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Infections by Entamoeba histolytica (E. histolytica) lead to considerable morbidity and mortality
worldwide and treatment is reliant on a single class of drugs, nitroimidazoles. Treatment failures

and intermittent reports of relapse from different parts of world indicate towards development

of clinical drug resistance. In the present study, susceptibility testing of clinical isolates of E.
histolytica was carried against metronidazole and tinidazole. Additionally, anti-amoebic property

of active compounds of Andrographis paniculata was also evaluated. Prevalence of metronidazole
resistance gene (nim) in patients attending hospital was also done to get comprehensive insight of
present situation of drug resistance in E. histolytica. Mean inhibitory concentration 50 (IC50) value

of E. histolytica isolates against metronidazole and tinidazole was 20.01 and 16.1 pM respectively.
Andrographolide showed minimum mean IC50 value (3.06 pM). Significant percentage inhibition of E.
histolytica isolates by andrographolide was seen as compared to metronidazole (p=0.0495). None of
E. histolytica isolates showed presence of nim gene. However, in stool samples from hospital attending
population, prevalence of nimE gene was found to be 76.6% (69/90) and 62.2% (56/90) in diarrheal
and non-diarrheal samples respectively. Inhibitory concentration of commonly used nitroimidazoles
against clinical isolates of E. histolytica are on rise. Percentage inhibition of E. histolytica isolates by
andrographolide was significantly higher than control drug metronidazole.

The choice of drugs for the treatment of infections by Entamoeba usually depends on the diagnosis and the sever-
ity of the disease. The World Health Organization (WHO) recommends that all patients infected with Entamoeba
histolytica (E. histolytica) should be treated'. However, owing to the unavailability and the associated toxicity,
treatment of infections due to E. histolytica is reliant on a single class of drugs, nitroimidazoles, for more than half
a century?. The safety and efficacy of the nitroimidazoles in all forms of amoebiasis has been firmly established”.
The most used agent from this class is metronidazole. Metronidazole has been the front-line choice for a number
of anaerobic and protozoan infections worldwide.

However, indiscriminate overuse, over-the-counter (OTC) sales and inappropriate treatment regimens has
resulted in the increase in the minimum inhibitory concentration (MIC) of the drug*. Appearance of the met-
ronidazole resistant strains in-vivo and in-vitro can be an indication of the emerging drug resistance. However,
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the studies about the metronidazole resistance and the associated mechanisms from India are very limited®.
Detection of resistance genes from the clinical samples without pure isolates can be helpful in epidemiological
studies on the distribution of the resistance genes. Additionally, the antimicrobial susceptibility testing through
culture methods provides information of the resistance genes of only micro-organisms which are capable of
growing under given conditions.

Cases of treatment failures even after adequate therapy from different parts of the world indicate development
of clinical drug resistance. Reports of recurrence in the cases of extraintestinal manifestation of E. histolytica are
on rise®”. There are reports of multiple relapse and treatment failures despite following appropriate management®.
Nonetheless, resistance to metronidazole, although reported in Giardia lamblia, Trichomonas vaginalis and
Leishmania donovani is still not documented in the case of E. histolytica isolates'®1%.

Ten nitroimidazole resistance genes (nim A to nim J) have been identified till date that confer reduced sen-
sitivity to 5-nitroimidazole drugs'*-'%. The proposed mechanism for the resistance by nim gene states that they
encode an enzyme called, 5-nitroimidazole reductase, that inhibit the formation of the nitroso radicals critical
for the antimicrobial activity'”. It has been demonstrated that the high level of metronidazole resistance can be
easily induced in strains containing nim gene'. The increased frequency of the nim gene even after short exposure
to metronidazole treatment has been reported.

Since last 60 years, no new drug has developed against E. histolytica infections, despite the urgencies set by
National Institute of Allergy and Infectious diseases (NIAID) for drug development for treatment of category B
pathogens. In-vitro drug resistance in metronidazole is not a serious problem presently, however, the increasing
inhibitory concentrations and cases of treatment failures is heralding towards the clinical resistance®®. Addition-
ally, there are several adverse effects associated with the long-term use of metronidazole including diarrhoea, loss
of appetite, metallic flavour, induction of genotoxic effects, DNA damage as well as oxidative cell damage>'®'.
The most critical reactions include effect on central nervous system, peripheral neuropathy, ataxia, vertigo,
convulsions and cerebellar toxicity?*-?2. Thus, it becomes important to reconsider the risk benefit relation and
individual’s susceptibility in case of metronidazole prescription.

The revaluation of different medicinal plants for their therapeutic properties has gained much importance due
to the emerging drug resistance to the commonly used agents. One such plant species is Andrographis paniculata
(A. paniculata). A. paniculata is a medicinal herb with numerous pharmacological properties. The abundant
therapeutic use of this plant has been demonstrated in the tropical and sub-tropical regions of South-east Asia®’.
These regions are also endemic for the Entamoeba infections leading to considerable morbidity and mortality?*-°.
Andrographolide is the sole major compound isolated from A. paniculata, which has been studied for numerous
medicinal properties. Neo-andrographolide and andrograpanin are the other dominant and important diterpe-
noids isolated from the aerial part of A. paniculata®. In our experience, significant anthelmintic property, and
the quantitative estimation of the marker compounds in the extracts of leaves of A. paniculata has been recently
reported against human hookworm isolates®.

In our tertiary care center, we have previously studied high prevalence of E. histolytica in amoebic liver
abscess (ALA) and high recurrence of ALA in a 2 year follow up study®?. The location of the present study is on
the Ganga basin which has been associated with higher incidence of ALA in an endemic neighbouring country.
The unusual rate of recurrence could hint towards the gradual development of the clinical resistance towards
the commonly used drugs in this geographical area. Consequently, we hypothesized whether clinical resistance
with metronidazole treatment is reflected in drug susceptibility testing of E. histolytica. With this background,
the objective of this study was to evaluate the drug susceptibility of the clinical isolates of E. histolytica causing
ALA against metronidazole and tinidazole. Along with it, the analysis of the anti-amoebic activity of active
compounds of A. paniculata (andrographolide, neo-andrographolide and andrograpanin) was done. Addition-
ally owing to the dearth in existing data, the prevalence of metronidazole resistance gene (nim gene) in stool
samples of patients attending hospital was also carried out, to provide a comprehensive picture of the current
situation of drug resistance in E. histolytica.

Results

Confirmation of the samples and demographic details. All the 15 liver aspirates included in the
study were found to be positive for E. histolytica through nested multipex polymerase chain reaction (PCR) for
Entamoeba sp. However, only 2 (13.3%) stool samples of these ALA patients were positive for E. histolytica. As
we have previously reported increased recurrence rate in ALA patients thus, the isolation of the trophozoites
were carried out from the liver aspirate samples. Figure 1 shows the presence of the trophozoites in the liver
aspirate samples. Among the diarrheal samples included in the present study 3 (3.3%) samples were positive for
E. histolytica.

The mean age of the ALA patients was 41.06 7.3 years. Majority (13/15, 86.6%) of the participants were
males. Considering their residence, 9 (60%) participants were from rural background and 6 (40%) were from
urban areas. Out of the total, 5 (33.3%) participants had received higher education (above class 5th), 7 (46.6%)
participants had primary education and 3 (20%) were uneducated. Majority (11/15, 73.3%) participants were
employed. Five (33.3%) participants were from low and 10 (66.6%) participants were from middle economic
status. In the present study, the incidence of ALA was more frequent in middle-aged males with rural back-
ground. However, no significant correlation was found between the demographic factors and the incidence of the
ALA owing to the inclusion of only the diseased ALA cases (no controls) and the small sample size of the study.

Drug susceptibility testing of E. histolytica clinical isolates. The mean IC50 value of the E. histol-
ytica isolates against the metronidazole and tinidazole was found to be 20.01 uM and 16.1 uM respectively. The
mean IC50 values were significantly higher (p=0.022) for metronidazole as compared to the tinidazole. Figure 2
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Figure 1. Microscopic image of the trophozoites in the liver aspirate samples (40x).

shows the graphical representation of the mean percentage inhibition of the 15 clinical isolates of E. histolytica by
the metronidazole and tinidazole. As it is evident from the Fig. 2 that the inhibition percentage of the tinidazole
was higher than the metronidazole against the clinical isolates of E. histolytica throughout the concentration
range included in the study. A list of studies showing details of the drug susceptibility testing of the E. histolytica
isolates using various assays has been shown in Table 1.

Anti-amoebic property of active compounds of A. paniculata. The mean IC50 value of the E. his-
tolytica isolates against the active compounds and the control drug, metronidazole has been shown in Table 2.
Andrographolide showed the minimum mean IC50 value (3.06 uM) against the E. histolytica clinical isolates.
The graphical representation of the comparison of mean percentage inhibition of the 15 clinical isolates of E.
histolytica by the active compounds and the drugs, metronidazole and tinidazole has been shown in Fig. 3.
Among the active compounds andrographolide showed the maximum percentage inhibition followed by neo-
andrographolide and andrograpanin. All the three active compounds showed better percentage inhibition in
comparison to the commonly used nitroimidazoles. The activities of the active compounds as compared to each
other was not found to be significant. However, there was a significant percentage inhibition of the E. histolytica
isolates by andrographolide as compared to the metronidazole (p=0.0495).

Prevalence of nim genes. None of the E. histolytica isolates showed the presence of nim gene. In the case
of stool samples, the prevalence of nim gene in diarrheal and non-diarrheal stool samples was found to be 76.6%
(69/90) and 62.2% (56/90) respectively. The prevalence of nim gene was significantly more in the diarrheal sam-
ples (p=0.036). Among the three E. histolytica positive diarrheal samples 2 (66.6%) samples showed the presence
of nim gene and out of 87 E. histolytica negative diarrheal samples 67 (77%) showed the presence of nim gene.
No significant correlation between the presence of nim gene in the E. histolytica positive and negative diarrheal
samples was found (p=0.68).

Through analysis of the digested fragments from both the enzymes, all the samples positive for nim gene
were found to be nim E type. The fragments obtained by digestion from Hin1II and Taql restriction enzyme has
been shown in Fig. 4. The restriction digestion products obtained by HinlII enzyme showed a single fragment
of 441 bp and Tagl enzyme produced two fragments of 274 bp and 155 bp on agarose gel electrophoresis.

The sequence analysis of the nim gene PCR products confirmed the presence of nim E gene type. A sequence
homology of 99% with the nim E gene type was revealed through Basic local alignment search tool (BLAST)
analysis from the available database. (Accession number: AM117602.1, https://www.ncbi.nlm.nih.gov/nucco
re/AM117602.1/).

Bacterial flora in the diarrheal samples. Among the microflora associated with diarrheal samples
Prevotella (34, 37.7%) was predominant followed by Bacteroides (20, 22.2%), Escherichia coli (16, 17.7%), Kleb-
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Figure 2. Percentage inhibition of E. histolytica clinical isolates by metronidazole and tinidazole.
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Culture Detection of
Species Isolate type No | type Study site Method used antiamoebic activity | Concentration Reference
ED50- Metronida-
zole:0.17-0.35 pug/ml
Dihydroemetine:
Ability to inhibit 0.15 pg/ml
E.h Standard strain 1 Axenic Missouri Micro the incorporation of Emetine:1.96-2.83 ug/ | s
(HK-9) us dilution plate method | thymidine and parasite | ml
replication Chloro-
quine:0.56-1.57 pg/ml
Paromomycin:
48.1-60.7 ug/ml
MIC- Metronidazole:
0.0625-0.125 pg/ml
Dihydroemetine:
s 1. . Bangkok, Quantitative assessment | 0.125-1 pg/ml 60
E-h Clinical isolates 30| Axenic Thailand Tube method using neutral red stain | Tinidazole: 0.0625-
0.25 pug/ml
Ornidazole: 0.0625-
0.25 pg/ml
E.h Clinical isolates 6 Axenic/Xenic | Israel Culture tube method | Quantitative qbservg— IC50- Metronidazole: | 5
tions with eosine stain | 1-10 pg/ml
E.h N . Quantitative observa- . .
(HM1: Standard strain 1 Axenic Virginia, Mlcrp tions with trypan blue MIC- Metronidazole: ol
us dilution plate method ; 20 pg/ml
IMSS) exclusion
E.h Clinical isolates 10 | NA Santo Domingo, NA NA Metronidazole: 25 mg/1 | ©
Dominican Republic
S . Queensland Micro Motility and round- MIC- Metronidazole: 31
E-h Clinical isolates 4 Axenic Australia dilution plate method | ing up 12,5 -25 uM
Eh Standard/ clinical 14 NA London, Micro Radioactivity of methyl- | IC50- Metronidazole: | 5,
’ strains UK dilution plate method | thymidine 18.47 uM
IC50 for E. h/E.d-
. . Metronidazole:
. Nitroblue tetrazolium .
E.h T 15 Mono- . . Micro N 13.2/15.6 Chloroquine: |
Ed Clinical isolates 30 | xenic Chandigarh India dilution plate method S:Tlt%g);eductlon 26.3/28.9
etho Emetine: 31.2/32.8
Tinidazole: 12.4/13.2
Viability count using . .
E.h Clinical isolates 1 Poly; Cameroon, Africa Culture tube method trypan blue exclusion EC50- Metronidazole: | &
Xenic . 46 pg/ml
technique
IC50- Metronidazole:
0.711 pg/ml
E.h Tinidazole: 0.160 ug/ml
(HM1: Standard strain 1 Axenic Mexico Vial-micro method Quantitative assessment | Emetine 1.630 ug/ml o
IMSS) Ornidazole 0.120 pg/ml
Secnidazole: 0.161 pg/
ml
E.h . . 24-well culture plate . MIC- Metronida- 33
(MS275030) Standard strain 1 Axenic Dhaka, Bangladesh method Quantitative assessment zole: <0.8 mg/ml
Eh MIC- Metronidazole:
(HIM1: Standard strain 1 Axenic Malaysia Microdilution plate Motlhty and round- 6.25 ug/ml ) 65
method ing up MAC- Metronidazole:
IMSS)
12.5 pg/ml
Eh Clinical isolates NA | Xenic Tehran, NA Mgbility a{)ld toqality IC- Metronidazole: 3
Iran using 0.01% Eosin 2 mg/ml
. - Nitroblue tetrazolium | IC50- Metronidazole: .
E.h Clinical isolates 15 hggpco- India x;i;%(glunon plate (NBT) reduction 20 uM g:llz
xent method Tinidazole: 16.01 uyM udy

Table 1. List of studies showing details of the drug susceptibility testing of the E. histolytica isolates using
various assays. E. h—E. histolytica; E. d—E. dispar; NA—Not available; ED50—Effective dose 50; MIC—
Minimum inhibitory concentration; IC50—Inhibitory concentration 50; EC50—Effective concentration 50;

MAC—Minimum amoebicidal concentration; IC—Inhibitory concentration.

Anti-amoebic agent Mean IC50 value (uM) p value
Andrographolide 3.06 0.0495*
Neo-andrographolide 4.85 0.107
Andrograpanin 10.5 0.3131
Metronidazole 20.01 NA

Table 2. Mean IC50 value of the active compounds and the control drug against E. histolytica clinical isolates.
*p value significant. NA not applicable.
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Figure 3. Percentage inhibition of E. histolytica clinical isolates by andrographolide, neo-andrographolide and
andrograpanin in comparison to the metronidazole and tinidazole.
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Figure 4. Restriction digestion products obtained by (A) HinlII enzyme; 441 bp and (B) Taql enzyme; 274 bp
and 155 bp.

siella (12, 13.3%) and C. freundii (8, 8.8%). Majority (54, 78.2%) of the diarrheal samples showing the presence
of nim gene showed the presence of either Prevotella or Bacteroides.

Discussion

Drug susceptibility testing in E. histolytica has been challenging because of the absence of competent screening
assay. Additionally, the available methods are exhaustive and have complex procedures besides requiring exper-
tise and parasite culture facilities®. Thus, only a handful of studies are available reporting the drug sensitivity
of E. histolytica isolates.

The most interesting point was that though the findings of the present study were in agreement with the
previous reports, yet the mean IC50 values in the present study were higher than the prior studies'®*!. A study
conducted 18 years before in India on the drug sensitivity of the E. histolytica isolates had shown the mean IC50
value of 13.2 uM and 12.4 pM for metronidazole and tinidazole respectively'’. The increase in the mean IC50
values can be attributed to the emergence of clinical resistance or due to the differences in the culture techniques
of the parasite, strains involved or raw materials used. Studies have reported the minimum MIC of 12.5-25 uM
for the laboratory passaged E. histolytica strains. Another study described mean IC50 value of 18.47 uM and
a cut off value of > 30 uM for resistance in the E. histolytica isolates*’. However, majority of the studies on the
drug sensitivity of E. histolytica are outdated and there is a dearth of recent data against the commonly used
anti-amoebic agents. Additionally, the comparison of the available studies regarding the drug sensitivity of E.
histolytica particularly becomes difficult because of the use of the different methods for the measurement of the
activity of the drugs.

Various studies have reported the sensitivity of the drugs against the E. histolytica isolates in terms of mini-
mum lethal concentration (MLC), MIC, IC50, effective dose 50 (ED50) etc**-*>. However, it has been suggested
to report the sensitivity of a drug as molar concentration (uM) to standardize the comparison of efficacy of the
drugs especially in cases when metronidazole is compared with other nitroimidazoles with significantly higher
molecular weight®!. The clinical isolates included in the present study were maintained in the monoxenic culture
as it has been previously reported that presence of bacterial flora along with the amoeba did not significantly
interfere with the performance of the test or the sensitivity values'®*.

The percentage inhibition of the E. histolytica clinical isolates by marker active compound andrographolide
was significantly higher than the control drug metronidazole. Reports have suggested that andrographolide and
its analogues possess some novel mechanism of action responsible for their effects”’. A recent study using andro-
grapholide based nanoparticles has shown that they generate intracellular reactive oxygen species that promote
damage to the vital biomolecules including DNA, proteins and lipids and cause membrane leaking leading to
the release of the cytoplasmic components and death?.
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In the malarial parasite, andrographolide had shown inhibitory activity towards the ring-stage of the parasite
affecting the protein and nucleic acid synthesis. Andrographolide has been designated as the ‘Transcription
blocker’ in the parasite Plasmodium falciparum®. In the andrographolide treated filarial parasite the activ-
ity of antioxidant enzymes and glutathione-S-transferase (GSH) has been found to be reduced in concentra-
tion dependent manner®. Additionally, in parasites treated with andrographolide an increase in the activity of
NADPH oxidase has been seen which leads to the development of hydrogen peroxide (H,0,) and other hazardous
reactive oxygen species splitting the mitochondrial membrane organization®’. Even though andrographolide has
been found to be effective as a traditional medicine in dysentery, a detailed study on the exact mode of action of
andrographolide in E. histolytica is lacking.

In the present study, the nim gene was not detected in any of the clinical isolates of E. histolytica. However,
the present hospital-based study revealed high level prevalence of the nim gene in the diarrheal as well as non-
diarrheal stool samples of the patients. In other anaerobic micro-organisms, such as clinical isolates of Bacteroides
spp. and Prevotella spp. the carriage rate of 0-2.8% and 0-8% respectively has been reported'”*!~*. There is no
data on the presence of nim genes in E. histolytica clinical isolates for commenting on this study finding. The
nim gene associated metronidazole resistance has been known to vary among the diverse geographical regions**.
In the present study the decreased susceptibility of the clinical isolates of E. histolytica towards commonly used
nitroimidazoles does not seem to be associated with the nim genes. Previous studies have suggested that the
reduction in sensitivity to metronidazole in the E. histolytica isolates can be because of several factors, some of
which are non-enzymatic*. The increased expression of the iron super dismutase (Fe-SOD) and peroxiredoxin
along with the decreased expression of ferredoxinl and TrxR constitutes important component involved in the
mechanism of metronidazole resistance in E. histolytica*®.

High prevalence of nim gene in stool samples of the patients attending the tertiary care centre is in concord-
ance with another study from India that showed high copy number of the nim gene in the stool samples of the
patients with gastrointestinal discomfort as well as in the healthy individual from the community*”. Such high
prevalence of the nim gene in this geographical region can be attributed to the OTC sales of the nitroimidazoles
(especially metronidazole), which has been linked with the increased frequency of the nim gene induction*. Also,
the presence of nim gene was found to be significantly associated with the diarrheal stool samples (p =0.036).
This could be due to the significant abundance of the nim gene carrying micro-organisms such as Bacteroides
spp. and Prevotella spp. in the diarrheal stool samples**.

The presence of nim E gene type in all the positive samples has been reported in the present study. Our finding
is in-line with the previous studies reported from India which described nim E to be the most common nim gene
type circulating in this geographical region®*”>!. In contrast to our results, studies from other part of the world
have shown nim A gene followed by nim B and nim D gene to be most prevalent type'*'*. However, no possible
correlation between the type of nim gene and the degree of resistance has been ever described in the literature.

The scope of the present work was to analyse the susceptibility pattern of the clinical isolates of E. histolytica
towards the commonly used drugs. Along with it, the anti-amoebic property of the marker compounds of A.
paniculata was studied. To the best of our knowledge, this is the first report of the anti-amoebic activity of the
active compounds from the extracts of leaves of A. paniculata against the clinical isolates of E. histolytica. A
detailed study of the toxicity profile, dose determination and the delivery options of the active compounds is
required to establish them as a potent anti-amoebic agent in the future.

The study was not without any limitation as only 15 clinical isolates of E. histolytica were included in the
study owing to the difficulty in the establishment and maintenance of the parasitic culture. The drug suscepti-
bility assays could not be carried out in the axenic culture due to lack of the culture and maintenance facility.
Additionally, the drug susceptibility assay was performed using only two drugs, metronidazole and tinidazole.
However, these drugs are the main line of treatment for the E. histolytica infections including ALA cases and
therefore provides important insight into the situation.

Material and methods

Ethics statement. The study was ethically approved by Institute Ethical Committee, Faculty of Medicine,
Institute of Medical Sciences, Banaras Hindu University (Dean/2016-17/EC/045). All experiments in the pre-
sent study were performed in accordance with guidelines and regulations provided by the Institute Ethical Com-
mittee. The study included only adults and written informed consent was obtained from all the subjects who
participated after explaining them the purpose of the study.

Inclusion/exclusion criteria. Patients with well-defined liver abscesses greater than 5 cm diameter which
were confirmed through abdominal ultrasound were included in the present study. Patients who have gone
through aspiration previously or were on any medication from past four weeks were excluded from the study.
Furthermore, the liver aspirate showing presence of associated bacteria either by aerobic culture or by molecular
detection through 16-S rRNA primers were excluded from the study*?.

Clinical samples and isolates of E. histolytica. Fifteen isolates from 15 E. histolytica positive ALA sam-
ples from patients attending the Gastroenterology and Radiology department of Sir Sunderlal Hospital, Vara-
nasi, India were included in this study. As the trophozoites are majorly attached to the wall of the abscess, the use
of a series of smaller bottles for the collection of the liver aspirate was done to keep the last fraction undiluted
by the main mass of material®.

The stool samples from these ALA patients were also collected. A pre-tested questionnaire about the demo-
graphic details including age, gender, residence, education, employment and economic status of the patients
were collected through experienced research scholars.
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Additionally, diarrheal (n=90) and non-diarrheal (n=90) stool samples from patients attending different
outpatient departments of Sir Sundarlal Hospital, Varanasi were also included to detect the frequency of the nim
genes in this geographical region. All the diarrheal samples were inoculated on the Mac Conkey agar medium
and blood agar medium for overnight incubation at 37 °C. Additionally screening of common anaerobes from
previous literature was done in the diarrheal samples using conventional PCR?.

Confirmation of the samples. Direct microscopy was performed for all the samples through wet mount
to screen for the presence of trophozoites of Entamoeba spp. Nested multiplex PCR was performed for the
molecular detection of E. histolytica in all the samples using species specific primers targeting 16S like rRNA
gene’. The reaction mixture preparation and reaction conditions were as described previously®.

Isolation and culture of the trophozoites. Trophozoites were isolated from liver aspirate of ALA
patients by culture in modified Boeck and Drbohlav’s monoxenic medium with few modifications®»**. Locke-
egg medium was prepared. For this, Locke’s solution was prepared by dissolving the 8.0 g sodium chloride
(Sigma-Aldrich Chemicals Pvt. Ltd, India), 0.2 g calcium chloride (Sigma-Aldrich Chemicals Pvt. Ltd, India),
0.2 g potassium chloride (Sigma-Aldrich Chemicals Pvt. Ltd, India), 0.01 magnesium chloride (Sigma-Aldrich
Chemicals Pvt. Ltd, India), 2.0 g sodium phosphate (Sigma-Aldrich Chemicals Pvt. Ltd, India), 0.4 g sodium
bicarbonate (Sigma-Aldrich Chemicals Pvt. Ltd, India) and 0.3 g potassium phosphate, monobasic (Sigma-
Aldrich Chemicals Pvt. Ltd, India) into 1L distilled water. The Locke solution was autoclaved at 15 min at 121 °C
under a pressure of 15 Ib/in®. Any precipitate formed was removed by filtration by Whatman no. 1 paper.

For egg slant preparation, fresh hens’ eggs were sterilized by flaming in 70% ethanol and broken into a
graduated cylinder. Locke’s solution (12.5 ml) per 45 ml of egg was added and then emulsified in a Waring-type
blender and filtered through gauze into a flask. A total of 5 ml of the emulsified egg were added to standard
culture tubes (16 by 125 mm) and sterilized by inspissation. After cooling of the slants, they were overlayed with
6 ml of Locke’s solution.

Deactivated bovine serum (Biological industries, Kibbutz Beit-Haemek, Israel) and sterilized rice starch
(VWR International, Poole, United Kingdom) were added to the medium before addition of the samples®®.
Along with it, a loopful of pure colonies of Klebsiella pneumoniae which was susceptible to the metronidazole
was inoculated to the culture tubes before the addition of the clinical sample. The sub-culturing was performed
every 48 h and the trophozoites were further subjected to drug susceptibility testing mostly after two passages.

Chemicals and antimicrobial agents. The pure salts of drug, metronidazole and tinidazole were
included in the study (Sigma-Aldrich Chemicals Pvt. Ltd, India) The concentration range of 0.78 uM—100 uM
were used. Andrographolide (CAS No. 5508-58-7, purity >95%), neoandrographolide (CAS.No. 27215-14-1,
purity>95%) and andrograpanin (CAS No. 82209-74-3, purity > 95%) were obtained from Natural Remedies
Pvt. Ltd (Bangalore, India) and used in the concentration of 0.19 pM—100 pM.

Drug susceptibility testing (DST).  For the susceptibility testing, Robinson medium for Entamoeba twin
pack (HiMedia laboratories Pvt. Ltd, Mumbai, India) was used. Susceptibility testing to the standard drugs and
the active compounds was performed as described previously'’. Briefly, the trophozoites were harvested from
24 h old culture from the interface of the locke’s solution and the egg slant and the count were adjusted to 1x 10°
trophozoites per ml. The in-vitro susceptibility testing was performed in 96 wells microtiter plates. The doubling
dilutions of the drugs and active compounds was performed to get the required concentrations. Diluted tropho-
zoite suspension was added and the plates were incubated for 4 h at 37 °C. Following incubation, the plate’s
content was discarded and the plate was washed. Further, 100 pl of nitroblue tetrazolium (HiMedia laboratories
Pvt. Ltd, Mumbai, India) was added to each well and the plates were incubated at 37 °C for 45 min. After incuba-
tion, the plates were again washed and DMSO (200 pl/well) was added. Thereafter the plates were incubated at
37 °C for 10 min. Following incubation, the optical density (OD) was measured. Each isolate was tested against
the drugs and active compounds in duplicates. Each test included a control well containing only media and
the trophozoites without drugs and a blank well containing only media. The measurement of OD in each test
was done at 540 nm using microtiter plate reader (LisaScan® EM Elisa plate reader, Transasia Bio-Medicals Ltd,
India). The percentage of non-viable trophozoites at each concentration was calculated using the formula:

. . Test OD — Blank OD
Percentage of non-viable trophozoites = x 100
Control OD — Blank OD

The mean ICy, values for all the clinical isolates against the drugs (metronidazole, tinidazole) and the active
compounds (andrographolide, neoandrographolide and andrograpanin) was calculated using "Quest Graph™
IC50 Calculator” (AAT Bioquest, Inc.)

Screening of the nim gene. The 15 E. histolytica isolates and stool samples from the diarrheal and non-
diarrheal patients were screened for the presence of nim genes. DNA extraction was carried out from all the
isolates and the stool samples by using QIAGEN stool mini kit (Qiagen, Germany) as per the manufacturer’s
instructions.

The detection of nim genes in the E. histolytica isolates and stool samples was carried out by conventional
PCR using the universal set of primers, Nim-3 and Nim-5, for all known nim genes®.
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Determination of nim gene type. The determintion of the nim gene type was done by restriction frag-
ment length polymorphism (RFLP). The PCR products obtained in the previous step were digested by using two
restriction enzymes Taql (New England Biolabs, Massachusetts, United States) and Hinl1II (New England Bio-
labs, Massachusetts, United States) as per the manufacturer’s instructions'>*®. For nim gene type confirmation,
PCR products were subjected to DNA sequencing of the partial region of SSU rRNA gene.

Statistical analysis. The mean IC50 value of the clinical isolates of E. histolytica were compared by Stu-
dent’s t-test using 2019 MedCalc software (version:bv). The presence of the nim gene in diarrheal and non-
diarrheal stool samples was also compared using 2019 MedCalc software (version:bv). In the case of the active
compounds, metronidazole was used as the control drug. A p value <0.05 was considered to be significant.

Data availability
All the data generated or analysed during the study has been included in the manuscript.

Received: 19 January 2023; Accepted: 25 July 2023
Published online: 27 July 2023

References
1. Center for Disease control and prevention. https://www.cdc.gov/parasites/amebiasis/general-info (2019).
2. Shirley, D.A., Farr, L., Watanabe, K. & Moonah, S. (2018) A review of the global burden, new diagnostics, and current therapeutics
for amebiasis. In: Open forum infectious diseases, Oxford University Press, United Sates.
3. Gonzales, M., Leonila, E. & Juliet, S. A. Antiamoebic drugs for treating amoebic colitis. Cochrane Database Syst. Rev. https://doi.
0rg/10.1002/14651858.CD006085 (2019).
4. Martinez-Palomo, A. & Martinez-Baez, M. Selective primary health care: Strategies for control of disease in the developing world.
X. Amebiasis. Rev. Infect. Dis. 5,1093-1102 (1983).
5. Sethi, S. et al. Emerging metronidazole resistance in Bacteroides spp. and its association with the nim gene: A study from North
India. J. Global Antimicrob. Resist. 16, 210-214 (2019).
6. Ramiro, M. ef al. Reincidence of amebic liver abscess: A case report. Arch. Med. Res. 31, S1-3 (2000).
7. Hwang, E. W, Cheung, L., Mojtahed, A. & Cartwright, C. A. Relapse of intestinal and hepatic amebiasis after treatment. Dig. Dis.
Sci. 56, 677-680 (2011).
8. Singh, A., Banerjee, T. & Shukla, S. K. Factors associated with high rates of recurrence of amebic liver abscess (ALA) in North
India. Am. J. Trop. Med. Hyg. 104, 1383-1387 (2021).
9. Alam, F. ef al. Amebic liver abscess in northern region of Bangladesh: Sociodemographic determinants and clinical outcomes.
BMC Res. Notes. 7, 1-5 (2014).
10. Bansal, D., Sehgal, R., Chawla, Y., Mahajan, R. C. & Malla, N. In vitro activity of antiamoebic drugs against clinical isolates of
Entamoeba histolytica and Entamoeba dispar. Ann. Clin. Microbiol. Antimicrob. 3, 1-5 (2004).
11. Voolmann, T. & Boreham, P. Metronidazole resistant Trichomonas vaginalis in Brisbane. Med. J. Aust. 159, 490-490 (1993).
12. Sundar, S. et al. Failure of pentavalent antimony in visceral leishmaniasis in India: Report from the center of the Indian epidemic.
Clin. Infect. Dis. 31, 1104-1107 (2000).
13. Nash, T. E. et al. Treatment of patients with refractory giardiasis. Clin. Infect. Dis. 33, 22-28 (2001).
14. Gal, M. & Brazier, J. S. Metronidazole resistance in Bacteroides spp. carrying nim genes and the selection of slow-growing metro-
nidazole-resistant mutants. J. Antimicrob. Chemother. 54, 109-116 (2004).
15. Lofmark, S., Fang, H., Hedberg, M. & Edlund, C. Inducible metronidazole resistance and nim genes in clinical Bacteroides fragilis
group isolates. Antimicrob. Agent. Chemother. 49, 12531256 (2005).
16. Alauzet, C. et al. Metronidazole resistance in Prevotella spp. and description of a new nim gene in Prevotella baroniae. Antimicrob.
Agents Chemother. 54, 60-64 (2010).
17. Husain, F. et al. Two multidrug-resistant clinical isolates of Bacteroides fragilis carry a novel metronidazole resistance nim gene
(nim]). Antimicrob. Agents Chemother. 57, 3767-3774 (2013).
18. Menendez, D. et al. DNA breakage due to metronidazole treatment. Mutat. Res. 501, 57-67 (2001).
19. Buschini, A. et al. Genotoxicity revaluation of three commercial nitroheterocyclic drugs: Nifurtimox, benznidazole, and metro-
nidazole. J. Parasitol. Res. 2009, 463575 (2009).
20. Hari, A., Srikanth, B. A. & Lakshmi, G. S. Metronidazole induced cerebellar ataxia. Indian J. Pharmacol. 45, 295-297 (2013).
21. Sheehy, O., Santos, E, Ferreira, E. & Berard, A. The use of metronidazole during pregnancy: A review of evidence. Curr. Drug Saf.
10, 170-179 (2015).
22. Agarwal, A,, Kanekar, S., Sabat, S. & Thamburaj, K. Metronidazole-induced cerebellar toxicity. Neurol. Int. 8, 6365 (2016).
23. Chao, W. W. & Lin, B. F. Isolation and identification of bioactive compounds in Andrographis paniculata (Chuanxinlian). Chin.
Med. 5,1-15 (2010).
24. Blessmann, J. et al. Real-time PCR for detection and differentiation of Entamoeba histolytica and Entamoeba dispar in fecal samples.
J. Clin. Microbiol. 40, 4413-4417 (2002).
25. Paul, J,, Srivastava, S. & Bhattacharya, S. Molecular methods for diagnosis of Entamoeba histolytica in a clinical setting: An overview.
Exp. Parasitol. 116, 35-43 (2007).
26. Singh, A., Banerjee, T., Khan, U. & Shukla, S. K. Epidemiology of clinically relevant Entamoeba spp. (E. histolytica/dispar/moshko-
vskii/bangladeshi): A cross sectional study from North India. PLoS Neglect. Trop. Dis. 15, 0009762 (2021).
27. Okhuarobo, A. et al. Harnessing the medicinal properties of Andrographis paniculata for diseases and beyond: A review of its
phytochemistry and pharmacology. Asian Pac. J. Trop. Dis. 4, 213-222 (2014).
28. Banerjee, T. et al. Ovicidal and larvicidal effects of extracts from leaves of Andrographis paniculata (Burm. F.) wall. ex Nees against
field isolates of human hookworm (Ancylostoma duodenale). J. Ethnopharmacol. 235, 489-500 (2019).
29. Singh, A., Banerjee, T., Kumar, R. & Shukla, S. K. Prevalence of cases of amebic liver abscess in a tertiary care centre in India: A
study on risk factors, associated microflora and strain variation of Entamoeba histolytica. PLoS ONE 14, e0214880 (2019).
30. Bayih, G. A. et al. Susceptibility testing of medically important parasites. Clin. Microbiol. Rev. 30, 647-669 (2017).
31. Upcroft, J. A. & Upcroft, P. Drug susceptibility testing of anaerobic protozoa. Antimicrob. Agent Chemother. 45, 1810-1814 (2001).
32. Adaguy, L. S., Nolder, D., Warhurst, D. C. & Rossignol, J. E. In vitro activity of nitazoxanide and related compounds against isolates
of Giardia intestinalis, Entamoeba histolytica and Trichomonas vaginalis. J. Antimicrob. Chemother. 49, 103-111 (2002).
33. Sarker, S. K., Begum, N., Mondal, D., Siddique, M. A. & Rashid, M. A. In vitro study of antiamoebic effect of methanol extract of
mature seeds of Carica papaya on trophozoites of Entamoeba histolytica. Bangladesh J. Pharmacol. 5, 45-47 (2010).
34. Hemmati, A., Choopani, A., Pourali, F. & Hosseini, S. M. J. Molecular epidemiology and drug resistance study of Entamoeba
histolytica in clinical isolates from Tehran. Iran. Appl. Biotechnol. Rep. 3, 513-517 (2016).

Scientific Reports |

(2023) 13:12192 | https://doi.org/10.1038/s41598-023-39382-1 nature portfolio


https://www.cdc.gov/parasites/amebiasis/general-info
https://doi.org/10.1002/14651858.CD006085
https://doi.org/10.1002/14651858.CD006085

www.nature.com/scientificreports/

35

36.

37.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

. Leitsch, D. Drug susceptibility testing in microaerophilic parasites: Cysteine strongly affects the effectivities of metronidazole and
auranofin, a novel and promising antimicrobial. Int. J. Parasitol. Drugs Drug Resist. 7, 321-327 (2017).

Burchard, G. D. & Mirelman, D. Entamoeba histolytica: Virulence potential and sensitivity to metronidazole and emetine of four
isolates possessing nonpathogenic zymodemes. Exp. Parasitol. 66, 231-242 (1988).

Jada, S. R. et al. Semisynthesis and in vitro anticancer activities of andrographolide analogues. Phytochemistry 68, 904-912 (2007).
. Thammawithan, S. et al. Andrographolide stabilized-silver nanoparticles overcome ceftazidime-resistant Burkholderia pseudomal-
lei: Study of antimicrobial activity and mode of action. Sci. Rep. 12, 10701 (2022).

Mishra, K., Dash, A. P. & Dey, N. Andrographolide: A novel antimalarial diterpene lactone compound from Andrographis pan-
iculata and its interaction with curcumin and artesunate. J. Trop. Med. 2011, 579518 (2011).

Yadav, S., Ahmad, F. & Rathaur, S. Antifilarial efficacy of andrographolide: Ex vivo studies on bovine filarial parasite Setaria cervi.
Comp. Biochem. Physiol. 261, 109442 (2022).

Eitel, Z., Soki, J., Urban, E. & Nagy, E. The prevalence of antibiotic resistance genes in Bacteroides fragilis group strains isolated
in different European countries. Anaerobe 21, 43-49 (2013).

Kangaba, A. A,, Saglam, F. Y., Tokman, H. B., Torun, M. & Torun, M. M. The prevalence of enterotoxin and antibiotic resistance
genes in clinical and intestinal Bacteroides fragilis group isolates in Turkey. Anaerobe 35, 72-76 (2015).

Koukos, G. et al. Prevalence of -lactam (blaTEM) and metronidazole (nim) resistance genes in the oral cavity of Greek subjects.
Open Dent. ]. 10, 89-98 (2016).

Karlowsky, J. A. et al. Prevalence of antimicrobial resistance among clinical isolates of Bacteroides fragilis group in Canada in
2010-2011: CANWARD surveillance study. Antimicrob. Agents Chemother. 56, 1247-1252 (2012).

Dingsdag, S. A. & Hunter, N. Metronidazole: An update on metabolism, structure-cytotoxicity and resistance mechanisms. J.
Antimicrob. Chemother. 73, 265-279 (2018).

Wassmann, C., Hellberg, A., Tannich, E. & Bruchhaus, I. Metronidazole resistance in the protozoan parasite Entamoeba histolytica
is associated with increased expression of iron-containing superoxide dismutase and peroxiredoxin and decreased expression of
ferredoxin 1 and flavin reductase. J. Biolog. Chem. 274, 26051-26056 (1999).

Verma, A. K., Verma, R., Ahuja, V. & Paul, J. Real-time analysis of gut flora in Entamoeba histolytica infected patients of Northern
India. BMC Microbiol. 12, 1-11 (2012).

Greenhalgh, T. Drug prescription and self-medication in India: An exploratory survey. Soc. Sci. Med. 25, 307-318 (1987).
Vandeputte, D. et al. Stool consistency is strongly associated with gut microbiota richness and composition, enterotypes and
bacterial growth rates. Gut 65, 57-62 (2016).

Su, T. et al. Altered intestinal microbiota with increased abundance of Prevotella is associated with high risk of diarrhea-predom-
inant irritable bowel syndrome. Gastroenterol. Res. Prac. 2018, 6961783 (2018).

51. Rani, R. et al. Changes in bacterial profile during amebiasis: Demonstration of anaerobic bacteria in ALA pus samples. Am. J. Trop.
Med. Hyg. 75, 880-885 (2006).

52. James, G. Universal bacterial identification by PCR and DNA sequencing of 16S rRNA gene. In: Schuller, M,, Sloots, T., James, G.,
Halliday, C., Carter, I. (eds) PCR for clinical microbiology. Springer, Dordrecht (2010).

53. Elsdon-Dew, R. Amoebiasis. Exp. Parasitol. 15, 87-96 (1964).

54. Khairnar, K. & Parija, S. C. A novel nested multiplex polymerase chain reaction (PCR) assay for differential detection of Entamoeba
histolytica, E. moshkovskii and E. dispar DNA in stool samples. BMC Microbiol. 7, 1-9 (2007).

55. Clark, C. G. & Diamond, L. S. Methods for cultivation of luminal parasitic protists of clinical importance. Clin. Microbiol. Rev. 15,
329-341 (2002).

56. Vohra, H., Chander Mahajan, R. & Kumar Ganguly, N. Role of serum in regulating the Entamoeba histolytica cell cycle: A flow-
cytometric analysis. Parasitol. Res. 84, 835-838 (1998).

57. Trinh, S. & Reysset, G. Detection by PCR of the nim genes encoding 5-nitroimidazole resistance in Bacteroides spp.. J. Clin.
Microbiol. 34,2078-2084 (1996).

58. Stubbs, S. L., Brazier, J. S., Talbot, P. R. & Duerden, B. I. PCR-restriction fragment length polymorphism analysis for identification
of Bacteroides spp. and characterization of nitroimidazole resistance genes. J. Clin. Microbiol. 38, 3209-3213 (2000).

59. Cedeiio, J. R. & Krogstad, D. J. Susceptibility testing of Entamoeba histolytica. J. Infect. Dis. 148, 1090-1095 (1983).

60. Chintana, T., Sucharit, P., Mahakittikun, V., Siripanth, C. & Suphadtanaphongs, W. In vitro studies on the sensitivity of local
Entamoeba histolytica to anti-amoebic drugs. J. Trop. Med. Public Health. 17, 591-594 (1986).

61. Ravdin, J. I. & Skilogiannis, J. In vitro susceptibilities of Entamoeba histolytica to azithromycin, CP-63,956, erythromycin, and
metronidazole. Antimicrob. Agents Chemother. 33, 960-962 (1989).

62. Georgopoulos, A. et al. Efficacy of macrolides vs. metronidazole against Entamoeba histolytica clinical isolates. Cent. Eur. J. Med.
113, 593-596 (2001).

63. Moundipa, P. E, Flore, K. G. M., Bilong, C. E. & Bruchhaus, I. In vitro amoebicidal activity of some medicinal plants of the Bamun
region (Cameroon). Afr. J. Tradit. Complement. Altern. Med. 2, 113-121 (2005).

64. Mata-Cardenas, B. D., Vargas-Villarreal, J., Gonzalez-Salazar, E, Palacios-Corona, R. & Said-Fernandez, S. A new vial microassay
to screen antiprotozoal drugs. Pharmacologyonline 1, 529-537 (2008).

65. Mohd Shah, N. A. et al. Comparison of the Anaerocult A and the oil blocking methods for the in vitro cultivation of Entamoeba
histolytica. Malays. J. Pathol. 37,271-274 (2015).

Acknowledgements

The authors thank Banaras Hindu University and Department of Science and Technology (DST), India for

pr

oviding facility to conduct this study. Authors are grateful to Jawaharlal Nehru University (Structural Biology

Lab), New Delhi for demonstrating culture techniques. Authors would also like to thank Dr Satyanshu Kumar,
DMAPR, Anand Gujarat for introducing us to the medicinal plants. Authors are also grateful to the participants
for providing samples for the study.

Author contributions

A.

S.: Methodology; Formal analysis; Investigation; Writing—Original Draft T.B.: Conceptualization; Method-

ology; Resources; Writing—Review & Editing; Supervision S.K.S.: Supervision; Resources S.U.: Investigation

A.

V.: Resources.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to T.B.

Scientific Reports |

(2023) 13:12192 | https://doi.org/10.1038/s41598-023-39382-1 nature portfolio



www.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports|  (2023)13:12192 | https://doi.org/10.1038/s41598-023-39382-1 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Creep in nitroimidazole inhibitory concentration among the Entamoeba histolytica isolates causing amoebic liver abscess and screening of andrographolide as a repurposing drug
	Results
	Confirmation of the samples and demographic details. 
	Drug susceptibility testing of E. histolytica clinical isolates. 
	Anti-amoebic property of active compounds of A. paniculata. 
	Prevalence of nim genes. 
	Bacterial flora in the diarrheal samples. 

	Discussion
	Material and methods
	Ethics statement. 
	Inclusionexclusion criteria. 
	Clinical samples and isolates of E. histolytica. 
	Confirmation of the samples. 
	Isolation and culture of the trophozoites. 
	Chemicals and antimicrobial agents. 
	Drug susceptibility testing (DST). 
	Screening of the nim gene. 
	Determination of nim gene type. 
	Statistical analysis. 

	References
	Acknowledgements


