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To determine the comparative wound healing efficacy of ampucare and becaplermin drugs in diabetic
rats, diabetes was induced by alloxan 75 mg/kg body weight via intraperitonial route. 500 mm? wound
were created on the dorsal area of all animals. Wound lesions were cleaned with normal saline and
treated with respective drug for 14 days. Our results revealed that the catalase activity, reduced
glutathione, protein, ascorbic acid and nitrate; hydroxyproline and hexosamine levels were significantly
increased along with significant decrease in xanthine oxidase activity, and malonaldialdehyde level in
the granulation tissue of ampucare treated group as compared with becaplermin treated group on the
14th day. Wound size and bacterial count of ampucare treated group were also significantly reduced as
compared to diabetic controlled and becaplermin treated groups. In the histological examination, well
organized fibrous tissue proliferation, epithelization and complete scar formation were observed in
ampucare treated group in comparison to becaplermin treated group. So these findings concluded that
ampucare showed better wound healing efficacy than becaplermin in diabetic rat model.
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INTRODUCTION

Natural products are sources of synthetic and traditional
herbal medicine and are still the primary health care
system (Blanks et al., 1998). The presence of various life
sustaining constituents in plants made scientists to
investigate these plants for their uses in treating certain
infective diseases and management of chronic wounds.
The healing cascade begins immediately following injury
when the platelets come into contact with exposed
collagen. As platelet aggregation proceeds, clotting
factors are released, resulting in the deposition of a fibrin
clot at the site of injury. The fibrin clot serves as a
provisional matrix and sets the stage for the subsequent
events of healing (Clark, 2001).

Diabetes mellitus is a condition which is known to be
associated with a variety of connective tissue
abnormalities. These abnormalities contribute to the
impaired wound healing observed in diabetes.

The collagen content of the skin is decreased as a
result of reduced biosynthesis and/or accelerated
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degradation result of newly synthesized -collagens
(Chithra et al., 1998). Diabetic wounds are slow, non-
healing wounds that can last for weeks despite adequate
and appropriate care. Such wounds are difficult and
frustrating to manage (Singer and Clark, 1999). Impaired
wound healing is an enigmatic and debilitating
complication of diabetes and poses a serious challenge
in clinical practice. The exact pathogenesis of the poor
wound healing in diabetes is not clearly understood, but
evidence from studies involving both human and animal
models of diabetes reveal several abnormalities in the
various phases of wound healing process (Goodson and
Hung, 1977; Goodson and Hunt, 1979).

Ampucare is a poly herbal ingredient.The main active
components of ampucare are Azadirachta indica and
Curcuma longa. It is an oil base drug which is used
topically for the treatment of burn wounds, diabetic
wound etc. It has anti-inflammatory and antimicrobial
properties, which also improves blood flow of wounds. It
has an immunomodulatory action along with tissue
regeneration properties (Dwivedi et al., 2010).

Becaplermin is a topical drug used in treating diabetic
ulcers of lower limbs (foot, ankle and leg). It belongs to a
class of drugs called platelet-derived growth factors
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(PDGFs). It promotes the division of cells and the
formation of new skin. So, in the present investigation,
authors have tried to determine the comparative wound
healing efficacy of ampucare and becaplermin drug in
diabetic rats.

MATERIALS AND METHODS
Chemicals and reagents

5, 5 diathiobis 2 nitro benzoic acid (DTNB; 55495), Thiobarbaturic
acid (TBA; 30231), 2,4- Dinitrophenyl hydrazine (DNPH; 52144),
Xanthine (03472), Bovine Serum albumin (BSA; 27423), reduced
glutathione (GSH; 13679) and other biochemicals were procured
from Himedia laboratories Ltd, Mumbai, India and Sigma, St. Louis,
MO, U.S.A. All other chemicals (Ethanol, Formalin, benzene, harris
hematoxylin stain, eosin, DPX mount, Xyline) were procured from
BDH, SRL, Merck etc.

Drugs

Ampucare is polyherbal ingredients of Azadirachta indica, Curcuma
longa, Glycyrrhiza glabra, Jasminum officinale, Pongamia pinnata,
Rubia cordifolia, Terminalia chebula, Trichosanthes dioica,
Symplocos racemosa, Ichnocarpus frutescens, Capsicum
abbreviata, Nymphaea lotus etc. These pure ingredients were
purchased from authorized dealer for the formulation of ampucare
drug. Ampucare is medicated oil base drug and formulated in Venus
Remedies Ltd. Baddi, H.P. The drug was obtained from Venus
Remedies Ltd, Baddi, H.P. for carrying out this experiment work.
Becaplermin was gel and procured from a pharmacy (Chandigarh).

Experimental animals

Total of 30 male wistar albino rats (150 to 200 g) were selected for
the present study. They were housed in animal house of Venus
Medicine Research Centre, Baddi, H.P. in individual polypropylene
cages. Rats were provided with commercially available feed and
water ad libitum. The experimental room was air conditioned with
temperature 22 + 3°C, humidity 55 + 5%, and with artificial
fluorescent light (12:12 h of light and dark cycle). Experiment was
carried out after approval from the institutional animal ethical
committee (IAEC). The IAEC approval number for carried out this
experiment was IAEC/2011/08.

Induction of diabetes

Diabetes was induced by of Heikkilaa et al.’s (1976) method. 30
wistar male rats were starved over night prior to the day of
experiment. Six animals were transferred into another cage and
considered as control group, while the rest rats were used for the
induction of diabetes. Intraperitonial injection of alloxan (75
mg/kg/body weight) was administered to animals for the induction
of diabetes. After 72 h the fasted blood glucose level was measured
in all animals for the confirmation of diabetes. Animals with blood
glucose levels above 200 mg/dl were considered to be diabetic. Out
of 24 animals, 22 rats were diabetic while rest two rats were non-
diabetic. Total eighteen rats were randomly selected from 22
diabetic rats and divided into three groups (lI-IV) of six rat each as
follows:

Group | (n = 6): Normal control group (wound)
Group Il (n = 6): Diabetic wound induced group

Group Il (n = 6): Diabetic wound + Ampucare treated group
Group IV (n = 6): Diabetic wound + Becaplermin treated group

Excision wound

After induction of diabetes, the dorsal fur of animals was shaved
using disposable razor, and the area was cleaned with betadine. A
uniform circular of 500 mm? and 0.2 cm depth wound was created
by a surgical blade from a predetermined shaved area on the back
of each animal.

Treatment

Wound lesions of all groups (I to 1V) were cleaned twice daily by
using moistened cotton swabs with normal saline. Wound lesions of
rats belonging to groups Il and IV were further treated with topical
application of 0.5 ml Ampucare and 50 mg Becaplermin,
respectively twice daily for 14 days.

Biochemical and enzymatic measurement

At the end of experiment, 200 mg of granulation tissues were
carefully collected from each group and prepared the tissue
homogenates in phosphate buffer saline solution (PBS; pH 7.4) for
the measurement of biochemical (hydroxyproline, hexosamine and
ascorbic) and enzymatic (catalase, reduced glutathione, xanthine
oxidase) parameters .

All parameters were measured at 25°C. Xanthine oxidase
enzyme activity was carried out according to the method of
Roussos (1967). One unit of activity has been defined as change in
absorbance at 290 nm in 1 min by 1 ml of granulation tissue
sample.

Protein was assayed by the method of Lowery et al. (1951) using
bovine serum albumin as standard. Malonaldialdehyde
measurement was been utilized as a maker of oxidative stress by
the method of Ohkawa et al. (1978), using thio barbituric acid
reagent. Reduced glutathione was measured in the granulation
tissue by the method of Hissin and Hilf (1976). Ascorbic level was
estimated in the granulation tissue sample by the method of Roe
(1967). Nitric oxide concentration was determined in the granulation
tissue by Green et al.’s (1982) method. Hydroxyproline content was
measured according to Woessner’s (1962) method. Hexosamine
was determined by according to the method of Elson and Morgan
(1933).

Measurement of bacterial count in tissue

The bacterial count in the granulation tissue was measured
according to method of Hirsch et al. (2008). 100 pl of granulation
tissue homogenate was taken for measurement of Staphylococcus
aureus bacterial colony. Serial dilution was performed, and samples
were plated onto trypticase soy agar containing 5% sheep blood
agar for total colony counts, mannitol salt agar for S. aureus
detection. The plates were incubated aerobically at 37°C for 24 h.
All colony counts were expressed as log1l0 colony-forming units
(CFU) per gram of tissue. Bacterial counts >1 x 10° were
considered to denote bacterial infection (O'Meara et al., 2006;
Robson et al., 1999).

Histological analysis

At the end of the experiment, the rats were anaesthetized using the
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Figure 1. Status of protein level in the granulation tissue of
diabetic group as well as treated groups. All data are expresses as
mean + SD. Statistical analysis was analysed between control
(group 1) vs diabetic group (group Il) and diabetic vs both treated
groups (groups Il and IV). P < 0.001; highly significant (***), p <
0.001; significant (**), p < 0.005; significant (*), p > 0.05; non
significant (ns).
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Figure 2. Status of malonaldialdehyde (MDA) level in the
granulation tissue of diabetic group as well as treated groups. All
data are expressed as mean + SD. Statistical analysis was
analysed between control (group 1) vs diabetic group (group Il) and
diabetic vs both treated groups (group Ill and 1V). P < 0.001; highly
significant (***), p < 0.01; significant (**), p < 0.005; significant (*), p
> 0.05; non significant (ns).

combination of xylazine (10 mg/kg) and Ketamine (100 mg/Kg), and
skin tissues (0.8 x 0.5 cm) were collected into 10% formalin solution
for histological examination. After fixation of skin tissues, the tissue
were washed overnight in running tap water, dehydrated in
ascending grades of alcohol and cleared in benzene. The 4 to 5
micron thick sections were cut from paraffin embedded tissue and
stained with haematoxylin and eosin stain (H&E) method.

Wound area measurement

Wound size of rats belonging to all the groups were measured
using graphical planimetry method on days 0, 5, 10 and 14. Wound
size was assessed by tracing the outer edge of the wound onto a
butter paper using a fine-tipped permanent marker. The butter
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Figure 3. Status of ascorbic acid level in the granulation tissue of
diabetic group as well as treated groups. All data are expressed
as mean + SD. Statistical analysis was analysed between control
(group 1) vs diabetic (group Il) and diabetic vs both treated groups
(group II and 1V). P < 0.001; highly significant (***), p < 0.001;
significant (**), p < 0.05; significant (*), p > 0.05; non significant

(ns).

paper tracings were further traced on graph paper and area was
measured manually in square centimetres (sq.cm). Percentage
wound contracture or closureness was calculated using following
formula:

% Contracture = [Area on day 0 — Area on final day/ Area on day 0]
x 100

Statistical analysis

The resulting data are presented as mean + SD. Statistical
significance was analyzed by One way ANOVA followed by Tukey-
Kramer's multiple comparison test using computerized Graph pad
InStat version 3.05, Graph pad software, U.S.A. P > 0.05 was

considered as insignificant.

RESULTS

In the present study, there were significant (p < 0.001; p <
0.01) decrease in the protein and ascorbic nitrate levels,
along with significant (p < 0.001) increased
malonaldialdehyde level in diabetic control group as
compared with control group. After treatment with
ampucare and becaplermin drugs for 14 days, the
protein, ascorbic and nitrate levels were increased along
with significant decreased MDA level in the both treated
groups as compared with diabetic control group. When
both treated groups were compared to each other, the
protein and ascorbic levels were increased along with
significant (p<0.001) decreased malonaldialdehyde level
in ampucare treated group in comparison to becaplermin
treated group (Figures 1 to 3). Whereas, in the case of
nitrate level, the level was insignificantly increased in
ampucare treated group compared to becaplermin
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Figure 4. Status of nitrate level in the granulation tissue of diabetic group as well as treated groups.
All data are expressed as mean + SD. Statistical analysis was analysed between control (group 1) vs
diabetic group (group Il) and diabetic vs both related groups (group Il and IV). P < 0.001; highly
significant (***), p < 0.001; significant (**), p < 0.05; significant (*), p > 0.05; non significant (ns).

Table 1. Status of oxidant and antioxidant enzymatic parameters in diabetic induced and treated groups.

S.no. Parameter Group | Group Il Group Il Group IV (IDBIII\i?Blllile:
1 Xanthine oxidase (umole/min/gm tissue)  19.77+5.07 45.94+9.21** 21,565+ 4.85**  26.82 + 2.15*** P >0.05
2 Catalase (mMole/min/gm tissue) 115.246.84  76.21+4.50*** 92.87 +5.88**  87.40+6.96* P > 0.05
3 Hydroxyproline (mg/gm tissue) 5.12+0.35 1.01+0.19*** 3.56 +0.23*** 2.88 + 0.15%* P <0.001
4 Hexosamine (ug/gm tissue) 9.35+0.25 1.39+0.17%** 7.86 £ 0.08*** 7.71 £ 0.12%+ P >0.05
5 Reduced Glutathione (mg/gm tissue) 10.14+0.37  3.91+0.61*** 8.83 £ 0.19*** 8.06 £ 0.52*** P <0.01

All data are expressed as Mean + SD. Statistical analysis was performed between control vs diabetic group and diabetic vs both treated groups
viaTukey-Kramer's multiple comparison test. P < 0.001; highly significant (***), p < 0.01; significant (**), p <0.05; significant (*), p > 0.05; non significant

(ns).

treated group (Figure 4).

The activity of xanthine oxidase enzyme was
significantly (p < 0.001) increased along with significant
(p < 0.001) decrease in the activity of catalase enzyme in
the diabetic control group as compared with the control
group. Both enzyme activities were significantly improved
in both treated groups after treatment with ampucare and
becaplermin drugs for 14 days. When both treated groups
were compared to each other, these enzyme activities
were insignificant improved in the ampucare treated
group. The reduced glutathione (GSH) was significantly
decreased in the granulation tissue of diabetic control
group as compared to the control group. After treatment
with respective drugs, the GSH level was increased in
both treated group as compared with diabetic control
group. When both treated groups were compared, the

GSH level in ampucare treated group was increased
(Table 1).

The hydroxyproline and hexosamine contents were
significantly (p < 0.001) decreased in the granulation
tissue of diabetic control group as compared to control
normal saline group. After treatment with ampucare and
becaplermin respective drugs for 14 days, these
parameters were significantly increased in both treated
groups as compared to diabetic control group. The
hydroxyproline content was found to have significantly (p
< 0.001) increased in the ampucare treated group in
comparison to becaplermin treated group; whereas,
hexosamine content was found to have increased but
insignificantly (p > 0.05) in ampucare treated group
compared to becaplermin treated group (Table 1).

S. aureus bacterial count was found higher (9.23 x
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Figure 5. Microbial count on 7th and 14th day in diabetic wound and treated wounding data are mean +
SD. Percentage value was parenthesis between 7th and 14th day of all groups. Bacterial counts > 1 x 10°

were considered to denote bacterial infection.

Table 2. Measurement of wound size in cm? by graphical planimetry in diabetic wound and treated wound.

Days 0 Day 5th Day 10th Day 14th Day
Control 5.18 +£0.03 3.22+0.34 1.18+0.24 0.55+0.08
Diabetic control 5.10+0.12 3.71+0.36 2.9+0.89 2.44 +£0.98
Diabetic wound + Ampucare treatment 5.01+0.09 3.54+0.44 1.81 + 0.14%** 1.00 £ 0.27***
Diabetic wound + Becaplermin treatment 4,96 + 0.15 3.54+0.44 3.19 + 0.29* 1.98+£0.21

All data are expressed as mean + SD. Where cm’ is square centimetres. Statistical analysis was performed between control vs
diabetic group and diabetic vs both treated groups via Tukey-Kramer's multiple comparison test. P < 0.001; highly significant (***), p <
0.01; significant (**), p < 0.05; significant (*), p > 0.05; non significant (ns).

10% 9.98 x 10® CFU/gm tissue) in diabetic control group
on 7th and 14th post wounding day. After treatement with
ampucare and becaplermin drugs, the infection was
reduced as evidenced by decrease in the bacerial count
(6.85 x 10° CFU/gm tissue) in ampucare treated group;
whereas, in becapermin treated group, the bacterial
count was 8.91 x 10° CFU /gm tissue. When all groups
were compared on the 7th and 14th day, the bacterial
count was decreased at 53.5% in control group, 45.6% in
ampucare treated group and 10.5% in becaplermin
treated group; whereas, 8.1% increased bacterial
infection in diabetic control group. The infection was
significantly decreased in ampucare treated group as
compared to becapermin treated group on the 14th day
treatment (Figure 5).

The size of wound was significantly (89.38%; p <
0.001) reduced in normal control group from initial day to
end day; while in diabetic control group, the size of
wound was reduced (at about 52.1%; p < 0.001) from
initial day to end day. The wound size of diabetic control
group was significantly (p<0.001) increased in

comparison to normal control group on the 14th day. After
treatment with ampucare for 14 days, the wound size was
(p < 0.001; 80.0%) reduced significantly from initial day to
end day; whereas, in becaplermin treated group, the
wound size was also significantly reduced (p < 0.001;
60.0%) from initial day to end day. When ampucare and
becaplermin treated group was compared with diabetic
control group on the 10th and 14th day, the wound size
was significantly reduced in ampucare treated group on
the 10th and 14th day; whereas, in case of becaplermin
treated group the wound size was mildly increased on the
10th day due to formation of pus, but on 14th day the
wound size was reduced as compared to diabetic control
group. When ampucare treated group was compared with
becaplermin treated group, the wound size was same on
the 5th day in both treated group, whereas on the 10th
and 14th day, the wound size was significantly (P <
0.001) reduced in ampucare treated group compared to
becaplermin treated group. Wound size was insignificant
(P > 0.05) in the all groups on the 5th day (Table 2).
Wound contracture was significantly (p <0.001; p<



888 Afr. J. Pharm. Pharmacol.

Table 3. Wound contracture percentage by graphical planimetry.

Groups Contracture percentage
Control 89.44

Diabetic control 52.28

Diabetic wound + Ampucare treatment 80.05**

Diabetic wound + Becaplermin treatment 60.04

All data are expressed as Mean + SD. Statistical analysis was performed between

control vs diabetic group and diabetic vs both treated groups via Tukey-Kramer's
multiple comparison test. P < 0.001; highly significant (***), p < 0.01; significant (**), p <
0.05; significant (*), p > 0.05; non significant (ns).

Figure 6. Gross changes in normal control rat, diabetic control and
diabetic plus treated rats on 0 and 14th days. (A) Wound of a non-
diabetic control rat on day 0; (B) wound of a non-diabetic control on
day 14; (C) wound of a diabetic control rat on days on day O; (D)
wound of a diabetic control rat on day 14; (E) wound of a diabetic
rat treated with ampucare on day 0; (F) wound of a diabetic rat
treated with ampucare on day 14; (G) wound of a diabetic rat
treated with becaplermin on day 0; (H) wound of a diabetic rat
treated with becaplermin on day 14.

0.01) increased in normal control group (group 1) as well
as in ampucare treated group (group lll) as compared to
diabetic control group in 14 days. When becaplermin
treated group was compared with diabetic control group,
the wound contracture did not altered significant (p >
0.05) increase in becaplermin treated group. When
ampucare treated group was compared with becaplermin
treated group, the wound contracture was found higher in
ampucare treated group on the 14th day, and the % of
wound contracture of normal control group was reached
(Table 3). Gross photographs of wound on day 1 and day
14 of all groups are shown in Figure 1. Macroscopic
evaluation of healing area on day 14 of the experiment
showed a very clear beneficial effect of ampucare in
group Il on the healing process in diabetic wound, which
was analogous to normal control group (I). A well
demarcated difference in epithelial neoformation was
observed in ampucare treated group as compared to
diabetic control and becaplermin treated groups. Diabetic
rat wounds and Becaplermin treated rat wounds showed
pus formation from 9 to 10 days onwards (Figure 6A to
H).

The microscopic examination of skin wound tissue
transverse sections of normal control rat showed a well
organized fibroelastic tissue proliferation, development of
stratified squamous epithelium over the fibroelastic
tissue, epithelium covered by thin layer of keratinised
tissue, and progressive loss of capillaries within the
fibroelastic tissue was observed in the healed wound
(Figure 7A). The microscopic examination of diabetic
control skin wound tissue shown a disorganized fibrous
tissue proliferation with incomplete scar formation,
accumulation of cellular debris consisting of neutrophils
and suspected bacterial colonies were present.
Microabscess formation was evident histologically (Figure
7B). The wound in diabetic rats treated with Ampucare
revealed a well-organized fibrous tissue proliferation
along with complete scar formation. Debris accumulation
and neutrophils were not seen in these rat wounds as
seen in diabetic control rat wounds. Development of
stratified squamous epithelium and constriction of the
capillaries within the fibrous tissue was observed in this
group (Figure 7C and D). The skin wound tissue sections
of diabetic wound rats treated with Becaplermin revealed



Dwivedi and Chaudhary 889

Figure 7. Histopathological changes in normal control rat, diabetic control and diabetic plus treated rats. (A) Section of skin
from a non-diabetic control rat showing well organized fibro-elastic tissue proliferation (yellow arrow), development of
stratified squamous epithelium (black arrow) and thin layer of keratinized tissue (red arrow). (B) Section of skin from a
diabetic control rat showing disorganized fibrous tissue proliferation (yellow arrow) and accumulation of cellular debris
consisting of neutrophils (red arrow). (C) Section of skin from a diabetic rat treated with ampucare showing well organized
fibrous tissue proliferation (red arrow) along with constriction of the capillaries within the fibrous tissue (yellow arrow). (D)
Section of skin from a diabetic rat treated with ampucare showing development of stratified squamous epithelium (red
arrow) and thin layer of keratinized tissue (yellow arrow). (E) Section of skin from a diabetic rat treated becaplermin
showing disorganized fibrous tissue proliferation (red arrow). Section of skin from diabetic rat treated with becaplermin

showing incomplete scar formation (red arrow).

well-organized fibrous tissue proliferation along with
complete scar formation. However, three of the six rat
wounds showed disorganized fibrous tissue proliferation
with incomplete scar formation (Figure 7E and F). Debris
accumulation and neutrophil accumulation was seen in
these animal's skin tissue sections. On the grading

system by histological examination showed that
inflammatory cells were found higher in diabetic control
group and becaplermin treated group as compared to
ampucare treated group. In normal control group, the
inflammatory cell was found less. Collagen,
angiogenesis, granulation and cell proliferation were
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Table 4. Histological base grading system in all groups after 14 days.

Groups Collagen Angiogenesis Inflammation Granulation Sq. cell proliferation
Control ++++ +++ + 4+ ++++
Diabetic control ++ +++ ++ ++

Diabetic wound + Ampucare treated +++ ++ + +++ +
Diabetic wound + Becaplermin treated ++ ++ +++ ++ ++

Degree of grading index ++++, very higher; +++, high; ++, normal; +, low.

measured in the term of grading system (Table 4).

DISCUSSION

Wound healing involves a complex interaction between
epidermal and dermal cells, the extra cellular matrix,
controlled angiogenesis and plasma-derived protein, all
coordinated by an array of cytokines and growth factors
(Bhat et al., 2007). Four stages are involved in wound
healing namely inflammatory stage, debridement stage,
proliferation stage and maturation/remodeling stage
(Thomas, 1997). Initial stages of wound healing involve
an acute inflammatory phase followed by synthesis of
collagen and other extracellular matrix which are later
remodeled to form scar (Shetty et al., 2008). Certain
factors which influence the wound healing effects include
bacterial infection, nutritional deficiency, drugs, sterility,
movement of wound, edges, site of wound and wasting
diseases (Karl et al., 1995). Di Girolamo et al. (1993)
postulated that defects in wound healing are caused by
the hyperglycosylation of the locally synthesized cellular
fibronectin. Hyperglycaemia affects the whole range of
neutrophil functions, including migration, chemotaxis,
adherence and bactericidal activity (Wall et al., 2003).
Molecular oxygen also plays a significant role in the
chronic wound. Excessive generation of reactive oxygen
species (ROS) results in oxidative stress thereby causing
delayed wound healing. Therefore, estimation of catalase
antioxidant enzyme in the granulation tissue is relevant
because this enzyme hastens the process of wound
healing by destroying the reactive oxygen species.
Collagen is a component of connective tissue, and is the
most abundant protein in mammals. It has been reported
that diabetes impaired wound healing process and
decreases angiogenesis and collagen formation (Joyce,
2010). So in the present investigation, there was
insignificant increased catalase activity along with
insignificant decreased xanthine oxidase enzyme activity
in the granulation tissue of ampucare treated group as
compared to becaplermin treated group. The levels of
protein, ascorbic, hydroxyproline and GSH were
significantly (p < 0.01; p < 0.001; p < 0.01) increased
along with significantly (p < 0.001) decreased MDA level
in the granulation tissue of ampucare group as compared
to becaplermin treated group. Nitrate level also

insignificantly increased in ampucare treated group as
compared to becaplermin treated group. These
aforementioned parameters were found to be altered in
diabetic group in comparison to normal group. The
alteration in the antioxidant profile accompanied by the
increased the level of malonaldialdehyde may be
attributed to impaired wound healing due to generation of
reactive oxygen species (Brem et al., 2003). It is well
reported that alteration in antioxidant enzymes may
cause impaired wound healing in immunocompromised
rat (Gupta et al., 2002). The resulting data suggests that
ampucare increases cell proliferation and collagen
synthesis at the site of wound, as evidenced by increase
the protein level and hydroxyproline content in the
granulation tissue. The levels of cellular antioxidant
(asorbic, GSH) were decreased in the diabetic group as
compared to control. These parameters were improved in
the ampucare treated group when compared to
becaplermin treated group. However, a depleted level of
ascorbic in the granulation tissue of diabetic control group
suggesting that the cellular antioxidants are adversely
affected during chronic wound. The depleted levels of
GSH and ascorbate may be due to oxidation of these by
activated neutrophils (Himilia et al., 1984; Thomas et al.,
1988). Nitric oxide (NO) plays a pivotal role in the normal
wound healing. It promotes processes including
angiogenesis, remodeling, migration and proliferation of
fibroblasts, epithelial cells and endothelial cells. The level
of nitrate was reduced in diabetic control group as
compared with control group. The nitrate level was
increased in ampucare treated group when compared
with becaplermin treated group. The data denotes that
ampucare may increase eNOS protein expression level
and eNOS activity. The level was increased in granulation
tissue which enhance the synthesis of NO, thus
promoting the process of wound healing. It has been
suggested that poor wound occur due to nutritional
deficient and oxidative stress (Guo and Diapietro, 2010).
S. aureus bacterial infection was found higher in diabetic
group as compared to control group. Due to infection, the
pus formation occurred along with increased (52.16%)
wound size in the diabetic group compared to the control
group (89.38%). It means that delay wound healing
involved in the diabetic group due to bacterial infection
which causes pus formation. The bacterial infection and
wound size were higher in the becaplermin treated group



in comparison to ampucare treated group on the 14th
day. The increase bacterial infection and wound size
occurred in the becaplermin treated group due to
formation of pus. Various reports suggested that poor
wound healing occurred due to bacterial infection in
diabetic wound (Hackl et al., 2011). On the histological
score data, it was found that angiogenesis, collagen
process were reduced in diabetic control group. When
ampucare treated group was compared with becaplermin
treated group, the angiogenesis and collagen process
were found almost equal increased in both treated group.
It has also reported that topical administration of glucose
to wound of non diabetic rat inhibits the normal
angiogenesis process (Tellechea et al., 2010). Similar
result was reported by Teixeira and Andrade (1999) that
diabetic control group inhibited the angiogenesis process.
Various articles showed that curcumin enhances wound
healing in diabetic rats and genetically diabetic mice
(Sidhu et al., 1999; Bhagavathula et al., 2009; Gupta and
Jain, 2010). The preceding study showed that ampucare
has fast wound healing activity than becaplermin. Fast
wound healing activity in the ampucare treated group was
due to presence of curcumin and galotenin. C. longa and
A. indica (both) have natural medicinal properties,
including antibacterial, anti-inflammatory, antineoplastic
and analgesic activities (Tang and Eisenbrand, 1992;
Fabry et al., 1996; Fang et al., 2003; Swarnakar et al.,
2005). A. indica also have a significant anti-inflammatory
activity (Subapriya and Nagin, 2005). The anti-
inflammatory and antioxidant properties of curcumin may
exert wound healing property through scavenging
reactive oxygen species (Panchatcharam et al., 2006).
The role of other ingredients of ampucare have a anti-
ulcerogenic, anti-tumor, immuno-modulatory effects and
useful in atopic dermatitis (Hussain et al., 2009; Pandey
et al.,, 2007; Otsuki et al., 2010). Various reports have
been suggested that curcumin treated wound showed
faster healing by modulate collagen, improve rates of
epithelialisation, wound contraction, increased tensile
strength and decrease reactive oxygen species (Shehzad
and Lee, 2010; Thangapazham and Sharma, 2007).
From the study, it is concluded that ampucare has better
wound healing efficacy than becaplermin drug due to
reduce inflammatory response as well as increase
antioxidant levels in diabetic wound rat.
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