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ABSTRACT 

Wound healing is a fundamental response to tissue injury that results in restoration of tissue 

integrity. The present study was undertaken in Sprague dawley male rats to evaluate the healing 

efficacy of leaf extract of H. salicifolia (HS) and compared to reference control Povidine iodine 

(RC) and placebo control Propylene glycol (PC) using full thickness excised wound model. The 

optimum concentration of HS extract for topical application in excised wound healing was found 

to be 1% (w/w) on the basis of the percentage wound contraction measured at day 3, 6, 8 and this 

was further used for the detailed study. Animals were divided into three groups and were applied 

Propylene glycol, Povidine iodine solution, 1% (w/w) HS leaf extract once daily on the 4mm and 

8mm full thickness excised wounds. Percentage wound contraction measured after 2 days 

interval revealed that HS had significantly (p<0.05) faster reduction in wound on day 2, 4, 6, 8 in 

comparison to other groups. H. salicifolia showed significant anti-inflammatory response and 

angiogenesis. There were increased levels of endogenous enzymatic antioxidants (Catalase) and 

decrease in lipid peroxide levels in HS treated wound granulation tissue. The histological 

examination confirmed superior healing efficacy of the HS. H. salicifolia leaf extract was found 

to be superior for wound healing when compared to Povidine iodine. 
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INTRODUCTION 

Wound healing is an important biological process involving tissue repair and regeneration. A 

wound is described as ‘a break in the continuity of tissue, from violence or trauma’ and is 

regarded as healed if there is a restoration of the wounded or inflamed tissue to normal condition 

(Taber, 1965). Wound healing can be classified into any of three types – healing by first 

intention, healing by second intention or healing by third intention, depending on the nature of 

the edges of the healed wounds. There are four distinct stages involved in wound healing namely 

– inflammatory stage, debridement stage, proliferation stage and maturation/remodeling stage 

(Thomas, 1997). Certain factors that influence wound healing include bacterial infection, 

nutritional deficiency, drugs, sterility, obesity, movement of wound edges, site of wound, and 

wasting diseases (Kart etal. 1995). Several drug classes have been used in the management of 

wounds. Among these are the antibiotics Penicillin and streptomycin have been widely employed 

in combating post- operative infections in man and animals (Gyang, 1986). The antibiotics are 

chosen based on their ability to destroy or inhibit the growth of pathogenic organisms, while the 

tissue is left unharmed. Recently, the use of antibiotics has got lot of criticism due to adverse and 

unwanted results (Botsoglou et al. 2001) such as undesired residue in animal products viz. meat, 

milk or eggs, residua in tissues, long withdrawal period, and development of resistance in 

microorganisms, allergies, genotoxicity and harmful effects on human health by development of 

microbial resistance to specific products. The plant has got tremendous potential for therapeutic 

utilization in human and veterinary medicine, as it is reported to possess many bioactive 

substances (Risto and Baoru 2003). Seabuckthorn (Hippophae sp.) is one among the widely 

known important medicinal plants. The chemical composition of Indian variety of seabuckthorn 

H. salicifolia has also been studied (Ambaye and Indap 1970). Seabuckthorn leaves have been 

found to be effective in wound healing (Gupta et al. 2006), a number of steroids, flavonoids and 

vitamins (particularly Vit. E and Vit. K) found in seabuckthorn were thought to be responsible 

for its versatile pharmacological activities as anti-inflammatory (Zang et al. 1988 and Gupta et 

al. 2006), chemical and physical burn wound healing activity antigastroulcerative activity, 

antimicrobial activities (Nikulin et al. 1992), Present study was designed to see the efficacy of 

H.salicifolia for their potential in soft tissue healing using full thickness dermal excision wound 

model in rats. 
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MATERIALS AND METHODS 

The study was conducted in the Department of Veterinary Pathology, College of Veterinary and 

Animal Sciences, Palampur, HP, India. 

Preparation of hydro-alcoholic extract 

The leaves of seabuckthorn were collected from the hilly regions of Kukumseri Distt. Lahaul 

(HP). 100g dried leaves were ground to fine powder and soaked in 800ml water-ethanol mixture 

(1:1v/v) for 24 hrs at room temperature with intermittent shaking. The supernatant was filtered 

using fine muslin cloth followed by Whatman filter paper no.41.The filterate was concentrated  

into semisolid form using vacuum evaporation (Rota Vap, Bucchi). The contents were freeze 

dried using lyophilizer (Lyoplus) in a round bottom flask for 4-5 hrs until dark brown crystalline 

form was achieved.  

Experimental Design 

Sprague Dawley male rats (200-250g weight) were procured from National Institute of 

Pharmaceutical Education and Research (NIPER), Mohali, Punjab. All the experimental 

procedures were performed according to the guidelines of Institutional Animal Ethical 

Committee (IAEC).  Animals were housed in polypropylene cages with autoclave sterilized rice 

husk and paper shredding as a bedding material. 

Full thickness aseptic excision wounds of 4mm size in the front and 8mm size in the rear were 

created on either side of the dorsal midline of the body (Gal et al.2008 and Gupta et al. 2006). 

The animals were anaesthised using intra peritoneal injection of combination of Ketamine@60 

mg per kg and Xylazine @ 5 mg per kg body weight. Biopsy punch of 4mm and 8mm size 

applied to make wound on the skin on both sides. 

Standardization of the dose  (Pilot study) 

The experimental rats were divided into 9 groups with one rat in each group. A range of various 

doses from 0, 0.25, 0.50, 1.0, 2.0, 2.5, 5.0, 7.5 and 10.0% were tested for optimization of the 

dose. Dosing volume of 20µl of various treatments was applied once in a day. At least 4 readings 

were obtained from each animal and the dose was decided on the gross examination basis 
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depending on the percent wound contraction calculated on day 3, 6, 8 to assess the progressive 

rate of contraction (Gupta 2006 and Upadhyay 2009). 

Wound healing potential of H. salicifolia 

The wound healing efficacy of seabuckthorn plant H. salicifolia (HS) was evaluated and 

compared with the placebo control (PC) containing Propylene glycol and reference control (RC) 

Povidine iodine. 54 rats were divided into 3 groups of 18 rats in each group and were applied 

Propylene glycol (Placebo control PC), Povidine iodine solution (Reference control RC), 1% 

(w/w) HS leaf extract once daily on the 4mm and 8mm full thickness excised wounds. Six rats 

were sacrificed on day 2, 6, 14 post surgery (Gal et al. 2008). The rats were examined for any 

clinical and behavioral changes including body temperatures after surgery until 2 consecutive 

readings were obtained. The wound area was measured grossly on alternate day that is day 0, 

2,4,6,8,10,12,14 post excision. 

Histopathological analysis 

Histological assessment was done using semi-quantitative method (Gal et al. 2008) to evaluate 

following histolological processes and structures: reepithelization, polymorphonuclear 

leucocytes (PMNL), fibroblast, new vessels and new collagen and ratio of neutrophils and 

macrophages depending on their concentration in the granulation tissue and the surrounding 

tissue. Tissue sections were evaluated according to the scale: 0, 1, 2, 3 and 4 by two independent 

observations (Table 1). The excised tissues were collected in 10%neutral buffered formalin( 

NBF) for 72 hours and then processed by paraffin embedding technique for histological 

evaluation using routine Haematoxylin and Eosin stain as per the standard protocol (Luna, 

1968).Formalin fixed skin tissue samples were processed for collagen estimation using routine 

paraffin embedding technique for histochemical analysis of collagen by Van Gieson’s stain 

(collagen appeared red) and Masson Trichrome Stain (collagen appeared blue) (Luna 1968) and 

graded accordingly.  

Antioxidative profile 

The frozen granulation tissue samples collected at the time of sacrifice was weighed and diluted 

further to10 times with 5mM EDTA and 0.15M KCl solution (Upadhyay et al.2009) to obtain 
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10% homogenates using blade homogenizer. After homogenization 2ml of homogenate was 

centrifuged in Micro centrifuge at 5000 rpm for 20 minutes and the resultant supernatant was 

collected for and further used for LPO (Shafiq-Ul-Rahman,1984), catalase (Aebi 1983) and 

protein estimation (Henry and Winkleman 1974). 

Table 1: Histopathological criteria for evaluation of the histological sections  

 

PMNL: polymorph nuclear leukocytes; N: neutrophils; GT: granulation tissue; ST: surrounding tissue; DL: demarcation line; M 

Ø: macrophage 

Statistical Analyses 

Data generated during the study are expressed as mean ± Standard error. For dose 

standardization  statistical significant difference were analyzed using one way ANOVA followed 

by Dunnett’s test, using Graph Pad Software (San Diego, California, USA).For Wound healing 

efficacy statistical significant difference was analyzed using one way ANOVA followed by 

Duncan’s test (SAS software). For Histological parameters statistical significant difference 

analyzed using non parametric ANOVA followed by Krush Kal Wallis test using Graph Pad 

Software, (San Diego, California, USA). 

Micrometry 

Digital Olympus Camera (8.1 mega pixel) mounted on to a BX-40 Olympus microscope was 

used for microphotography. The exposure were done using LBD-IF (Natural) filter. The 

magnification bars were generated using micrometer scale. 

 

Scale  Epitheli-zation     PMNL  Fibroblast  New Vessels  Collagen  (N:MØ)  

   0  Thickening of cut edges  Absent  Absent  Absent Absent Only N  

   1  
Migration of cells 

(<50%)  

Few-mild 

ST/GT  
Mild ST  Mild ST  Minimal GT  N>MØ  

   2  
Migration of cells 

(>50%)  
Mild DL/GT  Mild GT  Mild GT  Mild GT  N=MØ  

   3  Bridging the excision  
Moderate 

DL/GT  
Moderate GT  Moderate GT  Moderate GT  N<MØ  

   4  Keratini-zation  Marked Dl/GT  Marked GT  Marked GT  Marked GT  Only MØ  
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RESULT  

Standardization of the dose (pilot study) 

The animals treated with 1.0% HS extract showed significant faster reduction in wound area on 

day 3 (75.00** ±6.76 mm²) and day 6 (88.50 ** ±3.14 mm²) post wound. While at day 8 HS 

extract showed 94.25±1.76 mm² wound contraction when compared to PG alone but the 

difference was not significant (table 2). The subsequent experiment was conducted using 1% 

(w/w) HS lyophilized leaf extract in PG. 

Wound Healing Efficacy 

Gross observations 

Visual signs of inflammation were not appreciable in any of the treated groups. At day 2 the 

borders of the wound were slightly raised and the wound cavity was completely covered by thick 

semidried scab with no exudation. The animals in HS group showed maximum and significant 

(P<0.05) wound contraction up to 42.33 %, showing significant difference over that of RC and 

PC group (Table 2). At day 4 and 6 HS groups showed significant wound contraction over PC 

and RC treated groups. While at day 8 wound gap was filled up to the extent of 90% in HS 

group. The wound contraction in HS group was significantly superior to all other groups. At day 

10 the wound gap was filled by more than 90% in all the groups. By day12 and 14 complete 

contraction of wound was noticed in all the groups and wounds HS animals showed detachment 

of scab in majority of its wounds suggestive of complete healing of underlying tissue. Grossly 

the PC and RC treated groups showed slow healing when compared with the HS treated groups 

group. Though the difference observed were not significant but a general trend of decrease in 

lipid per oxidation and increase in catalase concentration HS leaf extract treated groups was seen 

in granulation tissue. The leaf extract of seabuckthorn enhanced wound healing activity, which 

may be due to the increased antioxidant levels in the granulation tissue. The presence of 

antioxidants such as beta-carotene; ascorbate and vitamin E (alpha- tocopherol) in seabuckthorn 

must have contributed to reduction in levels of LPO and increases enzymatic antioxidants. 
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Table 2: Wound Contraction Percentage along various groups at different time intervals. 

Values are Mean ±standard error, Values having superscripts in common do not differ significantly (P≤0.05) 

Histopathological and Histochemical analysis       

2
nd

 day post treatment/excision: 

In PC group, the wound edge with adjacent healthy skin was distinct. There was heavy 

infiltration of polymorphonuclear leukocytes (PMNL). A few fibroblasts were evident migrating 

from the surrounding tissue and neo angiogenesis was evident in the deeper dermis in wound 

gap. The epithelium started proliferating from the wound edge and covered upto a quarter of gap 

(23.25%) except a few animals where thickening of the cut edges was observed. In RC group, 

wounds were more or less comparable to PC group. The epithelium also proliferated in all the 

cases but the extent remained more or less same (26%) as that of PC group. There was 

significantly higher proportion of infiltration with macrophages at the wound edges and new 

vessels in the deeper wound tissue in HS group than PC group. There was significantly higher 

proliferation of fibroblast and extent of epithelization (44.58%) in comparison to all other 

treatments. 

At 6
th

 day post treatment/excision  

In PC group, the epithelization completely bridged all the wounds except one. There was mild 

PMNL infiltration along demarcation line in the granulation tissue. The granulation tissue 

consisted of mild to moderate proliferating fibroblasts and new blood vessels.There were 

minimal unorganised collagen fibres. The average thickness of the proliferating epithelium was 

41.81µm. 

In RC group the epithelization was delayed as compared to PC group though the difference was 

not significant. The epithelium was not able to bridge three of the wounds and its average 

thickness was 36.67µm.The level of inflammation, fibroblast proliferation, collage fibres, new 

Group 
Day 2 

(N=18) 

Day 4 

(N=12) 

Day 6 

(N=12) 

Day 8 

(N=6) 

Day 10 

(N=6) 

PC 21.22
c 
 ±1.61 37.75

c
 ±3.38 55.08

b
 ±3.21 77.00

b
 ±4.21 94.33

a
   ±1.47 

RC 25.50
c
  ±1.71 40.16

c
 ±2.38 60.50

b
 ±2.89 79.83

b
  ±3.17 93.5

a
    ±2.01 

HS 42.33
a
  ± 2.18 56.00

a
   ±2.77 75.50

a
   ±2.26 90.66

a
   ±1.70 97.66

a
   ±0.42 
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blood vessels formation was comparable to PC group.  

The formation of granulation tissue was much advanced as compared to both the control groups 

as evident by significant fibroblast proliferation and collagen deposition in HS group. The 

proliferating epithelium in HS treated rat wounds fully bridged the gap in all the cases. The 

epithelization was significantly better than RC group both in terms of bridging the gap and its 

thickness (61.11µm). The granulation tissue in terms of neovascularization, extent of 

inflammatory reaction, fibroblast proliferation and collagen deposition was significantly better in 

HS group than control groups. 

14
th

 day post treatment/excision. 

At day 14 post excision the epithelium was fully mature with keratinization in all the treatment 

groups. However it was more thickened in RC group as compared to other suggesting delayed 

maturation in Povidine iodine treatment. There was no trace of inflammation in any of the 

treatments including control groups. The granulation tissue was more or less similar in all the 

groups. The granulation tissue remained more vascularised in HS group in comparison to RC 

group. Suggesting thereby slightly delayed fibroblasts maturation following HS treatment due to 

its higher vascularisation potential. 

Discussion 

The wound healing process is though complex, but follows a definite pattern of cellular and 

molecular events. Seabuckthron is known to contain many bioactive molecules including 

terpenoids and flavonoids, which might be responsible for anti-inflammatory activity as they 

have marked inhibitory effect on the platelet activating factor (PAF) responsible for acute 

inflammation (Zhang et al. 1998). The study suggests that the leaf extract of seabuckthorn 

enhanced wound healing activity, which may be due to the increased antioxidant levels in the 

granulation tissue. Presence of flavonoids could also be one of the contributing factors to wound 

healing potential of SBT leaf extract. A comparatively less pronounced inflammatory reaction in 

HS group might have been due to the anti-inflammatory and bacteriostatic properties of 

seabuckthorn (Zhang W et al. 1988) also due to biochemical constituents (flavonoids, tri-

terpines, betaine, vitamins and mineral elements) which enhance the healing process mainly due 

to high contents of flavonoids in the leaves (3.8-4.0 %), (Rasputina et al. 1975). The stronger 
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inflammatory reaction in the cutaneous wounds of RC group is due to the fact that betadine 

destroys fibroblasts and healing tissues (Lynne1999). It has been reported that the use of 

betadine in wounds slows healing and causes injury and death to the tissues (Ollie, 1999) besides 

cytotoxic damage (Rodeheaver 1989) and thus delays healing process. Anti-inflammatory effect, 

faster and better epithelization, increased vascularisation and more deposition of collagen fibres 

is indicative of better wound healing potential of seabuckthorn H.salicifolia. Better and quicker 

granulation tissue differention (collagen fibres and profuse vascularity) during the healing of the 

experimental skin wounds in rats following topical treatment using HS extract for a period of 10 

days indicating better healing properties. The less intense collagen deposition seen at day 14 as 

vascularisation was prominent in the HS group. Since as long as the collagen fibres are deposited 

and matured, the small blood vessels are progressively compressed, reducing their perimeter, so 

that the endothelial cells undergo apoptosis thereby reducing the vascularisation of scar 

(Ribeiro et al. 2009).  

Ianev et al. (1995) reported that in seabuckthorn group the epithelization is more intensive and 

occurs earlier, and granulation tissue differentiation (collagen fibers, profuse vascularity) is 

quicker, by comparison with other groups. Seabuckthorn fruit and seed oil preparation used in 

experimental healing of excised wounds in different species of animals were found to be leading 

to  lesser inflammatory reaction, faster wound contraction, earlier granulation tissue response and 

remodeling of the repair tissue (Gupta et al. 2006). 

CONCLUSION  

Most optimum concentration for excision wound healing in rats of the H. salicifolia leaf extract 

was found to be 1% (w/w) in propylene glycol I.P. H. salicifolia leaf extract was found to be 

superior for wound healing when compared to Povidine iodine. H.salicifolia showed anti-

inflammatory properties besides early induction of fibroblasts, angiogenesis and epithelization. 

H. salicifolia have antioxidant properties as shown by decrease in LPO and increase in catalase 

concentration. 
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