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ABSTRACT

The aim of this study was to know whether the administration of turmeric extract gel topically

can accelerate diabetic wound healing. This studywas an experimental analytical research in vivo
laboratory using quantitative method. The subjects of this study were alloxan-induced diabetic mice
model. The skin excision wounds were made on the back of the mice. The subjects were divided into
3, i.e. the group that given 1) blank gel (control) 2) Curcuma longa extract gel 3) nanocurcumin gel,
topically on wound once daily for 24 days. There was a tendency of nanocurcumin gel to accelerate
wound closure on day 3 and 9 of observation (p=0.459 and p=0.317). Whereas, Curcuma longa
gel had tendency to accelerate wound closure on day 6 and 12 (p=0.429 and p=0.485). On day
15 until 24, there was no tendency of nanocurcumin and Curcuma longa gels to accelerate wound
closure. However, overall there was no differences in the rate of wound closure in all three groups
as analyzed by ANOVA, thus represented by the area under curve (AUC) (p=0.521). Despite there
is a tendency of nanocurcumin and Curcuma longa gels to accelerate the wound closure in the early
stages of wound healing, administration of Curcuma longa and nanocurcumin gels topically do not
accelerate skin excision wound closure in alloxan-induced diabetic mice model.

Keywords: Curcuma longa extract gel, diabetes mice model, diabetic wound,
Nanocurcumin gel, the rate of wound closure.

INTRODUCTION care wound in the world". The high number of injuries

and the high cost required to care wound encourages

Wound due to injury is the most common  efforts to develop appropriate way of wound care
case in human. Wound can decrease the productivity ~ in order to accelerate wound healing process. The
and be an economical burden to the patient. Every  development of science and wound care in Indonesia
year, more than 1 billion USD are spentin order to  is very important given the high number of people
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with the diseases that are potentially followed by
chronic wound, such as diabetes, whose numbers
are increasing in recent times?.

Loss of tissue integrity due to injury impact
in various negative effects, such as damage of the
barrier to the external environment, thus increasing
the possibility of exposure of exogen substances
including microorganisms. As the result, the
wound become infected and will be more difficult
to cure. Furthermore, the wound could lead to
decrease organ function, reduce the quality of
life and productivity of the patients. Moreover, the
extension of wound healing time in chronic wound
due to pathological abnormalities leads to increase
wound care cost burden of the patient®. Therefore,
the favorable wound healing is desirable to prevent
worsening of wound complication.

The process of tissue repair on wound
healing is divided into 3 phases, i.e. the inflammatory
phase, the proliferation phase, and the maturation
phase*. These three phases occur synergistic
sequentially and overlapped each other. Disturbance
of one or more of these phases will extend the wound
healing time as occurs in chronic wound®. The wound
healing process begins with the release of various
cytokines and growth factors, such as Transforming
Growth Factor-? (TGF-?) and Platelet-derived Growth
Factor (PDGF) by platelets that induce neutrophil
chemotaxis into wound tissue in the first 24 hours,
and monocytes in the next 24 hours®.

The migrating monocytes will then
differentiate to macrophages. Futhermore, these
macrophages will play an important role in all
phases of wound healing. In healing process,
macrophages have function to: (1) clean debris,
neutrophil containing bacteria and residual bacteria
by phagocytosis, (2) produce proteases and
extracellular matrix molecules, (3) produce growth
factor, such as PDGF, TGF-2, Vascular Endothelial
Growth Factor (VEGF) and Fibroblast Growth
Factor-2 (FGF-2) which subsequently contribute
to the proliferation of fibroblast, angiogenesis and
reepithelization in the proliferation phase (6-8).

Based on the mode of activation and its
characteristic, macrophages are distinguished into
2 types, classically activated macrophages (CAM/
M1) and alternatively activated macrophages (AAM/
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M2)8. In the initial response to tissue damage,
M1 serves in phagocytosis and pro-inflammatory
cytokines production, facilitating congenital immunity
and wound debridement’. In the later stage, M2
will produce VEGF, TGF-2, dan Interleukin 10
(IL-10) which helps in suppressing inflammation,
and stimulates tissue formation®. Inhibition of
macrophage activation has been known in leading
to elongation of healing time’. In addition, persistent
M1 in wound tissue and inhibition of M2 polarization
will also result in disturbance of healing process,
especially in certain diseases, such as diabetes®.
Therefore, things that support macrophage migration
in the early phase and M2 polarization in the
later phase of wound healing need to be further
investigated to optimize wound healing process.

Turmeric (Curcuma longa) is common
plant as cooking spices in Indonesia. This plant
also frequently used by the society to treat some
diseases, such as stomach diseases, diarrhea, fever,
and itchy'. In India, Curcuma longa has been used
to treat open wound™.

Turmeric has been known containing
curcumin which was identified to have anti-
inflammatory effect. Curcumin in turmeric can
modulate inflammatory response by reducing
cyclooxygenase-2 (COX-2) activity, lypooxygenase,
and inducible nitric oxide synthase (iNOS) enzymes;
inhibit pro-inflammatory cytokines production, such
as tumor necrosis factor-alpha (TNF-t), IL-1, -2,
-6, -8, and -12, monocyte chemo-attractant protein
(MCP), and migration inhibitory protein (MIP);
and also reduce mitogen and Janus kinase (12).
In addition, a study using macrophage cell line
(Raw264.7) has also shown that curcumin can
induce M2 polarization of Raw264.7 as indicated
by upregulation of macrophage manose receptor
(mmr), arginase 1 and pparg gene expression, which
are markers of M2'3. Therefore, further investigation
of the effect of turmeric extract administration
topically on chronic wound, such as diabetic wound,
and immunologic mechanism on the affected wound
tissue repair should be investigated.

MATERIALS AND METHODS
Research Subject and Design

The research design is in vivo laboratory
experimental analytic research by quantitative
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method. Subject of this research was animal
experiment using 14 male mice model diabetes
strain Balb/C with age 10 — 12 weeks and weight
22 — 40 grams according to inclusion and exclusion
criterias, obtained from Pharmacology Laboratory,
Faculty of Medicine, Universitas Padjadjaran. Prior
to the experiment, mice were adapted to reduce
stress after mobilization to the laboratory. Mice were
housed in proper cage and were given food and
drink ad libtium. Type 1 diabetic mice model were
obtained by alloxan induction intraperitoneally.

This experiment was conducted in
Pharmacology and Biochemistry Laboratories,
Faculty of Medicine, Padjadjaran University in May
until July 2017.

All of the experiments were performed
according to 3R principle. This studyhas obtained
an ethical approval from health research ethics
committee, Faculty of Medicine, Padjadjaran
University (No. 711/UN6.C.10/PN/2017).

Gel Material

Blank gel was made from pure gel without
active substances. Curcuma longa extract gel was
prepared by mixing Curcuma longa 96 % v/v ethanol
extract into gel (0.3%). Both gels were prepared in
Pharmacognosy Laboratory, Faculty of Pharmacy,
Padjadjaran University. Nanocurcumin gel was
prepared by mixing curcumin (0.25% w/v) into a
conventional emulsion using GMO (16 w/v) and
Chemophor RH40. Curcumin nanoemulsion then
was formulated into gel. This nanocurcumin gel
was prepared in Semisolid Laboratory, Faculty of
Pharmacy, Bandung Institute of Technology (ITB).

Induction of Diabetes

After mice were adapted for 1 week,
induction of diabetes was prepared by injecting
alloxan (150 mg/kgBB) intraperitoneally. Immediately
after alloxan induction, mice were given food
necessarily. In the first 48 hours after alloxan
induction, mice were given 10% glucose orally to
avoid hypoglycemia and to prevent mice death. On
day 11 after alloxan induction, mice blood glucose
levels were measured by glucometer (GlucoDR™,
Allmedicus, South Korea). Mice with blood glucose
>135 mg/dL were included as research subjects in
this study.
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Induction of Wound

Initially, mice back’s feather was shaved
to facilitate wound induction. About 2 — 3 days after
shaving procedure, wound induction experiment
was started. First of all, isofluran was given by
inhalation as anesthesia. Aseptic and antiseptic step
was performed at the wound area by alcohol 70%.
Wound induction was made on the back of the mice
using 6 mm biopsy punch (GlaxoSmithKline GmbH
& Co. KG, Germany) in order to homogenize shape,
depth and diameter of the wound of each mice.

Gel Administration

Prior to the experiment, the subjects
were grouped into 1 control group and 2 treatment
groups, i.e. the group that given 1) blank gel
(control) 2) Curcuma longa extract gel (treatment
1) 3) nanocurcumin gel (treatment Il). Immediately
after wound induction, topically gel was given on the
wound surface in compliance with the group once
daily for 24 days.

Wound Measurement

Wound area was measured every 3 days,
started from day 3 until day 24 post-wound induction.
Wound size was analyzed using image J (open
source). Then, percentage of wound closure was
calculated by formula below:

(wound initial area - wound end area)

x 100%

% Wound closure = —
wound mtial area

Initial wound closure (in day 0) was defined as 0%
wound closure.

The percentage of wound closure is considered
as observation data in this research for the next
analysis process.

Statistical Analysis

The observation data were analyzed in
order to know normality of the data distribution
by using Shapiro-Wilk. ANOVA test was used for
normal distribution data and followed by multiple
comparisons post-hoc Turkey. Whereas Kruskall-
Wallis test was used for abnormal distribution data.
A p-value of <0.05 was regarded as significant.

RESULTS
The development of the percentage of

wound closure between control and treatment
groups
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The development of the percentage of As indicated in the figure 1, there was a
wound closure among those three groups (control,  tendency of nanocurcumin gel to accelerate wound
Curcuma longa, and nanocurcumin) on day 3,6,9, closure on day 3 and 9 (p=0,459 and p=0,317).
12, 15, 18, 21, and 24 was shown in the figure 1. Whereas, Curcuma longa gel showed a tendency to

accelerate wound closure on day 6 and 12 (p=0,429
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Fig. 1: The development of the percentage of wound closure among control, Curcuma longa, and
nanocurcumin groups on day 3, 6, 9, 12, 15, 18, 21, and 24 after wound induction
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Fig. 2: The progress of the percentage of wound closure among three groups (control, Curcuma
longa, and naocurcumin) day by day
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and p=0,485). On day 15 until 24, the tendency was
not shown in both of nanocurcumin and Curcuma
longa gels to accelerate wound closure. The
progress of wound closure day by day of all groups
was indicated in the figure 2. The progress of wound
area was not shown any differences among those
three groups on day 15 until 24 (Figure 1 and 2).
Furthermore, the representative of wound closure
progress of three groups was presented in the figure
3.

Although there was the tendency of
nanocurcumin dan Curcuma longa groups to
accelerate wound closure on day 3, 6, 9, and 12,

0
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wholly, there was no significant differences of wound
closure rate of all groups. It was shown by area
under the curve (AUC) analysis in the figure 4 which
revealed that there was no statictical differences of
AUC among all three groups (p=0,521).

DISCUSSION

Based on observation of the excisional
wound closure rate of diabetic type 1 mice model,
there was no significant differences among control
and treatment groups on day 3, 6, 9, 12, 15, 18,
21, dan 24. This phenomenon can be explained by
understanding mechanism of diabetic wound healing

3 = g 12 15 15 21 24
| 3
- -

BEsNEENNT -

HESNENS

MNanocurcumin

Fig. 3: The representative of wound closure progress of three groups
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Fig. 4: Graph of AUC comparison of
three groups (control, Curcuma longa,
nanocurcumin)

and curcumin intervention to the wound healing
process.

There are commonly 3 phases of wound
healing that occur synergistic consecutively,
and overlapped. All of those three phases are
inflammatory, proliferation, and remodeling phases
along 3-14 days®'. The inflammatory phase,
begin with hemostasis. Afterwards, neutrophil
and macrophage M1 migrate to the wound tissue
to phagocyte bacteria and debris, release pro-
inflammatory cytokine and growth factors, such
as FGF-2, IL-1, TGF-a, and TNF-a, and also
cause inflammation. In the proliferation phase, M2
macrophage release anti-inflammatory cytokines
and growth factors which lead to epitelization,
angiogenesis, and formation of tissue granulation.
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The last phase of wound healing involves the
balance between degradation of old ECM and
synthesis of new ECM to promote remodelling
process. Among all cells that play roles in this phase,
fibroblast is the most likely important component.
This cell synthesizes matrix molecules and tissue
inhibitors of matrix metalloproteinases (TIMPs) that
regulates matrix metalloproteinases (MMPs) activity.
This phase requires several months to form mature
scar®.

In diabetic wound, there is an abnormality
in wound healing process. Basement membrane
thickening in arteriole causes abnormality in
wound healing. High levels of advanced glycation
end-products (AGEs) in diabetes probably induce
inflammatory molecules, such as TNF-a and IL-
1, and intrude collagen synthesis'. In addition,
abnormality of immune response in diabetes results
in lowering of chemotaxis, phagocytosis, and ability
to kill bacteria by immune cells. Both of these could
probably cause the inflammatory phase becomes
longer.

Proliferation phase is also inhibited in
diabetic wound due to disfunction of fibroblast
and keratinocyte'. VEGF is a kind of growth
factor that play role to induce mobilization of
endothelial progenitor cell (EPC) in angiogenesis.
In diabetic condition, level of VEGF are probably
decrease'®'®, This condition is possible to decrease
activation and phosphorylation of endothelial Nitric
Oxide Synthases (eNOS) in bone marrow, inhibit
mobilization of EPC from the bone marrow to
circulation directly'®2°. Level of chemokine stromal
cell-derived factor-1a (SDF-134) that is important to
induce homing of EPC to the wound area, reduce
in diabetic condition as well. Both of these would
probably impede angiogenesis, thus the proliferation
phase becomes longer.

In diabetic wound, there is also unbalance
between MMPs and TIMPs causing maturation and
wound healing becomes longer's.

Curcumin as an active substance in
Curcuma longa has various mechanisms to
accelerate wound healing. Based on previous
studies, curcumin has proven to reduce stress
oxidative and lipid peroxidation, and inhibit AGEs
accumulation (Sajithlal et al., 1998). Curcumin also
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proven to reduce expression of TNF-3, IL-14, and
MMP-922, Previous studies have explained that in the
proliferation phase, curcumin could increase anti-
inflammatory cytokine IL-10, upregulate expression
of VEGF, TGF-a1, HIF-14a, SDF-14a, and HO-1, thus
increasing new vascular formation?.

Study that conducted by Qi, et al., showed
that there is another factor in diabetic wound healing,
i.e. pigment epithelium-derived factor (PEDF). PEDF
is 50-kDa glycoprotein family serine proteinase
inhibitor (Serpins) that has anti-angiogenic activity?*
and counterbalance of VEGF (pro-angiogenic) 2.
Study that conducted by Jenkins, et al. showed
that there is an increased of PEDF levels in diabetic
tipe 1 and type 2 patients??’. In line with this, study
by Qi, et al. indicated an increased of PEDF levels
in diabetic mice model?*. However, there are no
publication that prove the effect of curcumin on
lowering PEDF levels. The high levels of PEDF
acting as the counterbalance of VEGF probably
resulted in slowing of the accelerated wound healing
process due to inhibition of the angiogenesis in the
proliferation phase. Although curcumin known in
increasing VEGF and other growth factors in acute
wounds, high PEDF levels in diabetes might be the
reason why curcumin is not sufficient to accelerate
wound healing. Therefore, further investigation
regarding the effect of curcumin on PEDF in wound
healing is required.

As mentioned earlier, wound healing
is initiated by the inflammatory phase involving
chemotaxis, monocyte migration, phagocytosis, and
bacterial elimination by macrophages’®. Interestingly,
monocyte chemotaxis might be inhibited by curcumin
via modulation of growth response-1 transcription
factor (28). This may cause a decrease in the number
of macrophages in curcumin-treated wounds since
the onset of wound induction, whereas macrophages
in the wound tissue play an important role in both
the inflammatory phase and the proliferation phase
of wound healing. The decrease in the number of
macrophages perhaps can lead to the expected
acceleration of wound healing by administering
curcumin does not occur. Although curcumin is
known to increase the polarization of essential M2
macrophages in releasing growth factors in wound
healing, the expected improvement in wound
healing rate by M2 macrophage polarization may
not be occurred if the available macrophages in
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the wound tissue are not sufficient. In addition,
curcumin has been known to have anti-inflammatory
effects, so it can inhibit the inflammatory phase.
Whereas inhibition of one or more wound healing
phases, especially in the inflammatory phase may
further impede the acceleration of wound healing®.
Therefore, further study is required to investigate
the effect of curcumin on the acceleration of
wound closure if the administration begins on day
3 or 4, since at that time it is estimated that the
monocytes have migrated to the wound tissue and
the inflammatory phase is going to over®. Thus,
if curcumin is administered after the end of the
inflammatory phase and monocyte migration to the
wound tissue, the effect of curcumin in encouraging
wound closure in the proliferation phase through M2
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macrophages polarization and the resulting growth
factors is expected to be more optimal to support
tissue repair.

In conclusion, despite there is a tendency
of nanocurcumin and Curcuma longa gels to
accelerate the wound closure in the early stages
of wound healing, administration of Curcuma longa
and nanocurcumin gels topically begin with day 0
do not accelerate skin excision wound closure in
alloxan-induced diabetic mice model.
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