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ABSTRACT 

In the current investigation, the anti-inflammatory and wound healing potential of chitosan were investigated. To expose 
the anti-inflammatory effect of chitosan, we studied its effect against edema induced by carrageenanin rat foot pad at 
150 and 300 mg/ kg and compared with the reference, indomethacin (5 mg/kg). The wound healing effect of chitosan 
was evaluated in rats by excision method and compared with the standard, fucidine cream 2%. The wound-healing 
activity was assessed by the rate of wound contraction and period of epithelialization. Our results showed that oral 
administration of chitosan at 150 and 300 mg/ kg to rats reduced carrageenan-induced edema dose-dependently.In 
assessing wound healing effect, topical application of 5% and 10% chitosan creams accelerated healing of wounds when 
compared to control.The rate of wound contraction was significantly increased on days 3 - 21in fucidine and chitosan (5 
and 10%)-treated animals. The duration of wound epithelialization was decreased in groups treated with the reference 
standard and chitosan creams than the vehicle-treated group. These results strongly document the beneficial effects of 
chitosanas anti-inflammatory and for the precipitation of wound healing in rats. 
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INTRODUCTION 
Nautical organisms generate numerous bioactive material, which are having many possible uses. Chitosan 
is a natural polysaccharide biopolymer derived from chitin, found in the exoskeletons and the cell wall of 
shrimp, insects and crabs.[1] Chitosan is a natural polysaccharide consisting of copolymer of 2-amino-2- 
deoxy-D-glucopyranose and b-(1-4)-glycosidic bonds linking N-acetyl-2-amino-2-deoxy-Dglucopyranose 
(glucosamine).[2]It has some uses in the areas of clarification and purification, paper and textiles, food 
and nutrition, agriculture, cosmetics, biodegradable membranes and biotechnology.[3]Currently, chitosan 
is receiving a considerable degree of interest for medical and pharmaceutical uses, as it displays a 
broaddiversity of biological actions, such as anticancer[4], immune-stimulant[5], anti-allergic [6], 
hemostatic [7], hypocholesterolemic [8], free radical scavenging [9] and antimicrobial activities[10]. The 
majorpurposes for this increasing interest are obviously its motivating intrinsic characteristics. Chitosan 
comprises three kinds of reactive functional groups, an amino/acetamido group in addition to primary 
and secondary hydroxyl groups at C-2, C-3 and C-6 positions, respectively.[11]Moreover, chitosan is 
metabolized by particular human enzymes, like lysozyme, and is considered biodegradable. 
Biodegradation of chitosan liberates non-toxic oligosaccharides as it is being hydrolyzed to ultra-low 
molecular weight chains that pass through the intestinal barrier and become excreted in 
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urine.[12]Against this background, the current study was commenced to estimate the potential anti-
inflammatory and wound healing effects of chitosan in a rat models. 
 
MATERIALS AND METHODS 
Preparation of chitosan  
The Fresh shrimp (Metapenaeus affinis) shells were collected from a local market, Riyadh, KSA. The shells 
of shrimp were carefully washed, drained, dried at 60°C for 12 h, and ground to pass through a 250 μm 
sieve, then stored at -18±2°C till chitin extraction.The dry powders of exoskeleton of the shrimp were 
treated with HCl, NaOH 1-2 M then with 40% NaOH to extract the chitosan.[13] The degree of 
deacetylation of chitosan determined by potentiometric titration[14], and the molecular weight was 
calculated using the value of intrinsic viscosity[15] measured by an Ubbelohde viscometer. Chitosan 
homogenous solution was prepared using dil. HCl containing 0.010 mol/L which is titrated against 0.1M 
NaOH.[16] 
Experimental Animals.  
Wistar male rats weighing 150- 170 g were obtained from the Lab Animal Care Unit,Faculty of Pharmacy, 
University of Prince Sattam bin Abdulaziz, KSA. The rats were acclimatized to the laboratory environment 
for one week. All studies were carried out using six rats in each group. 
Preparation of chitosan for anti-inflammatory activity 
Chitosan was suspended in 3% v/v Tween 80 before oral administration to the experimental animals. 
Preparation of chitosan creams for wound healing activity 
The topical chitosan creams are prepared according to the formula on Table 1.[17] The petrolatum was 
melted in a water bath at 70°. The surfactants sorbitan monolaurate and tween 80 were dispersed in the 
aqueous and oil phases respectively. Quantities of glycerol andchitosan were accordingly mixed together 
to form the aqueous phase. The aqueous phase was slowly added to the oil phase with continuous stirring 
at 500 rpm with a Kenwood kitchen mixer (Kenwood, USA). On addition of all the aqueous phase the 
mixture was mixed for another 5 min before the cream was removed from the water bath and allowed to 
set. 

Table 1: Formula of chitosan creams 
Components Cream base 5% w/w 

Chitosan 
10% w/w 
Chitosan 

Chitosan - 2.50 5.00 
Petrolatum 21.16 21.16 21.16 
Glycerol 4.67 4.67 4.67 
Sorbitan monolaurate 5.00 5.00 5.00 
Tween 80 2.00 2.00 2.00 
Water 17.17 14.67 12.17 

 
Acute toxicity study 
Acute oral toxicity test was carried out in rats as described by OECD-423 guidelines.[18]Two groups of 
Wistar albino rats (n=6) were fasted overnight. Rats of the 1st group were orally medicated with chitosan 
at a dose of 3000 mg/kg. The 2nd group(control) received the vehicle (3% v/v Tween 80 in distilled 
water). Each animal was observed for symptoms of toxicity and/or mortalities for every 15 min in the 
first 4 h after administration, then every 30 min for the successive 6 h and then daily for the successive 48 
h. Since, there was no mortality at this level; the dose of both extracts was increased to 3000 mg/kg and 
animals were observed for another 48 h. 
Doses 
Chitosan was safe at the dose of 3000 mg/kg. Thus, doses of 150 and 300 mg/kg that are equal to 1/20 
and 1/10 of the highest dose tolerated by rats were selected for the anti-inflammatory study. 
Anti-inflammatory activity 
The anti-inflammatory activity was estimated in rats using a carrageenan-induced paw edema 
method.[19]Four groups (n=6) of rats were used. Rats of groups I (normal control) and II (reference) 
were orally medicated with the vehicle (5 mL/kg) and an aqueous solution of indomethacin (5 mg/kg), 
respectively. Rats of groups III and IV received 150 and 300 mg/ kg of chitosan suspension in 3% of 
Tween 80, respectively. One h later, the rats were subcutaneously injected with 100uL of 1% suspension 
of carrageenan (Sigma chemical co, St. Louis MO, USA) in normal saline into the plantar side of the left 
hind paw. The paw volume of the rats was estimated directly after carrageenan injection (0 h) and then 
hourly till 6 h using plethysmograph apparatus. The anti- inflammatory activity was determined as the 
percentage of reduction of inflammation by using the formula: 
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% inhibition = 1- (Vt/Vc) X 100. 
Where ‘Vc’ represents edema volume in control and ‘Vt’ edema volume in groups treated with 
indomethacin or chitosan. 
Wound Healing Activity 
Chitosan was evaluated for its wound healing activity in rats using excision wound model. The effect of 
chitosan on the rate of wound healing was assessed by the rate of wound closure and period of 
epithelialization. 
Grouping of animals 
Group 1: Control group (treated topically with cream base, n=6) 
Group 2: Reference group (treated topically with 2% fucidine cream, n=6) 
Group 3: Treated topically with 5% chitosan cream (n=6) 
Group 4: Treated topically with 10% chitosan cream (n=6) 
The animals were anaesthetized by intraperitoneal injection of ketamine and xylazine (5 and 2 mg/kg, 
respectively). Skin of the dorsal area of each rat was shaved using an electrical clipper and disinfected 
with 70% alcohol. A uniform circular wound of approximately100 mm2 area was excised on the dorsal 
side of each rat as described by Mughrabi et al.[20] Care was taken to preclude damaging the muscle 
layer, and the tension of skin was kept constant during the process. The wounding day was considered as 
day 0. The wounds were treated with the topical application of the vehicle, reference standard and 
chitosan cream till the complete healing of wounds. The wounds were observed and the area of wounds 
was measured on 3, 6, 9, 12, 15, 18 and 21 post-wounding day. 
Parameters evaluated for wound healing 
a. Measurement of wound contraction 
The percentage of wound contraction was assessed by tracing the wound on days 0, 3, 6, 9, 12, 15, 18 and 
21 after wounding or till the wound gets healed using transparent paper and a permanent marker. The 
areas of wounds were measured against scale graph paper (mm2). The rates of wound contraction were 
calculated.[21] 
 

Wound contraction (%) =
Wound area on day 0 Wound area on day n

Wound area on day 0
X 100 

 
Where n is the number of days: 3rd, 6th, 9th, 12th, 15th, 18th and 21st days. 
b. Epithelialization period 
The epithelialization period was calculated as the duration per days required for falling of the dead tissue 
remnants without any residual raw wound.[22] 
Statistical analysis 
Data analysis was carried out using one-way analysis of variance (ANOVA) followed by Dunnett’s multiple 
comparison tests. P < 0.05 was considered statistically significant. Data values are each expressed as the 
mean ± S.D. 
 
RESULTS 
Acute Toxicity Test 
Animals exposed to chitosan at doses up to 3000 mg/kg did not show any signs of physical and behavioral 
toxicity. Chitosan-treated animals did not show restlessness, uncoordinated movements, diarrhea, 
hematuria, or respiratory distress. Moreover, no mortalities were also recorded within 48h of 
observation. 
Anti-inflammatory Activity  
The effect of chitosan and indomethacin in carrageenan induced paw edema in rats is shown in Table 2 
and Figure 1. Subcutaneous administration of 100 uL of 1% suspension of carrageenan induced edema in 
the foot pad of rat hind paw. The maximum volume of the carrageenan-injected foot pad (1.27±0.07 mL) 
was obtained 3 h after the administration (Table 2).  
As expected indomethacin (5 mg/ kg) significantly reduced carrageenan induced paw edema. It inhibited 
the edema volume by 56.69, 58.55, 59.81 and 56.84% after 3, 4, 5 and 6 h of carrageenan injection, 
respectively as compared to the control vehicle treated group (Figure 1). Oral pretreatment with chitosan 
(150 and 300 mg/kg) showed dose-dependent inhibitory activity in carrageenan-induced paw 
inflammation over a period of 6 h. Chitosan at 300 mg/kg showed the most potent anti-inflammatory 
effect after 4 h of carrageenan injection with an inhibition rate of 47.74% compared with a 58.55% 
inhibition with the positive control. 
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Wound Healing Activity 
Table (3) and Figures (2 & 3) show the effect of fucidine and chitosan 
in rats inflicted with excision wound. 
promotion of wound healing activity
wound healingon the 3rd – 21stday of 
caused a significant concentration related reduction in wound area 
compared to the animals of the control group
produced significant reduction in the wound area 
The percentages of wound contraction 
91.35±3.8 and 100±0.0% with chitosan 
86.57±3.6, 100 ± 0.0and 100±0.0
33.46±1.2, 43.24±2.5, 53.42±2.1, 64.18±2.7 
15th, 18th and 21stday of treatment, respectively. 
Period of wound epithelialization was 
chitosan creams (5 and 10%) than th
than 26 days to heal completely unlike with chitosan 
around days19 and 17 at concentrations of 
 

Table 2: Anti-inflammatory activity of 
against carrageenan

 
Treatment  0 h 
Control 0.87±0.06

Indomethacin (5 mg/kg) 0.86±0.05
Chitosan (150 mg/kg) 0.88±0.05
Chitosan(300 mg/kg) 0.90±0.03

*Significantly different from the values of the control rats at P< 0.05.
 

Figure 1: Percentage inhibition of paw edema exhibited by 

 

Figure 2: Effect of topical application of 
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show the effect of fucidine and chitosan creams on wound
ats inflicted with excision wound. The results of wound healing effects of chitosan

promotion of wound healing activity in the excision wound model. Control group 
day of vehicle application. Topical application of chitosan (

caused a significant concentration related reduction in wound area on the 3rd – 21
compared to the animals of the control group (Table 3).Treatment with standard f
produced significant reduction in the wound area as compared to control animals. 

contraction were 17.48±1.1, 34.56±1.1, 49.17±2.1, 65.22±2.8, 
% with chitosan cream5% and 19.63±1.2, 38.07±1.4, 54.50±2.6, 71.54±2.4, 

100±0.0% with chitosan cream10% compared to 10.95±0.9
33.46±1.2, 43.24±2.5, 53.42±2.1, 64.18±2.7 and 75.14±2.7% in the control group on the 

day of treatment, respectively.  
pithelialization was reduced in groups treated with the reference standard and 

%) than the vehicle-treated group (Table 3).In control rats, wound takes more 
days to heal completely unlike with chitosan cream in which the wounds heal almost completely 

at concentrations of 5 and 10%, respectively. 

inflammatory activity of indomethacin (5 mg/kg) and chitosan(150 and 300 
carrageenan-induced paw edema in rats (n=6). 

Paw volume (mL) after 
1 h 2 h 3 h 4 h 

±0.06 1.04±0.07 1.16±0.07 1.27±0.07 1.11±0.08 1.07

±0.05 0.73±0.04* 0.61±0.03* 0.55±0.03* 0.46±0.03* 0.43
±0.05 0.96±0.06 0.88±0.04* 0.78±0.04* 0.68±0.05* 0.66

±0.03 0.87±0.04 0.75±0.04* 0.71±0.04* 0.58±0.05* 0.57

*Significantly different from the values of the control rats at P< 0.05. 

Percentage inhibition of paw edema exhibited by indomethacin (5 mg/kg) and 
and 300 mg/kg). 

topical application of fucidine (2%) and chitosan (5&10%)creams 
(mm2) in rats (n=6). 

1 h 2 h 3 h 4 h 5 h 6 h

Time

Control Indomethacin (5 mg/kg)

Chitosan (150 mg/kg) Chitosan (300 mg/kg)

DAY 3 DAY 6 DAY 9 DAY 12DAY 15DAY 18DAY 21

TIME

Fucidine Chitosan 5% Chitosan 10%
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on wound-healing activity 
chitosan showed significant 

 showed least rate of 
. Topical application of chitosan (5 and 10%) 

21st day of wounding; 
Treatment with standard fucidine 2% also 

34.56±1.1, 49.17±2.1, 65.22±2.8, 79.42±3.4, 
54.50±2.6, 71.54±2.4, 
10.95±0.9, 21.91±1.3, 

% in the control group on the 3rd, 6th, 9th, 12th, 

in groups treated with the reference standard and 
In control rats, wound takes more 

in which the wounds heal almost completely 

chitosan(150 and 300 mg/kg) 

5 h 6 h 

1.07±0.05 0.95±0.06 

0.43±0.02* 0.41±0.03* 
0.66±0.04* 0.65±0.03* 

0.57±0.02* 0.58±0.02* 

 
indomethacin (5 mg/kg) and chitosan(150 

 
)creams on wound area 

DAY 21

Chitosan 10%
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Table 3: Effect of topical application of 
wound contraction and period of epithelization 

Groups Day 3 Day 6 

Control 10.95±0.9 21.91±1.3 
Fucidine 2% 23.81±1.2* 43.30±1.7*
Chitosan 5% 17.48±1.1* 34.56±1.1*
Chitosan 
10% 19.63±1.2* 38.07±1.4*

*Significantly different from the values of the control rats at P< 0.05.
 

 Day 0
 
 
Control 

 
 
Fucidine 2% 

 
 
Chitosan 5% 

 
 
Chitosan 10% 

Figure 3: Photographic representation of wound area 
chitosan (5&10%

 
DISCUSSION 
Chitosan was characterized by an elevated
compose a gel in the acid pH of the stomach. When chitosan is 
that it has high degree of safety than these substances.
In this study, oral administration of 
toxicity and all animals remain alive
lethal doses (LD50) of chitosan were
quietly safe since material having
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topical application of fucidine (2%) and chitosan (5&10%)creams 
wound contraction and period of epithelization of excision wound model in rats (n=6

Wound contraction % 

Day 9 Day 12 Day 15 Day 18 Day 21

 33.46±1.2 43.24±2.5 53.42±2.1 64.18±2.7 75.14±2.7
43.30±1.7* 61.81±2.5* 78.34±3.7* 90.74±3.5* 100±0.0* 100±0.0*
34.56±1.1* 49.17±2.1* 65.22±2.8* 79.42±3.4* 91.35±3.8* 100±0.0*

38.07±1.4* 54.50±2.6* 71.54±2.4* 86.57±3.6* 100±0.0* 100±0.0*

*Significantly different from the values of the control rats at P< 0.05. 

Day 0 Day 12 

  

  

  

  
Photographic representation of wound area following topical application of f

%) creams in rats on the days 0, 12, and 15 of treatment.

an elevated degree of safety. Chitosan is a fiber which 
of the stomach. When chitosan is matched to common sugars, it was found 

than these substances.[23] 
In this study, oral administration of chitosan at doses up to 3000 mg/ kg did not produce any sign of 

remain alive during 48 h of observation. Therefore, it proposed
D50) of chitosan were more than 3000 mg/ kg. Accordingly, chitosan 

material having LD50 more than 50 mg/ kg are non-toxic.[24] The 
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creams on the percentage of 
n=6). 

Period of  
epithelialization 

(days) Day 21 

75.14±2.7 
26.4±0.8 

100±0.0* 17.2±0.73* 
100±0.0* 19.1±0.77* 

100±0.0* 
17.8±0.52* 

Day 15 

 

 

 

 

application of fucidine (2%) and 
on the days 0, 12, and 15 of treatment. 

Chitosan is a fiber which sticks out to 
to common sugars, it was found 

up to 3000 mg/ kg did not produce any sign of 
proposed that oral median 

, chitosan can be classified as 
The absence of apparent 
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changes may be related to relatively shorter duration of exposure to chitosan which appeared to be safe. 
In addition, any breakdown of chitosan by colon microflora would release D-glucoseamine which is itself 
a useful nutrient for human.[1] 
In the present study, the anti-inflammatory activity of chitosan has been established in acute model. 
Carrageenan-induced paw inflammation is a standard assay for acute inflammation that is effectively 
employed to assess the anti-inflammatory activity of drugs and other compounds.[25]Pretreatment with 
the cyclooxygenase inhibitor, indomethacin as well as chitosan (150 and 300 mg/kg) exhibited dose-
dependent restrained effect in carrageenan-induced paw edema in rats over a period of 6 h. The duration 
of edema development on carrageenan induced paw edema model in rats is manifested as a biphasic 
response.[26]The release of histamine or serotonin occurs in the first phase (up to 1 h) whereas the 
second phase (over 1 h) is associated with the production of bradykinins, prostaglandins, and 
lysosomes.[26]Chitosan significantly inhibited later phase of carageenan-induced edema so it seems 
possible that chitosan blocks prostaglandins and cyclooxygenase release in later phase of acute 
inflammation. 
Wound healing is an activephenomena including cellular, physiological and biochemical processes that 
result in restoration of connective tissue and formation of fibrous scar and lead to the repair of the 
anatomical continuity and functional status of the skin.[27] The procedure of wound-healing consists of 
four merged and overlapping stages: hemostasis, inflammation, proliferation, and tissue remodeling or 
resolution.[28]The current study was aimed to assess whether chitosan promote wound healing in 
experimentally induced wounds in rats. In excised wounds, since the edges are not in contact with each 
other contraction and epithelization are necessary for the repair process.  
The results revealed that topical application of chitosan creams (5 and 10%) on excision wounds 
promoted contraction and period of epithelization of experimental wounds.Contraction of wounds is the 
process of driving healthful skin surrounding the wound to coat the naked area. The process of wound 
contraction is believed to be due to the action of myofibroblasts while epithelialization, which is the 
process of epithelial regeneration following damage, includes the proliferation and emigration of 
epithelial cells to the wound center.[29]Therefore, the influence of chitosan on the contraction and 
epithelialization of wounds suggest its possible enhancing effect on the migration and proliferation of 
epithelial cells, as well as the formation and action of myofibroblasts. Moreover, the increased capability 
of wound healing with chitosan could be explained on the basis of the anti-inflammatory effect that is well 
documented in the present study. 
The earlier investigators reported the antimicrobial [10]and antioxidant[30]properties of chitosan. It was 
also reported that chitosan possessing hemostatic activity.[7] It is speculated that the antimicrobial and 
antioxidant properties could be one of the contributors for the wound healing effect of chitosan. 
Moreover, hemostatic effect of chitosan could also be responsible for wound healing activity.   
 
CONCLUSION 
In conclusion, chitosan has both an anti-inflammatory and wound healing activities. The probable 
mechanism of the wound healing activity of chitosan may be through its anti-inflammatory, antimicrobial 
and hemostatic effects. Further, isolation of active constituents from chitosan may bring about the 
development of a new wound-healing agent. 
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