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The cytogenetic effect of the insecticide m etham idophos (0,S-dimethylphosphoroamidothiol- 
ate) was studied in mouse bone marrow and mouse spleen cells in culture. In vivo  the ability of 
methamidophos to induce micronuclei and sisterchromatid exchange in mouse bone marrow was 
investigated. In vitro mouse spleen cells in culture were used to assess the ability of the insecticide 
to induce chromosomal aberrations and sister chromatid exchange.

Three different routes of application for the pure insecticide were tested so as to cover the 
different possibilities for human exposure to the insecticide. Intraperitoneal, oral and dermal 
treatment with methamidophos caused toxicity to marrow as indicated bv a significant increase in 
the percentage of polychromatic erythrocytes (PEs) over that of the control.

Methamidophos showed mutagenic potential as evidenced by a positive response in the micro­
nucleus and chromosomal aberrations assays. Thus, single and multiple i.p. injections at 6 and
4.5 mg methamidophos/kg body w t., oral administration o f the insecticide for 14 consecutive days 
at a dietary level of 100 ppm and multiple dermal treatments (total 4) with 24 mg/kg body wt. 
induced a statistically significant increase in the frequency of PEs with micronuclei in mouse bone 
marrow. M oreover, the tested concentrations o f m etham idophos as low as 0.25 ng/ml induced a 
high percentage of metaphases with chromosomal aberrations in cultured mouse spleen cells.

M ethamidophos is a weak inducer of SCEs in mouse bone marrow and cultured mouse spleen 
cells.

The organophosphorous insecticide and acaricide 
m etham idophos (0,S-dimethyl phosphoroam idothio- 
late, m arketed  under the nam e m onitor or tam aron 
is a chemically simple com pound with a broad spec­
trum  of insecticidal activity [1].

In Egypt m etham idophos is widely used to control 
pests which attack different crops e.g. co tton , to ­
m ato, potato  broad bean, and soyabean (Program  of 
pest control, M inistry of A griculture, A .R .E , 1972/ 
1973-1980/1981).

Interest in the toxicology and pharm acology of 
m etham idophos was stim ulated following the obser­
vation that a com bination of m etham idophos and 
gusathion caused serious illness of 3000 agricultural 
workers in Egypt in 1976 with a fatality rate of 1%
[2], The toxic effect of the pure insecticide in mice
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was found to be m ore pronounced when the insecti­
cide was ingested than when applied derm ally or in- 
traperitoneally , and caused a progressive inhibition 
of bo th  erythrocyte and plasma Cholinesterase activi­
ty [3].

In the present investigation the cytogenetic effect 
of the insecticide was studied in vivo and in vitro. In 
vivo  the ability of m etham idophos to induce m icro­
nuclei and sister chrom atid exchange in m ouse bone 
m arrow  was investigated. In vitro m ouse spleen cells 
in culture were used to assess the ability of the insec­
ticide to  induce chrom osom al aberrations and sister 
chrom atid  exchange.

Materials and Methods

In vivo studies 

The m icronucleus test

R andom -bred white Swiss mice aged 6 —8 weeks 
w ere used. The source of mice is the Egyptian O r­
ganization for Biological and Vaccine Production- 
A gouza. The mice used for any one experim ent were 
selected  from mice of similar age ( ± 1  week) and 
w eight ( ± 2  gm). Both male and fem ale mice were
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used, since, differences in sensitivity am ong animals 
of different age or sex were not dem onstrable [4],

M etham idophos used in this study was synthesized 
by the L aboratory  of Organic Chem istry, N ational 
R esearch C entre and kindly given by Prof. D r. S. M.
A . D . Zayed, H ead  of the Laboratory.

T hree different routes of application for the pure 
insecticide were tested  so as to cover the different 
possibilities for hum an exposure to the insecticide.

a) In traperitoneal treatm ent

Each dose was dissolved in 0.1 dimethyl sulph- 
oxide (D M SO ). The doses were 4 —5 and 6 mg 
m etham idophos/kg body weight. Mice were injected 
once with 6 mg m etham idophos/kg body wt. and 
killed one, two and seven days after injection. For 
repeated  trea tm en t, injections were perform ed twice 
weekly with 4.5 mg m etham idophos/kg body weight. 
M ice w ere killed 24 h after the last treatm ent. A  
group of mice received multiple injections (total of 3) 
was left to recover for 14 days. C ontrol animals re ­
ceived 0.1  ml dim ethyl sulphoxide only.

b) O ral treatm ent

M ice received standard  rat chow (comm ercial 
nam e: N ahi) containing two levels of the insecticide, 
50 and 100 ppm . D ietary  concentrations of the insec­
ticide w ere p repared  by thoroughly mixing the calcu­
lated  am ount of the insecticide in 5 ml pure acetone 
(Spectroscopic grade) with the chow. A cetone was 
allowed to evaporate at room  tem perature for 24 h 
before the diet was consum ed. Samples were taken: 
one day, 7 days and 14 days after the treatm ent. A  
group of mice trea ted  for 14 days was left to recover 
for two weeks.

c) D erm al trea tm en t

Two doses of the insecticide 12,24 mg/kg body 
weight were applied as a solution in 0.1 ml D M SO  
on a preshaved part of the back of the animal (about 
2 cm 2). A pplications were perform ed twice weekly 
over a period of two weeks. Mice were killed 24 h 
after the last treatm ent. Controls received the 
solvent only. A  group of animals received m ultiple 
treatm en ts (total 4) was left to recover for another 
2 weeks.

A nim als were housed in cages and received rat 
chow (com m ercial nam e, Nahi). Food consum ption 
and m ortality  were observed in all treatm ent groups,

grow th of mice was evaluated on the basis of rate of 
increase in body weight gain and was determ ined at 0 
and sam pling tim es.

The bone m arrow  from  both fem ora was flushed 
into a test tube containing calf serum  (3 ml) and then 
centrifuged at 1500 rpm . From  the pellet, smears 
w ere m ade on slides and the air-dried preparations 
w ere stained by the M ay-G rünwald-Giem sa m ethod
[5]. For each m ouse, 2 or 3 slides were prepared. 
M icronuclei w ere counted in polychrom atic erythro­
cytes only. M icronuclei were identified as dark-blue- 
staining bodies in the cytoplasm  of polychrom atic 
erythrocytes (PEs). The results are expressed as the 
average num ber of m icronucleated PEs/100 PEs 
(% ). A bou t 6000 nucleated cells including PEs were 
analysed per anim al. Since the insecticide response 
did not indicate large variations between individual 
anim als o r sexes, data  from  anim als within a particu­
lar dose group were pooled (com pare [6]).

T he ratio  of PEs to  nucleated cells was determ ined 
and expressed as the percentage of PEs/100 nucle­
ated  cells. D oses that induced a statistically 
significant increase in the percentage of PEs over 
th a t of the control were considered to cause m arrow 
toxicity (com pare [7—10]).

S tatistical evaluation

T he significance of the difference between experi­
m ental and control data was calculated using differ­
ences betw een 2 proportions [11] for % PEs/nucle- 
a ted  cells and the tables of K astenbaum  and Bow­
m an [12] for polychrom atic erythrocytes with micro­
nuclei. The calculations were m ade using a com puter 
program  in the Institute of Statistical Studies and 
R esearch , C airo U niversity.

Sister chrom atid  exchange

The experim ental procedure was conducted in ac­
cordance with the protocol of A llen [13] with some 
m odifications.

R andom -bred , m ale, Swiss mice, aged 3—4 
m onths and weighing 3 0 -4 0  gm, were used. The 
used doses w ere: 4,6 and 8 mg m etham idophos/kg 
body weight.

B rdU  (Sigma) tablets weighing approxim ately 
55 ±  2 mg were placed subcutaneously. Mice were in­
jected  in traperitoneally  with the insecticide solution 
in distilled w ater 8 h following B rdU  treatm ent. 
C ontrol mice were injected with distilled water. Mice
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were injected with colchicine (0.6  mg/kg body w t.)
2 h prior to killing.

The bone m arrow  from  both fem ora was flushed 
into a test tube containing phosphate buffered saline, 
0.075 m  KC1 was added. The cells were fixed in 
m ethanol: acetic acid (3:1). The cell suspension was 
dropped on dry slides which were stained with 
H oechst 33258 dye then rinsed in distilled w ater and 
subjected to U .V . light and incubated for one hour in 
2 x S S C  buffer at 60 °C. Staining followed in 7%  
G iem sa dye (G urr im proved R 66 bio/m edical 
specialities, Box 1687, Santa M onica, Calif. 90406 
U SA ) in 0.06 m  phosphate buffer pH  6 .8 .

Only cells with well spread chrom osom es w ere 
selected for scoring, 40 m etaphase spreads per ani­
mal were exam ined microscopically for SCEs, 200 
m etaphase spreads were scored from  each trea tm en t 
and 120 m etaphase spreads from  the controls.

Evaluation of the differences in m ean SCE fre ­
quencies between trea ted  and control groups was 
m ade using the t-test.

In v itro  stu d ies  

Cell culture

The spleen was washed with RPM I m edium  cut in 
small pieces, and the cells were centrifuged at 
1000 rpm  for 10 m inutes. Spleen cells at a concentra­
tion of 2 x  105 were cultured in plastic tissue culture 
dishes (falcon) containing, RPM I 1640 m edium  plus 
10% faetal calf serum , antibiotics (10 0  units/m l of 
penicillin and 100 ^ig/ml of streptom ycin) and 2 |ag/ml 
concanavalin A , and were m aintained in 5%  C 0 2 
incubator at 37 °C.

Toxicity

Toxicity was m easured as the loss in growth po ten ­
tial of the cells induced by 4-h exposure to  the test 
article followed by a 24-h expression period in 
growth m edium  [14],

Spleen cells, 16 h old, were exposed to a wide 
range of m etham idophos concentrations ranging 
from  10-7 m  to  10-3 m  for 4 h. A fter tha t the m edium  
was rem oved, then the cells were left to grow in fresh 
m edium  for another 20 h. The num ber of viable cells 
was estim ated using Trypan Blue (a vital stain) and 
N eubauer C ham ber. The percentage of dead cells 
was determ ined from three separate experim ents for 
each concentration of the insecticide.

C hrom osom al aberrations

Spleen cells were exposed to  four different con­
cen trations of the insecticide for 4 h. The used con­
cen trations w ere: 0.25, 0.50, 1.00 and 2.00 (jg/ml. 
Colchicine was added to the cell culture 2 h prior to 
harvesting. The cell pellet was suspended in 0.075 m  

KC1 at 37 °C for 20 m inutes. The cells were fixed in 
m ethanol acetic acid (3:1), dropped onto dry slides, 
air-dried and stained by G iem sa in phosphate buffer 
(pH  6 .8 ). T hree separate experim ents were con­
ducted  using each concentration of the insecticide.

S ister-chrom atid exchange

B rdU  was added at the time of culturing the cells.
_______ 11 ____ 1 ^ . . . _____  ____ A. . . .  -  A. .  -1 M -  -* 1 - * * .1 11 lie ecu LU11U1C5 WC1C UCCllCU Willi LUC 111SCL« llClUdl

solution for the last 4 h. The used doses were: 0.25, 
0.50, 1.00 and 2.00 |ig m etham idophos/m l. C ontrol 
cultures w ere trea ted  with distilled w ater. Two hours 
before cell harvesting, colchicine was added. H ypo­
tonic trea tm en t, fixation of the cells and chrom o­
som e preparations were m ade by the standard  air- 
drying technique previously described.

A  separate  experim ent was conducted using 
m itom ycin C , as a positive control, dissolved in 
distilled w ater at a final concentration of 0.15 |im .

Two separate experim ents were conducted using 
each dose. Twenty-five cells per culture were ana­
lyzed for S C E ’s/cell (50 cells per dose).

Results

In v iv o  s tu d ie s

T he m icronucleus test

a) In traperitoneal treatm ent

The percentage of PEs increased significantly one 
and two days after injection of mice at 6 mg 
m etham idophos/kg body wt. then returned  to  the 
norm al value 7 days after cessation of the trea tm en t 
(Table I).

M ultiple treatm ents (total of 3 injections) at
4.5 mg m etham idophos/kg body wt. for each injec­
tion over a period of 2 weeks caused a significant 
increase in the percentage of PEs over the period of 
trea tm en t indicating m arrow  toxicity. W hen the 
trea ted  mice were left to  recover for two weeks 
the percentage of PEs was found to be norm al 
(Table II).

Signs of acute toxicity which consisted of trem ors, 
abnorm al irregular m ovem ents and reduction of
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Table I. Percentage of polychromatic erythrocytes (PEs) and PEs with micronuclei in mouse bone marrow after single 
intraperitoneal injection at 6 mg/kg body wt. of m etham idophos in DM SO .

Treatment Number Number of counted Maximal and PEs PEs with
of nucleated cells minimal number of micronuclei
mice +  PEs PEs/animal % %

1 day 
Control^ 2 12605 511

505
8.1 0.79

Methamidophos 3 18735 716
705

11.4** 1.9*

2 days 
Control 2 12138 493

491
8.1 0.81

Methamidophos 3 19336 881
834

13.2** 2.1**

7 days 
Control 2 12238 497

488
8.1 0.91

Methamidophos 3 18009 490
469

7.9 1.04

A Control animals received 0.1 ml DM SO. 
* Significant at 0.05 level.

** Significant at 0.01 level.

Table II. Percentage of polychromatic erythrocytes (PEs) and PEs with micronuclei in m ouse bone marrow after repeated intra- 
peritoneal injection at 4.5 mg/kg body wt. of m ethamidophos in DM SO.

Treatment Number
injections

Mice killed 
after (h)

Number
of
mice

Number of counted Maximal and 
nucleated cells minimal number of 
+  PEs PEs/animal

PEs

%

PEs with 
micronuclei
%

ControlA Single injection 24 2 12247 515
505

8.3 0.98

Methamidophos 3 18505 694
631

10.7** 1.5

Control Total of 2 
injections

24 2 12089 529
489

8.4 0.88

Methamidophos 3 18273 772
758

12.6** 1.74*

Control Total of 3 
injections

24 2 12093 525
521

8.7 0.76

Methamidophos 3 18084 900
835

14.4** 1.73*

Control Total of 3 
injections

14 days 2 12092 496
491

8.2 0.91

Methamidophos 3 18774 555
486

8.4 1.08

A Control animals received 0.1 ml DM SO.
* Significant at 0.05 level.

** Significant at 0.01 level.
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Fig. 1. Percentage of (PEs) in mouse bone marrow after 
oral treatment with various concentrations of 
methamidophos.

fected a significant increase in the frequency of mi­
cronucleated  PEs over tha t o f the control (Table II).

b) O ral trea tm en t

A dm inistration  of m etham idophos for 14 consecu­
tive days at dietary levels of 50 and 100 ppm  affected 
a significant increase in the percentage of PEs over 
tha t of the control. H ow ever, the percentage of PEs 
attained the norm al value two weeks after cessation 
of the trea tm en t (Fig. 1).

G roups of mice receiving dietary levels of 50 and 
100 ppm  m etham idophos for two weeks showed de­
crease in initial body wt. and no m ortality was ob ­
served.

\  r T  t 1 * r ̂  1 r \ f  1 O D  r>  +~\ n* * t u v  u i o v v t i w . u v

caused increase in the percentage of PEs with m icro­
nuclei after trea tm en t for 7 and 14 days, such 
percentage was found to  be statistically significant 
(Table III).

body wt. were observed following the treatm ent with 
the higher dose and the second injection with the 
low er dose and no m ortality was observed.

A  significant increase in the frequency of PEs with 
m icronuclei was observed one and two days after the 
trea tm en t (Table I). R epeated  trea tm en t (total of
3 injections) at 4.5 m etham idophos/kg body wt. af-

c) D erm al trea tm en t

T reatm ent of mice with 12 and 24 mg 
m etham idophos/kg body wt. caused a significant in­
crease in the percentage of PEs over that of the con­
trol 7 and 14 days after the treatm ent. W hen the 
trea ted  mice w ere left to  recover for two weeks, the 
percentage of PEs was found to be norm al (Fig. 2).

Table III. Percentage of polychromatic erythrocytes (PEs) with micronuclei in m ouse bone 
marrow after oral treatment with various concentrations of methamidophos.

Period o f treatment Period of
recovery
(days)

Number
of
mice

Number of 
PEs

Micronucleated
PEs
No.

PEs with 
micronuclei 
[%]

24 hours 
Control

00
2 991 8 0.81

50 ppm 2 1102 14 1.3
100 ppm 3 1707 25 1.5

7 days 
Control

00
2 968 8 0.83

50 ppm 2 1193 16 1.34
100 ppm 3 1957 36 1.84*

14 days 
Control

00
2 1003 9 0.89

50 ppm 2 1224 21 1.7
100 ppm 3 1898 40 2.11*

14 days 
Control

14
2 961 9 0.94

50 ppm 2 1039 11 1.1
1 OH r>nm 3 1453 17 1.2

* Significant at 0.05 level.
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-T reatm ent ■ Recovery

Fig. 2. Percentage of (PEs) in mouse bone marrow after 
dermal treatment with various concentrations of 
methamidophos.

The high dose of the insecticide caused a decrease 
in the body weight gain after two weeks as com pared 
with the controls.

M ultiple treatm ents (total 4 over a period of
2 w eeks), with 24 mg m etham idophos/kg body wt. 
caused a significant increase in the percentage of 
m icronucleated PEs (1.77 ±0 .13)*  over that of the 
control (0.82 ± 0 .0 3 ). The frequency of m icronucle­
ated  PEs returned  to the norm al value two weeks 
after cessation of the treatm ent.

Sister chrom atid exchange

A slight but significant increase (at 0.01 level) in 
the frequency of SC E ’s was noted at the doses 6 and 
8 mg m etham idophos/kg body wt. (Fig. 3).

In vitro studies 

Toxicity

M etham idophos at a concentration  of 10~6 m  

affected a slight decrease in cell survival. A  linear 
increase in the m ean percentage of dead cells was 
observed as the concentration of the insecticide 
increased (Fig. 4).

Significant at 0.05 level.

M e th a m id o p h o s  [m g  /k g ]

Fig. 3. Frequency of sister chromatid exchanges in mouse 
bone marrow cells after i.p. injection with different con­
centrations of methamidophos.

Cone. [ m  ]

Fig. 4. Percentage of dead cells in cultured mouse spleen 
cells treated with different concentrations of 
methamidophos for 4 h and 20 h in fresh medium.

Chrom osom al aberrations

The m ean percentage of chromosom al aberrations 
induced after trea tm en t of cultured mouse spleen 
cells with m etham idophos increased progressively 
as the concentration of the insecticide increased
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C one. [p.g / ml ]

Fig. 5. Mean percentage of metaphases with chromosome 
aberrations in cultured mouse spleen cells after treatment 
with different concentrations of methamidophos: (a) with 
gaps; (b) without gaps.

(Fig. 5). All the tested concentrations of the insecti­
cide resulted in a highly significant percentage of 
cells with chrom osom al aberrations. The percentage 
of aberrations w ithout chrom osom e and chrom atid

gaps was found also to be statistically significant 
(Fig. 5).

W hen cultured m ouse spleen cells were trea ted  for
4 h with 2 |^g m etham idophos/m l, then left to grow in 
fresh m edium  for ano ther 20 h, the percentage of 
chrom osom al aberra tions though decreased m arked­
ly yet, it was still statistically significant (17.1 ±0 .8*  
com pared with 4.9 ± 0 .11  for the control cell cul­
tu re).

Table IV  and Fig. 6 and 7 represent the different 
types of chrom osom al aberrations in cultured mouse 
spleen cells trea ted  with different concentrations of 
m etham idophos.

Fig. 6. M etaphase spread from cultured spleen mouse cells 
treated with 0.5 [xg methamidophos for 4 h, showing 
chromatid fragments and chromatid gaps.

* Significant at 0.01 level.

Table IV. Mean percentage of metaphases with different types of chromosomal aberrations in cultured mouse spleen cells 
treated with different concentrations of the insecticide methamidophos.

% M etaphases with different types o f chromosomal aberrations
Metaphase Frag. Chromat. Chrom. Frag. Chrom. Tetraploid Ring Mean % 
No. gap gap chromat. gap chrom. metaph.

or -I- with chrom.
chrom. chromat. aberr. 
gap gap

Cone.
[fig/ml]

2 524 12.6 10.5 6.1
1 511 9.6 5.1 8.2
0.5 527 8.5 3.8 3.6
0.25 581 4.9 2.2 1.03
Control 1029 1.4 0.7 0.97
Mitomycin C 582 5.8 2.7 1.2

4.4 4.2 1.1 0.76 39.7*
2.2 0.78 0.9 0.78 27.6*
2.2 0.95 0.6 0.4 20.11
0.86 0.17 0.5 0.7 10.5*
0.39 0.29 0.09 0.29 4.08
0.86 0.52 0.69 0.52 12.4*

* Significant at 0.01 level.
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Fig. 7. A  tetraploid metaphase from cultured m ouse spleen 
cells treated with 2 ng methamidophos/ml.

Sister chrom atid exchange

The tested  concentrations of the insecticide af­
fected a significant increase in the frequency of 
SC E ’s in cultured m ouse spleen cells (Fig. 8). The 
increase was how ever, lower than that induced by 
the positive control mitomycin C. The frequency of 
SC E ’s in mouse spleen cell cultures trea ted  with
0.15 (im  m itomycin C reached 12.4 ± 0 .1*  per cell.

C on e. [ ng / ml ]

Fig. 8. Frequency of sister chromatid exchanges in cultured 
mouse spleen cells after treatment with different concentra­
tions o f methamidophos.

Significant at 0.01 level.

Discussion

The th ree routes of application for the insecticide 
caused toxicity to m arrow  indicated as significant in­
crease in the percentage of polychrom atic ery th ro ­
cytes over tha t of the control. Bone marrow depres­
sion was caused also by o ther chemicals including 
m utagenic and carcinogenic agents. Thus methyl- 
m ethanesu lfonate, ethylm ethanesulfonate and col­
chicine produced m arrow  depression and m icro­
nuclei in bone m arrow  of CD mice [6]. M oreover 
the carcinogens, dim ethylnitrosam ine, acetylam ino- 
fluorene, aflatoxin B, and 3-m ethylcholanthrene 
caused m arrow  toxicity in mouse and ham ster bone 
m arrow . In this respect it is w orth m entioning that 
the  d ifferent routes of trea tm en t with: the o r­
ganophosphorous insecticides dursban and gardona, 
the pyrethro id  insecticide cyperm ethrin and the bo­
tanical insecticide ro tenone , caused m arrow toxicity 
indicated as significant increase in the percentage of 
PEs in m ouse bone-m arrow  [8—10].

M icronuclei are believed to be form ed from 
chrom osom es or chrom osom e fragm ents left behind 
during anaphase and can be scored during in terphase 
because they persist [15]. The micronuclei are found 
in a variety of different bone-m arrow  cells of animals 
trea ted  with chem ical m utagens: myeloblasts, m yelo­
cytes, erythrocytes etc. The m ajority , however is ob­
served in polychrom atic erythrocytes [16].

Evans [17] has recom m ended the m icronucleus 
test in polychrom atic erythrocytes as a m ethod for 
detecting chem ical m utagens in animal test systems.

A  to tal of th ree injections though effected increase 
in the frequency of PEs with micronuclei yet, the 
increase was nearly the same as that induced after 
double injection. The presen ted  results are in line 
w ith those of Salam one et al. [18] who, suggested 
th a t m ultiple (3 or m ore) treatm ents are non-additive 
and may depress the PEs frequency.

Only the higher dietary level of m etham idophos 
(10 0  ppm ) affected a significant increase in the 
percen tage of PEs with micronuclei over that of the 
contro l after trea tm en t for 7 days. Such increase in 
the frequency of m icronucleated PEs become higher 
w hen mice received the insecticide for fu rther
7 days. The results obtained are in line with those of 
Seiler [19] who found that the num ber of m icro­
nucleated  erythrocytes showed a dose-dependent in­
crease when mice were trea ted  orally by (gavage) 
with M BC (a benzim idazole derivative).
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S C E ’s are currently recognized as being sensitive 
indicators of agents which dam age m am m alian D N A  
[2 0 , 2 1 ] and their form ation has been com pared with 
tha t of m utations [22]. Various authors have sug­
gested tha t sister chrom atid exchange (SCE) analysis 
using the 5-brom odeoxyuridine probe offers a cyto­
genetic technique for determ ining the potential ge­
netic hazards of chemicals in the environm ent [2 1 , 
23—27]. The in v itro  technique is much m ore sense- 
tive to detect genotoxic dam age than the in v iv o  tech­
nique. A lthough in v iv o  testing is less sensitive, it 
may be m ore useful in prediciting possible health 
risks since in v iv o  studies m ore closely resem ble 
hum an exposure [28].

The higher tested doses of m etham idophos (6  and 
8 mg/kg body weight) increased the frequency of 
S C E ’s to  a small but statistically significant extent. In 
this respect it may be m entioned tha t, Latt e t al. [29] 
repo rted  tha t small, but statistically significant in­
creases in SCE frequencies, may not be indicative of 
a m eaningful biological effect, but may reflect inher­
en t variability in the system used.

The ability of m etham idophos to  induce chrom o­
som al aberrations and SC E’s in v itro  was tested  in a 
prim ary culture of mouse spleen cells. The m ethod 
used in our laboratory for culturing mouse spleen 
cells and described here provides a reproducible 
m eans for culturing the spleen cells and yields suffi­
cient num bers of m etaphases for scoring both 
chrom osom al aberrations and SC E’s.

Analysis of chrom osom al aberrations has been the 
m ost com m only used m ethod of detecting D N A  
dam age in m am m alian cells [30, 31],

The chrom osom al aberrations induced by 
m etham idophos are structural including fragm ents, 
gaps, few ring chrom osom es and num erical in the 
form  of te trap lo id  cells. These aberrations w ere ob­
served after trea tm en t of cultured m ouse spleen cells 
w ith all the used concentrations of m etham idophos. 
R ichardson e t al. [32] reported  tha t, when assessing 
the data derived from in v itro  cytogenetic assays it is 
usual to regard gaps as a separate category of dam ­
age and to then accord all o ther types of dam age a 
g rea ter but equivalent weighting.

The percentage of chrom osom al aberrations 
induced by the different concentrations of 
m etham idophos was statistically significant after ex­

cluding the m etaphases with chrom osom e and 
chrom atid  gaps.

In the presen t study, mitomycin C, was included 
essentially as a positive control. It has been establish­
ed tha t m itom ycin C is m utagenic [22, 33, 34] and 
clastogenic [35—37]. M itomycin C is one of the most 
pow erful inducers of sister-chrom atid exchanges 
[25]. The induction of S C E ’s by mitomycin C may 
reflect the action of basis cellular D N A  repair 
processes. It is know n to alkylate D N A  [38].

The induced increase in the S C E ’s frequency after 
trea tm en t the spleen cell cultures with the tested con­
cen trations of m etham idophos was dose-dependent 
and was much lower than tha t produced by the posi­
tive control m itom vcin C.

M etham idophos was found to be a weak chemical 
m utagen in cultured  red  m untjac diploid cells using 
assays for chrom osom e aberra tions, sister chrom atid 
exchanges and cell cycle delay [39]. M etham idophos 
induced no increase of SCE and induced cell cycle 
delay in Chinese ham ster V79 cells after 27 h of 
trea tm en t [40],

H ow ever, m etham idophos showed m utagenic po­
tential in our studies. In one study, treatm ent of both 
seeds and roots o f V icia  fa b a  induced a statistically 
significant percentage of abnorm al mitoses in root 
m eristem s [41], Spraying V icia  f a b a  plants with a so­
lution of pure m etham idophos (500 ppm) caused a 
significant percentage of abnorm al pollen m other 
cells [42]. In this study, single and m ultiple i.p. injec­
tions at 6 and 4.5 mg/kg body weight, oral adm inis­
tration  for 14 consecutive days at dietary level of 
100 ppm  and m ultiple derm al treatm ents (total 4) 
with 24 mg/kg body wt. induced a statistically signifi­
cant increase in the frequency of PEs with m icro­
nuclei in m ouse bone m arrow . M oreover, the tested 
concentrations of m etham idophos as low as 0.25 \igl 
ml induced a high percentage of m etaphases with 
chrom osom al aberra tions in cultured mouse spleen 
cells.
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