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It has been found that a great variety of agents capable  of causing a state of stress may also produce st imulat ion 
of the secretory ac t iv i ty  of the adrenals.  This increased secretion invariably leads to a lowering of the reserves of 
cholesterol and ascorbic acid  in the adrenals [10,18]. Most of the facts concerning the ascorbic acid  content of the 
adrenals have been obtained in guinea pigs and rats. There is l i t t l e  information on the changes in the content of 
this substance in other species of animals,  including birds. Moreover, most of the facts re la te  to the postembryonic 
period of development .  Investigations on young birds and chickens [8,6,7,15] have shown that,  despite marked hy-  
pertrophy of the adrenals,  the ascorbic  ac id  concentrat ion in the glands does not fai l  during the act ion of various 
factors. Data relat ing to the abi l i ty  of the embryonic adrenals to lower their reserves of ascorbic acid  during a 
period of increased secretion are very few [8,14], and nothing whatever is known about birds in this respect.  

The object  of the present study was to invest igate the effect  of ACTH and insulin on the ascorbic acid content 
of the adrenals of chick embryos. 

M E T H O D  

Experiments were carried out on chick embryos of the White Leghorn breed. Eggs weighing from 52 to 60 g 
were incubated.  Embryos were taken for investigation after the 13th day. The ascorbic acid  content of the adrenals 
was determined by the method of Roe and Kuether [17], and wood charcoal  (clar i fying,  mark A) was used for oxid-  
at ion.  ACTH and insulin were in jec ted  intravenousIy [2] in a dose of 0.05 and 0.043 uui t /g  body weight.  Material  
was taken 1,8,6,12,24, and 48 h after in jec t ion  of the hormones in the case of ACTH, and 8,8,6, and 12-14 h after 
in ject ion of insulin. Besides the determinat ion of the weight of the adrenals and the total  ascorbic ac id  content,  the 
concentrat ion of ascorbic ac id  per 100 mg of tissue also was ca lcula ted .  

Altogether 60 experiments  were performed, in each of which the ascorbic acid  content of the adrenals of 12 
embryos was determined (6 control and 6 exper imental) .  Experiments also were conducted on chicks between the 
ages of 8 and 13 days. The doses of ACTH and insulin in jected into the chicks varied from 2 to 4 units. On the 
day of the exper iment  the chicks took no food but were al lowed water. The birds were k i l led  by decapi ta t ion.  

R E S U L T S  

After an interval  of 1.5 h, inject ion of ACTH into the embryos caused a fa i l  of 14-27%in  the ascorbic ac id  
content of the adrenals by comparison with the control leve l .  A similar  pattern was observed after 3 h (Fig. 1). 
Besides a lowering of the reserves of the v i tamin,  its concentration in the adrenals also fell .  The more marked 
fall  in the ascorbic acid  concentrat ion in the glands of the embryos aged 15 days or more was caused by the fact  
that,  3 h after inject ion of ACTH, the weight of the adrenals in the embryos of this age was greater than in the 
controls. It should be noted that the react ion of the adrenals to in ject ion of ACTH into 18-day embryos was less 
marked than in embryos of the 13th-17th days of incubation.  In the adrenals of the chicks, in contrast to those 
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Fig. 1. Content of ascorbic acid in adrenals and their weight 3 h after inject ion 

of AGTH. Along the axis of ordinates-changes observed in experimental  series 

by comparison with controls (in %); along the axis of abscissas--age of embryos 

(in days). Horizontal l i n e - c o n t r o l  level .  The vertical broken l ine convention- 

ally denotes the period of hatching. Column with close shading-weight  of ad- 

renals;  column with cross-shading-content  of ascorbic acid;  column with wide 

shading-concentra t ion  of ascorbic acid. 
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Fig. 2. Ascorbic acid content and weight of adrenals 

6 h after inject ion of ACTH. Legend as in Fig. 1. 
Fig. 3. Ascorbic acid content and weight of adrenals 
3.5h after inject ion of insulin. Legend as in Fig. 1. 

of the embryos, after inject ion of ACTH no decrease could be observed in either the total content or the concentra-  
tion of ascorbic acid. No reaction was seen in the chicks even when the dose of hormone injected was increased 
from 2 to 4 units. 

The results obtained in these two series of experiments agreed mainly with the results of the investigations 

conducted in mammals .  A characteristic fall in the content and concentration of ascorbic acid 1.5-3 h after in -  
jection of ACTH was observed in the adrenals of newborn rats [1,4,13] and of rat fetuses [8,14]. The results of our 
experiments, l ike the data given in the literature, showed that the reaction of the glands to inject ion of ACTH ob- 
served in developing chick embryos was absent in the young chicks. Only in one investigation [19] was a decrease 
in the ascorbic acid content of the adrenals observed in White Leghorn cocks 12 h after the inject ion of ACTH. 
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Various explanations are offered in the l i te ra ture  for the somewhat except ional  react ion of the adrenals of 

young birds to conditions of s t r e ss - the  absence of a decrease in the ascorbic acid level .  In par t icular ,  the importance 
of the in i t ia l  concentrat ion of the v i tamin  for manifestat ion of this effect (about 400 mg%) is stressed [20], as also is 

the age factor [15]. In recent  years information has been obtained concerning the role of the sac of Fabricius in 
birds [16]. It has beenshown tha t in  young chicks from which this sac has been  removed,  in ject ion of ACTHisfo l lowed 
by a decrease in both the content  of ascorbic ac id  (by 49-41o7o) and its concentrat ion in the adrenals (by 57-45.8%0). 
It may be assumed that in embryos, in which this sac has not become comple te ly  formed, i t  has no significant effect 
on the react ion under invest igat ion.  Indications of the compara t ive ly  la ter  development  of the sac of Fabricius in 
chick embryos are also given in the l i tera ture  [11]. 

Six hours after the in jec t ion  of ACTH the ascorbic acid concentrat ion in the adrenals of the 15-18-day  embryos 
was low as before (Fig. 2). The ascorbic acid  concentrat ion in the 13-14-day embryos and chicks was indistinguish- 
able  from normal.  It is noteworthy that 6 h after in jec t ion  of the hormone, para l le l  with the increase in weight of 
the adrenals,  their ascorbic ac id  content  also rose. However, the increase in its content in the embryos was re la t ive ly  
much smal ler  than the increase in the weight of the glands. A similar  increase in the content of the v i tamin 6 h after 
in jec t ion  of ACTH has also been observed in growing rats [12]. 

The increased ascorbic acid content of the adrenals over the normal leve l  was stil l  present in our experiments 
12 h after in ject ion of the hormone. The weight of the glands varied within normal l imi ts .  These changes, admi t ted-  
ly  to a less marked degree,  were also observed 24 h after inject ion of ACTH. It is natural to suggest that in the ad-  
renals s t imulated by inject ions of ACTH, side by side with the process of cel l  division, synthesis of ascorbie acid  also 
takes p lace .  This suggestion is made  more l ike ly  by the fact that chicks are among the animals  capable  of synthe- 
sizing endogenous ascorbic acid.  The  above changes in the weight of the adrenals and in the total  content and con-  
centrat ion of ascorbic acid  in the glands disappeared comple te ly  48 h after inject ion of ACTH. 

The act ion of insulin on the adrenals of  birds has been studied less intensively than the act ion of ACTH. In 
our experiments the changes in the ascorbic acid  content of the embryos following inject ion of insulin were bas ica l ly  
the same as the changes caused by ACTH. For example ,  3.5 h after in jec t ion  of insulin into embryos of 14-17 days 
of incubation,  the ascorbic ac id  concentrat ion and its total  content in the adrenals were consistently lowered (Fig. 3). 
The fal l  in the ascorbic acid  concentrat ion in the embryos was mainly brought about by a change i n i t s t o t a l  content,  
for the weight of the glands had not yet  increased after this t ime  interval .  In the 10-day old chicks, in ject ion of in-  
sulin (4 units) was accompanied ,  as in the embryos, by a decrease in the content  and concentrat ion of ascorbic acid  
in the glands. It should be noted that  the same dose of  hormone caused no visible changes in the content  and con-  
centrat ion of ascorbic ac id  in the adrenals after 1 .5-2 h. This result is in full agreement  with the findings of other 
authors [8], who found no change in the ascorbic acid content in 6-week old chicks 2 h after injection of insulin. 

A fall in the ascorbic acid content of the adrenals has been described in mammals (rats) after the injection of in- 

sulin [5]. 

The changes observed 3.5 h after the in jec t ion  of insulin were still  present 6 h after inject ion.  At this t ime,  
howeve r  a difference was observed between the react ion of the 13-14 day embryos and the embryos o f la te r  periods 
of incubation.  In the ear ly stages of incubation (13-14 days) the in ject ion of insulin into the embryos caused, besides 
a decrease in the ascorbic acid  content ,  changes in the weight of the adrenals. In consequence, the concentrationl of 
the v i tamin  in these embryos showed l i t t l e  change, and remained prac t ica l ly  at the control leve l .  Conversely,  in 
embryos of the 15th-17th days of development ,  the ascorbic acid concentrat ion was considerably reduced (25-37~ 
The most marked effect after 6 h was observed in the 12-day old chicks. The fall  in the ascorbic acid  content in 
this exper iment  was 32%, whereas its concentration fel l  by a greater d e g r e e - b y  53% At this t ime  interval  a f te r  the 
in jec t ion  of insulin, the weight of the adrenals also was increased in some experiments.  

As after in ject ion of ACTH, 12-14 h after the in jec t ion  of insulin the ascorbic acid  content  of the adrenals 
increased both in the 15-18-day  embryos and in the young chicks. However, because of the corresponding increase 
in the weight of the adrenals,  the ascorbic acid  concentration fell  very slightly.  The changes in the concentrat ion 
and content of ascorbic acid,  and also in the weight of the glands in the 13-14-day  embryos after 12-14 h were 
analogous to those observed 6 h after in ject ion of insulin. The decrease in the weight of the adrenals of the embryos 
in the ear ly periods of incubation may be interpreted as the result of a delay in the development  of the organ caused 
by hypoglycemia .  This explanat ion is confirmed by data showing the delay in the general  growth of embryos during 
adminis trat ion of insulin, especia l ly  in the ear ly  stages of development .  It is evident  that  in embryos of a com-  
parat ively  ear ly age all  the links of the ant i - insul in  mechanism capable  of counteract ing the hypoglycemia  are  not 
ye t  established. 
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The discovery that the content of ascorbic acid is increased 12-14 h after injection of insulin into older embryos 
and young chicks is confirmed by the results of  experiments conducted on adult rats [91. This increase, as in the ex- 
periments with ACTH, probably reflects the process of synthesis of the vitamin, taking place in the adrenals. 

Hence, the embryonic adrenals are capable of lowering the reserves of ascorbic acid after injection of ACTH 
and during "stress" caused by the injection of insulin. The cause of the different reaction of the adrenals of young 
chicks after hatching in response to the injection of insulin and ACTH has not been fully explained. It may be 
postulated that the m e c h a n i s m  by means of  which the decrease in the ascorbic acid content in the adrenals is brought 
about is different in respect of these two hormones. 

LITERATURE CITED 

1. M.A.  Larina, ProN. ~ndokrinol., 3, 18 (1960). 
2. L .G.  Leibson and ~. M. Plisetskaya, Fiziol. zh. SSSR, 9, 1163 (1960). 
3. R.L.  Elton, I. G. Zarrow, and M. X. Zarrow, Endocrinology, 65, (1959), p. 152. 
4. E. EndrOczi, Acta physiol. Acad. Sci. hung., m. 6, Suppl,. (1954), p. 32. 
5. H. Oershberg and C. N. H. Long, J. clin. Endocr:, 8,  (1949), p. 587. 
6. A . N .  Howard and B. J. Constable, Biochem, J., o9, (1958), p. 501. 
7. J .W.  Jailer and N. F. Boas, Endocrinology, 4.6, (1950), p. 314. 
8. J .M.  Jones, C. W. Lloyd, and T. C. Wyatt, Endocrinology, 53, (1953), p. 182. 
9. H. Karg, Hoppe-Seyler 's Z. physiol, Chem., Bd. 304, s. 148, (1956). 

10. C . N . H .  Long, Recent Progr. Hormone Res., 1 ,  (1947), p. 99. 
11. R.K. Meyer, M. A. Rao, and R. L. Aspinall, Endocrinology, 64, (1959), p. 890. 
12. U. Mikhail, Indian J. med. Res., 499, (1961), p. 290. 
13. K. Milkovic and S. Milkovic,  Endokrinologie, Bd. 37, s. 301) (1959). 
14. S. Milkovic:and K. Milkovic, Proc. Soc. exp. Biol. (N. Y.), 107, (1961), p. 47. 
15. M. Perek, B. Eckstein, and Z. Eshkol, Endocrinology, 64, (1959), p. 831. 
16. M. Perek and A. Filat, Endocrinology, 666, (1960), p. 304. 
17. J .H .  Roe and C. A. Kuether, L biol. Chem., 147 ,(1943), p. 399. 
18. G. Sayers and M. A. Sayers, Recent Progr. Hormone Res., 2,  (1948), p. 81. 
19. G . A .  Slover, Cited in Newcomer Proc. Soc. exp. Biol. (N. Y.), 966, (1957), p. 613. 
20. M.X.  Zarrow and J. T. Baldini, Endocrinology, 50, (1952), p. 555. 

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or a11 o f  t h i s  peri-  

od ica l  l i t e ra ture  may wel l  be  a v a i l a b l e  in E n g l i s h  t rans lat ion.  A complete list of the c o v e r - t o -  

c o v e r  English translations appears at the back of this issue. 
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