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After an interval of 48-72 h a burn of the dorsal  skin in rabbits gave r ise  to hyperplasia  
of the adrenal  cortex, and the concentrat ion of 17-hydroxycor t icos teroids  in the urine was �9 
lowered on the f i rs t  day after  burning. On the 3rd-4th day the normal  concentration of 17-- 
hydroxycor t icos tero ids  was res tored .  

Changes in the adrenals  af ter  burns have frequently been studied experimentally and clinically, but 
aspects  of this problem still await an explanation. Some workers  [2, 3, 10, 12] have observed an increase  
in the glucocort icoid function of the adrenals  on the f i r s t  day after  burning, while others have observed 
periodic fluctuations in the secret ion of glucocort icoids after  burns: a t ransient  increase  10-30 rain af ter  
burning, followed by a period of marked inhibition, which could last for 6-7 days [4, 5, 7, 11]. 

In this investigation the state of the adrenals was studied after  burns by the use of morphological  and 
biochemical  methods of analysis .  

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

Severe burns of the skin (20-30% of the body surface) were inflicted on 50 rabbits with the f lame of 
a blowlamp for  40 sec: 5 healthy rabbits acted as the control.  

The pa ramete r s  studied included the a r te r ia l  p ressure ,  body temperature ,  e ry throcyte  count, hema-  
tocr i t  index, circulat ing plasma volume (using the dye T-1824), and mean length of survival.  

The animals were sacr i f iced 3, 8, 24, 48, and 72 h and 8 days after  burning. The adrenals were 
weighed and then fixed in neutral  formalin.  Some of the t issue was fixed in 10% s i lver  ni trate solution for  
the determination of ascorbic  acid by the method of Giroud and Leblond. Sections were stained with hema-  
toxyl in-eosin and with Sudan III for lipids, Cholesterol  was studied in a polarization microscope .  Alkaline 
phosphatase activity was determined by Gomor i ' s  method and the concentration of 17-hydroxycor t icos teroids  
in the urine was determined on the l s t -7 th  days af ter  burning by Metcalf 's  method as modified by Norym-  
berski  and Few [9]. 

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

Thermal  burning was followed by a rapid motor  response for the next 5-10 rain. In this period the 
a r te r ia l  p r e s su re  rose  by 20-30% compared with initially, the pulse quickened, respi ra t ion quickened and 
its amplitude increased,  and the body tempera tu re  rose  by 3-4 ~ 

Later  the a r te r ia l  p r e s s u r e  fell by 20% compared with its initial values, and the body tempera ture  
fell by 5 ~ 

During the f i rs t  few hours af ter  burning no hemoconcentrat ion was o b s e r v e d .  The circulating blood 
volume fell below its initial level as the result  of a decrease  of 20% in the circulating plasma volume. 
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Fig .  1. Accumulat ion  of l ip ids  in zona f a sc i eu l a t a  
of ad rena l  co r tex  of a rabbi t  dying on the 8th day 
a f t e r  burning.  Sudan III, 200 • 

F ig .  2. High a lka l ine  phosphatase  ac t iv i ty  in ad-  
r ena l  of a rabbi t  dying on the 8th day a f t e r  b u r n -  
ing. G o m o r i ' s  r eac t ion  for  a lka l ine  phosphatase ,  

On the f i r s t  day a f t e r  burning 50% of the 
rabb i t s  died in a s ta te  of burn  shock.  

F r o m  3 to 8 h a f te r  burn t r a u m a  focal  v a s o -  
d i la ta t ion  developed in the a d r e na l  co r t ex  of the 
r abb i t s ,  and was e s pe c i a l l y  m a r k e d  in the zona 
r e t i c u l a r i s  and in the inner  l a y e r s  of the zona 
f a sc i cu l a t a  of the cor tex .  Cel ls  of the zona f a s c i -  
cu la ta  were  f i l led  with l ip ids  a n d c h o l e s t e r o l  c r y s -  
t a l s .  

Only a s m a l l  amount of l ipids  was found in 
the zona g l o m e r u l o s a  and zona r e t i c u l a r i s .  Nu- 
merous  granules  of a s c o r b i e  acid  were  v i s ib le  in 
the upper  and midd le  l a y e r s  of the zona fasc icu la ta .  
Alkal ine  phosphatase  ac t iv i ty  in the ce l l s  of the 
zona  f a sc i cu l a t a  and zona g l o m e r u l o s a  was ve ry  
low. Substant ia l  ac t iv i ty  of th is  enzyme was found 
only in the zona r e t i c u l a r i s  of the a d r e na l  cor tex .  

Cons iderab le  c i r c u l a t o r y  d i s tu rbances  were  
found in the ad rena l s  24 h a f t e r  burning and the 
c a p i l l a r i e s  in a l l  zones of the cor tex  were  d i la ted  
and congested.  The content of l ip ids  and cho l e s t e ro l  
c r y s t a l s  was s l ight ly  lower  than in the ad rena l  
co r tex  of intact  an ima l s  and of an imals  s a c r i f i c e d  
3-8 h a f t e r  burn  t r a u m a .  In a few cases  l ipids  were  
p r e s e n t  in the ce l l s  as fine g ranu les ,  whereas  in 
the ad rena l s  of heal thy an ima l s  they o c c u r r e d  
main ly  as  l a r g e  d rops .  Granules  of a s c o r b i c  acid  
w e r e  de tec ted  only in the  upper  l a y e r s  of the zona 
fasc icula ta~ 

Alkal ine  phosphatase  ac t iv i ty  was negl ig ib le  
200 • in the zona g l o m e r u l o s a  and zona f a sc i cu l a t a  of 

the ad rena l s ,  jus t  as in the heal thy an ima l s .  

Hype rp l a s i a  of the ad rena l  cor tex  was obse rved  48-72 h a f te r  burning.  The weight of the ad rena l s  in-  
c r e a s e d  to 995-1050 mg (normal  weight 500-700 rag). The th ickness  of the c o r t i c a l  l a y e r  was 1.08 mm (nor-  
m a l l y  0.72-0.78 ram). Numerous "compact"  ce l l s ,  i .e . ,  ce l l s  containing no l ipids  or  cho l e s t e ro l  and with 
cy top lasm dense ly  s ta ined with eosin,  were  found in the zona f a sc icu la t a .  High a lka l ine  phospha tase  ac t i v -  
i ty was p re sen t  in these  p a r t s  of the cor tex .  The appearance  of compact  ce l l s  in the ad rena l  co r tex  has 
been a t t r ibu ted  to an i n c r e a s e  in the g lucocor t i eo id  function of the ad rena l s  [1, 13]. 

A m a r k e d  d e c r e a s e  in the content of a seo rb i c  acid  in the ad rena l  co r tex  took p lace  48-72 h a f t e r  bu rn -  
ing. I ts  g ranules  became  th inner  and were  located in a na r row band of ce l l s ,  under  the zona  g lomeru losa .  
Jus t  as in the p reced ing  exper imen t s ,  the c a p i l l a r i e s  were  congested,  but to a g r e a t e r  degree .  

A cons ide rab le  i n c r e a s e  in weight of the ad rena l s  (to 1500 rag) was found 8 days a f t e r  burning,  on 
account of widening of the c o r t i c a l  l a y e r  to 1.2 ram. Congestion of the c a p i l l a r i e s  was s e ve r e ,  and in some 
p a r t s  of the cor tex  s t a s i s  was observed .  In the zona f a sc i cu l a t a  l ipids  and cho le s t e ro l  had accumula ted  
once again (Fig. 1). In the inner  l aye r s  of the zona f a sc i cu la t a  and in the zona r e t i c u l a r i s  high a lka l ine  
phosphatase  ac t iv i ty  was de tec ted  (Fig. 2). The a sco rb i c  acid  content in the ad rena l  co r t ex  8 days a f te r  
burning was va r i ab le ;  in some c a s e s  only a few a sco rb i c  acid granules  were  obse rved  in the zona g l o m e r u -  
lo sa  and the upper  l a y e r s  of the zona f a sc icu la t a ,  while in o thers  the a s e o r b i c  ac id  content in the ad rena l  
cortex was high. 

Investigation of the concentration of 17-hydroxycorticosteroids in the urine showed a decrease 24 h 

after burning to 0.14 mg% (normal level 0.36-0.40 mg%). On the 2nd day the concentration of 17-hydroxy- 
corticosteroids in the urine rose again to the normal level. Some animals had anuria on the Ist and 2nd 
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days af ter  burning. In these cases  a low concentrat ion of 17-hydroxycor t icos teroids  was found in the urine 
on the 2nd and 3rd days af ter  burning. The steroid level rose  on the 3rd and 4th days after burning. 

Considerable depress ion of adrenal  cor t ica l  function was thus established in the period of burn shock, 
as shown~by the decrease  in concentrat ion of 17-hydroxycor t icos teroids  in the animal ' s  urine on the 1st day 
and, in the case of anuria, on the 2nd and 3rd days af ter  burning. This inhibition of secret ion of gluco-  
cort icoids evidently did not take place as a resul t  of the development of destruct ive changes in the adrenal  
cortex,  for  morphological  investigations revealed absence of any marked degenerative changes in the cor t ical  
cells.  The most  useful hypothesis to account for  this phenomenon is that of Knigge [11], who claimed that 
in the torpid phase of burn shock the hypothalamic control  of the adrenocor t icotropic  function of the pituitary 
is inhibited and, as a result ,  the liberation of ACTH into the blood s t ream stops. Lowering the ACTH con- 
tent sharply depresses  adrenal  cor t ica l  function. An increase  in the level of hydroxycor t icos teroids  to the 
normal  level and, in some cases,  above it evidently took place when the animal emerged completely f rom 
the state of shock. Hyperplasia  in the adrenal  cortex, a feature of the adaptation reaction, developed 48-72 h 
af ter  burning. Similar  histological  p ic tures  have been found during the investigation of the adrenals  of 
patients dying f rom burn shock and in the stage of acute burn toxemia [6, 8]. It thus follows that there  are  
many common features  in the pathogenesis  of experimental  burn shock and of shock observed in clinical 
pract ice .  
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