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Background: Diabetes is a condition which is known

to be associated with a variety of connective tissue

abnormalities which contribute to impaired wound healing,

leading to the chronic ulcer formation. Centella asiatica

Linn. and Garcinia mangostana Linn. are widely used as

Thai traditional medicine including wound treatment.

However, the effects of both plant extracts in diabetic

condition had not been experimented.

Objective: To study the effects of topical administration of

Centella asiatica Linn. and Garcinia mangostana Linn.

on diabetic wound.

Materials and Methods: Male Spraque-Dawley rats

(64 rats) were divided into 2 groups: Normal control and

diabetes induced groups, each group was divided into 4

groups. The wounds were and treated by placebo, Centella

asiatica Linn., Garcinia mangostana Linn. and neomycin.

Results: It was shown that the wounds of the treated group

epithelialized faster and the wound contraction rate was

higher than the non-treated groups.

Conclusion: The present study results confirmed the

folkloric utilization and suggested the beneficial effects

of both plant extracts for treating diabetic wounds in

human being. However, the further studies with purified

constituents were required to understand the complete
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mechanism of wound healing promotion induced by both

Centella asiatica Linn. and Garcinia mangostana Linn.

Key words:  wound healing, diabetes, Centella asiatica

Linn., Garcinia mangostana Linn.
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Introduction

Wound healing is a complex process involving a highly
regulated series of biological events. These include a set
of co-ordinate interaction between cell in the dermis and
epidermis. Diabetes is a condition which is known to be
associated with a variety of connective tissue abnormalities.
It contributes to impair wound healing, leading in many
instances to chronic ulcer formation. Diabetic ulcers of the
lower limbs and feet, in particular, are associated with
high morbidity and often lead to the amputation1. Peripheral
neuropathy and peripheral vascular disease are thought to be
underlying factors in the diabetic wound formation2, but
dermal atrophy is likely to be a contributing factor in many
cases3. Reduced fibroblast growth, increased expression of
matrix-degrading matrix metalloproteinases (MMPs), and
decreased matrix synthesis are the consequences of chronic
vascular disease in diabetic skin as well as in other situations
where peripheral vascular disease is present4. Atrophic skin
is less resistant than healthy skin to wound formation.
In addition, scanty extracellular matrix production during the
proliferative phase of wound repair undoubtedly contributes
to poor healing5.

Centella asiatica Linn. has been shown to promote
fibroblast proliferation and collagen synthesis6  and to have
antiulcer activity7. Shukla had also reported wound healing
activity of the plant8. In primary screening an ethanolic extract
of the plant showed significant wound healing activity.
Repeated chromatography of the saponin mixture led to the
isolation of two pure saponins identified as asiaticoside and
madecassoside. Boiteau and Batsimamanga had reported the
use of asiaticoside in healing experimental or refractory
wounds9, but the effect of this substance on wound healing
process was not clearly understood.

Garcinia mangostana Linn, the fruit hulls have been in
use in Thai folk medicine for the treatment of skin

infections10, wounds11 and diarrhea12. Phytochemical studies
showed that these plant species were rich in a variety of
prenylated xantones13 and the constituents had demonstrated
a number of bioactivities14. Based on the actions for wound
healing promotion activity of both Centella asiatica Linn.
and Garcinia mangostana Linn. according to normal
folklore, the evaluation of wound healing activity of both
substances had been carried out.

Materials and Methods

Male Spraque-Dawley rats, weight 180-200 g were
acclimated for 1 week upon arrival in the laboratory. Diabetes
was induced by intraperitoneal injection of Streptozotocin
(STZ ; 50 mg/kgBW in 0.2 ml of 10 mmol/l citrate buffer, pH
4.5). The rats were assessed blood glucose at 48 h after
injection. They were regarded as diabetic when the blood
glucose concentrations were > 250 mg/dL (measured by
Glucometer). All rats were divided into 8 groups (8 rats/group).
Group I (normal control) received placebo, Group II (normal
control+Centella asiatica Linn. extract), Group III (normal
control+Garcinia mangostana Linn. extract) and Group IV
(normal control+neomycin) received neomycin, which is
a standard drug for treatment of the diabetic wound. Group
V, VI, VII and VIII are diabetic rats which received placebo,
Centella asiatica Linn. extract, Garcinia mangostana Linn.
extract and neomycin respectively.

Excision wounds were made on the 3rd day after
induction of diabetes. They were cut on the left side of
dorsal flank skin in the experimental rats. Animals were
anesthetized with 40 mg/kg BW intraperitoneally of pentothal
sodium and the left side of dorsal flank skin of each rat
was shaved. Excision wounds were made by cutting out
a 15 mm x 15 mm (225 mm2) piece of skin from the shaven
area. The wounds were full-thickness type, extending down
to the subcutaneous tissue. All animal experiments were
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carried out according to the guidelines and were approved by
the local ethics animal review board.

Two types of Thai herbal plants that are commonly
consumed in daily life were selected and collected between
February and May 2008 from specific local sources in
KhonKaen Province, Thailand. Each herbal plant was extracted
with 95% ethanol as follows. For ethanol extraction, the
fresh leaves of Centella asiatica Linn. 100 g and fruit hull of
Garcinia mangostana  Linn. 100 g were cleaned, chopped
and macerated overnight in 100 ml 95% ethanol, respectively.
The fluid so obtained were boiled in the oven until the
volume of both solutions were approximately 10 ml, then cool
down at the room temperature and mixed with approximated
90 ml glycerine gel.

Statistical analysis

The data are expressed as mean+SEM using analysis
of variance followed by Studentûs t-test. Significance is
calculated by comparing percentage of wound contraction
in normal control groups and in diabetic groups. The value
of  P < 0.05 were considered significant. The percentage of

wound contraction was calculated as a percentage of the
corresponding day 0 (original) wound area (225 mm2).

Results

The progress of wound healing induced in normal
control groups treated by placebo (Group-I), Centella asiatica
Linn. (Group-II), Garcinia mangostana Linn. (Group-III) and
neomycin (Group-IV) are shown in Table 1. Time for wound
closure as well as for falling of scab by placebo, gel and
neomycin were comparable and all were shown the effective
healing percentage after 4th days in gel-treated groups and
2nd, 8th days in neomycin treated group. However, the
percentage of wound healing was compared between
Group-I versus Group-II, Group-I versus Group-III and
Group-I versus Group-IV and was found significantly different.
Significant difference in the percentage of healing was
observed from 2nd to 8th days of application (Table 1) and
maximum difference was recorded after 4th, 6th and 8th days
in gel-treated at 48.02%, 67.71%, 78.19% (Group-II) and
53.29%, 70.96%, 80.57% (Group-III) and 2nd, 8th days in
neomycin treated at 6.10%, 41.38%, respectively.

Table 1 The percentage of wound contraction in normal control groups treated by placebo (Group-I), Centella asiatica Linn.
(Group-II) Garcinia mangostana Linn. (Group-III) and neomycin (Group-IV).

Post wounding % of wound contraction
 days Group I Group II Group III Group IV

2 18.73 22.26 26.44 6.10 #
4 33.49 48.02 † 53.29 * 20.49
6 50.00 67.71 † 70.96 * 35.77
8 64.76 78.19 † 80.57 * 41.38 #

Significance is calculated by comparing the percentage of wound contraction in Group-I vs. Group-II (?), Group-I vs. Group-III (*)
and Group-I vs. Group-III (#) (†, * and # p < 0.05)

The percentage of wound contraction In diabetic groups
treated by placebo (Group-V), Centella asiatica Linn. (Group-VI),
Garcinia mangostana Linn. (Group-VII) and neomycin (Group-
VIII) are shown in Table 2. Time for wound closure as well
as for falling of scab by placebo, gel and neomycin were
comparable and all were shown the effective healing
percentage after 4th days in Centella asiatica Linn.-treated

groups and after 2nd days in Garcinia mangostana Linn.-treated
group. However, the percentage of wound healing was
compared between Group-V versus Group-VI, Group-V versus
Group-VII and Group-V versus Group-VIII, significance was
found in Group-V versus Group-VI and Group-V versus Group-
VII. Significant difference in the percentage of healing was
observed from 2nd to 8th days  of application (Table 2) and
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Post wounding % of wound contraction
 days Group V Group VI Group VII Group VIII

2 11.25 20.28 30.24 † 12.02
4 25.75 46.44 * 58.62 † 27.91
6 38.83 65.23 * 76.10 † 41.16
8 53.75 76.30 * 84.55 † 45.43

Significance is calculated by comparing the percentage of wound contraction in Group-V vs. Group-VI (*) and Group-V vs.
Group-VII (†) (* and † p < 0.05)

Table 2 The percentage of wound contraction in diabetic groups treated by placebo (Group-V), Centella asiatica Linn.
(Group-VI), Garcinia mangostana Linn. (Group-VII) and neomycin (Group-VIII).

maximum difference was recorded after 4th, 6th and 8th days
in Centella asiatica Linn.-treated at 46.44%, 65.23%, 76.30%
and after 2nd, 4th, 6th and 8th days in Garcinia mangostana
Linn.-treated at 30.24%, 58.62%, 76.10%, 84.55%,
respectively.

The present study also evaluated the effects of various
interventions on histological features of  the skin. The results
showed that the size of the wounds in diabetes mellitus
condition were bigger than those of normal condition at the
same time of window treatment. Moreover, it also produced
irritation, consisting of redness, dryness, and flaking with
thinner epidermis and more pycnosis in the interstitial cells
population. In the group of diabetic rats which received Centella
asiatica Linn. extract or Garcinia mangostana Linn. extract
were shown the increase of collagen that was an index of
improvement of wound healing better than diabetic rats which
received placebo or neomycin as shown in Figure 2.

Discussion

Healing is a physiological process and does not normally
require much help but still wounds cause discomfort and are
prone to infection and other complications. Wound healing
has been reported to involve different phases such as
epithelialisation, contraction, granulation, collagenation. Recent
data also demonstrated that any drug that inhibits lipid
peroxidation is believed to increase the viability of collagen
fibrils by increasing the strength of collagen fibres, increasing
the circulation, preventing the cell damage and by promoting

the DNA synthesis15. Previous study showed that flavonoids
could inhibit lipid peroxidaton, preventing or slowing the
onset of cell necrosis, improved vascularity and promote the
wound healing process mainly due to their astringent and
antimicrobial property, which seemed to be responsible for
wound contraction and increased rate of epithelialisation16.
Centella asiatica linn., has been studied for its wound healing
activity in normal wound. The herbal was based on its
traditional medicinal use and reported pharmacological
activities such as promotion of fibroblast proliferation17. and
stimulation of collagen synthesis6. In the present study,
topical application of Centella asiatica linn. and Garcinia
mangostana Linn. in diabetic wound significantly enhanced
the rate of wound healing as assessed by increase in
collagen synthesis and rate of wound contraction. Histological
findings also showed enhanced proliferation of collagen.
Angiogenesis plays an important role in wound healing and
newly formed blood vessels comprise 60% of the repair
tissue. Neovascularization helps hypoxic wounds to attain
the normoxic conditions18. Based on these lines of evidence,
the wound healing promotion activity of both herbal plant
extracts observed in this study should be attributed to the
function of either the individual flavonoid or the additive
effects of the phytoconstituents existing in the herbal plant
extract. However, the precise underlying mechanism and the
possible active ingredient responsible for this effect are still
required further investigation.
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Figure 1 Photographical representation of contraction
wounds on different treatment at day 8 (D 8) of
nondiabetic and diabetic rats (DM) compared
with day 0 (D 0).
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Figure 2 Comparison histological features of skin from
nondiabetic and diabetic rats (DM) at day 8 post
treatment in various experimental groups.
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Conclusion

This study demonstrates that both Centella asiatica Linn.
and Garcinia mangostana Linn. could facilitate wound healing
under diabetic condition in animal. Therefore, they may be
suggested for treating diabetic wound in human being.
However, the further studies with purified constituents were
required to understand the complete mechanism of wound
healing promotion induced by both Centella asiatica Linn. and
Garcinia mangostana Linn.

Acknowledgement

This work was partly supported by KhonKaen University
Graduate Research Fund, 2006.

References

1. National Diabetes Data Group.  Diabetes in America.
Bethesda, MD, National Institutes of Health, 1995; 2:(NIH
publ. no. 95-1468).

2. Reiber GE.  The epidemiology of diabetic foot problems.
Diabet Med 1998; 13(Suppl 1):6-11.

3. Laing P. The development and complications of diabetic foot
ulcers. J Am Surg 1998; 176 (Suppl. 2A):11-9.

4. Loots MA, Lamme EN, Mekkes JR, Bos JD, Middelkoop E.
Cultured fibroblasts from chronic diabetic wounds on the lower
extremity (noninsulin-dependent diabetes mellitus) show
disturbed proliferation. Arch Dermatol Res 1999; 291:93-9.

5. Strigini L,  Ryan T.  Wound healing in elderly human skin.
Cli Dermatol, 1996; 14:197-206.

6. Maquart FX, Bellon G, Gillery P, Wegrowski Y, Borel JP.
Stimulation of collagen synthesis in fibroblast cultures by
a triterpene extracted from Centella asiatica. Connect Tissue
Res 1990; 24:107-20.

7. Yoshinori A, Yoshinori M, Reiko, Tsunematsu T. Mono and
sesquiterpenoids from Hydrocotyle and Centella species.
Phytochemistry 1982; 21:2590-2.

8. Shukla A, Rasik AM, Dhawan BN. Asiaticoside-induced
elevation of antioxidant levels in healing wounds. Phytother
Res 1999; 13:50-4.

9. Boiteau P, Batsimamanga AR. Asiaticoside extracted from
Centella asiatica, Its therapeutic uses in the healing of
experimental refractory wounds, leprosy, skin tuberculosis and
lupus. Therapie 1950; 11:125-49.

10. Mahabusarakam W, Wiriyachitra P, Phongpaichit S.†
Antimicrobial activities of chemical constituents from
Garcinia mangostana Linn.† J Sci† Soc Thailand 1986; 12:239-43.†

11. Pongphasuk N, Chitcharoenthum M, Khunkitti W.  Anti-
inflammatory and activities of the extract from Garcinia
mangostana Linn.†The 3rd World Congress on Medicinal Plant
and Aromatic Plants for Human Welfare, Chiang Mai, Thailand,
2003; 543:3-7.

12. Gritsanapan W, Chulasiri M.  A preliminary study of
antidiarrheal plants : I. Antibacterial activity. Mahidol
University. J Pharm Sci, 1983; 10:119-22.†

13. Kligman AM, Dogadkina D, Lavker RM. Effects of topical
tretinoin on non-sun-exposed skin of the elderly. J Am Acad
Dermatol 1993; 29:25-33.

14. Lateef H, Stevens MJ, Varani J. All-trans retinoic acid
suppresses matrix metalloproteinase activity and increases
collagen synthesis in diabetic human skin in organ culture.
Am J Pathol 2004; 165:167-74.

15. Getie M, Gebre Mariam T, Reitz R, Neubert RH. Evaluation of
the release profiles of flavonoids from topical formulations of
the crude extract of the leaves of Dodonea viscosa (Sapindaceae).
Pharmazie 2002; 57:320-2.

16. Nayak S, Nalabothu P, Sandiford S, Bhogadi Y, Adogwa A.
2006 Evaluation of wound healing activity of Allamanda
cathartica. L. and Laurus nobilis. L. extracts on rats. BMC
Complementary Alternative Medicine 2006; 6:12.

17. Veechai AD, Senmi J, Gassan G, Mohinaro M. Effect of Centella
asiatica on the biosynthetic activity of fibroblast in culture.
Farmacie Edition 1984; 39:355-64.

18. Ehrlich HP, Grislis G, Hunt TK. Metabolic and circulatory
contribution to oxygen gradient in wounds. Surgery 1972;
72:576-83.


