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BACKGROUND/OBJECTIVES: Cadmium is a toxic metal that is an occupational and environmental concern especially because 
of its human carcinogenicity; it induces serious adverse effects in various organs and tissues. Even low levels of exposure 
to cadmium could be harmful owing to its extremely long half-life in the body. Cadmium intoxication may be prevented 
by the consumption of dietary components that potentially reduce its accumulation in the body. Dietary chitosan is a polysaccharide 
derived from animal sources; it has been known for its ability to bind to divalent cations including cadmium, in addition 
to other beneficial effects including hypocholesterolemic and anticancer effects. Therefore, we aimed to investigate the role 
of dietary chitosan in reducing cadmium accumulation using an in vivo system.
MATERIALS/METHODS: Cadmium was administered orally at 2 mg (three times per week) to three groups of Sprague-Dawley 
rats: control, low-dose, and high-dose (0, 3, and 5%, respectively) chitosan diet groups for eight weeks. Cadmium accumulation, 
as well as tissue functional and histological changes, was determined.
RESULTS: Compared to the control group, rats fed the chitosan diet showed significantly lower levels of cadmium in blood 
and tissues including the kidneys, liver, and femur. Biochemical analysis of liver function including the determination of aspartate 
aminotransferase and total bilirubin levels showed that dietary chitosan reduced hepatic tissue damage caused by cadmium 
intoxication and prevented the associated bone disorder. 
CONCLUSIONS: These results suggest that dietary chitosan has the potential to reduce cadmium accumulation in the body 
as well as protect liver function and bone health against cadmium intoxication. 
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INTRODUCTION3)

Cadmium, a toxic heavy metal was first reported as an 
occupational health hazard; however, recently, environmental 
exposure to cadmium has become a concerning issue as well. 
In the general population, the main sources of cadmium 
exposure are air pollution, tobacco, and food [1]. Cadmium is 
a contaminant that is often present in varying concentrations 
in different food sources. Its content is usually higher in 
plant-derived food sources than in animal sources of food [2]. 
Increased cadmium contamination of the soil, air, and water 
accounts for its accumulation in plants. Rice, wheat, green leafy 
and root vegetables, as well as potato, are ranked high in 
cadmium contamination [3,4]. The average cadmium intake 
from food varies from 8 to 25 μg per day but may be higher 
in some countries in Asia owing to the rapid increase in 
industrial pollution and high intake of rice grown locally on 
contaminated soil [1,5]. Even low levels of exposure to cadmium 
could be of concern because it has an extremely long biological 
half-life, reported to be 10-30 years in humans [6]. Therefore, 
serious health problems can potentially develop even from 

chronic low-level cadmium exposure. 
Exposure to cadmium causes various adverse effects in 

humans such as kidney dysfunction, liver injury, osteoporosis, 
and cancer [7-10]. It has been reported that exposure to 
cadmium primarily damages the liver, bones, lungs, pancreas, 
placenta, and testis, as well as the kidneys [11,12], which are 
a critical target organ. The long-term exposure to cadmium 
even at low concentrations could lead to kidney tubular 
damage. A number of studies from different countries have 
reported the dose-effect or dose-response relationship between 
urinary cadmium level and makers for kidney damages in 
human [13-16]. In addition to renal damage, high cadmium 
levels also lead to bone disease. The causal relationship 
between cadmium exposure and bone disease was first 
reported in Japan in the case of itai-itai disease caused by the 
consumption of cadmium contaminated rice [17]. The disease 
exhibits a mixed combination of mainly osteomalacia symptoms 
as well as osteoporosis, which are accompanied by kidney 
damage. This association has been confirmed by recent studies 
by Gallagher et al. [18] and Schutte et al. [19] showing that 
exposure to cadmium was positively associated with incidences 
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Ingredients Cd + CS0 Cd + CS3 Cd + CS5

Corn starch 529.5 549.5 529.5

Casein 200 200 200

Sucrose 100 100 100

Soy oil 70 70 70

Cellulose 50 - -

Chitosan2) - 30 50

Mineral3) 35 35 35

Vitamin4) 10 10 10

Methionine 3 3 3

Choline 2.5 2.5 2.5

t-butylhydroquinone 0.014 0.014 0.014

Total 1000 1000 1000

1) Rats were randomly divided into three groups (n = 8 per group) and fed AIN-93 
diet (Cd + CS0) or modified AIN-93 diet with replacement of cellulose by 3% 
chitosan (Cd + CS3), or 5% chitosan (Cd + CS5) for 8 weeks. Numbers are weight 
in gram (g).

2) Chitosan was from YongDuck Chito, Co., Korea.
3) Mineral mix were prepared according to AIN-93G-MX.
4) Vitamin mix (AIN-93-VX) was purchased from ICN Pharmaceuticals, USA.

Table 1. Composition of experimental diets1)of osteoporosis [18,19]. Cadmium has also been reported as 
carcinogenic in human and animal models [7,20,21]. In animal 
models, cadmium strongly induces cancers in different tissues 
through consumption or injection, although the underlying 
mechanism is poorly understood. 

Chitosan is a natural occurring polysaccharide from the shells 
of crustaceans such as crab, shrimp, and crawfish. It is both 
chemically and physiologically considered a dietary fiber 
because it cannot be degraded by human and animal digestive 
enzymes [22]. It has a various biological activities including 
hypocholesterolemic, antiosteoarthritic, and anticarcinogenic 
activities [23-27]. Dietary chitosan has been shown to increase 
cholesterol excretion and decrease its plasma levels in humans 
and animals [24,28]. Chitosan has been also reported to be 
possibly beneficial in preventing arthritis. The excess production 
of nitric oxide (NO) by inducible NO synthase (iNOS) mediates 
the pathogenesis of arthritis, and the chitosan monomer was 
shown to inhibit iNOS expression [29]. Furthermore, hydrolyzed 
products of chitosan showed antitumor and antimetastatic 
activities in both in vitro and in vivo studies [30]. Chitosan 
contains reactive functional groups with structures and 
physicochemical properties that correlate with their chelation 
and flocculation functions [31,32]. Chitosan has been extensively 
studied for its cation binding ability, especially divalent cations 
[33]. The high hydrophilicity of chitosan, which is due to the 
large number of hydroxyl groups in its active sites, enables it 
to attract those cations [34,35]. For this reason, chitosan has 
been used as a natural chelator of metal ions. 

There are currently no proven effective treatments for 
cadmium intoxication [36] and, therefore, its prevention would 
be an important control strategy. For preventative strategies 
to be effective, it would be necessary to find ways to minimize 
cadmium absorption particularly through food since that is the 
major exposure source. There have been numerous suggestions 
that natural products such as green tea catechins, daidzein, 
quercetin compounds, and curcumin are beneficial in protecting 
against cadmium toxicity. In this present study, we investigated 
the possible role of chitosan in alleviating cadmium intoxication 
or lowering its accumulation in the body. The dietary effects 
of chitosan on cadmium accumulation in vivo were determined 
by administering cadmium to rats fed with different concen-
trations of a chitosan-containing diet. Then, we determined and 
compared the blood and tissue concentrations of cadmium in 
rats fed the chitosan diet, and those fed a regular diet.

MATERIALS AND METHODS

Animals, cadmium administration and diets
Male Sprague-Dawley rats weighing approximately 160 g 

(Institute of Laboratory Animal Resources, Seoul National 
University, Seoul, Korea) were individually housed in cages in 
a controlled environment (22°C, 65% relative humidity, 12-hour 
light-dark cycle with lighting from 6AM to 6PM). All animal 
procedures were approved by the Animal Care and Use 
Committee of Seoul National University (SNU 110412-3). In the 
preliminary experiment, to determine the experimental condition 
for cadmium intoxication, two different doses of cadmium-low 
(2 mg/day) or high (4 mg/day) were orally administrated to rats 

(n = 8 in each group). The control group of animals was 
administrated with saline replaced cadmium. The treatment in 
all the groups was carried on for 4 weeks (three times per week). 
The rats had free access to drinking water and normal AIN-93G 
diet [37]. In the second experiment, to investigate the effect 
of dietary chitosan on cadmium intoxication, the animals were 
randomly divided into three groups (n = 8): control (Cd + CS0), 
low chitosan diet (Cd + CS3), and high chitosan diet group (Cd
+ CS5). The rats in control group received AIN-93G [37] based 

diet with 5% cellulose but no chitosan (Table 1). The other two 
groups were fed the same diet as the control except the 
cellulose replaced by 3% chitosan (YongDuck, Chito Co., Seoul, 
Korea; Cd + CS3) or 5% chitosan (Cd + CS5) for 8 weeks. 2 ml of 
cadmium solution (1mg/ml) (Cadmium chloride, Sigma-Aldrich, 
St. Louis, MO, USA) was orally given to all animals three times 
per week.

Determination of Cd and other minerals in blood and tissues
At the end of 8 weeks, all animals were given Ketalar (100 

mg/kg, Yuhan Co., Seoul, Korea) after fasting for 12 hours. Blood 
was collected from abdominal aorta in heparinized sterile tube 
and liver, kidneys, femur were harvested. Samples were 
wet-digested with concentrated nitric acid and submitted to 
microwave oven heating (Milestone Inc., Monroe, CT, USA). All 
samples were stored at -80°C until used for further analysis. 
Concentrations of cadmium and calcium in each digested sample 
were determined by atomic absorption spectrophotometry 
(Buck Scientific Co., East Norwalk, CT, USA).

Measurement of biochemical analysis of liver, kidney and femur 
functions, and histopathological examination

Blood was collected from each rat and stored at 4°C 
overnight. Serum was obtained by centrifugation of the blood 
at 3,000 g for 15 minutes. Those levels of aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), and total bilirubin 
for liver function and blood urinary nitrogen (BUN) and 
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(A) (B)

(C)

Fig. 1. Cadmium accumulations and biochemical analysis for tissue damages of 
rats. Values are mean ± SE of 8 rats per group. 2 mg/day or 4 mg/day of cadmium 
was given to rats three times per week for four weeks. The levels of cadmium in blood 
and tissues were presented (A). Serum ALT, AST, BUN, and creatinine were measured 
(B) and representative H&E staining images for liver and kidney of rats administrated saline, 
low (2 mg/day), or high (4 mg/day) of cadmium were shown in panel (C). Values with 
different superscript are significantly different as determined by Duncan’s multiple test.

Experimental groups Cd + CS0 Cd + CS3 Cd + CS5

Final body weight (g) 323.4 ± 6.2NS1) 327.7 ± 6.9 328.9 ± 10.3

Body weight gain (g/day)   2.9 ± 0.1NS   3.0 ± 0.1   3.0 ± 0.2

Food intake (g/day)   15 ± 0.2NS  15.9 ± 0.2  16.5 ± 0.6

FER2)  0.19 ± 0.01NS  0.19 ± 0.01  0.18 ± 0.02

Liver weight 
(g/ 100 g body weight)

 2.43 ± 0.15NS  2.44 ± 0.19  2.30 ± 0.13

Kidney weight 
(g/ 100 g body weight)

 0.62 ± 0.02NS  0.65 ± 0.04  0.61 ± 0.03

Testes weight 
(g/ 100 g body weight)

  1.1 ± 0.05NS   1.1 ± 0.04  1.07 ± 0.05

Lung weight 
(g/ 100 g body weight)

 0.39 ± 0.02NS  0.41 ± 0.02  0.41 ± 0.02

Brain weight 
(g/ 100 g body weight)

 0.53 ± 0.02NS  0.52 ± 0.02  0.52 ± 0.02

1) Statistical significance; NS = not significant
2) Food efficiency ratio = body weight gain/ food intake
Values are mean ± SE of 8 rats per group. Cd + CS0 indicates control group in 
which rats were fed normal diet containing 5% cellulose with 2 mg cadmium 
administration for 8 weeks; Cd + CS3, chitosan 3% diet + 2 mg cadmium 
administration; Cd + CS5, chitosan 5% diet + 2 mg cadmium administration. 

Table 2. Body weight, food intake and organ weights

creatinine for kidney function in serum were measured by 
automatic blood analyzer (Spotchem SP-4410, KDK Co., Kyoto, 
Japan). The breaking force of the femur was measured with 
a three-point bending test using an Instron 1000 (Instron Co., 
Canton, MA, USA) with a 50 kg load transducer and 10 mm 
per minute crosshead speed. Formalin-fixed liver and kidney 
samples were sectioned, mounted on a slide, stained with 
hematoxylin and Eosin, and then examined for tissue damages 
by light microscopy.

Statistical analysis
All data were analyzed with SAS version 8.0 (SAS institute 

Inc., Cary, NC, USA) and values were presented as means ± SE. 
Differences between control group and experimental group 
were analyzed by one-way ANOVA followed by Duncan’s 
multiple range test.

RESULTS

Determination of experimental condition for cadmium intoxication 
in rats

To determine the experimental condition for cadmium 
intoxication, two different doses of cadmium-low (2 mg/day) 
or high (4 mg/day) were orally administrated to rats. Saline was 
used for control group and all rats were provided with normal 
AIN-93G diet. After four weeks, cadmium concentrations in 
blood and tissues were measured. Fig. 1A shows that cadmium 
administration caused dramatic increases in blood cadmium 
levels, in both low and high treatment groups. With a dose 
dependent manner, rats in high treatment group showed 45% 
more cadmium levels in the blood than those in low treatment 

group. The significant cadmium accumulations were also 
observed in tissues including liver, kidneys, and femur (Fig. 1A). 
Biochemical analysis of serum in the high treatment group 
showed that there were significant increases in both serum ALT 
and AST, which are indicators for liver tissue damages (Fig. 1B). 
Renal tissue damages were examined by measuring levels of 
BUN and creatinine in the serum. Rats in high cadmium group 
had significantly higher levels of BUN and serum creatinine 
than those in the control and low dose group (Fig. 1B). 
Immunohistochemistry analysis demonstrated that both low 
and high dose of cadmium treatment caused necrosis in liver, 
with more severe necrosis found in high cadmium group (Fig. 
1C). Cell swelling and degeneration were also observed in both 
groups. Substantial tissue damages were found in kidneys. Fig. 
1C shows there were cell hypertrophy and vacuolization, tubular 
degeneration, and congestion of renal cortex in low cadmium 
treatment group. The rats with high cadmium administration 
showed more aggressive tubular degeneration in kidneys. 
Although high cadmium treatment induced more severe 
conditions of intoxication in rats, the low dose of cadmium 
treatment turned out to be sufficient enough to accumulate 
cadmium in blood and tissue, thereby resulting in tissue 
damages in liver and kidneys histologically. Therefore, we 
concluded in using low dose of cadmium for the following 
experiments, to study the effect of dietary chitosan in cadmium- 
intoxicated rats. 

Food intake, body weight and organ weights
To investigate the effect of dietary chitosan on cadmium 

intoxication, low (3%) and high (5%) chitosan diet were 
provided to rats with cadmium administration (2 mg/day) for 
8 weeks. There were no significant differences in food intake, 
body weight gain, and food efficiency ratios (FER) among 
control (0% chitosan; Cd + CS0), low (Cd + CS3) and high (Cd
+ CS5) chitosan diet groups, as shown in Table 2. The weight 

of liver, kidneys, testes, lung and brain did not show any 
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Fig. 2. The levels of cadmium in blood and tissues of rats. Values are mean ±
SE of 8 rats per group. Cd + CS0 indicates control group in which rats were fed normal 
diet containing 5% cellulose with 2 mg cadmium administration for 8 weeks; Cd + CS3, 
chitosan 3% diet + 2 mg cadmium administration; Cd + CS5, chitosan 5% diet + 2 mg 
cadmium administration. Values with different superscript are significantly different as 
determined by Duncan’s multiple tests.

(A)

 

(B)

Group Weight (g) Breaking force (kg/g)

Cd + CS0 0.84 ± 0.02 5.55 ± 0.23

Cd + CS3 0.86 ± 0.03 5.99 ± 0.17

Cd + CS5 0.87 ± 0.02 5.97 ± 0.12

(C)

Fig. 3. The levels of calcium, alkaline phosphates, and breaking force in bones 
of rats. Values are mean ± SE of 8 rats per group. Cd + CS0 indicates control group 
in which rats were fed normal diet containing 5% cellulose with 2 mg cadmium 
administration for 8 weeks; Cd + CS3, chitosan 3% diet + 2 mg cadmium administration; 
Cd + CS5, chitosan 5% diet + 2 mg cadmium administration. Values with different 
superscript are significantly different as determined by Duncan’s multiple tests.

Experimental groups Cd + CS0 Cd + CS3 Cd + CS5

Liver function

AST (IU/L) 131.75 ± 5.26a 131.40 ± 6.83a 118.00 ± 4.31b

ALT (IU/L)  48.13 ± 2.65  46.00 ± 2.68  53.00 ± 2.52

Total bilirubin (mg/dL)   0.51 ± 0.04a   0.40 ± 0.00b   0.39 ± 0.01b

Kidney function

BUN (mg/dL)  20.50 ± 0.88  21.20 ± 0.56  22.88 ± 0.61

Creatinine (mg/dL)   1.13 ± 0.04   1.10 ± 0.05   1.09 ± 0.04

Liver histological damages

Cell swelling and degeneration ++ (4/4) + (3/4) + (2/4)

Mononuclear cell infiltration  + (3/4) + (2/4) + (2/4)

Values are mean ± SE of 8 rats per group. Cd + CS0 indicates control group in 
which rats were fed normal diet containing 5% cellulose with 2 mg cadmium 
administration for 8 weeks; Cd + CS3, chitosan 3% diet + 2 mg cadmium 
administration; Cd + CS5, chitosan 5% diet + 2 mg cadmium administration. Values 
with different superscript within the same row are significantly different as 
determined by Duncan’s multiple test. Degree of liver tissue damage is represented 
as follow: - (none), + (mild), ++ (moderate), +++ (severe) (n = 4 rats/groups)

Table 3. Biochemical and histological analysis for liver and kidney functions

significant differences among the rats fed different levels of 
chitosan in diet (Table 2). 

Cadmium levels in blood and tissues
Cadmium levels in blood and tissues were determined as 

shown in Fig. 2. Blood cadmium levels in rats were dramatically 
reduced by chitosan consumption. Compared to control, rats 
in Cd + CS3 and Cd + CS5 group showed the significant 
reduction in blood cadmium level by 50% and 60%, respectively 
(P < 0.001). Liver and kidneys have been reported to be the 
primary tissues in which cadmium accumulates [38]. In liver 
tissues, the cadmium contents in rats that were fed low (Cd
+ CS3) and high (Cd + CS5) chitosan were significantly lower 

than those in the control group (Fig. 2). Cadmium levels in 
kidneys were also dramatically decreased in both Cd + CS3 and 
Cd + CS5 groups, although there was no dose-dependent 
manner. The observation that cadmium has been notably 
deposited in bones as well as liver and kidneys (Fig. 1A) 
prompted us to study the effect of chitosan in bones. Rats in 
both Cd + CS3 and Cd + CS5 groups had significantly less 
cadmium accumulation in femur than the control as shown in 
Fig. 2. 

Analysis of bone function
In our preliminary study, cadmium administration to rats 

resulted in significant decrease in the level of bone calcium. 
Therefore, we studied if dietary chitosan could be beneficial 
in preventing the loss of calcium in bone or any defect in bone 
function caused by cadmium intoxication. With chitosan 
consumption, the level of calcium tended to be increased (Fig. 
3A) by chitosan administration, although there was no statistical 
significance. In our study, we also found that serum alkaline 
phosphatase (ALP), which is known to be a well-known marker 
for bone disorder [39], was increased in rats upon cadmium 
administration (data not shown). Interestingly, chitosan consu-
mption in diet resulted in dramatic decrease in serum ALP with 

dose dependent manner as shown in Fig. 3B. In addition, 
breaking force of femur was measured to evaluate bone 
function. Rats in both Cd + CS3 and Cd + CS5 groups had a 
tendency to increase in breaking force of femur compared to 
control group (Fig. 3C). 

Analysis of liver and kidneys function
Since we observed cadmium treatment deteriorated liver and 

kidney functions, we studied the effect of dietary chitosan on 
preventing hepatic and renal tissues from being damaged by 
cadmium intoxication. Average AST levels in serum was 131.75 
IU/L in rats fed no chitosan, which was significantly reduced 
to 118.00 IU/L in rats fed high chitosan diet (Cd + CS5). However, 
levels of serum ALT were not changed by dietary chitosan. 
Heightened levels of total bilirubin resulted from cadmium 
intoxication were consistently decreased in both Cd + CS3 and 
Cd + CS5 groups (Table 3). Biochemical analysis for kidney 
function was performed to evaluate the effect of dietary 
chitosan on restoration of tissue damages in kidneys caused 
by cadmium intoxication. Table 3 shows level of BUN tended 
to be elevated in rats fed chitosan diet, but there was no 
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statistical significance. On the other hand, level of creatinine 
showed some decrease without significance. 

Since the dietary chitosan significantly affects preventive 
effect on liver functions compared with the control, we further 
studied histopathological evaluation of liver sections under a 
light microscope. Obvious morphological changes such as 
necrosis in liver tissue were observed in the cadmium treated 
group in our preliminary study (data not shown). In the cadmium 
treated group (Cd + CS0), cell swelling and degeneration and 
mononuclear cell infiltration were observed in liver. However, 
after co-administration of chitosan, the histological liver damage 
caused by cadmium was markedly ameliorated compared to 
the Cd + CS0 group (Table 3). These data suggest that chitosan 
could improve cadmium-induced histopathological damage of 
the liver, and could be a potential protectant of liver damage. 
Overall, dietary chitosan played the helpful roles in recovering 
from liver tissue damages induced by cadmium intoxication, 
but no significant effect was observed in the recovery form 
renal tissue damages.

DISCUSSION

Cadmium is a well-known potent environmental pollutant 
that induces severe organ and tissue damage in human and 
animals. This study revealed the protective effects of dietary 
chitosan against cadmium intoxication in rats. The level of 
cadmium accumulated in the blood was decreased by 50 and 
60% more in the low and high chitosan diet groups, respectively, 
than it was in the control group. In addition, cadmium 
accumulation in the tissues including liver, kidneys, and bones 
was reduced by 30-50% in the chitosan diet groups, with a 
dramatic reduction observed in bones. However, the dietary 
chitosan showed only minimal preventive effects on the liver 
and bone functions, and even lower effects on kidney function 
compared with the control. Collectively, the dietary chitosan 
reduced cadmium accumulation in the body. 

Cadmium acts similarly to essential divalent minerals like zinc, 
iron, and calcium, and has an equally low absorption rate in 
the gastrointestinal tract, which was reported to be around 5% 
of the oral dose [36,40]. Cadmium shares absorption pathways 
with other divalent minerals through the divalent metal 
transporter-1 (DMT-1). Leazer et al. [41] demonstrated that 
DMT-1 was responsible for the high accumulation of cadmium 
during conditions of iron deficiency. Following absorption, 
cadmium accumulates in a range of tissues, and in this study, 
we showed its dose-dependent accumulation in the liver and 
kidneys. Metallothionein (MT) is a metal-binding protein that 
can be induced by and bind to cadmium. Therefore, since the 
liver and kidneys produce high levels of MT, this might explain 
why cadmium mainly accumulates in these two tissues [36]. In 
addition, we also showed that the bones stored a considerable 
amount of cadmium, although the level was approximately 1/50 
of that in the liver. The determination of the expression and 
activity of MT in bone tissues reveals the route by which 
cadmium accumulates there.

Numerous studies have been reported on bone disorders 
caused by cadmium intoxication [15,18,19,42,43], which causes 
a dramatic loss of bone mineral. This is mainly attributable to 

the associated kidney failure but cadmium also directly affects 
cell differentiation in the bones and, as a result, increases bone 
resorption [44]. In our preliminary study, rats treated with 
cadmium showed a 35% higher loss of calcium from their 
femurs than the untreated rats did. However, dietary chitosan 
did not prevent the loss of calcium from the bones or improve 
the breaking propensity of the femurs. This observation 
correlated with the results showing that dietary chitosan had 
little effect on kidney damage. However, the level of ALP that 
is known to increase in osteoporotic conditions [45,46] and was 
abnormally elevated following cadmium intoxication, was 
reduced by dietary chitosan in this study. 

Contaminated food is one of the main sources of cadmium 
exposure. However, there have not been many studies 
examining the preventative effects of dietary components in 
cadmium intoxication. Catechin in green tea has been reported 
to facilitate the normalization of bone metabolic disorders 
caused by chronic exposure to cadmium [44]. Chlorella, which 
is a marine alga has been reported to counteract cadmium 
poisoning in rats. However, the beneficial effect of dietary 
chlorella was abrogated when the cadmium supply stopped 
after the intoxication was established [47,48].

Previous studies have shown that chitosan is a metal chelating 
agent as well as a natural, safe, and effective reactive oxygen 
species (ROS) scavenger [49,50]. Therefore, chitosan might inhibit 
cadmium-induced intoxication via multiple mechanisms. The 
first may involve direct chelation, which is likely facilitated by 
the chemical structure of chitosan that has reactive functional 
groups. In particular, the large number of hydroxyl groups 
confers a high hydrophilicity, and these structural features may 
provide more interactive sites for metallic ion. The next possible 
preventative mechanism may involve antioxidant activity against 
cadmium-induced oxidative stress. Recent studies have implicated 
ROS in cadmium toxicity and it has been suggested that 
chitosan has powerful and direct ROS radical scavenging ability, 
in vitro [50]. There are several possible mechanisms by which 
chitosan might protect against cadmium-induced intoxication. 
However, the precise underlying mechanisms remain unclear, 
and further studies designed to identify the specific molecular 
mechanism are required. 

Recently, Korean National Health and Nutrition Examination 
Survey (KNHANES) reported that the overall geometric mean 
of the blood cadmium levels from Korean general adult 
population was 0.86-0.89 ug/L [51]. Although the effective dose 
of chitosan in the diet should be tested by a range of clinical 
studies, we assume that consumption of 0.7-1.3 g/day chitosan 
would be beneficial for reducing the level of blood cadmium 
based upon our observation that consumption of 3-5% chitosan 
diet efficiently reduced the level of blood cadmium in rats.

To the best of our knowledge, this is the first study to show 
the preventative effects of dietary chitosan in cadmium intoxica-
tion in an in vivo system. These findings reveal that chitosan 
might be an effective functional material in alleviating the toxic 
effects of cadmium. Our further studies will include the 
determination of changes in the transcriptional expression and 
protein activities of MT and DMT-1, to provide greater insights 
into the molecular mechanism of the prevention of cadmium 
accumulation by dietary chitosan.
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