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Diabetic foot ulcer (DFU) is among the many complications of diabetes and it takes
a very long period of time to heal. It can lead to the amputation of the lower limb, thereby
resulting to death or in most cases, a bad quality of life. The aim and objective of this study is
to assess the effect of bitter melon leaves extracts on serum TNF-o levels and improvement of
diabetic foot ulcers. The study technique used here is the randomized, double-blinded, placebo-
controlled trial. Thirty patients suffering from DFU participated in the trial and according to
PEDIS scores were divided into two groups, of which 15 patients were in the treatment group
and administered with bitter melon leaves extract at a dose of 6 g/day and the remaining 15
patients were in the control group and were given placebo. This intervention was done for 4
weeks and the examination of serum TNF-a levels was carried out at baseline and at the end of
treatment. The readings of the healing process for diabetic foot ulcers with PEDIS scores were
also taken at baseline, weeks 2, 3 and 4. Data were analyzed using the paired t-test and the
independent t test. After 4 weeks of treatment, there was a decrease in baseline serum TNF-o
levels in the treatment and control groups (29.5 * 8.6 pg/ml, P = 0.0001 and 202.5 * 610.2 pg/
ml, P = 0.001). There was no effect on serum TNF-o. levels (P = 0.28). There was a decrease in
PEDIS degrees from baseline, week 2, 3 and 4 in the treatment and control groups (2.7+0.5;
2.7+0.5;2.7%0.6; 1.9+0.6 and 2.6 £0.5; 2.6 £0.5; 2.5+0.6; 2.2+0.8). However there was no effect
on diabetic foot ulcer improvement both groups in week 2 (P = 0.46), week 3 (P = 0.57) and
week 4 (P = 0.29). Bitter melon leaves extracts is proven to have no effect on the serum TNF-o
levels and improvement of diabetic foot ulcers.

Keywords: Bitter melon, Momordica charantia L., serum TNF-a levels,
diabetes mellitus, diabetic foot ulcer.

The rate at which diabetes mellitus developing and developed countries.'> Among
(DM) occur is increasing worldwide, both in  the complications, diabetic foot ulcer (DFU) is
common in diabetic patients and this has increased
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in the last few years.>* Studies have shown that
more than 15% of patients with DM will experience
DFU complications during their lifetime.” Accurate
data on the prevalence of DFU is difficult to obtain.
However, its prevalence in many countries of the
world is estimated at 4% to 27%.%!! In addition,
healing DFU takes a longer time and can result
in cutting the lower limb, thereby leading to bad
quality of life and death.'*"

Diabetic foot ulcers are characterized by
increased fibroblast apoptosis, decreased fibroblast
cell proliferation and prolonged inflammatory
reactions. This is shown by the large amount
of neutrophil granulocytes seen in the wound.
Granulocyte neutrophils secrete proinflammatory
cytokines, especially TNF-a and interleukin-1
B (IL-1%). Both of these cytokines can help in
building up matrix metalloprotease (MMP)which
destroys protein matrix and growth factors thereby
slowing down the healing of wounds." In type 2
DM patients, TNF-o increases both locally and
systemically.'® Furthermore, many references
report an increase in TNF-a levels in diabetic
ulcer tissue, both in animals and patients.'” Wound
healing requires infection control, improvement of
inflammation, regeneration of connective tissue
matrix, angiogenesis or vasculogenesis, wound
constriction and re-epithelialization.'®

Cleaning out dead or infected skin or
tissue from DFU is very expensive and some
of the drugs taken by the patients have various
side effects. Aside this, DFU patients have to
normalize their blood glucose levels first so as
not to slow down the process of wound healing.
Some other therapy like adjuvant therapy can
go alongside this to improve the effectiveness of
this treatment. Moreover adjuvant therapy is also
used for the promotion of health promotion and
diseases treatment." This adjuvant therapy comes
from natural products which have been widely
used as traditional medicine to help in wound
healing. One traditional medicine that can be used
for wound healing is the Bitter Melon (Momordica
charantia). Tt can be used to treat diabetes,
hypertension, inflammation, fever, bacterial and
viral infections?*?! as well as wounds.”** The aim
of this study is to prove the effect of melon leaves
extracts on serum TNF-a levels and diabetic foot
ulcer improvement.
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MATERIALS AND METHODS

The making of the bitter melon leaves extracts

Bitter melon is obtained from Boyolali,
in Central Java of Indonesia. The selected bitter
melon (Momordica charantia) leaves are the good
ones, flat, fresh and green. They are dried in the
sun and smoothed using mortar and pestle and
weighed 100 g with an analytical scale. The bitter
melon leaves are wrapped in filter paper and put
into a Soxhlet extractor tube. Then ethanol solvent
was added from the top until it spilled into the
flask up to half. The flask is then heated at medium
boiling temperature until all extracts are considered
to have been extracted. Also, an evaporator is
placed on a permanent pole so that it can make
a slope of 30-40° with the table. The extraction
coming out are put into the extraction flask. The
evaporator is placed in such a way that some part
of the extraction flask is submerged in aquades
in a water bath. This water bath is connected to a
power source and the temperature is raised to 70°C.
Therefore the evaporation results are left in the
extraction flask in the form of a thick liquid while
itis at 100% concentration. The bitter melon extract
capsules and the placebo were made at the Clinical
Pharmacology Laboratory, Faculty of Pharmacy,
Muhammadiyah University of Surakarta, Indonesia
and each capsule is made up of 500 mg bitter melon
extract powder and placebo. The placebo was made
from grade 102 microcrystalline cellulose. The
charantin, saponins and flavonoids contained in
bitter melon leaves extract were analyzed by HPLC
method at the same faculty.
Clinical Trial

This study design used is the randomized
controlled trial carried out at Dr. Moewardi General
Hospital Surakarta, Indonesia. And its approval
was gotten from the Health Research Ethics
Committee, Dr. Moewardi General Hospital/
School of Medicine Sebelas Maret University of
Surakarta, Indonesia.
Patients

Patients eligible for this study were
people having type 2 diabetes with diabetic foot
ulcers degrees ulcers by pedis II and III. These are
people between the ages of 30-65 years, having
hemoglobin> 10 g/dl, BMI 18.5-22.9, levels of
albumin> 3 g/dl, brachial ankle index value (ABI)>
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0.6-1.3, and suffering from DM for a long time:
0-15 years. All the patients involved in the study
agreed to sign the informed consent.

Excluded patients were people who had
been planned for minor amputations (below or above
knee), those having chronic hypoxia and sepsis,
with ages <30 years or> 65 years. Other factors
that made some excluded from this study include:
stress, obesity, alcohol consumption, smoking,
patients with co-morbidities (cardiovascular
disease, lung and immunology), steroid therapy and
chemotherapy, those having allergies with the use
of bitter melon leaf extract and those that willingly
withdraw. The flow chart that describes patients
who are recruited and acted upon are shown in
figure 1.

Study procedure

The procedures of the study were
explained to the participants and also gave them
the informed consent form to read. At the first visit,
patients were selected based on their eligibility.
Those selected were then randomized into 2 groups,
namely the treatment group and the control group.
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The treatment group were given pure leaves extract
at a dose of 6 grams orally for 4 weeks while those
in the control group were given the placebo at a
dose of 6 grams orally also for 4 weeks. At the end
of this study, medication adherence was determined
by calculating the number of drugs taken and
interviewing patients in the control group.
Outcome measurement

The primary efficacy results were changes
in serum TNFa levels and this was measured
using the Enzyme-Linked Immuno Sorbant Assay
(ELISA) method (R & D System, Minneapollis,
USA). The measurement was done at baseline and
week 4 in both groups. Secondary efficacy results
are the process of healing diabetic foot ulcer which
is assessed by the PEDIS sheet. Improvement of
diabetic foot ulcers rated with a score pedis also
done at baseline, and then weeks 2,3 and 4.
Statistical analysis

The results of the study are presented as
follows: number of patients (n), mean and SD.
Data were analyzed using SPSS, if <0.05 thenitis
statistically significant. Non-parametric statistical

Patient enrollment
(N =60)
.| Did not meet inclusion
v (n=26)
Eligible participants
(n=34)
Run in period (4 weeks)
Randomized
Placebo Bitter melon leaves extract
6 gram/day 6 gram/day
(n=17) n=17)
Resign from the |_p| Expenencenusea, vomiting
e - - dhypl ia(n=2
experiment (n=2) and hyplogycemia (n =2)
Y A 4

Completed (n=15)

v
Analyzed (n=15)

Completed (n=15)

v

Analyzed (n = 15)

Fig. 1. The Flowchart showing subjects enrollment and follow up
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methods will be used if the variables studied are
not normally distributed. Analysis was done on the
mean differences between the measurements of
serum TNF-a levels and the wound healing process
with the T test and ANOVA statistical tests.

RESULTS

There were 30 diabetic foot ulcer patients
who participated in this study. All patients were
randomized and then given 6 g/day of bitter melon
leaves extract in the treatment group (n = 15) and
placebo (n = 15) in the control group. All baseline
characteristics between the two groups are the same
(Table 1). Examination of serum TNF-o levels at
baseline and changes in mean from baseline and
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week 4 are shown in Table 2. Examination of
diabetic ulcer healing processes assessed by PEDIS
scores at baseline, weeks 2, 3 and 4 are shown in
Table 3. All baseline parameters in the treatment
group and control were the same and considering
the age, gender, education, occupation, body
weight, body mass index (BMI), HbAlc, duration
of diabetes, antidiabetic medicine, osteomyelitis,
antibiotics, duration of ulcer, PEDIS degree and
ankle brachial index (ABI) of these two groups,
there was no difference and no changes observed
after the experiment. More so, after the 4 weeks of
treatment, there was a decrease in baseline serum
TNF-a levels in both groups (29.5+8.6 pg/ml, P
=0.0001 and 202.5+£610.2 pg/ml, P =0.001), but
there was no effect on serum TNF-a levels (P =

Table 1. Baseline characteristics of patients

Variable Treatment group Control group p-value*
n=15) (n=15)

age (year) 56+8.34 52.1£7.6 0.19

sex 0.46

man (%) 6 (40) 4 (26.7)

woman (%)Postmenopausal (%) 9 (60)5(33.3)/ 11 (73.3)6 (39.9) /

/ absent(%) 4(26.7) 5(33.4)

Education 0.64

SD (%) 1(6.7) 1(6.7)

SLTP (%) 4(26.7) 2(13.3)

SLTA (%) 8(53.3) 10 (66.7)

PT (%) 2 (13.3) 2(13.3)

Occupation 0.21

House wife (%) 8(53.3) 4 (26.6)

Entrepreneur (%) 6 (40) 9 (60)

Civil servant (%) 0 1(6.7)

Pensionary (%) 1(6.7) 1(6.7)

weight (kg) 57.9+7.9 55,00+8.5 0.35

Body Mass Index (kg/m?) 21.5+¢1.3 21.83+1.3 0.54

HbAlc (%) 10.2+2.1 10.75£2.8 0.40

Period of DM suffering (year) 9.5£6.9 7.47£5.6 0.38

Antidiabetic medicine Yes (%) / No (%) 15 (100)/ 0 15 (100)/0 1.00

OsteomyelitisYes (%) / No (%) 0/15(100) 0/15(100) 1.00

AntibioticsYes (%) / No (%) 15 (100)/0 15 (100)/0 1.00

Period of ulcus suffering (Week) 22.14£34.8 25.40+33 0.79

PEDIS degree 0.57

1. PEDIS 2 (%) 4(26.7) 6 (40)

2. PEDIS 3 (%) 11 (73.3) 9 (60)

Ankle Brachial Index 0.22

1. <0,90 (%) 2(13.3) 5 (33.3)

2. >0,90 (%) 13 (86.7) 1 0

667

Data is shown by n (%) or mean + SD. P > 0.05 indicated that there is no significant difference between the
groups.The p-values were obtained through independent test or Man-Witney test
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0.282). There was a decrease in PEDIS degrees
from baseline, weeks 2, 3 and 4 in the treatment and
control groups (2.7+0.5; 2.7+0.5; 2.7+0.6; 1.9+£0.6
and 2.6+0.5; 2.6+0.5; 2.5+0.6; 2.2+0.8), but there
was no effect on diabetic foot ulcer improvement
both in week 2 (P =0.46),3 (P=0.57)and 4 (P =
0.29).

DISCUSSION

Age and sex affect wound healing as
a fundamental factor. Increasing age is a major
risk factor for wound healing. Clinically and
research in animals, both cellular and molecular,
there is a relationship between increasing age
and slowing wound healing.**** there is delayed
wound healing at old age. This is related to
changes in inflammatory responses, such as the
delay in infiltration of T cells into the wound with
changes in chemokine production and decreased
production of macrophages.® According to the
observation of Swift et al (1999), there was a
slowdown of reepithelization, collagen synthesis
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and angiogenesis in older mice when compared
with the young ones.”

In general, there are differences in wound
healing between the young and old. There is a
correlation between age and late wound healing.
This is indicated by an increase in platelet
aggregation, inflammatory mediator secretion,
late infiltration of macrophages and lymphocytes,
impaired macrophage function, decreased secretion
of growth factors, delayed re-epithelialization,
decreased angiogenesis, collagen deposition,
collagen and wound strength.** Sex hormones
have a role in healing wounds as seen in age.
According to Gilliver et al. (2007), women and
men of old age will experience lateness in the
healing of acute wounds. This is due to a decrease
in estrogen (estrone and 17p-estradiol), androgens
(testosterone and Sa-dihydrotestosterone, DHT)
and steroids precursor dehydroepiandrosterone
(DHEA).%® The results showed that there were
differences between older men and young in
regulating gene expression estrogen in wounds.”
Estrogen affects wound healing by regulating

Table 2. Effect of bitter melon leaves extract on serum TNF-a. levels

Variable Baseline ”in weeks 4 p within p between
group® group®

TNF-a serum levels (pg/ml)

Treatment group 41.3+6.9 -29.5+ 8.6 0.0001 0.28

Control groul 235.7+671.5 -202.47+610.2 0.001

Data is shownby mean + SD.

The changes in thevalues of serum TNF-a levels showed that there is significant difference for time or treatment

effects (Independent t Test) at p < 0.05.

*p < 0.05 significant difference of change values between treatment and control group at the same period of

time (Paired t-test)

® p < 0.05 significant difference of change in values after 4 weeks (Independent t Test)

Table 3. Effect of bitter melon leaves extract on diabetic ulcer healing process

Variable Time Treatment group Control group P

PEDIS degree  Baseline 2.7£0.5 2.6+0.5 0.46
weeks 2 2.7+0.5 2.6+0.5 0.46
weeks 3 2.7+0.6 2.5+0.6 0.57
weeks 4 1.9+0.6 2.24+0.8 0.29

Data is shown by mean + SD.

The change values of PEDIS showed significantly difference for time or treatment effects

(Independent t Test) at p < 0.05.

*p < 0.05 significant different of change values betwen treatment group and control group

at the same periode of time (Independent t Test)
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various genes associated with regeneration, matrix
production, protease inhibitors, epidermal function
and genes associated with inflammation.”

According to this study, the mean BMI
of subjects in both groups did not show obesity.
Obesity affects wound healing. This is shown in
experiments involving animals in which obesity
is accompanied by impaired collagen structure
and function, collagen deposition disorders, and
wound healing disorders. This is part of changes
in fat tissue structure.*® HbA 1¢ value> 7% suggests
that most patients have uncontrolled DM and have
microvascular complications and neuropathy
(ADA, 2011).** Old DM can cause chronic
hyperglycemia and an increase in microvascular
permeability occur during the initial and advanced
phases of the disease. Changes in capillary
structure and function can cause molecular
exchange through the endothelial membrane to
the interstitium.** Hyperglycemia can also lead
to oxidative stress because the production of
ROS is more than the antioxidant capacity.>* The
formation of advanced glycation end products
(AGESs) due to hyperglycemia can cause diabetic
ulcer healing in mice.* In diabetic wounds, there
will be a disruption of cellular function, including
adecrease in T cells and dysfunction of fibroblasts
and epidermal cells, so that healing of the wound
becomes affected.’** Long suffering from diabetes
has a direct relationship with microvascular
complications and neuropathy.*'

In the peripheral arteries, hyperglycemia
causes endothelial and vascular muscle dysfunction,
and a decrease in vasodilator production by the
endothelium causing constriction. Hyperglycemia
in diabetic patients increases thromboxane A2,
which is a vasoconstrictor and platelet aggregation
agonist. Therefore there is an increased risk of
plasma hypercoagulability. Hypertension and
dyslipidemia also contribute to this peripheral
artery disease. These things, if accumulated, will
cause occlusive artery disease which then causes
lower extremity ischemia and increases the risk
of ulcer. Formed ulcers will be easily infected,
develop into gangrene and end with the amputation
of the lower leg.>”* Old diabetic foot ulcer, in this
study, is defined as a chronic ulcer that fails to
follow the normal order of wound healing.*

Diabetic foot ulcer comes with high levels
of serum TNF-o!'5!"44! "apoptosis of fibroblasts
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and decreased fibroblast cell proliferation'’. This is
followed by ulcer healing disorders. TNF-o.is a sign
of inflammation in tissue healing process. Previous
studies have shown the relationship between TNF-o
and wound healing. Decreased TNF-a levels,
indicating control of inflammation and adequate
healing progress.*' TNF-a stimulates MMP
synthesis. And with high protease in the wound, it
causes degradation of protein matrix and growth
factors which are important factors in wound
healing process. Therefore wound healing becomes
disconnected and uncoordinated.'” Apart from
this, TNF-o suppresses the tissue growth factor-p
(TGF-p) thereby inducing myofibroblasts to
proliferate important proteins in the reorganization
of extracellular matrices such as a-smooth muscle
actin (a-SMA), type 1A collagen and fibronectin.
Therefore, it has implications on wound healing
disorders.” This research does not fit in with the
study of Bao et al., (2013). He suggested that bitter
melon can reduce the infiltration of macrophages
into the adipose tissue. Because of this, it can
reduce the expression of IL-6 and TNF-o in the
adipose tissue. This indicates that bitter melon
has the potential to be anti-inflammatory in obese
mice*’; Hsieh et al., (2013) reported that the use of
bitter seed oil can reduce inflammation in adipose
tissue®; Xu et al. (2014) stated that bitter melon can
reduce serum C-reactive protein in obese mouse*;
Olhan et al., (2015), reported that olive oil from
bitter melon could improve wound healing and
anti-inflammatory.” But this particular study has
not shown to affect the serum TNF-a levels.
Wound healing is not a simple linear
process but an integration of dynamic interactive
processes and overloads of many cells, extracellular
matrices and dissolved mediators.* In response
to these injuries, the body has physiological
functions of wound healing. This healing process
consists of the initial phase, intermediate and
advanced phases. Each phase has a different
biological process and cell role. In the initial
phase, hemostasis occurs where the broken blood
vessels in the wound will be stopped by the
occurrence of a vasoconstriction reaction. This is
to restore blood flow and inflammation to remove
damaged tissue and prevent bacterial infections.
In the intermediate phase, mesenchymal cell
proliferation, epithelialization and angiogenesis
occur. Aside these, there is also a contraction of
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the wound and collagen synthesis in this phase.
But in the final phase, there is wound formation/
remodeling.*” The results in this study are not
in accordance with the research of Grover and
Yadav, (2004), where it was reported that bitter
melon can help in wound healing®; Ozbakis et
al., (2005) states that bitter melon has beneficial
effects on wound by reducing the inflammation*;
meanwhile Sharma et al., (2009) reported that bitter
melon extract powder could significantly improve
tissue regeneration, epithelial wound contraction in
ulcer mouse models*; Teoh et al. (2009) reported
that giving bitter melon extract can improve and
accelerate the process of wound healing in diabetic
animals™; Piskin et al. (2012) reported that giving
bitter melon extract can increase and speed up the
wound healing process in rabbits®'; Hussan et al.
(2014) reported that bitter melon ointment can
accelerate ulcer healing in diabetic mouse and
increase TGF-B 52 expression®’; Ahuja and Mittal
(2014) reported that bitter melon leaves extract
significantly improved wound healing in diabetic
mouse®; Singh et al. (2017) reported that extracts
of bitter melon topically can increase granulation
tissue formation and angiogenesis. Therefore this
can improve wound healing. The wound closure
is influenced by the formation and maturation of
collagen.”® In diabetic ulcers, this can occur in the
healing of wounds. This is due to hyperglycemia,
protein denaturation, oxidative stress.” Therefore
this study has shown to improve diabetic ulcers.

CONCLUSION

Bitter melon leaves extract has not shown
to affect the serum TNF-o levels or improve
diabetic foot ulcers according to these findings.
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