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INTRODUCTION

Diabetes mellitus (DM) is part of a larger global epidemic of 
non-communicable diseases. India accounts for nearly 15% of 
the global diabetes burden with 40.9 million people affected [1]. 
The wound healing is a complex but highly dynamic process of 
cellular, physiological and biochemical events, which leads to 
the functional restoration of injured tissue. DM is one of the 
common causes of impaired wound healing, which imposes high 
morbidity and health care cost [2,3]. Chronic non-healing ulcers 
are the common complications associated with diabetes [4]. 
Diabetic patients often ignore lower extremity ulcers, which 
lead to wound infection and ultimately amputation. Causal 
mechanisms associated with impaired wound healing in 
diabetes are micro- and macro-vascular abnormalities, impaired 
epithelization, and reduced angiogenesis [5]. Besides, oxidative 
stress associated with hyperglycemia in wound environment has 

also been suggested to delay wound healing process in diabetic 
patients [6].

Because of lack of well-established medical treatment, diabetic 
wounds are conservatively treated by surgical debridement 
of necrotic tissue as well as by controlling blood sugar level. 
A variety of treatments had been evaluated for the management 
of diabetic wounds including herbal medicines. In ancient 
Indian Ayurvedic literature such as Charak Samhita and 
Sushruta Samhita, cow urine is mentioned as the most effective 
substance of animal origin with innumerable therapeutic 
value [7]. It is one of the important contents of “Panchgavya” 
containing five important substances obtained from cow, namely 
urine, dung, milk, ghee, and curd [8].

Medicinal properties of cow urine such as bioenhancer, 
antibiotic, antifungal, and anticancer have been patented 
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ABSTRACT
Aim: To evaluate wound healing activity of cow urine ark in diabetic rats. Materials and  Methods: Streptozotocin-
induced diabetic Wistar albino rats were randomly divided into six groups (n = 6). Three groups - diabetic 
control, active control (glibenclamide), and treatment (cow urine ark) were operated for excision wounds 
(EWs). Rats in these groups received distilled water 1 ml/day, glibenclamide 0.5 mg/kg body weight/day, 
and cow urine ark 5.5 ml/kg body weight/day orally till complete healing of the EWs. EWs were evaluated for 
wound contraction on 3rd, 7th, and 11th day and for reepithelization on 11th day. The other three groups were 
operated for incision wounds (IW) as well as dead space wounds (DW) in the same animal which received 
the above agents orally for 11 days. IWs were analyzed for wound breaking strength and DWs were analyzed 
for dry weight, hydroxyproline content, and histology of granulation tissue. Results: EWs showed significantly 
increased wound closure in the treatment group as compared to the diabetic as well as active control groups at 
3rd (P < 0.001) and 11th (P < 0.05) post-wounding day and to the only diabetic control group at 7th (P < 0.01) 
post-wounding day. IWs showed significant improvement in wound breaking strength in the treatment as 
compared to diabetic (P < 0.001) and active control (P < 0.01) groups. DWs showed significant increase 
in hydroxyproline content of granulation tissue in the treatment as compared to diabetic control (P < 0.001) 
and active control (P < 0.001) groups. Wound breaking strength and hydroxyproline content also significantly 
increased in the active control group compared to diabetic control (P < 0.001 and P < 0.05, respectively). 
Granulation tissue dry weight was significantly increased in treatment and active control groups as compared 
to diabetic control (P < 0.001). Conclusion: Cow urine ark increases granulation tissue formation as well as 
collagen content. Wound contraction was also significantly improved. The cow urine ark could be potentially 
effective in promoting healing of diabetic wounds by increasing granulation tissue formation and collagen 
content, however, further studies are required for its clinical application.
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under US patent number 6,896,907 and 6,410,059 [9,10]. 
Several studies had suggested that cow urine has anti-diabetic 
potential probably due to its antioxidant properties [11,12]. 
Besides, external application of cow urine on excision wound 
(EW) has shown to hasten the wound healing [13]. Another 
study of histomorphological analysis of surgically created 
wounds in healthy goats showed significant infiltration of 
polymorphonuclear cells, neovascularization, and fibroblast 
proliferation in cow urine treated wounds [14]. Based on these 
observations, we designed this study to evaluate wound healing 
effect of cow urine ark in diabetic rats.

MATERIALS AND METHODS

Institutional Animal Ethics Committee, Government Medical 
College, Bhavnagar, Gujarat (India) (Approval No. - 26/2012; 
Pharmacology No. - 24/2012) approval was taken before 
starting this study. Wistar albino rats of either sex with an 
approximate weight of 200-350 g were placed in individual 
polypropylene cages and acclimatized to the laboratory 
environment for 1 week. The rats were maintained on normal 
laboratory food and water ad libitum, under controlled room 
temperature (25°C ± 2°C, 60-70% humidity) and 12-12 h 
light-dark cycle.

Streptozotocin (STZ) - Induced Diabetes

The rats were given a single intraperitoneal dose of STZ 
50 mg/kg body weight (Alfa Aesar, A Johnson Matthey Company, 
MA/USA, CAS: 18883-66-4) to produce DM [15]. Random 
blood sugar (RBS) was measured from a blood drop drawn 
from the tail vein using glucometer (Accu - Chek Go, Roche 
Diagnostic, Germany) after 4 days of STZ injection. The 
rats with RBS >300 mg/dl were enrolled in the study. Insulin 
neutral protamine Hagedorn (5 IU/kg body weight; Wosulin, 
Wockhardt Limited, India) was given subcutaneously, once a 
day to maintain the RBS between 250 and 350 mg/dl.

Experimental Design and Wound Models

The diabetic Wistar albino rats were divided into six groups 
(n = 6 in each group). Three groups - Group I (diabetic 
control), Group II (glibenclamide - active control), and 
Group III (Cow urine ark - treatment group) served as the EW 
groups. They received distilled water 1 ml/day, glibenclamide 
(SIGMA Life Science, New Delhi, India) 0.5 mg/kg body 
weight/day, and cow urine ark 5.5 ml/kg body weight/day 
orally till complete healing of the EWs. The cow urine ark 
was procured from Go-Vigyan Anushandhan Kendra, Nagpur, 
India. The remaining three groups - Group IV (Diabetic 
control), Group V (Glibenclamide - active control), and 
Group VI (Cow urine ark - treatment) served as incision and 
dead space wound (DW) groups and received the same doses 
of respective agents, as described above, for 11 days. All the 
wounds were inflicted under ketamine (75 mg/kg body weight) 
and xylazine (10 mg/kg body weight) anesthesia with proper 
aseptic precautions.

EW

EWs were inflicted by excising a circular patch of full thickness 
skin (measuring approximately 500 mm2) from the nape of the 
neck [16]. Wound margins were traced on transparent plastic 
sheets on day 0, 3, 7 and 11 to evaluate the wound contraction. 
Reepithelization was measured on 11th post wounding day when 
epithelization was visible. The wound area was measured using a 
UTHSCA image analyzer (version 3.00, The University of Texas 
Health Science Center, San Antanio, USA) from the scanned 
transparent plastic sheets. Wound closure rate was calculated 
by the formula [15]:

Wound closure rate (%) = 
Area�day� Area�day n

Area�day �
0

0
100

−
×

Where area day 0 = Initial wound area at day 0,
Area day n = Area on nth post wounding day.

The wound re-epithelialization was calculated using the 
formula [15]:

Reepithelialization (%) on 11th day = Total wound area (%) − 
Wound area not covered with epidermis (%).

Re-sutured Incision and DW

About 5 cm long full thickness paravertebral incisions were made 
on either side of the vertebral column and sutured with black 
silk 4.0 sutures [17]. Sterile grass piths (measuring 2.5 cm × 
0.3 cm) were inserted and sutured in the loose areolar tissue of 
the groins in the same rats to produce DWs. While in axillary 
region, sterile cotton pellet (weighing 10 mg) was inserted and 
sutured. The sutures of incision wound (IW) were removed 
on the 7th day of wounding and of DWs on the 11th day. The 
IW breaking strength was measured on 11th post wounding 
day by constant water flow technique described by Lee under 
anesthesia [18]. The rats were then sacrificed with a high dose 
of ketamine and xylazine. The granulation tissue formed on 
grass piths were utilized for the hydroxyproline estimation and 
histological examination [19]. The hydroxyproline content 
was measured as μg/100 mg of granulation tissue. The cotton 
pellets with granulation tissue around it were excised from the 
axillary region and dried overnight at 60°C in hot air oven. The 
weight of overnight dried pellets was expressed as mg/100 g 
body weight [20].

Hematoxylin and Eosine (H and E) stained sections of 
granulation tissues were semi-quantitatively analyzed by a 
pathologist. Grades were given (grade 1-4) for the presence of 
polymorphonuclear cells, macrophages, fibroblasts, and neo-
angiogenesis [21].

Statistical Analysis

Analyses were performed using GraphPad InStat demo version 
number 3.0. The data were expressed as mean ± standard 
error of mean. One-way analysis of variance followed by 
Tukey–Kramer test for parametric variables and Kruskal–



Hirapara, et al.: Wound healing activity of cow urine ark in rats

436  J Intercult Ethnopharmacol ● 2016 ● Vol 5 ● Issue 4

Wallis followed by Dunn’s multiple comparison test for non-
parametric variables were used to compare mean differences 
between different groups. P < 0.05 was considered as 
statistically significant.

RESULTS

EW

The wound contraction was significantly higher in cow urine ark 
group than diabetic control group throughout healing period. 
Statistically significant wound healing was also observed in 
cow urine ark group as compared to glibenclamide group on 
day 3 and 11 (Table 1). The wound closure photographs of 
all the groups are shown in Figure 1. Re-epithelialization on 
the 11th post wounding day was not significantly affected in 
cow urine ark group (Table 1). The wound closure was a faster 
throughout healing period (owing to wound contraction) as 
shown in Figure 2. The wound closure was almost 100% on day 
14 in cow urine ark group (Figure 2).

Resutured Incision and DW

Mean IW breaking strength on the 11th post wounding day 
in cow urine ark group was significantly higher as compared 
to diabetic control as well as glibenclamide group. The 
hydroxyproline content in granulation tissue from cow urine ark 
group was significantly higher than both the diabetic control and 
glibenclamide group (Table 2). Overnight dried cotton pellet 
weight (granulation tissue dry weight) was also significantly 
increased as compared to diabetic control group; however, it 
could not reach statistically significant level as compared to 
glibenclamide group.

A semi-quantitative histological analysis of granulation tissue 
obtained at 11th post-wounding day did not show any difference 
among the groups in any of the parameters examined (Table 3).

DISCUSSION

The wound healing activity of cow urine ark in diabetic Wistar 
albino rats was evaluated in this study using several models 

Table 1: Effect of cow urine ark on excision wound model
Groups (n=6) Wound closure (%) Re-epithelialization

(%) 11th Day3rd Day 7th Day 11th Day

Diabetic control 15.3±1.4 37.3±3.8 56.3±3.4 56.01±2.5
Glibenclamide 15.7±1.2 46.7±1.8 57.6±2.5 63.2±1.8
Cow urine ark 34.5±2.1* 52.0±2.5# 70.2±2.4$ 55.9±1.6

n=6 in each group, values are represented as mean±SEM, *P<0.001 
as compared to diabetic control and glibenclamide; #P<0.01 as 
compared to diabetic control (Tukey Kramer multiple comparison test); 
$P<0.05 as compared to diabetic control and glibenclamide (Dunn’s 
multiple comparisons test)

Table 2: Effect of cow urine ark on incision and dead space 
wound model
Group Incision wound 

breaking 
strength (g)

Granulation 
tissue dry 

weight (mg/100 g 
body weight)

Hydroxyproline
(μg/100 mg 
granulation 

tissue)

Diabetic control 265.8±10.4 26.1±0.6 19.3±0.5
Glibenclamide 369.2±8.9* 37.5±0.9* 24.4±0.9@

Cow urine ark 457.5±19.5*# 39.1±1.4* 36.5±1.9*$

n=6 in each group, values are represented as mean±SEM. *P<0.001 
as compared to diabetic control; #P<0.01 as compared to glibenclamide; 
$P<0.001 as compared to glibenclamide; @P<0.05 as compared to 
diabetic control (Tukey–Kramer multiple comparison test)

Figure 1: The excision wound healing time course noted on 0, 3, 7 
and 11 post-wounding day

Figure 2: Wound healing curve. The graph shows the percentage of 
excision wound closure over the time period

Table 3: Semi-quantitative evaluation of histological changes 
in granulation tissue in dead space wound model
Histological changes Groups

Diabetic control Glibenclamide Cow urine ark

Neutrophils 1.0±0.36 1.5±0.55 1.1±0.1
Macrophages 0.3±0.21 0.8±0.3 0.6±0.21
Fibroblasts 2.5±0.42 1.4±0.2 2.3±0.21
Neo-angiogenesis 1.8±0.54 1.2±0.16 1.4±0.2

n=6 in each group, values are represented as mean±SEMs. (Dunn’s 
multiple comparison test, P<0.05)
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based on previous research, which demonstrated significant 
anti-diabetic, antimicrobial, and antioxidant effects [11,12,22]. 
Besides, volatile fatty acids present in cow urine ark probably 
contribute to its antioxidant properties which might reduce 
oxidative stress in diabetic wounds [23]. Cow urine has been 
studied for wound healing activity in non-diabetic wounds using 
EW model, however, at the best of our knowledge; this study is 
the first to evaluate the wound healing activity of cow urine ark 
in diabetic wounds using different wound models [13].

In this study, we used a well-established model of diabetic 
wound healing, i.e., STZ-induced diabetes model [24]. 
This model has been shown to exhibit increased superoxide 
levels [25]. Thus, it provides suitable opportunity to study 
effects of the study agent on diabetic wound healing. We used 
glibenclamide as active control as lowering of blood glucose 
in diabetes has shown to promote wound healing [26]. This 
active control group helps to differentiate if cow urine ark has 
any additional advantage in promoting diabetic wound healing 
over blood glucose lowering agents.

In EW group, cow urine ark significantly increased wound 
contraction as compared to the diabetic as well as active 
control groups. This is similar to the previous study which 
showed significant wound contraction in non-diabetic rats 
topically treated with cow urine [13]. Reepithelization on the 
11th post wounding day was not much affected by cow urine ark. 
Significant improvement in wound contraction as compared 
to glibenclamide in our study suggests that cow urine ark has 
an additional advantage over blood glucose lowering agents.

Cow urine ark had significantly increased the IW breaking 
strength, granulation tissue dry weight, and hydroxyproline 
contents compared to diabetic control. Furthermore, it had 
significantly increased IW breaking strength and granulation 
tissue hydroxyproline content as compared to glibenclamide 
group. Hyperglycemia associated with the DM is responsible for 
the generation of reactive oxygen species which in turn create 
excessive oxidative stress [27]. Increased oxidative stress leads to 
activation of matrix metalloproteinases (MMP) which increase 
collagen degradation and decreases collagen synthesis [28]. The 
antioxidant property of cow urine ark could decrease collagen 
degradation and increase collagen synthesis which can explain 
increased IW breaking strength and hydroxyproline content of 
granulation tissue in the treatment group.

Diabetic wounds are generally more susceptible to infection 
than non-diabetic wounds [29]. Wound infection is a common 
cause of wound chronicity. It prolongs the inflammatory 
phase by increasing the production of inflammatory cytokines 
which lead to additional tissue destruction as well as delays 
wound collagen synthesis [30]. Therefore, preventing wound 
infection would hasten wound healing process by promoting 
collagen synthesis. Various studies have demonstrated that 
cow urine, as well as its distillate, has antibacterial and 
antifungal activity against various clinical strains of these 
pathogens [8,22,31]. Thus, cow urine ark could have hastened 
the process of collagen formation by preventing the subtle 
wound infections which ultimately increased IW breaking 

strength, granulation tissue dry weight and hydroxyproline 
contents in this study.

Histological examination of granulation tissue obtained from 
DWs did not reveal any significant difference among the groups 
in polymorphonuclear cell infiltration, macrophage, fibroblast, 
or neo-angiogenesis in our study set up. This is in contrast to 
the previous study which showed maximum polymorphonuclear 
cell infiltration, neovascularization and fibroblast proliferation 
in surgically created wounds [14]. This could probably be 
explained by the method by which we obtained granulation 
tissue. In our study, granulation tissue was obtained from foreign 
body material inserted in dead space created in groins of the 
rats. While they analyzed tissue obtained from wound margin 
and healthy skin.

There are several limitations in our study. The methods used 
for estimation of re-epithelialization in EW and hydroxyproline 
content in granulation tissue are relatively crude and less 
sensitive; hence, limit interpretation of the results. More 
sophisticated methods might have been used for this analysis, 
however, due to limited resources, it could not be performed 
in our setup.

CONCLUSION

This study demonstrated that cow urine ark significantly 
enhances the collagen content and granulation tissue formation 
in diabetic wounds. Thus, it can be useful in accelerating wound 
healing in diabetic patients because of its property of enhancing 
granulation tissue formation. Further clinical trials in diabetic 
patients would be more helpful for its clinical application.
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