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Background:  Non-healing diabetic ulcers are the most common cause of amputation. Several studies have
reported for new, more effective treatments for chronic wounds in diabetic patients.
Objective:  This study aimed to evaluate the effect of local treatment of Phyllanthus emblica Linn. (PE) on a
full-thickness wound model in streptozotocin-induced diabetic mice.
Methods:  Balb/c mice were divided into five groups: control group (CON), diabetic wounded group (DM,
streptozotocin 45 mg/kg i.p. daily for 5 days), diabetic wounded group with daily treatment of different
concentrations of PE cream (10%; 100%; and 200%, w/v).  Seven days after the diabetic induction, all mice were
created bilateral full-thickness excisional skin wounds on the back and received vehicle or PE cream into wound
bed.  At day 14 post-wounding, the percentage of wound closure (%WC) and the percentage of capillary
vascularity (%CV) were determined by using confocal fluorescence microscopy and digital image analysis.
Results:  The dose-dependent of PE on diabetic wounds were determined by both findings of %WC and %CV.
The results showed positive correlation between various doses of topical PE and 14-day %CV post-wound
creation (r = 0.7197) (P = 0.0017).  The linear regression equation, Y = 0.01788X + 37.35, with R2 = 0.5180, described
the relationship between PE doses and CV%.
Conclusion:  These findings show that local administration of PE cream improved the healing process of
diabetic wounds in associated with PE’s angiogenic effect in a dose-dependent manner.
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The development of severe diabetic complications
in multiple organs are common problems that
appeared in long-term diabetes or poorly control of
hyperglycemia.  One of the most common and serious
complications of diabetes mellitus is diabetic foot
ulcers (DFUs).  Around 15.0% of diabetic patients
suffer from chronic non-healing diabetic foot ulcers,
and approximately 85.0% of persons with diabetes
end up with lower-extremity amputations. (1 - 3)

According to the wound healing pathophysiology,
it is demonstrated that the resolution of inflammation
seems to be the key point for further process of
proliferation to develop.  In diabetic patients, prolonged
inflammatory phase can in turn disturb collagen
metabolism, resulting in poor blood supply, reduced
production of growth factors, and impaired
angiogenesis to contribute to the frequent skin lesions
and poor wound healing.(1)  Therefore, several studies
have aimed to define some therapeutic agents or
medicinal herbs  to inhibit or reduce this prolonged
inflammatory phase. For instance, simvastatin is
one of those researched agents that could reduce
pro-inflammatory cytokines, increasing angiogenesis
and re-epithelialization, and improve wound closure
in both diabetic and non-diabetic animal models. (4 - 5)
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Phyllanthus emblica Linn. (PE), belongs to the
euphorbiaceae family, is widely distributed throughout
tropical and subtropical countries.(6 - 7)  It is native to
tropical south eastern Asia in mixed forest regions.
PE is one of the important and most widely used
herbal drugs in Ayurvedic Medicine.(8)   PE has shown
strong antioxidant effect with experimental evidence.
In addition, previous studies indicated that PE has
antidiabetic and beneficial effects on lipid profile;
thus, it can be recommended for use as a natural
supplementary herbal remedy in patients suffering
from diabetes mellitus.(9)  However, no research has
yet been reported about the PE effects on wound
angiogenesis and wound closure  in diabetic wound
model.  Therefore, the present study aimed to define
whether the topical application of PE-cream could
improve wound healing in diabetic mice association
with angiogenic effect in a dose-dependent manner
or not.

Materials and methods
PE extraction

Phyllanthus emblica Linn. fruits were taken
from Kanchanaburi, Thailand. Then 10 kg of the fresh
Phyllanthus emblica Linn. fruits were squeezed
to get fruit without juice.  After that, the squeezed
Phyllanthus emblica Linn. fruits were extracted
with 100% ethanol (1:2 w:v) for 72 hours, three times.
The alcoholic extraction solution was evaporated
by vacuum rotary evaporation below 45C to yield
PE-ethanol extract production.

Animals
Male BALB/c mice (7 - 8 weeks, 20 - 25 g) from

Nomura Siam International, Bangkok, Thailand were
used in this study.  All procedures were conducted in
accordance with guidelines for the use of experimental
animals by The National Research Council of
Thailand.  This study has been approved by the Ethics
Committee, Faculty of Medicine, Chulalongkorn
University, Bangkok, Thailand (IRB no. 007/2562).

The mice were divided into five groups as follows:
the control group (CON; n = 4); the diabetic group
(DM; n = 4); the latter received a daily treatment
of PE at the doses of 10%, 100%, and 200%, w/v
(DM + PE10, DM + PE100, DM + PE200; n = 12).
STZ was intraperitoneally injected to BALB/c mice,
dosage of 45mg/kg, for 5 consecutive days, to induce
diabetic mice model. Seven days after the blood
glucose reached 200 mg/dL, the full-thickness bilateral
wound model (0.6 × 0.6 cm2) was made on the dorsal

skin of each mice.  In the experimental protocol, the
various doses of 10%, 100%, and 200% for PE, were
used and mixed in PMA2-base cream.  The prepared
PE extract as mentioned above was weighted
according to the calculation of 10% PE, 100% PE
and 200% PE weight per volume of the cream mixture.
The prepared 10% PE, 100% PE and 200% PE
creams were kept in tightly closed light-proof brown
glass bottles and kept at 4C.  At room temperature,
the 10 l of mixture cream was topically applied
to the wound area of each mouse once a day for
14 days.

Diabetic induction and wounding protocols
In the diabetic groups, mice were induced by

injection of streptozotocin (Sigma Chemical Co, USA.)
in citrate buffer pH 4.5 (Sigma Chemical Co, USA.)
with dose of 45 mg/kg intraperitoneal injection daily
for 5 days.  The same volume of citrate buffer was
injected by the same route to non-diabetic control
animal.  Two weeks after diabetic induction, tail-vein
blood glucose levels were measured by using
glucometer (Advance Glucometer, Bochringer
Mannheim, Germany).  The inclusion criteria for
diabetes was that the fasting plasma glucose
concentration equals to or greater than 200 mg/dL.(10)

The wounding protocol was modified from Wu Y,
et al. and Sivan-Loukianova E,  et al.(11 - 12)  Seven
days after the diabetic induction, the mice were
anesthetized (sodium pentobarbital 55 mg/kg, i.p.) and
swabbed with alcohol on dorsal-rostral back. Bilateral
full-thickness excisional skin wounds (0.6 x 0.6 cm2)
were created on both left and right sides of the midline.
A square-shaped plastic splints were secured around
the perimeter of the wound to limit wound contracture.

Wound closure (WC) measurement
This study was observed at day 14 after wound

creation.  Briefly, the mice were anesthetized with an
intraperitoneal injection of sodium pentobarbital at a
dose of 55 mg/kg. Digital photographs of the wounds
were taken at day 14 by a digital camera (Nikon DS-
L2, Japan) (Canon EOS, Japan).  Areas of the wounds
were measured by tracing the wound margin and
calculated using digital image software analysis
(Image-Pro Plus II 6.1, Media Cybernetics, Bethesda,
MD), and the percentage of wound closure (%WC)
was evaluated using the following equation:- %WC =
(area of original wound- area of actual wound)/area
of original wound x 100.(10, 12)
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Capillary vascularity (CV) measurement
The right jugular vein of anesthetizing mouse was

cannulated for injection of 0.1 ml of 5% FITC-labeled
dextran.  The capillary vascularity was examined
using confocal fluorescence microscopy at 100 x
magnification (Nikon eclipse E800, Nikon, Japan).
From the fluorescent photographs, the capillary
diameter less than 15 µm were analyzed using Image
Pro II 6.1 software. The percentage of capillary
vascularity (%CV) was calculated using the following
equation:- %CV = number of pixels within capillaries/
total number of pixels of the entire frame x 100. (10, 13)

Statistical analysis
The data were expressed as the means  standard
errors of mean (SEM) and standard deviation (SD).
The differences between groups were determined by
one-way analysis of variance (ANOVA), followed by
the least significant difference (LSD) post hoc test
using SPSS software, version 22.  The comparison
between groups was done by using Student’s t - test.
Differences were statistically significant when
P - value was less than 0.05.

Results
In Figure 1, 14 days after wound creation, tail-

vein blood glucose levels were measured by using

glucometer (Advance Glucometer, Boehringer
Mannheim, Germany). Results of fasting plasma
glucose concentration (FBG, mg/dl) indicated the
hyperglycemia  in DM had no effects from the topical
treatments of PE.

Data showed that under hyperglycemia, the
percentage of capillary vascularity (%CV) were
significantly decreased at the 14-day DM as shown
in Figure 2 (CON = 40.7  1.2%, DM = 36.3  0.7%,
DM + PE10 = 38.5  0.8%, DM+PE100 = 39.4 
0.7%, DM + PE200 = 40.8  0.5%) (P < 0.05).  In
addition, at 14-day post-wound, the percentage of
wound closure (%WC) was significantly less in the
DM group than in the control group, as shown in
Figure 3 (CON = 99.3  0.1%, DM = 94.8  2.8%,
DM+PE10 = 98.8  0.5%, DM+PE100 = 99.0 
0.6%,  DM+PE200 =97.3  0.8%)  (P < 0.05).

In Figure 4, the dose-dependent of PE on diabetic
wounds was demonstrated. The results showed
positive correlation between various doses of topical
PE and %CV on day 14 post-wound (r = 0.7197),
(P = 0.0017). The linear regression equation,
Y = 0.01788X + 37.35 with R2 = 0.5180, represents
the relationship between PE doses and CV%.

Figure 1. At 14 days after wound creation, tail-vein blood glucose levels were measured by using glucometer (Advance
Glucometer, Bochringer Mannheim, Germany). The fasting plasma glucose concentration (FBG, mg/dl) in
the control group (CON; n = 4); the diabetic group (DM; n = 4); the diabetic group received a daily treatment
of PE at doses of 10%; 100%; and 200%, w/v (DM+PE10, DM+PE100, DM+PE200; n = 12) were shown.
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Figure 2. A-B. The capillary vascularity was examined using confocal fluorescence microscopy at 100x magnification
(Nikon eclipse E800, Nikon, Japan).
(B).  From the fluorescent photographs, the capillary diameter less than 15 m were analyzed using Image
Pro II 6.1 software.  At 14 days after wound creation, means percentage of capillary vascularity of CON, DM,
DM+PE10, DM+PE100, DM+PE200 were calculated using the following equation: (number of pixels within
capillaries/total number of pixels of the entire frame) x 100.  Bar scale is 100 um. *P < 0.05, **P < 0.01, ns is
non-significant difference.

                             Control                          DM                   DM+PE10       DM+PE100         DM+PE200

(A)

(B)
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Figure 3. (A-B) At 14-day post-wound creation, the percentage of wound closure (%WC) for CON, DM, DM+PE10,
DM+PE100, DM+PE200 were determined from photograghs taken by a digital camera (Nikon DS-L2, Japan).
Areas of the wound were measured by tracing the wound margin and calculated using digital image software
analysis (Image-Pro Plus II 6.1; Media Cybernetics, Bethesda, MD), and the percentage of wound closure
(%WC) was evaluated using the following equation: (area of original wound- area of actual wound)/area of
original wound x 100.  *P < 0.05, **P < 0.01, ns is non-significant difference.
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Discussion
Diabetic wounds are characterized by prolonged

chronic inflammatory state,  impaired cellular defense
mechanisms, and induced prolonged elevation of
pro-inflammatory mediators including TNF-,
IL-1, and IL-6.  This pro-inflammatory environment
induces a low-grade inflammation, leading to a chronic
inflammatory state.(14 - 15)  Moreover, the reduction of
growth factors, angiogenesis, and abnormal blood flow
cause prolonged and incomplete diabetic wound
healing.(16)

In this study, we found that at high doses of topical
PE cream, 100% and 200%, could improve wound
vascularity in diabetic mice. The wound closure
(%WC) and capillary vascularity (%CV) were
significantly different between DM and DM+PE100
at 14 days after wound creation.

Considering the previous findings, by using
the excision and incision wound models, Boakye
YD, et al. found that wounds treated with
Phyllanthus muellerianus (PE, 0.25, 0.5, and 1%
w/w) cream could increase wound contraction
rate when compared to untreated wounds.(16)

Immunohistochemical investigations revealed high
levels of TGF-1 in PE-treated wound tissues when
compared to the untreated wound tissues. Tensile
strength of incised wounds was signiûcantly high in

PE-treated wounds.  It was remarked that PE possess
wound healing and cytoprotective effects. (16)

 In the present study, the topical application of
PE (100% w/v) on diabetic wound model showed
signiûcant (P < 0.01) reduction in wound area when
compared to the diabetic untreated group (Figure 3).
The pronounced reduction in wound area exhibited
by PE (100% w/v) might be explained by the effect
of PE on enhancing wound capillary vascularity. The
results shown in Figure 2 indicated  the increased %CV
in PE-treated groups.  Moreover, by using Pearson’s
correlation analysis (Figure 4), the finding confirmed
a positive correlation between the expected factors
and represented the pleiotropic effect of PE on
wound angiogenesis.

Previous studies have documented PE to contain
biologically important compounds such as tannins,
alkaloids, phenolic compounds, and flavonoids. (17 - 18)

The polyphenols and hydrolysable tannins, which have
ascorbic acid-like action from Phyllanthus emblica
Linn. were reported to have stronger superoxide anion
radical scavenging ability than vitamin C.(19 - 20) Besides,
in various study models, Phyllanthus emblica Linn.
has been proved to increase the antioxidant defense
system enzymes and lipid peroxidation marker, such
as standard malondialdehyde, glutathione peroxidase,
superoxide dismutase, catalase and glutathione.(21 - 23)

Figure 4. The dose response of PE on diabetic wound was demonstrated.  The results  showed positive Pearson’s
correlation coefficient, r = 0.7197 (P = 0.0017), among PE  doses and CV%  of day-14 post-wound.  The linear
regression equation, Y = 0.01788X + 37.35 with R2 = 0.5180, represents the relationship between PE doses and
CV%.
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Therefore, it might be proposed that the antioxidant
effect of Phyllanthus emblica Linn. is the key
mechanism of improving diabetic wound angiogenesis
and wound healing.

Conclusion
These results may be the first in vivo evidence

showed the topical treatment of PE’s effects on wound
angiogenesis and wound closure in diabetic-wounded
mice model by dose effective manner. PE cream might
be used to improve the clinical benefit.  However, it
still needs further clinical research to determine the
proper dose of PE cream for diabetic patients.
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