
120 

17103. Some Chemical a n d  Morphological Changes  El ic i ted  in the A d r e n a l  
by Stilbestrol  a n d  LAP. 

F. R. SKELTON,* C. FORTIER,~ AND H. SELYE. 
From the  Insti tut  clr M6dc c ine  et d p  Cliirurgie hkp&imrntalcs, UniGersitB d e  MontrCal. 

Preliminary observations suggested that a 
lyophilized anterior pituitary preparation 
(LAP), when administered simultaneously 
with stilbestrol, inhibits the discharge of 
adrenal sudanophilic material which is nor- 
mally a characteristic effect of this synjthetic 
estrogen. Hence (the following experiment was 
planned to study in a more comprehensive 
manner the chemical and morphological 
chan,ges produced in the adrenal by LAP, stil- 
bestrol and combined treatment with both 
these substances. 

Materials and methods. 48 female piebald 
rats averaginlg 140 g in weight were divided 
into 4 groups of 12 rats each and treated as 
follows: Group T served as normal controls. 
Group II received 20 mg of LA4P in 0.2 cc 
of salin,e twice fdaily subcutaneously. Group 
I11 was given 1 mg of stilbestrol dissolved in 
0.2 cc of corn oil once daily subcutaneously. 
I n  adidition this gruup received a saline injec- 
tion on the 9th day (to equalize the injec- 
tion-trauma wiith Group I\'). Group IV was 
given both LAP and stilbestrol in the same 
manner as Groups 11 anld I11 respectively. ,4t 
the lend of 10 days the rats were killed by 
ether anesthesia. The adrenal glands from 6 
rats of each group were immdiately removed 
anid weighed separately to 1 mg of accuracy, 
One gland of each rat was Ithen placed into 
4% trichloracetic acid for ascorbic acid de- 
termination (method of Roe and Kuetherl) 
and the other into acetone-alcohol for choles- 
terol estimaftion (method of Sperry and Scho- 
enheimer, modification of Sperry2). 

The adrenals of the other 6 rats of each 
group were used flor histological study as fol- 
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lows: one was fixed in 10% formalin for 48 
hours after which frozen sections were made 
a t  10 p. These were stained for lipids with 
Sudan IV and for "Plasmalogens" wiith the 
Schiff reagent (method of Feulgen and Voigt 
as described by Lison"). The other adrenal 
and thymus were fixed in Heidenhain's Suza 
fixative for H and E paraffin sections cut at 

Results. A summary of our results is given 
in Table I which includes a statistical com- 
parison of the values obtained. 

Weight changes. As 'thymus anid adrenal 
weight changes are inversely related to each 
other, they can be considered together. In  
all experimenltal groups there was adrsenal en- 
largement and thymus involution. These 
changes were most pronoun'ced in Group IV 
and least marked in Group 11. 

Chemical changes. The cholesterol and 
ascorbic alcid values are expressed in mg/100 
mg of adrenal 'tissue (concentration) and in 
mg/100 g of body weight (total content). 

After LAP treatment (Group 11) there is 
a dlecrease in Ithe concentration and total con- 
tent of adrenal cholesterol; only the decrease 
in concentration being significant. Stilbes- 
trol (Group 111) causes a very marked and 
significant decrease in both concentration and 
content of adrenal cholesterol. 14fter LAP 
and stilbestrol (Group I V )  these values were 
still lower, but not significantly different from 
thle former group (Group 111). 

I n  a progressive order, LAP (Group I I ) ,  
sltilbestrol alone (Group 111) and in conjunc- 
tion with LAP (Group IV) significantly de- 
creased the adrenal ascorbic acid concentra- 
tion. It is of interest that while the changes 
in the total cont'ent and concentration. of cho- 
lesterol run parallel, no such parallelism is 
evident as regards ascorbic acid.* 
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warn I. 
Effect of LAPs and Stilbestrol on Thymus and Adrmal  Weight and--Adrenal C'holestei~ol niicl 

Ascorbic Acid. 

Thymus weight Adrerial weight 
1 7 -  I_c7 I---- 

ivrg/ioo g Ng/100 g 
Group Treatment body Pt bod7 P 

I 0 116 * 2 2  32 2 2.5 
11 L AI' 47 2 6.5 T I - I  < . O l  36 -I 0.5 11-1 < . O l  

IT' Stilbcstrol 21.5 .t 1.5 IV-I <.Ol 85.9 14.5 IV-T <.Ol 
I Ir Stilbcstyol 56 5 4.8 111-1 <.02 79 6.6 111-1 <.(I1 

rv--tr < .01 LAP IV-11 <.Ol 
I V - 1 1 1  <A1 IV-lIT>. 1 

Adreiiul cholesterol 
7- \ 

31g/lO0 g Mg/lO0 nig 
Crrou1, Treatment body P adrenal tissue r 

I 0 .623 +_ .088 2.674 2 .16X 
I1 L A P  .375 .071i 11-1 >.I$ 1.047 +- 231 11-1 <.0l  

I11 S ti1 1) e s t r ol .300 .058 111-1 <.oz .385 & .087 T I I - i  <.a1 
IT' Btilhestrol .186 +_ .021 J V-I <.Ol 2 3 7  +- 0.15 IV- I  <.Ol 

LAP 1v L-t <.os rv- I r < . c) 1 
IT-Ill <.I: TV-TIT>.l 

Adrcnal ascorbic. acid 
7 -_______I_ 

d------- 

I" / l00 g Mg/l00 rrig 
GlOU]' Treat incn t body P adrenal tissue P 

1 0 . lo5 -+ .014 .44! +_ .050 
I1 LAP .117 2 .008 I T - I  > . I t  .322 2 .020 11-1 <.05 

1 v Stilbestro I .097 t .014 1V-I >.I$ .I22 2 .021 IV-I  < . O l  
r i  1 Stilbestrol .im 2 . o w  111-I < . i t  . 2 ~  +_ .o50 m-I <.oz 

LAP IV-11 >.l$ rv-I1 < . O l  
IV- I I I>  .1$ I v - LII < ,0 v 5  

* Lpphilized Anterior Pituitary. 
t I'robnbility of a chance occurrence of the diff crrnce between the. nirwm, from Fislicr 'K 

$ Difftvence not statistically significant. 
table of T values. 

Histology. As the results of Sudan and 
Schiff stains were in the same direction, only 
the former will be discussed. 

The sudanophilia of the adrenal cortex was 
greatly increased by LAP. In contrast stil- 
bestrol caused a marked discharge of sudano- 
philic granules. Curiously, combined stilbes- 
trol and L,4P treatment actually increased 
the cortical lipid content above normal, with 
a maximal concenitration in the outer fascicu- 
lata. 

Examination of H. ansd E. sections revealed 
a predominant hyperplasia of the adrenals 
with slight hyperemia in thte group treated 
with LA4P. The stilbestrol an'd especially rthe 
LAP and stilbestrol treated rats evidenced a 
degree of hyperplasia which was colmpletely 
overshadowed by a marked congestion and 
edematous imbibition resulting in severe dis- 

ruption of the glandular structure. 
In  the thymus there was nuclear pyknosis 

which appeareld to parallel the degree of 
atrophy. 

Discussion. Hypertrophy,5g6 loss of sudano- 
philic materia17-9 as well as depletion oif cho- 
lestero11@12 and ascorbic acid1"-15 f,ollowd by 
-~ 
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a return of these substances to or above 
normal levels, have been repeatedly described 
as characteristic of the adrenal response to 
stress. The alterations in cholesterol, ascorbic 
acid and stainable lipids have been considered 
by Sayers and SayersI6 to closely parallel each 
other. Inldeed the obslervation by these work- 
ers of a simultaneous decrease in cholesterol 
and sudanophilic material has prompted them 
to identify the latiter with cholestlerol esters. 
The presenit study shows that it is possible to 
dissociate the sudanophilia from the choles- 
terol content of the adrenal cortex. LL4P, 
eithaer alone or in conjunction with stilbestrol, 
decreases the cholesterol but increases the 
sudanophilia of the adrenal. This suggests 
that (the sudanophilic substance of the cortex 
is probably not cholestserol. Earlier experi- 
ments17 have demonstrated that, under cer- 
tain conditions, purified ACTH can cause a 
similar dissociation. Finally it appears from 
the above data that LAP, given with stilbes- 
trol, markedly inhibits that loss of sudano- 
philic granules from the cortex which is 
characteristic of stilbestrol treatment. 

13 Torrance, C. F., J .  Riol. Chem.,  J940, 132, 
375. 
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Physiol., 1945, 143, 661. 

1s Sayers, G., and Sayers: 31. A4., Tsan-Ping 
Liang, and Long, C. S. H., l<rrdoc.rinolog!j. 1945, 
37, 96. 

16 Sayers, G., and Sayers, 3L A., Rec. Progr.  
i?i Horm. RPS.,  Proc. L(ricr. Horn?. Conf., 1948, 

17 Constantinides, P., Fortier, C., Skelton, F. R., 
2, 81. 

Timiras, P., and &lye, H., in p i ~ s s .  

Further experiments are under way to study 
the effects of purified corticotrophic prepara- 
tions on the adrenal changes elicited by non- 
specific stress. 

Summary. Tbe adrenal cholesterol and 
ascorbic acid levels were studied in relation 
to the stainable lipids of the gland in rats 
treated with a lyophilized anterior pituitary 
preparation (LAP), given alone or in coa- 
junction with a synthetic folliculoid (stilbes- 
trol) : 

1. In stilblestrol treated rats, an almost total 
depletion of stainable lipids was observed in 
conjunction with low cholesterol and ascorbic 
acid values. 

2.  L*L\P caused accumulation of sudano- 
philic lipids in the adrenal cortex but signifi- 
cantly lowered the cholesterol and ascorbic 
acid levels. 

3.  similar dissociation of sudanophilic 
material from cholesterol and ascorbic acid, 
was even more evident when LAP was admin- 
istered concurrently with stilbestrol. The ef- 
fect of stilbestrol on sudanophilia was coun- 
teracted by LAP. 

4. These observations show that [the corti- 
cotrophic effect of folliculoids cannot be solely 
ascribed to the liberation of anterior pituitary 
corticoltrophin such as is present in LAP. 
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