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ABSTRACT
The effects of oxytocin on mitotic cell division of Allium cepa L. were investigated to ascertain its mutagenic potential.
Onion roots were treated with 0.1%, 0.2% and 0.3% concentrations of oxytocin and compared with control. Significant
differences (p<0.05) were observed in mitotic indices (31.28±1.0, 31.17±0.8, 31.70±1.1) when treated with 0.1%, 0.2%
and 0.3% concentrations of oxytocin respectively. Oxytocin induced cell mitotic aberration like polyploidy, stickiness,
chromatin bridges, failure of cell-plate formation, chromosome breaks, shortening and contraction of chromosomes,
vacuolization, anaphase disturbance, tumor, multipolar spindle, anaphase with laggard, telophasic bridge and
chromosomal loss were also seen. We concluded from the present investigation that oxytocin is a mitotic depressor as
well as mutagenic as observed in plant cell.
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INTRODUCTION
Allium is the largest genus of petaloid monocotyledons,
containing hundreds of species distributed naturally in
temperate climates of the northern hemisphere (1). It has
been used by many researchers to investigate physical
and chemical mutagenesis, pollutant agents, plant extracts
and similar active material’s cytogenetic effects in mitotic
cell division. It is stated that the Allium test exhibits
similar results with mammalian test systems (2, 3).
Induction of mitotic abnormalities on root tip cells of
plants may cause a decrease in mitotic index (4-6).
Oxytocin is a nine amino acid neuropeptide that helps in
contraction of uterine smooth muscles (7, 8). The cyclic
nonapeptide oxytocin and its structurally related peptides
facilitate the reproduction in all vertebrates at several
levels. The effects of oxytocin containing medicinal plant
extracts on root tip mitosis of A. cepa have already been
studied (9).
Some chemicals accumulated within food chain to a toxic
level then these chemicals affect directly the public health
(10). Generally, toxic effects of environmental pollutants
cause genetic damage on plant cells but toxicity is not
always correlated with genotoxicity (4, 10). The present
study was designed to examine the effect of oxytocin on
mitotic cell division in root tip cells of Allium cepa L.
commonly known as onion.

MATERIALS AND METHODS
Plant Material: The plant used as test material was Allium
cepa L. (2n= 16). Fresh onion bulbs of same variety
approximately 2 cm in diameter were purchased from
registered authentic seed seller from Bhagalpur, Bihar.

About 72 onion bulbs having weight 45-50 gm were
selected for the study. Twelve onions were used as
control and twelve for each of the experimental group.
The basal root plates were scraped by means of sharp
scalpel. Earthen pots were filled with filtered sand and
onion base was placed on the wetted sand (half portion of
the onion pressed on the sand). Ten clean and healthy
bulbs of A. cepa were chosen for each treatment group.
Treatment with oxytocin: Plant materials were treated
with different concentrations of oxytocin (0.1%, 0.2%,
0.3% and normal) dissolved in distilled water when the
roots reached to 1.5-2 cm in length. Controls were also
treated with distilled water for the same time periods. The
concentrations were chosen according to their dose of
application in agricultural field.
Fixation, hydrolysis and dyeing: The root tip cells were
fixed, stained and examined using a compound
microscope. The treated roots were rinsed in distilled
water and cut into segments of 1-2 cm length from the
tips and fixed in pure glacial acetic acid (45%) for 30 min
at room temperature before rinsed twice in ethanol (70%)
for 5 min. The specimens were then transferred into cases
containing 70% ethanol and sealed with stretch film and
kept at +4 °C until use. For mitotic studies, the root tips
of A. cepa were fixed in mixture of 1:3 acetic acid and
ethyl alcohol for overnight followed by 5-7 minutes
treatment with 45% acetic acid. The root tips were then
hydrolyzed in 1N HCl for 5 minutes followed by staining
with 2% aceto-orcein following the methods (11). After
proper fixation and staining, appropriate squash
preparations were made for each of the treatment and
control. Effect of oxytocin treatment and control on
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different chromosome plates were observed under light
microscope. To determine the effects of this chemical in
control group and in each treated group mitotic index
(MI) were calculated.
Microscopic investigation: Mitotic index was calculated
as percentage of dividing cells. Slides were scanned to
investigate the different stages of mitosis. Approximately
3500 cells were scanned for each group of onion. The
prepared slide was observed under a compound light
microscope to study the different phases of mitosis.
For experimental group 0.1%, 0.2% and 0.3%
concentration of oxytocin were prepared whereas in
control group 100 ml of water was sprayed. The prepared
concentration was sprayed in two rounds on day 1, 3, 7
and 11 (Table 1). The date of sowing onion bulbs were
taken as day 01 and collection of root tips were done on
day 6 for the first round and day 15 for the second round.

RESULTS AND DISCUSSION
Oxytocin has been reported to modulate social distance
between males and females (12). It produces negative
chronotropic effect even at low concentrations (90-125
nmol/L). It has numerous biochemical effects after
binding to its membrane receptors, including the

modulation of mitotic activity of various cell lines. Allium
cepa has been selected for its relatively low chromosome
no. (2n=16). Its chromosomes are relatively large and the
species is susceptible to cytological manipulations (13).
Allium test involved growing onion roots in the presence
of oxytocin at various concentrations (14). The primary
purpose was to remove the growing onion root tip and to
prepare microscopic slides of the meristematic region in
order to gather quantitative data of the number of cells
undergoing mitosis relative to the number of cells in
interphase (15).
The results showed lowering of the mitotic index and
development of some chromosomal abnormalities in cells
treated with 0.1%, 0.2% and 0.3% concentrations of
oxytocin (Fig 1). This may further imply an inhibitory
effect of oxytocin on Allium cepa cell growth. The
various abnormalities in different stages like metaphase,
anaphase, telophase etc. had been observed that further
gave credence to the negative effect of oxytocin. These
abnormalities cause genetic disturbances in the cell
leading to mutagenic effects. It has been observed that
rapid cell division at certain concentrations that lead to
the splitting of root-tips in some onion bulbs.

Table 1: Schedule for oxytocin spraying with different concentration and collection of root-tips
Round no. Concentration of oxytocin First spray Second spray Collection of root-tips
I 0.1%, 0.2%, 0.3%, Normal Day 1 Day 3 Day 6

II 0.1%, 0.2%, 0.3%, Normal Day 7 Day 11 Day 15

Figure 1: Phase distribution of cells after treatment with oxytocin

Values are expressed as mean ± SEM of 6 observations. **p<0.05 when the value are compared with 0% of
concentration of oxytocin.

Table: 2 Mitotic index after treatment with oxytocin
Concentration Cell Observed Cell in division Mitotic Index (MI)
Normal  (control) 3580 1135 31.70 ± 1.1
0.10% 3420 1070 31.28 ± 1.0
0.20% 3460 1080 31.21 ± 0.5
0.30% 3560 1110 31.17 ± 0.8*
Values are expressed as mean ± SEM. *Values in same column with different superscripts are significantly different
at p<0.05.
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Cytological effects of water extracts of Pulicaria crispa
and Teucrium pilosum on A. cepa root tip mitosis showed
depressive effect on both mitotic index and percentage of
mitotic phases as well as an increase in the percentage of
abnormal cells (16). It was found that inhibition of MI
increased with increase in extract concentrations and
duration of treatment. Mitodepressive effects of alcoholic
extracts of five molluscicidal plants on root tip mitosis of
A. cepa were also observed (17). It was reported that
extracts of some medicinal plants, Borreria filiformis and
Vinca rosea had a mutagenic effect (18). A common
effect of medicinal plant extracts containing oxytocin on
root tip mitosis of A. cepa is an inhibition of spindle
mechanism leading to the scattering of the chromosomes,
stickiness of chromosomes, anaphase bridge and diverse
kinds of abnormalities (19, 20).
Table 2 shows the MI values and cell in division among
the treatment with oxytocin at different concentrations. A
lowered cell division index suggests an inhibitory effect
at the interphase stage (20). The rate of mitosis was
closely related to the resultant level of ATP (21, 22). The
low mitotic index among treatments and decrease in other
phases suggest that the treatments interfered with the
respiratory pathways resulting in low ATP level.
Treatments and concentrations had significant (p<0.05)
effect on mitotic phases when compared to the control.
Overdose of oxytocin concentration had significantly
(p<0.05) higher depressive effects on all the stages of
mitosis on the mitotic progress of A. cepa root tip.
Prophase accumulation has been reported by other
workers while treating A. cepa root tip cells with various
extracts of medicinal plants especially at low
concentrations (16, 17). The prophase accumulation has
been attributed to delay in the breakdown of the nuclear
membrane (23). It could also occur as a result of
disturbance or breakdown of spindle apparatus (24).
Microscopic examination of squashed Allium cepa L. root
tip meristem cells showed that oxytocin treatments
induced a number of mitotic abnormalities when
compared with control. The increase of mitotic
abnormalities was dependent on the increasing
concentrations. The most common chromosomal
abnormalities were stickiness, laggards, c-mitosis,
bridges, multipolarity, picnosis, star-anaphase, star-
telophase, shortening and contraction of chromosomes,
stickiness, chromatid bridges, chromosome breaks, failure
of cell plate formation, polyploidy, anaphase disturbance,
vacuolization, multipolar spindle, splitting of root-tips,
clumping and fragmentation. Oxytocin caused a decrease
in MI at all the treatment groups (Table 2).
It has been shown by many investigators that several
other fungicides induce chromosomal abnormalities in
different plants (25-29). In this study, the most common
abnormalities were stickiness, laggards, c-mitosis,
bridges, multipolarity, picnosis, star-anaphase, star-
telophase, clumping and fragmentations in cell division.
Disturbed metaphase, anaphase and telophase may be due
to disturbance of spindle apparatus which allows the
chromosomes to spread irregularly over the cell; results c-
mitosis, star-anaphase and star-telophase respectively

(30). Similar results on A. cepa cells were observed when
maleic hydrazide in 10-3 M and 10-6 M for 2 and 24 h
periods, were applied respectively (31). All our findings
are in agreement with the other studies (32,33).
Thus, our study showed that oxytocin exhibits cytotoxic
properties like lowering of the mitotic index and
development of some chromosomal abnormalities in
cells. However, the mechanism for such an effect needs
further evaluation.

REFERENCES
1. Kocyiğit M and Ozhatay N (2010). A contribution to

the genus Allium L. (Sect. Codonoprasum) in
Turkey. Turkish Journal of Botany 34: 391-395.

2. El-Shabbaby OA, Abdel Migid HM, Soliman MI and
Mashaly IA (2003). Genotoxicity screening of
industrial waste water using the Allium cepa
chromosome aberration assay. Pakistan Journal of
Biological Sciences 6: 23-28.

3. Teixeira RO, Camparoto ML, Mantovani MS and
Vicentini VEP (2003). Assessment of two medicinal
plants Psidium guajava L. and Achillea millefolium
L., in in vitro and in vivo assays. Genetics and
Molecular Biology 26: 551-555.

4. Kovalchuk O, Kovalchuk I, Arkhipov A, Telyuk P,
Hohn B and Kovalchuk L (1998). The Allium cepa
chromosome aberration test reliable measures
genotoxicity of soils of inhabited areas in the
Ukraine contaminated by the Chernobyl accident.
Mutation Research 415: 47-57.

5. Bushra A, Abdu FM, Niamat AM and Ahmad N
(2002). Clastogenecity of pentachlorophenol, 2-4-D
and butachlor evaluated by Allium root tip test.
Mutation Research 514: 105-113.

6. Panneerselvam N, Palanikumar L and Gopinathan S
(2012). Chromosomal aberrations induced by
Glycidol in Allium cepa L. root meristem cells.
International Journal of Pharma Sciences and
Research 3(2): 300-304.

7. Swidler G (1990). Systematic Pharmacology. Wiley-
Interscience. New York. 14.

8. Zingg M (2003). Pharmacology of the uterus. 4th
edition. Churchill Livingston, London. 253

9. Abu NE and Duru NU (2006). Cytological effects of
oxytocic agents on mitotic chromosomes of Allium
cepa. Agro-Science 5(2): 1-6.

10. Fisun K and Rasgele PG (2009). Genotoxic effects of
Raxil on root tips and anthers of Allium cepa L.
Caryologia 62(1): 1-9.

11. Sharma AK and Sharma A (1980). Chromosome
Techniques: Theory and practice. 3rd edition,
Butterworths and Co. Ltd., London.

12. Kosfeld M, Heinrichs M, Zak PJ, Fischbacher U, and
Fehr E (2005). Oxytocin increases trust in humans.
Nature 435 (7042): 673-676.

13. Mercykutty VC and Stephen J (1980). Adriamycin
induced genetic toxicity as demonstrated by Allium
cepa test. Cytologia 45(4) 769-777.

14. Levan A (1949). The influence on chromosomes and
mitosis of chemicals, as studied by the Allium test.



Pankaj PP et al. / Evaluation of Cytotoxic…

IJPCR, January-March, 2014, Vol 6, Issue 1, 36-39

Pa
ge
39

Eighth International Congress on Genetics. Hereditas
(suppl. vol.): 325-337.

15. Howell B, Larsson N, Gullberg M, and Cassimeris L
(1999). Dissociation of the tubulin-sequestering and
microtubule catastrophe-promoting activities of
oncoprotein 18/stathmin. Molecular biology of the
cell 10: 105-118.

16. Shehab AS (1980). Cytological effects of medicinal
plants in Qatar 11. Mitotic effect of water extreact of
Teucrium pilosum on Allium cepa. Cytologia 45: 57-
64.

17. Ene-Obong EE, Nwofia GE and Okunji CO (1991).
Depressive Effects of Alcoholic extracts of five
Molluscicidal plants on mitosis. Fitoterapia LXII
(4): 353-356.

18. Ene-Obong EE and Osuala CL (1990). Contributions
to the Cytological Effects of Medicinal plant III. The
Mutagenic potentials of Water extract of Borreria
filiformis (Hiern) Hutch & Dalz. and Vinca rosea
Linn. Nigerian Journal of Botany 3: 35-40.

19. Ene-Obong EE and Amadi OC (1987). Contributions
to the cytological effects of medicinal plants II.
Effects of water extracts of Cassia alata L. on Allium
cepa root tip mitosis. Proceedings of International
Workshop on Evaluation of Traditional Medicines,
University of Nigeria, Nsukka. 183.

20. Ene-Obong EE (1995). An I-DNA and anti-spindle
effects of tropical medicinal plants, In:
Biotechnology Current Progress. Techonoic
publishing co. USA. 253.

21. Epel D (1963). The effect of carbon mono oxide
inhibition on ATP level and the rate of mitosis in the
sea Urchin eggs. J. Cell Biol 17: 315-317.

22. Jain, AK and Sarbhoy, RK (1987). Cytogenetical
studies on the effect of some chlorinated pesticides 1.
Effect on somatic chromosomes of Lens. and Pisum
spp. Cytologia 52: 47-53.

23. Wilson GB (1965). The Assay of Antimitotics.
Chromosoma (Bert.) 16: 133-143.

24. Amor SM and Farah, OR (1974). Cytological effect
of the insecticide “Rogor” on the mitosis of Vicia
faba and Gossypium barbadense. Cytologia 39: 507-
514.

25. Mann SK (1977). Cytological and genetical effects
of dithane fungicides on Allium cepa. Environmental
and Experimental Botany 17: 7-12.

26. Behera BN, Sahu RK and Sharma CBSR (1982).
Cytogenetic hazards from agricultural chemicals of
sequential screening in the barley progeny test for
cytogenetic activity of some systemic fungicides and
a metabolite. Toxicology Letters 10(2-3): 195-203.

27. Badr A (1983). Mitodepressive and chromotoxic
activities of two herbicides in Allium cepa. Cytologia
48: 491-497.

28. Armbruster BL, Molin WT and Bugg MW (1991).
Effects of the herbicide dithiopyr on cell division in
wheat root tips. Pesticide Biochemistry and
Physiology 39(2): 110-120.

29. Pandy RK, Shukla R and Datta S, (1994).
Chromotoxic effects of one fungicide (Dithane M-
45) and two insecticides (Aldrex-30 and Metacid-
50). Cytologia 59: 419-422.

30. Amer SM and Ali EM (1974). Cytological effects of
pesticides vs Effects of some herbicides on Vicia
faba. Cytologia 39: 633-643.

31. Marcano L, Carruyo I, Del Campo A and Montiel X
(2004). Cytotoxicity and mode of action of maleic
hydrazide in root tips of Allium cepa L.
Environmental Research 94: 221-226.

32. Smaka-Kincl V, Stegnar P, Lovka M and Toman MJ
(1996). The evaluation of waste, surface and ground
water quality using the Allium test procedure.
Mutation Research 368: 171-179.

33. El-Ghamery AA, El-Nahas AI and Mansour MM
(2000). The action of atrazine herbicide as an
inhibitor of cell division on chromosomes and
nucleic acids content in root meristems of Allium
cepa and Vicia faba. Cytologia 55: 209-215.


