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lungs  were  r e m o v e d  and  w a s h e d  w i t h  chi l led sal ine solu- 
t ion ,  t h e n  weighed  a n d  k e p t  in - - 2 0 ~  un t i l  use. All  
m a t e r i a l s  were m e a s u r e d  w i t h i n  3 days  a f t e r  freezing. 
The  e n z y m e  assay  was pe r fo rmed  s p e c t r o p h o t o m e t r i c a l l y  
accord ing  to C u s h m a n  and  Cheung  ~. S y n t h e t i c  H ip -Hi s -  
Leu (ob ta ined  f rom t he  I n s t i t u t e  for P r o t e i n  Research ;  
Osaka  Un ive r s i t y ,  Osaka,  J a p a n )  was used as t h e  sub-  
s t ra te ,  a n d  fo rmed  h ippur i c  acid was m e a s u r e d  b y  ab-  
s o r b a n c y  a t  228 nm.  The  a c t i v i t y  was expressed  as 
[zmole/g of l ung /min .  
Fo r  t h e  p r e p a l a t i o n  of t he  e n z y m e  ma te r i a l ,  t h e  lung  was  
homogen i zed  w i t h  P o l y t r o n  | (Luzern,  Swi tzer land)  for 
60 sec a t  power  con t ro l  6 w i t h  10 t imes  vo lume  of 10 m M  
of p h o s p h a t e  buf fe r  p H  8.3 for fe ta l  lung,  and  w i t h  200 
t imes  v o l u m e  for a d u l t  lung,  t h e n  cen t r i fuged  a t  1500 r p m  
for 10 rain.  The  s u p e r n a t a n t  was used as t he  e n z y m e  
mate r i a l .  

The development of b. wt, lung weight and angiotensin I converting 
enzyme in fetal neonatal rabbit 

Body Lung ATI-CE 
weight (g) weight (mg) activity 

(~xmole/g/min) a 

Gestational days 
16(n = 6) 2.9 • 0.02 b 55.8 :k 0.9 0 
24(n = 7) 13.9 -t- 0.98 390.6 4- 26.9 0.30 4- 0.02 
30(n = 8) 40.7 4- 1.2 1210 =~ 50 0.89 ! 0.07 
31(n = 9) 47.6 -1- 1.7 1130 -4- 50 1.54 4- 0.59 

Days after birth 
l~(n = 4) 30.8 -1- 3.09 662.0 :t: 86.0 1.88 4- 0.19 
2(n = 13) 50.6 4- 0.65 843.0 :t: 63.6 2.98 -t- 0.21 
3(n = 10) 46.5 4- 0.71 855.6 i 29.7 3.40 • 0.23 
10(n = 2) 74.5 a 1125 3.75 
Adult (n ~ 10) 3.7 -1- 0.1 

�9 ATI-CE: Angiotensin I-converting enzyme; bmean 4- SE; c6 h 
after birth; a average. 

Results and discussion. As s h o w n  in t i le table ,  b . w t  and  
l ung  we igh t  increased  g r a d u a l l y  un t i l  b i r th ,  followed b y  
a decrease  for  few h. On t h e  2nd day  a f t e r  b i r th ,  t he  b . w t  
a n d  lung  we igh t  increased  again .  
Ang io t ens in  I c o n v e r t i n g  e n z y m e  a c t i v i t y  was n o t  de-  
t ec t ed  on t he  16 th  d a y  of ges ta t ion ,  de t ec t ed  v e r y  low a t  
24 th  d a y  of ges ta t ion ,  1 week  before  der ivery .  The  e n z y m e  
a c t i v i t y  increased  g r a d u a l l y  u p  to t he  30 th  and  31st d a y  
of t he  g e s t a t i o n  and  increased  s u d d e n l y  a f te r  b i r th .  On 
t he  1st d a y  Of ges ta t ion ,  t he  lung  we igh t  is r educed  b y  
a l m o s t  50%,  p r o b a b l y  m o s t l y  b y  d e h y d r a t i o n .  Conse- 
quen t ly ,  t o t a l  c o n v e r t i n g  e n z y m e  a c t i v i t y  per  lung  is de-  
creased once a f t e r  b i r th .  T h e n  the  a c t i v i t y  increased  to 
t he  a d u l t  level  w i t h i n  2 or 3 days  a f te r  b i r th .  These  resu l t s  
sugges t  t h a t  t he  me tabo l i c  a c t i v i t y  of t he  lung for vaso-  
ac t ive  pep t ides  is no t  essent ia l  d u r i n g  fe ta l  life, a n d  be-  
comes  i m p o r t a n t  on ly  a f te r  b i r th .  FriedliS e x a m i n e d  t he  
m e t a b o l i s m  of b r a d y k i n i n  in t he  p u l m o n a r y  v a s u c u l a r  
bed  of t he  fe ta l  and  n e w b o r n  l amb ,  and  showed a b o u t  ha l f  
of t h e  capac i t y  to  i n a c t i v a t e  b r a d y k i n i n  in the  fe ta l  l a m b  
a t  t e r m  c o m p a r e d  w i t h  t he  m a t u r e  ewes. In  the  p r e t e r m  
fetus,  no  i n a c t i v a t i o n  could be  d e m o n s t r a t e d  in t he  pul-  
m o n a r y  bed.  
The  p u l m o n a r y  s u r f a c t a n t  c o n t e n t  of t he  lung  was re- 
p o r t e d  to show s igni f ican t  increase  on  t h e  21st a n d  22rid 
d a y  of ge s t a t i ona l  days  in ra ts% The  d e v e l o p m e n t a l  be-  
h a v i o u r  of t he  s u r f a c t a n t  was  the  same  as was found  in 
our  e x p e r i m e n t  in r a b b i t s  conce rn ing  ang io tens in  I con-  
v e r t i n g  enzyme.  P u l m o n a r y  s u r f a c t a n t  is t h o u g h t  to  h a v e  
some r e l a t i onsh ip  to  t he  m a t u r a t i o n  of the  lung, angio-  
t e n s i n  I c o n v e r t i n g  e n z y m e  m i g h t  also h a v e  a close 
r e l a t i onsh ip  to  t he  m a t u r a t i o n  of t he  lung.  The  m e c h a -  
n i sm  of s u d d e n  increase  of t he  e n z y m e  a c t i v i t y  is u n d e r  
i nves t iga t ion .  
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O c c u r r e n c e  of A s n  2, LeuS-caeru le in  in the  s k i n  of the Afr ican  frog  H y l a m b a t e s  m a c u l a t u s  
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Summary. The  skin  of the  Af r i can  frog, H y l a m b a t e s  macu la tu s ,  c o n t a i n s  large a m o u n t s  of a caerulein- l ike  pept ide ,  
wh ich  ha s  been  ident i f ied  as Asn% Leu S-caerulein. The  cho lecys tok ine t i c  a c t i v i t y  of H y l a m b a t e s - c a e r u l e i n  is v e r y  
s imi la r  to  t h a t  of caeruleinl  

A new caerule in- l ike  pep t i de  has  been  i so la ted  f rom 
m e t h a n o l  e x t r a c t s  of t i le sk in  of H y l a m b a t e s  m a c u l a t u s ,  
a n  Af r i can  frog be long ing  to  t he  R a n i d a e  f ami ly  (sub- 
f ami ly  Hypero l ineae ) .  
The  a m i n o  acid compos i t i on  a n d  sequence  of H y l a n b a t e s -  
cae ru le in  differs  f rom t h a t  of caeru le in  on ly  in t h a t  t h e  
2 aminoac ids ,  g l u t a m i n e  2 a n d  t h e o n i n e  e, of t he  caeru le in  
molecule  are  rep laced  b y  a spa rag ine  a n d  leucine,  respec-  
t i v e l y  2. 

Pyr-Gln-Asp-Tyr(SO3H)-Thr-Gly-Trp-Met-Asp-Phe-NH 2 
Caerulein 

Pyr-Asn-Asp-Tyr(SO3 H)-Leu-Gly-Trp-Met-Asp- Phe-NH l 
Hylambates-caerulein 

Thus ,  H y l a m b a t e s - c a e r u l e i n  m a y  be cons idered  as Asn2, 
Leu 5-caerulein. 
Materials. The  f resh  skins  of 92 spec imens  of H y l a m b a t e s  
m a c u l a t u s  col lected a t  St. Lucia ,  Zu lu l and  (Sou th  Africa) ,  
d u r i n g  t he  per iod  1973-1975 were used th i s  s tudy .  The  
m a t e r i a l  weighed 14 8g (average  1.6 g pe r  fresh skin). The  
skins  Were r e m o v e d  f rom the  frogs i m m e d i a t e l y  a f t e r  
k i l l ing and  e x t r a c t e d  twice  w i t h  a v o l u m e  of m e t h a n o l  5 

1 Supported in part by grants from the Consiglio Nazionale delle 
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2 A, Anastasi, V. Erspamer and R .Endean, Experientia 23, 699 
(1967). 
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t imes  the  weight  of the  tissue. The  ex t rac t s  were combined  
and filtered. 
Isolation procedure. An al iquot  of ex t rac t  corresponding 
to  100 g of fresh skin was evapora ted  to dryness, the  
residue washed with  pe t ro leum ether  and then  t aken  up 
in wate r  plus 99% e thanol  to give a final  e thanol  concen- 
t r a t ion  of 95%. The l iquid was passed through 2 columns 
of a lkal ine a lumina  Merck 90 (ac t iv i ty  grade 1), each of 
170 g, which were then  eluted wi th  e thanol -water  mix tures  
of decreasing concent ra t ions  of ethanol ,  each of 200 ml. 
The  peak  of caerulein-l ike ac t iv i ty  (guinea-pig gall  blad- 
der) emerged in the  2 50% ethanol  eluates, which con- 
t a ined  a l toge ther  approx ima te ly  35 mg of peptide,  ex- 
pressed as caerulein,  and 50% of the ac t iv i ty  pu t  on the  
column.  
The  suspicion t h a t  Hylambates -caeru le in  migh t  be dif- 
ferent  f rom caerulein was aroused by  the  fact, t h a t  in 
compar ison  to caerulein, Hylambates -caeru le in  was eluted 
by  h igher  concent ra t ions  of e thanol  and with considerably 
better yields. 

AP-M 

CP-A 0N$ I PAH 

�9 c-1 ~ ~ c-2--t~ 
Pyr --Ash --Asp~Tyr (SOsH)--Leu --Gly--Trp--Me t --Asp --Phe--NH 2 

PAH AP-M 

S-2 ~- 

0.1 HC1 

Pyr --Asn--Asp--Tyr-- Leu 

I I 
CP-A 

Hylambates -caeru le in  present  in the  50% e thanol  eluates 
was fur ther  purif ied by  prepara t ive  electrophoresis.  The  
single biologically ac t ive  pep t ide  spot  was posi t ive  to 
chlorine, to the  Ehr l ich  reagent  for t ryp tophan ,  to the  
e-ni t roso-~-naphthol  reagen t  for tyrosine,  to the  jodo-  
p la t ina te  reagent  for su lphur  aminoacids,  bu t  i t  was 
negat ive  to ninhydrin .  On ascending thin  layer chroma-  
tog raphy  on silica gel, Hytambates -caeru le in  had an R~ 
0.35 in the  solvent  sys tem n-butanol-acet ic  ac id-water  
(4: 1: 1), and on high vol tage  electrophoresis  the  pept ide  
spot  migra ted  toward  the  anode at  neut ra l  and acid pHs,  
its posi t ion being 0.5 re la t ive  to g lu tamic  acid a t  p H  5.8 
and 0.55 re la t ive  to cysteic acid a t  p H  1.9. 
Structure. The s t ruc ture  of Hylambates -caeru le in  was 
deduced by  sequent ia l  analysis of the  f ragments  obta ined 
by  digestion with  chymotrypsin(C) and subtilisin (S) 
followed, as shown in the  chart ,  by  digestion wi th  car- 
boxypept idase  A (CP-A), aminopept idase  M (AP-M), 
par t ia l  acid hydrolysis  (PAH) and dansyla t ion  (DNS). 
The d ipep t ide  P y r - A s n O H  was identif ied by  its electro- 
phoret ic  behaviour .  
I t  is possible t h a t  the  small  amount s  of caerulein-l ike 
ac t iv i ty  (guinea-pig  gall  bladder) found in ex t rac ts  of 
Kassina senegalensis (1-5 tzg/g fresh skin) and of Phlyc-  
t imant i s  verrucosus (5-7 txg/g d ry  skin) are due, a t  least  
in great  par t ,  to Ash 3, Leu 5-caerulein. 
Hylambates -caeru le in  displayed on thg~isolated and in 
situ guinea-pig gall bladder,  as we !Fas  on t, he j i so la ted  
guinea-pig i leum and rabb i t  large intestine,  s t imulan t  
effects which were qua l i t a t ive ly  ident ical  wi th  those 
elicited by  caerulein. F r o m  a quan t i t a t i ve  po in t  of view, 
def ini t ive  conclusions are no t  possible because pure 
synthet ic  Asn ~, Leu ~-caerulein was no t  available.  How- 
ever,  the  2 pept ides  may  be considered approx ima te ly  
equiact ive .  
In  addi t ion to Asn ~, LeuS-caerulein,  methanol  ext rac ts  
of the  skin of H y l a m b a t e s  macula tus  conta in  4 or 5 o ther  
act ive  peptides,  main ly  belonging to the  t achykin in  
family.  The isolation of 2 of t hem is in progress. 

IBfliary lexcretion and ~ e t a b o l i s m  of~ 4 C c imet id ine  fo l lowing  ! o r a ~ m i n i s t r a t i o n  to male  and 
~ e m a l e ~ t s  . . . . . . . . . . .  
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The Research Institute, Smith Kline and French Laboratories Ltd., Welwyn Garden City (Herts., England), 
18 February 7977 

Summary. In  rats,  the  bile is no t  a major  route  of excret ion of c imet idine or its metabol i tes ,  since only 10% of the 
14C associated wi th  an oral dose of labelled c imet idine was excre ted  in the  bile dur ing 8 h after  dosing. 

Cimet idine  is an orally act ive  h is tamine  H2-receptor 
an tagonis t  I, marke ted  under  the t rade  m a r k  'Tagamet ' .  
W h e n  this compound  was given oral ly to male rats  ~, 3 
(30 mg/kg  of c imet idine  labelled wi th  14C in the  2-position 
of the  imidazole  r ing;  figure) 58% of the r ad ioac t iv i ty  
was excre ted  in the  urine dur ing the  24 h after  dosing 
and app rox ima te ly  50% of this  was unchanged eimetidine.  
Similarly,  64% of the  rad ioac t iv i ty  adminis tered oral ly to 
female  rats  was excre ted  in the  urine wi th in  24 h, bu t  a 
larger  propor t ion  of the  e l iminated  14C was associated 
wi th  unchanged cimetidine.  The significance in ra ts  of 
b i l iary  excret ion of c imet idine  and its metabol i tes  has 
no t  been repor ted  previously,  and was the subjec t  of 
the  separa te  s t udy  described in this  communica t ion .  

Materials and methods. 4 male and 4 female Wis ta r  rats, 
weighing 198-201 g and 194-203 g respect ively,  each 
received by  gastr ic in tubat ion,  30 mg/kg  of 2-14C-cimeti - 
dine dissolved in 0.9% (w/w) saline. This resulted in the 
adminis t ra t ion  of 10 ~xCi of 1'C to each animal.  Af ter  
dosing, the  animals  were anaes thet ized  wi th  2% halothane  
in oxygen  conta in ing 5% CO~, and the  bile duc t  cannula ted  
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