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given food on a l te rna te  days,  and wa te r  was suppl ied on 
a cont inuous  basis. Recordings  were made  only dur ing 
periods when  the  ra t  was quiet.  

At  the  end of the  recording period, each ra t  was sacri- 
ficed wi th  a b low to the  head;  the  t e l eme t ry  sys t em was 
checked for p roper  p l acemen t  of the  t ransducers ,  the  
t issue react ion observed,  the  fundic area of the  s tomach  
immedia te ly  r emoved  and  rap id ly  frozen a t  -- 70 ~ unt i l  
t hawing  for cyclic nucleot ide  assay. A double  an t i b o d y  
r ad io immnnioassay  k i t  procedure  (Colabrative Research  
Inc.,  W a l t h a m ,  Mass., USA) for cAMP and  cGMP was 
per fo rmed  on the  fundic  t issue s. Label led  nucleot ide  re- 
covery  was 72.3% on dupl icate  samples.  Disp lacement  
of radioact ive- labeled  ant igen b y  unlabeled cAMP or 
cGMP s t anda rds  is l inear when  p lo t t ed  as a semi-loga- 
r i thmic  funct ion.  The s t anda rd  curves for cAMP and 
cGMP are reproduced  in the  Figure.  

Ten recordings per  ra t  were r andomly  selected, and a 
mot i l i ty  index  s was calcula ted for each rat .  Concent ra t ion  
of cyclic nucleot ides  was calculated using dupl ica te  

Motility index and cyclic Nuc[eotide values 

Motility index cAMP ~ cGMP~ 
(Mean4- SEM)b (Mean4- SEM) b (Mean 4- SEM) b 

Control 61 4- 16.10 16 • 1.40 0.30 4- 0.02 
PGE 1 injected 84 • 8.20 5 4- 1.20 0.45 4- 0.03 

samples f rom each ra t  and conver t ed  into picomoles /g  
wet  wt.,  t issue. S t u d e n t ' s  t - test  was  used to  de te rmine  
significance (p < 0.05). Signif icant  differences were found  
(p < 0.05) be tween  the  two groups for all th ree  fac tors :  
mot i l i ty  index,  concen t ra t ion  of cAMP, concen t ra t ion  of 
cGMP (Table). 

Previous  inves t iga tors  10 had es tabl ished a re la t ionship  
be tween  P G E  v decrease in cAMP levels, increase in 
cGMP tissue levels and increased mot i l i ty  in smoo th  
muscle s tudied  in vivo. The increased mot i l i ty  observed  
in  this  s t u d y  was a t t r i bu t ed  to  the  act ion of exogenous 
PGE~ on the  force and cont rac t i l i ty  of the  circular and 
longi tudinal  fundic  muscle as well as enhancing  the effect  
of endogenous  mucosal  P G E  v 

The presence  of exogenous P G E j  admin is te red  by  the  
i .p. route,  served to influence to ta l  fundic t issue levels 
of the  two  cyclic nucleot ides and  served as a posi t ive  
feedback on cholinergic act ivi ty .  The increase or decrease 
in contract i le  ac t iv i ty  was affected by  the  in terac t ion  be- 
tween  exogenous P G E  I, cAMP and cGMP and  control led 
by  s ignif icant  decreases in the  t issue levels of these two 
cyclic nucleotides.  

Data are expressed as pieomoles of cyclic nucleotide/g fundic tissue. 
wet. wt. beach value is the nlean (4- SEM) of 5 different tissues. 
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Effects  of  T h r e e  Synthe t i c  Pept ides  A n a l o g o u s  to N e u r o h y p o p h y s e a l  H o r m o n e s  on  the Exc i tabi l i ty  
of  Giant  N e u r o n e s  of Achatinajfulica F ~ r u s s a c  
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Summary. Deamino-dicarba-(D-D-)oxytocin  and D-D-Arg-vasotocin a t  10 -~ kg/1 showed an exc i t a to ry  effect on the  
per iodical ly  oxci l la t ing neurone (PON) of Achatina/ulica F6russac. D-D-Arg-vasopressin had  no effect. 

We  ob ta ined  three  syn the t i c  pep t ides  analogous to 
neu rohypophysea l  hormones ,  deamino-d ica rba -oxy toc in  
(D-D-Oxytocin), deamino-d icarba-Arg-vaso toc in  (D-D-Arg- 
vasotocin) and  deamino-d icarba-Arg-vasopress in  (D-D- 
Arg-vasopressin)  in the  analy t ica l ly  pure  s ta te  2, 3. In  the  
p resen t  s tudy,  we a t t e m p t e d  to  compare  the  effects of 
these pep t ides  on the  exci tabi l i ty  of 2 spon taneous ly  firing 
g ian t  neurones  (the PON,  pei iodical ly  oscil lat ing neurone ;  
and the  TAN, tonical ly  an toac t ive  neurone)~-6 ident i f ied 
in the  subesophageal  ganglia of an Afr ican g iant  snail, 
Achatina /ulica F~russac. 

A micropipe t te ,  implan ted  into one of the  ident if iable  
neurones,  recorded its intracel lular  b iopoten t ia l  wi th  a 
pen-wr i t ing  ga lvanometer ,  and coun ted  the  number  of 
i ts  spike discharges per  rain by a spike counter .  We  ap-  
pl ied these  pep t ides  dissolved in the  snail 's  physiological  
solut ion ~ direct ly  to  the  dissected ganglia (ba th  applica-  
tion). We also appl ied these pept ides  locally to an ident i-  
fiable neurone  (microdrop applicat ion)s .  In  th is  case, we 
made  a microdrop  in the  open air (about  150 a m  in 
diameter)  of a pep t ide  solut ion a t  the  t ip  of a micro- 
p ipe t t e  conta in ing  the  pep t ide  solut ion b y  oil pressure,  

and placed the  microdrop  on the  surface of an ident if iable  
neurone  (its d i amete r  is abou t  200 lxm). As the  electrical 
res is tance of the  neuromembrane ,  we measured  its cur- 
ren t -vo l tage  re la t ionships  ( I -V  curve), using 2 micro- 
e lectrodes imp lan ted  into the  soma:  one was  to record 
the  biopotent ia l ,  the  o ther  to app ly  the  t r a n s m e m b r a n e  
t r iangular  cur ren t  of long dura t ion .  We always recorded 
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Fig. 1. Effects of 3 synthetic peptides analogous to neurohypo- 
physeal hormones, D-D-Arg-vasopressin, n-D-oxytocin and n-D-Arg- 
vasotocin, on PON excitability (bath application). The 2 traces were 
recorded continuously. Ordinate: the number of spike discharges/ 
min. Abscissa: time course, each histogram is 1 miu. n-D-oxytocin 
and n-D-Arg-vasotocin even at 10 -4 kg/1 clearly showed an excitatory 
effect ou the PON, though u-n-Arg-vasopressin at 2 x 10 4 kg/1 was 
ineffective. 

PON 

 9 U4JJa q4m& LLL 0LU99  
~' D-D-oxyt0cin4x 10-4~ 0.15mm(700pg) 

U Jdd J4  r,  u a  L 
t D-D-vas0t0cin4X 10-~Z O.15rnm(700Pg ) 

C 

D-D-vas0 gressin4 • 1W4 ~ [}.15m m{70t~Pg) 

30sec 

Fig. 2. Effects of 3 synthetic peptides analogous to neurohypo- 
physeaI hormones on the PON biopotential (microdrop application). 
All traces (A, B and C) have been recorded from the same PON. 
Upper traces of A, B and C are full-spike recordings of the PON 
biopotential. Lower traces of A, B and C are high gain recordings 
of upper traces, h lower traces, spike peaks have been cut by an 
electronic voltage clipper. We applied a microdrop (about 150 [xm 
in diameter) of 4 • 10 ~ kg/l D-D-oxytocin (total amount of this 
substance is estimated to be 700 pg) in A (arrow), a microdrop of 
4 • 10 -4 D D-Arg-vasotocin in B (arrow), and a microdrop of 4 • 10 4 
D-D-Arg-vasopressin in C (arrow). Left vertical bar: calibration for 
upper traces (50 mV). Right vertical bar: calibration for lower traces 
(20 re.V). Horizontal bar: time course (30 see). Note that a micro- 
drop of D-n-oxytocin and D-D-Arg-vasotocin caused depolarization of 
the PON neuronlelnbrane and augmentation of the number of its 
spike discharges, although D-D-Arg-vasopressin, applied in the same 
way, showed no effect, 

the biopotential shift and the intensity of the applied 
current with an oscilloscope. When two I-V curves, one 
measured in the physiological state and the other under 
the presence of some peptide, were superimposed, the 
r eco rd ings  of t he  app l i ed  c u r r e n t  i n t e n s i t y  were  g r a ph i -  
cal ly e rased  a f t e r  c o n f i r m i n g  t he i r  fa i r ly  t r i a n g u l a r  s h a p e s  
(no rec t i f i ca t ion  of t h e  mic r oe l ec t r ode  to  a p p l y  t h e  cur -  
ren t ) .  

E x p e r i m e n t a l  r e su l t s  o b t a i n e d  in  t he  p r e s e n t  s t u d y  are 
s u m m a r i z e d  in t he  Table .  I n  F i g u r e  1, t h e  effect  of these  
p e p t i d e s  a d m i n i s t e r e d  b y  the  b a t h  a p p l i c a t i o n  on  P O N  
exc i t ab i l i t y  is c o m p a r e d .  A l t h o u g h  D-D-Arg -vasop re s s in  a t  
2 X 10 * kg/1 s h o w e d  no  effect  on  the  P O N  (per iodica l Iy  
osc i l la t ing  neu rone ) ,  D-D-oxytoc in  a n d  D-D-Arg-vaso toc in  
in t h e  s a m e  c o n c e n t r a t i o n  h a d  a r e m a r k a b l e  e x c i t a t o r y  
effect. T h e  l a t t e r  t w o  s u b s t a n c e s  a t  even  10 -4 kg/1 c lear ly  
s h o w e d  e x c i t a t o r y  effects  on  t h i s  ne u r one .  

As F i g u r e  2, A a n d  B shows ,  t h e  a p p l i c a t i o n  of a 
m i c r o d r o p  of D-D-oxytoc in  a n d  of D-D-Arg-vaso toc in  ( the 
t o t a l  a m o u n t  of each  app l i ed  p e p t i d e  is ca l cu la t ed  to  be 
a b o u t  700 pg) (ar row) caused ,  w i t h  a s h o r t  l a tency ,  a clear  
d e p o l a r i z a t i o n  of t h e  P O N  n e u r o m e m b r a n e  a n d  a n  aug-  
m e n t a t i o n  of i ts  sp ike  f r e q u e n c y  w i t h o u t  s y n a p t i c  noises.  
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Fig. 3. Changes of the current voltage relationships (I-V curve) of 
the PON neurornembrane, caused by n-n-oxytocin (bath application). 
To measure the I-V curve, a triangular current (hyperpolarizing, de- 
polarizing and hyperpolarizing (1.2 • 103) -1 Hz) has been applied into 
the PON soma. a) PON I-V curve measured in the physiological 
state, b) PON I-V curve measured 3 min after 2 • 10 -4 kg/1 D-U- 
oxytocin. In A) the two I V curves (a and b) have been. superim- 
posed using the initial polarization level (just before the triangular 
current application) as the common standard. Ordinate (V) : voltage 
of biopotential shift (mV). Abscissa (I) : intensity of applied current 
(nA). Horizontal bar: time course (30 see). In B) the two I-V curves 
(a and b) have been superimposed using the firing level as the com- 
mon standard. Vertical bar: calibration of biopotentiaI shift (40 mV). 
Upper horizontal bar: intensity of applied current (10 nA). Lower 
horizontal bar: time course (30 see). Note that the two I-V curves 
(one measured in the physiological state, the other measured in the 
presence of 2 • 10 -4 kg/1 n-n-oxytoein) are concordant in the wide 
range of membrane polarization level, when the 2 curves have beer1 
~uperimposed using the firing levr as ~he 0ommo.n standard, 
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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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M e t a b o l i s m  of a Bi l iary Metabol i te  of Phenacet in  and Other Acetani l ides  by the Intestinal  Microf lora 
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16 February 7976. 

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) .  


