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In this study, the mouse was used to evaluate paternal germline
exposure to the organophosphate methamidophos for its potential
to produce adverse effects on spermatozoa and in the offspring.
There have been reports that organophosphate exposure can in-
crease abnormal sperm morphology in mice. However, effects
transmitted to the offspring following paternal exposure have not
been reported previously. The maximum tolerated dose (MTD)
was 7.5 mg kg™ body weight and this dose resulted in no deaths,
although blood plasma cholinesterase activity was still decreased.
Males were euthanized 4 weeks after an acute intraperitoneal
injection of methamidophos (0.5, 3.75, 5.0, and 7.5 mg kg™ body
wt) and the number of spermatids per gram testes and sperm
morphology were analyzed. In this study, abnormal sperm mor-
phology on a per group basis exhibited a dose-response signifi-
cantly related to increased methamidophos exposure as indicated
by regression analysis and a nested ANOVA (p < 0.0001). Preim-
plantation embryos that were conceived 6 weeks after paternal
methamidophos exposure (5 mg kg™ body wt) exhibited a signif-
icant increase in cleavage arrest. Fertility of males was also af-
fected as shown by a decrease in the number of two- to four-cell
embryos per male (postexposure week 6) and an increase in the
number of degenerated embryos (postexposure weeks 4-6). We
conclude that methamidophos may have the potential to produce
transmissible adverse embryonic effects following an acute pater-
nal germline exposure. © 2000 Academic Press
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exposures (Wyrobekt al., 1983), these compounds have als
been shown to increase other endpoints that are direct indi
tors of genetic damage such as chromosomal aberrations
micronuclei in bone marrow cells in mice (Jayashegteal.,
1994) and aneuploidy in human spermatozoa (Paduretald,
1999). These observations are consistent with the hypothe
that paternal methamidophos exposure may result in transn
ted effects that have the potential of decreasing the viability
the offspring.

The organophosphate methamidoph@sS,-dimethyl phos-
phoramidothiolate, MW 141.12), marketed as Monitor o
Tamaron, has a wide range of insecticidal actions (Fig. 1). It
used on crops such as brassica, cotton, tobacco, sugar b
lettuce, potatoes, and tree fruits (WHO, 1993). In addition to if
anticholinergic effects, this pesticide is more commonly know
for its induction of organophosphate-induced delayed (poly
neuropathy (OPIDN) in experimental animals (WHO, 1993
Khasawinahet al., 1979). The anticholinesterase activity of
methamidophos induces a decrease in plasma cholinester
activity in mice (Zayecket al., 1984). This inhibition of plasma
cholinesterase by methamidophos can be used as a suite
index to monitor exposure to organophosphates (Zayed.,
1984). However, little is known about the effects of this or
ganophosphate, if any, on mammalian reproduction or its p
tential for producing transmitted effects in offspring from
paternal exposures.

Exposure to methamidophos has been correlated with
increase in the percentage of micronuclei in mouse hematop
etic cellsin vivo andin vitro (Amer and Sayed, 1987), induc-
tion of sister chromatid exchange in mouse bone marrow ce
in vivo and cultured mouse spleen ceiis vitro (Amer and
Sayed, 1987), and an induction of the alkylation of guanine |

Organophosphates have been reported to induce an increag in vivo (Zayed and Mahdi, 1987). Collectively, these
in abnormal sperm morphology (Jayasheteal., 1994; Wy- observations are consistent with the hypothesis that methar

robek and Bruce, 1975; Matheet al. 1992; Behereaet al.,

dophos has the capacity to induce genetic changes in spern

1989) and to affect other sperm characteristics, including sgyenic cells and transmitted effects in the offspring followin
men quality, in humans (Padungted al., 1999). While ab- paternal exposure. In the following study, we tested this h
normal sperm morphology has been used as an indirect epéthesis using an increase in abnormal sperm morphology
point for genetic changes in sperm following paternain indirect measure of potential genetic changes in sperma

' To whom correspondence should be addressed at Institute of Toxicolo@?a and |mpalred cell proliferation during p.relmplantatlon de
and Environmental Health, University of California, Old Davis Road, on¥€lopmentin vitro as a measure of transmitted effects to th
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offspring.
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CH3S 0 Cholinesterase Activity Measurement

‘ Plasma acetylcholinesterase activity levels were measured as a biomarke
P— NH verify that methamidophos had induced a physiological response by inhibitir
2 cholinesterase activity (Zayest al., 1984).
/ Plasma acetylcholinesterase activity was measured by the method of Elin
et al. (1961), modified for a 96-well microplate assay (Wilsetal., 1996).
The substrate was 1.0 mM acetylthiocholine iodide. Plasma samples w«
é;ijluted_,,—l0 with the assay buffer (0.1 M sodium phosphate, pH 8.0). The dilute
plasma was assayed in triplicate using@d@liquots in a final volume of 320
wnl. Absorbance at 410 nm was read six times at 2-min intervals with
microplate reader (Biotek Instruments Model EL 340). Cholinesterase activi
was calculated as follows: ChE activityrfiol/min per ml)= [sample A410—
METHODS blank A410] (OD/min)Xx 26.4 (nmol/O.D)/sample volume (ml)/dilution/1000
(nmol/umol), where OD is the optical density and 26.4 nmol/OD is a constar
Animals derived from a standard curve of interaction of free sulfhydryl with the colo
reagent dithobisnitrobenzoate.
CD1 outbred male mice (Charles River), 8—10 weeks age, were usetCholinesterase activity was measured on males in all three range-find
throughout this study. Superovulated (see below) CD1 outbred females, Ztédies. Blood from two animals was not analyzed due to insufficient samp

CH;0

FIG. 1. Chemical structure of methamidophos (O,S-dimethyl phosph
amidothiolate) (Merck and Co., 1983).

weeks old, were used for breeding. All males were weighed to monitor for weight loss.
Males were stratified by weight and assigned randomly to treatment andn the studies on preimplantation embryos, a random sampling of three
control groups. five animals was evaluated from the control and dose groups for cholinester:
activity to confirm that physiological exposure to methamidophos had o
Range-Finding Assays curred.

The range-finding assays consisted of two preliminary runs and one defin-
itive range-finding assay to determine a lethal dose and a maximum toleraRfrmatid Quantitation and Sperm Morphology
dose (MTD). The MTD was defined as the dose t_hat would noF result in anyGroups of five or six age-matched CD1 male mice (8 weeks old) wel
death_s and no greatgr than 10% loss of quy weight for a period of 4 We?ll%sated with an acute ip injection of one of the following doses; 0.5, 3.75, 5.
following administration (Generoso and Piergorsch, 1993). To monitor ttz)

) . 7.5 mg kg' body wt doses of methamidophos (Chem Service, Wes
exposure of the animals to the methamidophos, blood samples were take REster PA) in 0.1 ml saline. A control group of five age-matched males w;
plasma cholinesterase measurements. '

Three range-finding studies were done using ip injections of methamidopﬁreated with a_vehicle—injection of 0.1 saline. Males were euthanized at 4 wee

o determine the MTD of methamidophos Wter methamidophos dose and were evaluated for mean number of sperma
’ per gram testes and sperm morphology (Wyrobek and Bruce, 1975).

Study 1. Three dose groups consisting of four males each were given agoth testes were weighed and homogenized separately in 2.0 ml salir

single ip injection of methamidophos. The doses used were 15.0, 2.5, andffon (0.9% NaCl and 0.05% Triton X-100). Spermatids per gram testes w

mg kg " body wt. One group of four males was given a sham injection asdstermined by counting the number of spermatids in testicular homogenate :

control. dividing by testis weight (g).
Study 2. Three groups of two males each were given a single ip injection Cauda epididymal spermatozoa were collected by placing the epididyn
of 10.0, 5.0, and 1.0 mg kg body wt of methamidophos into 2.0 ml of TYH culture medium (Toyodat al., 1971) containing 4%

Study 3. The doses used for this study were based on preliminary obs€@Vine serum albumin (Sigma Chemical Co., St. Louis, MO) and minced wit
vations from Studies 1 and 2 in which doses lower than 2.5 mg lgdy wt ~ SCiSSors. Spermatozoa were allowed to swim out of the minced tissue for
did not produce significant changes in sperm morphology and doses of 10 &## at 37°C in a humidified incubator filled with 5% G air. Slides were
15 mg kg * body wt resulted in death. A new dose of 7.5 mg kigody wt was made of caudal spermatozoa and were air dried, fixed with ethanol, and tt
introduced with this study. This dose was chosen because the lethal dose bjigned with hematoxylin (Fisher Diagnostics, Lawn, NJ). Morphology wa
injection appeared to be between 15 and 10 mg kgpdy wt. Assuming that assessed using a light microscope (1000X). Ten slides were made per ani
the lethal dose was 15 mg Kgbody wt, 7.5 mg kg" body wt is half of the and 200 spermatozoa were counted per slide for a total of 2000 sperm |
putative lethal dose. Since the 10 mg képody wt dose was lethal and the 5.panimal. The scorers were “blinded” as to the identity of the samples beir
mg kg * body wt dose was nonlethal, a dose of 7.5 mgHapdy wt was tested €valuated. Spermatozoa were categorized into two groups according to nor!
as a potential MTD dose. Therefore, we studied a range of doses (ifig kgf @bnormal morphology. The abnormal group was further categorized into.
body wt) of 7.5 (putative MTD), 5.8(MTD), 3.75 £ MTD), and 0.5 & MTD) subcategories: amorphous, acrosome, truncated, calyculate, collapsed, triai
to determine whether a dose—response for abnormal sperm morphology mightdiant, hammer, tail, inverted, and double headed (Fig. 2) (Kot and Hl.';md‘
be observed, as previously reported for induction of cytogenetic effects #87; Pogany and Balhom, 1992; Burruell al., 1996). Before assessing
somatic cells (Amer and Sayed, 1987). Five to six males were used per gréf§"M, Wet mount preparations were compared to stained slides to ensure
and these same males were also tested for number of spermatids per giB@m head categories were not altered by the dehydration process. No-
testes and abnormal sperm morphology. crepancies were observed.

Blood Sampling Postfertilization Endpoints

Baseline blood samples were taken from the tails of control and treated mic& hese endpoints were obtained from preimplantation embryos and consis
at 1 to 1.5 weeks prior to treatment (data not shown). Postdose samples vadrine number of normal two- to four-cell embryos recovered and the propo
drawn 24 h after treatment. Blood was collected in heparinized microfugien of degenerating embryos recovered per male. Also, an MTD dose fro
tubes and plasma was separated from blood cells by centrifugation at 10Gffgemical mutagens has the potential to decrease preimplantation emb
Supernatant plasma was collected and stored frozen at 70°C until assayedtonber by at least 20% (Generaeioal., 1975, 1985); therefore, to ensure that
cholinesterase activity. an adequate number of embryos were collected, the 5.0 migbkgly wt was
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FIG. 2. Head morphology for CD1 mouse spermatozoa. Spermatozoa were categorized as normal (a) or abnormal (b—l). The abnormal group we
categorized into 11 subcategories: (b) amorphous; (c) acrosome; (d) truncated; (e) calyculate; (f) collapsed; g) triangular; (h) giant; (i) hammer; (j)
inverted; and (I) double headed. Sperm were fixed and stained with hematoxylin. Magnification for all panels showm Isgde in a.

chosen for the postfertilization studies. The mean embryo cell number data weedes were superovulated with 5 IU pregnant mare’s serum gonadotroy
obtained by taking a random sample from those female mice that had produ@@iSG; Sigma) and given 5 IU human chorionic gonadotropin (hCG) 48
greater than 10 two- to four-celled embryos. post-PMSG to induce ovulation. Females were placed in cages one female
The dose group consisting of 10 males was given a single dose of metiale immediately following hCG injection and left with males for 48 h
amidophos (5.0 mg kg body wt in 0.1 ml saline) and then each was mated fopost-hCG.
7 consecutive weeks to one superovulated female per week. The control grougmbryos were flushed from excised oviducts at 50 h post-hCG (Weatner
consisting of 15 males was given an injection of 0.1 saline and also each vaas1991). Upon collection from the oviduct, the number of two- to four-cellec
mated to one superovulated female per week for 7 consecutive weeks. Tdnsbryos, the number of degenerating embryos, and the number of one-ce
design permits the evaluation of progressively earlier stages of spermatogamthryos or unfertilized eggs were recorded per male. The embryos we
cells that were exposed to methamidophos; postexposure week 1, spermatazessified as follows: Normal healthy two- to four-celled embryos were thos
postexposure weeks 2—3, spermatids; postexposure weeks 4-5, spermatodptascontained well-developed, distinct blastomeres (Hagaal., 1986). For
postexposure weeks 67, intermediate and differentiating late Type A/TypalBgenerating embryo and fertility data, embryos that had undergone fragm:
spermatogonia. An additional advantage of this design is that each postexjation and/or that had dead blastomeres were classified as degenerate emt
sure week had its own concurrent control dose group. at the time of recovery from the oviducts (Alikaat al., 1999). One-celled
CD1 female mice were housed under controlled lighting (14D:10L). Fembryos or unfertilized eggs were grouped together as one category becs
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TABLE 1 variation due to both normal biological differences and potential responses
Postdose Cholinesterase Activity Levels per Animal and Mean  treatment. Unlike the individual values, the uncertainties associated with t

Cholinesterase Activity Levels per Dose Group for the Final mean values are expected to be normally distributed by the central lin
Range-Finding Assay (Study 3) theorem of statistics and they can be subjected test of the zero slope

hypothesis to determine if the observed trends are statistically significant.
Other statistical analysis of data include the following: Parametric analys

chsl(i)nsetz(i(t)esrease Mean cholinesterase of the sperm morphology data was done by a ngsted ANOVA (_SuperANOV/
Methamidophos dose activity per animal activity per dose group Abacus Concepts, Berkeley, CA). KruskaI—WaI!ls_nonparametnc ANOVA an_‘
) PR T ha a one-way ANOVA were analyzed by the statistical program INSTAT. Chi
(mg kg~ body wt) (wmol min™ mi™) (umol min™ mi ™) square data were analyzed using the statistical program STATVIEW. All oth
00 218 207+ 0.08 data were analyzed by a one-tailed or a two-tailed Studenést.
2.10
1.84 RESULTS
1.98
2.26 o - o
05 290 2 01+ 0.18 Range-Finding and Cholinesterase Activity
i'ifl’ In Study 1, the group of four males that received a 15.0 ir
520 kg™* body wt dose died within 30 min of a single ip injection.
210 All animals in the other two dose (0.5 and 2.5 mg kiyody
3.75 1.26 115+ 0.17 wt) groups survived. Severe symptoms associated with neu
1.22 logical toxicity were not observed in doses of 2.5 mgkgnd
2;3 lower. Mean cholinesterase activity was decreased for do
110 groups 2.5 mg kg' body wt (1.44+ 0.16 umol m_m’1 ml™)
50 0.83 0.86- 0.16 and 0.5 mg k@' body wt (2.04+ 0.20 wmol min™* ml™)
1.10 compared to concurrent controls (2:50.30 umol min~* ml™)
0.43 and predose levels of dosed males (2.60.14 wmol min™*
s %)'}3:; 0,76 0.08 ml~). Since the 15.0 mg Kg body wt dose was lethal, a
' 074 ’ ' second study was done to examine the effects of 5.0 and 1
0.78 mg kg * body wt doses as well as a lower dose of 1.0 mg‘'kg
0.56 body wt.
0.82 In Study 2, one of two males died within 30 min after

iery'ection of a 10 mg kg' body wt dose. The remaining male

Note. Cholinesterase activity levels were determined on blood sampl . . .
exhibited severe tremors, spasms, loss of balance, lacrimati

collected from the tail of male mice 24 h after methamidophos dosing.

avalues are means SEM. and fecal staining. These visible symptoms were extreme f
® Significantly different from control (one-tailed Studentstest, p < 2 h and lessened after 5 h of injection. The males injected wi
0.025). a dose of 5.0 mg kg per body wt also exhibited these same

severe symptoms, but recovered from visible symptoms by 3
after being treated. Animals that were dosed with 1.0 mg kg
they were not clearly distinguishable from one another at the time of embrm)dy wt did not display any visible neurological response:
collection (50 h post-hCG) and were therefore not included in the total emb}ﬂaolinesterase activity levels were measured and mean cl
Iln

counts. Females that did not respond normally to superovulation were excluce t tivity | | d d f Il d
from this study (Hogaet al., 1986). Therefore, only females producing great eslerase activily levels were decreased 1or all dose grou|

than 10 embryos with two to four distinct blastomeres were counted 4s0 Mg kg body wt (1.5+ 0.2 wmol min™* mI™"), 5.0 mg
pregnant. kg™* body wt (1.0+ 0.2 umol min™* ml™), and 10.0 mg kg'
Two-celled embryos with symmetrical blastomeres were cultured in mocbody wt (0.6umol min~?t m|*1) compared to the mean for all

fied (Wiley et a!., 1986) T6 culture medlum (Qunm al., 19?2) fon_' 48 h after. gredose levels (2_& 0-1Mm0| min~ mlfl) of the dosed males
embryo collection. Embryos were incubated in 0.5% sodium citrate and fixed

Po-1 -1
onto glass slides using glacial acetic acid:ethanol (1:1) and their nuclei Wé'irgd ContrOIS_ (Z'Et 0.2 wmol min™= ml™).
stained in Giemsa for 20 min. The nuclei were counted as a measure of embrys>tudy 3 utilized doses of 0.0, 0.5, 3.75, 5.0, and 7.5 md kg
cell number. Nondividing embryos numbers were determined but were elilbody wt and provided an MTD and observations on spermat
inated from the statistical comparison of mean cell number per embryegunts and sperm morphology. A new dose of 7.5 mgl kg
Nondividing embryos were those that did not cleave beyond the two- [5’ody Weight was added since the preliminary Studies 1 and
four-cell stage while in culture for 48 h. .

revealed that the MTD appeared to lie between 10 and 5 n
Statistics kg™ body wt. This third study revealed that the 7.5 mg kg
body wt was the MTD for this study. This 7.5 mg Kdgoody wt

Group effect trends were evaluated by linear regression analysis of the gro . .
means using INSTAT (Graphed Software, San Diego, CA) and CA-Crick(éitj(?Se was the highest dose that resulted in no deaths and

Graph Il (Computer Associates International, Inc., Islandia, NY). Groufiore than 10% loss of weight over a period of 4 weeks aft
means represent the overall group trends, while individual values are subjeca@ministration of methamidophos (Generoso and Piergorse
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2.5

y= (-0.19 £ 0.03)x +(2.02 £ 0.13) 2=093
p<0.005

Cholinesterase Activity
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0.5 T T U ¥
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FIG. 3. Mean cholinesterase activity levels versus dose group. Data points (@) represent the mean cholinesterase actiyitydéweis { ml~*) per dose
group measured 24 h after methamidophos dose. The slope of the line is significantly different fromfaerero correlation is 6.5 < 0.005, one-tailed
Student’st test). The bars represent the SEM.

1993). Males were weighed weekly for 4 weeks after dosage< 0.005, one-tailed Studentistest, Fig. 3). Animals that
and none were found to exhibit significant loss of body weightere dosed with 5.0 and 7.5 mg Kgoody wt showed physical
(data not shown). Measurement of plasma cholinesterase sgmptoms of anticholinesterase treatment, which included <
tivity revealed that control levels were significantly greaterere tremors, lacrimation, urine, and perianal staining for 2 1
than any of the postexposure levels, except for the 0.5 my kgt h after dosing (Sheetst al., 1997). Plasma cholinesterase
body wt dose group. Evidence of cholinesterase inhibitor eaetivity varied but the levels in the higher dose ranges (3.75 n
posure was confirmed by a dose-response in plasma cholifes- body wt and greater) exhibited a reduction in plasm
terase activity in blood samples drawn 24 h after the methamoholinesterase activity.

dophos dose (Table 1 and Fig. 3). Regression analysis of the

mean cholinesterase activity levels per group also reveale&germatid Quantitation

significant dose—response effetffqr zero correlation= 6.5, , )
The number of spermatid nuclei per gram testes was eva

ated to provide some measure of the capacity of methan

TABLE 2 dophos to affect spermatogenesis. The mean number of s
Mean Number of Spermatids per Gram Testes matids per gram testes did not differ significantly among th
dose groups compared to controls (two-tailed Studertest,
Methamidophos dose No. of Mean number of spermatids p < 0.05, Table 2).
(mg kg™* body wt) animals per gram testés(x 10°)"
0.0 5 1.30+ 0.08 Abnormal Sperm Morphology
0.5 5 1.37+ 0.06 .
375 5 157+ 019 _ Abnormal sperm morphology was evalua_ted to provide &
50 5 211+ 0.24 indirect measure of the capacity of methamidophos to exert
7.5 6 1.64+ 0.20 potential effect on the genetic component of spermatogenes

We observed a dose—response increase in the mean percel

Note. Testes were homogenized and spermatids were counted on a heQBhormal sperm morphology per group with increasing dos
cytometer as in Blazakt al. (1993). ’

#The mean number of spermatids per gram testes was not significarQIL mgthamldophos (Fig. 4). Regression analys_ls revealed
different among the dose groups (two-tailed Studentst,p > 0.05). significant dose-response effetfdr zero correlation= 6.1,

®Values are meang SEM. p < 0.005, one-tailed Studentstest; Fig. 4). This dose—
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y=(135+0.23 SE)x +(16.27 + 1.01 SE) 2 =092
p<0.005

30

.

% Abnormal Sperm Morphology

10

T i T

0 1 2 3 4 5 6 7 8

Methamidophos Dose
(mg kg -1 body weight)

FIG. 4. Mean percents of abnormal morphology in males exposed to methamidophos. Data points (H) represent the mean percent abnorm
morphology per dose group from the following dose groups: 0.0, 0.5, 3.75, 5.0, and 7.5. The slope of the line is significantly differently frofor zemm (t
correlation is 6.12p < 0.005, one-tailed Studenttstest). The bars represent the SEM.

response effect was further supported by a nested ANOMW205). No significant difference between animals was found |
(p < 0.0001, Table 3). Interanimal variation was also observéldese statistical tests.

by a nested ANOVA (p< 0.0001). The mean number of normal embryos produced by ea
male that mated can serve as a measure of overall fertility a
Mean Cell Number per Embryo and Fertility this variable was also evaluated during the postexposure t

period. There were no significant decreases or trends in tt
Mean cell number per embryo of preimplantation embryagariable over the course of this test period except for poste
after 48 h of culture was evaluated as a measure of transmitifkure week 6 (Table 5). Data for both mean number
effects from paternal exposure to methamidophos. This eninbryos was analyzed for interanimal variations by th
point was selected because of its recognition as a stringent egiskal-Wallis nonparametric ANOVAp( < 0.05) and a
of embryo vigor (Warneet al., 1991). Mean cell number perone-way parametric ANOVA[ < 0.05). No significant dif-
embryo was evaluated after 48 h of culture from the tWO-ngrence was found by either statistical test.
stage to maximize any potential differences in cell proliferation
rates between the dose and control groups of embryos (Warner
et al., 1991). There was significant decrease in mean cell DISCUSSION
number per embryo for the dose groups of embryos beginning
with postexposure week 4 (g 0.03, one-tailed Studentts There were several new observations from this study on tl
test) and this decrease became exacerbated for postexpogarmline effects of paternal methamidophos exposure in mic
week 5 (p< 0.0001, one-tailed Studenttdest, Table 4). For First, there was a dose-dependent increase in abnormal sp
postexposure week 6, this decrease was not evident, but @ phology. Second, beginning with postexposure week 4, v
number of embryos that failed to cleave had increased sigriserved a significant decrease in embryo cell number
icantly for this postexposure week (Table 5). two-cell embryos after 48 h of culture that was accompanied |
Beginning with postexposure week 4 there was also a sign increase in the proportion of degenerating embryos tt
nificant increase in the proportion of degenerating embryos thveg¢re recovered per male. In addition, we determined that tl
became more pronounced with postexposure weeks 5 an&D in the adult male for the CD1 strain of mouse was 7.5 m
(Table 5). Data for the individual males were analyzed fdwg™* body wt and verified the presence of a physiologice
interanimal variations by the Kruskal-Wallis nonparametriesponse to methamidophos exposure over a dose-range fi
ANOVA (p < 0.05) and a one-way parametric ANOVA € 0.5 mg kg* body wt to the MTD.
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TABLE 3
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Percent Abnormal Sperm Morphology per Animal Exposed

to Methamidophos

Percent abnormal

Mean percent
abnormal sperm

The published data on chemical mutagenic responses of
mouse paternal germline indicate that the fourth week poste
posure is when the most significant increases in abnorn
sperm morphology are observed (Wyrobek and Bruce, 197!
This provided the rationale in our study for performing the

Methamidophos Animal sperm morphology morphology per evaluation of sperm morphology 4 weeks after methamidoph
dose no. per animal dose group exposure.
0.0 1 1505+ 13 179514 - Thgrefore, two. sperm parameters were u;ed to test for ph
' 5 15.30+ 1.0 T iological effects in the testes after methamidophos exposul
3 20.35+ 2.0 spermatid counts to assess for disruption of spermatogene
0.5 1 20.11% 2.2 16.5+ 1.5 and abnormal sperm morphology as a indirect indicator
2 14.95+ 1.0 genetic damage. The spermatid counts were unremarkatl
i i?ggi 1‘7‘ while the abnormal sperm morphology resulted in a small b
5 13.95+ 1.3 statistically significant increase for the higher doses. Small b
3.75 1 27.71+ 0.6 21.6+ 1.4 significant increases in the percentage of abnormal sperm m
2 17.25%x 15 phology after organophosphate exposure have been previou
i ig-ggf ig reported in mice ranging from 4—12% (Jayasheeal., 1994;
5 13.20+ 1.6 Mathew et al., 1992; Behera and Bhunya, 1989) and ar
5.0 1 18.42+ 1.1 211+ 1.3 correlated to doses resulting in chromosomal aberrations a
2 18.55+ 1.1 micronuclei in bone marrow cells (Jayashret al., 1994;
3 21.75* 1.6 Behera and Bhunya, 1989). Therefore, the increases in abn
g i;:égi 13 mal sperm morphology of 3.9-10% observed for the doses
75 1 2275+ 1.9 276+15  3.75, 5.0, and 7.5 mg Kg body wt in this study are within
2 20.20= 1.1 these previously published ranges. It may be that the mutage
3 27.70x 1.7 capacity of organophosphates does not always correlate w
g g;'igf 2'? induction of large numbers of abnormal sperm as previous
6 1445+ 1.4 seen with other toxicants but functions as a useful biomarker

Note. Approximately 2000 sperm were counted per animal.

#Values are percents SEM.
®Values are means SEM.

¢ Significantly different from controls (Nested ANOV/4, < 0.0001).

germline effects (Wyrobek and Bruce, 1975; Wyrolatkal.,
1983). In this study, we observed a small but statisticall
significant increase in abnormal sperm morphology togeth
with poor preimplantation development and fertility collec:
tively suggesting the mutagenic potential of the organopho
phate.

Abnormal sperm morphology has been used previously as aitWhile our observations of transmitted embryonic effect
endpoint for germline genetic effects from paternal exposursem paternal methamidophos exposure are new, embryon
to a variety of toxicants (reviewed by Wyrobek al., 1983). developmental effects have been reported for maternal me

TABLE 4
Mean Cell Numbers per Embryo at 48 h in Culture Conceived after Paternal Exposure to Methamidophos at 5.0 mg kg™ body wt

Postexposure week 3 4 5 6
Mean cell numbers per embryo at 48 h in culfure
Control 23.4+ 0.6 (12) 44.1+ 0.4 (34) 30.9+ 0.2 (42) 22.4+ 0.5 (23)
Dose 21.7+ 0.3 (14) 36.5+ 0.7° (25) 25.7+ 0.2 (39) 22.2+0.7 (11)
No. of nondividing embryos/total (%)
Control 0/12 (0) 0/36 (0) 0/42 (0) 1/26 (3.8)
Dose 0/14 (0) 1/25 (4) 2/41 (4.9) 4/15 (26.6)

Note.Embryos were collected at the two-cell stage, cultured 48 \itro to morulae, fixed, and stained in Giemsa. The number of nuclei were counted

embryo.

#Values are means SEM with no. of embryos in parentheses.

® Significantly different from control (one-tailed Student’'sest,p < 0.03).
¢ Significantly different from control (one-tailed Student'sest,p < 0.0001).
¢ Nondividing embryos were those with 10 or fewer blastomeres after 48 h in culture.
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TABLE 5
Comparisons of the Mean Numbers of Two- to Four-Cell Embryos per Dose Group and the Percent Degenerated Embryos
Produced by Males Exposed to Methamidophos and Their Concurrent Controls

Total no. of Percent P value for percent
Postexposure Total no. of pregnant Total no. of  Total no. 2—4-cell Mean No. 2-4-cell degenerated degenerated degenerated
week female$ embryo$ embryos$ embryos per mafe embryo$ embryo$ embryo$

Week 1

Control 10 394 341 34.% 3.9 53 15.5

Dose 5 214 179 30274 35 16.4 0.3312
Week 2

Control 10 334 285 28.5 3.3 49 14.6

Dose 7 215 194 27.% 3.9 21 9.7 0.0927
Week 3

Control 10 203 185 18.5 1.8 18 8.9

Dose 6 106 91 15215 15 14.2 0.1534
Week 4

Control 9 324 300 33.35.1 24 7.4

Dose 6 220 191 31.86.0 29 13.2 0.0260
Week 5

Control 6 159 137 22.8 2.7 22 13.8

Dose 7 213 164 23433 49 23.0 0.0260
Week 6

Control 9 390 358 39.8 5.2 32 8.2

Dose 5 141 112 22.4 6.3 29 21.0 <0.0001

@ Only females with greater than 10 embryos with two- to four-celled blastomeres at the time of collection from the oviduct (50 h post-hCG) were con
pregnant.

® Total number of embryos includes two- to four-celled and degenerated embryos, one-celled embryos were not included as described under Metl

¢ Total number of two- to four-celled embryos collected 50 h after post-hCG.

4 Variation among the animals was not significant by the Kruskal-Wallis nonparametriptesd(05) or aone-way parametric ANOVA§ > 0.05).Values
are meanst SEM.

¢ Embryos that were fragmented and/or that had degenerate blastomeres at the time of collection from the oviducts were classified as degenerate

"Variation among the animals for the number of degenerated embryos per animal was not significant by the Kruskal-Wallis nonparanpetri®te&)
or one-way parametric ANOVA{ > 0.05).

9 Chi-square test performed on values of total number of embryos and total number of degenerating embryos.

" Significantly different from postexposure week 6 concurrent control (one-tailed Studeassp = 0.031). Ap value equal to 0.031 suggests a 17%
probability that this is a random observation.

amidophos exposure (Hana&f al., 1986). Pregnant rats thatcant increase in abnormal sperm morphology that was al
were given methamidophos orally exhibited several indicataapparent 4 weeks after paternal methamidophos exposure. T
of adverse developmental effects, including decreases in itrend for increasing adverse effects beginning with postexp
plantation sites and total number of fetuses (live and dead) aswde week 4 was also supported by the significant rise
increases in several teratological endpoints (Haretfyal., proportion of degenerating embryos that were recovered f
1986). For maternal exposures, however, there are confoupdstexposure weeks 4, 5, and 6 (Table 5). Since the adve
ing issues of maternal somatic effects during oogenesis affect on embryonic cell proliferation became progressivel
gestation that make it difficult to evaluate the maternal gerrmore severe for embryos conceived 4, 5, and 6 weeks af
line for the potential of transmitted effects. One such compaternal methamidophos exposure, we speculate that progt
founder is the potential for mitochondrial genetic alteratiorsively more adverse postnatal developmental effects mig
arising within the oocyte. exhibit a similar time course. The embryos that were conceive
We selected a preimplantation endpoint for embryo vigo8, weeks after paternal methamidophos exposure also exhibi
embryonic cell number (Warnet al., 1991; Kelly and Rous- a notable increase in cleavage arrests (Table 4), which
sant, 1976), as a starting point for evaluating the potential foonsistent with the idea that this postexposure week might
developmental (postfertilization) effects following paterngbarticularly prone to exhibiting adverse developmental effec
germline methamidophos exposure. Mean cell number gdetlowing implantation.
embryo at 48 h in culture was significantly lower beginning Whether our observed effects on sperm morphology ar
with embryos conceived 4 weeks after paternal methangreimplantation embryonic cell proliferation stem from “ge-:
dophos exposure. This observation correlates with the signifietic” damage is an important question. Favoring the hypot
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esis for genetic damage are the reported increases in spésitera, B. C., and Bhunya, S. P. (1989). Studies on the genotoxicity of ase
aneuploidy following occupational exposures in humans (pa_(acephate), an organophosphate insecticide, in a mammalian in vivo syste
: . . . Mutat. Res223, 287-293.

dungtodet al., 1999) and increases in heritable cell prolifera- _ o o

tion effects for offspring that were conceived 6 weeks aft&f2zak W F., Treinen, K. A,, and Juniewicz, P. E. (1993). Application o
lirradiation of mice With’Cs v-ravs (Warneret al testicular sperm head counts in the assessment of male reproductive toxic

paternal irradia _ y-rays (\ “* Methods Toxicol3A, 86-94.

1991, WlleyeF al., 1997) Neither our observatlons no_r those gurruel, V. R., Yanagimachi, R., and Whitten, W. K. (1996). Normal mice

oth_ers allow |(_tlent|flcat|on of the mechf_inlsm by which meth- gevelop from oocytes injected with spermatozoa with grossly misshap

amidophos might “damage” DNA. While some organophos-headsBiol. Reprod.55, 709-714.

phates are known alkylating agents, the bulk of the publishegian, G. L., Courtney, K. D., Andres, V., Jr., and Featherstone R. M. (1961

data is more consistent with most organophosphate pesticideg,new and rapid colormetric determination of acetylcholinesterse activit)

including methamidophos, lacking action as alkylating agentsBiochem. Pharmacolz, 88-95.

except at very high doses (Zayed and Mahdi, 1987). Phosph@gneroso, W. M., Cain, K. T., and Hughes, L. A. (1985). Tests for dominan

ylation is the more commonly seen action of organophosphat%\?c‘:' ,aﬁf;t; Zfsigéd'llggml%':":h'omprOpa”e (DBCP) in male and femal

pesticides (Bedford and Robinson, 1972), which leads to low- - '

ered cholinesterase activity in red blood cells, in plasma, and3fer0s%: W- M., Preston, R. J., and Brewen, J. G. (1975). &-Mercaptopuri
an inducer of cytogenetic and dominant-lethal effects in premeiotic ar

the brain (Zayeett al., 1984; Sheetst al., 1997). We speculate early meiotic germ cells of male michlutat Res28, 437—447.

that methamldqphos might gontrlbute to genetlc_ damage 8L>neroso, W. M., and Piergorsch, W. W. (1993). Dominant lethal tests in me
sperm chromatin by promoting the phosphorylation of struc-and female miceMethods Toxicol3A, 124-141.

tural and/or enzymatic components of the mitotic spindle {®anafy, M. S. M., Atta, A. H., and Hashim, M. M. (1986). Studies on the
result in mitotic/meiotic errors. This idea has been invokedteratogenic effects of Tamaron (an organophosphorus pestitide)Med.
previously for the sperm centrosome, which plays a key role inJ. 34, 357-363.

the establishment and function of the first zygotic mitotiglogan, B., Constantini, F., and Lacy, E. (1988)anipulating the Mouse
spindle (Navarat al., 1997). Embryo. Cold Spring Harbor Laboratory Press, New York.

In conclusion, we observed that an acute paternal exposdagashree, I. V., Vijayalaxmi, K. K., and Rahmin, M. A. (1994). The geno

to methamidophos produced a dose-dependent increase in aiﬁg(icity of Hinosan, an organophosphorus pesticide in the in vivo mous
Mutat. Res322, 77-85.
normal sperm morphology evaluated 4 weeks after exposure.

In addition, beginning with postexposure week 4, there was Eﬁlly, S. J., and Roussant, J. (1976). The effect of short-term labelirtdin [

d ff b . I lif . . | d thymidine on the viability of mouse blastomeres: Alone and in combinatio
adverse effect on embryonic cell proliferation in cultured pre- with unlabelled blastomered. Embryol. Exp. Morphol37, 39—-49.

implantation embryos and significant increases in the prop(krﬁasawinah, A. M. A, March, R. B, and Fukuto, T. R. (1979). Insecticide
tion of degenerate embryos recovered per male. Work is Unproperties, anticholinesterase activities and metabolism of methamidoph

derway to test hypotheses that these effects correlate witRestic. Biochem. Physid®, 211-221.
increases in chromosomal aberrations and/or additional forrig, M. C., and Handel, M. A. (1987). Binding of morphologically abnormal
of genetic damage in the male germline. sperm to mouse egg zonae pellucidae in vi@amete Resl8, 57—66.

Mathew, G. K. K., Vijayalaxmi, K. K., and Rahiman, M. A. (1992). Methyl
parathion-induced sperm shape abnormalities in moMseat. Res.280,
169-173.
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