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I M M U N O H I S T O C H E M I C A L  S T U D Y  O F  D I F F E R E N T I A T I O N  

O F  T H E  C E P H A L I C  L O B E  O F  T H E  C H I C K  E M B R Y O N I C  

A D E N O H Y P O P H Y S I S  

V.  M.  B a r a b a n o v  a n d  D.  B.  N i k o l o v a - K i t o v a  UDC 591.481.2: 616-097 

It was shown by the method of indirect immunofluorescence that ACTH appears in the cephalic 
lobe of the adenohypophysis of chick embryos after the 8th day of development. A new t issue-  
specific antigen (A 3) was found in the adenohypophysis: It is located in the cephalic lobe and 
appears on the 7th day of embryonic development. It is concluded from the resul ts  of quanti- 
tative analysis of the distribution of ACTH and antigen A3 in cel ls  of the adenohypophysis of 
l l - d a y  chick embryos that antigen A3 is present  in the corticotropic cells .  

KEY WORDS: chick embryonic adenohypophysis; ACTH; t issue-specif ic  antigen; immuno- 
fluorescence. 

It has bee~ shown by immunologic methods that ACTH in birds is contained in the cephalic lobe of the 
adenohypophysis [6, 7, 9]. The period of specific differentiation of the adenohypophysis in chick embryos 
begins with the 6th day of development. ACTH is fvund immunohistochemicaily after the 9th day [8] although, 
as  the resul ts  of biological tes ts  have shown, corticotropic activity appears on the 8th day [10, 12] and melano- 
cyte-stimulating activity, also characterist ic  of ACTH, appears on the 5th day [5, 11] or  at 6-6.5 days of 
development [4]. To discover the principles governing differentiation of the embryonic adenohypephysis it is 
interesting to study the dya~mics of appearance not only of hormones, but also of t issue-specif ic  antigens 
[1, 2]. The object of the present  investigation was to make a comparative study of the appearance of  ACTH 
and the t issue-specif ic  adenohypophyseal antigen A3 and their  localization in the adenohypophysis of chick 
embryos~ 

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

Adenohypophyses of chick embryos (from Russian White hens) at  6-11, 13, 15, and18 days of develop- 
ment and 6-day-old chicks were investigated, In some experiments the hypophyses of 8-day quail embryos, 
rabbits, a 20-week human fetus, and 11-, 15- ,  and 18-day CBWA mouse embryos also were used. Tissues  
were fixed in Bouin's mixture and embedded in paraffin wax; serial  sections were cut to a thickness of 5/~ 
and treated by the indirect immunofluoresoence method [3]. 

Laboratory of Immuu0embryology, Scientific- Research Institute of Human Morphology, Academy of Medical 
Sciences of the USSH, Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR 
A. P.  Avtsyn.) Translated from Byulleten' ~ksperimental 'noi Biologii i Meditsiny, Vol. 87, No. 6, pp. 596-598, 
June, 1979. Original art icle submitted October 20, 1978. 
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Fig. 1. ACTH-cells  in cephalic lobe of adenohypophysis of 
15-day chick embryo. Indirect immunofluorescence, ML- 
2B microscope, objective 10, homal 3. 

Fig. 2. Adenohypophysis of l l - day  chick 
embryo, with location of AC TH-containing 
(a) and A 3-containing(b) cells in neighbor- 
ing 5-# sections. Indirect immunofluores- 
cence, ML-2B microscope, objective 40, 
homal 5. 

A sample of chromatographically pure hog ACTH was generously provided by Corresponding Member of 
the Academy of Medical Sciences of the USSR Professor  Yu. A. Pankov (Institute of Experimental Endocrinology 
and Hormone Chemistry,  Academy of Medical Sciences of the USSR, Moscow). Rabbits were immunized to 
a scheme of three  injections with 10-day intervals into the footpads and into the region of the popliteal and 
inguinal lymph nodes, and rehnmunized 1.5 mor~hs la ter .  Single injections were given of 0.3 mg ACTH in 
0.5 ml physiological saline and 0.5 ml of Freund's  complete adjuvant. 

Antisera against t issue-specific adenohypophyseal antigen were obtained by prolonged immunization of 
a rabbit with the cathodal electrophoretic fraction of an aqueous extract  from the cephalic lobe of hen adeno- 
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TABLE 1. Detect ion of ACTH and Antigen A3. in Chick Embryonic 
A denohypophysis Based on Results of Immunofluorescent Tests with 
Antisera against Hog ACTH and against Extract of the Cephalic 
Lobe of the Hen Adenohypophysis 

Age of 
embryos, 
days 

6 
7 
8 
9 

10 
11 
13 
15 
18 

6-Day chick 

.No. of Antisera against ACTH No. of 
i 

pituitary 
glands 
studied 

2 

3 I 
3 I 
3 ' 
6 
2 
3 
4 

§ + 
§ + 

- -  • -k 
• -~- + + 
§ § + 
+ -I- + + 

+ 

pftuitary 
glands 
studied 2429a 

Antisera  a~ainst  A3 

2 
6 • 
3 § 
3 + 
3 + 
5 
! 

3 

1 

2 4 2 9 6  

§ 

+ 
§ 
§ 
§ 
+ 

+ 

Legend.  A n t i s e r a  Nos .  2416 and 2426 were  obtained a f t e r  immuni -  
zation of  r abb i t s  for  3 weeks ,  Nos .  2416a and 2426b a f t e r  1.5 monfl~s 
of  immunizat ion,  and a r~ i se ra  Nos .  2429a and 2429b a f t e r  immuni -  
zat ion fo r  4 and 10 months  r e spec t ive ly .  

hypophyses .  The  methods  of p r e p a r i n g  the ex t r ac t s  and of  f rac t ionat ion and immuniza t ion  were  desc r ibed  
p rev ious ly  [2]. The  an t i s e r a  were  exhausted with lyophil ized ex t r ac t s  of hen t i s s u e s  (10 mg  to 1 ml  an t i se rum)  
and ACTH (2 mg to 1 ml  an t i se rum) .  

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

An t i s e r a  against-hog ACTH gave a posi t ive  immunof luorescence  t e s t  with the an t e r io r  lobes  o f  the 
p i tu i tary  gland of a 20-week human fetus,  of  adult rabbi ts ,  and of 15- and 18-day mouse  e m b r y o s .  M a s s i v e  
br ight  f luo rescence  of the ce l l s  was  found in the cephal ic  lobe of the adenohypophysis  (Fig. 1) but was absent  
in the caudal  lobe in chicks  and chick embryos ,  espec ia l ly  in the la te  s tages  of development ,  in r eac t ions  for  
ACTH. The  f luorescence  stil l  r ema ined  a f t e r  exhaustion of the an t i s e r a  with chicken lever ex t r ac t  and it was 
comple te ly  blocked a f t e r  exhaust ion with the ACTH prepara t ion ,  

The f i r s t  ce l l s  to show weak specif ic  f luorescence  in r eac t i ons  for  ACTH were  found in 8-day embryos  
(]?able 1) in the an te r io r  supe r io r  bands of the adenohypophysis~ By the l l t h  day of development  they were  
found o v e r  the whole a r e a  of sect ions  of  the cephalic lobe and cons is ted  of single ce l l s  in the  neighborhood of 
nonf luorescent  ce l l s  o r  smal l  groups  of ce l l s  (Fig. 2). In 13 to 18-day embryos  numerous  br ight  ce l l s  were  
located in the p a r e n c h y m a  of the cephal ic  lobe and were  absent  in the  epithel ium of the res idua l  cavi ty  of the 
adenohypophysis  (Fig. 1). Meanwhile,  i n  some e m b r y o s  so l i t a ry  A C T H - c e l l s  also were  seen  in the caudal  
lobe f r o m  the ven t ra l  a spec t  o r  in the cen t ra l  cell  bands;  th is  indicates  that  the his tological  boundar ies  of 
these  lobes  ove r l ap  in the middle  p a r t  of  the adenohypophysis .  

A n t i s e r a  against  the cathodal f rac t ion  of ex t r ac t  of  the  cephal ic  lobe of  the  chicken adenohypophysis ,  
exhausted with lyophRized l i v e r  ex t rac t s ,  and s i m i l a r  a n t i s e r a  agains t  the caudal  lobe of the  chicken adeno-  
hypophysis  gave a pos i t ive  inununof luorescence  t e s t  with the cephal ic  lobe of  the  adenohypophysis  of  the  ch ick  
and chick  e m b r y o s ,  and a lso  of the 8-day quail embryo ,  but did not r e a c t  with the p i tu i tary  glands of  mouse  
e m b r y o s .  F luo re scence  of the ce l l s  in the chick embryonic  adenohypophysis  also was found ff the an t i s e r a  
we re  fu r the r  exhausted with the p repa ra t ion  of hog ACTH o r  with ex t r ac t s  of hen kidney, spleen~ lung, brain,  
re t ina ,  hea r t ,  musc l e s ,  and blood s e r u m .  The r e su l t s  thus  show that  an independent t i s sue - spec i f i c  antigen 
(A 3), di f ferent  f r o m  ACTH, is p r e s en t  in the cepha l i c  lobe of the hen adenohyophysis .  Other  evidence that  
antigen A 3 is independent of AC TH is given by the fact  that  when chick embryonic  p i tu i tary  glands a r e  kept 
in paraff in  blocks  the  intensi ty of  f luo rescence  of the ce l l s  in t e s t s  for  antigenic A3 fell  sha rp ly  a f t e r  8-10 
months ,  but was vi r tual ly  unchanged in t e s t s  f o r  ACTH. 

Antigen A3 was found in the  adenohypophysis  a f t e r  the 7th day of embryonic  development  (Table 1). Like  
ACTtt ,  ant igen A 3 appea red  in the an t e r io r  super io r  sec to r  of  the  adenohypophysis .  In the l a t e r  s tages  of 
development  the local izat ion of antigen A3 was s imi l a r  to the dis tr ibut ion of ACTH in the deve loping  adeno-  
hypophysis .  
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TABLE 2. Number  of  F l u o r e s c e n t  Adenohypophyseal  Cel ls  of  l l - D a y  E m b r y o s  in R e -  
act ions  with An t i s e r a  against  AC TH and Antigen A 3 and with a Mixture  of These  Ant i se ra  
(in an a r e a  of 0.02 ram 2) 

No. Antiserum 

Anti-ACTH, No, 2426a. 
dilution 1 : 

Anti-A3, No. 2429b, dilution 
1:3 

Total number of cells in 
neighboring sections 

MixtUre of anti, era (No. 2426a 
1.3+No. 2429b, 1:3) 

Anti-ACTH, No. 2426a, 
dilution I : 6 

Anti-A3. No. 2429b, dilution 
1:6 

Embryo No. 1 
mmber of 

numbe~ of :luorescent 
sections :ells 
studied (n) M ~ m) 

12 1084-6 

12 117-1--5 

12 2254-10 

12 119___5 

t I 105___6 

ll 1194.5 

>0,05 

>0,05 

<0,001 

>0,05 

>0,05 

EmDryo No. 2 
number of 

number of fluorescent 
sections ceils 
studied (n) (M* m) 

13 

13 

13 

13 

78__.6 

93• 

171__.9 

91__.7 

>0,05 

>0,05 

<0,001 

P denotes  s ignif icance of d i f fe rences  f r o m  number  o f  f luorescen t  ce l l s  in t e s t s  
with mi x t u r e  of  an t i se ra .  

The  s imi l a r i t y  of  the  loca l iza t ion  of ACTH and antigen A 3 in the chick embryonic  adenohypophysis,  which 
was  pa r t i cu l a r ly  not iceable  when f luo rescen t  ce l l s  w e r e  c o m p a r e d  in neighboring sec t ions  (Fig. 2), suggested 
that  ACTH and antigen A3 may  be p r e s en t  in the s a m e  cel l s .  To study this  problem,  co r re l a t ion  between the 
f l u o r e s c e n t  ce l l s  in the adenohypophysis  of 11-day e m b r y o s  was studied in se r i a l  sec t ions  t r ea t ed  with ant i -  
s e r e  agains t  ACTH, against  antigen A3, and with a m ix tu r e  of  these  two an t i se ra .  Specifically f luorescent  
ce l l s  were  counted in an a r e a  of  0.02 m m  2 nea r  the an t e r i o r  b o r d e r  of the cephal ic  lobe of the adenohypophysis  
(Table  2). 

On the  a v e r a g e  the  s a m e  num ber  o f  f luo rescen t  ce l l s  was  found in each of the two e m b r y o s  tes ted  in 
r eac t ions  with the s e p a r a t e  an t i s e ra .  F u r t he r  double dilution of the an t i s e r a  did not lead to a reduct ion in 
the  number  of f luorescen t  ce l l s  by half .  Consequently,  the dilution of each a n t i s e r u m  when they were  mixed 
l ikewise  should not have  affected the r e s u l t s  of the t e s t s .  The number  of ce l l s  detectable  by a mix tu re  of 
an t i s e r a  was shown to co r r e spond  with the nu mber  of f luo rescen t  ce l l s  in r eac t ions  with the sepa ra t e  an t i s e r a  
and was s ta t i s t i ca l ly  s ignif icant ly l e s s  than the to ta l  number  of ce l l s  in these  t e s t s .  In chick  e m b r y o s  ACTH 
and antigen A 3 a r e  evidently p re sen t  in the s ame  adenohypophyseal  ce l l s .  

The  r e s u l t s  conf i rm publ ished data on the  loca l iza t ion  of ACTH in ch ick  e m b r y o s  in the cephalic lobe 
of the adenohypophysis  [7, 8]. ACTH could be detected immunohis tochemica l ly  a f t e r  the 8th day of develop-  
ment ,  which c o r r e s p o n d s  to the beginning of  mani fes ta t ion  of cor t i co t rop ic  act ivi ty  in the adenohypophysis  
[10, 12]. Different ia t ion of  the  cephal ic  lobe of  the  adenohypophysis  in chick  e m b r y o s  is  also connected with 
the  appea rance  o f  t i s s u e - s p e c i f i c  ant igen A3, which is c h a r a c t e r i s t i c  of cor t i co t rop ic  ce l l s  and p r e c e d e s  the 
appea rance  of ACTH by 24 h. Detect ion of  the t i s s u e - s p e c i f i c  antigen of the cor t ico t rop ic  ce l l s  sugges ts  the 
ex is tence  of s i m i l a r  ant igens  c h a r a c t e r i s t i c  of  o ther  types  of adenohypophyseal  ce l l s .  
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