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ABSTRACT

Background: Acne is a skin surface disease that appears when the excessive fat deposits clogged the
skin pores, causes the growth of acne-causing bacteria and stimulates inflammation. Propionibacterium
acnes is one of common acne-causing bacteria which usually manage by synthetic chemical-based drug.
However, the presence of its long- used side effects pointed the urgent need of new anti P. acne drug
discovery. Azadirachta indica is a medicinal plant which empirically used as antibacterial. A. indica leaves
has been reported to exhibit activity against P. acne but limited to ethanol extract. Thus, the evaluation of
other extract- and identification of active compound(s) against P. acne is needed to be explore. Methods:
First, the microscopic morphology of A. indica leaves were observed using Scanning Electron Microscope.
The leaves were then extracted sequentially by hexane, ethyl acetate, and methanol solvent using the
ultrasonic assisted extraction method, followed by its in vitro anti- P. acne activity evaluation. The most
active extract was further evaluated for its chemical(s) content by LC-MS. Results: Scanning Electron
Microscope identified the presence of oxalate in the leaves of A. indica. Evaluation of the anti-P. acne
activity showed that the hexane extract had highest anti-P. acne compared to others. Further chemical
identification showed that hexane extract contains three steroids, one saturated acids and one phenolic
compounds. Conclusions: A. indica hexane extract leaf is prospective to be developed as an acne

antibacterial.
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INTRODUCTION

Acne is a pilosebaceous disease that caused
by comedones, altered sebum production,
Propionibacterium acne invasion and inflammatory
response. Eventhough the clinical presentation
of acne are varying, the face-lesion development
especially for women, occur frequently.! Currently,
acneis managed by antibiotics. However, antibiotics
prolong treatment may lead to bacteria resistance.?
Thus, to overcome this situation, many researchers
explore the potential traditional medicine for acne
drug development and discovery.’ Azadirachta
indica, plant belongs to genus Azadiractha, is a
green plant native to India which spread to Asia,
Europe and Middle east area.* A. indica has been
empirically used for treating bacteria-, fungi-,
parasitic- and viruses diseases. To note, it has
been reported that A. indica is clinically effective
and safer than synthetic antibiotics.” In traditional
medicine, the parts of A. indica which commonly
used are the bark, leaves and seeds.® Moreover,
every part of A. indica are known to contains
compounds which affected biological activity not
only in vitro but also in vivo, such as nimbolide,
azadirachtin and gedunin.” Further phytochemical
screening of A. indica extracts indicated the
presence saponins, steroids for polar and non polar
extract, moreover flavonoid and alkaloids can be
found at semi polar and polar extracts.*'° Those
metabolits has been known to affect bacterial, fungi
or virus infection in vitro and in vivo.'>* To note,
a study have shown that the ethanolic extract of A.
indica, exhibit antibacterial activity against P. acnes

with an inhibitory power of 7mm."* However, the
information regarding the bioactive compound(s)
responsible to its activity is still limited. Thus, in this
study, we evaluated the activity of others extracts
from A. indica leaves against P. acne and identified
the chemical compound(s) which contained in most
active extract.

MATERIALS AND METHODS

Sample and bacteria preparation

Azadirachta indica were obtained from Jatiluhur
Village, West Java, Indonesia. Leaves parts were used
in this study. Prior to experiment, the leaves were
determined by the Indonesian Institute of Sciences,
Bogor, followed by drying and grinded into powder
form.

Propionibacterium acnes ATCC 11827, obtained
from the Microbiology Laboratory Faculty of
Medicine, University of Indonesia. The P. acne were
maintained in blood agar (oxo0id, UK) and incubated
at 37°C anaerobic incubator.

The extraction process was carried out using the
ultrasound-assisted extraction (UAE) method.
Extraction was performed sequentially using hexane,
ethyl acetate and methanol solvents. A total of 50 g
of dried A. indica leaf powder was extracted by 500
mL of hexane solvent for 30 minutes at 40°C. The
extraction was repeated 3 times to get the maximum
yield. The filtrate was separated using filter paper,
then evaporated using a rotary evaporator (Buchi
Rotavator R-300, Germany) to obtain dried-hexane
extract. Leave powder which extracted using hexane
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was dried and further extracted sequentially by ethyl acetate and
Methanol using same procedures as explained above. Prior to use, dried
extract was diluted by 10% DMSO and followed by 2-fold dilution by
Aqua pro injection.

Microscopic Observation with light microscope and
SEM

Microscopic observation of dried A. indica leaves was performed
using a light microscope (100 x magnification) and Scanning Electron
Microscope (SEM) (750 x magnification) at Indonesian Institute of
Sciences, West java, Indonesia.

Minimum inhibitory concentration test

The determination of extracts minimum inhibitory concentration
(MIC) was carried out by turbidity observation at 96-well microplate.
100 pl of two-fold dilution extract in Brain Heart Infusion Borth (BHIB)
(oxoid, UK) medium was added to each well. Followed by addition of
100 pl of 330 x 10* P. acne suspension to a final concentration of 10%,
5%, 2.5%, 1.25%, 0.625%, 0.312%, 0.156%, 0.078%, 0.039%, and 0.019%
for hexane extract; 10%, 5%, 2.5%, 1.25%, 0.625%, 0.312%, 0.156%,
0.078%, 0.039%, and 0.019% for ethyl acetate and methanol extract. The
microplate was further incubated under anaerobic conditions at 37°C
for 72 hours. The lowest compound concentration(s) that inhibited
bacterial growth (indicated by clear-transparant yellow color) after 72
hours incubation was determined as MIC value. The experiment was
performed twice, each in duplicate.

Minimum bactericidal concentration test

Determination of minimum bactericidal concentration (MBC)
was performed as follow: the mixture of extract and P. acne which
determine as MIC value labelled as P concentration. The P, P/2, 2xP
concentration were further streaked on a Blood agar medium (oxoid,
UK). Followed by anaerobics incubation at 37°C for 72 hours. The
tested concentration that shown no bacterial growth after incubation
is determined as MBC value.

Light microscope

SEM

Analysis of chemical compound by LCMS

The most active extracts against P. acne was further analyzed for its
chemical compounds content using an Liquid Chromatography
Mass Spectrometry (LCMS) instrument (QMicro QAA 842, a Waters
Quattro Micro MS- MS detector). The evaluation was performed
as follow: The A. indica dry hexane extract was dissolved in 5 ml of
solvent and 20 pl was added to a reverse phase analysis column C18
with a particle size 0f150x2.1x1.9m at with flow rate 0f10.2 ml/min.
The temperature of the column used was 50°C and the final time was 20
min. The separation of the chemical compounds took place in column
with the help ofla pump using a pressure of 300 Bar. The A. indica
was converted into a gas phase which will be ionized under vacuum.
Tons are accelerated by an electric or magnetic field, by the mass to be
charged (m/z) ratio. The results of the LCMS analysis were performed
based on compound predictions based on the m/z profile existing
secondary data and compared with the m/z profile results presented
data from the sample.

RESULTS

Microscopic observation with light microscope and SEM

The light microscope and SEM observations of dried A. indica leaves
can be seen in Figure 1.

Extraction

In order to maximize the phytochemical solution of the sample, the
extraction process was performed sequentially, first by hexane solvent,
to ethyl acetate solvent and last by methanol solvent. The extraction
was also performed using UAE instead of temperature increasing.

Table 1: Results extraction of A. indica leaf using UAE method.

H EA ME
Extract (g) 7.4 7 4.1
Yield (%) 3.7 3.5 2.05

Figure 1: Light Microscopic and SEM results of A. indica leaves. Light microscopic observation indicated the presence of parasitic stomata (A) and carrier
bundles In A. indica leaves (B), Calsium oxalate (C). The SEM evaluation was further confirm the presence of D) stomata, E) and F).
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The polarity of the solvent will affect the type and amount of chemical
component capacity and biological activity of the extract.* The results
of the UAE sequential extraction were shown in Table 1, respectively.
The result shown that hexane extract had the highest yield compare to
others extract. This result indicated that A. indica contained more non-
polar components.

MIC and MBC against P. acne evaluation

The MIC test was carried out using the microdilution method with two
dilutions at 96-well microplate. The evaluation of the MIC value was
carried out visually. The result can be seen in table 2. The MIC evaluation
indicated that hexane extracts shown no bacterial growth at 5%. Meanwhile
for ethyl acetate extract and methanol extract MIC value was observed at
10%. The results are shown in table 2, respectively.

In addition to the MIC study, MBC test was also carried out to observed
bactericidal activity of each extract. The result shown that methanol and
ethyl acetate extract exhibit MBC at concentration 10%. However, the
hexane shown MBC at lower concentration 5%. The MBC evaluation
figure are shown at Figure 2, respectively.

Analysis of chemical compound by LC-MS

Based on anti-P. acne evaluation, Hexane extract exhibit better activity
compare to others extract. Thus, hexane extract was further evaluated for

Table 2: Results of MIC test on P. acne.

its compound(s) profile using LCMS. LC-MS can be used to determine
the secondary metabolite profile of extract hexane by observing the
ion spectrum product in the form of compound retention time and
compound fragmentation based on m/z. The compound identification
process was based on the literature available in the LC-MS database
and other supporting literature based on m/z compounds such as
Pubmed for phytochemicals. The LCMS identification result at table 3
and figure 3, respectively.

DISCUSSION/CONCLUSION

Azadirachta indica (Neem) is an evergreen tree that proliferates and
known commonly in various world regions such as Africa, America
and India. It has been widely used in Chinese, Ayurvedic and Unani
medicine, especially in Asian countries, to prevent and treat diseases.
Various parts of the A. indica plant contain biological compounds
responsible for its antibacterial, antiviral and antifungal activities. Several
studies have shown that the A. indica plant has antimicrobial activity.
Extracts of leaves, bark and seeds of A. indica are showed significant
antimicrobial activity against the tested pathogens. Gram-positive bacteria
(Streptococcus spp, Staphylococcus aureus), Gram-negative (Escherichia
coli, Pseudomonas aeruginosa, Salmonella spp, Coliform spp), fungi
(Candida spp) and viruses (Vaccinia, Measles, Coxsackie B).>' Several
other studies have also shown that oil from A. indica seeds can inhibit the
growth of Salmonella typos and Staphylococcus aureus.®

Visual observation

Concentration %

0.156

0.156

0.312 0.625 1.25 2.5 5 10
+ + + + -

0.312 0.625 1.25 2.5 5 10
+ + + + -
+ + + + -

Concentration (ug/ml)

0.019 0.039 0.078
Extract H + + + +
0.019 0.039 0.078
EA + + + +
ME + + + +
Clindamycin 0,0001 0,0002 0,0005 0,001
+ + + +

0,002 0,004 0,008 0,015 0,03 0,06
+ + + + - -

Description: + means turbid (bacterial growth occurred); - means clear-transparant (no bacterial growth)

Table 3: LC-MS test identification results.

Component name Identificationstatus Observedm/z ObservedRT Detectorcounts
(min)
1 Alisol T Identified 455.352 10.40 1127325
2 Azedarachin C Identified 587.285 5.80 1608838
3 Ganoderic acid G Identified 555.295 7.26 2222267
4 Trichosanic acid Identified 279.232 9.70 1248462
5 Nimbolide Identified 467.206 7.14 3532419

0.03 pg/ml

Figure 2: MBC test results of A. indica, (A) Methanol Extract, (B) Ethyl Acetate Extract, (C) Hexane Extract, and (D) Clindamycin at different concentration
(indicated at the picture) against P. acne. two independent experiment each induplicated ware performed.
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Figure 3: LC-MS graph of A. indica, (A) Compound Hexane Extract (B) Azedarachin C (C) Alisol | (D) Ganoderic Acid G (E) Trichosanic Acid (F) Nimbolide.

A. indica leaf extract has the best antibacterial activity, which confirms
the strength of the bioactive compounds and proves the use of A.
indica plants in primary health care.'” However, the effectiveness of A.
indica leaf extract against P. acne has not been explore yet.” Thus, In
this study comparison of anti-P. acne active of A. indica leaf extracts
using various solvents was evaluated. Our result indicated that hexane
A. indica extract exhibit potent activity compared to others. Further,
morphological identification of the leaves of A. indica was also carried
out. The results of the light microscope and SEM, showed the presence
of parasitic stomata, calcium oxalate and vascular bundles found in A.
indica leaf plants as indicated in (Figure 1).

The ultrasonic extraction method is faster and more efficient than for
extracting secondary plant metabolites than conventional methods
such as maceration or soxhlation.® Ultra power high audio (20 to
25 kHz) can change the permeability of the cell wall and increased
solvent penetrates through plant cells, increasing the solubility of
phytochemicals. Extraction using UAE indicated that the extracts
obtained from A. indica leaves H extracts had the highest yields than
EA and ME extracts as shown at (Table 1). The non-polar content in
A. indica leaves is soluble in the extraction process using N-hexane as
a solvent. UAE extraction of neem leaves yielded 7.4% hexane extract,
7% ethyl acetate extract and 4.3% methanol extract. Based on the
literature, A. indica leaves contain oil of 0.88%-9.53%. The content of
A. indica leaf oil can vary depending on where it grows.” In addition,
the different extraction methods used can cause differences in the oil
content produced. Sonication is the most effective method of extracting
natural materials. Sonication resulted in high yield, fast extraction time
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and good selectivity. In addition, the sonication extraction method is
very effective for extracting thermolabile compounds because it can
reduce exposure to high temperatures.”

The results of the MIC value test on the H, EA, and ME extracts
as shown in (Table 3) indicated that, the turbidity was seen at a
concentration 2.5%, concentration 5% and 10% for Ethyl acetate and
methanol, 10%, 5% and 2.5% for hexane looks clear. Then, it was
confirmed again by the MBC test and showed that the hexane extract
in lower concentrations could inhibit the growth of P. acne compared
to the EA and ME extracts of P. acne as shown (Figure 2). This showed
that the hexane extract had better activity compared to other extracts.
It was reported that several chemical compounds in the hexane extract
work synergistically so that the antibacterial activity produced is more
effective than the antibacterial activity of a single compound.* The
MIC test on clindamycin was still overgrown with P. acne bacteria
because of the bactericidal properties of clindamycin. Clindamycin is
a semisynthetic antibiotic that has a mechanism of action by inhibits
protein synthesis by binding to the 50S subunit of the bacterial
ribosome.”

Based on previous reported research, it’s known that the hexane
extract contains terpenoid and steroid compounds. Terpenoids
are known to inhibit the growth or kill bacteria by interfering with
forming membranes or cell walls so that they are not formed or formed
imperfectly.” In addition, terpenoids alter porins (transmembrane
proteins) on the outer membrane of the bacterial cell wall to form strong
polymer bonds, destroying the porin.® Damage to the porin, which is

Pharmacognosy Journal, Vol 14, Issue 3, May -June, 2022
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the entrance and exit of the compound, it will reduce the permeability
of the bacterial cell wall. This cell wall permeability will interfere with
the entry and exit of nutrients and other compounds, inhibit or dead
bacterial growth. Meanwhile, the mechanism of action of terpenoids as
antifungals, according to,” is because these terpenoid compounds are
fat-soluble so that they can penetrate fungal cells membranes, affect
their permeability and cause disturbances in the structure and function
of cell membranes.

While the activity in ethyl-acetate and methanol extracts, it is possible
that phenol compounds can form hydrogen bonds with bacterial cell
proteins, which cause damage to the bacterial cell protein structure
resulting in protein denaturation. Protein denaturation disrupts the
permeability of the cell wall and cytoplasmic membrane, resulting in
an imbalance of macromolecules and ions in the cell. As a result, the
cell becomes lysed.*

Bacteria are the main source of inflammation in the sebaceous glands,
which can lead to a variety of disorders, including acne, according to
several studies. The method can take the form of microbial nuclear cell
coagulation, their hydrophobicity disrupting the bacterial cytoplasmic
membrane, pH gradient changes, or other causes.” The results of the
MIC and MBC tests revealed that H extract had a higher activity in
suppressing the development of P. acne bacteria in this investigation.

LC-MS result indicated that A. indica hexane extract contain steroid
derivated (compound is 1,2 and 3) with R 10.40, 5.80 and 7.26.
Compound 4 showed a molecular ion peak at 279.2325m/z [M+ H]+
predicted to be a saturated acid derivative. Compound 5 is thought
to be a phenolic compound with R 7.15. The number of compounds
suspected to be steroid derivatives based on molecular ion peaks
at 455.35m/z [H + Na]+ in compound 1, 587.28 m/z [H + Na]+ in
compound 2, and 555.29 m/z [Na + H]+ in compound 3. The analysis
oflidentification oflchemical compounds using the LC-MS method
with [M+H]+ mode on extract NH from A. indica leaves showed that
extract hexane on average had a high predictive chemical content of
steroid compounds. The results oflchemical content screening based
on the LC-MS approach provide an overview of the compounds
contained in extract Hexane. Our LC-MS result (Figure 3) were in line
with previous report which indicated the presence of steroids, sterols,
triterpenoids and phenolic compounds on hexane extract.*

This study provides information that A. indica leaves have an anti-P.
acne activity whichcauses acne, allowing this plant to be developed
as traditional medicine. The A. indica hexane extract exhibit better
activity in inhibiting the growth of P. acne bacteria compare to others.
Furthermore, Azedarachin C, Alison I, Ganoderic Acid G, Nimbolide
and Tricosanic Acid, which are found in A. indica leaves and are
suspected of being used in LC-MS, have antibacterial properties. As a
result, our research has the potential to grow.
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Methanol az a zolvent. v
- Antibacterial acne activity using MIC — ;
and MBC method S A el has potential
Antibacterial acne activity -
Inhibit prowth P geie has
Hexane axtract
¥
Conclusions:
- UAE method successfully
extracted active compounds from
leaves of 4. inglica
- Antibacterial acne power of 4
R@Eﬂ hﬁﬁﬂ_ﬂ? extract hﬂd Fuiure Perspective:
Mmnimum Inhibitor Concentration Leaves of 4. mglica can be considered as a
achvty anu:_l MJ.mmum Bactericidal #| potential traditionzl antibacterial acne
Concentration activity. ) drug and developed as cosmetic medicine
-Hexane extract of 4. inglicg leaves dosase form
has the best Antibacterial acne —
- Phytochemical content of
phenolics, steroids, and terpencids
of the 4. ingipg extract had positive
correlation of acne activity and had
proven zs anfibacterial acne agent
in thiz study
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