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ABSTRACT

Anredera cordifolia ((Madeira vein (English) or Binahong (Indonesia language)) leaves
contain ingredients that promote wound healing. This study aims to determine the effect of Madeira
vein leaves ethanolic extract (MLE) on normal and hyperglycemic rat wounds. This is an experimental
study using male Wistar rats aged 2-3 months, body weight between 250-300 grams induced by a
single injection of streptozotocin dose 60 mg/kg BW intraperitoneally. Rats were divided into 8 groups
namely normal without MLE, normal with MLE 2.5% w/v, normal with MLE 5% w/v, normal with
MLE 10% wi/v, hyperglycemia without MLE, hyperglycemia with MLE 2.5% w/v, hyperglycemia
with MLE 5% w/v and hyperglycemia with MLE 10% w/v. Punch biopsy was used to create wounds
on the skin of rats with a diameter of 8 mm after the blood glucose level measurement was higher than
200 mg/dL. MLE is applied 3 times a day for 14 days on the wounds. Wound contractions occurred in
line with the length of treatment days. In normal skin, the area of the wound had decreased by 22%
within three days and to 76% at 14 days after wound creation. On the 14th day of treatment, the wound
area of hyperglycemic rats decreased > 60%. The largest wound contraction was found when using
MLE 10% wi/v. Increasing the MLE dose stimulated better wound contraction/healing than control
wounds. Wound healing involves many types and products of cells. Starting with hemostasis, wound
healing is followed by inflammatory and proliferative phases to form new tissue, angiogenesis, and
matrix formation. The MLE content is beneficial for wound healing in normal and hyperglycemic rats.
MLE plays a role in accelerating wound healing in normal and hyperglycemic rats. The MLE dose of
10% wi/v provides faster wound healing than the 2.5% and 5% w/v doses.
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INTRODUCTION

Wound healing in the skin is a dynamic and well-ordered process involving cellular, humoral
and molecular mechanisms that begins soon after injury and can extend for years (Reinke & Sorg,
2012). Normally, wound healing consists of inflammatory, proliferative, and remodeling phases, in
which each of the phases is interrelated (MacEwan et al., 2017). Rapid hemostasis, appropriate
inflammation, differentiation, proliferation, and migration of mesenchymal cells to the wound site,
appropriate angiogenesis, rapid re-epithelialization (regrowth of epithelial tissue over the wound
surface), and proper synthesis, cross-linking, and alignment of collagen to provide strength to the
healing tissue are all factors that contribute to optimal wound healing (Guo & DiPietro, 2010).

Treatment for diabetic wounds has never been satisfactory. The frequency of the complications
can be reduced by controlling blood glucose level, self-examination of the feet, and routine
examinations by a physician (Packer et al., 2021). Wound dressings, surgical debridement, even skin
grafting, and other conventional therapies cannot offer a high-quality healing process because these
treatments cannot provide the essential growth factors that can modulate the healing process
(Suryanarayan et al., 2013). As a result, the cost of treating diabetic wounds and the length of
treatment burden the community. People who are often hit by medical costs will turn to traditional
medicine to get healing (Ismail, 2015).

Madeira vein (Anredera cordifolia) is often and commonly used in traditional wound care and
healing (Mutiara et al., 2015). It is easy to obtain because it also grows in Indonesia (Betriksia et al.,
2018). Studies on the effects of Madeira vein leaves ethanolic extract (MLE) include studies on burn
healing (Betriksia et al., 2018), acne vulgaris (Anwar & Soleha, 2016), and many others. The
flavonoids in Madeira vein leaves act as broad-spectrum antibiotics. In addition, Madeira vein leaves
have antioxidant and anti-inflammatory activities (Anwar & Soleha, 2016).

Delayed healing of wounds occurs because of persistent trauma, infection, or ischemia as well
as underlying conditions such as vascular disease or diabetes (MacEwan et al., 2017). The content of
chemicals in the MLE may be useful in the healing of normal and diabetic wounds. The concentration
of 10% and 30% of ethanolic MLE gel were effective for wound healing in alloxan-induced diabetic
ulcers in rats (Kintoko & Desmayanti, 2009). Topical use of MLE showed the potential of 10% extract
in accelerating wound closure of streptozotocin (STZ)-induced diabetic rats (Kintoko et al., 2017).
This study aimed to determine the effect and dose of lower concentration of topical ethanolic MLE on
wound healing and contraction in normal rats and hyperglycemic rats induced by STZ.

MATERIALS AND METHOD
Materials

The leaves of Anredera cordifolia were collected from Berastagi highland, Karo regency, North
Sumatera, Indonesia. The samples were identified by Herbarium Medanense (MEDA) of Universitas
Sumatera Utara with the decree of 5128/MEDA/2020.

The laboratory animals were male Wistar rats that were bred in the Pharmacology Laboratory,
Faculty of Medicine, Universitas Sumatera Utara (USU). All rats were 2-3 months old and weighed
250-300 g.

Study design and ethical clearance

This study uses a true experimental method with a pretest-posttest control group design. Ethical
clearance for this study was obtained from the Animal Research Ethics Committee, Faculty of
Mathematics and Natural Sciences, USU with the decree of 00699/KEPH-FMIPA/2020.

Madeira vein leaves extract

A total of 400 g of Madeira vein leaves were dried in an oven at 45°C for 24 hours.
Subsequently, the Madeira vein leaves were mashed with a blender and dissolved in 1500 mL of 90%
alcohol for 4 days at room temperature. After filtering with Whatman #1 filter paper, the MLE was
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dried using a rotary evaporator. The solid resulting from MLE drying was weighted and dissolved with
carboxymethylcellulose and water in the concentrations of 2.5%, 5%, and 10% w/v.

Hyperglycemia induction in rats

Rats were injected intraperitoneally with STZ (32238, Nacalai Tesque) at a dose of 60 mg/kg
BW in citrate buffer pH 4.5 to induce hyperglycemia. Rats in the normal (control) group only received
sterile water injection intraperitoneally. Blood glucose levels (BGL) from rat tail venous blood
samples were determined using a BGL meter (EasyTouch™) at 7 days post-induction of
hyperglycemia. Rats were considered in hyperglycemic conditions once the BGL was higher than 200
mg/dL (Emordi et al., 2016). The bodyweight and BGL of rats were examined before hyperglycemia
induction, 7 days after hyperglycemia induction, and after wound creation (day 3, day 7, day 10, and
day 14) (Table 1).

Table 1. The blood glucose level of normal and hyperglycemic rats before and after
streptozotocin injection

Blood glucose level (mg/dL)

Groups Before 7 days after
streptozotocin streptozotocin
induction induction Day 3 Day 7 Day 10 Day 14
Normal 111.41 +26.77 100.31 +33.91 102.63 + 21.90 109.25 +13.36 104.88 +10.29 112,57 +18.07 0.65
Hypergly
cemic 95.81 +16.26 421.89 +123.85 303.14 +119.63 355.75 + 185.96 130.00 +0.00 152.00 +2.83  0.00*

*= significant, one-way Anova

Wound Creation and Treatment

Wounds were created on day 7 after hyperglycemia induction. Experimental animals were
anesthetized by injection of 0.2-0.3 mL of ketamine intramuscularly. The rat hair on the back was
shaved off. Subsequently, 4 wounds with a diameter of 8 mm were created on the shaved back using a
sterile punch biopsy (Figure 1).

/

Day 7 Day 10 Day 14

: ‘ !

Day 3
Figure 1. Rat wounds created with punch biopsy

After wound creation at day O, the artificial wound healed with a sufficiently large wound
contraction at day 14. The wounds in this figure were created in normal rats. Wound 1 (1) acted as a
control and was applied with normal saline. Wound 2 (2), wound 3 (3), and wound 4 (4) were applied
ed with 2.5% w/v Madeira vein leaves ethanolic extracts (MLE), 5% w/v MLE, and 10% w/v MLE,
respectively. Finally, all of the wounds were dressed using a 2 cm diameter bandage. The same
method was carried out when changing the wound dressing at the time of observation.

A total of 64 rats were divided into 8 groups with each group consisting of 8 rats, namely group
N1 (normal without giving MLE), N2 (normal by giving MLE 2.5% w/v), N3 (normal by giving MLE
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5% wi/v), N4 (normal with MLE 10% wi/v), H1 (hyperglycemia without MLE), H2 (hyperglycemia
with MLE 2.5% w/ v), H3 (hyperglycemia with MLE 5% wi/v), and H4 (hyperglycemia with MLE
10% wi/v). In each topical MLE application, each wound got 18 mg of MLE solution. During the
treatment period, each wound received 3 applications on the wound using a new and clean applicator.
The wound was then dressed using an Elastomull™ bandage with a diameter of 2 cm.

Rat wound assessment

Determination of the wound size was carried out on day 0, day 3, day 7, day 10, and day 14. The
wound areas were determined by taking pictures of the wound with a camera from a distance of 18 cm.
The images acquired were processed using the Image J program. The day O wound images were
marked with freehand selections and became the set scales assuming the day 0 wound images were
perfect circles so that the day 0 wound area was 50.24 mm?. In the other wound images (from groups
day 3, day 7, day 10, and day 14), the wounds were marked with freehand selections and then were
analyzed using the Analyze>Measure menu for wound area based on the set scale value of the day 0
wound images. Wound contractions at day 3, day 7, day 10, and day 14 were a decline in healed
wound area as measured by initial day 0 wound area.

_ (WDO0O — WDn)
Wound contraction (%) = —wpo ¥ 100%

WDO = wound area at day 0 (50.24 mm?), WDn = wound area at observation day (day 3, day 7, day 10, and day
14).

Measurement of wound area in this study can also be an alternative in assessing wound
contraction. Several studies measured wound diameter as a parameter (Kintoko et al., 2017). Since
there might be differences in the speed of wound healing at the edges, ImageJ may measure more
accurate than calculating wound diameter.

RESULTS AND DISCUSSION

Skin wound healing is an important physiological process involving many cells types and
products in the skin (Gonzalez et al., 2016). Usually, the healing process begins with hemostasis which
checks for blood loss and microbial invasion in the wound area. This phase is quickly followed and
overlaps with the inflammatory phase. In the inflammatory phase, neutrophils regulate the healing
process and are followed by macrophages that clear pathogens and cell debris along with cytokines,
growth factors, and other cells. The proliferative phase overlaps with the inflammatory phase in which
new tissue, new blood vessels (angiogenesis) and matrix formation initiates to fill the wound area.
Lastly, the remodeling phase increases the tensile strength of the collagenous extracellular matrix and
reduces blood supply to the healing wound area (Patel et al., 2019).

Wound area in all normal rat groups decreased with time (Figure 2). The average wound area
decreased by 22% (on day 3) and by 76% (on day 14) post wound creation (Table 2). The MLE
treatments groups (N2, N3, and N4) were, at first, only slightly more effective than N1 in reducing
wounds area but became noticeably more effective from day 7 to day 14. MLE 10% w/v gave the best
wound contraction.
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Figure 2. Wound area in normal rats applied with various MLE concentrations for 14 days

N1 is a group of normal rats without MLE, N2 is a group of normal rats given MLE 2.5% w/v, N3 is a

group of normal rats given 5% w/v MLE, and N4 is a group of normal rats given MLE 10% wi/v.

Table 2. Post-MLE treatment wound contraction against the initial wound in normal

rats
Wound Contraction (%)
Group p
Day 3 Day 7 Day 10 Day 14

N1 18.89+1.39 28.18+3.03 39.36+0.94 63.44+4.79 0.000*
N2 20.57+0.72 50.92+0.94 57.31+045 74.44+221 0.000*
N3 2265+1.01 5440+1.23 59.94+048 77.82+284 0.000*
N4 2479+0.79 57.21+052 62.74+0.75 86.45+1.62 0.000*
p 0.000* 0.000* 0.000* 0.000*

The initial wound area was 50.24 mm2. N1 is a group of normal rats without Madeira vein
ethanolic extract (MLE), N2 is a group of normal rats applied with MLE 2.5% w/v, N3 is a group of
normal rats applied with 5% w/v MLE, and N4 is a group of rats normal applied with MLE 10% wi/v.
* = significant, one-way Anova.

Wound area in all hyperglycemic rat groups decreased with the length of treatment (Figure 3).
On day 3, the wound area was not much different from the day 0 wound area with a decrease in wound
area reaching 5%. Increasing the dose of MLE stimulated better contraction/wound healing than
control wounds (Table 3). On day 14, the average wound area decreased >60%. The greatest wound

contraction was found in the use of MLE 10% w/v.
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Figure 3. Wound area in hyperglycemic rats applied with various MLE concentrations for 14
days

H1 is a group of hyperglycemic rats without MLE, H2 is a group of hyperglycemic rats given
MLE 2.5% w/v, H3 is a group of hyperglycemic rats given 5% w/v MLE, H4 is a group of
hyperglycemic rats by giving MLE 10% w/v.

Table 3. Post-MLE treatment wound contraction against the initial wound in
hyperglycemic rats
Wound Contraction (%)

Group p
Day 3 Day 7 Day 10 Day 14

H1 1.65+0.39 20.72+240 41.18+0.00 60.92 + 0.83 0.000*

H2 2.92 +0.90 27.51+2.32 49.58 +0.00 62.49 + 0.51 0.000*

H3 6.95 +2.42 35.13+2.08 52.25+0.00 66.36 + 2.21 0.000*

H4 9.91+151 41.31+1.69 60.85+0.00 69.27 + 1.60 0.000*

p 0.000* 0.000* N/A 0.000*

The initial wound area was 50.24 mm?. H1 is a group of hyperglycemic rats without Madeira vein
ethanolic extract (MLE), H2 is a group of hyperglycemic rats group applied with MLE 2.5% w/v, H3 is a group
of hyperglycemic rats group applied with MLE 5% wi/v, H4 is a group of hyperglycemic rats group applied with
MLE 10% wi/v. * = significant, one-way Anova.

STZ-induced hyperglycemia in this study can be classified as new/acute hyperglycemia
(within 7-21 days), and the acute hyperglycemia created delays in wound healing as compared to
normal rat groups (Table 2 and 3). MLE with various phytochemicals in its content showed a role in
wound healing in normal and hyperglycemic rats. An increase in the concentration of MLE also
showed an acceleration in wound contraction in this study and other studies (Kintoko et al., 2017).

Acute wounds generally heal easily without any problems. The main concerns involve age-
related changes in normal physiological functions such as diseases such as diabetes, obesity, impaired
blood circulation, and stressful environmental conditions. Based on their healing potential, wounds are
classified to be either acute or chronic wounds. Chronic wounds have no regular series of healing
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stages and heal in more than 12 weeks. Diabetes delays the healing process because it interferes with
each phase of wound healing (Patel et al., 2019). Diabetic wounds, either in the form of acute or
chronic wounds, delayed healing and showed a persistent inflammatory phase due to inhibition of
mature granulation tissue formation and decreased tensile strength of the wound. This may occur due
to vascular damage resulting in ischemia (Patel et al., 2019).

The use of plant extracts in wound healing studies is quite extensive both in plant species such
as Madeira vein (Kintoko et al., 2017) or other plant species (Geethalakshmi et al., 2013), extraction
methods (Geethalakshmi et al., 2013), as well as preparations (Kintoko et al., 2017). Often,
phytochemical screening is not carried out in the assessment of the biological activity of plant extracts
(Aditia et al., 2017; Hasri et al., 2017) because the phytochemical data are available in other studies.
Phytochemical screening of the ethanol extract of Madeira vein leaves showed that the extract
contained alkaloids, B-sitosterol, phenolic compounds, flavonoids, saponins, and triterpenoids
(Basyuni et al., 2017).

Alkaloids are a broad class of secondary chemical compounds that include a variety of elements
and biomolecules that are produced from amino acids or transamination (Dey et al., 2020). Taspine, an
alkaloid extracted from the Euphorbiaceae plant in Brazil, stimulates chemotaxis for fibroblasts and,
depending on the dose, infiltration of mononuclear cells into the wound (Porras-Reyes et al., 1993).
The ability of MLE in wound healing in this study may be similar to the mechanism of action of
taspine. Unfortunately, until now, the alkaloid type of MLE has not been identified.

B-sitosterol, a member of the plant steroid family found in some plants, especially soybeans,
induces rapid re-epithelialization and burn to heal (Dey et al., 2020). The biological activity of B-
sitosterol is quite wide-ranging from analgesic, anti-inflammatory, antibacterial, immunomodulatory,
antioxidant, antidiabetic, and antibiotic (Babu & Jayaraman, 2020). A total of 27 compounds were
identified from the total flavonoid samples. The effect of total flavonoids on skin excision wounds is
to increase granulation tissue, fibroblasts, and proliferation of capillaries. Therefore, flavonoids induce
neovascularization, anti-inflammation, and growth factors (Pang et al., 2017).

Inflammation and oxidative stress are critical factors associated with delayed wound repair.
Phenolic compounds make key contributions in accelerating various phases of wound healing,
collagen formation, wound closure, and epithelialization due to their antibacterial, anti-inflammatory,
and antioxidant properties. Pathogens can enter the bloodstream through injured skin areas and the
severity of infection can be exacerbated by the stimulation of critical inflammatory mediators
including chemokines and interleukin-8 which ultimately alter fibroblast and keratinocyte activity,
collagen synthesis, and granulation tissue maturation (Yadav et al., 2018). In addition, the role of MLE
as an antibacterial against E. coli and S. aureus can be achieved at a minimum inhibitory concentration
of 8.5% and 8%, respectively (Hasri et al., 2017).

The ability of MLE in wound healing is also strengthened by the content of saponins.
Administration of saponins from ginseng to wounds showed a higher keratinocyte migration rate,
fewer inflammatory cells in the first 3 days of the wound, greater wound contraction, and higher
collagen deposition than in the control group during wound healing. These results suggest a beneficial
saponin effect when applied to heal skin wounds (Kim et al., 2011). Although Madeira vein leaves
extract has been associated with fibroblast proliferation on the healing of palatal mucosal wounds
(Hanafiah et al., 2019) and fibroblast cell lines (Hanafiah et al., 2019), the effect of the saponin
extracted from the leaves has not been studied.

Triterpenoids, which are produced from oleanolic acid, are anti-inflamatory and angiogenesis
inhibitors (Magdalena Radomska-Les$niewska et al., 2017). The triterpenoid extracted from the
Euryale ferox shell has a therapeutic effect on insulin resistance diabetes showing regulated blood-
sugar metabolism, lowering the blood sugar of hyperglycemic mice, recovering the pancreatic islet
morphology, and increased insulin receptor expression in a dosed manner (Yuan et al., 2014). In vitro,
triterpenoid has strong a-glucosidase inhibitory activity by mean of noncompetitive inhibition (Liu et
al., 2014). In surgical wounds, triterpenoids cause a reduction in wound closure time. Triterpenes also
modulate the production of reactive oxygen species in the wound environment and accelerate the
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tissue repair process. Triterpenoids also cause cell migration, cell proliferation, and collagen
deposition. Unfortunately, little is known about the effects of triterpenoids on keratinocytes and
fibroblasts (Agra et al., 2015). In addition, triterpenoid has effects as antifungal,
hypoglycemic/antidiabetic, antimicrobial, hemolytic analgesic, and anthelmintics (Astuti et al., 2012).
The effect of triterpenoids is opposite to that of B-sitosterol in vascular proliferation. This requires
further studies related to the dosage and effects of the mixture of the two substances.

CONCLUSION
MLE plays a role in accelerating wound healing in normal and hyperglycemic rats with the dose
of MLE 10% w/v giving faster wound healing than the doses of 2.5% and 5% wi/v.
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