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ABSTRACT

Objective: The aim of the study was to evaluate the teratogenic effect of Nilavembu Kudineer (NVK) by testing in zebrafish embryo (Danio rerio).

Methods: The study consisted of 30 embryos/culture plate/dose concentration containing a series of diluted decoction of NVK ranging from 10 pg
to 640 pg/ml, and the embryo development was monitored at specific time points. The parameters such as developmental abnormality and adverse

events were monitored at 24 hourly intervals for 96 h.

Results: The study results showed 100% hatching and survival of embryos with no significant abnormalities in the extension of study from 96 to

120 h post-fertilization examinations.

Conclusion: NVK did not have teratogenic potential on testing it in various concentrations on zebrafish embryos validating its safety during pregnancy.
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INTRODUCTION

Dengue infection can affect both sexes including pregnant
women [1,2]. Recently, there has been a rapid increase in the
incidence of dengue infections in adolescents and adults. This
included the pregnant women who have been infected with
dengue [3,4]. Several studies including a retrospective cohort study
in French Guiana had calculated the risk of symptomatic dengue
infection in pregnancy [5,6]. These studies concluded that dengue
infection during pregnancy causes poor birth outcomes of pre-term
birth and low birth weight that are associated with increased infant
morbidity and mortality [7-10].

In spite of advances in molecular and structural virology, no specific
antiviral drug has been developed to date due to the critical structural
morphology of the dengue virus with several nonstructural proteins.
In recent times, any therapeutic lead from herbal origin grabs a
higher level of attention due to its versatile modes of action and a
wide margin of safety. Siddha drug Nilavembu kudineer (NVK) has
been used for treating dengue infections for several years, but till
now, there is no proper documentary evidence available with respect
to the safety profile of the drug. Hence, the present study aimed at
evaluating the safety of the drug NVK using zebrafish embryo toxicity
assay. Further, the present study attempted to document the safety of
NVK, especially in pregnancy to address the research questions but
also the queries from a public health perspective at times of pressing
necessity. Furthermore, thorough pregnancy safety profiling of the
drug NVK that is said to combat the dengue infection would be
necessary for good compliance and confident administration of NVK
which could be lifesaving both for the mother and the fetus [11]. In
the clinical practice of Siddha Medicine, NVK, which is a polyherbal
drug concoction mentioned in classical Siddha text, is being used as
the first line of therapy and a general remedy for some types of fever
caused by unidentified microbial infections [12]. In this scenario, an
attempt has been made in the National Institute of Siddha, Chennai,

in subjecting the NVK for screening against teratogenic potential
if any to validate its safety during pregnancy and to strengthen
the level of evidence given the widespread use of NVK by Siddha
practitioners.

METHODS

Study drug and stock solution

The ingredients of NVK consisted of nine shade-dried herbs
such as Nilavembu (Andrographis paniculata), Vetiver (Vetiveria
zizanioides), Vilamichai Ver (Plectranthus vettiveroides), Cantanam
(Santalum album), Peyputtal (Trichosanthes cucumerina), Koraikkilanku
(Cyperus rotundus), Cukku (Zingiber officinale), Milaku (Piper nigrum),
and Parpatakam (Mollugo cerviana) in equal ratio as per the literature
Siddha Vaidhya Thirattu which is a scheduled classical text in the Drugs
and Cosmetics Act of India. The manufactured drug formulation of NVK
was procured from GMP-certified Arogya Healthcare Pvt. Ltd. Chennai.
25 g of coarse NVK powder with 800 ml of water was used to prepare
the aqueous extract by boiling down to become 125 ml, and a stock
solution of 50mg/ml concentration was prepared to be used (Fig. 1).

Selection of species

Healthy male and female zebrafish continually monitored for two
successive generations have been used for breeding to collect
the embryos for the present investigation. Fish were free from
malformation, signs of infections, and other illnesses.

Ethical consideration

It is to declare that there is no need for ethical approval for the study
involving zebrafish embryos up to 120 hours post-fertilization (HPF).
In the present study, observation proceeded with 96 HPF which is
<120 HPF. Further, no human subjects have been involved in this
investigation, and hence, Institutional Ethics Committee approval was
not considered mandatory for this study.
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Embryo stock and dosing of the test drug

Sterilized E3 medium was utilized for the maintenance of liver embryos.
8 ml of the sterilized medium was dissolved to 1 L to get x1 stock with
the inclusion of 100 pL of 1% methylene blue used as a fungicide. Semi-
static renewal test was used which is a test with the regular renewal
of the test solutions after defined periods (e.g.,, every 24 h). Everyday
fresh medium had been added to the plates containing an embryo.
The desired concentration of the test drug was added to the respective
plates classified according to the strength.

Methodology

Toxicity test was based on the OECD guideline No. 236: Fish Embryo
Acute Toxicity Test. Fertilized embryos were subjected to the surface
sanitation and were transferred into culture plates (30 embryos/
plate/dose concentration) containing a series of diluted decoction of
NVK ranging from 10 pg to 640/ml. Distilled deionized water was used
as control exposure involved semi-static renewal condition, 25+1°C
and 14 light: 10 dark cycle period. Plates were sealed to minimize
evaporation. Embryo development was monitored in 24-h intervals for
96 h, and the test parameters were evaluated using inverted microscope

Fig. 1: Photograph of crude and extracted drug Nilavembu
kudineer
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equipped with phase-contrast function, camera, and software for image
optimization. Mortalities, if any, were looked for at 24, 48, 72, and 96
HPF [13].

RESULTS

NVK is a classical polyherbal Siddha formulation that is indicated in
Siddha literature as a broad spectrum pharmacotherapeutic agent in
the management of fevers.

During the recent outbreaks of dengue in Tamil Nadu and Kerala, South
India, Siddha physicians rose to the occasion and managed the condition
well with NVK, drawing parallel the signs and symptoms of dengue
fever with that of “Pitha Suram” as classified by Sage Yugi. This initiative
received great patron from the Tamil Nadu State government. Of late,
there has been an overwhelming use of NVK, particularly in pregnancy,
spurred by the maternal and fetal deaths reportedly due to dengue
that warrants the need to establish the safety of NVK during gestation.
The results in Table 1 represent the parameters observed in zebrafish
for embryotoxicity to identify the developmental abnormalities if
any. Table 2 represents the statistical analysis on embryo movement
at 24 HPF and heartbeat at 48 HPF in 30 embryos/culture plate/
dose concentration containing a series of diluted decoction of NVK
ranging from 10 pg to 640 pg/ml. Fig. 2 portrays the photographs of
teratogenicity testing of NVK in zebrafish embryo up to 96 HPE.

Table 1 represents the observation of various abnormalities and vital
parameters in zebrafish embryo in the control group: 10 mcg of NVK;
20 mcg of NVK; 40 mcg of NVK; 80 mcg of NVK; 160 mcg of NVK; 320 mcg
of NVK; and 640 mcg of NVK. *NO - None observed, N - Normal, AN -
Appears normal, NSA - No such abnormality was observed.

Table 2 represents the mean, standard deviation (SD), and standard
error (SE) of zebrafish embryo movement at 24 HPF and heartbeat at
48 HPF in control group 10 mcg of NVK; 20 mcg of NVK; 40 mcg of NVK;
80 mcg of NVK; 160 mcg of NVK; 320 mcg of NVK, and 640 mcg of NVK.

Table 1: Observed parameters in zebrafish embryotoxicity study

Parameters Concentration (ug)

10 20 40 80 160 320 640
Developmental abnormality NO NO NO NO NO NO NO
Loss of equilibrium NO NO NO NO NO NO NO
Pigmentation N N N N N N N
Abdominal distension NO NO NO NO NO NO NO
Melanophores migration from neural crest AN AN AN AN AN AN AN
Puffy NSA NSA NSA NSA NSA NSA NSA
Bent tails/body axes NO NO NO NO NO NO NO
Pericardial edema NSA NSA NSA NSA NSA NSA NSA
Peritoneal edema NSA NSA NSA NSA NSA NSA NSA
Percentage survival 100% 100% 100% 100% 100% 100% 100%
Hatching rate 100% 100% 100% 100% 100% 100% 100%
Heartbeat N N N N N N N
Yolk-sac edema NSA NSA NSA NSA NSA NSA NSA
Hyperpigmentation NO NO NO NO NO NO NO
Pectoral fin malformation NO NO NO NO NO NO NO
Trunk axis AN AN AN AN AN AN AN
Spontaneous movement N N N N N N N
Heart formation N N N N N N N
Curved or bent axis NO NO NO NO NO NO NO
Eye malformation NO NO NO NO NO NO NO
Blood circulation N N N N N N N
Mortality 0% 0% 0% 0% 0% 0% 0%
Arrested growth NO NO NO NO NO NO NO
Craniofacial malformations NO NO NO NO NO NO NO
Peripheral ischemia and disruption of erythropoiesis NO NO NO NO NO NO NO
Accumulation of fluid around the heart NO NO NO NO NO NO NO
Response to stimuli N N N N N N N
Coagulation of eggs NO NO NO NO NO NO NO
Tail detachment NO NO NO NO NO NO NO

*NO: None observed, N: Normal, AN: Appears normal, NSA: No such abnormality
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Table 2: Statistical analysis on embryo movement at 24 HPF and heartbeat at 48 HPF

Parameters N=30 Concentration (ug)
10 20 40 80 160 320 640
Embryo movement at 24 HPF
Mean 7.833 7.333 8.067 7.5 7.433 7.533 7.567
Standard deviation (SD) 0.8743 0.8442 0.5833 0.6297 1.406 1.042 0.9714
Standard error (SE) 0.1596 0.1541 0.1065 0.115 0.2568 0.1902 0.1774
Heartbeats/Min at 48 HPF
Mean 124.9 125 123.9 126 124.4 125.1 124.4
Standard deviation (SD) 2.924 2.6 2.369 2.47 2.442 2.638 2.725
Standard error (SE) 0.5338 0.4746 0.4324 0.451 0.4459 0.4817 0.4975

Concentration per ml

Control

10 mcg

20 mcg

40 mcg

80 mcg

160 mcg

320 mcg

640 mcg

Fig. 2: Teratogenicity testing of NVK in zebrafish embryo

Fig. 2 Represents the images of zebra fish embryos in the control group;
10 mcg of NVK; 20 mcg of NVK ; 40 mcg of NVK; 80 mcg of NVK;160
mcg of NVK; 320 mcg of NVK; 640 mcg of NVK observed at different
time points (24, 48 and 72 HPF). There were hatched larvae at 48 HPFE.
No developmental abnormalities such as cardiac edema, notochord
malformation, tail hyperplasia, yolk sac deformity, and growth
retardation were noted up to 96 HPE.

DISCUSSION

The organoleptic evaluation of NVK decoction has been shown to be
strongly aromatic, greenish-brown liquid, and the extract was highly
soluble in water; sparingly soluble in methanol and dimethyl sulfoxide;
and insoluble in ethanol, n-hexane, and chloroform. Although this
classical formulation has been used for thousands of years, for
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the treatment of various types of fevers still there is no scientific
data regarding its safety during pregnancy [14]. At present, the
emerging challenges and controversies regarding the safe use of this
formulation in pregnancy have instigated the investigators to conduct
this research in zebrafish (Danio rerio) embryo. Zebrafish species has
been validated as a biomedical relevant model for functional genomics
and in vivo drug discovery [15], identification of therapeutic potential
of bioactive natural products, and testing of teratogenicity because of
their high genetic, physiological, and pharmacological similarity to
humans.

Moreover, the small size of embryos and larvae, the high fecundity
of adult zebrafish as it produces hundreds of offspring per breeding
pair per week, easy visualization of internal organs and tissues due to
optical transparency of embryos, and the speed at which these develop
ex utero are the primary advantages of zebrafish as a model organism
for teratogenicity testing [16]. The embryogenesis of zebrafish is very
rapid, with the entire body plan established by 24 HPE. Moreover,
most of the internal organs including heart, liver, intestine, and kidney
are fully developed by 96 HPF [17]. Although NVK is a time-tested
formulation and no adverse effects have been reported clinically, no
study has been performed to check the teratogenicity so far as per our
search and there is scarce scientific knowledge regarding its safety
during pregnancy in approved pharmacological models. In this study,
our main objective was to study the developmental effects of NVK on
zebrafish embryos.

In the teratogenicity testing of zebrafish embryo, the mortality,
hatchability, heartbeat, and malformations were recorded. Mortality
endpoints were defined as coagulated embryos with no visual heartbeat.
Teratogenicity endpoint was determined as malformed head, tail and
heart, scoliosis, deformity of yolk, and growth retardation. Heartbeat
is an important parameter in determining the physiological effects of
NVK [18]. The study results revealed that both the tested embryos and
the control embryos in the medium significantly established very distinct
pigmentation on both head and tail regions, pigmented retina of the eyes,
narrowing of the yolk, and strong circulation characterized by visible
heartbeat etc., at the concentration ranging from 10 pg to 640 pg/ml and
were documented at specific time points (t=24, 48, 72, and 96 HPF).

Hatching is suggestive of the successful developmental processes of the
embryos [18]. Hatching was completed at 48 HPF in both tested and
control embryos, and there was 100% hatchability of embryos treated
with the different concentrations of NVK extracts. Therefore, the results
advocate that there is no retarded growth in the NVK-exposed embryos.
Further, the test drug did not cause any mortality even in higher
concentrations resulting in 100% survival with no developmental
abnormality in the tested embryos (Fig. 2). NVK did not alter the
heart rate and normal morphology of the developing embryos. There
were no signs of an adverse event such as edema, axial formation, and
melanophore migration and no significant change was observed during
the extension of study from 96 to 120 HPF examinations (Table 1).

The mean embryo movement at 24 HPF and heartbeat at 48 HPF were
statistically analyzed for its mean, SD, and SE at the concentrations
ranging from 10 pg to 640 pg/ml, and there was no significant change
among all the tested concentrations as shown in Table 2.

Teratogenicity testing on acetaminophen or paracetamol which is a
general conventional analgesic and antipyretic used by all groups of
people including pregnant women has been found to induce anomalies
when tested in zebrafish embryo causing impairment in hatching, early
development, organogenesis, larval growth, tail and fin formation,
pigmentation, larval behavior, and survival [19]. Furthermore,
acetylsalicylic acid (aspirin), which is a nonsteroidal anti-inflammatory
drug with analgesic, antipyretic, and anti-inflammatory effects,
seems to be associated with a higher incidence of malformations in
fish embryos [20]. In another study, embryotoxicity of diclofenac on
zebrafish embryos was studied at 12 HPF and was treated with different
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dosages of diclofenac (0-2000) at specific time points (12-72 HPF). The
results revealed that higher doses (5 and 10 ppm) of diclofenac exposure
resulted in defective phenotypes including malformed somites, twisted
body axis, and shorter body length, suggestive of disturbance in actin
organization and muscle fiber alignment [21].

While the teratogenicity testing of conventional antipyretics and
analgesics in zebrafish embryos has proved them to be unsafe during
pregnancy, the present study of NVK on the zebrafish embryo model
provided data showing clear gestational safety margin of NVK that
could be extrapolated for use in pregnant women suffering from fevers
including dengue. Furthermore, previous acute toxicity studies on NVK
by Anbarasu et al. (2011) revealed that the ethanolic extract of NVK
did not show mortality and toxic signs up to 2000 mg/kg and supports
its indication for various fevers such as dengue and chikungunya
fever as it had antipyretic, anti-inflammatory, and analgesic activity in
experimental mice models [22]. Furthermore, there were no adverse
effects reported in the earlier clinical studies on NVK administration
both in adults [23] and pediatric population [24-26]. Thus, the present
study results are found to be in concordance with the in vivo animal and
human data of previous studies.

CONCLUSION

The study of polyherbal Siddha formulation of NVK on the zebrafish
embryo model for teratogenicity according to the OECD 236
guidelines did not produce any evidence of reproductive toxicity in
all the observed parameters such as mortality, hatchability, heartbeat,
and malformations that are sensitive indicators of teratogenicity.
Throughout the administration of 10-640 pg/ml serial concentrations
of NVK to the embryo culture monitored at 24 h intervals up to 96 HPF,
no significant change was observed. Moreover, even when they were
observed in the extension of study from 96 to 120 HPF examinations, no
abnormality or embryo defect was detected. Thus, the Siddha polyherbal
formulation of NVK has been scientifically tested for teratogenicity and
consequently validated for its safety during pregnancy.
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