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Background: Many people suffer from acute pharyngitis which is caused by bacteria, especially Streptococcus pyogenes.
Patients consume antibiotics even though antibiotic drugs have been causing adverse effects. Ten Thai medicinal plant species
commonly used for treating acute pharyngitis may reduce the use of antibiotics.

Objective: To determine the antimicrobial activity of ten Thai medicinal plant species most commonly used for acute pharyn-
gitis.

Material and Method: Plant materials were extracted with 95% ethanol or distilled water then concentrated and dried.
Antimicrobial activity of ten Thai medicinal plant species were determined using two standard assays, broth dilution method
for minimal inhibitory concentration value (MIC) and agar dilution method for minimal bactericidal concentration value
(MBC), against microorganisms that cause acute pharyngitis.

Results: The ethanolic extract of Garcinia mangostana showed the strongest activity of both assays, MIC value in range of
0.6-9.8 ug/ml and MBC value in range of 1.2-625 ug/ml, which inhibited all the bacteria tested and particularly inhibited
S. pyogenes ATCC 19615 as the most common cause of acute pharyngitis with the value of MIC and MBC at 0.6 and 1.2
ug/ml, respectively. The second highest antimicrobial activity was the ethanolic extract of Glycyrrhiza glabra with MIC value
in range of 39-156 ug/ml and MBC value in range of 78-312 ug/ml and it showed strong activity against S. pyogenes ATCC
19615, S. pneumoniae ATCC 49619 and S. mutans ATCC 25175 with the value of MIC and MBC at 39 and 78 ug/ml,
respectively.

Conclusion: The ethanolic extract of G. mangostana and G. glabra are the two best choice for acute pharyngitis treatment.
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Acute pharyngitis causes suffering in many
people with classic symptoms of fever greater than
38°C, absence of cough, swelling of anterior cervical
nodes, tonsillar swelling or exudates and particularly
in young and teenage. Many bacteria cause acute
pharyngitis especially group A beta-hemolytic
streptococcus as Streptococcus pyogenes®. Patients
suffering from acute pharyngitis have consumed
antibiotic drugs to treat and prevent recurrent diseases
even though antibiotic drugs have had adverse effects
and allergic reactions®. Reducing antibiotic use is
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important in decreasing drug resistance®, avoiding
allergic reactions and lowering the cost of treatment.
Thai folk medicines have been treating patients with
various medicinal plants and the most commonly used
to treat acute pharyngitis are listed in ancient scriptures
and the National Essential Drugs Lists that associated
with oral cavity diseases, particularly acute pharyngitis.
Ten medicinal plants species are shown in Table 1,
which have been using mostly and are the main
component in each remedy for treating acute
pharyngitis although the antimicrobial activities have
studied only in some species of medicinal plants“® or
only against some microorganisms®?", but reports are
limited especially on the minimal bactericidal
concentration value (MBC) and relationship between
the list of microorganisms and the most common
bacteria and fungi causing acute pharyngitis. Thus,
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aims of this study were to determine the minimal
inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC) value of the aqueous extracts
and the ethanolic extracts of the most commonly used
medicinal plants against microorganisms that are the
common cause of acute pharyngitis.

Material and Method
Chemicals and reagents

Mueller-Hinton Agar (Difco, USA), Mueller-
Hinton Broth (Difco, USA), Brain Heart Infusion Agar
(Difco, USA), Brain Heart Infusion Broth (Difco, USA),
Nutrient Agar (Difco, USA), Blood Agar (Difco, USA),
Sabouraud Dextrose Agar (Difco, USA), Resazurin
(Sigma, USA), 95% Ethanol (CMJ Anchor company,
Thailand) and Dimethyl sulphoxide (RCI Labscan,
Thailand).

Plant materials and preparation of crude extracts

Thai medicinal plants commonly used to treat
acute pharyngitis as in Table 1 were collected from
several parts of Thailand. The fresh plants were washed,
sliced into small pieces and dried in hot air oven at
50°C for 24 hours, then powdered and macerated with
95% ethanol at room temperature for 3 days and filtered
through Whatman No. 1 filter paper. The residues were
macerated twice more times. Filtrates were collected
and concentrated by rotary evaporator under reduced
pressure then the 95% ethanol crude extracts were
stored at -20°C until antimicrobial activity testing.
Aqueous extracts were obtained from powdered plants
which were decocted by boiling in distilled water for
15 mins then filtered through Whatman No. 1 filter paper.
The residues were further decocted twice more times.
Filtrates were combined and concentrated by freeze
dryer and stored at -20°C.

Determination of antimicrobial activity

Microorganisms

Bacteria and fungi strains causing acute
pharyngitis purchased from Department of Medicine
Sciences, Ministry of Public Health, Thailand were
Staphylococcus aureus ATCC 25923, Methicillin-
resistant Staphylococcus aureus DMST 20651,
Streptococcus pyogenes ATCC 19615, Streptococcus
pneumoniae ATCC 49619, Streptococcus mutans ATCC
25175 and Candida albicans ATCC 90028.

Culture of microorganisms

S. aureus ATCC 25923 and Methicillin-
resistant S. aureus DMST 20651 were cultured in
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nutrient agar in ambient air at 37°C for 24 hours, while
S. pyogenes ATCC 19615 and S. pneumoniae ATCC
49619 were cultured in blood agar in candle jar at 37°C
for 24 hours. S. mutans ATCC 25175 was cultured in
brain heart infusion agar in candle jar at 37°C for
24 hours and C. albicans ATCC 90028 was cultured in
sabouraud dextrose agar in ambient air at 37°C for 48
hours.

Preparation of inoculum

Three to five isolated colonies of each
microorganism were cultured in Mueller-Hinton broth
at 37°C for 2 hours while S. pyogenes ATCC 19615 and
S. pneumoniae ATCC 49619 were cultured in brain
heart infusion broth at 37°C for 2 hours, then turbidity
adjusted to 0.5 McFarland standard.

Preparation of resazurin solution

Resazurin sodium salt was prepared with
sterile water at 1 mg/ml and filtered through 0.22 um
filter. The resazurin solution was kept at 4°C, before
use.

Preparation of samples

The 95% ethanol extracts of each plant were
dissolved in dimethyl sulfoxide (DMSO) to give
concentration of 500 mg/ml while the water extracts
were dissolved in sterile water to give concentration of
100 mg/ml and filtered through 0.22 um filter. Both
ethanolic extracts and aqueous extracts were stored at
-20°C, before use.

Minimal inhibitory concentration (MIC) and minimal
bactericidal concentration (MBC)

Minimal inhibitory concentration was
determined using a broth dilution method®”. The
sample solution of extracts were prepared using sterile
dimethyl sulfoxide (DMSO) for the ethanolic extract
while using sterile water for the aqueous extract and
filtered with 0.22 um filter. The concentration of sample
solutions was adjusted to give a final concentration of
10 mg/ml. The extracts were serially diluted (two-fold)
by Mueller-Hinton broth in 96 well plates, each sample
in triplicate. The microorganisms were incubated for
18-24 hours while C. albicans ATCC 90028 was
incubated for 48 hours. Three to five isolated colonies
of each microorganism were cultured in the medium for
2 hours and turbidity adjusted to 0.5 McFarland
standard then diluted down 200 fold and added to 96
well plates. The plate was wrapped with plastic and
incubated in shaker incubator at 60 rpm, 37°C for
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24 hours C. albicans ATCC 90028 was incubated at
37°C for 48 hours while S. pyogenes ATCC 19615 and
S. pneumoniae ATCC 49619 were incubated at 37°C
for 24 hours without shaking. The MIC assay was
modified using resazurin as an indicator of viable
microorganisms. Resazurin was added to the 96 well
plates and incubated at 37°C for 2 hours to determine
minimal inhibitory concentration value which is the
lowest concentration of the extract, that can inhibit the
microorganism showed the blue color of resazurin. The
concentration of extract which cannot inhibit
microorganism results in the resazurin changed to pink
color.

Minimal bactericidal concentration was
determined using agar dilution method®®. The sample,
from MIC value as well as higher concentration from
MIC method, were subcultured into the fresh agar and
incubated according to the specification of each
microorganism. The minimal bactericidal concentration
was the lowest concentration that showed no isolated
colony on the surface of the solid medium.

Results

The percentage yield of medicinal plant
extracts of both methods, maceration and decoction,
are shown in Table 1. The ethanolic and the aqueous
extracts ranged in percentage yields from 1.23-23.81%
and 0.62-22.11%, respectively.

The MIC values of ethanolic extracts shown
in Table 2 ranged from 0.0006-10 mg/ml. The ethanolic
extract of G. mangostana showed the best activity in
both assays, MIC value in range of 0.6-9.8 ug/ml and
MBC values in range of 1.2-625 pg/ml, which inhibited
all of the bacteria and particularly inhibited S. pyogenes
ATCC 19615 which is the most common cause of
acute pharyngitis with the value of MIC and MBC
at 0.6 and 1.2 pug/ml but did not inhibit the fungus,
C. albicans ATCC 90028. The second best antimicrobial
activity was the ethanolic extract of G. glabra with MIC
value in range of 39-156 ug/ml and MBC values in range
of 78-312 ug/ml which showed high activity against
S. pyogenes ATCC 19615, S. pneumoniae ATCC 49619
and S. mutans ATCC 25175 with the MIC and MBC
value of 39 and 78 pg/ml, respectively. In addition, the
ethanolic extract of G. glabra also showed moderate
antifungal activity against C. albicans ATCC 90028
with the MIC and MBC values of 0.625 and 1.25 mg/ml,
respectively. The Nigella sativa seed extract also
showed antibacterial against S. pyogenes ATCC 19615,
S. pneumoniae ATCC 49619 and S. mutans ATCC 25175
with the MIC and MBC value in the range of 156-312
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ug/ml. This plants were often used to enhance the
activity of the remedy and it was also used in
combination with the other plants in Thai traditional
medicine principle. Solanum indicum fruits which
are commonly used in Thai traditional medicine
and used as ingredients in sore throat preparation
showed the highest antifungal activity (MIC/MBC =
312/312 pg/ml). Interestingly, this result is the first
report for S. indicum to have inhibitory effect on
C. albicans. The ethanolic extracts of all other plants
exhibited moderate to low activity against bacteria and
fungi causing acute pharyngitis.

All of the aqueous extracts from medicinal
plants are shown in Table 3. They exhibited moderate
to weak antibacterial activity, with MIC and MBC values
in the range of 0.312-10 mg/ml. However, the aqueous
extract of Syzygium aromaticum was the most effective,
with MIC and MBC values in the range of 0.312-5 mg/
ml. Itinhibited S. aureus MRSA DMST 20651 with MIC
and MBC values of 0.312 mg/ml while the aqueous
extract of G. mangostana inhibited S. pyogenes ATCC
19615 better, having MIC and MBC values of 0.625-
1.25 mg/ml, which is lower than that of the aqueous
extract of S. aromaticum. Nonetheless, none of the
aqueous extracts inhibited C. albican ATCC 90028,
which is the cause of oral candidiasis.

Discussion

The present study is on the use of different
solvent systems and methods to extract medicinal plant
such as distilled water and 95% ethanol and the extracts
were studied for antimicrobial activity using broth
dilution method to determine minimal inhibitory
concentration value (MIC) and agar dilution method to
determine minimal bactericidal concentration value
(MBC), against microorganisms which is the cause of
pharyngitis particularly group A beta-hemolytic
streptococcus. Most common medicinal plants used
for acute pharyngitis treatment of Thai traditional
medicine were studied.

Streptococcus group (S. pyogenes ATCC
19615, S. pneumoniae ATCC 49619 and S. mutans
ATCC 25175) causes several diseases especially group
A beta-hemolytic streptococcus as S. pyogenes which
is not only a common cause of acute pharyngitis but
also associated with scarlet fever, rheumatic fever
and glomerulonephritis®?, This studies showed that
the ethanolic extract of G. mangostana has the best
antibacterial activity while the ethanolic extract of
G. glabra was the next best to inhibit Streptococcus
group with values of MIC and MBC less than 100 pg/
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ml while the other extracts and all of the aqueous extracts
showed only moderate to low activity. One previous
study has similar results, while camphor and borneol
displayed no inhibitory activity on S. pyogenes®?, and
another report related to this study, S. pyogenes and
S. mutans were inhibited by the methanolic extract of
G. mangostana with the value of MIC at 10 ug/ml
for both strains®, but this present study shows higher
activity over 16 and 4 fold respectively. Thus, the
ethanoic extract of G. mangostana showed better
antibacterial activity than them ethanolic extract.

Staphylococcus group (S. aureus ATCC 25923
and S. aureus MRSA DMST 20651) are known as
the common human pathogen infecting damaged
tissues such as skin or mucosal membrane®. The
present studies showed that the ethanolic extract of
G. mangostana possesses the highest activity against
Staphylococcus group while the ethanolic extract of
G. glabra also exhibited high inhibitory activity.
Ethanolic extract of G. mangostana showed MIC and
MBC values lower than 100 pg/ml while ethanolic
extract of G. glabra showed MIC and MBC values of
greater than 100 pg/ml to against S. aureus. Thus, the
ethanolic extract of G. mangostana showed better
inhibitory activity than ethanolic extract of G. glabra.
On the other hand, it is beneficial that the effect
of ethanolic extract of G. glabra has covered in range
of S. aureus MRSA, where ethanolic extract of G.
mangostana showed only moderate activity against
S. aureus MRSA related with the ethanolic extracts of
other plants and all the aqueous extracts which exhibited
only moderate to low antibacterial activity. Previous
studies on ethanolic extract of G. mangostana agree
with the present study® and also, some showed efficacy
of ethanolic extract of G. mangostana® and ethanolic
extract of G. glabra® although the values of MIC were
different. The different method of extract and time of
maceration may have influence on the results.

C. albicans (C. albicans ATCC 90028) causes
oral candidiasis which affects many people@®. In the
present study, the ethanolic extract of S. indicum
exhibited the highest activity against C. albicans
although it is in the range of moderate activity, having
the MIC and MBC value of 0.312 mg/ml. This is the first
report of S. indicum against C. albicans. The ethanolic
extract of G. glabra was the second best to inhibit
C. albicans, having MIC value of 0.625 mg/ml and MBC
value at 1.25 mg/ml which being greater than 1 mg/ml
thus showed only low activity. Therefore, the ethanolic
extract of S. indicum is of greater potential than the
ethanolic extract of G glabra for inhibiting C. albicans;
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while the other extracts exhibited only weak antifungal
activity and none of aqueous extract showed activity.
A previous study has reported the efficacy of ethanolic
extract of G. glabra®against C. albicans but the value
of MIC is different which may be due to the different
method of extraction. The present study used ampicillin,
vancomycin and amphotericin B as reference drugs as
the standard control in the assay and represent as MIC
values. For all the strains had MIC value in the normal
range®V except that for S. aureus MRSA which
exhibited resistant to ampicillin which is destroyed by
beta-lactamase it produces. Thus, vancomycin is used
as control drug for S. aureus MRSA.

Conclusion

The present study shows that the ethanolic
extract of G. mangostana pericarps is the first choice
and the ethanolic extract of G. glabra roots is the
second choice for controlling acute pharyngitis. All
bacteria that cause acute pharyngitis particularly
S. pyogenes were inhibited by both extracts which
showed the best antibacterial activity. On the other
hand, both extract showed poor antifungal activity
against C. albicans. S. indicum is the first choice as
antifungal, although its antifungal activity showed only
MIC of 0.312 mg/ml. It also popularly used in Thai
traditional remedy for sore throat, so it should be
selected to prepare a drug for pharyngitis treatment or
sore throat. Moreover, three extracts should be used to
treat acute pharyngitis from microbial infection. Thus,
the ethanolic extracts of these three plants should be
further developed as drug for pharyngitis treatment.

What is already known on this topic?

Some species of medicinal plants or
microorganisms had been studied the susceptibility
tests such as agar and broth dilution methods but are
limited especially the minimal bactericidal concentration
value (MBC) and the relationship between the
microorganisms as the most common cause of acute
pharyngitis from bacteria and fungi. Some previous
study showed medicinal plants with inhibitory activity
against S. aureus while only few of previous studies
were against S. pyogenes thus the aim of these studies
was to determined the antimicrobial activity of medicinal
plants extracts against microorganisms which are the
most common cause of acute pharyngitis.

What this study adds?

The present study not only determined the
minimal inhibitory concentration (MIC) but also
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showed minimal bactericidal concentration (MBC)
value of aqueous extracts and ethanolic extracts of most
commonly used of medicinal plants, with up to ten
plants, against microorganisms, particularly S. pyogenes
as common cause of acute pharyngitis. In addition,
activity against the other microorganisms such as
S. aureus, S. aureus MRSA, S. pneumoniae, S. mutans
and C. albicans were also studied. Interestingly, this
study is the first report of S. indicum to exhibit good
inhibitory effect on C. albicans.
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