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Abstract
Background and Objective: Increased glucose levels in diabetes mellitus patients affect angiogenesis which triggers the duration of the
wound to heal. Rhodomyrtus tomentosa  leaves  (haramonting) and Zanthoxylum acanthopodium  fruits (andaliman) are an endemic
plant with an antioxidant in Indonesia. This study was aimed to determine histology changes of diabetic wound healing in FGF expression
by Nano herbal of haramonting and andaliman. Materials and Methods: This study consisted of 4 groups for each treatment, K1: Negative
control, K2: MEBO, K3: Nano herbal of andaliman and K4: Nano herbal of haramonting. The treatments were observed on days 0, 4, 8, 12
and  16.  Diabetic  model  rats  with  alloxan  injection  (120 mg kgG1. IP) and rats were declared diabetes mellitus when blood glucose
levels reached >200 mg dLG1. The tissue was prepared on paraffin blocks and given Immunohistochemistry staining for FGF analysis.
Results: There was a significant difference between all groups (p<0.001) in FGF expression. The proliferation of fibroblasts and collagen
was formed by administering nano herbal andaliman and haramonting in rat's skin. The proliferation of cells that occur in the injured skin
layer indicates the compounds contained in the nano herbal haramonting and andaliman stimulate cell division and growth to form
wound tissue. Conclusion: Nano herbal andaliman and haramonting can be developed into herbs that can be used to treat wounds in
diabetes. Another molecular gene analysis is required to get higher yields to further study for diabetic wounds against these two herbs.
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INTRODUCTION

The wound causes the loss of the skin, bacterial, or fungal
barrier to  the  tissue and puts it at risk of systemic infection1.
In diabetes mellitus patients, the duration of the wound
healing process is thought to be due to prolonged
hyperglycemia conditions and the formation of incomplete
granulation tissue2. Hyperglycemia causes damage or
decreased production of cytokines, including growth factors
and their receptors, thus disrupting the function of
macrophage cells, the angiogenesis process, collagen
production and the proliferation process3. Increased glucose
levels in diabetes mellitus patients affect angiogenesis which
triggers the duration of the wound to heal2,3.

The keratinization process in epidermal cells freezes the
bonds of cells, producing a barrier to prevent fluid loss, entry
of unwanted molecules and harmful organisms3,4. One of the
immunogenic molecules is Fibroblast Growth Factor (FGF).
Expression of FGF strengthens chemotaxis of fibroblasts and
smooth muscle, modulates collagen and collagenase
formation4. This process causes the deposition of new
connective tissue into the wound site, which is known as the
proliferation phase, the epithelialization process, granulation
and neovascularization. FGF will be stimulated by endothelial
cells to release plasminogen and procollagenase activators4.
Plasminogen activator will convert plasminogen to plasmin
and procollagenase into active collagenase which will then
digest the basal membrane constituents4,5. The fragmentation
of the basal membrane will allow the formation of capillary
shoots that migrate to the wound in response to FGF, VEGF
and other angiogenesis factors that play a role in diabetic
wound healing5.

Andaliman (Zanthoxylum acanthopodium DC.) is a shrub
and member of the Rutaceae family. Several studies have
shown that the andaliman contains alkaloids, flavonoids,
triterpenoids, saponins and tannins found in andaliman
extracts. The fruits have high antioxidants to increase HSP-70
expression and reduce Malondialdehyde (MDA)6. Nano herbal
of andaliman has low toxicity and is safe in several organs so
that it can be developed into medicine7. Nanoherbal of
andaliman can also repair the liver, kidney and placenta in
preeclamptic rats7-9. Haramonting leaves (Rhodomyrtus
tomentosa) is a wild plant as oral anti-diabetes medicine.
Nanoherbal haramonting can also improve the histology of
the placental organs, liver and kidney preeclampsia10,11.
Nanoherbal of haramonting can also affect testicular
histology, abundance, kidneys, liver and lungs exposed to
cigarette smoke12-17.

Changes in the nanoscale size provide a significant
change in physicochemical properties and can increase the
efficacy of the drug molecule. The size change in nano form is
expected to be effective in medicine for maximum results18.

The aim of the study was diabetic wound healing by
haramonting leaves and andaliman fruits in diabetic rats by
FGF expressions.

MATERIALS AND METHODS

Study area: The research period was from May-November,
2020. This research was conducted in the Molecular Genetics
Laboratory, Animal Physiology Laboratory of the Department
of Biology, Faculty of Mathematics and Natural Sciences at
Universitas Sumatera Utara, Laboratory of Anatomical
Pathology, Faculty of Medicine and the Indonesian Institute of
Sciences (LIPI) Jakarta, Indonesia.

Preparation of Zanthoxylum acanthopodium and
Rhodomyrtus tomentosa: Andaliman fruit is taken from
andaliman fruit traders from Dairi, North Sumatera and the
fresh green of haramonting leaves are obtained from Gunung
Tua District, North Padang Lawas Regency. Haramonting and
andaliman are used as nano herbal preparations. Haramonting
herbal nano preparations in the form of Self Nano-Emulsifying
Drug Delivery System (SNEDDS) using High Energy Milling
(HEM) at Indonesian research institutes (LIPI, Jakarta)6,7.

Animal handling: This study used 100 healthy and fertile rats
(Rattus norvegicus) aged 8-11 weeks weighing 150-200 g. The
rats were obtained from the Medan, North Sumatera, Animal
Disease Investigation Center. Rats were fed and drank ad
libitum. Rats cages are kept clean and set 12-12 hrs light-dark.
Handling of experimental animals following the requirements
of the applicable code of conduct. Before the research was
conducted, an application was submitted to get ethical
clearance to the Health Research Ethics Commission for the
North Sumatera Region of Medan.

Study design: The research type is a true experiment with the
randomized posttest only control group research design
which was conducted in the laboratory. This study consisted
of 4 groups for each treatment, K1: Negative control, K2: MEBO,
K3: Nanoherbal of  andaliman  fruits  (100 mg kgG1 b.wt.) and
K4: Nanoherbal of haramonting leaves (100 mg kgG1 b.wt.). The
treatments were observed on days 0, 4, 8, 12 and the 16th.
Each group had 5 replications on every treatment day so that
each  group needed 20 rats. Diabetic model rats with alloxan
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Injection (120 mg kgG1.IP) in all groups intra-peritoneally in the
abdominal area (stomach) and rats were declared diabetes
mellitus when the blood glucose levels reached >200 mg dLG1.
Measurement of blood glucose levels was carried out from the
tail blood vessels, namely the lateral veins using a glucometer
glucoDR Bio-sensor. The MEBO (Moist Exposed Burn Ointment)
Bioplacenton is also given to experimental diabetic wounds as
a comparison19.

Experiment of diabetic wound rats: The hair of diabetic rats
was shaved and then cleaned with alcohol in the lateral area
of the back about 3 cm from below the ear. The rats were
injected with Ketamine-HCl (dose 50 mg kgG1 b.wt.)
intramuscularly in the femur area as an anesthetic to reduce
pain. Making of diabetic wounds using an iron plate
measuring 1.5×1 cm. The iron plate was heated with blue fire
until the iron  was  red  for 3 min then the iron plate was
placed on the skin of the mouse's back for 2 sec to make
second-degree burns. The experimental animals were
dissected by cervical dislocation on the 4, 8, 12 and 16th days.

Immunohistochemistry staining of FGF: FGF detection used
Anti‒fibroblast (FGF, Thy-1) monoclonal mouse. The tissue was
cut using a microtome with a thickness of 4-6 microns. For
pre-treatment, the tissue was heated in citrate buffer at pH 6.0
and 350 W. After washing with PBS, the tissue was incubated
with FGF antibodies, respectively, at 37EC then washed again
with PBS before  applying   Avidin-biotin   peroxidase.  Lastly,
all sections were visualized using a chromogen DAB working
solution followed by counterstained with Meyer’s
hematoxylin.

Data analysis: Research  data  using  SPSS  software  version
23 using the ANOVA test at 5% level then continued with the
Post Hoc-Duncan test. If the data are not normally distributed
and/or the variance is not homogeneous, then we use the
Kruskal Wallis test and then proceed with the Mann-whiney
test.

RESULTS

Histology changes of the diabetic wound in FGF expression
by moist exposed burn ointment: The healing process for
diabetic wounds is shown in Fig. 1 starting from day 4-16. In
untreated diabetic wounds (Fig. 1a), it is necessary to process
the formation of blood vessels to supply nutrition to the
damaged tissue. There were no histological changes on the
4th day on diabetic rats who were injured (Fig. 1b), when the

wound was left on the 8th day, there was no collagen
connective tissue or cells that proliferated (Fig. 1c). There is no
epithelial formation process in the epidermis, the basal
membrane layer, large hollow thin fibers begin to form and
few fibroblasts (Fig. 1d) and there was an increase in the
wound tissue damage of rats diabetic (Fig. 1e). In the group
given MEBO ointment, the wound tissue has repaired process
was carried out. Histologically in healing, the wound is
characterized  by a thick, granular vascular tissue dominated
by extensive fibroblasts and collagen (Fig. 1f). The epithelium
has mostly covered the wound on the skin (Fig. 1g). Epithelial-
filled skin tissue indicates the presence of epithelial cell
proliferation (Fig. 1h). The thick basal membrane layer is neatly
arranged and looks back to normal and a thin layer of collagen
connective tissue covers the entire dermis (Fig. 1i). Likewise,
many fibroblasts and collagen have formed. High fibroblasts
indicate an ongoing proliferation phase and a shortening of
the inflammatory phase (Fig. 1j). This proves the existence of
cell proliferation that occurs in the injured skin layer.

Histology changes of the diabetic wound in FGF expression
by nano hrbal of Andaliman fruits and Haramonting leaves:
The proliferation of fibroblasts and collagen was formed on
the administration of nano herbal andaliman (Fig. 2a).
Epithelial formation begins in the epidermis and the initial
stages of basal membrane formation are marked by the
presence of a thin layer (Fig. 2b). The formation of the basal
membrane is characterized by the presence of a moderate
layer and the dermis layer is heavily filled with collagen
connective tissue (Fig. 2c). The basal membrane layer is thick
although still not neatly arranged and the infiltration of
inflammatory cells is moderate (Fig. 2d). The wound healing
results indicated that the epithelialization had covered the
epidermis, thick basal membrane neatly arranged, there is
dense collagen connective tissue filling the dermis and an
increase in fibroblast cells (Fig. 2e). In immunologic processes,
VEGF acts via at least two receptors and is expressed primarily
on endothelial cells, along with other vascular cytokines such
as Fibroblast Growth Factor (FGF) and angiopoietin to induce
and maintain blood vessels.

Nano herbal haramonting can also as the healing process
of diabetic wounds. The tissue looks damaged and there is no
epithelial formation process in the epidermis (Fig. 2f). There
were no histological changes on the 4th day on diabetic rats
who were injured (Fig. 2g), when the wound was left on the
8th day, there was no collagen connective tissue or cells that
proliferated (Fig. 2h). The formation of a structured epithelium,
thick and already covers the surface of the epidermis (Fig. 2i).
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Fig.1(a-j): Expression of FGF in control negative and MEBO treatment for 16 days
(a-e) Are negative control (K1) and f-j are MEBO ointment (K2), (a) 0 day or first treatment, (b) Fourth day, (c) Eighth day, (d) Twelfth day, (e) Sixteenth day
(f) 0 day or first treatment, (g) Fourth day, (h) Eighth day, (i) Twelfth day and (j) Sixteenth day

The thick basal membrane layer is neatly arranged and looks
back to normal and a thin layer of collagen connective tissue
covers the entire dermis. On the 16th day, optimal healing is
characterized by epithelialization that has covered the
epidermis and the absence of inflammatory cell infiltration

(Fig. 2j). FGF is very important in epithelialization and the
production of collagen in wound healing. These proteins
collectively are a member of the group of growth factors,
cytokines and chemokines which are included in secretory
proteins.  Herbal  medicines  that  can  play a role in balancing
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Fig. 2 a-j: Expression of FGF in nano herbal andaliman and haramonting treatments for 16 days 
(a-e) Are nano herbal andaliman treatments (K3) and f-j are nano herbal haramonting treatments (K4), (a) 0 day or first treatment, (b) Fourth day, (c) Eighth
day, (d) Twelfth day, (e) Sixteenth day, (f) 0 day or first treatment, (g) Fourth day, (h) Eighth day, (i) Twelfth day, (j) Sixteenth day

FGF expression and stimulate the formation of new tissue in
the skin are haramonting and andaliman.

Statistical analysis of diabetic wound healing in FGF
expression: The administration of MEBO ointment, nano
herbal andaliman and haramonting had the same effect in
healing diabetic wounds on the skin of rats. There was a
significant  difference  between  all  groups  (p<0.001)  in FGF

expression (Fig. 3). This shows an increase in diabetic wound
healing from the 1-16 days. The expression of FGF indicates a
proinflammatory process triggered by the wound. Wounds
cause excessive production of proinflammatory cytokines
resulting in a prolonged inflammatory phase so that the
wound will take a long time to heal. So it takes
compounds/substances that act as immunoregulators and
stimulate the formation of new tissue in the skin.
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Fig. 3: Boxplot of FGF expression after various nano herbal treatments and wound healing time
K1: Negative control, K2: MEBO, K3: Nano herbal of andaliman fruits (100 mg kgG1 b.wt.) and K4: Nano herbal of haramonting leaves (100 mg kgG1 b.wt.). (0) day
of first treatment, (4) Fourth day, (8) Eighth day, (12) Twelfth day, (16) Sixteenth day

DISCUSSION

The wound tissue requires energy intake and MEBO
ointment has properties for wound healing. In the K-group
(untreated diabetic wounds), it is necessary to process the
formation of blood vessels to supply nutrition to the damaged
tissue19. Diabetic wounds cause tissue damage and FGF is
immediately released by macrophages and VEGF by hypoxic
epidermal cells4,5. The released proteolytic enzymes will
destroy the extracellular matrix proteins and the resulting
protein fragments will function to recruit monocytes to the
site of tissue damage5, then the Monocytes will be activated
and become Macrophages. Some of the cytokines produced
by macrophages, such as FGF, will stimulate the endothelium
to release tPA and then convert Plasminogen into Plasmin and
Procollagenase which activate Polagenas20. These two
proteolytic enzymes will damage the basal membrane, thus
allowing stimulated endothelial cells to move and form new
blood vessels at the site of injury. The angiogenesis process
will stop after the formation of granulation and a large
number of new blood vessels, disintegrating due to apoptosis,
with the end of this stage, the healing process is continued by
the remodeling phase21.

The proliferation of cells in the injured skin layer indicates
that several compounds contained in the nano herbal
haramonting and andaliman stimulate cell division and
growth to form wound tissue such as flavonoids, steroids,
saponins and tannins22. In immunologic processes, VEGF acts

via at least two receptors and is expressed primarily on
endothelial cells, along with other vascular cytokines such as
Fibroblast Growth Factor (FGF) and angiopoietin to induce
and maintain blood vessels21. The recombinant human-VEGF
(rh-VEGF) gene carrying the plasmid, VEGF165, has been used
in patients with diabetic and ischemic wounds23. Transfer of
the VEGF165 intramuscular gene to patients with ischemic
ulcers and/or rest pain due to peripheral artery disease
resulting in loss of feeling in the limb significantly reduces rest
pain24.

Monocytes in the tissues undergo activation and
differentiate into mature tissue macrophages after leaving the
blood vessels, followed by changes in gene expression25. This
process is influenced by various mediators found in the
microenvironment around the wound which causes
macrophage cells to change their properties according to the
needs at the wound site20,25. Macrophages act as antigen and
phagocytic presenting cells during the wound healing
process, play a role in the healing process through the
synthesis of various important growth factors such as FGF
which will increase cell proliferation and synthesis of
extracellular matrices by skin cells21,25.

FGF will stimulate endothelial cells to release
plasminogen and procollagenase activators. New blood
vessels  deposit  a  matrix  containing  fibronectin and
proteoglycans, then stimulate endothelial cell proliferation
which  results  in the continuous addition of endothelial cells
to  form  capillary  extensions,  then  finally  forming a mature
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vascular basal membrane. then the extracellular matrix
replaces with collagen-rich scar tissue as  new blood vessels
regenerate by apoptosis25.

Saponins play a role in wound healing because they can
stimulate fibronectin synthesis by fibroblasts and change the
expression of the FGF-$ receptor26. Haramonting leaves and
andaliman fruit also have saponins and several other studies
have also found hepatoprotective, antibacterial, antioxidant
and gastroprotective benefits22,27. The histology of skin tissue
is almost the same in rats as in MEBO administration.
Therefore, Nanoherbal andaliman and haramonting can be
developed into herbs that can be used to treat wounds in
diabetes.

CONCLUSION

There was a significant difference between all groups
(p<0.001) in FGF expression in the rat's skin tissue. The wound
healing results indicated that the epithelialization had covered
the epidermis, thick basal membrane neatly arranged, there is
dense collagen connective tissue filling the dermis and an
increase in fibroblast cells. The proliferation of cells in the
injured skin layer shows that the compounds contained in
nano herbal of haramonting and andaliman roles in cell
division and growth to form wound tissue.

SIGNIFICANCE STATEMENT

This study discovers that nano herbal of andaliman fruits
and haramonting leaves acts as herbal for diabetic wounds.
This study will help the researcher to uncover the role of nano
herbal of andaliman and haramonting in molecular signaling
of other target genes for drug development in diabetic wound
healing. Thus, a new theory on the role of nano herbal in the
FGF expression in diabetic wounds may be arrived at.
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