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where  z = p /Q defines  t h e  se t  va lue  a r o u n d  wh ich  smal l  
changes  are examined .  T he  second t e r m  in t h e  b r a c k e t s  
descr ibes  t he  inf luence  of X on the  i m p e d a n c e  Z a n d  t h u s  
m a y  be  called t he  t r a n s f e r  func t ion  of t h e  vasoac t ive  sub-  
s tance.  Th i s  f u n c t i o n  is pos i t ive  if t he  s u b s t a n c e  is a vaco-  
cons t r ic tor ,  a n d  nega t ive  if i t  is a vasodi la tor .  

To d e m o n s t r a t e  a s imple  exam pl e  a f i rs t  order  t r a n s f e r  
f u n c t i o n  m a y  be  a s sumed ;  to  be  inse r t ed  in to  eq. 4: 

o z  O. G 
k 0 X  Z 1 + Ts (5) 

Us ing  t he  Lap lace  t r a n s f o r m  techn ique ,  t he  t i m e  re- 
sponse  of t h e  a r t e r i a l  p ressure  Ap(t) to  a flow s tep  increase  

A Q  can  be  der ived  f rom eq. 4 

lxp(t) = Z/xQ[1 -- G (1 - -e - t / z ) ] .  (6) 

As m e n t i o n e d  above  G is pos i t ive  if t he  vasoac t ive  sub- 
s t ance  is vasocons t r i c t ing .  I n  th i s  case t he  va scu l a r  bed  
t e n d s  to  r educe  t he  pressure  closer to  i t s  p rev ious  va lue  
a f t e r  a flow s tep  increase,  a n  effect  wh ich  m a y  be  called 
h u m o r a l  a u t o r e g u l a t i o n  of pressure .  I f  t he  s u b s t a n c e  is a 
vasodi la tor ,  G is nega t ive .  Accord ing  to  eq. 6 in  th i s  case 
t h e  pressure  will  con t inue  to  rise a f te r  a flow s tep  increase.  
This  r eac t ion  is cha rac t e r i s t i c  for a s y s t e m  wh ich  t ends  to  
r egu la t e  b lood  f low a t  a c e r t a i n  level  a n d  may ,  therefore ,  
be  called h u m o r a l  au t o r egu l a t i on  of flow. I n t u i t i v e l y  ex- 
p la ined,  t h e  pressure  rise a f t e r  a flow increase  r ep resen t s  
t h e  a t t e m p t  to  reduce  t h e  f low to t he  fo rmer  va lue  b y  in- 
c reas ing  t he  res is tance.  

The  F igure  shows all e x p e r i m e n t a l  example .  T he  femora l  
a r t e r i a l  bed  of a n  anes t he t i z ed  dog was per fused  w i t h  ar- 
t e r i a l  b lood  us ing  a pe r i s t a l t i c  p u m p .  T he  inf low was re- 
corded  b y  a n  e l ec t romagne t i c  f lowmeter .  I n t o  t h e  a r te r ia l  
c a n n u l a  d rugs  could be  infused b y  a p i s ton  p u m p .  T he  re- 
su l t s  were r ep roduced  in 5 d i f fe ren t  an imals .  

The  u p p e r  t r a c ing  of t he  F igure  (control)  shows t he  in- 
t r ins ic  a u t o r e g u l a t o r y  response  of t h e  femora l  a r t e r i a l  bed  
to a s tep  f low increase.  T he  midd le  t r a c i ng  Shows t he  con- 
t i n u i n g  pressure  increase  a f t e r  a flow s tep  wh ich  is charac-  
te r i s t ic  for t he  a u t o r e g u l a t i o n  of b lpod flow, d u r i n g  acety l -  
chol ine  infusion.  The  lower t r a c i ng  shows t he  response  of 

t h e  pressure  to  a flow s tep  du r ing  n o r a d r e n a l i n  infus ion  
w h i c h  is t yp i ca l  for t he  a u t o r e g u l a t i o n  of pressure .  

I n  o the r  words,  i t  can  be  shown  e x p e r i m e n t a l l y  t h a t  a 
v a s o c o n s t r i c t i n g  s u b s t a n c e  re leased a t  a c o n s t a n t  r a t e  in to  
t h e  a r te r ia l  b lood s t r e a m  is able  to  s tabi l ize  t he  b lood  
pressure  in  t he  presence  of p e r t u r b a t i o n s  of t h e  b lood  flow. 
A va sod i l a t i ng  subs tance ,  on  t he  o t h e r  hand ,  would  t e n d  
to  s tabi l ize  a r t e r i a l  flow va lues  in t he  presence  of pe r tu r -  
b a t i o n s  of t h e  a r te r ia l  b lood pressure .  

The  fol lowing conclus ions  can  be  d r a w n  f rom th i s  dis- 
cuss ion:  1. There  exis ts  a p h e n o m e n o n  wh ich  m a y  be  
cal led h u m o r a l  au to regu la t ion .  W e  were able  to  demon-  
s t r a t e  th i s  fac t  u n d e r  ar t i f ic ia l  e x p e r i m e n t a l  condi t ions .  
2. Cer ta in  effects which  usua l ly  are ascr ibed  to  in t r ins ic  
a u t o r e g u l a t i o n  ac tua l ly  m a y  be  due  to h u m o r a l  au toregula -  
t ion .  3. As can  be  seen in t h e  F igu re  in t r in s i c  (nonhumo-  
ral) and  h u m o r a l  au to regu la t i on ,  m a y  in te rac t .  As men-  
t i oned  e lsewhere  ~ i n t e r ac t i ons  of th i s  t y p e  m a y  u n d e r  
c e r t a i n  c i r cums tances  lead to  i n s t a b i l i t y  a n d  vascu la r  
au toosc i l l a t ions  4. 

Zusammen[assung. V a s o a k t i v e  S u b s t a n z e n  im ar ter ie l -  
len B lu r  k 6 n n e n  cha rak t e r i s t i s che  R e a k t i o n e n  des lokalen 
S t r 6 m u n g s w i d e r s t a n d e s  he rvor ru fen .  Die e in fachs t en  Bei- 
spiele dieser h u m o r a l e n  A u t o r e g u l a t i o n  k 6 n n e n  du rch  in- 
t raar te r ie l !e  In fus ion  v o n  Ace ty lcho l in  (Autoregu la t ion  
de r  S t r6mung)  oder  N o r a d r e n a l i n  (Au to regu la t ion  des 
Drucks)  d e m o n s t r i e r t  werden.  Es  wi rd  a n g e n o m m e n ,  dass  
der  h u m o r a l e n  A u t o r e g u l a t i o n  B e d e u t u n g  bei  de r  no rma-  
len u n d  pa tho log i s chen  Kre i s l au f regu la t ion  z u k o m m t  ~. 

TH. KENNER s a n d  I~. ONO 

Physiologisches Institut der Universitiit Graz, 
A-8070 Graz, Mozartgasse 14, (Austria), 
25 October 7971. 

4 Supported by NIH grant No. HE 11747. 
5 The experiments were performed in the Division of Biomedical 

Engineering, University of Virginia, Charlottesville, USA. 
6 Recipient of NIH research career development award No. HE 

50288-01. 

Correlation of Ammonia  Liberation and Calcium Deposit ion by the Avian Egg and Blood Ammonia  
Levels in the Laying Hen 

W e  h a v e  p rev ious ly  n o t e d  t h a t  unfe r t i l i zed  eggs r emov-  
ed f rom the  r e p r o d u c t i v e  t r a c t s  of l ay ing  hens  l ibe ra te  
a m m o n i a  in v i t ro  a n d  h a v e  sugges ted  t h a t  a m m o n i a  m a y  
f u n c t i o n  in  v ivo  to  cause  t h e  d issoc ia t ion  of b i c a r b o n a t e  
t h e r e b y  p r o v i d i n g  c a r b o n a t e  for egg shel l  ca lc ium ca rbon-  
a t e  f o r m a t i o n  1. I n  t h i s  repor t ,  we show t h a t  t he re  is a 
n e g a t i v e  co r re l a t ion  b e t w e e n  the  a m o u n t  of a m m o n i a  
l i b e r a t e d  b y  eggs and  t he  a m o u n t  of ca lc ium depos i t ed  as 
ca lc ium ca rbona t e .  W e  also show t h a t  t h e r e  is a n  increase  
in t he  p l a s m a  a m m o n i u m  ion  c o n t e n t  d u r i n g  t he  l ay ing  
cycle t h a t  m a y  be  due,  in  pa r t ,  to  t h e  a d d i t i o n  of a m m o -  
n i u m  ion to  t he  b lood b y  t h e  shell  g l and  d u r i n g  eggshel l  
f o rma t ion .  

Materials and methods. W h i t e  L egho r n  l ay ing  hens  were 
k e p t  in  i n d i v i d u a l  cages u n d e r  a 14 h l igh t :  10 h d a r k  
p h o t o p e r i o d  a n d  were fed P u r i n a  E g g e n a  (Ra l s ton  P u r i n a  
Co. ,  St. Louis,  Mo., USA).  T h e  s tage of eggshell  f o r m a t i o n  
was  e s t i m a t e d  f rom t h e  t i m e  of the  p reeeed ing  ovipos i t ion .  

The  hens  were ki l led a n d  t he  eggs r e m o v e d  f rom the  
r e p r o d u c t i v e  t r a c t  a n d  p laced  in all-glass me tabo l i c  
chambers .  A m m o n i a  l i be ra t ion  was m e a s u r e d  con t i nuous ly  
for  24 h as p rev ious ly  descr ibed  2. A t  t h e  end  of th i s  t ime,  
t h e  egg shel l  or ou te r  m e m b r a n e  was s e p a r a t e d  a n d  ashed 
a t  1300 ~ for 24 h. The  ashed  res idue  was d issolved in a 
m i n i m a l  a m o u n t  of c o n c e n t r a t e d  hydroch lo r i c  acid (3 to  
5 ml), d i l u t ed  w i t h  w a t e r  a n d  i ts  ca lc ium c o n t e n t  de ter -  
m i n e d  b y  a f l uo rome t r i c  m e t h o d  2. 

A n  e n z y m a t i c  m e t h o d  4 was used to  d e t e r m i n e  p l a s m a  
levels of a m m o n i u m  ion;  r ead ings  were  n o r m a l l y  m a d e  
w i t h i n  20 a f te r  w i t h d r a w i n g  a b lood  sample  and  t he  

1 j .  W. CAMPBELL and K. V. SPEEC JR., Nature, Lond. 22d, 725 (1969). 
2 K. V. SPEEG JR. and J. W. CAMPBELL, Am. J, Physiol. 27d, 1392 

( 1 9 6 8 ) .  

s D. F. H. WALLACH and T. L. STEBK, Analyt. Chem. 35, 1035 (1963). 
M; RUBIN and L. KNOTT, Clin. ehim. Acta 78, 409 (1967). 
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r e c o v e r y  of  a d d e d  a m m o n i u m  i on  r a n g e d  f r o m  94 t o  103~o 
F o r  c o n s t a n t  m o n i t o r i n g  of  t h e  p l a s m a  a m m o n i u m  i o n  
leve l s ,  a c h r o n i c  c a t h e t e r  w a s  i n s e r t e d  u n d e r  loca l  a n e s t h e -  
s i a  t o  t h e  l eve l  of  t h e  h e a r t  t h r o u g h  t h e  b r a n c h i a l  v e i n .  
F o r  s a m p l e s  f r o m  t h e  she l l  g l a n d  ve i n ,  t h i s  o r g a n  w a s  
e x p o s e d  b y  l a p o r o t o m y  5 u n d e r  s o d i u m  p e n t o b a r b i t a l  
a n e s t h e s i a .  B l o o d  w a s  a l so  w i t h d r a w n  f r o m  t h e  h e a r t  a f t e r  
t a k i n g  t h e  she l l  g l a n d  v e n o u s  s a m p l e ;  a m m o n i u m  ion  

/ /   o6omg *eo 

0 ~ . , 4 6 12 16 20 20.. h 
Time 

Fig. 1. Rate of ammonia liberation by eggs taken from shell gland. 
The amount  of calcium deposited as calcium carbonate on each egg is 
indicated. 

a n a l y s e s  w e r e  m a d e  a t  20 a n d  40 m i n ,  r e s p e c t i v e l y ,  a f t e r  
c o l l e c t i n g  t h e  t w o  s a m p l e s .  I t  w a s  e s t a b l i s h e d  t h a t  l i t t l e  
o r  n o  c h a n g e  ( less t h a n  3 %  d e c r e a s e )  t o o k  p l a c e  in  t h e  
a m m o n i u m  ion  c o n t e n t  of  b l o o d  w i t h i n  t h e s e  t i m e  l i m i t s .  

Results and discussion. T h e  r a t e  o f  a m m o n i a  l i b e r a t i o n  
b y  3 eggs  t a k e n  f r o m  t h e  she l l  g l a n d  a n d  in  d i f f e r e n t  s t a g e s  
of  c a l c i f i c a t i o n  is s h o w n  in  F i g u r e  1. A s  c a n  be  s e e n  in  t h i s  
F i g u r e ,  t h e r e  is a r a p i d  d i m i n u t i o n  in  t h e  r a t e  of  a m m o n i a  
l i b e r a t i o n  w i t h  t i m e .  O n e  i n t e r p r e t a t i o n  o f  t h i s  d e c r e a s i n g  
r a t e  is t h a t  a m m o n i a  is p r e s e n t  o n  t h e  s u r f a c e  o f  t h e  e g g s  
w h e n  r e m o v e d  f r o m  t h e  she l l  g l a n d  a n d  is s i m p l y  ' w a s h e d  
of f '  b y  t h e  a i r  f low t h r o u g h  t h e  m e t a b o l i c  c h a m b e r s .  I t  is  
a l so  p o s s i b l e  t h a t  t h e  s u b s t r a t e  f r o m  w h i c h  a m m o n i a  is  
f o r m e d  is r a p i d l y  d e p l e t e d  in  v i t r o .  I n  e i t h e r  case ,  t h e  
a m o u n t  o r  r a t e  of  a m m o n i a  f o r m e d  b y  t h e  i n t a c t . s y s t e m  
in  v i v o  in  w h i c h  t h e  she l l  g l a n d  t i s s u e  is s u p p l y i n g  a m m o n i a  
t o  t h e  s u r f a c e  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  in  t h e  f o r m  of  
s u b s t r a t e  c o u l d  be  q u a n t i t a t i v e l y  f a r  m o r e  s i g n i f i c a n t  t h a n  
is  o b s e r v e d  u n d e r  t h e  a r t i f i c i a l  c o n d i t i o n s  in  v i t r o .  

T h e  r e l a t i o n s h i p  b e t w e e n  a m m o n i a  l i b e r a t i o n  a n d  
a m o u n t  of  c a l c i u m  d e p o s i t e d  a s  c a l c i u m  c a r b o n a t e  is a l so  
i l l u s t r a t e d  in  F i g u r e  1 ; t h e  m o r e  c a l c i u m  d e p o s i t e d ,  t h e  less  
t h e  a m o u n t  of  a m m o n i a  l i b e r a t e d .  B e c a u s e  of t h e  g e n e r a l  
p e r m e a b i l i t y  of  t h e  a v i a n  e g g s h e l l  t o  m o s t  g a s e s  ~, i t  s e e m s  

5 C. M. WINGET, A. H. SMITH and G. N. HOOVER, Poultry Sci. 37, 
1325 (1958). 
A. L. ROMANOFF and A. J. ROMANOFF, The Avian Egg (John W~iley 
and Sons, New York 1949). 
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Fig. 2. Correlation of ammonia liberation with calcium carbonate de- 
position by eggs removed from the reproductive tract of laying hens. 
The open squares refer to eggs removed from the is thmus;  the open 
triangle, to an egg from the magnum;  and the open circles, to eggs 
from the shell gland. The linear regression line was calculated by the 
method of least squares; the break in this line is due to the different 
scale used for the low calcium values (0 to 0.13 g calcium). 
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Fig. 3. Plasma ammoniunl  ion concentrations in laying and non-lay- 
ing hens. The closed circles represent the average ammonium ion con- 
tent  of blood from 5 non-laying hens (shown :j: SD) and the open cir- 
cles, that  in 3 layers designated as 1, 2 and 3. The time of oviposition 
is indicated. 

Ammonium ion contents of cardiac and shell gland venous blood 

Conditions Plasma NH + content (~tg/ml =i= SD) 

Cardiac Shell gland vein 

No egg in reproductive tract [n -- 8) 2.68 :t: 0.52 2.78 -4- 0.44 P > 0.5 

Eggs in shell gland in various stages of calcification (n = 18) 3.35 :l: 0.82 4.24 q- 1.46 P < 0.05 
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unl ikely t h a t  th is  p a r a m e t e r  is responsible  for the  d imuni -  
t ion  in a m m o n i a  l ibera t ion  wi th  increasing calcif icat ion 
of the  shell. Again, in keeping wi th  t he  hypo thes i s  t h a t  
a m m o n i a  faci l i ta tes  ca rbona te  fo rma t ion  ~, we in t e rp re t  
these  resul ts  as indica t ing  t h a t  in the  earl ier  s tages of cal- 
cification, more  a m m o n i a  is being e labora ted  onto  the  
surface m e m b r a n e s  of the  egg to  faci l i ta te  calcium car- 
bona t e  deposi t ion.  Once calcif icat ion ceases (at a round  2 g 
calcium), l i t t le  or no a m m o n i a  is being e labora ted  in vivo 
and  subsequen t ly  only  a smal l  a m o u n t  is l ibera ted  f rom 
the  eggs in vi tro.  A m m o n i a  l ibera t ion decreases exponen-  
t ia l ly  w i th  increasing calcif icat ion;  a p lo t  of log a m m o n i a  
l ibera ted  per  24 h t imes  100 vs. the  a m o u n t  of calc ium 
depos i ted  for several  eggs is shown in Figure  2. The cor- 
re la t ion coefficient  (r) for these  two  pa rame te r s  in such a 
plot  is - 0.868. 

If  a m m o n i a  is in fact  involved  in p ro ton  neut ra l iza t ion  
and /o r  t r a n s p o r t  in t he  av ian  shell g land 7 there  is the  
ques t ion  of whe the r  the  resul t ing  a m m o n i u m  ion leaves 
the  shell  g land via  t he  venous  blood supply  or is in some 
way  recycled to an ammonia -y ie ld ing  subs t ra te  in t he  shell 
g land  tissue. The ur inary  excre t ion  of a m m o n i u m  ion is 
qui te  h igh  dur ing  the  laying cycle and th is  has  been  a t t r i -  
b u t e d  to  t he  response  of t he  renal  c o m p e n s a t o r y  m e c h a n i -  
ism to  the  metabol ic  acidosis imposed  by  eggshell forma-  
t ion  s . As shown in Figure  3, the re  is also an increase in the  
p l a sma  a m m o n i u m  ion c o n t e n t  which  corresponds  wi th  
the  laying cycle. The m a x i n m m  p lasma  concent ra ion  of 
a m m o n i u m  ion occurs app rox ima te ly  8 h pr ior  to  oviposi- 
t ion  ; a t  th is  point ,  a m m o n i u m  ion excre t ion  by  the  k idney  
is also m ax ima l  and urine pH,  min imal  ~, s. In  the  dog, the  
renal  venous  a m m o n i u m  ion con ten t  shows very  l i t t le  
increase even in severe metabo l ic  acidosis9: the  normal  
a m m o n i u m  ion con t en t  is a b o u t  1.8 ~g per  ml  and wi th  
the  ar ter ia l  infucion of 100 ~mole a m m o n i u m  lac ta te  per  
min,  decreases to  abou t  1.7 [zg per  ml. W i t h  the  infusion 

of 300 ~zmole a m m o n i u m  lac ta te  per  rain, the  venous  value 
increases  to only  2.3 ~zg per  nil. If  the  same renal  mechan-  
ism is opera t ive  in the  chicken, i t  t hus  seems unl ikely  t h a t  
t he  increased p lasma  concen t ra t ions  of a m m o n i u m  ion 
observed  dur ing  the  laying cycle are due  to the  add i t ion  
of th is  ca t ion to  the  renal  venous  blood by  the  kidney.  
As shown in t he  Table, there  is a small  b u t  s ignif icant  addi-  
t ion  of a m m o n i u m  ion to the  shell g land venous  blood 
w h e n  an egg is p resen t  in the  shell  g land which  does no t  
occur when  an egg is absent .  In  the  e x p e r i m e n t  for the  
Table,  the  a m o u n t  of calc ium depos i t ed  on eggs t aken  
f rom the  shell gland ranged f r o m  7.9 mg  to 2.12 g. How- 
ever, there  was no correla t ion (r = 0.002) be tween  the  
a m o u n t  of calc ium depos i ted  and  the  shell g land venous 
a m m o n i u m  ion con ten t  10 

Zusammen]assung. Mittels  b iochemischer  Da ten  wird  der 
Nachweis  e rbracht ,  dass  im Oviduk t  des Huhnes  w/ihrend 
der  Schalenbi ldung zwar v e r m e h r t  NH4+ freigesetzt  wird, 
j edoch  eine nega t ive  Kor re la t ion  zwischen NH4+-Produk-  
t ion  und  Ca++-Abscheidung bes teh t .  
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Importance of the Anti -Serotonin Effect for Mounting Behaviour in Rats 

The effect  of pa rach loropenyla lan ine  (PCPA) on sexual  
behav iour  in animals  has  been  extens ive ly  explored  in 
recen t  years.  I t  was shown t h a t  moun t ing  behav iour  in 
male  ra t s  was faci l i ta ted by  P C P A  1-3. Copulat ive  behav-  
four in male  ra ts  4 and  oes t rous  behav iour  in female ra t s  5 
was faci l i ta ted by  PCPA.  Con t rad ic to ry  results  are 
avai lable  6. The essent ia l  role of t e s tos te ron  for the  s t imul-  
a t ive  effect  of P C P A  on m o u n t i n g  behaviour  7 and  copul- 
a t ive  behaviour  s in male  ra t s  was also shown. P C P A  
inhib i t s  t he  b iosynthes i s  of serotonin  9 The ques t ion  m u s t  
be raised whe the r  m o u n t i n g  behav iour  induced  by  P C P A  
Was p r o m p t e d  non-specif ical ly  by  lowering the  serotonin  
bra in  level or specifically b y  the  compound  PCPA.  Thus  
we were in te res ted  in th is  s t u d y  to observe  the  effect  of 
se ro ton in-an tagonis t s  on m o u n t i n g  behaviour  in ra t s  
compared  wi th  PCPA.  

Tes tos te ron  p re t r ea t ed  ra t s  were given P C P A  and the  
se ro ton in-an tagonis t s  mesorgyd ine  10, me thyse rg ide  n and  
W A  335-BS 12. The an t i se ro ton in  effect  of mesorgydine  
was descr ibed by  VOTAVA and  LAMPLOVA 1~. The ant i -  
serotonin  agent  me thyse rg ide  is used in the  p reven t ion  of 
migraine.  Also the  new c o m p o u n d  W A  335-BS has an 
ant iserotonergic  effect  besides an an t ih i s tamin ic  ac t iv i ty  14. 

AIethods. Male Sprague-Dawley  rats,  weighing 250-300 g 
were used. The ra ts  were isolated 4 days  before in a room 

wi th  art if icial  l ight.  The l ight  was ex t inguished  a t  18.30 
for 12 h. At  th is  t ime  the  observa t ion  of m o u n t i n g  be- 
hav iour  was s t a r t ed  by  2 observers.  J u s t  before the  be- 
g inning of t he  observa t ion  4 i sola ted  ra ts  were placed 
toge the r  in a cage. The n u mb er  of moun t ings  over  3 h 
were added  in per iods  of 15 min.  Tes tos te ronprop iona te  
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