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The definit ive s t ruc tu re  and function of the adrenal  glands in r a t s  a r e  f o rmed  in the postnatal  per iod  [3, 5, 
6, 10, 13]. This fact  mus t  cer ta in ly  be re f lec ted  in the course  and intensi ty  of compensa to ry  and r e p a i r  p r o -  
c e s s e s  in these  glands.  One of the m o s t  widely used methods of de termining the compensa to ry  powers  of the 
adrena ls  is uni la tera l  adrena lec tomy,  a f t e r  which the res idual  gland hyper t rophies  [4]. This rule has been 
demons t ra ted  for  ma tu re  r a t s  [8, 11, 12] and fe tuses  [9]. However ,  the spec ia l  f ea tu res  of the response  of the 
res idual  adrenal  gland to uni la tera l  ad rena lec tomy in the juvenile age per iod  has hard ly  been studied [7]. The 
object  of the p r e sen t  invest igat ion was to study the r e sponse  of the res idua l  r ight  adrenal  gland of sexual ly  i m -  
ma tu re  ra t s  of different  ages to r emova l  of the con t ra l a t e ra l  organ.  

E X P E R I M E N T A L  M E T H O D  

Lef t - s ided  adrena lec tomy was p e r f o r m e d  on noninbred young ra ts  aged 1, 5, 10, 15, 20, and 30 days and 
the an imals  were  kil led 1, 3, 5, 7, 14, 21, and 30 days a f t e r  the operat ion.  Groups of ra t s  identical  in weight 
were  chosen f r o m  the s a m e  l i t t e r s  fo r  the control  and these  were  kil led at the s a m e  t ime  as the cor responding  
exper imenta l  an imals .  At each t ime  of the invest igat ion 8-10 expe r imen ta l  and 8-10 control  r a t s  were  used 
f r o m  each age group (al together  800 ra ts ) .  The body weight before  the operat ion and before s ac r i f i c e ,  the 
weight of the r emoved  adrenal  and of the hyper t rophied  gland were  de te rmined  in the expe r imen ta l  r a t s .  In the 
control  an imals  the body weight init ially and before  sac r i f i ce  and the weight of the lef t  and r ight  adrenals  were  
de te rmined .  Two indices of hyper t rophy  [4] were  calculated.  The f i r s t  (IH-1) was de te rmined  as the ra t io  of 
the weight of the hyper t rophied  adrenal  to the weight of the r ight  adrenal  in the control  (in p e r  cent), the s e c -  
ond (IH-2) as the ra t io  of the weight Of the hyper t roph ied  adrenal  to the combined weights of the two control  
adrenals  (in p e r  cent). The adrena ls  were  fixed in Ca rnoy ' s  fluid and t r e a t e d  his tological ly .  Paraf f in  sec t ions  
5 p thick, taken f r o m  the cen t ra l  pa r t  of the gland, were  s ta ined with hematoxyl in  and eosin .  The width of the 
zona g lomeru losa  and combined  zona fasc icu la ta  and zona r e t i cu l a r i s  of the adrena l  was m e a s u r e d  with an ocu la r  
m i c r o m e t e r  in a sec t ion  with max ima l  a r e a  of the medul la  (the s t ruc tu ra l  cen te r  of the organ) at  four  opposi te  
points in accordance  with a s cheme  devised  by ourse lves  (Fig. 1). The a r i thmet ic  mean  width of each  zone 
was ca lcula ted  fo r  the hyper t rophied  and both control  ad rena l s .  All numer ica l  r e su l t s  were  subjec ted  to s ta -  
t i s t ica l  analysis  by the F i s h e r - S t u d e n t  method. 

E X P E R I M E N T A L  R E S U L T S  

Regard less  of age the body weight of all an imals  undergoing the operat ion was less  than the body weight 
of the control r a t s  at the overwhelming major i ty  of t imes  of invest igat ion.  The younger  the animal  at the t ime  
of operat ion,  the g r e a t e r  the di f ference in weight (Table 1). The ve ry  s l ight ly g r e a t e r  body weight  of r a t s  ad-  
r ena lec tomized  at the age of 5, 10, and 15 days,  obse rved  at ce r ta in  t imes  of observat ion ,  was  not s ta t i s t i ca l ly  
significant. 
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TABLE 1. Changes in Body Weight of Ex-  
per imenta l  and Control Rats of Different Ages 
(in percen t  of initial weight) at Various 
T imes  af ter  Unilateral Adrenalectomy 

�9 I 3 5 7 30 14 I 21 
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I 
I05,3 t18,0 I 176,9 
115,2 L39,7 I 235,0 
105,3 [22,9 170,4 
109,0 138,0 ! 185,6 
I07,0 120,9 136,5 
105,5 I19,1 136,3 
101,8 111,6 120,5 
I05,61 If4,1 121,0 
103,5! 128,6 139,0 
I05,{] 132,0 143,8 
I02,~ 109,0 If9,0 
104,C l l l , l  120,2 

!05,2 ~17,6 829,7 
.~46,2 i14,0 879,1 
!19,3 278 9 550,4 
192,0 235,8 567,3 
153,7 177,3 236,4 
167,2 174,8 260,2 
135,6 209,6 278,8 
147,3 199,6 303,3 
137,7 160,8 204,9 
145,~ 164,1 201,9 
124,[ 120,7 116,0! 
124,4 120,7 i123,4 

Legend. E) Experiment ,  C) control.  
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Fig. 1. Diagram of s t ruc ture  of rat  adrenal 
and vectors  for  measurement  of width of c o r -  
t ical  zones. G) Zona glomerulosa ,  FR) z. 
fasciculata  + z. re t icu lar i s ,  M) medulla. 1-4) 
Vectors  of measurement .  

The resul ts  of weighing the adrenals showed that the process  of increase  in weight of the residual  (m- l )  
in young rats  begins on the f i r s t  day after the operation, but differs in degree depending on the age of the rat  at 
operation. Fo r  instance, in rats  aged 1 day at operation the increase  in weight of the right adrenal was only 
1.4% of the weight of the right, control adrenal,  in ra ts  aged 5 to 20 days the increase  was 10.8-14.8%, and in 
ra ts  aged 30 days it was 31.B%. Such a sharp  increase  in weight of the residual  organ can be explained as the 
response  to s t r e s s ,  accompanied by postoperat ive hyperemia  of the vascular  network of the gland. Later  during 
the observations no general  pat tern  could be observed for  the gain in weight of the organ, for  this p rocess  fol-  
lowed a different course  in each age group (Table 2). In ra ts  aged 1 day, for instance,  hyper t rophy of the r e -  
sidual gland reached a maximum on the 5th day after  the operation (133.6~c). La ter  it decreased,  and 1 month 
af ter  the operation the weight of the residual  adrenal was less than that of the control .  In ra ts  aged 5 days 
the increase  in weight of the adrenal  followed a fluctuating course ,  reaching a maximum on the 21st day, but 
also ceasing to r i se  on the 30th day. Hypertrophy of the adrenal  in ra ts  aged 10 days at operation was slight, 
and its peak, which occur red  on the 1st day af ter  the operation, was undoubtedly due to the reaction to s t r e s s .  
In ra ts  aged 15 days the increase  in weight of the organ was less than that in the control  for  7 days, but by the 
14th day a marked  increase  in weight of the adrenal  was observed,  followed again by a slow decline, which had 
still not ended 1 month af ter  the operation. The residual adrenal in rats  aged 20 days at operation was dis-  
t inguished by a ra ther  curious feature.  Its weight decreased  compared  with the control during the f i rs t  14 days 
af ter  the operation, but then began to increase  rapidly, to reach  a considerable value 1 month af ter  the opera -  
tion, 20% higher  than the control.  Rats aged 30 days were charac te r i zed  by a small  increase  in weight of the 
residual  adrenal,  which ended 1 month af ter  the operation. 

Since when one p a r t  of any pai red  organ is removed it i s  necessa ry  to know to what extent the residual  
par t  can make good the result ing deficiency, it was decided to compare the weight of the residual adrenal with 

1005 



TABLE 2. Degree of Hypertrophy (in c/~ of 
Right Adrenal after  Left-Sided Adrenal -  
ectomy in Rats of Different Ages at Various 
Times af ter  Operation 

~-=~~ ~ Days after operation 

,~ ~.~ ~a~ I 3 5 7 14- 21 

IH-I 

IH-2 

1 101,4 
5 110,8 

lO 114,8 
15 112,9 
20 113,9 
30 131,8 

1 46,5 
5 52,8 

l0 55,O 
15 54,5 
20 56,4 
30 62,9 

97,5 
I17,9 
I03,5 
111,6 
I17~9 
I07,4 
43,3 
56,5 
51,1 
54,8 
52 4 
51,5 

133,6 
i02,7 
109,6 
103,3 
I12,4 
109,8 
66,2 
49,0 
54,1 
51,0 
52,7 
54,6 

128,0 
120,8 
t10,9 
100,3 
108,9 
100,3 
54,5 
59,2 
53,2 
48,3 
54,3 
49,1 

100,0 
113,6 
96,9 

126,1 
89,2 

114,1 
47,6 
55,7 
~6,8 
61,2 
42~8 
56,1 

12,6 
21,3 
93,6 
20,2 
04,7 
13,9 
54,1 
57,5 
44,9 
59,2 
50~3 
55,1 

30 

91,3 
97,9 
97,0 

105,0 
t20 0 
97,5 
44,4 
48,6 
47;0 
50,5 
58,7 
46,2 

TABLE 3. Width of Zona Glomerulosa and 
Zona Fasciculata + Zona Reticularis in 
Hypertrophied Adrenal (in % of control) at 
Different Times after Operation 

Z. glo- 
merulos~ 

Z. fas- 
ciculata 
+Z. re- 
ticularis 
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I0 
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20 
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10 
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20 
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88,8 98, 
121,61102, 
108,41107, 
85,8]  77, 
85,8]  98, 

101,9] 81, 
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121,9 I 117, 
111,6 96, 
IO7,Oll lO,  
94,9 io3, 

i i i , 4  1o8, 

98,7 
101,5 
110,1 
95,7 

109,2 
83,9 

109,0 
10O, l 
84,4 
94,5 

105,2 
l lO,2 

108,41112,8 
141,51104,8 
105,11125,6 
116,Ol 91,9 
1 o 5 , 9 ] i i 1 , 3  
96,4 I 92,3 

165,6[I06,6 
112,6 99,2 
104,91104,4 
95,1 113,2 
94,5 106,3 

1 3,9 114,9 

104,8 
88,6 

116,6 
96,6 
97,0 
99,1 

112,8 
1t7,8 
llO,O 
106,8 
I ]0 ,9  
114,6 

126,5 
99,7 
97,6 

114,0 
105,9 
96,8 

~07,5 
99,4 

112,3 
109,0 
121,I 
104,8 

the combined weight of the two control glands (IH-2), considering that in ra ts  at any stage of postnatal develop- 
ment the left adrenal  as a rule is g r ea t e r  in size and weight than the right. It was found that in ra ts  of the age 
groups studied res tora t ion  of the whole of the lost  weight of the gland did not take place during the f i rs t  month 
af ter  the operation. The maximal index of hypertrophy (IH-2) was 66.2% (in ra ts  aged 1 day, on the 5th day after  
the operation). IH-2 exceeded 50% 1 month af ter  the operation only in ra ts  aged 15 and 20 days, and in the res t  
it was below 50% (Table 2). 

Measurement  of the width of the zones of the cor tex of the right adrenals  (Table 3) showed that the th ick-  
ness  of the zona g lomerulosa  may be g r ea t e r  or  less than the control depending on the time of investigation 
and the age of the animals at operation. Fo r  instance,  in rats  aged 1 day prol iferat ion of the zona g lomerulosa  
begins on the 7th day after  the operation and reaches  a maximum after  1 month (126.5% of the control).  In rats  
aged 5 and l0 days initial widening of the zone was followed by narrowing,  when the difference with the control 
was not significant. In ra ts  aged 15 and 20 days the width of the zone was significantly g r ea t e r  than the control 
(P < 0.05) severa l  t imes in the course  of the investigation. So fa r  as ra ts  aged ! month are  concerned,  at all 
t imes of the investigation the width of the zona g lomerulosa  in these animals did not reach the control level. 

Most of the  increase  in volume of the adrenal cortex during hyper t rophy was evidently accounted for  by 
the combined zona faseiculata  and zona re t icu lar i s .  In fact,  only in eight of the se r ies  investigated was the 
thickness of this combined zone somewhat less than the control,  and in the remaining 34 se r ies  it was g r ea t e r  
than the control.  However, the increase  in width was not always significant. Its maximal  value was observed 
in rats  aged 20 days i month af ter  the operation (121.1% of the control,  P < 0.001). The widening process  began 
on the 1st day after  the operation and followed a wavelike course  (Table 3). A more  s tandard response,  ex-  
p re s sed  as predominant  widening of the combined zona fasc icula tg  and zona re t icular is  in the experimental  ra ts  
compared with hhe controls  was observed f rom 7 days after  the operation for  most  age groups.  
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The degree  of development of hyper t rophy of the r a t  adrenal  gland var ies  considerably depending both 
on the animals '  age and the t ime elapsing af te r  the operat ion.  It is in teres t ing to note that instabili ty of de-  
velopment  of compensatory  hyper t rophy also was observed  in re la t ion to ovaries  of infantile golden hams te r s  
[1] and the kidney in young ra ts  [2]. A more  penetrat ing analysis  of the cha rac t e r  of compensa tory  hyper t rophy 
of the adrenal  in the ear ly  postnatal  per iod  will be the subject  of future r e s ea r ch .  
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P lasma  membranes  (PM) isolated f rom smooth-musc le  t i ssues  a re  ves icu la r  format ions  [4, 6, 9]. They 
are  cha rac t e r i zed  by activity of var ious enzymes  connected with ATP hydrolysis  and regulation of the ionic 
composit ion of the cytoplasm. However,  d i rec t  exper imenta l  invest igat ion of the functions of ion- t ranspor t ing  
enzymes  incorpora ted  into the s t ruc tu re  of PM is difficult.  Attempts to inser t  such enzymes  into flat  lipid 
membranes  have not yielded consis tent ly reproducible  resu l t s  [5]. 

In the investigation desc r ibed  below surface  activity of membrane  prepara t ions  and the i r  in teract ion with 
phospholipid monolayers ,  s imulating the sur face  of the b i layer ,  were  studied. 

E X P E R I M E N T A L  M E T H O D  

PM were  isolated f rom smooth-musc le  t issue of the rabbit  small  intestine by different ia l  centrifugation 
in a suc rose  density gradient  and were  cha r ac t e r i z ed  e l ec t ron -mic roscop ica l ly  and biochemical ly as descr ibed  
previously  [4]. The level  of ATPase  activity of PM was ver i f ied  by a potent iometr ic  method [1, 2]. The PM 
prepara t ion  was kept in medium centaining 25% glycero l  (by volume), 0.1 mM EDTA, 0.2 mM CaC12, and 5 mlVl 
imidazole,  pH 7.2, at 0-4~ ATPase  activity pe r s i s t ed  for about 1 month ~nder  these conditions. 
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