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Summary The effects of the food preservatives potassium metabisulphite (PMB) and potassium
nitrate (PN) have been studied on root tips of A/lium cepa L. (variety Kantartopu-3). Roots of 4.cepa
were treated with a series of concentrations, ranging from 50 ppm to 100,000 ppm for 3, 6, 12, 24
and 48 h. Examinations of roots were done in permanent root tip squash preparations stained by the
Feulgen technique. PMB and PN effect on the relative duration of each mitotic stage as compared
with the control. They are also caused reduction in the mitotic index, indicating mitotic inhibition
and increased frequency of abnormal mitosis.

The type of abnormalities induced are chromosome stickiness, c-metaphase, anaphase and
telophase bridges, disturbed chromosomes of anaphase and telophase stages, anaphase lagging and
forward chromosomes at anaphase and telophase and micronuclei formation at intephase cells.

Key words Potassium metabisulphide, Potassium nitrate, Food preservative, Chromosome abnor-
malities.

The population of the word is increasing everyday. Therefore it is essential to find new food
sources and ways to make productive use of these food sources. Many methods have been devel-
oped storing food for long periods and also many chemical substances have been used for the
preservation of food, as an antimicrobial agents. It has been reported many of chemicals are geno-
toxic effects in different test systems (Gomiirgen 2000, Matsuoka et al. 1979, Luca et al. 1987) es-
pecially the antimicrobial agents (Mukherjee et al. 1982). Since 1983 when Levan used Allium test
for the first time, it has been the standard material for studying the effects of various chemical pol-
lutants on the chromosomes.

Food preservatives, sodium benzoate and sodium sulphite, inhibit DNA synthesis, induce
anaphase bridges and chromatin erosion in interphase nuclei in Vicia faba root (Nyagi and Gopalan
1982). Sasaki et al. (2002) determined the genotoxicity of 39 chemicals currently in use as food ad-
ditives mostly they induced DNA damage in gastro intestinal organs. Sorbic acid and its potassium
salt, sodium sorbate (Hasegewa ef al. 1984) and also potassium sorbate have induced sister chro-
matid exchanges in Chinese hamster cells (Abe and Sasaki 1977). Although fresh solution of sodi-
um sorbate and potassium sorbate did not induce sister chromatid exchange or micronuclei in bone
marrow cells of mice (Ishidate et al. 1984) and was not mutagenic in the salmonella/microsome
assay (Akin and Stimer 1991). Meng and Zhang (1992) stated that sodium bisulphate caused sister
chromatid exchanges and micronuclei in human blood lymphocytes in a dose-dependent manner.
Sodium metabisulphite, a food preservative, induced chromosome aberrations and sister chromatid
exchanges also decreased replication index and mitotic index in cultured human lymphocytes
(Renciizogullart et al. 2001a). Sodium metabisulphite significantly decreased mitotic index and in-
creased the mitotic abnormalities dose dependently in root tip cells of Allium cepa (Renciizogullari
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et al. 2001b). However there are many food preservatives whose genotoxic effects are unknown.

Potassium metabisulphite and potassium nitrate are used as preservative in various kinds of
food products. The Ministry of Health of Turkey (Anonymous 1990) has suggested that PMB and Potassi-
um nitrate may be used as 500 mg/kg. PMB is used as food preservative, to reduce discoloration of
light-colored fruits and vegetables, such as dried apples and dehydrated potatoes. It is also used in
wine-making because it inhibit bacterial growth but do not interfere with the desired development
of yeast (Saldamli 1985). Nitrate and nitrites have been used for centuries in curing and preserving
meat and fish. It is also used in the manufacture of certain cheeses (Binkerd and Kolari 1975).

The aim of this study was to investigate the cytogenetic effects and cytotoxicity of PMB and
PN in Allium cepa L. root tip cells.

Materials and methods

Bulbs of Allium cepa, variety Kantartopu-3 (2n=16) were used as plant test material. Bulbs
were placed in jars with their basal ends dipping in distilled water and germinated at room tempera-
ture (20£2°C). After 72 h, when the roots were 1.5cm in length, transferred to jars containing
potassium metabisulphide and potassium nitrate with a series of concentrations, ranging from
50 ppm to 100,000 ppm. The treatment was done for 3, 6, 12, 24 and 48 h. Root tips were fixed in
acetic alcohol (1 :3). Squashes were made by Feulgen technique. Root tips were hydrolyzed in 1 N
HCI for 10 min at 60°C. Slides were made permanent with Canada balsam. Three replicates were
performed for each treatment and the control and scoring was made from the 3 roots of each repli-
cate. The mitotic index (MI) was calculated for each treatment as a number of dividing cells/100
cells.

Cytological abnormalities documented with photomicrographs.

Results and discussion

The effects on MI and the frequency of mitotic phases are given in Tables 1 and 2 for the treat-
ment of PMB and PN respectively. MI was reduced as the concentration increased and the period of
treatment prolonged both the treated cells of PMB and PN. In roots treated with the highest concen-
trations (100,000 ppm) of PMB at all periods mitosis had completely ceased, so this concentration
did not show in Table 1. Same effect of PN at the highest concentration also observed, especially at
48 h treatment of PN at 10,000 ppm to 100,000 ppm concentrations there were no cell division but
at almost all of the cells nuclear vacuolation was determined (Fig. 1). Nucleolar vacuolation was
also observed on 100,000 ppm concentration of PN nitrate while at 48 h nucleolar vacuolation was
observed on 1,000, 50,000 and 100000 ppm concentrations.

MI reflects the frequency of cell division. The MI decreased with increased PMB and PN con-
centrations and treatment duration (Tables 1 and 3). The degree of mitotic inhibition is clearly dose
dependent. Mitotic activity was reduced as the concentration increased and the period of treatment
prolonged. Several other chemicals and food preservatives have been reported to inhibit mitosis
(GOmiirgen 2000, Bushra ef al. 2002, Renciizogullar1 ef al. 2001a, 2001b). Reduction of the mitotic
activity seems to be common effect of some food preservatives (Renciizogullar1 et al. 2001a,
2001b). Such a drop in the mitotic index indicates that PMB and PN interfere in the normal se-
quence of mitosis thus preventing a number of cells from entering prophase, state at interphase. Re-
duction in the mitotic activity could be due to inhibition of DNA synthesis (Schneiderman et al.
1971). Beu et al. (1976) also showed that exposing the root tips of Vicia faba to high concentration
of the herbicide, led to inhibition of DNA synthesis. This may suggest that PMB and PN may cause
inhibition of DNA synthesis.

The food preservatives PMB and PN caused a change in the frequencies of different stages.
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Table 3. Frequencies of different types of pro-metaphase, anaphase and telophase abnormalities after treat-
ing A. cepa root tips with different concentrations of potassium metabisulphite

% of metaphase abnormalites % of anaphase abnormalities % of telophase abnormalities
g 2 o e = E T E g
= e 2 & ©9v3 a e oS o o =} Y 2§ g5 ©
=5 = £ 5 BEZE 323 E8 % fiSy sz i Emit i
E = O& ©wE & AE=ZEANE AR <% <85<FEEEECEsEEEE =2
3hrs  control 0 0 0 0 0 0 0 0 o0 0 0 0 0 0 0
50 4 60 4 0 0 15 0 10 4 3 0 0 0 0 0
100 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0
500 44 13 0 0 0 0 0 31 0 12 0 0 0 0 0
1000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5000 73 0 0 0 0 0 0 9 0 0 0 0 0 0 18
10000 48 12 0 2 0 4 2 5 1 2 4 8 6 4 1
50000 0 76 0 5 0 0 0 10 0 0 0 0 0 0 9
6hrs  control 0 51 25 0 0 13 0 0 0 0 0 0 0 0 11
50 0 81 3 0 0 0 0 0 0 0 0 0 0 0 16
100 0 47 20 0 0 0 0 0 9 0 0 0 0 0 24
500 20 25 20 0 0 20 0 10 0 0 0 0 0 0 5
1000 79 0 17 0 0 0 0 0 0 0 0 0 0 0 4
5000 56 5 0 0 0 0 0 5 5 0 0 0 0 0 29
10000 33 7 12 0 3 1110 21 0 0 0 0 0 0 3
50000 0 14 0 0 0 39 0 25 0 0 0 0 0 0 22
12 hrs control 0 0 0 0 0 0 0 0 0 0 0 0 0 0
50 12 63 0 0 0 2 0 5 0 0 0 0 0 0 18
100 33 8 51 3 0 0 0 2 0 0 0 0 0 0 3
500 43 0 0 0 0 13 0 8§ 0 0 0 0 0 0 36
1000 67 0 0 0 0 0 0 33 0 0 0 0 0 0 0
5000 69 2 2 0 0 0 0 16 0 2 0 3 0 0 6
10000 35 4 14 4 4 6 9 15 0 0 2 4 0 0 3
50000 37 8 8 3 0 12 0 27 0 0 0 0 2 2 1
24hrs  control 0 0 0 0 0 0 0 0 o0 0 0 0 0 0 0
50 33 14 5 4 6 6 1 9 4 4 1 5 1 1 0
100 6 27 7 5 4 8 19 4 10 0 1 4 3 2 2
500 32 17 2 8 0 5 0 2 9 6 5 3 6 5 1
1000 41 23 4 5 6 0 0o 12 0 3 0 4 2 0 3
5000 39 27 5 4 0 0 4 2 0 1 1 5 5 7 6
10000 42 30 0 3 3 6 7 0 3 6 0 0 0 0 5
50000 37 36 14 13 0 0 0 0 o0 0 0 0 0 0 9
48hrs  control 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
50 22 28 7 0 0 0 0 9 0 0 0 8 0 0 26
100 3 32 3 0 0 16 0 11 0 0 0 3 0 0 32
500 51 0 0 0 0 0 0 0 0 0 0 0 0 0 49
1000 64 11 10 2 0 2 0 11 0 0 0 0 0 0 0
5000 68 7 2 0 0 8 0 7 2 0 0 3 0 0 3
10000 21 0 0 7 0 0 0 48 0 0 0 0 0 0 24
50000 33 6 0 0 0 0 0 38 0 0 0 6 0 0 17

Their frequencies depend on the duration of treatment and concentration of PMB and PN applied.

PMB and PN exerted a marked mitodepressive action on mitosis and induced a number of
chromosomal aberrations. The different kinds of chromosome aberrations were presented in Table 3
for PMB and in Table 4 for PN.

Late prophase appeared at the cells treated with PN while there was no abnormal prophase ap-
peared at the cells treated with PMB (Fig. 2).

The most common type of abnormality observed with all concentrations and periods of treat-
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Table 4. Frequencies of different types of pro-metaphase, anaphase and telophase abnormalities after treat-

ing A. cepa root tips with different concentrations of potassium nitrate

% of telophase

% of anaphase

% of pro-metaphase

abnormalities

abnormalities

abnormalities
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3 hrs control

50 60 20 0 O
35

100 32

6
16

18

4

500 44
1000

0
0

13 26 13
17 25
14

10

10

6
7
10

5000 35

14
14

11

18
14

10000 21
50000
100000

6hrs control

14

0

14
0
0

0

0

0
0
0

19 28

50 16 22
100 30 20
500 33
1000 43 27
5000
10000
50000
100000

12hrs control

11

17

0
0

13 31

10
45

14
18

8
10

18
9
0
0
0

61

16
45

18

25

0
32

17
27

8

6
13 39

50 47
11

100 23

0
14
5

500 22
1000

32

6

19

0

10 40

5000 25
10000
50000

100000

24hrs  control

0

0

1

3

0 46 26

0
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16
16

0

10

11 0

10 36
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50
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500

1000

29

7 34 11 2

19

12

16
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0

0
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5000 30
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50000
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48 hrs control

89

0
12

3
19

4

19
10
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0
12
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14

8

6
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3
3
13
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3
0
0
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0
0
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Figs. 1-8. Cytological abnormalities in the root tip meristems of A. cepa treated with PMB and PN;
1) nucleolar vacuolation, 2a) late prophase (PMB), 2b) late prophase (PN), 3a) c-metaphase
(PMB), 3b) c-metaphase (PN), 4a) Sticky metaphase (PMB), 4b) Sticky metaphase (PN),
5a) disturbed metaphase (PMB), 5b) disturbed metaphase (PN), 6a) metaphase with forward
chromosome (PMB), 6b) metaphase with forward chromosome (PN), 7a) anaphase bridge
(PMB), 7b) anaphase bridge (PN), 8a) disturbed anaphase (PMB), 8b) disturbed anaphase (PN).

ment was type of c-metaphase (Fig. 3) and sticky metaphase (Fig. 4). C-mitosis was observed at all
treated roots at PN concentrations and most of the PMB concentrations. C-mitosis was first de-
scribed by Levan (1938) in root tips of A.cepa L. as an in activated of the spindle followed by the
random scattering of the condensed chromosomes. C-metaphase abnormality was produced as a re-
sult of inhibition of spindle fiber formation. In this case it causes an arrest mainly at metaphase.
Such an arrest may be one of the causes for MI inhibition. These results are in an agreement with
the results obtained for those chemicals, which show an effect like colchicines, such as mercury
compounds (Ramel 1969) and Igran (El-Khodary et al. 1987).

Klasterska et al. (1976) and McGill et al. (1974) suggested that chromosome stickiness arises
from improper folding of the chromosome fiber into single chromatids and the chromosomes be-
come attached to each other by subchromatid bridges Chromosome stickiness reflects highly toxic
effects, usually of an irreversible type, probably leading to cell death. Stickiness is regarded as a
physiological effect exerted by PMB and PN in plants, which has been considered to affect the pro-
teins of the chromosomes. Stickiness of the chromosomes observed in this study can be interpreted
as the intercalation of the food preservative with DNA leading to entanglement of chromatin treads
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Figs. 9-17. Cytological abnormalities in the root tip meristems of A. cepa treated with PMB and PN;
9) fragment formation (PN), 10a) early anaphase (PMB), 10b) early anaphase (PN),
11a) anaphase with lagging chromosomes (PMB), 11b) anaphase with lagging chromosomes
(PN), 12a) anaphase with forward chromosomes (PMB), 12b) anaphase with forward chromo-
somes (PN), 13) anaphase bridges with forward chromosomes (PN), 14a) tetrapolar anaphase
(PMB), 14b) tetrapolar anaphase (PN), 15) telophase with forward chromosome (PN),
16) telophase with laggard chromosome (PN), 17a) telophase with bridge (PMB), 17b)
telophase with bridges (PN).

(McGill et al. 1974). Similar results with the chromosomal stickiness of metaphase stage were ob-
tained after treatment with the insecticide (Amer and Farah 1985). The other metaphase abnormali-
ties were observed as disturbed (Fig. 5) and forward metaphase (Fig. 6).

Nine anaphase abnormalities in root tips of 4. cepa which treated with PN (Table 4) and seven
anaphase abnormalities on PMB (Table 3) were observed. In the present study most common
anaphase abnormalities were anaphase bridges (Fig. 7) and disturbed anaphase (Fig. 8) at both of
the food preservatives. Chromosome bridges may be due to the chromosomal stickiness and subse-
quent failure of free anaphase separation or may be attributed to unequal translocation or inversion
of chromosome segments. This type of abnormally was observed also in the mitosis of Vicia faba
after treatment with insecticide (Amer and Farah 1985). Disturbed anaphase observed at all time
periods and all concentrations on the root tip cells of 4. cepa, which treated with PN. While this
kind of abnormalities rarely observed at the cells of treated with PMB (Tables 3 and 4). Disturbed
metaphase and anaphases may be due to the disturbance of the spindle apparatus. Fragment forma-
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19a 19

Figs. 18-19. Cytological abnormalities in the root tip meristems of A. cepa treated with PMB and PN;
18a) tetraploid c-metaphase (PMB), 18b) tetraploid c-metaphase (PN), 19a) micronucleus
(PMB), 19a) micronuclei (PN).

tion was observed rarely according to the anaphase bridges (Fig. 9). The other anaphase abnormali-
ties are early anaphase (Fig. 10), laggings (Fig. 11) and forwards (Fig.12), anaphase bridges with
forward chromosomes (Fig. 13), tripolar tetrapolar and multipolar anaphases (Fig. 14). These irreg-
ular spreading of chromosomes may be attributed to the disturbance of spindle apparatus. Lagging
and forward chromosomes induced. These food preservatives are acting only on spindle apparatus
resulting in scattered anaphases and laggard and forward chromosomes.

Three types of telophase abnormalities were recorded. These are chromosome forwards (Fig.
15) and laggards (Fig. 16), bridges (Fig. 17) and tetraploid c-metaphase (Fig. 18).

In addition to the above-mentioned type of abnormalities, interphase cells with micronuclei
(Fig. 19) were observed; such micronuclei may originate from lagging chromosomes, which were
observed in the mitotic stages (Tables 3 and 4). As a rule, micronuclei formation is the result of
acentric fragments or laggards being excluded from the nucleus proper during mitosis (Ma et
al.1995).

Potassium metabisulphite and potassium nitrate has been found to be mitotoxic as the mitotic
index decreases with the increase in the concentration of the food pereservative and the treatment
period. In higher doses it was found to have more deleterious effects. Both food preservatives in-
duced a number of chromosome aberrations especially PN. The most pronounced effect was the
colchicines type action resulting in the formation of c-metaphase figures, which indication of spin-
dle fibers. A number of other abnormalities are the result of this action in the spindle fiber. These
are chromosome lagging and forwards, anaphase and telophase bridges and micronucleated inter-
phase cells. Chromosomal aberrations induced by PMB and PN are similar to aberrations induced
by other food preservatives (Meng and Zhang 1992, Renciizogullar1, 2001). Chromosomal aberra-
tions have been considered as reliable indicators of mutagenic activity by Mohandas and Grant
(1972). So we can state that such chromosomal irregularities may have clastogenic effect of their in-
ducers. For this reasons it is necessary to be careful when using PMB and PN as a food preservatives.
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