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ABSTRACT

Background: Bacterial dysentery, diarrhea caused by Shigella sp. infection, causes a major morbidity and mortality in rural communities of developing 
countries. In Indonesia, most of the dysentery patients often use antibiotics in combination with herbal medicine to enhance the effect.

Objective: This research aimed to examine the effect of tetracycline in combination with Curcuma xanthorrhiza Roxb. or Sonchus arvensis L. as an 
anti-dysentery.

Methods: Antibacterial activity of each extract against Shigella flexneri was determined using microdilution method. Furthermore, its activity in 
combination with tetracycline was determined using checkerboard method. To assess its effect in in vivo, the drug combination was given orally into 
S. flexneri-infected rat for 7 consecutive days and total plate count in the feces of the rats was determined.

Results: The minimum inhibitory concentration (MIC) of tetracycline, the ethanol extract of C. xanthorrhiza and S. arvensis against S. flexneri was 4, 
128, and 512 mg/100 μL, respectively. The combination of each extract with tetracycline could reduce their MIC value, but the total MIC was not lower 
than 0.5, suggesting an additive interaction. However, in in vivo study, both combinations could reduce the number of bacteria found in the feces of 
the rat significantly compared to positive control and to tetracycline only-treated rat at day 6 after administration of the drug, suggesting a synergistic 
interaction.

Conclusion: A combination of tetracycline with ethanol extract of C. xanthorrhiza or with S. arvensis is potential to be developed as anti-dysentery 
drugs against S. flexneri.
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INTRODUCTION

In developing countries, the incidence of shigellosis is estimated to 
be 163.2 million cases/year, where 1.1 million deaths occurred. 61% 
of all deaths attributable to shigellosis involved children younger 
than 5 years. The incidence in developing countries is approximately 
20 times greater than that in developed countries [1].

Shigella is one of the bacteria that can cause diarrhea, which is known 
as dysentery. Dysentery is characterized by the presence of blood 
or mucus and watery stool [2]. All the dysentery episodes should be 
treated with antibiotic to prevent bacteremia and sepsis [3]. Emergence 
of multidrug-resistant Shigella spp. (resistance to more than two first-
line oral drugs such as ampicillin, co-trimoxazole, and ciprofloxacin) 
is of growing concern in the world. Therefore, finding an alternative 
treatment for dysentery is needed to overcome this situation.

Indonesia is rich with its herbal medicines and uses them for disease 
treatment. Sometimes, Indonesian combines the prescribed medicine 
with herbal medicine to speed up the treatment processes. In our 
previous study, we observed that the combination of herbal medicines 
with certain antibiotics can enhance the antibacterial activity [4]. 
Therefore in this study, we investigated the anti-dysentery activity 
of the combination of tetracycline with herbal medicines which are 
Curcuma xanthorrhiza Roxb. and Sonchus arvensis L.

C. xanthorrhiza and S. arvensis are famous herbal medicines in Indonesia 
which are used to treat certain diseases. C. xanthorrhiza rhizomes 
contain terpenoid and curcuminoid compounds [5]. Curcuminoids are 
beneficial as antioxidant, anti-inflammatory, antibacterial, antitumor, 
and anticancer [6]. On the other hands, in S. arvensis, polyphenols 

and sesquiterpene lactones are found to have an antioxidant and 
an antibacterial activity, respectively [7,8]. As both plants have an 
antibacterial activity, therefore its activity in combination with 
tetracycline would be investigated further specially its activity as an 
anti-dysentery.

METHODS

Materials
Mueller-Hinton Agar (MHA) (Oxoid Ltd., Hampshire, England) and 
Mueller-Hinton Broth (MHB) (Oxoid Ltd., Hampshire, England), 
MacConkey agar (Oxoid Ltd., Hampshire, England) were used as growth 
media for bacteria. Tetracycline HCl (as standard antibiotic), ethanol 
90%, NaCl, and carboxymethyl cellulose Na-FSH were purchased from 
Brataco, Indonesia. Dimethyl sulfoxide (Merck, German) was used for 
diluting the herbal medicine extract.

Plant collection and identification
C. xanthorrhiza rhizomes and S. arvensis leaves were collected from 
Cipendey village, Majalengka district and from Banjaran, Bandung 
district, respectively. Determination of plants was performed in 
Bandungense Herbarium, School of Life Sciences and Technology, 
Bandung Institute of Technology. Fresh rhizomes or leaves were sorted, 
washed, chopped, and dried using oven with temperature 40-45°C for 
several days. Dried rhizomes and leaves then were grounded into a fine 
powder.

Test microorganism and culture
Shigella flexneri was obtained from the culture collection of School of 
Pharmacy, Bandung Institute of Technology. S. flexneri was cultured 
aerobically in MHA and MHB medium.
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Preparation of extract
The crude plant of C. xanthorrhiza rhizomes and S. arvensis leaves was 
extracted by reflux using ethanol 96% as solvent. The ethanol extract 
was filtered using Whatman No. 1 and concentrated using rotary 
evaporator (Buchi R-125) to obtain viscous extract. The viscous extract 
was then stored at room temperature and protected from sunlight.

Phytochemical screening of ethanolic extract
The ethanolic extracts were subjected to preliminary phytochemical 
screening for plant constituents, including examination of alkaloid, 
flavonoid, quinone, tannin, saponin, and steroid/triterpenoid [9].

Determination the susceptibility of bacteria
In vitro susceptibility tests were performed in a 96-well microtiter 
plate to determine minimum inhibitory concentrations (MICs) of the 
extracts and tetracycline HCl against S. flexneri using standard Broth 
microdilution methods with a bacteria inoculum of 5 × 105 CFU/mL, 
according to the guidelines of Clinical and Laboratory Standards Institute 
standard M7-A8 [10]. The MIC was defined as the lowest concentration 
of antimicrobial agent that resulted in the complete inhibition of visible 
growth. Minimum bactericidal concentrations (MBCs) were established 
for each test sample. Briefly, medium (approximately 100 µL) from 
each well showing no visible growth was spread onto MHA plates. 
Plates were incubated at 37°C for 24 hrs or until growth was seen in 
the growth-positive control plates. MBC was defined as the lowest 
concentration of antimicrobial agent at which all bacteria in the culture 
are killed or the lowest concentration of drug that kills 99.9% of the 
total initially viable cells [11].

Checkerboard assay
The antibacterial activity of antibiotics and plant extracts in combination 
was investigated using the checkerboard broth microdilution method. 
Two-fold serial dilutions of the antibiotic and two-fold serial dilutions 
of the plant extracts were prepared for every combination tested and 
50 µl aliquots of each component was placed into the wells of the sterile 
96-well microtiter plate. The inoculum was prepared using the above 
described MIC determination method. The microtiter plates were 
then incubated at 37°C and MIC was determined after 18-20 hrs of 
incubation.

The fractional inhibitory concentration (FIC index) for all the 
combinations was determined using the following formula:

FIC index = FICA + FICB = [A]/MICA + [B]/MICB

FICA and FICB are FIC of drug A and B, respectively. While MICA and MICB 
are MIC of drug A and B, respectively. [A] and [B] are concentration 
of drug A and B, respectively. FIC index by checkerboard method is 
interpreted as follows: <0.5 means synergism; 0.5-2 means additive or 
indifferent; and >2 means antagonism [12].

Animals
Healthy female Wistar rat, approximately 2 months age and 150-180 g 
of body weight, were obtained from Bioscience and Biotechnology 
Research Centre, Bandung Institute of Technology. The animals were fed 
ad libitum with standard chow and tap water. The study complied the 
rules of animal handling and experimentation of School of Pharmacy, 
Bandung Institute of Technology. Throughout the experiments, all 
animals received human care according to the criteria outlined in the 
“Institutional Animal Care and Use Committee Guidebook” [13].

Anti-dysentery activity in vivo
The rats were divided into 4 groups, namely positive control group, 
tetracycline, combination of tetracycline and C. xanthorrhiza, and 
the combination of tetracycline and S. arvensis. S. flexneri suspension 
with 108 CFU/mL was prepared, and then 1 mL of suspension was 
administered orally to each rat. Rats were put into metabolic cage 
overnight. At next morning, the feces of each rat were collected and 
then cultured on MacConkey agar to check the growth of S. flexneri. If 

the induction was successful, the rats were then treated based on their 
groups for 7 days.

Determination of S. flexneri in feces
After diarrhea induction and drug treatment, all rats were put into 
the metabolic cage every night and then feces were collected in the 
morning and weighted. Furthermore, feces were diluted to 106 and 107. 
The diluted feces was cultured on MacConkey agar, and then incubated 
for 18-24 hrs at 35±2°C. After 18-24 hrs, the number of colony was 
counted using total plate count method.

Statistical analysis
Statistical analysis of the results was analyzed with one-way ANOVA 
followed by least significant difference and Tukey post hoc analysis 
using SPSS 16.00. p<0.05 were considered to be significant.

RESULTS

Phytochemical screening of C. xanthorrhiza and S. arvensis
Phytochemical screening was done as preliminary steps to determine 
the presence of chemical compounds in the extract. The results showed 
that the extract of C. xanthorrhiza contained flavonoids, tannins, 
quinones, saponins, and steroid/triterpenoid. Moreover, the extract 
of S. arvensis contained alkaloid, phenol, flavonoid, tannins, steroids/
triterpenoid, and saponin.

Ethanol extract of C. xanthorrhiza has a better antibacterial activity 
against S. flexneri than S. arvensis
Antibacterial activity against S. flexneri was tested by determining 
the MIC and MBC of the extract tested. The results showed that 
C. xanthorrhiza extract had the lowest MIC and MBC value (128 
and 2048 µg/mL, respectively) than S. arvensis extract (Table 1). 
Tetracycline as a reference showed the best antibacterial activity 
among both extracts tested, with the MIC value of 4 µg/mL and MBC 
value of 32 µg/mL (Table 1).

C. xanthorrhiza and S. arvensis synergize with tetracycline to 
enhance potency against S. flexneri in vitro
Antibacterial activity of the combination of tetracycline with 
C. xanthorrhiza extract or with S. arvensis was further studied 
using checkerboard method. The results showed that combination 
of tetracycline and C. xanthorrhiza extract had a reduction of MIC 
value to 1/4 for tetracycline and 1/2 for C. xanthorrhiza. A similar 
situation was observed in combination of tetracycline with S. arvensis 
(Table 2). Both combinations showed an additive interaction as their 
FIC index was between 0.5 and 2. To evaluate its activity in vivo, we 
administered each drug combination into the S. flexneri-infected 
rats.

Combination of tetracycline with C. xanthorrhiza extract has less 
amount of S. flexneri found in the rat’s feces among tetracycline 
only and combination of tetracycline with S. arvensis treated group
Dysentery was induced by injecting S. flexneri suspension at day 1 
before drug treatment. Next, rats were treated based on their group for 
7 consecutive days. The results, which can be seen in Table 3, showed 
that positive control group had the highest number of bacteria at day 4 
after administration of bacteria suspension, and then it was started to 
decrease from day 6 and back to normal again at day 8.

Table 1: MIC and MBC of extracts and tetracycline

Extract/control MIC (µg/mL) MBC (µg/mL)
Ethanol extract of C. xanthorrhiza 128 2048
Ethanol extract of S. arvensis 512 >4096
Tetracycline 4 32
MIC: Minimun inhibitory concentration, MBC: Minimum bactericidal 
concentration. C. xanthorrhiza: Curcuma xanthorrhiza, S. arvensis: Sonchus 
arvensis
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Tetracycline and combination of tetracycline - S. arvensis group 
showed the similar pattern as positive control. Combination of 
tetracycline - C. xanthorrhiza did not show any increase number of 
bacteria in all observation day. However, the significance different 
was observed only at day 7 after S. flexneri administration. Similar 
significance response was also observed for combination of tetracycline 
with S. arvensis, although the increase number of bacteria was observed 
upon bacteria administration. This data suggest that the combination of 
tetracycline with C. xanthorrhiza or with S. arvensis might have potency 
as an anti-dysentery as it inhibited the increase of number of bacteria 
significantly at day 7 after S. flexneri administration.

DISCUSSION

In this study, anti-dysentery of combination of tetracycline with 
C. xanthorrhiza or S. arvensis was determined in vitro and in vivo. The results 
showed that both combinations had an additive activity against S. flexneri 
in vitro. However, the combination of tetracycline with C. xanthorrhiza or 
S. arvensis showed less number of bacteria found in the rats’ feces than 
those exposed to tetracycline only, suggesting a synergistic interaction in 
vivo. In conclusion, combination of tetracycline with C. xanthorrhiza or 
with S. arvensis is a potential as anti-dysentery drugs against S. flexneri.

Limitation of this study is that there was no pharmacokinetic profile of 
drugs in combination due to difficulty in finding the plant biomarker to 
determine the exact concentration of the plant extract in blood stream. 
Although it is known that to achieve synergism in vivo, sufficient 
concentration of antibiotics in the bloodstream and infected tissues 
are important. The concentration of single drug of drug combinations 
is needed to have a longer half-life to prevent the induction of transient 
resistance mechanisms and the selection of genetic mutants [14]. 
Therefore, the pharmacokinetic profile of plant extract is needed for 
further study.

Synergistic interaction of tetracycline with plant extracts has been 
reported before. Study by Sudano Roccaro, 2004 [15] reported 
epigallocatechin gallate enhances the tetracycline activity for 
staphylococci by impairment of tetracycline efflux pump activity and 
increased intracellular retention of the drug leading to synergistic 
drug combination. However, the exact mechanism of combination of 
tetracycline with C. xanthorrhiza or S. arvensis against S. flexneri is still 
under investigation.

CONCLUSION

The drug combination of tetracycline with C. xanthorrhiza or S. arvensis 
both shows an additive activity against S. flexneri in vitro. However, both 
combinations have significantly lower number of bacteria found in the 
rat’s feces than those exposed to tetracycline only at day 6 after drug 

administration, suggesting a synergistic interaction in vivo. Tetracycline 
combination with each of the ethanol extract of C. xanthorrhiza or 
S. arvensis is potential to be developed as anti-dysentery drugs.
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Table 2: MIC of C. xanthorrhiza and S. arvensis extracts in combination with tetracycline

Extracts MIC (µg/mL) FIC Combination

Extracts Tetracycline
Tetracycline - C. xanthorrhiza 64 (½ of MIC) 1 (¼ of MIC) 0.75 additive
Tetracycline - S. arvensis 64 (1/8 of MIC) 2 (½ of MIC) 0.625 additive
MIC: Minimun inhibitory concentration, FIC: Fractional inhibitory concentration. C. xanthorrhiza: Curcuma xanthorrhiza, S. arvensis: Sonchus arvensis

Table 3: Number of bacteria in feces of S. flexneri infected rats

Group Number of bacteria at day

1 2 3 4 5 6 7 8
Positive control 15±14.29 3.7±2.02 47.3±37.28 104.2±167.88 100.2±44.23 54.7±59.67 44.5±43.1 6.5±12.7
Tetracycline 27±26.56 31.2±16.01 11.5±15.16 105±102.62 55.3±56.38 13.3±7.28 21.1±18.18 29.4±50.9
Tetracycline - C. xanthorrhiza 10.6±8.25 23.3±27.02 15.5±22.98 14±20.47 31.8±52.56 7.8±7.11 0±0* 3.8±3.35
Tetracycline - S. arvensis 1.8±3.17 15.2±9.83 4.3±5.78 138.2±176.6 44.8±57.04 11.5±3.5 4.3±4.68* 4±2.53
Data are presented as average±SD, n=3 per group, *p<0.05 means significantly different compared to positive control group. S. flexneri: Shigella flexneri, 
C. xanthorrhiza: Curcuma xanthorrhiza, S. arvensis: Sonchus arvensis


