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Abstract: Many are returning to nature from synthetics in search of safety and stability. Herbs are the sole way to
combat synthetic drugs’ side effects. Toxicity testing may reveal herb hazards, allowing for the prevention of potentially
hazardous side effects. Due to the short time needed for investigations, transparency of embryos, short life cycle, high
fertility, and similarity of genetic data, the zebrafish embryotoxicity model is at the forefront of toxicology research.
The zebrafish animal model is utilised to enhance aquaculture output and biomedicine. Pedalium murex L. is a key
traditional medicinal herb. Future drug development reference studies must evaluate toxicity factors. In this study, we
tested the ethanolic extract of P. murex (EEPM) on zebrafish embryos up to 72 hours post-fertilisation (hpf). This is the
first study of EEPM on zebrafish embryos. At 24 hpf, embryos grow and move normally. With more plant extract, the
heart rate was normal at 48 hpf. At 72 hpf, no afflicted embryos had a tail, eye, head, or heart development. This is the
first study to investigate the visible impact of EEPM on zebrafish embryos. The present research found that the higher
dose of EEPM significantly raised the heartbeat in the embryo of zebrafish. It happened due to the small oedema in the
heart muscle. Besides these, there is no other damage to the muscle. As a result, the current investigation demonstrated
that the prospective use of P. murex is risk-free and has the potential to be used for the development of novel drugs in a
clinical trial.
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1. Introduction

The widespread activity of many synthetic pesticides may have many unintended consequences for the ecosystem,
including the elimination of useful agents like natural predators and pollinators [1]. Herbs have been used to manage
health and illness for ages. Indian Ayurveda, ancient traditional Chinese, and Greek Unani medicine used herbs [2-4].
About 200,000 natural compounds are produced from plants, with many more in higher plants and microbes [35, 6].

The zebrafish (Danio rerio) is a Cyprinidae. They have more human-like biology than worms and insects.
Invertebrates are superior for cellular or molecular comparisons. Zebrafish are easy to maintain, manipulate, and
observe, but no model is perfect. In addition, their embryos contain fewer cells and are small. Tracking individual cell
growth is easier [7]. Zebrafish are used in toxicity and biomedical investigations [8, 9]. This method is used to improve
aquaculture productivity [10]. Improving zebrafish husbandry, survival, immune response, nutrition, and growth might
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benefit commercial fish [11, 12]. Transparent zebrafish larvae allowed for real-time organ, cell, and tissue analysis [13,
14]. Ecotoxicology and environmental science employ zebrafish as a model organism, and it has numerous potential
applications in chemical risk assessment. Zebrafish are used to investigate acute, chronic, and early life-stage toxicity.
The Organisation for Economic Co-operation and Development (OECD) and U.S. Environmental Protection Agency
(EPA), recommend protecting this species [15, 16]. Since zebrafish endocrine and hormonal signalling pathways are
similar to those of other vertebrates, this model’s results may be generalised [17]. Zebrafish are used to examine the
development and functioning of the nervous system, as well as behavioural, genetic, and biochemical components
of movement [18-22]. It’s a reliable model for evaluating toxicological effects on reproduction and embryonic
development. Direct chemical addition to embryo growth fluid simplifies drug delivery and enables high-throughput
screening. Zebrafish are a better research model.

This study used Pedalium murex L. to assess zebrafish embryo toxicity and behavioural changes. P. murex is called
Yanai Nerunji in Tamil Nadu, India. It is grown in India, Pakistan, Sri Lanka, Tropical Africa, and Mexico. It’s a natural
shrub used to treat colds, coughs, and infections. P. murex alkaloids include pedalitin, diosmetin, dinatin, and pedalin
dinatin-7-glucuronide. The seeds’ glycosides showed no diuretic impact. It treats leucorrhea, gonorrhoea, nocturnal
discharges male reproductive issues blood purification and bladder stone removal. According to the Unani School of
Medicine, it treats diuretics, enriches the blood, improves menstruation flow, and gargles sore lips and gums [23]. P,
murex is used to treat lumbago, stranguria, as a tonic, and as an appetiser.

P. murex is used to treat urinary issues such as incontinence, gonorrhoea, and dysuria [24]. Root decoction has
antibilious qualities, whereas fruit juice promotes lochial discharge. Making a leaf decoction regulates white discharge
from excessive body heat. In the case of zebrafish, no reports of developmental toxicity or behavioural safety have been
found in the literature despite the use of an ethanolic extract of P. murex. As a result, the purpose of this research was to
investigate the level of toxicity that P murex posed to zebrafish embryos.

2. Materials and methods
2.1 Collection and identification of plant

The species of the P. murex plant was gathered in Tamil Nadu, in the city of Thanjavur (District). It was certified
and taxonomically identified by Rev. Dr. S. John Britto SJ, Director of The Rapinat Herbarium and Centre for Molecular
Systematics at St. Joseph College in Tiruchirapalli, Tamil Nadu, India.

2.2 Preparation of solvent extracts

To carry out the extraction procedure, dried plants of the genus P. murex were harvested, cleaned, and then crushed
into powder. To execute the ethanol extraction, a thimble was fashioned, 50 g of the substance in powdered form was
distributed evenly inside, and the temperature ranged from 60 to 80 °C [25]. The extracts were dried out using a rotatory
evaporator (Model RE 801, Yamato, Japan), and after they were dried, they were stored in a steam bath to maintain their
thick, paste-like consistency. We used concentrations of the extract at 50 and 100 g/mL to evaluate the toxicity as well
as the behavioural effects that the extract had on the zebrafish embryos.

2.3 Fish care and egg collection

The adult zebrafish were bought and used in research conducted in the laboratory on the toxicity of embryos.
Both the temperature and the photoperiod were carefully controlled and kept at the same levels (temperature: 28 °C;
photoperiod: 12 hours). The bloodworm zebrafish were fed twice a day, once in the morning and once in the evening.

A ratio of two fishes to one is utilised in each of the four distinct tanks, which are each 3 litres in capacity. It stays
dark for a short while, making it an excellent environment for egg-laying. The lights were switched off after 12 hours,
and the fish didn’t start laying eggs for another 16 to 18 hours after that. After carefully removing the eggs, they are
put in a Petri dish that has fresh water which has been heated to a temperature of 28 °C. Following the final stage, 256-
cell stages may be found in spherical and dividing embryos between 2 and 5 hours post-fertilisation (hpf), while oblong
stages can be found between 3 and 7 hpf. These stages are often chosen and used for research (Figure 1).
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Figure 1. Rearing and collection of the egg from zebrafish

2.4 Determination of lethal concentration (LCs,)

At 1 hour after fertilisation, the embryo was given ethanolic extract of P murex (EEPM) (up to 2,000 mg/mL in
0.1%) to determine lethal concentration (LCs,) values. The effects of this treatment were recorded at 24 and 48 hpf
(number, n = 20). In the group that had been pre-tested, 1% dimethyl sulfoxide (DMSO) was shown to be safe [26].

2.5 Preparation of test solutions

Standard water was produced by mixing deionized water with potassium chloride (KCI) at a concentration of
0.23 mg/L; calcium chloride dihydrate (CaCl,.2H,0) at 11.76 mg/L; sodium bicarbonate (NaHCO,) at 2.59 mg/L; and
magnesium sulfate heptahydrate (MgSO,.7H,0) at 4.93 mg/L. The solution for the EEPM experiment was prepared four
hours before the consistent water was aerated. To set up the experiment solutions, the concentrations of EEPM that were
employed were 50 g/mL and 100 g/mL, both of which included 0.1% DMSO.

2.6 Treatment of EEPM with chorion

Eggs and many different amounts of plant extracts were mixed in a glass Petri dish. Each of the selected eggs was
then placed in a 96-well plate that contained 250 mL of the test solution. EEPM was given at concentrations of 50 and
100 g/mL to be treated with. At 24, 48, and 72 hours after fermentation, the plates were covered and later the eggs were
observed under a light microscope. Triplicates were performed in each experiment.

2.7 Statistical analysis

All of the data are shown as the mean along with the standard deviation (SD), and the statistical significance (p)
is determined using a one-way analysis of variance (ANOVA), followed by Dunnett’s post-hoc test, and the significant
level at p < 0.05.

2.8 Determination of LC;,

It was determined that embryos were secure up to a level of 2,000 mg/mL.

3. Results

Embryos of zebrafish were subjected to an investigation in which we evaluated the developmental toxicity of P,
murex as well as its behavioural safety. Following the administration of EEPM to zebrafish embryos that have been

Advanced Chemicobiology Research 58 | Murugesan Rengarayj, et al.



treated with chorion for varying amounts of time, one may do calculations. At the dosage of 50 pg/mL, there was no
morphological development that could be seen at 24 hpf, including the creation of the tail, embryonic movement, head,
or eye. There was no substantial development took place in the embryonic development of the 36 embryos when the
concentration was 100 pg/mL.

In the first 24 hours after fertilisation, there are no modifications in the development process that suggest there has
been any coagulation between the embryos. The normal sequence of development occurs in the embryo’s tail, head, eye,
and embryonic mobility. When compared to the group that served as a control, the development of the tail was typical
in size and growth, and there was a rise in higher concentration. When compared to the group that did not get treatment,
the head developed properly after receiving it. When the concentration of EEPM was increased to 50 and 100 pg/mL,
no additional alterations were seen in the eye development, which continued to progress normally in terms of growth
and size. This was likewise the case when the concentration of plant extract was increased.

The average number of embryonic movements per minute was at mean of 7.80, SD of 1.037 for the control
treatment; mean of 7.55, SD of 1.132 for the 50 ug/mL group; and mean of 7.52, SD of 1.081 for the 100 pg/mL group
(Table 1).

Table 1. Treatment of P. murex with chorion at 24 hpf

P. murex
No. Observation Control 50 pg/mL 100 pg/mL
1 Number of embryo (n) 36 36 36
2 Coagulated (n) 0 0 0
3 Tail development (n) 0 0 0
4 Eye development (n) 0 0 0
5 Head development (n) 0 0 0
6 Sum of affected (n) 0 0 0
7 Embryonic movement (n/min) Mean 7.80 7.55 7.52
SD 1.037 1.132 1.081

Following the development of the embryo, the heart began to form between 24 and 48 hpf. After 48 hours
of observation, there was no morphological change seen. The heart rate that was observed was determined to be
within the normal range when the concentration was 50 pg/mL, and when the concentration of dosages was raised to
100 pg/mL, there were also no alterations in the heart rate. At 48 hpf, there was no evidence of oedema since there was
no discernible change in heart rate. The average number of embryonic movements per minute was at mean of 129.83,
SD of 3.0752 for the control treatment; mean of 130.13, SD of 3.163 for the 50 pg/mL group; and mean of 130.44, SD
of 3.272 for the 100 pg/mL group (Tables 2 and 3). The first dosages were administered at 24 hpf, and observations
were carried out at 48 and 72 hpf after that. In Figure 2, it was discovered that there was an increase in the heart rate that
was precisely proportionate to the increase in dosage.
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Table 2. Treatment of P. murex with chorion of heart rate at 24 to 48 hpf

P. murex
No. Observation Control 50 pg/mL 100 pg/mL
1 Number of embryo (n) 36 36 36
2 Coagulated (n) 0 0 0
3 Tail development (n) 0 0 0
4 Eye development(n) 0 0 0
5 Head development (n) 0 0 0
6 No heartbeat (n) 0 0 0
7 No circulation (n) 0 0 0
8 Oedema (n) 0 0 0
9 Heart rate (beats/min) Mean 129.83 130.13 130.44
SD 3.0752 3.163 3.272
Table 3. Treatment of P. murex with chorion at 72 hpf
P. murex
No. Observation Control 50 pg/mL 100 pg/mL
1 Number of embryo (n) 36 36 36
2 Coagulated/dead (n) 0 0 0
3 Tail development (n) 0 0 0
4 Eye development (n) 0 0 0
5 Head development (n) 0 0 0
6 No heartbeat (n) 0 0 0
7 Oedema (n) 0 0 0
8 Sum of affected (n) 0 0 0
9 Sum of survival (n) 36 36 36
150 —
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B @ 50 pg/mL 24 hpf
_ o 100 pg/mL 24 hpf
E 100 o Control 24 to 48 hpf
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Figure 2. Comparison of heat rate for embryos with 24 hpf and 24 to 48 hpf. Values are expressed as mean + SD, p < 0.05
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4. Discussion

The basic goals of the toxicological examination of any herbal medication are to identify any harmful effects
and determine the upper limits of exposure levels at which these effects may occur. When deciding whether a herbal
treatment is safe to use, the kind and severity of any possible adverse effects, as well as the dose at which they become
evident, are two of the most essential considerations. Toxicology testing may uncover specific potential dangers linked
with the use of herbs, especially in locations where such concerns are already prevalent [27]. The zebrafish embryo
toxicity test (ZET) is a simple and effective culture technique that allows researchers to examine the effects of medicinal
herbs on a whole vertebrate embryo throughout its development.

Several different assays for determining whether a substance is hazardous during development have been
developed over a substantial period. These assays range from cell-line-based testing to varied organ cultures and entire
embryo cultures of rats or zebrafish [28]. The zebrafish embryo develops very rapidly. The toxicologist has also taken
into account the myriad of benefits that come with the development of the zebrafish embryo. Because of the embryo’s
transparency and the fact that it develops independently from the mother, determining whether a substance is teratogenic
or embryotoxic is quite straightforward.

The embryo of the zebrafish is considered to be one of the most promising vertebrate systems for the study of
mechanistic toxicity [29, 30]. In addition to investigating gene function, the zebrafish may be used as a model for high-
throughput chemical screening, target identification and validation, assay development, and studies into the toxicity
of medications [7]. This study aimed to evaluate if the plant P. murex was a developmental hazard at early life stages
by using zebrafish embryos as a useful model. Additionally, the researchers wanted to elucidate the likely mechanism
behind this effect. Previous findings reported that the zebrafish embryos are sensitive to developmental damage and
behavioural modifications in toxicological research.

The research concluded that this animal was hypersensitive to the plant since it caused a number of developmental
difficulties in the animal, including abnormalities in the tail and cardiovascular system, as well as behavioural changes
that had not been observed before. It has been discovered that the EEPM is hazardous to the development of zebrafish.
According to the findings, there is no discernible difference between the experimental group and the control group
with regard to morphological characteristics such as the length of the tail, the size of the head, the number of eyes,
or the mobility of the embryos. According to toxicology and behavioural tests of plants, there is no change in the
morphological or cardiac activity. Due to the relatively short amount of time needed for investigations, the transparency
of embryos, the relatively short life cycle, the high fertility, and the genetic data similarity, the zebrafish embryotoxicity
model is now at the forefront of toxicology research [31].

5. Summary and conclusion

To effectively treat a broad range of medical conditions, plants may be successfully employed to produce both
traditional and contemporary pharmaceuticals. This call for the discovery of novel antimicrobial drugs, such as those
derived from medicinal plants, to combat these infectious diseases. A zebrafish embryo model was used to investigate
the toxicity and behavioural changes caused by P. murex ethanol extracts. No coagulation occurs, and the tail, head, and
eye remain the same across all EEPM concentrations. Increases in plant extract content are associated with no increase
in pulse rate. The plant showed no signs of toxicity or morphological changes even at the maximum and recommended
extract dose. To summarise, we have shown that P murex when administered to zebrafish embryos at the optimal
dosage level, is not hazardous. On the other hand, a minor oedema of the heart muscle was noticed when the dosage
was increased. For the sake of future study, it is necessary to first explain the species-specific effects of P. murex and
then come to some conclusions on the human risk assessment. This study provides preliminary evidence that zebrafish
embryos are safe when exposed to a higher concentration of plant extract and optimal environmental conditions.
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