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Besides its own special interest, autotransplantatlon 
of the adrenals has attracted our attention because by 
means of this method the reactivity of the animal body 
can be studied during changes in the functional state of 
the adrenal cortex. It is now known that after autotrans- 
plantation the medullary substance of the adrenals rap- 
idly degenerates, but the cortex, while undergoing de- 
generative changes, soon begins to regenerate [1-3,6,7, 
i0]. Degenerative changes arise primarily in the zona 
fasclculata and zona reticularis, and regeneration begins 
in the cells of the subcapsular layer [4]. Regeneration of 
the cortex is complete in a month [5]. 

As a result of autotransplantationthe medullary sub- 
stance of the adrenals is thus irreversibly lost, whereas 
the cortex is present in different functional conditions, 
depending on the interval after operation. It must be 
borne in mind, moreover, that after autotransplantation 
the organ is also denervated. 

EXPERIMENTAL METHOD 

White rats weighing 160-200 g, of both sexes, were 
used in the experiments. The operation of transplanta- 
tion of the adrenals was carried out under light ether 
anesthesia. The rats were fixed in the prone position. 
The skin over the spine was incised (observing measures 
of asepsis and antisepsis), and the vertebral muscles ex- 
posed. Division of these muscles on both sides of the 
vertebral column in the region of the superior poles of 
the kidneys gave access to the adrenals. These glands 
were completely freed from their attachments and re- 
buried in the peritoneal cavity near their natural loca- 
tion. The muscles and skin were sutured with silk. 

Before and after the operation of transplantation of 
the adrenals, observations were made of the general 
condition and behavior of the animals, the healing of 
the operation wounds, the weight and the body tempera- 
ture, which was measured rectally. In part of the ex- 
periments (10 rats) the reaction of the eosinophils of the 

peripheral blood was studied in response to the intra- 
muscular injection of adrenocorticotropic hormone (0.1 
unit per rat). Blood for eosinophil counting was taken 
from the tail, and diluted with Dunger's reagent. 

At the end of the experiment the rats were sacrificed 
by decapitation, and the adrenals were removed for 
histological examination (fixation in formalin, staining 
with hematoxylin-eosin). Altogether,75 experiments 
were performed. In 10 of these the indices chosen were 
studied in normal rats; in 10 experiments the operation 
was performed as described above, but the adrenals were 
not transplanted ( ' false" operation); in 15 experiments 
the adrenals were removed; and in other series of ex- 
periments (40 rats) the chosen indices were studied at 
various intervals of time after autotransplantation (7, 
15, 60 and 80 days). 

EXPERIMENTAL RESULTS 
The animals withstood the operation of transplanta- 

tion of the adrenals relatively wel l  After the " false" 
operation all the rats survived. After autotransplantation 
of the adrenals the mortality was 24%, and after remov- 

al of the adrenals,60%. The animals died during the 
period from the fifth to the twentieth day after opera- 
tion. In the first days after operation the rats were leth- 
argic and sluggish. The comparatively high rate of sur- 
vival among the rats after autotransplantation of the ad~ 
renals was evidently due to the presence of additional 
adrenal tissue in these animals. At the beginning of the 
second week the state of the animals undergoing opera- 
tion improved appreciably. 

In the rats with transplanted adrenals the operation 
wounds healed, as a rule, by first intention. In contrast 
to this, in most of the animals after the "false" opera- 
tion suppuration took place in the wounds, which then 
healed by second intention. The difference observed in 
the wound healing may evidently have been due to a de- 
crease or loss of the mineral corticoid activity of the 
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adrenal cortex after transplantation of the glands, since,  
according to reports in the l i terature [9],the violent  
course of the inf lammatory  react ion is due to an increase 
in the secretion of mineral  corticoids. The growth of the 
hair  around the operat ion wound in rats with t ransplant-  
ed adrenals was retarded by comparison with the rats 
subjected to the "false" operation; the hair fel l  out also 
in other parts of the skin, demonstrating the appearance 
of trophic disturbances. 

The operation of transplantation of the adrenals had 
no appreciable  effect  on the temperature ,  and the 
changes that were observed were not of a regular pa t -  
tern. By comparison with the animals undergoing the 
"false" operation, the rats with transplanted adrenals 
gained more in weight, espec ia l ly  in the series of ex -  
periments in which the animals per iodica l ly  received 
ACTH. Two months after operation the weight of the 
animals with transplanted adrenals increased by 34%, 

but the weight of the same rats receiving ACTH had 
increased by 5'2% over the in i t ia l  weight (the difference 
between the mean values is s ta t i s t ica l ly  significant,  
R = 0.27). If the definite influence of the adrenal cor-  
tex on growth and development  of the animal  is taken 
into consideration (which may be judged in part icular  
by the increase in weight of the growing rats), i t m a y b e  
postulated that the administrat ion of ACTH after auto-  
transplantation st imulates the restoration of the function 

of the transplanted adrenals. 

Histological  study of the autotransplanted adrenals* 
showed the following (Fig. 1): One week after autotrans- 
plantat ion,  a varying degree of progressive regeneration 
of the cor t ica l  substance was observed in the adrenals, 
as shown by the considerable hyperplasia  of the deep 
layers of the capsule and subcapsular blastem% and by 
the formation of a zone of adrenal cor t ical  cells.  From 
its structural features, the lat ter  zone had not yet  formed 
typica l  cel l  complexes of the zona glornerulosa, 
which made it difficult  to differentiate the regenerating 
tissue into typical  zones of the cortex. 

The regenerate area was very hyperemic .  On section, 
the processes of regeneration were unevenly developed 

around the circumference of the organ. The central  
area of the transplant was dead. In individual  rats of 
this group a considerable leucocyt ic  infi l trat ion of the 
outer layers of the necrotic  parenchyma of the adrenal 
cortex was observed. 

Two weeks after autotransplantation the almost 
comple te  regenerat ion of all  the layers of the cortex 
was observed, and the zonal structure of the cor t ica l  
layer was c lear ly  apparent. The adrenal cortex was 
grosaly hyperemic.  In the deep layers of the cortex, 

intensive infi l t rat ion by leucocytes was observed. Two 
months after autotransplantation comple te  regeneration 
of the cort ical  substance had taken place,  and its d iv i -  
sion into zones was pronounced. Medullary substance 

was absent (Fig. 3). 

Fig. L Adrenal gland one week after autotransplanta-  
tion. Hyperplasia of the deep layers of the capsule 
and of the subcapsular blastema. Stained with h e m a -  
toxyl in-eosin .Magnif ica t ion 30 x .  

In order to evalua te  the functional state of the 
adrenal cortex after autotransplantation,changes in the 
number of eosinophils in the peripheral  blood in re-  

sponse to the inject ion of ACTH were analyzed.  With the 
dose of the hormone selected (0.1 un i t / r a t ) ,  on the fourth 
day after inject ion of ACTH into hea l thy  animals the 
eosinophils had comple te ly  disappeared from the per iph-  
eral  blood. It must be pointed out that inject ion of the 

hormone at first caused, as a rule, an increase in the 
number of eosinophils, presumably as the result of a re -  
distributive leucocytosis,  and then a gradual falt to their 
comple te  disappearance after 3-4 hours. In contrast to 
this, in the animals with transplanted adrenals, changes 
of an unusual character  in the eosinophil count were 
observed in response to the inject ion of  ACTH. During 
the first 24 hours after operation,  inject ion of ACTH led 
to an increase in the eosinophil count, which lasted un- 
t i l  the third hour, after which it returned to its in i t ia l  
level ,  or to a higher level  than before operation. The 
phase of eosinopenia was thus absent at this period. On 
the third day after operation, immed ia t e ly  after a slight 
fall,  a progressive increase was observed in the eosino- 

* This investigation was carried out in consultation with 

Prof. E. A. Moiseev. 
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phil count. On the sixth or seventh day the curve show- 
ing the changes in the eosinophil count was almost nor-  
mal  in character ,  although at a much higher l eve l  On 
the 14th day the ini t ia l  number of eosinophils was lower 
than in previous investigations, but the inject ion of 
ACTH caused a distorted react ion m an increase in the 
number of eosinophils. On the 20th and 27th days after 
operation the react ion of the adrenal cortex to in ject ion 
of exogenous ACTH was also abnormai.  Only on the 56th 
day did the react ion of the eosinophils in response to 
inject ion of the hormone become normal ized at a lower 
level of the eosinophil count in the peripheral  blood. 

The results of these investigations confirmed the 
description in the l i terature of the course of the morpho- 

came  apparent.  Two months after autotransplantat ion 
regenerat ion of the cor t ica l  substance was f inal ly c o m -  

plete.  

The autotransplanted adrenals responded for a con-  

siderable t ime by an abnormal react ion (judging by 
changes in the number of eosinophils in the per ipheral  
blood) to in ject ion of exogenous ACTH, which was 
associated ei ther  with the functional imperfec t ion  of the 

cor t ica l  cells  or with the denervation of the adrenals. It 
is most probable that both factors are important  [2]. On 
the basis of this invest igat ion and of information in the 
l i terature,  the sequence of changes in the function of 
the autotransplanted adrenals may be represented sche-  
ma t i ca l l y  as follows: 1) the period of acute adrenal 

Fig. 2. Autotransplanted adrenal gland 2 weeks after 
operation. Well-advanced regeneration of the cortex 
can be seen. Stained with hematoxyl in-eosin .  Mag-  
nif icat ion 80 x .  

logical  changes in the adrenals after autotransplantation. 
During the first few days after operation degenerat ive 
changes occurred in both cor t ica l  and medul lary  sub- 
stance. Soon, however, the cor t ical  substance began to 
regenerate.  Source of regeneration was the cells of the 
subcapsular blastema.  Whereas one week after operation 
regeneration of the cor t ica l  substance was confined to the 
subcapsular layer ,  after 2 weeks the almost comple te  re -  

storation of the adrenal cortex was observed, and the 

character is t ic  zonal structure of the cortex gradually be -  

Fig. 3. Autotransplanted adrenal gland 2 months after 
operation. Complete  regenerat ion of the cor t ica l  sub- 
stance with marked zonal pattern. Medullary sub- 
stance absent. Stained with hematoxyl in-eos in ,  

Magnif icat ion 80 • 

cor t ical  insufficiency - -  1-2 weeks after operation; 
2) the period of re la t ive  adrenal insufficiency - -  2-4 
weeks after operation; 8) the period of normal iza t ion of 
the adrenal function. 

The second and (in part icular  ) the  third periods are 
character ized by the comple te ,  or almost complete ,  r e -  
storation of the structure of the organ. However, the 
presence of a higher eosinophit count than in i t ia l ly ,  to-  

gether with the abnormal react ion of the adrenal cortex 
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to ACTH, is evidence of the functional impairment of 
the adrenal glands. 

The possibility cannot be entirely ruled out that 
hyperfunction of the adrenals may develop at a later 
period after autotransplantation, as occurs after ligation 
of the vessels supplying the adrenal gland. In these 
conditions, in association with morphological changes in 
the regenerating cortical substance analogous to those 
described above, hyperfunction develops, as may be 
judged by the increased excretion of 17-ketosteroids in 
the urine, the more energetic reaction of the adrenals to 
the administration of ACTH and the hypertrophy of the 
anterior lobe of the pituitary [8]. 

SUMMARY 

Experiments were performed on white rats at vari- 
ous periods following autotransplantation of the adrenal 
glands. The authors studied the morphological changes 
occurring in the adrenals, the weight and temperature 
of the body, the wound healing and the reaction of the 
transplanted adrenal glands to ACTH administration. 

Proof was obtained that autotransplantation is fol- 
lowed by complete degeneration of the medullary, and 
partial degeneration of the cortical, substance. After 
a week, however, the cortical substance begins to pro- 
liferate, with the cells of the subcapsular blastemaserv- 
ing as a source of regeneration. At the end of the sec- 
ond week regeneration of the cortical substance is al- 
most complete, and typical zones of adrenal cortex ap- 
pear. Restoration of the function of tbe a~renal cortex 

takes place later, since during the first month there is 
a relatively large number of eosinophils in the peripheral 

blood and an inadequate eosinophilic reaction in respome 
to ACTH administration. Periodic ACTH administration 
has a favorable effect upon the growth and development 
of rats with transplanted adrenal glands. 
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