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Effective healing of skin injury involves complex simultaneous processes. Extracts of meniran
(Phyllanthus niruri L.), a plant medicine found in almost all parts of Indonesia, have been
essential in traditional wound healing treatments. Phyllanthin is the major therapeutically active
lignan present in Phyllanthus species. This study investigated the wound-healing activity. of
ointments prepared from a phyllanthin-rich subfraction of meniran leaf in an animal model. Two
parameters were measured, namely, hydroxyproline concentration and wound healing
percentage. Hydroxyproline is a biochemical marker representing collagen production in wound
healing. Seventy-two rats were divided into four groups of 18, including a control group and
three groups administered 5, 10, and 15% phyllanthin-rich fraction ointment. Each of the four
groups was subdivided according to the treatment duration of 5, 10, and 15 days. The
hydroxyproline concentration and wound healing percentage were analyzed by one-way
ANOVA followed by Duncan’s post-hoc test. The increase in hydroxyproline concentration and
wound healing percentage showed that the effect of each ointment concentration was
significantly different (p <0.05) compared to the control group. The optimal ointment
concentration was 10%, with optimal results after 15 days. The study revealed that the
phyllanthin-rich sub-fraction isolated from meniran (Phyllanthus niruri L.) had a wound healing
activity on Adult male Wistar rats (Rattus novergicus).

Keywords: Phyllanthus niruri L, phyllanthin, wound healing, biochemical marker,
hydroxyproline, collagen

Introduction

Wounds are skin injuries defined by a discontinuity of the
epithelial lining of the skin or mucosa that occurs when the skin is
exposed to external or internal stimuli such as temperature, high or
low pH, chemicals, friction, pressure trauma, or radiation. Wound
healing is a complex, dynamic process supported by many cellular
events that must be coordinated to repair damaged tissue efficiently.
In 2018, 31.4% of injuries in Indonesia occurred on the highway, of
which 72.7% were suffered by motorists, and permanent physical
disability resulting from injuries causing permanent scars that interfere
with comfort has a prevalence of 9.2% and is increasing annually.?
The immune system is critical in wound healing, actively re-
establishing homeostasis after tissue injury through several
mechanisms.
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Wound healing is usually divided into four phases: homeostasis,
inflammation, proliferation, and remodeling. Injured tissue is repaired,
lost tissue is replaced, and the epithelium is restored.

Keratinocytes, fibroblasts, vascular endothelial cells, and immune
cells all play critical roles in supporting inflammation, cell migration,
and angiogenesis. One of the main functions of wound healing is to
restore the epithelial barrier. Without these defenses, initial protection
against infection is lost, leaving tissue vulnerable to outside pathogens
and fluid loss.®

Physiologically, wound healing involves several concurrent phases,
which begin immediately after the injury. The body responds with
system homeostasis, releasing cytokines, including epidermal growth
factor (EGF), insulin-like growth factor (IGF), platelet-derived growth
factor (PDGF), and transforming growth factor beta (TGF-B), which
play a role in neutrophil chemotaxis, and activation of macrophages,
mast cells, endothelial cells, and fibroblast cells.*

Plant medicines can be safe, effective, easy to obtain, and relatively
cheap. Many methods and procedures used in modern medicine differ
from traditional wound treatment methods. While practitioners of
modern Western medicine frequently refer to traditional medicine as
alternative, indigenous, and complementary, traditional methods,
which rely nearly exclusively on natural resources, including water,
plants, animals, and minerals, are still respected around the globe.5
Many natural products can promote wound healing.® Meniran
(Phyllanthus niruri L.) is a plant widespread on the plains of Asia,
Africa, America, and Australia. Meniran can grow in rocky and humid
places, like on the banks of rivers. It is used traditionally as a
treatment for jaundice, fever, inflammation of the liver, and diarrhea
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and helps heal abrasions or minor burns.” Extensive studies on P.
niruri have confirmed its anti-inflammatory and anti-liver disease
properties.>®* P. niruri has also been evaluated for diuretic,
hypotensive, hypoglycaemic,® antioxidant,* antibacterial,”> and
analgesic activity.”® Phytochemical studies have identified and
characterized various compounds in P. niruri, including the lignans
phyllanthin  and hypophyllanthin, flavonoids, and tannins.**
Phyllanthin is the major therapeutically active lignan present in
various members of the Phyllanthus genus.™ Studies have shown that
phyllanthin  exhibits  various  biological effects, including
hepatoprotective,®  antioxidant,'®**®* ~antidiabetic,"®  anti-
inflammatory, and anticancer activities.*

In the healing process, collagen, which comprises the amino acid
hydroxyproline, strengthens and supports extracellular tissue. Indeed,
hydroxyproline is used as a biochemical marker for tissue collagen.?
At low hydroxyproline levels, decreased collagen formation has been
reported as a factor in delayed wound healing. Hydroxyproline is an
amino acid formed upon hydrolysis of connective-tissue proteins such
as collagen (comprising about 14% by weight) and elastin, but rarely
from other proteins. It plays a vital role in the synthesis and stability of
collagen. First isolated in 1902 from gelatine, a collagen breakdown
product, hydroxyproline is a nonessential amino acid that can be
biosynthesized from glutamic acid and is not required from dietary
sources.”* The use of hydroxyproline as a biochemical marker in
wound healing activity studies is still rarely carried out.

Previous research of ethnomedical uses of P. niruri to examine the
wound healing activity only in extract form and the parameters that
are limited only to wound healing percentage and histopathology.® The
present study seeks the wound-healing activity of phyllanthin-rich
subfraction of meniran leaf. We hypothesized that the higher
concentration of phyllanthin the better the wound healing activity will
be. The wound healing activity will be determined by hydroxyproline
concentration and wound healing percentage. As one of the most
abundant amino acids in collagen, hydroxyproline concentration
reflects the concentration of collagen. The increasing amount of
collagen synthesis will support the extracellular wound tissue
repairing process, which is characterized by an increased amount of
hydroxyproline.

Materials and Methods

Apparatus and Chemical Substances

Ethical Approval

This study was approved by Andalas University, Faculty of Medicine
Research  Ethics ~ Commission,  with  approval ~ number
543/UN.16.2/KEP-FK/2023. All efforts were made to mitigate harm
to the study animals by administering aesthesia before incision wound
modeling and during all experiments. Animals were kept in well-
maintained cages in conditions to minimize or eliminate pain and
distress, using inhalant agents before biopsy for hydroxyproline
concentration measurements. After the incision wound modeling, the
animals were given 5% lidocaine-prilocaine cream (2.5% lidocaine
and 2.5% prilocaine) twice daily as an analgesic during the
experiments. All the procedures are reported following the ethical
roles, principles, and guidelines of Animal Research: Reporting of In-
Vivo Experiments (ARRIVE), USDA Animal Care, and LIPI.2#

Animals

Adult male Wistar rats used in this study weighed about 200-250 g,
were three months old, met the inclusion criteria (healthy condition
and active mobility), and showed no symptoms that met our exclusion
criteria (behavioral alterations such as weak activity, lethargy, and
excessive barbering). Stainless steel mice cages were used in a room at
a constant temperature of 25 * 2 °C, sufficiently ventilated at all times
to minimize odors, ammonia levels, and moisture condensation, on a
12/12 h light/dark cycle, and the rats were provided with a pellet diet
and tap water ad libitum. The rats were provided with a bedding of
wood shavings that were changed once a week. Two to three rats were
in each cage according to the size of the cage. The rats’ clinical and
behavioral state was evaluated daily during routine check-ups. During
the trial, no rats were discovered dead, to have slowed their
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development or appetite, or to have changed their behavior. To ensure
no animal suffered excessive pain, anesthesia was administered before
incision wound modeling and during the experiments.?2%*

Plant collection and identification

Fresh meniran leaves (18 kg) were collected in September 2023 from
Jorong Talawi, Kenagarian Muaro Paiti, Kapur IX District, Lima
Puluh Kota Regency, West Sumatra Province, Indonesia, with GPS
location 0°14'36.0"N 100°32'23.0" E. The plant was identified and
validated by Dr. Nurainas from Universitas Andalas Herbarium,
Department of Biology, Faculty of Mathematics and Natural Sciences,
Universitas Andalas on 26 September 2023 with voucher specimen
number 615/K-ID/ANDA/IX/2023. The voucher specimen is
deposited in Andalas Herbarium, Department of Biology, Faculty of
Mathematics and Natural Sciences.

Extraction and fractionation

Fresh Phyllanthus niruri leaves (18 Kg) were air-dried to remove
water content and the dried leaves (5,2 Kg) were pulverized. In a dark
brown glass bottle with a tight lid, the powder was extracted with 70%
ethanol (1:10, 50 L) at room temperature 20 to 23 °C (68 to 73 °F) for
6 h with occasional stirring and for a further 24 hours without stirring.
The macerate was separated and the extraction was repeated under the
same conditions until the obtained macerate was colorless. The
combined macerates were concentrated on a rotary evaporator (IKA
RV-10) under reduced pressure at 40 °C to remove ethanol and
provide a viscous ethanol extract.

The viscous ethanol extract was fractionated into an n-hexane fraction
(F1) and an ethyl acetate (EtOAc) fraction (F2).* The viscous extract
was diluted with distilled water (1:5) and partitioned with hexane (2:1,
Reagent Plus, >99%, Merck) in a separating funnel. The upper hexane
layer was separated and concentrated to provide hexane fraction F1.
The aqueous layer was then partitioned with EtOAc (2:1, ACS
reagent, >99.5%, Merck). The upper EtOAc layer was separated and
concentrated at 60 °C to provide EtOAc fraction F2, which was sub-
fractionated by column chromatography. To produce the phyllanthin-
rich sub-fraction, a step gradient polarity chromatographic system was
applied according to literature procedures.’®%%? Sjlica gel (700 g,
40-63 pm) as the stationary phase was added to the column and
elution was carried out using n-hexane: EtOAc (1000 mL each of 2:1,
6:4, and 3:7 mixtures) to provide thirty 100 mL fractions. Monitoring
was carried out by TLC using a silica gel 60 Fzs4 plate and a mobile
phase of n-hexane: EtOAc (3:7) using UV, lamp detection.
According to the Ry of the principle spots, the thirty fractions were
divided into three sub-fractions A, B, and C (vials 22-30, Rt 0.63).
Phyllanthin standard eluted with R¢ 0.63 under the same conditions.
After obtaining the phyllanthin-rich sub-fraction C, preliminary tests
included an organoleptic test, a phytochemical study, and a pH
measurement.

High-performance liquid chromatography

An Agilent 1220 Infinity Il apparatus was used for HPLC analyses,
with a C18 column (250 A, 4.6 x 250 mm) at a detection wavelength
of 230 nm and column temperature of 34 °C. The mobile phase was
methanol at a flow rate of 1 mL/min and a method duration of 15 min.
The sample injection volume was 10 pl.

Sample detection: A phyllanthin standard series was created with six
concentration points (720, 540, 450, 180, 90, and 45 ppm) to provide a
calibration curve and regression equation y = 17.203x + 82.147, with
correlation coefficient (r) = 1, peak area y and concentration x. To
detect phyllanthin in a sample, weigh 1020 mg and dissolve in
methanol to 5 mL in a 5 mL volumetric flask using an ultrasonic bath
for 15 minutes. Take 0.5 mL, dilute with methanol to 2 mL, and filter
through a 0.45 um PTFE filter syringe into a 1.5 mL vial for injection
into the HPLC system. Phyllanthin concentration was calculated using
Equation 1

Equation 1:

[Area — Intercept/Slope]

Sample Concentration (%)

x 100%

Phyllanthin concentration =
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Preparation of phyllanthin-rich sub-fraction ointment

Ointments (30 g) were prepared with three concentrations, containing
5, 10, and 15% of the phyllanthin-rich subfraction C. Precisely, 1.5,
3.0, and 4.5 g of subfraction C were added to vaseline flavum
ointment base (28.5, 27.0, and 25.5 g, respectively) and combined in a
mortar to provide a homogeneous paste.

Treatment of experimental animals
From the Federer equation [(4-1) (n-1) >15; (4-1) (n-1) >15; 3n-3 >15;
3n >18; n >6], the minimum number of rats was 6.%

Seventy-two rats were divided into three main groups of 24
according to the day of examination of the wound treatment (days 5,
10, and 15). Sub-groups of 6 rats received different treatments. The
wounds of Group | (control) were treated with vaseline flavum
ointment base, and the wounds of Groups I, 111, and 1V were treated
with 5, 10, and 15% phyllanthin-rich sub-fraction C ointment,
respectively. The grouping of experimental animals is shown in Table
1. Wound healing activity parameters were measured on days 5, 10,
and 15.
Hydroxyproline content was determined at the maximum absorption
wavelength of hydroxyproline (559 nm). A calibration curve provided
regression equation y = 0.118 + 0.0089x, with correlation coefficient
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(r) = 0.999835. Hydroxyproline concentration, determined on days 5,
10, and 15 after wound incision, was calculated using Equation 2.
Equation 2:

. . Neutral sample volume
Hydroxyproline concentration =

Volume of neutral sample to be pipetted
x Whole sample volume x x

The percentage of wound healing was observed on days 5, 10, and 15
after the wound incision. A high percentage indicates a smaller wound
size and better wound healing. The percentage of wound healing was
calculated using Equation 3.

Equation 3:

Wound healing % =

(Initial wound area — final wound area)
— x 100
Initial wound area
For wound incision, the animals were anesthetized with isoflurane
(2—4 mL) in a closed anesthesia chamber. The skin on the back of the
rat was lifted with tweezers and a circular wound was made with
surgical scissors.*
The general health status of the animals was continuously observed
throughout the experiment and treatment. Before, during, and after
treatment, body weight and wound diameter were measured. Humane
endpoints of 15% weight loss and abnormal behaviors such as apathy
or increased aggression were established to exclude the animal from
the study.® Distress in the animals was indicated by clinical signs,
such as changes in temperature, respiration, or feeding behavior.” At
the end of the experiment, animals were sacrificed through 5%
isoflurane euthanasia until one minute after the animals stopped
breathing.*

Table 1: Grouping of experimental animals

5 days 10 days 15 days
Group | 6 rats were given ointmentbase 6 rats were given ointmentbase 6 rats were given ointment base
(Control) (vaselin flavum) (vaselin flavum) (vaselin flavum)

(Group 1) Dose 5% 6 rats were given 5% phyllanthin- 6 rats were given 5% phyllanthin-rich 6 rats were given 5% phyllanthin-

rich sub-fraction ointment from
meniran (Phyllanthus niruri L.)

leaves

sub-fraction ointment from meniran rich sub-fraction ointment from
(Phyllanthus niruri L.) leaves meniran (Phyllanthus niruri L.)

leaves

(Group 1) Dose 10% 6 rats were given 10% phyllanthin- 6 rats were given 10% phyllanthin-rich 6 rats were given 10% phyllanthin-

rich sub-fraction ointment from
meniran (Phyllanthus niruri L.)

leaves

sub-fraction ointment from meniran rich sub-fraction ointment from
(Phyllanthus niruri L.) leaves meniran (Phyllanthus niruri L.)

leaves

(Group 1V) Dose 15% 6 rats were given 15% phyllanthin- 6 rats were given 15% phyllanthin-rich 6 rats were given 15% phyllanthin-

rich sub-fraction ointment from
meniran (Phyllanthus niruri L.)

leaves

sub-fraction ointment from meniran rich sub-fraction ointment from
(Phyllanthus niruri L.) leaves meniran (Phyllanthus niruri L.)

leaves

Determination of hydroxyproline levels in rat skin scar tissue

Six animals from each group were sacrificed on days 5, 10, and 15 to
measure the hydroxyproline concentration in the wound scab. Skin
scar samples were dried at 60 °C for 12 h, hydrolyzed with 6 N HCI
for 24 h at 110 °C, and neutralized with a mixture of 2 mL NaOH, 1
mL buffer, and 1 mL aquabidest. A sample of hydrolysate (200 uL)
was diluted with aquabidest to 1000 pL and further mixed with CuSO,4
(0.01 M, 1 mL), NaOH (2.5 N, 1 mL), and H,O, (6%, 1 mL). The
solution was then stirred and incubated at 80 °C for 5 minutes, cooled,
and H;SO4 (3 N, 4 mL) and 4-dimethyl amino benzaldehyde (5%, 2
mL) were added to provide a total solution of 10 mL. The sample was
incubated at 70 °C for 16 minutes and cooled to 20 °C. UV-Vis
spectrophotometry (T92+ Spectrophotometer, PG Instruments Ltd.) at
559 nm provided the hydroxyproline concentration in the sample,
calculated against a hydroxyproline standard curve.®

Data analysis

Hydroxyproline concentration and wound healing percentage were
statistically analyzed using SPSS 27.0 statistical software, a one-way
ANOVA, and Duncan’s post-hoc test.

Results and Discussion

Ethanol extraction of powdered meniran leaf gave 585.6 g, 11.3%
crude extract yield. After sequential partitions in n-hexane and ethyl
acetate, the ethyl acetate fraction yield was 15.4% (F2), of which 40 g
was separated by column chromatography to provide three sub-
fractions A (0.41 g), B (3.52 g), and C (12.80 g). Phyllanthin-rich sub-
fraction C was identified concerning phyllanthin standard by TLC (Rt
0.63)'® and HPLC (retention time 3.23 min, 69.43% concentration),
which provided a phyllanthin calibration curve (Figure 1) and
regression equation y = 17.203x + 82.147, with correlation coefficient
(r) = 1. The HPLC chromatogram of the phyllanthin standard is shown
in Figure 2, and the HPLC chromatogram of phyllanthin in the sample
is shown in Figure 3.

Organoleptic characterization of meniran leaf phyllanthin-rich sub-
fraction C indicated a semisolid, white, and dark green mixed powder
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with a characteristic odor. Phytochemical screening showed the
presence of flavonoids and phenolic compounds and the absence of
saponins, terpenoids/steroids, and alkaloids (Table 2). The ointments
of 5, 10, and 15% sub-fraction C had a pH of 5, suitable for human
skin with a pH of 4.5-6.5.

Table 2: Phytochemical examination of phyllanthin-rich sub-
fraction ointment from meniran (Phyllanthus niruri L.) leaves

Chemical content Result
Flavonoids +
Phenolic +
Saponins -

Terpenoids/steroids -
Alkaloids -

14000
12000
10000
8000
6000
4000
2000

y =17.203x + 82.147
R2=1

Area

0 200 400 600 800
Cons. standard series (ppm)

Fig 1: The calibration curve of standard phyllanthin

DAD1 A, Sig=230,4 Ref=off

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5
Time [min]

signal: DAD1 A, Sig=230.4 Ref=off
Name RT [min] Area
Phyllanthyn 3233 93762813

Fig 2: HPLC chromatogram of standard phyllanthin

DAD1ASig=230,4Ref=off
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Administration of phyllanthin-rich sub-fraction C ointment affects the
scar tissue hydroxyproline content, as shown in Table 4.
Hydroxyproline content in Groups II-IV showed a significant
difference (p <0.05) compared with the control group, as shown in
Table 5. The effect of 5, 10, and 15% phyllanthin-rich sub-fraction
ointment was also determined by wound healing percentage on days 5,
10, and 15 after the rats were given incision wounds (Table 6). The
descriptive statistics can be seen in Table 7. The average wound
healing percentage of Groups II-1V showed a significant difference (p
<0.05) compared with control groups, as shown in Table 8.

The bar graph of hydroxyproline concentration based on the treatment
group is shown in Figure 5. The estimated marginal means of
hydroxyproline content based on the treatment groups shows that the
optimal concentration of meniran leaf phyllanthin-rich subfraction was
10% because it has the highest value. The estimated marginal means
of hydroxyproline content based on the day groups shows that the
optimal concentration of meniran leaf phyllanthin-rich subfraction was
on day 15 (Figure 6). The bar graph of wound healing percentage
based on treatment group is shown in Figure 7. The estimated
marginal means of wound healing percentage based on the treatment
groups shows that the optimal concentration of meniran leaf
phyllanthin-rich subfraction was 10% because it has the same value as
15%. Instead of using the higher concentration, we prefer the smaller
one because it gives the same effect. The estimated marginal means of
wound healing percentage based on the day groups shows that the
optimal concentration of meniran leaf phyllanthin-rich subfraction was
on day 15 (Figure 8). Overall, the optimal concentration of meniran
leaf phyllanthin-rich sub-fraction

Table 3: The result of hydroxyproline absorption measurement

standard at A =559 nm

02040608 1 12141618 2 22242628 3 32343638 1 42444648
Time [min]

Signal: DAD1A, Sig=230,4 Ref=off
Name RT [mi

Phyllanthin 3231 10011.3662

Fig 3: HPLC chromatogram of phyllanthin-rich fraction from
meniran leaf

The amount of collagen in the skin can be determined by measuring
the hydroxyproline content. Hydroxyproline concentrations were
determined on days 5, 10, and 15 after the wound incision, as this was
within the proliferative phase when fibroblast formation occurred.
Fibroblasts will synthesize collagen, the main element of the
extracellular matrix, forming the strength of scar tissue in wounds.
UV-Vis spectrophotometry in the 400-800 nm range showed the
maximum absorption wavelength of hydroxyproline at 559 nm with an
absorbance of 0.382 (Table 3). The regression equation obtained from
the calibration curve (Figure 4) using a series of hydroxyproline
standard solutions was y = 0.118 + 0.0089x, with a correlation
coefficient (r) = 0.999835.

No Consentration (ug/mL) Absorbance
1 10 0.209
2 20 0.296
3 30 0.382
4 40 0.472
5 50 0.566
0.6 o
g 05 =
S 04 @ y=0,0089x+0,118
£ 03 < Rz =0,9997
202 -
<01
0
0 10 20 30 40 50 60

Concentration (mg/mL)

Fig 4: The calibration curve of hydroxyproline solution at 1 =

559 nm
(<}
2o 600 3.58 3.72
= 0o 2.89 3.03 2,59 ~°
£F ‘zllgg 136 186" 147 213 171 i T 127 ZEO =
> .
gE al all = =
88 000
TS PRI
T8 o\gb & &@\o\“"g)\’b@\g'\%e\fb\ﬁu\’b\sv\f\g‘@\gg’
& N [N ol ol | J o o\ NN
& O C R RS BN R N e

Treatment group

Fig 5: The hydroxyproline concentration bar graph based on
the treatment group.

Table 4: The average hydroxyproline concentration on days 5,
10, and 15 of the control, 5%, 10%, and 15% phyllanthin-rich
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sub-fraction ointment from meniran (Phyllanthus niruri L.)

leaves
N
DAY Group 0  Absorbance %
Hydroxyproline

Day 5 Control 1 0.260 0.87
2 0.274 0.96
3 0.330 131
4 0.476 2.20
5 0.293 1.08
6 0.400 1.74
5% Sub-fraction 1 0.334 1.33
2 0.335 1.34
3 0.335 1.34
4 0.382 1.63
5 0.383 1.63
6 0.376 1.59
10% Sub-fraction 1 0.351 1.43
2 0.476 2.20
3 0.354 1.45
4 0.446 2.02
5 0.363 151
6 0.382 1.63
15% Sub-fraction 1 0.350 1.43
2 0.285 1.03
3 0.229 0.68
4 0.377 1.59
5 0.349 1.42
6 0.358 1.48
Day 10 Control 1 0.430 1.90
2 0.350 1.43
3 0.350 1.43
4 0.490 2.30
5 0.380 1.62
6 0.52 2.49
5% Sub-fraction 1 0.447 2.03
2 0.456 2.08
3 0.479 2.22
4 0.464 2.13
5 0.465 2.14
6 0.469 2.16
10% Sub-fraction 1 0.603 2.99
2 0.483 2.25
3 0.522 2.49
4 0.415 1.83
5 0.612 3.04
6 0.597 2.95
15% Sub-fraction 1 0.403 1.75
2 0.478 2.22

ISSN 2616-0684 (Print)
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3 0.477 221

4 0.473 2.19

5 0.511 242

6 0.514 2.44

Day 15 Control 1 0.585 2.88
2 0.600 2.97

3 0.603 2.99

4 0.566 2.76

5 0.579 2.84

6 0.588 2.89

5% Sub-fraction 1 0.664 3.36
2 0.665 3.37

3 0.611 3.04

4 0.550 2.66

5 0.578 2.83

6 0.591 291

10% Sub-fraction 1 0.711 3.65
2 0.703 3.60

3 0.758 3.94

4 0.689 3.52

5 0.690 3.52

6 0.648 3.26

15% Sub-fraction 1 0.798 419
2 0.799 4.19

3 0.670 3.40

4 0.680 3.46

5 0.658 3.32

6 0.727 3.75

Day

Estimated Marginal Means

Estimated Marginal Means

control

10%-— 15%—
Phyllanthin- Phyilanthin-

5%
Phyllanthin-
rich subfraction rich subfraction rich subfraction

Treatment group

Error bars: 95% CI

el
L
|,

control 5% 10%-— 15%-—

in- Pt

rich rich rich
subfraction subfraction subfraction
Treatment group

Error bars: 95% CI

percentage based on the treatment group.

C ointment was 10% on day 15.
Constant observation of animal well-being during our study revealed
no adverse effects, such as infection of the incised region, decreased

Wpay 5
W Day 10
MDay 15

ogo §
$88 ¢
v
he

Fig 6: The estimated marginal means of hydroxyproline
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appetite, or behavioral changes after the wounding or during the
recovery period. During the study period, no rats died by accident.
Wound healing is a complex biological process that results in the
restoration of tissue integrity. Physiologically, it is divided into four
phases: homeostasis, inflammation, proliferation, and tissue
remodeling. Many factors adversely affect healing, including
malnutrition, hypoxia, immunosuppression, chronic disease, and
surgery.**% The inflammatory phase of wound healing will persist
as long as necessary, ensuring that excess bacteria and debris from the
wound are cleared. However, protracted inflammation can lead to
extensive tissue damage and delayed proliferation and result in the
formation of a chronic wound. Multiple factors, including lipoxins and
the products of arachidonic acid metabolism, are thought to have anti-
inflammatory properties that dampen the immune response and allow
the next phase of wound healing to occur.*” Inflammation is necessary
for effective defenses against pathogens and to set in motion tissue
repair following injury.®

According to this study, 10% phyllanthin-rich sub-fraction C ointment
was the most effective concentration for wound healing in a rat model
regarding hydroxyproline concentration and wound healing
percentage. This result is in line with the study conducted by Martin in
1996, which showed that topical application of P. niruri extracts could
significantly enhance the rate of wound healing. P. niruri extract plays
a significant role in wound healing, protecting tissues from oxidation
by stimulating the production of antioxidants at the wound site and
providing a favorable environment for tissue healing.****! This
corroborates research by Shukla in 1999, who found that wound
healing effects may be due to the up-regulation of human collagen |
expression, and by Bonte in 1994 who found that the administration of
P. niruri extract can increase the tensile strength of a wound.*?*

The wound-healing activity of P. niruri has been evaluated by oral and
topical administration. Proven to play a significant role in wound
contraction and epithelialization,* it can also increase epithelial cell
proliferation and angiogenesis, providing oxygen and necessary
nutrients for healing.”****" Its extracts also showed inhibition of
membrane lipid peroxidation and potent free radical scavenging.*®

ISSN 2616-0684 (Print)
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Phytochemical analysis of P. niruri extract showed the presence of
several bioactive molecules, such as lignans, phyllanthin,
hypophyllanthin, flavonoids, glycosides, and tannins.“*®® These
constituents may be responsible for wound healing activity
individually or in synergy. This study focused on one bioactive
compound, phyllanthin.?® We measured hydroxyproline concentration
and wound healing percentage to assess wound healing activity. As
one of the most abundant amino acids in collagen, hydroxyproline
concentration reflects the concentration of collagen® and is a good
marker for wound healing assessment. A high concentration of
hydroxyproline indicates a faster rate of wound healing.*? In this
study, using 5, 10, and 15% meniran leaf phyllanthin-rich sub-fraction
ointment resulted in higher hydroxyproline concentrations than the
control group, and, from statistical analysis, the optimal concentration
was 10%. The higher hydroxyproline concentration reflects increased
cellular proliferation and increased collagen synthesis. The result of
this study is supported by data from Khaled et al., revealing that the
application of P. niruri leaf extracts resulted in markedly fewer
inflammatory cells, more fibroblast proliferation, less scarring at the
wound enclosure, more mature and densely-packed collagen fibers,
and more blood capillaries (angiogenesis) than wounds dressed with
sterile deionized water or a blank placebo. These results strongly
support the beneficial effects of meniran leaf phyllanthin-rich sub-
fraction ointment on the acceleration of wound healing in rats.***

Conclusion

This study showed that an ointment containing 5-15% phyllanthin-rich
subfraction of a meniran leaf ethanol extract has wound-healing
activity, with increased hydroxyproline concentration in skin scar
tissue and increased wound healing percentage. From Duncan’s post-
hoc test, the most effective concentration was 10% phyllanthin-rich
subfraction on day 15. We can conclude that the phyllanthin-rich
ointment has the potential as a wound-healing agent.

Table 5: Tests of the between-subjects effect of the average hydroxyproline concentration on days 5, 10, and 15 of the control, 5%, 10%,
and 15% phyllanthin-rich sub-fraction ointment from meniran (Phyllanthus niruri L.) leaves
Tests of Between-Subjects Effects
Dependent Variable: hydroxyproline concentration

Type 111 Sum of
Source Squares df Mean Square F Sig.
Corrected Model 46.886° 11 4.262 38.791 .000
Intercept 386.883 1 386.883 3520.999 .000
Concentration 3.464 3 1.155 10.507 .000
Day 41.623 2 20.811 189.402 .000
Concentration * Day 1.800 6 .300 2.730 .021
Error 6.593 60 110
Total 440.362 72
Corrected Total 53.479 71

a. R Squared = .877 (Adjusted R Squared = .854)

Table 6: The wound healing percentage on days 5, 10, and 15 of the control, 5%, 10%, and 15% phyllanthin-rich sub-fraction ointment
from meniran (Phyllanthus niruri L.) leaves

Initial Final Initial Final Wound Average
Day Group No Diamete Diamete Wou_nd Wou_nd Healing *
r r (cm) Healing Healing % Dev.Standar
(cm) Area (cm?) Area (cm?) d
1 2.15 2.05 14.51 13.20 9.09
Day-5 Control 2 2.20 2.10 15.20 13.85 8.88 11.86
3 2.20 2.05 15.20 13.20 13.17 *
4 2.20 2.10 15.20 13.85 8.88 3.492
5 2.10 1.95 13.85 11.94 13.78
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subfraction 4 2.26 0.77 16.04 1.86 88.39 1.266
2.23 0.73 15.61 1.67 89.28
6 2.33 0.74 17.05 1.72 89.91
Day- Control 1 2.15 0.85 1451 2.27 84.37
15 2 2.20 0.95 15.20 2.83 81.35 82.47
3 2.20 1.00 15.20 3.14 79.34 +
4 2.20 0.80 15.20 2.01 86.78 2.652
5 2.10 0.90 13.85 2.54 81.63
6 2.20 0.95 15.20 2.83 81.35
1 2.13 0.53 14.25 0.88 93.81
5% ethyl 2 2.26 0.7 16.04 1.54 90.41 93.34
acetate 3 2.13 0.63 14.25 1.25 91.25 +
subfraction 4 2.16 0.46 14.65 0.66 95.46 2.100
5 2.23 0.56 15.61 0.98 93.69
6 2.33 0.5 17.05 0.79 95.40
1 2.26 0.43 16.04 0.58 96.38
10% ethyl 2 2.06 0.36 13.32 0.41 96.95 96.56
acetate 3 2.36 0.46 17.49 0.66 96.20 +
subfraction 4 2.06 0.36 13.32 0.41 96.95 0.407
5 2.26 0.40 16.04 0.50 96.87
6 2.16 0.43 14.65 0.58 96.04
1 2.13 0.45 14.25 0.64 95.54
15% ethyl 2 2.33 0.50 17.05 0.79 95.40 96.27
acetate 3 2.26 0.38 16.04 0.45 97.17 +
subfraction 4 2.26 0.45 16.04 0.64 96.04 0.751
5 2.23 0.42 15.61 0.55 96.45
6 2.33 0.4 17.05 0.50 97.05

Table 7: The mean wound healing percentage on days 5, 10, and 15 of the control, 5%, 10%, and 15% phyllanthin-rich sub-fraction
ointment from meniran (Phyllanthus niruri L.) leaves
Dependent Variable: Wound Healing Percentage

Mean
+
Treatments Group Day Standard Deviation N
Control Day 5 11.860 £ 3.49 6
Day 10 42.198 + 6.70 6
Day 15 82.470 + 2.65 6
Total 45.509 + 30.07
18
5% Sub-fraction Day 5 32.371+3.34 6
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Day 10 82.961 + 3.78 6
Day 15 93.336 + 2.09 6
Total 69.556 + 27.56
18
10% Sub-fraction Day 5 43.646 + 2.82 6
Day 10 89.915 + .81 6
Day 15 96.565 + .40 6
Total 76.708 + 24.20
18
15% Sub-fraction Day 5 45.363+6.73 6
Day 10 89.430 + 1.267 6
Day 15 96.275 + .747 6
Total 18
77.022 £ 23,51
Total Day 5 33.310 £ 14.23
24
Day 10 76.126 + 20.53
24
Day 15 92.161 + 6.081
24
Total 67.199 + 28.98
72

Table 8: Tests of the between-subjects effect of the average wound healing percentage on days 5, 10, and 15 of the control, 5%, 10%,
and 15% phyllanthin-rich sub-fraction ointment from meniran (Phyllanthus niruri L.) leaves
Tests of Between-Subjects Effects
Dependent Variable: wound healing percentage

Type 1 Sum of
Source Squares Df Mean Square F Sig.
Corrected Model 57089.034° 11 5189.912 507.605 .000
Intercept 333613.793 1 333613.793 32629.489 .000
Concentration 14694.633 3 4898.211 479.075 .000
Day 40281.327 2 20140.664 1969.881 .000
Concentration * Day 2113.074 6 352.179 34.445 .000
Error 613.458 60 10.224
Total 391316.285 72
Corrected Total 57702.492 71

a. R Squared = .989 (Adjusted R Squared = .987)

7730
© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, July 2024; 8(7):7722-7733 ISSN 2616-0684 (Print)

8841 °% 93.26 977

78.03 83.16
I 54.75
43.68 43 64
32.37
11;79 i
g \

S g} 5 e} e} Q

c\>2y \g,\ \)2,\ °\$ \6® \:2\\ °\Q\ \e’\ \ °\°' \e’
§ & & s SR IS S S
GO

GO

G, Wound healing percentage

Treatment group

Fig 7: The wound healing percentage bar graph based on the
treatment group.

100.00 Day
W Day 5
M Day 10
2 Mpay 15
1 80.00
]
=
K]
£ 6000
9
I}
=
T
9 4000
o
£
a
w
20.00
00
Control 5% 10% 15%
Phyllanthin- phyllanthin- phyllanthin-
rich rich rich
subfraction subfraction subfraction
Treatment group
Error bars: 95% CI
100.00 Day
e — o
" — = —Day 10
E s0.00 I — Day 15
=
]
£
S 60.00
4
2
3 e —
E 40.00 AL
£ =
n ~
w -
20.00 —
K

Control 5% 10% 15%
Phyllanthin-  phyllanthin-  phyllanthin-
ic rich rich
subfraction subfraction subfraction

Treatment group
Error bars: 95% CI

Fig 8: The estimated marginal means of wound healing
percentage based on the treatment group

Conflict of Interest

The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

References

1. Wilkinson HN, Hardman MJ. Wound healing: Cellular
mechanisms and pathological outcomes. Open Biol.
2020;10(9). PMID: 32993416; PMCID: PMC7536089.

w

10.

11.

12.

13.

14.

15.

16.

ISSN 2616-0692 (Electronic)

Ministry of Health of the Republic of Indonesia. Riskesdas:
Health Res and Dev Agency. 2018. [Online]. Available:
(https://ghdx.healthdata.org/organizations/agency-health-
research-and-development-indonesia).

Larouche J, Sheoran S, Maruyama K, Martino MM.
Immune Regulation of Skin Wound Healing: Mechanisms
and Novel Therapeutic Targets. Adv Wound Care. 2018;
(7):209-31. Doi: 10.1089/wound.2017.0761. PMID:
29984112; PMCID: PMC6032665.

Hutagalung MR, Perdanakusuma DS, Wulandari P. Effect
of Topical Hl-antihistamine on the level of Transforming
growth factor beta (TGF-B) and Collagen of Acute wound
in animal model. Res J Pharm Technol. 2022;15(8):3559-
3562. Doi: 10.52711/0974-360X.2022.00597

World Health Organisation (WHO), Traditional Medicine
Strategy. 2014-2023. ISBN: 9789241506090. [Online].
Auvailable:  http://www.who.int/traditional-complementary-
integrative-medicine/en/

Tsala DE, Amadou D, Habtemariam S. Natural wound
healing and bioactive natural products.  Proc.
Phytopharmacology. 2013; 4 (3): 532-560. ISSN 2046-
1194, [Online]. Auvailable:
https://api.semanticscholar.org/CorpuslD:10977575.

RI Ministry of Health. Indonesian Herbal Pharmacopoeia,
2" Edition. Jakarta: Ministry of Health of The Republic of
Indonesia; 2017. [Online]. Auvailable:
https://iris.who.int/bitstream/handle/10665/254716/9789290
225164-eng.pdf

Sutrisna EM, Maryati, Wahyuni S, Tanti AS. Anti-
inflammatory Effect of Phyllanthus niruri L. Indonesia.
Pharmacogn  J.  2019;  11(6):  1347-50.  doi:
http://dx.doi.org/10.5530/pj.2019.11.208

Thyagarajan SP, Jayaram S, Gopalakrishnan V, Hari R,
Jeyakumar P and Sripathi M. Herbal medicines for liver
diseases. India. J Gastroenterol Hepatol. 2002; 17 Suppl 3:
370-376. Doi: https://doi.org/10.1046/j.1440-
1746.17.53.30.x

Srividya N and Periwal S. Diuretic, the hypotensive and
hypoglycemic effect of Phyllanthus amarus. Indian J Exp
Biol. 1995; 133: 861-865. PMID: 8786163

Radha P and J Saranya. In vitro antioxidant activity of
Phyllanthus niruri leaf extracts. J Pharmacogn Phytochem.
2020; 9(3): 198-201. [Online]. Available:
https://www.phytojournal.com/archives/2020.v9.i3.11259/i
n-vitro-antioxidant

Sunitha J, Krishna S, Ananthalakshmi R, Jeeva JS, Girija
AS, Jeddy N. Antimicrobial Effect of Leaves of Phyllanthus
niruri and Solanum nigrum on Caries Causing Bacteria: An
In vitro Study. J Clin Diagn Res. 2017; 11(6): KC01-KC04.
Doi:10.7860/JCDR/2017/23602.10066

Calixto JB, Santos AR, Cechinel Filho V, Yunes RA. A
review of the plants of the genus Phyllanthus: their
chemistry, pharmacology, and therapeutic potential. Med
Res Rev. 1998; 18(4): 225-58. Doi: 10.1002/(sici)1098-
1128(199807)18:4<225:aid-med2>3.0.co;2-X. PMID:
9664291.

Kamruzzaman HM and Hog MO. A Review on
Ethnomedicinal, Phytochemical and Pharmacological
Properties of Phyllanthus niruri L. J Med Plants Stud.
2016; 4: 173-180. [Online]. Available:
https://api.semanticscholar.org/CorpusID: 10643677

Azam M, Ajitha M. Phyllanthin: A Potential Lead Molecule
for the Future Needs. Int J Pharmacogn Phytochem Res.
2017; 9(08). Doi: 10.25258/phyto.v9i08.9615

Krithika R, Jyothilakshmi V, Verma RJ. Phyllanthin
inhibits CCl4-mediated oxidative stress and hepatic fibrosis
by down-regulating TNF-a/NF-kB and pro-fibrotic factor
TGF-B1, mediating inflammatory signaling. Toxicol Ind
Health. 2016 May;32(5):953-60. Doi:
10.1177/0748233714532996. Epub 2014 May 9. PMID:
24817434,

7731

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


http://www.who.int/traditional-complementary-integrative-medicine/en/
http://www.who.int/traditional-complementary-integrative-medicine/en/
https://api.semanticscholar.org/CorpusID:10977575
http://dx.doi.org/10.5530/pj.2019.11.208
https://www.phytojournal.com/archives/2020.v9.i3.11259/in-vitro-antioxidant
https://www.phytojournal.com/archives/2020.v9.i3.11259/in-vitro-antioxidant

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Trop J Nat Prod Res, July 2024; 8(7):7722-7733

Wu W, Li Y, Jiao Z, Zhang L, Wang X, and Qin R.
Phyllanthin ~ and  hypophyllanthin  from Phyllanthus
amarus ameliorates immune-inflammatory response in
ovalbumin-induced asthma: role of IgE, Nrf2, iNOs, TNF-
a, and IL’s. Immunopharmacol Immunotoxicol.
2018; 41(1): 55-67.
https://doi.org/10.1080/08923973.2018.1545788

Sibiya AM, Ramya AK, Vaseeharan B. Bioactive
Molecules from Phyllanthus Niruri and Investigating their
Effects against Diabetes. Recent Trends in Biochemistry,
MedDocs eBook. 2022; 3. [Online]. Available:
http://meddocsonline.org/

Harikrishnan H, Jantan 1, Alagan A, Haque MA.
Modulation of cell signaling pathways by Phyllanthus
amarus and its major constituents: potential role in
preventing and treating inflammation and cancer.
Inflammopharmacology. 2020; 28(1):1-18. Doi
10.1007/s10787-019-00671-9. Epub 2019 Dec 2. PMID:
31792765.

Naik TI, Shrikanth P, Mundugaru R, Shridhara BT. Wound
healing activity of Tamarindus indica Linn. seed and cork
ash. J Ayuverda Med Sci. 2017; 2(1): 129-135. Doi:
10.5530/jams.2017.2.5

Srivastava AK, Khare P, Kumar H, Raghuwanshi N,
Srivastava R. Hydroxyproline: A Potential
Biochemical Marker and Its Role in the Pathogenesis of
Different Diseases. Curr Protein Pept Sci. 2016; 17(6): 596-
602. D0i:10.2174/1389203717666151201192247

USDA Animal Care. US Department of Agriculture:
Animal Welfare Act and Animal Welfare Regulations.
2022; [Online]. Awvailable: https://oacu.oir.nih.gov/animal-
research-advisory-committee-arac guidelines

LIPI (Indonesian Institute of Sciences). Researcher Code of
Ethics. LIPI. N. 06/E/2013.

Harborne JB. Textbook of Phytochemical Methods. A
Guide to Modern Techniques of Plant Analysis. 5th Edition,
Chapman and Hall Ltd, London. 1998; 21-72

Ali |, Falodun A, Siyo B, Jules BKJ, Hussain H, Langer P.
Isolation of Phytochemical Constituents from Hunteria
umbellate K. Schum. Trop J Nat Prod Res. 2019; 3(3): 95—
98. http://www.doi.org/10.26538/tjnpr/v3i3.6

Meselhy MR, Abdel-Sattar OE, El-Mekkawy S, El-Desoky
AM, Mohamed SO, Mohsen SM, Abdel-Sattar E, EIl-
Halawany A. Preparation of Lignan-Rich Extract from the
Aerial Parts of Phyllanthus niruri L Using Nonconventional
Methods.  Molecules.  2020; 25(5): 1179. Doi:
10.3390/molecules25051179. PMID: 32151037; PMCID:
PMC7179407.

Zheng ZZ, Chen LH, Liu SS, Deng Y, Zheng GH, Gu Y,
Ming YL. Bioguided Fraction and Isolation of the
Antitumor Components from Phyllanthus niruri L. BioMed
Res Int. 2016; 9729275. Doi: 10.1155/2016/9729275. Epub
2016 Sep 29. PMID: 27777954; PMCID: PMC5061927.
Federer W. Experimental Design Theory and Application.
Oxford: Oxford and Lbh Publish Hinco. 1963.

National Research Council (US) Committee on Recognition
and Alleviation of Distress in Laboratory Animals.
Recognition and Alleviation of Distress in Laboratory
Animals. Washington (DC): National Academies Press
(US). 2008. [Online]. Available:
https://nap.nationalacademies.org/. PMID: 20669418
Himawan H, Pramono, Resti D. The Pharmacological Study
of Thick Extract of Meniran Leaves (Phyllanthus niruri L.)
to Help Healing Cut Wounds in Male White Rats.
Farmamedica J. 2017; 2(1): 25-31.
doi.org/10.47219/ath.v2i1.30

Hawkins P, Morton DB, Burman O, Dennison N, Honess P,
Jennings M, Lane S, Middleton V, Roughan JV, Wells S,
Westwood K. A Guide to Defining and Implementing
Protocols for the Welfare Assessment of Laboratory
Animals; eleventh report of the

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

BVAAWF/FRAME/RSPCA/UFAW. Joint Working Group
on Refinement Lab Anim. 2010; 45(1): 1-13. Doi:
10.1258/1a.2010.010031. PMID: 21123303.

IACUC The University Of IOWA. Euthanasia (Guideline).
Vertebrate Animal Research. 2022. [Online]. Awvailable:
https://animal.research.uiowa.edu/iacuc-guidelines-
euthanasia.

Gurung S and Skalko-Basnet N. Wound Healing Properties
of Carica Pepaya Laetex: In Vivo Evaluation in Mice Burn
Model. J Ethnopharmacol. 2008; 121: 338-341.
doi.org/10.1016/j.jep.2008.10.030.

Singh S, Young A, McNaught CE. The physiology of
wound healing. Surgery (Oxford). 2017; 35(9): 473-477.
[Online]. Available:
https://doi.org/10.1016/j.mpsur.2017.06.004.

Gurtner GC, Werner S, Barrandon Y, Longaker MT.
Wound repair and regeneration. Nature 2008; 453(7193):
314-321. Do0i:10.1038/nature07039.
https://www.ncbi.nlm.nih.gov/pubmed/18480812.
Gushiken LFS, Beserra FP, Bastos JK, Jackson CJ,
Pellizzon CH. Cutaneous Wound Healing: An Update from
Physiopathology to Current Therapies. Life. 2021;
11(7):665. https://doi.org/10.3390/1ife11070665.

Mostofa R, Ahmed S, Begum MM, Sohanur RM, Begum T,
Ahmed SU, Tuhin RH, Das M, Hossain A, Sharma M,
Begum R. Evaluation of anti-inflammatory and gastric anti-
ulcer activity of Phyllanthus niruri L. (Euphorbiaceae)
leaves in experimental rats. BMC Complement Altern Med.
2017 May 16; 17(1): 267. Doi: 10.1186/s12906-017-1771-
7. PMID: 28511679; PMCID: PMC5434621.
Romero-Cerecero O, Zamilpa A, Diaz Garcia ER,
Tortoriello J. Pharmacological Effect of Ageratina
pichinchensis on Wound Healing in Diabetic Rats and
Genotoxicity Evaluation. J Ethnopharmacol. 2014; 156:
222-227. Doi: 10.1016/j.jep.2014.09.002.

Hamidi SA, Tabatabaei Naeini A, Oryan A, Tabandeh MR,
Tanideh N, Nazifi S. Cutaneous Wound Healing after
Topical Application of Pistacia atlantica Gel Formulation
in Rats. Turk J Pharm Sci. 2017; 14(1): 65-74.
Do0i:10.4274/tjps.41713.

Rollando R, Yuniati Y and Monica E. Bioactive Potential of
Cephalosporium sp. a Fungal Endophyte Isolated from
Phyllanthus niruri L. Trop J Nat Prod Res. 2023; 7(4):
2749-2755. [Online]. Auvailable:
https://www.tjnpr.org/index.php/home/article/view/1874.
Christyanita P Ekasari, Widyarti S, Sutiman B Sumitro. The
Analysis of Antioxidant Activity and Capacity of Boiled
and Infused Indonesian Herbals. Trop J Nat Prod Res. 2023;
7(1):2152-6. [Online]. Auvailable:
http://www.doi.org/10.26538/tjnpr/v7il.9.

Shukla A, Rasik AM and Dhawan BN. Asiaticoside-
induced elevation of antioxidant levels in healing wounds.
Phytother Res. 1999; 13(1): 50-54. Doi:
10.1002/(SI1CI1)1099-1573(199902)13:1<50: AID-
PTR368>3.0.CO;2-V. PMID: 10189951.

Bonte F, Dumas M, Chadgne C, Meybeck A. Influence of
Asiatic Acid, Madecassic Acid and Asiaticoside on Human
Collagen | Synthesis. Planta Med. 1994; 60: 133-135.
D0i:10.1055/5-2006-959434. PMID: 8202564

Shanbag T, Amuthan A, Shenoy S, Sudhakar. Effect of
Phyllanthus niruri. Linn on Burn Wounds in Rats. Asian
Pac J Trop Med. 2010; 3(2): 105-108. ISSN 1995-7645.
[Online]. Available: https://doi.org/10.1016/S1995-
7645(10)600454.

Grambow E, Sorg H, Sorg CGG, Striider D. Experimental
Models to Study Skin Wound Healing with a Focus on
Angiogenesis. Med Sci. 2021; 9(3): 55. [Online]. Available:
https://doi.org/10.3390/medsci9030055.

Bose MG, Banerjee A, Chattopadhyay S. An insight into
the potent medicinal plant Phyllanthus amarus Schum. And

7732

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://doi.org/10.1080/08923973.2018.1545788
https://oacu.oir.nih.gov/animal-research-advisory-committee-arac%20guidelines
https://oacu.oir.nih.gov/animal-research-advisory-committee-arac%20guidelines
https://nap.nationalacademies.org/
https://nap.nationalacademies.org/
https://nap.nationalacademies.org/
https://doi.org/10.47219/ath.v2i1.30
https://doi.org/10.47219/ath.v2i1.30
https://doi.org/10.1016/j.jep.2008.10.030
https://doi.org/10.1016/j.jep.2008.10.030
https://doi.org/10.1016/j.mpsur.2017.06.004
https://doi.org/10.3390/life11070665
https://doi.org/10.3390/life11070665
https://www.tjnpr.org/index.php/home/article/view/1874
https://www.tjnpr.org/index.php/home/article/view/1874
https://www.tjnpr.org/index.php/home/article/view/1874
http://www.doi.org/10.26538/tjnpr/v7i1.9
https://doi.org/10.1016/S1995-7645(10)600454
https://doi.org/10.1016/S1995-7645(10)600454
https://doi.org/10.3390/medsci9030055
https://doi.org/10.3390/medsci9030055
https://doi.org/10.3390/medsci9030055

47.

48.

49.

50.

51.

52.

53.

54.

55.

Trop J Nat Prod Res, July 2024; 8(7):7722-7733

Thonn. Nucleus. 2022; 65: 437-472). [Online]. Available:
https://doi.org/10.1007/513237-022-00409-z.

D’souza OJ, Pinto JP, Shettar AK, Narasagoudr SS, Masti
SP, Chougale RB. Biofunctionalization of chitosan/gelatin
composite films reinforced Phyllanthus niruri extract for
wound healing application. Surf and Interfaces. 2023;
43(Part A): 103567. ISSN 2468-0230. [Online]. Available:
https://doi.org/10.1016/j.surfin.2023.103567.

Hidanah S, Sabdoningrum EK, Rachmawati K, Soeharsono
S, Tika GGA, Huda MA, Widiati TP. The activity of
Meniran (Phyllanthus niruri Linn.) extract on Salmonella
pullorum infected broilers. Vet World. 2022; 15(5): 1373—
1382. https://doi.org/10.14202/vetworld.2022.1373-1382
Nisar MF, He J, Ahmed A, Yang Y, Li M, Wan C.
Chemical Components and Biological Activities of the
Genus Phyllanthus: A Review of the Recent Literature.
Molecules.  2018;  23(10).  [Online].  Available:
https://api.semanticscholar.org/CorpusID:52937056.

Singh MK and Ahmad MS. Phytochemical Profile of
Phyllanthus niruri L and Evaluation of its Potent Bioactive
Compounds. Biosci Biotechnol Res Commun. 2020; 13(3):
1545-1551. [Online]. Auvailable:
http://dx.doi.org/10.21786/bbrc/13.3/82.

Srivastava AK, Khare P, Nagar HK, Raghuwanshi N,
Srivastava R. Hydroxyproline: A Potential Biochemical
Marker and Its Role in the Pathogenesis of Different
Diseases. Curr Protein Pept Sci. 2016; 17(6): 596-602. Doi:
10.2174/1389203717666151201192247. PMID: 26916157.
Dwivedi D, Dwivedi M, Malviya S, Singh, V. Evaluation of
Wound Healing, Anti-microbial and Antioxidant Potential
of Pongamia pinnata in Wistar Rats. J Tradit Complement
Med. 2017; 7(1): 79-85. [Online]. Available: Doi:
10.1016/j.jtcme.2015.12.002. PMID: 28053891; PMCID:
PMC5198820

Lee NYS, Khoo WKS, Adnan MA, Mahalingam TP,
Fernandez AR, and Jeevaratnam K. The pharmacological
potential of Phyllanthus niruri. J Pharm Pharmacol. 2016;
953-969. Blackwell Publishing Ltd.
https://doi.org/10.1111/jphp.12565

Sabdoningrum EK, Hidanah S, Ansori ANM, Fadholly A.
Immunomodulatory and  antioxidant  activities  of
Phyllanthus niruri L Extract against the laying hens
infected by Escherichia coli. Res J Pharm Technol. 2020;
13(5): 2246-2250. Doi: 10.5958/0974-360X.2020.00404.7
Faujdar S and Sharma P. Potential of Herbal Plants in
Wound Healing. J Pharm Negat Results. 2022; 3 (Special
Issue 8). Doi: 10.47750/pnr.2022.13.508.541. [Online].
Auvailable:
https://www.pnrjournal.com/index.php/home/article/view/6
244

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

7733

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://doi.org/10.1007/s13237-022-00409-z
https://doi.org/10.1007/s13237-022-00409-z
https://doi.org/10.1007/s13237-022-00409-z
https://doi.org/10.1016/j.surfin.2023.103567
https://doi.org/10.1016/j.surfin.2023.103567
https://doi.org/10.1016/j.surfin.2023.103567
https://api.semanticscholar.org/CorpusID:52937056
https://api.semanticscholar.org/CorpusID:52937056
https://api.semanticscholar.org/CorpusID:52937056
http://dx.doi.org/10.21786/bbrc/13.3/82
http://dx.doi.org/10.21786/bbrc/13.3/82
http://dx.doi.org/10.21786/bbrc/13.3/82
http://dx.doi.org/10.21786/bbrc/13.3/82
http://dx.doi.org/10.21786/bbrc/13.3/82

