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ABSTRACT: Habbe Sara is an herbal formulation used in the Unani system of medicine to treat convulsions 
in adults and children. It is believed to strengthen the brain and nervous system, reducing the frequency of 
fits. In this study, the effects of various concentrations of Habbe Sara ranging from 50 to 400 ppm on in 
zebrafish were examined. The study found that increasing concentrations of Habbe Sara resulted in higher 
mortality rates with an LC50 value of 251.18 ppm. In addition, its higher concentrations showed delayed 
growth, decreased in heartbeat rate, reduced hatchability, and various developmental defects in the treated 
embryos. Therefore, caution should be exercised when administering high doses of Habbe Sara to pregnant 
women. 
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1 .  INTRODUCTION  

 Anti-convulsant medications are commonly used to treat epileptic seizures, but certain drugs such 
as topiramate, valproate, and carbamazepine have been associated with an increased risk of teratogenic 
effects in pregnant women [1–3]. These effects can lead to organ malformations, delayed embryogenesis, 
developmental defects, as well as cognitive and behavioral impairments. Therefore, it is crucial for women 
undergoing anti-convulsant drug treatment to consult their physicians and thoroughly discuss the potential 
risks and benefits before deciding whether to continue the treatment. 

Habbe Sara is an unani herbal formulation manufactured by Rex (U&A) Remedies Pvt Ltd. It is used 
in the Unani system of medicine to address liver disorders, febrile convulsions, and epileptic fits. It contains 
extracts from three plants and herbs: Aloe vera extract (Sibr), Boswellia serrata extract (Kundur), and Castoreum 
gland extract (Jund Bedastar) [4]. Like conventional anti-convulsant drugs, Habbe Sara may also carry a risk of 
developmental toxicity and teratogenic effects. Therefore, it is essential to investigate these potential effects 
to ensure its safe use as an anti-epileptic drug in pregnant women. 

The hypotheses under examination in this study involve the study of potential for developmental 
toxicity and teratogenic effects. It is postulated that exposing zebrafish embryos to Habbe Sara may lead to 
evident developmental toxicity, characterized by delayed organogenesis, structural abnormalities, 
malformations, altered embryonic development, and the possibility of cognitive or behavioral impairments. 
Thus, this research aims to contribute valuable insights into the safety profile of Habbe Sara, especially 
regarding its potential impact on embryonic development. Such insights are crucial for determining the 
suitability of this herbal formulation for use as an anti-epileptic drug in pregnant women. 

Zebrafish have become a valuable model for pharmacological screening and developmental toxicity 
studies due to their rapid organogenesis, significant genetic conservation, and similarity to humans and 
other vertebrates [5–7]. Additionally, their small size, optical transparency, easy maintenance, high 
productivity, and breeding efficiency make them advantageous over other animal models [8–11]. Compared 
to cell-based assays, which are alternative models for drug testing, the zebrafish model can significantly 
reduce costs, expedite drug discovery, and provide more accurate results [11,12]. By utilizing the benefits of 
the zebrafish model, we have planned to conduct a comprehensive investigation into the developmental 
toxicity and teratogenic potential of Habbe Sara in zebrafish embryos.  
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2. RESULTS AND DISCUSSIONS 

The qualitative phytochemical investigation was conducted to examine the chemical constituents of 
Habbe Sara. The tests results presented in Table 1 revealed the presence of glycosides, flavonoids, tannins, 
and phenolic compounds in the formulation.  

 
Table 1. The result of preliminary phytochemical screening of herbal formulation Habbe Sara 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
+ / - sign indicates presence/ absence of respective class of phytoconstituents  

 
Assessing zebrafish embryonic mortality or death serves as a direct method for evaluating general 

toxicity [13]. Investigation into the impact of a pharmaceutical on zebrafish embryonic mortality aids in 
comprehending the potential risks and benefits associated with therapeutic interventions. This study 
employed the LC50 value as an indicator to assess the degree of mortality induced by the test drug. The LC50 
value was determined using the probit method (refer to Figure 1). Notably, exposure to Habbe Sara at 
concentrations of 300 and 400 ppm resulted in the highest mortality among zebrafish embryos, with an LC50 

value of 251.18 ppm. Higher LC50 values imply lower drug toxicity, signifying that a greater drug 
concentration is necessary to cause 50% mortality in the test organisms [14,15]. 

 

 

Figure 1. The Log10 Concentration vs probit of herbal formulation Habbe Sara. 

 
Muscular contractions in zebrafish embryos occur spontaneously, typically emerging around 18–19 

hours post-fertilization (hpf). These contractions are believed to be initiated by early activity in the 
embryonic central nervous system [16,17]. The quantification of embryonic movements per minute was 
conducted at 24 hpf in zebrafish embryos (see Figure 2). Notably, exposure to Habbe Sara resulted in a dose-
dependent reduction in the number of embryonic movements. However, this decrease in embryonic 
movement was found to be statistically significant (p < 0.01) only at a concentration of 400 ppm of Habbe 
Sara. During the early stages of embryo growth, these movements are attributed to primary motor neurons 
[16,17). The dose-dependent reduction in embryonic movement observed with Habbe Sara may be linked to 
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its impact on the early development of the nervous and musculoskeletal systems, potentially causing 
alterations or impairments in the embryo's movement patterns. 

 

 
Figure 2: Effect of Habbe Sara on embryonic movement in zebrafish embryos.  
Values were represented as mean ± SD (n = 10 embryos); *p < 0.05,  *p < 0.01 as compared to control.  

 
The investigation into the impact of Habbe Sara on the heartbeat of zebrafish embryos offers valuable 

insights into the pharmacological properties and safety assessment of this test drug. Understanding how a 
drug affects cardiac function and development is crucial for assessing its potential therapeutic applications 
and potential risks. The modulation of heartbeat serves as a sensitive biomarker of drug-induced changes in 
the cardiovascular system, reflecting the compound's influence on this vital physiological process [18]. There 
was no statistically significant difference was observed in the heartbeat of zebrafish embryos at the 0 to 100 
ppm concentration of Habbe Sara. The Habbe Sara at 200 to 400 ppm concentration revealed statistically 
significant (p<0.01) decreased in the heartbeat rate in zebrafish embryos (see Figure 3). Various drug can 
alter the heartbeat, either by accelerating or slowing it down which indicate the impact of drug-induced 
changes in the cardiovascular system [19]. 

 

 
 

Figure 3: Effect of Habbe Sara on Heartbeat rate in zebrafish embryos. 
Values were represented as mean ± SD (n = 10 embryos); *p < 0.05,  *p < 0.01 as compared to control. 

 
Hatching represents a critical phase characterized by intricate molecular signaling and coordinated 
enzymatic breakdown of the chorion. In our investigation, the impact of Habbe Sara on hatchability was 
observed to be dose-dependent, as presented in Table 2. Hatching initiation occurred at 48 hpf in zebrafish 
embryos under control conditions and with Habbe Sara concentrations of 50 and 100 ppm. Notably, 
concentrations ranging from 200 to 400 ppm of Habbe Sara did not result in any hatching at 48 hpf. By 72 hpf, 
the maximum number of embryos hatched in the control group (20/20) and Habbe Sara concentrations of 50 
ppm (18/20), 100 ppm (18/20), and 200 ppm (16/20). However, no hatching was observed in zebrafish 
embryos exposed to 300 ppm and 400 ppm concentrations of Habbe Sara even after 72 hpf. After 96 hpf, only 
a few embryos hatched in the 300 ppm (4/20) and 400 ppm (2/20) concentrations of Habbe Sara. 
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Table 2. Quantitative assessment of developmental effects of Habbe Sara in zebrafish embryos 

Parameters Drug concentration (ppm) 
n Control 50 100 200 300 400 

24 hpf           
Number of embryos  n  20 20 20 20 20 20 
Coagulated/dead  n  0 0 0 0 0 3 
Lack of tail detachment  n  0 0 0 1 1 3 
Lack of eye development   n  0 0 1 1 1 3 
Head malformation n  0 0 0 0 0 3 
Lack of somite formation       n 0 0 0 0 0 3 
Sum of affected  n  0 0 1 1 2 3 
Sum of survived   n 20 20 20 20 20 17 
48 hpf            
Number of embryos  n  20 20 20 20 20 17 
Coagulated/dead   n  0 0 0 0 3 5 
Lack of tail detachment n  0 0 0 0 0 0 
Lack of eye development   n  0 0 0 0 0 2 
Head malformation n  0 0 0 0 0 2 
Sum of embryos hatched n  12  10 4 0 0 0 
Yolk sac edema n  0 1 0 0 0 2 
Sum of affected   n  0 1 0 0 0 5 
Sum of survived   n 20 20 20 20 17 12 

72 hpf             
Number of embryos  n  20 20 20 20 17 12 
Coagulated/dead  n  0 0 0 0 6 8 
Lack of eye development   n  0 0 0 0 0 0 
Head malformation n  0 0 0 0 0 0 
Sum of embryos hatched n  20 18 18 16 0 0 
Yolk sac edema n  0 1 1 0 0 3 
Sum of affected  n  0 1 1 0 6 8 
Sum of survived   n  20 20 20 20 11 4 
96 hpf        
Number of embryos  n 20 20 20 20 11 4 
Coagulated/dead  n 0 0 2 3 7 1 
Lack of eye development   n 0 0 0 0 1 0 
Head malformation n 0 0 0 0 1 0 
Sum of embryos hatched n 20 20 20 17 4 2 
Yolk sac edema  n 0 0 1 2 6 2 
Abnormal head-trunk angle n 0 0 0 0 1 1 
Sum of affected  n 0 1 2 5 9 4 
Sum of survived   n 20 20 18 17 4 3 

n= Represent number of embryos; hpf: hours post fertilization; ppm: part per million 
The evaluation of Habbe Sara impact on total body length provided valuable insights into its 

influence on fundamental processes in embryonic development. Our study utilized ImageJ software for 
precise measurements and quantitative assessment of alterations in total body length at 96 hpf in zebrafish 
embryos. The results revealed a statistically significant decrease in total body length (p < 0.01) when 



Shaikh et al. 
Developmental toxicity of Habbe Sara 

Journal of Research in Pharmacy 
 Research Article 

 

 
 http://dx.doi.org/10.29228/jrp.831 

J Res Pharm 2024; 28(5): 1526-1535 
1530 

zebrafish embryos were exposed to concentrations of Habbe Sara ranging from 100 to 400 ppm, as depicted in 
Figure 4. 

 

 
Figure 4: Effect of Habbe Sara on Total body length in zebrafish embryos. 

Values were represented as mean ± SD (n = 10 embryos); *p < 0.05,  *p < 0.01 as compared to control. 
 
 
Delayed growth in zebrafish embryos serves as a crucial indicator of the adverse effects of a test 

drug on embryonic development. Our study disclosed a notable slowdown in embryonic growth at 
concentrations ranging from 200 to 400 ppm of Habbe Sara, as indicated by the green arrow in Table 3. The 
examination of a test drug's impact on hatchability, embryonic growth, and total body length in zebrafish 
embryos is essential for comprehending its effects on developmental toxicity [20–22]. Our findings indicate 
that Habbe Sara not only leads to decreased hatchability and total body length but also induces a dose-
dependent delay in embryonic growth. This delay could be attributed to disruptions in crucial molecular 
pathways governing cell division, differentiation, and tissue development. A thorough investigation into the 
specific cellular and molecular mechanisms affected by Habbe Sara is imperative for a comprehensive 
understanding of its developmental toxicity. Consistent results across various studies imply a shared 
mechanism through which certain drugs may adversely influence embryonic growth and hatchability 
[15,23]. It is important to note that such similarities with established literature provide a basis for 
comparative analysis and suggests that Habbe Sara at higher concentrations might indeed hinder embryonic 
growth. 

In the concentration range from 0 to 100 ppm, the embryos displayed typical morphological 
development, including the formation of eyes and head, a well-developed yolk sac, complete detachment of 
tails, and an absence of coagulation. These observations indicate that at lower concentrations, Habbe Sara 
does not negatively affect the early stages of zebrafish embryo development. Nevertheless, with an increase 
in the concentration of Habbe Sara to the range of 200 to 400 ppm, adverse effects became increasingly 
evident, as documented in both Table 2 and Table 3. 

Our findings indicate that concentrations of Habbe Sara at 200 ppm and above are associated with the 
presence of an abnormal head-trunk angle, as indicated by the black arrow in Table 3. This observation is 
significant as it provides insights into the potential developmental impacts of this substance on embryonic 
morphology. The head-trunk angle serves as a critical parameter in evaluating the proper axial development 
of vertebrates, including zebrafish embryos [24]. The abnormal head-trunk angle noted at concentrations of 
200 ppm and beyond suggests a disruption in the normal patterning and alignment of the embryonic axis. 
This deviation implies that Habbe Sara may interfere with fundamental processes governing neural tube 
formation, and axial elongation during early embryonic development. 

Habbe Sara, particularly at concentrations of 100 ppm and above, induces yolk sac edema in zebrafish 
embryos, as indicated by the blue arrow in Table 3. This occurrence signifies a important impact on 
embryonic development. Yolk sac edema is a well-recognized indicator of physiological stress and 
disruptions in embryonic homeostasis. Similar to human embryos, zebrafish embryos possess a protruding 
yolk sac that serves as a reservoir of proteins, lipids, and micronutrients, supporting metabolic functions and 
growth until the initiation of external feeding in zebrafish [25]. Edema in this structure may indicate a 
multifaceted impact of Habbe Sara on critical physiological processes." 
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Table 3. The representative images of different developmental effect of Habbe Sara in zebrafish embryos. 
Habbe sara 

Concentration 
(ppm) 

24hpf 48hpf 72hpf 96hpf 
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Yolk sac edema (blue arrow) observed at 96 hours post-fertilization (hpf) in the concentration range of 100 to 300 ppm; Pericardial 
edema (white arrow) observed at 96 hpf in the 300 ppm concentration of Habbe Sara; Embryo coagulation (red arrow) observed at 96 hpf 
in the 400 ppm concentration of Habbe Sara; Abnormal head-trunk angle (black arrow) indicated at 96 hpf in the concentration range of 
200-300 ppm of Habbe Sara; Delayed embryogenesis (green arrow) observed from 24 to 96 hpf in the concentration range of 100-400 ppm 
of Habbe Sara; Partial scoliosis (yellow arrow) observed at 72 hpf in the 300 ppm concentration and at 96 hpf in the concentration range 
of 200-300 ppm of Habbe Sara. 
 

The observed pericardial edema at 300 ppm concentration of Habbe Sara is a notable discovery that 
underscores the concentration-dependent effects of this substance on embryonic development, as denoted by 
the white arrow in Table 3. The pericardium serves to surround and safeguard the developing heart, and the 
presence of edema in this region suggests potential interference with cardiovascular development and 
disruption of embryonic osmoregulation [26]. 

Zebrafish provide unique advantages in modeling human scoliosis due to their spine's morphology 
and structure closely resembling that of humans, along with a significant genetic similarity. Scoliosis, 
characterized by a lateral curvature of the spine exceeding 10°, was examined in our study, revealing that 
Habbe Sara at a concentration of 300 ppm induces partial scoliosis, as denoted by the yellow arrow in Table 3. 
Existing scientific literature suggests a potential association between scoliosis and neuromuscular 
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abnormalities [27]. The observation of partial scoliosis in our study implies a concentration-dependent 
impact on the axial skeleton and associated musculature. 

The occurrence of embryo coagulation, indicated by the red arrow in Table 3, is observed at a 
concentration of 400 ppm of Habbe Sara at 96 hpf in zebrafish embryos. This finding is significant, suggesting 
a concentration-dependent adverse effect on embryonic development and integrity. The coagulation of 
embryos may involve interference with the normal development of the circulatory system. At 400 ppm, 
Habbe Sara could potentially disrupt blood vessel formation or impair the proper functioning of the 
cardiovascular system, resulting in coagulation within the embryos. An in-depth exploration of the specific 
effects of Habbe Sara on vascular development, blood flow patterns, and the expression of genes associated 
with circulatory function can provide valuable insights into the underlying causes of embryonic coagulation. 

This study is the first investigation of the effect of Habbe Sara on developmental defect in zebrafish 
embryos. Our findings reveal that exposure to Habbe Sara, an herbal formulation, at higher concentrations 
(200-400 ppm) severely disrupts multiple aspects of zebrafish embryonic development. The exposure 
resulted in severe morphological defects across several body systems, including delayed embryogenesis, 
coagulation of embryos, yolk sac and pericardial edema, and scoliosis. These concentration ranges, although 
higher than levels likely to be clinically achieved, provide insight into the biological activity and 
developmental toxicity risk of complex herbal preparations. Earlier investigations of other test drugs 
revealed similar toxicological effects in developing embryos [8,15,28,29]. 

The observed range of defects is likely linked to different active ingredients present in Habbe Sara, 
with each component targeting specific molecular pathways that regulate tissue and organismal 
morphogenesis. Conducting further studies specifically centered on isolated active compounds would 
enhance our understanding and help distinguish between distinct and shared toxicity mechanisms. 

3. CONCLUSION 

Our investigation revealed a direct relationship between the concentration of Habbe Sara and the 
severity of developmental toxicity. As the concentration increased, we observed a corresponding increase in 
developmental deffects on the exposed embryos. These effects included delayed growth, reduced 
hatchability, and higher mortality rates, all of which followed a dose-dependent pattern. 

Furthermore, at higher concentrations of Habbe Sara, we observed additional defects such as 
decreased heartbeat rate and total body length, malformation of the eye and head, abnormal head-trunk 
angle, yolk sac edema, and coagulation of embryos. 

Our findings clearly demonstrate that the concentration of Habbe Sara plays a crucial role in 
determining the extent of developmental toxicity in zebrafish embryos. The results establish a significant 
link between the concentration of Habbe Sara and the observed developmental toxicity endpoints. 

However, to gain a comprehensive understanding of the underlying mechanisms behind Habbe Sara-
induced developmental toxicity, further research is essential. Such knowledge will provide valuable insights 
into the potential risks associated with the use of this formulation and help to develop appropriate safety 
measures for its use in the pregnant women. 

4. MATERIALS AND METHODS 

4.1 Materials  

4.1.1 Drug  
The formulation of Habbe Sara was procured from unani medical store, Mumbai, Maharashtra, India. 

It was triturated, dissolved in distilled water to make different concentrations for conducting this study.  
4.1.2 Zebrafish embryos collection and maintenance 

The adult zebrafish which show characteristics described by Wixon (2000) were housed in 
aquariums with fish water [10]. The fish were properly cared for and bred in accordance with standard 
procedures  [30]. The research proposal underwent approval from the Institutional Animal Ethical 
Committee of the campus, with the assigned protocol approval number AIKTC/SoP/IAEC/2022/01. 
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4.2 Methods 

4.2.1 Preliminary Phytochemical Screening 

To identify and characterize the various phytochemical constituents present in Habbe Sara, a 
qualitative phytochemical investigation was conducted using standard methods [31]. The screening aimed to 
detect the presence of a range of compounds, including carbohydrates, proteins, fats and oils, alkaloids, 
amino acids, flavonoids, glycosides, phenolics, tannins, and steroids. Through this analysis, we sought to 
gain insights into the diverse chemical components that make up Habbe Sara.  

4.2.2 Zebrafish developmental toxicity 

Zebrafish embryo toxicity test of different concentrations of Habbe Sara was conducted by following 
OECD test guideline No. 236, 2013 [32]. The procedures used in this study were adopted with a few 
modifications of methods studied earlier [15,28,33]. After conducting an initial range finding, five 
concentrations of Habbe Sara (50, 100, 200, 300, and 400 ppm) were selected as the final exposure 
concentrations. The fertilized embryos were selected 4 hours post fertilization (hpf) and expose to selected 
concentrations of Habbe Sara in 24 well microplates and incubated at 26.0°C ± 1.0°C. The assessment of 
developmental toxicity was conducted by observing various parameters of lethality for every 24 hours post-
post fertilization (hpf) to the test drug till 96 hpf. The malformed images of larvae and embryos were 
captured by using a digital microscope (Labomed) to assess different parameters of the teratogenic effects of 
the drug [14,34].  

4.2.3 Determination of LC50 

The LC50 of the test formulation was calculated by recording total mortality after 96 hpf to the 
selected concentrations of Habbe Sara. The zebrafish embryos were considered dead when there was no 
heartbeat or coagulation of eggs observed under a digital microscope. The LC50 was investigated by using 
probit analysis. 

4.2.4 Hatchability 

Embryos were considered hatched when the entire larvae move out of the chorion. The number of 
hatched embryos was measured at 24, 48, 72, and 96 hpf. 

4.2.5 Heartbeat rate   

The number of heart-beats was recorded after 48 hpf by recording live video under a Labomed 
digital microscope for 15 seconds. To determine the heart-beat per minute, the number of heartbeats for a 
duration of 15 seconds were multiply by four [35,36].  

4.2.6 Total body length 

For measuring total body length, larvae after 96 hpf were anesthetized, and images were captured. 
The total body length was calculated by using open-source ImageJ software. 

4.2.7 Embryonic movement 

 The number of embryonic movements per minutes after 24 hpf in zebrafish embryos were recorded 
by capturing video footage under digital microscope at 4x objective lens. The video footages were analyzed 
manually to measure number of spontaneous movements such as tail flicking, body twitching etc. 

4.3 Statistical analysis 

The statistical data was analyzed by ANOVA followed by a post-hoc test and descriptive statistics.        

Acknowledgments: The author wishes to thank Dr. Ramjan Khatik, Director, Anjuman-I-Islam's-Kalsekar Technical 
Campus for providing facilities to carry out this work. 
Author contributions: Concept – A.S.; Design – M.F., S.S., A.S.; Supervision – A.S., S.S.; Resources – S.S., A.S.; 
Materials – A.C., S.S., M.F., A.W., I.S.; Data Collection and/or Processing – K.K., M.F., A.C., I.S., A.N.; Analysis 
and/or Interpretation – A.W., M.F., A.N., K.K., A.S.; Literature Search – A.C., I.S., A.W., M.F., A.N, K.K.; Writing – 
I.S., S.S., A.S.; Critical Reviews – S.S., A.S., I.S., A.N., A.C., A.W., S.S., M.F., K.K. 

Conflict of interest statement: The authors declare that they have no conflicts of interest. 

 



Shaikh et al. 
Developmental toxicity of Habbe Sara 

Journal of Research in Pharmacy 
 Research Article 

 

 
 http://dx.doi.org/10.29228/jrp.831 

J Res Pharm 2024; 28(5): 1526-1535 
1534 

REFERENCES 

[1]  Tomson T, Battino D. Teratogenic effects of antiepileptic drugs. Seızure Eur J Epılep. 2008; 17(2): 166–171. 
https://doi.org/10.1016/j.seizure.2007.11.016 

[2]  Tomson T, Battino D, Perucca E. Teratogenicity of antiepileptic drugs. Curr Opin Neurol. 2019; 32(2): 246–252. 
https://doi.org/10.1097/WCO.0000000000000659 

[3]  Güveli B, Rosti R, Güzeltaş A, Tuna E, Ataklı D, Sencer S, Yekeler E, Kayserili H, Dirican A, Bebek N, Baykan B, 
Gökyiğit A, Gürses C. Teratogenicity of antiepileptic drugs. Clin Psychopharmacol Neurosci. 2017; 15(1): 19–27. 
https://doi.org/10.9758/cpn.2017.15.1.19 

[4]  Asjad H, Akhtar M, Asad M, Din B, Gulzar F, Hassnain F. In vitro antioxidant activity of Habbe sara [Unani 
Medicine] prescribed for febrile convulsions. J Pharm Altern Med. 2012; 2: 29–35. 
https://iiste.org/Journals/index.php/JPAM/article/view/3519 

[5]  Li J, Copmans D, Partoens M, Hunyadi B, Luyten W, de Witte P. Zebrafish based screening of antiseizure plants 
used in traditional Chinese medicine: Magnolia officinalis extract and its constituents Magnolol and Honokiol exhibit 
potent anticonvulsant activity in a therapy-resistant epilepsy model. ACS Chem Neurosci. 2020; 11(5): 730–742. 
https://doi.org/10.1021/acschemneuro.9b00610 

[6]  McGrath P, Li Q. Zebrafish: a predictive model for assessing drug-induced toxicity. Drug Discov Today. 2008; 13(9–
10): 394–401. https://doi.org/10.1016/j.drudis.2008.03.002 

[7]  Sipes N, Padilla S, Knudsen T. Zebrafish-As an integrative model for twenty-first century toxicity testing. Birth 
Defects Res C Embryo Today. 2011; 93(3): 256–267. https://doi.org/10.1002/bdrc.20214 

[8]  Kannan R, Iniyan A, Vincent S. Chemical genetic effects of Sargassum wightii during embryonic development in 
zebrafish. Indian J Pharmacol. 2015; 47(2): 195–198. https://doi.org/10.4103/0253-7613.153429 

[9]  Westerfield M. The Zebrafish Book. A guide for the laboratory use of Zebrafish (Danio rerio), Fifth ed., University of 
Oregon Press, Eugene 2007. 

[10] Wixon J. Danio rerio, the zebrafish. Yeast. 2000; 17(3): 225–231. https://doi.org/10.1002/1097-
0061(20000930)17:3<225::aid-yea34>3.0.co;2-5 

[11]  Zon L, Peterson R. In vivo drug discovery in the zebrafish. Nat Rev Drug Discov. 2005; 4: 35–44. 
https://doi.org/10.1038/nrd1606 

[12]  Lieschke G, Currie P. Animal models of human disease: Zebrafish swim into view. Nat Rev Genet. 2007; 8: 353–367. 
https://doi.org/10.1038/nrg2091 

[13]  Miyawaki I. Application of zebrafish to safety evaluation in drug discovery. J Toxicol Pathol. 2020; 33(4): 197–210. 
https://doi.org/10.1293/tox.2020-0021 

[14]  Basha P, Rani A. Cadmium-induced antioxidant defense mechanism in freshwater teleost Oreochromis mossambicus 
(Tilapia). Ecotoxicol Environ Saf. 2003; 56(2): 218–221. https://doi.org/10.1016/S0147-6513(03)00028-9 

[15]  Shaikh A, Kohale K, Ibrahim M, Khan M. Teratogenic effects of aqueous extract of Ficus glomerata leaf during 
embryonic development in zebrafish (Danio rerio). J Appl Pharm Sci. 2019; 9(5): 107–111. 
https://doi.org/10.7324/JAPS.2019.90514  

[16]  Melançon E, Liu D, Westerfield M, Eisen J. Path finding by identified zebrafish motoneurons in the absence of 
muscle pioneers. J Neurosci. 1997; 17(20): 7796–7804. https://doi.org/10.1523/JNEUROSCI.17-20-07796.1997 

[17] Menelaou E, Husbands E, Pollet R, Coutts C, Ali D, Svoboda K. Embryonic motor activity and implications for 
regulating motoneuron axonal pathfinding in zebrafish. Eur J Neurosci. 2008; 28(6): 1080–1096. 
https://doi.org/10.1111/j.1460-9568.2008.06418.x 

[18]  Barreto A, Santos J, Capitao A, Eusebio R, Pinheiro E, Machado A, Rocha  L, Calisto V, Amorim M, Maria V. 
Assessment of diphenhydramine toxicity – Is its mode of action conserved between human and zebrafish? Environ 
Int. 2022; 164: 107263. https://doi.org/10.1016/j.envint.2022.107263 

[19]  Luca E, Zaccaria G, Hadhoud M, Rizzo G, Ponzini R, Morbiducci U, Santoro M. ZebraBeat : A flexible platform for 
the analysis of the cardiac rate in zebrafish embryos. Sci Rep. 2014; 4: 4898. https://doi.org/10.1038/srep04898 

[20]  Wang R, Liu K, Zhang Y, Chen X, Wang X. Evaluation of the developmental toxicity induced by E804 in zebrafish 
embryos. Front Pharmacol. 2020; 11:32. https://doi.org/10.3389/fphar.2020.00032 

[21]  Lee J, Park H, Lim W, Song G. Benfuresate induces developmental toxicity in zebrafish larvae by generating 
apoptosis and pathological modifications. Pestic Biochem Physiol. 2021; 172: 104751. 
https://doi.org/10.1016/j.pestbp.2020.104751  

[22]  Zoupa M, Machera K. Zebrafish as an alternative vertebrate model for investigating developmental toxicity: the 
triadimefon example. Int J Mol Sci. 2017; 18(4): 817. https://doi.org/10.3390/ijms18040817 

[23]  Song C, Song S, Liang H, Liu X. Effect of Camptothecin on the embryonic development and angiogenesis of 
zebrafish embryos. Adv Mat Res. 2013; 750–752: 1472–1475. 
https://doi.org/10.4028/www.scientific.net/AMR.750-752.1472 

[24]  Peng W, Lee Y, Chau Y, Lu K, Kung H. Short-term exposure of zebrafish embryos to arecoline leads to retarded 
growth, motor impairment, and somite muscle fiber changes. Zebrafish. 2015; 12: 58–70. 
https://doi.org/10.1089/zeb.2014.1010 

[25]  Sant K, Laragy A. Zebrafish as a model for toxicological perturbation of yolk and nutrition in the early embryo. 
Curr Environ Health Rep. 2018; 5: 125–133. https://doi.org/10.1007/s40572-018-0183-2 

[26]  Teixidó E, Piqué E, Catalán J, Llobet J. Assessment of developmental delay in the zebrafish embryo teratogenicity 
assay. Toxicol in Vitro. 2013; 27: 469–478. https://doi.org/10.1016/j.tiv.2012.07.010 



Shaikh et al. 
Developmental toxicity of Habbe Sara 

Journal of Research in Pharmacy 
 Research Article 

 

 
 http://dx.doi.org/10.29228/jrp.831 

J Res Pharm 2024; 28(5): 1526-1535 
1535 

[27]  Xie H, Li M, Kang Y, Zhang J, Zhao C. Zebrafish: an important model for understanding scoliosis. Cell Mol Life Sci. 
2022; 79: 506. https://doi.org/10.1007/s00018-022-04534-5 

[28]  Ponrasu T, Ganeshkumar M, Suguna L. Developmental toxicity evaluation of ethanolic extract of Annona squamosa 
in zebrafish (Danio rerio) embryo. J Pharm Res. 2012; 5(1): 277–279.  

[29]  Majewski M, Kasica N, Jakubowski P, Podlasz P. Influence of fresh garlic (Allium sativum L.) juice on zebrafish 
(Danio Rerio) embryos developmental effects. J Elem. 2017; 22(2): 475–486. 
https://doi.org/10.5601/jelem.2016.21.4.1261 

[30]  Dulay R, Kalaw S, Reyes R, Alfonso N, Eguchi F. Teratogenic and toxic effects of Lingzhi or Reishi medicinal 
mushroom, Ganoderma lucidum (W.Curt.:Fr.) P. Karst. (Higher basidiomycetes), on zebrafish embryo as model. Int J 
Med Mushrooms. 2012;14(5):507–512. https://doi.org/10.1615/IntJMedMushr.v14.i5.90 

[31]  Khandelwal K. Practical pharmacognosy techniques and experiments. 22nd ed., Vrunda KS, editor. India: Nirali 
Prakashan; 2013, pp. 25.1-25.6.  

[32]  OECD. Test No. 236: Fish embryo acute toxicity (FET) Test, OECD guidelines for the testing of chemicals, Section 2. 
OECD Publishing, Paris, 2013.  

[33]  Wibowo I, Permadi K, Hartati R, Damayanti S. Ethanolic extract of pomegranate (Punica granatum L) peel: Acute 
toxicity tests on zebrafish (Danio rerio) embryos and its toxicity prediction by in silico. J Appl Pharm Sci. 2018; 8(6): 
82–86. https://doi.org/10.7324/JAPS.2018.8611 

[34]  Nagel R. DarT: The embryo test with the zebrafish Danio rerio-a general model in ecotoxicology and toxicology. 
Altex. 2002; 19(1): 38–48.  

[35]  Hoage T, Ding Y, Xu X. Quantifying cardiac functions in embryonic and adult zebrafish. In: Peng X, Antonyak M. 
(Eds). Cardiovascular Development: Methods in Molecular Biology. Humana Press, 2012, pp. 11–20.  

[36]  Abidin A, Visepomaran S, Balan S, Bahari H. Evaluation of effect of ethanol extraction of Graptophyllum pictum on 
zebrafish (Danio rerio) embryo model through toxicity assay assessment. J Toxicol Risk Assess. 2021; 7:040. 
https://doi.org/10.23937/2572-4061.1510040 

 
 

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr. 

 


