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Oral and dental problems caused by microbial infections are one of the global
health problems which reduce the quality of life for those affected. Enterococcus faecalis is
a gram-positive bacterium, linked to oral cavity infections, which are usually managed by
chlorhexidine as an oral antiseptic. However, there is a concern related to the occurrence of its
resistance. Zanthoxylum acanthopodium has been reported to have antimicrobial activity, but
its activity against E. faecalis has not yet been known. This research aims to observe microscopic
characteristics by scanning electron microscopic, determining total flavonoid content, and
identifying anti-E. faecalis effectiveness of fruit and leaf of Z. acanthopodium ethanol extract.
Microscopic evaluation confirmed the presence of the epicarp and mesocarp in fruits, meanwhile
three different forms of calcium oxalate existed in its leaf. Further evaluation showed that fruit
ethanol extract (flavonoid content of 20.84 mg EQ/g) did not exhibit activity against E. faecalis.
However, leaf ethanol extract (flavonoid content of 131.73 mg EQ/g) showed activity against E.
faecalis with a coefficient value of 0.4 relative to chlorhexidine. This study demonstrated for
the first time, antimicrobial effectiveness of Z. Acanthopodium leaves ethanol extract against
E. faecalis.
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It was estimated that nearly 3.5 billion
people worldwide suffer from oral diseases,
with dental caries at the top of the list'. The
oral and dental problems are caused by several
factors, including sugar from food, interactions
between tooth surfaces, and microbial biofilms?.
Enterococcus faecalis is one of the microorganisms
linked to oral and dental problems usually found

in periodontitis and caries lesions®. Currently,
chlorhexidine, an antiseptic, is used to manage
periodontitis and caries caused by bacterial
infection. However, the occurrence of E. faecalis
resistance against it has become the main concern*

Herbs have been used in dentistry to
reduce inflammation as antimicrobial, antiviral, and
analgesic. Herbs also aid in healing and effectively
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controlling microbial plaque in gingivitis and
periodontitis®. Indonesia has many sources of
herbal ingredients such as plants and spices that
have antimicrobial activity empirically. Several
studies have reported the antimicrobial activity of
Z. acantopodium ethanol extract, including fruit
and leaf activity against Streptococcus mutans
and Candida albicansS. However, not only limited
information regarding to phytochemical content
of Z. acantopodium, but its antibacterial activity
against E. faecalis has not been reported. Therefore,
this research aims to evaluate its microscopic
characteristics, total flavonoids, chemical content,
and its activity against E. faecalis.

MATERIAL AND METHOD

Plant materials

Fresh fruit and leaves of Z. acanthopodium
were obtained from Dolok Pardamean District,
Simalungun Regency, North Sumatra Province, and
determined at the Center of Indonesian Institute of
Sciences (LIPI) Cibinong, West Java. The fruit and
leaves were dried and stored at room temperature
for further treatment.
Microorganism

E. faecalis ATCC 29212 was kindly
provided by the Indonesian Microbiology
Laboratory of the National Food and Drug Testing
Development Center. E. faecalis were maintained
in Enteroccoci agar, incubated at 37°C incubator
and passaged regularly.
Microscopic Characteristic Scanning Electron
Microscope

Microscopic characteristic of fruit and
leaves powder of Z. acanthopodium was observed
using a Scanning Electron Microscope (Hitachi
HT-770) at Indonesia Institute for Science, Bogor,
Indonesia.
Preparation of ethanolic extract of Z.
acanthopodium

The fruit and leaves were cleaned, then
dried for 4 days without exposure to sunlight. The
dry Simplicia was ground to powder. The fruit
and leaves powder were then extracted with 96%
ethanol using the ultrasound-assisted extraction
method for three cycles’. The obtained supernatant
was concentrated by a rotary evaporator (Buchi
Rotavapor-205) to obtain the concentrated extract.
Determination of Total Flavonoid

A total of 50 pL of the test solution and
each series of quercetin-comparison solutions were
transferred into the different wells of 96 well-
plate. 150 puL of ethanol, 10 pL of 10% aluminum
chloride, 10 pL of sodium acetate 1M was then
added to each well. The plate was shaken for 60
seconds and left to stand for 40 minutes at room
temperature, followed by absorption measurement
at a wavelength of 415 nm. Blank measurements
were carried out for each of the comparison
solutions and test solutions without the addition of
aluminum chloride. The calibration curves of the
quercetin-comparison solution were made with a
concentration series of 6.81, 9.09, 11.36, 13.63,
15.91, and 18.18 pg / mL, then the levels of the
test solution were calculated.

Chemical Analysis

Chemical compounds were analysed with
LCMS-MS Instrument, Waters Acquity UPLC
[-Class dan XEVO G2-XS QTof. As for Liquid
chromatography system, stationary phase used
were ACQUITY UPLC® BEH C18 1.7im 2.1 x 50
mm, and mobile phase were applied gradient with
solvent A (H20 + 0,1 % Formic Acid (FA)) and
Solvent B (Acetonitrile + 0,1% FA). The column
temperature was 40.0 °C. Injection volume applied
was 1 mL. As for Mass Spectrometry, sample
was full scanned (m/z 100 — 1200) with 6eV ESI
method. The identification of compound was based
on comparison time retention and mass spectra
stored in data system.

Antimicrobial effectiveness evaluation

Antimicrobial effectiveness were
evaluated using a coefficient value which
referred to the phenol coefficient value with some
modification®. A series of tubes consisting of
chlorhexidine, fruit-, and leaves- ethanol extract
each at 1:40 (0.0125%, w/V), 1:80 (0.00625%,
w/V), 1: 100 (0.005%, w/V); were prepared.
Further, 0.5 mL of 10° E. faecalis cells/mL was
added into each solution, shaken homogeneously,
and incubated at room temperature. At 5 minutes,
10 minutes, and 15 minutes after incubation, 1 loop
of liquid was taken and inoculated into a different
tube containing 5 mL of Brain Heart Infusion Broth
(Difco). Furthermore, each tube was incubated
at 37°C for 24 hours followed by turbidity
observation. The coefficient value is the quotient of
the highest dilution factor of the test solution with
the highest dilution factor of chlorhexidine, each of



RAHMASARI et al., Biomed. & Pharmacol. J, Vol. 16(2), 809-816 (2023) 811

which kills the test bacteria within 10 minutes but
does not kill within 5 minutes®. Two independent
experiments were performed, each in duplicate.

RESULTS

Microscopic observation

The microscopic study of Z.
acanthopodium fruit revealed the presence of the
epicarp and mesocarp layer (Figure 1). Meanwhile,
the presence of three different forms of calcium
oxalate, which are fibril, spiral fiber, and granule,
were also observed at the leaves section (Figure 2).
Extraction and Chemical analysis

The ethanol was used as a solvent to
attract the polar compounds in the sample. Instead
of increasing the temperature, current research
used the ultrasound-assisted extraction method.
The liquid extract was further evaporated until

concentrated extract was obtained. The yield for
fruit and leaves of ethanol extract was 11,06% and
14,87% as shown in Table 1, respectively.

The determination of total flavonoid
levels was based on the colorimetric method using
aluminum chloride (AICL,). Total flavonoid levels
were expressed as mg equivalent of quercetin per
g of sample (mg EQ/g). The quercetin standard
curve, y = 0.0442x - 0.0624, was obtained with a
correlation coefficient (r) of 0.9972 (supplementary
data). The r value indicated that the standard curve
fit as a regression line!®. After determination, total
flavonoids were 20,84 mg QE/ g for fruit ethanol
extract and 131, 73 mg EQ/ g for leaves ethanol
extract as shown in Table 2, respectively. The leaf
ethanol extract showed higher flavonoid content
than fruit ethanol extract.

Further, identification of pythochemical
components in Z. acanthopodium fruit and leaf,

Fig. 1. Microscopic observation of fruit of Z.acanthopodium DC. using scanning electron microscope. Ec:
epicarp. Mc: mesocarp. Efs: epicarp of the fruit surface view
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was performed by Liquid Chromatography Mass
Spectrometry. Based on the LCMS-MS result
analysis, d-Lirioferine (Lirioferine), Lycopodine,
and Yuanhunine were main compounds found in Z.
acanthopodium leaves. Meanwhile, Isopsoralidin,
Kokusaginine, Quercetin, Quercimetrin and
Stearidonic Acid were main coumponds found
in Z. acanthopodium fruit. Table 3 shows all
compounds identified by LCMS-MS. Quercetin
and Quercimetrin are flavonoid compounds,
which is well known for their antimicrobial
activity. Lirioferine, lycopodine, kokusaginine and

Table 1. Extract yield of fruit and leaves ethanol

extracts
Z. acanthopodium Weight (g)
Simplicia Crude Yield
extract (%)
Fruit 60 6,64 11,06
Leaves 16 2,38 14,87

yuanhunine are alkaloids. Isopsoralidine is fenolic
compound while Stearidonic acid is a fatty acid.
Anti E. faecalis effectiveness

The effectiveness of ethanol extract
against E. faecalis was evaluated using a modified
coefficient value. This evaluation will measure the
effectiveness of extract in inhibiting E. faecalis
after 10 minutes interaction but not at 5 minutes
interaction with E. faecalis. Chlorhexidine,
a mouth-washed antiseptic for oral disease
management was used as a controlled drug'’.
The evaluation showed that Chlorhexidine
inhibited E. faecalis after 10 minutes interaction at
concentration 0.005% (w/V) or at 1: 100 dilution.

Table 2. Flavonoid total of Z. acanthopodium
ethanol extract

Z. acanthopodium Flavonoid total

ethanol extract (mg EK/ g)
Fruit 20, 84
Leaves 131,73

Fig. 2. Microscopic observation of leaves of Z.acanthopodium DC. using scanning electron microscope. St:
arrangement of stomata. Cw: cell wall. Sc: sclerenchyma. Cof: calcium oxalate fibrils. Stc: Starch. Cog: calcium
oxalate granules, Tr: tracheid. Spf: spiral fibre
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The fruit ethanol extract was not able to inhibit E.
faecalis after 10 minutes interaction, in all tested
concentration (Figure 3). On the other hand,
leaf ethanol extract inhibited E. faecalis after 10
minutes of interaction at 0.0125% (w/V) (1:40
dilution). The coefficient value of all tested extract
effectiveness, relative to chlorhexidine against E.
faecalis is shown in Table 4, respectively.

DISCUSSION

Natural products including plants are
valuable materials for the drug discovery and
development since they possess diversity of
metabolites. Zanthoxylum acanthopodium DC is
one of the Rutaceae plants which distributes widely
in subtropical and tropical areas. Traditionally,
Zanthoxylum genus is used for mouth-washed teeth

Table 3. Main compounds found in leaf and fruit Z. acanthopodium ethanol extract

Sample  Compound Name m/z Observed RT (Min) Molecular Formula
Leaves  d-Lirioferine (Lirioferine) 342.1705 2.90 C20H23NO4
Lycopodine 248.2009 7.17 C16H25NO
Yuanhunine 356.1856 3.37 C21H25N0O4
Fruit Isopsoralidin 337.1080 6.53 C20H1605
Kokusaginine 260.0921 4.79 CI14H13NO4
Quercetin 303.0503 3.54 C15H1007
Quercimetrin 465.1033 3.30 C21H20012
Stearidonic Acid 277.2171 7.26 C18H2802
E. Faecalis contact time (minutes)
+ 7 fruit ethanol extract + Z leaves ethanol extract

+ Chlorhexidine

1:40

15

1:30

Dilution factor

Fig. 3. Coefficient value determination relative to chlorhexidine based on medium turbidity. Medium turbidity
result after contact with E. faecalis for 5, 10, and 15 minutes. M means Medium only without any treatment
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Table 4. Z. acanthopodium ethanol extract coefficient value relative to Chlorhexidine

sample Anti E. Faecalis effectiveness
contact time (minutes) Coefficient
Dilution 5 10 15 value*
Chlorhexidine 1:40 - - 1
1:80 - - -
1:100 + - -
Z. acanthopodiun Fruit 1:40 + + + none
ethanol extract 1:80 + + +
1:100 + + +
Leaves 1:40 + - - 0.4
1:80 + +
1:100 + + +

Note: 1:401s 0.0125 % w/V; 1:80 is 0.00625% w/V; 1:100 is 0.005% w/V; + means medium were observed turbid;
- means medium were observed clear; * relative to chlorhexidine. The results were derived from two independent

experiments each in duplicate.

protection and has been reported to exhibit activity
against bacterial dan fungi in vitro. However, report
regarding to fruit, leaves morphological structure
of Z. acanthopodium, growth in Indonesia tropical
area, and its activity against E. faecalis is poor. In
current study, observation by scanning electron
microscopic showed the scattered arrangement
of kidney-shaped stomata (Figure 2) on leaves.
This is in agreement with its class classification,
dicotyledoneae!'®. This microscopic characteristic
of fruit and leaves powder of Z. acanthopodium
as presented, is useful for further identification.
Further the arrangement of epicarp and mesocarp
(figure 1) and scattered kidney-shaped stomata
(figure 2) were known related to its secreted
metabolites not only to its function'. Bioactive
phytochemical was known to accumulated higher
in fruit than other tissue. It has been demonstrated
that fruit mesocarp contributed in synthesize of
hydroxilated metabolites and the thickness of
epicarp involves in its resistance against external
factors which both involved in production and
accumulation of secondary metabolites'*'*. Further,
the prolong exposure of environment signal or
stress at leaves, lead to adjustment of stomata
size and density which further affected the shifts
of primary to secondary metabolism resulting in
elevation of secondary metabolites production''.
Thus, it is possible to roughly predict the secondary
metabolite level production with density of
stomata'®. To note, the same species plant may

have may differ stomata density in response to
environmental condition. However, in current study
we could only observe the stomata shaped. Briefly,
the identification of microscopic characteristic is
important not only for plant identification but might
indicated the level of metabolites being secreted.
However, further histochemical test is needed to
evaluate the phytochemical location in the cells.

In current study, extraction were performed
by the ultrasound-assisted extraction method which
will enhance the interaction of solvent-sample
and avoid product degradation because of high
temperature’. Flavonoid content evaluation showed
that leaves of Z. acanthopodium have higher
flavonoid content compared to fruit flavonoid
content (Table 2). To note, flavonoids that found
in Z. acanthopodium fruit was Quercetin (Table 3)
which is well known to exhibit antibacterial such as
against K. pneumoniae, B. cereus, A. parasiticus,
A. flavus, S. aureus, S. epidermidis, B. subtilis, M.
luteus and E. coli'®. In the opposite, anti-E.faecalis
activity using modified phenol coefficient value,
was only shown from the leaves ethanol extract
with main alkaloid content. The high flavonoid
and main alkaloid content of leaves ethanol
extract, indicate the presence of various abundant
compounds in the leaves ethanol extract.

It was reported previously, that total
flavonoid content is also positively linked to
its antimicrobial activity'®. This explained why
the effectiveness of Z. acanthopodium against
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E. faecalis using coefficient value method, only
observed at leaves ethanol extract (Table 4). It was
reported that various flavonoids act as antibacterial
by causing cell-membrane damage and inhibition
on respiratory chain®*. Nonspecific interaction
between flavonoid and phospholipid can alter the
membrane properties such decrease the fluidity
and integrity of cellular membrane. Meanwhile,
the binding of flavonoid at the polyphenol binding
pocket of ATP synthase was the main reason of
respiratory chain inhibition at bacterial*'*.

In addition, LCMS-MS analysis (Table
3) indicated the presence of alkaloids as main
compounds on leaves ethanol extract which also
could explained its activity against 4. faecalis
(Table 4). Lirioferine is an phenolic aporphine
alkaloids, found in Litsea cubeba and reported
to have antimicrobial activity. The presence of
phenolic group on Lirioferine has been suggested
responsible for its activity”. Aporphine alkaloids
also have been reported for its potential antibacterial
activity in 2014 by Udvardy. Lycopodine is also
an alkaloid and it is known as its antimicrobial
activity?*. Isopsoralidin is a derivative from
psoralidin, which is known for its anticancer,
antiosteoporotic, anti-inflammatory, anti-vitiligo,
antibacterial, antiviral, and antidepressant-
like effects. Psoralidin has been reviewed its
antibacterial activity by using diffusion method
against S. aureus, S. epidermidis, P. aeruginosa,
K. pneumoniae, P. mirabilis, P. vulgaris, and E.
coli, with best results was against K. pneumoniae®.
Based on chemical identification (table 2 and 3),
the presence of flavonoid and alkaloid in the leaves
of Z. acanthopodium might responsible as anti
E. faecalis with similar mechanism as explained
above. However, further antimicrobial activity
research using different method including isolation
and characterization of active compound(s),
is needed to confirm Z. acanthopodium active
compound against E. faecalis structure and its
mechanism of action.

CONCLUSION

In the present study, the obtained Z.
Acanthopodium Microscopic characteristics
is hopefully useful for plant identification and
rough prediction of secreted metabolite level. In
addition, the high flavonoid, alkaloid content,

and anti E. faecalis activity from leaves ethanol
extract indicate its potential to be developed as
new antimicrobial or as combine therapy against
E. faecalis. However, further research is needed
for elucidation of main active compound and its
mechanism of action.
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