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Introduction 

Since prehistoric times, plants and their derivatives have been 

used for forensic purposes (1). Calotropis gigantea (L.) W.T. 

Aiton belongs to the family Apocynaceae, also known as 

"crown flower" or "giant milkweed," is a widely distributed non 

cultivable weed in Asia and Africa. Calotropis gigantea has been 

traditionally used in the treatment of bronchitis, asthma and 

gastrointestinal disorders due to its purgative properties. The 

latex is employed as a purgative, while root bark and its 

inspissated juice treat leprosy, secondary syphilis (2). The milky 

white latex secreted in this plant is rich in bioactive compounds 

such as glycosides, alkaloids, flavonoids, tannins and 

cardenolides, Despite the medicinal significance, several of its 

phytochemicals have been linked to toxic effects (3).The 

numerous environmental factors have an impact on the 

growth, development and productivity of plants. These 

stressors frequently cause osmotic stress, which increases the 

buildup of reactive oxygen species (ROS) and   alter the 

homeostasis and ion distribution in plant cells (2). Plants have 

evolved a variety of defence mechanisms, including enzymatic 

techniques to scavenge free ROS within plant cell (4). These 

enzymes not only protect different cell components from 

damage, but also regulate cellular and subcellular processes 

such as mitosis, tissue degradation, cell destruction, which are 

crucial for plant growth and development (5). Despite its 

traditional use in various indigenous medicinal practices, the 

market viability of Calotropis gigantea based formulations 

remains constrained due to the absence of rigorous toxicity 

profiling. Future research should emphasize sub-acute and 

chronic toxicity models, along with detailed organ specific 

toxicity assessments that correspond to the therapeutic targets 

of the bioactive constituents. Calotropis gigantea includes 

poisonous cardenolides that have been related to cardiotoxic 

effects, including calotropin, calactin, calotoxin and uscharin 

(6). The secretory substances cause serious cardiac failure by 

blocking the Na+/K+-ATPase pump, which interferes with ion 

transport across cell membranes. The research using animal 

models has shown that consuming Calotropis gigantea extracts 

can cause tissue damage, arrhythmias and cardiotoxicity (7). 

Furthermore, eye and cutaneous toxicity have been linked to 

latex exposure (8). Alkaloids such as gigantin, calotoxin and 

calotropin are the latex can cause severe kerato-conjunctivitis, 

characterized by corneal edema, Descemet's folds and sudden 

dimness of vision (9). As the corneal epithelium seems to be 

quite resilient, the endothelium cells are extremely vulnerable 

to harm, which causes the number of endothelial cells to 

gradually decrease over time. The Calotropis gigantea 

poisoning usually does not result in uveitis or subsequent 

glaucoma, unlike other chemical burns. but chronic exposure 

can result in permanent endothelial damage (10).  
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Abstract  

Calotropis gigantea is widely used in traditional medicine across rural and tribal regions for treating various ailments. The safety profile of 
this plant especially in concerning long term or high dose exposure, remains inadequately studied. This study aims to scientifically assess 

the toxicity of C. gigantea stem extract using zebrafish (Danio rerio) as a model organism. Chronic exposure over 10, 20 and 30 days 

revealed significant oxidative stress, mitochondrial impairment and histopathological alterations in vital organs. Key antioxidant 
enzymes   glutathione reductase (GR), glutathione S-transferase (GST), succinate dehydrogenase (SDH), catalase (CAT) and superoxide 

dismutase (SOD) were analysed in the liver, gills, brain and muscles. Enzyme activity has initially increased but declined by the 30th day, 

indicating progressive oxidative damage. The liver and gills exhibited the most substantial biochemical and structural changes. The 

histological analysis confirmed cellular degeneration, inflammation and necrosis. These findings highlight the potential risks associated 
with unregulated therapeutic use of C. gigantea and emphasize the need for scientific validation and public awareness to ensure safe 

application. 
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 Danio rerio are often used as model organisms in 

toxicity studies, due to its genetic resemblance to humans, 

rapid development and transparent embryos, enabling real-

time assessment of toxic effects. Ideal for environmental 

monitoring, it is extremely sensitive to contaminants such as 

pesticides, heavy metals and hormone-altering substances 

(11). Compared to traditional rodent models, zebrafish are cost 

effective, ethically preferable and well suited for long term 

toxicity screening. Despite the known acute toxicity of 

Calotropis gigantea in rodents and in vitro systems, there is a 

lack of chronic toxicity data using aquatic vertebrates like 

zebrafish, which are ecologically more relevant for plant-based 

compound exposure. Plants produce and accumulate ROS, 

which severely destroys cell organelles and causes membrane 

peroxidation, which damages the cell membrane, breaks down 

biological macromolecules and eventually kills the cell. Plant 

tolerance to various stressors appears to be mostly determined 

by their ability to scavenge the harmful effects of ROS. 

Antioxidants are essential for plant cells to function at their best 

and are the first line of defence against any damage that free 

radicals may inflict (12). Measurable oxidative stress responses 

in zebrafish include DNA damage and variations in the activity 

of antioxidant enzymes. Based on the available literature, this is 

one of the few studies to investigate the chronic toxicity of 

Calotropis gigantea stem extract in zebrafish over an extended 

exposure period (10, 20 and 30 days), by assessing biochemical 

markers of oxidative stress and histological changes in key 

organs. 

 

Material and Methods 

Preparation of stem extract 

Calotropis gigantea was collected from Tumkur district, 
Karnataka, India. The voucher specimen (accession no. FRLHT- 

6806) was submitted to Foundation for Revitalisation of Local 

Health Tradition (FRLHT), Bengaluru. The stems of the plant were 

shade dried and grind into a fine powder. The extracts were 

prepared using the Soxhlet method, with 5 g of the dried 

powdered extracted in 50 mL of methanol. The extracts were then 

filtered using a rotary evaporator and various concentrations of 

the test solutions were stored at 4 °C until further use (13). 

Acute toxicity of methanolic stem extract of Calotropis 

gigantea 

Acute toxicity of methanolic stem extract of Calotropis gigantea 

was tested for acute toxicity in the zebrafish model as per the 

OECD guidelines 203 (14). Five chemical free glass tubs, each 

containing 4 L of dechlorinated tap water, were used for 

exposure. The water was aerated 24 hr prior to the experiment 

to stabilize dissolved oxygen levels. Adult Danio rerio were 

acclimatized for 7 days before the experiment under laboratory 

conditions (26 ± 1 °C; 14:10 hr light-dark cycle). At 24, 48, 72 and 

96 hr after exposure, fish were examined. Concentrations of 0.5, 

0.25, 0.125, 0.075 and 0.050 g/L were selected as effective 

concentrations for conducting the main toxicity tests of the 

plant extracts. Feeding was halted 24 hr before exposure to 

avoid faecal contamination. A control group was maintained 

under identical conditions without extract exposure. The fish 

were monitored for mortality at 12 hr intervals over a 96 hr 

period. Mortalities were recorded at 24, 48 and 96 hr and the 

concentrations required to cause 50 % lethality in the fish were 

documented (15). Fish were examined and considered dead if 

there was no visible movement and no reaction upon touching 

the caudal peduncle. Probit analysis was used to calculate the 

LC50 value. where mortality data were statistically analysed to 

estimate the dose required to cause 50 % mortality in the 

exposed population. The median lethal concentration (LC50) of 

the acute toxicity experiment was calculated using the probit 

analysis and was analysed by IBM SPSS Statistics 21.0 software 

with 95 % confidence limits. 

 All procedures involving zebrafish were approved by the 

Institutional Animal Ethics Committee of CHRIST (Deemed to 

be University), Bengaluru, in accordance with CPCSEA 

guidelines (IAEC approval no. CU-RAC - 2370082). 

Chronic toxicity of methanolic stem extract of Calotropis 

gigantea 

Zebrafish were subjected to chronic exposure to Calotropis 

gigantea stem extract for 30 days to assess its detrimental 

effect (16). Based on the LC50 value, a sublethal concentration 

equivalent to 1/10th of the LC50 was selected for the study. For 

the chronic toxicity study, zebrafish were exposed to a 

sublethal concentration (1/10th of the determined LC₅₀ value) of 

Calotropis gigantea stem extract over a 30-day period to assess 

long term physiological effects. Pre-acclimatized fish were 

divided into three groups (n = 20 per group) and housed in 8 L 

tanks containing dechlorinated tap water under static renewal 

conditions. The exposure tanks received fresh extract daily to 

ensure consistent dosing, while water quality parameters were 

maintained through frequent renewal and aeration. A control 

group was maintained under identical conditions without the 

extract. Fish were fed twice daily with commercial feed and 

fecal matter and debris were promptly removed to avoid 

contamination. Throughout the experiment, mortality was 

recorded daily and any dead individuals were immediately 

removed. 

Measurement of TPC and TFC 

The TPC of the stem extract were calculated (17). 2 mL of a 20 

% (w/v) sodium carbonate solution were combined with 0.5 mL 

of each extract and the mixture was vortexed. After 6 min, 1 mL 

of 50 % Folin-Ciocalteu's phenol reagent was added and the 

mixture was left to incubate for half an hour at room 

temperature. The absorbance was then measured at 760 nm. 

Total phenolic contents of extracts were expressed as 

milligram gallic acid equivalent (GAE)/g dry weight. Gallic acid 

was used as standard and calibration curve was plotted (y = 

0.0092x + 0.0207, R2 = 0.9972). Every sample underwent triple 

analysis. For TFC measurement 1 mL of the crude extract was 

combined with 1 mL of 10 % methanolic aluminium chloride, 

allowed to rest for 40 min at room temperature in darkness and 

the absorbance of the samples was recorded at 430 nm. The 

standard curve was created using quercetin (y = 0.0084x + 

0.0285, R2 = 0.9928) and the TFC value was expressed as µg 

quercetin (QE) equivalence per gram of dry extract weight (18). 

In vitro antioxidant assay 

The antioxidant properties of Calotropis gigantea stem extracts 
were assessed through the DPPH (2,2-diphenyl-1-

picrylhydrazyl) radical scavenging method (19). A stock 

solution of DPPH (24 mg in 100 mL methanol) was diluted to 
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  create a working solution with an absorbance of 0.99 ± 0.02 at 

515 nm. Various extract concentrations (0.2-1 mg/mL) were 

combined with 3 mL of DPPH solution, stirred and left to 

incubate in the dark at room temperature for 30 min. 

Absorbance was measured at 515 nm, including a control 

(without extract) and standards (BHA, ascorbic acid). The DPPH 

scavenging effect was evaluated using the formula: 

Scavenging Activity = [(Control OD -Sample OD)/control OD] 

×100                        Eqn.1 

 The FRAP assay was conducted following a standard 

protocol (20). Different concentrations (20 %, 40 %, 60 %, 80 % 

and 100 %) of the plant extract were prepared. To each sample, 

2.5 mL of 0.2 mol phosphate buffer (pH 6.6) and 2.5 mL of 1 % 

potassium ferricyanide were added. The mixture was incubated 

at 50 °C for 20 min. After incubation, 2.5 mL of 10 % 

trichloroacetic acid was added and the solution was centrifuged 

at 3000 rpm for 10 min. The supernatant was collected and 2.5 

mL of distilled water was mixed with 2.5 mL of the collected 

solution. Subsequently, 0.5 mL of 0.1 % ferric chloride (FeCl₃) 

solution was added. The absorbance was recorded at 700 nm 

using a UV-Vis spectrophotometer (UV-1800, Shimadzu, Kyoto, 

Japan) with ascorbic acid serving as the standard. 

Gas Chromatography- Mass Spectrometry (GC-MS) analysis 

GC-MS analysis of the extract was conducted using a Shimadzu 

Nexis GCMS-TQ8040NX gas chromatograph coupled with a 

TurboMass quadrupole mass spectrometer. The system was 

equipped with an Rtx-5 fused silica capillary column (30 m × 0.25 

mm, film thickness 1 µm). The oven temperature was 

programmed to increase from 100 °C to 320 °C at a rate of 100 °C/

min, with a final hold time of 10 min. Helium was used as the 

carrier gas at a constant flow rate of 1.0 mL/min. The injector 

temperature was set at 250 °C, with an injection volume of 1 µL in 

neat form and a split ratio of 1:10 was set. The interface and ion 

source temperatures were maintained at 320 °C and 200 °C, 

respectively. Mass spectra were acquired at an ionization energy 

of 70 eV over a scan range of 40-700 amu. Data acquisition and 

analysis were carried out using GCMS solution software. 

Biochemical assay for oxidative stress 

Antioxidant and detoxification enzymes were analysed in the 
muscle, brain, liver and gills tissues of zebrafish using a 

spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan). 

Tissues were dissected, weighed, homogenized in a cold buffer 

and centrifuged at 10000 × g for 45 min at 4 °C. The supernatant 

was used immediately or stored at -20 °C. 

GR activity 

GR activity was measured using NADPH oxidation by GSSG at 

340 nm (30 °C) (21). Tissue homogenates (20 %) from muscle, 

brain, liver and gills were prepared in 50 mM phosphate buffer 

(pH 7.6) with 3 mM EDTA. The reaction mixture (1.7 mL) 

contained 1 mL phosphate buffer, 0.2 mL EDTA, 0.2 mL NADPH, 

0.2 mL GSSG and 0.1 mL enzyme extract. Absorbance was 

recorded for 5 min and the activity was calculated using the 

extinction coefficient (ε = 6.22 mM-1 cm-1). One unit of GR 

activity was defined as the enzyme required to oxidize 1 µM of 

NADPH/min/g tissue at 30 °C, expressed as µM/min/mg protein.  

 

 

CAT activity 

CAT activity was measured by the decomposition of H2O2, 

recorded as a decrease in absorbance at 240 nm (25 °C). Tissue 

homogenates (5 %) were prepared in 0.05 mol potassium 

phosphate buffer (pH 7). The reaction was initiated by adding 0.2 

mL enzyme extract to 2.8 mL of 0.05 % H₂O₂ and the absorbance 

was recorded for 5 min. Activity was calculated using ε = 6.93 × 

10-3 mM-1 cm-1 and expressed as mM/min/mg protein (22).  

SOD activity 

SOD activity was measured by its inhibition of NBT reduction at 

540 nm. Tissue homogenates (25 %) were prepared in 50 mM 

sodium carbonate buffer (pH 10). The reaction mixture 

included NBT, Triton X-100 and hydroxylamine hydrochloride, 

with enzyme extract added. Activity was expressed as U/min/

mg protein based on 50 % NBT reduction inhibition (23).  

SDH activity 

SDH activity was measured by monitoring the reduction of 

potassium ferricyanide at 420 nm. A 15 % tissue homogenate 

was prepared in 0.2 mol potassium phosphate buffer (pH 7.8) 

with 0.1 % BSA. The reaction mixture contained assay buffer, 

succinic acid (0.6 mol, pH 7.8), BSA (1 % w/v) and enzyme 

solution. Absorbance was recorded at 420 nm for 5 min at 30 °

C. Enzyme activity (U/g tissue) was determined using a 

standard curve with 200-1000 μM of ferricyanide and the values 

were expressed as U/mg protein (24). 

GST activity 

GST activity was measured following a standard protocol with 
modifications. A 10 % tissue homogenate was prepared in 0.1 

mol sodium phosphate buffer (pH 7.6) containing 1 mM PTU. 

The reaction mixture (1 mL) consisted of 0.775 mL phosphate 

buffer, 0.1 mL ethanolic CDNB, 0.1 mL GSH (50 mM) and 0.025 

mL enzyme sample. Absorbance was recorded at 340 nm for 5 

min at 25 ± 1 °C. Enzyme activity (U/g tissue) was calculated 

using an extinction coefficient of 9.6 mM-1cm-1 and expressed as 

µM/min/mg protein (25). 

Histopathological analysis 

Brain, liver, gills and muscle tissues were analysed for 

histological changes. Tissues were fixed in 10 % formalin, 

dehydrated in graded ethanol, embedded in paraffin and 

sectioned at 5 µm thickness. Sections were stained with 

haematoxylin and eosin (H&E) and examined under a light 

microscope for histopathological alterations. 

 

Results and Discussion  

Quantitative phytochemical analysis  

The results of TPC and TFC of stem extract are provided in 

Table 1. In stem maximum total phenolic content (59.56 ± 0.26 

mg GAE/g dry weight) was observed in the methanolic extract 

of the stem and minimum in chloroform(45.63 ± 0.18 mg GAE/g 

dry weight) and total flavonoid content (54.65 ± 0.24 mg QE/g 

dry weight) was observed in the methanolic extract of the stem 

and minimum in chloroform (39.56 ± 0.16 mg QE/g dry weight). 

This  result is consistent with previous studies indicates  that 

methanol, as a polar solvent, is  very efficient in extracting 

phenolic and flavonoid compounds, which are typically water 

soluble and ability to breakdown cell wall (18).  
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GC-MS analysis 

The results revealed the presence of various bioactive 
compounds and their relative concentrations in C. gigantea 

(Fig 1). olean-12-en-3-ol, acetate (3β-), urs-12-en-23-oic acid, 3-

(acetyloxy)- (4β)- and epilupeol were the three most abundant 

compounds detected, with peak area percentages of 10.01 %, 

7.76 % and 6.86 %, respectively. Meanwhile, the least three 

detected compounds were n-hexadecanoic acid, n-

nonadecanol-1 and squalene, with peak area percentages of 

1.15 %, 0.39 % and 0.73 %, respectively (Table 2). In general, the 

major and minor chemical compounds found in C. gigantea 

extract have minimal toxicity profiles, especially at the 

amounts usually seen in natural extracts (26). However, under 

certain physiological situations or at larger concentrations, 

some chemicals may have negative consequences. Therefore, 

comprehensive in vivo studies are necessary to confirm their 

safety for any pharmacological or therapeutic uses and to fully 

evaluate their toxicological consequences.  

Antioxidant activity assay 

The antioxidant potential of the methanolic stem extract of 

Calotropis gigantea was evaluated through the DPPH 

scavenging assay, assessment of its reducing power and 

determination of its total antioxidant capacity. The extract 

exhibited a strong dose-dependent inhibition of DPPH activity, 

achieving 58.96 % inhibition at a concentration of 100 µg/mL, 

comparable to the standard antioxidant, ascorbic acid. The 

reducing power of methanolic stem extract of Calotropis 

gigantea increased with increasing amount of sample. 

Reducing power of methanolic stem extract were found 57.8 

mg Ascorbic acid equivalent per gram of extract. These findings 

indicate that the stem extract has strong electron-donating 

substances that can scavenge free radicals (27). The presence 

of phytoconstituents such flavonoids, tannins and cardiac 

glycosides that have been previously identified in Calotropis 

gigantea may be the cause of the antioxidant action (28). The 

significant antioxidant capacity supports the traditional use of 

this plant, while also raising the need for toxicity profiling due 

to its bioactivity.  

Biomarker assay  

There is a significant lack of research examining the histological 

and enzymatic alterations caused by plant toxins especially 

regarding Calotropis gigantea. Although numerous studies 

have examined its phytochemical composition and overall 

toxicity. Studies focusing directly on its effects on oxidative 

stress markers (SOD, CAT, GST, etc.) and histopathological 

changes in various organs remains limited. This gap in the 

literature underscores the necessity for additional research to 

thoroughly comprehend the toxicological impacts of Calotropis 

gigantea, particularly in models such as zebrafish. Assessing 

the impact of pollutants on organisms through alterations in 

essential enzymes during particular reactions is a commonly 

employed technique to examine oxidative stress levels (29). 

The SOD can initiate the mutation of O2 and transform it into 

H2O and H2O2, making it the first line of defence against 

oxidative stress. The interaction of xenobiotics' electrophilic 

groups with GSH's sulfydryl groups can be catalysed by GST, a 

phase II detoxification metabolic enzyme, increasing GSH's 

hydrophobicity (30). Enzymes linked to glutathione, such as 

GST, GPx and GSH, are important players in coordinating the 

body's defence against oxidative stress. These enzymes are 

particularly important when the cell is experiencing moderate 

oxidative stress (31). The SOD and CAT are regarded as the first 

line defences against oxidative stress among the antioxidant 

enzymes. They are essential for the transformation of ROS into 

nontoxic metabolites and serve related purposes (32). The 

impact of sub chronic exposure to Calotropis gigantea on 

specific oxidative stress markers and the activity of the 

detoxifying enzyme presented display the stress markers along 

with the activity of the detoxifying enzyme (Fig. 2-5). According 

to the present study, fish exposed to Calotropis gigantea 

showed significant changes in the activity of CAT, SOD, SDH 

and glutathione enzyme. SOD and CAT are regarded as the first 

line defences against oxidative stress among the antioxidant 

enzymes. They are essential for the transformation of ROS into 

nontoxic metabolites and serve related purpose.  

Table 1. Quantitative phytochemical concentration of Calotropis 
gigantea stem extracts 

Solvent Total phenols (mg 
GAE/g Dry weight) 

Total flavonoid (mg 
QE/g Dry weight) 

Methanol 59.56 ± 0.26 54.65 ± 0.24 

Chloroform 45.63 ± 0.18 41.19 ± 0.18 

Water 50.43 ± 0.23 39.56 ± 0.16 

Fig. 1. GC-MS chromatogram of Calotropis gigantea stem extract.  
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Enzyme activity  

The peroxisomes contain the enzyme CAT, which helps to 

remove hydrogen peroxide, which is then converted to oxygen 

and water (33). CAT activity increased significantly in the liver, 

gills and muscle after the first 10-20 days of exposure (Fig. 2). 

According to findings, groups on the twentieth day had greater 

levels of CAT activity, the liver responded the most strongly, 

rising from 127.59 ± 6.38 U/mg at 10 days to 233.247 ± 9.42 U/

mg at 20 days. At first, CAT activity rose in the liver and muscle, 

reaching a maximum at 20 days (liver: 233.247 ± 9.48 U/mg), 

suggesting an enhancement of antioxidant defences to combat 

oxidative stress. In the current study, CAT activity in gills was 

observed to be reduced across chronic exposures of both 20th 

and 30 th day of the toxicant. This might be attributed to the 

surge of superoxide radicals that impede CAT activity and the 

failure to establish sufficient compensation when exposed to 

the toxic substance (34, 35). Other species, including Cyprinus 

carpio exposed to diazinon (36), Oncorhynchus mykiss exposed 

to propiconazole (37) and Cyprinus carpio treated to 

prometryne (38), also showed a decrease in CAT activity in their 

gills. As the main organs for detoxification, the liver and gills 

had the strongest reactions, although the brain's susceptibility 

to oxidative stress was highlighted by a delayed but notable 

rise at 20 days (124.69 ± 6.12U/mg). These results highlight the 

need for more research into the ecotoxicological consequences 

of Calotropis gigantea extract by showing that it causes 

oxidative stress in zebrafish, with early adaptive responses 

followed by potential damage. The SOD activity in zebrafish 

tissues was significantly altered by prolonged exposure to 

Calotropis gigantea stem extract, suggesting an active 

response to oxidative stress (Fig. 3). A robust antioxidant 

defense was suggested by the liver's consistent SOD activity, 

which ranged from 66.218 ± 8.22 at 10 days to 59.627 ± 4.859 at 

30 days. SOD activity decreased significantly in all the organ 

after the exposure of stem extract (30). Comparable findings 

were reported that the enzymes' inhibitive reaction may have 

indicated that the antioxidant system was unable to maintain 

the balance of antioxidant defence, which may have been 

brought on by the exposure to PFDDs, which increased ROS 

generation and caused oxidative chemicals to build up in the 

cells (32). In contrast, the gills showed a significant decrease at 

30 days (32.03 ± 9.09) after initially increasing (63.978 ± 1.584 at 

10 days to 68.027 ± 3.345 at 20 days), signifying potential 

cellular damage or enzyme inhibition from prolonged 

exposure. The results were caused by excessive ROS formation 

in fish following exposure, which was more than SOD's capacity 

Table 2. GC-MS data- compounds of Calotropis gigantea methanolic stem extract 

SL No Compound Name Retention Time Peak Area % Molecular Formula 
1 maltol 5.471 2.68 C6H6O3 
2 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl.  6.206 4.65 C6H8O4 
3 5-hydroxymethylfurfural  6.952  8.75 C6H6O3 
4 1,2,3-propanetriol, 1-acetate  7.080 1.18  C5H10O4 
5  (E)-4-(3-hydroxyprop-1-en-1-yl)-2-methoxyphenol  10.449  0.87 C10H12O3 
6  hexadecanoic acid, methyl ester  11.329 1.15 C17H34O2 
7  n-hexadecanoic acid  11.513  7.10  C16H32O2 
8  n-nonadecanol-1  12.124  0.39 C19H40O 
9 9,12-octadecadienoic acid (Z,Z)-, methyl ester  12.165  2.78 C19H34O2 

10 11,14,17-eicosatrienoic acid, methyl ester  12.195  2.30 C18H32O2 

11 9,12-octadecadienoic acid (Z,Z)-  12.354  7.26 C18H32O2 

12 9,12,15-octadecatrienoic acid, (Z,Z,Z)-  12.383  6.69 C18H30O2 
13 octadecanoic acid  12.465  1.33 C18H36O2 
14 squalene  15.305  0.73 C30H50 
15 campesterol  18.713  1.84 C28H48O 
16 γ-sitosterol  19.704  4.80 C29H50O 

17 stigmasta-5,24(28)-dien-3-ol, (3β,24Z)-  19.887  2.15 C29H48O 

18 olean-12-en-3-ol, acetate, (3β)-  21.571  10.01 C32H52O3 

19 urs-12-en-23-oic acid, 3-(acetyloxy)-, (4β)-  22.322  7.76 C32H50O4 

20 epilupeol  22.616  6.86 C30H50O 

 

Fig. 2. Assessment of CAT response in zebrafish over 10, 20 and 30 days exposure to Calotropis gigantea. 

Data are presented as mean ± standard error (SE), with n = 3 per group. Statistical analysis was performed using one way ANOVA to assess 
differences in enzyme activity across time points. A significance level of p < 0.05 was considered statistically significant 
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to eliminate ROS. Consistent SOD activity in the control group 

confirmed the extract's effects. These findings highlight the 

particular organ and time-related oxidative stress that 

Calotropis gigantea causes, highlighting its potential negative 

impacts on aquatic life. GR activity in zebrafish tissues was 

significantly impacted by prolonged exposure to Calotropis 

gigantea stem extract, suggesting an organ and time 

dependent response to oxidative stress. At all-time points the 

liver showed the highest GR activity (0.057 ± 0.004 at 10 days to 

0.054 ± 0.003 at 30 days p<0.05), indicating its potent 

antioxidant capacity to maintain glutathione homeostasis (Fig. 

4). GR activity in the gills increased gradually over time (from 

0.021±0.001 at 10 days to 0.045±0.003 at 30 days), indicating an 

adaptive response to oxidative stress. On the other hand, GR 

activity decreased in the brain and muscle by 30 days (brain: 

0.0054 ± 0.0002, muscle: 0.037 ± 0.0001), which may be a sign of 

cellular damage or a reduction in antioxidant stores. The 

control group's consistent GR activity demonstrated that the 

extract was responsible for the observed alterations. GSH 

depletion produced by oxidative stress from xenobiotics can 

lower the body's capacity to scavenge free radicals, increasing 

the cells overall oxidative potential. Fish GSH level variation has 

been used as an indicator of their level of xenobiotic exposure 

(39). It is non-enzymatic, low molecular weight antioxidant 

whose sulfhydryl group helps remove oxyradicals from cells 

(40). The alteration of GST activity in zebrafish tissues after 

prolonged exposure to Calotropis gigantea stem extract shows 

unique organ specific and time related reactions to oxidative 

stress (Fig. 5) (41). The liver showed a significant rise in GST 

activity over time (0.046 ± 0.008 at 10 days rising to 0.108 ± 

0.0011 at 30 days), emphasizing its vital function in detoxifying 

and conjugating reactive metabolites. Similarly, the gills 

demonstrated an incremental increase in GST activity (0.021 ± 

0.007 at 10 days to 0.060 ± 0.007 at 30 days), suggesting a 

responsive adaptation to oxidative stress. According to the 

research, fish exposed to stem extract showed increased GST 

activity in their gills with longer exposure times and greater 

amounts of the toxicant. On the other hand, the muscle 

showed very constant GST activity (0.0262 ± 0.005 at 30 days 

compared to 0.0278 ± 0.004 at 10 days), indicating a limited role 

in detoxifying processes. Additionally, the brain's susceptibility 

to oxidative stress was highlighted by a rise in GST activity 

(from 0.0334 ± 0.0010 at 10 days to 0.0551 ± 0.008 at 30 days). 

The control group's consistent GST activity demonstrated that 

the extract was responsible for the observed alterations. The 

liver and gills functions in detoxifying and the brain's 

vulnerability to extended exposure are highlighted by these 

findings, which show the organ specific antioxidant responses 

 

Fig. 3. Assessment of SOD response in zebrafish over 10, 20 and 30 days exposure to Calotropis gigantea.  

Data are presented as mean ± standard error (SE), with n = 3 per group. Statistical analysis was performed using one way ANOVA to assess 
differences in enzyme activity across time points. A significance level of p < 0.05 was considered statistically significant 

Fig. 4. Assessment of GR response in zebrafish over 10, 20 and 30 days exposure to Calotropis gigantea. 

Data are presented as mean ± standard error (SE), with n = 3 per group. Statistical analysis was performed using one way ANOVA to assess 
differences in enzyme activity across time points. A significance level of p < 0.05 was considered statistically significant 
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to oxidative stress caused by Calotropis gigantea. The exposure 

of Oreochromis niloticus and Cyprinus carpio to 2,4-D and  

azinophosmethyl, Brycon cephalus to methyl parathion and 

Danio rerio to atrazine have all been shown to have similar 

effects (42, 43). SDH is a part of SDH (complex II) in the electron 

transport chain and is found in the inner mitochondrial 

membrane (44). When the enzyme SDH is inactive, succinate 

can establish up in the mitochondria and leak into the cytosol, 

as a result, certain prolyl hydroxylase enzymes (PHDs) may be 

inhibited (45). In this study, the effect of Calotropis gigantea 

extract on SDH activity in zebrafish tissues shows unique 

patterns of mitochondrial reaction as time progresses (46). SDH 

activity in liver and gills, reached its maximum at 10 days (liver: 

0.472 ± 0.024; gills: 0.541 ± 0.036), reflecting an early increase in 

mitochondrial function to manage oxidative stress (Fig. 6). 

Nevertheless, at 30 days, activity noticeably decreased (liver: 

0.362 ± 0.0018; gills: 0.376 ± 0.028), indicating potential 

mitochondrial dysfunction or cellular injury from extended 

exposure (47). The control group exhibited consistent SDH 

activity, corroborating the effects of the extract (48). These 

findings emphasize that liver and gills as the main sites of 

mitochondrial dysfunction caused by Calotropis gigantea, 

illustrating their essential functions in detoxification and stress 

response (49). These findings underline the ecological risk of 

Calotropis gigantea stem extract in aquatic environments. 

Prolonged exposure disrupts redox homeostasis, impairs 

mitochondrial function and induces organ specific oxidative 

damage, raising concerns about its environmental persistence 

and toxicity. 

Histology  

In this study, the histopathology of zebrafish treated with plant 

extracts and a control group was examined. The histological 

examinations performed on the gills, intestines, liver and brain 

of zebrafish gills subjected to Calotropis gigantea extracts 

revealed considerable structural harm in comparison to the 

control group. During the 30-day exposure to stem extract, the 

gill structure showed disorganized lamellae, elevated 

epithelium and slight fusion of secondary lamellae, suggesting 

initial signs of tissue strain (Fig. 7). Fish can adjust to alterations 

in their surroundings by enhancing the diffusion range to their 

haemoglobin. They achieve this by creating a barrier through 

the multiplication of epithelial cells and the merging of primary 

and secondary lamellar cells (50). The existence of enlarged 

epithelial cells indicates a protective reaction to toxic exposure, 

possibly decreasing oxygen diffusion efficiency. Many studies 

suggested that chemical exposure will harms the fish's gills and 

cause physiologically significant ions to "leak" out of the fish 

into the surrounding water (51). More evident effects are 

observed in the gills treated with stem extract, where 

Fig. 5. Assessment of GST response in zebrafish over 10, 20 and 30 day exposure to Calotropis gigantea. 

Data are presented as mean ± standard error (SE), with n = 3 per group. Statistical analysis was performed using one way ANOVA to assess 
differences in enzyme activity across time points. A significance level of p < 0.05 was considered statistically significant 

 

Fig. 6. Assessment of SDH response in zebrafish over 10, 20 and 30 day exposure to Calotropis gigantea. 

Data are presented as mean ± standard error (SE), with n = 3 per group. Statistical analysis was performed using one way ANOVA to assess 
differences in enzyme activity across time points. A significance level of p < 0.05 was considered statistically significant 
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hypertrophy, epithelial detachment and lamellar clubbing are 

apparent, indicating significant toxicity. When the gills of catfish 

(Clarias gariepinus) were exposed to extracts of Parkia 

biglobosa fruits, it displayed the appearance of lesions (52). 

  The control liver sample has intact cellular morphology 

and compact hepatocytes, demonstrating normal hepatic 

architecture. However, noticeable pathological alterations 

appear as exposure time rises. The control liver sample retained 

cell morphology and dense hepatocytes, indicating normal liver 

structure. But significant pathological changes are seen as 

exposure duration increases (Fig. 8) (53). The occurrence of 

vacuolization and hyperplasia in certain areas indicates a 

compensatory reaction to extended chemical stress, potentially 

affecting respiratory efficiency. After 10 days of exposure, 

however, the overall structure remained the same, with mild 

hepatocellular alterations such as mild vacuolization and cellular 

enlargement. After 20 days, the hepatocellular dysfunction, 

aberrant nuclear structure and enhanced vacuolization become 

increasingly apparent. The toxic plant exposure can induce 

cytoplasmic vacuolization and nuclear pyknosis (54). In addition, 

sinusoidal congestion and mild inflammatory infiltration point to 

the first signs of poisoning. Severe hepatotoxic effects, including 

necrotic patches, hepatocellular degeneration and widespread 

vacuolation, become apparent after 30 days of exposure. These 

study findings may be connected to previous studies on Danio 

rerio subjected to sublethal pesticide dose (55). With increasing 

sinusoidal congestion and inflammatory cell infiltration, the 

hepatic cord structure becomes disturbed, indicating advanced 

liver injury. These observations are seen in the chronic exposure 

with certain medications, like phenytoin and diclofena. Chronic 

toxicity is further indicated by the appearance of fibrosis-like 

alterations (56, 57). These histopathological findings suggest that 

prolonged exposure to Calotropis gigantea stem extract leads to 

progressive liver degeneration, correlating with oxidative stress-

induced hepatotoxicity. The results of degeneration of liver tissue 

study could be linked to previous studies (58). 

 Fish muscles are often polluted with dangerous toxins 
and pesticides (59). The histological examination of zebrafish 

muscle tissues subjected to Calotropis gigantea stem extract for 

varying durations showed advancing toxic effects (Fig. 9). In the 

control group, the muscle fibers exhibited a well-structured 

arrangement with little inter-fiber gaps and no evidence of 

inflammation or necrosis. However, with increasing exposure 

duration, noticeable degenerative changes were observed, these 

similar results were observed (60). On the 20th day of exposure, 

muscle fibers exhibited disorganization, fragmentation and 

edema, signalling initial indications of oxidative stress and 

structural decline. Histological and ultrastructural studies on 

adult zebrafish demonstrated that bioaccumulation of toxins 

leads to skeletal muscle damage (61). The effect on the muscular 

regeneration process was evaluated at two levels: first, on the 

proliferative capacity of myoblasts and second, on myogenic 

differentiation. The sarcolemma seemed damaged, indicating 

possible cytotoxic effects. Muscle deterioration was evident by 

day 30, with extensive vacuolization, necrotic areas and 

infiltration of inflammatory cells. The fibers' structural integrity 

was severely damaged and they were atrophied, which could 

indicate persistent poisoning. Mitochondrial abnormalities such 

as changes in their shape are seen in histology (62). These 

histological alterations indicate that Calotropis gigantea stem 

extract induces muscle toxicity in a time-dependent manner, 

potentially through oxidative stress, protein denaturation and 

inflammatory responses. The findings highlight the need for 

further molecular studies to assess oxidative stress biomarkers 

and apoptotic pathways involved in muscle toxicity, providing 

deeper insights into the mechanisms of toxicity associated with 

Fig. 7. Histopathological changes in the gills of Danio rerio to stem extract. 

A- control; B- 10 days of the exposure mild HP beginning D; C - 20 days of exposure, N, moderate SL fusion (LF), HP; D - 30 days of exposure, 
severe LF, N, tissue lesion. 

SL-secondary lamellae, N- necrosis, HP- hyperplasia of epithelial cells in the secondary lamellae, D- disorganization of the secondary lamellae, 
Lesion - an area of abnormal or damaged tissue, LF - lamilar fusion 
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Calotropis gigantea. Histopathological examination of zebrafish 

brain tissue exposed to extract from Calotropis  gigantea across 

several time periods shows gradual neurotoxic effects (Fig. 10). 

The brain tissue in the control group (0 days, leaf extract) shows 

no evidence of inflammation, necrosis or degeneration and a 

well-organized neural architecture with distinct neuronal cell 

bodies. Early indications of neurotoxicity, such as minor 

neuronal swelling, vacuolization and a small disarray in the brain 

tissues, possibly brought on by oxidative stress, appear after ten 

days of exposure to the stem extract. Dose-dependent 

histopathological changes in the brain were also evident (58). 

 The brain tissue had significant vacuolization, neuronal 

loss, gliosis and indications of neuroinflammation, including 

microglial activation, after 20 days of treatment. After 30 days, 

significant neurodegeneration was noted, marked by 

widespread neuronal loss, areas of necrosis and altered brain 

structure. The occurrence of bleeding and enlarged perivascular 

spaces indicates vascular injury. Exposure of Epinephelus 

coioides to toxins derived from Gambusia affinis resulted in 

notable neuropathological alterations, including haemorrhagic 

lesions, necrotic regions, nuclear fragmentation (nuclear dust), 

hyperchromatic nuclei, cellular vacuolation, endothelial 

hypertrophy, cloudy swelling, hydropic degeneration and 

 

Fig. 8. Histopathological changes in the liver of Danio rerio to stem extract.  

A- control; B- 10 days of the exposure, v- mild vacuolation, CE - cellular enlargement; C - 20 days of exposure, EV - enlarged vacuolization, ABS- 
aberrant nuclear structure, NP -nuclear pyknosis; D - 30 days of exposure, N- necrotic patches, hepatocellular degeneration and increased 

vacuolation are present 

 

Fig. 9. Histopathological changes in the muscles of Danio rerio to stem extract. 

A- control; B- 10 days of the exposure, E- edema; C- 20 days of exposure, E, disorganisation, fragmentation, SD- structural decline; D- 30 days of 
exposure, N- necrotic areas and infiltration of inflammatory cells are present 
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ectopic accumulation of granular substances in brain tissues 

(63). These histopathological changes are likely correlated with 

oxidative stress enzyme activity (SOD, CAT, GST) and confirming 

the neurotoxic effects of Calotropis gigantea extracts (64). The 

oxidative stress enzyme activities (SOD, CAT, GST) initially 

increased during early exposure (10-20 days), indicating a 

defensive response. This correlates with mild tissue changes 

such as vacuolization in the liver, disorganization of muscle fibers 

and early signs of neurotoxicity. By 30 days, enzyme levels 

declined, coinciding with severe histopathological damage 

hepatic necrosis, muscle degeneration and neuroinflammation 

confirming the time-dependent, oxidative stress-mediated 

toxicity of Calotropis gigantea stem extract. 

 

Conclusion  

In conclusion, chronic exposure to Calotropis gigantea stem 

extract results in significant biochemical and histological 

alterations in zebrafish, especially impacting the liver, gills, 

brain and muscles. The observed decline in antioxidant 

enzyme activity and mitochondrial function over time suggests 

progressive oxidative stress and tissue damage. Histological 

analyses corroborated the biochemical findings, revealing 

tissue level anomalies such as hepatocyte degeneration, gill 

lamellar disorganization, neuronal damage in the brain and 

muscular atrophy. Collectively, these changes suggest that 

prolonged or high dose exposure to C. gigantea stem extract 

poses substantial health risks, potentially compromising organ 

integrity and systemic health. These findings highlight the 

potential health risks associated with prolonged or high dose 

exposure to this plant extract. Further research is needed to 

identify the specific bioactive compounds responsible and to 

understand their mechanisms of toxicity in biological systems. 
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