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1 Introduction 
 For the last two decades extensive work has been 
done to develop newer drugs from natural products be-
cause of the resistance to the existing drugs. Wounds rep-
resent a major global health challenge, which put much 
economic, financial and social stress on health institutions, 
care-givers, patients and their families. Wounds are de-
fined as physical, chemical, or thermal injuries or insult 
that result in an opening or breaking in the integrity of the 
skin or the disruption of anatomical and functional integri-
ty of living tissues. The use of medicinal plants in the man-
agement of acute and chronic wounds is common in most 
traditional medicine practices in the world. Based on this, 
many plants in the tropical and subtropical regions of the 
world have been screened for their wound-healing activi-
ty[1]. There are a lot of medicinal plants to be screened in 
the search for newer, efficacious and cost effective wound-
healing agents. 

 The process proceed are inflammation, reepithelializa-
tion, tissue renovation, wound tightening and formation of 
granulation and formation of new blood vessels. All these 
happen in a timely manner and they are predictable. Dis-
turbance in these process may lead to neither chronic 
wound like a venous ulcer nor keloid scar which said to be 
the over growth of scar tissue[2]. In the process of wound 
healing an inflammatory response occurs after the injury 
and the cells found below the dermis begin to increase the 
production of collagen the main structural protein of the 
skin[3].  
 The word ‘Borassus’ is a Greek word means the leath-
ery covering of the fruit and ‘flabellifer’, which means fan-
bearer. Palmyra palm tree belongs to the ‘palme’ family. 
The Palmyra tree is the official tree of Tamil Nadu state in 
India. In Tamil culture it is called karpaha, nungu, celestial 
tree and is highly respected by the people. It grows to a 
tallness of about 30 m, with a black stem and crown of 
leaves at the top; leaves would be around 0.9-1.5 m in di-
ameter. It has unisexual flowers, large fruits, fan shaped 
palmate and hard horny spinescentserratures over the 
petiole edges. The life span of this tree is up to 100 
years[4]. The countless constituents of Borassus flabelif-
erare gums, albuminoids, steroidal glycosides, fats, and 
carbohydrate like sucrose, spirostane type steroids like 
borassosides and dioscin are found in the plant.  
 The present study focused on the wound healing 
property of the trichome of the Borassus flabellifer through 
in-vivo method of excision wound model with histological 
evidence.To our knowledge, the trichome of Borassus fla-
bellifer has not been studied previously as wound dressing 
material. 

2 Materials and Methods  
2.1. Collection of Plant Material  
          Trichome of Borassus flabellifer was collected from 
Tirupattur Town, Tirupattur District, Tamil Nadu. It was 
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authenticated by institutional botanist. The Samples were 
collected from young leaves of the trees. It was stored in 
dark until further use. Fig.1. shows the Borassus flabellifer 
and its parts. 
 
2.2. Toxicity Study 
 The adverse effects of trichome of Borassus flabellifer 
were referred on first exposure for the behavior on anat-
omy and physiology to a single dose of aqueous extract of 
the sample. 
 

 

 

 
 

Fig.1. Borassus flabellifer and its parts 
A – Whole, Plant B – Tender Leaves and  C – Trichome 

 
2.3. Selection and Preparation of Animals 
 Six female Swiss albino mice that are young, non-
pregnant were used. The average weight of the animals 
was 25g. The selected animals were marked for individual 
identification. Tail marking was used for the identification 
of animals. They were kept fasting for two hours before 
the test. The ethical number for this study is 
IAEC/ERI/LC/04/18.The committee allowed 30 mice for 
the study of wound healing with trichome of Borassus fla-
bellifer. 
 
2.4. Grouping of Animals 
 The Swiss albino mice of either sex were harvested 
from Tamil Nadu Veterinary and Animal Sciences Universi-
ty, Chennai. The mice were maintained on normal food and 
water. They were kept in an air conditioned room as per 
the requirement of Committee for the purpose of control 

and supervision of experiments on ani-
mals (CPCSEA). Animals were checked for weight loss and 
gain before and after the experimental wound. The mice 
were anaesthetized prior to and during the creation of 
wound for the experiment. They were closely watched for 
any infections and other kinds of negative signs. 
 
2.5. Preparation of Extract for Toxicity Study 
 One gram of sample was weighed accurately and 
mashed with mixer grinder for power. The ground sample 
was filtered with flour filter. The powder obtained was 
boiled with 100 ml of distilled water for the aqueous ex-
tract. The boiled sample was filtered with Whatman No 1 
filter paper. Later the extract obtained was concentrated 
to 2.0 ml. 0.23 ml of aqueous extract was given to each an-
imal orally with syringe. Mortality was looked for, 2 hrs,  
24 hours, 72 hours and 7 days after oral administration of 
the sample. Symptoms, signs and mode were looked for.  
 
2.6. Creating Wound 
 General laboratory techniques recommended by 
committee for the purpose of control and supervision of 
experiments on animals were followed. The crude and 
aqueous extract of Borsssus flabellifer of 10% and 20% was 
prepared after weighing material required with sterile wa-
ter. They were applied directly over the skin and the ob-
servations noted. It was followed till the study was com-
pleted on 15th day. 
 
2.7. Excision Wound Model 
 Animals were anesthetized prior to and during crea-
tion of the wounds. The rats were inflicted with excision 
wounds as described by Morton and Malone[5].  The mice 
were divided in to four groups of six animals in each 
group. Fur on the back of the animals will be shaved using 
mechanical trimmer. A wound with 5 mm2 diameter will 
be made using skin punch biopsy tool, under isoflurane 
anesthesia. After recovery from anesthesia, the animals 
will be given a subcutaneous injection of temgesic (0.05 
mg/kg/day for three days). The wound on the first group 
of animals treated with sterile water and housed individu-
ally. This was considered as negative control group. The 
second group of animals was applied with Povidone Io-
dine, they were considered as positive control. The third 
group of animals was treated with 10% of aqueous crude 
extract of Borassus flabellifer. The last and fourth group of 
animals was treated with 20% crude of the same plant 
source. 
 Sterile waster was used to make the crude extract. The 
same application was followed minutely for 15 days from 
the day on which the wound is made. The wound contrac-
tion measured on days 0, 3, 5, 7, 9, 12, 15. The animals 
were euthanized on 15th day without causing anxiety, pain 
or distress with minimum time. It was carried out in a sep-
arate room without disturbing the other animals in the la-
boratory according to the rules and regulations of CPCSEA. 
The time of complete epithelialization, percentage of 
wound closure and period of epithelialization recorded. 
Scar tissue is taken for histological analysis. 
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2.8. Observations after Administering the Sample 
 The following were the observation after administer-
ing the sample orally. Table 1 shows the observations of 
toxicity test as follows, 
 

2.9. Euthanizing of Animals 
 The animals to be euthanized were taken into a sepa-
rate room which is free from environmental contaminants. 
Carbon monoxide was used to euthanize the animals. It 
was done based on the guidelines of CPCSEA. It was car-
ried out quickly and painlessly with free from fear and 
anxiety for the animals. It was made sure that there would 
be minimum physiological and psychological disturbances. 

The scare was removed from the euthanized animals and 
preserved in the 10% formalin solution. It was used to 
preserve the animal skin before the histological purposes. 
Later the histological study was done. 
 

2.10. Histology of the Skin 
 The healed scar tissues were isolated from each indi-
vidual and fixed with 10% buffered formalin. 5μm of paraf-
fin sections were cut on clean glass slides and stained with 
haematoxylin and eosin. The images were viewed under a 
light microscope and magnified images of the tissues 
structure were captured. Fig.2(a-g). shows the grouping of 
animals and their treatment 

Table 1: Assessment of Toxicity 

Observation 
First Few       
Minutes 

2 Hours 24 Hours 72 Hours 7 Days 

Behavioral patterns Rapid heart beat Normal Normal Normal Normal 
Diarrhea Not observed Not observed Not observed Not observed Not observed 
Lethargy Normal Increased Increased Increased Increased 
Eyes Normal Normal Normal Normal Normal 

Salivation Not observed Not observed Not observed Not observed Not observed 

Skin and fur Normal Normal Normal Normal Normal 

Sleep Normal Normal Normal Normal Normal 

Coma Not observed Not observed Not observed Not observed Not observed 

      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2. Grouping of animals and their treatment (a)Positive 
control (Povidone Iodine) on Day 1, (b)Treated wound 
with 10 % of trichome of B.flabellifer on Day, 1 (c) Treated 
wound with 20% of trichome of B.flabellifer on Day 1, 
(d)Healed wound on Day 15 – Left for Natural Healing, (e) 
Positive control (Povidone Iodine) on Day 15, (f) Treated 
wound with 10% of trichome of B.flabellifer on Day 15  and 
(g) Treated wound with 20 % of trichome of B.flabellifer 
on Day 15 

 

3 Results and Discussion 
  During early wound healing, the vascular and lym-
phatic systems are of primary importance. Failure or delay 
of vascular regeneration decreases oxygen transport to the 
wound, which subsequently depresses the mobilization of 
excessive fluids from the wound site. The wound becomes 
edematous, leading to further damage, infection and even-
tually cell death. In wound healing, new blood vessels 
sprout up from platelets or macrophages to keep the 
wound open-ended. Hypoxia may be a stimulant to revas-
cularization.  
  Recently many researchers have developed several 
wound dressing materials by fabricating and changing bi-
omaterials. An ideal wound dressing should have several 
key attributes [6-7].  Only those dressing material with 
good mechanical properties can be applied on to wound 
properly. There is a possibility of investigating the wound 
healing in a reproducible, controlled environment using 
the animal models. The basic research is completed when 
animal wound repair with human wounds even though it 
is not a direct and true reflection of ours. But they are es-
sential in finding out the variety of medicines for the 
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wound healing. Moreover, the dynamism behind the 
wound healing is complex. The phenomenon must be     
understood with prerequisite knowledge for pathology. 
The complex process begins with inflammation, followed 
by proliferation of the epithelial tissue and origination of 
matrix compounds and ends with the regeneration of scar 
tissue marked with high amount of collagen matrix. Hence 
knowing the factors and understanding them for wound 
healing process and function is essential.  
 

3.1. Acute Toxicity 
  The toxic effects of aqueous trichome extract of            
B. flabelliferon the appearance and over all behavior      
patterns of mice are noted. At the end of the toxic study no 
symptoms or mortality of any animals were observed, 
which lived for 7 days after administering the trichome ex-
tract at single dose level of 0.23 ml of average weight. 
The behavioral patterns of mice were observed from               
immediate time of administration of sample to Seven days. 
The trichome administered group of animals displayed the 
following: The heartbeats of the mice were rapid for first 
few minutes and it was alright with after below 30 
minutes. Coma was not observed from any of the animals. 
Animals were not found with diarrhea or any other  diges-
tive disorders. The intake of food and water was normal 
for all the animals. First half an hour the animals seemed 
to be normal later they are found over energized and 
found increased movements without making any big fuss. 
The colour and ability of vision was normal. The salivation 
factor for the sample administered mice was not observed. 
The skin and fur were normal and animals slept well 
throughout the testing period. 
 
3.2. Body Weight 
  Changes in the body mass are the indicators of ad-
verse side effects, as the animals that survive shall not lose 
more than 10% of the initial body weight. Therefore it re-
veals the physiological status of the animals. The body 
weights of animals were calculated before and after the 
acute toxicity study.The average weight of the animals was 
23 g before the test. The same groups of animals were 
weighed after the toxicity studies on 7th day found to be 
22.6 g. Therefore, there is no significant reduction of body 
weight in the group of animals during the test.  
 
3.3. Wound Contraction 
  The wound contractions measured on days 0, 3, 5, 7, 9, 
12 and 15 are given in the Fig.3. The wound contraction is 
the average of the healed wound of groups of animals. 
The Table 2 showed that the wound contraction of days 
and the measurement of wound healing in mm. It also 
shows the wound contraction as follows, 

Table 2. Wound healing contrac-
tion effect of        trichome 

 *Results are Average of Triplicate   
  The tabulated data of wound contraction reveals the 
gradual healing of the wound form 4.9 mm to 0.09 mm 
with negative control. The positive control with Povidone 
Iodine increases the speed of wound healing to 0.06 on 
15th day. The 10% ABF shows significant healing effect 
with positive control and the 20% ABF depicts similar     
nature of wound healing with positive control. The same 
data is presented in Fig.3 where the wound healing is 
completed on 15th day without any mark of wounds in     
average. The bar chart also portrays the gradual healing of 
wounds of the animals. The red colour bar is for negative 
control, brown colour bar for the positive control, Blue    
colour is for the 10% ABF and Yellow colour bar chart for 
the 20% ABF. At the end the level of 20% ABF seems to be 
invisible on the 15th day. The wound contraction seems to 
be gradually increasing included. Fig.3. shows the wound 
contraction for the different groups are below. 
 

 
 
*Results are presented as mean ± SD; statistically significant data are giv-
en as p < 0.05. 

Fig. 3. The wound healing effect of trichome of  Borassus 
flabellifer Control and Experimental Swiss albino mice 

 
3.4. Histology 
 The fibroblast plays an important role on all phases of 
wound healing. Fibroblast plays either in inflammation, 
Proliferation,reepithelization and remodeling phase. How-
ever, it is mainly responsible for collagen deposition. Col-
lagen is a key extracellular protein in the granulation tis-
sue of healing wound and it’s the vital component that ul-
timately plays an important role in wound strength and in-
tegrity of tissue matrix.   
 The results  in Fig. 4. showed that the ABF promotes 
natural healing process and it could be efficiently stimulate 
the wound strength and increase the rate of epithelializa-
tion, tensile strength and Collagen viability around the 
wound area.  ABF showed significant enhanced the epithe-
lization. It may be due to the effect of ABF to enhanced col-
lagen synthesis.   
 During the wound healing process migration of fibro-
blast and epithelial cells to the wound site was observed in 
the treated group. The Fig.4. revealed that the histology of 

Days 

Negative      

Control  

(in mm) 

Positive      

Control  

(in mm) 

10% ABF 

(in mm) 

20% ABF 

(in mm) 

Day 3 4.9 4.8 4.7 4.6 

Day 5 4.2 3.7 3.8 3.7 

Day 7 3.5 2.8 3.1 2.9 

Day 9 2.4 2.2 2.1 2 

Day 12 1.3 0.9 1.1 0.8 

Day 15 0.09 0.06 0.08 0.06 
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normal and treated wound healing skin of Swiss albino 
mice as follows. 

 
a) Normal Skin 

 
b) Positive Control 

 
c) Negative control 

 
d) 10 % ABF Extract 

 
e) 20 % ABF Extract 

BE- Epithelial Cells, FB -Fibroblasts, C- Collagen, BC- Blood Capillaries,  
Re – Re- epithelization are marked with arrow mark 

Fig. 4. Histology of Normal and Treated skin of 
 Swiss albino mice 

 The regeneration of cell, re-epithelialization, and pro-
liferation of fibroblasts are observed with the histology. It 
is the main activity for both for qualitative and quantita-
tive healing of wounds. It shows the growth of tensile cells, 
distribution of fibers, fibroblasts and the distribution of 
cells within the tissue[8-9] reported that the bark of Aza-
dirachta indica has wound healing activity using different 
extracts such as water, ethanol-water and ethanol. Water 
extract healed the wounds faster than the other extract 
and positive control. Povidone-Iodine ointment USP was 
taken as positive control.  
 The results of treated wound with 20% ABF shows a 
better result that of Azadirachta indica and Silybummari-
anumAsteraceae. The 20% ABF increased the level of col-
lagen synthesis which leads to increased tensile strength 
in wound tissue, helping the process of healing. Enhanced 
activity naturally leads to angiogenesis. This makes the 
circulation higher, thus providing oxygen and nutrients, 
essential for further healing process strongly. Therefore 
wound healing activity showed that the tissue regenera-
tion was much quicker in the ABF treated group compared 
to standard and control. The ointment of ABF showed sig-
nificant wound healing activity in excision wound in Swiss 
albino mice. 
 
4 Conclusions 
 It can be concluded that the study on wound healing 
effect of trichome of Borassus flabellifer states that the in-
digenous medicines are still relevant in the field of medi-
cine. Treating of wounds with trichome is not poisonous. 
Trichome could be suggested for the fresh wound where 
the trichome stops forming pus and mark of wound after 
healing. The nature of the skin is as normal as a normal 
skin. Therefore these studiesstrongly recommended that 
the trichome has medicinal property of wound healing. 
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