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Abstract
AIMS: The aim of the study was to determine the activity of topical conditioned medium (CM) mesenchymal stem 
cells as single or combined with oral therapy of Moringa oleifera extract (ME) in lowering blood glucose levels and 
healing diabetic wounds.

MATERIALS AND METHODS: Male Sprague-Dawley rats were induced hyperglycemia with Streptozotocin and 
injured by a biopsy punch on the dorsal side. Then, the rats were divided into five groups, namely, the CM group, 
which was given topically; the CM–ME group, which was given CM gel topically and ME orally; the CM–Met group, 
which was given Metformin (Met) as the positive control; commercial gel containing neomycin and placenta extract 
(BP); and placebo as the negative control. The treatments were given once daily for 16 days. On the 3rd, 8th, and 
16th days of treatment, blood glucose level was measured, and anatomical observations of wounds and histology 
were performed using hematoxylin-eosin and Masson’s Trichrome staining.

RESULTS: The wounds treated with CM–ME and CM–Met have a similar profile of lowering blood glucose levels; 
however, Met was faster to reach blood glucose levels below 250 mg/dL (day 8) compared with ME (day 16). As 
shown in data on anatomical and histological wound healing parameters, untreated mice exhibited moist wounds 
with poor healing. Meanwhile, the group that received CM gel alone or along with oral ME showed an improvement 
in wound parameters.

CONCLUSION: CM–ME has a similar profile to CM–Met in reducing blood glucose levels and healing diabetic 
wounds parameters in rats.
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Introduction

The conditioned medium (CM) of human 
Wharton’s jelly mesenchymal stem cells contains various 
types of growth factors that are needed in the wound 
healing process, including basic fibroblast growth, 
interleukin growth factor (IGF), vascular endothelial 
growth factor, and transforming growth factor-beta 
(TGF-β2 and TGF-β3), which can suppress inflammation, 
stimulate the growth of new capillaries, and accelerate 
epithelial formation in chronic wounds [1], [2], [3]. In 
addition, CM can accelerate wound closure by increasing 
epithelial and endothelial cell migration, cell infiltration, 
granulation formation, and angiogenesis in an existing 
wound model [2]. In this research, CM is expected to 
have the same effectiveness as placenta extract, which 
can increase collagen and tissue protein synthesis, as 
well as neoangiogenesis and epithelialization [4].

Moringa oleifera (family Morigaceae) is 
commonly known as drumstick tree and widely 

cultivated in several locations in the tropics area and 
is now distributed worldwide [4], [5]. The treatment of 
diabetic wounds not only gives therapy for a wound 
but also requires treatment to decrease blood glucose. 
Combined topical and oral treatment may give better 
results because normal blood glucose can speed up 
wound tissue healing. The previous study reported 
that M. oleifera extract (ME) has an antidiabetic effect 
and has antibacterial effects against gram-positive and 
gram-negative bacteria. Furthermore, ME can reduce 
blood glucose because it contains compounds that are 
believed to have antihyperglycemic activity [6], [7]. It 
is assumed that ME can be given as an antidiabetic 
therapy, such as Metformin (Met), which can reduce 
blood sugar levels [8].

The previous studies only discussed single 
topical treatment or single oral treatment. In this 
study, either single topical CM or along with oral ME 
was studied, and their effectiveness on healing in 
streptozotocin (STZ)-induced diabetic rat wounds was 
examined.

Since 2002

https://orcid.org/0000-0001-8484-0290
https://orcid.org/0000-0002-2826-5524
https://orcid.org/0000-0002-5401-7794
https://orcid.org/0000-0002-5145-5668
https://orcid.org/0000-0003-2967-8125


A - Basic Sciences Pharmacology

24 https://oamjms.eu/index.php/mjms/index

Materials and Methods

Materials

The chemicals used are STZ (Sigma-Aldrich); 
CM; a commercial gel containing neomycin sulfate; and 
placenta extract, ketamine, and xylazine.

The animals used were adult male Sprague-
Dawley rats weighing 200–250 g. Animals were kept 
at room temperature with 12 h of light-dark lighting. 
Standard feeding and drinking were performed ad 
libitum. Animals are acclimatized for 1 week. The 
treatment of animals has been approved by the ethical 
committee of the Faculty of Medicine, University of 
Indonesia (Protocol number 19-01-0054).

Methods

Table 1 shows the gel formulations of CM and 
placebo gel. The gel formulation is the result of the 
stem cell consortium research with Biofarma in 2017. 
The pharmaceutical parameter test was conducted by 
another consortium member. The gelling process is 
performed in an aseptic procedure.

Table 1: Formulation of CM and placebo gel
Materials CM gel (g) Placebo gel (g)
Conditioned medium 2 –
Glycerin 20 20
Polyvinyl alcohol 5.6 5.6
Alginate 70 70
Phosphate buffer saline 2.4 2.4
CM: Conditioned medium.

Preparation of ME

The extract of M. oleifera leaf is powdered and 
sieved using a 4/18 sieve. The powder was macerated 
for 6 h by stirring (kinetic maceration) in 70% ethanol 
solvent (v/v) at a 1:10 ratio. The mixture was then 
precipitated for 24 h and filtered. The filtrate was 
separated, and the remnant of powder was macerated 
3 times. The filtrate was collected and evaporated with a 
rotary evaporator until a thick extract was obtained [9].

Diabetes induction

Rats were injected with a SZT solution at a 
dose of 45 mg/kg BW by the intraperitoneal route [10]. 
The injection is carried out within 5 min [11]. Then, 
the rats were given a 10% ad libitum sucrose solution 
as a substitute for water until the next day to prevent 
hypoglycemia [8].

Fasting blood glucose measurement

The measurement of glucose levels was 
performed on the 0th day before diabetes induction using 
a glucometer (GlucoDr and glucose reagent strips); 
then, on the 4th day after diabetes induction, if diabetes 

has not been reached, the next measurement would be 
on the 7th day. The measurement of glucose levels was 
also performed after wound induction on days 3, 8, and 
16 of therapy. Rats were considered diabetic when their 
glucose levels exceed 250 mg/dL. The rats were fasted 
for approximately 5–6 h before measuring glucose 
levels. Blood was drawn from the tail vein.

Excision wound model

Rats that reached blood glucose levels 
>250 mg/dL were divided into three groups. Wound 
induction using a 5 mm biopsy punch was performed on 
the dorsal part of the rats anesthetized with ketamine 
injection 50 mg/kg BW-xylazine 10 mg/kg BW by the 
intraperitoneal route [12]. Table 2 shows the grouping 
of experimental animals. Wound treatment was done 
once a day, for 16 days. On days 0, 3, 8, and 16 of 
treatment, two rats from each group were euthanized. 
Then, the skin on the back of the rats was cut and 
immersed in a 10% neutral buffered formalin solution 
for further histopathological examination.

Table 2: Group of diabetic wound therapy
Group Treatment
1 The wound was given topical CM gel
2 The wound was given topical CM gel and oral ME
3 The wound was given topical CM gel and oral Met 45 mg/kg BW
4 The wound was given neomycin gel placenta extract
5 The wound was given placebo gel
CM: Conditioned medium.

Wound anatomy and macroscopic 
assessment

Diameter data were used to calculate the 
percentage of reduction in wound diameter by 
comparing the wound diameter on the 0th day of wound 
induction with that on the 3rd, 8th, and 16th days. Wounds 
were documented daily using a digital camera. In 
addition, the scabs and hair growth around the wound 
were observed every day.

Wound histopathological assessment

Microscopic observation of the wound was 
performed by histopathological examination, which included 
the hematoxylin-eosin (H&E) and Masson’s Trichrome 
(MT) staining. The staining stages are as follows.

The skin tissue was washed with 0.9% 
physiological NaCl and then soaked in normal 
physiological formalin solution for 48 h. The skin tissue 
was sliced crosswise with a length of 0.5 cm and then 
transferred to 70%, 80%, 90%, 95%, absolute alcohol 
1, and absolute alcohol 2. The tissue was transferred to 
liquid paraffin I and liquid paraffin II and then put into xylol 
I and xylol II. The tissue was cooled at −20℃ until the 
liquid paraffin freezes and then cut using a microtome. 
The cut is placed on a slide dripped and heated over 
an incubator with a temperature of 40℃–45℃ in an 
inclined position [13].
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Hematoxylin-eosin staining was performed by 
soaking the tissue into a solution of xylol I and xylol II 
and then put into absolute alcohol, 95% alcohol, and 
80% alcohol. The tissue was washed with Aquadest 
and then stained with Mayer’s hematoxylin, washed 
again with Aquadest and stained with eosin, and then 
washed with Aquadest and dipped in 95% ethanol 
10 times, absolute alcohol I 10 times, and absolute 
alcohol II 10 times. Then, the tissue was immersed 
in a solution of xylol I and xylol II. The histological 
preparation was covered with a coverslip and examined 
under a microscope [13].

MT staining was conducted by submerging the 
tissue with Weigert’s Iron Hematoxylin for 10 min and 
then rinsed with distilled water and stained with a solution 
of Biebrich scarlet acid fuschin for 10–15 min. Then, 
the tissue was rinsed with distilled water and stained 
with a solution of phosphomolybdic-phosphotungstic 
acid for 10–15 min. The tissue was stained with aniline 
blue solution for 5–10 min, rinsed with Aquadest, and 
then soaked in 1% acetic acid solution. Before being 
immersed in 95% ethanol and absolute ethanol, the 
tissue was rinsed with distilled water. The preparation 
is covered with a coverslip and examined under 
a microscope. The parameters measured were 
the amount of neutrophil infiltration, the amount of 
mononuclear inflammatory cell infiltration, the number 
of neovascularization, the ratio of reepithelialization, 
and the area of collagen tissue [13].

Statistical analysis

To determine the significance of data on fasting 
blood glucose levels after STZ induction, a T-test 
analysis was conducted, comparing the mean blood 
glucose levels before induction and after induction. 
The profiles of these data at days 0, 3, 8, and 16 were 
compared descriptively between groups. Statistical 
analysis was performed on the 16th day of data, using 
Graphpad PRISM 5.

Results

Level of blood glucose

According to data in Figure 1, the injection of 
STZ at a dose of 45 mg/kg BW can cause hyperglycemia 
conditions with an average range of blood glucose levels 
reaching 356–463 mg/dL. When calculated from the 
range of blood glucose levels under normal conditions, 
there was an increase in the range of 69.19–77.90%. 
Statistical analysis of the increase in blood glucose 
levels after STZ induction showed a significant value 
with a p < 0.05 using the Kruskal–Wallis test.

On day 16 of the CM–ME group, the decrease 
in blood glucose levels reached 31.30% with the final 
glucose level of 163.5 mg/dL. In the CM–Met group, the 
decrease in blood glucose was 23.06% and reached 
163.5 mg/dL on day 16. Blood glucose levels in the 
CM group increased 16.87% on day 16 and were still 
classified as hyperglycemic with average blood glucose 
levels reaching 354.5 mg/dL.

Analysis of wound healing according to 
macroscopic anatomy

Diameter of the wound

In Figure 2, on the 16th day, the largest reduction 
in wound diameter occurred in the CM–ME group with 

Figure 1: Graphic of blood glucose level in streptozotocin-induced 
diabetic rats

Development of wound anatomy
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Figure 2: Diameter of the wound of streptozotocin-induced diabetic rats
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93.5% in comparison with the percentage on day 8, 
followed by the CM–Met group with 84.9%. The lowest 
percentage reduction (62.20%) was found in the group 
given topical CM therapy only, in comparison with the 
control group.

Scab growth on the wound

As shown in Figure 3, the highest percentage 
of wound scabs after the wound was made was in the 
CM–ME group, followed by the CM–Met group. The 
control group on day 3 was only 65% compared with 
the other group with 100% scab growth, which means 
that the scabs have formed all over the wound. Based 
on the result, the meantime of the scab release was 
in 6 days. After the scabs disappeared, the wound 
was reduced to the point where no red areas were 
visible.

Hair growth on the wound

The hair growth was seen more rapidly in 
wounds treated with the CM–Met and CM–ME groups 
on day 3 was 75%, followed by BP (43%) and CM gel 
(33%). The control group had 17% hair growth on day 
3 and only 75% on day 16, whereas all treated groups 
had 100% hair growth (Figure 4).

Analysis of wound healing according to 
microscopic anatomy

Neutrophil infiltration
Based on the data in Figure 5, the most 

neutrophil infiltration was found in the CM–Met group 
with the number of cells found as many as 228 cells 
formed on the 3rd day of therapy, followed by the CM 
group with 154.5 cells, and the CM–ME group with as 
many as 145.6 cells. The lowest number of neutrophil 
infiltration was found in the control group, that is, only 
81.1, and on day 16, the number of neutrophil infiltration 
was high compared with all treated groups.

Figure 5: Graphic of neutrophil infiltration number in streptozotocin-
induced diabetic rats

Mononuclear cells infiltration

Infiltration data of mononuclear cells also 
showed that the highest number of cells was in the 
CM–Met group, that is, 171.1 cells on day 3, followed 
by the CM group with cells. On day 16, the control group 
had the highest number of mononuclear cell infiltration 
compared with the treated group and the lowest number 
on day 16 was in the CM–Met group (Figure 6).

Neovascularization

The lowest number of neovascularization was 
in the CM–ME group on day 5, which was observed 

Figure 3: Graphic of scab growth in streptozotocin-induced diabetic rats

Figure 6: Graphic of mononuclear cell infiltration number in 
streptozotocin-induced diabetic rats

Figure 4: Graphic of hair growth on the wound in streptozotocin-
induced diabetic rats
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on day 16 of therapy, whereas the highest number was 
in the BP group, in comparison with the control group. 
Nevertheless, for the velocity profile, the CM group 
showed the highest number after 3 days of treatment 
compared with the other groups (Figure 7).

Figure 7: Graphic of neovascularization in streptozotocin-induced 
diabetic rats

Re-epithelization ratio

On day 8 of treatment, there was an increase 
in re-epithelialization ratio in the three groups with the 
greatest ratio in the CM–Met, CM–ME, and CM groups 
as shown in Figure 8. On days 8 and 16, the control 
group had a lower ratio compared with the treated group.

Figure 8: Graphic of re-epithelization ratio in streptozotocin-induced 
diabetic rats

Collagen tissue area

The largest area of collagen tissue formed was 
found in the control group on day 16 of therapy, whereas 
the smallest area of collagen tissue was seen in the 
BP group, in comparison with the other treated groups 
(Figure 9).

Discussion

In a recent study, it was shown that SZT can 
cause diabetes in rats with high blood glucose levels at a 

range above 250–450 m/dL, which is quite stable until the 
16th day. This was due to the activity of SZT in damaging 
pancreatic β cells through DNA alkylation, which causes 
necrosis of these cells [14]. After giving the therapy on 
the basis of the treatment group, the decrease in blood 
glucose levels in the CM–ME group showed that ME 
had the potential to reduce blood glucose because 
it contains compounds of antihyperglycemic activity, 
such as quercetin-3-glycoside, routine, kaempferol, 
glycosides, terpenoids, and saponins, which have 
antihyperglycemic activity although not as good as Met 
as a positive control [14], [15].

The decrease in blood glucose levels was 
also in line with the wound healing process, which 
was characterized by faster wound closure compared 
with the uncontrolled group with blood glucose levels. 
Diabetic wounds are difficult to heal because they 
are moist and are a preferred medium for bacteria, 
which can aggravate the wound or hinder the healing 
process. M. oleifera has been studied for its antidiabetic 
properties. The previous research regarding the effect 
of ethanol extract of Moringa leaves on STZ-induced 
diabetes has led to a significant reduction in 
blood glucose levels 1–7 h after administration of 
ethanol extract at doses of 250 and 500 mg/kg BW 
intraperitoneal [16]. Several studies regarding the 
antibacterial effect of M. oleifera leaves against gram-
positive and gram-negative bacteria Bacillus aureus, 
Bacillus subtilis, Staphylococcus aureus, Sarcina 
lutea, and Escherichia coli showed activity against the 
inhibition zone of bacterial growth [17]. In addition, the 
antibacterial activity of Moringa leaves is identified from 
one of its compounds, pterygospermin, with the active 
substance glucosinolate 4 alpha-L-rhamnosyloxy 
benzyl isothiocyanate [18].

CM is a culture medium with secretions of 
stem cells and is not directly antibacterial but through 
the mechanism of the growth factors in CM and 
other proteins, such as cytokines, that contribute 
to the wound healing process. Some cytokines are 
pro-inflammatory agents that can stimulate tissues to 
respond to an immune system by eliminating foreign 
parts, such as bacteria, so that the CM gel can indirectly 
reduce infection rates [19]. Based on the previous 
research, MSC-CM involve in the wound healing 
process and specifically in reepithelialization process, 

Figure 9: Graphic of collagen tissue area in streptozotocin-induced 
diabetic rats
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which is critical for optimal wound closure because 
of its role in wound contraction, which is mediated 
by keratinocyte proliferation and migration [20]. This 
reason can be the basis for explaining the phenomenon 
of why the CM–ME group can provide a good diabetic 
wound healing effect because it is supported by the 
antibacterial compounds in Moringa leaves that have 
been tested to inhibit bacterial growth. Wounds created 
on the backs of untreated mice exhibited moist wounds 
with poor healing, as evidenced by data on wound 
diameter closure slowing. Meanwhile, the group that 
received CM gel alone or along with oral showed an 
improvement in wound parameters.

The content of placenta extract in BP gel 
contributes to decreasing wound diameter because 
placenta extract can increase collagen, tissue protein 
synthesis, neoangiogenesis, and epithelialization. The 
BP gel-treated mice also did not experience swelling 
because the placenta extract reduced edema and 
inflammation in the surrounding tissue [4]. Meanwhile, 
the content of the neomycin sulfate is antimicrobial, so 
it can reduce the infection rate directly. Another factor 
that can affect the wound healing process is the stress 
factor. Stress increases glucocorticoid production and 
reduces levels of pro-inflammatory cytokines, such as 
TNF-α, IL-1β, and IL-6 in the wound area. Stress also 
reduces the expression of IL-1α and IL-8 in wounds; 
these cytokines are chemoattractants that contribute 
to the inflammatory phase [21]. When stress occurs, 
reactive oxygen species (ROS) levels increase. ROS 
breaks down the extracellular matrix and reduces the 
function of fibroblasts and keratinocytes; low levels of 
ROS can improve wound repair, whereas high levels 
reduce wound healing rates [22].

Repair of wound tissue is characterized by 
a scab. A scab is a dry, crust-like layer that forms to 
protect the wound. A scab is a form of body defense in 
preventing microbes and other impurities from entering 
the wound. The formation of scabs can cause the 
epithelialization rate to decrease because the collagen 
tissue and fibrin layer interfere with the migration of 
epidermal cells from the oil glands and hair follicles. The 
scab will be released from the wound because the new 
epidermal layer under the wound has matured; thus, 
the new tissue will encourage collagen, fibrin stretching, 
or collagen dissolution due to enzymes produced by 
epidermal cells or leukocytes [23]. Based on the data in 
this study, on day 16, the wounds of the BP gel and CM 
gel group mice did not have a scab anymore, whereas 
50% of the control gel group mice still had scabs.

Hair growth is a sign that the scar tissue around 
the hair follicle has improved. The CM–Met group gave 
the effect of scabbing on the wound in a fairly quick time 
because blood glucose levels were controlled by Met as 
an antihyperglycemic agent so that it could reduce high 
blood glucose levels in diabetic rats. Tissue repair can be 
caused by the secretion of growth factors in CM, which 
can stimulate hair growth in the wound area. The result 

of this study was in line with other studies. Research by 
Fukuoka et al. states that since a CM can cure alopecia in 
humans, it can lead to better hair growth than the saline-
only group [24]. The BP group mice also experienced 
better hair growth than did the control group because the 
placenta extract contained growth factors.

Besides macroscopic anatomical data, 
wound healing can be done through histopathological 
observations with two types of staining, H&E staining, 
which was used to see neutrophil infiltration, mononuclear 
inflammatory cells, and neovascularization, and MT 
staining, which was used to determine the results of 
re-epithelialization and collagen identification. The high 
number of neutrophil infiltration indicates that the wound 
is in an inflammatory phase, which is a stage of wound 
healing. The low number of neutrophils in the control 
group indicated an inflammatory phase that was not as 
good as the BP and CM groups. It can also be caused 
by tissue stress that causes decreased expression 
of IL-1 α and IL-8 as a chemoattractant to initiate 
the inflammatory phase [21]. Neutrophil infiltration 
was reduced by days 8 and 16. This was because 
neutrophils contribute to the inflammatory phase that 
can last for up to 6 days afterward, which functions to 
phagocytose microbes around the wound [20], [24].

The rapid formation of neovascularization 
indicates a good wound healing process. This 
phenomenon occurs by the remodeling phase, that is, 
the angiogenesis process and blood flow will decrease. 
Shrestha et al. reported that the CM of mesenchymal 
stem cells can increase wound closure in diabetic mice, 
their injection can increase the neovascularization of 
injured tissue, and the compounds it secretes directly 
stimulate growth factors that may contribute to wound 
healing [6].

On day 8, the CM–ME group had the highest 
neovascularization when compared with the other 
treated and control groups. This could indicate that 
on day 8, the wounds in treated and control groups 
were in the proliferation phase, which was followed 
by the remodeling phase. In the remodeling phase, 
the angiogenesis process and blood flow decreased, 
and the newly formed blood vessels regressed; 
hence, the vascular density of the wound can return 
to normal [19], [20], [25] On day 16, the number of 
neovascularization in the BP group was greater than 
in the control group. It is because the content of 
growth factors in the placental extract can stimulate 
endothelial cell precursors, thereby increasing 
neovascularization [20]. On day 16, the control group 
had less neovascularization not because the wound 
had entered the remodeling phase because the 
neovascularization process was disrupted. The wounds 
in the control group had not yet entered the remodeling 
phase. It could be seen from the result that the 
percentage reduction in diameter was lower than the 
decrease in diameter in the BP and CM groups, and 
the re-epithelialization ratio was very small (0.1804). 
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Disruption of the neovascularization process is also a 
cause of chronic diabetic wounds [21].

Reepithelialization comprises various stages 
including migration, mitosis, and differentiation of epithelial 
cells [25]. This process is influenced by various growth 
factor molecules, such as KGF, IGF-1, NGF, and EGF 
[19]. CM gel and BP gel contain a lot of growth factors; 
hence, they help the re-epithelialization process better 
than control gels. One of the stages in the proliferation 
phase is collagen synthesis, which is stimulated by 
growth factors, for example, FGF-2, IGF-1, and TGF-β. 
Macrophages can also synthesize growth factors, one 
of which is TGF-β, which can affect collagen synthesis 
[26]. The extent of the collagen tissue in the wound that 
was given CM on day 8 was due to the content of the 
growth factor in CM. On the 8th day, the wound treated 
with BP gel had the smallest collagen area; this could be 
because the wound had entered the remodeling phase. 
The remodeling phase can overlap with the proliferation 
phase on days 8–21. In the remodeling phase, collagen 
begins to degrade in reducing scars or to prevent keloid 
formation [27]. Wounds in the BP group had entered the 
remodeling phase on day 8, which could be seen from 
their large reapplication ratio and a large percentage of 
reduction in diameter. Macroscopically, it was also seen 
that the wound of the BP group on day 8 was almost 
completely closed.

The 16th day is the last phase of wound healing, 
namely, remodeling. This phase is characterized by a 
balance between deposition and degradation of collagen 
[27]. In the CM group, the area of collagen was not as 
large as the control group because the wound had entered 
the remodeling phase; thus, collagen was degraded 
not to form hypertrophic scars or keloids. Collagen in 
the control group on day 16 was very extensive, which 
indicated the inhibition of collagen degradation.

Collagen synthesis is also influenced by 
macrophages. Platelet-derived growth factors and EGF 
from macrophages are the main signals for fibroblasts. 
Then, fibroblasts will migrate to the wound area in the 
tissue and synthesize collagen and proliferate [23]. 
On day 16, the area of the wound collagen tissue in 
the control group was large, based on the amount of 
mononuclear inflammatory cell infiltration in the wound.

CM can repair skin wounds according to 
controlled natural healing mechanisms. The wound 
healing process is a complex process that may be 
divided into stages, such as homeostasis, inflammation, 
proliferation, and remodeling. CM participates in all 
of these processes in a controlled manner, and when 
combined with oral medications that reduce blood glucose 
levels, it can enhance wound healing compared with CM 
alone. Untreated wounds may close and heal, but they 
are not controlled, and there is a risk of hypertrophic 
scars due to excessive collagen synthesis [28].

Conclusion

CM–ME has a profile similar to CM–Met in 
reducing blood glucose levels and healing diabetic wounds 
in rats. CM had diabetic wound healing activity equivalent 
to BP. Oral and topical combinations are required to 
produce effective outcomes in the diabetic wound model. 
Oral treatment is systemic (comprehensive), such as 
Met, which can enhance insulin sensitivity and reduce 
blood glucose levels. Blood glucose levels influence the 
wound healing process. The effectiveness of Moringa 
extract with topical treatments was caused by several 
properties of extract, including antibacterial, antioxidant, 
and immunomodulatory properties. The limitation in this 
study is that the active compound and concentrations of 
CM and ME are not yet known so that further research 
is needed to measure the type and amount of active 
compound from both CM and ME.
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