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Abstract- Extensive and indiscriminate use of synthetic 

compounds and natural compounds obtained from plant sources 

have resulted into serious threats to not only the aquatic 

ecosystem but also to human health. Aqueous seed extract of the 

plant Croton tiglium L. is used in many traditional medicines to 

treat various ailments in many developing countries. The extract 

is also used for killing fishes for consumption in Manipur, India. 

However, the side effects and safety measures are not well 

studied and evaluated. The present study aims to investigate 

major phytochemical constituents, acute toxicity and 

genotoxicity of the aqueous extract. The phytochemical 

screening was carried out using chemical methods; acute toxicity 

test was performed using zebrafish as a model organism and 

genotoxicity potential was evaluated by in vitro plasmid DNA 

fragmentation analysis. Our results show that the exposure of 

aqueous extract of Croton tiglium cause increase plasmid DNA 

strand breakage in a dose dependent manner. The aqueous extract 

of Croton tiglium also showed pisicidal activity. So, the plant 

extract need to be evaluated for its long term human health 

hazards and safety thoroughly before it could be used for 

therapeutic medicinal interventions. 

 

Index Terms- Phytochemical screening, Genotoxicity, Acute 

toxicity, Zebrafish, Croton tiglium. 

 

I. INTRODUCTION 

reatment of various ailments using medicinal plants has been 

practiced from prehistoric times. Their use has been 

considerably increased among the populations of developing 

countries because of their beneficial and having few significant 

side effects [1, 2]. However, there is limited report of the proper 

evaluations of the toxicity of these medicinal plants. Thus, proper 

phytochemical screening of the plant is necessary because plants 

can synthesize toxic substances to protect themselves against 

infections, insects and other organisms which feed on them. 

Various groups of compounds are responsible for the toxic 

effects of these plants. Major bioactive compounds responsible 

for these toxic effects include alkaloids, cardiac glycosides, 

phorbol esters, lectins and cynogenic glycosides. Previous 

studies had reported the cases of acute poisoning of patients 

admitted to hospitals and resulted into death mainly due to 

ingestion of toxic medicinal plants [3, 4, 5]. Recent 

investigations have also revealed the presence of genotoxic, 

mutagenic and carcinogenic compounds in many plants used as 

traditional medicine or food both in vitro and in vivo assays [2, 6, 

7]. However, some toxic plants are used by doctors for the 

treatment of diseases [8]. Assessment of the potential 

genotoxicity of the traditional medicines is very important as 

damage to the genetic material may lead to mutagenesis and 

carcinogenesis as well as other toxic effects [9, 10, 11].  

       Croton tiglium L. is a shrub native to South East Asia and 

belongs to the family Euphorbiaceae. It is indigenous to India 

and widely distributed in North-Eastern part of India. In the state 

of Manipur, it is used as folk medicine for treating 

gastrointestinal disorders. The seeds and young leaves of this 

plant are extremely toxic to fishes, as a result it has been 

extensively used as a source for killing fishes for consumption. 

The oil obtained from the seeds of Croton tiglium has been 

shown to act as a potent tumour-promoting agent in mouse skin 

and a potent mitogenic agent in contact inhibited tissue cultures 

[12, 13]. Phorbol esters extracted from the seeds of Croton 

tiglium showed inhibitory effect on HIV-induced cytopathic 

effect (CPE) on MT-4 cells and a potent inhibitory effect on the 

proliferiation of HIV-1 [14]. In Ayurvedic system of medicine, 

the croton seed and oil has been used in minute doses in dropsy, 

constipation, cold, cough, asthma and fevers. From ancient times, 

Chinese people have been using this plant to treat gastrointestinal 

disorders, intestinal inflammation, rheumatism, headache, peptic 

ulcer and visceral pain [15, 16, 17, 18]. Previous reports also 

have shown that the oil of Croton tiglium has purgative, 

analgesic, antimicrobial and anti-inflammatory properties [15, 

18]. Moreover, this plant is used as a pisicidal plant in North 

Eastern part of India. The pisicidal and molluscidal effects of this 

plant had also been reported [19, 20, 21].  

       Despite the popular use of this plant as folk medicine and as 

a fish poison, there is no scientific data available for 

phytochemical screening, acute toxicity and genotoxicity of the 

aqueous extract of Croton tiglium L. The present study aims to 

investigate the genotoxicity of this plant extract by in vitro DNA 

strand breakage analysis using plasmid DNA and acute toxicity 

test using zebrafish as model organism. Moreover, the major 

phytochemical constituents of the aqueous extract of Croton 

tiglium are being reported for the first time. 

 

II. MATERIALS AND METHODS 

Plant extract preparation 

       The seeds of Croton tiglium were collected from Nambol, 

Manipur state, India in September 2011. The seeds were washed 

with tap water and cut into small pieces and subjected to shade 

dry at 28°C. Then the seed-pieces were crushed into fine powder 

with mortar and pestle. 40gm of the powder was mixed with 

80mL of distilled water and then after proper maceration, the 

T  
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suspensions were kept for 24hours at 28°C. The resultant 

suspension was filtered with nylon cloth. The filtrate so obtained 

was centrifuged at 6000 rpm for 10 minutes. The clear 

supernatant was subjected to lyophilization, and then the dried 

aqueous extract of Croton tiglium (AECT) were kept at -20°C 

until further use.  

 

Phytochemical screening 

       Phytochemical screening was performed for the detection of 

various bioactive compounds from the aqueous extract of Croton 

tiglium using chemical methods. The following major classes of 

bioactive compounds were screened: phenolic compounds (ferric 

chloride test and lead acetate test); alkaloids (Mayer’s test, 

Wagner’s test, Hager’s test and Dragendorff’s test); saponins 

(Foam test); terpenoids (Libermann-Burchard test); cardiac 

glycosides (Keller-Killani test); anthraquinone glycosides 

(Borntrager test); flavonoids (Alkaline reagent test, Shinoda’s 

test) and carbohydrates (Molisch’s test, Fehling’s test, Brafoed’s 

test and Benedict’s test). Among the phenolic compounds the 

presence of tannin was screened using the gelatin test and the 

presence of flavonoids using the NH4OH-test. These entire tests 

were carried out using the protocol given elsewhere [22, 23, 24].  

 

Experimental animal 

       Wild type Zebrafish (Danio rerio) were obtained from local 

vendors, India. The fish were acclimatised for one month in a 

glass aquarium of 50 litre capacity and kept in continuously well 

aerated water containing 2mg/L Instant ocean salt at 

approximately 28°C under a 14h:10h light-dark photoperiod. 

Zebrafish were fed with commercial food twice a day with flakes 

in the morning and live artemia in the evening. The pH, 

dissolved oxygen content and total hardness of the aquarium 

water were analysed by standard methods [25].  

 

Acute toxicity testing of AECT 

       A 48 hour acute toxicity (LC50) test of the AECT was 

conducted using adult zebrafish (length 2.6-2.8cm and weighed 

0.2-0.3 g) in a static water renewal experiment, according to the 

Organisation for Economic Cooperation and Development 

(OCED) guideline for testing of chemicals [26]. Ten randomly 

selected zebrafish of both sexes were exposed to a particular dose 

in a 5 litre capacity rectangular glass tank containing different 

concentrations of the AECT. Five different concentration of 

AECT (4, 8, 12, 16, 20, 24mg/L), each with two replicates along 

with one control were used for this test. The selections of the test 

concentration of AECT were based from the result obtained from 

the range finding experiment. Mortality was monitored 

continuously and the fish were considered dead when operculum 

movement was no longer detected and the fishes could not 

response when contacted with a glass rod. The dead fish were 

immediately removed from the tank. After 24 hours the fish were 

transferred to new tanks containing their respective 

concentrations of the AECT. The fish were not fed prior to or 

during the experimental period. During the experiment, the 

behaviour of the experimental fish was monitored regularly. 

 

Plasmid DNA fragmentation analysis 
       pTZ57R/T plasmids were isolated from the transformed 

DH5-Alpha E. coli cultures following the protocol given in 

GeneJET Plasmid Miniprep Kit (Thermoscientific). Agarose gel 

electrophoresis (0.8%) was performed in order to evaluate 

plasmid DNA treated with different concentrations of AECT. 

Here the electrophoresis assay was performed to separate 

different conformational form of plasmid DNA in order to 

analyse strand breaks in the plasmid DNA treated with different 

concentrations of AECT. A comparison between the plant 

extracts treated DNA bands and the positive and negative control 

DNA bands was used to access any possible genotoxic effects of 

the plant extracts. In this experiment pTZ57R/T plasmid DNA 

aliquots (1µg) were incubated with different concentrations of 

the AECT (300µg/mL, 225µg/mL, 150µg/mL and 75µg/mL), at 

37°C for 40 min. Negative control was performed using ultrapure 

Milli-Q water and positive control with SnCl2 solution 

(200µg/mL) with the same incubation temperature and time 

period. After incubation, each sample was mixed with loading 

buffer (0.2% xylene cyanol FF; bromophenol blue; 30% glycerol 

in water), loaded in a horizontal 0.8% agarose gel electrophoresis 

chamber in Tris acetate-EDTA buffer at pH 8 and run at 6V/cm. 

Then the DNA bands were visualised in the agarose gel coupled 

with ethidium bromide staining (O.5µg/mL) by fluorescence 

using an ultraviolet trans-illuminator system [6]. The assay was 

repeated three times and the best image was documented using 

the gel documentation system, JH Bio AlphaDigiDocRT2.  

 

III. RESULTS AND DISCUSSIONS 

       In the present study, we investigate the acute toxicity and 

genotoxicity of the AECT. Moreover, we also perform the 

phytochemical investigation of the AECT for the first time. 

Phytochemical analysis of AECT using chemical methods 

showed the presence of saponins, alkaloids, phenolic compounds, 

tannins, triterpenoids and carbohydrates (Table 1). We have used 

the crude aqueous extract for all our experiments. We presume 

that studying the crude aqueous extract form is the most 

appropriate as people have been found using the crude aqueous 

extract only for folk medicine and/or for killing fishes. Working 

with crude extracts, means working with complex mixtures of 

biologically active compounds, some of the compounds in such a 

mixture can be genotoxic or antigenotoxic. So, screening of the 

genotoxic and antigenotoxic properties is important to predict the 

potential health hazards of using the plant for medicinal 

purposes. 

       In order to fully understand the genotoxic potential of the 

AECT, we performed in vitro plasmid DNA fragmentation 

analysis. From the in vitro DNA fragmentation analysis, we 

observed that exposure of AECT caused increased plasmid DNA 

breakage in a concentration dependent manner. The untreated 

control pTZ57R/T plasmid consists of the supercoil form (SC) 

and open circular form (OC). After treatment with different 

concentrations of AECT, we observed that some part of the super 

coiled form (SC) changed to linear form (L) and open circular 

form (OC) which is not observed in the control plasmid. Same 

effect is also observed in case of the positive control experiment 

also. This showed that AECT contain some compouds which can 

damage the plasmid DNA. The open circular form results from 

single strand breaks and the linear form results from double 

strand breaks. In addition to this observation, we showed DNA 

smear formation and this effect was more pronounced in the 
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plasmid DNA treated with higher concentration of the AECT. 

This also showed that AECT also contains other compounds 

which act on the plasmid DNA but with different mechanisms. 

Our in vitro plasmid DNA fragmentation analysis assay clearly 

showed that AECT has the ability to mediate DNA strand breaks 

and damage in the plasmid pTZ57R/T DNA, in a concentration 

dependent manner. The plasmid strand breakage after treating 

with AECT is shown in Fig. 1. Previous study had also reported 

the genotoxicity of the plant extracts in plasmid DNA [6, 27]. 

But no single test is enough to predict the genotoxic potential of 

a compound. So, we performed the in vivo assay using the 

micronucleus test and comet assay in zebrafish. We observed the 

genotoxic effects after treating the zebrafish with AECT (Data 

unpublished). The results obtained in our study are in agreement 

with the reports of Lopes et al., [28]. It is difficult to speculate on 

the compounds responsible for the genotoxic response detected 

with this extract but we speculate that certain saponin mixture 

and alkaloids might be responsible for the genotoxic effects of 

AECT to plasmid DNA. Previous study had also reported that 

certain group of bioactive compound like alkaloids and saponin 

mixtures are associated with DNA damage [29]. But further 

studies with other test system are required for confirming the 

genotoxic potential of AECT. 

       In order to evaluate the acute toxicity test of the AECT, we 

used zebrafish as a test model organism. The fundamental 

similarities in cell structure and biochemistry between animals 

and humans facilitate the use of this model animal for the early 

prediction of the likely effects of chemicals and complex 

mixtures on human populations. From acute toxicity test, we 

observed that AECT has pisicidal activity and also observed that 

fish mortality rate increased with increasing concentration of 

AECT. But we observed a negative correlation between LC 

values and exposure period. The LC50 value exhibited a decrease 

from 11.883mg/L for 24h to 8.159mg/L for 48h. The LC50 values 

of the AECT for two different time periods are shown in Table 2. 

Previous studies had reported the compounds mainly responsible 

for most of the ichthyotoxic properties of plants; these include 

rotenoids, phorbol esters and saponin etc. [30, 19]. As the AECT 

contains a mixture of compounds, we can’t predict which 

bioactive compounds are responsible for fish death but as per our 

expectations it may be mainly due to the presence of a saponin 

mixture and phorbol esters. After exposure of the extracts, the 

fish behaviour was also assessed. After some minutes of the 

exposure of AECT to the zebrafish, the zebrafish showed the 

signs of stress. The behaviour observed after exposure include 

increased respiratory rate, loss of equilibrium, jerky movements 

and circular swimming just before they lose equilibrium. After 

long exposure they cannot move and finally sank to the bottom. 

No such behaviour was observed in the control fishes. There are 

reports that genotoxicity can be correlated with gametic loss, 

embryonic mortality and heritable mutation, thereby affecting 

survival at the individual and population level [31, 32, 33]. As 

the AECT contains genotoxic compounds and also have pisicidal 

activity, the extensive and indiscriminate use of this pisicidal 

plant for killing fish might cause loss of aquatic bio resources. It 

had also reported that used of higher quantities of pisicidal plants 

to catch fish resulted in the loss of biodiversity in natural aquatic 

ecosystem [34]. 

IV. CONCLUSION 

       The present study clearly illustrates that aqueous seed extract 

of Croton tiglium have the potential to cause pisicidal activity as 

well as genotoxic activity. However, there is evidence that 

specific genotoxins can induce different responses in prokaryotic 

and eukaryotic organism. So, further in vivo study is required to 

identify the active compounds responsible for causing 

genotoxicity to ensure the safe use of using Croton tiglium for 

medicinal purposes. The present finding may help to predict the 

ecotoxicity assessment and potential health risk of using Croton 

tiglium as fish poison and traditional medicine. 

 

 

Bioactive compounds Aqueous extract of 

C. tiglium  

Phenolic compounds + 

Alkaloids + 

Saponins + 

Terpenoids + 

Cardiac glycosides - 

Anthraquinone - 

Flavonoids - 

Carbohydrates + 

Tannins + 

+: Present; - : Absent. 

Table1. Qualitative analysis of phytochemicals present in 

aqueous extract of Croton tiglium 

 

 

Exposure 

period 

  Estimates 

 (mg/L) 

Limits (mg/L) 

LCL UCL 

24h LC10=5.210 3.127 6.852 

24h LC50=11.883 9.807 14.049 

24h LC90=27.099 21.421 41.362 

48h LC10=3.062 1.501 4.429 

48h LC50=8.159 6.169 9.978 

48h LC90=21.742 16.923 33.683 

 

Table2. Acute toxicity (LC50) for the aqueous extract of 

Croton tiglium at different intervals against zebrafish. LCL: 

Lower confidence limit; UCL: Upper confidence limit. 
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Fig.1. Agarose gel electrophoresis of pTZ57R/T plasmid 

exposed to aqueous extract of Croton tiglium or with SnCl2.  

Lanes: 1: 500bp ladder; 2: pTZ57R/T; 3: SnCl2 (200µg/mL); 

4: 300µg/mL; 5: 225µg/mL; 6: 150µg/mL and 7: 75µg/mL; 

OC: Open circular; L: Linear; SC: Super coil. 

 

REFERENCES 

[1] Ishii, R., Yoshikawa, H., Minakata, N.T., Komura, K. and Kada, Y. (1984). 
Specificity of bio-antimutagens in the plant kingdom. Agric. Biol. Chem., 
48: 2587-2591. 

[2] Hoyos, L.S., Au, W.W., Heo, M.Y., Morris, D.L., Legator, M.S. (1992). 
Evaluation of the genotoxic effects of a folk medicine, Petiveria alliacea 
(Anamu). Mutation Research, 280: 29–34. 

[3] Van Wyk, B.E., Van Heerden, F.R., Van Oudtshoorn, B. (2002). Poisonous 
Plants of South Africa. Briza Publications, Pretoria. 

[4]  Joubert, P., Sebata, B. (1982). The role of prospective epidemiology in the 
establishment of a toxicology service for a developing community. S. Afr. 
Med. J., 62: 853–854. 

[5] Popat, A., Sheara, N.H., Malkiewicz, I., Stewart, M.J., Steenkamp, V., 
Thomson, S., Neuman, M.G. (2001). The toxicity of Callilepis laureola, a 
South African traditional herbal medicine. Clin.Biochem., 34: 229–236. 

[6] Ferreira-Machado, S. C., Rodrigues, M. P., Nunes, A. P. M., et al.2004. 
Genotoxic potentiality of aqueous extract prepared from     Chrysobalanus 
icaco L. leaves. Toxicology Letters, 151(3): 481–487.  

[7] Demma, J., Engidawork, E. & Hellman, B. (2009). Potential genotoxicity of 
plant extracts used in Ethiopian traditional medicine. Journal of 
Ethnopharmacology, 122(1): 136-142. 

[8] Botha, C.J., Penrith, M.L. (2008). Poisonous plants of veterinary and human 
importance in southern Africa. Journal of Ethnopharmacology, 119: 549–
558. 

[9] Umbuzeiro-Valent G, Roubiecek DA, Haebisch EM.(1999). Mutagenic and 
antimutagenic evaluation of the juice of leaves of Bryophyllum calycinum 
(Kalanchoe pinnata), a plant with antihistamine activity. Environ Mol 
Mutag, 33: 325–327. 

[10] Lopes D, Oliveira RR, Kaplan MAC, Lage CS, Leitao AC. (2001). 
Photosensitization and mutation induced in Escherichia coli and 
Saccharomyces cerevisiae strains by dorstenin, a psoralen analog isolated 
from Dorstenia bahiensis. Planta Med., 67: 820–824. 

[11] Ramos A, Piloto J, Visozo A, Garcia A, Lastra H, de Leon HP.( 2001). 
Mutagenicity and antioxidant assessment of Stachitarpheta jamaicensis (L.) 
Vahl. Phytother Res, 15: 360 –363. 

[12] Van Duuren, B. L., and Orris, L. (1965). The Tumor-enhancing Principles 
of Croton tiglium L. Cancer Res., 25: 1871-1875. 

[13] Sivak, A. and Van Duuren, B. L. (1967). Phenotypic Expression of 
Transformation: Induction in Cell Culture by a Phorbol Ester. Science, 157: 
1443-1444. 

[14] EI-Mekkawy S, Meselhy MR, Nakamura N, Hattori M, Kawahata T and 
Otake T. (2000). Anti-HIV phorbol esters from the seeds of Croton tiglium. 
Phytochem., 53: 457-464. 

[15] Qiu, HX. (1996). Flora of China. Science Press, Beijing, p. 133.  

[16] Wang, X., Lan, M., Wu, H.P., Shi, Y.Q., Lu, J., Ding, J., Wu, K.C., Jin, 
J.P., Fan, D.M. (2002a). Direct effect of croton oil on intestinal epithelial 
cells and colonic smooth muscle cells. World Journal of Gastroenterology, 
8: 103–107. 

[17] Morimura, K. (2003). The role of special group article in ancient Chinese 
medical prescription. Historia Scientiarum (Tokyo), 13: 1–12. 

[18] Tsai, J.C., Tsai, S., Chang, W.C.(2004). Effect of ethanol extracts of three 
Chinese medicinal plants with laxative properties on ion transport of the rat 
intestinal epithelia. Biological & Pharmaceutical Bulletin, 27: 162–165. 

[19] Hecker, E. (1968).Cocarcinogenic Principles from the Seed Oil of Croton 
tiglium and from Other Euphorbiaceae. Cancer Res, 28: 2338-2348. 

[20] Yadav, R.P. and Singh, A. (2001).Environmentally safe molluscicides from 
two common euphorbiales. Iberus, 19(2): 65-73. 

[21] Yadav, R.P., Singh, D., Singh, S.K., Singh, A. (2003). Metabolic changes in 
Freshwater Fish Channa punctatus due to Stem-bark Extract of Croton 
tiglium. Pakistan Journal of Biological Sciences, 6(14): 1223-1228. 

[22] Clarke, E.G.C. (1975).Isolation and Identification of Drugs, Pharmaceutical 
Press, London. 

[23] [23] Trease GE, Evans W. (1989). Pharmacognsy, 11th ed. BrailliarTiridel 
Can. Macmillian publishers. 

[24] Raman N. (2006).  Phytochemical Techniques, New Delhi: New Indian 
Publishing Agencies, p. 19.  

[25] APHA, AWWA, and WEF (2005). Standard Methods for the Examination 
of Waste and Waste water 21st ed. American Public Health Association, 
Washington, D.C. 

[26] OCED Guidelines for Testing Of Chemicals, 1992 (OCED, 1992) 

[27] Silva, C.R., Monteiro, M.R., Rocha, H.M., Ribeiro, A.F., Caldeira-de-
Araujo, A., Leitao, A.C., Bezerra, R.J.A.C., Padula, M. (2008). Assessment 
of antimutagenic and genotoxic potential of senna (Cassia angustifolia 
Vahl.) aqueous extract using in vitro assays. Toxicol. In Vitro, 22: 212-218. 

[28] Lopes, M.I.L., Saffi, J., Echeverrigaray, S., Henriques, J.A.P., Salvador, M. 
(2004). Mutagenic and antioxidant activities of Croton lecheri sap in 
biological systems. Journal of Ethnopharmacology, 95: 437-445. 

[29] Liu, W., Di Giorgio, C., Lamidi, M., Elias, R., Ollivier, E., De Meo, M.P. 
(2011). Genotoxic and clastogenic activity of saponins extracted from 
Nauclea bark as assessed by the micronucleus and the comet assays in 
Chinese Hamster Ovary cells. Journal of Ethnopharmacology, 137: 176-
183. 

[30] Neuwinger, H.D. (2004). Plants used for poison fishing in tropical Africa, 
Toxicon, 44: 417-430. 

[31] Anderson, S.L., Wild, G.C. (1994). Linking genotoxic responses and 
reproductive success in ecotoxicology. Environ Health Perspect, 102 
(Suppl. 12): 9-12. 

[32] Depledge, M.H. (1998). The ecotoxicological significance of genotoxicity 
in marine invertebrates. Mutat Res, 399 (1): 109-122. 

[33] Bickham, J.W., Sandhu, S., Hebert, P.D., Chikhi, L., Athwal, R. (2000). 
Effects of chemical contaminants on genetic diversity in natural 
populations: implications for biomonitoring and ecotoxicology. Mutat Res, 
463 (1): 33-51. 

[34] Ramanujam, S.N. and Dominic, R. (2012). Median Lethal concentration 
(LC50) of Pisicidal Plants and Their Utilization in Aquaculture. Journal of 
applied Aquaculture, 24(4): 326-333. 

 

AUTHORS 

First Author –Thangal Yumnamcha, PhD student, Department 

of Life Sciences, Manipur University, Canchipur, Imphal -

795003. Email: tyumnamcha@gmail.com 

Second Author – Dr. Upendra Nongthomba, Assistant 

Professor, Molecular Reproduction, Development and Genetics, 

Indian Institute of Science, Bangalore – 560012. Email: 

upendra@mrdg.iisc.ernet.in 

Third Author – M. Damayanti Devi, Associate Professor, 

Department of Life Sciences, Manipur University, Canchipur, 

Imphal -795003. Email:  mddmadam@gmail.com 

 

Correspondence Author – M. Damayanti Devi, Associate 

professor, Genetics Laboratory, Department of Life Sciences, 



International Journal of Scientific and Research Publications, Volume 4, Issue 1, January 2014      5 

ISSN 2250-3153  

www.ijsrp.org 

Manipur University, Canchipur, Imphal -795003. 

Email:mddmadam@gmail.com. Mobile No-09856000236 

 

 

 

 


