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ABSTRACT

Test organisms were swiss albinomice and Drosophila
melanogaster. Mutagens were MMS, caffeine and MH. Treatment
of male swiss albino mice with 100 mg/kg MMS resulted in
marked increases in frequencies of DLS, particulary at the
first week post-treatment, then decreased slightly after
the second week and dropped sharply at weeks 3-8. Treat-
ment with 100 mg/kg caffeine resulted im slight increases
in frequencies of DLS observed during weeks 1-3 post-treat-
ment then rose sharply at week 5 and dropped at week 8. On
the other hand, no significant increase in frequencies of
DLS at any scoring times have been obtained with 400 mg/kg
MH. With respect to treatment of Drosophila melanogaster
males, the results showed that treatment with various con-
centrations of MMS resulted in marked increases in DLS,
while treatment with caffeine resulted in slight increases
in DL-frequencies. On the other hand, treatment of

melanogaster males with various concentrations of MH
resulted in no significent increase in DL-frequencies. It
was concluded that MMS is effective for inducing DLS in
mice and Drosophila and the most sensitive stages to MMS
in mice were epididymal sperm and late spermatids. Also
it can be concluded that caffeine is slightly effective
for inducing DLS in mice and Drosophila and the early
spermatocytes in mice were the most sensitive stage.

INTRODUCTION

Mutation research is a rapidly expanding field of study. Inter-
est in environmental pollution and the risks involved to the human
population at large and to the genetic make up in particular have
enhanced mutagenesis research tremendously. Conéequently, many
assays on test systems have been developed, to aéses the possible
' damage natural and industrial chemical pollutant§ can cause to the
genetic material. Among the test systems most widely used in muta-
genesis research is the dominant lethal (DL) assay in mammals and/
or insects. Although this system has been widely used for some time
to screen for the potential mutagenicity of large numbers of chemical

substances, many of which are present in man's environment, yet
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a controversy as to the accuracy of this system exists. Some regard
induced DLS as being due to true genetic causes. Others attribute
DL-inducation to non-genetic factors. Probably there is some truth
to both beliefs. Moreover, the question remains as to whether the
DL-assay provides accurate information as to the potential mutageni-
city of chemicals tested in this system. The present investigation
was initiated to: 1. Study the effect of a well known powerful
mutagen methyl methanesulfonate (MMS) in inducing end points in each
of the test systems DLS in mice and DLS in Drosophila. 2. Test the
mutagenic potential of caffeine, whose mutagenicity has been a contro-
versy for more than 30 years, and MH a herbicide, which is known to
be very effective in damaging plant chromosomes yet hardly effective
on mammalian or insect chromosomes.

MATERIALS AND METHODS

I. Experimental organisms:

a) Mice:

Swiss albino mice were used as experimental organism. Stocks

were obtained from the High Institute of Public Health, Alexandria
University.

b) Drosophila:

Drosophila melaﬁogaster was used as experimental organism. Wild
type flies were obtained from the Department of Genetics, Faculty
of Agriculture, Alexandria University.

II. Chemicals:
The following chemical compounds were used:

1. Methyl metahanesulfonate (MMS), CH; SO, OCH,;, MW. 110.13.
2. Caffeine (1,3,7-trimethylxanthine), CgH;oN4O,, MW. 149.19,
3. Maleic hydrazide (MH), G4H4N,0,, MW, 112.09.
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All were obtained from Eastman kodak organic chemicals
Rochester, N.Y. 14650 U.S.A.

III. Biological criteria:

a) Dominant lethals (DLS) in mice:

Males mice, 11-14 weeks old, were injected i.p. with a single
nonlethal dose of chemical. Dose was adjusted according to the
weight of animals (which ranged from 22-24 gms). Immediately after
injection, each male was caged separately with 2 virgin females for
5 days, after a mating period of 5 days, the females were removed
and housed in other cages untill sacrificed. The males were introd-
uced into each cage with one male. Each male was used for mating
at periods of 1,2,3,5 and 8 weeks post-treatment with chemical.
Females were sacrified by cervical dislocation at 14 days after mid
week of mating. At necropsy the uteri were examined and the number
of corporalutea and living implantations were counted for each
pregnant female. Three males were used for each treatment, and
four replicaitons were made. The percentage of dead implants, taken
as an index of mutagenicity, was calculated as:

Number of dead implants

% dead implants Total number of implants

100

b) Dominant lethals in Drosophila:

The methods suggested by Sankoranaray;nan (1969), with minor
modifications, was adopted. Following treétment of males with
chemicals, 15 adult males were mated to about 20 virgin females (or
excess of males) in specially labelled fifth-pint bottles. Each
bottle opening was covered with dacron netting held tightly by
a rubber band to the neck of the bottle. Each bottle was then
inverted and placed firmly on the surface of a large petridish
containing egg-laying medium and a thin layer of fresh yeast.
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Females were permitted to oviposit for about 24 hr. The bottles
were removed, their dacron netting brushed free of adhering eggs

or food and transferred, after about 60 minutes, to another fresh
nutrient, containing petri-dish. Observations of the petri-dishes
were made, using transmitted light and a dissecting microscope soon
after the bottle was removed. At this time total egg counts were
made and 40-48 hrs. later another count was made for unhatched eggs
only. Throughout bottles and petri-dishes were kept at 25 + 1°C,

VI. Statistical analysis:

Statistical analysis of the present data was carried out using
the standard complete randomized blocks design illustrated by
Cochran and Cox (1957).

RESULTS AND DISCUSSION

Treatment of male swiss albino mice with 100 mg/kg MMS resulted
in a marked increase in frequencies of DLS (Table 1). The highest
frequency of DLS was observed at the first week Post-treatment then
decreased slightly after the second week and dropped sharply at
weeks 3-8. If a male is mated, for successive weeks, following
treatment with a chemical, the results of each week's mating
represent the response of a specific maturation stage to :he chemical.
Each :week's mating represents the response of the following germ cell
stage: week 1: epididymal sperm; week 2: late spermatids; week 3:
early spermatids; week 4: late spermatocytes; week 5: early spermato-
cytes; week 6: five generations of definitive spermatogonia and week
7 or more represent stem cells (Bateman, 1971). Results in Table (1)
show that the most sensitive stage to MMS was epididymal sperm (Week
1) and late spermatids were less sensitive. With respect to treat-—
ment of male swiss albino mice with 100 mg/kg caffeine, treatment

resulted in a slight increase in frequencies of DLS (Table 2). The
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lowest frequency of Dls was observed during weeks 1 and 3 and at
week 8. The results showed a significant increase in Dl-frequency
at the fifth week. Furthermore treatment of mice with MH Led to no

significant increases in DL-frequencies (Table 3).

Treatment of Drosophila melanogaster males with various con-
centrations of MMS, caffeine, and MH resulted in marked increases
in frequencies of DLS for treatment with MMS (Table 4), slight
increases in frequencies of DLS for treatment'with caffeine (Fig. 1
and Table 5) and non effective effect for inducing DLS by MH (Table
6). For MMS, the DL-frequencies increased gradually with increase
in cocnentration (Fig. 2). The first period (1-3 days) showed
a slightly higher frequency of DLS than the second period (4-6 days)
at all concentrations used.

The results obtained are in agreement with findings by Ehling
et al. (1967) who reported that MMS induced a high frequency of DLS
in mouse spermatozoa of Vas and epididymis, testicular sperm, and
late spermatids, and low frequency in early spermatids. Ehlin
(1970) reported that MMS induced high frequencies of DLS in sperma-
“ozoa and late spermatids. Furthermore no mutations were induced
in spermatocytes. In another study Ehling, 1977 reported that the
most sensitive mating interval for the induction of DLS was 5-8 days
post-treatment with MMS. The present results obtained agree also
with those of Lang and Adler (1977) who found that the sensitive
period of post-meiotic spermatogenesis for MMS was spermatozoa and
spermatids. With respect to treatment of mice with caffeine, the
results obtained agree with those of Rohrborn (1972) who reported
that treatment of (CsH males) with caffeine, as drinking water gave
no significant evidence of the induction of DLS. Also results
obtained by Epstein et al. (1970) which showed that caffeince
administered to male mice, produced no mutagenic effect in the DL

assay. These results indicate that caffeine is non-mutagenic to

746



Effect of some .....

Salama et al.:

€Y 8 88T L°S OU ¥LT 6°% 6 +8T 6°8 LT T6T @°8 9T 16T 00 ¥

v .8 L. T°C 9 96T 9% @ 86T, 2°9 TT 8Lt Ll°L #T zel 00°0
g% oy % cog "5 "o b 3y /3w
e 08 70305 o . 040 o TR0 e Tuoy  HESOWOD EN
o BIQ B1Iq . BTq . BTq
g s € z T ASOM
*poTm OUTQTR®

BEIMg OTBW UT (HN) ePTzeIpAy oTerem £q peonput (E87q) STEY3eT jueujwop jJo sefowenbedd =€ OTABT

747



Minufiya J. Agric. Res. Vol.13 No.l, 1988

929v  6L¥2T

T°LE w.wn 1882 wmam Lro¥ GYLT  ¥82¥ Leee
L'91 699T  €100T 9°¢T  BE6  OTO9 €*8T  TEL  €oOb 60°T
0°6 118 €906 6°8 616 0286 0°6 262 22¢ $5°0
8°S 00§ ¥698 m.w L2€ 2286 0°9 €LT zls2 L2°0
¥E ¥BE €9YTT T€ LTz €60l 8¢ . LoT  oleh 0

()
(%) peye (%) payo (%) poQo +3ueoUGO SHN
8TI0 -38Qun  Te3Og §Ta@ ~-3}BUuUn Te}ON BN ~-38UUn T30

gpotred z Jo eFeaeay

(e£®p 9=-%) IT poTaeg

s geFouenb
(e4ep €=T) I POTISg -eaJ I

" (sN)

9}BUCJTNEAUBYLEW TAYjeW JO BUOTLBILUBOIUWOD JUBISIITP UITM BOTEW Xojsesous[oW
STTyd0B0Zq Jo ymemymwexy Aq peoNpuy (STC) ETEYLST 3UBUTWOP Jo @eyouwsnbexd —¢ OTABT

748



%)

Total frequency of DLS

Salama et al.: Effect of some .....

20

L6 { 1 1 ad
0.00 5.15 10.30 15.45 2080

C AF—Concen.{mM)—

(Fig. 1) Frequency of DLs induced by different
concentirations of caffeine in Drosophila
melanogaster males.
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(Fig.-2) Frequencies of DLa induced :by different
concentrations of methyl methanesulfonate
in Drosophila melanogaster males.
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mice. Such interpretation is in agreement with the findings of
Aeschbacher et al. (1978) who reported that caffeine did not
accumulate in the testicular tissue of mice.. The maximum concent-
ration of caffeine found was below 10 micro gm./g testicular tessue,
which is about 100 times lower than concentrations that cause chromo-
some aberrations in cultured mammalian cells. The significant
increase in DL-frequency at the fifth week may indicate that early

spermatocytes are more sensitive to caffeine than other stages.

For treatment of Drosophila melanogaster males with different
mutagenic agents, the results obtained are in agreement with results
obtained by Nawar and Hamza (1978) and Nagaty (1981) who showed that
EMS is very effective for increasing DLS in Drosophila melanogaster

particularly when young spermatids were treated. Also the results
are in agreement with the findings of Mittles et al. (1967) who
found that injection of Drosophila with caffeine did not induce X0
males, non-disjunction or DLS. Also, Nawar and Hamza (1978) and
Nagaty (1981) reported that when adult Drosophila melanogaster
males were fed on caffeine no increase in frequency of DLS was
observed, and treatment with saturated aqueous solutions of MH Lead

to no significant increases in DL frequencies in Drosophila.

It is suggested that the high frequency of obtained DLS is due
to chromosome aberrations. This is in agreement with finding of
Sega and Owens (1983) who showed that methylation of protamine did
increase in germ cell stages most sensitive to MMS, and showed an
excellent correlation with incidence of DLS produced by MMS in the
different germ cell-stages.=—The=occurrence of S-methyl-L cysteine——
4s the major reaction product in sperm protamine after MMS exposure
supports the interpretation of how DLS are induced in moise germ
cells by MMS. Alkylation of cysteine sulfhydryl groups contained
in mouse-sperm protamine blocks normal disulfide-bone formaiton,

preventing proper chromatin condensation in the sperm protamine
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blocks normal disulfide-bone formation, preventing proper chromoatin
condensation in the sperm nucleus. Subsequent stresses produced in
" the chromatin structure eventually lead to cﬁromosome breakage. The
same interpretation is in agreement with findings of Brewen et al.
(1975) who reported that the type of aberrations seen following
treatment with MMS were predominantly isochromprid interchange, and
some chromatid deletions, as well as shattering effects on the male
complement. These aberrations were observed at a concentration of
100 mg/kg body weight and at the time of peak sensitivity to DL
induction. When the frequency of cells containing a cytologically
visible aberration was compared to DL frequency an excellent corre-

lation was obtained.

The previous interpretation is in agreement also with findings
of Tanaka (1981) who reported that incidence of DLS induced by post-
copulation treatment with MMS was about half'of that induced in
spermatozoa and late spermatids in males at the same dose. Further-
more, chromosomal aberrations observed in first cleavage were very
high in pre-ovulatory Oocytes and sperm in oviducts (immediately
after coupulation) by MMS treatment. The number of structural
aberrations induced by MMS in the paternal chromosome was greater

than in maternals.

The non effectiveness of MH can be attributed either to its
inability to interact directly or indirectly with the genetic
material of mammals or insects, or to its rapid metabolization .to

non-mutagenic products within cells of such organisms.
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