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p ro te in  migh t  resul t  in d i f ferent  effects on the  vascular  
endothe l ium.  

F r o m  the  da t a  shown in Tables I and  II ,  i t  would 
appear  t h a t  aort ic  a therosclerosis  of t he  rabb i t s  was more  
severe when  the  p lasma  pro te in  levels were increased.  The 
inject ions  did no t  increase the  p ro te in  levels s ignif icantly,  
though.  E lec t rophore t i c  de te rmina t ions  showed t h a t  the  
pro te in  levels were mere ly  raised to  the  upper  end of the  
normal  range for rabbi ts .  Thus,  i t  m a y  be possible  t h a t  
such changes  could occur in the  normal ,  ageing, h u m a n  
popula t ion .  

In  addi t ion,  i t  would  appear  t h a t  smal l  dosages of 
foreign pro te ins  (e.g., t he  h u m a n  y-globulin in this  case) 
cause vascular  damage  s imilar  to  t h a t  caused b y  the  
species-specific protein .  The fact  t h a t  foreign prote ins  
have  been seen to cause changes  in the  pe rmeab i l i t y  m a y  

thus ,  in fact ,  be par t ia l ly  due to the i r  effect  on the  oxygen  
t r a n s p o r t  rate,  ins tead  of to ta l ly  due, as is f r equen t ly  
assumed,  to  immunologica l  react ions.  

Rdsumd. Les examens  macroscopiqnes  et  microscopi-  
ques effectu6s sur l ' aor te  des lapins  on t  6t6 mis  en corr6- 
la t ion avec le degr6 de concen t ra t ion  de la prot6ine 
plasmique.  Les r6sul ta ts  i nd iquen t  qu 'une  a u g m e n t a t i o n  
des prot6ines  p lasmiques  cor respond  a un  degr6 plus 
@lev@ d'ath@roscl@rose. 
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D e t e r m i n a t i o n  of the  V i t a m i n  A B o d y p o o l  of Rats  by an I so top i c  D i lu t ion  M e t h o d  

An es tabl ished fea ture  of the  me tabo l i sm of v i t ami n  A 
is its accumula t ion  and  s torage in the  liver1; the  size of 
th is  v i t a m i n  A store, however ,  canno t  be de t e rmined  by  
measur ing  the  p l a sma  v i t a m i n  A level since th is  level is in 
a cons t an t  range as long as the  l iver s tores  of t he  v i t a m i n  
are  no t  exhaus ted  ~. 

On the  basis  t h a t  a dose of v i t a m i n  A is t r a n s p o r t e d  to  
t h e  l iver by  the  b lood and  t h e n  takes  p a r t  in a dynami c  
v i t a m i n  A exchange  be tween  liver, b lood and  the  v i t a m i n  
A-requir ing  organs3, it  m a y  be assumed t h a t  the  por t ion  
of an admin i s t e red  dose of labelled v i t amin  A in t he  
normal ly  cons t an t  p l a sma  v i t amin  A level is small  if the  
p r eex i s t an t  v i t amin  A bodypoo l  has been  large, and will 
be h igher  if the  bodypoo l  of v i t amin  A has been  low. In  
order  to  f ind out  whe the r  th is  a s sumpt ion  is correct  and  
could be used as a basis  for an assay of the  v i t amin  A 
bodypool ,  the  following expe r imen t s  have  been  ca r r ied  
out.  

E x p e r i m e n t  1 was des igned in order  to prove  t h a t  a dose 
of label led v i t a m i n  A will  be mixed  wi th in  a cer ta in  t ime  
wi th  t he  preexis t ing  v i t a m i n  A bodypoo l  of the  rat .  Thus,  
i t  was to  be expec ted  t h a t  t he  specific r ad ioac t iv i ty  of the  
v i t amin  A of p l a sma  and  l iver  would  become the  same 
af ter  t he  mix ing  period.  Table  I shows the  re la t ive ly  
cons t an t  levels of v i t amin  A in t h e  p l a sma  of 6 d i f ferent  
ra t s ;  the  to ta l  rad ioac t iv i ty ,  however ,  and  the  specific 
r ad ioac t iv i ty  of t he  p l a sma  v i t a m i n  A differ s ignif icant ly,  

obvious ly  in correla t ion wi th  t he  v i t a m i n  A s ta tus  of t h e  
animals.  Assuming  t h a t  t he  specific r ad ioac t iv i ty  of the  
p lasma  and  the  l iver  v i t ami n  A were equi l ibra ted  in each 
animal ,  the  l iver v i t ami n  A was calculated by  dividing 
the  to ta l  r ad ioac t iv i ty  of t he  l iver  by  the  specific radio- 
ac t iv i ty  of t he  p l a sma  v i t a m i n  A. The calcula ted n u mb er s  
and the  resul t  of f luorometr ic  d e t e rmi n a t i o n s  of t he  l iver  
v i t a m i n  A are in good ag reemen t  a t  least  for animals  w i th  
a low bodypoo l  of v i t a m i n  A. These d a t a  indica te  t h a t  in 
fact  a new dose of v i t a m i n  A seems to  become homoge-  
neously  in t e rmixed  w i t h  t he  p reex is t ing  v i t ami n  A pool 
of t he  liver. 

In  expe r imen t  2, the  label led v i t a m i n  A was in jec ted  
i.v. in order  to  es tabl ish  the  same liver levels of labelled 
v i t ami n  A in all expe r imen ta l  animals.  Table  I I  shows t h a t  
the  p l a sma  v i t ami n  A is qui te  s imilar  in t he  d i f ferent  
ra t s ;  but ,  as in t h e  f i rs t  expe r imen t ,  t he  s ignif icant ly  
differ ing values for t he  absolute  r ad ioac t iv i ty  in the  p lasma  
and  the  specific r ad ioac t iv i ty  of the  p l a sma  v i t amin  A 
indica te  l i t t le  di lut ion of the  labelled v i t ami n  A by  a smal l  

1 T. MOORE, in Vitamin A (Elsevier Publishing Company 1957), 
p. 208. 
J. E. DOWLING and G. WALD, Proe. hath. Acad. Sci., USA 44, 648 
(1958). 

a H . B .  SEWELL, G. E. MITCHELL, JR., C. 0 .  LITTLE and B. WI HAYES, 
Int. Z. Vitaminforsch. 57, 301 (1967). 

Table I. Specific radioactivity of plasma vitamin A; calculated and fluorometrically determined vitamin A content of livers (Experiment 1) 

Rats treated with 10 [xC of 
6, 7-14C2-retinol 

Plasma Liver 

IU vit. h cpm (100 ml) cpm]IU vit. A epm (kg liver) Calculated Analyzed IU vit. A 
(100 ml) IU vit. A (g liver) 

(g liver) 

On normal diet 135 58,600 434 397 • 106 915 1,680 
On normal diet 135 99,100 734 466 • 106 635 920 
Vitamin A-deficient diet 135 2,540,000 18,814 205 • 106 11 15 
Vitamin A-deficient diet 124 2,140,000 17,258 509 • l0 s 30 30 
Vitamin E-deficient diet 92 516,000 5,608 348 • 10 ~ 62 50 
Vitamin E-deficient diet 102 708,000 6,941 456 • 106 66 53 

Rats received orally an oily solution of 10 ~zC of 6, 7-1~C2-retinol (specific radioactivity: 43 ~C per rag) and were killed after 5 days. Vitamin A 
in plasma and liver was determined by direct fluorometric measurement in the fat extract as described elsewhere 7. Radioactivity was deter- 
mined by tissue combustion according to I~ALBERER and RUTSCH~ANN s. 



15.2.1973 Speeialia 

Table II. Specific radioactivity of plasma vitamin A; calculated and measured vitamin A content of liver (Experiment 2) 
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Plasma Liver 
Rats (female) treated with 
81.2 ~C of 11,12-aH2-vitamin A IU vit. A 
acetate (100 ml) 

cpm (100 mI) cpm/IU vit. A Assumed Calculated 
storage of IU vit. A 
dose (%) (g liver) 

Analyzed IU vit. A 
(g liver) 

4 rats 119 753,600 6,333 80 647 471 
on normal diet 140 1,291,200 9,222 80 330 378 

124 635,000 5,122 80 678 612 
91 644,000 7,085 80 526 465 

4 rats 102 2,793,600 " 27,388 50 151 145 
on vitamin E-deficient 75 2,427,200 32,363 50 102 71 
diet 86 3,367,200 39,153 50 77 57 

113 3,606,400 31,915 50 79 63 

Rats were injected i.v. with an aqueous emulsion of labelled vitamin A. They were decapitated 11 days later. Determination of vitamin A 
and radioactivity in plasma and liver as in experiment 1. The calculation of the vitamin A content of the liver was based on the fact that 80 
to 90% of the vitamin A content of the body is deposited in the Iiver 4. 

v i t amin  A pool  in t he  case of the  v i t amin  E-def ic ien t  rats ,  
and  h igher  di lut ion by  a normal  v i t amin  A pool  in the  
no rma l  rats.  For  the  calculat ion of the  bodypoo l  of 
v i t a m i n  A, a s torage of 80~o of t he  v i t amin  A dose was 
as sumed  in the  normal  ra t s  and  of 50~o in t he  v i t a m i n  
E-def ic ien t  animals,  based on empir ical  f igures ~. Storage 
r ad ioac t iv i ty  d iv ided  by  the  specific r ad ioac t iv i ty  of t he  
p l a sma  v i t a m i n  A led to  figures for t he  v i t amin  A bodypoo!  
which  were comparab le  to  those  ob ta ined  by  the  i luoro- 
met r ic  de t e rmina t i on  of the  l iver v i t a m i n  A. 

In  t he  previous  2 exper iments ,  the  animals  were t r ea ted  
wi th  fair ly high doses of r ad ioac t iv i ty  ill order  to  label 
suff ic ient ly  t he  p l a sma  v i t amin  A ; th is  h igh  dose, however ,  
also increased the  v i t a m i n  A bodypoo l  of t he  animals  to an 
undes i rable  degree. In  e x p e r i m e n t  3, we therefore  t r ied  
to  f ind the  lowest  possible  dose of r ad ioac t iv i ty  which  
would  cause a jus t  measurab le  isotope level in t he  blood 
of normal  rats .  The resul ts  in Table  I I I  ind ica te  t h a t  a 
dose of 0.65 ~zC of t r i t i a t ed  v i t a m i n  A ace ta te  per  100 g of 
an imal  we igh t  was  suff icient  for labell ing the  p lasma  
v i t a m i n  A for r ad ioac t iv i ty  measuremen t s .  The calcula- 
t ion  of t he  v i t amin  A bodypoo l  of t he  ra t s  again y ie lded 
number s  which  are comparab le  to  t he  f luorometr ica l ly  
de t e rmined  liver levels of v i t a m i n  A. 

The resul ts  of the  3 expe r imen t s  d e m o n s t r a t e  t h a t  an 
oral or i.v. dose of labelled v i t ami n  A is d i lu ted  by  the  
p reex is t ing  v i t a m i n  A bodypoo l  leading to  equal  specific 
radioact iv i t ies  of the  v i t ami n  A in b lood and  l iver a 
cer ta in  t ime  af ter  t r e a t m e n t .  This  is in ag reemen t  w i th  
the  a s sumpt ion  of SXWELL et al. 3 t h a t  t he  to ta l  b o d y  
v i t ami n  A is in a d y n ami c  s t a t e ;  a cont inuous  tu rnove r  of 
the  v i t ami n  A bodypool  is necessary  for the  equi l ibr ium of 
i ts  specific r ad ioac t iv i ty  in all t he  t issues.  Recent ly ,  
RAICA et  al. 5 r epor ted  a 7-day per iod to  be necessary  for 
a t t a in ing  th is  equi l ibr ium in rats.  On this  base, i t  becomes  
possible  to calculate  t he  v i t a m i n  A co n t en t  of l iver f rom 
its to ta l  r ad ioac t iv i ty  and  the  equi l ibra ted  specific radio- 
ac t iv i ty  of t he  p lasma  v i t ami n  A af ter  t r e a t m e n t  w i t h  
labelled v i t a m i n  A. In  animals  w i th  a normal  v i t a m i n  A 
supply,  the  half  life t ime  of v i t ami n  A s torage in t he  b o d y  
by  far exceeds the  equi l ibra t ion  per iod;  t hus  the  v i t a m i n  
A pool  of the  whole b o d y  of t he  ra t  Call also be e s t ima ted  
s imply  f rom the  absolu te  r ad ioac t iv i ty  of t he  admin i s t e red  
dose and  the  resul t ing  specific r ad ioac t iv i ty  of the  p l a sma  

4 p. RIETZ, unpublished. 
5 N. RAICA, JR., W. NIELSEN, J. SCOTT and H. E. SAUBERLICtI, Fedn. 

Proc. 37, 685 (1972). 

Table III. Specific radioactivity of plasma vitamin A; calculated and analyzed vitamin A content in liver (Experiment 3) 

Rats (100 g, male) treated with Plasma Liver 

IU vit. A cpm (100 ml) cpm/IU vit. A Calculated~ 
(100 ml) IU vit. A 

(g liver) 

Analyzed IU vit. A- 
(g liver) 

65 ~AC 3H-vit. A acetate 146 2,444,800 16,745 394 373 
65 ~xC 3H-vit. A acetate 178 4,060,800 22,813 297 334 
6,5 ~zC SH-vit. A acetate 172 676,800 3,934 172 233 
6,5 ~zC ~H-vit. A acetate 129 506,933 3,929 181 250 
0,65 ~zC 3H-vit. A acetate 135 52,000 385 165 195 
0,65 ~zC aH-vit. A acetate 183 60,000 327 190 219 
0,065 ~AC 8H-vit. A acetate (11,200) 
0,065 ~C aH-vit. A acetate (3,200) 

Based on'the assumption of 80% storage of the dose in the body. 
Rats were treated i.v. with an aqueous emulsion of 11,12-aH2-vitamin A acetate and were decapitated 5 days later. Vitamin A and radio- 
activity of plasma and liver Were determined as in experiment 1. 



170 Specialia EXPERIENTIA 29/2 

vitamin A. Cond~tmns for the applicability of this assay 
of'the vitamin A bodypool to animal populations without 
further modifications are constant absorptions by the 
animal livers of the injected labelled vitamin A from the 
blood and constant long storage half life times for the 
vitamin A in the total body. 

The observations of low vitamin A reserves in vitamin 
E-deficient rats, which is in agreement with the findings 
of several other laboratories ~, illustrates the usefulness of 
this assay. Further investigations are in progress. 

Zusammen/assung. E s  w i r d  e ine  I s o t o p e n - V e r d i i n -  
n u n g s t e c h n i k  z u r  B e r e c h n u n g  de s  V i t a m i n - A - I ~ 6 r p e r v o r -  
r a t e s  in  R a t t e n  b e s c h r i e b e n .  A u s  d e r  V e r d i i n n u n g  e i n e r  
i .v .  D o s i s  r a d i o a k t i v e n  V i t a m i n s  A d u r c h  d a s  u n m a r k i e r t e  
V i t a m i n  A des  g e s a m t e n  K 6 r p e r s  k a n n  d e r  V i t a m i n - A -  
K 6 r p e r v o r r a t  b e r e c h n e t  w e r d e n .  D ie  so e r h a l t e n e n  W e r t e  
s i n d  m i t  d e n e n  d e r  a n a l y t i s c h e n  V i t a m i n - A - B e s t i m m u n -  
g e n  in  d e n  e n t s p r e c h e n d e n  L e b e r n  v e r g l e i c h b a r .  

P. I~IETZ, J. P. VUILLEUMIER, F. WEBER and 0. WIss 

6 S. R. AMES, Am. J. din.  Nutr. 22,934 (1969). 
7 j .  KAHAN, Scand. J. clin. Lab. Invest. 18, 679 (1966). 

F. K~LBERER and J. RUTSCH~AN~, Helv. chim. Acta dd, 1956 
(1961). 

Department o/ Vitamin and Nutritional Research, 
F. Ho//mann-La Roche d~ Co., Ltd., CH-dO02 Basel 
(Switzerland), 30 November 7972. 

S y n t h e s i s  o f  [ 4 - L e u c i n e ] - A r g i n i n e - v a s o t o c i n ,  a N a t r i u r e t i c  A n a l o g u e  o f  A r g i n i n e - V a s o t o c i n  

O x y t o c i n  (I) a n d  t h e  v a s o p r e s s i n s  h a v e  b e e n  r e p o r t e d  
t o  b e  n a t r i u r e t i c  in  m a m m a l s  u n d e r  c e r t a i n  c o n d i t i o n s L  
T h e  n a t r i u r e t i c  p r o p e r t i e s  a r e  a c c e n t u a t e d  in  t h e  s y n t h e t i c  
h o r m o n e  a n a l o g u e s  2 [ L e u 4 ] - o x y t o c i n  a-5 ( I I a ) ,  [Leu4] - 
m e s o t o c i n 6 ,  ~ ( =  [Leu  4, I l eS ] -oxy toc in ,  I I b ) ,  ELeu ~, Leu4] - 
o x y t o c i n  s ( I I  c), ~Leu 2, Leua]  - 9 a n d  EIle 2, I l e a l - o x y t o c i n  ~, ~0 
( I I I b ,  c) a n d ,  t o  a l e s se r  e x t e n t ,  ~ I l ea ] -oxy toc in  ~ ( I I I a ) .  

S ince  of a l l  t h e  n a t u r a l  n e u r o h y p o p h y s i a l  h o r m o n e s  i t  
is  a r g i n i n e - v a s o t o c i n  ( =  [ArgS] -oxy toc in ,  I V a ) ,  t h e  en -  
d o g e n o u s  h o r m o n e  of t h e  l ower  v e r t e b r a t e s ,  w h i c h  h a s  
t h e  g r e a t e s t  e f f ec t  o n  t h e  t r a n s p o r t  of  s o d i u m  b y  a m p h i b i -  
a n  m e m b r a n e s  (skin ,  b l a d d e r )  as  we l l  a s  t h e  a m p h i b i a n  
k i d n e y  n i t  a p p e a r e d  of i n t e r e s t  t o  c a r r y  o u t  a s i m i l a r  
s t r u c t u r a l  c h a n g e  - r e p l a c e m e n t  of  g l u t a m i n e  b y  l e u c i n e  
i n  s e q u e n c e  p o s i t i o n  4 - a l so  in  t h e  m o l e c u l e  of  a r g i n i n e -  
vaso toc i I1  a n d  t o  e x a m i n e  t h e  p r o p e r t i e s  of  t h e  r e s u l t i n g  
a n a l o g u e ,  [ L e u ~ ] - a r g i n i n e - v a s o t o c i n  ( =  ~Leu ~, ArgS ] -oxy  - 
t o c i n  o r  [Ile ~, L e u ~ ] - a r g i n i n e - v a s o p r e s s i n ,  I V b ) .  

Physical constants of new synthetic intermediates ~ 

No. Compound IVf. p. (~ b 

V Z-Leu-Asn-Cys- Pro-Arg- GIy-NH~ 183-185 
l l 

Bzl Tos --41.6 ~ 

Z-Ile-Len-Asn-Cys-Pro-Arg-Gly-NH 2 211-212 

Bzl Tos --41.9 ~ 

Z-Tyr2Ile-Leu-Asn-Cys-Pro-Arg-Gly-NH2 237-238 

Bzl Bzl Tos --36.2 ~ 

Z-Cys-Tyr-Ile-Leu-Asn-Cys-Pro-Arg-Gly-NH2 a 220-223 
I I I 

Bzl Bzl Tos --42.6 ~ 

Z-Leu-Asn-Cys-OMe 195-197 
I 

Bzl --28.0 ~ 

Z-Leu-Asn-Cys-N2H 3 230-234 
I 

Bzl --38.2 ~ 

VI 

VII 

VIII 

IXa 

IXb 

Satisfactory elemental analyses were obtained for all the compounds 
listed, b Melting-points were determined on a microscope hot-stage. 

In dimethylformamide, c = 0.5 (V-VIII) or 1.0 (IXa, b). a Mono- 
hydrate.  

T h e  p r o t e c t e d  n o n a p e p t i d e  V I I I  (Table)  w a s  p r e p a r e d  
f r o m  t h e  k n o w n  ~2 c a r b o x y l - t e r m i n a l  p e n t a p e p t i d e  der i -  
v a t i v e ,  Z - A s n - C y s ( B z l ) - P r o - A r g ( T o s ) - G l y - N H ~ ,  b y  a s t e p -  
w i se  p r o c e d u r e  u s i n g  b e n z y l o x y c a r b o n y I - p r o t e c t e d  p -  
n i t r o p h e n y l  e s t e r s  fo r  a d d i t i o n  of  t h e  i n d i v i d u a l  a m i n o -  
a c i d  r e s i d u e s  a n d  h y d r o g e n  b r o m i d e  in  a ce t i c  ac id  for  
c l e a v a g e  of  t h e  b e n z y l o x y c a r b o n y l  p r o t e c t i n g  g roups~a ;  
t h e  i n t e r m e d i a t e s  a r e  l i s t e d  in  t h e  T a b l e .  I n  a n  a l t e r n a t i v e  
s y n t h e s i s ,  V I I I  w a s  o b t a i n e d  f r o m  3 t r i p e p t i d e  u n i t s :  T h e  
h e x a p e p t i d e  V w a s  p r e p a r e d  f r o m  P r o - A r g ( T o s ) - G l y -  
_ N H  214 a n d  t h e  a z i d e  o b t a i n e d  f r 0 m  t h e  t r i p e p t i d e  h y d r a -  
z ide  I X b  ( m a d e  in  t u r n  f r o m  t h e  e s t e r  I X a )  a n d ,  a f t e r  
r e m o v a l  of  t h e  b e n z y l o x y c a r b o n y l  g r o u p ,  c o n d e n s e d  w i t h  
t h e  a z i d e  p r e p a r e d  f r o m  Z - C y s ( B z l ) - T y r - I l e - N ~ H a  ~5. 

R e m o v a l  of  t h e  p r o t e c t i n g  g r o u p s  f r o m  V I I I  a n d  for -  
m a t i o n  of  t h e  d i s u l p h i d e  b r i d g e  b y  s t a n d a r d  p r o c e d u r e s  1~ 

1 W. Y. Ct~AN, Endocrinology 77, 1097 (1965). 
2 Standard abbreviations are used for amino-acid residues and 

protecting groups; analogues of the natural  hormones are desig- 
nated in accordance with the IUPAC-IUB Tentative Rules [see e.g. 
Eur. J. Biochem. 1,375 and 379 (1967)]. 
W. Y. CI~AN, V. J. HRUBY, G. FLOUR~T and V. DIJ VmNEAUD, 
Science 161,280 (1968). 

4 V. J. HRUBY, G. FLOURET and V. DU VmNEAOD, J. biol. Chem. 
244, 3890 (1969). 
-VV. Y. CHAN and V. nu  VIGNEAUD, J. Pharmac. exp. Ther. 774, 541 
(1970). 

6 J. RUDINGER, O. V. KESAREV, K. PODU~KA, B. T. PICKERING, 
R. E. J. DYBALL, D. R. FEROUSOX and W. R. WARD, Experientia 
25, 680 (1969). 

7 E. SEDL~KOV~, B. LICHARDUS and J. H. CORT, Science 764, 580 
(1969). 
M. A. WILLE, V. DU VIONEAUD and W. Y. CHAN, J. reed. Chem. 75, 
11 (1972). 

9 V. J. HRUBY and W. Y. CHAN, J. recd. Chem. 74, 1050 (1971). 
10 V. J, HRUBY, V. DU VIGNEAUD and W. Y. CHAN, J. med. Chem. 73, 

185 (1970). 
11 F. MOREL and S. JARD, in Handbook o/Experimental Pharmacology 

(Ed. B. BERDE, Springer-Verlag, Berlin-Heidelberg-New York 
1968), vol. 23, p. 655. 

~ R. L. HUGUEmN and R. A. BOISSONNAS, Helv. chim. Acta 49, 695 
(1966). 

la M'. BODANSZKY and V. DU VIGNEAUD, J. Am. chem. Soc. 87, 5688 
(1959). 

14 R. L. HUGUENIN and R. A. BOISSONNAS, Helv. chim. Acta d5, 1629 
(1962). 

lO R. A. BOISSONNAS, S. GUTTMANN, P.-A. JAQUENOUD and J.-P. 
WALLER, He~v. chim. Acta 38, 1491 (1955). 

is D. B. HOPE, V. V. S. MURTI and V. Du VIGNEAUD, J. biol. Chem. 
237, 1563 (1962). 


