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INTRODUCTION

A wound is a break in the epithelial integrity of the skin, 
causing loss of cellular and anatomical or functional 
continuity of living tissues.[1] Proper restoration 
of disrupted anatomical continuity and disturbed 
functional status is achieved through three overlapping 
stages namely; inflammation, cellular proliferation and 
remodelling; but the healing process is complete upon 
knitting of disrupted surfaces with collagen.[2‑4] Moreover, 
in order to avoid tissue damage tissue perfusion and 
oxygenation, along with nutrition and moist wound 
healing environment are also required.[5] Therefore, the 
aim of wound healing studies is to shed light on factors 
influencing healing process, so that they could be either 
included or excluded in the clinical practice.[6]

Only 27% of respondents from poor households in 
low‑income countries who needed treatment for 
chronic conditions reported having received it.[7] Of 

the six million people suffering from chronic wound 
worldwide, Sub‑Saharan African and South Asian 
countries have high rate of wound infections due to 
lack of access to essential medicines. Given this fact 
and dependence of 80% of the world population upon 
traditional medicine to treat various skin diseases, the 
use of medicinal plants as alternatives cannot be over 
emphasised; since herbal medicines are easily available 
and affordable.[3,8]

Furthermore, research findings elucidate that one‑third 
of the traditional medicines in use are used for 
management of dermatological disorders, which 
is 10‑fold of the modern dermatological agents 
available.[9] There are also several reports confirming the 
use of medicinal plant extracts for wound healing.[2,9‑12] 
Except the study done on anti‑microbial activity and 
phytochemical content of Clematis longicauda steud ex A. 
Rich and Clematis burgensis Engl. leaves extracts, there 
are no previous studies done on biological activities of 
these plants.[13] Thus, this investigation is undertaken 
with the objective to evaluate the wound healing 
potential of these plants and affirm traditional claims.

MATERIALS AND METHODS

Plant Collection and Extraction
Leaves of Clematis longicauda steud ex A. Rich and 
Clematis burgensis Engl. were collected in October 2012 
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from Unquuree and Caala villages of Sekoru district, 
South‑western Ethiopia. The areas lie at an altitudinal 
range of 1693-1740 m above sea level and have a dry and 
hot climate with a mean annual temperature of 19.2° and 
annual rainfall that varies from 1300 to 1800 mm. Clay soil 
with a thin layer of humus top is the main soil type and 
evergreen montane thickets and shrubs are characteristic 
vegetation types of the area. Botanical identification was 
performed by taxonomy and ethnobotany specialist, and 
voucher specimen was stored in Regional Herbarium.

The collected leaves were washed in running tap water, 
shed dried, powdered and used for extraction. Seventy 
grams of powder was extracted using soxhlet apparatus 
with methanol (analytical reagent grade, Applichem GmbH, 
Germany). The extract was collected and concentrated 
under reduced pressure using rotary vacuum evaporator 
(Bibly Sterilin ltd., Staffordshire, England) at 40° and the 
semi‑solid mass was dried in an oven (Memmer GmbH co. 
KG, Germany) at 40° for 10 days.

Preparation of Test Samples for Bioassay
Excision and re‑sutured incision wound models were used 
to evaluate the wound healing activity. Test samples were 
prepared for the in vivo wound models in an ointment base 
(vehicle) consisting of glycol stearate, 1,2‑propylene glycol 
and liquid paraffin  (3:6:1) in 10%  (w/w) concentration; 
0.5  g/cm2 of the test ointment was applied topically 
once daily on the wounded site immediately after each 
wound was created with a surgical blade. The vehicle 
group was treated with the ointment base only, whereas 
the reference drug group was treated with 0.5  g/cm2 of 
Madecassol (Madecassol® Bayer, Germany), which contains 
1% extracts of Centalla asiatica.

Animals and Grouping
Wound healing activity experiments were performed 
on Wistar albino rats of either sex  (150-180  g) and 
anti‑inflammatory activity experiments were performed 
on Swiss albino mice  (20-25  g). All animals were kindly 
donated from Ethiopian Health and Nutrition Research 
Institute (EHNRI). The animals were transported following 
the guidelines for transportation of laboratory animals. In 
the laboratory, the animals were housed in polypropylene 
cages and maintained under environmentally controlled 
room provided with a 12:12 h light/dark cycle for each 24 h 
periods at a temperature of approximately 25°. They were 
fed on pellets and tap water ad libitum. The animals were 
allowed to acclimatise to the laboratory environment for 
1 h before being subjected to experiments. All experiments 
were carried out in a quiet laboratory setting with ambient 
illumination and temperature close to that of the animal 
house. The study was carried out following the principles 
of laboratory animal care.[14] The rats were divided into 

five groups consisting of six in each group, where Group‑I 
served as wound control, untreated; Group‑II served as 
vehicle control, treated with ointment base; Group‑III 
served as reference, treated with Madecassol; Group‑IV 
served as experimental group, treated with ointment of 
C.  longicauda methanol extract and Group‑V served as 
experimental group, treated with ointment of C. burgensis 
methanol extract.

Excision Wound Model
The fur was shaved from the dorsal thoracic region of 
the rats and it was disinfected with 70% alcohol prepared 
from ethanol (analytical reagent grade, Applichem GmbH, 
Germany). A  full thickness excision wound through 
a surgical seizer was formed on each animal from a 
circular template 500 mm2 along the markings under light 
diethyl ether  (ultrapure, Applichem GmbH, Germany) 
anaesthesia.[11] Vehicle, Madecassol, C.  longicauda and 
C. burgensis ointments were applied on the wounded site 
immediately after wounding. Wounds were left undressed 
open to environment and animals were kept individually 
in separate cages. Number of days required for falling of 
the escher without any residual raw wound commencing 
from day of excision was noted as period of epithelialisation 
period. The area of wounds was obtained by tracing the 
wounds onto a transparent paper and measuring using a 
graph paper. Wound areas were measured on the day of 
wounding and subsequently on fourth, eighth, twelfth, 
sixteenth and twenty‑second post‑wounding days. The 
degree of wound healing was calculated as:

Degree of contraction = [1− (wound area on corresponding day/
wound area on zero day)] ×100

Re‑sutured Incision Wound Model
Two paravertebral straight incisions of 6 cm length each 
were made through the entire thickness of the skin, on 
either side of the vertebral column using scalpel. After 
complete haemostasis wounds were closed by interrupted 
sutures placed 1  cm apart. 0.5  g vehicle, Madecassol, 
C.  longicauda and C.  burgensis ointments were topically 
applied to the wounds once daily. The sutures were 
removed on eighth post‑wound day and application of 
formulations was continued. The skin breaking strength 
was measured on the 12th day after the last application. 
The animals were killed under diethyl ether anaesthesia 
and Allis forceps were firmly applied on either side of 
incision wound, three millimetres away from wound 
margin on adjacent normal skin. The forceps on one side 
was hooked to a fixed metal rod while the other forceps 
was attached to a thread suspended by weights running 
over a pulley. As soon as gapping of the wound occurred, 
addition of weights was stopped and simultaneously 
weights were lifted so as to avoid opening of the entire 
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while it was 10  (n = 10) for acetic acid induced capillary 
permeability in each group. The differences between 
experimental groups were compared by one‑way analysis 
of variance (ANOVA) followed by Dunnett’s test. P ≤ 0.0001 
was considered statistically significant.

RESULTS

There was noticeable increase in the degree of wound 
contraction; thus complete wound healing was achieved 
faster in the experimental groups when compared with 
control. All the five groups in excision wound model exhibited 
decrease in wound area from day to day [Table 1], but there 
was a significant decrease (P < 0.0001) in wound area and 
epithelialisation period in groups treated with Madecassol 
and methanol extract of C. longicauda and C. burgensis.

In excision wound model, the group of animals treated with 
C. longicauda and C. burgensis showed 71.97% and 67.91% 
contraction on 12th post‑wounding day, which was close 
to the contraction due to Madecassol  (87.77%). Likewise 
extracts of C.  longicauda and C.  burgensis demonstrated 
a significant increase  (P  <  0.0001) in tensile strength 
on 12th  post‑wounding day  (P  <  0.0001) comparable to 
Madecasol.

The effect of C. longicauda and C. burgensis extracts on the 
inflammatory phase of wound healing, assessed through 
inhibition of acetic‑acid‑induced capillary permeability 
was significant  (P  <  0.0001) comparable with that of 
Indomethacin [Table 2].

Haematoxylin and eosin stained 12th post‑wounding day 
granulation tissues sections of Madecassol treated animals 
showed only collagen, while C. longicauda treated showed 
fibroblasts, blood vessels and collagen; C. burgensis treated 
showed fibroblasts, macrophages and collagen. Unlike 
the treated groups, sections from wound control animals 
showed inflammatory cells [Figure 1].

wound and weights required to produce wound gapping 
were recorded.[15]

Acetic‑Acid‑Induced Increase in Capillary Permeability
Each test sample was administered orally to a group of 
10 mice at 200  mg/kg body weight and Indomethacin 
(Indocin®, Lundbeck, Denmark) at 10 mg/kg body weight. 
Thirty minutes after administration 0.1 ml of 4% Evans blue 
in saline solution was injected intravenously through the 
tail of each animal. Ten minutes after Evans blue injection 
0.4 ml of 0.5% (v/v) acetic acid was injected intra‑peritonealy. 
After 20  minutes of incubation, the mice were killed by 
dislocation of the neck, and the viscera were exposed and 
irrigated with distilled water, which was then poured 
into 10  ml volumetric flasks through glass wool. Each 
flask was made up to 10 ml with distilled water, 0.1 ml of 
0.1 N sodium hydroxide solution was added to the flask, 
and the absorption of the final solution was measured at 
590 nm (CECIL instruments, Cambridge, England). Control 
animals were given a mixture of distilled water and 0.5% 
Carboxymethyl Cellulose, CMC  (BDH Chemicals, UK) 
orally and they were treated in a similar manner.[16]

Histological Study
Twelfth post‑wounding day sample granulation tissues 
were fixed in 10% formalin and embedded in paraffin 
wax. Serial sections of 5 μm thickness were cut from the 
paraffin‑embedded tissues. The tissues were stained with 
haematoxylin and eosin, which were examined by light 
microscope (Leica Microsystems GmbH, Wetzlar, Germany). 
Sections were observed and qualitatively assessed in respect 
to presence of inflammatory cells, fibroblast proliferation, 
collagen formation and angiogenesis.

Statistical Analysis
The data obtained was categorised, coded and entered into 
SPSS (Windows v 16.0; SPSS Inc., Chicago, IL). Results were 
expressed as Mean ± SD. The number of observations for the 
excision and re‑sutured incision models were each 6 (n = 6), 

Table 1: Wound healing activity of methanol extracts of C. longicauda and C. burgensis
Groups Wound area (mm2)±SD and degree of wound contraction (%) Epithelialisation 

period (d)
Tensile 

strength (g)Post‑wounding day
4th 8th 12th 16th 22nd

Wound control 392.37±2.82
19.34

284.43±3.09
41.53

202.22±3.30
58.43

132.52±2.86
72.56

18.98±2.72
96.10

24.0±0.63 220±30.33

Vehicle control 389.48±4.39
20.11

280.45±7.85
42.47

198.13±3.85
59.36

128.47±5.77
73.65

14.57±3.4
97.01

23.5±0.55 240±35.21

Madecassol 336.53±2.77
31.93*

222.53±2.95
54.99*

60.47±2.76
87.77*

0.0
100*

0.0
100*

13.33±0.52* 490±16.43*

Methanol extract 
of C.  longicauda

376.48±2.55
23.24*

250.45±4.50
48.93*

137.48±5.70
71.97*

24.33±2.33
95.04*

0.0
100*

16.33±0.52* 390±22.80*

Methanol extract 
of C. burgensis

359.43±1.69
26.86*

265.4±3.88
45.99*

157.72±2.81
67.91*

53.72±2.83
89.07*

0.0
100*

17.83±0.75* 370±15.17*

n=6, *The mean difference is significant at P<0.0001; SD – Standard deviation
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DISCUSSION

Wound healing is the process of restoring cellular structures 
and functions to normal state. [1,16] The decrease in wound 
area, increase in tensile strength, complete wound closure 
was significantly higher in C.  longicauda and C. burgensis 
extract treated groups visible on days 3, 12 and 22, 
respectively, which implies faster epithelialisation and 
collagen formation.

Qualitative phytochemical screening done on the methanol 
extracts of C. longicauda and C. burgensis leaves indicated 
presence of carbohydrates, proteins, tannins, saponins 
and flavonoids.[13] On top of this, there are several studies 
depicting the diverse biological activities of tannins, 
saponins and flavonoids.

Tannins are beneficial in treating dermatitis by coagulating 
surface proteins; reducing permeability and secretion; 
forming a protective layer and due to their anti‑microbial 
properties.[17] Vernonia scorpioides, Terminalia arjuna and 
Hibiscus rosa sinensis posses wound healing action due to 
presence of tannins having effects on regeneration and 
organisation of the tissues.[12,18,19] Polysaccharides from 
Opuntiaficus indica also demonstrated facilitated healing 
of wounds.[20] Saponins are also known to promote wound 
healing process due to their anti‑oxidant and anti‑microbial 
activities.[21] Increase in neutrophils infiltrating granulation 
tissue delays the wound healing process, by meditating lipid 
peroxidation through production of superoxide anions.[22,23] 
Flavonoids detected in medicinal plants hinder lipid 
peroxidation. Therefore, inhibition of lipid peroxidation 
increases viability of collagen fibrils by facilitating 
vascularity and strength of collagen fibres, aiding DNA 
synthesis and halting cell necrosis. [24,25]

As a result it can be implied that there was rapid biosynthetic 
activity in groups treated with C. longicauda and C. burgensis 
during initial phase of granulation. In remodelling phase, 
maturation of collagen took place by the formation of 
inter‑ and intra‑molecular cross links, as a result of which 
the tensile strength was increased. Increased tensile strength 

Table 2: Inhibitory effect methanol extracts of 
C. longicauda and C. burgensis on acetic‑acid‑induced 
increased capillary permeability
Group Dose 

(mg/kg)
Evans blue 

concentration 
(μg/mL)±SD

Inhibition 
(%)

Control  (CMC) 10.89±1.1
C.  longicauda 200 7.12±0.71* 34.62

C. burgensis 200 7.63±0.59* 29.94
Indomethacin 10 5.24±0.38* 51.88
n=10, *The mean difference is significant at P<0.0001; SD – Standard deviation; 
CMC – Carboxymethyl Cellulose

is indicative of increase in collagen strength and obviously 
facilitated wound healing.

Anti‑inflammatory activity is also monumental for wound 
healing, since an extended inflammatory phase causes 
a delay in healing process; further it is also required for 
minimal pain and scar formation.[26] Consequently, early 
tissue approximation and increased tensile strength 
observed in the treated wounds may also be attributed to 
individual and/or additive, synergistic and potentiated 
effects of phytochemical constituents within C. longicauda 
and C. burgensis.

Histological examination also provided additional evidence 
for the wound healing study, which was based on excision 
and re‑sutured incision model. Increase in collagen mass 
due to enhanced migration of fibroblasts and epithelial 
cells was observed in treated groups. Decreased collagen 
mass in wound control group might be due to prolonged 
inflammatory phase where degradation of collagen is 
greater than synthesis. Increased cellular infiltration 
observed from haematoxylin and eosin stained section 
of wound control groups may be due to presence of 
pathogens, but the anti‑microbial property of phytochemical 
constituents in C.  longicauda and C.  burgensis could 
have reduced the bacterial/fungal population in treated 
groups, thereby indirectly reducing inflammatory cells 
on wound site. Early dermal and epidermal regeneration 
in treated groups confirmed that ointments containing 
C. longicauda and C. burgensis extract had a positive effect 
on cellular proliferation, granulation tissue formation, and 
epithelialisation. Well‑formed collagen bundles observed on 
haematoxylin and eosin stained sections of treated groups 
may suggest efficacy of C. longicauda and C. burgensis on 
fibroblast proliferation and synthesis of extracellular matrix 

Figure 1: Photomicroscopic view (50 μm) of histopathological characteristics of 
haematoxylin and eosin stained 12th day granulation tissue sections (a) wound 
control (untreated); (b) madecassol treated; (c) C. longicauda treated and 
(d) C. burgensis treated

dc

ba
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during healing, as compared with less extracellular matrix 
synthesis in wound control.

Findings from this study demonstrated that the wound 
healing activity of C. longicauda and C. burgensis is promising 
and these plants could be future options of relevance if the 
exact mechanism of action is further researched. However, 
further histological, microbiological and toxicological 
studies are also recommended.
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