
does not replicate (that is, there is no 
evidence of uptake of tritiated thymi- 
dine). It seems probable that the radia- 
tion injury that responds to anticoagu- 
lant therapy is endothelial "damage" 
and is not dependent on the radiosen- 
sitivity or cell-cycle phase of the hep- 
atocytes. Our data support the conten- 
tion that clinically significant radiation 
injury does not have to have a cyto- 
kinetic basis. The manifestation of radi- 
ation damage due to microvascular en- 
dothelium injury may be diminished by 
appropriate systemic anticoagulant ther- 
apy. 
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and a syndrome of malformations. 

Though much is known about griseo- 
fulvin's biological actions, its effects on 
cell division and embryonic develop- 
ment have not been clarified. An intra- 
venous injection of griseofulvin (200 
mg/kg), to rats caused disturbances in 
cell division and maturation in the 
germinal epithelium of the testes. Mito- 
sis of rapidly dividing cells was tran- 
siently arrested at metaphase within 7 
hours after administration. Two weeks 
later testicular histology appeared to 
be normal (1, 2). The fungistatic ac- 
tion of griseofulvin may be due to an 
interference of nucleic acid synthesis 
(3). Since compounds which block 
such synthesis have caused teratogenic 
changes in mammals (4), griseofulvin 
may have teratogenic potential (1-5). 
To investigate this possibility, we per- 
formed a reproduction study, using 
griseofulvin in mature rats. 

Groups of 23 to 34 female rats 
(CAW: CFE SD spf strain) were given 
either 125, 250, 750, 1250, or 1500 
mg/kg per day (6). The females were 
mated with males of proven fertility 
and then treated orally, from day 6 
through 15 after mating, with microsize 
particles of griseofulvin (7) suspended 
in Tween 80. (Day 0 was defined as the 
day spermatozoa were detected in the 
vaginal smear.) On day 21, the dams 

31 MARC'H 1972 

and a syndrome of malformations. 

Though much is known about griseo- 
fulvin's biological actions, its effects on 
cell division and embryonic develop- 
ment have not been clarified. An intra- 
venous injection of griseofulvin (200 
mg/kg), to rats caused disturbances in 
cell division and maturation in the 
germinal epithelium of the testes. Mito- 
sis of rapidly dividing cells was tran- 
siently arrested at metaphase within 7 
hours after administration. Two weeks 
later testicular histology appeared to 
be normal (1, 2). The fungistatic ac- 
tion of griseofulvin may be due to an 
interference of nucleic acid synthesis 
(3). Since compounds which block 
such synthesis have caused teratogenic 
changes in mammals (4), griseofulvin 
may have teratogenic potential (1-5). 
To investigate this possibility, we per- 
formed a reproduction study, using 
griseofulvin in mature rats. 

Groups of 23 to 34 female rats 
(CAW: CFE SD spf strain) were given 
either 125, 250, 750, 1250, or 1500 
mg/kg per day (6). The females were 
mated with males of proven fertility 
and then treated orally, from day 6 
through 15 after mating, with microsize 
particles of griseofulvin (7) suspended 
in Tween 80. (Day 0 was defined as the 
day spermatozoa were detected in the 
vaginal smear.) On day 21, the dams 

31 MARC'H 1972 

References and Notes 

1. K. Ogata, K. Hizawa, M. Yoshida, T. Kita- 
muro, G. Akagi, K. Kagawa, F. Fukuda. 
Tokushima J. Exp. Med. 9, 240 (1963). 

2. G. B. Reed and A. J. Cox, Jr., Amer. J. 
Pathol. 48, 597 (1966). 

3. J. F. Mustard, Hosp. Pract., 46-56, June 1969. 
4. - and M. A. Packham, Pharmacol. Rev. 

22, 97 (1970). 
5. H. J. Weiss, L. M. Aledort, S. Kochwa, J. 

Clin. Invest. 47, 2169 (1968). 
6. J. A. Ingold, G. B. Reed, H. S. Kaplan, M. 

A. Bagehaw, Amer. J. Roentgenol. Radium 
Ther. Nucl. Med. 93(1), 200 (1965). 

7. V. S. Sljivic, Brit. J. Exp. Pathol. 51, 130 
(1970). 

8. N. R. DiLuzio, K. A. Simon, A. C. Upton, 
A.M.A. Arch. Pathol. 64, 649 (1957). 

9. N. R. DiLuzio, Amer. J. Physiol. 181, 595 
(1955). 

10. T. M. Saba and N. R. DiLuzio, ibid. 216, 
910 (1969). 

11. A. Sassen, A. M. Reuter, F. Kennes, Radia- 
tion Res. 38, 475 (1969). 

12. Supported in part by National Cancer Insti- 
tute, grant 5-TO1-CA5139, NIH training 
grant 1-TO1-GM01747-02, PHS grant HE- 
14147-01, and AEC grant AT(11-1)-1653 
under which this report becomes AEC docu- 
ment CO-1653-109. 

* Correspondence should be addressed to E.J.P. 
30 September 1971 a 

References and Notes 

1. K. Ogata, K. Hizawa, M. Yoshida, T. Kita- 
muro, G. Akagi, K. Kagawa, F. Fukuda. 
Tokushima J. Exp. Med. 9, 240 (1963). 

2. G. B. Reed and A. J. Cox, Jr., Amer. J. 
Pathol. 48, 597 (1966). 

3. J. F. Mustard, Hosp. Pract., 46-56, June 1969. 
4. - and M. A. Packham, Pharmacol. Rev. 

22, 97 (1970). 
5. H. J. Weiss, L. M. Aledort, S. Kochwa, J. 

Clin. Invest. 47, 2169 (1968). 
6. J. A. Ingold, G. B. Reed, H. S. Kaplan, M. 

A. Bagehaw, Amer. J. Roentgenol. Radium 
Ther. Nucl. Med. 93(1), 200 (1965). 

7. V. S. Sljivic, Brit. J. Exp. Pathol. 51, 130 
(1970). 

8. N. R. DiLuzio, K. A. Simon, A. C. Upton, 
A.M.A. Arch. Pathol. 64, 649 (1957). 

9. N. R. DiLuzio, Amer. J. Physiol. 181, 595 
(1955). 

10. T. M. Saba and N. R. DiLuzio, ibid. 216, 
910 (1969). 

11. A. Sassen, A. M. Reuter, F. Kennes, Radia- 
tion Res. 38, 475 (1969). 

12. Supported in part by National Cancer Insti- 
tute, grant 5-TO1-CA5139, NIH training 
grant 1-TO1-GM01747-02, PHS grant HE- 
14147-01, and AEC grant AT(11-1)-1653 
under which this report becomes AEC docu- 
ment CO-1653-109. 

* Correspondence should be addressed to E.J.P. 
30 September 1971 a 

were killed with an overdose of chloro- 
form, and their offspring were removed. 
The number of nidation sites and re- 
sorptions in each dam was recorded. 
Approximately one-third of the off- 
spring were examined for soft tissue 
defects (8). The remaining offspring 
were stained with Alizarin red-S and 
examined for skeletal defects (9). 

Dams given 1250 or 1500 mg/kg per 
day had significantly more resorptions 
than d;d the control dams (P < .01) 
(Table 1). The incidence of resorptions, 
as a percentage of nidation sites, was 5 
percent in the controls but 16 percent 
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in the dams given 1250 mg/kg and 
64 percent in the dams given 1500 mg/ 
kg. Most resorptions occurred early in 
pregnancy. The greater number of re- 
sorptions in the dams given 1500 mg/kg 
resulted in a significantly smaller (P < 
.01) average litter size as compared to 
that in the control group (Table 1). 

The body weights of offspring from 
all groups, except those given 250 mg/ 
kg, were significantly less (P < .01) than 
weights of the controls (Table 1). The 
weights of the dams given 1250 and 
1500 mg/kg were below those of the 
controls by 13 and 50 percent, respec- 
tively. 

Skeletal ossification at delivery was 
retarded about 24 and 48 hours in the 
offspring of dams given 1250 and 1500 
mg/kg, respectively. Offspring growth 
was commonly reduced in similar stud- 
ies of other agents (10). 

Survival rates of the newborns were 
significantly reduced in all groups, ex- 
cept the one in which the dams were 
given 250 mg/kg (Table 1). This re- 
duction was related to the dose and was 
most pronounced in the 1500 mg/kg 
group where all offspring died within 
1 hour after birth. 

Somal examination revealed that ab- 
normalities occurred in some pups from 
four of the treated groups but not in 
the controls (Table 2). Specifically, one 
pup from a dam given 250 mg/kg had 
clubbed feet, no eyes, one gonad, anal 
atresia, angulated ribs, and deformed 
skull bones. One pup from a dam given 
750 mg/kg had dilated renal pelves. 
Nineteen of the 222 pups (8 percent) 
from dams given 1250 mg/kg had tail 
anomalies (no tails, or shortened or 
kinky tails), and one pup had exen- 
cenphaly. Nine of 90 (10 percent) of 
the pups from dams given 1500 mg/kg 
had tail deformities, and one of these 
pups also had exencephaly. 
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Table 1. Reproduction data. Rats were treated with griseofulvin daily from day 6 through day 15 after mating. Pups were weighed individually, and the weights were averaged by dose group. Data from treatment groups were compared with data from control groups. Survival rates were 
determined as follows: (number of pups surviving for 24 hours/number of pups retained for 
24 hours) X 100. 

Rats 
Dose 24-hour 

per dayPreg- Nida- Resorptions Litter Pup survival 
(mg/kg) rats tions r(a/k ts) na tions -o .size* weight: rate 

(No.) ( ) (No.) (%) (%) 

None 19 278 14 5.0 13.9 t 0.7 5.4- 0.02 100 
125 14 187 3 1.5 13.6 + 0.7 5.1 ? 0.03- 94 
250 19 236 5 2.1 12.2 0.8 5.5 ? 0.02 100 
750 24 310 8 2.6 12.6 ?0.3 5.1 + 0.03t 93 

1250 19 290 48 16.5t 12.7 ? 0.5 4.7 ? 0.04t 80 
1500 12 252 162 64.3t 7.5 ? 1.3t 2.4 - 0.08t 0 
* Result is given as the mean - the standard error of the mean. t Significant differences (P < .01) are indicated by a dagger. 
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Griseofulvin: A Teratogenic Study 

Abstract. Griseofulvin, a fungistatic agent, was administered in oral doses of 
125 to 1500 milligrams per kilogram per day to pregnant rats during organo- 
genesis. Evaluation of the offspring from dams treated with the largest doses, 
63 and 75 times a therapeutic dose in man, indicated decreased survival rates 
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Table 2. Somal examinations of rat pups. The number of offspring examined and the frequency 
of skeletal (S) and visceral (V) abnormalities are shown. The incidence of major malforma- 
tions in the Carworth CFE strain rat used in these experiments was less than 0.5 percent. 

Griseo- Rats examined (No.) Major abnormalities 
fluvin 

(mg/kg) Total Skeletal Visceral Total Type 

None 264 183 81 0 
125 190 130 60 0 
250 231 161 70 1 SandV 
750 302 209 93 1 V 

1250 242 168 74 20 S 
1500 90 65 25 9 S 
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While the incidence of resorptions in- 
creased by 50 percent when the dose 
was raised from 1250 to 1500 mg/kg, 
the incidence of malformations between 
the two treated groups increased only 2 
percent. These changes suggest that 
1500 mg/kg approaches the limit of 
fetal tolerance. 

Since under specific conditions griseo- 
fulvin disrupts spermatogenesis in rats 
(1, 2), we performed other experiments 
to evaluate the effects of long-term ad- 
ministration on male and female fe- 
cundity. 

In one study, we treated a group of 
males orally with 1500 mg/kg per day 
during spermatogenesis for 63 days and 
mated them with untreated females. 
The males were then killed, and the 
testes were removed and examined his- 
tologically. On day 14 after mating, the 
dams were killed and examined for a 
dominant lethal effect. Testicular his- 
tology, the number of nidation sites, the 
number of resorptions, and embryonic 
viability were normal. 

The results show that, at high doses, 
griseofulvin affected embryonic devel- 
opment but not spermatogenesis. This 
difference is not surprising and has sev- 
eral possible explanations, of which 
three stand out. First, spermatogenesis 
and embryonic development both in- 
volve rapidly dividing cells, yet tissue 
differentiation characterizes only the lat- 
ter. Second, enzyme induction may have 
occurred in males and not in females 
because the males were treated for a 
longer period. Last, the testes were not 
removed until 2 weeks after treatment, 
a delay which may have allowed them 
to return to normal if treatment had 
resulted in a transient change (2). 

In another study, we segregated 100 
male and 100 female rats into controls 
and 50-, 100-, and 250-mg/kg groups. 
Males were treated for 63 days and then 
mated with females that had been 
treated for 14 days. Males were treated 
until the end of the 3-week mating pe- 
riod, whereas females were treated until 
they were killed. About 40 of the fe- 
males were killed on day 14 after mat- 
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ing; the remainder were killed when the 
offspring reached 21 days of age. Rates 
of conception, litter sizes, pre- and post- 
natal mortality, body weights of off- 
spring, and somal development were 
normal in all groups. 

From the results of these two studies, 
male and female fecundity appears to 
be unaffected. 

From each group, 14 or 15 (Fl) male 
and female pups were reared to ma- 
turity and mated with members from 
the same group. On day 21, females 
were killed, and the number of resorp- 
tions and nidations, the conception 
rates, the litter sizes, and the numbers 
of viable F2 offspring were all normal. 

The results obtained by others giving 
griseofulvin intravenously cannot be 
correlated with those we obtained since 
we gave the drug orally. Our results 
can be correlated with those obtained 
in humans by MacLeod and Nelson 
(11). In their experiment, 14 men were 
given daily doses of 2000 mg of micro- 
size griseofulvin for 3 months. After 
treatment, sperm counts and histological 
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examination of testicular biopsies indi- 
cated that griseofulvin exerted no ad- 
verse effects on spermatogenesis. 

From the results of our study we can 
conclude that (i) compared to controls, 
pregnant rats treated orally with high 
doses of griseofulvin have more mal- 
formed offspring, (ii) offspring from 
those dams which were treated with 
high doses have decreased pre- and 
postnatal survival rates, and (iii) griseo- 
fulvin given to male rats daily for 63 
days in oral doses up to 1500 mg/kg 
does not adversely affect spermato- 
genesis. 

M. F. KLEIN, J. R. BEALL 
Schering Corporation, P.O. Box 32, 
Lafayette, New Jersey 07848 
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Meiosis in Triploid All-Female Fish (Poeciliopsis, Poeciliidae) 

Abstract. Prior to meiosis in triploid gynogenetic all-female forms of Poeciliop- 
sis, the chromosome number of the nucleus of the triploid oogonium is raised 
endomitotically to hexaploid. Recombination does not occur; instead, a triploid 
ovum with a genetic complement identical to that of the mother is produced by 
two conventional meiotic divisions. Sperm from a sympatric gonochoristic (bisexual) 
species stimulates the ovum to develop, but paternal genes are not incorporated 
into the zygote. This is the first cytologically verified case of natural endomitosis 
in the egg production in fish. 

Meiosis in Triploid All-Female Fish (Poeciliopsis, Poeciliidae) 

Abstract. Prior to meiosis in triploid gynogenetic all-female forms of Poeciliop- 
sis, the chromosome number of the nucleus of the triploid oogonium is raised 
endomitotically to hexaploid. Recombination does not occur; instead, a triploid 
ovum with a genetic complement identical to that of the mother is produced by 
two conventional meiotic divisions. Sperm from a sympatric gonochoristic (bisexual) 
species stimulates the ovum to develop, but paternal genes are not incorporated 
into the zygote. This is the first cytologically verified case of natural endomitosis 
in the egg production in fish. 

The existence of natural populations 
of unisexual vertebrates raises questions 
about the evolutionary potential of these 
animals, both as individuals and as 
parts of unisexual-bisexual complexes 
with their gonochoristic (bisexual) rela- 
tives. To understand the evolutionary 
potential of unisexual forms, the sources 
of their genetic variability must be de- 
termined; this in turn requires an under- 
standing of the meiotic mechanisms of 
these forms. 
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One mode of reproduction used by 
unisexual vertebrates is gynogenesis, 
that is, the development of an ovum 
after stimulation by a sperm but with- 
out fusion of the male and female 
pronuclei. This results in offspring ge- 
netically identical to the mother (matro- 
clinous inheritance). Natural popula- 
tions of gynogenetic vertebrates have 
been identified in teleost fishes (1-4) 
and salamanders (5). The viviparous 
genus Poeciliopsis (Poeciliidae: Cypri- 
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