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Objective- In diabetes impaired wound healing and other tissue abnormalities are considered
as major concerns. The novel therapeutic options for treatment of wound in diabetic patients
are urgently needed. The aim of the present study was to assess beneficial effects of chitosan
nanocurcumin biofilm on healing of full thickness excisional wounds in diabetic rats.
Design- Experimental Study
Animals- Forty male diabetic Wistar rats
Procedures- The animals were randomized into four groups of ten animals each. Induction of
diabetes was achieved using 60 mg/kg streptozotocin. In group I, 0.1 ml sterile saline 0.9%
solution was added to the wounds with no dressing. In group II, the wounds were dressed
with chitosan thin-film membranes. In group III, the wounds were treated with curcumin
nanoparticles. In group IV, animals with were dressed with chitosan nanocurcumin biofilm.
Results- Planimetric, histological and quantitative morphometric studies and determination
of hydroxyproline levels showed that there was significant difference between animals in
group IV compared to other groups (p = 0.001).
Conclusion and Clinical Relevance- Chitosan nanocurcumin biofilm improved healing of
diabetic wound in rats
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known for their interesting biological properties, which

1. Introduction

have led to various applications. Lysozyme slowly
Functional biomaterials research has built on new drug

hydrolyzes chitosan membrane and produces chito-

delivery systems and enhanced scaffolds for regenerative

oligomers that stimulate correct deposition, assembly and

medicine that is recently one of the most developing fields

orientation of collagen fibrils in extracellular matrix

in the life sciences.1 In diabetes impaired wound healing

components.9 Moreover, it has been indicated that chitosan

and other tissue abnormalities are considered as a major

membrane stimulates the migration of inflammatory cells

concern.2 The biochemical mechanisms involved in the

and promotes cellular organization.10,11

healing process are mainly associated with disorders in

Various agents, anti-inflammatory and antioxidant free

collagen production that consequently end up delayed reradical scavengers have been reported with promising
epithelialization in wounds, compromised migration and

beneficial effects on wound healing.12 Curcumin is the

proliferation of keratinocytes and fibroblasts.3 Various

main phenolic pigment extracted from turmeric, the

treatments have been adopted to solve this complex clinical

powdered rhizome of Curcuma longa, along with

problem, however, only a few have been proven to be

demethoxy curcumin and bisdemethoxy curcumin.13

effective.4

Extensive research indicates that curcumin possesses

The prevalence of diabetes has become a major clinical

potent antioxidant, anti-inflammatory, properties, and it

problem and a serious issue for public health. The impaired

also inhibits lipid peroxidation and scavenges superoxide

wound healing in diabetic patients is one of the

anion, singlet oxygen, nitric oxide, and hydroxyl

complications.5 Lack of cellular and molecular signals
required for normal wound repair process such as
angiogenesis,

granulation

tissue

formation,

radicals.14-16

Data

potentially

relevant
17

regarding
for

curcumin

wound

healing

properties
has

been

epithelialization, and remodeling are encountered in

promising.

diabetic patients that contribute to the poor healing of

degradation

diabetic wound. The normal healing process in healthy

bioavailability

individuals occur at an optimal rate, however, it is usually

administration. Over a period of time, a lot of emphasis has

delayed or even completely compromised in diabetic

been given to improve the biodistribution of native

patient.5

curcumin, but it is only recently that the application of the

In cases of severe distortion of the tissue architecture, the

field of nanotherapeutics has significantly improved its

healing process may not lead to morphofunctional

therapeutic efficacy. This is through the development of

normality but result in the formation of disoriented

nanorange formulations of curcumin, popularly known as

connective tissue with a fibrous appearance.6,7 This

the nanocuecumin.18

abnormal tissue architecture reduces the mechanical

The aim of the present study was to assess beneficial

strength and leads to scar formation. Biomaterials can

effects of chitosan nanocurcumin biofilm on healing of full

assist the proper physiological reconstruction of the skin

thickness excisional wounds in diabetic rats. The

and reduce or prevent scar tissue formation. Chitin,

assessments were based on excision wound model and

chitosan, and their oligomers have been found to promote

planimetric

wound healing, especially in the phases of proliferation

quantitative morphometric studies and determination of

and matrix formation.8 Chitosan and its oligomers are well

hydroxyproline levels.
33
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concentration of 5 wt% was dissolved in ethanol with

2. Materials and Methods

chitosan (50:50). The resulting solution was stirred
All reagents were research grade and purchased from

carefully few hours until a homogenous yellow color

Sigma-Aldrich, St. Louis, MO. and used without further

solution was obtained. Finally, the solution was poured

purification

into glass Petri dish and left to evaporate the solvent at
room temperature overnight and chitosan nanocurcumin

Induction of Diabetes

biofilm was harvested. The homogeneity of the samples
and distribution of the curcumin powder in the polymer

For insulin-deficient diabetes, rats were fasted overnight

matrix was investigated by Scanning electron microscope,

before receiving a single intraperitoneal injection (60

(SEM/EDX, Philips XL30, Japan). The infrared spectrum

mg/kg in 0.9% sterile saline) of streptozotocin (STZ).

was recorded by a JASCO FT/ IR 300 E Fourier transform

Hyperglycemia (15 mmol/l or greater) was confirmed 2

infrared (FTIR) Spectrometer (Tokyo, Japan).

days later by measurement of tail-vein blood glucose
concentration (Ames Glucostix; Myles, Elkhart, IN). The

The Procedure for Wound Creation

rats underwent the procedures three days after induction of
diabetes.

Rats were anesthetized by an intraperitoneal injection of
ketamine (70 mg/kg of BW) and xylazine (5mg/kg of BW),

Synthesis and Characterization of Nanocurcumin

the hair on their back was shaved and the skin cleansed

Nanocurcumin was synthetized based on a method

with 70% alcohol solution. Following shaving and aseptic

described by others.19 Curcumin solution was prepared by

preparation, a circular excision wound was made by

dissolving

Under

cutting away approximately 115 mm2 full thickness of

ultrasonication condition, this solution was added to

predetermined area on the anterior-dorsal side of each rat.

boiling water in drop-wise mode. The solution was

The rats were returned to individual cages and they were

sonicated for about 30 minutes. After which, the mixture

examined daily.

curcumin

powder

in

ethanol.

was stirred at 800 rpm for about 20 minutes till we

Study Design and Animals

obtained the orange colored precipitate. Afterward, the
supernatant was removed and the obtained pellet was used

This study was carried out in strict accordance with the

for the study. The particle size of the nano-curcumin

guidelines of the Ethics Committee of the International

powder was determined using transmission electron

Association for the Study of Pain.20 Forty male rats were

microscope (TEM, JEM-HR 2100, Japan) and accelerating

randomized into four groups of ten animals each. Forty

voltage 200 kV.

male diabetic rats were randomized into four groups of ten

Preparation

and

Characterization

of

animals each. Induction of diabetes was achieved using 60

Chitosan

mg/kg streptozotocin. In group I, 0.1 ml sterile saline 0.9%

Nanocurcumin Biofilm

solution was added to the wounds with no dressing. In
Chitosan was dissolved in 2% aqueous acetic acid solution

group II, the wounds were dressed with chitosan thin-film

at room temperature with stirring to prepare chitosan

membranes. In group III, the wounds were treated with

solution.

curcumin nanoparticles. In group IV, animals with were

Nanocurcumin-loaded

nanocomposite

was

prepared.

chitosan
Nanocurcumin

(50:50)
with

dressed with chitosan nanocurcumin biofilm.
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Excision Wound
Measurements
Wound-healing
contraction

Model

Wound

Springs, MD, USA). The histological parameters were

Area

classified according to the intensity of occurrence in five

property

percentage

and

was
and

evaluated
wound

by

closure

levels (- absence; + discrete; ++ moderate; +++ intense;

wound

++++ very intense).18

time.

Photographs were taken immediately after wounding and

Determination of Hydroxyproline Levels

on days 6, 9, 12, 15, 18 and 21 post-wounding by a digital
camera while a ruler was placed near the wounds. The

On the day 21 after surgery, a piece of skin from the healed

wound areas were analyzed by Measuring Tool of Adobe

wound area was collected and analyzed for hydroxyproline

Acrobat 9 Pro Extended software (Adobe Systems Inc, San

content. As a major part of collagen, hydroxyproline has an

Jose, CA, USA) and wound contraction percentage was

essential role in collagen stability. The collagen is the

calculated using the following formula:

major component of extracellular tissue, which gives

Percentage of wound contraction = (A0 – At) / A0 × 100

support and strength. Tissues were dried in a hot air oven

Where A0 is the original wound area and At is the wound

at 60–70° C to constant weight and were hydrolyzed in 6N

area at the time of imaging. Animal houses were in

HCl at 130° C for 4 h in sealed tubes. The hydrolysate was

standard environmental conditions of temperature (22 ± 3°

neutralized to pH 7.0 and was subjected to chloramine-T

C), humidity (60 ± 5%), and a 12 h light/dark cycle. The

oxidation for 20 minutes. The reaction was terminated by

animals were maintained on standard pellet diet and tap

addition of 0.4 M perchloric acid and color was developed

water. All rats were closely observed for any infection and

with the help of Ehrlich reagent at 60° C and measured at

if they showed signs of infection were separated, excluded

557 nm using UV-visible spectrophotometer.

from the study and replaced.

Statistical Analyses
Histology and Morphometric Studies
Differences among groups were evaluated by Kruskal–
The tissue samples were taken on 7, 14, 21 days after

Wallis variance analysis. When the p-value from the

surgery from periphery of the wound along with normal

Kruskal–Wallis test statistics was statistically significant,

skin and fixed in 10% buffered formalin, drhydrated and

multiple comparison tests were used to know differences.

embedded in paraffin wax, sectioned at 5 µm and stained

Comparison among days was assessed by Mann–Whitney

with hematoxylin and eosin (H&E) and Masson’s

U-test. The Bonferroni correction was applied for all

trichrome stains. Photomicrographs were obtained under

possible multiple comparisons. SPSS 18 (SPSS Inc.,

light microscope to assess the predominant stage of wound

Chicago, IL, USA) was used for statistical analysis. A p-

healing. Three parallel sections were obtained from each

value was set at 0.05.

specimen. Cellular infiltration including the number of
mononuclear

cells,

polymorphonuclear

cells

3. Results

and

fibroblastic aggregation were quantitatively evaluated.
Acute

hemorrhage,

congestion,

Characterization of Curcumin Nanoparticles and
Chitosan Nanocurcumin Biofilm

vascularization,

epithelialization, collagen production and density were also
evaluated qualitatively. Morphological findings were

Figures 1 and 2 show TEM, SEM and FTIR spectra of

scored using image analyzing software (Image-Pro

chitosan,

Express, version 6.0.0.319, Media Cybernetics, Silver

nanocurcumin
35
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nanocurcumin shows that the particles are in nano ranges

which implies more collagen deposition compared to

of less than 100 nm in diameter (Figure 1). The

groups III and II (p = 0.001).

nanocurcumin

loaded

chitosan

has shown all

the

characteristic bands of the pure blend with a slight shift of
the bands at 1160, 1582, and 1672 cm-1. The stretching
vibration at 3627 cm-1 corresponding to OH/ NH2 groups
has shifted to 3647 cm-1, indicating that the nanocurcumin
has been bonded to the functional groups of the chitosan
Figure 1. (1) TEM micrograph of nanocurcumin particles with
approximate average size of 50 nm in diameter. (2) SEM
micrograph of nanocurcumin loaded chitosan biofilm.

(Figure 2).

Reduction in Wound Area
Wound contraction percentage in different groups within
the study period is shown in Table 1. The healing rate of
wounds in group IV was significantly different compared
to groups III and II (p = 0.001).

Histological and Morphometric Findings
There were significant differences in comparisons of group
IV and III, particularly in terms of cellular infiltration,
acute hemorrhage, congestion, edema, collagen production
and density, reepithelialisation and neovascularization.
During the study period, scores for reepithelialisation and
neovascularization were significantly higher in group IV
rats than groups III and II (p = 0.001). Polymorphonuclear
(PMN) and mononuclear (MNC) cell count, fibroblast cell
proliferation and also Mean Rank of the qualitative study
of acute hemorrhage, edema and collagen production score
in group IV were significantly higher than those of groups
III and II (p = 0.001) (Table 2, Figures 3-6).

Hydroxyproline Content of Wound
Proline is hydroxylated to form hydroxyproline after
protein synthesis. Hydroxyproline contents in groups I to
IV were found to be 48.60 ± 2.77, 67.70 ± 2.10, 75.10 ±
Figure 2. (1) FTIR spectrum of chitosan. (2) FTIR spectrum of
curcumin nano particles. (3) FTIR spectrum of nanocurcumin
loaded chitosan biofilm.

3.15, and 73.15 ± 2.19 mg/g, respectively. Hydroxyproline
contents were significantly increased in the group IV
36
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Table 1. Effects on circular excision wound contraction area (mm2). Values are given as mean ± SEM.
Wound area in days (mm2)
Groups

Day 6

Day 9

Day 12

Day 15

Day 18

Day 21

Group I

230.16 ± 4.90

104.30 ± 5.10

88.75 ± 3.60

41.70 ± 3.30

23.28 ± 2.15

7.88 ± 3.38

Group II

222.20 ± 4.15

190.78 ± 4.75

170.88 ± 3.25

128.50 ± 2.10

70.60 ± 2.11

63.30 ± 2.70

Group III

221.24 ± 4.15

193.55 ± 4.50

175.35 ± 3.18

128.50 ± 3.68

75.10 ± 2.17

68.67 ± 2.29

Group IV

101.10 ± 3.12*

73.60 ± 2.15*

33.75 ± 2.25*

15.30 ± 1.55*

5.50 ± 0.75*

0.00 ± 0.00*

The treated groups are compared by Student t-test with other groups. *: The mean difference was significant at the .05 level vs. groups II
and IIII.

Groups

Table 2. Evaluation of Intensity of histological parameters in experimental groups.
Acute
Days
Congestion
Vascularization
Epithelialization
Hemorrhage
7
+++
+++
+
-

Group I

Group II

Group III

Group IV

Collagen
+

14

++

+

++

+

++

21

-

-

++

++

++

7

+++

+++

-

-

-

14

+++

++

+

+

+

21

++

++

+

+

+

7

+++

+++

-

+

+

14

++

+

+

++

++

21

+

+

+

++

++

7

+*

+*

++*

++*

++*

14

-

-

++*

++*

++*

21

-

-

++++*

+++*

+++*

Classification of histological parameters according to the intensity of occurrence: - absence; + discrete; ++ moderate; +++ intense; ++++
very intense. Histopathological damages were assessed as explained under material and methods on days, 7, 14 and 21 of lesion. *P<0.05 vs.
groups II and III.

Wound healing is characterized by reepithelialization,

4. Discussion

granulation tissue growth and remodeling of extracellular
Wound healing process in diabetic patient is impaired and

matrix. Although the wound healing process occurs by

delayed due to high blood glucose levels. High blood

itself, spontaneously, and does not require much help, there

glucose hampers proliferation of cells and decreases

are various risk factors such as infection, supply of blood,

collagen production that result in decrease in chemotaxis

nutritional status and other factors that influence the

and phagocytosis.

21

Elevated blood glucose level, a

resolution of this process.22

reduction in the levels of growth factors, and the inhibition

Several reports have demonstrated a beneficial effect of

of fibroblast proliferation have all been suggested to

chitosan as a biologically active dressing in wound

21

management. It has been reported that the application of

STZ induced diabetes in rats is one of the most extensively

chitosan to the open wounds in dogs induced exudate,

studied models of diabetes. In this study, therefore, STZ

which has a high growth factor activity, and induced

induced diabetic rats were used as the model of diabetes to

infiltration by inflammatory cells and granulation tissue

study diabetic wound healing.

formation accompanied by angiogenesis.23-25

contribute to the observed impairment in wound healing.

37
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Chitosan-membrane-based wound products have been
investigated both in laboratory animals and humans, but
are still at the early stage of development. Since 1980,
chitosan and its derivatives have been used in skin and
wound management products in Japan. Beschitin W, an
artificial skin prepared from chitin threads, has been
developed for human use and is on the market.26,27
Various studies reveals that curcumin plays important role
in formation of granulation tissue, neo-vascularization and
Figure
3.
Box-and-whisker
plots
of
number
of
polymorphonuclear cells (PMN) in excisional model of the rat’s
skin in experimental groups. Results were expressed as mean ±
SEM.

a faster re-epithelialization of wound in both diabetic as
well as hydrocortisone impaired wounds.28 Curcumin
scavenges the free radical effectively and reduces the
oxidative stress. The decreased oxidative stress lowers the
inflammatory response and inhibits the expression of
transcription gene NF-kB (nuclear transcription factor-kB)
by

modulating

Curcumin

also

through

tumor

downregulates

necrosis
the

factor.29,30

expression

of

inflammatory mediators, cell surface adhesion molecules,
and cyclin D1 which are important players of inflammatory
and anti-inflammatory responses.31 Curcumin pretreatment
enhances the synthesis of collagen, hexosamine, DNA,
nitrite, and histologic assessment of wound biopsy

Figure 4. Box-and-whisker plots of number of fibroblasts in
excisional model of the rat’s skin in experimental groups. Results
were expressed as mean ± SEM.

specimens showed improved collagen deposition and an
increase in fibroblast and vascular densities suggesting that
curcumin may be able to improve radiation-induced delay
in wound repair.32
The inflammation phase is considered as a main step in
order to eliminate cellular debris from tissue as well as
extensive response for microbial infection.33,34 Therefore,
rapid inflammatory response is necessary to control the
inflammation. Neutrophils, macrophages and lymphocytes
infiltrate to the site of injury during inflammatory
stage.33,35 Light microscopic analyses showed that in group
V mononuclear immune cell infiltration was significantly
increased on day 8 post operation. This situation plays a
critical role in eliminating the infection and provoking the
healing

process

by

considering

the

key

role

of

inflammatory cells (especially macrophages) in organizing
Figure 5. Line graph indicating number of mononuclear cells
(MNC) in excisional model of the rat’s skin in experimental
groups. Results were expressed as mean ± SEM. * p < 0.05 vs
groups II and IIII.

the granulation tissue. Therefore, the anti-inflammatory
impact of nanocurcumin may largely correlates with these
agents.
38
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Figure 6. Histological characteristics of rat skin on the 7th (1-4) and 14th day (5-8) after wound creation in excisional wound model. 1 and
5: Group I, 2 and 6: Group II, 3 and 7: Group III, 4 and 8: Group IV. Wounds with surrounding skin were prepared for histological
microscopic evaluation by Masson’s trichrome staining (×400).

The observations of our study showed that chitosan

infiltration of activated immune cells into inflammation

nanocurcumin biofilm resulted in enhanced cellular

site to protect the tissue against the pathogen infection. In

proliferation. The fibroblasts and fibrocytes distribution in

the end of the inflammation, apoptosis of the immune cells

2

one mm of the wound site was significantly higher in

and the apoptotic cells are cleared by macrophages. The

comparison with other groups. Regarding the key role of

clearance by macrophages of cells apoptosis is a key point

fibroblasts and fibrocytes in synthesis of collagen, we

phenomenon associated with actively tissue formation

could hypothesize that elevated collagen deposition in

from wound inflammation.39-41 Thus, our results showed

group IV was attributed to high cellularity of fibroblasts

that chitosan nanocurcumin biofilm could improve healing

and fibrocytes.

of diabetic wounds.

In excisional wound model there was a significant decrease
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