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and it has unspecific, toxic effects on Pseudaulacasp& 
pentagona (Hom., Diaspididae) and its parasitoid, 
Prospaltella berlesei (Hymen., Aphelinidae)21; this sug- 
gests that it may have inhibitory effects on other 
polysubstrate monooxygenases involved in xenobiotic 
metabolism in insects. 
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Tamoxifen 'sex reverses' alligator embryos at male producing temperature, but is an antiestrogen in 
female hatchlings 
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Summary. Tamoxifen is an anticancer drug widely used in the treatment of estrogen-dependent breast cancer. In 
hatchling alligators it acts as a pure antiestrogen in that it completely blocks the effect of estradiol-induced oviductal 
hypertrophy and completely blocks the estradiol-induced hepatic vitellogenin secretion. Paradoxically, when injected 
into alligator eggs incubated at 33 ~ a temperature which would normally result in 100 % male hatchlings, tamoxifen 
'sex reverses' the embryos into apparently normal female hatchlings. 
Key words'. Tamoxifen; sex determination; alligators. 

In some teleost and amphibian species functionally re- 
productive adults of either sex can be produced by treat- 
ing the larvae with androgens or estrogens, though there 
are a number of paradoxical exceptions in which andro- 
gens feminize and estrogens masculinize 2, 2. In amniote 
vertebrates it has not been possible to 'sex reverse' em- 
bryos in the male direction with androgens, but estrogens 
will sex reverse reptile embryos into apparently normal 
females 3-5, and will produce feminized but sterile 
birds 1. Tamoxifen has been reported to block the femi- 
nizing action of estradiol in chick embryos 6 and of DES 
in quail embryos 7. Treatment of bird embryos with ta- 
moxifen alone has given conflicting results. In one study 
no effect was noted 6, but in two other studies a partial 
'masculinizing' of the left ovary and partial development 
of the normally regressed right gonad were reported s, 9 

Despite this apparent masculinizing action, the Mulleri- 
an duct did not appear to be affected. Similar 'masculin- 
izing' effects have been noted in turtle embryos treated 
with tamoxifen 4. 
The sex of alligators is determined by the temperature at 
which the eggs are incubated. Eggs incubated at 33 ~ 
produce 100% male hatchlings, and eggs incubated at 
30~ produce 100% female hatchlings 2o-12. Injection 
of estrogen into eggs incubated at 33 ~ will 'sex reverse' 
the embryos and produce female hatchlings 3, but the 
converse is not true. It has not been possible to produce 
male hatchlings from eggs incubated at 30 ~ by injecting 
androgens 13. If, as has been suggested, ovarian develop- 
ment is dependent upon synthesis of estrogen in the de- 
veloping gonad 4'5'~4, then it may be possible to 'sex 
reverse' embryos at female producing temperatures by 
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blocking the effect of  endogenous estrogen product ion  
by the developing ovary 4. Since tamoxifen acts as a po- 
tent 'pure '  antiestrogen in chick oviduct 15, blocks the 
feminizing act ion of  estradiol  in chick and quail em- 
bryos  6'7, and inhibits the estrogen-st imulated calcium- 
binding protein  synthesis in the liver of  laying hens 16, a 
Similar antiestrogenic effect should be manifest  in 
crocodil ians,  given the taxonomic  affinities of  the two 
groups. We repor t  here that  tamoxifen is indeed a pure 
antiestrogen in hatchling female alligators, but  that  when 
injected into al l igator  eggs incubated at male producing 
temperature,  tamoxifen 'sex reverses' the embryo in the 
female direction. 

Mater&ls and methods 
All igator  eggs were collected from nests within one or 
two days of  oviposit ion,  packed in vermiculite and 
shipped to San Diego where they were placed in constant  
temperature  incubators  at 30 ~ (female producing tern- 

perature)  or 33 ~ (male producing temperature).  After  
one week the eggs were candled to check viabili ty and 
assigned to t reatment  groups. A small hole was dril led in 
the shell and hormone  or drug injected in a 100 l.tl volume 
using a 30-gauge needle. The hole was sealed with 
paraff in wax and the egg returned to the incubator .  
Treatments consisted of  estradiol-17B (50/.tg/egg), ta- 
moxifen (100 gg/egg) or vehicle (corn oil) between nine 
and twelve days after oviposition. Each t reatment  group 
consisted of  eggs from at least three separate clutches, 
and treatments were assigned such that  eggs from a single 
clutch received each t reatment  at each temperature.  At  
est imated day of  hatch (day 61 for 33 ~ eggs and day  74 
for 30 ~ eggs) the embryos  were removed from the eggs 
and the gonads dissected and fixed in Bouin's solution 
for histology. Histological  slides were coded and the 
sex assigned by two independent  observers, and the re- 
suits tabulated.  Since tamoxifen appeared  to act as an 
estrogen in the al l igator  embryo,  we decided to test 

Figure 1. Histological sections of alligator gonads just before hatching. 
A Ovary from control embryo incubated at 30 ~ collected at day 74 of 
incubation. B Testis fi'om control embryo incubated at 33 ~ collected at 
day 61 of incubation. C Ovary from embryo treated with tamoxifen 

incubated at 30 ~ and collected on day 74 of incubation. D Ovary from 
embryo treated with tamoxifen, incubated at 33 ~ (male-inducing tem- 
perature) and collected on day 61 of incubation. 
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its estrogenic activity on liver and oviduct, two well- 
characterized estrogen-sensitive tissues in hatchling 
alligators17, 18. Three-month-old alligators (50-250 g, 
n = 28) hatched from eggs incubated at 30~ (all fe- 
males) were injected intramuscularly as follows: 
Group 1: estradiol-17B, 1 mg/kg, one injection only 
(E2 x 1); Group 2: estradiol-17B, 1 mg/kg for three days 
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Figure 2. Plasma zinc in hatchling alligators treated with estradiol and 
tamoxifen. Bars represent mean values plus SEM of treatment groups 
before and after hormone and drug injections. 
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(E2x3) ;  Group3:  Tamoxifen 10mg/kg for 3 days 
(Tmx x 3); Group 4: estradiol-17B 1 mg/kg plus tamox- 
ifen 10mg/kg, one injection only (E2 + Tmx); and 
Group 5: vehicle (vegetable oil) alone, one injection only 
(Control), and sacrificed 6 days after the last injection. A 
blood sample was taken immediately before hormone or 
drug was injected and again at the end of the experi- 
ment using heparinized 1-ml syringes. Blood was cen- 
trifuged and the plasma separated for calcium and zinc 
analysis by atomic adsorption spectrophotometry, and 
the ovaries and oviducts fixed in Bouin's solution for 
histology. The calcium and zinc data were subjected to a 
single factor ANOVA and a multiple means comparison 
test. Differences were considered significant at the 0.05 
level. 

Results 
All untreated eggs produced males at 33 ~ and females 
at 30 ~ and injection of vehicle alone had no effect on 
predicted sex ratio (table 1). Eggs injected with estradiol 
produced female hatchlings at male inducing incubation 

Figure 3. Histological sections of hatchling alligator oviducts. A Con- the epithelial lining and the muscular wall, C Tamoxifen alone, and 
trol, B E2 • 1 at the same magnification showing hypertrophy of both D E2 + tamoxifen; bar ~ 100 gm. 
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Effect of estradiol and tamoxifen on gonadal differentiation in alligator 
embryos 
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Temperature Treatment Number Gonad 

30 ~ None 14 Female 
Vehicle 11 Female 
Estradiol- 17B 5 Female 
Tamoxifen 5 Female 

33 ~ None 15 Male 
Vehicle 12 Male 
Estradiol- 17B 9 Female 
Tamoxifen 5 Female 

temperature, and estradiol did not appear to affect nor- 
mal ovarian development in eggs at female inducing tem- 
perature. Tamoxifen in the 30 ~ eggs had no detectable 
effect on the ovary or Mullerian ducts, but tamoxifen in 
the 33 ~ eggs produced embryos with ovaries histologi- 
cally similar to normal female embryos from untreated 
30~ eggs (fig. 1). Hatchlings injected with estradiol 
alone had significant (p < 0.05) increases in plasma calci- 
um (data not shown), and plasma zinc (fig. 2). Tamoxifen 
alone did not stimulate any detectable increase in plasma 
calcium or zinc in the alligator hatchlings, and when 
given simultaneously with estrogen prevented the estro- 
gen-induced increases in these two cations (fig. 2). Like- 
wise, tamoxifen alone had no detectable estrogenic effect 
on the oviducts or ovaries of hatchling alligators, and 
when given simultaneously with estradioI was able to 
prevent the estrogen-induced oviductal hypertrophy 
(fig. 3). Thus in hatchling alligators tamoxifen acted as a 
pure antiestrogen. 

Discussion 
In mammals tamoxifen may act as a weak estrogen or as 
an antiestrogen depending on the species and target tis- 
sue being investigated tg, but in birds Is, lizards, and 
frogs 20 tamoxifen is clearly antiestrogenic. Our results 
show that tamoxifen is a potent pure antiestrogen in 
hatchling alligators in that it completely blocked the 
estradiol-induced oviductal hypertrophy and completely 
blocked the estradiol-induced vitellogenin secretion by 
the liver, as indicated by calcium and zinc in the plasma. 
Our results showing complete sex reversal of 'male' em- 
bryos treated with estradiol are in agreement with previ- 
ous studies on the feminizing action of estradiol on alli- 
gator embryos 3. However, our results showing complete 
ovarian differentiation in 33~ alligator embryos 
('males') treated with tamoxifen alone suggest that the 
drug may have acted as an estrogen in this system. On the 
other hand tamoxifen acts as a potent antiestrogen in 
hatchling alligators. A similar paradoxical effect of ta- 
moxifen was reported in zebra finches. Estrogen-sensitive 
song control regions of the brain were hypermasculinized 
by tamoxifen, an estrogenic effect, whereas a pure anti- 

estrogenic effect was seen in the oviducts z 2. Tamoxifen is 
believed to exert its antiestrogenic or weakly estrogenic 
effects via interaction with an estrogen receptor~9'z2; 
however, a second non-estrogen tamoxifen receptor has 
been identified 23. Curiously, tamoxifen has also been 
shown to inhibit the action of a non-aromatizable andro- 
gen, dihydrotestosterone, in chick embryos 24, 25, Based 
on similar paradoxical results with antiandrogens and 
tamoxifen in frog larvae, Rastogi and Chieffi 2o proposed 
that embryonic sex inductors have no structural affinity 
with the sex steroids produced by the adult animal. Our 
results suggest that the receptor in embryonic alligator 
gonad that interacts with tamoxifen differs from the es- 
trogen receptor in the liver and oviducts of hatchlings of 
this species, 
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