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Abstract: Introduction: Mikania micrantha has been traditionally used for wound dressings and
to promote the healing of sores. This is due to the content of alkaloids and terpenoids/steroids com-
pounds. Hyperglycemia is a good medium for bacterial growth that inhibits the wound healing pro-
cess.

Purpose: This study aimed to determine the wound healing of nanogels containing MMLE in hy-
perglycemic rats as a model for diabetic wounds.

Methods: Mikania micrantha leaves were extracted with the maceration method using 96% ethanol
in 5 days. Carbopol 940 was used as the gelling agent. The parameters observed during the physi-
cal testing of nanogels were organoleptic, homogeneity, pH, and size of the particle. Antibacterial
activity was tested on Staphylococcus aureus,  Staphylococcus epidermis,  and  Escherichia coli.
Moreover, wound healing activity was tested in hyperglycemic rats after observing for 14 days. Di-
abetic wound healing was treated with 4 groups (P1, P2, K1, K2). Data were analyzed using SPSS.

Results: Nanogel showed homogeneity, dark green color, transparency, pH 6.1± 0.1, and particle
size range in 255-456 nm. The inhibition zones of antibacterial testing, i.e., Staphylococcus aureus,
Staphylococcus epidermis, and Escherichia coli, were 10.57 ± 0.26 mm, 9.73 ± 0.21 mm, and 8.4 ±
0.1 mm. The percentage of diabetic wound healing was in the range of 92.79±3.81% to 94.08 ±
2.33% for 14 days of observation.

Conclusion: MMLE nanogels have the potential as a treatment for diabetic wound healing.

Keywords: Antibacterial, hyperglycemic rats, formulation, Mikania micrantha, nanogel, wound healing.

1. INTRODUCTION
Diabetes  is  a  chronic  metabolic  disease  with  a  preva-

lence of about 463 million (20-79 years) or equal to 9.3% of
the world’s population in 2019. Indonesia is in 7 out of 10
countries with the highest sufferers of diabetes, with a preva-
lence of around 11.3% of the Indonesian population [1]. Un-
controlled blood sugar levels increase the level of fatty subs-
tances in the blood (atherosclerosis). Poor blood circulation
to  the  extremities  can  cause  ulcers.  High  blood  sugar  is  a
good medium for bacterial growth, so diabetic ulcer patients
are very often infected [2]. In addition, complications result-
ing from diabetes mellitus (DM) include ischemia, and this
condition  inhibits  the  wound  healing  process  [3].  Around
8.7% of  diabetic  patients  in  Indonesia  experience  diabetic
foot ulcers, and 1.3% are amputated. Diabetic foot ulcers are
one of the most  common  chronic  complications  character-
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ized by injury and inflammation in the area under the ankle.
Therefore, diabetic wound management is very important to
avoid damage that leads to amputation [4]. Wound manage-
ment and the efficacy of wound healing in an occlusion of
the injured tissue can highly depend on the material used in
the wound dressing [5]. Wound management is usually car-
ried out on diabetic foot ulcers that are a debridement, main-
taining  wound  moisture,  controlling  the  inflammation  and
the infection. One of the most common attempts is to control
the inflammation and the infection by using topical antibacte-
rial [6].

Mikania  micrantha  is  an  Asteraceae  family  known  as
sembung  rambat.  Mikania  micrantha  leaves  contain  alka-
loids,  terpenoids,  and steroids  [7].  Traditional  therapy has
been shown to reduce inflammation and accelerate wound
healing  [8-10].  Mikania  micrantha  leaves  are  commonly
used  in  traditional  medicines  foranalgesia,  skin  bleeding,
healing sores, antimicrobials, skin infection, and ulcers [7,
11]. Nanotechnology has demonstrated the potential to in-
crease the absorption of the active substance and the action
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potential of the drug, promote the sustained release of the ac-
tive substance, reduce the dose required, and increase biolog-
ical activity [12, 13]. Nanogels are mostly used in nanomedi-
cal  applications  as  novel  drug  carriers  for  response-based
therapy [14].

It is, therefore, necessary to perform further research to
evaluate  nanogels  of  Mikania  micrantha  leaves  extract  on
the wound healing in rats under hyperglycemic conditions
and the antimicrobial activity.

2. MATERIALS AND METHODS

2.1. Plant Materials
Mikania micrantha leaves were collected from Deli Ser-

dang District, North Sumatera. The plant was identified by
Herbarium Medanese, University of Sumatera Utara.

2.2.  Preparation  of  Standardized  Mikania  micrantha
Leaves Extract (MMLE)

2.2.1. Extraction
Mikania micrantha leaves were dried at room tempera-

ture and smashed manually. Simplicia was extracted by the
maceration method with ethanol 96% at room temperature
for 5 x 24 h. The liquid extract obtained was then evaporat-
ed with a rotary evaporator. Crude extracts were packaged
in dark bottles, stored in a refrigerator at 4C, and then used.

2.3.  Phytochemical  Screening  and  Physicochemical
Analysis

Simplicia and extracts were subjected to phytochemical
screening by identification using different spraying reagents
for particular compounds, such as dragendorf for alkaloids,
AlCl3 for flavonoid, FeCl3 for tannin, Lieberman Burchard
for  steroids,  and  sulfuric  acid  for  saponins/triterpenoids.
Analysis  of  extracts  physicochemical  was  carried  out  for
properties, such as water and ethanol-soluble extract, water
content, total ash content, and acid-insoluble ash content ac-
cording to Farmakope Herbal Indonesia.

2.4.  Preparation  of  Nanogels  and  Gels  Containing
MMLE

The nanogel  containing MMLE was prepared with  the
formulations shown in Table 1. The nanodispersions of the
MMLE were prepared by the modified emulsification-diffu-
sion  method.  MMLE  were  added  in  Tween  80,  then  dis-
solved in sorbitol. This phase was mixed with constant stir-
ring at 5,000-10,000 rpm using a high-speed homogenizer.
The  dispersion  resulting  from  MMLE  was  converted  into
nanodroplets.  The gel  phase was prepared by dispersing a
gel-forming agent carbopol 940 in hot water containing nipa-
gin  and nipasol.  Nanodispersions  of  gel  were  prepared  by
dispersing the gel phase in the nanodroplet by using a high-
-speed stirrer. The pH was adjusted by using triethanolamine
to  form  the  nanogels.  Nanogels  containing  MMLE  were
stored at  room temperature [15,  16].  Gels of MMLE were
prepared  by  the  same  formulation  of  nanogels,  without

Tween 80 and procedures without going through a high stirr-
er process.

Table 1. Formulation of Nanogel Containing MMLE.

Ingredients Composition
MMLE 2%

Carbopol 940 1%
Tween 80 16%
Sorbitol 14%
Nipagin 0.1%
Nipasol 0.02%

Triethanolamine 1%
Aquadest Ad 100%

2.5.  Physical  Examination  of  Nanogels  Containing
MMLE

The parameters observed during the physical testing of
nanogels were organoleptic,  homogeneity, pH, and size of
particles. Organoleptic was inspected visually for their color
and aroma. The pH was measured at room temperature us-
ing a digital pH meter which was calibrated before each use
with a standard buffer solution [5]. The mean size and poly-
dispersity index of the size distribution of the selected nano-
gels were determined by using Vasco CORDOUAN Tech-
nologies Particle Size Analyzer. The mean particle size and
size distribution were recorded.

2.6. Antibacterial Activity
Three bacterial pathogens,  i.e., Staphylococcus aureus,

Staphylococcus epidermis,  and Escherichia coli  were used
in this study. The treatment group was divided into gels (P1)
and  nanogels  (P2)  containing  2%  of  MMLE.  Treatment
groups were impregnated with inoculated agar nutrient medi-
um to study the antibacterial  activities.  The inoculation of
bacterial cultures was incubated overnight at 28˚C for 24 hr.
Well diffusion method [17] for assessing the antibacterial ac-
tivity was applied using Muller Hinton agar medium. After
the incubation period, the diameter of the inhibition zones
was measured [18].

2.7. In Vivo Diabetic Wound Healing Study

2.7.1. Animal Group
This research was conducted with permission from the

Animal Research Ethics Committee, University of Sumatera
Utara  No.  0226/KEPH-FMIPA/2019.  Twenty-four  Wistar
rats aged 3-4 months old were used, with body weights of
155 ± 10 g. They were divided into 4 groups. The treatment
group of In vivo diabetic wound healing study is shown in
Table 2.

2.8. Induction of Diabetic
Diabetes test animals were induced with alloxan at the

dose  of  120mg/kg  body  weight.  Examination  of  fasting
blood  glucose  levels  was  carried  out  before  treatment  on
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days 1 and 10 of topical application of test preparations ac-
cording to the treatment group. Blood glucose status by the
glucometer  and  only  animals  with  blood  glucose  greater
than 200mg/dL were included in the study [19].

Table 2. The treatment group of diabetic wound healing study.

Group Remarks
P1 Diabetic experimental rats treated with MMEL gels
P2 Diabetic experimental rats treated with MMEL nanogels
K1 Diabetic experimental rats treated with MMEL cutimed® gel
K2 Diabetic experimental rats treated with gel base

2.9. Wound Excision
All rats were anesthetized with an intraperitoneal injec-

tion of ketamine at dose 2mg/kg body weight. The backsides
of the right and left of each rat were shaved and outlined for
the area of the wound with a marker. Excision was created
with an area of approximately 4cm2 using a sterile surgical
scissor and considered as day zero [20].

2.10. Sample Treatment
The  wounds  were  treated  with  topical  application  of

each group treatment every day for 14 days. On days 1, 3, 5,
7, and 14 post excision, the wounds areas were measured for
all rats. The percentage of wound healing is calculated as fol-
lows [21, 22]:

2.11. Statistical Analysis
Data were analyzed using IBM SPSS Statistics 22 soft-

ware. Results were presented as mean ± standard deviation.
Statistical  significance  was  assessed  with  Kruskal  Wallis,
and the Mann-Whitney U. Kruskal-Wallis test was used to
compare  the  mean  of  all  groups.  Mann-Whitney  test  was
used for intergroup comparison.

3. RESULTS

3.1. Standardized MMLE
Maceration was conducted to obtain the chemical compo-

nents  in  Simplicia.  The  yield  of  concentrated  extract  was
37.12% of dark green color with a typical scent. The physic-
ochemical  analysis  is  responsible  for  ensuring  the  quality
and purity of Simplicia  and extract  of  Mikania micrantha.
The result of physicochemical analysis of Simplicia such as
water  and  ethanol-soluble  extract,  water  content,  total  ash
content, and acid-insoluble ash content is shown in Table 3.
Further, the result of physicochemical analysis of Simplicia,
such as water content, total ash content, and acid-insoluble
ash content, is shown in Table 4. The phytochemical screen-
ing  showed  Simplicia  and  extract  of  Mikania  micrantha
leaves,  as  depicted  in  Table  5.  Both  Simplicia  and  extract
contained the same phytochemical constituents.

Table 3. Physiochemical analysis of Mikania micrantha leaves
Simplicia.

Parameters Mikania micrantha Leaf Simplicia (%)
Water content 9.31

Total ash content 15.47
Acid Insoluble ash content 3.97

Water-soluble extract 18.45
Ethanol soluble extract 21.87

Table 4. Physiochemical analysis of MMLE.

Parameters MMLE (%)
Water content 17.21

Total ash content 22.55
Acid Insoluble ash content 8.09

Table 5. Phytochemical screening of Mikania micrantha leaves.

Phytochemical constituent
Mikania micrantha leaf
Simplicia Extract

Alkaloids + +
Flavonoids + +

Tannins + +
Saponins + +

Glycosides + +
Terpenoids/Steroids + +

+ Present.

3.2.  Physical  Examination  of  Nanogels  Containing
MMLE

The formulation shows a clear nanogel with good homo-
geneity, transparency, and dark green color. The pH of the
nanogel was 6.1 ± 0.1. The particle size of the nanogel was
in  the  range of  225-456 nm.  The average particle  sizes  of
MMLE nanogels are shown in Fig. (1).

3.3. Antibacterial Activity
Evaluation of the antibacterial activity was determined

initially by the disc diffusion method against different bacte-
ria. These bacterial strains are Gram-positive and Gram-neg-
ative species frequently encountered in infectious diseases
[23]. The diameter inhibition zone is shown in Table 6. The
zone of inhibition of nanogel was higher than gel in Staphy-
lococcus aureus and Staphylococcus epidermis. Statistically,
there were significant differences between groups (p<0.05).
However, the zone of inhibition of gel was higher than nano-
gel in Escherichia coli, but statically, there were no signifi-
cant differences (P>0.05).

3.4. In Vivo Diabetic Wound Healing Study
The result of In vivo  wound healing studies on the left

and right backsides are represented in Tables 7 and 9. From
the  result,  it  could  be  noticed  that  all  treatment  groups
showed wound closure, as shown in Fig. (2). The percentage
of  wound closure  of  P2 (left  side)  and K2 (right  side)  are
higher than other groups. The wound-healing effects in the

����� ℎ�	
��� (%) =
���� 	��	 �� �	� (����)   − ���� 	��	 �� �	� (�)

���� 	��	 �� �	� (����)
× 100%
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Fig. (1). The particle size average of nanogel containing MMLE.

Table 6. Antibacterial activity (inhibition zones, mm).

Treatment Group
Zone of Inhibition (mm)

Staphylococcus aureus Staphylococcus epidermis Escherichia coli

P1 9.2 ± 0.22 8.6 ± 0.59 8.7 ± 0.21

P2 10.57 ± 0.26 9.73 ± 0.21 8.4 ± 0.1

Pa.b 0.05 0.05 0.072
a. Kruskal Wallis.
b. Mann-Whitney.

Table 7. Effect of treatment group on wound healing in the left backside.

Treatment Group
Rate of Wound Healing (day)

Mean ± SD
1 3 5 7 14

P1 0 38.21 ± 6.72 71.08 ± 7.08 72.92 ± 5.57 84.37 ± 6.54
P2 0 52.58 ± 9.80 77.29 ± 7.26 85.83 ± 4.72 94.08 ± 2.33
K1 0 12.92 ± 4.58 74.5 ± 7.17 82.71 ± 4.28 90 ± 1.58
K2 0 3.33 ± 4.08 42.71 ± 9.30 61.04 ± 15.44 67.08 ± 5.34

Table 8. Statistical analysis.

Between
pb (day)

1 3 5 7 14

P2
P1 1.000 0.020 0.126 0.005 0.008
K1 1.000 0.054 0.467 0.284 0.012
K2 1.000 0.004 0.004 0.004 0.004

pa 1.000 0.001 0.002 0.001 0.000
pa = Kruskal Wallis.
pb = Mann-Whitney.
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Table 9. In vivo wound healing in the right backside.

Treatment Group
Rate of Wound Healing (day)

Mean ± SD
1 3 5 7 14

P1 0 34.58 ± 7.13 73.33 ± 4.08 81.04 ± 4.63 84.37 ± 4.86
P2 0 50.5 ± 7.58 78.54 ± 3.10 85.83 ± 3.41 92.79 ± 3.81
K1 0 13.33 ± 8.16 80.00 ± 3.16 84.5 ± 3.00 94.12 ± 1.61
K2 0 2.50 ± 2.74 54.33 ± 13.93 63.67 ± 4.88 64.37 ± 8.51

Fig. (2). The representative images of the wounds before (a) and after (b) treatment in hyperglycemic rats. (A higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).

Fig. (3). Wound healing effect in the left backside. (A higher resolution / colour version of this figure is available in the electronic copy of
the article).

left and right backsides are shown in Figs. (3 and 4). Statical-
ly,  there  were  significant  differences  between P2 with  K2
and  P1  (P<0.05),  except  in  day  0  and  day  3  observation
(P>0.05), but there were no significant differences between
P2  with  K1  (P>0.05),  except  on  day  14  observation
(P<0.05)  (Table  8)  in  the  left  backside.  In  contrast,  there
were  significant  differences  between  P2  with  P1,  K2

(P<0.05). However, there were no significant differences be-
tween  P2  with  K1  (P>0.05),  except  on  day  0  and  day  3
(P<0.05) (Table 10). From this result, it could be seen that
MMLE nanogels (P2) have the same effect as cutimed® gel
(K1), and it was better than MMLE gels (P1) and base gels
(K2). It also showed that P2 has time action of effect better
than others.
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Fig. (4). Wound healing effect in the right backside. (A higher resolution / colour version of this figure is available in the electronic copy of
the article).

Table 10. Statistical analysis.

Between
pb (day)

1 3 5 7 14

P2
P1 1.000 0.010 0.051 0.088 0.012
K1 1.000 0.004 0.393 0.454 0.868
K2 1.000 0.003 0.004 0.004 0.004

pa 1.000 0.000 0.001 0.002 0.000
pa = Kruskal Wallis.
pb = Mann-Whitney.

4. DISCUSSION
Mikania micrantha is a medicinal plant that is used as a

herbal medicine. This is due to the content of biological and
pharmacological  compounds.  MMLE  is  used  traditionally
for dressing and healing and for sores by our ancestors by
squeezing and affixing it to the area [24]. Standardization of
extracts is important to ensure the quality of extract as raw
material  based  on  physicochemical  and  phytochemical
screening that are responsible for the therapeutic activities
of the plants (Tables 3-5) [25, 26].

Nanogel is a hydrogel dosage formed with nanotechnolo-
gy that has been proven to be used to develop and improve
its application in herbal preparations. Nanogels possess the
characteristics of both hydrogels and nanomaterials with a di-
ameter ranging from 1 nm to 1000 nm [14]. The formulation
of nanogels qualifies the range of particle size. The pH of
nanogels was in the normal pH range of the skin and would
not produce any skin irritation. The physiological pH of the
skin in the range is 4.5-6.5 [27].

Most infected wounds are caused by polymicrobial and
are generally contaminated by pathogens found in the imme-
diate  environment,  such  as  the  endogenous  microbes  that
live in mucous membranes and microflora on adjacent skin.
Compared  to  other  microorganisms,  bacteria  are  the  main
cause of wound infection in the skin, although other microor-
ganisms such as fungi have been involved in certainly mixed
infections. In the initial stages of chronic wound formation,
Staphylococcus aureus and E. coli are predominant [28]. Hy-
perglycemia  has  been  a  strategic  medium  for  bacterial
growth.  The bacteria found most in diabetic ulcer patients

are Staphylococcus sp. (92.9%), E. coli (42.1%) [29]. Table
4 showed P1 and P2 have antibacterial activity for Staphylo-
coccus  aureus,  Staphylococcus  epidermis,  and  E.  coli.  A
zone of inhibition measuring more than 8 mm signifies that
bacteria are susceptible to sample [30]. MMLE contains tan-
nins,  flavonoids,  and  polyphenols,  exhibiting  potential
antibacterial activities [26, 31, 32]. Polyphenols have toxici-
ty towards microbial enzymes, while structural features of
flavonoids may help gain entry into the bacterial cell, which
eventually leads to multiple component inactivation [11].

Nanogels are very effective in increasing the drug pay-
load in the target site and for controlling the leaking tenden-
cy of other nanocarriers [14]. MMLE has a significant accel-
eration in wound healing on fibroblast cells even in a lower
dose  [24].  Histological  studies  suggest  that  MMLE  im-
proves the healing process on diabetic wounds in rats by in-
creasing granulation tissue and collagen deposition [33]. For
wound healing, collagen protein acts as a scaffold in connec-
tive  tissue,  and deposition of  collagen results  in  increased
tensile strength of the wound site [34]. MMLE contains alka-
loids, terpenoids, and steroids. Alkaloids can accelerate the
initial phase by stimulating the formation of the fibroblast
phase.  Steroids  can help  regeneration of  new skin  cells  in
the open wound. Terpenoids can help the wound healing pro-
cess [10]. In a wound healing study in male Wistar rats, an
ointment  from  M.  micrantha  showed  a  moderate  rate  of
wound  healing,  probably  by  enhancing  collagen  [34].

CONCLUSION
Nanogel containing MMLE has potential as a treatment

for diabetic wound healing and a better time of action. It has
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a percentage of wound healing in the range of 92.79 ± 3.81
to 94.08 ± 2.33 among 14 days observed. It also has antibac-
terial activity, that is, against Staphylococcus aureus, Staphy-
lococcus epidermis, and E. coli.
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