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ABSTRACT： Impaired healing of wounds is one of the most serious diabetes mellitus microvascular complications. 17 
Resveratrol (RSV), a natural polyphenol compound, has antioxidant, anti-inflammatory and antidiabetic activities. Our 18 
study aimed to evaluate the potential of topical resveratrol formulation on histological, immunohistochemical and anti-19 
oxidative findings in experimentally induced full-thickness wound model in induced diabetic rats. Seventy - two albino 20 
rats were divided into two main groups: normal control group (18 rats) and diabetic group (54 rats) which divided 21 
equally into three sub groups: sub group (I) received plain ointment base and considered as control diabetic positive; sub 22 
group (II) received topical standard marketed product for wound healing containing β-Sitosterol (MEBO) (0.25% w/w) 23 
and considered as reference group, while sub group (III) received topical Resveratrol 0.5% ointment, and considered as 24 
test group.  Wound surface area (W.S.A) and oxidative enzymes, Histological and Immunohistochemical studies were 25 
carried out for each group throughout treatment period (1st, 2nd, and 3rd weeks). The obtained results showed that topical 26 
resveratrol ointment showed more potential healing effect on diabetic wound than the reference product. Resveratrol has 27 
percent wound contraction rate high than the wound closure rate than MEBO. Wound treated with resveratrol (group II) 28 
showed re-epithelialization and increased epidermal thickness compared with rats in control diabetic (group I). So, 29 
topical application of resveratrol ointment has potential effect on enhancing wound healing process in diabetic 30 
conditions, and this activity may be attributed – mainly – to its free-radical scavenging activity. 31 
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1. Introduction:  39 
The prevalence of diabetes is increasing globally, 40 
where, it had been estimated that world prevalence of 41 
diabetes in 2013 was 8.3% (Guariguata et al. 2014). 42 
And chronic non healing foot ulcers was developed in 43 
15% of diabetic patients (Andrews et al.2015) 44 
Skin-wound healing process is sequential overlapping 45 
phases: hemostasis, inflammation, new tissue 46 
formation (proliferation) and remodeling (Janis et 47 
al.2010). An aberrant course of inflammation has been 48 
demonstrated in wounds of diabetic patients 49 
(Gallagher et al. 2015). Prolonged hyperglycemia has 50 
been estimated to decrease the healing rate of foot 51 
ulcers (Christman et al. 2011). Therefore, delayed 52 
healing rate of wound is one of the long-term 53 
complications of diabetes (Alavi et al.2014 & 54 
Yamagishi et al .2015). Which is mainly mediated by 55 

methylglyoxal (Duscher et al.2015). In a study on 56 
diabetic animal models of impaired wound healing, it 57 
was found that the wound healing process was 58 
accelerated by suppressing reactive oxygen stress 59 
(Thiem et al. 2003).  One of the pathogenic factor in 60 
delayed diabetic wound complications is Oxidative 61 
stress (Naito et al.2014). Delayed wound healing in 62 
diabetes was demonstrated to be mainly, associated 63 
with hyperglycemia, over-expression of inflammatory 64 
mediators (cytokines), oxidative stress, decreased 65 
synthesis of collagen, and reduced angiogenesis in 66 
addition to the infections of the wounds (Gautam and 67 
Goel .2013), where, different studies proved that ROS 68 
may promote the secretion of different factors as 69 
epidermal growth factor (EGF), fibroblast basic 70 
growth factors, and G protein-coupled receptors (Arul 71 
et al .2012) But, at higher concentrations of ROS, 72 
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severe tissue damage may be induced and in some 73 
cases it may lead to malignant transformation (Lee et 74 
al .1998& Roche et al.2009).  Cells develop cellular 75 
defensive mechanisms which maintain balanced redox 76 
state, these mechanisms include the antioxidant 77 
enzymes superoxide dismutase (SOD), catalase (CAT), 78 
glutathione peroxidase, glutathione reductase, in 79 
addition to the other endogenous free radical 80 
scavengers as GSH (Sarsour et al. 2009& Sen .2009 81 
and Paul et al.2009).  82 
Resveratrol (3,5,4′-trihydroxystilbene), a natural 83 
polyphenolic flavonoid compound found in many 84 
plants, is widely distributed in edible fruits and 85 
vegetables, including red grapes. Resveratrol showed 86 
antioxidant, anti-inflammatory, anti-hyperlipidemic, 87 
and antitumor activities (Amri et al.2012). Resveratrol 88 
has been demonstrated to prevent cell damage caused 89 
by free radicals by virtue of its strong antioxidant 90 
properties, as well as by inhibiting cell death (Møller 91 
Poulsen et al.2015 &Kapetanovic  et al. 2011). 92 
Moreover, resveratrol appears to protect against 93 
diabetes (Balata et al.2016). As it has been reported 94 
that resveratrol reduces hyperglycemia in humans 95 
through the mechanism of increasing insulin 96 
sensitivity. Resveratrol was demonstrated to have the 97 
ability to enhance stimulation of glucose uptake in the 98 
absence of insulin (Hausenblas et al.2015). 99 
Recent study has demonstrated that oral resveratrol 100 
supplementation enhances the healing of the foot ulcer 101 
and decreases plasma fibrinogen level in type 2 102 
diabetic patients (Bashmakov  et al.2014). 103 
Due to its hydrophobicity, resveratrol is poorly 104 
absorbed following oral administration, Because of its 105 
low bioavailability and extensive rapid first-pass 106 
metabolism (Kristl et al.2009), resveratrol is a suitable 107 
candidate for topical applications. No previous studies 108 
had been carried out to evaluate the potential effects 109 
of topical formulations of resveratrol on wound in 110 
streptozotocin-induced diabetic rats, therefore, so the 111 
present work designed to evaluate the wound healing 112 
and antioxidant potential of topical resveratrol 113 
formulation in diabetic rats compared with a standard 114 
marketed reference formulation.  115 
2. Materials and Methods: 116 
2.1. Materials 117 
Resveratrol was purchased from Xian Lukee Bio-Tech 118 
Co., Ltd., (Xi ’ an, Shaanxi Sheng, China), 119 
Streptozotocin (STZ) was purchased from Sigma-120 
Aldrich Chemical Co. (St. Louis, MO, USA). White 121 
soft paraffin, hard paraffin, liquid paraffin, Cetostearyl 122 
alcohol and bees wax were purchased from (BDF, 123 
UK), MEBO (Batch No. 0202, Gulf Pharmaceutical 124 
Industries, Ras Al Khaimah, U.A.E.), other solvents 125 
and materials were of analytical grades and used 126 
without further purification. 127 

2.2. Animals 128 
Ninety-four adult male Albino rats (150-180 gm).  129 
Animals were obtained from the animal house of Faculty 130 
of Medicine - Umm Al Qura University. Our experiment 131 
was done according to the International Principles of 132 
Laboratory Animal Research. Animals were individually 133 
housed in well-ventilated stainless steel cages in a 134 
controlled temperature (23-25°C) and relative humidity of 135 
45-50 % with a light dark cycles of 10 and 14 h, 136 
respectively. Animals were kept in this standard conditions 137 
as an acclimatization period to the laboratory environment 138 
for one week prior to the study. During the entire period of 139 
the study, animals were provided with standard rodent 140 
pellet diet and tap water ad libitum.  141 
 Rats were divided into two groups: normal control group 142 
(18 rats) and diabetic group (54 rats) which divided 143 
equally (18 rats each) into three sub groups sub group (I) 144 
received simple ointment base and considered as control 145 
positive; sub group (II) received topical standard marketed 146 
product for wound healing containing β-Sitosterol (MEBO) 147 
0.25% and considered as reference group, while sub group 148 
(III) received topical Resveratrol 0.5% ointment, and 149 
considered as test group. 150 
2.3. Experimental  151 
2.3.1. Formulation of Resveratrol Ointment:  152 
Resveratrol was prepared with simple ointment base 153 
B.P. in a concentration of (0.5 % w/w) by fusion 154 
method. The prepared ointment formulation was kept 155 
in a tightly closed glass container used for topical 156 
application and stored at 4 ºC.  157 
High reputation marketed ointment formulation for 158 
wound healing, 0.25% w/w β-Sitosterol Ointment 159 
USP was selected as a reference for comparison. 160 
2.3.2. Dermal Irritation Study: 161 
A primary skin irritation test was done on animals to 162 
show any skin allergy that happen from topical 163 
application of ointment. Animals that showed 164 
preexisting skin irritation or abnormalities was 165 
excluded from the study. A suitable amount of the 166 
formula was applied to 6 cm2 intact area on each 167 
animal which was then caged separately. After 4 h of 168 
ointment application, the amount of ointment was 169 
removed and the sites of ointment application 170 
(Rogiers and Pauwels. 2008).  171 
2.3.3. Induction of Diabetes: 172 

Experimental diabetes was induced in animals by 173 
a single intraperitoneal injection of streptozotocin (80 174 
mg/kg body weight) freshly prepared in Citrate Buffer 175 
(0.1 M, pH 4.5) after overnight fasting. All the 176 
animals were given 5% glucose solution to avoid 177 
sudden post-injection hypoglycemia- first phase 178 
hypoglycemic condition (Kumar et al .2017). Blood 179 
samples were obtained from the rat tail, 72 h after the 180 
injection for estimation of blood glucose level using 181 
Glucometer. The animals showing stable blood 182 
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glucose level >250 mg/dL were considered diabetic 183 
then full-thickness excision wound model was 184 
persistent. Blood glucose level was estimate two hours 185 
after creation of the wounds and after treatment every 186 
1,2, 3 weeks (Prasad et al.2010). 187 
2.3.4. Wound Creation:  188 

The upper back of rats was shaved by electrical 189 
small animal clipper, and the animals were examined 190 
for any skin abnormalities. The shaved areas were 191 
disinfected with 70% alcohol, then, rats were 192 
anesthetized by the open mask method with 193 
anaesthetic ether, then 2x2.5 cm wound area was 194 
created (a full-thickness excisional wound of circular 195 
area was performed, as (500 mm2) wound area was 196 
excised from the back of all rats by surgical blade 197 
(Pandian et al.2013). The same researcher performed 198 
all surgical procedures. Animals were strictly 199 
observed for any signs of infection, and those arise 200 
any signs of infection were excluded from the study 201 
protocol. 202 
2.3.5. Experiment Design (Protocol):  203 
After creation of wound, rats of diabetic group were 204 
randomly divided into three groups (eighteen rats each) 205 
(Harish et al.2008):  206 
Group (IIa) received plain ointment base and 207 
considered as control positive;  208 
Group (IIb) received topical standard marketed 209 
product for wound healing containing β-Sitosterol 210 
(MEBO) and considered as reference group. 211 
Group (IIb) received topical Resveratrol 0.5% 212 
ointment and considered as test group.  213 
2.3.5.1. Treatment: 214 
As wound dimensions were approximately (20 mm x 215 
25 mm x 2 mm) so amount of different ointment 216 
treatments about (1.5 cm3) used to cover wound cavity 217 
and boundaries of wound through using a sterile 218 
syringe; this amount was fixed for all treatments 219 
throughout all time of experiment. The treatment 220 
started in each group just 2 hours after wound creation. 221 
For all animals, the treatments were applied once daily 222 
with topical application for all treatments. Periodically, 223 
we follow the wound healing by the biochemical and 224 
histological parameters in which the tissue was 225 
obtained at 7th, 14th, and 21st day of wound creation.  226 
2.3.5.2. Wound Surface area, percent wound 227 
contraction and epithelialization time measurements: 228 
By placing a transparent tracing paper over the wound 229 
we measure the wound area then counted the squares 230 
and the area was recorded (Al Bayaty et al.2010).  231 
The percentage of wound contraction was calculated 232 
using the following formula: 233 

Wound Area Contraction (%) = [(A0 – At)/A0] * 100 234 
Where: A0: the initial wound surface area 235 
At: the wound surface area at time t 236 

For each rat, measurement of wound area was 237 
repeated three times at the end of (1st, 2nd, and 3rd 238 
weeks) time intervals of treatment. Additionally, 239 
wounds were photographed by digital camera at these 240 
intervals. At the end of the specified intervals (1st, 2nd, 241 
and 3rd weeks), 8 rats from each group were randomly 242 
selected and sacrificed then the skins of wound areas 243 
were dissected and isolated for histological and 244 
immunohistochemical examination. 245 
2.3.5.3. Enzymatic and non-enzymatic antioxidant assay 246 
From the wound area, the small part of granuloma 247 
tissue was used for antioxidant assay. The granuloma 248 
tissues were homogenized in phosphate buffer (pH 7.0) 249 
and centrifuged under cold condition. The clear 250 
supernatant was taken to assay of antioxidants level. 251 
Catalase activity was estimated according to the 252 
method described by (Woessner et al.1961). 253 
Superoxide dismutase (SOD) activity was measured, 254 
according to the method of (Beers et al.1952). Total 255 
reduced glutathione (GSH) level was determined in 256 
tissues homogenates, according to the method 257 
described by (Misra et al.1972). For Lipid 258 
peroxidation analysis, we used the method described 259 
by (Moron et al.1972). 260 
2.3.5.4. Histological study:  261 
The animals were anaesthetized by inhalation using 262 
diethyl ether and sacrificed, skin specimens were 263 
taken from the wound area with the surrounding 264 
normal skin. Skin samples were collected and cleaned 265 
properly from connective tissue and stored in 10% 266 
neutral buffered formaldehyde. Then tissues were 267 
dehydrated, cleared in xylol, and then embedded in 268 
paraffin blocks and sectioned (4∼5 μm thickness) 269 
were prepared using microtome. Finally, skin sections 270 
were stained with haematoxylin and eosin (H&E) 271 
stain and Masson’s trichrome. Then examined under 272 
light microscope. Sections were assessed for, collagen 273 
maturation, angiogenesis and epithelialization 274 
(Bancroft and Layton,2013). 275 
2.3.5.5. Immunohistochemically study  276 
For detection of the cytokeratin intermediate filaments 277 
on keratinocytes. The deparaffinized and rehydrated 278 
Sections were treated with 0.01m citrate buffer (pH 279 
6.0) for 10min and heated twice in a microwave oven 280 
to unmask antigens. To abolish endogenous 281 
peroxidase activity sections were incubated in 0.3% 282 
hydrogen peroxide for 30min Slides were incubated 283 
with the primary antibody (1: l500 monoclonal mouse 284 
anticytokeratin) (Dako Biotechnology, Denmark) for 285 
2h, then washing, then incubated with biotinylated 286 
secondary antibodies (ABC kit, 1: l200) and then with 287 
the avidin–biotin complex. Slides were counterstained 288 
for 1 min with Mayer’s hematoxylin, and dehydration, 289 
clearing, and mounting were carried out to be 290 
examined under light microscope. Keratinocytes 291 
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containing cytokeratin appeared brown, whereas 292 
nuclei appeared blue in color ( Shivananda et al.2006). 293 
2.3.5.6.  Morphometric study 294 
a. Epidermal total thickness and the number of 295 
fibroblasts were estimated in H&E-stained sections. b. 296 
The area percentage of the collagen fibers in the 297 
dermis was estimated in Masson’s trichrome-stained 298 
sections. c. cytokeratin intermediate filaments 299 
expression. All above were quantified in in five non 300 
overlapping fields from ten different sections for each 301 
group at × 400. by using Image-Pro Plus program 302 
version 6.0 (Media Cybernetics Inc., Bethesda, 303 
Maryland, USA) in the Histology Department, Faculty 304 
of Medicine, Benha University which consisting of a 305 
microscope equipped with a high resolution video 306 
camera. 307 

sStatistical Analysi 7.52.3. 308 
Data were collected and analyzed as means ± SD for 309 
eight rats in each group. Statistical comparison was 310 
performed using one-way analysis of variance 311 
(ANOVA) followed by Tukey’s Multiple Comparison 312 
test using SPSS statistical version 16.0 software 313 
package (SPSS® Inc., USA). Values were considered 314 
statistically significant when p<0.05.  315 
RESULTS 316 
Dermal Irritation Study: 317 
Showed negative signs of dermal reaction towards the 318 
applied formulation, as, very slight erythema was 319 
observed only after 24 hrs. of application, and this 320 
erythema was disappeared after 48 hrs. No edema was 321 
observed in any treated rats 322 
Wound Surface Area (WSA): 323 
The representative photographs of the wound for 324 
treated animals of each group taken at different time 325 
intervals are given in Figure (1). 326 
The effect of different treatments on excision wound 327 
model in diabetic rats are given in Table (1) and 328 
Figure (2). The obtained results revealed a significant 329 
reduction in wound surface area during treatment 330 
period (21 days) within all three groups. The topical 331 
application of resveratrol ointment significantly 332 
(p<0.05) decreased the wound surface area compared 333 
to the control diabetic group. After the first week of 334 
treatment, the mean value of WSA in test group was 335 
about (374.81 ± 4.13) and it was (259.21 ± 5.78) for 336 
reference group while it was (244.18 ± 4.67) for 337 
control group. While, at the end of the experiment, 338 
after 21 days of treatment, the mean value of WSA in 339 
test group was about (00.00 ± 0.00) and it was (05.39 340 
± 1.61) for reference group while it was (152.60 ± 341 
7.11) for control group. From the results, it is clear 342 
that only rats treated with topical resveratrol 343 
formulation showed complete healing of the wound 344 
(WSA = 00.00) at the end of experiment. 345 
Rate of healing studies: 346 

The results of wound healing are shown in Table (2) 347 
and Figure (3). The results demonstrate that, the 348 
percentage of healing in diabetic group was 349 
significantly lower than those of treated groups. 350 
After the first week of treatment, the mean value of 351 
healing rate in test group was about (52.22±0.91), and 352 
it was (52.52±2.07) for reference group while it was 353 
(26.05±0.81) for control group. Analysis of results by 354 
one-way ANOVA revealed that there was statistically 355 
significant difference between group the test and 356 
reference groups compared to the control group as (P 357 
values < 0.05, but the difference was not significant 358 
between the test and the reference group (p>0.05). 359 
At the end of the experiment, after 21 days, rats 360 
treated either with topical resveratrol or reference 361 
topical formulation showed nearly complete healing 362 
of the wound with healing rate about (100.0% ±0.00) 363 
and (98.94±0.32) respectively, while the healing rate 364 
mean for animals in the control group was 365 
(69.89±1.40). These results showed that wound 366 
closure and healing were accelerated in diabetic rats 367 
treated topically with resveratrol and the reference 368 
formulation compared with control diabetic rats. 369 
The mean period of epithelialization in control 370 
diabetic rats cannot be calculated as the healing was 371 
not complete, where it was (19.53±0.61) and 372 
(18.63±0.54) days for animals in reference and test 373 
groups respectively. As results showed in Table (2), 374 
the difference was not significant between the 375 
reference and the test group (p>0.05).  376 
Biochemical analysis 377 
Blood Glucose Level: 378 
Blood glucose level was determined at the time of 379 
creation of the wounds and after treatment every 1,2 380 
and 3 weeks. The obtained results for blood glucose 381 
level throughout the experiment period are shown in 382 
Table (3). The results revealed that the diabetic rats in 383 
the three groups exhibited significant elevation 384 
(p<0.001) in the glucose levels compared to the 385 
normal non-diabetic rats. Results also revealed that, 386 
blood glucose levels were not significantly (p>0.05) 387 
decreased upon treatment with either topical 388 
resveratrol or the reference drug compared to control 389 
group. 390 
-Anti-oxidant activity: 391 
The enzymatic assays for antioxidants during wound 392 
healing processes in skin tissues are shown in table (4) 393 
and figures (4-7). 394 
The wound tissue from diabetic rats showed 395 
decreased extracellular SOD activity as compared to 396 
non-diabetic rats. Treatment of diabetic rats with 397 
resveratrol or the reference drug showed significant 398 
(p<0.05) increase in the SOD levels. Similar results 399 
were obtained for both CAT and GSH parameters. 400 
On the other hand, diabetic non-treated rats, showed 401 
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elevated levels of LPO, which is a marker for lipid 402 
peroxidation, compared to normal control non-403 
diabetic rats. Treatment of diabetic rats with 404 
resveratrol or the reference drug showed significant 405 
(p<0.05) decrease in the LPO levels. The results for 406 
antioxidant activity of resveratrol indicate potent 407 
antioxidant activity through decreasing lipid 408 
peroxidation, and increasing the levels of reduced 409 
glutathione (GSH), SOD and CAT activities. This 410 
validates the potent wound healing activity of 411 
resveratrol.  412 

     Histological results: 413 
Hematoxylin and eosin stain:  414 
Group I: Sections of control un-wounded skin (-ve 415 
control G) revealed a normal histological structure of 416 
the skin of two basic layers: the epidermis and the 417 
dermis. The epidermis appeared stratified squamous 418 
keratinized epithelium resting on a wavy basement 419 
membrane with four distinct cell layers: stratum 420 
basale (columnar cells), stratum spinosum (polyhedral 421 
cells), stratum granulosum, plus and on the top there is 422 
superficial noncellular acidophilic horny layer 423 
(stratum corneum). The epidermal-dermal junction 424 
showed many dermal papillae. The underlying dermal 425 
layer contained thin superficial papillary layer with 426 
connective tissue and thick deep reticular layer with 427 
dense connective tissues and collagen fibers, the 428 
epidermal appendages (hair follicles & sebaceous 429 
gland) were seen in dermis (Fig.8 A.B). While in 430 
diabetic group without any treatment (control 431 
positive), skin specimens showed loss of covering 432 
epidermal layer (wound area after 7 days) (Fig.9A). 433 
There is granulation tissue entangling mononuclear 434 
inflammatory cells and congested blood vessels filling 435 
the wound gap in the untreated diabetic group after 436 
2weeks of wound (Fig.9B). While in three weeks’ 437 
post wounding the wound showing loss of the 438 
epidermal bridges and presence of inflammatory cells 439 
and keratocytes migration (Fig.9C). In the test group 440 
(treated with resveratrol) there is an epidermal tongue 441 
seen growing from the wound with scab and decrease 442 
of granulation tissue in 1st and 2nd week and was 443 
appeared more vascular with deposition of collagen 444 
fibers and presence of hair follicles (Fig. 10 A, B) the 445 
wound totally covered with epidermis and apparent 446 
normal after 3 weeks of wound (F.10 C). While in 447 
reference drug treated group the wound totally 448 
uncovered with epidermis in 1st week (Fig.11A) and 449 
after 2nd and 3rd weeks the wound covered with very 450 
thin epidermis that showed vacuolated and 451 
degenerated keratocytes cells with little deposition of 452 
collagen fibers in dermal layer in contrast to the 453 
control normal skin (Fig.11B, C). 454 
-Masson’s trichrome stain: 455 

In the specimen of the normal skin of control group 456 
revealed in the papillary layer of the dermis thin 457 
interlacing bundles of collagen fibers, while coarse 458 
collagen fibers in the reticular layer (Fig. 12A). In 459 
diabetic untreated group, the collagen fibers in the 460 
dermis were disorganized at the wound edge. (Fig. 461 
12B). In the test resveratrol group an apparent 462 
increase in collagen content in the papillary dermis 463 
was seen (Fig. 12C), while in the reference group, 464 
there are less collagen fiber in the dermis compared 465 
with the control skin (Fig. 12D). There was a 466 
significant increase in the collagen content of the 467 
papillary dermis in the reference group wound after 7 468 
days compared with the untreated diabetic wound at 469 
the same periods (Table 5).  470 
-Immunohistochemically staining: 471 
 There were normal apparent of 472 
immunohistochemically staining of cytokeratin 473 
intermediate filaments in the keratocytes cells of the 474 
epidermis (Fig.13A). In diabetic control group without 475 
any treatment, epidermal cells showed loss of 476 
immunohistochemically staining of cytokeratin 477 
intermediate filaments (Fig.13B), whereas in the test 478 
group the immunohistochemically staining of 479 
cytokeratin intermediate filaments   appeared increase 480 
as in normal skin (Fig. 13C). There is less the 481 
immunohistochemically staining of cytokeratin 482 
intermediate filaments in the epidermal cells 483 
compared with the control skin (Fig. 13D). 484 
-Morphometric results:  485 
a. The thickness of the epidermis showed a significant 486 
decrease in the un treated diabetic group (P < 0.01) 487 
whereas that of the test group showed a significant 488 
increase in the untreated diabetic group (P < 0.01) 489 
with a non-significant change (P > 0.05) in reference 490 
group (Table 5). 491 
b. The area percentage of collagen fibers was 492 
significantly decreased (P < 0.01) in the untreated 493 
diabetic group (group IIA) and not significantly 494 
changed (P > 0.05) in the test group (group IIB) as 495 
compared with that of the control group (Table 4). 496 
The mean area percentage of collagen fibers was 497 
43.32 ± 1.12% in the control group compared with 498 
40.23 ± 1.15% in the test group, which was 499 
statistically significant (P=0.02). (Table 6). 500 
c. The area percentages of cytokeratin intermediate 501 
filaments expression was 18.72 ± 0.3% in the 502 
resveratrol -treated group compared with 20.77 ± 0. 503 
33% in the control-ve group. The difference in area 504 
percentages of cytokeratin intermediate filaments 505 
expression between the two groups was statistically 506 
significant (P<0.001). The area percentage of 507 
cytokeratin intermediate filaments expression was 16. 508 
13 ± 0.56% in the Mebo-treated group compared with 509 
20.77 ± 0. 33% control –ve group. Expression of 510 
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cytokeratin intermediate filaments was statistically 511 
significant in the control +ve group compared with the 512 
control- ve group (P<0.001) (Table 7). 513 

Discussion 514 
Wound healing is the process in which a 515 

affected tissue is restored its normal structure and it 516 
depends mainly on both; the repairing ability and the 517 
general health state of the tissue (Kasuya et al.2014). 518 
In diabetic wound conditions, impairment of healing 519 
occurs as a result of ischemia, excessive production 520 
of reactive oxygen species (ROS), and inflammatory 521 
mediators (Santram and Abhay.2013). High blood 522 
glucose levels may lead to occlusion of capillary 523 
vessels as a consequence for endothelial damage as 524 
well as hyperglycemia-induced leukocyte dysfunction 525 
and phagocytosis (Gowda et al .2013). In 526 
experimental diabetic wound, healing process is 527 
characterized by delayed cellular infiltration, 528 
impaired granulation tissue formation, decreased 529 
collagen deposition, and increased epithelialization 530 
time (Vidinskýet al. 2006). 531 

In our study an excision a full-thickness 532 
wound model was employed for the assessment of 533 
wound healing effect of topical formulation of 534 
resveratrol. In this study, the healing of skin wounds 535 
was significantly delayed in diabetic rats, and this 536 
may be attributed to the high blood glucose levels, 537 
where, it delayed cellular infiltration through 538 
abnormal physiological response. In the present study, 539 
there is delayed wound healing in untreated diabetic 540 
rats when compared with treated animals as naked 541 
eye examination of the wound surface area after 7 542 
and 14 days revealed that incomplete closure of the 543 
wound. The epithelization time is an important factor 544 
that can be used to assess the wound healing process. 545 
In the diabetic control animals, epithelial 546 
reorganization process was very slow compared to 547 
that of the treated animals. The obtained results show 548 
that topical application of resveratrol clearly 549 
enhanced wound healing from the first stage, and this 550 
effect can be attributed to its known angiogenic and 551 
mitogenic potential. 552 
Also, histological examination of tissue samples 553 
showed loss of the epidermis and dermis which 554 
suggested a delayed wound healing stated by some 555 
authors (Tse et al.2003) and the wounded areas of the 556 
untreated group (group I) did not show complete 557 
closure till the end of experiment with presence of 558 
wound scab and keratocytes migration.These above 559 
data were observed by several studies that explained 560 
the presence of scab filled with inflammatory cells 561 
and keratinocyte migration beneath the scab from 562 
thickened epidermis on the second day, but the whole 563 
wound was covered only after 14 days (Vidinskýet al. 564 
2006). 565 

The percentage of collagen fibers of the same group 566 
increased progressively in an irregular manner and 567 
this results are in agreement with results obtained by 568 
Gal et al. 2006, who noticed an increase in 569 
proteoglycans, glycoproteins, and collagen 570 
synthesized by fibroblasts one week after wounding 571 
(Medina et al.2005).  In diabetic patient the delayed 572 
healing occurs as result of poor neovascularization, 573 
decreased growth factors, with failure of migration of 574 
keratocytes and so failure of reepithelialization and 575 
wound closure (Asai et al.2006). While other study 576 
revealed decreased cellular infiltration and delayed 577 
collagen fiber formation and reorganization 578 
(Pattanayaka et al.2008).  579 
Our study, showed that the wound of resveratrol 580 
treated rats had highly improvement effects in wound 581 
healing as increase granulation tissue formation, 582 
angiogenesis, epithelialization, keratinization, 583 
restoration of hair follicles, and collagen fibers 584 
deposition with prominent increase in cytokeratin 585 
immunohistochemical staining. This results are in 586 
agreement with results obtained in a previous study 587 
which demonstrated that the thickness of the newly 588 
formed epidermis was not similar to intact epidermis 589 
(Alfars,2009).  In our study there are regularly 590 
appearing of collagen fibers in the dermis and this as 591 
the results of other experimental studies (Rastogi et 592 
al.2006). Our study revealed that there is mild 593 
positive reaction for cytokeratin 594 
immunohistochemical staining in the skin of the 595 
untreated diabetic group and this is due decrease 596 
kertaocytes formation as they produce cytokeratins 597 
for protection and providing mechanical support to 598 
the cells (Maruyama et al.2007). The mechanical 599 
support of keratins is the ability to flexible easily to 600 
resist as well as softness, strength, self-repair 601 
(Wagner et al.2007). 602 
Flavonoids have astringent and antimicrobial 603 
property which lead to accelerate the wound healing 604 
process and so wound closure (Hesham et al.2014). 605 
Oxidative stress, originated from over production of 606 
reactive oxygen species (ROS), may lead to 607 
cytotoxicity and delayed wound healing, therefore, 608 
elimination of ROS may be a key strategy for chronic 609 
wounds healing (Mikhalchik et al.2006). The 610 
antioxidants have been reported to hasten wound 611 
healing by decreasing the free radicals (Weindl et 612 
al.2004). Results in this study on the antioxidants 613 
revealed that topical resveratrol had significant 614 
antioxidant activity which is directly expressed as 615 
decrease in inflammation and oxidative damage and 616 
enhancing the healing process.  617 
Flavonoids have been estimated to exert several 618 
biological effects on collagen synthesis process, as 619 
enhancing collagen synthesis, promoting the collagen 620 
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fibers cross-linking, decreasing soluble collagen 621 
degradation in addition to acceleration of the 622 
conversion of soluble collagen into insoluble collagen 623 
(Inan et al.2006). Collagen- major protein of the 624 
extracellular matrix- imparts strength to wound. 625 
Breakdown of collagen results in free hydroxyproline 626 
and its peptides, therefore, hydroxyproline content 627 
has been used as an index for collagen turnover. High 628 
content of collagen in the excision wound is a clear 629 
indicator for faster collagen turnover which 630 
accelerates wound healing process (Medina et 631 
al.2005).  632 

Resveratrol has been demonstrated to have a 633 
significant enhancing effect on skin fibroblast 634 
proliferation in addition to its anti-collagenase 635 
activity. It also promotes maturation of mesenchymal 636 
stem cells in adipose tissue in a dose-dependent 637 
scheme (Giardina et al. 2010). Furthermore, 638 
flavonoids are known to decrease lipid peroxidation 639 
through improving vascularity and decreasing the 640 
onset of cell necrosis. Therefore, drugs which reduce 641 
lipid peroxidation are thought to enhance the collagen 642 
fibrils viability by increasing the collagen fibers 643 
strength, increasing the circulation and preventing the 644 
cell damage (Das and Kuntal.2013). 645 

The main valuable pharmacological effect of 646 
resveratrol which may be directly affect wound 647 
healing is attributed to its inhibitory activity on 648 
matrix metalloproteinases (MMPs) which play the 649 
key role in diabetic wound healing, where, these 650 
enzymes promote collagen and other extracellular 651 
matrix of the skin degradation (Lobmannet al.2002). 652 
High level of MMP-8 and MMP-9 in diabetic wounds 653 
revealed a negative sign of wound healing process 654 
(Muller et al.2008).  655 

The obtained data from biochemical, 656 
histopathological and immunohistochemical studies 657 
in the present study are in line with the regular 658 
findings of normal wound healing phases, and this 659 
results are similar to that obtained from other studies 660 
using different natural constituents for treatment of 661 
excision wound in diabetic rats (Pillai et al.2010) 662 
Conclusion 663 
 In conclusion, the observation and results obtained 664 
from the present study indicated that topical 665 
resveratrol possesses a powerful modulating effects 666 
on wound healing, as it promotes wound healing by 667 
reepithelization and regular collagen fibers synthesis. 668 
This study confirms the promising wound healing 669 
activity of topical resveratrol in diabetic animals, and 670 
deserve for more investigations on the scale of 671 
cellular level in future and further studies may be 672 
required to determine the underlying mechanisms 673 
through which resveratrol affects wound healing and 674 

other body system to establish resveratrol as a 675 
potential candidate for clinical settings. 676 
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Table 1: Effect of different treatments on Wound Surface Area by excision wound model. 991 
   992 

Post-wounding 

(days) 

Wound Surface Area (mm2) (mean±SD)  

Control positive  

(diabetic group ) 

Reference Mebo 

ointment (0.25%, 

w/w) 

Resveratrol ointment  

(0.5%, w/w) 

0 506.86 ± 4.82 507.36 ± 9.59 511.06 ± 9.28 

7 374.81 ± 4.13  259.21 ± 5.78**  244.18 ± 4.67**  

14 264.06 ± 7.76  50.82 ± 2.88**  37.60 ± 3.08**  

21 152.60 ± 7.11  05.39 ± 1.61**  00.00 ± 0.00**  

Control Group (IIB) 
Reference Group Test Group 

2 Hours  

pre-treatment 

1 Week  

post-treatment 

2 Weeks  

post-treatment 

3 Weeks  

post-treatment 

Figure (1): Examples of captured photographs by digital camera providing 

comparative images for wounds in different groups pretreatment and after 

(1st), (2nd), and (3rd) weeks of treatment.   
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Results are expressed as mean±SD.  993 
**significantly different compared to control group (p<0.05) 994 
ns not significantly different compared to reference group (p>0.05) 995 
 996 
 997 
 998 

 999 
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 1022 
 1023 
 1024 
 1025 
 1026 
 1027 

 1028 
Table (2): Comparison of wound contraction (healing rate) and epithelialization period after different 1029 
treatments. 1030 

Post-wounding 

(days) 

Percent wound contraction % (Healing Rate %) (mean±S.E.)  

control positive 

(Diabetic G ) 

Reference Mebo 

ointment (0.25%, 

w/w) 

Resveratrol ointment  

(0.5%, w/w) 

0 0 0 0 

6 26.05±0.81 52.52±2.07** 52.22±0.91** 

14 47.90±1.53 89.98±0.57** 92.64±0.60**,ns 

21 69.89±1.40 98.94±0.32** 100.00±0.00**,ns 

Epithelialization 

period (days) 
Incomplete 19.53 ± 0.61 18.63 ± 0.54 

Results are expressed as mean±SD (n=8).  1031 
**significantly different compared to control group (p<0.05) 1032 
ns not significantly different compared to reference group (p>0.05) 1033 
 1034 
 1035 
 1036 
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Treated Group 

Figure (2): Effect of different treatments on Wound 

Surface Area within each group at different treatment 

phases. 
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 1037 
 1038 
 1039 
 1040 
 1041 
 1042 
 1043 
 1044 
 1045 
 1046 
 1047 
 1048 
 1049 
 1050 
 1051 
 1052 
 1053 
 1054 
 1055 
 1056 
 1057 
 1058 
 1059 
 1060 
 1061 
 1062 
 1063 
Table (3): Comparison of fasting serum glucose (mg/dl) mean values after (1st, 2nd and 3rd weeks) between 1064 
groups.  1065 
 1066 
 1067 
 1068 
 1069 
 1070 
 1071 
 1072 
 1073 
 1074 
 1075 
 1076 
 1077 
 1078 
 1079 
 1080 
Results are expressed as mean±SD. 1081 
. *** Significant difference compared to normal control group (p<0.001).  1082 
ns not significantly different compared to diabetic control group (p>0.05) 1083 
 1084 
Table (4): Effect of different treatments on different biochemical parameters of tissues from diabetic wound. 1085 

Parameter 

LPO  

 (nmoles/mg 

protein) 

GSH 

(µmol/50mg 

tissue) 

Catalase 

(µmol/50mg 

tissue) 

SOD  

(µg/50 mg) 

tissue 

Normal Control 

group (NC) 
0.53±0.02 26.65±0.55 37.51±1.82 34.95±0.78 

Control Diabetic 6.66 ± 0.25 10.72±0.42 16.83±0.31 10.89±0.38 

Mean ± SD 1st week 2nd week 3rd week 

Normal Control group 

(NC) 
96.64±2.72 95.68±5.40 91.13±2.96 

Control Diabetic group  

(group IIA  ) 
395.35±5.21*** 388.46±5.05ns,*** 367.99±5.93ns,*** 

 Mebo ointment (0.25%, 

w/w) (Reference group 

IIB)  

392.11±3.24*** 381.20±6.88ns,*** 360.13±7.31ns,*** 

Resveratrol ointment  

(0.5%, w/w) (Test group 

IIC)  

394.07±4.21*** 377.85±6.79ns,*** 356.83±7.45ns,*** 

P value < 0.001 < 0.001 < 0.001 

Treatment Period (Weeks) 

W
o
u

n
d

 

C
o
n
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a
ct
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n

 (
%

) 
 

Figure (3): Effect of different treatments on Wound Healing (%). 
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group  (IIA ) 

 Mebo ointment 

(0.25%, w/w) 

(Reference group 

IIB)  

1.75 ± 0.13** 20.40±0.63** 24.79±0.90** 22.28±0.76** 

Resveratrol 

ointment  

(0.5%, w/w)  

(Test group IIC)  

0.78 ± 0.05**, *** 26.48±0.51**, *** 34.35±0.65**, *** 28.47±0.91**, *** 

 1086 
Results are expressed as mean±SD (n=8).  1087 
***significantly different compared to control group (p<0.001) 1088 
**significantly different compared to reference group (p<0.05) 1089 
ns not significantly different compared to reference group (p>0.05) 1090 
 1091 
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Figure (4): Effect of different treatments on LPO parameter. 

(n
m

o
le

s/
m

g
 p

ro
te

in
) 

http://www.lifesciencesite.com/


LSJ       http://www.lifesciencesite.com                         (1)   232026;Life Science Journal  

 

39 

 1132 
 1133 
 1134 
 1135 
 1136 
 1137 
 1138 
 1139 
 1140 
 1141 
 1142 
 1143 
 1144 
 1145 
 1146 
 1147 
 1148 
 1149 
 1150 

    1151 
 1152 
 1153 
 1154 
 1155 
 1156 
 1157 
 1158 
 1159 
 1160 
 1161 
 1162 
 1163 
 1164 

Table (5): showing the mean epidermal thickness (mean ± SD) in the different groups compared with control-1165 
ve group. 1166 

Groups 
Control (-ve) 

group 
Diabetic group   

Resveratrol 

ointment 

(0.5%, w/w)  

 

Mebo ointment 

(0.25%, w/w)  

week post wound st1 39.79± 9.11 11.21 ± 1.21 24.23±0.12 19.96 ± 0.18 

week post wound nd2  15.94± 0.21 31.12±0.82 28.25 ± 1.51 

week post week rd3  20.89 ± 0.34 38.19±0.15 32.73 ± 1.82 

Significance  S S NS 

SD = standard deviation             S = Significant      NS = Significant       1167 
 1168 
 1169 
 1170 
 1171 
 1172 
 1173 
 1174 
 1175 
 1176 
 1177 

Figure (7): Effect of different treatments on SOD parameter. 
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 1178 
 1179 
 1180 
 1181 
 1182 
 1183 
 1184 
 1185 
 1186 
 1187 
 1188 
 1189 
 1190 
 1191 
 1192 
 1193 
 1194 
 1195 
 1196 
 1197 
 1198 
 1199 
 1200 
 1201 
 1202 
 1203 
 1204 
 1205 
 1206 
Table (6): The mean area percentage of collagen fibers in the different groups studied. 1207 

Groups 
Control (-ve) 

group 
Diabetic group  

Resveratrol 

ointment 

(0.5%, w/w)  

Mebo ointment 

(0.25%, w/w)  

week post wound st1 43.32 ± 1.12 10.11 ± 0.21 37.23 ± 2.05 29.34 ± 0.19 

week post wound nd2  18.14±0.41 39.19 ± 0.45 34.28 ± 0.13 

week post week rd3  26.79 ± 0.48 40.23 ± 1.15 37.31 ± 0.62 

Significance  S S NS 

SD = standard deviation             S = Significant      NS = Significant       1208 
 1209 

Table (7): Showing The area percentage of cytokeratin intermediate filaments expression in-positive cells, SD 1210 
e compared with control-ve group. 1211 

Groups 
Control (-ve) 

group 

Diabetic group 

  

Resveratrol 

ointment 

(0.5%, w/w)  

Mebo ointment 

(0.25%, w/w)  

week post wound st1 20.77 ± 0. 33 9.12 ± 1.09 15.03 ± 0.15 14.39 ± 2.84 

week post wound nd2  11.04±2.91 16.18 ± 0.98 15.26 ± 1.19 

week post week rd3  12.39 ± 2.08 18.72 ± 0.30 16. 13 ± 0.56 

Significance  S s NS 

SD = standard deviation             S = Significant      NS = Significant       1212 
 1213 
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Figure (5): Effect of different treatments on GSH parameter. 
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 1214 
 Figure (8). A keratinized stratified squamous epithelium of skin epidermis (e) in skin from a control rat (group I). 1215 
The dermis (d) with upper thin papillary layer (p) and basal thick reticular layer (r).  Apparent epidermal–dermal 1216 
junction (arrow) with hair follicles (f). Above magnify photo showing the layers of the epidermis: stratum basale (B), 1217 
stratum spinosum (S), stratum granulosum (G), and stratum corneum with keratin (K). H&E × 200. (B) H&E × 400. 1218 
 1219 

A) B)  1220 

C)  1221 
Figure (9). (A) Photomicrographs of skin wounds from a control +ve rats (IIA) showing loss of the epidermis at the 1222 
site of the wound defect (arrow). (B)  Two weeks’ post wounding the wound showing granulation tissue filled the 1223 
wound gap and creeping epithelium filling the defect (arrow). Note that granulation tissue is formed of fine fibrous 1224 
material entangling mononuclear inflammatory cells and containing congested blood vessels (G). three weeks’ post 1225 
wounding the wound showing loss of the epidermal bridges(E) and presence of keratocytes migration with 1226 
inflammatory cells (arrow). H&E × 200. 1227 
 1228 
 1229 
 1230 
 1231 
 1232 
 1233 
 1234 
 1235 
 1236 
 1237 
 1238 
 1239 
 1240 
 1241 
 1242 
 1243 
 1244 
 1245 
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 1246 

A) B)  1247 
C) 1248 

 1249 
Figure (10). (A) Photomicrographs of skin wounds from group IIB (topical resveratrol formulation treated rats) 1250 
showing Discontinuity in the epidermis and it partially covering the wound with presence of skin tongue (arrow) 1251 
with underlying granulation tissue (G) (one-week post wound). Note that the granulation tissue appears more 1252 
vascular and more fibrous (V). (B) two -weeks post wound apparent increase in the epidermal epithelium (E) with 1253 
presence of wound scab (arrow). Note increase vascularization in dermis (V) (C) three -weeks post wound the 1254 
epidermis is totally covers most of the wound and an apparent increase in epidermal thickness (E) with presence of 1255 
epidermal ridges (arrow). Note the hair follicle (F).  (H&E × 200.) 1256 
 1257 
 1258 

A) B)  1259 

C)  1260 
Figure (11). (A) Photomicrographs of skin wounds from group IIC (topical mebo treated rats) showing loss in the 1261 
epidermis with scab (arrow) with no underlying granulation tissue (one-week post wound). (B) two weeks’ post 1262 
wound an apparent thinning out of the epidermis (arrow), loss of epidermal ridges, and dermal papillae as compared 1263 
with that of the control rats. The dermis shows less dense connective tissue fibers. (C)three weeks post wound the 1264 
epidermis completely cover the wound with loss of its ridges and vaculation of keratocytes (arrow). Note increase 1265 
connective tissue in dermal layer (D) (H&E × 200. 1266 
 1267 
 1268 
 1269 
 1270 
 1271 
 1272 
 1273 
 1274 
 1275 
 1276 
 1277 
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 1278 

A) B)  1279 

(C) (D)  1280 
Figure (12). A) A photomicrograph of a section of rat skin of the diabetic control group (group I) showing the 1281 
collagen fiber content in dermis. Thin collagen bundles are present in the papillary layer  of the dermis appear (P), 1282 
Notice that collagen fibers in the reticular dermis appear as coarse, wavy bundles (R). (B) A photomicrograph of a 1283 
section of rat skin of the diabetic group (group IIA) showing more collagen fiber content (c) and irregular 1284 
arrangement of collagen fibers at the wound area (arrow). (C) A photomicrograph at the skin of group IIB showing 1285 
regular arrangement of collagen fibers in dermis (arrow). (D) A photomicrograph at the skin of subgroup IIC 1286 
showing less collagen fiber content with irregular arrangment of them in dermis compared with control skin. (arrow). 1287 
Masson’s trichrome stain, × 400. 1288 
 1289 

 (A) (B)  1290 

(C) (D)  1291 
Figure (13). (A)A photomicrograph of a section of rat skin of the –ve control group showing the positive cytokeratin 1292 
intermediate filaments (brown color) in the epidermal cells (arrow) and around hair follicles (F). (B) A 1293 
photomicrograph of a section of rat skin of the diabetic group (group IIA) showing an apparent decrease in the 1294 
cytokeratin intermediate filaments in the epidermis (arrow) as compared with that of the control group. (C) A 1295 
photomicrograph at the skin of group IIB showing apparent increase in the cytokeratin intermediate filaments in the 1296 
epidermis (arrow) as compared with that of the diabetic un treated group. Note positive staining in hair follicle (F). 1297 
(D). A photomicrograph at the skin of group IIC showing apparent moderate increase in the cytokeratin intermediate 1298 
filaments in the epidermis (arrow) as compared with that of the diabetic untreated group. Cytokeratin 1299 
Immunohistochemical staining × 400 1300 
 1301 
 1302 
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