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A B S T R A C T

Chitosan, bio-polyaminosacharide, is derived from chitin. Two sources (shrimp wastes and fungus biomass) were
used to produce chitosan. And then the chitosan was produced in the nano-form followed by characterization by
transmission electron microscopy. The images obtained clearly showed that the size of nano-chitosan ranged
between 7 and 13 and 3–6 nm with spherical shape for shrimp and fungal sources, respectively. The anti-
microbial activities of the tested concentrations of chitosan and nano-chitosan were examined and found to have
high activity against the tested pathogens. The evaluation of the toxicity of the tested concentrations of the
produced chitosan and its nano-size were performed using brine shrimp and rat bioassay. Toxicity examination
of chitosan and their nano derivatives is an essential procedure to assess the possibility of using these con-
centrations as food ingredient. Nine groups of rats were treated with either chitosan or nano-chitosan of both
sources at 100 and 200mg kg−1 bw. Adding chitosan in the diet of all groups showed no significant changes in
both the blood biochemical and oxidative stress parameters when compared with control group. The histo-
pathology of liver, kidney and stomach confirmed the results of the previous parameters. No signs of in-
flammation, fibrosis or cirrhosis were found in examined organs. It is concluded that chitosan and nano-chitosan
of shrimp and Rhizopus stolonifer had high antimicrobial activity and are not toxic in the same time and it can be
used as food ingredients.

1. Introduction

Chitosan, a natural linear bio-polyaminosacharide derived by the
alkaline deacetylation of chitin. Skeleton of crustaceans like crab,
shrimp and lobster is the main source of chitin. It also found in the
skeleton of marine zooplankton spp. such as jellyfishes and coral [1].
Chitin is also a major component of the cell walls of yeast, mushrooms
and some other fungi [2]. Usually, the zygomycetes has the highest
chitin amounts in their cell walls when compared with other fungi
classes as reported by Andrade et al. [3], Franco et al. [4] and Campos-
Takaki [5]. The research for chitosan has increased during the last years
due to its biocompatibility, biodegradability and safety. It is char-
acterized by its antimicrobial activity, film forming ability, chelation
and adsorption properties [6–8].

The uses of chitosan depend on its molecular weight and viscosity
[9]. Shimojoh et al. [10] reported that high molecular weight chitosan
was more effective as food additive than those with low molecular
weight. Based on its polycationic properties, chitosan can be used as
flocculating agent and act as chelating agent and heavy metal trapper

[11,12]). The waste of crustaceous industry is considered the most
suitable way to get chitosan in a high amount and low cost. Filamentous
fungi are considered an attractive source of both chitosan and chitin at
industrial scale for it can be manufactured under controlled conditions
[13,14]). Comparing between the two sources of chitosan, the fungal
chitosan distinguishes than another source depend on their properties
as the degree of acetylation, molecular weight homogeneity, viscosity
and charge distribution. Also, it does not have any contents of heavy
metals especially nickel and copper [15]. Chitosan from fungal mycelia
has medium-low molecular weight (1–12× 104 Da), whereas that from
crustaceans sources has high molecular weight (about 1.5× 106 Da)
[16]. Changing the basic structure of chitosan give an opportunity to
obtain derivatives with a wide range of properties and consequently
more application can be used [17]). One of the modern technologies is
developing of chitosan micro-particles followed by nano-form, con-
firming the effective uses in many industries [18]. Although, many
researches proofed the safety of chitosan for consumption either in food
or drug sectors, there are no more available studies assess the toxicity of
nano-chitosan particularly that derived from fungal source. So, the
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present study aimed to synthesize nano-chitosan from crustacean and
fungal source and to assess its antimicrobial activity and toxicity using
brine shrimp and rats in a preliminary evaluation to be used as food
ingredient.

2. Materials and methods

2.1. Production of chitosan from shrimps exoskeletons

2.1.1. Extraction of chitin from shrimps wastes
The exoskeletons of shrimp were collected from shrimp local mar-

kets, air dried, washed several times by tab water, air dried and then
crushed. These exoskeletons were conducted to deproteinization pro-
cess as described by Lamarque et al. [19]. In brief, the crushed exos-
keletons were placed in 1000ml beakers and heated (∼80 °C) with 4%
NaOH solution using hot plate in a portion of 1:4 (w/v). The mixture
was left to cool for one hour, filtered in a normal sieve and washed
three times by tab water. The exoskeletons were then dried and further
grinded to pieces of 0.5–5.0 mm using a meat tenderizer.

2.1.2. Demineralization
The grinded exoskeleton was demineralized using 7% HCl in a

portion of 1:4 (w/v). The samples were allowed to soak for 24 h to
remove the minerals (mainly calcium carbonate). After draining, the
remaining chitin was washed with deionized water [20].

2.1.3. Deacetylation
The deacetylation process was carried out on chitin by adding 40%

NaOH solution onto chitin in a portion of 1:2 (w/v).The mixtures were
boiled at 200 °C for 2 h and then cooled at room temperature. After that,
it was washed continuously with deionized water. The chitosan was left
uncovered and oven dried at 70 °C till getting a creamy-white form.

2.2. Production of fungal cell wall chitosan

2.2.1. Cultivation of fungal strain
Rhizopus stolonifer strain OSMR1 was activated on yeast peptone

glucose agar (YPG) for 4 days at 28 ± 2 °C until sporulation. The
spores were collected, suspended in sterile YPG broth, counted using a
haemocytometer slide and diluted to 106 spores ml−1. One milliliter
from fungal spore suspension was inoculated into sterilized 500ml
Erlenmeyer-flask containing 250ml YPG broth. The flasks were placed
in shaking incubator at 125 rpm and 28 ± 2 °C for 4 days. After in-
cubation period, the mycelia were harvested by filtration using filter
paper (Whatman No.1), washed many times with distilled water, dried
in oven for overnight at 70 °C and then weighted.

2.2.2. Chitosan extraction from fungal biomass
Chitosan extraction was carried out by the method of Gharieb et al.

[8]. Chitosan was extracted from dried mycelia according to the process
involving: deproteinization with 2% sodium hydroxide solution in a
portion of 1:4 w/v. After filtration, the alkali-insoluble material (AIM)
was washed with distilled water till getting neutral pH and dried. One
gram of dried AIM was added to 40ml 20% acetic acid at 80 °C for 6 h.

Table 1
Experimental protocol of the bioassay.

Experimental Groups Dose No. of animals Times of treatment Day of autopsy

Control 6 21 22nd
Fungal Chitosan (FC100) 100mg/kg bw 6 21 22nd
Fungal Chitosan (FC200) 200mg/kg bw 6 21 22nd
Nano- Fungal Chitosan (NFC100) 100mg/kg bw 6 21 22nd
Nano- Fungal Chitosan (NFC200) 200mg/kg bw 6 21 22nd
Shrimp chitosan (ShC100) 100mg/kg bw 6 21 22nd
Shrimp chitosan (ShC200) 200mg/kg bw 6 21 22nd
Nano-Shrimp chitosan (NShC100) 100mg/kg bw 6 21 22nd
Nano-Shrimp chitosan (NShC200) 200mg/kg bw 6 21 22nd

bw=body weight.

Fig. 1. High resolution transmission electron microscopy image of shrimp chitosan na-
noparticles.

Fig. 2. High resolution transmission electron microscopy image of fungal chitosan na-
noparticles.
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Table 2
Inhibition zone diameter (mm) for antimicrobial activity of chitosan and nano-chitosan extracted from shrimp and fungi.

Samples Gram+ Bacteria Gram− Bacteria Yeast Fungi

B. cereus St. aureus E. Coli S. typhi C. albicans A. niger F. oxysporum

Shrimp chitosan 19 25 19 19 20 12 11
Fungal chitosan 21 26 21 21 22 15 13
Shrimp nano-chitosan 22 27 20 20 21 14 15
Fungal nano-chitosan 24 30 24 23 23 17 18

Fig. 3. Three layers resulting from antimicrobial activity of chitosan and nano-chitosan against Escherichia coli strain. 1; shrimp chitosan, 2; fungal chitosan, 3; shrimp nano-
chitosan, 4; fungal nano-chitosan, A; bacterial growth, B; well of sample, C; inhibition zone.

Fig. 4. Survival of brine shrimp at 24 h after exposure to different concentrations of chitosan from shrimp and/or fungal strain and its nano-form. Shr.Ch; shrimp chitosan,
F.Ch; fungal chitosan, Shr.nanoCh; shrimp nano-chitosan, F.nanoCh; fungal nano-chitosan.

Table 3
Effects of tested types of chitosan on liver and kidneys functions of treated rats.

Parameter Control FC (100mg/kg
BW)

FC (200mg/kg
BW)

NFC (100mg/
kg BW)

NFC (200mg/
kg BW)

ShC (100mg/
kg BW)

ShC (200mg/kg
BW)

NSh (100mg/
kg BW)

NSh (200mg/kg
BW)

ALT (IU/ml) 28.3 ± 3.2a 28.7 ± 0.33a 30 ± 1.5a 30.7 ± 0.9a 34.6 ± 1.2a 34.5 ± 1.1a 34.3 ± 2.2a 32.5 ± 1.8 a 37.4 ± 1.4a

AST (IU/ml) 35 ± 1.7a 33.6 ± 2.5a 34 ± 2a 35.4 ± 1.5a 33 ± 5.2a 37.3 ± 2.5a 33.8 ± 2.02a 38 ± 2.6a 38 ± 1.5a

ALP (IU/ml) 54 ± 1.2a 52.3 ± 1.4a 53.7 ± 1.8a 57.6 ± 1.45a 54.6 ± 2.02a 60.3 ± 1.4a 63.4 ± 0.3a 61.7 ± 1.2a 63.4 ± 0.9a

TriG (mg/d) 115.3 ± 2.9a 116.6 ± 4.4a 117.4 ± 1.4a 116.3 ± 0.9a 118.4 ± 1.6a 130 ± 3.71b 125 ± 2.9a 127.7 ± 5.3a 130 ± 2.9b

Urea (mg/d) 38.7 ± 1.4a 40 ± 1.5a 36.3 ± 2.3a 34.6 ± 2.03a 39 ± 0.57a 38.3 ± 2.8a 39.3 ± 2a 37.4 ± 1.6a 39 ± 4.6a

Creatinine
((mg/d)

0.5 ± 0.02a 0.51 ± 0.05a 0.52 ± 0.01a 0.58 ± 0.03a 0.48 ± 0.02a 0.5 ± 1.7a 0.6 ± 0.02a 0.5 ± 0.07a 0.48 ± 0.01a

Uric Acid
(mg/d)

4.1 ± 0.2a 4.2 ± 0.2a 4.3 ± 0.4a 4.2 ± 0.2a 4.4 ± 0.08a 4.0 ± 0.05a 4.1 ± 0.15a 4.0 ± 0.08a 4.1 ± 0.1a

Within each row, means with superscript with different letters are significantly different at p≤ 0.05; Control =Untreated Crop; FC= fungal chitosan; NFC=nano fungal chitosan;
ShC= Shrimp chitosan; NShC=Nano shrimp chitosan; Bw=body weight.
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The suspension was centrifuged at 4000 rpm for 15min, and the su-
pernatant was collected. The pH of the supernatant was adjusted to pH
9.0 with 2 N NaOH solution and then centrifuged at 4000 rpm for
15min. The precipitated chitosan was washed twice with distilled
water and then with 95% ethanol (20:1 v/w). The washed chitosan was
dried at 70 °C.

2.3. Purification of chitosan

The obtained crustaceans and fungal chitosan was purified to make
it acceptable for application in the pharmaceutical and food industries.
The chitosan at concentration of 1mgml−1 in acetic acid 1% (v/v) was
prepared using magnetic stirrer to get homogenous solution. The in-
soluble particles were removed by filteration through Whatman filter
paper. Chitosan was precipitated from solution by adding 1N NaOH
until pH reached to 8. The obtained chitosan was washed several times
with deionized water and centrifuged at 10,000 rpm.

2.4. Characterization of chitosan using Fourier transforms infrared
spectroscopy (FTIR)

The degree of acetylation (DA) of produced chitosan (crustaceans or
fungi) was determined according to Niamsa and Baimark (2009) based
on their infrared spectra recorded on a FTIR instrument (Jasco, Model
FTIR-6100, Japan) using the absorbance ratio (A1655/A3450). DA was
calculated by the following equation:

DA%= (A1655/A3450)× 100/1.33

The deacetylation was calculated using the following equation:

Deacetylation%=100−% acetylation.

2.5. Preparation of chitosan nanoparticles

The nanoparticles of crustaceans or fungal chitosan were prepared
based on ionic gelation of tri-sodium polyphosphate (TPP) with chit-
osan [21]. Stock solutions of 1% chitosan (in 2.0% acetic acid) and
0.1% TPP (in distilled water) were prepared. The chitosan nano-
particles were obtained upon addition of 14ml of TPP solution into
35ml of chitosan solution under mild mechanical stirring (550 rpm) at
room temperature. The chitosan nanoparticles were precipitated by
centrifugation at 10,000 rpm for 10min. The pellet was washed with
distilled water following ethanol then air dried.

2.6. Characterization of chitosan nanoparticles using transmission electron
microscopy (TEM)

The average particle size, size distribution and morphology of the
chitosan nanoparticles were done using transmission electron micro-
scopy (JEOL, JEM-2100 TEM). A drop of well dispersed nanoparticle
was placed onto the amorphous carbon-coated 200mesh carbon grid,
followed by drying the sample at ambient temperature, before it was
loaded into the microscope.

2.7. Antimicrobial evaluation of the produced chitosan and nano-chitosan

The antimicrobial activity of the produced crustaceans and fungi
chitosan and nano-chitosan was evaluated on Gram positive bacteria
(Staphylococcus aureus ATCC-47077, Bacillus cereus ATCC- 12228),
Gram negative bacteria (Escherichia coli ATCC- 25922, Salmonella typhi
ATCC 15566), Yeast (Candida albicans ATCC-10231) and Fungi
(Aspergillus niger ATCC- 16888 and Fusarium oxysporum OS5). The pa-
thogenic microbes were obtained from the American type culture col-
lection (ATCC; Rockville, MD, USA) and National Research centre
(NRC). The bacterial cells and fungal spore suspensions (106 CFU/ml)Ta
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of each tested microbes were spreaded onto the nutrient agar plates for
bacteria and potatoes dextrose agar plates for fungi. The wells (7 mm
diameter) were dug on the inoculated plates [22], and 100 μl of
5 mgml−1 chitosan or nano-chitosan at pH 6.5 were added to the wells.
The plates were left 2 h at 4 °C to allow the diffusion. The plates were
incubated at 37 °C for 24 h while fungi plates were incubated at 28 °C
for 72 h, then, the inhibition zone diameter was measured expressed in
millimeter and three replicates were averaged [23].

2.8. Toxicity determination of the produced chitosan and nano-chitosan by
brine shrimp bioassay

Brine shrimp eggs were supplied by Avocet Artemin Inc., Utah, USA.
Larvae were used within 24 h of hatching. Ten brine shrimp (Artemia
salina leach) Larvae drown through a glass capillary and placed in a vial
containing 5ml of sea water. The chitosan from shrimp and fungal
strain was added to 5ml sea water to give four concentrations 5000,
10000, 15000 and 20000 ppm dry weight to detect any toxic activity on
the brine shrimp [24]. The experimental maintained at room tem-
perature for 24 h under light. The number of dead shrimps that was
counted and percentage of mortality was calculated.

2.9. Toxicity evaluation of the produced chitosan and nano-chitosan using
rat bioassay

2.9.1. Animals
Two-month old healthy male Sprague-Dawley rats (100 g) were

purchased from the Animal House Colony, National Research Centre,
Cairo, Egypt. The animals were kept in a well-ventilated room of 12 h
light and 12 h darkness. All animals were fed with standard rat’s feed
belts while water was provided ad libitum.

2.9.2. Kits
Alanineaminotransaminase (ALT), aspartateaminotransaminase

(AST), urea, uric acid, Creatinine and cholesterol (Cho.) kits were
purchased from Specrum Co. (Spain). Alkaline phosphatase (ALP),
Triglysride (TriG), Malondialdehyde (MDA), Catalase (CAT), super-
oxide dismutase (SOD) and Total antioxidant capacity (TAC) kits were
purchased from Biodiagnostics Co. (Egypt).

2.9.3. Experimental design and analysis
Chitosan and nano-chitosan produced from crustaceans or fungi at 2

concentrations (10000 and 20000 ppm) were prepared in 1% fresh
acetic acid and the pH adjusted at 6.5. One centimeter of each con-
centration was administered to rat daily by oral gavage. Rats were di-
vided into 9 groups (6 rats for each) based on concentration and type of
the used chitosan (Table 1). Control group received diluted acetic acid
(1% concentration pH 6.5) at 1.0ml/rat. The prepared concentrations
(1 and 2%) of each type of chitosan were administrated in the other 8
rats groups. Rat feeding was continued for 21 days and fasted for 12 h.
Blood samples were collected on the day 22nd via the retro-orbital
venous plexus from each animal under diethyl ether anaesthesia ac-
cording to the method of [25] and allowed to clot. Serum was separated
by centrifuging at 2500 rpm for 15min and analyzed for various

Fig. 5. Plate of the histological status of hepatic tissue in rat treated orally with chitosan from fugal and shrimp sources; with two doses and also with normal and Nano
particle sizes for 21days. 1L: control, 2L: FC100, 3L: FC200, 4L: NFC100, 5L: NFC200, 6L: ShC100, 7L: ShC200, 8L: NShC100, 9L: NShC200.
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biochemical parameters such as ALT and AST [26], ALP [27], choles-
terol [28], triglycerides [29], urea [30], creatinine [31] and uric acid
[32]. After blood sample collection, the animals were sacrificed; the
liver and kidneys from each animal were excised, rinsed in 0.25M ice
cold sucrose solution. Each tissue was homogenated (10% w/v) in
0.05M phosphate buffer (pH 7) and centrifuged at 12,000 rpm for
60min at 4 °C [33]. The supernatant was collected and stored at−20 °C
until examination of oxidative stress parameters such CAT [34]), SOD
Sun et al., 1998, TAC [35] and MDA as a result for lipid peroxidation
[36]. Other Samples of the liver and kidney from all animals were fixed
in 10% neutral formalin and paraffin embedded. Sections of each
sample (5 μm thickness) were stained with hematoxylin and eosin (H&
E) for the histological examination [37].

2.10. Statistical analysis

Results were expressed as means ± standard deviation (SD).
Differences between the groups were evaluated by using one-way
ANOVA, followed by Duncan's test. All statistical analyses were per-
formed using the statistical software SPSS 13.0 (SPSS Ltd., Surrey, UK).
A P value of less than 0.05 was considered statistically significant.

3. Results and discussion

3.1. Production and characterization of chitosan nanoparticles

Chitosan is an amino polysaccharide, the second most abundant
natural polymer after cellulose. Chitosan is biocompatible, biodegrad-
able and nontoxic which made wide applicability in conventional
pharmaceutics as a potential formulation excipient [38]). For that, we
selected this biopolymer for examining its ability to be used as food
ingredient in the present study. Two deferent sources (shrimp and fungi
as the most global distributed sources of chitosan) were applied to
produce chitosan followed by their nanostructures. Chitosan was pro-
duced at ratio of 100 and 400 g/kg dry biomass or shrimp waste for
fungi and shrimp, respectively. Deacetylation degree (DD) of chitosan is
one of the main parameters characterizing chitosan and considered
about a percentage quantity of free amine groups in chitosan molecule
[39]. In our study, we had determined the degree of chitosan deace-
tylation based on FTIR spectroscopy determinations. The DD obtained
was 85.2 and 81.5% with fungi and shrimp chitosan, respectively.
These degrees are good and found in the highest group in DD classifi-
cations based on properties [40]. We prepared nano-size molecules of
shrimp and fungal chitosan using ionic gelation. Figs. 1 and 2 illustrated
the image produced by high resolution transmission electron micro-
scopy for shrimp and fungal nano-chitosan. The size of produced chit-
osan nanoparticles was ranged between 7 and 13 nm with shrimp
chitosan and ranged between 3 and 6 nm with fungal chitosan. On the

Fig. 6. Plate of the histological status of kidney tissue in rat treated orally with chitosan from fungal and shrimp sources; with two doses and also with normal and Nano
particle sizes for 21 days. 1 K: control, 2 K: FC100, 3 K: FC200, 4 K: NFC100, 5 K: NFC200, 6 K: ShC100, 7 K:ShC200, 8 K: NShC100, 9 K:NShC200.
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other hand, the morphological and surface appearance of produced
nano-chitosan was nearly spherical shape and smooth surface as re-
presented in Figs. 1 and 2.

3.2. Antimicrobial examination of the produced chitosan and nano-chitosan

Antimicrobial activity of the produced chitosan (shrimp and fungal)
and their nanoparticles was examined at concentration of 5mg/ml of
each. Well diffusion method was applied as the most accurate tech-
nique. After incubation period, the diameter of inhibition zone was
recorded and tabulated in Table 2. The results indicated that high ac-
tivity was obtained from the tested samples against all applied patho-
gens, and the diameter of inhibition zone reached 18mm with fungal
strains. However the diameter ranged between 19 and 30mm with
yeast and bacterial strains. Fig. 3 showed that 3 layers were produced
resulting from the antimicrobial activity of chitosan and their nano-
particles against pathogenic microbes. The highest antibacterial activity
was recorded with gram positive bacteria strains compared with gram
negative bacteria. This may due to the fact that an outer membrane of
gram positive bacteria containing peptidoglycan layers which is not
enough to enable bacteria to survive in their different environments and
it will be more sensitive toward antibacterial agents [41].

3.3. Toxicity determination of the produced chitosan and nano-chitosan by
brine shrimp bioassay

The use of aquatic organisms for biomonitoring is an important tool
in aquatic ecotoxicology, allowing the detection and evaluation of the
potential toxicity. Brine shrimp bioassay was used as an easy test to

detect toxicity. Chitosan produced from shrimp wastes and fungal
biomass (R. stolonifer) was tested for potential toxicity using brine
shrimp bioassay technique. Fig. 4 showed that no toxic compounds
could be detected in chitosan extracted from either shrimp or fungus
strain sources or its nano-form at concentrations of 5000, 10000,
15000 ppm. While at concentration of 20000 ppm, the percentage of
mortality was varied between 2 and 5%.

3.4. Toxicity evaluation of the produced chitosan and nano-chitosan using
rat bioassay

3.4.1. Blood parameters
The effects of the tested chitosan types and concentrations on liver

and kidneys functions as well as on the histopathological changes in
liver, kidneys and stomach tissues were studied. Table 3 exhibits the
blood biochemical parameters of rats fed on different types of chitosan
at 100 and 200mg kg−1 bw. In general, there were no significant
changes in the tested parameters due to chitosan treatments. However
no changes were observed in ALT and AST values of chitosan treated
rats revealing to normal liver functions. In this way, Abd El-Fattah et al.
[42] found that Chitosan showed a significant decrease in normal liver
function enzymes (ALT, AST and alkaline) of rats. In the present study,
we reported that rats fed on chitosan significantly decreased the ne-
gative effect of the 2,3,7,8 tetrachlorodibenzo-p- dioxin (TCDD) when
compared with those untreated with chitosan. Also serum ALP enzyme
was noted in a normal range which considers a sensitive indicator of
obstructive and space-occupying lesions of the liver. The only sig-
nificant increases were observed in triglyceride values of rats treated
with 100mg kg−1 shrimp chitosan. The same result obtained by Karami

Fig. 7. Plate of the histological status of stomach tissue in rat treated orally with chitosan from fungal and shrimp sources; with two doses and also with normal and Nano
particle sizes for 21 days. 1S: control, 2S: FC100, 3S: FC200, 4S: NFC100, 5S:NFC200, 6S:ShC100, 7S:ShC200, 8S: NShC100, 9S:NShC200.
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et al. [43]. In these regard, Qujeq and Ataei [44] found that rats fed on
chitosan at 5% level reduced triglyceride by 32.89%. The normality of
urea, creatinine and uric acid levels in all treated groups when com-
pared with the control rats revealed to the healthy kidney [45]. Fur-
thermore, Jing et al. [46] used chitosan as a drug to improve renal
function in patients with chronic renal failure. They found a significant
reduction in urea and creatinine serum level in addition to improve the
feeling of the physical strength, the appetite and the sleep of treated
patients. Finally, these results clearly showed that the different types
and concentrations of chitosan hadn’t any harmful influences on the
hepatic and renal tissue.

In the same concern, changes in the oxidative stress parameters
(SOD, CAT, TAC) and Malondialdehyde (MAD) of the treated rats with
all type of chitosan at two mentioned doses were evaluated and the
results tabulated in Table 4. No significant differences were observed in
antioxidant enzymes and MDA when compared with control group.
TAC gives more relevant data compared with measuring of each com-
ponent individually as it is an accumulative consequence of an anti-
oxidant compounds relative to plasma and body fluids. Otherwise, SOD
has major role in removing of reactive oxygen species (ROS) resulting
from the process of peroxidation in liver tissues [47]. SOD transfers
superoxide to H2O2, then can be easily converted to water by cell cat-
alase [48]. In the current study, the insignificancy changes in anti-
oxidant enzyme level in MDA were confirmed with the histopatholo-
gical investigation. The liver, Kidneys and stomach tissues were in
normal architecture structure under all treatments compared with
control groups. Wan et al. [49] reported that the serum mal-
ondialdehyde concentration of weaned pigs was decreased (P < 0.05)
26.59% by chitosan oligosaccharide ingestion.

3.4.2. Histopathological study
The histological features of liver in the different groups of rats orally

administered with chitosan are shown in Fig. 5. No obvious histo-
pathological changes in hepatic tissues were exhibited. These features
included normal architecture of hepatic lobules, normal hepatic vein
and sinusoids without congestion, normal bile ductules without dila-
tation; also hepatocytes fshowed hexagonal or polyhedral in out lines
with no vacuolar degenerations. The cellular integrity and healthiness
in hepatic tissue was more prominent in group 3L, 4L, 7L, 8L and 9L
than groups 1L, 2L, 5L and 6L. Few studies evaluated the histological
effect of chitosan on liver. Abd El-Fattah et al. [42] reported that no
obvious histological changes were noticed in livers of rats fed on chit-
osan with ordinary hepatocytes surrounding central vein within normal
architectural. Moreover, they found that feeding on 3.6 g (LMW) chit-
osan/kg diet enhanced the liver histology of treated rats with dioxins
(5 μg dioxin/kg Bw) when compared with those treated with dioxin
only. No available studies were examined the effect of nano-chitosan in
diet on either kidney or stomach. In the same concern, The histological
features of kidney in the treated groups (Fig. 6) showed no obvious
histopathological changes in kidney tissue as; normal and active glo-
merular tuft. The proximal and distal convoluted tubules appeared
normal with minimal degeneration in some areas. There are no any
signs of toxicity as congestion, haemorrhages or tissue damage in renal
tissue. Besides, the histological features of stomach (Fig. 7) in the dif-
ferent groups of rats revealed that the villi of gastric mucosa were
nearly to be completely normal and intact without any tissue damage.
There were no any signs of toxicity; as villus damages, ulcerations and
sub-mucosal haemorrhages.

4. Conclusion

Nano derivatives of both shrimp and fungal chitosan were well
prepared in size ranging from 5 to 13 nm. Feeding on both normal and
nano chitosan at 100 and 200mg kg−1 bw rat had no effect on liver and
kidney functions. Also, histopathology of these two organs in addition
to stomach showed no obvious changes in their tissues. Finally, this

subject needs more studies to confirm the obtained results and increase
of chitosan applications instead of chemical food ingredients.
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