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ABSTRACT

Burns are damage to the skin caused by a source of high temperature that can affected skin cells to die. Siam
weed (Chromolaena odorata L.), one of the tropical plants belonging to Asteraceae family traditionally can be
used to accelerate burn wound healing. The aim of this study was to determine the effect of ethanol extract of
Siam weed leaves (Chromolaena odorata L.) on burn healing activity using wound diameter and neutrophil
count as parameter values. Twenty fours male white rats (Rattus novergicus) were divided into 4 treatment
groups, namely negative control (C-, burn wound induced, given paracetamol), positive control (C+, burn
wound induced, Bioplacenton was applied to burn wound), 2 treatment group (burn wound induced, P1: Siam
weed ethanol extract 5% was applied to burn wound; and P2: Siam weed ethanol extract 10% was applied to
burn wound). Second degree burn wound induced in animal back’s using a hot rod. The results of the
experiment showed that P2 have burn wound healing properties that reduce burn wound diameters and decrease
the number of neutrophils. The ethanol extract of Siam weed also possess anti-inflammatory activity and have
antioxidant properties that support the ability of burn wound healing.

KEYWORDS: Siam Weeds, Wound diameters, the number of neutrophils, 5-lipoxygenase, anti-
inflammatory, antioxidant



INTRODUCTION

Burns are tissue damage and loss caused by very high temperature sources such as fire, hot water, chemicals,
electricity, and radiation®™?. Burns can cause damage and increase the permeability of capillaries, damage to
skin tissue in the epidermis, dermis, and subcutaneous tissue. In severe conditions it can cause serious disorders
in the lungs, kidneys and liver®®. Treatment of burn wound needs to be taking care as soon as possible to reduce
the possibility severe complications, such as hypovolemic shock and sepsis®. Second-degree burns, well known
as deep partial-thickness burns happens when lesions penetrate into the dermis®. This type of burn wound is
commonly happens in house hold.

Handling in burn healing aims to prevent infection and provide an opportunity for the remnants of epithelial
cells to proliferate and close the wound surface®. Siam weed (Chromolaena odorata L.) belongs to the
Asteraceae family and is a perennial herb that is easy to grow and found throughout tropical and subtropical
region®, including in Indonesia. Siam weed leaves have been used for generations as traditional medicine for
wound healing, such as soft tissue wounds, burns and skin infections® Y. Siam weed contains several main
compounds, including: flavonoids“?** which have antibacterial and anti-inflammatory properties, steroids®?
can prevent stiffness and reduce pain, and also saponins***® as antiseptics which kill or prevent the growth of
microorganisms that arise in the wound so not cause severe infections. Many research have been conduct to
investigate the ability of Siam weed in wound healing, for example previous study reported that 5.0% (w/w)
Chromolaena odorata ethanol extract are effective for excision wound healing which exhibited a faster
reduction in wound area compared to control and Betadine-treated group®”. The efficacy of 2.5%, 5%, and 10%
w/w of Siam weed leaves extract ointments on cutaneous wound being conducted and proved the ability of
inducing wound contraction and wound closure time. Another experimental using Siam Weed leaves, which
prepared in cream with a concentration of 2.5%, 5% and 10% and applied in open wounds in experimental
animals®™®. The percentage of wound healing represented as an average wound diameter showed that the ethanol
extract of Siam weed leaves with a concentration of 10% gave wound healing effect faster compared to
povidone iodine that used as a control drug™®. The application of Siam weed extract on excision wound also
prove the effectiveness of this plant on wound healing time and repairmen of the wounded tissue*".

To strengthen the effectiveness of Siam weed wound healing properties, this study aims to see the potential of
Siam weed leaves in ointment base which applied in burn wound on Rattus norvegicus. The parameter value
that used was wound diameters or epidermal growth factor and the number of neutrophils. Anti-inflammatory
assay using 5-lipoxygenase and antioxidant assay using Ferric-Reducing Antioxidant Power (FRAP assay) were
conducted to support wound healing efficacy.

MATERIALS AND METHODS

Materials

Human recombinant 5-lipoxygenase enzyme and nordihydroguaiaretic acid (NDGA) were purchased from
Calbiochem, Sandiego, TPTZ (2,4,6-tripyridyl-s-triazine), NDGA, quercetin, folin-Ciocalteu’s and linoleic acid,
were purchased from Sigma, Germany. Other materials used for this research were analytical grade.

Preparation and phytochemical screening of ethanol extract of Siam weed leaves

Fresh leaves of the Siam weed (Chromolaena odorata L.) was collected from Surabaya, East Java and
determined as a herbarium specimen (HBP/WMCUS/345/CO) at Botany Pharmacy laboratory Widya Mandala
Surabaya Catholic University. Leaves were dried in the laboratory approximately for 2 weeks at room
temperature. Dried powder of Siam weed leaves with the amount of 250 gram was macerated using 2500 mL
96% ethanol as solvent. Macerates were evaporated using a rotary evaporator until dried extract was obtained.
The phytochemical screening using tube method was conducted to find out the chemical compounds of ethanol
extract of Siam weed leaves’™. Thin Layer chromatographic profile is also being conducted to ensure the
quality control of Siam Weed leaves ointment. Dried extract kept in -20° C freezer until next biological assay
was conducted.

Preparation of Siam weed ointment

Vaseline alboum and adeps lanae with the portion of 17:3 were prepared for ointment base. The preparation was
done by melting the adeps lanae and Vaseline album in hot mortar, than the amount of the ethanol extract of
Siam weed leaves was added (Table 1). The ointment stirred continuously until all ingredients were
homogenously mixed. The ointment is kept in 4°C not longer than 1 week. All the ointments are evaluated for
the homogeneity and pH to ensure the efficacy and the safety.

Table 1. Ointment formulations of ethanol extract of Siam weed (Chromolaena odorata L.)

Materials 5% Ethanol extract of Siam weed (g) 10% Ethanol extract of Siam weed (g)
Ethanol extract of Siam weed 1.50 3
Ointment base 28.50 27




Second- degree burn wound induction procedural®®

Twenty four healthy male wistar white rats with average weight of 150 - 200 grams, healthy, no abnormalities
or physical disabilities been used for this research. The experimental animals were divided into 4 groups
randomly, namely: negative control (C-,burn wound induced, given paracetamol), positive control (C+, burn
wound induced, Bioplacenton was applied to burn wound), 2 treatment groups (burn wound induced, P1: Siam
weed ethanol extract 5% was applied to burn wound; and P2: Siam weed ethanol extract 10% was applied to
burn wound). The fur on the dorsal / back of the rat was shaved and then the dorsal area with no fur sterilized
with 70% alcohol. The rats were then anesthetized and burns were induced by sticking a hot rod for 30 second.
The hot rod with the size of 2 x 2 cm prepared by preheated in a water bath for 5 minutes at 95°C. Each
experimental animal group was given treatment for 7 days. This experiment carried out in accordance with
laboratory animal ethics guidelines.

Burn wound diameter measurement®”
The wound diameter was measured daily using a caliper. The procedure to measure burn wound diameters can
be seen in Figure 1. The burn wound diameters calculated using this formula:

dx1 + dx2 + dx3 + dx4
dx = 2

dx : Burn wound diameter; dx1 : Burn wound diameter 1; dx2 : Burn wound diameter 2; dx3 : Burn wound diameter 3; dx4 : Burn wound
diameter 4
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Figure 1. Measurement procedures for burn wound diameter

Observation of Neutrophil Count in burn wound®?

Observation of the number of neutrophil cells was carried out on day 3 and day 7 using a Nikon H600L light
microscope equipped with a 300 megapixel DS Fi2 digital camera with image processing software Nikon Image
System. Observations of the rat skin tissue were made by taking five different fields of view using 1000x
magnification. The rat skin tissue was stained using Hematoxylin Eosin (HE). The number of inflammatory cells
observed in each field of view was add up and presented as an average value.

Anti-inflammatory assay

5-lipoxygenase enzyme assay was used to determine the anti-inflammatory activity of the ethanol extract of
Siam weed using linoleic acid as the substrate. In one mL cuvette which is maintained at 25 °C was added 970
uL of phosphate buffer (pH 9) than 5 puL (50 mg/mL) extract and followed by 17 pL of linoleic acid. Sample
was shaking and 4 uL of the aliquot enzyme followed by 4 uL of the phosphate buffer (4°C) were pippeted to
initiate enzyme reaction. The sample absorbance measured at A: 234 nm for 10 minutes using
spectrophotometer. Aspirin and Nordihydroguaiaretic acid (NDGA) were used as the positive control. The
percen(tzasg);e activity was determined using the slopes of the straight-line portions of the sample and the control
curves

Ferric-reducing antioxidant power (FRAP) assay

The antioxidant assay was conducted using FRAP assay with the following step: FRAP reagent was prepared
freshly by mixing 300 mM acetate buffer (pH 3.6) with 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) and 20 mM
FeCl;.6H,O (1:10:1). FRAP reagent 180 pl mixed with 20 pl sample. Sample was prepared with the
concentration of 1 mg/mL - 0.03 mg/mL. The absorbance was read at 90 minutes (A: 600 nm) using
spectrophotometer (Thermostat, Finland, USA). The standard, Fe (Il) was prepared with the concentrations in
the range 1 pM — 125 pM (FeS0O,.7H,0). Quercetin was used as a positive control. The antioxidant value,



represent as a FRAP value was calculated as Ferrous Equivalents. This Ferrous equivalent produced the
concentration of quercetin/sample that gave the absorbance value equal to that 1 mM FeSO,%*%).

Data analysis

The results are presented as mean + SEM. The data obtained from the measurement of wound diameter, the
number of neutrophil cells, anti-inflammatory and antioxidant activities were analyzed using One-Way
ANOVA. Significance degree used in this analyze is p 0.05 with 95% confidence interval. Post Hoc Duncan test
used for further investigation.

RESULTS

Phytochemical screening Results

In the formulation of herbal products, a screening/chromatographic profile of active chemical components is
needed to ensure the quality of a natural product. In this study, phytochemical screening was carried out on
dried powder, ethanol extract and ointment from Siam weed leaves. Preliminary screening was carried out using
the tube method to investigate the presence of alkaloids, flavonoids, polyphenols, saponins, tannins, steroids and
triterpenoids. Chromatographic profile of thin layer chromatography was carried out using chloroform: ethyl
acetate (15:1) as a mobile phase and vanillin sulphuric acid as a visualization reagent (Figure 2). The
phytochemical results of Siam weed leaves ethanol extract showed the presence of alkaloids, polyphenols,
flavonoids, saponins, tannins and steroids (Table 2).

Table 2. Phytochemical screening results of ethanol extract of Siam weed leaves using tube methods

Compounds Dried powder Ethanol extract Ointment of Siam weed
Alkaloid + + +
Flavonoid + + +
Polyphenol + + +
Saponin + + +
Tannin + + +
Steroid + + +
Triterpenoid + + +

The presence (+) or absence (-) compounds were detected using reagents that describe in common procedures Sx)

P ]
A

a b c
Figure 2. Chromatographic profile of TLC of Siam Weed leaves (Chromolaena odorata) using mobile phase Chloroform: Ethyl
Acetate (15:1).
1= Dried powder 10% in methanol (spotted 20 pL); 2= ethanol extract 1 % (spotted 20 pL); 3= ointment of Siam Weed 10% (spotted 20
uL); a= observation at UV 254 nm; b= observation at UV 366 nm; ¢ = after being sprayed with Vanillin sulphuric acid spray reagent.

Burn wound diameter analysis

The healing process represented as a measurement of burn wound diameters results can be seen in Table 3 and
Figure 3. The results showed there was a significant difference (p<0.05) in wound diameter between the
treatment groups and no treatment group. Tremendously, the 10% ointment Siam weed accelerate the healing
process showed by the decreasing burn wound diameter as much as the standard drug (= 0.36 cm) that is used in
this treatment. The present of festering wound observe in C(-) groups indicates the infection happening in the
group with no treatment. There was no infection present in the treatment group. It showed that the samples
(bioplacenton or ointment of Siam weed) can protect the wound which can result in the absence of bacterial
growth. Based on the results, 5% and 10% Siam Weed ointment was able to reduce wound diameter by 26% and
28%, respectively.



Figure 3. The observation results on burn wound in experimental animals
C(-): negative control, burn wound induced, givem paracetamol; C(+): positive control, burn wound induced, Bioplacenton was applied to
burn wound; P1: burn wound induced, Siam weed ethanol extract 5% was applied to burn wound;P2: burn wound induced, Siam weed
ethanol extract 10% was applied to burn wound. Left side: the observation result on day 3; Right side: the observation result on day 7

Table 3. Average burn wound diameters

Average burn wound diameters Average burn wound diameters
Treatment Groups* + SD (cm) + SD (cm)
on day 3 on day 7
C(-) 1,95 + 0,04 1,78 +0,01°
C(+) 1,89 +0,07® 1,53 +0,04°
P1 1,79 + 0,09 1,49 +0,07*
P2 1,82 +0,03* 1,44 + 0,05

Different superscripts in the same mean column show significant differences between treatment groups (p<0.05).

*C(-): negative control, burn wound induced, given paracetamol; C(+): positive control, burn wound induced, Bioplacenton was applied to
burn wound; P1: burn wound induced, Siam weed ethanol extract 5% was applied to burn wound;P2: burn wound induced, Siam weed
ethanol extract 10% was applied to burn wound.

Neutrophil Count in burn wound analysis

Neutrophils, one of the immune system responses take part of the first line of defence in tissue damage or
infection®. Burn wound can result in amount of the neutrophils in response to wounding. The number of
neutrophil in C(-) group on day 3 which still increasing in day 7 showed that there was an infection going on,
proved with festering wound that occurred in day 7. Ten % ointment of Siam weed gave no significant
difference with the control drug in term of decreasing the number of neutrophils (Table 4 and Figure 4).

Table 4. The average of the number of neutrophil

The average of the number of The average of the number of neutrophil
Treatment Groups neutrophil +SD on day 3 +SD on day 7
cE) 134,67 £ 0,757 141,67 £ 0,33
C(+) 105,00 + 0,33* 87,00 + 0,93
P1 101,33 +0,71° 100,67 £ 0,31*
P2 108,67 + 0,26" 85,67 + 0,66°

Different superscripts in the same mean column show significant differences between treatment groups (p<0.05).

*C(-): negative control, burn wound induced, given paracetamol; C(+): positive control, burn wound induced, Bioplacenton was applied to
burn wound; P1: burn wound induced, Siam weed ethanol extract 5% was applied to burn wound;P2: burn wound induced, Siam weed
ethanol extract 10% was applied to burn wound.



Figure 4. Neutrophil Cells (black arrows) observed under a light microscope (Nikon H600L microscope; camera DS Fi2 300
megapixels) with magnification 1000x

C(-): negative control, burn wound induced, given paracetamol; C(+): positive control, burn wound induced, Bioplacenton was applied to

burn wound; P1: burn wound induced, Siam weed ethanol extract 5% was applied to burn wound;P2: burn wound induced, Siam weed

ethanol extract 10% was applied to burn wound.

Anti-inflammatory and antioxidant analysis

Inflammatory response in burn wound normally occurring with free radicals in inflammation site which caused
cell damages and could postpone the healing process®®. It’s already well known that tissue damage, including
burn wound can be caused by oxidative stress and some previous study make a linier correlation between the
potency of wound healing agents with antioxidant activity. Based on the results, it showed that Siam weed
leaves ethanol extract gave strong antioxidant capacity with the FRAP value (1.16 mmol/L) even greater
compared to quercetin (Table 5). The ethanol extract of Siam weed leaves showed weaker anti —inflammatory
activity compared to Aspirin and NDGA that use for standard, but nevertheless with 1Cs 5-LOX 55.01 pg/mL,
Siam weed leaves showed the potential can be used for anti-inflammatory agents.

Table 5. 1Csy 5-LOX values and FRAP value of Crude extract of Siam Weed

Samples 1Cso 5-LOX values (pg/mL) FRAP value (mmol/L)
Ethanol extract of Siam weed leaves 55.01 + 0.04 1.16+0.13
NDGA 5.33 £ 0.05
Aspirin 13.90 £ 0.07
Quercetin 1.31+ 0.02

Data were obtained from 3 independent experiments, each performed in triplicate (n=9) and represented as mean + SEM.

ICs represents the effective concentration at 50% of total inhibition of 5- lipoxygenase activity.

NDGA: Nordihydroguaireic acid; FRAP value was calculated as Ferrous Equivalents, the concentration of quercetin or extracts which
produced an absorbance value equal to that of 1 mmol/L of Fe,SO,

DISCUSSIONS

Chromolaena odorata, considered as one of the top 100 most invasive environmental weeds, native from North
and Central America, now a days mostly found abundantly in Indonesia. This weed well known for its pesticide
properties, the potency for the treatment of almost all kinds of wounds type, treatment of leech bites,
indigestion, skin infection, fungicidal, analgesic, antispasmodic, anti-inflammatory, antipyretic, insecticidal,
antioxidant, anti-gonorrhoeal, diuretic and antimicrobial*"*¢230,

In this experiment, the maceration process of Siam weed leaves produced 62.7 grams extracts with a yield of
25.08%. The ethanol extract of Siam weed leaves gave blackish brown in color and distinctive smells of herbs.
The ointment base was selected for the preparation of the medicine to cover the difficulties polar compounds to
penetrate the skin layer. The Siam weed ointment with the concentration of 5% and 10% performance as a dark
green-black semi solid sample, have a distinctive herbs smell, homogeneous, and have a pH value that meets the
requirement of skin pH criteria, which is between 4.5-6.5¢%.

In this research, second-degree burn was induced in experimental animals. This type of burn wound was
involved the first two layer of the skin and was common accident in the house hold. The applied of 5 % and
10% of Siam weed ointment accelerate the wound healing ability which are shown by the decreasing of burn
wound diameter, decreasing healing time showed by the dryness and no festering wounds in burn wound, and



the decreasing the number of neutrophils. In the negative control, paracetamol as an analgesic was given in
animal treatment to reduce the pain caused by burn wound induced. Experimental research showed that
parace}gzr)ml does not compromised to wound repair, so the given of paracetamol will not affect to experimental
results™<.

Based on the results, it is suggested that Siam weed promote the migration and proliferation of fibroblast cell
that can stimulate wound healing properties and haemostatic process®. No festering wound found in the
treatment groups suggested the result supported the previous research, where Siam weed ethanol extract has the
antibacterial activities against both Gram-positive and Gram-negative bacteria such as Staphylococcus aureus,
Pseudomonas aeruginosa, Bacillus cereus, Bacillus subtilis, and Escherichia coli, suggesting that it may reduce
the wound infections(33-36).

In — vitro anti-inflammatory effect was also observed in this study. Some of evidence suggested that the anti-
inflammatory action of Siam weed produced by the fatty acids components that contain in Siam weed. The
previous research showed reduces oedema and exudates, where wound healing can subsequently improve. The
redu(%i7nsg) of the amount of prostaglandin that produced in inflammatory process also suggested the reducing in
pain‘=",

The ability of Siam weed to scavenge free radicals enhances the efficiency of wound healing by conserving the
fibroblast and keratinocyte proliferation on wounds®, therefore it proved in this research burn wound in
treatment group no infected wound appeared cause of keratinocytes proliferated to cover the wound.

The phytochemical results of Siam weed leaves ethanol extract showed the presence of alkaloids, polyphenols,
flavonoids, saponins, tannins and steroids. Chromatographic profiles using TLC were performed on dried
powder, ethanol extract and Siam Weed ointment. The results indicated a stain profile with the same Rf value
and color (Figure 2). The result shows that during the extraction and formulation of Siam Weed ointment, there
is no process that influences the presence of active compounds in Siam weed.

In nature, flavonoids as anti-inflammatory inhibit the lipoxygenation pathway which will release inflammatory
mediators, and also inhibit the arachidonic acid pathway by inhibiting COX-2 expression. The impact of this
decrease in COX-2 is a decrease in the number of prostaglandins, especially in the pro-inflammatory mediator
PGE2, causing a reduction in the inflammatory reaction*?. As an antibacterial, flavonoids form complex
compounds against extracellular proteins that disrupt the integrity of the bacterial cell membrane. Flavonoids
also work as antioxidants by preventing oxidation and also enhancing migration and proliferation of
fibroblast“?. Saponins have the ability as cleansers and antiseptics that function to kill or prevent the growth of
microorganisms that arise in the wound so that the wound does not experience severe infection. Steroids
function as anti-inflammatory which can prevent stiffness and pain®”. Steroid compounds also have anti-

inflammatory properties like flavonoids but have a slower wound healing effect than flavonoids“®.

CONCLUSIONS

Ointment of 10% Siam weed ethanol extract has burn wound healing properties by assessment to its reducing
wound diameter and the number of neutrophils in the healing process of burns in rats. The burn wound healing
property is supported by antioxidant and anti-inflammatory activity by inhibiting the inflammatory mediators.
No festering wound found suggesting Siam weed can inhibit the growth of bacteria that can cause infections.
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1. Isthe subject matter suitable for publication?

Yes, because the author is able to demonstrate the ability of the ethanol extracts of Siam weed
leaves having wound healing properties in the ointment formulation.

They demonstrated the presence of these phytochemicals present within the raw material (dried
leaves) to the intermediate process (ethanol extract) and in the final product (ointment) to verify the
stability of these chemicals since the final product was subjected to higher temperature during the
formulation which may decompose or oxidize these secondary metabolites.

Additionally supported how these phytochemicals in the formulation can potentially influence the
anti-inflammatory and antioxidant activities in the wound healing ability.

2. Is the paper acceptable after revision.
a. Inthe present form
b. After revision

3. Comments:

The line count starts with Abstract row as Line 1.
Introduction:

Line 24 — Typo — happens = has been corrected

Treatment of burn wound needs to be taking care as soon as possible to reduce the possibility severe
complications, such as hypovolemic shock and sepsis®. Second-degree burns, well known as deep partial-thickness
burns happens when lesions penetrate into the dermis®. This type of burn wound is commonly happens in house
hold.



Line 26 — Typo — surface =» has been corrected

Handling in burn healing aims to prevent infection and provide an opportunity for the remnants of epithelial
cells to proliferate and close the wound surface®.

Line 34 — It would be more informative to include which Chromolaena odorata extract was
reported? E.g. ethanol? Polar extract? So that the reader can compare the previous work and the
current reported work. = already state in the text

Many research have been conduct to investigate the ability of Siam weed in wound healing, for example
previous study reported that 5.0% (w/w) Chromolaena odorata ethanol extract are effective for excision wound
healing which exhibited a faster reduction in wound area compared to control and Betadine-treated group®?

Line 35 —is there a typo in the reported percentage? 5.0% instead of 7.5%? has been corrected

The efficacy of 2.5%, 5%, and 10% w/w of Siam weed leaves extract ointments on cutaneous wound being
conducted and proved the ability of inducing wound contraction and wound closure time. Another experimental
using Siam Weed leaves, which prepared in cream with a concentration of 2.5%, 5% and 10% and applied in
open wounds in experimental animals®®.

Material and Methods:

Line 69 — Typo - hot mortar, “than” amount.... "then” the amount ... = has been corrected

The preparation was done by melting the adeps lanae and Vaseline album in hot mortar, than the amount of
the ethanol extract of Siam weed leaves was added (Table 1).

Line 77 —is (25) a reference? =» yes

Results:

Line 136 — Kindly clarify/elaborate to what extend the TLC profile can be used as a quality control for
the Siam Weed leaves in ointment? =» has been corrected

Figure 2. Chromatographic profile of TLC of Siam Weed leaves (Chromolaena odorata) using mobile phase Chloroform: Ethyl Acetate
(15:1).
1= Dried powder 10% in methanol (spotted 20 pL); 2= ethanol extract 1 % (spotted 20 puL); 3= ointment of Siam Weed 10% (spotted 20 uL); a=
observation at UV 254 nm; b= observation at UV 366 nm; c = after being sprayed with Vanillin sulphuric acid spray reagent.

The sample preparation for the dried power used for the phytochemical screening was not
mentioned in the Preparation and phytochemical screening of ethanol extract of Siam weed leaves
section. It is suggested to include what solution was used to prepare the dried powder for the TLC
analysis.




Type of Manuscript:

Research / Review/ Original/ Short Communication/ News/ Case Study

Burn healing activity of Siam Weed (Chromolaena odorata) leaf ethanol
extract in second degree burn wound induced in rats



ABSTRACT

Burns are damage to the skin caused by a source of high temperature that can affected skin cells to die. Siam
weed (Chromolaena odorata L.), one of the tropical plants belonging to Asteraceae family traditionally can be
used to accelerate burn wound healing. The aim of this study was to determine the effect of ethanol extract of
Siam weed leaves (Chromolaena odorata L.) on burn healing activity using wound diameter and neutrophil
count as parameter values. Twenty fours male white rats (Rattus novergicus) were divided into 4 treatment
groups, namely negative control (C-, burn wound induced, given paracetamol), positive control (C+, burn
wound induced, Bioplacenton was applied to burn wound), 2 treatment group (burn wound induced, P1: Siam
weed ethanol extract 5% was applied to burn wound; and P2: Siam weed ethanol extract 10% was applied to
burn wound). Second degree burn wound induced in animal back’s using a hot rod. The results of the
experiment showed that P2 have burn wound healing properties that reduce burn wound diameters and decrease
the number of neutrophils. The ethanol extract of Siam weed also possess anti-inflammatory activity and have
antioxidant properties that support the ability of burn wound healing.

KEYWORDS: Siam Weeds, Wound diameters, the number of neutrophils, 5-lipoxygenase, anti-
inflammatory, antioxidant



INTRODUCTION

Burns are tissue damage and loss caused by very high temperature sources such as fire, hot water, chemicals,
electricity, and radiation®™?. Burns can cause damage and increase the permeability of capillaries, damage to
skin tissue in the epidermis, dermis, and subcutaneous tissue. In severe conditions it can cause serious disorders
in the lungs, kidneys and liver®®. Treatment of burn wound needs to be taking care as soon as possible to reduce
the possibility severe complications, such as hypovolemic shock and sepsis®. Second-degree burns, well known
as deep partial-thickness burns happens when lesions penetrate into the dermis®. This type of burn wound is
commonly happens in house hold.

Handling in burn healing aims to prevent infection and provide an opportunity for the remnants of epithelial
cells to proliferate and close the wound surface®. Siam weed (Chromolaena odorata L.) belongs to the
Asteraceae family and is a perennial herb that is easy to grow and found throughout tropical and subtropical
region®, including in Indonesia. Siam weed leaves have been used for generations as traditional medicine for
wound healing, such as soft tissue wounds, burns and skin infections® Y. Siam weed contains several main
compounds, including: flavonoids“?** which have antibacterial and anti-inflammatory properties, steroids®?
can prevent stiffness and reduce pain, and also saponins***® as antiseptics which kill or prevent the growth of
microorganisms that arise in the wound so not cause severe infections. Many research have been conduct to
investigate the ability of Siam weed in wound healing, for example previous study reported that 5.0% (w/w)
Chromolaena odorata ethanol extract are effective for excision wound healing which exhibited a faster
reduction in wound area compared to control and Betadine-treated group®”. The efficacy of 2.5%, 5%, and 10%
w/w of Siam weed leaves extract ointments on cutaneous wound being conducted and proved the ability of
inducing wound contraction and wound closure time. Another experimental using Siam Weed leaves, which
prepared in cream with a concentration of 2.5%, 5% and 10% and applied in open wounds in experimental
animals®™®. The percentage of wound healing represented as an average wound diameter showed that the ethanol
extract of Siam weed leaves with a concentration of 10% gave wound healing effect faster compared to
povidone iodine that used as a control drug™®. The application of Siam weed extract on excision wound also
prove the effectiveness of this plant on wound healing time and repairmen of the wounded tissue*".

To strengthen the effectiveness of Siam weed wound healing properties, this study aims to see the potential of
Siam weed leaves in ointment base which applied in burn wound on Rattus norvegicus. The parameter value
that used was wound diameters or epidermal growth factor and the number of neutrophils. Anti-inflammatory
assay using 5-lipoxygenase and antioxidant assay using Ferric-Reducing Antioxidant Power (FRAP assay) were
conducted to support wound healing efficacy.

MATERIALS AND METHODS

Materials

Human recombinant 5-lipoxygenase enzyme and nordihydroguaiaretic acid (NDGA) were purchased from
Calbiochem, Sandiego, TPTZ (2,4,6-tripyridyl-s-triazine), NDGA, quercetin, folin-Ciocalteu’s and linoleic acid,
were purchased from Sigma, Germany. Other materials used for this research were analytical grade.

Preparation and phytochemical screening of ethanol extract of Siam weed leaves

Fresh leaves of the Siam weed (Chromolaena odorata L.) was collected from Surabaya, East Java and
determined as a herbarium specimen (HBP/WMCUS/345/CO) at Botany Pharmacy laboratory Widya Mandala
Surabaya Catholic University. Leaves were dried in the laboratory approximately for 2 weeks at room
temperature. Dried powder of Siam weed leaves with the amount of 250 gram was macerated using 2500 mL
96% ethanol as solvent. Macerates were evaporated using a rotary evaporator until dried extract was obtained.
The phytochemical screening using tube method was conducted to find out the chemical compounds of ethanol
extract of Siam weed leaves’™. Thin Layer chromatographic profile is also being conducted to ensure the
quality control of Siam Weed leaves ointment. Dried extract kept in -20° C freezer until next biological assay
was conducted.

Preparation of Siam weed ointment

Vaseline alboum and adeps lanae with the portion of 17:3 were prepared for ointment base. The preparation was
done by melting the adeps lanae and Vaseline album in hot mortar, than the amount of the ethanol extract of
Siam weed leaves was added (Table 1). The ointment stirred continuously until all ingredients were
homogenously mixed. The ointment is kept in 4°C not longer than 1 week. All the ointments are evaluated for
the homogeneity and pH to ensure the efficacy and the safety.

Table 1. Ointment formulations of ethanol extract of Siam weed (Chromolaena odorata L.)

Materials 5% Ethanol extract of Siam weed (g) 10% Ethanol extract of Siam weed (g)
Ethanol extract of Siam weed 1.50 3
Ointment base 28.50 27




Second- degree burn wound induction procedural®®

Twenty four healthy male wistar white rats with average weight of 150 - 200 grams, healthy, no abnormalities
or physical disabilities been used for this research. The experimental animals were divided into 4 groups
randomly, namely: negative control (C-,burn wound induced, given paracetamol), positive control (C+, burn
wound induced, Bioplacenton was applied to burn wound), 2 treatment groups (burn wound induced, P1: Siam
weed ethanol extract 5% was applied to burn wound; and P2: Siam weed ethanol extract 10% was applied to
burn wound). The fur on the dorsal / back of the rat was shaved and then the dorsal area with no fur sterilized
with 70% alcohol. The rats were then anesthetized and burns were induced by sticking a hot rod for 30 second.
The hot rod with the size of 2 x 2 cm prepared by preheated in a water bath for 5 minutes at 95°C. Each
experimental animal group was given treatment for 7 days. This experiment carried out in accordance with
laboratory animal ethics guidelines.

Burn wound diameter measurement®”
The wound diameter was measured daily using a caliper. The procedure to measure burn wound diameters can
be seen in Figure 1. The burn wound diameters calculated using this formula:

dx1 + dx2 + dx3 + dx4
dx = 2

dx : Burn wound diameter; dx1 : Burn wound diameter 1; dx2 : Burn wound diameter 2; dx3 : Burn wound diameter 3; dx4 : Burn wound
diameter 4

dx1
77\
dx2 |

A

dx3

‘dx4"
- '

Figure 1. Measurement procedures for burn wound diameter

Observation of Neutrophil Count in burn wound®?

Observation of the number of neutrophil cells was carried out on day 3 and day 7 using a Nikon H600L light
microscope equipped with a 300 megapixel DS Fi2 digital camera with image processing software Nikon Image
System. Observations of the rat skin tissue were made by taking five different fields of view using 1000x
magnification. The rat skin tissue was stained using Hematoxylin Eosin (HE). The number of inflammatory cells
observed in each field of view was add up and presented as an average value.

Anti-inflammatory assay

5-lipoxygenase enzyme assay was used to determine the anti-inflammatory activity of the ethanol extract of
Siam weed using linoleic acid as the substrate. In one mL cuvette which is maintained at 25 °C was added 970
uL of phosphate buffer (pH 9) than 5 puL (50 mg/mL) extract and followed by 17 pL of linoleic acid. Sample
was shaking and 4 uL of the aliquot enzyme followed by 4 uL of the phosphate buffer (4°C) were pippeted to
initiate enzyme reaction. The sample absorbance measured at A: 234 nm for 10 minutes using
spectrophotometer. Aspirin and Nordihydroguaiaretic acid (NDGA) were used as the positive control. The
percen(tzasg);e activity was determined using the slopes of the straight-line portions of the sample and the control
curves

Ferric-reducing antioxidant power (FRAP) assay

The antioxidant assay was conducted using FRAP assay with the following step: FRAP reagent was prepared
freshly by mixing 300 mM acetate buffer (pH 3.6) with 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) and 20 mM
FeCl;.6H,O (1:10:1). FRAP reagent 180 pl mixed with 20 pl sample. Sample was prepared with the
concentration of 1 mg/mL - 0.03 mg/mL. The absorbance was read at 90 minutes (A: 600 nm) using
spectrophotometer (Thermostat, Finland, USA). The standard, Fe (Il) was prepared with the concentrations in
the range 1 pM — 125 pM (FeS0O,.7H,0). Quercetin was used as a positive control. The antioxidant value,



represent as a FRAP value was calculated as Ferrous Equivalents. This Ferrous equivalent produced the
concentration of quercetin/sample that gave the absorbance value equal to that 1 mM FeSO,%*%).

Data analysis

The results are presented as mean + SEM. The data obtained from the measurement of wound diameter, the
number of neutrophil cells, anti-inflammatory and antioxidant activities were analyzed using One-Way
ANOVA. Significance degree used in this analyze is p 0.05 with 95% confidence interval. Post Hoc Duncan test
used for further investigation.

RESULTS

Phytochemical screening Results

In the formulation of herbal products, a screening/chromatographic profile of active chemical components is
needed to ensure the quality of a natural product. In this study, phytochemical screening was carried out on
dried powder, ethanol extract and ointment from Siam weed leaves. Preliminary screening was carried out using
the tube method to investigate the presence of alkaloids, flavonoids, polyphenols, saponins, tannins, steroids and
triterpenoids. Chromatographic profile of thin layer chromatography was carried out using chloroform: ethyl
acetate (15:1) as a mobile phase and vanillin sulphuric acid as a visualization reagent (Figure 2). The
phytochemical results of Siam weed leaves ethanol extract showed the presence of alkaloids, polyphenols,
flavonoids, saponins, tannins and steroids (Table 2).

Table 2. Phytochemical screening results of ethanol extract of Siam weed leaves using tube methods

Compounds Dried powder Ethanol extract Ointment of Siam weed
Alkaloid + + +
Flavonoid + + +
Polyphenol + + +
Saponin + + +
Tannin + + +
Steroid + + +
Triterpenoid + + +

The presence (+) or absence (-) compounds were detected using reagents that describe in common procedures Sx)

P ]
A

a b c
Figure 2. Chromatographic profile of TLC of Siam Weed leaves (Chromolaena odorata) using mobile phase Chloroform: Ethyl
Acetate (15:1).
1= Dried powder 10% in methanol (spotted 20 pL); 2= ethanol extract 1 % (spotted 20 pL); 3= ointment of Siam Weed 10% (spotted 20
uL); a= observation at UV 254 nm; b= observation at UV 366 nm; ¢ = after being sprayed with Vanillin sulphuric acid spray reagent.

Burn wound diameter analysis

The healing process represented as a measurement of burn wound diameters results can be seen in Table 3 and
Figure 3. The results showed there was a significant difference (p<0.05) in wound diameter between the
treatment groups and no treatment group. Tremendously, the 10% ointment Siam weed accelerate the healing
process showed by the decreasing burn wound diameter as much as the standard drug (= 0.36 cm) that is used in
this treatment. The present of festering wound observe in C(-) groups indicates the infection happening in the
group with no treatment. There was no infection present in the treatment group. It showed that the samples
(bioplacenton or ointment of Siam weed) can protect the wound which can result in the absence of bacterial
growth. Based on the results, 5% and 10% Siam Weed ointment was able to reduce wound diameter by 26% and
28%, respectively.



Figure 3. The observation results on burn wound in experimental animals
C(-): negative control, burn wound induced, givem paracetamol; C(+): positive control, burn wound induced, Bioplacenton was applied to
burn wound; P1: burn wound induced, Siam weed ethanol extract 5% was applied to burn wound;P2: burn wound induced, Siam weed
ethanol extract 10% was applied to burn wound. Left side: the observation result on day 3; Right side: the observation result on day 7

Table 3. Average burn wound diameters

Average burn wound diameters Average burn wound diameters
Treatment Groups* + SD (cm) + SD (cm)
on day 3 on day 7
C(-) 1,95 + 0,04 1,78 +0,01°
C(+) 1,89 +0,07® 1,53 +0,04°
P1 1,79 + 0,09 1,49 +0,07*
P2 1,82 +0,03* 1,44 + 0,05

Different superscripts in the same mean column show significant differences between treatment groups (p<0.05).

*C(-): negative control, burn wound induced, given paracetamol; C(+): positive control, burn wound induced, Bioplacenton was applied to
burn wound; P1: burn wound induced, Siam weed ethanol extract 5% was applied to burn wound;P2: burn wound induced, Siam weed
ethanol extract 10% was applied to burn wound.

Neutrophil Count in burn wound analysis

Neutrophils, one of the immune system responses take part of the first line of defence in tissue damage or
infection®. Burn wound can result in amount of the neutrophils in response to wounding. The number of
neutrophil in C(-) group on day 3 which still increasing in day 7 showed that there was an infection going on,
proved with festering wound that occurred in day 7. Ten % ointment of Siam weed gave no significant
difference with the control drug in term of decreasing the number of neutrophils (Table 4 and Figure 4).

Table 4. The average of the number of neutrophil

The average of the number of The average of the number of neutrophil
Treatment Groups neutrophil +SD on day 3 +SD on day 7
cE) 134,67 £ 0,757 141,67 £ 0,33
C(+) 105,00 + 0,33* 87,00 + 0,93
P1 101,33 +0,71° 100,67 £ 0,31*
P2 108,67 + 0,26" 85,67 + 0,66°

Different superscripts in the same mean column show significant differences between treatment groups (p<0.05).

*C(-): negative control, burn wound induced, given paracetamol; C(+): positive control, burn wound induced, Bioplacenton was applied to
burn wound; P1: burn wound induced, Siam weed ethanol extract 5% was applied to burn wound;P2: burn wound induced, Siam weed
ethanol extract 10% was applied to burn wound.



Figure 4. Neutrophil Cells (black arrows) observed under a light microscope (Nikon H600L microscope; camera DS Fi2 300
megapixels) with magnification 1000x

C(-): negative control, burn wound induced, given paracetamol; C(+): positive control, burn wound induced, Bioplacenton was applied to

burn wound; P1: burn wound induced, Siam weed ethanol extract 5% was applied to burn wound;P2: burn wound induced, Siam weed

ethanol extract 10% was applied to burn wound.

Anti-inflammatory and antioxidant analysis

Inflammatory response in burn wound normally occurring with free radicals in inflammation site which caused
cell damages and could postpone the healing process®®. It’s already well known that tissue damage, including
burn wound can be caused by oxidative stress and some previous study make a linier correlation between the
potency of wound healing agents with antioxidant activity. Based on the results, it showed that Siam weed
leaves ethanol extract gave strong antioxidant capacity with the FRAP value (1.16 mmol/L) even greater
compared to quercetin (Table 5). The ethanol extract of Siam weed leaves showed weaker anti —inflammatory
activity compared to Aspirin and NDGA that use for standard, but nevertheless with 1Cs 5-LOX 55.01 pg/mL,
Siam weed leaves showed the potential can be used for anti-inflammatory agents.

Table 5. 1Csy 5-LOX values and FRAP value of Crude extract of Siam Weed

Samples 1Cso 5-LOX values (pg/mL) FRAP value (mmol/L)
Ethanol extract of Siam weed leaves 55.01 + 0.04 1.16+0.13
NDGA 5.33 £ 0.05
Aspirin 13.90 £ 0.07
Quercetin 1.31+ 0.02

Data were obtained from 3 independent experiments, each performed in triplicate (n=9) and represented as mean + SEM.

ICs represents the effective concentration at 50% of total inhibition of 5- lipoxygenase activity.

NDGA: Nordihydroguaireic acid; FRAP value was calculated as Ferrous Equivalents, the concentration of quercetin or extracts which
produced an absorbance value equal to that of 1 mmol/L of Fe,SO,

DISCUSSIONS

Chromolaena odorata, considered as one of the top 100 most invasive environmental weeds, native from North
and Central America, now a days mostly found abundantly in Indonesia. This weed well known for its pesticide
properties, the potency for the treatment of almost all kinds of wounds type, treatment of leech bites,
indigestion, skin infection, fungicidal, analgesic, antispasmodic, anti-inflammatory, antipyretic, insecticidal,
antioxidant, anti-gonorrhoeal, diuretic and antimicrobial*"*¢230,

In this experiment, the maceration process of Siam weed leaves produced 62.7 grams extracts with a yield of
25.08%. The ethanol extract of Siam weed leaves gave blackish brown in color and distinctive smells of herbs.
The ointment base was selected for the preparation of the medicine to cover the difficulties polar compounds to
penetrate the skin layer. The Siam weed ointment with the concentration of 5% and 10% performance as a dark
green-black semi solid sample, have a distinctive herbs smell, homogeneous, and have a pH value that meets the
requirement of skin pH criteria, which is between 4.5-6.5¢%.

In this research, second-degree burn was induced in experimental animals. This type of burn wound was
involved the first two layer of the skin and was common accident in the house hold. The applied of 5 % and
10% of Siam weed ointment accelerate the wound healing ability which are shown by the decreasing of burn
wound diameter, decreasing healing time showed by the dryness and no festering wounds in burn wound, and



the decreasing the number of neutrophils. In the negative control, paracetamol as an analgesic was given in
animal treatment to reduce the pain caused by burn wound induced. Experimental research showed that
parace}gzr)ml does not compromised to wound repair, so the given of paracetamol will not affect to experimental
results™<.

Based on the results, it is suggested that Siam weed promote the migration and proliferation of fibroblast cell
that can stimulate wound healing properties and haemostatic process®. No festering wound found in the
treatment groups suggested the result supported the previous research, where Siam weed ethanol extract has the
antibacterial activities against both Gram-positive and Gram-negative bacteria such as Staphylococcus aureus,
Pseudomonas aeruginosa, Bacillus cereus, Bacillus subtilis, and Escherichia coli, suggesting that it may reduce
the wound infections(33-36).

In — vitro anti-inflammatory effect was also observed in this study. Some of evidence suggested that the anti-
inflammatory action of Siam weed produced by the fatty acids components that contain in Siam weed. The
previous research showed reduces oedema and exudates, where wound healing can subsequently improve. The
redu(%i7nsg) of the amount of prostaglandin that produced in inflammatory process also suggested the reducing in
pain‘=",

The ability of Siam weed to scavenge free radicals enhances the efficiency of wound healing by conserving the
fibroblast and keratinocyte proliferation on wounds®, therefore it proved in this research burn wound in
treatment group no infected wound appeared cause of keratinocytes proliferated to cover the wound.

The phytochemical results of Siam weed leaves ethanol extract showed the presence of alkaloids, polyphenols,
flavonoids, saponins, tannins and steroids. Chromatographic profiles using TLC were performed on dried
powder, ethanol extract and Siam Weed ointment. The results indicated a stain profile with the same Rf value
and color (Figure 2). The result shows that during the extraction and formulation of Siam Weed ointment, there
is no process that influences the presence of active compounds in Siam weed.

In nature, flavonoids as anti-inflammatory inhibit the lipoxygenation pathway which will release inflammatory
mediators, and also inhibit the arachidonic acid pathway by inhibiting COX-2 expression. The impact of this
decrease in COX-2 is a decrease in the number of prostaglandins, especially in the pro-inflammatory mediator
PGE2, causing a reduction in the inflammatory reaction*?. As an antibacterial, flavonoids form complex
compounds against extracellular proteins that disrupt the integrity of the bacterial cell membrane. Flavonoids
also work as antioxidants by preventing oxidation and also enhancing migration and proliferation of
fibroblast“?. Saponins have the ability as cleansers and antiseptics that function to kill or prevent the growth of
microorganisms that arise in the wound so that the wound does not experience severe infection. Steroids
function as anti-inflammatory which can prevent stiffness and pain®”. Steroid compounds also have anti-

inflammatory properties like flavonoids but have a slower wound healing effect than flavonoids“®.

CONCLUSIONS

Ointment of 10% Siam weed ethanol extract has burn wound healing properties by assessment to its reducing
wound diameter and the number of neutrophils in the healing process of burns in rats. The burn wound healing
property is supported by antioxidant and anti-inflammatory activity by inhibiting the inflammatory mediators.
No festering wound found suggesting Siam weed can inhibit the growth of bacteria that can cause infections.
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ABSTRACT:

Burns are damage to the skin caused by a source of high temperature that can affected skin cells to die. Siam
weed (Chromolaena odorata L.), one of the tropical plants belonging to Asteraceae family traditionally can be
used to accelerate burn wound healing. The aim of this study was to determine the effect of ethanol extract of
Siam weed leaves (Chromolaena odorata L.) on burn healing activity using wound diameter and neutrophil
count as parameter values. Twenty fours male white rats (Rattusnovergicus) were divided into 4 treatment
groups, namely negative control (C-,burn wound induced,given paracetamol),positive control (C+, burn wound
induced, Bioplacentonwas applied to burn wound), 2 treatment group (burn wound induced, P1:Siam weed
ethanol extract 5% was applied to burn wound; and P2: Siam weed ethanol extract 10% was applied to burn
wound). Second degree burn wound induced in animal back’s using a hot rod.The results of the experiment
showed that P2have burn wound healing properties that reduce burn wound diameters and decrease the number
of neutrophils. The ethanol extract of Siam weed also possess anti-inflammatory activity and have antioxidant
properties that support the ability of burn wound healing.

KEYWORDS: Siam Weeds, Wound diameters, Number of neutrophils, 5-Lipoxygenase, Anti-inflammatory,

Antioxidant.

INTRODUCTION:

Burns are tissue damage and loss caused by very high
temperature sources such as fire, hot water, chemicals,
electricity, and radiation-2. Burns can cause damage and
increase the permeability of capillaries, damage to skin
tissue in the epidermis, dermis, and subcutaneous tissue.
In severe conditions it can cause serious disorders in the
lungs, kidneys and livers. Treatment of burn wound
needs to be taking care as soon as possible to reduce the
possibility severe complications, such as hypovolemic
shock and sepsis®. Second-degree burns, well known as
deep partial-thickness burns happens when lesions
penetrate into the dermis®. This type of burn wound is
commonly happens in house hold.
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Handling in burn healing aims to prevent infection and
provide an opportunity for the remnants of epithelial
cells to proliferate and close the wound surface®. Siam
weed (Chromolaena odorata L.) belongs to the
Asteraceae family and is a perennial herb that is easy to
grow and found throughout tropical and subtropical
region’, including in Indonesia. Siam weed leaves have
been used for generations as traditional medicine for
wound healing, such as soft tissue wounds, burns and
skin infections®!!, Siam weed contains several main
compounds, including: flavonoids!** which have
antibacterial and anti-inflammatory properties, steroids?
can prevent stiffness and reduce pain, and also
saponins®>1 as antiseptics which kill or prevent the
growth of microorganisms that arise in the wound so not
cause severe infections.Many research have been
conduct to investigate the ability of Siam weed in wound
healing, for example previous study reported that 5.0%
(w/w) Chromolaena odorata ethanol extract are
effective for excision wound healing whichexhibited a
faster reduction in wound area compared to control and

3218



Research J. Pharm. and Tech. 17(7): July 2024

Betadine-treated group®’. The efficacy of 2.5%, 5%, and
10% w/w of Siam weed leaves extract ointments on
cutaneous wound being conducted and proved the ability
of inducing wound contraction and wound closure time.
Another experimental using Siam Weed leaves, which
prepared in cream with a concentration of 2.5%, 5% and
10% and applied in open wounds in experimental
animals®®. The percentage of wound healing represented
as an average wound diameter showed that the ethanol
extract of Siam weed leaves with a concentration of 10%
gave wound healing effect faster compared to povidone
iodine that used as a control drug'®. The application of
Siam weed extract on excision wound also prove the
effectiveness of this plant on wound healing time and
repairment of the wounded tissue'’.

To strengthen the effectiveness of Siam weed wound
healing properties, this study aims to see the potential of
Siam weed leaves in ointment base which applied in
burn wound on Rattusnorvegicus. The parameter value
that used waswound diameters or epidermal growth
factor and the number of neutrophils.Anti-inflammatory
assay using 5-lipoxygenase and antioxidant assay using
Ferric-Reducing Antioxidant Power (FRAP assay) were
conducted to support wound healing efficacy.

MATERIALS AND METHODS:

Materials:

Human recombinant 5-lipoxygenase enzyme and
nordihydroguaiaretic acid (NDGA) were purchased from
Calbiochem, Sandiego, TPTZ (2,4,6-tripyridyl-s-
triazine), NDGA, quercetin, folin-Ciocalteu’s and
linoleic acid, were purchased from Sigma, Germany.
Other materials used for this research were analytical
grade.

Preparation and phytochemical screening of ethanol
extract of Siam weed leaves:

Fresh leaves of the Siam weed (Chromolaena odorata
L.) was collected from Surabaya, East Java and
determined as a herbarium specimen (HBP/WMCUS/
345/CO) at Botany Pharmacy laboratory Widya
Mandala Surabaya Catholic University.Leaves were
dried in the laboratory approximately for 2 weeks at
room temperature. Dried powder of Siam weed leaves
with the amount of 250 gram was macerated using 2500
mL 96% ethanol as solvent. Macerates were evaporated
using a rotary evaporator until dried extract was
obtained. The phytochemical screening using tube
method was conducted to find out the chemical
compounds of ethanol extract of Siam weed
leaves™.Thin Layer chromatographic profile is also
being conducted to ensure the quality control of Siam
Weed leaves ointment. Dried extract kept in -20° C
freezer until next biological assay was conducted.

Preparation of Siam weed ointment:

Vaseline album and adepslanae with the portion of 17:3
were prepared for ointment base. The preparation was
done by melting the adepslanae and Vaseline album in
hot mortar, than the amount of the ethanol extract of
Siam weed leaves was added (Table 1). The ointment
stirred continuously until all ingredients were
homogenously mixed. The ointment is kept in 4°C not
longer than 1 week. All the ointments are evaluated for
the homogeneity and pH to ensure the efficacy and the
safety.

Table 1: Ointment formulations of ethanol extract of Siam weed
(Chromolaena odorata L.)

Materials 5% Ethanol extract
of Siam weed ()

10% Ethanol extract
of Siam weed (g)

Ethanol extract 1.50 3
of Siam weed
Qintment base 28.50 27

Second- degree burn wound induction procedural®
Twenty four healthy male wistar white rats with average
weight of 150 - 200grams, healthy, no abnormalities or
physical disabilities been used for this research. The
experimental animals were divided into 4 groups
randomly, namely: negative control (C-,burn wound
induced, given paracetamol), positive control (C+, burn
wound induced, Bioplacenton was applied to burn
wound), 2 treatment groups (burn wound induced, P1:
Siam weed ethanol extract 5% was applied to burn
wound; and P2: Siam weed ethanol extract 10% was
applied to burn wound). The fur on the dorsal / back of
the rat was shaved and then the dorsal area with no fur
sterilized with 70% alcohol. The rats were then
anesthetized and burns were inducedby sticking a hot
rod for 30 second. The hot rod with the size of 2 x 2
cmprepared by preheated in a water bath for 5 minutes
at 95°C. Each experimental animal group was given
treatment for 7 days. This experiment carried out in
accordance with laboratory animal ethics guidelines.

Burn wound diameter measurement?

The wound diameter was measured daily using a caliper.
The procedure to measure burn wound diameters can be
seen in Figure 1.The burn wound diameters calculated
using this formula:

Dx1 + dx2 + dx3 + dx4
dx=

4
dx: Burn wound diameter; dx1: Burn wound diameter 1;
dx2: Burn wound diameter 2; dx3: Burn wound diameter
3; dx4: Burn wound diameter 4
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Figure 1: Measurement procedures for burn wound diameter

Observation of Neutrophil Count in burn wound??
Observation of the number of neutrophil cells was
carried out on day 3 and day 7 using a Nikon H600L
light microscope equipped with a 300 megapixel DS Fi2
digital camera with image processing software Nikon
Image System. Observations of the rat skin tissue were
made by taking five different fields of view using 1000x
magnification. The rat skin tissue was stained using
Hematoxylin Eosin (HE). The number of inflammatory
cells observed in each field of view was add up and
presented as an average value.

Anti-inflammatory assay:

5-Lipoxygenase enzyme assay was used to determine
the anti-inflammatory activity of the ethanol extract of
Siam weed using linoleic acid as the substrate. In one
mL cuvette which is maintained at 25 °C was added 970
uL of phosphate buffer (pH 9) than 5 puL (50 mg/mL)
extract and followed by 17 uL of linoleic acid. Sample
was shaking and 4 pL of the aliquot enzyme followed by
4 pL of the phosphate buffer (4°C) were pippeted to
initiate enzyme reaction. The sample absorbance
measured at A: 234 nm for 10 minutes using
spectrophotometer. Aspirin and Nordihydroguaiaretic
acid (NDGA) were used as the positive control. The
percentage activity was determined using the slopes of
the straight-line portions of the sample and the control
curves?,

Ferric-reducing antioxidant power (FRAP) assay:
The antioxidant assay was conducted using FRAP assay
with the following step: FRAP reagent was prepared
freshly by mixing 300 mM acetate buffer (pH 3.6) with
10mM  2,4,6-tripyridyl-s-triazine (TPTZ) and 20mM
FeCls.6H,O (1:10:1). FRAP reagent 180pl mixed with
20ul  sample. Sample was prepared with the
concentration of 1 mg/mL - 0.03mg/mL.The absorbance
was read at 90 minutes (A: 600nm) using
spectrophotometer (Thermostat, Finland, USA). The
standard, Fe (I1) was prepared with the concentrations in
the range 1uM — 125 pM (FeS0O4.7H,0). Quercetin was
used as a positive control. The antioxidant value,
represent as a FRAP value was calculated as Ferrous
Equivalents. This Ferrous equivalent produced the
concentration of quercetin/sample that gave the
absorbance value equal to that 1 mM FeS0,4.24%

Data Analysis:

The results are presented as mean+SEM. The data
obtained from the measurement of wound diameter, the
number of neutrophil cells, anti-inflammatory and
antioxidant activities were analyzed using One-Way
ANOVA. Significance degree used in this analyze is p
0.05 with 95% confidence interval. Post Hoc Duncan
test used for further investigation.

RESULTS:

Phytochemical screening Results:

In the formulation of herbal products, a screening/
chromatographic profile of active chemical components
is needed to ensure the quality of a natural product. In
this study, phytochemical screening was carried out on
dried powder, ethanol extract and ointment from Siam
weed leaves. Preliminary screening was carried out
using the tube method to investigate the presence of
alkaloids, flavonoids, polyphenols, saponins, tannins,
steroids and triterpenoids. Chromatographic profile of
thin layer chromatography was carried out using
chloroform: ethyl acetate (15:1) as a mobile phase and
vanillin sulphuric acid as a visualization reagent (Figure
2). The phytochemical results of Siam weed leaves
ethanol extract showed the presence of alkaloids,
polyphenols, flavonoids, saponins, tannins and steroids
(Table 2).

Table 2: Phytochemical screening results of ethanol extract of
Siam weed leaves using tube methods

Compounds Dried Ethanol Ointment of
powder extract Siam weed
Alkaloid + + +
Flavonoid + + +
Polyphenol + + +
Saponin + + +
Tannin + + +
Steroid + + +
Triterpenoid + + +
The presence (+) or absence (-) compounds were detected using

reagents that describe in common procedures'®2

f
J

a b c
Figure 2: Chromatographic profile of TLC of Siam Weed leaves
(Chromolaenaodorata) using mobile phase Chloroform: Ethyl
Acetate (15:1).
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1= Dried powder 10% in methanol (spotted 20uL); 2=
ethanol extract 1% (spotted 20pL); 3= ointment of Siam
Weed 10% (spotted 20uL); a= observation at UV 254
nm; b= observation at UV 366nm; ¢ = after being
sprayed with Vanillin sulphuric acid spray reagent.

Burn wound diameter analysis:
The healing process represented as a measurement of
burn wound diameters results can be seen in Table 3 and
Figure 3. The results showed there was a significant
difference (p<0.05) in wound diameter between the
treatment groups and no  treatment  group.
Tremendously, the 10% ointment Siam weed accelerate
the healing process showed by the decreasing burn
wound diameter as much as the standard drug (x 0.36
cm) that is used in this treatment. The present of
festering wound observe in C(-) groups indicates the
infection happening in the group with no treatment.
There was no infection present in the treatment group. It
showed that the samples (bioplacenton or ointment of
Siam weed) can protect the wound which can result in
the absence of bacterial growth. Based on the results,
5% and 10% Siam Weed ointment was able to reduce
wound diameter by 26% and 28%, respectively.

o &

wound in experimental
animals

C(-): negative control, burn wound induced,
givemparacetamol; C(+): positive control, burn wound
induced, Bioplacenton was applied to burn wound; P1:
burn wound induced, Siam weed ethanol extract 5% was
applied to burn wound; P2: burn wound induced, Siam
weed ethanol extract 10% was applied to burn wound.
Left side: the observation result on day 3; Right side: the
observation result on day 7

Table 3: Average burn wound diameters

Treatment | Average burn wound Average burn wound
Groups* diameters diameters

+SD (cm) onday 3 +SD (cm)onday 7
C(-) 1,95 +0,04° 1,78 £0,01°
C(+) 1,89 +0,07® 1,53 +0,04%
P1 1,79 £ 0,09 1,49 £ 0,07
P2 1,82 +0,03* 1,44 + 0,05*

Different superscripts in the same mean column show significant
differences between treatment groups (p<0.05).

*C(-): negative control, burn wound induced, given paracetamol; C(+):
positive control, burn wound induced, Bioplacenton was applied to
burn wound; P1: burn wound induced, Siam weed ethanol extract 5%
was applied to burn wound; P2: burn wound induced, Siam weed
ethanol extract 10% was applied to burn wound.

Neutrophil Count in burn wound analysis:
Neutrophils, one of the immune system responses take
part of the first line of defence in tissue damage or
infection?”. Burn wound can result in amount of the
neutrophils in response to wounding. The number of
neutrophil in C(-) group on day 3 which still increasing
in day 7 showed that there was an infection going on,
proved with festering wound that occurred in day 7. Ten
% ointment of Siam weed gave no significant difference
with the control drug in term of decreasing the number
of neutrophils (Table 4 and Figure 4).

Table 4: The average of the number of neutrophil

Treatment | The average of the The average of the

Groups number of neutrophil | number of neutrophil
+SDon day 3 +SDon day 7

C(-) 134,67 +0,75® 141,67 £ 0,332

C(+) 105,00 +0,33* 87,00 + 0,93

P1 101,33+ 0,712 100,67 + 0,312

P2 108,67 +0,26° 85,67 + 0,667

Different superscripts in the same mean column show significant
differences between treatment groups (p<0.05).

*C(-): negative control, burn wound induced, given paracetamol; C(+):
positive control, burn wound induced, Bioplacenton was applied to
burn wound; P1: burn wound induced, Siam weed ethanol extract 5%
was applied to burn wound; P2: burn wound induced, Siam weed
ethanol extract 10% was applied to burn wound.

Figure 4: Neutrophil Cells (black arrows) observed under a light
microscope (Nikon H600L microscope; camera DS Fi2 300
megapixels) with magnification 1000x

C(-): negative control, burn wound induced, given paracetamol; C(+):
positive control, burn wound induced, Bioplacenton was applied to
burn wound; P1: burn wound induced, Siam weed ethanol extract 5%
was applied to burn wound; P2: burn wound induced, Siam weed
ethanol extract 10% was applied to burn wound.
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Anti-inflammatory and antioxidant analysis:
Inflammatory response in burn wound normally
occurring with free radicals in inflammation site which
caused cell damages and could postpone the healing
process®. It’s already well known that tissue damage,
including burn wound can be caused by oxidative stress
and some previous study make a linier correlation
between the potency of wound healing agents with
antioxidant activity. Based on the results, it showed that
Siam weed leaves ethanol extract gave strong
antioxidant capacity with the FRAP value (1.16
mmol/L) even greater compared to quercetin (Table 5).
The ethanol extract of Siam weed leaves showed weaker
anti —inflammatory activity compared to Aspirin and
NDGA that use for standard, but nevertheless with 1Csg
5-LOX 55.01pg/mL, Siam weed leaves showed the
potential can be used for anti-inflammatory agents.

Table 5: 1Csy 5-LOX values and FRAP value of Crude extract of
Siam Weed

Samples 1Cs 5-LOX values FRAP value
(ug/mL) (mmol/L)

Ethanol extract of 55.01 £ 0.04 1.16 £0.13

Siam weed leaves

NDGA 5.33 £ 0.05

Aspirin 13.90 £ 0.07 --

Quercetin 1.31+ 0.02

Data were obtained from 3 independent experiments, each performed
in triplicate (n=9) and represented as mean + SEM.

ICs represents the effective concentration at 50% of total inhibition of
5- lipoxygenase activity.

NDGA: Nordihydroguaireic acid; FRAP value was calculated as
Ferrous Equivalents, the concentration of quercetin or extracts which
produced an absorbance value equal to that of 1mmol/L of Fe,SO,

DISCUSSIONS:

Chromolaena odorata, considered as one of the top 100
most invasive environmental weeds, native from North
and Central America, now a days mostly found
abundantly in Indonesia. This weed well known for its
pesticide properties, the potency for the treatment of
almost all kinds of wounds type, treatment of leech
bites, indigestion, skin infection, fungicidal, analgesic,
antispasmadic, anti-inflammatory, antipyretic,
insecticidal, antioxidant, anti-gonorrhoeal, diuretic and
antimicrobiall7 182930,

In this experiment, the maceration process of Siam weed
leaves produced 62.7grams extracts with a yield of
25.08%. The ethanol extract of Siam weed leaves gave
blackish brown in color and distinctive smells of herbs.
The ointment base was selected for the preparation of
the medicine to cover the difficulties polar compounds
to penetrate the skin layer. The Siam weed ointment
with the concentration of 5% and 10% performance as a
dark green-black semi solid sample, have a distinctive
herbs smell, homogeneous, and have a pH value that
meets the requirement of skin pH criteria, which is
between 4.5-6.5%L,

In this research, second-degree burn was induced in
experimental animals. This type of burn wound was
involved the first two layer of the skin and was common
accident in the house hold. The applied of 5 % and 10%
of Siam weed ointment accelerate the wound healing
ability which are shown by the decreasing of burn
wound diameter, decreasing healing time showed by the
dryness and no festering wounds in burn wound, and the
decreasing the number of neutrophils. In the negative
control, paracetamol as an analgesic was given in animal
treatment to reduce the pain caused by burn wound
induced.  Experimental  research  showed that
paracetamol does not compromised to wound repair, so
the given of paracetamol will not affect to experimental
results®,

Based on the results, it is suggested that Siam weed
promote the migration and proliferation of fibroblast cell
that can stimulate wound healing properties and
haemostatic process®. No festering wound found in the
treatment groups suggested the result supported the
previous research, where Siam weed ethanol extract has
the antibacterial activities against both Gram-positive
and Gram-negative bacteria such as Staphylococcus
aureus, Pseudomonas aeruginosa, Bacillus cereus,
Bacillus subtilis, and Escherichia coli, suggesting that it
may reduce the wound infections33-3,

In — vitro anti-inflammatory effect was also observed in
this study. Some of evidence suggested that the anti-
inflammatory action of Siam weed produced by the fatty
acids components that contain in Siam weed. The
previous research showed reduces oedema and exudates,
where wound healing can subsequently improve. The
reducing of the amount of prostaglandin that produced
in inflammatory process also suggested the reducing in
pain®":38,

The ability of Siam weed to scavenge free radicals
enhances the efficiency of wound healing by conserving
the fibroblast and keratinocyte proliferation on
wounds®, therefore it proved in this research burn
wound in treatment group no infected wound appeared
cause of keratinocytes proliferated to cover the wound.

The phytochemical results of Siam weed leaves ethanol
extract showed the presence of alkaloids, polyphenols,
flavonoids,  saponins,  tannins and  steroids.
Chromatographic profiles using TLC were performed on
dried powder, ethanol extract and Siam Weed ointment.
The results indicated a stain profile with the same Rf
value and color (Figure 2). The result shows that during
the extraction and formulation of Siam Weed ointment,
there is no process that influences the presence of active
compounds in Siam weed.
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In nature, flavonoids as anti-inflammatory inhibit the
lipoxygenation  pathway  which  will  release
inflammatory mediators, and also inhibit the arachidonic
acid pathway by inhibiting COX-2 expression. The
impact of this decrease in COX-2 is a decrease in the
number of prostaglandins, especially in the pro-
inflammatory mediator PGE2, causing a reduction in the
inflammatory  reaction®®#!, As an antibacterial,
flavonoids form complex compounds against
extracellular proteins that disrupt the integrity of the
bacterial cell membrane. Flavonoids also work as
antioxidants by preventing oxidation and also enhancing
migration and proliferation of fibroblast*2. Saponins
have the ability as cleansers and antiseptics that function
to kill or prevent the growth of microorganisms that
arise in the wound so that the wound does not
experience severe infection®®, Steroids function as anti-
inflammatory which can prevent stiffness and pain®.
Steroid compounds also have anti-inflammatory
properties like flavonoids but have a slower wound
healing effect than flavonoids*.

CONCLUSIONS:

Ointment of 10% Siam weed ethanol extract has burn
wound healing properties by assessment to its reducing
wound diameter and the number of neutrophils in the
healing process of burns in rats. The burn wound healing
property is supported by antioxidant and anti-
inflammatory activity by inhibiting the inflammatory
mediators. No festering wound found suggesting Siam
weed can inhibit the growth of bacteria that can cause
infections.
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