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ABSTRACT

The rapidly growing antimicrobial resistance is a global problem. This made it necessary to search for new
antimicrobial agents. In present study, agar well diffusion, broth microdilution and time-Kkill kinetic assays were
used to determine the antimicrobial activities of the extracts against seven pathogens. The results showed that 75%
acetonic and 95% ethanolic extracts of Garcinia cowa Roxb. leaves (GCL) showed the strongest broad-spectrum
antibacterial effect towards both Gram-negative and Gram-positive bacteria with 9.67+0.57-22.83+0.45 mm of
inhibition zones and MIC/MBC values ranging from 25-100 mg/mL. 95% ethanolic extract revealed the inhibiting
and killing actions at rapid first 3 h of incubation, depending on concentration of extracts and had the best capacity
to inhibit biofilm formation of all tested bacteria (gastrointestinal and urinary pathogens) with 73.43+0.20-
90.14+0.10%. Pseudomonas aeruginosa ATCC 27853 displayed the highest sensitivity with all GCL extracts.
Interestingly, 95% ethanolic extract and ampicillin combination showed a synergistic effect at FICI value of
0.0313-0.5 (1/16MICx1/32MIC-1MICx1/4MIC) against all microorganisms. The bioactive potency of constituents
of the 95% ethanolic extract (saponins, tannins, flavonoids, steroids, terpenoids and alkaloids) play an important
roles in the observed antibacterial, anti-biofilm and synergistic activities. The findings indicated that Garcinia cowa
Roxb. leaves extracts had the strong broad-spectrum antibacterial, anti-biofilm and synergistic activities. Crude
extracts possess time and concentration-dependent bactericidal actions. Thus, the present results that G. cowa
Roxb. leaves extracts had potential as a natural alternative antimicrobials for fighting bacterial infections.
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1. INTRODUCTION

Recently, Staphyloccocus aureus, Acinetobacter
baumannii, Streptococcus pneumoniae, Escherichia coli,
Klebsiella spp., Enterobacter spp. and Pseudomonas
aeruginosa have been reported as a group of priority
pathogens by the World Health Organization (WHO)?.
These pathogens have high levels of resistance to most
existing antibiotics such as carbapenem, vancomycin,
penicillin, ampicillin and the third-generation antibiotic
cephalosporin. The incidence of microbial drug-resistance
and the limited availability of new antimicrobials gives
enough motivation to increase the search for potential
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drugs or antimicrobial agents from various sources such
as plants. Natural resource development is an increasingly
important goal in many countries, especially Thailand,
where have an abundance of medicinal plants. Medicinal
plants are often used in cooking and to treat infections.
These plants are often funded by both the public and
private sectors in the search for new useful phytochemi-
cals from medicinal plants?. Garcinia cowa Roxb. is
commonly known as Cha-muang in Thailand and is a
tropical tree found in Southeast Asia. It belongs to the
Guttiferae family. The leaves and fruits of this plant are
used as vegetables and foods. Garcinia cowa Roxb. is rich
source of secondary metabolites such as xanthones,
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phloroglucinols, terpenoids, steroids and flavonoids®.
Many parts of Cha-muang have been used in traditional
folk medicine. The leaves are rich in organic compounds
such as (-)-hydroxycitric acid and polyphenols*. Addi-
tionally, the extracts of G. cowa roxb. have numerous
reported biological activities including anti-diabetes,
anticancer, anti-inflammatory, antibacterial and antioxi-
dant>°. Nonetheless, no information on the use of extract
of G. cowa Roxb. leaves for anti-biofilm and synergistic
activities.

Biofilm formation is one of the resistance strategies
of many pathogens, which makes it difficult to treat
because bacterial strains are resistant to antibiotics.
Various bacteria also transfer the resistance genes within
members of the biofilm micro-community. Many diffe-
rent bacterial strains are important to humans such as
Escherichia, Staphylococcus, Pseudomonas, Bacillus,
Salmonella, etc. Theses strains cause infections that are
difficult to treat due to their ability to form biofilms.
Currently, antibiotic resistance occurs when bacteria
have evolved to avoid the effects of antibiotics through
various mechanisms. Antibiotic resistance impairs the
ability to treat diseases and infection in humans. Recently,
antibacterial effect of plant extracts or natural compounds
is found to be synergistic with several antibiotics like
ciprofloxacin, tetracycline, gentamycin, etc!**, Accor-
ding to the World Health Organization (WHQO), around
80% of the population in developing countries use tradi-
tional medicine as primary source of healthcare. Interes-
tingly, the WHO endorses efficacy assessments of plant-
based medicine to standardize their application and inte-
gration into health care systems!4. Therefore, this study
aimed to screen phytochemical compounds and deter-
mine the antibacterial activities of crude extracts of G.
cowa Roxb. leaves against two Gram-positive bacterial
(Enterococcus faecalis DMST 4736 and Staphylococcus
aureus ATCC 25923) and five Gram-Negative bacterial
(Escherichia coli ATCC 25922, Klebsiella pneumoniae,
Pseudomonas aeruginosa ATCC 27853, Proteus mirabilis
DMST 8212 and Salmonella typhimurium ATCC 13311)
strains. Furthermore, the anti-biofilm activity of the
extracts on the seven pathogens to prevent biofilm for-
mation and synergistic activity of plant extracts with
antibiotics was also evaluated to find out the natural/
alternative antibacterial substances for controlling patho-
genic bacteria.

2. MATERIALS AND METHODS
2.1. Preparation of plant extracts

Fresh leaves of Garcinia cowa Roxb. were collected
from Mueang District, Chanthaburi Province, Thailand
in August, 2019. The plant samples were analyzed and
classified by a botanical specialist. The leaves were
washed and cut into small pieces, dried with hot air at
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40°C and grinded to coarse powder. The coarse powders
were macerated with 95% ethanol (ratio=1:6), 75%
acetone (ratio=1:6) for 5 days under occasional shaking
(room temperature) and boiled in distilled water (ratio=
1:6) at 60°C for 30 min. Afterwards, the extracts were
filtered through Whatman No. 1 filter paper and centri-
fuged at 5,000 rpm for 10 min. Each filtrate was concen-
trated using a rotary evaporator. All concentrated extracts
were kept at -20°C under a dark condition until further
analysis. The extraction yield (%; w/v) of all extracts was
calculated after evaporation.

2.2. Preliminary phytochemical analysis

Crudes of Garcinia cowa Roxb. leave extracts were
screened qualitatively the different groups of phytoche-
mical constituents, including saponins, flavonoids, tan-
nins, steroids, alkaloids, terpenoids, anthraquinones and
cardiac glycosides®. These tests are based on visual
observation of color change or precipitate after the addi-
tion of specific reagents. The presences of phytochemical
compounds in the plant extracts were observed in period
of 1-20 minutes after the reactions.

2.3. Microorganisms and culture condition

This study used seven pathogenic strains including
Gram-positive bacteria (Enterococcus faecalis DMST
4736 and Staphylococcus aureus ATCC 25923) and
Gram-Negative bacteria (Escherichia coli ATCC 25922,
Klebsiella pneumoniae, Pseudomonas aeruginosa ATCC
27853, Proteus mirabilis DMST 8212 and Salmonella
typhimurium ATCC 13311). All bacterial strains were
obtained from the laboratory of the Department of and
were maintained on brain heart infusion (BHI, Difco)
agar medium at 37°C.

2.4. Evaluation of antimicrobial activity by agar well
diffusion method

Antimicrobial activity of plant extracts was per-
formed using the agar well diffusion method as described
Tinrat (2022) with minor modification®®. Briefly, 100 uL
of fresh culture (approximately 108 CFU/mL; ODeoo=
0.5) were inoculated into 5 mL of BHI agar (0.75% agar).
The mixture was overlaid on BHI agar plates. Then, well
of 6 mm in diameter were dug with a sterile cork borer
after solidifying BHI agar. 100 pL of 50, 100, 200 and
400 mg/mL extract solutions was dropped into each
wells. After incubating the plates at 37°C for 24-48 h, the
inhibition zones around each well were measured in
millimetres. The standard positive control (ampicillin;
10 pg) and negative control (DMSO 1%) were included.
The results of the diameters of the zones of inhibitions
(ZOl) of the extracts were interpreted as a moderate
inhibition (6-9 mm); a strong inhibition (10-14 mm) and
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a very strong inhibition (>15 mm)Y’. For synergistic
activity, the ampicillin, plant extracts and/or combination
(ampicillin+plant extract) were filled into each wells.

2.5. Determination of minimum inhibitory concentra-
tion (MIC) and minimum bactericidal concentration
values (MBC) of plant extracts

The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of the extract
were assessed by the broth micro-dilution method by
described previously (Tinrat, 2022)*°. Briefly, the tested
concentrations of the extract ranging from 1.56 to 1,600
mg/mL were provided in the 96-well microplate by two-
fold serial dilutions in BHI broth. Then, 10 pL of the bac-
terial suspensions (approximately 108 CFU/mL; ODgoo=
0.5) was added to each microplate well and incubated at
37°C for 24 h. Minimum inhibitory concentration was
determined as the lowest concentration that inhibited
bacterial growth.

For the MBC values, 5 pL from each well with no
visible growth was subcultured on BHI plates, and lowest
concentration that showed no visible growth of tested
bacteria on the freshly BHI agar plates was considered
as MBC.

2.6. Time-kill curves assay

The time taken to give a bactericidal activity after
exposure of extracts were assessed using time-kill curves
16, The bacterial suspension (108 CFU/mL) was added
into BHI broth containing Garcinia cowa Roxb. leave
extracts at 1xMIC, 2xMIC and 4xMIC, or 1% dimethyl
sulfoxide (DMSO) as a negative control in 96-well plates.
The plates were incubated at 37°C. The bacterial growth
were conducted at 0, 3, 6, 9, 12, 15, 18, 21, 24, 28 and
32 h by plate count method. Curves were plotted as the
viable cells (log:oCFU/ml) versus time (h).

2.7. Biofilm inhibition assay

The effects of G. cowa Roxb. leave extracts on
biofilm formation were evaluated as described by Tinrat
(2022) with some modifications®. Approximately 200
uL of BHI broth containing pathogenic strains (108 CFU/
mL; ODe0=0.5) were transferred to sterile flat-bottomed
96-well polystyrene microplate. 200 puL of each crude
extract (1xMIC value) were added to the microplate and
incubated at 37°C for 24 h to culture the biofilms. Broth
medium without the inoculum was used as a negative
control. The broth culture medium was drained, and each
well was washed with 200 uL of phosphate-buffered
saline (pH 7.6) to remove all traces of medium and bac-
terial cells. The biofilm formed was air-dried and stained
with 0.1% crystal violet (200 pL/well) for 15-20 min at
room temperature. The excess staining solution was
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washed three times with sterile distilled water. Finally,
the adherent cells were re-solubilized with 150 pL of
95% ethanol per well and then the optical density (OD)
of each well was measured at 570 nm using a microplate
reader. The percentage inhibition of biofilm was calcu-
lated as follows:

- - - Tl ODcon ro'ODsam €
% of biofilm inhibition = (%) x100
control

2.8. Synergistic antimicrobial effects

The synergism or antagonism of the combinations
was performed by the checkerboard technique in 96-well
microplates. Synergistic effects of the combinations were
investigated in ampicillin (Amp; 2xMIC) and each crude
extract (4xMIC). Each well was inoculated with 10 pL of
108 CFU/mL culture (ODsoo=0.5) of tested microorga-
nisms and then incubated for 24 h at 37°C. The interac-
tion between the two antimicrobial agents was estimated
by calculating the fractional inhibitory concentration
index (FICI). The FIC of each compound was calculated
by dividing the concentration of the plant extracts in
effective MIC of the combination, with the MIC of the
antibiotic or extracts alone. FICI values between antimi-
crobial agents were calculated as;

FICI =FIC (A) + FIC (B)

=[A]/MIC (A) + [B] / MIC (B)

[A] : MIC value of A in a mixture of A and B
substance

[B] : MIC value of B in a mixture of A and B
substance

MIC (A) : MIC values of A substance

MIC (B) : MIC values of B substance

FICI values were interpreted as follows: FICI <
0.5 Synergy (S); 0.5 > FICI < 1 Additive (AD); >1.0 <
FICI < 4.0 Indifference (no effect: I) and FICI > 4.0
Antagonism (A)*.

2.9. Statistical Analysis

All experimental results were expressed as mean+
standard deviation (SD) for analysis performed in tripli-
cate. Statistical analysis of the data was performed by
analysis of variance (ANOVA). The significant difference
between the means was tested using Tukey’s multiple
comparisons or paired t-test at 0=0.05 using Graphpad
prism 9.0 software.

3. RESULTS AND DISCUSSION

3.1. % yield of various extracts of Garcinia cowa Roxb.
Leaves

Biologically active constituents usually occur in low

concentration in plants. The extraction technique is that
which is able to obtain extracts with high yield and with
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minimal changes to the functional properties of the
extract required®. Maceration technique was used for the
extraction in this study. Distilled water and organic
solvents (95% ethanol and 75% acetone) were studied
for their effects on the extraction yield of Garcinia cowa
Roxb. leaves. The results showed a significant difference
in the extraction yield using different solvents. The crude
aqueous extract (12.904% wi/v) gave the highest yield,
followed by 95% ethanolic (6.509% wi/v) and 75%
acetonic (6.182% wi/v) extracts (p<0.05), indicating that
extraction efficiency favors the high polar solvents. Based
on of the percentage yield, the distilled water was a better
solvent for the extraction. The use of water as a solvent
is a popular in herbal extraction among folk healers®.

3.2. Preliminary phytochemical compounds of the
Garcinia cowa Roxb. leaves extracts

The influence of tested solvents on various phyto-
chemical constituents of G. cowa Roxb. leaves (GCL)
extracts is depicted in Table 1. According to the observed

Table 1. Phytochemical screening results of Garcinia cowa Roxb. leaves
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results, tannins, flavonoids, steroids, terpenoids and
alkaloids were found in all crude extracts of GCL, while
saponins were present only in 95% ethanolic extract. As
with previous research, the major secondary metabolites
compounds of G. cowa Roxb. had major secondary
metabolites in the form of xanthones and phloroglucinols
and had minor compounds, including depsidones, terpe-
noids, steroids and flavonoids®-?2. These phytochemical
compounds are known to support bioactive activities in
medicinal plants and thus responsible for the antimicro-
bial and anti-biofilm activities of this plant extract used
in this study. Epidemiological studies reported that
flavonoids exhibited antimicrobial, antifungal and anti-
oxidant properties?®, whereas steroids are known to show
antibacterial and antifungal activities?. Terpenoids are
known to have the anti-inflammatory, antibacterial anti-
viral, antitumor, anti-inflammatory and anti-malarial
activities?. However, all the extracts showed the absence
of anthraquinones and cardiac glycosides, indicating that
this plant contain little or no anthraquinones and cardiac
glycosides content.

extracts in different solvents.

Plant constituents

G. cowa Roxb. leave extracts

Standard of tests

Distilled water ~ 95% Ethanol 75% Acetone

Saponins - + - Froth formation test
Tannins + + + Ferric chloride test
Flavonoids + + + Shinoda test

+ + + Lead acetate test
Anthraquinones — — — Borntrager’s test
Steroids + + + Libermann test
Terpenoids + + + Salkowski test
Cardiac Glycosides - - - Keller-Killiani test
Alkaloids + + + Mayer’s test

+ + + Dragendroft’s reagent

+: Present, —: Absent

Table 2. Antimicrobial activity of crude extracts of Garcinia cowa Roxb.

by agar well diffusion method.

Concentration Zone of growth

inhibition (& = 6 mm); mm+SD

(mg/ml) Gram positive strains Gram negative strains
EF SA EC KP PA PM ST

Dw 50 - - - - - -

100 - - - - - -

200 - - 8.33+0.58°P - - - -

400 - 10.67+0.28¢ 12.83+0.48 - - - 8.17+0.48°
Eth 50 - - - - 8.67+0.75°P - -

100 8.67+0.75°° - 6.33+0.491 - 9.67+032™ - -

200  10.17+0.57'm - 8.67+0.27°P  8.33+0.32°° 9.67+0.31™  8.83x0.88" -

400  16.00+0.00% 9.50+0.21™ 12.83+0.551  10.83+0.86K  11.17+0.12k  13.83+0.66'  10.00+0.61'M
Ace 50 - - - - - - 8.33+0.63°°

100  10.83+0.49¢  10.50+1.244 9.67+0.57™ 11.33+0.41k  11.83+0.20k  10.17+0.54'  13.50+0.98'

200  13.67+0.49 12.83+1.72i 13.67+0.69'  15.00+0.00"  15.33+0.80¢  13.00+0.00'  17.83+0.78¢

400  18.50+1.08%  16.50+0.56 19.00£0.00°  21.33+0.98% 22.83+0.45°  18.00+0.00¢  20.330.63"
Amp (10 pg) 29.00+0.00 21.33+0.043 23.67+0.58 20.33+0.58 22.67+0.58 24.67+0.58 27.00+0.00

abedefghijkimnopar: /alyes in the MBC determination with different superscript differed significantly (p<0.05) in different extracts; EF: E. faecalis DMST
4736, SA: S. aureus ATCC 25923, EC: E. coli ATCC 25922, KP: K. pneumoniae, PA: P. aeruginosa ATCC 27853, PM: P. mirabilis DMST 8212
and ST: S. typhimurium ATCC 13311; Dw : Distilled Water, Eth: 95% Ethanol, Ace: 75% Acetone; —: No zone of inhibition
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3.3. Antibacterial activity of agar diffusion method

After the preliminary screening for phytochemical
constituents, the crude extracts were assessed antibacte-
rial activity against seven pathogenic strains using agar
well diffusion. The varying degrees of the antimicrobial
activities of the GCL extracts is shown in Table 2. The
results clearly showed that all the extracts showed good
dose-dependent antibacterial activity. The 75% acetonic
and 95% ethanolic extracts were potentially effective in
suppressing microbial growth of tested bacteria. Ampi-
cillin (10 pg/disc) was used as the standard positive
control. All tested bacterial strains had more susceptible
to ampicillin than crude extracts of GCL within zone of
inhibition (ZOIl) of 20.33+0.58-29.00+0.00 mm, excepted
P. aeruginosa ATCC 27853 that showed more sensitive
to 75%acetonic extract (22.83+0.45 mm of ZOI) than
ampicillin (22.67+£0.58 mm of ZOI). Among the tested
bacteria, E. faecalis DMST 4736, K. pneumoniae, P.
aeruginosa ATCC 27853 and P. mirabilis DMST 8212
showed resistance to crude aqueous extract of GCL.
Staphylococcus aureus ATCC 25923 and S. typhimurium
was the most resistant strain to 95% ethanolic extracts
while E. faecalis DMST 4736 (10.17+0.57 mm of ZOl)
and P. aeruginosa ATCC 27853 (9.67+0.31 mm of ZOl)
were the most susceptible strains to the 95% ethanolic
extracts at 200 mg/mL, respectively. These results were
similar to a previous study of Kaewkod et al. (2022)
which reported that the aqueous extract of G. cowa had
inhibitory effect against Escherichia coli and Staphylo-
coccus aureus ATCC 25923 with 13.33+2.31 and 20.33+
1.53 mm of ZOlI by agar diffusion method. Whereas,
ethanol extract of GCL in study of Kaewkod et al. (2022)
have more anti-Escherichia coli and anti-Staphylococcus
aureus effect than that of this study with 13.33+2.31 and
22.33+1.53 mm of ZOI%,

Among the solvents, the most potent antibacterial
activity was 75% acetonic (22.83+0.45 mm of ZOlI; P.
aeruginosa ATCC 27853), followed by 95% ethanolic
extract (13.83+0.66 mm of ZOI; P. mirabilis DMST 8212)
and aqueous extract (12.83+0.48 mm of ZOI; E. coli
ATCC 25922) at 400 mg/ml concentration, respectively.
Crude aqueous extract showed the lowest activity with
8.33+£0.58-12.83+£0.48 mm of ZOl. It did not have any
inhibition the all tested bacteria at 50-100 mg/mL indi-
cating the absence of antibacterial activity. 75% acetonic
extract of GCL were the most effective extracts and
showed a strong antibacterial activity against all bacteria
strains at 100-400 mg/mL with inhibition zones of 8.33+
0.63-22.83+£0.45 mm. It showed strong antibacterial
activity against all tested bacterial strains at 100-200
mg/mL. Moreover, it showed very strong activity in the
range of 16.50+0.56-22.83+0.45 mm of inhibition zones
against 7 pathogenic strains at the concentration of 400
mg/mL, especially P. aeruginosa ATCC 27853. For 95%
ethanolic crude extract, it showed the strong inhibitory
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effects on all bacterial strains at 400 mg/ml (10.00+0.61-
13.83+0.66 mm), especially E. faecalis DMST 4736
(16.00+0.00 mm; very strong inhibition) and displayed
moderate anti-S. aureus ATCC 25923 activity (9.50+
0.21 mm). Among tested pathogens, the Gram-negative
E. faecalis DMST 4736 was more susceptible towards
the 95% ethanolic extracts than all tested Gram-positive
bacteria. Gram-negative bacteria were more susceptible
to the 75% acetonic extract than Gram-positive bacteria
which opposed the previous reports?-28, In the theory,
Gram-positive bacteria are more susceptible than Gram-
negative bacteria due to the differences in their cell wall
structure. Gram-negative bacteria have outer membrane
acting as a barrier to many environmental substances
such as antibiotics which Gram-positive bacteria no have.
However, in this study revealed that the crude extracts
of GCL contain certain constituents like tannins, flavo-
noids, steroids, terpenoids and alkaloids with significant
antibacterial activity which enables the extract to over-
come the barrier in Gram-negative cell wall.

3.4. MIC and MBC of plant extracts

The MIC and MBC values of the most effective
plant extracts were employed by broth micro-dilution
method to evaluate their bacteriostatic and bactericidal
properties. The concentration effect of the effective plant
extracts were reported in Table 3. The results clearly
showed that MIC values of the crude extracts of GCL
were ranging from 25-100 mg/mL. The MICs and MBCs
of ampicillin (standard control) were showed range from
0.039-1.25 mg/mL and 0.315-2.50 mg/mL for all tested
bacterial strains. Crude extracts of Garcinia cowa Roxb.
represented the higher MIC and MBC values than ampi-
cillin. All crude extracts were exhibited the highest anti-
P. aeruginosa ATCC 27853 activity with MIC values of
25-50 mg/mL. The 95% ethanolic extract of GCL leaves
displayed the strong antibacterial activity against E.
faecalis DMST 4736, S. aureus ATCC 25923, E. coli
ATCC 25922, P. aeruginosa ATCC 27853 and S. typhi-
murium ATCC 13311 with 25 mg/mL of MIC values
while MIC values against P. mirabilis DMST 8212 and
K. pneumoniae was 50 and 100 mg/mL, respectively.
Simultaneously, all pathogenic strains were susceptible
to the minimum inhibitory concentration of 75% acetonic
extract at 50 mg/mL, except K. pneumoniae (MIC value
of 25 mg/mL), P. aeruginosa ATCC 27853 (MIC value
of 25 mg/mL) and S. aureus ATCC 25923 (MIC value
of 100 mg/mL). Crude aqueous extract showed bacte-
riostatic activities at 100 mg/ml except for P. aeruginosa
ATCC 27853 the MIC value was 50 mg/mL. Whereas,
the 75%acetonic extract of GCL showed lower inhibitory
effect against the growth of all tested microorganisms
with 100 mg/mL except for P. aeruginosa ATCC 27853
(MIC value of 50 mg/mL).
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Table 3. MIC and MBC values of Garcinia cowa Roxb. leaves extracts against pathogenic strains by broth micro-dilution assay.

Pathogenic strains Distilled water 95% Ethanol 75% Acetone
MIC MBC MIC MBC MIC MBC

(mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Gram positive strains
E. faecalis 100+0.00¢ 200+0.00° 2540.002 50+0.008 50+0.00° 100+0.00¢
DMST 4736
S. aureus 100+0.00¢ 200+0.00° 2540.002 50+0.008 100+0.00¢ 100+0.00¢
ATCC 25923
Gram negative strains
E. coli ATCC 25922 100+0.00° 200+0.00° 25+0.00? 50+0.008 5040.00° 200+0.00°
K. pneumoniae 100+0.00° 200+0.00° 10040.00° 100+0.00°¢ 25+0.00? 50+0.008
P. aeruginosa 5040.00° 200+0.00° 2540.002 25+0.004 25+0.00? 50+0.008
ATCC 27853
P. mirabilis 100+0.00° 200+0.00° 50+0.00° 100+0.00¢ 5040.00° 100+0.00¢
DMST 8212
S. typhimurium 100+0.00¢ 800+0.00F 2540.002 50+0.008 50+0.00° 100+0.00¢
ATCC 13311

MIC: Minimum Inhibitory Concentration, MBC: Minimum Bactericidal Concentration

Based on MBC values, crude extracts of GCL
represented a bactericidal effect at 25-800 mg/mL which
had concentration at >MIC values, except for P. aerugi-
nosa ATCC 27853, K. pneumoniae (MIC=MBC values
in 95% ethanolic extract) and S. aureus ATCC 25923
(MIC=MBC values in 75% acetonic extract) (Table 3).
All tested bacteria were susceptible to the minimum
bactericidal concentration of 95% ethanolic extract (50
mg/mL), excepted P. aeruginosa ATCC 27853 (25 mg/
mL), P. mirabilis DMST 8212 (100 mg/mL) and K.
pneumoniae (100 mg/mL). Aqueous extract showed a
bactericidal activity at MBC value of 200 mg/mL,
excepted for S. typhimurium ATCC 13311 (800 mg/mL).
Klebsiella pneumoniae and P. aeruginosa ATCC 27853
were the most sensitive bacteria to 75% acetonic extract
with MBC values of 50 mg/mL while E. coli ATCC 25922
were the least susceptible to this extract (MBC value of
200 mg/mL). It was noted that 95% ethanolic extract had
greater antimicrobial activity than agueous extract, which
may be due to the fact that ethanol is the best solvent for
bioactive compounds extraction from the plant when
compared with distilled water or other solvents?.

According to the anti-P. aeruginosa ATCC 27853
activities, the inconsistency in the antibacterial activity
results of 75% acetonic extract by between agar diffusion
and broth micro-dilution assay (MICs at 25 mg/ml). It did
not show antimicrobial activity at concentrations of 25
and 50 mg/ml of plant extracts by agar diffusion method
due to diffusion of plant extracts. The agar diffusion
method is unacceptable and cannot be used to determine
the MIC values of plant extracts due to its insensitivity.
Lack of diffusion of nonpolar molecules to aqueous agar
matrix=,

3.5. Time-kill curves assay

With the screening promoted by the broth micro-
dilution test, it was defined that 95% ethanolic and 75%

acetonic extracts of G. cowa Roxb. leaves were selected
for Time-Kkill Kinetics assay. The ability of crude extract
of GCL in time-killing the pathogenic strains was eva-
luated by analyzing the survival cells at 1x, 2x and 4xMIC.
From the result of MICs determination, Killing curve
assay from crude extracts of G. cowa Roxb. leaves against
7 pathogenic bacteria, including five gastrointestinal/
urinary pathogens (Figure 1A) and two opportunistic
pathogens (Figure 1B) were performed. S. aureus, E. coli,
S. typhimurium, K. pneumoniae and P. mirabilis were
as gastrointestinal pathogens®! while E. faecalis DMST
4736 and P. aeruginosa ATCC 27853 were known as
an opportunistic pathogens®. The result showed that
crude 95% ethanolic extracts of G. cowa Roxb. leaves
had bactericidal effect against all tested microorganisms,
except K. pneumoniae that was susceptible to 75%
acetonic extract of GCL (Figure 1A-B). Moreover, G.
cowa Roxb. leaves extracts had bacteriostatic (>1.0x10
37 CFUI/mI of survival cell) and bactericidal activity
(<2.0x10? CFU/ml of survival cell) against all of the
tested microorganisms at all studied concentrations
when compared with initial cell (3.0-3.3x108 CFU/ml).
All crude extracts exhibited a significant reduction in
the viable cell count of the test bacteria after 3 h of
incubation at the 1x, 2x and 4xMIC concentrations
(p<0.05). The reduction of viable cells (log cfu/ml) of
the tested bacteria were approximately 1-3l0gio, 2-5l0010,
2-5|Og1o, 2-4'0910, 0.5-2'0910, 2-4'0910 and 1-3'0910 for
S. aureus ATCC 25923, E. coli ATCC 25022, S. typhimu-
rium ATCC 13311, K. pneumoniae, P. mirabilis DMST
8212, E. faecalis DMST 4736 and P. aeruginosa ATCC
27853, respectively.

At all 95% ethanolic extract of GLC showed signi-
ficantly reduced at least 1 log;o CFU/mL from the initial
count at all studied concentrations at the first 3 h of
testing and slightly declined to 2-3logic CFU/mL after 6
h of incubation (p<0.05). At 1xMIC 95% ethanolic
extract had bacteriostatic and bactericidal activities
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Figure 1. Time-killing curves of gastrointestinal/urinary pathogens (A) and opportunistic pathogens (B) at different concentrations of Garcinia
cowa Roxb. extracts. CFU=Colony Forming Units; *=Indicate statistically significant difference between groups (p<0.05).
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(reducing the logio CFU/mL by greater than 3 logs)
against all of the tested microorganisms after 9 and 12 h
of incubation (<2.6x10%? CFU/ml) when compared with
initial cell (3.0-3.3x108 CFU/mL), respectively. Whereas,
the viable count (logio CFU/mL) of S. aureus ATCC
25923 (Figure 1A) and P. aeruginosa ATCC 27853 had
drastically decreased in first 6 h and obvious bacteri-
cidal and 100% completed kill effects in the first 9 h of
incubation at 2xMIC of 95% ethanolic extract. Moreover,
it is observed that P. aeruginosa ATCC 27853 was sen-
sitive strains to 95% ethanolic extract of GCL which had
100% complete killed effect for P. aeruginosa ATCC
27853 in the first 12 and 9 h of incubation at 2xMIC and
4xMIC concentrations, respectively (Figure 1B). Of 75%
acetonic extract revealed the potent bactericidal activity
in the first 9 (2xMIC) and 6 (4xMIC) h exposure for K.
pneumoniae while both concentration had a complete
elimination at 18 (2xMIC) and 15 (4xMIC) h of testing
(Figure 1A). Time-kill kinetics study has been used to
examine many antimicrobial agents and they are also
often used as the basis for in-vitro investigations for
pharmacodynamic drug interaction®,

3.6. Biofilm inhibition assay

Bacterial biofilms remain a global health threat.
Because they can interfere with treatment and exacer-
bate hospital infections. Therefore, it is an important to
find efficacious novel agents to deal with this problem?,
The crude extracts of G. cowa Roxb. leaves were inves-
tigated the anti-biofilm activity by the crystal violet
retention assay. The results of in vitro anti-biofilm
activity of GCL extracts against bacteria species are pre-
sented in Table 4. The percentage inhibition of biofilm
formation values between 0 to 100%. Above the 50%
inhibition was good activity, while it is poor when had
value of 0-49%. Below the 49% inhibition was slightly
activity®*®. The influence on biofilm formation varied
among the tested bacterias. Garcinia cowa Roxb. leaves
extracts had significantly and effectively inhibited the
biofilms formation of all tested strains (p<0.05). Of the
three crude extracts of GCL evaluated, all crude extracts
had significantly good anti-biofilm activities with values
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above 75% in all bacterial strains (p<0.05). The 95%
ethanolic extract of GCL had the highest anti-biofilm
formation against P. aeruginosa ATCC 27853 followed
by E. coli ATCC 25922 and E. faecalis DMST 4736 with
values 90.14+0.10%, 84.03+0.40% and 83.9940.30%,
respectively. Klebsiella pneumoniae had the lowest per-
centage of biofilm inhibition by 95% ethanolic extract
(73.43+£0.20%). Klebsiella pneumoniae is an opportu-
nistic pathogen in hospital and causes mainly pulmonary
and urinary tract infections®-*" by developing bacterial
biofilms in catheters®, E. coli ATCC 25922 (72.45+0.20%)
and E. faecalis DMST 4736 (70.20+0.20%) had the highest
and lowest percentage of biofilm inhibition by aqueous
extract, respectively. Aqueous extract of GCL had more
anti-adhesion activity against Gram-negative bacteria
than Gram-positive bacteria while 95% ethanolic and
75% acetonic exhibited remarkable species-dependent
inhibition of biofilm formation. Moreover, none of the
G. cowa Roxb. leaves extracts could completely inhibit
biofilm formation at 1xMIC concentration after 24 h of
incubation. Of the tested pathogenic strains, P. aerugi-
nosa ATCC 27853 were the most susceptible bacterial
strain with % anti-biofilm activity of 90.14+0.10 (95%
ethanolic extract) and 78.25+0.30 (70% aceonic extract).
Pseudomonas aeruginosa and E. faecalis is a common
human opportunistic pathogen. They can produce various
virulence factors such as biofilm formation. Both strains
were frequently identified bacterial species in biofilm
infections. Nevertheless, both bacteria are known to
cause serious diseases, interactions between the bacteria
in biofilms have rarely been examined. The observed
anti-biofilm effects of the active compounds (flavonoids,
alkaloids, and saponins) evaluated in this study are sup-
ported by research conducted by Apriliany et al. (2013)
who reported that flavonoids, alkaloids, and saponins in
cinnamon ethanol extract exhibited an anti-quorum
sensing and anti-biofilm activities of Pseudomonas
aeruginosa®.

3.7. Synergistic antimicrobial effects of plant extracts
with antibiotic

Bacterial drug resistance is often associated with

Table 4. Anti-biofilm activity of crude extracts of Garcinia cowa Roxb. leaves (1xMIC) against pathogenic strains biofilms.

Pathogenic strains

%Biofilm Inhibition

Distilled water 95% Ethanol 75% Acetone
Gram positive strains E. faecalis DMST 4736 70.20+0.20°C 83.99+0.3028C 72.44+0.4Q°P
S. aureus ATCC 25923 71.00+0.60°8 83.02+0.302C 72.37+0.4Q°PE
Gram negative strains E. coli ATCC 25922 72.4540,200A 84.03+0.40% 71.32+0.30°%
K. pneumoniae 71.12+0.40°8C 73.4340.20% 77.89+0.204
P. aeruginosa ATCC 27853 71.21+0.20°BC 90.14+0.10* 78.25+0.30°A
P. mirabilis DMST 8212 71.1940.5008C 78.33+0.302P 73.94+0.102B8C
S. typhimurium ATCC 13311 71.5740.20°BC 78.27+0.402° 73.37+0.30°C0

abe: Means with different superscript in the same row show significance (p<0.05).

ABCDE: Means with different superscript in the same column show significance (p< 0.05).
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improper use of antimicrobials. The ability of plant
extracts to act synergistically with antibiotics is a new
approach that helps in solving the problem of bacterial
resistance. The fractional inhibitory concentration (FIC)
index (FICI) was obtained by adding the FIC values of
plant extract and ampicillin (Amp). Synergistic reaction
was also observed in combination of plant extracts and
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ampicillin against seven pathogenic strains with FICI
value of <0.5. As shown in Table 5, the combination of
ampicillin+plant extracts have synergistic effects on all
tested bacterial strains, excepted E. faecalis DMST 4736
(50:0.039;2MICx1MIC) and S. aureus ATCC 25923
(50:0.0195;2MICx1MIC) for ampicillin+95% ethanolic
extract which showed additive effect (FICI=1).

Table 5. Synergistic effects of Garcinia cowa Roxb. extracts with ampicillin.

Pathogenic Strains Extracts : Medicine

MIC values (mg/ml : ug/ml)

Interpretation

Alone Combination FICI value Effect
(4MIC:2MIC) FICext FICant

E. faecalis DMST 4736 GCW : Amp 400:0.078 1MIC 1/2MIC 0.5 S
GCE : Amp 100:0.078 2MIC 1MIC 1 AD

GCA : Amp 100:0.078 1/2MIC 1/4MIC 0.25 S

S. aureus ATCC 25923 GCW : Amp 400: 0.039 1MIC 1/4MIC 0.5 S
GCE : Amp 100:0.039 2MIC 1MIC 1 AD

GCA : Amp 400 : 0.039 1/2MIC 1/4MIC 0.25 S

E. coli ATCC 25922 GCW : Amp 400 : 0.625 1MIC 1/2MIC 05 S

GCE : Amp 100:0.625 1MIC 1/2MIC 0.5 S

GCA : Amp 200:0.625 1/2MIC 1/4MIC 0.25 S

K. pneumoniae GCW : Amp 400:10 1/8MIC 1/16MIC 0.0625 S

GCE : Amp 400:10 1/8MIC 1/16MIC 0.0625 S

GCA : Amp 100:10 1/6MIC 1/16MIC 0.0625 S

P. aeruginosa ATCC GCW : Amp 200:10 1/4MIC 1/8MIC 0.125 S

27853 GCE : Amp 100: 10 1/16MIC 1/32MIC 0.0313 S

GCA : Amp 100:10 1/16MIC 1/32MIC 0.0313 S

P. mirabilis DMST 8212 GCW : Amp 400:0.078 1MIC 1/2MIC 05 S

GCE : Amp 200:0.078 1MIC 1/4MIC 05 S

GCA : Amp 200:0.078 1/2MIC 1/4MIC 0.25 S

S. typhimurium ATCC GCW : Amp 400 : 0.156 1IMIC 1/2MIC 0.5 S

13311 GCE : Amp 100:0.156 1MIC 1/2MIC 05 S

GCA : Amp 200:0.156 1/4MIC 1/8MIC 0.125 S

GCW: G. cowa Roxb. extract in distilled water, GCE: G. cowa Roxb. extract in ethanol, GCA: G. cowa Roxb. extract in acetone; Syn: Synergy;

AD: Addition; Ext: Extracts; Ant: Antibiotic

Among three plant extracts (aqueous, 95% ethanolic
and 75% acetonic extracts), mixtures of ampicillin+95%
ethanolic extract and ampicillin+75% acetonic extract
significantly displayed the best synergistic interactions
on P. aeruginosa ATCC 27853 with FICI of 0.0313
(1.5625:0.1563;1MICx1/4MIC) (p<0.05) and 31.83+0.66
mm of ZOlsynergisic When compared with plant extract
(4MIC;9.67£032 mm) and ampicillin alone (2ZMIC;
22.67+0.58 mm) (Figure 2). The strong synergistic
capacity against K. pneumoniae was the combination of
all plant extract+amplicillin with FICI of 0.0625 (1/8
MICx1/16MIC). E. coli ATCC 25922, P. mirabilis DMST
8212 and S. typhimurium ATCC 13311 exhibited syner-
gistic reactions to the all plant extracts+amplicillin
combinations with FICI of 0.25-0.50 (Extract : Amp; 1-
1/2MICx1/2-1/4MIC) while E. faecalis DMST 4736, S.
aureus ATCC 25923 showed synergistic actions to
aqueous/75% acetonic extracts+ampicillin combinations
with FICI of 0.25-0.50 (Extracts : Amp; 1-1/2MICx1/2-
1/4MIC). Moreover, the strongest synergistic effect
against S. typhimurium ATCC 13311 was 75% acetonic
extracts+ampicillin combinations with FICI of 0.125

(12.5:0.0098;1/4AMICx1/8MIC). This mixture showed
significantly increased antimicrobial activity with 27.50+
0.50 mm of ZOlsynergisiic When compared with plant extract
(4MIC;17.83+0.78 mm) and ampicillin alone (2MIC;
20.50+0.50 mm) (Figure 2).

The interactions between plant extracts and anti-
biotics were interested in this study. In several previous
studies, the synergy of plant compounds with antibiotics
have delays drug-resistant bacteria?®*!. Based on syner-
gistic results, ampicillin is a g-lactam antibiotic that
inhibits cell wall peptidoglycan synthesis of bacteria®.
When the bacterial cell wall is weak, plant compounds of
GCL can easily enter the bacterial cell. These compounds
can disrupt the bacterial metabolisms of and organelles
causing bacterial death. These results are similar to those
obtained by Navratilova et al. (2016) who reported that
the medicinal plants effectively increase the antibacterial
activity of antibiotics®.

According to the findings, this study could be useful
for the development of new natural products for the
treatment of bacterial infection or biofilm-related diseases
in the future. Nevertheless, the present study provides an
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Figure 2. Synergistic antimicrobial activity of plant extracts and ampicillin combinations against pathogenic strains by agar well diffusion.

important basis for further investigations in the charac-
terization of plant constituents from Garcinia cowa
Roxb. leaves with antimicrobial, anti-biofilm and syner-
gistic activities for drug development. The study used
gualitative analysis and screening only. It would be better
if a quantitative assay and the infrared spectrum of
various phytochemicals could be performed. Assessment
of the bioactivities of the active components in pure form
is essential to understand the reported effects.

In addition, overuse of antibiotics to treat the bac-
terial infections tends to grow the problem of antibiotic
resistance in the future. The action of the antibiotics
affects both beneficial and harmful microorganisms,
which the plant extracts can alleviate this concern. From
the results of present study, it can be seen that Garcinia
cowa Roxb. leaves extracts exhibited the bacteriostatic
and bactericidal activities towards various bacterial
strains, especially P. aeruginosa ATCC 27853 which had
susceptible to GCL extract (75% acetonic extract) more
than ampicillin using agar well diffusion method in this
study. Combination of GCL extracts and ampicillin also
have synergistic effects on all studied strains. Conse-
quently, Garcinia cowa Roxb. leaves extract is an
interesting source for future development as a valuable
bacterial control agent.

4. CONCLUSION

In present study, preliminary phytochemical screen-
ing of three Garcinia cowa Roxb. leaves extracts was
found to give positive reactions for tannins, flavonoids,
steroids, terpenoids and alkaloids, except for saponins
was found only in 95% ehanolic extract. All GCL
extracts had different antimicrobial, anti-biofilm and
synergistic abilities to inhibit the growth of pathogenic
strains depending on the solvents of extraction. 95%
ethanolic extract exhibited a strong and broad spectrum
antimicrobial (MIC/MBC value of 25-100 mg/mL), time
killing assay (bacteriostatic and bactericidal effect at
first 3 and 6 h of incubation, respectively) and anti-
biofilm (73.43+0.20-90.14+0.10% Biofilm Inhibition)

and synergistic (0.0313-1.0 of FICI value) activities
while 75% acetonic extract showed a strong and broad-
spectrum activity against both Gram-positive and Gram-
negative bacteria (7 tested bacterial strains) by agar dif-
fusion assay with 9.67+0.57-22.83+0.45 mm of ZOl at
100-400 mg/mL of concentration. 95% ethanolic extract
showed strong and rapid bacteriostatic and bactericidal
activities against P. aeruginosa ATCC 27853, S. aureus
ATCC 25923 and E. faecalis DMST 4736 as opportu-
nistic pathogens while 75% acetonic extract showed
strong action towards K. pneumoniae as gastrointestinal
pathogens by time killing assay (Figure 1A). Moreover,
it was found that antimicrobial compounds of GCL
extracts were added to enhance the synergistic effect
with ampicillin, especially agueous extract. This extract
not almost have any antimicrobial properties by agar well
diffusion and showed the lowest inhibitory effect against
pathogens due to its high concentration of MIC and
MBC values by broth micro-dilution method. Simulta-
neously, ampicillin was also improved antibacterial
efficacy against pathogenic strains when supplemented
with GCL extracts. Hence, the results of this study have
revealed the importance of G. cowa Roxb. leaves extracts
when used extract alone and combined with antibiotic
to bacterial control, which enables the use of a mixture
of antibiotics and G. cowa Roxb. leaves extracts against
bacterial infections, especially, gastrointestinal/urinary
and opportunistic pathogens.
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