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Abstract - Damage or non-functioning of beta cells of 
Langerhans is lets of pancreas causes Type I diabetes. 
Curcumin, a bioflavonoid, have shown some tissue 
regenerative properties. It has shown a very good wound 
healing actions in diabetic animals after topical applications. 
In view of this, we planned to study the regenerative action of 
curcumin on damaged pancreas of diabetic rats after its 
topical applications on wounds. Damage of pancreas and 
induction of Type I diabetes in rats was achieved by single 
intraperitoneal injection of streptozotocin (60mg/kg b.wt.). 
Thereafter, open excisional wounds were created and wounded 
rats were divided into three groups viz. i) healthy control (non-
diabetic), ii) Diabetic control and iii) Diabetic-treated. Pluronic 
F-127 gel (25%) was applied topically on wounds of group I 
and II once daily for 19 days. Curcumin (0.3%) in gel was 
topically applied similarly on group III. Average body weight 
gain was less and blood glucose levels were high in group II 
and III. There were also higher levels of MDA in group II and 
III. Histopathologically, atrophy and loss of intactness of beta
cells of langerhans is lets in the pancreas were evident in group 
II and III, as compared to group I. In conclusion, topical 
applications of curcumin on wounds of diabetic rats did not 
able to prevent the damage of beta cells of the pancreas 
produced by single intraperitoneal injection of streptozotocin 
(60mg/kg b.wt.). In future, the other higher or lower 
concentrations of curcumin and their nano-formulations may 
be tried to evaluate the protective actions. 
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I.  INTRODUCTION 

Diabetes mellitus is a very complex disease in people, 
which is also equally affecting the dog and cat [1]. It is a 
life-long disease and marked by elevated blood sugar levels. 
Diabetes and its subsequent complications present a 
significant challenge to our healthcare system. It is a serious 
problem of public health worldwide and it tends to increase 
in numbers. Diabetes is a disease of altered glucose 
homeostasis and persistent hyperglycemia, which leads to 
advanced glycation end-products (AGE). This further 
primarily responsible for the damage of cells having a slow 
turn over (like neuronal tissue). Type I diabetes is 
associated with the damage or non functioning of beta cells 
of Langerhans islets of pancreas. Streptozotocin (STZ) has 
been commonly used compound to for experimental 
induction of insulin dependent diabetes mellitus (IDDM) in 
animals and non-insulin dependent diabetes mellitus 

(NIDDM) with hypoinsulinemia in neonates. Induction of 
experimental diabetes in rats using streptozotocin is very 
convenient and simple. Clinical symptoms of diabetes are 
clearly seen in rats within 2-4 days following single 
intravenous or intraperitoneal injection of 60 mg/kg STZ 
[2]. Streptozotocin has been widely used to induce type 1 
diabetes in animal models especially rats and mice, if 
administered either intravenously or intraperitoneally [3]. In 
nude mice, STZ at the dose rate of 150 mg/kg is sufficient 
to induce pathological levels of blood glucose [4]. Diabetes 
mellitus has also been induced in rats by a single 
intraperitoneal injection of STZ at different dose ranges i.e. 
50 mg/kg to 120 mg/kg [5]. Tropical ulcer, vascular 
abnormality, poor wound healing etc. are some of the late 
complications of diabetes manifestation [6]. WHO estimates 
that by 2025 as many as 200–300 million people worldwide 
would have developed type 2 diabetes [7]. Impaired wound 
healing is a common complication of diabetes mellitus [8]. 
Diabetes is the leading cause of lower extremity 
amputations and more than a million amputations are 
performed each year as a consequence to diabetes [9]. 
Cutaneous diabetic wounds in addition to causing pain and 
discomfort and predisposing the patient to superficial and 
chronic infection, involve significant cost associated with 
the long term treatment.  

Curcumin, a bioflavonoid, is a unique antioxidant. This 
contains a variety of functional groups, including carbon–
carbon double bonds, and phenyl rings containing varying 
amounts of hydroxyl and methoxy substituent [10]. It is 
having some promising tissue regenerative properties. It has 
shown very good wound healing actions in diabetic animals 
after topical applications as well other route for systemic 
administration [11-13]. Topical formulation is the most 
commonly preferred and suited formulation used for 
applications on the most types of cutaneous wounds. 
Therefore, in view of this, in present study was planned to 
study the protective action of curcumin on streptozotocin 
induced pancreas damage after its topical applications on 
wound of diabetic rats. 

II. MATERIALS AND METHODS
A. Animals 
Healthy adult male Wistar rats (170-200 g) where be 
purchased from Laboratory Animal Resource Section, 
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Indian Veterinary Research Institute, Izatnagar (U.P.), India. 
The animals were housed in polypropylene cages. They 
were maintained on a 12:12 h light dark cycle in a 
climatically controlled room (temperature of 22 ± 2ºC) with 
free access to standard feed and water. Animals were 
acclimatization for a period of a week before the 
commencement of trials. A balanced feed procured from 
Feed Technology Unit of IVRI, Izatnagar was used 
throughout the period of study. The composition of feed is 
tabulated below and was fed to rats @ 15 g/rat twice daily. 
The experimental protocol was approved by the Institute 
Animal Ethics Committee.  

B. Damage of Pancreas by Streptozotocin and Wound 
Creation 

Pancreas was damaged in some rats by single 
intraperitoneal injection of streptozotocin (60mg/kg b.wt., 
SRL, India) to induce the diabetes. Fresh injection of 
streptozotocin was prepared in citrate buffer solution (0.1M, 
pH 4.5). The fasting blood glucose levels of all rats were 
determined using glucometer (On Call Plus Blood glucose 
meter). Rats were monitored for blood glucose levels. The 
rats showing ≥300 mg/dl fasting blood glucose levels after 
48 hours of administration of streptozotocin were 
considered as diabetics. The open excision-type wound 2×2 
cm2 (≈400 mm2) was created on the back of healthy and 
diabetic animals after 7 days of diabetic induction. The 
wound creation was done under pentobarbitone sodium (40 
mg/kg) anesthesia. Rats were housed individually in 
properly disinfected cages after ecovery from anesthesia. 

C. Grouping 

Wounded rats were divided equally in the following three 
groups: 

1. Healthy control (Non-diabetic): 400 µl of pluronic
F-127 (PF-127) gel (25%) was applied on the
wounds once daily for 19 days.

2. Diabetic control: 400 µl of PF-127 gel (25%) was
applied on the wounds once daily for 19 days.

3. Diabetic treated: 400 µl of curcumin (0.3%, Sigma
Aldrich) in PF-127 gel (25%) was applied topically
on wounds once daily for 19 days.

D. Parameters 

Body weight and blood glucose of all rats of all the three 
groups was measured before injection of streptozotocin 
(Day 0) and after 19 days of treatment of wounds (Day 19). 

E. Pancreas Harvesting and Estimation of Different 
Parameters 

Animals were killed after 19 days of treatment of wounds, 
and pancreas from each animal was collected. One portion 
of pancreas was homogenized in ice-cold phosphate buffer 
saline (pH 7.4). The homogenized tissue was centrifuged at 

12,000 rpm for 10 min at 4°C. The supernatant was 
collected and used for the estimation of malondialdehyde 
(MDA) level for lipid peroxidation as per the method 
described by Shafiq-Ur-Rehman [14]. The other portion was 
stored in 10% neutral buffer formalin for histopathological 
evaluation. These tissues were paraffin embedded and cut 
into 5 µm thick sections. Thereafter, they were stained with 
Hematoxylin and Eosin (H&E) as per standard procedure. 
The stained sections were visualized under light microscope 
at magnification 40x. 

F. Statistical Analysis 

Results are expressed as mean ± S.E.M. with n equal to the 
number of replicates. The statistical significance was 
analyzed by applying suitable test using the Graph Pad 
Prism v4.03 software program (San Diego, CA, USA). The 
differences between the different values were considered 
statistically significant at P<0.05 or lower. 

III. RESULTS AND DISCUSSION

All the animals of this study were closely monitored 
throughout the experiments. The diabetic rats of this 
experiment showed loss of body weight (Fig. 1) and 
elevated blood glucose levels (Fig. 2), polyphagia, 
polydipsia, polyuria, dull and depressed initially. This 
revealed that the diabetes was persistent throughout the 
experiment in streptozotocin injected rats. STZ is an 
antibiotic isolated from cultures of Streptomyces 
achromogenes. It is composed of the cytotoxic moiety i.e. 1-
methyl-l-nitrosourea (MNU)' attached to the carbon-2 
position of glucose. Streptozotocin injection causes 
degeneration of the beta cells of Langerhans islets [15]. 
STZ-induced β cell death is due to alkylation of DNA [16]. 
DNA damage induces activation of poly ADP-ribosylation, 
which is likely to be more important for diabetes induction 
than DNA damage itself [17]. Streptozotocin is adequately 
similar enough to glucose to be transported into the β cell by 
the glucose transporter 2 (GLUT2), but is not recognized by 
the other glucose transporters. This explains its relative 
toxicity to beta cells, since these cells have relatively greater 
high levels of GLUT2 [18]. Curcumin has showed wound 
healing properties in healthy and diabetic rats through 
several pathways. Several recent studies have shown that 
curcumin has cytoprotactive, antioxidant, anti-
inflammatory, antimicrobial, antiparasitic, antimutagen and 
anticancer properties [19-21]. Curcumin is considered as a 
classical phenolic chain-breaking antioxidant, which 
donates H-atoms from its phenolic group [22]. Thus, the 
phenolic group of curcumin is essential for the free-radical-
scavenging activity and presence of methoxy group further 
increases the activity [23]. Curcumin also possess very good 
anti-inflammatory potentials, which appears to be mediated 
through the inhibition of induction of cyclooxygenase-2 
(COX-2), lipooxygenase, inducible nitric oxide synthase 
(iNOS) and production of cytokines such as, interferon-γ 
and TNF, and activation of transcription factors like nuclear 
factor kappa B (NF-κB). 

AJSAT Vol.9 No.1 January-June 202011

Negligible Protection of Pancreas by Topical Curcumin in Streptozotocin Induced Diabetic Wounded Rats

http://en.wikipedia.org/wiki/GLUT2


 
 

Fig.1 The Average Body Weight (gms) of Different Groups on Different 
Days. Values are Presented as Mean± SEM, n=5. 

 

 
 
Fig. 2 The Average Blood Glucose Levels (mg/dl) of Different Groups on 

Different Days. 
 
Values are presented as mean± SEM, n=5. *** p<0.001 
indicate significant difference compared with the value of 
day 0 of same group and activator protein-1 [24]. Curcumin 
treatments have caused reduction in wound-healing time, 
improved collagen deposition and increased fibroblast as 
well as vascular density in wounds [25]. Curcumin enhances 
expression of TGF-β in both normal and impaired healing 
wounds [26]. The increased expression of TGF-β by 
curcumin further induces angiogenesis [27] and controls 
multiple cellular processes involved in cell proliferation, 
differentiation, apoptosis and extracellular matrix 
production [28]. The MDA levels in our present study were 
significantly higher in diabetic control and treated rats (Fig. 
3). Topical applications of curcumin were not able to show 
its antioxidant effects at pancreas level (Fig. 3). Beta cells in 
Langerhans is lets were intact in healthy control group after 
observing H & E stained histopathological sections of 
pancreas (Fig. 4). There was atrophy and loss of intactness 
of beta cells of Langerhans islets in the pancreas of diabetic 
control and diabetic treated rats, which revealed the 
damaging effect of streptozotocin (Fig. 4). So, topical 
applications curcumin on wounds also failed here to provide 

protection to the streptozotocin induced pancreas damage. 
This failure might be due to its hydrophobic and poor 
penetration properties, which limits its systemic 
bioavailability for showing the protective action.  
 
Additionally, the concentration of curcumin may be lower 
for showing the action. Topical nano-formulations of 
curcumin may be tried in future to enhance its penetration 
and bioavailability and protective actions on pancreas may 
evaluated. 
 

 
Fig. 3 The Average MDA Levels in Pancreas of Different Groups after 19 

Days of Treatment. 
 

Values are presented as mean± SEM, n=5. *** p<0.001 
indicate significant difference compared with other 
group(s).  
 

 

Fig. 4 The H & E Stained Section of Pancreas of Different Groups After 19 
Days of Treatment (40X). Black Arrows Indicate the Beta Cells of 

Langerhans is Lets of Pancreas 
 

IV. CONCLUSION 
 

On the basis of results of present study, it might be 
concluded that single intraperitoneal injection of 
streptozotocin (60mg/kg b.wt.) in rats produced diabetes by 
producing oxidative stress as well as by damaging the beta 
cells of the pancreas.  
 
The topical applications of curcumin (0.3%) on the wounds 
of diabetic rats did not able to prevent as well as reverse this 
damage of pancreas. In future, the other higher or lower 
concentrations of curcumin and their nano-formulations 
may be tried to evaluate the protective actions. 
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