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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. 
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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. 
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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  

1 R.W.  Brimblecombe, W. A. M. Duncan, G. J. Durant, J. C. 
Emmett, C. R. Ganellin and M. E. Parsons, J. int. Med. Res. 3, 
86 (1975). 

2 D. C. Taylor and P. R. Cresswell, Biochem. Soc. Trans. 3, 884 
(1975). 

3 D.C. Taylor, Personal communication. 
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Biliary excretion and metabolism of ~4C cimetidine in male and female rats 

EXPERIENTIA 33/9 

Time (min) after Male rats 
administration of the drug 14C Activity Cimetidine 

excreted (%) excreted (%) 

Female rats 
Sulphoxide 14C Activity Cimetidine Sulphoxide 
excreted (%) excreted (%) excreted (%) excreted (%) 

60 1.22 4- 0.20 81.0 • 13.0 
90 1.95 =1= 0.05 71.5 4- 14.8 

120 1.57 =t: 0.66 56.5 4- 12.1 
180 0.90 ~ 0.08 45.0 4- 8.4 
240 0.90 ~ 0.11 46.0 4- 8.5 
300 0.80 ~ 0.14 46.5 ~ 6.3 
360 0.90 =L 0.08 45.4 i 4.7 
420 0.92 =t= 0.09 46.2 4- 6.4 
Average total 9.16 

19.0 4- 13.0 1.52 4- 0.47 85.0 4-4- 7.0 15.0 4- 7.0 
28.5 ::t= 14.8 1.92 4- 0.22 63.5 4- 24.0 36.5 4- 24.0 
43.5 4- 12.1 1.70 4- 0.41 57.5 • 10.6 42.5 4- 10.6 
55.0 4- 8.4 1.02 4- 0.17 58.5 4- 9.1 41.5 4- 9.1 
54.0 • 8.5 1.05 • 0.26 59.0 4- 1.4 41.0 4- 1.4 
53.5 4. 6.3 1.10 4- 0.21 59.5 4- 2.1 40.5 4- 2.1 
54.6 4- 4.7 1.02 -[: 0.12 57.6 • 3.4 42.4 4- 3.4 
53.8 4- 6.4 0.97 4- 0.09 58.3 • 4.1 41.7 4- 4.1 

10.30 

The data given are the means 4- SD; n = 4 for each estimation. 

for to ta l  bile collection. Bile was collected con t inuous ly  
for 7 h and f rac t iona ted  a t  30 min  or hour ly  in tervals ,  
w i th  r ep l acemen t  of fluid loss by  0.9% saline admin i s t e red  
i.p. The ra ts  were kep t  anaes the t i zed  t h r o u g h o u t  the  
expe r imen t  by  placing co t ton-wool  pads  soaked in e ther  
over  the i r  m o u t h  and  nostr i ls .  
The bile samples  were assayed  for r ad ioac t iv i ty  by  l iquid 
scint i l la t ion count ing,  using 20 ~1 al iquots  of bile mixed  
d i rec t ly  in to  t he  seint i l lant .  The  n u m b e r  of 14C-labelled 
compounds  p re sen t  in t he  bile, and  the i r  iden t i ty ,  was 
inves t iga ted  b y  spo t t ing  samples  onto  silica TLC plates,  
which  were deve loped  in a so lvent  sys t em conta in ing  
e thy l  aceta te ,  m e thano l  and  a m m o n i a  in the  rat ios  5 : 1 : 1 
by  volume,  respect ively .  Af te r  drying,  the  pla tes  were 
sprayed  wi th  d iazot ized sulphani l ic  acid r eagen t  2, or 
were exposed to  X - r a y  fi lm for v isual izat ion of c imet idine ,  
t he  known  metabol i t es ,  and  any  o the r  14C-labelled 
mater ia l .  The rad ioac t ive  areas shown by  r ad ioau tog rap h y  
were scaped f rom the  p la te  and  counted  af ter  Muting the  
silica gel w i t h  1 ml  me thano l .  For  ident i f ica t ion  of the  
p a r e n t  c o m p o u n d  and its ma jo r  metabol i tes ,  samples  of 
bile were s t reaked  on to  PLC plates ,  which  were developed 
as prev ious ly  descr ibed.  The re l evan t  areas were scraped 
off, e lu ted wi th  methano l ,  and  compared ,  by  TLC and  
nuclear  magne t i c  resonance  (NMR) spect roscopy,  w i th  
au then t i c  c imet id ine  or c imet id ine  su lphoxide  (figure) 
syn thes ized  in these  labora tor ies  b y  Dr G. R. Whi te .  
The poss ibi l i ty  t h a t  r a t  bile could con ta in  glucuronides  
der ived f rom c imet id ine  was inves t iga ted .  Bile samples  
(200 al) were incuba ted  w i t h  150 uni ts  of fl-glucuronidase 
(Sigma Chemical  Co. Ltd)  for 20 rain a t  37 ~ Al iquots  
of these  t r e a t ed  samples  Were t h e n  examined  by  TLC 
as descr ibed for u n t r e a t e d  bile. The eff icacy of t he  fl- 
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g lucuronidase  was assayed in the  presence  of bile by  
measur ing  the  pheno lph tha l e in  released f rom pheno lph t -  
hale in  glucuronide.  
Results and discussion. The resul ts  in the  table  show t h a t  
a f ter  7 h an average  9.2% of the  t o t a l  r ad ioac t iv i ty  
admin i s t e red  to ra ts  was recovered in t he  bile collected 
f rom male animals,  and  10.3% in t h a t  f rom females.  
Clearly, th is  ind ica ted  t h a t  the  bile does no t  r epresen t  a 
ma jo r  rou te  of excre t ion  of 2-14C-cimetidine in rats ,  which 
is cons i s ten t  w i th  the  f inding of Taylor  e t  al. 2 who showed 
t h a t  60% of an oral dose of c imet id ine  was e l imina ted  
v ia  the  urine in 24 h. 
In  ra t s  of both, sexes, the  h ighes t  ra te  of excre t ion  of 
14C into  t he  bile occurred be tween  60 and 90 min  af ter  
t he  oral  admin i s t r a t i on  of c imet idine .  Af te r  2 h the  ra te  
of excre t ion  decl ined to  abou t  50% of m a x i m u m ,  and  
th is  ra te  was ma in t a ined  unt i l  t h e  e x p e r i m e n t  was 
t e r m i n a t e d  at  7 h af ter  dosing. I t  should  no t  be forgot ten ,  
however ,  tha t ,  under  the  expe r imen ta l  condi t ions  out l ined 
above,  losses of bile would occur, which  migh t  af fect  the  
b i l ia ry  excre t ion  of drugs 4. The TLC analysis  of bile 
samples  ind ica ted  the  presence of unchanged  c imet id ine  
and  one ma jo r  metabo l i t e  - the  su lphoxide  (figure). 
P r epa ra t i ve  ch roma tog raphy ,  followed by  compara t ive  
TLC and N M R  spectroscopy,  conf i rmed  the  i d en t i t y  of 
p a r e n t  c o m p o u n d  and  metabol i te .  W h e n  q u a n t i t a t i v e  
inves t iga t ions  were  ~undertaken,  a similar  metabol ic  
p a t t e r n  was a p p a r e n t  in b o t h  male  and  female animals  
(table). Coincidental  w i t h  the  m a x i m a l  ra te  of 1'C excre- 
t ion,  was the  max i ma l  ra te  of c imet id ine  excre t ion  
( approx ima te ly  70% of 1'C ac t iv i ty  a t  90 min  being 
unchanged  cimet idine,  30 % being the  sulphoxide) .  Higher  
levels of unchanged  drug  were d e t ec t ed  in the  bile of 
female re la t ive  to male animals  and  th is  was  in ag reemen t  
w i th  sex differences  previous ly  r epor ted  for t he  u r inary  
excre t ion  of c imet id ine  3. Trea tment~of  bile samples  from 
e i ther  sex w i t h  fl-glucuronidase p roduced  no s ignif icant  
var ia t ions  in metabol ic  pa t t e rns ,  suggest ing t h a t  glu- 
cu ron ida t ion  does no t  have  a s ignif icant  role to  p lay  in 
the  bi l iary excre t ion  of th is  compound .  
In  s u mmary ,  t he  bile does no t  r ep resen t  a ma jo r  route  
of excre t ion  of th is  oral ly act ive h i s t amine  H2-receptor  
an tagonis t ,  a p p r o x i m a t e l y  10 % of t he  oral ly  admin i s t e red  
1~C ac t iv i ty  being excre ted  in 7 h. E x a m i n a t i o n  of bile 
samples  ind ica ted  the  presence  of c imet id ine ,  and  one 
me tabo l i t e  - t he  su lphoxide ;  male  an imals  appeared  to 
metabol ize  t he  p a r e n t  co mp o u n d  to a g rea te r  e x t e n t  t han  
female  animals.  

4 R.L. Smith, in : The Excretory Function of Bile, p. 100. Chapman 
and Hall, London 1973. 


