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less antigenic if unadsorbed. Since mineral 
carriers are believed to exert their antibody 
enhancing effects by increasing the particle 
size of the antigen given in vaccines, the most 
likely explanation for the present findings 
would seem to be that use of the mineral 
carrier achieved a near optimal particle size 
with undegraded HA antigens( 9).  Since the 
amount of AIPOi used in the present in- 
vestigation adsorbed 50% or less of the he- 
magglutinating aotivity of the vaccines, a 
search for more efficient adsorbants might 
prove rewarding. 

The fact that HA vaccines behaved as 
weaker antigens in mice but strongly in rab- 
bits and humans remains unexplained. In con- 
sidering this discrepancy it is noteworthy that 
in the separate experiments with the different 
HA vaccines a very large dose was used for 
the primary and booster inoculations of rab- 
bits and that a large dose was given to adult 
human subjects who as a class generally ex- 
hibit booster responses (1-4). In contrast, the 
dosage of vaccines given to mice was delib- 
erately lowered in order to determine antigenic 
extinction titers. The differences noted, there- 
fore, may be dose dependent. However, the 
possibility that different species might respond 
differently to HA vaccines cannot be ignored. 
Clearly further studies are needed if the re- 
sults of testing HA vaccines in animals are 
to be used as standards for predicting the 
performance of such products in man. 

Summary. Virus vaccines with AlP01, HA 

vaccines and HA vaccines with Alp04 were 
prepared as monovalent suspensions using 4 
strains of influenza A and 2 of influenza B. In  
all cases, dilutions of the HA vaccines induced 
lower antibody levels and lower levels of im- 
munity than their virus counterparts. Ad- 
dition of AIP04 restored the antigenicity of 
HA vaccines to levels almost equal to those 
of whole virus vaccines. The significance of 
these findings is briefly discussed. 
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TABLE I. Critical Exposure Time for  Androgenization of the 5-Day-Old Rat  as Determined by 
Antiandrogen Injection. 

Androgen Time of CA" 
(Pg of T P )  injection Incidence of sterility (No. anovulatory/No. injected) 
at time zero (hours after 

on day 5 androgen) at 45 days of age TO at 90 days of age % 
~ ~~ 

30 noneb 10/13 83.3 11/12 91.6 
30 zero 3/28" 10.3 7/20 30.0 
30 6 11/18 58.8 16/18 88.8 
30 12 10/14 71.4 11/14 78.5 
30 24 10/13 77.5 12/13 92.3 

noned zero 1/11 9.0 1/11 9.0 

" Cyproterone acetate, 0.6 mg/0.05 ml of castor oil-benzyl benzoate vehicle. 
Given 0.05 ml of castor oil vehicle. 
Eight of these animals sacrificed at 45 days of age. 
Given 0.02 ml of peanut ail. 

proximately 12 hours of the androgen in- 
jection2. It seems likely that the develop- 
mental changes in neurons in response to the 
inductive stimulation of androgen may be 
triggered very rapidly and perhaps be com- 
pleted within a short period of time. 

I t  has been reported that cyproterone ace- 
tate3 (CA), a synthetic antiandrogenic steroid, 
counteracts the effect of exogenous androgen 
in adult male (4) or prenatal female (5) rats, 
and prevents ,androgen induced differentiation 
of the male reproductive system (6-8). Pre- 
natal and neonatal treatment with CA pre- 
vents normal masculinization of the male hy- 
pothalamus (9,lO). The present experiments 
were undertaken to demonstrate4 the p r e  
tective action of CA against androgen sterili- 
zation in female rats, and to investigate 
further the minimal exposure to androgen 
needed for androgenization. 

Materials and Methods. Sprague-Dawley 
female rats were raised in our vivarium and 
were treated with steroid(s) on day 5 of age 
(the day of birth was considered day one). 
A single subcutaneous injection of 30 pg of 
testosterone propionate (TP) was given in 
0.02 ml of peanut oil. At a different sub- 

2 Arai, Y., h r s k i ,  R. A., Endocrinology, in press. 
3 6-ch10ro-A~ -1,2 a-methylene-17-hydroxypo- 

gesterone acetate. 
4 During preparation of this manuscript W o l h m  

and Hamilton (11) published data which demon- 
strate that 2 5 - 1 0  p g  of CA can protect against 
the injection of 10 pg of TP on day 5. 

cutaneous site, 0.6 mg of CA was injecta in 
0.05 ml of castor oil-benzyl benzoate mix- 
ture [as previously described (5) ] at various 
intervals following TP injection: 0, 6, 12, or 
24 hours. At 45 days of age, these females 
were either Eaparotomized or sacrificed to 
chwk for the presence or absence of corpora 
lutea in their ovaries. At  90 days, the sur- 
viving animals were autopsied and body and 
organ weights were recorded. 

Results. A single injection of 30 pg of TP 
given to female rats on day 5 resulted in 
anovulatory sterility in 83.3 and 91.6% Olf 
the animals a t  45 and 90 days of age, respec- 
tively (Table I). When CA was given at  the 
same time with TP, only 10.3% of the rats 
were anovulatory at  45 days of age, and the 
incidence of sterility (IS) remitined low at 
autopsy (30.0). However, when TP was d- 
lowed to act for 6 hours before the injection of 
CA, the IS was increased to 58.8 at 45 days of 
age, and 88.8% of the rats were anovulatory 
at  90 days of age. Five of the seven animals 
of this group which had ovulated during their 
postpubertal period developed the anovulatory 
persistent estrus syndrome by 90 days of age. 
This rate of 5/18 represents a moderate in- 
cidence of the Delayed Anovulation Syn- 
daome.6 

When TP was allowed to act for 12 b u r s  

5 Number anovulatory raks/number injmted rats, 

6 Gorski, R. A., Endocrinology, in press. 
times 100. 
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TABLE 11. Data Obtained at Autopsy of 90-Day-Old Female Rats Injected with TP and/or 
Antiandrogea a t  5 Day8 of Age. 

Time O f  in- 
jection of 
CA (hours Goiiditioii No. of Body wt. 0va.rian U tcri I I P  

Injections after TP) of ovaries rats (gm) wt. (mg) wt. (mg) 

30 pg TP - Normal 
Polyfo1licwl:ir 

30 pg TP + CA zero Normal 

6 Normal 

Polyf ollicular 

Polyf OlliCUl'U 

12 Normal 
Polyf ollicular 

Polyf ollicular 
24 Normal 

CA - Normal 
Polyf ollicula r 

1 
11  

13 
7 

2 
6 

3 
11 

1 
12 

11 
1 

253 98.2 486 
242 2 74 40.2 -t 4.2 462 f 21 

263 7 103.6 8.5 527 -t 22 
264 f 8 58.2 -t 4.2 456 2 23 

279 89.2 487 
250 A 5 42.6 ~f: 2.2 438 f 16 

268 76.7 382 
256 f 1 1  45.5 2 6.5 438 k 44 

255 124.5 514 
243 5 51.5 2 1.8 492 k 41 

232 f10  95.0 2 3.5 476 f 16 
241 41.2 428 

Mean f SE. 

or more prim to antiandrogen injection, CA 
was completely ineffective. The CA alone was 
essentially without effect, although 1 out of 11 
rats did become anovulatory. Autopy data 
for androgen and CA injected rats are pre- 
sented in Table 11. Both ovarian and uterine 
weight in animals apparently protected by CA 
are greater than in the anovulatory females. 
This is due to the absence of corpora lutea 
and normal cyclic ovarian secretory activity in 
the latter. The dramatic influence of the in- 
terinjection interval on the effectiveness of 
CA is illustrated in Fig. 1. 

Discussion. These data confirm the obser- 
vation of Wollman and Hamilton (1 1)  that 
CA can protect neonatal female rats from 
androgen induced masculinization of the hy- 
pothalamus. Both studies are consistent with 
the ability of CA to prevent normal hypo- 
thalamic development by counteracting the 
influence of endogenous androgen in the male 
(9, 10). However, the present data also in- 
dicate that exposure of the hypothalamus of 
the 5-day-old female to androgen from an in- 
jection of 30 pg of TP for about 6 hours, is 
sufficient time to render CA ineffective as a 
protector against androgeniza t ion. A1 though 
41.2% ( 7  of 18) of the animals given CA 
6 hours after TI? do ovulate postpubertally, 

by 90 days of age, five of these seven females 
were anovulatory and possessed polyfollicular 
ovaries. This development of the Delayed 
Anovulation Syndromes in these five animals 
suggests that CA is at best, capable of exerting 
only partial protection against TP, when given 
6 hours after the landrogen injection. 

q W 

2 0 1  
I 

1 I.' 

i 
I 

0 6 12 24 
INTERVAL (hours) BETWEEN INJECTION 
OF ANTI-ANDROGEN AND TP (time zero) 

FIG. 1. Incidence 04 sterility (IS) at 45 and 90 
days of age following injection of 30 Fg of TP to 
the S-day-old female rat alone, s h , u l W u s  with, 
or at various intervals prior to cyproterone acetate 
(CA) injection. - IS at 90 days of age f d m i n g  
injection of 30 pg of TP on day 5 ;  horizontal 
- - - -  IS of these rats at day 45. 
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This report and others (9,10,12) indicate 
that CA injhibits the action of androgen on the 
brain as well as on its peripheral target organs. 
However, the mechanism of CA-andmgen 
antagon'ism is unknown. I t  has been suggested 
that CA competitively inhibits the action of 
androgen at  the level of receptors within its 
target organs (4,6). On the basis of our pre- 
vious study of the protective effect of bar- 
biturates against androgenization,2 i t  is pos- 
sible to suggest that CA inhibits the uptake of 
androgen by hypothalamic neurons in the 5-  
day-old rat. In that study comparison of the 
protective effect of delayed injections of pen- 
tobarbital or phenobarbital suggested that 
the latter (or more likely, a low dose of bar- 
biturate) specifically inhibited m early and 
brief phase of androgen action, presumably 
androgen uptake by the hypothalamus. The 
observation that CA can protect against the 
effect of TP only when given with the an- 
drogen, suggests that CA antagonizes only the 
early stages of androgenization. Furthermore, 
the observation that Ithe Delayed Anovulation 
Syndrome is not of high incidence is consistent 
with an effect of CA on androgen entry into 
hypothalamic neurons or other active sites. If 
androgen cannot enter the neuron and/or 
initiate unknown biochemical pmesses, even 
partial masculinization of the hypothalamus 
cannot occur. The probable rapid action of 
androgen is supported by the observation that 
radioisotope labeled steroids reach maximum 
concentrations in the brain within 1 hour 
after injection ( 1 3 ) .  

Although only one dose of CA was utilized, 
this dose is 6-24 times greater than that previ- 
ously reported as effective when given simulta- 
neously with TP (1 1). It seems unlikely that 
higher doses of CA would be able to inter- 
rupt or prevent subsequent phases in andro- 
genization, as does pentobarbital. Further 
analysis of the dynamics of the interaction be- 
tween the developing brain, androgen, and 
specific or nonspecific blocking agents, may 
elucidate both the mechanism of action of CA, 

and the nature of the changes induced in the 
hypothalamus by the inductive stimulus of 
androgen. 

Summary. The simultaneous injection of 
0.6 mg cyproterone acetate (CA), an anti- 
andmgen, protects the 5-day-old female rat 
against the hypothalamic mascuhizing action 
of 30 pg testosterone propionate. When CA 
was administered 6 cur more hours after an- 
drogen injeotion, however, its effectiveness was 
markedly reduced. It is concluded that a CA- 
labile component of the process of hypotha- 
lamic masculinization, which lasts for less 
than 6 hours, may consist of the uptake of 
androgen by hypothalamic neurons. 
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