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Dietary chitosans with different molecular weight M,, and the degree of deacetylation DDA (high molec-
ular weight chitosan HCS with M, 7.60 x 10°> and DDA 85.5%, middle molecular weight chitosan MCS
with M,, 3.27 x 10* and DDA 85.2%, chito-oligomer COS with M,, 0.99 x 10> and DDA 85.7% and
water-soluble chitosan WSC with M,, 3.91 x 10* and DDA 52.6%) were used at the 1.05% level to feed

mice for 90 days. Afterwards no pathological symptoms, clinical signs or deaths were observed. The body
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weight of mice in chitosan group and control group showed no significant difference. Although HCS, COS
and WSC had no significant effect on the level of Fe, Zn and Cu in the tested mice’s liver, spleen, heart and
kidney, MCS significantly increased the level of Fe, Zn and Cu in liver. Therefore dietary ingestion of chito-
san did not depress the level of Fe, Zn and Cu in mice.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Chitosan, derived from crustacean or fungal chitin, is a polymer
composed of p-glucosamine with some degree of N-acetyl-p-gluco-
samine. The p-glucosamine content in chitosan is indicated by the
degree of deacetylation (DDA) (Hejazi & Amiji, 2003; Nah & Jang,
2002). The US FDA approved chitosan as a feed additive in 1983.
Chitosan has been widely applied in functional food, food additive,
pharmaceuticals, environmental protection and biotechnology
(Shahidi, Arachchi, & Jeon, 1999; Vilai, Nijarin, Nilada, & Pachara,
2006). Chitosan with high molecular weight (M,,) is insoluble in
water but soluble in acid, and it has been employed as a dietary fi-
ber. Moreover, the bioactivities of water-soluble chitosan have
been reported to have antitumor, cholesterol-lowering (Gallaher,
Munion, Hesslink, Wise, & Gallaher, 2000; Ormrod, Holmes, & Mill-
er, 1998), immuno-enhancing, antidiabetic (Hayashi & Ito, 2002),
wound healing, antifungal and antimicrobial effects (Kumar, Muz-
zarelli, Muzzarelli, Sashiwa, & Domb, 2004). Chitosan has also been
reported to reduce lipid absorption in the intestine by binding with
fatty acids and bile acids and then increasing their excretion. Chito-
san inhibits the development of atherosclerosis in individuals with
hypercholesterolemia by lowering the serum cholesterol levels.
The molecular weight has important effect on the biological activ-
ity and absorption of chitosans in vivo (Chae, Jang, & Nah, 2005;
Zeng, Qin, Wang, Chi, & Li, 2008).

A large dose intake of chitosan for 30 days was reported to con-
tribute to a decrease in plasma vitamin E level, bone mineral con-
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tent and growth retardation for mice (Deuchi, Kanauchi,
Shizukuishi, & Kobayashi, 1995; Tanaka, Tanioka, Tanaka, Taniga-
wa, & Kitamura, 1997). One possibility for this is that macromolec-
ular chitosan might form gels in the intestinal tract, which entrap
lipids and other nutrients including fat-soluble vitamins and min-
erals (Koide, 1997; Sugano, Fujikawa, Hiratsuji, Nakashima, & Fuk-
uda, 1980), but in vitro data by Muzzarelli et al. (2006) are against
this hypothesis. The dietary chitosan might influence the metabo-
lism of trace elements by accelerating the urinary excretion (Wada,
Nishimura, Watanabe, Takita, & Innami, 1997). Considering the fact
that chitosan is widely applied in foods, the four typical food-re-
lated chitosan samples with different M,, and water-solubility
were used to investigate whether chitosans depress the level of
trace elements in mice.

2. Experimental
2.1. Material and methods

Crude chitosan HCS were supplied by Golden-shell Biochemical
Co., Ltd., China. The other chitosan samples (MCS, COS and WSC)
were prepared in our laboratory. The characteristics of samples
were listed in Table 1. Other reagents were of analytical grade.
Kunming strain female mice (4 weeks old) weighing 20-26 g were
purchased from Hubei Experimental Animal Center (China).

2.2. Ninety days feeding study in mice
Fifty healthy Kunming strain female mice were divided into

four chitosan groups and one control (10/group, 5/cage). The chito-
san groups were fed with diets containing 1.05% chitosan in addi-
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Table 1

The characteristics of chitosan samples

Samples DDA (%) My, My, [M,
HCS 85.5 7.60 x 10° 3.01
MCS 85.0 3.27 x 10% 2.65
COoS 85.9 0.99 x 10° 1.07
WSC 52.6 3.91 x 10* 2.78

tion to the basic mice diet, which contained 4.80% crude fiber,
4.25% crude fat, 19.1% crude protein, 12.13% amino acid, 1.08%
Ca, 41.77 mg/kg P, 164.1 mg/kg Fe, and 54.12 mg/kg Zn. Diets
and water were given ad libitum for a continuous period of 90
days. With monitored daily food intakes, all the animals were ob-
served thoroughly and weighted weekly to check for any signs of
toxicity.

After the mice were decapitated at the 90-day, the vital organs
of each mouse were excised and observed grossly. Heart, liver, kid-
neys, spleen, thymus and lung were weighted and the percent ra-
tios of organ to body weight were calculated.

2.3. Measurement of trace elements

The organ (0.1-0.2 g) was wet ashed with 5 ml of 65% nitric acid
and 1 ml HCIOg4, concentrated by evaporation and diluted with tri-
ple-distilled water. The mineral concentration was analyzed by
atomic absorption spectrometry (TAS 986 Model, Beijing Purkinje
General Instrument Co., Ltd., China), using standard conditions
(Fe 0.2 nm, 4.0mA and 1.6 L/min C;H,, Cu 0.4 nm, 3.0 mA and
1.6 L/min C3H5, Zn 0.4 nm, 3.0 mA and 1.6 L/min C;H,) and excita-
tion lamps (Fe 248.3 nm, Zn 213.9 nm, Cu 324.8 nm). The element
contents were expressed as micrograms of the element per gram of
wet tissue weight (ug/g organ). Mean values and SD were deter-
mined by the SPSS program, and the significance of difference
was estimated by the standard Student’s t-test. A significant differ-
ence was accepted with p <.05.

3. Results
3.1. Ninety days feeding study in mice

Throughout the 90-day dietary feeding study, no deaths were
found in all groups. During the experiment period, no significant
abnormality in food intake, feces, hair and behavior were observed.

The mean body weights in each group versus time are pre-
sented in Fig. 1. The four chitosan samples did not cause any signif-
icant difference in body weight in comparison with the control.

As shown in Table 2, the four chitosan samples increased the
thymus/body weight ratios and spleen/body weight ratios of mice,
and water-soluble chitosan WSC significantly increased the thy-
mus/body weight ratios after 90-day dietary feeding. Gross exam-
ination at necropsy did not reveal any treatment-related changes.
In histopathology, gross examination did not reveal any abnormal-
ities. Further, on microscopic examination, no treatment-related
pathological lesions were evident in any tested organs.

3.2. Effect of feeding dietary chitosan on the trace element level in
mice

Table 3 listed the Fe level in the liver, heart, spleen and kidney
of the mice after feeding dietary chitosan samples for 90 days. The
Fe level had no significant difference in the tested organs after
feeding HCS, COS and WSC. However, the Fe level of liver and
spleen increased after feeding MCS.

Table 4 listed the Zn level in the liver, heart, spleen and kidney
of the mice in this experiment. COS, HCS and WSC had no signifi-
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Fig. 1. Body weight changes of mice.

cant effect on the Zn levels in these tested organs. However, MCS
caused the elevation of Zn level in liver, spleen and heart.

Table 5 listed the Cu level in the liver, heart, spleen and kidney
of the mice in this experiment. There also was no significant differ-
ence of the Cu level after administration of HCS, COS and WSC.
However, MCS increased the Cu level in liver and spleen.

4. Discussion

Chitosan residues have amine groups. Indeed, nitrogen atoms
hold free electron doublets that can react with metal cations (Var-
ma, Deshpande, & Kennedy, 2004). However, the amine groups are
easily protonated in acidic solutions. The water-solubility of chito-
san was dependent on the pH of solution. The four chitosan sam-
ples could be dissolved in the gastric acid, and the free —NH,
translated into —NH;*, which had weak chelating ability with me-
tal cations. The dissolved HCS macromolecules would precipitate
with an increase in pH in the intestine from 4.8 to 8.2 (Xiang,
2003), which made the chitosan difficult to be further degraded
and hard to be absorbed by the intestine.

The small intestine is the main site for the metal cation absorp-
tion. Yonekura, Tamura, and Suzuki (2004) reported that 1% dietary
chitosan could increase zinc absorption in rats by formation of sta-
ble complexes with phytic acid. The free Zn?*or water-soluble zinc
complexes were better absorbed than the phytic acid-Zn com-
plexes. Chitosan had no inhibitory effects on zinc apparent absorp-
tion in phytate-free diets. Our experimental results demonstrated
that 1% plain chitosan HCS in diet had no significant effect on the
levels of Fe, Zn and Cu in these tested organs. HCS was difficult
to be absorbed by the intestine, and it could form gels in the intes-
tinal tract entrapping nutrients. The amount of chitosan was much
less than the protein and amino acid in diets, and these peptides

Table 2

Organ/body weight ratios of the mice (g/100 g body weight)

Organ Control HCS MCS COoS WSC

Heart 038+0.05 041+0.08 038+006 040+0.04 0.42+0.08

Liver 428+037 455+034 438+041 432+045 4.49+039

Spleen 030+£0.06 0.32+0.05 0.33+0.11 034+0.05 0.37+0.09

Thymus  0.15+0.03 0.18+£0.05 0.19+0.07 0.17+0.07 0.22 £0.07°

Kidney 056+0.06 0.63+0.05 0.58+007 056+0.05 0.56+0.06

Lung 047+0.11 052+0.13 0.53+0.12 050+0.14 0.55+0.13
4 p<.05.
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Table 3
The Fe level in organs of the mice (pg/g organ, X +S, n=10)
Liver Spleen Heart Kidney

COS 149.0+17.9 818.1+177.9 214.4+57.6 161.9+23.9
MCS 167.7 £20.2° 958.4 +233.2° 226.1+£54.3 151.5+20.1
WSC 148.7 £31.7 878.4+131.7 222.7+31.7 159.9+17.7
HCS 161.5+23.6 845.7 +243.6 216.1£329 154.7+£23.6
Control 146.3+19.3 843.6 +105.3 256.2 £50.1 157.3+26.1

2 p<.05.
Table 4
The Zn level in organs of the mice (pg/g organ, X+ S, n=10)

Liver Spleen Heart Kidney

Ccos 29.90 +5.81 30.09 + 6.44 39.18 +7.04 26.85+6.18
MCS 54.81+16.82% 44.97 +6.65° 65.71 + 18.04° 25.59+6.73
WsC 28.28 £9.25 31.03 £9.55 44.55 +11.72 24.19 +4.87
HCS 30.14+4.72 30.72 +3.68 42.92 +14.75 2416 +4.03
Control 31.64 +4.06 31.76 £5.23 38.29 +6.39 26.90 +7.43

4 p<.05.
Table 5
The Cu level in organs of the mice (pg/g organ, X+S, n=10)

Liver Spleen Heart Kidney

COS 5.04 +0.97 5.89+2.20 9.75+2.48 5.15+0.25
MCS 5.44 £0.10° 6.22 +2.18 10.04 £2.24 4.90+0.28
WSC 516+0.19 5.90 +2.40 9.52 +0.95 498 +0.17
HCS 527 +1.90 5.92+223 9.73+1.68 5.56 + 0.60
Control 4.88 +0.27 5.57 £2.07 10.24 £1.51 5.40+0.13

2 p<.05.

and amino acids had better chelating effect with these metal cat-
ions in the intestine. MCS, LCS and WSC had no ability to form gels
because of their low My,.

The LCS and WSC were completely soluble in the intestine. The
small molecules from LCS was absorbed rapidly by intestinal, and
also was rapidly distributed to other tissues in the body. The larger
chitosan molecules were degraded to some extent before absorp-
tion, and the absorbed chitosan molecules should be water-soluble
small molecules. As the monomer of chitosan, glucosamine has
been used in various forms for osteoarthritis in the Europe for dec-
ades and did not show any significant toxicological effects (McA-
lindon, LaValley, Gulin, & Felson, 2000).

The MCS molecules were degraded to smaller molecules in
stomach and upper intestine, but the speed was slower than that
of WSC because WSC had better water-solubility. The degraded
chitosan molecules were not as easy to precipitate, and further de-
graded in lower intestine. The absorbed chitosan molecules from
MCS were larger than that from LCS and WSC. The absorbed larger
chitosan molecules were subject to rapider plasma clearance, and
had higher liver accumulation level (Tai, Sheu, Lee, Yao, & Chaiang,
2000). The larger molecules needed to be further degraded and di-
gested in liver, and then distributed to other tissues. The smaller
molecules could better penetrate biomembranes to reach tissues,
enter body fluids and be excreted in urine (Onishi & Machida,
1999).

Chitosan molecules possess the metal-complexing ability with
Fe?*, Zn?>" and Cu®' in blood and liver around the neutral condi-
tions. When the chitosan level in liver was higher, these levels of
these metal cations should be higher. Therefore, MCS enhanced
the levels of these metal cations in livers.

The tested elements Fe, Cu and Zn are essential to the normal
functioning of an animal’s metabolism (Wei & Chung, 1993). Key
enzymes involved in the synthesis of erythrocytes contain Cu

and it participates in the oxidizing chain in mitochondria. The
deficiency of Cu may induce tiredness, hepatic and renal prob-
lems and anemia. Fe is an important constituent of succinate
dehydrogenase. Aerobic metabolism is dependent on Fe, which
is contained in hemoglobin and is essential for the synthesis of
myoglobin and of several cellular enzymes, such as cytochromes,
catalases and peroxidases. Weakness and anemia are the main
effects of Fe shortage. Zn is contained in insulin and in several
enzymes. It participates in various important processes for the
metabolism of proteins, nucleic acids, carbohydrates and lipids.
A level of Zn lower than normal may induces weakening of
the immune defenses, with a consequent predisposition to aller-
gies and skin infections (Cunningham-Rundles, 1996; Driessen,
Hirv, & Rink, 1995).

5. Conclusion

A 90-day feeding study showed no pathological symptoms, clin-
ical signs or deaths in mice during the period of feeding 1.05% die-
tary chitosan. Although the four chitosan samples had no
significant effect on the body weight of the mice, they raised the
thymus/body weight ratios and spleen/body weight ratios of mice
in the tested groups, especially WSC significantly raised the thy-
mus/body weight ratios. The WSC, COS and HCS samples had no
significant influence on the level of Fe, Zn and Cu in liver, spleen,
heart and kidney, but the MCS sample significantly increased the
level of Zn, Fe and Cu in liver. It was concluded that the dietary
ingestion of chitosan did not depress the level of Fe, Zn and Cu in
mice.
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