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Abstract: The experiment was carried out  to study the inhibition of the root growth and  cytotoxic effects of 

garlic aqueous extract on onion bulbs (Allium cepa L.). The onion bulbs were  treated with different 

concentrations of garlic aqueous extract (0, 5, 10, 15, 20 mg / l) for 72 hours  in plastic laboratory tubes. The 

results indicated that the mitotic index and root growth rate of onion were considerably decreased in 

comparison to the control. We found that the cytotoxic effect of garlic extracts depends on the concentration and 

the exposure time. The EC50 value of garlic extract was 5 mg/l  after 72 hours  and the mitotic index value was 

(9%) at the same concentration (5 mg/l). The chromosomal aberrations were found to be increased as the 

concentration of the garlic extract increased when compared to control. The observed chromosomal 

abnormalities were chromosomal bridge, nuclear lesion, sticky chromosome and abnormal metaphase. We 

conclude that garlic extract have a genotoxic effect on the root tip cells of onion bulbs. 
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I. Introduction 
Garlic (Allium sativum)  plant  has many medical properties, it  has been used in the  treatment of many 

diseases, since before the time of the Sumerian civilization (2600-2100 BC), when it was already widely 

cultivated in India , Arabia and China (1,2). Garlic is composed of mainly of water (60-70g/100g fresh weight) 

and the most significant components, medicinally, is the organosulfur-containing compounds (3). Garlic contain  

many active compounds which possess the anticancer agents present in the garlic induces suppression of cell 

cycle proliferation, modification in DNA repair  mechanism, upregulation of antioxidant defences ( 4). When 

garlic bulbs are crushed, alliinase rapidly lyses the cytosolic alliin to form allicin (diallyl thiosulfinate) which is 

the dominant sulfur compound in crushed garlic (5). 

Several individual compounds have been isolated from garlic and two major groups of compounds that 

show active anticancer effects have been identified. One group is the lipid-soluble allyl sulfur compounds such 

as diallyl disulfide (DADS) and diallyl trisulfide (DATS), and the other one is the water-soluble compounds c-

glutamyl S-allylcysteine group such as S-allylcysteine (SAC) and S-allylmercaptocysteine (SAMC)  (6). Other 

studies showed that S-allyl mercaptocysteine stops the growth of breast cancer cells, erythroleukemia (Sigounas 

et al., 1997) and colon cancer cells (7). S-allyl mercaptocysteine prevented colon cancer cell growth by 71%, 

disrupting cellular microtubules that form the cytoskeleton and the mitotic spindle in cells, thus disrupting cell 

division. In addition, S-allyl mercaptocysteine induced cell suicide (apoptosis) in the colon cancer cells, by 

activating apoptosis signalling pathway enzymes, including caspase that ultimately kills the cells (7). 

Prager-Khoutorsky et al (8)  found that the effects of allicin on cell polarization, migration, and mitosis are 

similar to the effects of microtubule-depolymerizing drugs such as nocodazole. The treatment of cultured 

fibroblasts with micromolar doses of allicin results in microtubule depolymerization in cells within minutes of 

its application, without disrupting the actin cytoskeleton or inducing direct cytotoxic effects. 

 

II. Materials And Methods 
Healthy  equal  sized onion bulbs  were chosen  and allowed to germinate  in plastic container 

containing distilled water for 24 hours at 22 °C until the root- length reached about (0.3-0.4 cm). The onion 

bulbs divided in to two groups. The  first group was treated with different concentrations (5, 10, 15, 20 mg / l) of 

the aqueous garlic extract for 72 h. The second group of onion bulbs placed in distilled water and served as 

negative control. After 72 h, the roots length were measured using a millimeter ruler. The  inhibition percentage 

of roots growth in relation to the control for each extract was determined and the result used to calculate the 

EC50 
(9)

. Five roots per  onion were cut, washed with distilled water and fixed directly in 3:1 alcohol: acetic acid 

for 24 h. The roots were hydrolyzed in 1N HCl at 60 °C for 5 min, then stained by acetocarmine stain. About 2 

to 3 mm terminal root tips were cut off using a sharp blade , then placed on a clean slide with acetocarmine 

drop. The slide was covered  with coverslip on the root tip and was squashed by applying uniform pressure. The 

slides were examined under the light microscope. Photomicrographs were taken with Sony digital camera 

(China made), directly from eyepiece of microscope. 
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The number of cells at dividing phase, abnormal cells and chromosomal aberrations were recorded in 

each concentration and mitotic index (MI) was calculated using formula (10): MI = Total number cells in 

division/Total number of cells observed X 100 

 

III. Result 
This study determined the cytotoxic effects of garlic aqueous  extract on  root growth used detecting of  

root length, MI and chromosome aberrations. 

EC50 was defined as the value that reduces the control group root length by half. The control group change rate 

(%) was accepted 100%, and the extract concentrations were compared to this group. EC50 value of root length 

were detected  at 5 mg/l, where the root length reduced from 3.78 ± 0.19 cm (100%) at control group to 1.8 ± 

0.16  (48 %) at 5 mg/l of extract concentration after 72 hours (table 1). The root length reduced to 0.6 ± 0.082 

cm  (16 %) and 0.38 ± 0.083 cm (10 %) at 10 and 15 mg/l of extract respectively in compared to control after 72 

hours. 

Table 2 shows the cytological effects of garlic aqueous  extract on root tip cells of  A. cepa. Exposure 

of garlic aqueous  extract inhibited the mitotic index in a concentration-dependent manner when compared to 

the mitotic index of 17.30 % in the control group. The lowest Mitotic Index (MI) value of 7.8 % was recorded 

for 15 mg/L treated with garlic aqueous  extract. The mitotic index for garlic extract  decreased significantly (p 

< 0.05) at 15 mg/ L. 

The mitotic indexes were 7.8 % as compared to mitotic index at 5mg/L and 10 mg/L which were 9 % 

and 8.7 %  respectively. This may indicate that garlic  extract exerted a genotoxic effect at 15 mg/L. The mitotic 

indexes in treated cells were lower compared to the distilled water (negative control) which was17.30 %. 

Chromosome aberrations were observed in stages of mitosis. Figure 1 that showed the types of chromosome 

aberrations induced by garlic extract.  At 5 and 10 mg/l concentrations nuclear lesion, sticky chromosomes, 

laggard chromosome  and chromosome bridges were the most common chromosome aberrations observed.  

Nuclear lesion was observed at  all the concentration of extract  except in control and it was found in 

all cells at 15 mg/l concentration. 

 

IV. Discussion 
Cytogenetic tests are desirable for identifying the damaging effects of substances known in various 

concentrations under different exposure times for evaluation and influence on living organisms ( 11).The Allium 

cepa test has been used to evaluate the genotoxic potential of medicinal plants (12; 13; 14), because this test 

uses a model that is adequately sensitive to detect innumerous substances that cause chromosomal alterations. 

The study was performed using the plant cell  test (Allium test) . This test  was  previously used for mutagenicity 

and cytotoxicity determination (15; 16; 17; 18; 19).The effects of garlic aqueous extract  on the root growth of 

Allium cepa revealed dose dependent increase of the inhibitory effect. The root growth inhibition test is proved 

to be useful tool for detection of the concentrations used for cytotoxicity and genotoxicity evaluation of different 

chemical compounds (20,21). EC50 determination is also widely used as a first step in cytogenetic studies on 

medicinal plants extracts (22, 23, 24). 

In the present study the observed decrease in mitotic index values combined with the significant 

decrease in root lengths. In control, the root length was 3.78 ± 0.19 cm and mitotic index was 17.30 %, then the 

root length decreased with increasing of  mitotic index  and reached 0.38 ± 0.083 cm, when mitotic index was 

7.8 %  at 15 mg/l concentration. Changes in duration of mitotic phases are also accepted as an indicator for 

cytotoxic influence (25).Chromosomal aberrations (CA) are characterized by change in either a chromosomal 

structure or a total number of chromosomes, which occur spontaneously due to the exposure of physical or 

chemical mutagens (26). In the present study chromosomal aberrations were observed, as chromosomal bridge, 

nuclear lesion and sticky chromosome. Occurrence of chromosomal bridge may be due to stickness or formation 

of dicentric chromosome caused by breakage and reunion (27). Chromosomal bridge mainly arises due to the 

non disjunction of sticky chromosome or breakage and reunion during separation at anaphase (28). Nuclear 

lesion was observed in all the concentration of effluent except in control and the percentage of the nuclear lesion 

was found to be increased as the garlic extract  concentration increased. Similar results were observed by (29 

and 26) in  Allium cepa root cells treated  by petroleum hydrocarbons  contaminated water. 

Garlic extracts have a strong antibacterial and antifungal effect , and allicin was assumed to be the 

main component responsible for the inhibition of fungal growth (30,  31, 32). (33 ) evaluated the garlic’s 

cytotoxic effect on human gingival fibrobalsts (HGFs). The garlic extract induced DNA damage in lymphocytes 

cultures (34). Higher concentration of garlic extract has been shown to be clastogenic in mice which was 

appreciably reduced at lower concentration (35). The results obtained from this study reveals, that the garlic 

extract having  genotoxic efficacy by inhibition of cell divisions in allium cepa root tip cells. 

References 



Genotoxic effect of garlic extract on root tips of Allium cepa L. 

DOI: 10.9790/3008-1102024144                                www.iosrjournals.org                                              43 | Page 

[1]. Harris JC, Cottrell SL, Plummer S, Lloyd D. Antimicrobial properties of Allium sativum (garlic). Appl Microbiol Biotechnol 2001; 

57: 282-6.  
[2]. Bolton S, Nul G, Troetel WM. The medical uses of garlic-fact and fiction. J Am Pharm Assoc 1982; 22: 40-43.  

[3].  Benkeblia N. Antimicrobial activity of essential oil extracts of various onions (Allium cepa) and garlic(Allium sativum). Lebensm 

Wiss u-Technol 2004; 37: 263-268.  
[4]. Sparreboom A, Cox MC, Acharya MR, Figg WD. Herbal remedies in the United States: Potential adverse interaction with 

anticancer agents. J ClinOncol. 2004; 22(12): 2489-503. 

[5]. El-Shenawy SM, Hassan NS. Comparative  evaluation of the protective effect of selenium and garlic against liver and kidney 
damage induced by mercury chloride in the rats. Pharmacol Rep 2008; 60: 199-208. 

[6]. Thomson, M., Ali, M., 2003. Garlic [Allium sativum]: a review of its potential use as an anti-cancer agent. Curr. Cancer Drug. 

Target. 3, 67–81. 
[7]. Xiao, D., Pinto, J.T., Soh, J.W., Deguchi, A., Gundersen, G.G., Palazzo, A.F., Yoon, J.T., Shirin, H., Weinstein, I.B, 2003. 

Induction of apoptosis by the garlic derived compound S-mercaptocysteine (SAMC) is associated with microtubule 

depolymerization and c-Jun NH2-terminal kinase 1 activation., Cancer Res 63, 6825–6837. 
[8]. Masha Prager-Khoutorsky, Igor Goncharov, Aharon Rabinkov, David Mirelman, Benjamin Geiger and Alexander D. Bershadsky. 

Allicin Inhibits Cell Polarization, Migration and Division via Its Direct Effect on Microtubules, Cell Motility and the Cytoskeleton 

64: 321–337 (2007) 
[9]. Fiskesjo, G., 1985. The Allium as a standard in environmental monitoring. Hereditas 102, 99-102. 

[10]. Love, A. & Love, D (1975). Plant chromosomes. Lubrecht and Cramer Ltd, Monticello, NY.   

[11].  El-Khodary, S., Habib, A. & Haliem, A. (1990). Effect of the herbicide tribunil on root mitosis of Allium cepa, Cytologia, 55,  209-
215. 

[12].  Camparoto, M. L., Teixeira, R.O., Mantovani, M. S. & Vicentini, V.E.P. (2002). Effects of Maytenus ilicifolia Mart. and Bauhinia 

candicans Benth infusions on onion root-tip and rat bone-marrow cells. Genetics and Molecular Biology, 25,  85-89. 
[13]. Knoll, M.F., Silva, A.C.F., Tedesco, S.B. & Canto-Dorow, T.S. (2006) Effects of Pterocaulon polystachyum DC. (Asteraceae) on 

onion (Allium cepa) root-tip cells. Genet. Mol. Biol., 29, 3,  539-542. 

[14]. Lubini, G., Fachinetto, J.M, Laughinghouse IV, H.D., Paranhos, J.T., Silva, A.C.F. & Tedesco, S.B. (2008). Extracts affecting 
mitotic division in root-tip meristematic cells, Biologia,63,  647-651. 

[15]. Fiskesjo , G., 1997. Allium test for screening chemicals; evaluation of cytologic parameters. In: Wang, W., Gorsuch, J.W., Hughes, 

J.S. (Eds.) Plants for Environmental Studies. CRC Lewis Publishers, Boca Raton, New York. 
[16]. Bakare, A.A., Wale-Adeyemo, A.R. 2004. The potential mutagenic and cytotoxic effects of leachates from domesticwastes and 

Aba-Eku landfill Nigeria on Allium cepa. J. Nat. Environ. Pollut. Technol. 3, 455-462. 

[17]. Babatunde, B.B., Bakare, A.A., 2006. Genotoxicity screening of wastewaters from Agbara Industrial estate Nigeria evaluated with 
the Allium test. Pollut. Res. 25, 227-234. 

[18]. Alade, A., Olufunsho, A., Gbenga, A., Herbert, A.B.C., 2009. Mutagenic screening of some commonly used medicinal plants in 

Nigeria. J. Ethnopharmacol. 125, 461-470. 
[19]. Yasin Erena,*, Ahmet Özatab. Determination of mutagenic and cytotoxic effects of Limonium globuliferum aqueous extracts by 

Allium, Ames, and MTT tests Rev Bras Farmacogn 24(2014): 51-59 
[20].  Mustafaaand, Y. and Arikan, E.S. (2008) Genotoxicity Testing of Quizalofop-P-Ethyl Herbicide Using the Allium cepa Anaphase-

Telophase Chromosome Aberration Assay. Caryologia, 61, 45-52. 

[21].  Sinkkonen, A., Myyrä, M., Penttinen, O.-P. and Rantalainen, A.-L. (2010) Selective Toxicity at Low Doses: Experiments with 
Three Plant Species and Toxicants. Dose-Response, 9, 130-143. 

[22].  Akyil, D., Oktay, S., Liman, R., Eren, Y. and Konuk, M. (2012) Genotoxic and Mutagenic Effects of Aqueous Extract from Aerial 

Parts of Achillea teretifolia. Turkish Journal of Biology, 36, 1112-1125. 
[23].  Iwalokun, B.A., Oyenuga, A.O., Saibu, G.M. and Ayorinde, J. (2011) Analyses of Cytotoxic and Genotoxic Potentials of Loranthus 

micranthus Using the Allium cepa Test Current Research. Journal of Biological Sciences, 3, 459-467. 

[24].  Rathnasamy, S., Mohamed, K.B., Sulaiman, S.F. and Akinboro, A. (2013) Evaluation of Cytotoxic, Mutagenic and Antimutagenic 
Potential of Leaf Extracts of Three Medicinal Plants Using Allium cepa Chromosome Assay. International Current Pharmaceutical 

Journal, 2, 131-140. 

[25]. Liman, R., Gökçe, U.G., Akyıl, D., Eren, Y. and Konuk, M. (2012) Evaluation of Genotoxic and Mutagenic Effects of Aqueous 
Extract from Aerial Parts of Linaria genistifolia subsp. Genistifolia. Revista Brasileira de Farmacognosia, 22, 541-548. 

[26]. Soumyashree N., Kumar  Hemanth N.K.  and Shobha Jagannath. EVALUATION OF CYTOTOXIC EFFICACY OF DAIRY 

EFFLUENT ON ROOT MERISTEM CELLS OF GARLIC (Allium sativum L.), 2014, International Journal of Science, 
Environment and Technology, Vol. 3, No 4, 2014, 1440 – 1449 

[27]. Jabee, F., Ansari, M.Y.K., Shahab, D., 2008. Studies on the effect of maleic hydrazide on root tip cells and pollen fertility in 

Trigonella foenum-graecum L. Turk. J. Biol. 32, 337-344. 
[28]. Koduru, P.R.K., Rao, M.K., 1981. Cytogenetics of synaptic mutants in higher plants. Theor. Appl. Gen. 59, 197-214. 

[29]. Leme, D.M., Angelis, D.F. and Morales M.A.M. (2008).Action mechanisms of petroleum hydrocarbons present in waters impacted 

by an oil spill on the genetic material of Allium cepa root cells. Aquatic Toxicol. 88: 214- 219. 
[30]. Uchida Y, Takahashi T, Sato N. The characteristics of the antibacterial activity of garlic. Jpn J Antibiot 1975; 28: 638-642. 

[31]. Ankri S, Mirelman D. Antimicrobial properties of allicin from garlic. Microbes Infect 1999; 2: 125-129 

[32]. Singh U P, Prithiviraj B, Sarma B K, Singh Mandavi and Ray A B. Role of garlic (Allium sativum L) in human and plant diseases. 
Indian journal of experimental biology, volume 39, April 2001, 310-22.  

[33]. Fatih Özan , Muhsin Özdem, Ülkü Özan, Metin Sençimen, Zübeyde Akın Polat .Evaluation of Cytotoxic effect of Garlic on human 

gingival fibroblasts: A Preliminary Study. Gülhane Tıp Derg 2013; 55: 276-280. 
[34]. Sukanya Shetty, Shama Rao, Suchetha Kumari N, Madhu L N, Vishakh R. Modulatory effect of Allium sativumEthanolic Extract 

on Cultured Human Lymphocytes. Journal of Applied Pharmaceutical Science Vol. 3 (04), pp. 073-077, April, 2013. 

[35]. Das T, Roy Choudhury A, Sharma A, Talukder G. Effects of crude garlic extract on mouse chromosomes in vivo. Food and 

chemtoxicol.1996; 34: 43-47. 

 

 

 

 

Table (1): Inhibitory effect of different garlic extract concentrations (mg/l) on Allium cepa root growth. 
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Concentration (mg/l) Mean root length (±S.D.) at time (hour): Change rate (100 %) at 72 hr. 

24  48  72  

Control 1.46 ± 0.11 2.04 ± 0.21 3.78 ± 0.19 100 

5 1.33 ± 0.095 1.48 ± 0.083 1.8 ± 0.16 48 

10 0.5 ± 0.12 0.54 ± 0.13 0.6 ± 0.082 16 

15 0.33 ± 0.096 0.3 ± 0.081 0.38 ± 0.083 10 

 

Table (2): Effect of  different garlic extract concentrations (mg/l) on Mitotic index of the examined root 

tip cells of Allium  cepa. 

 

 
Figure (1): Different types of aberration induced by garlic extract  in Allium cepa root tips:  (A) 

Metaphase,  (B) Chromosome bridge, (C) Sticky chromosome and (D) Nuclear lesion 

 

Concentration 

(mg/l) 

Total cells 

examined 

Interphase Prophase Metaphase Anaphase Telophase Mitotic 

Index 

(%) 

Control 800 682 60 30 16 12 17.30 

5 800 734 28 18 10 10 9.00 

10 800 736 40 8 8 8 8.7 

15 800 742 32 10 10 6 7.8 


