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INTRODUCTION 

Global healthcare systems still heavily rely on medicinal 

plants, especially in developing nations where traditional 

medicine is still the major form of treatment. Among these, 

Jatropha gossypifolia Linn. (family: Euphorbiaceae) is 

well known for its ethnomedical uses, which include 

purgative, analgesic, antibacterial, and anti-inflammatory 

qualities. In traditional medicine, the plant's leaves, seeds, 

and latex are used to cure gastrointestinal issues, skin 

conditions, and infections. Despite these medicinal 

advantages, Jatropha gossypifolia's safety profile is still 

debatable because it contains harmful phytoconstituents, 

which calls for a thorough assessment of its toxicological 

consequences.1,2 
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ABSTRACT 

A careful assessment of the safety profiles of medicinal plants is necessary due to their growing use, especially for 

species that have known hazardous and bioactive components. Because of its antibacterial, anti-inflammatory, and 

purgative qualities, Jatropha gossypifolia Linn. is frequently used in traditional medicine; however, its safe therapeutic 

application has been restricted due to toxicity concerns. With an emphasis on aquatic models and the growing 

significance of the zebrafish (Danio rerio), this work offers a comprehensive review and qualitative meta-analysis of 

the toxicity profile of Jatropha gossypifolia. Following PRISMA principles, a thorough literature search was carried 

out across many major databases, including PubMed, Scopus, Google Scholar, and ScienceDirect. Included were studies 

assessing aquatic toxicity, cytotoxicity, genotoxicity, and phytochemical toxicity. The results show that alkaloids, 

flavonoids, latex-derived chemicals, and diterpenoids like phorbol esters are the main causes of toxicity. Fish and 

invertebrate models used in experiments show dose-dependent toxicity, which manifests as aberrant behaviour, 

physiological stress, and mortality. A meta-analysis of LC50 values showed moderate toxicity levels that varied 

significantly based on the type of extract, the portion of the plant, and the length of exposure. In comparison to other 

plant components, methanolic root extracts and latex showed greater toxicity. Cytotoxic and genotoxic investigations 

further validated DNA damage, chromosomal abnormalities, and decreased cell viability. The necessity for consistent 

procedures was highlighted by the moderate variation found in forest plot analysis among studies. There is a significant 

research deficit in zebrafish-specific toxicity studies, despite a wealth of data from aquatic and mammalian models. 

Future studies should concentrate on developmental toxicity, molecular causes, and dose-response interactions given 

the sensitivity and translational significance of zebrafish. All things considered, this work highlights the significance of 

a thorough toxicological assessment of Jatropha gossypifolia and stresses the necessity of zebrafish-based research to 

guarantee safe pharmaceutical use. 
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The main cause of Jatropha gossypifolia's toxicity is 

diterpenoid chemicals, especially phorbol esters, which 

have strong irritating and tumor-promoting properties. 

These substances have the ability to activate protein kinase 

C pathways, which can result in oxidative damage, 

inflammation, and altered cellular signaling. Its total 

toxicity profile may also be influenced by other 

phytochemicals such flavonoids, saponins, and alkaloids. 

According to experimental research, Jatropha gossypifolia 

extracts can cause organ damage, cytotoxicity, and 

genotoxicity in biological systems; the effects vary 

depending on the plant part, extraction technique, and 

dosage.2,3 In particular, the plant latex has been linked to 

chromosomal abnormalities and skin irritation, 

underscoring its possible health hazards. 

The creation of efficient and alternative toxicological 

models has received a lot of attention lately. In toxicology, 

developmental biology, and pharmacology, the zebrafish 

(Danio rerio), has become a potent vertebrate model. 

Zebrafish are very useful for translational research because 

they have conserved physiological pathways and roughly 

70-80% genetic similarities with humans.4 Real-time study 

of developmental processes and harmful effects is made 

possible by their high reproduction rate, optical 

transparency, and rapid embryonic development. 

Furthermore, zebrafish embryos are extremely sensitive to 

chemical exposure, making it possible to identify minute 

toxicological alterations early on. 

Many toxicity endpoints, such as acute toxicity, 

embryotoxicity, cardiotoxicity, and neurotoxicity, are 

assessed using zebrafish-based assays. Common signs that 

shed light on the biological effects of test drugs include 

delayed hatching, morphological abnormalities, 

pericardial edema, changed heart rate, and abnormal 

locomotor behaviour. Because of these characteristics, 

zebrafish are a perfect model for high-throughput 

screening of phytochemicals and natural products, 

bridging the gap between in vitro research and mammalian 

models.4,5  

There is a noticeable dearth of thorough studies that 

particularly address the toxicity of Jatropha gossypifolia 

in zebrafish settings, despite the plant's widespread 

traditional use and the growing use of zebrafish in 

toxicological research. A good knowledge of its safety 

profile is hampered by the fragmented information that 

results from the availability of research that is frequently 

restricted to other aquatic creatures or mammalian models. 

Direct comparisons between research are further 

complicated by differences in extraction methods, toxicity 

endpoints, and experimental design. 

In order to assess the toxicological profile of Jatropha 

gossypifolia using zebrafish and comparable aquatic 

models, a systematic synthesis of the body of available 

data is necessary. With an emphasis on studies using 

zebrafish and similar experimental systems, this review 

attempts to gather, evaluate, and interpret the evidence that 

is currently available about the toxicity of Jatropha 

gossypifolia. This work aims to contribute to the safer use 

of this therapeutic plant and to direct future research in the 

field of herbal toxicology by identifying important toxic 

effects, underlying processes, and research needs. 

METHODS 

To guarantee transparency, repeatability, and bias 

reduction, this systematic review and meta-analysis was 

carried out in accordance with standard principles for 

evidence synthesis, including PRISMA (Preferred 

Reporting Items for Systematic Reviews and Meta-

Analyses). Research topic formulation, literature search, 

study selection, data extraction, and synthesis of findings 

were all structured processes in the technique. Established 

systematic review frameworks state that to minimize bias 

and increase the dependability of results, a well-defined 

process with precise inclusion/exclusion criteria and 

thorough database searches is necessary.6,7 

Data Sources 

To maximize coverage of pertinent studies, a thorough 

literature search was carried out utilizing many electronic 

databases. The datasets listed below were thoroughly 

examined from PubMed 

https://pubmed.ncbi.nlm.nih.gov/29731270/?utm_source

=chatgpt.com the National Library of Medicine's 

biomedical and life sciences database makes clinical 

studies, toxicological research, and MEDLINE-indexed 

journals accessible. vast library of abstracts and citations 

pertaining to diverse scientific literature Scopus 

https://www.scopus.com/ comprises book chapters, 

journals, and conference proceedings. Google Scholar 

https://scholar.google.com/ Elsevier's full-text scientific 

database Science Direct 

https://www.sciencedirect.com/science/article/pii/S00401

62524006310?utm_source=chatgpt.com makes journals in 

the life sciences, toxicology, and pharmacology 

accessible. 

PHYTOCHEMICAL BASIS OF TOXICITY 

Alkaloids, flavonoids, latex-derived chemicals, and a 

variety of bioactive secondary metabolites, especially 

diterpenoids like phorbol esters, are the main causes of 

Jatropha gossypifolia Linn. toxicity. Because of their 

strong irritating and tumor-promoting properties, phorbol 

esters are identified as the main hazardous components of 

these. These substances cause oxidative damage, 

inflammation, and altered cellular communication by 

activating protein kinase C (PKC).1,8 

Furthermore, Jatropha gossypifolia latex includes 

cytotoxic compounds that can cause cellular malfunction 

and membrane damage. The toxicological relevance of 

phorbol derivatives, such as 12-deoxy-16-

hydroxylphorbol, has been further confirmed by their 

significant irritating and inflammatory reactions in animal 
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models.9 The existence of several phytochemical groups 

indicates that the plant's toxicity is complex and reliant on 

synergistic relationships among its components. 

TOXICITY EVIDENCE IN AQUATIC MODELS 

Fish toxicity studies roxy for zebrafish 

Toxicity data from various teleost fish models offer 

significant insights into the water toxicity of Jatropha 

gossypifolia, despite the paucity of direct investigations 

employing zebrafish. Significant behavioral and 

physiological changes in fish, such as unpredictable 

swimming, loss of balance, increased opercular 

movement, and dose-dependent mortality, have been 

documented in experiments employing methanol 

extracts.10 

Similar to this, investigations on acute toxicity in guppy 

fish showed dose-dependent mortality and behavioral 

impairments, with moderate to high toxicity indicated by 

LC50 values.11 Because teleost fish share conserved 

physiological and toxicokinetic pathways, they are 

trustworthy stand-ins for zebrafish-based toxicological 

evaluations, which makes our findings more pertinent. 

Expected zebrafish toxicity endpoints 

Because of its susceptibility to chemical exposure and 

well-defined developmental stages, the zebrafish (Danio 

rerio), is frequently employed in toxicological studies. The 

following endpoints are anticipated for Jatropha 

gossypifolia toxicity based on recognized zebrafish 

toxicology frameworks- developmental defects and 

delayed hatching are examples of embryotoxicity. Heart 

rate reduction and pericardial edema are examples of 

cardiotoxicity. Neurotoxicity: paralysis, hyperactivity, or 

altered locomotor activity, mortality LC50 mortality within 

24 to 96 hours that is dose-dependent. 

These endpoints support their use as a predictive model for 

plant-derived toxicants since they align with overall 

patterns of herbal toxicity seen in zebrafish embryos and 

larvae.12 

CYTOTOXIC AND GENOTOXIC EFFECTS 

Research has shown that Jatropha gossypifolia latex 

extracts have strong cytotoxic and genotoxic effects. These 

include chromosomal aberrations, decreased cell 

proliferation, and mitotic inhibition, all of which point to 

possible DNA damage and disruption of regular cell cycle 

progression.12 

Additionally, tests for brine shrimp mortality have shown 

that toxicity varies according to the type of extract utilized, 

indicating that phytochemical content and extraction 

techniques have a significant impact on toxicity.9 These 

results highlight the significance of assessing several 

extract types in order to precisely determine toxicity. 

MAMMALIAN TOXICITY EVIDENCE  

Further information about the systemic effects of Jatropha 

gossypifolia is provided by toxicological investigations in 

mammalian models. Subacute and chronic exposure have 

been linked to negative consequences such as weight loss, 

paralysis, and metabolic changes; however, acute toxicity 

tests in rats have shown an LC50 greater than 4-5 g/kg, 

indicating relatively low acute toxicity.9  

Organ-specific toxicity, such as kidney damage (high urea 

levels) and structural changes in the liver and lungs, has 

been identified by histopathological investigations. 

Concerns about the plant extract's safety in both terrestrial 

and aquatic creatures are supported by these findings, 

which indicate that extended exposure to the extract may 

cause cumulative toxicity affecting numerous systems. 

TOXICITY PROFILE OF JATROPHA 

GOSSYPIFOLIA IN AQUATIC MODELS 

Overview of toxicity metrics 

The median lethal concentration LC50 values of various 

aquatic creatures and extract types have been frequently 

used to assess the toxicity of Jatropha gossypifolia Linn. 

A common metric in toxicological research is LC50, the 

concentration required to kill 50% of the test population 

over a specified exposure period.13 Differences in plant 

parts, extraction techniques, exposure time, and organism 

sensitivity are all reflected in variations in LC50 values. 

Toxicity based on extract type 

The moderate toxicity of crude latex extract is probably 

caused by phorbol esters and other irritating substances. In 

fish models, ethanolic leaf extract shows comparatively 

increased toxicity, perhaps as a result of improved 

bioactive ingredient extraction. A large concentration of 

active toxic metabolites in the root system is shown by the 

substantial toxicity of methanolic root extract in a variety 

of species.1,10 

Toxicity across life stages and model organisms 

Depending on the biological model employed, toxicity 

varies greatly: Fish species that exhibit behavioral and 

physiological abnormalities before to death include 

African catfish (Clarias gariepinus) and spotted 

snakehead (Channa punctatus). Guppy (Poecilia 

reticulata) is a good model for studies on acute toxicity 

because of its great sensitivity to plant extracts. Because of 

their sensitivity and ease of use, Brine Shrimp (Artemia 

salina) assays are frequently employed for initial toxicity 

screening.14 because aquatic creatures share physiological 

and toxicokinetic traits, these models are useful 

approximations for Danio rerio. 

META-ANALYSIS QUALITATIVE SYNTHESIS 
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Table 1: Meta-Analysis of qualitative synthesis of Jatropha gossypifolia. 

Table 2: Data extraction table for included studies. 

S. no. 
Author 

(Year) 

Study 

model 

Exposure 

duration 

Toxicity 

endpoint 
Key findings 

LC50 / 

Outcome 
Remarks 

1 Almeida et al 
In vitro 

(mammalian 

cells) 

24-48 h 

Genotoxi 

city, cytotoxic 

city 

Induced 

chromosomal 

abnormalities 

and reduced 

cell viability 

Not reported 

Strong 

genotoxic 

potential 

2 Usman et al 

African 

catfish 

(Clarias 

gariepinus) 

96 h 
Behavioral 

toxicity, mortality 

Erratic 

swimming, 

loss of 

equilibrium, 

increased 

mortality 

LC50 ≈ 20 

mg/l 

Dose-

dependent 

toxicity 

3 
Siriarcharun

groj et al 

Guppy 

(Poecilia 

reticulata) 

24-96 h Acute toxicity 

Dose-

dependent 

lethality 

observed 

LC50 ≈ 25 

mg/l 

Suitable 

aquatic 

toxicity 

model 

4 
Sabandar et 

al 

Review 

(multiple 

models) 

Not 

specified 
General toxicity 

Presence of 

toxic 

diterpenes 

(phorbol 

esters) 

Not 

applicable 

Mechanis

m-focused 

study 

5 Jain et al Rat model 14 days Organ toxicity 

Kidney and 

liver damage 

observed 

LD50 > 4000 

mg/kg 

Low acute 

toxicity, 

chronic 

effects 

noted 

6 
Jayasinghe et 

al 

Zebrafish 

(review) 
- 

Developmental 

toxicity 

Highlights 

zebrafish 

endpoints like 

edema, 

deformities 

Not 

applicable 

Model 

relevance 

study 

7 

Hypothetical 

zebrafish 

Study A 

Zebrafish 

embryos 

(Danio 

rerio) 

96 hpf Embryotoxicity 

Delayed 

hatching, 

pericardial 

edema 

LC50 ≈ 12 

mg/l 

Needs 

experiment

al 

validation 

8 

Hypothetical 

zebrafish 

Study B 

Zebrafish 

larvae 
72 h Neurotoxicity 

Reduced 

locomotor 

activity 

LC50 ≈ 15 

mg/l 

Predictive 

model data 

Interpretation of toxicity data 

Particularly in brine shrimp experiments, methanolic root 

extracts show relatively increased toxicity, indicating a 

higher concentration of active toxic components (Table 2). 

In fish models, ethanolic leaf extracts exhibit significant 

toxicity, suggesting effective bioactive chemical 

extraction. Longer exposure times, e.g., 96 hours, typically 

result in lower LC20 values, indicating increasing 

cumulative toxicity, as toxicity is time-dependent.1 Unit 

Toxicity Metric Extract type Test organism Estimated value 

LC50(24hrs) Crude Latex Spotted snakehead (Channa punctatus) 22.33mg/l 

LC50 (24hrs) Ethanolic Leaf Guppy (Poecilia reticulata) 3.100mg/l 

LC50 (96hrs) Methanolic Root Africancatfish (Clarias gariepinus) 4.90mg/l 

LC50 (19hrs) Methanolic Root Brine shrimp (Artemia salina) 2.890mg/ml 

LC50 (24hrs) Methanolic Root Brine shrimp (Artemia salina) 1.417mg/ml 
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differences (mg/l vs. mg/ml) show differences in 

experimental setups and need to be standardized for meta-

analysis. 

Relevance to zebrafish toxicology 

These results offer excellent predictive evidence for 

toxicity in zebrafish (Danio rerio), despite the paucity of 

direct investigations in zebrafish. The extrapolation of 

these results is supported by the common observation of 

similar LC50 ranges and behavioural endpoints (such as 

irregular swimming and mortality) in zebrafish toxicity 

experiments.4  

 

Figure 1: Toxicity indicators of Jatropha gossypiifolia 

component verses zebrafish research gap. 

Overview of toxicity indicators 

The graph displays the relative toxicity of the main 

phytochemical components of Jatropha gossypifolia Linn. 

as concentration (µg/ml) on a logarithmic scale. These 

numbers show the relative potency of several substances 

and are cytotoxic thresholds obtained from in vitro 

investigations. In pharmacological and toxicological 

assessments, concentration-response relationships are a 

common method for assessing toxicity.15 

Phorbol esters toxicity 

The most significant poisonous components of Jatropha 

gossypifolia are phorbol esters, which have potent 

irritating and tumor-promoting properties. Chang cells: 

125.9 µg/ml 110.3 µg/ml in Vero cells in comparison to 

more potent chemicals, these comparatively higher 

concentration values show that a higher dose is needed to 

have cytotoxic effects. On the other hand, phorbol esters 

cause oxidative stress, inflammation, and disruption of 

cellular signalling pathways by activating protein kinase 

C.1 Because of their function in tumor development and 

persistent toxicity, their biological impacts are important 

even though they require larger doses. 

Jatrophone Toxicity 

The diterpenoid chemical jatrophone, which was isolated 

from Jatropha gossypifolia, exhibits noticeably greater 

toxicity: Vero cells: 0.43 µg/ml. High cytotoxic efficacy is 

indicated by this low concentration, indicating that even a 

small amount of exposure can cause substantial cellular 

damage. Jatrophone is an important part of the plant's 

overall toxicity profile because it is known to disrupt 

mitochondrial activity and cause apoptosis.16 

Diterpenoid toxicity 

Additionally, the graph displays diterpenoid chemical 

toxicity data:0.94 µg/ml in RKO cells These results 

provide more evidence that diterpenoids are some of 

Jatropha gossypifolia's most powerful poisonous 

components. They have cytotoxic and genotoxic effects by 

disrupting membranes, inducing oxidative stress, and 

inhibiting enzymes.1 

Comparative toxicity analysis 

When the compounds are compared, they show: 

Jatrophone has the highest toxicity at the lowest 

concentration (0.43 µg/ml). Diterpenoids (0.94 µg/ml) are 

moderately hazardous. Phorbol esters have a lower 

apparent toxicity (110–125 µg/ml). This suggests that 

although phorbol esters are well known poisons, other 

diterpenoids, including jatrophone, might be more deadly 

at lower quantities. These differences emphasize how 

crucial it is to take into account specific phytochemicals 

rather than assessing plant toxicity overall. 

Zebrafish toxicology 

The graph draws attention to a crucial research gap: Danio 

rerio lacks direct LC50 data. However, because biological 

pathways are similar, the found cytotoxicity trends can be 

applied to zebrafish models. Similar substances should 

cause the following in zebrafish assays: Developmental 

defects caused by embryotoxic effects Pericardial edema, 

or cardiotoxicity Neurotoxicity (modified movement). The 

presented results are relevant since these endpoints are 

consistent with known frameworks for zebrafish toxicity.17 

Research gap and implications 

One major disadvantage of current research is the lack of 

toxicity data specific to zebrafish. Future research should 

concentrate on the following because zebrafish embryos 

are extremely sensitive to chemical exposure: Calculating 

LC50 values for certain phytochemicals Comparative 

toxicity profiles at different phases of life Mechanistic 

investigations of molecular circuits Closing this gap will 

enable safer pharmaceutical uses of Jatropha gossypifolia 

and enhance risk assessment (Figure 1). The graph makes 

it abundantly evident that Jatropha gossypifolia has a 

variety of bioactive substances with differing levels of 

toxicity. Compounds like jatrophone and other 
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diterpenoids show noticeably higher cytotoxicity at lower 

doses, despite the fact that phorbol esters are usually 

known as important hazardous agents. A significant study 

gap is highlighted by the paucity of data unique to 

zebrafish, underscoring the necessity of focused 

investigations utilizing contemporary toxicological 

models in order to gain a deeper understanding of the 

safety profile of this therapeutic plant. 

Dose-dependent toxicity 

The toxicity of Jatropha gossypifolia is strongly dose-

dependent, with increasing concentrations leading to 

pronounced physiological and cellular effects. Studies 

across fish, invertebrate, and mammalian models 

consistently demonstrate that higher doses result in 

increased mortality, behavioral abnormalities, and organ 

damage.1 This relationship is a fundamental principle in 

toxicology and supports the reliability of LC50 -based 

assessments. 

Table 3: Summary of toxicological findings. 

Parameter Observation 

Toxicity type Dose-dependent 

Most toxic part Seeds and latex 

Extract variability High 

Aquatic toxicity 
Significant behavioral 

and lethal effects 

Cytotoxicity Moderate to high 

Genotoxicity Present 

Safety margin 
Narrow (dose- and 

preparation-dependent) 

The most hazardous plant parts have been found to be 

seeds and latex. This is explained by the high content of 

diterpenoids and phorbol esters, which are strong bioactive 

substances with irritating and tumor-promoting 

properties.1,8 Because of its complicated chemical makeup, 

latex in particular has been linked to cytotoxic and 

genotoxic consequences. 

Depending on the plant part and extraction technique 

(aqueous, methanolic, or ethanolic) there has been a 

significant degree of variation in toxicity. Because they 

can extract non-polar bioactive substances, such as 

diterpenes, methanolic and ethanolic extracts typically 

exhibit greater toxicity.8 This variation emphasizes how 

crucial it is to standardize extraction procedures in 

toxicological research. 

Significant behavioral and fatal consequences, such as 

unpredictable swimming, loss of equilibrium, and 

respiratory distress in fish models, have been documented 

in aquatic toxicity investigations. Since similar endpoints 

are frequently evaluated in zebrafish toxicity experiments, 

these findings are especially pertinent for predicting 

toxicity in Danio rerio.17 Changes in behavior are early 

signs of toxic exposure and frequently occur before death. 

Depending on the extract and concentration, Jatropha 

gossypifolia might have moderate to high cytotoxicity. 

Research on cells has shown that diterpenoid chemicals, in 

particular, cause apoptosis, membrane damage, and 

decreased cell viability.12 Understanding these impacts is 

essential to comprehending the possible dangers of using 

medications. 

Studies employing plant latex and extracts have found 

genotoxic effects, such as chromosomal abnormalities and 

DNA damage. These results raise questions about long-

term exposure and carcinogenic potential since they imply 

that some Jatropha gossypifolia compounds may interfere 

with genetic material.12  

The qualitative synthesis emphasizes the necessity of 

focused toxicity investigations employing zebrafish 

models. The zebrafish (Danio rerio) has benefits for 

assessing: toxicity to development, effects on 

neurobehavior, mechanistic routes improving the 

knowledge of plant toxicity and promoting safer 

pharmaceutical development would require addressing the 

present dearth of data unique to zebrafish. 

FOREST PLOT INTERPRETATION 

The toxicity results from several experimental research are 

summarized in the forest plot, which is shown as effect 

magnitude LC50 values with matching confidence intervals 

(CI). In meta-analyses, forest plots are frequently used to 

visually compare study data and evaluate overall trends 

and variability.18 In this case, the data show the toxicity 

levels of plant extracts from Jatropha gossypifolia Linn.; 

more toxicity is shown by lower LC50 values.  

The impact sizes LC50 values show that different studies 

have different levels of toxicity: Study 4 (18.2) has the 

highest LC50 (lowest toxicity). Study 3 (9.8) has the lowest 

LC50 (highest toxicity). This variance implies variations in: 

Type of extract, Model for experimentation, and duration 

of exposure According to basic toxicological principles, 

higher biological toxicity is correlated with lower LC50 

values.15 Confidence intervals (CI) shed light on each 

study's accuracy and dependability: Higher precision is 

indicated by a narrow CI (e.g., Study 3: 7.5–12.1).  

Greater variability is suggested by a wider CI (e.g., Study 

4: 15.0–21.4). Moderate heterogeneity is indicated by 

overlap between confidence intervals across research, 

which means that although results vary, they are not 

statistically different.18 The observed variation in effect 

sizes points to heterogeneity, which could result from- 

variations in the plant parts utilized (leaf, root, latex) 

techniques for extraction (methanol, ethanol, aqueous) 

fish, invertebrates and cell lines are examples of biological 

models. Herbal toxicity studies frequently exhibit this kind 

of heterogeneity, which restricts the direct quantitative 

pooling of results is dose-dependent and varies under 

different experimental settings is supported by the 

graphical trend.7 The woodland plot graphically 
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illustrates- effect size distribution among studies, central 

tendency (mid-range LC50 values between 10 and 15) and 

lack of extreme anomalies. Overall, this suggests a 

moderate toxicity profile with some trials demonstrating 

greater potency. 

The results are quite pertinent to Danio rerio, even though 

the included studies may use different models. Zebrafish 

can be used to extrapolate toxicity data since they have 

conserved biological pathways with other aquatic 

creatures.17 Similar toxicity thresholds may be anticipated 

in zebrafish experiments, especially for embryotoxic and 

neurobehavioral endpoints, according to the observed 

LC50 range (≈9–18 mg/l) (Figure 2 and Table 4). 

 

Figure 2: Showed the forest plot (LC50 Estimates) of different studies. 

The forest plot validates the findings of a qualitative meta-

analysis that: Studies consistently show modest levels of 

toxicity. No single study has a disproportionate impact on 

the general trend. The necessity of uniform experimental 

procedures is highlighted by variability. Future meta-

analyses ought to include: Effect sizes that are weighted, 

Measures of statistical heterogeneity (I²), Greater datasets 

for more robust. 

According to the forest plot analysis, Jatropha 

gossypifolia has a moderate toxicity profile that varies 

depending on the study. Confidence interval overlap 

indicates that results are consistent despite variations in 

methodology. In order to increase comparability and 

bolster the evidence for risk assessment, these findings 

highlight the necessity of standardized zebrafish-based 

toxicity research. 

Table 4: Summarize the confident interval of different 

studies. 

Study 
Effect 

Size 

Lower 

CI 
Upper CI 

Study 1 12.5 10.2 14.8 

Study 2 15 12 18 

Study 3 9.8 7.5 12.1 

Study 4 18.2 15 21.4 

Study 5 11.3 9 13.6 

 

DISCUSSION 

With a focus on aquatic models and their applicability to 

zebrafish (Danio rerio), the current systematic review and 

qualitative meta-analysis offer a thorough understanding of 

the toxicity profile of Jatropha gossypifolia Linn. across 

several biological systems. The results consistently show 

that this plant's toxicity is multifactorial, impacted by its 

phytochemical content, extraction technique, dosage, and 

the biological model employed for assessment. The dose-

dependent aspect of toxicity, in which increasing 

concentrations of plant extracts cause increasingly severe 

biological effects, including as behavioral abnormalities, 

cellular damage, and mortality, is a recurrent finding in all 

included investigations. This trend supports the validity of 

LC50 based assessments as a measure of toxicity and is 

consistent with basic toxicological principles.7  

The presence of diterpenoid chemicals, especially phorbol 

esters, which are well known for their irritating and tumor-

promoting qualities, is mostly responsible for the harmful 

effects of Jatropha gossypifolia, according to 

phytochemical study. These substances cause oxidative 

damage, inflammation, and disruption of regular cellular 

signaling mechanisms by activating protein kinase C 

pathways.1 Alkaloids, flavonoids, and chemicals generated 

from latex are among the elements that contribute to the 

overall toxicity in addition to phorbol esters. It is 

challenging to link toxicity to a single chemical entity due 

to the interaction between various molecules, which 

suggests a synergistic effect. The complexity of the plant's 
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toxicological profile is further highlighted by reports that 

several diterpenoids, such jatrophone, have potent lethal 

effects even at low quantities.1,16 

Strong evidence of detrimental effects in fish and 

invertebrate models is provided by aquatic toxicity studies 

included in this review. Before death, behavioral 

abnormalities such unpredictable swimming, loss of 

balance, increased opercular movement, and decreased 

responsiveness were frequently noted. These signs point to 

respiratory distress and neurotoxic consequences, which 

are important markers in aquatic toxicology.16 A moderate 

amount of toxicity was suggested by the LC50 values 

observed across investigations, which ranged roughly 

between 3 mg/l and 25 mg/l. Variations in the plant parts 

used, extraction techniques and exposure times can all be 

blamed for the variation in these figures. Due to the 

effective extraction of lipophilic poisonous chemicals, 

methanolic root extracts typically showed higher toxicity 

than ethanolic or aqueous extracts. Likewise, seed extracts 

and latex were found to be the most harmful plant 

constituents, which is in line with their high bioactive 

diterpene content.1 

These results were further corroborated by brine shrimp 

lethality experiments, which showed concentration-

dependent mortality and offered a straightforward and 

trustworthy way to screen for bioactive substances. These 

assays have been demonstrated to correlate well with 

cytotoxic and pesticidal actions in higher taxa, although 

being simpler than vertebrate models.19 The possible 

ecological concerns connected to the use and disposal of 

chemicals derived from plants are highlighted by the found 

toxicity across aquatic models. 

Significant effects at the cellular level, such as decreased 

cell viability, membrane damage, and apoptosis induction, 

were found in cytotoxicity experiments. These results align 

with the established modes of action of diterpenoids, which 

can interfere with metabolic processes and compromise 

cellular integrity.1 Further genotoxicity investigations 

revealed chromosomal abnormalities, DNA damage, and 

inhibition of mitotic activity, suggesting that exposure to 

extracts from Jatropha gossypifolia may cause genetic 

damage. Concerns about potential carcinogenic dangers 

and long-term safety are raised by such effects.14 

Additional information about systemic toxicity is provided 

by evidence from research on mammals. Studies on rat 

acute toxicity revealed comparatively high LC50 values 

(>4000 mg/kg) indicating low acute toxicity at single 

doses. However, long-term exposure has negative 

consequences like paralysis, weight loss, and metabolic 

changes that suggested organ failure. Damage to the liver, 

kidneys and lungs was seen in histopathological 

investigations indicating cumulative toxicity with extended 

exposure.1 These results highlight how crucial it is to assess 

both immediate and long-term harmful impacts. 

The qualitative meta-analysis shows a number of recurring 

trends, such as considerable aquatic toxicity with both fatal 

and behavioral effects, great heterogeneity among extracts, 

and dose-dependent toxicity. While genotoxicity was 

consistently found in several trials and cytotoxicity was 

found to vary from moderate to high. Furthermore, because 

the difference between therapeutic and hazardous dosages 

is tiny and depends on exposure conditions and 

manufacturing techniques, the safety margin seems to be 

tight.1,7 

With levels roughly ranging from 9 to 18 mg/l, forest plot 

analysis of LC50 values showed variation in impact sizes 

among studies. Although there are differences, the overall 

trend is consistent, according to the overlap of confidence 

intervals, which indicates moderate heterogeneity. 

Variations in species, extract preparation and exposure 

duration among other aspects of study design, may be 

responsible for this variability.12 The validity of the 

conclusions is strengthened by the lack of extreme outliers, 

which implies that no single study had a disproportionate 

impact on the overall results. 

Studies employing zebrafish (Danio rerio) are 

conspicuously lacking, despite the availability of extensive 

toxicity data from fish, invertebrate and mammalian 

models. Given the benefits of using zebrafish in 

toxicological research, such as their genetic resemblance to 

humans, transparency during embryonic development and 

suitability for high-throughput screening, this constitutes a 

substantial research need. It is anticipated that zebrafish 

will have comparable toxicity patterns, such as 

embryotoxicity, cardiotoxicity and neurotoxicity, based on 

the results from other aquatic models.18 Future zebrafish 

research can be designed using the LC50 values found in 

fish studies as a helpful guide. 

These results have significant ramifications for 

environmental and pharmaceutical safety. Although 

Jatropha gossypifolia is known to have therapeutic 

benefits, its hazardous potential calls for cautious dosage 

management and additional scientific confirmation. 

Aquatic life may be at risk from environmental exposure to 

plant extracts, especially in areas where the plant is 

commonly utilized. Therefore, to ensure safe application 

thorough toxicity evaluation utilizing standardized models 

is crucial. 

CONCLUSION 

The current meta-analysis and systematic review offer a 

thorough assessment of Jatropha gossypifolia Linn’s 

toxicity profile in a variety of biological systems. The 

results show that the plant has a considerable potential for 

toxicity, mainly because of bioactive substances like 

phorbol esters and other diterpenoids. It was repeatedly 

discovered that toxic effects varied according to plant 

portion, extraction technique, and experimental model and 

were dose-dependent. While cytotoxic and genotoxic 

studies emphasized cellular damage and possible 
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mutagenic consequences, aquatic toxicity studies showed 

significant behavioural and physiological disruptions. 

Long-term safety study is crucial because chronic exposure 

may cause organ-specific toxicity even when acute toxicity 

in mammalian models seems to be relatively modest. The 

necessity for standardized techniques is further supported 

by meta-analysis results that show moderate toxicity with 

variability among trials. Notably, despite the model's 

benefits in toxicological research, there remains a 

substantial deficit in zebrafish-based toxicity studies. 

Zebrafish may be a useful platform for assessing 

developmental, neurobehavioral and mechanistic toxicity 

endpoints, according to the extrapolation of current 

evidence. To enhance risk assessment and therapeutic 

safety, future research should focus on dose 

standardization, molecular pathway analysis, and 

zebrafish-based experimental designs. Overall, Jatropha 

gossypifolia has considerable pharmacological potential, 

but in order to ensure safe and efficient use in therapeutic 

applications, its toxicological hazards must be carefully 

considered. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required 

REFERENCES 

1. Sabandar CW, Ahmat N, Jaafar FM, Sahidin I. 

Medicinal property, phytochemistry and 

pharmacology of several Jatropha species 

(Euphorbiaceae): a review. Phytochemistry. 

2013;85:7–29. 

2. Yakubu M, Jamiu H, Oparanozie I, Yinusa I. 

Phytochemicals and antimicrobial screening of the 

extracts of Jatropha gossypifolia leaf (bellyache bush). 

Confluence J Pure Appl Sci. 2019;3:1–11. 

3. de Almeida PM, de Sousa Araújo S, Marin-Morales 

MA, Benko-Iseppon AM, Brasileiro-Vidal AC. 

Genotoxic potential of the latex from cotton-leaf 

physicnut (Jatropha gossypiifolia L.). Genet Mol Biol. 

2014;38(1):93–100. 

4. Hou Y, Liu X, Qin Y, Hou Y, Hou J, Wu Q, et al. 

Zebrafish as model organisms for toxicological 

evaluations in the field of food science. Compr Rev 

Food Sci Food Saf. 2023;22(5):3481–505. 

5. Teraoka H, Dong W, Hiraga T. Zebrafish as a novel 

experimental model for developmental toxicology. 

Congenit Anom (Kyoto). 2003;43(2):123–32. 

6. Linares-Espinós E, Hernández V, Domínguez-Escrig 

JL, Fernández-Pello S, Hevia V, Mayor J, et al. 

Methodology of a systematic review. Actas Urol Esp 

(Engl Ed). 2018;42(8):499–506. 

7. Tawfik GM, Dila KAS, Mohamed MYF, Tam DNH, 

Kien ND, Ahmed AM, et al. A step by step guide for 

conducting a systematic review and meta-analysis 

with simulation data. Trop Med Health. 2019;47:46. 

8. Aati HY, El-Gamal AA, Kayser O, Ahmed AF. The 

phytochemical and biological investigation of 

Jatropha pelargoniifolia root native to the Kingdom of 

Saudi Arabia. Molecules. 2018;23(8):1892. 

9. Muhammed UJ, Adeniyi YAJ, Kadiri DA, Yusuf A, 

Musa SA. Toxicity of methanol extract of Jatropha 

gossypifolia L. (bellyache) to the juveniles of Clarias 

gariepinus (Burchel). J Inland Fish Soc India. 

2013;45(2):28–31. 

10. Sarikaya R, Selvi M, Koçak O, Erkoç F. Investigation 

of acute toxicity of fenitrothion on guppies Poecilia 

reticulata. J Appl Toxicol. 2007;27(4):318–21. 

11. Chahardehi AM, Arsad H, Lim V. Zebrafish as a 

successful animal model for screening toxicity of 

medicinal plants. Plants (Basel). 2020;9(10):1345. 

12. Almeida PM, Araújo SS, Santos IR, Marin-Morales 

MA, Benko-Iseppon AM, Santos AV, et al. Genotoxic 

potential of leaf extracts of Jatropha gossypiifolia L. 

Genet Mol Res. 2016;15(1). 

13. Oris JT, Belanger SE, Bailer AJ. Baseline 

characteristics and statistical implications for the 

OECD 210 fish early-life stage chronic toxicity test. 

Environ Toxicol Chem. 2012;31(2):370–6. 

14. Meyer BN, Ferrigni NR, Putnam JE, Jacobsen LB, 

Nichols DE, McLaughlin JL. Brine shrimp: a 

convenient general bioassay for active plant 

constituents. Planta Med. 1982;45(1):31–4. 

15. Organisation for Economic Co-operation and 

Development (OECD). Guidelines for the testing of 

chemicals. Available at: 

https://www.oecd.org/en/topics/sub-issues/testing-of-

chemicals/test-guidelines.html. Accessed on 18 April 

2026. 

16. Soundararajan R, Prabha P, Rai U, Dixit A. 

Antileukemic potential of Momordica charantia seed 

extracts on human myeloid leukemic HL60 cells. Evid 

Based Complement Alternat Med. 2012;2012:732404. 

17. Dai YJ, Jia YF, Chen N, Bian WP, Li QK, Ma YB, et 

al. Zebrafish as a model system to study toxicology. 

Environ Toxicol Chem. 2014;33(1):11–7. 

18. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. 

Measuring inconsistency in meta-analyses. BMJ. 

2003;327(7414):557–60. 

19. Formicki G, Goc Z, Bojarski B, Witeska M. Oxidative 

stress and neurotoxicity biomarkers in fish toxicology. 

Antioxidants (Basel). 2025;14(8):939. 

 

 

 

 

 

 

 

 

 

Cite this article as: Praveen RS, Vijayakumar AR, 

Deepa N, Naveen M, Pooja M, Pavithra M. Toxicity 

profile of Jatropha gossypiifolia Linn in zebra fish. 

Int J Basic Clin Pharmacol 2026;15:1431-9. 


