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In our present study, the hexane fraction from the root of the Thai medicinal plant
Strophioblachia fimbricalyx Boerl. was purified and the purification led to the isolation of
3-acetylaleuritolic acid, trigonostemone and 3,6,9-trimethoxyphenanthropolone. The aims
of this work are to evaluate antibacterial activity of these three isolated compounds from
our local plant and to study their mechanism of actions toward target pathogenic bacteria
(Gram positive and Gram negative bacteria). The antibacterial activity of isolated compounds
was primary screened by agar well diffusion method and the active compound was subjected
to determine for MIC and MBC values by microdilution method. The kinetic study of the
bacteriostatic or bactericidal activity time-kill experiment (24 h) and mechanism of action
on cell morphology toward target bacteria detected by scanning electron microscope of the
active compound were further evaluated. Results indicate that among the tested three
compounds, trigonostemone was the only active one. It exhibited an inhibitory effect on the
growth of Gram positive bacteria, methicillin-susceptible Staphylococcus aureus (MSSA) DMST
2933, methicillin-resistant S. aureus (MRSA) DMST 20651 and Bacillus cereus ATCC 11778 with
the MIC/MBC values of 12.5/25.0, 6.25/6.25 and 6.25/6.25 mg/mL, respectively. Trigonostemone
possessed time- and concentration-dependent bacteriostatic activity against S. aureus (MSSA)
DMST 2933 and bactericidal activity against B. cereus ATCC 11778. It caused bacteriostatic
activity against S. aureus (MSSA) DMST 2933 at the concentration of 2 x MIC by changing cell
morphology and bactericidal activity against B. cereus ATCC 11778 at the concentration of 2 x
MIC after 4 h by inducing cell size variations at the concentrations of 2 x MIC, respectively.
This finding suggests that trigonostemone isolated from the root of S. fimbricalyx has a
potential to be used as natural antibacterial compound against S. aureus (MSSA) DMST 2933
and B. cereus ATCC 11778 bacterial strains.

Keywords: Antibacterial activity; mechanism of action; trigonostemone; Strophioblachia
fimbricalyx; time-kill assay.

INTRODUCTION

Strophioblachia fimbricalyx Boerl. (Euphorbiaceae) is an
indigenous plant and distributed widely in northeastern
Thailand. Its roots have been used traditionally as treatments
for migraine, fever and cancer (Chuakul et al., 2002; Kaewkrud
et al., 2008; Seephonkai et al., 2009). The isolation of trigo-
nostemone, 9-O-demethyl trigonostemone, 3,6,9-trimethoxy
phenanthropolone, 4,6,9-trimethoxyphenanthropolone,
fimbricalyxs A-D, fimbricalyx- anhydrides A and B, and
fimbricalyxlactones A-D from the ethyl acetate extract from
roots of S. fimbricalyx have been reported by our research
group (Seephonkai et al., 2009, 2013a, 2013b). Cytotoxic
and antiplasmodial activities of the isolated compounds
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correlated well to the traditional use of this plant. Among
these secondary metabolites, trigonostemone was isolated
as a major compound and it did not show cytotoxic or
antiplasmodial properties toward the tested cancer cells or
plasmodial parasite (Seephonkai et al., 2009). Utilization of
trigonostemone caught our attention recently due to its
antibacterial activity against Staphylococcus aureus (Li et al.,
2014).

Microbial infections are a global health problem (Zhao
et al., 2014; Khameneh et al., 2019) and infection of foodborne
pathogens make an important contribution to this problem.
A number of foodborne pathogens have been recognized for
foodborne diseases (Alocilja & Radke 2003; Chemburu et al.,
2005; Velusamy et al., 2010). In Thailand, there were about
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1,038,349 cases of diarrhea and 110,396 cases of foodborne
diseases reported in 2017, and Staphylococcus, Salmonella and
Vibrio were the three mains foodborne pathogenic bacteria
causing these illnesses (Innovation and Research Division,
2019). Unfortunately, inappropriate use or overuse of
antibiotic drugs for medication resulted in drug resistance
problems. Therefore, a search for new potential antibacterial
agents is needed especially for agents to treat drug resistant
bacteria strains and plant secondary metabolites are
considered good candidates that could be alternative to
antibiotics and for the treatment of antibiotic-resistant
bacteria.

In our present study, the hexane fraction from the root of
S. fimbricalyx was purified and isolated compounds have been
tested for their antibacterial activities against Gram positive
and Gram negative foodborne pathogenic bacteria. Kinetic
and mechanism of action of active compound were also
investigated.

MATERIALS AND METHODS

General experimental procedure

Proton nuclear magnetic resonance (*H-NMR; 500 MHz)
spectra were recorded in deuterated chloroform (CDCl;). Thin
layer chromatography (TLC) technique was performed on
aluminum-backed silica gel (60 GF254), and bands were
detected by UV light (A 254 nm). Column chromatography (CC)
was performed using silica gel (40-63 um). Scanning electron
micrograph was obtained from Scanning Electron Microscope
(SEM) (JEOL, JSM6460LV). The bacteria strains were sourced
from the Medical Microorganisms Department of Medical
Sciences Thailand. Mueller Hinton Agar (MHA) and Mueller
Hinton Broth (MHB) (Difco, USA) were used as the culture
medium. Tetracycline (Sigma, USA) was used as a standard
antibiotic.

Plant material and extraction

Plant material and extraction of the root of S. fimbricalyx have
been described and reported previously (Seephonkai et al.,
2013b). The hexane extract (HF-H; ~10 g), a semi-amorphous
brownish-yellow solid, obtaining from our previous study,
was triturated in 30 mL of hexane (stirred, room temperature,
1 h). The brownish-yellow soluble part was taken and the
dark brown precipitate was subjected to triturate by the same
procedure once again. The hexane soluble filtrate parts
were combined and concentrated under reduced pressure
while the precipitate was collected and dried to obtain
SF-Hf (2.3 g) and SF-Hp (7.5 g) hexane fractions respectively
(Figure 1).

Isolation

Based on TLC profiles and 'H-NMR spectra, the SF-Hp fraction
was subjected to purify (Figure 1) by silica gel column
chromatography and eluted with hexane:dichloromethane
(80:20 to 20:80) to obtain four major fractions, A (105 mg),
B (1.14 g), C (300 mg), and D (125 mg). Fractions A and B
were combined due to its similarity of the TLC profiles and
IH-NMR spectra. After that, the combined fraction (~1.245 g)
was placed into a glass vial and hexane (15 mL) was added.
The mixture was stirred at room temperature (1 h), left until
powder part at bottom and filtrate on top are separated.
Later the filtrated is removed and the same procedure
(trituration) was repeated trice with the powder which is
identified as 3-acetylaleuritolic acid or acetylaleuritolic acid
(a colorless powder; 383 mg). Fraction C was chromatographed
on silica gel and eluted with hexane:dichloromethane (50:50
to 0:100) followed by dichloromethane:ethyl acetate (90:10
to 70:30). Main sub-fraction was collected and further
purified by the same process until obtained trigonostemone
(a yellow powder; 180 mg). Fraction D was subjected to
column chromatography over silica gel (dichloromethane:

SF-H (~10g)

— trituration in hexane
(30 mL, stirred, rt_, 1 h, two times)

3-acetylaleuritolic acid
(383 mg)

SF-Hp (~7.5g) SF-Hf(~2.3 g)
L silica gel column chromatography
A(105mg) B(l.14g) C (300 mg) D (125 mg)
l Sambned l —— silica gel column ——
\ 4 hromatograph A 4
— trituration in hexane N

(15 mL, stirred, rt_, 1 h, four times)

\4
14 N4

trigonostemone 3.6.9-trimethoxy
(180 mg) phenanthropolone
(55 mg)

Figure 1. Extraction and isolation flow chart of the hexane fraction from S. fimbricalyx.
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ethyl acetate = 90:10 to 30:70 as eluent) and main sub-
faction was re-fractionated on silica gel until gave 3,6,9-
trimethoxyphenanthropolone (a yellow powder, 55 mg).

Antibacterial assay

Bacterial strains and cultivation

Eight foodborne pathogenic bacteria; three Gram positive
bacteria, Staphylococcus aureus (MSSA; methicillin-susceptible)
DMST 2933, S. aureus (MRSA; methicillin-resistant strain) DMST
20651 and Bacillus cereus ATCC 11778 and five Gram negative
bacteria, Escherichia coli ATCC 25922, Salmonella enterica serovar
Typhi DMST 22842, Vibrio cholerae O1 DMST 9700, Shigella flexneri
DMST 4423 and Shigella dysenteriae DMST 15110 were selected.
The culture of the selected strain was done on Mueller
Hinton Agar (MHA) medium (37°C, 16—18 h). Then, single colony
of bacterial pathogens was inoculated into Mueller Hinton
Broth (MHB) (37°C, 4 h, 250 rpm). After that, adjustment to
4-5 x 10% CFU/mL of bacterial culture was done.

Antibacterial activity screening

The agar well diffusion method was performed as
preliminary screening of the antibacterial capacity of isolated
compounds (Sangdee et al., 2015). The tested bacteria were
cultured on MHB (37°C, 4 h, 250 rpm) and then adjusted to the
0.5 McFarland standard. The standardized bacterial was
swabbed over the whole surface of MHB medium, four
directions, and then a 7 mm sterile cork borer was used to
cut the medium. The sample solution (50 mg/mL in 10%
methanol) was transferred into the wells and the plates
were subjected to incubate (37°C, 16-18 h). Later, the
measurement of the inhibitory zone surrounding in each
well was read with the help of a Vernier caliper. The standard
antibiotic tetracycline was a positive control in this assay.
The compound that showed antibacterial activity was chosen
for further investigation.

MIC and MBC determination

The active compound from the antibacterial activity screening
was taken to determine MIC and MBC using microdilution
method (Sangdee et al., 2018a). Briefly, the tested bacteria
were cultured as described above (MHA medium, 37°C, 4 h,
250 rpm, followed by adjustment to the 0.5 McFarland
standard). Then, the standardized inoculum of 4-5 x 10® CFU/
mL (10 pL) was applied to the wells (96-well polystyrene
plate) and each diluted sample solution (50, 25, 12.5, 6.25,
3.125 and 1.56 mg/mL) in MHB (90 pL) was added. Inoculated
and uninoculated controls were included each in their own
separated well plate. A reference tetracycline compound (250
pg/mL) was used as positive control. The plates were
incubated (37°C, 16-18 h) and the minimum inhibitory
concentration (MIC) to inhibit the growth of tested bacterial,
was determined. Later, the subculture of suspension in
each well was performed on MHA to record the minimum
bactericidal concentration (MBC) to kill the tested bacteria.

Time-kill assay

The experiment of time-kill was done as described in the
literatures (White et al., 1996; Aiyegoro et al., 2009; Alshareef,
2021) for the active compound. The concentration of 2 x MIC
of the sample solution was used to test against target
bacteria along with the test tube of MHB without sample
and MHB with tetracycline (250 pug/mL) in the assay. After
incubation (37°C), bacterial suspension in a small volume
was taken at 0, 2, 4, and 24 h to dilute and spread onto the
MHA plate in order to count the viable colony number. A
graph between viable bacteria number and time taken was
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plotted to evaluate the killing rate. Results with bacterial
count reduction of 3 log 10 (Pankey & Sabath, 2004) were
considered to have bactericidal activity.

SEM experiment

The mechanism of actions on target bacterial cell morphology
of the active compound was investigated using scanning
electron microscope (SEM) experiments as described in
literature (Sangdee et al., 2018b). The pathogen cells were
treated with the sample solution at 2 x MIC level of the
concentration, and were then incubated (37°C, 16-18 h). Next,
the bacterial cells were harvested and washed, and fixed
with 2.5% glutaraldehyde in 5% sucrose. After that, the cell
pellets were dehydrated and then applied to a membrane.
Gold was used to sputter-coat onto a dried sample powder
surface for preparing samples which were taken to
morphologically examine under a SEM. The cell alterations
caused by compound treatment were compared with those
caused by tetracycline (250 pg/mL) and the control treatments.

Statistical analysis

The data from three replicates were presented as mean using
Microsoft® Excel® 2016 (Microsoft Corporation, Redmond, USA).
Then, the time-kill kinetics were plot using Microsoft® Excel®
2016.

RESULTS AND DISCUSSION

Identification of compound

Three isolated compounds; 3-acetylaleuritolic acid,
trigonostemone and 3,6,9-trimethoxy phenanthropolone
(Figure 2), were identified based on comparison of their
1H-NMR spectra to those reported in literatures (McLean et
al., 1987; Seephonkai et al., 2009). Both 3-acetyl aleuritic acid
and trigonostemon have been isolated previously from the
root of the Thai medicinal plant Trigonostemon reidioides
Criab. (Euphorbiaceae) (Vipha, 1988; Kokpol et al., 1990).
Our present study supported the co-occurrence of these
two metabolites from S. fimbricalyx which belongs to
Euphorbiaceae family.

Antibacterial activity screening and MIC and MBC determination

The results from preliminary screening of antibacterial
activity against eight foodborne pathogenic bacteria showed
that trigonostemone had the growth inhibitory activity toward
all three Gram positive bacteria; S. aureus (MSSA) DMST 2933,
S. aureus (MRSA) DMST 20651 and Bacillus cereus ATCC 11778. Its
inhibitory zone of 17-18 mm for both S. aureus strains and 14
mm for B. cereus ATCC 11778 was observed (Table 1). No activity
of this compound against Gram negative bacteria used in
this study was observed. The MIC and MBC were next
determined toward target bacteria. The results showed that
the MIC of trigonostemone was low, ranging from 6.25-12.50
mg/mL (Table 1). Among the three target tested bacteria,
trigonostemone exhibited the most potent activity with MIC
values of 6.25 and 6.25 mg/mL and MBC value was 6.25 and
6.25 mg/mL against S. aureus (MRSA) DMST 20651 and B. cereus,
respectively.

Time-kill assay

The time-kill assay was carried out for determining
trigonostemone bacteriostatic/bactericidal activity. The
time kill profiles of trigonostemone (2 x MIC) exhibited
bacteriostatic activity toward S. aureus (MSSA) DMST 2933
(Figure 3A) compared with the other concentrations (0.5 x
MIC and 1 x MIC). The trigonostemone was bacteriostatic
against S. aureus (MRSA) DMST 20651 when the bacterial was
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Figure 2. Structures of three isolated compounds from S. fimbricalyx.

Table 1. Screening of the antibacterial activity, MIC and MBC of trigonostemone against pathogenic bacteria

Strains Inhibition zone diameter (mm) MIC (mg/mL) MBC(mg/mL)
Escherichia coli ATCC 25922 0 ND ND
Salmonella enterica serovar Typhi DMST 22842 0 ND ND
Shigella flexneri DMST 4423 0 ND ND
Shigella dysenteriae DMST 15110 0 ND ND
Vibrio cholerae O1 DMST 9700 0 ND ND
Staphylococcus aureus MSSA 2933 17 x 17 12.50 25.00
Staphylococcus aureus MRSA 20651 18 x 18 6.25 6.25
Bacillus cereus ATCC11778 14 x 14 6.25 6.25

ND means not determined. Data represented as a mean value from experiment in triplicate.

initially exposed to the compound (< 4 h) (Figure 3B), but
was no bacteriostatic toward S. aureus (MRSA) DMST 20651,
after exposed time of more than 4 h (Figure 3B). Interestingly,
this compound (2 x MIC) reduced B. cereus ATCC 11778 cell
viability at the level of 3 log,y CFU/mL by 24 h (Figure 3C),
indicating that bactericidal activity of trigonostemone toward
this bacterial strain. Based on these results it was concluded
that trigonostemone has time- and concentration-dependent
bacteriostatic and bactericidal activities against S. aureus
(MSSA) DMST 2933 and B. cereus ATCC 11778, respectively.

SEM experiment
The cell morphology of the target bacteria was investigated
after the treatment with trigonostemone using SEM. In
the case of S. aureus, several cell alterations induced by
trigonostemone (2 x MIC) and tetracycline were observed
clearly. These include either decrease or increase cell size
(Figure 4B, C, E and F). Similar results of morphological
alterations were observed when B. cereus ATCC 11778 was
treated with trigonostemone (2 x MIC) (Figure 5C). Cell lysis
or bacterial cell cavities of B. cereus ATCC 11778 was observed
after the treatment with tetracycline while there was no
damaging of untreated control (Figure 4A, D and Figure 5A).
To our knowledge, only one example of antimicrobial
activity of trigonochinene E, a phenanthrene, with chemical
structure closely related to trigonostemone has been
reported (Yin et al., 2008). This compound exhibited the
inhibition activity against selective Gram-positive bacteria
S. aureus ATCC 25923, S. epidermidis ATCC 12228 and Micrococcus
luteus ATCC 9341 (MIC values 6.25-12.5 pg/mL). This information
may suggest that phenanthrene and phenanthrenone
compounds are effective against Gram positive bacteria.
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The activity of trigonostemone against Gram-negative
bacteria was not observed in this study. This was probably
because the mechanism of action of the tested compound
respond to different target molecules in Gram negative
and Gram positive bacteria cell wall structure (Russell,
2003). Blestriacin, a Gram-positive dihydro-biphenanthrene
bactericidal agent, is a good examples. The antibacterial
activity and antibacterial mechanism of blestriacin has been
investigated recently (Qian et al., 2015; Chen et al., 2018).
Numerous lysed cells of S. aureus ATCC 2931 and cellular
fragment were observed when blestriacin was treated with
the bacteria. The change of morphology and fragmentation
of Bacillus subtilis 168 structure cell were also induced by this
compound (Qian et al., 2015; Chen et al., 2018). These effects
on the bacteria cell membrane were similar to the
observation of S. aureus (MSSA) DMST 2933 and B. cereus ATCC
11778 treated with trigonostemone in our present study.
Based on the bacterial cell alteration results in this study, a
trigonostemone mechanism of action involving peptidoglycan
biosynthesis disruption resulting in bacterial cell wall
damage and causing cell death (Cushnie et al., 2016) could
be concluded.

CONCLUSION

This work reports the antibacterial activity of the
trigonostemone together with its kinetic and mechanism of
action. It exhibited time- and concentration-dependent
bacteriostatic activity against S. aureus (MSSA) DMST 2933 and
bactericidal activity against B. cereus ATCC 11778 by changing
cell morphology and cell lysis.
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Figure 3. In vitro bacteriostatic and bacteriocidal activities of trigonostemone against S. aureus (MSSA) DMST 2933 (A), S. aureus
(MRSA) DMST 20651 (B) and B. cereus ATCC 11778 (C) at 0.5 x MIC (M), 1 x MIC (A), and 2 x MIC (x) compared with the untreated
control (#) and tetracycline at 250 pg/mL (*). Data represent mean from three replicates.
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Figure 4. Scanning electron micrographs shows the cell morphological alteration such as decrease and increase of cell size of
S. aureus (MSSA) DMST 2933 (A-C) and S. aureus (MRSA) DMST 20651 (D-F) after the treatment with trigonostemone at 2 x MIC (C and
F), and tetracycline at 250 ug/mL (B and E) compared with the normal cell size in the untreated control treatment (A and D).
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Figure 5. Scanning electron micrographs shows the cell size variation of B. cereus ATCC 11778 after the treatment with trigonostemone
at 2 x MIC (C) and the cell cavities was observed in the tetracycline at 250 pug/mL treatment (B) compared with the normal cell in

the untreated control treatment (A).
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