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Comparative Histology of the Vascular System i n  

Game  chickens  have  undergone  select ion for f ight ing  
abi l i ty  for t h o u s a n d s  of years  i. Concomi t an t  to  th is  selec- 
t ion  were  cor re la ted  responses  which  have  surviva l  value 
in t he  cockpi t .  E x a m p l e s  of such responses  are  t he  rapid  
b lood p r o t h r o m b i n  and  coagula t ion  t imes  of game chickens 
in compar i son  to  domes t i c  fowl 9. 

P re l imina ry  s tudies  on the  c o m p a r a t i v e  histological  
s t r uc tu r e  of  veins  and  ar ter ies  of  domes t i c  and  game cocks 
d e m o n s t r a t e  a not iceable  di f ference in  these  vessels. 
S tud ies  to  d a t e  h a v e  been  l imi ted  to  compar i sons  of iliac 
ar ter ies  and  veins  in 2 W h i t e  Rocks  and  2 g a m e  cocks of 
comparab l e  ages (20 months )  and  weights  (2.3 kg). 

Vessels  were  d issec ted  f rom the  same region (axis of  
t he  th igh  a n d  body)  a n d  placed in Bouin ' s  fluid for 48 h. 
T h e y  were  t h e n  d e h y d r a t e d  in a g raded  series of alcohols,  
c leared in xy lene ,  a n d  e m b e d d e d  in paraff in .  Sect ions  cu t  
a t  6 /~  were  s t a ined  b y  (1) Delaf ie ld ' s  h e m a t o x y l i n  and  
coun t e r s t a i ned  in 1% eosin Y in 95% alcohol and  (2) 
Verhoef f ' s  m e t h o d  for  elastic f ibers 3 fol lowed by  Dela- 
f ield 's  h e m a t o x y l i n  and  eosin. 

A gross s t ruc tu ra l  d i f ference was n o t e d  dur ing  dissec- 
t ion  of t h e  ar ter ies  and  veins.  These  vessels  appeared  
m u c h  s t ronger ,  smal ler  in d iameter ,  and  were  qu i te  tough  
in t h e  game  cocks. In  compar i son ,  t h e  vessels of the  
domes t i c  cocks appeared  qui te  flacid (par t icu lar ly  t he  
vein),  larger in d iameter ,  and  gave  the  impress ion  of be ing  
weaker  s t ruc tures .  

His tological  e x a m i n a t i o n  revealed  t h a t  these  gross 
obse rva t ions  were correct .  The histological  resul ts  are 
summar i zed  in t he  Table  and  r ep resen t  m e a s u r e m e n t s  
t a k e n  f rom sect ions  of the  iliac a r t e ry  and  vein.  

A l though  p robab i l i t y  levels have  no t  been  set  because 
the re  was  no s ta t i s t ica l  analysis ,  large differences be tween  
genet ic  s tocks  are evident .  The overal l  size of the  iliac vein  
(Figures 1 and  2) and  a r t e ry  was  m u c h  grea te r  for the  
domes t ic  t h a n  for the  game cock. Contrar iwise  the  ar ter ia l  
tun ica  adven t i t i a  and  tun ica  med ia  (Figures 3 and  4) 
were m u c h  th icke r  for t he  gamecock  t h a n  for t he  domes t i c  
cock. No differences  were  no ted  be tween  s tocks  for e i ther  
t h e  n u m b e r  or  a r r a n g e m e n t  of elastic f ibers in the  iliac 
vessels.  The  grea te r  th ickness  of the  ar ter ia l  tun ica  media  

Measurements (p) of parts of the iliac artery and vein a 

Artery Vein 

Game White Rock Game White Rock 

max. rain. max. min. max. rain. max. rain. 

Thickness 182 
of tunica 
media 

Thickness 630 
of tuniea 
adventitia 

135 135 135 27 18 27 18 

450 455 450 540 455 450 410 

Long axis of 1683 1620 
the elipsoidal 
vessel 

Short axis of 1628 1620 
the elipsoidal 
vessel 

1995 1820 2366 2295 3285 2821 

1305 1092 1137 900 990 910 

a These represent maximum and minimum values observed for the 
samples measured. 

the Domestic and Game Cock 

in t he  game cock would,  however ,  indica te  a p ropor t ion-  
al ly g rea te r  n u m b e r  of elastic f ibers in th is  vessel. 

The s t ruc tu ra l  differences in the  veins  and  ar ter ies  of 
game  and  W h i t e  Rock  chickens  m u s t  have  evolved  f rom 
art if icial  se lect ion as s tocks  were deve loped  for f ight ing 
purposes  and  food produc t ion .  The  increased h e a r t  ra tes  
t h a t  a f ight ing  cock is exposed  to  for long per iods  dur ing  
encoun te r s  4 coupled  wi th  the  no rma l  h igh blood pressures  

a A. RUVORT, The Art o/ Cockfighting (Devin-Adair Co., New York 
1949). 

2 S. C. MOHAPATRA and P. B. SIE6EL, Poultry Sci. 46, 1294 (1967). 
a R. D. LILLIE, Histopathologic Technic and Practical Histochemistry 

(McGraw-Hill, New York 1954}. 
4 C. L. HARRIS and P. B. SIE6EL, J. appl. Physiol. 22, 846 (1967). 
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Fig. 1. Transverse section of the iliac artery and vein from a domestic 
White Rock cock. Verhoeff's stain for elastic fibers, Delafield's 
hematoxylin and eosin Y. IV, iliac vein; IA, iliac artery. Scale same 
as Figure 2. 

Fig. 2. Transverse section of the iliac artery and vein from a game 
cock. Verhoeff's stain for elastic fibers, Delafield's hematoxylin and 
eosin Y. IV, iliac vein; IA iliac artery. 

Fig. 3. Enlargement of a portion of the iliae artery shown in Figure 1. 
TA, tunica adventitia; TM, tunica media. Scale same as Figure 4. 

Fig. 4. Enlargement of a portion of the lilac artery shown in Figure 2 
TA, tunica adventitia; TM, tunica media. 
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of cocks 5 could cause rup tu re  of blood vessels lacking 
cer ta in  p ro tec t ive  mechanisms.  The  need for such a 
mechan i sm in domest ic  chickens is no t  necessary.  I t  is of 
fur ther  in teres t  t h a t  in our  labora tory ,  where  all  chickens 
t h a t  die receive pos t -mor t em examinat ions ,  we h a v e  never  
observed  any  m o r t a l i t y  f rom aort ic  rup tu re  in game  cocks, 
whereas  m o r t a l i t y  f rom this  condi t ion  is no t  unusual  in 
VVhite R o c k  cocks. 

Zusammen[assung. Vergleichend-his totogische Un te r -  
suchung der  Darmbeingef / isse  bei Wi ldh i ihnern  und der  
W h i t e - R o c k - R a s s e  zeigen eine stArkere En twick lung  der  
Wildhuhngef~sse.  Es  scheint,  dass das gesamte  Gef~tB- 
sys tem bei den  Wildhi ihnern,  in Anpassung an die er- 

h6h te  Herz f requenz  und den geste iger ten B l u t d r u c k  bei 
besondern  ErregungszustAnden,  fiber Schu tzmechan i smen  
in der  GefAsswand verffigt.  

H.  R. STEEVES I I I  and P. 13. SIEGEL 

Department o[ Biology and Department of Poultry 
Science, Virginia Polytechnic Institute, 
Blacksburg (Virginia 24067, USA), 
21 February 1968, 

5 B. W. HAWKES and P. B. SIEGEL, Va J. Sci. 15, 264 (1964). 

D i f f e r e n t i a t i o n  in  v i t r o  of  C h i c k  E m b r y o  A d r e n a l  G l a n d s  

Adrenal  gland funct ion  appears  to be control led by  
p i tu i t a ry  secret ion dur ing  the  fetal  life. This  has been 
demons t r a t ed  in amphib ians  1, rabbi ts  ~, rats  8 and m a n  4. 

Ev idence  t h a t  this  also happens  in bird embryos  is 
somewha t  conflicting. The  ear ly  works  of WOLFF and 
STOLL 5 and  FUGO s indicate  t h a t  chick adrena l  g lands  are  
independen t  of p i t u i t a r y  s t imula t ion  unt i l  t he  twel f th  
incuba t ion  day.  CASE 7 and MAZmA 8,9, using his tochemicaI  
techniques ,  conf i rmed t h a t  adrenot rophic  s t imulus  is 
necessary af ter  t he  twe l f th  day  of incubat ion,  b u t  there  
is no conf i rmat ion  up to  now to suppor t  the  assumpt ion  
t h a t  adrenal  d i f ferent ia t ion  is independen t  of  t h a t  
s t imulus  in younger  embryos .  I n  a previous  pape r  1° i t  
was shown t h a t  h is tochemical  techniques  for lipids and  
cholesterol  appear  earl ier  and are  more  intense when 
embryos  are in jec ted  wi th  ACTH.  The  present  work  was 
unde r t aken  in order  to s tudy  the  act ion of A C T H  on 
embryonic  adrenal  glands grown in organ culture.  

Material and methods. Over  500 embryos  of the  Hyl ine  
breed were d is t r ibu ted  in exper imenta l  groups as indicated 
in Figures  2 and 3. Whole  adrenals  were  dissected and 
exp lan ted  using WOLFF and HAFFEN'S 11 technique.  Cul ture  
m e d i u m  conta ined  equal  par ts  (v/v) of embryo  ex t r ac t  
(from 9-day-old chick embryo)  and 1% agar  in H u n k ' s  
saline solution. As indica ted  in Figures  2 and 3, in several  
exper imenta l  groups 1 I U  of A C T H  (Actonar.  Labora tor ios  
Acton,  Argent ina)  per  m l  was added  to the  medium.  
Media were changed  eve ry  4 days.  

Non-cu l tu red  controls  and cul tured  exp lan t s  were  f ixed 
in 10% formal in  wi th  1% CaC1. Tissues used for his to-  
logical s t udy  were embedded  in paraf f in  and s ta ined wi th  
hematoxyl in -eos in  whi le  those  reserved  for h i s tochemica l  
purposes were  embedded  in gela t in  and  sect ioned wi th  a 
freezing micro tome.  Sect ions were  observed  wi th  a 
polar izing microscope in order  to  de tec t  b i re f r ingent  
crysta ls  (general ly cholesterol  and its esters) or  s ta ined 
wi th  Sudan  black B as a general  s ta in  for lipids. 

Results. Adrenal  exp lan t s  in all expe r imen ta l  groups 
grew and d i f ferent ia ted  adequa t e ly  as judged  by  the i r  
histological  aspect  (see F igure  1). No a t t e m p t  was made,  
however ,  to make  a q u a n t i t a t i v e  s tudy  of growth  differ- 
ences;  a t t en t ion  was focused on establ ishing the  % of 
explants  accumula t ing  l ipidic mater ia l  dur ing the  cul ture  
period. 

Figure  2A summar izes  the  results  ob ta ined  wi th  adrena l  
glands of 6-day-old embryo  cul ture  on med ia  w i t h o u t  

ACTH.  Af te r  6 days  of cul ture  only 6% of the  explan ts  
showed sudanophi l ic  mater ia l  and 20% biref r ingent  
crysta ls ;  a f ter  12 days  of cul ture  13% showed sudano- 
phi l ia  and 10% biref r ingent  mater ia l .  W h e n  compared  
wi th  controls,  also shown in F igure  2A, these  resul ts  
appear  to  indicate  t h a t  mos t  of t he  exp lan t s  which  are  
demons t rab le  l ipidic mater ia l  a t  t he  m o m e n t  of  exp lan ta -  
t ion  lose i t  in t he  course of t he  first  6 days  of cu l ture  and  
t h a t  no new accumula t ion  occurs a f te r  tha t .  

F igure  2B shows the  resul t  ob ta ined  wi th  s imilar  ex-  
p lants  cu l tu red  in m e d i u m  wi th  ACTH.  Af te r  6 days  of 
cul ture  76% of the  exp lan t s  conta in  sudanophi l ic  mater ia l  
and 77% of t h e m  bi ref r ingent  crystals .  Tissue f ixed on 
the  twel f th  day  of cul ture  showed sudanophi l ic  mate r ia l  
in 98% and birefr ingence in 93% of the  cases. These  
resul ts  show, when  compared  wi th  controls,  t h a t  accumu-  
lat ion of lipidic mater ia l  occurs dur ing the  first  days  of 
cul ture  and cont inues  thereaf ter .  

The  results  ob ta ined  by  cul tur ing  adrena l  glands of 
10-day-old embryos  are  expressed in F igure  3 A and 13. 
Af ter  6 days  of culture,  all the  explan ts  cu l tured  in media  
wi th  or  w i thou t  A C T H  conta in  sudanophi l ic  and bire- 
f r ingent  mater ia l ;  a f te r  12 days  over  60% of the  explan ts  
cu l tured  in media  w i thou t  A C T H  have  lost  the i r  l ipidic 
mater ia l .  On the  contrary ,  when cu l tured  wi th  A C T H  
few of the  explan ts  lose this  mater ia l .  

Discussion. I n  exper iments  by  o ther  au thors  in  which  
adreno t roph ic  and o ther  hormones  have  been used in 
vi t ro ,  the  amoun t s  of ac t ive  substances  added  to  the  
media  in order  to  ob ta in  not iceable  effects  h a v e  a lways  
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