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ABSTRACT : Malathion is an organophosphate insecticide, one of a class of pesticides that are
highly toxic to vertebrates. Mammalian in vivo and in vitro studies of malathion show a pattern of
induction of chromosome damage. In this study, offspring aged 8 weeks from female Wistar albino rats
treated chronically with malathion were examined for chromosomal aberrations. The commercial grade of
malathion was applied at two doses, 500 and 1000 pl/I. The rats of the control group was fed with a normal
diet in pelleted form. Both male and female rats of treated groups had been fed with laboratory chow
combined malathion during one month as 6 consecutive day per week before mating. After mating, all
females were treated with malathion during pregnancy and until the end of the breast-feeding period. At
the end of the treatment, all offspring were killed by cervical dislocation and the organs such as liver,
kidney, brain, heart, and lung were excised, cleaned and weighed. The genotoxic effects of malathion were
evaluated by the rat bone marrow cytogenetic assay. It was showed that the liver/body weight ratio
increased as a result of malathion exposure. In offspring of rats treated with malathion; chromosomal
aberrations such as stickiness of chromosome, chromatide seperation, aneuploidy, dumbbell-shaped
polyploid nuclei, lobbed nuclei, and degenerated nuclei were observed. In conclusion, it is suggested that
malathion has some genotoxic effects in rats. Besides, it was observed that frequency of chromosomal
aberration increased as dose-dependent.
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MALATHION ILE BESLENMIS SICANLARIN DOLLERINDEKI
KROMOZOMAL ANOMALILER

OZ: Malathion, omurgalilar icin oldukca toksik bir pestisit siifi olan organik fosforlu
insektisitlerdendir. Memelilerle yapilan in vivo ve in vitro calismalar malathionun kromozomal sapmalari
indiikledigini gostermistir. Bu ¢alismada, kronik olarak malathiona maruz birakilmis disi Wistar albino
sicanlarin 8 haftalik yavrulari, kromozomal sapmalar bakimindan incelendi. Malathion preparati; 500 ve
1000 pl/llik iki ayri dozda uygulandi. Kontrol grubu si¢anlart pelet formundaki normal besinle beslendi.
Uygulama gruplarimin disi ve erkek sicanlart eslestirilmeden bir ay once, haftada 6 ardisik giin boyunca
malathionla kombine edilmig laboratuvar yemi ile beslendi. Eslesmeden sonra tiim disilere hamilelik
stiresinde ve siitle besleme doneminin sonuna kadar malathion uygulandi. Uygulama sonunda, tiim
yavrular servikal dislokasyonla oldiiriildii ve karaciger, bobrek, beyin, kalp ve akciger gibi organlar
ctkarilarak, temizlendi ve tartildi. Malathionun genotoksik etkileri, sican kemik iligi sitogenetik yontemiyle
degerlendirildi. Malathion ile muamelenin bir sonucu olarak, karaciger/viicut agirligi oranimin artmig
oldugu goriildii. Malathion uygulanan sicanlarin yavrularinda; kromozom yapismasi, kromatid ayrismast,
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aneuploidi, halter sekilli poliploid nukleus, loblu nukleus ve dejenere nukleus gibi kromozomal sapmalar
gozlendi. Sonug olarak, malathionun sicanlar iizerinde bazi genotoksik etkilere sahip oldugu saptandi.
Bunun yaminda, kromozomal sapmalarin frekansinin doza bagl olarak arttig belirlendi.

Anahtar Sozciikler: Organik fosforlu insektisit, malathion, genotoksik etki, kromozomal sapma, si¢an.

INTRODUCTION

Malathion is one of the most widely used organophosphate insecticides and
one of a class of pesticides that are highly toxic to vertebrates and are chemically
related to nerve gases used during World War II (Armstrong, 1990). So, its
widespread use makes potential exposure high for nontarget organisms. Contributing
to its popularity is malathion’s relatively low acute mammalian toxicity. But, like
DDT and other pesticides that have been found to cause irreparable damage to human
and environmental health, malathion may pose a greater risk than the product label.
Malathion has a legacy of serious problems such as mutagenicity, carcinogenicity,
negative health effects to humans and animals, damaging to nontarget organisms, and
containing highly toxic impurities (Brenner, 1992). Mammalian in vivo and in vitro
studies of malathion show a pattern of induction of chromosome damage, as measured
by chromosome aberrations, sister chromatid exchanges, and micronuclei (Flessel et
al., 1993).

In this study, malathion was examined for its ability to induce chromosomal
aberrations in the bone marrow cells of the Wistar albino rats in vivo. The aim of this
study was to evaluate the effects of malathion on chromosomes in offspring of rats.

MATERIALS AND METHODS
Animals and treatment

The protocols were approved by the Animal Ethical Committee of Ege
University, Faculty of Medicine. Adult male (n= 10) and female (n= 20) Wistar
albino rats (100-150 g) were obtained from Ege University, Faculty of Medicine,
Center for Animal Breeding. All animals received 10 days acclimatization before
starting experimental procedure. The males and females were assigned randomly to
either the unexposed control group or malathion-exposed groups and housed
individually in labeled cages until mating. Animals were housed in cages (19x19x12
cm) with solid plastic sides and stainless-steel grid tops and floors in a room designed
for control of temperature (approximately 21+ 1°C ), humidity ( 45-75%) and 12 hour
light/ dark cycle. Animals of the control group (n=15) were orally fed daily with a
normal diet in standard laboratory pellet, while animals of the treatment group (n=
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15) were fed with laboratory pellet food combined 500 and 1000 ul/l malathion. Both
male and female rats had been fed with laboratory pellet food combined malathion
during one month as 6 consecutive day per week before mating. Tap water was also
available ad libitum. Food and water were changed daily (Francis et al., 1990).
Commercially available malathion was used in this study.

Mating

During mating period, one male was housed with 2 females. Females were
assigned randomly in pairs to each male for the required mating period. After mating,
males and females were housed individually and then all females were treated with
malathion during pregnancy and until the end of the breast-feeding period.

Post-mortem examination

At the end of the experiment, 10 offspring from each group which were
assigned randomly were sacrificed by cervical dislocation and the organs were
excised, cleaned and weighed. The genotoxic effect was evaluated by the bone
marrow cytogenetic assay (Macgregor and Valey, 1988).

Chromosome preparation

After 4 hours before being humanely killed, animals were given 1 ml/kg of 1
mg/ml colchicine (Sigma C-9754) by intra-peritoneal injection. At post-mortem, bone
marrow was aspirated from the femur into 8 ml 0.075 M KClI and cells were swelled
by Pasteur pipette. The cell suspension was incubated at 37 °C for 20 mins. The cells
were centrifuged (600 rpm for 6 mins) and the supernatant was removed. After
centrifugation, cells were suspended in a 7 ml fixative (3:1 methanol: glacial acetic
acid). Tubes with cell suspension were kept at +4 °C overnight. The fixative was
changed for 4 times after centrifugation (1200 rpm for 5 mins). Slides were prepared
by air-drying method. The slides were stained in 8.5 ml 5% Giemsa (in 1.5 ml
ammonium hydroxide and 90 ml distilled water) and mounted in Canada balsam. Five
slides were prepared for each animal.

Statistical analysis
Statistical analysis was performed using SPSS 6.0 for windows software. #-

test was used to determine the presence of significant differences among test groups
for the liver/ total body weight ratio (Snedecor and Cochran, 1968).
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RESULTS AND DISCUSSION

At post-mortem examination of offspring’s organs, no morphologic
abnormalities were observed, but there was an increase in the liver/body weight ratio
(p< 0.05) of treatment groups when compared with that of controls. However, only
the increase in liver/body weight ratio of offspring of 1000 ul/l malathion treated rats
appeared significant. When compared with an unexposed control group, no change
was determined in kidney, brain, heart, and lung weight of treatment groups. The
liver/body ratio, the mean of the body and the liver weights of rats in the control
group and the malathion-exposed groups is shown at Table 1. Observed increases in
the liver/body weight ratio of offspring may be related to the increase of normal
physiological function of liver in the detoxification of malathion. In most cases, liver
weights generally increase in poisoning chronically with pesticides (Akay et al.,
1990). In laboratory animals, malathion exposure has caused increased liver and
kidney weights (Anonymous, 1990) and changes in the liver and blood sugar levels
(Gowda et al., 1983, Balasubramanian et al., 1990).

Table 1. Total body, liver weight (g) and liver/total body weight ratio (X £ SEM).

Treatments Total body Liver Liver/body
Control 68.99 + 1.05 3.22+1.45 0.047
500 ppm 45.04+2.72 2.25+0.31 0.049
1000 ppm 54.75 £2.76 3.30+0.12 0.060%*

** gtatistically significant at p=0.05 level.

Maternal exposure to malathion (when mothers treated with 500 pl/l
malathion) caused chromosomal aberrations such as, stickiness of chromosome
(Figure 1b), chromatide seperation (Figure 1c), dumbbell-shaped polyploid nuclei
(Figure 1d), lobbed nuclei (Figure le), and degenerated nuclei (Figure 1f) in the
offspring. Moreover, aneuploidy was also determined in this study. In case of
aneuploidy, the numbers of chromosomes were 2n=40.44 (Figure 1g, h), while the
control rat’s chromosome numbers were 2n= 42 (Figure la). In offspring of rats
treated with 1000 pl/l malathion, chromosomal aberrations such as, stickiness of
chromosome (Figure 2a), aneuploidy (2n=32.36) (Figure 2b, c), dumbbell-shaped
polyploid nuclei (Figure 2d), lobbed nuclei (Figure 2e), and degenerated nuclei
(Figure 2f) were observed. Rarely, normal mitosis stages were also observed. The
percentage of normal mitosis and aberrations in offspring of rats treated with 500 and
1000 pl/1 malathion were shown in Table 2.
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Table 2. The percentage distribution of normal mitosis and chromosomal aberrations.

Total chromosomal aberration (%) -
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In offspring of rats treated with 500 pl/l malathion, the number of normal
mitosis stages was much more than that of offspring of rats treated with 1000 pl/I
malathion. It was observed that there were much more degenerated nuclei in offspring
of rats treated with 1000 pl/l malathion than offspring of rats treated with 500 pl/1
malathion. The number of sticky metaphase, dumbbell-shaped polyploid nuclei and
lobbed nuclei were about similar in both doses. Chromatide seperation was only
detected in 500 pl/l. Aneuploidy was rarely observed and so the percentage of it was
the least in both doses (Table 2).

The results obtained from the present study are suggested that malathion has
some genotoxic effects like chromosomal aberrations in rats. Cytogenetic assays such
as the chromosome aberration assay can be used as a reliable biomarker for cellular
damage and adverse health risk (Hagmar et al., 1994; Bonassi et al., 1995). Therefore,
this biomarker can be used as a mechanistic link between exposure and disease
outcome (William et al., 1999). At the end of the present assay, increases in
chromosome aberrations were detected in bone marrow cells of offspring of rats
chronically treated with malathion. In mice, malathion (30 mg kg’ body wt.) has
caused chromosomal aberrations 24 hour after intra-peritoneal injection (Amer et al.,
1996). Similarly, statistically significant increases of chromosomal aberrations in
bone marrow cells of mice have occured after dermal treatment of malathion (500 and
2000 mg/kg body wt.) (Salvadori et al., 1998). Malathion is mutagenic in human,
animal, and bacteria cells (Brenner, 1992). Frequencies of chromosomal aberrations
were significantly higher in cotton field workers exposed to malathion and other
pesticides (Rupa et al., 1989 a, b). Increased chromosome breaks and aberrations
occurred following acute malathion human poisonings (Van Bao, 1974) and in human
blood cells exposed to malathion (Herath, 1989; Garry, 1990). Malathion caused
sister-chromatide exchanges in human blood cells (Sharma and Sobti, 1987; Herath,
1989) and fetal cells (Nicholas et al., 1979). Malathion also caused mutations in
laboratory animals, including mice and hamsters. In some cases malathion induced
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genetic damage at doses far below acutely toxic levels. Moreover, malathion was also
associated with birth defects in domestic and laboratory animals (Brenner, 1992).

Figure 1. a: Control, chromosomal aberrations. b: Stickiness of chromosome. c:
Chromatide seperation. d: Dumbbell-shaped polyploid nucleus. e: Lobbed
nucleus. f: Degenerated nucleus. g: Aneuploidy (2n= 40). h: Aneuploidy

(2n=44).
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Figure 2. a: Stickiness of chromosome. b: Aneuploidy (2n=32). c: Aneuploidy
(2n=36). d: Dumbbell-shaped polyploid nucleus. e: Lobbed nucleus. f:
Degenerated nucleus.

To conclude with, it can be suggested that the results obtained from the
present study are indicative of a detrimental influence of malathion upon a
mammalian species.

105



ANADOLU 11 (2) 2001

LITERATURE

Akay, M. T., G. Yilmazoglu, P. Keskin, and D. Kolankaya. 1990. Biological activity
in rats of bound residues of malathion in stored wheat grains. Tr. J. of Zoology
14: 167-173.

Amer, S. M., M. A. Fahmy, and S. M. Donya, 1996. Cytogenetic effect of some
insecticides in mouse spleen. J. Appl. Toxicol. 16 (1): 1-3.

Anonymous. 1990. Summary of toxicological data: Malathion. California Department
of Food and Agriculture. Medical Toxicology Branch, Sacramento, CA.

Armstrong, D. 1990. Malathion’s deadly legacy. Z magazine, (April).

Balasubramanian K., P. H. Ananthanarayanan, and A. Balasubramanian. 1990. Effect
of malathion administration on adrenal function in male albino rats. Med. Sci.
Res. 18 (4): 129-130.

Bonassi, S., A. Abbondandolo, L. Canurri, L. Dal Pra, M. de Ferrari, F. Degrassi, A.
Forni, L. Lamberti, C. Lando, and P. Padovani. 1995. Are chromosome
aberrations in circulating lymphocytes predictive of future cancer onset in
humans? Cancer Genet. Cytogenet. 79: 133-135.

Brenner, L. 1992. Malathion fact sheet. Journal of Pesticide Reform, 12 (4): 1-17,
Northwest Coalition for Alternatives to Pesticides, Eugene, OR.

Flessel, P., P. J. Quintana, and K. Hooper. 1993. Genetic toxicity of malathion.
Environ. Mol. Mutagen. 22 (1): 7-17.

Francis, A. J., D. Anderson , J. G. Evans, P. C. Jenkinson, and P. Godbert. 1990.
Tumours and malformations in the adult offspring of cyclophosphamide-

treated and control male rats-Preliminary Communication. Mutation Research.
229, 239-246.

Garry, V. F. 1990. Preparation for human study of pesticide applications: sister
chromatide exchanges and chromosome abberrations in cultured human
lymphocytes exposed to selected fumigants. Terato. Carcino. Mutato. 10: 21-
29.

Gowda, H., R. P. Uppal, and B. D. Garg. 1983. Effect of malathion on adrenal
activity, liver glycogen, and blood glucose in rats. Indian J. Med. Res. 78: 847-
851.

106



	11-2
	Microsoft_Word_-_ANAKAPAK2001-2
	366r_2001-2
	Microsoft_Word_-_ICINDEKILER2001-2
	Microsoft_Word_-_1-ANA320_son
	Microsoft_Word_-_2-ANA335
	Microsoft_Word_-_3-ANA264SON
	Microsoft_Word_-_4-ANA292
	Microsoft_Word_-_5-ANA318
	Microsoft_Word_-_6-ANA309
	Microsoft_Word_-_7-ANA269
	Microsoft_Word_-_8-ANA291
	Microsoft_Word_-_9-ANA302
	Microsoft_Word_-_10-ANA325


