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Abstract

Background: Diabetic wound healing process has many obstacles including inflammatory response. A strategy
accelerates diabetic wound healing by controlling level of pro-inflammatory cytokine (TNF-a). Mangosteen rind as
anti inflammatory potentially accelerates diabetic wound healing. There is lack of study about mangosteen rind
towards TNF- a level of diabetic wound healing.

Objective: To prove impact of mangosteen rind extract (MRE) topically on TNF-a level of diabetic-type 1 wound
healing post tooth extraction in rat.

Method: Experiment with randomized pre-post test with control group design. Sample was 40 male Wistar rats aged
8-10 weeks, weight 120-160 g, divided into 4 groups: diabetic wound treated MRE; diabetic wound control; non-
diabetic wound treated MRE and non-diabetic wound control. Preparation of type 1 diabetic rats using induction of
Streptozotocin (STZ) 1x with dose of 50 mg/kg intraperitoneal. Rat with diabetes when blood glucose at fasting time
(hyperglycemia) = 250 mg/dl. Diabetic wound was made by extraction of right upper incisor, as well as in non-
diabetic wound. Monitoring of diabetic wound healing was by TNF-a level in inflammatory phase. Data was analyzed
by General Linear Model test.

Result: TNF-a level of diabetic wound treated MRE was only 50% of control group and there was a significant
difference between diabetic wound group (p <0.05), TNF-a level decreased 40% in inflammatory phase.

Conclusion: Mangosteen rind extract topically reduced and controlled TNF-a level in inflammatory phase and
accelerated diabetic-type 1 wound healing post tooth extraction in rat.
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Preliminary
A.  Research Background

Chronic wound healing, a major complication in
diabetic patient is still a serious clinical problem (4.
A population-based study in the United States on
prevalence and cost of treatment indicated
prevalence of 3 (three) major types of wound not
recovered was estimated between 3-6 million (2),
Chronic wound resulted in expenditure for very
large medical cost with a total estimated = § 3
billion rupiah per year. Mechanism of diabetic
wound healing including disorder of inflammation
response (35, growth factor G & 7), angiogenesis
response (3 8, macrophage function ©), collagen

deposit, epidermal function, granulation tissue @),
keratinocyte, fibroblast migration and proliferation,
epidermal nerve number (10, bone healing and
balancing between ECM (Extracellular Matrix)
component accumulation and remodeling by MMPs
(Matrix Metalloproteinases) (0. One approach
could be made to improve diabetic wound healing
by controlling inflammation including TNF-ua level
as a major proinflammatory cytokine (6.
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Uncontrolled inflammatory response may cause
tissue damage therefore controlling inflammation
was [@3sential to optimize wound healing process
(12), Expression of TNF-a has been shown to be
highly elevated during inflammatory phase in
wound healing process (13, TNF-a (major
proinflammatory cytokine) is produced by
macrophage, T cell and immune cell in eafly wound
with relatively high concentration. At low level,
TNF-a could promote wound healing by stimulating
inflammation indirectly and macrophage in
producing growth factor. However, at high level
(excessive) and especially in prolonged period may
cause septic shock and cell damage in inflammatory
process, TNE@ may harm healing effect by
suppressing synthesis of extracellular matrix
protein (ECM) and as inhibitor of
metalloproteinases (TIMPs) as well increasing
synthesis of matrix metalloproteinases (MMPs) (14,
Significant increases in TNF-a level could be caused
by infection (1),

Oral care can be performed in diabetic patient
including operative dentistry such as oral surgery,
curettage and tooth extraction although higher risk
than non-diabetic patient. Currently, standard
therapy given post tooth extraction is provision of
antibiotic, anti-inflammatory, anti pain and topical
medicine. Chemical topical preparation serving to
relieve pain, control bleeding and assist blood
clotting processdf@n the market including silver
nitrate, gelatine-based haemostats, collagen-based
haemostats, fibrin-based  haemostats, anti
fibrinolysis and bismuth subgallate.  This
preparation has not been specifically for diabetic
patient where the healing process ran more slowly
with higher incidence of complication such as
infection, poor tissue perfusion (ischemia) and
neuropathy resulting in reduced oxygen pressure
and nutrient supply, hypoxia and small blood vessel
dysfunction (3. Therefore, other alternative
ingredient such as herbal ingredient relatively
cheaper, efficient, easy to use and supporting policy
of local government program aiming tdgf§aximize
natural cultivation. Herbal medicine played an
important role in treatment of diabetes, especially
developing countries because of its cost-efficient
e.

Mangosteen is an Indonesian native plant easy to
find and cheap price in market and has been widely
used for wound healing treatment, especially fof)
diabetes. Research conducted (7) stated MRE with a
dose of 100 mg/kg weight may reduce blood

glucose level in rat. Clinically MRE accelerated
healing of periodontal treatment (18, Preliminary
study had been conducted by researcher (19 using
topical MRE preparation as a remedy for oral
traumatic ulcer. Futhermore, a study analyzing of
E3sting material MRE stated that 100 gr of MRE
positively contained 0.16% xanthone and 0.74%
mangostin (20, Xanthone able to act as anti-
inflammatory (21, One of topical therapeutic benefit
was direct drug delivery to wound site at optimum
concentration with minimal risk of systemic side
effect and no oral mucosa permeability barrier (22),
This study may prove effect of MRE topically on
TNF-a level in diabetic wound healing post tooth
extraction.

Research Methods
m Research Design
An experimental research with randomized pre-

post test with control group design using
laboratory test.
B. Research Variables and Operational

Formulations

1. The modeling of diabetic-type 1 wound (23-26) in
oral cavity:

- Induction of Streptozotocin (STZ) 1x with
dose of 50 mg/kg intraperitoneal.

- Diabetic rat when blood glucose at the time
of fasting (hyperglycemia) = 250 mg/dl.

- Extraction of 1 (one) tooth incisive upper
right.

2. Plant Testing Material (20);

- Determination of mangosteen type was
Garcinia mangostana L with main active
[@Agredients xanthone and mangostin.

- Preparation of plant material obtained by
extracting mangosteen rind using
maceration method.

- Acute toxicity and microbiology tests were
performed for safety and toxicity of
mangosteen rind extract preparation, if not
toxic and then applied topically to diabetic
wound.

3. Measurement of TNF-u level was 2 ml blood of
retro-orbital sinus 2% in centrifuge, if not
directly examined, this serum was stored in
freezers -4°C to -200C for testing on day to 0, 3
and 7 with ELISA Kit.
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C. Population and Samples

Animal Experimentation

A sim@le randomized male Wistar Rat, there are 40
rats (aged 8-10 weeks, weight 120-160 g) divided
into 4 groups: Diabetic Wound Treated MRE;
Diabetic Wound Control; Non-Diabetic Wound
Treated MRE and Non-Diabetic Wound Control

D. Data Analysis Techniques

Initial data analyzed with Kolmogorov-Smirnov
test, TNF-a level data was not normal, bivariate
analysis using Wilcoxon signed rank test to
determine impact of mangosteen rind extract
topically against TNF-a level in diabetic wound
healing post tooth extraction. All analyzes were
assisted with a computer through the SPSS for
Windows.

Results and Discussion

Research Results
Blood glucose level of rat diabetic before and after
administration STZ was shown in Table 1. and
Figure 1. There were shown that those diabetic rats
when blood glucose at the time of fasting
(hyperglycemia) = 250 mg/dl.

Table 1.Blood Glucose Level Before and After Administration STZ

450

400
350

300 //
250

=== Diabetic

Wound+MR
200 // \ / B
150 y \V
100 + =i Diabetic
) Wound

Control

| Day0 | Day10 | Day 14—|
Before | After STZ (mg/dl) |

Group Early Blood Glucose After
Blood Administration STZ (mg/dl)
Glucose Day 0 Day 10 | Day 14
(mg/dI)

Diabetic 88,30 406,50 129,80 192,80

Wound+MRE

Diabetic 91,30 317,50 | 278,20 255,40

Wound

Control

Table 1. showed average blood glucose level in
diabetic wound treated MRE group increased 4.5
times from 88.30 mg/dl to 406.50 mg/dl on day 0
after administration of STZ and then decreased
about 75 % on day 10 (129.80 mg/dl) and 50% at
day 14 (192.80 mg/dl). While average blood
glucose level in diabetic wound control group
increased 3.5 times from 91.30 mg/dl to 317.50
mg/dl on day 0 after STZ administration and then
slightly decrease (10%) on day 10 (278.20 mg/dl)
and day 14 (255.40 mg/dl).

Figure 1. Animal Blood Glucose Level on Diabetic Wound Healing

Figure 1. indicated animal blood glucose level on
diabetic wound healing post tooth extraction before
and after administration STZ. Early blood glucose at
the time of fasting in diabetic wound group was
hyperglycemia (2250 mg/dl). On day 0 after
administration of STZ, average blood glucose level
in diabetic wound was 406.50 mg/dl (treated MRE)
and 317.50 mg/d] (control). Subsequently on day
10 diabetic wound treated MRE decreased
significantly (75%, 129.80 mg/dl) as well 50% at
day 14 (192.80 mg/dl). While average blood
glucose level in diabetic wound control group
slightly decrease (10%) on day 10 (278.20 mg/dl)
and day 14 (255.40 mg/dI).

TNF-a level on inflammatory phase of diabetic
wound healing post tooth extraction was indicated
in Figure 2. TNF-a @} of diabetic wound treated
MRE was only 50% of control group and there was
a significant difference between diabetic wound
group (p <0.05), TNF-a level decreased 40% in
inflammatory phase.
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Figure 2. LBQI of TNF-a on Inflammatory Phase of Wound Healing
Figure 2 showed that the level of TNF-a on
inflammatory phase (day 0 to 7) of wound healing
post tooth extraction. TNF-a level in diabetic
wound group had a similar pattern from day 0 to 3
between diabetic wound treated MRE and control
but on the 7t day the TNF-a level in diabetic wound
control was higher 95% than group treated MRE.
On the day 0 TNF-u level of those group was range
355 -370 pg/ml], day 3 there was a decrease in TNF-
a 30% which both TNF-a level in diabetic wound
treated MRE and control was 220 pg/ml. On the 7th
day diabetic wound group had risen which one
treated MRE increased 10% (255 pg/ml) and
control group 105% (46@Epg/ml). Based on
Wilcoxon Signed Rank Test, there was a significant
difference TNF-a level between diabetic wound
group (p=0.028). Among non-diabetic wound
group, TNF-a level had increased from day 0 to 7,
non-diabetic wound treated MRE 25% from 360
pg/ml to 445 pg/ml while in control group 18%
from 325 pg/ml to 380 pg/ml.

B. Discussion
Acute toxicity test using Balb/C mice for 14 days

with varying doses of each group (5, 50, 300, 2000,
5000 mg/kg BW and control) did not result in
toxicity and mortality and safe consumption in
accordance with the results Microfflogical tests in
which there are no bacteria Escherichia coli,
Pseudomonas aeruginosa, Salmonella  sp,
Staphylococcus aureus (20). This result of acute
(ERicity test was consistent with a study at various
doses (1.0, 2.0 and 3.0 g/kg BW) in rat @9 stated
that MRE did not produce significant toxic effect in
rat during 14 days treatment period related to
weight, hematology and organ weight parameters
of each internal organ. In this study treatment with
MRE was given topically because it aims to achieve
local @#ect, more effective, minimal systemic effect
and as a drug delivery primarily as an anti-
inflammatory in wound healing process. If MRE is
given systemically it will require a higher dose to
be secreted substantially in wound post tooth
extraction G0),

In this study induction of diabetes in animals
attempted to use diabetogenic Streptozotocin (STZ)
agent as compared to other agent (Alloxan),
Streptozotocin agent was more stable and specific
for pancreatic beta cells and did not require high
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doses. STZ-induced animal was male Wistar rat
with similar status to diabetes in human (1-3%),
Meanwhile, according to 5 chronic diabetes
because STZ induction in rat resembled many
human but not all offhronic complication observed
in diabetic human. Administration of a single dose
of STZ 50 - 65 mg/kg Intraperitoneal, after 8-10
days of blood glucose achievement at fasting time =
250 mg/dl, an experimental animal was present in
hyperglycemia or diabetes 2426.36), [nduction of STZ
at dose of 50 to 65 mg/kg BW caused
hyperglycemia without side effect such as severe
ketosis and did not require insulin to survive, if
higher dose (= 75 mg/kg BW) lead to spontaneous
ketosis and death within a few days if insulin was
not given (35),

Diabetic agent STZ is most commonly used to
induce diabetes in animal model as early
microangiopathic lesion, such as basal membrane
thickening and pancreatic damage are commonly
used to create models of type 1 diabetic mice with
diabetic similarity to nephropathy in humans 34, [n
case of STZ induced diabetes, AGEs (Advanced
Glycation End Products) stimulated macrophage to
secrete NO (Nitric Oxide), ROS and TNF-o. The
accumulation of AGEs, increased oxidative stress
and TNF-a was a major factor in occurrence of ND
(diabetic neuropathy) G7). In this study, a rat model
with type 1 diabetes, fasting blood glucose of male
Wistar rats after administration of STZ ranged from
300 to 600 mg/dl. Then on the 10t and 14t day
this level in d&ibetic group treated MRE decreased
(50% - 75%) while in the control group there was a
slight decrease (10%). This result was in
accordancd@with research conducted (7 where
MRE with a dose of 100 mg/kg BW could reduce
blood glucose level in rat.

Process of diabetic wound healing experienced
several disorders such as vascularitation,
inflammatory and angiogenesis responses as well
deposit collagen. In condition of hyperglycemia
(diabetes), Advanced End Glycation Products
(AGEs) result in production and elimination of free
radical and oxidative stress in blood vessel
involving in vascular disorder decreased oxygen
and nutrient (8 39, Restriction of blood supply,
oxygen and nutrient in tissue cause neuropathy,
decrease tissue perfusion and affect inhibition of
neovasculogenesis (37, Diabetic wounds represent
excessive inflammatory reaction increasing level of
pro inflammatory cytokine thus suppressing
synthesis of Extracellular Matrix Protein (ECM) (1%),

It may decrease production of fibroblast, inhibit
collagen and granulation tissue formations as well
failure of diabetic wound healing. TNF-a as pro
inflammatory cytokine that plays a role in blood
vessel dilatation by increasing permeability and
inflammatory response in inflammatory phase. In
this study, mangosteen rind extract was applied
topically in diabetic wound tend to prevent free
radical in blood wvessel and control pro
inflammatory cytokine accelerating diabetic wound
healing post tooth extraction.

The results of this study showed on day 0 TNF-a
level of diabetic wound post tooth extraction was
relatively high 350-370 pg/ml and on day level 3 its
level tended to fall 40%. Mangosteen rind extract
applied topically to diabetic wound post tooth
extraction tended to control the TNF-« level until
day 7 (inflammation phase) only increased 10%
compared with the control group increased by
105%. TNF-a level in diabetic wound control group
was twice as high as diabetic wound group treated
MRE. At low level, TNF-a could support wound
healing indirectly stimulating inflammation and
increase growth factor in macrophage production.
TNF-a was a major cytokine and played an
important role as a mediator of an inflammatory
response that had been shown to be involved in
bone resorption (40.41),

However at higher level, especially in long term,
TNF-a had an adverse effect on healing process
which can suppress synthesis protein matrix
extracellular (ECM), as inhibitor of tissue
metalloproteinases (TIMPs) and increase synthesis
of matrix metalloproteinases (MMPs) (14, Increased
@tivity of MMPs might degrade synthesis protein
ECM inhibiting cell migration and collagen
deposition as well break down growth factor and
EEdzet cell receptor (42, Constant inflammation was
responsible for delayed formation of granulation
tissue and failure of closure in diabetic wound ©3),
Studies have been done regarding the negative
effects of high TNF-a level that were too high in
inflammatory phase according to the results of this
study where on the 14t day clinically seen diabetic
wound treated MRE had closed 99% compared to
the control group 64%.

Conclusions

Mangosteen rind extract topically had significantly
affect on TNF-« level and accelerated diabetic-type
1 wound healing post tooth extraction in rat. TNF-a
level of diabetic wound treated MRE was only 50%
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of control group. This mangosteen rind extract
tended to reduce 40% TNF-a level on day 3 (initial
of inflammation phase) and control its level until
the 7t day (final of inflammation phase).
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