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The question of  the effect  of adrenal in  on the mi to t i c  ac t i v i t y  of tissues in the organism was dea l t  with 

ex tens ive ly  in the expe r imen ta l  works of a number of authors, 

In exper iments  involving remova l  and subsequent re implan ta t ion  of the suprarenals [ 2, 5, 8] and i n j e c -  
t ion of a solut ion of adrena l in ,  i t  was shown that  adrenal in  inhibits  mi to t i c  division in the ep i the l ium of  the 

cornea ,  tongue,  duodenum and epidermis  and does not effect  app rec i ab ly  mitoses in cel ls  of lymph nodes, 
thyroid,  uterus and metas ta t i c  or recurrent  tumors [1-4],  Adrenal in  does not e f fec t  the mi to t i c  ac t i v i t y  of the 
ep i the l ium of the smal l  intest ine ei ther [ 8]. 

In view of the fact  that much data  found in the l i terature  points to the in t ima te  relat ionship between 

ce l lu l a r  growth and division,  and carbohydrate  - phosphorus me tabo l i sm,  i t  was expedient  to inves t iga te  the 
ef fec t  of adrenal in  on the processes of respirat ion and glyeolysis in various tissues, taking into considerat ion the 

def in i te  role of adrenal in  in these processes. It is known that  in the pretence of intense ce l lu la r  division aerobic  

glycolysis  or i ncomple t e  oxidat ion of carbohydrates ,  producing not only  the necessary energy for the cei ls  but 

p las t ic  ma te r i a l  as wel l ,  is quite typ ica l  for the tissues of the organism.  

The purpose of this work was the compara t ive  study of the effect  of adrenal in  on ce l lu la r  division,  ae robic  

glycolysis  and consumption of oxygen in the cornea and the ep i the l ium of the smal l  intest ine of rats.  

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

Invest igat ions were carr ied out on white ma le  rats weighing 150-200 g. Tissues were fixed in Bouin's 
solut ion prior to h i s to log ica l  examina t ion .  200-250 visual fields were examined  in each prepara t ion  of the 
ent i re  cornea stained with Ca razz i ' s  hematoxy l in  - eosin.  A segment  of the smal l  intest ine (10 cm from its 
gastr ic  junct ion)  was sec t ioned 8 ~ in thickness after  i t  was embedded  in paraff in .  In each case mitoses were 

counted in 50 crypts.  In part  of a crypt  the to ta l  number of cel ls  was counted.  

In the b i o c h e m i c a l  invest igat ions the corneas were dissected from other tissues of the eye along their edges 
in a cold 0.9% solution of NaC1 i m m e d i a t e l y  after the rats were k i l l ed .  After drying the corneas with fi l ter 

paper  they were cut in hal f ,  weighed on torsion scales and p laced  i m m e d i a t e l y  into an incubat ing  med ium.  The 

corneas from lef t  eyes (30-40 mg)  were used for tests prior to incubat ion and from right eyes for tests after in-  
cubat ion .  The mucosa of the smal l  intest ine was obta ined by scraping in the cold with a glass sl ide with pol i sh-  
ed edges [ 11]. The tissue was gent ly  stirred with a sca lpe l ,  weighed on torsion scales and p rompt ly  p laced  in 
the incubat ing  med ium.  The rate  of glycolysis  was de te rmined  by  the increase  in the amount  of l a c t i c  ac id  
after  incuba t ion .  Incubat ion was carr ied out for 1 hour in a Warburg vessel at  air  t empera tu re  of 37 ~ A 
1.2 ml  (pH = 7.4) freshly prepared solution [ 90 ml  of 0.9% solution of NaC1, 8 ml  solution of NazHPO 4 ( 0.4 M), 
2 m t  of solution of KHzPO 4 (0.4 M) and 100 mg of glucose]  was used as an incubat ing  m e d i u m .  Oxygen 
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absorption was measured manomet r i ca l ly ,  the l ac t i c  acid c o n c e n t r a t i o n -  co lo r imet r i ca l ly  using p -  oxydiphenyl  
following the method of Barker and Sam{nerson modif ied  by S. L. Bonting. Proteins were prec ip i ta ted  with hot  
a ce t i c  ac id .  In order to make extract ion of ace t i c  acid more comple te  the contents of the W~frburg vessel was 

p laced  into centrifuge tubes, the corneas macera ted  with a glass rod and the tubes allowed to stand for 10-15 

minutes .  After the ma te r i a l  was centrifuged and 2 ml  of corneal  f i l t rate  or 1 ml  of intest inal  f i l t rate  obtained,  

0.2 ml  of 10o]o solution of NaC1 was added to the former or 0.1 ml  to the lat ter;  the following were added to 

e i ther :  0.5 ml of 20% of CuSO4, 0.5 g CaO and dis t i l led water to make 5 ml .  The concentrat ion of l ac t i c  acid 

was de termined e lec t rophotoeolor im et r ica l ly .  The quant i ty  of oxygen absorbed was expressed in cubic m i l l i -  
meters  to 100 mg of wet weight (QO~.), the concentrat ion of l ac t i c  acid  - in v/mg of wet tissue weight .  

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

Data on the measurement  of the mi to t i c  coeff ic ient  in the cornea and intestine summarized in Table  1 
shows that  when an intramuscular  in jec t ion  of adrenal in  is given ( 2.5 m g / k g  of  an imal  weight) ,  a s ignif icant  
lowering of the mi to t i c  coeff ic ient  in the corneal  ep i the l ium of rats takes p lace  and lasts not less than 12 hours 
after in jec t ion .  For ty-f ive  minutes after in jec t ion  of adrenal in  the rat io  of the absolute number of ear ly  phases 
of mitosis (prophase and metaphase)  to la ter  phases (anaphase and telophase)  is equal to 1.3; in the corneas of 

rats sacr i f iced in 3 hours this ra t io  is equal  to 2.2. In control animals which were given an in jec t ion  into the 
soft tissues of the thigh and in a l t  expe r imen ta l  animals  sacr i f iced la ter  on this ra t io ,  with rare except ions,  was 

close to 3.0. 

TABLE 1 

Average Mitotic Coefficient in the Epithelium of the Cornea and Crypts of the Intestine 
at Different Periods Following Injection of Adrenalin and in Control Rats 

Adrenalin inject ions 

per iod of sac -  
r i f ice  after 
in jec t ion  

45 minutes . . . .  
3 hours 
7 " 

12 " 
18 - 
1 day 
2 days 

Q �9 �9 e 

O �9 m $ 

p ~ O O 

0 D D �9 

m i to t i c  coeff ic ient  
(in ~ ) 

cornea intest ine 

3,7 25,9 
2,2 48,1 
2,5 31,2 
1,3 35,4 

16,9 31 ',8 
8,7 28,3 

17,6 36,7 

Soft tissue puncture 

period of sac-  
r i f ice  after 
9uncture 

45 minutes 

12 hours 

1 day 

mi to t i c  coeff ic ient  
Cin o/**) 

cornea intest ine 

9,9 42,4 

9,6 38,6 

13,4 32,5 

Entirely different results were ob ta ined in  the case of the ep i the l ium of the crypts of the smal l  intes t ine.  

The lowest mi to t i c  coeff ic ient  ( 25.9~ was obtained in rats sacrif iced 45 minutes after adrenal in  in jec t ion .  

For a l l  subsequent periods the mi to t i c  coef f ic ient ,  in exper imenta l  as well  as control  rats,  r emained  fa i r ly  high 
and not subject  to any regular  changes.  Neither were any essential  differences observed in the rat io  between 

the absolute amount  of ea r ly  phases of mitosis and  la ter  phases. 

In order to make  the da ta  obtained more precise a second series of experiments  was carried out in which, 

besides adrenal in  in jec t ion ,  inject ions of co lchic ine  were also given.  The animals  in this group were divided 
into 4 groups with 7-8 rats in each .  The rats were sacr i f iced 51/~ hours after in jec t ion .  The results from the 
study of mi to t i c  coeff ic ients  presented in Table  2 indica te  that inject ions of  1.3 mg of adrenal in  pe t '1  kg weight 
also results in abrupt lowering of the mi to t i c  coeff ic ient  in corneal  ep i the l ium and does not cause lowering in 

the number of mitoses in the ep i the l ium of intest inal  crypts.  

The results of exper iments  with subcutaneous in jec t ion  of co lchic ine  ( 0.2 mg per 150 g body weight)  were 
unexpec ted .  Typ i ca l  pictures of metaphase  arrested by colchic ine  were observed in the corneal  ep i the l ium of 
the  an imals  in this group. In some animals  the amount  of mitosis was insignif icant  and for this reason the average 

mi to t i c  coeff ic ient  for the entire group was found to be even lower than in controls.  The number of mitoses in 
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the stage of metaphase increased in the epithelium of intestinal crypts. In those animals which were given 
simultaneously an injection of colchicine in one extremity and adrenalin in the other, the mitotic coefficient 
in the corneal epithelium was very low (3.2~ 0)while that in the intestine was unusually high (248.3 ~ 

TABLE 2 

Average Mitotic Coefficient (in ~ in the Epithelium,of the Cornea and Crypts of 
the Small Intestine of Rats 

Experiment 
No. 

i 

2 
3 
4 

Substances administered 

Physiological salt solution 
Adrenalin 
Colchicine 
Colchicine and adrenalin 

Mitotic coefficient 
corneal 
epithelium 

12.5 
2.7 

11.0 
3.2 

epithelium of intes- 
tinal crypts 

32.0 
30.2 

211.5 
248.3 

Thus, the experimental data obtained indicates that adrenalin depresses the entry of the epithelial cells 
of the cornea into mitotic division and does not influence significantly mitotic division of the epithelial cells 
in the intestinal crypts. 

TABLE 3 

Effect of Adrenalin on Aerobic Glycolytic Action and Oxygen Consumption in the Cornea 
of Rats 

Expt. 

Average 

[Qo~ ( in 
No.lmm 3 per 

1100 mg 
I of raw 
I tiss ue ) 

Control 

lactic acid in ) ' /mg  of 
raw weight 

1 24,20 
2 17,21 
3 18,63 
4 16,28 
5 10,03 
6 2!,06 
71 23,65 

17,90 

!prior to ~fter in- differ- 
incuba,tton ]eulyation ence 

0,371 
0,00 
0,341 
0,154 
0,451 
0,216 
1,056 

1,823 
1,06 
2,02 
3,22 
2,973 
1,701 
2,564 

1,452 
1 ,06  
1,679 
3,066 
2,522 
1,485 
1,508 

1,877 

Experiment 

i o, (in ]lactic acid i' /mg 
Imm s per ] of raw weight 
I100mgof/prior to ~tfter in- differ- 
I raw , /incuba - [cubation ence 
I tissue) /tion 

21,90 
13,57 
21,66 
17,80 
15,99 
18,81 I 
26,66 [ 

0,522 
0,150 
0,60 
0,142 
1,038 
0,33 
0,933 

!,03 
,14 
!,45 
1,58 
!,41 
!,12 
!,744 

1,508 
0,99 
1,85 
3,438 
1,372 
1,79 
1,811 

1,825 

*'Removal of corneas 30 minutes after injection of adrenalin (not taken into account In 
calculating averages). 

In the first series of biochemical investigations of the effect of adrenalin on oxygen consumption and 
aerobic glycolysis in the rat cornea, intramuscular injections of adrenalin were given in the amounts of 1.3 mg 
per 1 kg body weight. Animals which were given 0.2 ml of 0.9% solution of NaG1 served as controls. Corneas 
were excised 2 hours after injection during the period of maximal inhibition of mitotic division of epithelial 
cells. 

Results of the experiments presented in Table 3 indicate that intramuscular introduction of adrenalin 
(1.3 mg per 1 kg body weight) does not produce a noticeable effect on oxygen consumption and lactic acid 
accumulation in the rat cornea under aerobic conditions. According to the data of experiment No, 7, no 
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noticeabl e changes in the indicated tests were demonstrable 30 minutes after the injection of adrenalin. How- 
ever, we consider it premature to conclude that the effect of adrenalin on mitotic division of cells in corneal 
epithelium is not conditioned by its influence on the processes of respiration and glyeolysis, Additional bio- 
chemical investigations using not only whole corneas but also a single layer of its epithelium are needed. 

TABLE 4 

Effect of Adrenalin on Aerobic Glycolytic Action and Oxygen Consumption in the 
Epithelium of the Small Intestine of Rats 

I C~176 ! 

Expt, No4QOz (in lactic acid in y / r h g  of 
mm s per raw weight 

{ian,-,,~,o~prior to 'after in- i  . . . .  t ,.,v *,,~, q t . . . .  1-,~ I Oilier- 
/ raw / . ; ' " ~ " ~  I cubation 'ence . /tissue) / i ron 

1 
2 
3 
4 
5 
6 
7 
8 

Average 

64,20 
43,20 
48,10 
~8.40 
58.40 
35,52 
47,97 
41,91 

49,34 

1,85 4,62 
0,97 5,82 
2.08 4,70 
1,37 6 ,10  
0,76 5,59 
I ,62 3,37 
1,86 ~,,~8 
0,00 

2,77 
4,85 
2,62 
4,73 
4,83 
I ,75 
2,32 
1,35 

3,15 

]Qo 2 ( in 
Imm s per 
~OOmgof 
iraw 
I tissue) 

54,20 
59,30 
52,30 
42,30 
.50,70 
44,20 
44,40 

I 38,39 

48,22 

I 

Experiment 

lactic acid in y / m g  of 

prior to 
incuba- 
tion 

2,45 
1,00 
4,00 
2,35 
3,54 
2,00 
2,67 
0,00 

raw weight 

after in- d i f f e r -  
cubation ence 

4,62 2, 17 
4,83 3,83 
8,11 4,11 
8,28 5,93 
8,09 4,55 
3,49 1,49 
3,27 0,60 
1,59 1,59 

- -  3,03 

The results of the second series of biochemical investigations carried out on the mucosa of the small in- 
testine of rats whose mitotic activity does not change under the action of adrenalin are presented in Table 4. 
As one can see from this table, introduction of adrenalin intramuscularly does not produce any noticeable 
effect on oxygen consumption and lactic acid accumulation under aerobic conditions 2 hours after injection. 

Thus, during the period of maximal inhibition of mitoses in corneal epithelium by adrenalin, oxygen  
consumption and lactic acid accumulation under aerobic conditions in the cornea as well as in the intestine 
remain unchanged. Further studies of the effect of adrenalin on individual aspects of metabolism in its re- 
lation to its varied action on mitotic activity of tissue are necessary. 

S U M M A R Y  

Intramuscular injection of adrenalin causes a significant decrease of mitotic activity in the cornea of 
rats and produces no effect on the "epithelium of the crypts of the small intestine. Similar results were obtained 
after injection of adrenalinsimultaneously with colchicine. During the period of maximal  inhibition of mitoses 
in the corneal epithelium by adrenalin the consumption of oxygen and accumulation of lactic acid under 
aerobic conditions remain unchanged both in the cornea and in the intestine. 
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