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AćĘęėĆĈę

Liver cirrhosis occurs due to the extracellular matrix proteins accumulation
which distorts the hepatic structure. The aim of our study is to investigate
the antimicrobial and hepatoprotective effect of India Siddha Medicine(ISM)
drug in alcohol-induced liver damage on zebraϐish larvae. ISM drug, a hepato-
protective agent comprising of 15 herbs offers numerous formulations with
advantages of hepatocellular rejuvenation has proven to be the most effec-
tive treatment to suppress liver damage. A series of analyses were carried out
using alcohol-induced liver damage through herbal-based therapeutic drug
and agar well diffusion method. For the hepatoprotective study, the zebraϐish
larvae were exposed to different concentrations of ethanol % (0.01, 0.05, 0.1,
0.5) and the treatment with 217.2 µg/ml of ISM drug has been evaluated. The
outcome revealed the effect of ISM on alcohol-induced zebraϐish larvae with a
substantial increase in the percentage of viability. ISM drug showed antibac-
terial and antifungal activity in the diffusion method with a maximum zone
of inhibition observed as 12 mm and 13.5 mm, respectively. Taken together,
these results showed that the drug has hepatoprotective and antimicrobial
activity which can be used for the treatment of liver cirrhosis.
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INTRODUCTION

The Liver is the curator of the consistency of the
internal environment. As it does so, the liver detox-
iϐies chemicals and metabolizes drugs. Liver injury
is a disease that can be caused by drugs which can
be life-threatening. Alcoholic Liver disease (ALD)
was the foremost etiological factor of cirrhosis and

liver-related morbidity among patients worldwide
for decades. An early stage of ALD is Hepatic steato-
siswhichmayprogress to ϐibrosis even cirrhosis, the
loss of liver metabolic and synthetic function. Dur-
ing the drug development, Drug-induced liver injury
(DILI) is amajor problem (Lai et al., 2018). The com-
mon drug causing DILI is Paracetamol, an analgesic
that is safe when used at therapeutic doses but an
overdose of it results in over 300 deaths in USA and
half of it in UK. Amiodarone, valproic acid, vitamin
A and methotrexate are the drugs that are linked to
being causing cirrhosis (Vliegenthart et al., 2014).
It can be a result of severe acute injury, prolonged
injurydue to chronic hepatitis, or vanishingbile duct
syndrome(VBDS).

This is the most striking form of cirrhosis that usu-
ally arises after acute cholestatic injury and has
the possibility of progressing even after discon-
tinuation of the medication.Problems in estimat-
ing the drug kinetic behavior are intensiϐied by the
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additional impairment of the kidney (Llanos et al.,
2009). The most adverse drug reactions observed
in patients with liver disease is the electrolytic dis-
turbances occurred due to furosemide.The recent
studies showed that the plant, Phyllanthus drug is
best known to cure Jaundice by inhibiting DNA-
polymerase activity in virus and protecting the
liver from further damage.Sarakkondraipulipatru
known to reduce the enlargement of the liver.
The Zebraϐish organs speciϐically the liver has
revealed multiple similarities with higher verte-
brates. Hepatic stellate cells were recently found in
zebraϐish as myoϐibroblasts that became activated
and secreted ECM on the hepatic injur (Howarth
et al., 2013). They metabolize drug-using similar
pathways to humans as the expression and the func-
tion of orthologous chemokine receptorsin lower
and higher vertebrates are highly similar. Zebraϐish
has emerged as a dominant model for biomedical
research (Phillips andWesterϐield, 2014). The main
difference between mammals and zebraϐish liver is
the arrangement of hepatocytes which are in plate-
like form and in tubular fashion respectively. In the
present study was to investigate the antimicrobial
andhepatoprotective effect of ISMdrug for the treat-
ment of alcohol-induced liver damage in zebraϐish
larvae.

MATERIALS ANDMETHODS

Preparation of ISM drug
ISM drug was prepared using various concen-
trations of 15 different herbal plant extracts in
Table 1. The herbal plants such as Phyllanthus
amarus, Fumaria vaillantii, Ionidium suffrutico-
sum, Evolvulus alsinoides, Hibiscus rosa-sinensis,
Wedelia calendulacea, Murrayak oengi, Hydrcotyle
asiatica, Solanumnigrum, Androgra phispanic-
ulata, Cuminum cyminum, Foeniculum vulgare,
Vitisvinifera, Emblica ofϐicinalis, and Cyperus
rotundus were collected from different places. The
leaves were shade dried and ground to a ϐine pow-
der using an electric blender. Then, the powders
were stored in airtight polythene container.

Preparation of extracts by Soxhlet extraction
method
The crude powders were defatted with one litre
of petroleum ether using Soxhlet apparatus. After
defatting, the extraction was carried out using 1000
ml of ethanol at 75◦C for 4 h. After extraction, the
samples were evaporated at the rotary evaporator
to remain with important ingredients.

Maintenance and Embryo Collection
Zebraϐish were kept under a 14/10 h light/dark

cycle at constant temperature (28 ± 0.5◦C) in a
closed ϐlow-through system with charcoal-ϐiltered
tap water. Brine shrimp were provided twice at
9:00 and 16:00 hours. In a ratio of 2:1, adult males
and females were segregated on opposite sides of a
divider in a breeding tank the night before fertiliza-
tion. There was a mesh provided for the eggs to be
laid by natural mating soon after the ϐirst light, oth-
erwise, there was a probability of them consuming
their own eggs in Figure 1. Embryos were collected
within 30 min after spawning and rinsed with fresh
water thrice. The clean embryos were moved to the
tankswith embryomedium and cultured at 28◦C for
the subsequent experiments.

Liver damage analysis using zebraϐish larvae
After three days post-fertilization the larvae were
collected and separated into two groups in Figure 1.
The ϐirst group of larvae was treated with various
concentrations of ethanol (0.01, 0.05, 0.1 and0.5)%.
The second group of larvae was treated with similar
concentrations of ethanol alongwith 217.2µg/ml of
ISM drug. The Petri plates were maintained at 25◦C
for 24 h and the viable larvae count was noted and
were observed microscopically.

Antibacterial activity by agar well diffusion
method
Petri plates containing 20ml nutrient agar medium
were seeded with the 24hr culture of bacterial
strains (Pseudomonas aeruginosa, E.Coli, Staphylo-
coccus aureus, and Bacillus cereus). Wells were cut
and different concentration of ISM drug (500, 250,
100, and 50) µg/ml was added. The plates were
kept for 24 h incubation at 37◦C. The antibacterial
activity was assayed by measuring the diameter of
the inhibition zone formed around the wells where
theGentamicin antibiotic (Ab)wasused as apositive
control.

Antifungal activity by agarwell diffusionmethod
Petri plates containing 20ml potato dextrose
agar medium were seeded with 5 days of fungal
strains (Candida albicans, Aspergillus niger, and
Aspergillus fumigatus) and treated with various
concentrations of ISM drug and incubated at 28◦C
for 24 hours. The anti-fungal activity was assayed
by measuring the zone of inhibition. Amphotericin
B (AM) was used as a positive control (Wilkins and
Pack, 2013).

Statistical analysis
The difference in estimated parameters between the
groups was analyzed using one-way ANOVA with
Bonferroni’s test. Data expressed as mean± SD. All
parameters were analyzed at 95% conϐidence inter-
vals and a P-value of <0.05was considered to be sta-
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Table 1: Ethnobotanical information of ISM drug
S. No. Plant Name Quantity per 5 ml

1. Phyllanthus amarus 5 mg
2. Fumariava illantii 5 mg
3. Ionidium suffruticosum 5 mg
4. Evolvulus alsinoides 5 mg
5. Hibiscus rosa-sinensis 5 mg
6. Wedeliacalendulacea 5 mg
7. Murraya koengi 5 mg
8. Hydrocotyle asiatica 5 mg
9. Solanum nigrum 1 mg
10. Andrographis paniculata 1 mg
11. Cuminum cyminum 1 mg
12. Foeniculum vulgare 1 mg
13. Vitis vinifera 1 mg
14. Emblica ofϐicinalis 1 mg

Table 2: Effect of ISM on alcohol-induced zebraϐish larvae
S. No Name of

the tested
sample

No. of Live larvae No. of dead larvae Mean
value of
Viability
(%)

Mean value of
Mortality (%)

1. Control 10 10 0 0 100 0
2. 0.01 % of

Ethanol
6 5 4 5 55 45

3. 0.05 % of
Ethanol

2 3 8 7 25 75

4. 0.1 % of
Ethanol

1 0 9 10 05 95

5. 0.5 % of
Ethanol

0 0 10 10 0 100

6. 0.01 % of
Ethanol +
217.2 µg /ml
of ISM

8 7 2 3 75 25

7. 0.05 % of
Ethanol
+217.2 µg
/ml of ISM

6 4 4 6 50 50

8. 0.1 % of
Ethanol +
217.2 µg /ml
of ISM

2 1 8 9 15 85

9. 0.5 % of
Ethanol +
217.2 µg /ml
of ISM

0 0 10 10 0 100
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Figure 1: Collection of zebraϐish embryos and ISM treatment

Figure 2: Effect of sample ISM against Pseudomonas aeruginosa
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Figure 3: Effect of sample ISM against Escherichia Coli

Figure 4: Effect of sample ISM against Staphylococcus aureus

tistically signiϐicant. Statistical analysis of the data
was performed using Graph pad Prism version 6.00
forWindows, GraphPadSoftware, SanDiegoCalifor-
nia USA.

RESULTS AND DISCUSSION

Antibacterial activity of ISM drug

Using agarwell diffusionmethod, four different bac-

terial strains (Staphylococcus aureus, E.coli, Pseu-
domonas aeruginosa, and Bacillus cereus) were
plated with solutions of the ISM drug ranging (500
µg/ml, 250 µg/ml, 100 µg/ml and 50 µg/ml). After
24 h, the growth inhibition zones of the test strains
determined showed that the drug exhibited selec-
tive antibacterial activity towards S. aureus, with a
maximum inhibition zone of 12 mm and minimum
inhibition zone of 7.5 mm Figures 2, 3, 4 and 5
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Figure 5: Effect of sample ISM against Bacillussubtilis

Figure 6: Effect of sample ISM against Candidaalbicans

whereas the other bacterial strains showed limited
antibacterial activity.In our research study, the efϐi-
cacy and safety of all the ϐifteen herbal products
in the treatment of liver disease has been demon-
strated along with antimicrobial effect by not lead-
ing to further microbial infections such as sepsis,
an independent risk factor for multiple organ dys-
function. As elucidated above, the present study
was done using Agar well diffusion method showed
that Gram-positive bacteria were more sensitive
to the tested ISM drug when compared to Gram-

negative ones. Based on the interpretation, the
drug indicated whether it is resistant (R), interme-
diate (I) and susceptible(S). The zone diameter for
Staphylococcus species as well as for the other non-
fermenting and enteric Gram-negative rods showed
(R) of less than 12mm, (I) of 14mm and (S) of more
than 15 mmwhen treated with 10 µg concentration
of Gentamycin antibiotic.It has the ability to quickly
develop resistance to antibiotics as they are highly
adaptable pathogen responsible for severe infection
in the United States (Moellering, 2012; Gould et al.,
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Figure 7: Effect of sample ISM against Aspergillusniger

Figure 8: Effect of sample ISM against Aspergillusfumigatus

2012)

Antifungal activity of ISM drug

The ability of antifungal activity was evaluated
to inhibit Candida albicans, Aspergillus niger
and Aspergillus fumigatus. Following the similar
method above, the drug concentrationswere plated.
Interestingly, after 24 h, the growth inhibition zones
of the test spores were determined which revealed
that the drugexhibited selective anti-fungal activity

towards Aspergillus niger with amaximum inhi-
bition zone of 13.5 mm and minimum inhibition
zone of 7.5 mmFigures 6, 7 and 8. Also, there was
a presence of fungal spore growth around the well
diffusion. The zone of inhibition obtained by sam-
ple ISM against three fungal strains was obtained
showing lesser activity . The bacteria constitutes
of SepF protein involved in cell division which
is essential for survival at a temperature greater
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than 30◦C.About 30% of cirrhotic patients.This
classical medicine was already been introduced
into the Japanese system 1500 years ago termed to
be Kampko stands for Han method (Ohtake et al.,
2004). Salvia plebeia R.Br. (SPEE) is also another
Chinese medicinal herb used to treat hepatitis,
inϐlammatory disease (Basnet et al., 2019). In in
vitro experimental models, ethanol extracts of
SPEE displayed antioxidant and anti-inϐlammatory
effects.

The effect of ISM on alcohol-induced liver dam-
age analysis
After studying different dosing regimens of ethanol
concentrations in addition to treatment with ISM
drug in larval zebraϐish, the model was determined
to be beneϐicial, showing antimicrobial and hepato-
protective effects with regard to liver injury (White
et al., 2013). Within thePharmacovigilance, the time
of onset was important in the causality assessment
of drugs and suspected adverse reactions. The ϐirst
scenario was treated with acute alcohol consump-
tion that showed a decrease in the viability rate. The
second scenario included a similar ethanol concen-
tration with ISM drug which showed an increase
in viability rate. Thus, the cohort resulted in the
detection of alcohol-induced liver injury with high
speciϐicity and sensitivity. Alcohol ingestion with
the ISM drug-induced a small, non-clinically rele-
vant, increase in the viability rate Table 2.

Zebraϐish larvae at 4dpf show distinct characteris-
tics of swimming pattern with respective to light
conditions (Persichino et al., 2018). Here, zebraϐish
with the aim of developing a liver toxicity model to
replace higher vertebrates was investigated. Firstly,
larvae was treated with ethanol at various con-
centrations ranging from control, (0.01, 0.05, 0.1
and 0.5) %. Secondly, the larvae were treated
with similar concentration in addition to ISM drug
217.2 µg/ml after 24 hours the effect of the ISM on
alcohol-induced zebraϐish was observed. The out-
come showing a P-value of less than 0.05 at 95%
conϐidence interval is closed a signiϐicant increase
in the viability rate when been additionally treated
with the ISM drug.

CONCLUSIONS

The Liver is vital for life. The study has been
performed mainly focusing on liver injury through
establishing a zebraϐish model through long-term
ethanol exposure which caused inϐlammatory liver
damage. Zebraϐish represents an alternative experi-
mental model species to study liver injuryand helps
to identify the disease mechanisms that are tar-
geted therapeutically. Further pre-clinical studies

are needed to verify the beneϐits of the Siddha sys-
tem of Ayurvedic medicine over ALD. Hence, the
major characteristic feature of Siddha materia med-
ica is the utilization of mineral-based preparations.

ACKNOWLEDGEMENT

The authors would like to thank Department of
Biotechnology, Bishop Heber College, Tiruchirap-
palli for moral assistance. The authors are grateful
to the Department of Zoology, Holy Cross College,
Tiruchirappalli, for technical assistance and sup-
port. Authors are also grateful to Trichy Research
Institute of Biotechnology for their research help
and the software analysis.

Conϐlict of interest
None

Funding support
None

REFERENCES

Basnet, R., Zizioli, D., Taweedet, S., Finazzi, D., Memo,
M. 2019. Zebraϐish Larvae as a Behavioral Model
in Neuropharmacology.

Gould, I. M., David, M. Z., Esposito, S., Garau, J.,
Lina, G., Mazzei, T., Peters, G. 2012. New
insights into meticillin-resistant Staphylococcus
aureus (MRSA) pathogenesis, treatment and resis-
tance. International Journal of Antimicrobial
Agents, 39(2):96–104.

Howarth, D. L., Yin, C., Yeh, K., Sadler, K. C. 2013.
Deϐining Hepatic Dysfunction Parameters in Two
Models of Fatty Liver Disease in Zebraϐish Larvae.
Zebraϔish, 10(2):199–210.

Lai, Y., Zhou, C., Huang, P., Dong, Z., Mo, C., Xie, L.,
Lin, H., Zhou, Z., Deng, G., Liu, Y., Chen, Y., Huang,
S., Wu, Z., Sun, X., Gao, L., Lv, Z. 2018. Polydatin
alleviated alcoholic liver injury in zebraϐish larvae
through ameliorating lipid metabolism and oxida-
tive stress. Journal of Pharmacological Sciences,
138(1):46–53.

Llanos, L., Moreu, R., Peiró, A.M., Pascual, S., Francés,
R., Such, J., Horga, J. F., Pérez-Mateo, M., Zapater,
P. 2009. Causality assessment of liver injury after
chronic oral amiodarone intake. Pharmacoepi-
demiology and Drug Safety, 18(4):291–300.

Moellering, R. C. 2012. MRSA: the ϐirst half century.
Journal of Antimicrobial Chemotherapy, 67(1):4–
11.

Ohtake, N., Nakai, Y., Yamamoto, M., Sakakibara, I.,
Takeda, S., Amagaya, S., Aburada, M. 2004. Sep-
aration and isolation methods for analysis of the

© International Journal of Research in Pharmaceutical Sciences 3141



Cynthia C et al., Int. J. Res. Pharm. Sci., 2020, 11(3), 3134-3142

active principles of Sho-saiko-to (SST) oriental
medicine. Journal of Chromatography B, 812(1-
2):135–148.

Persichino, J. G., Can, A. D., Van, T. T., Matthews, M. N.,
Filler, S. G. 2018. Invasive pulmonary mucormy-
cosis and aspergillosis in a patient with decom-
pensated hepatic cirrhosis. Medical Mycology Case
Reports, 21:12–15.

Phillips, J. B., Westerϐield, M. 2014. Zebraϐish mod-
els in translational research: tipping the scales
toward advancements in human health. Disease
Models & Mechanisms, 7(7):739–743.

Vliegenthart, A. D. B., Tucker, C. S., Pozo, J. D., Dear,
J. W. 2014. Zebraϐish as model organisms for
studying drug-induced liver injury. British Journal
of Clinical Pharmacology, 78(6):1217–1227.

White, R., Rose, K., Zon, L. 2013. Zebraϐish cancer:
the state of the art and the path forward. Nature
Reviews Cancer, 13(9):624–636.

Wilkins, B. J., Pack, M. 2013. Zebraϐish models of
human liver development and disease. Compre-
hensive Physiology, 3(3).

3142 © International Journal of Research in Pharmaceutical Sciences


	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions

