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Dev et al.: Wound-Healing Potential of Schima wallichii

The process of delayed wound-healing and unhealed wounds can cause serious problems to the patients. 
In this context it is revealed that the scientists are looking for herbal treatment of wounds, as the remedy is 
known for having less or minimum undesired effects. Schima wallichii is a lesser known traditional medicinal 
plant used by certain section of people in Assam, India as a healing agent; however, record on scientific 
validation of its wound-healing potential is not available. Therefore, an in vivo study was undertaken to 
evaluate the wound-healing efficacy of the leaves of the plant using excision wound model in Swiss albino 
mice. The animals were divided into three groups after creating the wounds, namely control, positive control 
and treated groups. On application of methanolic crude extract of the leaves of Schima wallichii, it was 
observed that the epithelialization period was lesser and the rate of closure of wounds was faster in the 
extract treated group when compared with the control group indicating that the application of the extract has 
accelerated the healing process in the extract treated group. The concentration of protein, Schima wallichii 
deoxyribonucleic acid and hydroxyproline were also found to be augmented in the treated group than the 
control suggesting faster rate of healing as deoxyribonucleic acid and protein content in the healing tissues 
serve as indicator of protein synthesis and cellular proliferation. The above results were supported by the 
histological and ultra-structural observations as scanning electron microscopy revealed smoother surface 
topography, H and E staining revealed thicker epithelial layer in the treated animals. Van Gieson′s staining 
showed higher level of collagen in the extract treated group validating biochemical observation where higher 
concentration of hydroxyproline was found in treated group compared to the control. Thus, going by the 
results obtained in the study it can be concluded that the leaves of the plant possess wound-healing potential.

Key words: Wound-healing, Schima wallichii, crude extract, mice, protein, deoxyribonucleic acid, 
hydroxyproline, ultrastructure

Wounds are physical injuries which cause 
breakage of the skin that disturbs its normal 
functioning. Wound healing is a complex process, 
the four phases of this process are hemostasis, 
inflammation, proliferation and tissue remodeling[1]. 
Hemostasis starts as soon as the wound is formed 
that leads to vascular constriction and formation of 
clot. The inflammatory phase is characterized by 
the inflammation of neutrophils, macrophages and 
lymphocytes[2]. The proliferative phase is marked by 
epithelial proliferation and in the last phase i.e. tissue 
remodeling, regression of newly formed capillaries 
takes place so that the wound′s vascular density 
reaches normal level[3]. The process of impaired 
healing or non-healing wounds is affecting millions 
of people worldwide. It can be noted that unhealed 

wounds continuously produce inflammatory 
mediators which cause pain and swelling at the injury 
site and sometimes this may lead to organ failure in 
severe conditions in the patients[4]. Although, there are 
many drugs available commercially for the treatment 
of wounds but most of them have undesired effects[5]. 
Therefore, the search for new healing sources are still 
in progress which can minimize the time required for 
healing and has minimal side effects.

In developing countries, for majority of the population 
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the traditional medicinal plants are still playing a 
dominant role in the healthcare system[6]. At present, 
about half million medicinal plants are known to us, 
among which most are yet to be investigated for their 
efficacies. So, studies which deal with evaluation 
of medicinal potential of these plants will be of 
great medico-veterinary significance[7]. Developed 
countries such as United Kingdom (UK) and United 
States of America (USA) have also accepted the 
importance of herbal remedies, as a result of which 
both in developing as well as developed countries the 
demand for the herbal products have increased many 
folds[8]. Therefore, these medicinal plants are not 
only important in the present healthcare system but 
also an indispensable source of future medicine[9].

The north-eastern region of India is blessed with 
huge number of known and unknown medicinal 
plants. The region is inhabited by different ethnic 
groups, each of which has its unique culture and 
tradition. These people have been using many 
traditional medicinal plants, most of which are 
lesser known for curing different types of parametric 
and non-parametric ailments locally[10,11]. Schima 
wallichii (S. wallichii) (Korth.) Choisy is one such 
plant, belonging to the family ‘Theaceae’ and is 
widely distributed all over the north-east region of 
India. Review of literature and field surveys have 
revealed that the leaves of S. wallichii are used by 
certain section of people in the remote areas of Assam 
for healing small scale wounds. The people generally 
crush the leaves and the aqueous paste is applied on 
the fresh cuts, wounds and burns. The plant is also 
known to possess anti-malarial, anti-cancer and anti-
inflammatory activities[12-14]. However, scientific data 
is not available which can prove the efficacy of the 
plant as wound-healing agent. Therefore, an in vivo 
experiment was designed to study the wound-healing 
potential of the plant using Swiss albino mice.

MATERIALS AND METHODS 

Collection of plant material and preparation of 
extract:

The fresh leaves of S. wallichii were collected from 
Kokrajhar district of Assam, brought to Shillong, 
Meghalaya and submitted to Botanical Survey of 
India for identification. For preparation of crude 
extract the leaves were washed with water and then 
dried under shade. The dried leaves were grinded to 
fine powder with the help of an electric blender. The 
powder was then soaked in methanol for 10 d with 

constant stirring regularly for first few days. Later, 
the solution was filtered using filter paper and the 
solvent was evaporated out from the solution using 
Rota evaporator. The obtained dry crude extract of 
the leaves of S. wallichii was finally stored at 4° for 
future use[15].

Experimental animals:

Adult Swiss albino mice weighing between 25-30 
g and of age 8-12 w were purchased from Pasteur 
Institute, Shillong, Meghalaya. The animals were 
maintained as per the guidelines of the Organisation 
of Economic Co-operation and Development (OECD). 
They were kept in standard cages in the animal house 
having uniform temperature of 25° with 12 h light and 
12 h dark periodicity. Standard food (Pranav Argo Feed 
Ltd., New Delhi) and water ad libitum were provided 
to the animals. Before proceeding with the experiment, 
mice were acclimatized for 2 w. The Institutional Ethics 
Committee (IEC), North-Eastern Hill University, 
Shillong granted approval for the experimental 
procedures.

Acute dermal toxicity test:

The toxicity test was carried out following the OECD 
(2002)[16] guidelines to see whether the topical 
application of the methanolic crude extract of leaves of 
S. wallichii possess any toxic effects on the animals or 
not. During the test 3 animals of same sex were exposed 
to the test substance at a fixed dose i.e., 2000 mg/kg 
body weight. After anaesthetizing, the furs of the mice 
were shaved, cleaned with alcohol. The extract was 
applied on the pre-determined (400 mm2) area and the 
substance was held in contact with skin for 24 h. The 
animals were then observed continuously for 14 d to 
check whether the topical application causes any effects 
on the animals or not.

Infliction of wound:

By following the protocol of Morton and Malone 
(1972)[17] the ‘excision wound’ was created on the 
mice. Briefly, the animals were anaesthetized first 
and then the dorsal furs were removed with the help 
of an electric clipper. After that, the shaved area was 
cleaned with 70 % ethanol and the area where wound 
to be inflicted was outlined. Excision wound around the 
outlined area was made by removing circular piece of 
skin of full thickness with the help of toothed forceps, 
scalpel and scissors. After infliction, the wounds were 
again cleaned with cotton swab soaked in the normal 
saline.
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Treatment protocol:

After the infliction of the excision wound, the mice 
were divided randomly into 3 groups each having 
6 animals (3 Males and 3 Females). The first group 
animals were considered as ‘control group’ where 
the treatment was done with Carboxymethylcellulose 
(CMC). The second group received reference drug 
(Neosporin) thus, serving as ‘positive control’ and the 
animals of third group were treated with methanolic 
crude extract of the leaves of S. wallichii (300 mg/kg 
body weight). CMC, drug and extract were applied 
topically once daily for 14 d to the respective groups, 
on the 15th d the animals were sacrificed and wound 
tissues (skin) were collected for performing various 
studies.

Measurement of wound area and calculation of 
wound contraction:

On 4,7,11 and 14 d the wound areas of the animals 
in the respective groups were measured with the help 
of graph paper and noted down. Wound contraction, 
which indicates the reduction in the wound areas was 
calculated and expressed as percentage reduction of the 
wounds.

Percentage wound contraction=(Healed area/Total 
area)×100

Where, Healed area=Original wound area-Present 
wound area

Calculation of epithelialization period and 
morphometric analysis:

The epithelialization period denotes the time period 
(days) needed for healing of wounds where, no raw 
wound is left behind after the falling of scab or Escher, 
were also noted down for the three groups. To show the 
closure/contraction of the wounds morphometrically, 
photographs of the wounds of the three experimental 
groups were taken on 4, 7, 11 and 14 d; and were 
analyzed.

Estimation of protein, Deoxyribonucleic Acid (DNA) 
and hydroxyproline content:

The wound tissues of the three experimental groups 
were collected after sacrificing the animals and stored 
at -20° for performing the biochemical estimations. 
The protein content of the skin tissues was determined 
following the protocol of Lowry et al.[18] where, ‘Folin-
ciocalteau’ reagent was used and the readings were 
taken at 750 nm. For estimation of DNA content of 

tissues standard ‘phenol-chloroform’ precipitation 
technique given by Sambrook and Russel et al.[19] 
was performed for isolation of DNA followed by its 
quantification. Measurement of hydroxyproline content 
of the wound tissues was done using ‘toluene extraction’ 
method suggested by Switzer and Summer[20]. 

Histological and micro topographical studies:

To perform histopathological analysis the wound 
tissues were collected after completion of the 
treatment period and preserved in the 10 % formalin 
solution. Later, the tissues were sectioned at thickness 
of 6-8 nm and temperature of -20° in a cryostat. The 
tissue sections were then passed through different 
ethanol grades finally stained with haematoxylin and 
eosin to observe epithelialization and Van Gieson′s 
staining was performed to observe collagenases. For 
micro topographical observation scanning electron 
microscopic study was carried out following the 
modified protocol[21] of Dey et al.[22]. Here, fixation of 
the tissues (skin) was done in neutral buffer formalin, 
followed by dehydration using different grades of 
acetone, after which using tetramethylsilane the 
samples were air dried. Finally, the gold coating of 
the samples was done and viewed using JOEL JSM 
6360 electron microscope at 20 kV.

Statistical analysis:

All the numerical results have been expressed as 
mean±Standard Error of Mean (SEM). Using one-
way Analysis of Variance (ANOVA) and students’ 
t-test statistical analysis was performed and the 
differences were considered as statistically significant 
at the value of p≤0.05.

RESULTS AND DISCUSSION 
During the 14 d of observation the animals did not 
show any signs of toxic effects. Briefly, there was no 
change in the color of skin and fur, intake of food and 
water was normal, no change in the body weight and 
also no changes were observed in any other behavior of 
the extract exposed animals. 

The wound areas measured on different days have 
been shown in the Table 1. It was observed that after 
the completion of 14 d of treatment the control group 
had a small portion of wound (7.47±1.15 mm2) yet to 
be healed whereas in the remaining two treated groups 
the wounds were completely healed. Similarly, higher 
rate of wound contraction was observed in the drug and 
extract treated groups compared to the control group. 
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A significant increase in contraction rate was observed 
after 11 d of treatment i.e., (92.42±1.35) % and 
(95.96±1.04) % for extract treated and positive control 
groups, respectively as shown in Table 2.

The time required for complete epithelialization (days) 
in case of positive control and extract treated groups 
were significantly lesser than the control group (Table 
3), indicating that the application of the extract has 
fastened the process of healing. The photographs of the 
wounds taken on d 4, 7, 11 and 14 (fig. 1) also showed 
that the rate of healing of wound is slowest in case of 
the control group.

Quantitative estimation of protein, DNA and 
hydroxyproline after the completion of 14 d of treatment 
period has revealed that the topical application of 
methanolic crude extract of leaves of S. wallichii has 
significantly increased the concentration of protein, 
DNA and hydroxyproline in the treated group when 
compared with the control. However, it was also 
found that the maximum concentration of the three 

components was observed in the drug treated animals 
as shown in Table 3.

Hematoxylin and eosin stained skin tissues revealed 
that in case of the extract treated and drug treated 
groups complete epithelialization of epidermis was 
clearly visible (fig. 2A-fig. 2C), whereas in the control 
group the presence of thinner epidermal layer compared 
to the two treated groups suggests incomplete healing 
(fig. 2A). Van Gieson′s staining revealed the presence 
of lesser collagen in control tissue section compared 
to the tissue section of treated group (fig. 3A). The 
two treated groups had more reddish colored bundle 
like components than control section which marks the 
presence of more collagen in the tissue sections (fig. 
3B and fig. 3C). Similar to the histological observation 
the scanning electron microscopic study showed that 
control skin had rough surface topography i.e., full of 
flakes (fig. 4A) and the treated animals had smoother 
skin surfaces (fig. 4B and fig. 4C) when compared to 
the control. 

Groups D 4 D 7 D 11 D 14

Control 57.55±3.28 46.59±2.09 20.24±1.88 7.47±1.15

Positive control 37.78±1.91* 24.98±1.80* 3.17±0.81* 0

Treated 45.85±1.05* 38.71±1.73 5.95±1.06* 0

Note: The values have been expressed as mean±SEM, *p≤0.05 as compared to control

TABLE 1: EFFECTS OF METHANOLIC CRUDE EXTRACT OF S. wallichii AND REFERENCE DRUG ON 
WOUND AREAS (mm2) IN THREE GROUPS OF EXPERIMENTAL MICE CALCULATED AFTER DIFFERENT 
DAYS OF TREATMENT 

Groups D 4 D 7 D 11 D 14

Control 26.69±4.18 40.65±2.67 74.22±2.39 90.48±1.46

Positive control 51.87±2.43* 68.25±2.30* 95.96±1.04* 100

Treated 41.59±1.33* 50.68±2.21 92.42±1.35* 100

Note: Values are expressed as mean±SEM, *p≤0.05 as compared to the control

TABLE 2: EFFECTS OF METHANOLIC CRUDE EXTRACT AND REFERENCE DRUG ON THE PERCENTAGE 
OF WOUND CLOSURE OF EXCISION WOUND MODEL IN MICE

Groups Epithelialization 
period (days)

Protein content (µg/
mg tissue)

DNA content (µg/mg 
tissue)

Hydroxyproline 
content (µg/mg tissue)

Control 15.97±0.12 17.97±1.24 1.86±0.13 2.15±0.21

Positive control 11.68±0.03* 30.74±0.71* 3.29±0.09* 4.38±0.10*

Treated 12.73±0.05* 25.34±0.47* 2.72±0.25* 3.96±0.18*

Note: The values are expressed in the form of mean±SEM, *p≤0.05 as compared to control

TABLE 3: EPITHELIALIZATION PERIOD AND LEVEL OF DIFFERENT BIOCHEMICAL PARAMETERS IN 
THREE DIFFERENT GROUPS OF THE MICE AFTER 14 D OF TREATMENT 
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Fig. 2: Histological analysis of the wound tissues using hematoxylin and eosin staining, (A): Control skin tissue section showing thin epithelial layer; 
(B): Skin tissue section of positive control group showing thickest epithelial layer and (C): Tissue section of the leaf extract treated (300 mg/kg body 
weight) group showing thicker epithelial layer compared to the control 
Note: All scale bar: 200 µm and EL: Epithelial Layer 

Fig. 3: Histopathological study of the wound tissues using Van Gieson′s staining, (A): Control skin tissue section showing less collagen concentration; 
(B): Skin tissue section of the positive control group showing high level of collagen and (C): Crude extract of S. wallichii treated (300 mg/kg body 
weight) mouse tissue section showing moderate amount of collagen 
Note: All scale bar: 200 µm and C: Collagen

Fig. 4: Scanning electron micrographs of skin tissue of the three groups of mice after 14 d of treatment, (A): Control tissue section showing rough 
surface topography and (B and C): Positive control and crude extract (300 mg/g body weight) of S. wallichii treated sections, respectively revealing 
smooth surface 
Note: All scale bar: 200 µm, RS: Rough Surface and SS: Smooth Surface

Fig. 1: Photographic representation of the inflicted excision wounds showing wound areas and rate of wound contraction on different post-excision 
days, (A): Control; (B): Positive Control and (C): Treated with the crude extract of S. wallichii

After 4 d treatment After 7 d treatment

After 14 d treatmentAfter 11 d treatment
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In terms of mortality and morbidity wounds represent 
a major health crisis globally. The process of wound-
healing is a complex one where many factors work 
in a coordinated manner to restore the normal 
functioning of the damaged tissue. The process is 
promoted by continuous tissue proliferation along with 
angiogenesis[23,24].

In our present study we have found that the application 
of the crude extract of the leaves of S. wallichii has 
significantly enhanced the wound-healing process in the 
excision wound model. Getie et al.[25] have suggested 
that when the reduction in the rate of wound 
contraction is higher, then the efficacy of the therapy 
used is also higher which supports our observation that 
the extract has enhanced healing. The application of the 
extract has caused higher rate of wound area contraction 
from 7 d onwards compared to the control group. The 
ability of the extract to fasten the healing process may 
be due to stimulation of proliferation of the macrophage 
cells[26]. Similar observations were also recorded by 
Pather et al.[27], when they studied the in vivo effects of 
extracts of Bulbine frutescens and Bulbine natatensis 
on cutaneous wound healing. 

According to Allahtavakoli and Khaskar[28] the 
reduction of wound area is due to wound contraction 
and connective tissue deposition. The fibroblast 
cells which possess contracting properties help in 
the deduction of surface area of the wounds. Beldon 
et al.[29] also stated that during the healing process 
migration of fibroblasts to the wound tissue takes place. 
After reaching the site, the fibroblasts produce collagen 
which increases the elasticity of the wound as a result 
of which contraction of the wound takes place. The 
process of wound contraction reduces the healing time 
with the help of synthesis of granulation tissue which 
ultimately repairs the damaged tissue. During the 
healing process the phenomena of re-epithelialization 
is very essential as it helps in regeneration of damaged 
cells and closure of wound surface area[30]. The leaf 
extract of S. wallichii also has significantly shortened 
the period of epithelialization compared to the control 
animals. It may be due to plant extract′s ability to 
stimulate the rise in the level of synthesis of collagen in 
the wound granulation tissue[31]. 

The hematoxylin and eosin staining of the treated skin 
tissues after 14 d of treatment revealed to have normal 
epithelialization while the control skin was found to be 
present in the early stage of epithelialization. So, the faster 
healing of the wound in the treated groups may be due 
to the inflammatory cytokine stimulation leading to the 

deposition of the fibroblasts and keratinocytes, which 
ultimately may have caused rapid epithelialization 
by quicker maturation of the granulation tissue[32]. 
Similarly, incomplete epithelialization in control 
and complete epithelialization in the treated group as 
observed through scanning electron microscope where 
the control epidermis revealed rugged surface and 
irregular scale like projections compared to polished 
surface in the extract treated animals support the 
histological result in the present study. Therefore, it 
can be said that the application of the extract might 
have interfered with the various processes of wound-
healing like inflammation, collagen synthesis and cell 
proliferation which ultimately hastened the process of 
healing compared to the control group[33].

The topical application of the crude extract 
has enhanced the rate of wound contraction and 
epithelialization period, these two along with 
collagenation are crucial phases of wound-healing. 
Collagenation is interlinked with inflammation, 
macroplasia and fibroplasia[34]. So, the extract might 
have interacted with one of the phases leading to 
the augmentation of collagen in the wound tissue. 
During wound-healing and tissue repair the process of 
metabolism and regulation of collagen is very crucial, 
as the healing of the damaged tissue needs the modular 
expression of collagen[35]. The synthesis of collagen 
increases immediately in the wound area after the injury 
occurs and it is the main constituent present in the 
granulation tissue. Hydroxyproline is produced from the 
breakdown of collagen, so the hydroxyproline content 
in the healing wound is considered as the biomarker 
for assessment of collagen synthesis[36]. In the present 
investigation, the data for collagen estimation revealed 
higher hydroxyproline content in the extract and drug 
treated groups has been well supported by Van Gieson′s 
staining, where the control tissue sections revealed to 
have lesser collagen content than the treated groups. 
Thus, further suggesting the pro-healing potential of 
the plant extract.

Steiling et al.[37] stated that DNA and protein content 
in the healing tissues serve as indicator for protein 
synthesis and cellular proliferation and according to 
Subalskshmi et al. higher amount of DNA and protein in 
the wound tissues is directly linked to the augmentation 
of collagen level in the concerned tissue. In the present 
study it is observed that the application of the leaf 
extract has significantly increased the concentration 
of DNA and protein in the wound tissues[38]. Higher 
level of DNA and protein in the extract treated group 
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compared to the control group is an indication that the 
treatment has enhanced the process of healing[39].

Finally, as the leaves of the plants are applied topically 
by the traditional healers so it is very essential to 
see whether the extract is safe or not for topical use. 
The dermal toxicity test carried out revealed that the 
methanolic crude extract of leaves of S. wallichii is safe 
for topical application. 

The present preliminary investigation carried out 
revealed that the crude leaf extract of S. wallichii 
contains certain compounds having potential to 
initiate cellular events essential for healing of external 
wounds. Thus, the in vivo experiment conducted 
confirms wound-healing properties and also justifies 
the traditional use of the leaves of the plant as wound-
healing agent. However, further detailed clinical study 
involving active principles of the plant needs to be 
carried out for human welfare.
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