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Effects of 3 synthetic peptides analogous to neurohypophyseal hormones (obtained in the analytically pure state from Protein Research 
Foundatioll, Osaka) on the excitability of 2 identifiable giant neurones (the PON, periodically oscillating neurone; and the TAN, tonically 
autoactive neurone) of AchaHna ]ulica Fdrussac (bath application) 

Substance Amino acid sequence Coneen- Effect Concen- Effect 
tration on tration on 
(kg/1) PON (kg/1) TAN 

I I Deanfino-diearba-oxytocin (D-D-oxy toc in )  +Tyr-Ile-Gln-Asn-Asu-Pro-Leu-Gly-NH 2 10 ~ ~ 

Deamino-dicarba-Arg-vasotocin (D-D-Arg-vasotocin) ]-->Tyr-IIe- Gln-Asn-Aslu- Pro-Arg-Gly- NH2 10 -4~ 

Deamino-diearba-Arg-vasopressin (D-D-Arg-vasopressin) I-+Tyr-Phe-Gln-Asn-Asu-Pro-Arg-Gly-NH~ 2 • 10 -4 

E 2 • 10 -4 (--) 

E 2 • I0 -4 (--) 

( ) 2 x  10-~ (--) 

E; excitatory effect. (--), no effect. ,, critical concentration to produce the effect. Asu, ~-amino suberie acid. 

On the  o ther  hand ,  the microdrop  appl ica t ion  of n-D-Arg- 
vasopress in  in the  same a m o u n t  did no t  affect  the  PON 
b iopoten t ia l  (Figure 2, C). We  conclude f rom these resul ts  
t h a t  the  P O N  exci ta t ion  caused by  the  f irs t  2 pept ides  is 
due to the  m e m b r a n e  depolar iza t ion of th is  neurone.  

In  Figure 3, two I - V  curves  (a, measured  in the  physi -  
ological s ta te ,  and  b, measured  3 min af ter  2 • 10 -4 kg/1 
D-D-oxytocin application) have  been super imposed.  In  
t he  presence  of D-B-oxytocin a t  th is  concent ra t ion ,  the  
P O N  neurornembrane  was  r emarkab ly  depolarized.  In  
Figure  3A, the  two  I - V  curves have  been super imposed  
using the  initial polar iza t ion level (just before the  t rans-  
m e m b r a n e  cur ren t  application) as the  common  s tandard .  
I t  seems t h a t  t he  P O N  n e u r o m e m b r a n e  resis tance m a y  
be decreased by  D-D-oxytocin. On the  o ther  hand ,  in 
Figure 3B, the  same two I - V  curves have  been super-  
imposed using the  firing level of the  neurone  as the  com- 
mon s tandard .  The two I - V  curves are concordan t  in the  
wide range of m e m b r a n e  polar izat ion level. We conclude 
t h a t  the  I - V  curve measured  in the  presence of D-D- 
oxytoc in  a t  2 • 10 4 kg/1 is a lmost  ident ical  wi th  t h a t  in 
the  physiological  s ta te  (Figure 3 B) and t h a t  the  depolar-  
izat ion of the  neuromembrane ,  p roduced  by  D-D-oxytocin, 
only appears  to cause some decrease of m e m b r a n e  resis- 
tance,  since the  I - V  curve of the  mol luscan g ian t  neurone 
is no t  linear~, ~~ (Figure 3A). 

By  b a t h  appl ica t ion  the  3 pept ides  analogous to neuro-  
hypophysea l  hormones  wi th  respect  to  the  exci tabi l i ty  of 
the  TAN (tonically au toac t ive  neurone) were examined.  
These pept ides  a t  2 • 10 -~ kg/1 had  no effect  on TAN 
exci tabi l i ty .  

BARKER e t a l .  11 repor ted  t h a t  the  neu rohypophysea l  
h o rmo n a l  pept ides ,  including Arg-vasopressin,  oxy toc in  
and  Arg-vasotocin,  caused m e m b r a n e  depolar iza t ion  of 
slowly oscillating g iant  neurones  of Orals lactea (Cell 1112) 
and  of Aplysia cali/ornica (R 1513), and augmen ted  the i r  
burs t ing  pace-maker  po ten t i a l  (BPP) activit ies.  Our ex- 
pe r imen ta l  results  wi th  the  P O N  of Achatina/ulica using 
syn the t i c  pep t ides  (deamino-dicarba-)  analogous to 
n eu ro h y p o p h y s ea l  hormones  were s o m e w h a t  d i f ferent  
t h a n  those  of GAINER et  al., while assuming ~ the  PON to 
correspond to Cell 11 of Orals lactea. The crit ical concen-  
t r a t ion  of D-D-oxytocin and D-D-Arg-vasotocin to produce  
an exc i t a to ry  effect  on the  P O N  is much  higher  t han  t h a t  
of Arg-vasopressin,  oxytoc in  etc. r epor ted  by  GAIN~I< et  al. 

The P O N  n e u r o m e m b r a n e  was no t  sensi t ive to D-D-Arg- 
vasopress in  a t  2 • 10 .4 kg/1. The amino acid sequence of 
D-D-Arg-vasotocin differs only  a t  the  second amino acid 
f rom t h a t  of D-D Arg-vasopress in .  Our results  show t h a t  
the  PON n eu ro memb ran e  can discr iminate  th is  s t ruc tura l  
difference be tween  the  two substances .  We can say t h a t  
D-D-oxytocin and  D-D-Arg-vasotocin showed a specific 
exc i t a to ry  effect  on the P O N  neuromembrane .  
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Summary. In  vivo, ra t  in tes t ina l  micro-organisms media te  the  metabol ic  hydrolys is  of the  bi l iary metabol i te  (N- 
aeetyl-p-aminophenyl glucuronide) o~ phenacetin and related compounds. 

In  the  course of s tudies  on the  significance of the  intes-  
t inal  microflora in the  me tabo l i sm of phenace t in  and 
re la ted  compounds  in the  ra t  a , 4, evidence has been ob- 
t a ined  t h a t  N-ace ty l -p - aminopheny l  glucuronide is ex- 
c re ted  in pa r t  in bile and is subsequen t ly  metabol ized  by  
the  in tes t ina l  microflora.  

Methods and materials. Details  of the  synthes is  of 
[14C~labeIled compounds ,  ch roma tog raph ic  and radio- 
chemicat  me thods  employed  are given in our previous  

publ ica t ions  a, 4. The bil iary metabo l i t e  was charac ter ized  
by  co -ch ro ma t o g rap h y  wi th  au then t i c  reference com- 
pounds  4, au to rad iog raphy  and  by  specific chemical  and  
enzyme-degrada t ive  procedures  4,5. Microfloral incuba-  
t ions  were carr ied out  by  our usual  procedure  s . Conju- 
gates or bile ex t rac t s  conta in ing  conjugates  were steri l ised 
by  m e m b r a n e  f i l t rat ion,  using sterile Swinnex  fil ter uni ts  
f i t ted  wi th  whi te  plain filters (Millipore S.A.,  France) .  
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Male and  female Wis t a r  der ived ra ts  were dosed wi th  
tes t  subs tances  (50 mg/ra t ,  p.o.) as suspensions in wa te r  
(to which  bile salts  h a d  been  added) and  were subsequen t -  
ly ma in t a ined  in 'Metabowl '  me tabo l i sm cages ~. Urine,  
faeces and CO2-trapping fluid were collected dur ing ex- 
per iments ,  t h rough  which  periods the  animals  had  free 
access to  food and water .  Some male ra ts  were also pre-  
t r ea ted  wi th  neomyc in  su lpha te  (30 mg/day ,  p .o .  to each 
of 5 rats) or wi th  a (5:7) aureomycin  hydrochlor ide-  
ph tha ly l su lpha th iazo le  mix tu re  (120 mg/day ,  p. o. t o  each 
of 2 rats).  

Four  female rats,  which  had  been bred under  germ- 
free condi t ions  and f rom which  the  normal  in tes t ina l  
flora had  been shown by  bacteriological  t e s t ing  to be 
absent ,  were kep t  in me tabo l i sm cages, s i tua ted  in sterile 
plast ic  j acke t  isolators 6,v and given y- i r radia ted  Dixons  
P R M  diet  • tes t  subs tances  and sterile water .  

Bil iary secret ions were sampled,  following cannula t ion  
of the  c o m m o n  bile duc t  of ra ts  ma in t a ined  in specially 
designed res t ra in ing  cages s. 

Results.  Al though  the  presence of N-ace ty l -p -amino-  
phenol  was clearly d e m o n s t r a t e d  in the  faeces of normal  
ra ts  af ter  dosage wi th  phenace t in ,  parace tamol ,  me th -  
acet in  or acetanil ide,  it  was no t  de tec ted  in the  faeces of 
similarly dosed animals  which  had  received ant ib iot ics  
orally or which were germ-free.  Nevertheless ,  this  com- 
pound  was found in faecal ex t rac t s  f rom previous ly  ant i -  
b io t i c - t rea ted  ra ts  in which  the  gas t ro in tes t ina l  flora had  
subsequen t ly  been allowed to develop, and f rom germ- 
free ra ts  following convent ional iza t ion .  

The bi l iary excre t ion  of rad ioac t iv i ty  following tile 
admin i s t r a t ion  of radiocarbon- label led  acetani l ide deriv-  
a t ives  is given in the  table,  and in each case, the  only  
bi l iary metabol i t e  de tec ted  was N-ace ty l -p -aminopheny l  
glucuronide.  Moreover,  incuba t ion  of bile ext rac ts ,  de- 
r ived f rom animals  dosed wi th  these  compounds  and f rom 
o ther  ra t s  given (50 mg, p.o.) p -phene t id ine  hydrochlo-  
ride, p-anis idine or Benory la te  (4-acetamidophenyl-2-  
ace toxybenzoate ) ,  wi th  mixed  inocula of ra t  caecal micro- 
organisms under  anaerobic  condi t ions  resul ted  in the  
fo rmat ion  of N-ace ty l -p -aminopheno l .  This aglycone was 
also formed when  an au then t i c  sample  of N-ace ty l -p -  
aminopheny l  glucuronide (provided by  Dr. J. Shibasaki,  
Nagasaki  Univers i ty ,  Japan)  was similarly incubated .  

The microflora  was also shown to be capable  of effect ing 
hydrolys is  of two re la ted  conjugates  no t  normal ly  pre-  
sen t  in bile name ly  N-aee ty l -p - aminopheny l sn lpha t e  and  
p - a m i n o p h e n y l  glucuronide which  when  incuba ted  under  
ident ical  condi t ions  readi ly  gave rise to the i r  cor respond-  
ing aglycones.  

Discussion.  The resul ts  ob ta ined  dur ing exper iments ,  
in which  germ-free ra t s  and an t ib io t i c - t rea ted  ra ts  were 

Biliary excretion of radioactivity by normal (untreated) male and 
female rats in the 0-24 h period, following oral administration of 
radiocarbon-labelled acetanilide derivatives (50 rag; 0.3-1.05 /~Ci) 

14C Excretion~ (% dose) in bile of 
Compound dosed a) male rats b) female rats 

EAcetyl-14C~Phenacetin 7.9 (6.5-10) 4 11 (9.0-13) 3 
[AcetyI-l~C~ParacetamoI 14 (12 16) a 22 (14-28) 3 
[Acetyl-14C~Acetanilide 15 (12 17) a 6.9, 7.8 
[AeetylA~C]Methacetin 6.8 (6.0-8.0) 3 15 (12-17) 3 

�9 Mean values are given, with the ranges in parentheses and the 
number of animal used indicated by the superscript. Where less than 
3 animals were examined, individual results are given. 
Bile collected over 24-72 h was also monitored but found to contain 
a negligible proportion (~  1%) of the dose. 

used, indicate  t h a t  the  fo rmat ion  of the  faecal metabol i te ,  
N-ace ty l -p -aminopheno l ,  in vivo was d e p e n d e n t  upon  
the  act ivi t ies  of t he  gu t  microflora.  Moreover,  our p resen t  
s tudies  show t h a t  N-ace ty l -p -aminopheno l  glucuronide 
is voided in the  bile of rats,  and  t h a t  th is  occurs to the  
ex t en t  of app rox ima te ly  10-20% dose. The la t t e r  is con- 
s i s tent  wi th  an earlier repor t "  t h a t  a s ignif icant  level of 
bi l iary excret ion (i.e. > 1 0 %  dose) will occur when a 
compound  voided in the  bile of ra t s  has  some degree of 
po la r i ty  and  a m i n i m u m  molecular  weigh t  of 325 • 50. 
Moreover,  the  difference in the  p ropor t ion  of the  dose 
voided  in the  bile (10-20% dose) and  faeces 4 (about 1% 
dose) of ra ts  given [acetyl-14C~phenacetin or [acetyl-laCJ 
pa race tamol  would seem to indicate  some en te rohepa t ic  
circulat ion of N-ace ty l -p - aminopheny l  glucuronide and/or  
its microbial  p roduct .  

However ,  it  is w o r t h  po in t ing  out  t h a t  o ther  s tudies  10,11 
wi th  germ-free ra t s  have  ind ica ted  t h a t  fl-glucuronidase 
associa ted wi th  the  gut  m a y  n o t  be ent i re ly  of microbial  
origin. Moreover,  the  t u rnove r  of mucosal  cells and indeed 
the  ac t iv i ty  of any  fl-glucuronidase n in the  gut  lumen 
would be inf luenced by  the  p H  of in tes t ina l  con ten t s  and 
also by  the  diet  of the  animals.  U n f o r t u n a t e l y  we canno t  
assess exac t ly  the  significance of t issue fl-glucuronidase 
u n d e r  our expe r imen ta l  condi t ions  b u t  had  th is  been 
great,  we would have  expec ted  to have  found at  least  
t races  of N-ace ty l -p -aminopheno l  in the  faecal ex t rac t s  
der ived f rom germ-free and an t ib io t i c - t r ea ted  rats.  Al- 
t h o u g h  these ex t rac t s  were moni to red  for this  compound,  
it  was no t  de tec ted  therein.  

Ev idence  of microbia l  i nvo lvemen t  in the  degrada t ion  
of N - a c e t y l - p - a m i n o p h e n y l  glucuronide was ob ta ined  
when  samples  of the  au then t ic  c o m p o u n d  or bile ex t rac t s  
conta in ing  i t  were incuba ted  wi th  ra t  caecal micro- 
organisms t h e r e b y  releasing the  aglycone, N-ace ty l -p-  
aminophenol .  A l though  the  microfloral  hydrolys is  of 
o ther  glucuronides has  been well documen ted  12, only a 
few ins tances  of the  microfloral  degrada t ion  of e thereal  
su lphates  have  been  repor ted  12. However ,  we have  de- 
m o n s t r a t e d  t h a t  N-ace ty l -p - aminopheny l  su lphate  (a 
ma jor  u r inary  metabo l i t e  of phenace t in  and re la ted com- 
pounds)  4 is readi ly  hydro lysed  in vi t ro  by  incubates  
der ived f rom the  r a t  intest ine.  

We conclude f rom these s tudies  t h a t  the  in tes t inal  
microf lora  of the  r a t  con t r ibu tes  to the  metabo l i sm of 
phenace t in  and re la ted  compounds  in the  in tac t  animal  
b y  effect ing the  degrada t ion  of the  bi l iary metabol i te ,  N-  
ace ty l -p -aminopheny l  glucuronide to N-ace ty l -p -amino-  
phenol  which m a y  facil i tate r eabsorp t ion  f rom the  gut 
of the  la t te r  compound .  
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