Mutagenesisvol.14 no.1 pp.67—-69, 1999

In vivo dominant lethal effect of pyrimethamine in male mouse

germ cells

Unal Egeli*# Niltifer Aydemir?2, Gurler Akpinar 3, was to determine if PYM exerts ain vivo dominant lethal

Cigdem Cimen?, Emel Ergul?, Gulsah Tutar?, effect on male mouse germ cells.

Berrin Tunca® and Rahmi Bilaloglu? 9
; 2

1Department of Medical Biology, Faculty of Medicine afidepartment of Materials and methods ?7

Biology, Faculty of Science, University of UludaGorikle/Bursa and Animals 2

SDepartment of Medical Biology, Faculty of Medicine, University of

Kocaeli, Kocaeli, Turkey Swiss-albino mice were obtained from the Test Animals Breeding Center (&

. R . the University of UludagBursa, Turkey). They were 8 months old and housed3'
Pyrimethamine is used for treatment of malaria and toxo-  in cages constructed of stainless steel with a bedding of wood shavings.

plasmosis. The embryotoxicity and clastogenicity of pyri- Animals were fed with fresh standart pellet (The Chow Company, Bursas-
methamine is known and our aim was to investigate its Turkey) and watead libitum They were housed at a temperature of18.3°C.
dominant lethal effect in vivo. For this purpose, we used Chemicals

three groups of Swiss-albino male mice and a control PYd'V'ﬂ‘]NaS D}:fCh{iltSrled from Sigrga g:@egrg}icil Co. (dS_t LO|UiS& '_\/l%;9 no. ?EF%"Z
group. We nfeced males with doses of 16, 32 or 64 mg/ 1418 Bl LS LRAROO ST i e oo ehnd
kg pyrimethamine and housed them with 10 females/male Mafi d

for each mating interval. Females were sacrificed and their o o ProcecHre

o
. . . We used three groups of male mice, each group consisting of five mice. These
uteri were evaluated for dominant lethality. As a result of o groups were injected i.p. at doses of 16, 32 or 64 mg PYM/kg. It iS

this study we found that pyrimethamine induced dominant  reported that the maximum tolerated dose of pyrimethamine was 50 mg/kg
lethal mutations in the third, fourth and sixth weeks at  for a single oral administration (Ono and Yoshimura, 1996). In our study W§

no-oiwegBoe//:sd

the 64 mg/kg dose level, without the effect being dose- treated mice with up to 80 mg PYM/kg i.p. We observed toxic effects an

dependent. We conclude that pyrimethamine is a suspected ceifhifr:(s)lagntlr;ls dose level. Five control male mice were injected with 0.05
’ o

germ cell mutagen. During weeks 1-7 inclusive, each male in each group was housed with twio
virgin females of the same strain. At the end of the week the females werg
replaced with fresh females. Eighteen days after first introducing the maley
Introduction females were killed. The uteri were evaluated for dominant lethality by,

. . . S . counting total implants, early deaths, late deaths and live implants. Early and
Pyrimethamine (PYM) is an inhibitor of dihydrofolate reduct- |ate deaths were not listed separately; we combined these parameters as past-
ase (Goodman-Gilmaet al, 1990) which is used in anti- implantation losses (Ashby and Clapp, 1995). The frequency of induc

malarial regimens for both treatment and prophy|axis (Chungiominant lethal mutations was calculatesila— (live implants per female of

et al. 1993)_ In human usage the therapeutic dose of PYM i$he test group/live implants per female of the control grout)0. Corpora
! ! P Lcl]Iea were not counted.

50 mg/day and an ~15 day treatment period is recommende

(Meyerset al., 1974). However, for prophylaxis of malaria, jt St2tistical analysis

; ; ; The level of significance between the post-implantation loss per female in t
may be used over a Ionger peI’IOd. Py”methamme has be%r ated and control groups was determined with the Mann-Whithegst

freely sold since 1952 for prophylaxis of malaria and thezar, 1984).
numbers of prophylactic doses taken until 1983 run into

millions (Peters, 1983). Also, pyrimethamine was at one timegggyits
included in several chemoprophylactic campaigns in Afric

and South-East Asia under the World Health Organisatio able I. All females that had implants were classified as fertile;

(Peters, 1983). e ; 3 ;
Embryotoxicity of PYM, especially teratogenic effects, has.The results indicate that PYM induced post-implantation losS

been reported for rats (Tsunemateti al, 1990), hamsters [N the third, fourth and sixth weeks with the highest dose
(Sullivan and Takacs, 1971), pigs (Haya’ma and Kokue 1985§64 mg/kg) and these differed significantly from the controb
and humans (Harpety,t al. 19583). ' value (Table I). With the lower dose levels (16 and 32 mg/kgg

Genotoxic effects of PYM have been determined in cultured}©_induction of dominant lethals could be observéix
human lymphocytes (Egeli and Erty 1991: Egeli and .05). A do_se of 64 mg/kg S|_gn|f_|cantly induced dominant®
Tunca, 1997), in cultured Chinese hamster lung (CHL) celldethal mutations during th_e mating intervals 15-21, 22—-28 and
(Onoet al., 1994; Ono and Yoshimura, 1996) and in cultured S6—42- daysR < 0.05) (Figure 1).

Cl-1 Chinese hamster cells (Antocat al., 1991). ) )

PYM induces aneuploidy in rat bone marrow cells (Cimino Discussion
et al, 1986) and in rat oocytes (Chebotar, 1980). Awoniyiln the mouse, the period of spermatogenic maturation is
et al. (1993) suggested that a 400 mg/kg PYM treatmenggenerally 8 weeks (Shelby and Tindall, 1997). In the present
causes reduced fertility in male rats. Additionally, it was study the dominant lethality resulting from exposure to PYM
reported that PYM produces reversible infertility in Swiss-is significant on days 14-21, 22—-29 and 35-42 after mating
Webster male mice (Cosentirat al, 1990). with the highest dose level (64 mg/kg). The mating intervals

In the light of this fertility and cytogenetic data, our aim (days 14-21, 22—29 and 35-42) indicate that damage that can

M

fBsIenun Bepnig esing Aq ng.i 0

he results of the dominant lethal test are summarized

“To whom correspondence should be adressed.fTel 224 442 8200/21169; Fax:90 224 442 8018

© UK Environmental Mutagen Society/Oxford University Press 1999 67



U.Egeli et al

Table I. Results of dominant lethality in male mouse germ cells treated with pyrimethamine

Dose Mating interval No. mating No. females with  Total implants/ Live implants/ Post-implantation ~ Dominant lethal
(mg/kg) (days) females implants (%) femfale femalé loss/femalé mutation (%)
Control 1-7 10 80 12.62 (0.73) 12.50 (0.68) 0.12 (0.12)
8-14 10 100 12.40 (0.66) 11.70 (0.63) 0.70 (0.26)
15-21 10 100 10.60 (0.40) 10.50 (0.45) 0.10 (0.10)
22-28 10 100 11.70 (0.42) 11.30 (0.30) 0.40 (0.26)
29-35 10 100 11.60 (0.42) 11.00 (0.51) 0.60 (0.30)
36-42 10 90 12.11 (0.42) 12.00 (0.37) 0.11 (0.11)
43-49 10 90 12.00 (0.64) 11.55 (0.66) 0.44 (0.17)
16 1-7 10 90 9.44 (0.70) 8.44 (0.70) 1.00 (0.44) 24 5
8-14 10 90 9.44 (0.70) 8.44 (0.70) 1.00 (0.44) 36 g
15-21 10 90 10.00 (0.64) 9.22 (0.64) 0.77 (0.27) 21 S
22-28 10 90 10.00 (0.64) 9.22 (0.64) 0.77 (0.27) 27 2
29-35 10 100 11.00 (0.55) 10.10 (0.54) 0.90 (0.31) 9 =
36-42 10 100 11.00 (0.55) 10.11 (0.55) 0.90 (0.32) 7 g
43-49 10 80 9.37 (1.26) 9.12 (1.27) 0.25 (0.25) 30 3
32 1-7 10 70 9.57 (0.75) 9.28 (0.64) 0.25 (0.16) 35 =
8-14 10 90 9.77 (0.86) 8.77 (0.96) 1.00 (0.33) 33 @
15-21 10 70 10.57 (0.29) 10.42 (0.29) 0.14 (0.14) 31 =
22-28 10 100 7.10 (1.08) 6.60 (1.02) 0.50 (0.26) 42 8
29-35 10 100 8.30 (0.93) 7.80 (0.78) 0.50 (0.30) 30 3
36-42 10 100 11.20 (0.77) 10.50 (0.88) 0.70 (0.30) 3 3
43-49 10 100 8.70 (0.76) 8.30 (0.66) 0.40 (0.22) 21 g
64 1-7 10 80 12.00 (0.62) 10.37 (0.70) 1.50 (0.50) 17 £
8-14 10 100 10.30 (0.63) 9.60 (0.63) 0.70 (0.30) 18 5
15-21 10 70 9.00 (0.30) 7.14 (0.50) 1.85 (059) 53 g
22-28 10 70 7.85 (0.40) 6.14 (0.45) 1.71 (028) 63 3
29-35 10 70 9.85 (1.14) 8.71 (1.16) 1.14 (0.40) 45 =
36-42 10 90 7.11 (1.19) 5.22 (1.71) 1.88 (097) 57 a
43-49 10 60 10.33 (0.55) 9.66 (0.71) 0.66 (0.21) 45 P
=+
8Numbers in parentheses are standard errors of means. <
bSignificant at theP < 0.05 level. =
)

3
result in dominant mutation is induced specifically from particularly on early to mid spermatogenesis. We also foung
spermatids to spermatogonial cells (Shelby and Tindall, 1997}hat chronic PYM treatment caused sperm shape abnormalitigis
A marked reduction in total implants was observed with thein Swiss-albino male mice in a recent study (unpublished data§.
same dose. The results indicate that induction of mutation is It is known that PYM is a suspected spindle poisonz
due to post- and pre-implantation loss. (Yamamoto and Kikuchi, 1980) and this type of compound»
PYM is a folate antagonist and delays replication bymay lead to aneuploidy in somatic and germ cells. In germ celig
inhibiting folate reductase enzyme and by preventing formatiorespecially, aneuploidy is important and may cause spontaneatds
of thymidilate, which is used in DNA synthesis (Meyetsal.,, abortions and infertility. If a germ cell carries aneuploid§
1974; Goodman-Gilmaet al, 1990). As a result, lesions in chromosomes it may abort in the early and late embriyonie

DNA are produced, resulting in gaps and breaks in chromostages. S
somes (Egeli and Erdag 1991; Aydemir and Bilaldg, 1996). Based on these studies, we suggest that PYM may beda
In accordance with the experience of Brewedral. (1975),  germ cell mutagein vivo and a possible genotoxic agent andz

it was found that evidence of broken chromosomes at théurtherin vivo mutagenicity studies are needed. s
first meiotic division correlated with dominant lethality. It is g
expected that the broken chromosomes were eventually lost at S
anaphase, resulting in a monosomic embryo that subsequenfRgferences &
diedin utera Antoccia,A., Degrassi,F., Battistoni,A., Ciliutti,P. and Tanzarella,C. (1991
In one of the our previous studies, it was reported that PYM In vitro micronucleus test with kinetochore staining: evaluation of testfJ
/performanceMutagene5|56, 319-324. Q

induced acenm.c fragments and breaks at the 8.0 and.120 m shby,J. and Clapp,M.J.L. (1995) The rodent dominant lethal assay: a pro os%‘)d
K | | h f | Y, pp ( ) y: a prop

g dose leve S In the _spgrmatocyte stage of Swiss-albino ma €format for data presentation that alerts to pseudo-dominant lethal effects.
mice (Aydemir and Bilalofy, 1996). Mutat. Res. 330, 209-218.

In rats, PYM significantly reduced testis and epididymisAwoniyi,C.A., Chandrashekar,V., Hurst,B.S., Kim,W.K., Schlaff,W.D. (1993)
weights, testicular and epididymal sperm counts and fertility Thg ffffﬁs B Chr?”'c f‘im/'{"z”alt'%” ;’;gyg%etham'”e on spermatogenesis
o - and fertility in male ratsJ. Androl, 3, 174-179.

.(Awomyl etal, 1.993).' Awoniyiet al. (1993) found that PYM %/demir,N. and Bilalogu,R. (1996) The cytogenetic effects of pyrimethamine
'nduced_ a decline in pachytene spermatocytes and roundon male mouse germ cell3. Pathol. Toxicol. Onca).15, 79-83.
spermatids as well as atrophy of ~30% of the seminiferougrewen,J.G., Payne,H.S., Jones,K.P. and Preston,R.J. (1975) Dominant lethal
tubules in rats in this study. Cosentied al. (1990) observed test results with known mutagens in two laboratoribhitat. Res. 33,
similar data in their study. According to this study PYM _ 238-250.

. . . ebotar,N.A. (1980) Cytogenetic and morphogenetic changes in oogenesis
decreased sperm production and seminiferous tubule dlametgpand embryogenesis of albino rats induced by chloridin and 2,45

by acting on _5permat09€n95is in male mouse (Cosestiab trichlorophenoxyacetic acid in the preovulation phase of mei@ssetika
1990). Additionally, they suggested that this compound acted 16, 1220-1227.
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Fig. 1. Mouse dominant lethal mutation data for pyrimethamine. Matings were performed at weekly intervals for 7 weeks. Each columrsrapteseak N
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