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Introduction

Piper betel (PB) is a plant which belongs to the family 
Piperaceae, whose leaves are known to exhibit medicinal 
properties. The plant is green in colour and its leaves are 
heart shaped. The PB is widely found in the region of In-
dia, Sri Lanka, Vietnam, and Malaysia. Some of the active 
ingredients of PB include phenols, fl avonoids, tannins and 
polysaccharides (1).

Source of funding: Grant number of FF-016–2009

Abstract

Background. Piper betel (PB) possesses antimicrobial, antifun-
gal, antioxidant and wound healing properties due to its powerful 
antioxidant effect. Diabetes mellitus (DM) is a metabolic disorder 
which is associated with complications like impaired wound healing, 
nephropathy and neuropathy. The main aim of the study was to study 
the wound healing properties of PB.

Materials and Methods. A total of 33 male Sprague-Dawley rats 
(250-300g) were taken and divided into 3 groups:- Group I (control) 
comprising of 14 rats; Group II (diabetic untreated) comprising of 9 
rats; Group III (diabetic treated) comprising of 10 rats. After 10 days 
of acclimatization, the animals were fasted overnight and diabetes was 
induced by administration of streptozotocin (45 mg/Kg body weight 
in a single dose, through tail vein) to group II and III animals. Four 6 
mm-diameter full thickness skin excision wounds were created and PB 
extract (50 mg diluted in 0.1 ml of normal saline) was applied locally 
for 10 days in group III. The group I and II received normal saline (0.1 
ml) for 10 days. The total protein content and the wound contraction 
rate were determined. 

Results. The wound contraction rate of group III (35.03 ± 2.96) 
was higher as compared to group II (18.40 ± 3.87) with p = 0.014. The 
total protein content for group III was 106.39 ± 4.46 as compared to 
group II (72.86 ± 12.86) with p = 0.050.

Conclusion. PB acted as a protective agent in the early phase of 
wound healing by increasing total protein content and wound contrac-
tion rate. Clin Ter 2010; 161(2):117-120
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The PB plant has been reported to exhibit antimicrobial, 
antifungal, antioxidant, cardiotonic, wound healing, revers-
ible antifertility, antimutagenecity and chemopreventive 
properties (1). Recent studies on PB has shown it to have 
positive effect in ulcer-healing due to its antioxidant and 
mucous protecting effect (1, 2). It has shown enhanced sen-
sitivity of Hep G2 cell to anti cancer drug and also exhibited 
radioprotective action (2, 3).

Diabetes mellitus (DM) is a metabolic disorder character-
ized by hyperglycemia as a result of insulin defi ciency, insulin 
resistance, impaired insulin secretion or excessive hepatic 
glucose production (4). DM is known to be associated with 
complications such as diabetic foot, nephropathy, diabetic reti-
nopathy, neuropathy and vascular disease (5). Impaired wound 
healing in diabetic patient is a matter of concern because even 
a minor skin wound often results in chronic, non-healing ul-
cers which incurs expensive treatment (6). Alarmingly, around 
14-24% of patients of diabetic foot ulcer require amputation 
even with proper treatment and care (7). 

Reactive oxygen species (ROS) are formed within 
the body during any metabolic process (8). These ROS 
are involved in a number of diseases like atherosclerosis, 
cancer, cirrhosis and diabetes. Some of the plant-derived 
antioxidants such as tannins, lignans, stilbenes, coumarins, 
quinones, could delay or prevent the onset of degenerative 
diseases because of their redox properties, which allow 
them to act as hydrogen donors, reducing agents, hydroxyl 
radicals (OH-) or superoxide radical (O2) scavengers (9). 
Interestingly, these plant-derived antioxidants are also strong 
chelators of metal ions (9). 

Many herbs and plants have been used in traditional 
medicine all over the world to treat any wound and these 
include Amaranthaceae, Anacardiaceae, Araceae, Ascle-
piadaceae, Boraginaceae, Chenopodiaceae, Cruciferaceae, 
Capparaceae, Hydnoraceae, Iridaceae, Rhamnaceae and 
Sapindaceae families (9). 

Streptozotocin (STZ) is a compound isolated from Strep-
tomyces achromogenes which exhibits marked antileukemic 
activity (10). Research reports depict that STZ can induce 
DM in many animal species which may exactly resemble 
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human hyperglycemic nonketotic DM state (11). It has been 
claimed that its diabetogenic effect is due to the  result of the 
specifi c damage of ß pancreatic islet cells, although some 
researchers have suggested that it produces a depletion of 
secretory granules in unaltered ß cells or suppression in 
insulin production and release (12). 

The main aim of the present study was to create an animal 
of DM by injecting STZ and ascertain the protective role of 
PB extract as a wound healing agent in DM wounds.

Materials and Methods

Prior ethical approval was obtained from the Universiti Ke-
bangsaan Malaysia Animal Ethics Committees (UKMAEC). 
The research was conducted by the fi nal year medical students 
under Special Study Module (SSM) programme.

PB extract

PB extract was prepared by the Forest Research Institute 
of Malaysia (FRIM) (aqueous derived) was obtained in dried-
powdered form. The PB extract was stored in airtight container 
at  - 200 C until the time of its usage. An amount of 50mg of PB 
extract diluted in 0.1 ml of normal saline was applied topically 
at the wounds created in the experimental groups.

Animals

In this study, 33 male Sprague-Dawley rats (weighing 
250-300 g) were obtained from laboratory animal resource 
unit of UKMMC. The rats were divided into 3 groups and 
acclimatized for ten days before the experiment commenced. 
Group I consisted of the normal control group which com-
prised of 14 rats. Group II was the diabetic untreated group 
with a total of 9 rats, and Group III consisted of diabetic 
treated group which comprised of 10 rats. Few rats in the 
diabetic groups died so it did not equal to that of the normal 
group. Commercial rat feed and water ad libitium was ad-
ministered to the experimental rats. The rats were housed one 
per cage and the environment was controlled with 12-hours 
light/dark cycle during the entire experiment. 

Induction of diabetes mellitus

The rats were fasted overnight and a single intravenous 
dose of STZ (Sigma company, Germany) in the dose of 45 
mg/kg of body weight was injected for the induction of DM. 
The STZ was diluted in normal saline and injected into the 
experimental rats via the tail vein. On the third day after 
STZ administration, fasting blood glucose was checked 
with glucose reagent strip and glucose meter (Accu-Chek 
Advantage, Roche Diagnostics, Hamburg, Germany). As per 
a previous protocol, the rats with the fasting blood glucose 
greater than 8mmol/L were considered as diabetic (13).

Wound creation

On the tenth day after induction of DM, wound was 
created on all rats by punch biopsy needle (14). After 

general anaesthesia was administered, the hair on the 
dorsal aspect of the back of each rat was shaved. The area 
was shaved beforehand and the skin was wiped with 70% 
alcohol. Four 6 mm-diameter full thickness skin excision 
wounds were created using a punch biopsy needle (two 
each side of the median line, approximately 2 cm from 
each other).  

PB extract was applied to the rats topically on the wound 
surface of rats in group III (diabetic, treated); while the 
wound of the rats in group I (control, untreated) and group 
II (diabetic, untreated) were treated with normal saline, once 
daily. All the wounds received daily standard wound cleans-
ing prior to the next application of PB extract. Throughout 
the experiment, the wounds remained uncovered.

The size of the wound and total protein content in the 
punch biopsy wounds were determined during the progress 
of healing. 

Wound collection

Half of the rats from each group were sacrifi ced on 
the fourth and tenth day after wound creation by cervical 
dislocation under anesthesia. The newly formed regenerated 
tissue was harvested without contamination from normal 
skin by using the same technique as in wound creation for 
total protein content determination. 

Total protein content

The total protein content was determined as per an 
earlier method described by Bradford method (15). One 
wound tissue from each rat was cut into smaller pieces. 
The wound tissue was homogenized in 1.15% potassium 
chloride at a ratio of 1:5 (wt/vol). The homogenous was 
centrifuged at 3000G for 10 minutes at 4°C. Total of 0.01 
ml of the supernatant was taken and it was mixed with 5 
ml of Bradford reagent. The absorbance was read at 595 
nm wavelength against normal saline, pH 7. Standard 
was treated similarly using Bovine Serum Albumin at 
concentration of 0 µg/ml, 20 µg/l,40 µg/mL,60 µg/ml,80 
µg/ml and 100 µg/ml  in normal saline. Total protein 
content refl ected the cellular proliferation and migration 
into the wound.

Rate of wound closure

Digital photograph of the wound was taken on day 0, day 
4 and 10 after the wound creation. By using image analysis 
software (VideoTesT-Master Morphology; VideoTesT, St 
Petersburg, Russia), the rate of wound closure was calculated 
using the following formula:

 wound area at day 0 –day n  x  100
Wound area at day 0

Statistical analysis

The data was expressed as mean ± SEM/SD followed 
by Mann-Whitney test and p value ≤ 0.05 was considered 
signifi cant. All the statistical tests were performed by using 
SPSS software (version 12.0).

Rate of wound closure (%) =
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Results

Rate of wound closure

The wound closure rates was measured as percentage 
of reduction from original wound size to the wound size 
on day 4 and day 10 respectively. The wound decreased in 
size each day after the wound creation in all groups. The 
rate of wound closure at day 4 in the group III i.e. diabetic 
treated group (35.03 ± 3.00) was signifi cantly higher as 
compared to the group II i.e. DM untreated group (18.44 ± 
3.87) (Table. 1 and Fig. 1). 

Interestingly, at day 10, the rate of wound closure in the 
diabetic treated and untreated group were 61.67 ± 4.89 and 
60.02 ± 3.57 respectively which meant that there was not 
much difference in between the two groups.

Total protein content

The total protein content of the wounds collected on day 
4 and 10 was tabulated (Table 1 and Fig. 2). At day 4, the 
total protein content of the diabetic treated group (106.39 ± 
4.46) was signifi cantly higher as compared to the diabetic 
untreated group (72.86 ± 12.86) (p < 0.05). However, the 
protein content of the diabetic treated and untreated groups 
showed no signifi cant differences (p > 0.05) at day 10.

Discussion

STZ has been known to cause specifi c damage to ß 
pancreatic islet cells (11). Therefore it can produce dia-
betogenic effect and the resultant clinical features exactly 
resemble those of human hyperglycemic non ketotic DM 
with clinical features like hyperphagia, polyuria and weight 
loss (16). As a result, STZ acts as an excellent model of DM 
for any experimental purpose. Perhaps, that was the reason 
why we preferred to choose STZ to create an animal model 
of DM.

It has been reported previously that cutaneous wounding 
may result in a decrease in antioxidant status as a result of 
production of ROS. An earlier research study reported that 
any diabetic ulcer that lasts for more than 4 weeks is usually 
an indication of worse outcome and may lead to amputation 
(17). Hence, the rate of wound healing plays an important 
role in the development of complications. 

Wound healing occurs in three different phases, i.e. in-
fl ammatory phase, proliferative phase and remodeling phase. 

We chose to select day 4 as it would signify the late infl am-
matory phase or the early proliferation phase of healing. 

In the study, we observed that the rate of wound closure 
of the diabetic treated group was signifi cantly faster as com-
pared to the diabetic untreated group on day 4 after wound 
creation. However, there was no signifi cant increase in the 
rate of wound closure on day 10 in the diabetic treated group 
as compared to the diabetic untreated group. Increase in the 
wound closure at day 4 signifi ed that PB acted better in the 
early phase of wound healing, i.e., at day 4.

Usually, the total protein content represents the protein 
level and the cellular proliferation of the wound tissues. In 
our study, we found out that the total protein content of the 
diabetic treated group only increased signifi cantly at day 4 
after wound creation as compared to the other groups. There 
was not much difference in the total protein content of the 
wound on day 10in the diabetic treated and untreated groups. 

Table 1. Effect of the Piper betel on the rate of wound closure and total protein content in the control, diabetic untreated and diabetic 
treated group. 

Day on which wound was measured Group Rate of wound closure 
(Mean ± SEM)

Total protein content
(Mean ± SEM)

4 Control 18.14 ± 33.30ab 78.64 ± 9.71a

Untreated 18.44 ± 3.87b 72.86 ± 12.86a

Treated 35.03 ± 3.00a 106.39 ± 4.46b

10 Control 57.70 ± 4.56a 36.58 ± 3.12a

Untreated 60.02 ± 3.57a 49.41 ± 2.30b

Treated 61.67 ± 4.89a 49.03 ± 11.26ab

Fig.1. Bar chart showing the wound closure (in %) in the normal, 
diabetic treated and diabetic untreated groups. Different symbols 
indicate signifi cant differences at day 4 and day 10, respectively.

Fig. 2.  Bar chart showing total protein content (in µg/ml ) in the nor-
mal, diabetic treated and diabetic untreated groups. Different symbols 
indicate signifi cant differences at day 4 and day 10, respectively.
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This suggested that the PB extract may stimulate the cellular 
proliferation in the early stage of the wound healing process 
as observed on day 4. 

In conclusion, the present study looked into the bioche-
mical parameters of wound healing i.e. wound contraction 
rate and total protein content of DM wounds treated with or 
without PB extract.. Based on the results of our study, we 
found out that the PB extract exerted a protective role wound 
healing rate more in the acute stage of the wound healing (at 
day 4) as compared to the later stage (day 10). Considering the 
cost effectiveness and absence of toxic effects, the PB may be 
actively used as a supplement in treating DM wounds. 
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