate
in the liver. Thus, we hypothesize that the antioxidant activity of
chitosan is indirect in nature, in which substances such as indole
or precursors are adsorbed in the gastrointestinal tract, thereby
suppressing indoxyl sulfate levels in the blood.
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Fig. 1. Relationship between serum indoxyl sulfate levels and oxidized albumin
ratio. The plot shows the linear regression of the two sets of results (N =20, r=0.854,
P=0.001).
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This conclusion was also supported by a correlation between the
serum concentration of indoxyl sulfate and the oxidized albumin
ratio in chronic renal failure rats (Fig. 1).

4. Conclusion

The findings reported herein serve to demonstrate the antiox-
idative and renoprotective potential of chitosan in chronic
renal failure. To date, the oral carbonaceous adsorbent, AST-120
(Kremezin®), has been used in pre-dialysis, uremic stage renal
failure patients to adsorb biologically active substances, so-called
uremic toxins, in the circulation that accumulate during chronic
renal failure, thereby prolonging the progression of chronic renal
failure and the interval to the inception of dialysis (Owada et al.,
1997). However, the present results suggest a new potential use
for chitosan as an antioxidant in chronic renal failure. We there-
fore propose that, from the perspective of antioxidant therapy,
the initiation of chitosan administration as a healthy food, would
be preferable at a stage earlier than the conventional state of
pre-dialysis uremia with or without the administration of drugs.
Thus, the antioxidative effect of chitosan is unique and differs
from that of typical, conventional antioxidants such as antiox-
idant vitamins and N-acetyl cysteine. This fact suggests that
chitosan can be co-administered with such agents and repre-
sents a new strategy for antioxidative treatment in chronic renal
failure.
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