
The genotoxic and cytotoxic effects of exogenous polyamines (PAs), putrescine (Put), spermidine (Spd),
spermine (Spm) and PA biosynthetic inhibitors, α-difluoromethylornithine (DFMO), cyclohexilamine
(CHA), methylglioxal bis-(guanylhydrazone) (MGBG) were investigated in the root meristems of Allium
cepa L. The reduction of mitotic index and the induction of chromosomal aberrations such as bridges,
stickiness, c-mitotic anaphases, micronuclei, endoredupliction by PAs and PA biosynthetic inhibitors
were observed and these were used as evidence of genotoxicity and cytotoxicity.

Keywords: Allium cepa – chromosome aberration – mitotic activity – polyamine – polyamine biosyn-
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INTRODUCTION

Polyamines (PAs) are low molecular mass polycations found in all living cells. Their
involvement in various cell functions such as cell division and differentiation has
been recognized [7, 16]. Cell division was found to be correlated with increased PA
biosynthetic activity [25] and alterations in cellular PA levels modulate normal and
cancer cell growth [24]. Generally, there is a high level of PAs where cell division
activity is highest [19]. In oat leaf protoplasts PAs treatments measurably increase
DNA synthesis as well as mitotic activity [13]. Although high level of PAs is gener-
ally related to cell division, recently some inhibitory effects of exogenously applied
PA have been reported [5, 9].

Direct binding of polyamines to DNA and their ability to promote DNA bending
by neutralizing the negative charges on DNA phosphate reduce the energy require-

Acta Biologica Hungarica 59 (1), pp. 93–102 (2008)
DOI: 10.1556/ABiol.59.2008.1.8

0236-5383/$ 20.00 © 2008 Akadémiai Kiadó, Budapest

EFFECTS OF POLYAMINES AND POLYAMINE
BIOSYNTHETIC INHIBITORS ON MITOTIC ACTIVITY

OF ALLIUM CEPA ROOT TIPS
MERAL UNAL,1 NARCIN PALAVAN-UNSAL2 and M. A. TUFEKCI3*

1 Department of Biology, Arts and Sciences Faculty, Marmara University,
Goztepe 81040, Istanbul, Turkey

2 Faculty of Science and Letters, Istanbul Kultur University, 34156 Bakirkoy, Istanbul, Turkey
3 Department of Molecular Biology and Genetics, Faculty of Arts and Sciences, TC Halic University,

Findikzade 34093, Istanbul, Turkey

(Received: July 12, 2006; accepted: February 1, 2007)

* Corresponding author; e-mail: malitufekci@halic.edu.tr



94 MERAL UNAL et al.

Acta Biologica Hungarica 59, 2008

ment for bending, thus facilitating enhanced protein-DNA interaction [8]. This phe-
nomenon appears to be important in the molecular mechanisms of polyamine action
in cell division and chromosomal behavior [11, 26]. Another consequence of
polyamine binding to DNA is the condensation of DNA [3]. In addition, the ability
of polyamines to alter DNA-protein and protein–protein interactions might be dis-
ruptive when extreme accumulation or depletion of polyamines in an organism [27].

Our previous study showed that mitotic index was increased by Putrescine (Put)
and decreased by α-difluoromethylornithine (DFMO) and both induced mitotic
irregularities in the root tips of barley [29]. DFMO that was initially introduced as an
anticancer drug and later it has been shown to be an effective inhibitor against para-
sitic protozoan infections, zoopathogenic fungi, phytopathogenic fungi [2]. PA
inhibitors are thought to be safe fungicides and alternative to traditional fungicides
that are potential mutagens [21].

The present work aimed to reveal the effects of exogenous Put, spermidine (Spd),
spermine (Spm), DFMO, cyclohexilamine (CHA) and methylglioxal bis-(guanyl-
hydrazone) (MGBG) on mitotic activity and chromosomal behavior in the root
meristems of Allium cepa L. that is an efficient cytogenetic material for the assay of
chromosome aberrations induced by chemicals.

MATERIALS AND METHODS

Test organism and test chemicals

Healthy and equal-sized bulbs of A. cepa L. cv. Valenciana were selected and the
outer scales were carefully removed.

The PAs, Put (Sigma), Spd (Sigma), Spm (Sigma) and the PA biosynthetic
inhibitors, DFMO (Sigma), CHA (Sigma), MGBG (Sigma) were used as the test
chemicals.

Treatments

Experiments were conducted in three groups: the first group was distilled water as a
control, second group contained Put, Spd and Spm (1 mM) and third group contained
DFMO, CHA and MGBG (10 mM). These concentrations were chosen, based on
previously favorable reported results [5, 13]. For each chemical, ten bulbs placed
over Erlenmeyer flasks containing 50 ml of experimental solution and left at 25 ± 1
°C in darkness. Test liquids were changed everyday.

Cytogenetic parameters

The onion bulbs were placed for rooting over flasks filled with distilled water. After
36 h, the roots have grown to a length of 1 cm and then they were transferred to test



solutions. 0.5 cm of their tips was cut with 3 h intervals till 15 h. The root tips imme-
diately fixed in acetic: ethyl alcohol (1 : 3). After this procedure experimental mate-
rials were kept in 70% ethyl alcohol and stored in refrigerator.

In each treatment ten root tips were examined and they were hydrolyzed with 5 N
HCl at room temperature for 15 min for mitotic analyses. Then they were transferred
to basic fuchsin for 1.5–2 h in dark. Squash preparations were made in 2% aceto-
orcein. The cytogenetic analysis included mitotic index and scoring of aberrant cells.
Ten well spread slides were chosen and more than 5000 cells were counted for each
treatment time in all test chemicals. The mitotic index was calculated by comparing
the percentage of cells undergoing division versus the total cells. The volume of
nuclei was calculated according to the formula: 4/3 r1 r2 r3π [28]. Statistical analysis
was done by Student’s “t” test for comparing several treatment groups with a control
at 0.05 level of significance.

RESULTS

Cytogenetic studies

The effects of PAs (Put, Spd, Spm) and biosynthetic inhibitors (DFMO, CHA,
MGBG) on mitotic activity in onion root tips were studied in time-response experi-
ments. Fig. 1 shows the effect of PAs on mitotic index, which was 13% in control at
3h but it was reduced to 6% at 15 h. PAs showed an inhibitory effect on the rate of
mitotic division. In Put, Spd and Spm treated roots the mitotic index was established
to be 8, 6 and 3% at 3 h and 4, 2 and 3% at 15 h of application respectively (Fig. 1).
Spm caused maximum inhibition on division frequency until 45th h, however, Spd
was the most effective inhibitor at further application time.
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Fig. 1. The effect of polyamines on mitotic index in Allium cepa root tip cells
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Fig. 2. The effect of polyamine biosynthetic inhibitors on mitotic index in Allium cepa root tip cells

Table 1
The effect of polyamines on the frequency of cells at mitotic phases in the root tips of Allium cepa

Poly-
Mitotic Treatment time (h)

amines
phases

(%) 3 6 9 12 15

Control Prophase 7.6 ± 1.3 6.4 ± 0.8 4.1 ± 1.2 3.6 ± 1.1 4.9 ± 0.1
Metaphase 2.2 ± 0.8 2.7 ± 0.7 1.4 ± 0.5 1.6 ± 0.5 1.2 ± 0.1
Anaphase 2.0 ± 0.6 1.5 ± 0.7 1.0 ± 0.5 0.7 ± 0.5 0.8 ± 0.2
Telophase 2.3 ± 0.8 1.5 ± 0.4 1.0 ± 0.7 1.4 ± 0.4 0.9 ± 0.2

Putrescine Prophase 4.4 ± 0.3* 2.6 ± 0.7* 1.4 ± 0.8* 1.3 ± 0.2* 1.7 ± 0.5*
Metaphase 1.3 ± 0.6* 0.7 ± 0.6* 1.0 ± 0.7 1.0 ± 0.4 0.6 ± 0.4*
Anaphase 1.0 ± 0.6 0.8 ± 0.2 0.8 ± 0.5 0.6 ± 0.3 0.6 ± 0.5
Telophase 0.8 ± 0.2* 1.3 ± 0.1 1.0 ± 0.4 1.0 ± 0.5 1.1 ± 0.4

Spermidine Prophase 2.7 ± 0.4* 3.1 ± 0.7* 3.2 ± 0.9 2.3 ± 0.2* 1.7 ± 0.3*
Metaphase 1.0 ± 0.8* 0.5 ± 0.1* 0.2 ± 0.2* 0.2 ± 0.3* 0.7 ± 0.3*
Anaphase 0.5 ± 0.6* 0.4 ± 0.2 0.2 ± 0.3 0.0 ± 0.0* 0.0 ± 0.0*
Telophase 1.8 ± 1.2 0.6 ± 0.3* 1.2 ± 0.4 0.4 ± 0.3* 0.1 ± 0.1*

Spermine
Prophase 5.6 ± 0.9* 2.9 ± 1.4* 3.9 ± 0.4 3.1 ± 0.3 3.2 ± 0.6*
Metaphase 0.5 ± 0.4* 0.5 ± 0.4* 0.8 ± 0.6 1.0 ± 0.7 0.8 ± 0.3*
Anaphase 0.6 ± 0.4* 0.0 ± 0.0* 0.1 ± 0.1* 0.3 ± 0.2* 0.4 ± 0.3
Telophase 1.2 ± 0.9 0.5 ± 0.2* 0.9 ± 0.8 0.3 ± 0.2* 1.1 ± 0.5

*Significantly different from control values (P < 0.025).

Treatment time (hours)



PA biosynthesis inhibitors as well as PAs reduced the division frequency com-
pared to control (Fig. 2). MGBG caused a drastic reduction in index; 85% at 3 h and
83% at 15 h of treatments compared to control.

The analysis of the effect of PAs and their biosynthetic inhibitors on the frequen-
cy of cells at each phase of mitosis showed that the duration of phases was also
affected. While the number of cells at interphase increased, the cells at the other
mitotic stages decreased in PAs- and their biosynthetic inhibitors-treated cells com-
pared to control (Tables 1, 2). Prophase cells were in the higher percentage than the
other mitotic stages in control and in all treated roots as expected, except MGBG. In
MGBG applied roots, the number of prophase cells was almost at a similar and low
level with the other mitotic stages. These results are in good agreement with the
mitotic index results.

Treatment with PAs or their biosynthetic inhibitors affected mitotic chromosome
behavior (Fig. 3). They caused the following irregularities indicating their genotoxic
effects: anaphase or telophase bridges, stickiness of chromosomes, c-mitotic
anaphases, binucleate cells, nuclear fusion, bimitosis, micronuclei, endoreduplica-
tion, irregular shaped nuclei and cells (Table 3).
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Table 2
The effect of polyamine biosynthetic inhibitors on the frequency of cells at mitotic phases

in the root tips of Allium cepa

Inhi-
Mitotic Treatment time (h)

bitors
phases

(%) 3 6 9 12 15

Control Prophase 7.6 ± 1.3 6.4 ± 0.8 4.1 ± 1.2 3.6 ± 1.1 4.9 ± 0.1
Metaphase 2.2 ± 0.8 2.7 ± 0.7 1.4 ± 0.5 1.6 ± 0.5 1.2 ± 0.1
Anaphase 2.0 ± 0.6 1.5 ± 0.7 1.0 ± 0.5 0.7 ± 0.5 0.8 ± 0.2
Telophase 2.3 ± 0.8 1.5 ± 0.4 1.0 ± 0.7 1.4 ± 0.4 0.9 ± 0.2

DFMO Prophase 1.4 ± 0.2* 2.2 ± 0.4* 2.5 ± 0.8 3.1 ± 0.8 3.6 ± 0.6*
Metaphase 0.6 ± 0.2* 0.7 ± 0.6* 1.0 ± 0.2 1.3 ± 0.3 1.1 ± 0.4
Anaphase 0.3 ± 0.1* 0.4 ± 0.2* 0.5 ± 0.2 0.5 ± 0.2 0.5 ± 0.1*
Telophase 0.3 ± 0.2* 1.1 ± 0.6 0.3 ± 0.1 1.1 ± 0.5 1.3 ± 0.4

CHA Prophase 1.4 ± 0.3* 1.4 ± 0.4* 2.2 ± 0.3* 2.1 ± 0.2* 3.0 ± 0.7*
Metaphase 0.9 ± 0.4* 0.7 ± 0.5* 1.0 ± 0.4 0.5 ± 0.2* 1.6 ± 0.4*
Anaphase 0.3 ± 0.2* 0.5 ± 0.4* 0.6 ± 0.2 0.1 ± 0.0* 0.8 ± 0.3
Telophase 0.8 ± 0.3* 1.1 ± 0.2* 0.8 ± 0.2 0.6 ± 0.1* 1.0 ± 0.7

MGBG Prophase 0.4 ± 0.1* 0.5 ± 0.2* 0.6 ± 0.2* 1.0 ± 0.4* 0.2 ± 0.1*
Metaphase 0.8 ± 0.5* 0.2 ± 0.2* 0.1 ± 0.1* 0.1 ± 0.1* 0.3 ± 0.2*
Anaphase 0.3 ± 0.2* 0.3 ± 0.0* 0.3 ± 0.1 0.1 ± 0.2* 0.1 ± 0.1*
Telophase 0.8 ± 0.4* 0.4 ± 0.1* 0.3 ± 0.1 0.2 ± 0.2* 0.2 ± 0.2*

*Significantly different from control values (P < 0.025).
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The percentage of aberration was found not related with the duration of applica-
tion but it carried with the treatment. The maximum variety of irregularities was
observed in Spd and DFMO treated root tips. Minimum abnormalities occurred in
Put treated root tips of A. cepa. Binucleate cells were produced in all treatments by
preventing the cytokinesis and the fusion of two nuclei in these cells was also

Fig. 3. Mitotic aberrations in the root tip cells of Allium cepa treated with PAs and polyamine biosyn-
thetic inhibitors: (A) Late anaphase with chromosome bridges; (B) binucleate cell; (C) metaphase in bi-
nucleate cell; (D) irregular shaped nucleus; (E) micronucleus; (F) giant nucleated cell, note the size

difference of nuclei



observed except Put and MGBG treated roots. Binucleate cells underwent second
mitosis (bimitosis) when they reached at a size nearly twice that of mononucleate
cells. But nuclear fusion was recorded in the smaller binucleate cells. Spd was found
to be the most effective PA in the formation of binucleate cells and bimitosis.

Giant nuclei were produced by two ways; nuclear fusion and endoreduplication.
The later was mostly resulted in the formation of giant nuclei occurring in all treat-
ments except MGBG. The average nuclear volume in the control root tips was found
approximately 500 μm3, and DFMO caused the highest increment (approximately
8000 μm3). Interphase cells with one or two micronuclei were also noticed in Put,
Spd, CHA and MGBG treated root meristems.

Mitotic irregularities caused variations in the shape and size of the nuclei. Most of
the cells contained spherical nuclei; some of the commonly observed types are angu-
lar, dumb-bell shaped, branched or lobed nuclei. Spd causing stickiness of chromo-
somes was the most effective abnormality in the formation of irregular shaped nuclei
(Fig. 3D). The nucleus was centrally located in control and in all treated roots tip
cells except Spd that caused the excentric location of nuclei.

DISCUSSION

Long-term exposure of onion root tips to three PAs (Put, Spd, Spm) and to three PA
biosynthetic inhibitors (DFMO, CHA, MGBG) showed that they all reduced the
division frequency and induced mitotic irregularities in various percentages, indicat-
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Table 3
Percentage of irregularities induced by polyamines and polyamine biosynthetic inhibitors

for 45 h in root tip cells of Allium cepa

Cell (%)
Mitotic aberrations

Control Put Spd Spm DFMO CHA MGBG

Binucleate cells – 1 12 10 6 11 7
Micronuclei – 1 2 – – 1 1
Endoreduplication – 8 10 10 28 15 –
Chromosome

bridges – 1 1 – – – –
Nuclear fusion – – 2 1 1 1 –
Stickiness – – 7 2 – – 1
Bimitosis – – 4 – 2 – –
C-mitosis – – – – 3 1 –
Irregular shaped

cells – – – – 16 – –
Irregular shaped

nuclei – – – 21 – – 61
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ing their genotoxic and cytotoxic effects. Spm and its biosynthetic inhibitor MGBG
were established as the most effective inhibitors in mitotic index.

Although PAs are found in high levels in actively dividing tissues, some inhibito-
ry effects of exogenously applied PAs have also been recorded [5, 6]. According to
these researchers, the inhibition of root growth in Spd treated maize seedlings is due
to the reduction of both the mitotic index and cell elongation. In Arabidopsis
thaliana, root elongation was stimulated by the treatment of only low concentration
of Put and inhibited by DFMO [18]. In oat protoplasts PAs (Cadaverine, Spd, Spm)
promoted mitotic activity and produced numerous binucleated cells [13]. Put slight-
ly increased the mitotic index while DFMO decreased it and they had mutagenic
effects by inducing chromosome bridges, fragments and laggards in barley root tips
[29]. PAs generally have stimulatory effects on mitosis by the regulating DNA syn-
thesis, but they show inhibitory effect in tissues rich in amine oxidases, suggesting a
possible involvement of the oxidation products [6, 13].

PA biosythetic inhibitors showed inhibitory effects on the mitotic division fre-
quency as compared with the control; however, DFMO and CHA inhibitions were
partially recovered in a time dependent manner. DFMO treatment affects cells by
reducing cellular polyamine levels (Put, Spd, Spm) resulting in reduced mitotic fre-
quency. These data fit with observations that polyamines are necessary for the G1/S
transition [23] or the progression through S phase [20]. Decreased polyamine con-
centrations would then be expected to decrease mitosis [1, 20]. However, partially
recovery of mitotic index inhibition were caused by DFMO may result of the S phase
prolongation. CHA, which is biosynthetic inhibitor of Spd, cause decrease in Spd and
Spm titer, beside that stimulates Put accumulation. CHA caused mitotic inhibition
may be partially recovered by the accumulation of Put [17]. MGBG, which is biosyn-
thetic inhibitor of Spd and Spm, may also cause an accumulation in intracellular free
Put titer, but this prooved to be irreversible because its extreme toxicity and profound
damaging effect on mitochondria [15].

The PAs can bind to DNA and associate with chromosomes at mitosis [11]. Sauvè
et al. [22] found that PAs play a role in mitotic chromosome condensation in human
breast cancer cells and there was an increased association of Spd with the nuclear
fraction in mitotic cells as compared with interphase cells. These data are in agree-
ment with the former study showing high Spd and Spm concentrations in mitotic
chromosomes [10]. We observed fully condensed sticky chromosomes in Spd and
Spm treated onion root tip cells in this study. Fully condensed chromosomes are one
of the toxic phenomena, probably leading to death of the cells [14].

It is also known that PAs are almost entirely cytoplasmic during interphase but
associate with chromosomes in mitosis [11, 12]. The close relation between PAs and
chromosomes elucidates the chromosomal abnormality observed in PAs treated
onion root tip cells. C-mitotic anaphase indicates that DFMO and CHA may act as
spindle inhibitors due to which all anaphase chromosomes lie on the metaphase plate
instead of moving towards to poles. Similarly, some growth regulators were report-
ed to induce pronounced c-mitotic affect, chromosome bridges, stickiness, micronu-
clei and endoreduplication, more generalized type of toxic effects [26].



The PAs and PA biosynthetic inhibitors used in this study induced the occurrence
of binucleate cells resulted by acytokinetic mitosis (Fig. 3C). These results suggest
the possible role of PAs and their biosynthetic inhibitors in the prevention of cell
plate formation in onion root meristems.

Ploidy in plants appears to be in the most frequent response to different types of
stimuli, both endogenous and exogenous. Endoreduplication caused the occurrence
of giant nuclei in quite high percentage in the onion root tips treated with PAs and
biosynthetic inhibitors except MGBG. The nature of the mitotic inhibitors inducing
endoreduplication in plants remains obscure [4]. The results of this study imply that
PAs and their biosynthetic inhibitors play a role on the occurrence of endoreduplica-
tion.

In conclusion, exogenously applied PAs and PA biosynthetic inhibitors caused
reduction in mitotic activity in the root tips of A. cepa, accompanied by abnormal
chromosomal behavior indicating their cytotoxic and genotoxic effects. Although
many results prove the stimulating effect of PAs on growth and developmental
processes in plants it is not clear whether PA, or their catabolites are responsible for
the effects [24]. When the level of PAs increases in the cell, the catabolisms of PAs
rise and degradation products such as hydrogen peroxide and aminoaldehydes show
their biological effects. However, there is an indication that the amines themselves
may be the toxic agents, although the mechanism is not clear. 
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