
15. ~0. 1969 Speeialia 1053 

vo ided  u r ine  f rom the  r i g h t  k i d n e y  a n d  t h e  u r ine  f rom t h e  
h y d r o n e p h r o t i c  lef t  k i d n e y  were c o m p a r e d  b y  t h e  
O u c h t e r l o n y  t e c h n i q u e  w i t h  respec t  to  t he  p resence  of t h e  
organ-speci f ic  an t igens  descr ibed  above .  No p rec ip i t a t i on  
l ines deve loped  w h e n  ur ine  f rom t h e  h y d r o n e p h r o t i c  sac 
was  r eac t ed  w i t h  a n t i s e r a  to  t h e  s e d i m e n t  a n d  l ip id  
f r ac t ion  of t h e  accessory  gen i t a l  glands.  As expected ,  t h e  
s p o n t a n e o u s l y  vo ided  ur ine,  pass ing  t h r o u g h  t he  u r i n a r y  
b l a d d e r  and  u re th r a ,  c o n t a i n e d  a n  a n t i g e n  p r e c i p i t a t i n g  
w i t h  t h e  2 a n t i s e r a  (figure). I t  is n o t e w o r t h y  t h a t  th i s  
r e a c t i n g  an t i gen  is of h igh  molecu la r  weight ,  s ince i t  was  
exc luded  f rom a G-200 S e p h a d e x  co lumn.  

SELLERS 1 is of t h e  op in ion  t h a t  p r o t e i n u r i a  in  t he  r a t  
s t ems  solely f rom the  k idneys .  THI:NG ~ r epo r t s  t h a t  in  t h e  
mouse  no  p ro t e ins  o the r  t h a n  those  of rena l  or igin are  

d e m o n s t r a b l e .  RUEMKE a n d  THUNG 7 bel ieve  t h a t  t he  
mouse  ur ine  con t a in s  a p r o t e i n  p roduced  in t h e  l iver,  
wh ich  is c o n c e n t r a t e d  a n d  excre ted  b y .  t h e  k idneys .  
T h e  o b s e rv a t i o n s  r epo r t ed  he re in  unequ ivoca l l y  demon-  
s t r a t e  t h a t  t h e  s p o n t a n e o u s l y  vo ided  ur ine  of t h e  ma le  
r a t  con ta ins  a t  l eas t  one p ro te inaceous  c o m p o n e n t  wh ich  
is n o t  excre ted  or secre ted  b y  t h e  k idneys .  Th i s  com- 
p o n e n t  has  been  found  to  be  serological ly  organ-specif ic  
for t h e  mate  accessory gen i ta l  g lands  ; i ts  absence  f rom t he  
r ena l  pe lvic  u r ine  p roves  t h a t  non - r ena l  t i ssue  c o n s t i t u e n t s  
are c o n t r i b u t e d  to t h e  p r o t e i n u r i a  of t h e  n o r m a l  ma le  r a t  s. 

Zusammen/assung. Es  wird  gezeigt,  dass  be i  gesunden  
m g n n l i c h e n  R a t t e n  n u r  Urin ,  der  die u n t e r e n  H a r n w e g e  
passier t ,  B e s t a n d t e i l e  der  Gesch lech t sdr i i sen  en thg l t .  
Somi t  is t  die n o rma l e  P ro t e i n u r i e  zu m Tell  auf  die 
Aussche idung  e x t r a r e n a l e r  G e w e b s k o m p o n e n t e n  zuri ick-  
zufi ihren.  
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Double immunodiffusion tests of antisera directed against the lipid 
fraction (L) and sediment (S) of the male accessory genital glands 
with the spontaneously voided urine (a and e) and renal pelvic 
urine (b and d). With the 2 urine specimens illustrated, a precipita- 
tion band developed only when the antisera were reacted with the 
voZded urine. 
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Comparison of the Effects of Atropine Sulfate and 

I n  i n t e r p r e t i n g  t he  cen t r a l  ac t ion  of cho l inominmt i c  
agents ,  a t r o p i n e  su l fa te  is f r e q u e n t l y  used as a b lock ing  
a g e n t  to  d e t e r m i n e  w h e t h e r  t h e  ac t ion  is m e d i a t e d  b y  a 
n ico t in ic  or musca r in i c  m e c h a n i s m .  The  ques t ion  arises 
w h e t h e r  i t  is ac t ing  as a musca r in i c  b lock ing  a g e n t  or as a 
nonspeci f ic  local  anes the t ic ,  since t he  chemica l  s t r u c t u r e  
of a t rop ine  h a s  c e r t a i n  s imi lar i t ies  to  cocaine.  M a n y  
a t r o p i n e  ana logues  1, 2 h a v e  been  r epo r t ed  to  h a v e  local  
a n e s t h e t i c  ac t iv i ty .  I n  1960, CURTIS a n d  PHILLIS a 
d e m o n s t r a t e d  t h a t  a t r o p i n e  su l fa te  b e h a v e d  s imi la r ly  to  
p roca ine  HC1 in  depress ing  t h e  spike p o t e n t i a l s  of sp ina l  
neu rons  evoked  b y  chemica l s  (acetylchol ine,  g l u t a m a t e  
ions) and  n e r v e  s t i m u l a t i o n  (vent ra l - root ) .  

I n  r ev iewing  t h e  l i t e ra tu re ,  t he  on ly  p a p e r  t h a t  
quantitatively describes the local anesthetic effect of 
atropine sulfate was published in 1948 by DE ELIO ~. 
Atropine was reported to have half the potency of pro- 
caine by the method of i.c. injection in guinea-pigs. 
Although this is a useful screening method for local 
anesthetics 5, it is possible that atropine may appear 
active in this test because of interference with pain 
receptor mechanisms. The local anesthetic activity of 
atropine has therefore been reinvestigated on the isolated 
frog sciatic nerve in order to obtain a more direct assess- 
ment of its properties. 

Procaine Hydrochloride on Nerve Conduction 

Methods. Frog  R inge r :  T h e  fol lowing so lu t ion  was used 
t h r o u g h o u t  t h e  e x p e r i m e n t s :  NaC1, l l 0 m M ;  KC1, 
2.7 mM; CaCI> 1.8 raM; Tris-(hydroxymethyl)-amino- 
m e t h a n e ,  1.0 m M  an d  E D T A ,  0.1 raM.  T h e  so lu t ion  was 
ad ju s t ed  to p H  7.4 w i t h  HC1. E a c h  t e s t  so lu t ion  was m a d e  
up  b y  d issolv ing t h e  d rug  in t h e  above  so lu t ion  a n d  t h e  
p H  was r e a d j u s t e d  to  7.4 b y  a d d i n g  d i lu te  N a O H  solut ion.  

N e r v e - b a t h :  A smal l  p las t i c  r e c t a n g u l a r  t i ssue  b a t h  of 
1.0 • 2.0 • 4.0 cm a w i t h  a p las t i c  cover  was  used. 9 p l a t i n u m  
electrodes  were  a r r anged  as shown  in F igure  1, so t h a t  
2 of t h e m  (6 an d  7) were i m m e r s e d  in t h e  so lu t ion  w h e n  i t  
was pa r t i a l l y  filled (3 m l  of t h e  t e s t  solut ion) .  T h e  d i s t ance  
b e t w een  t h e  p l a t i n u m  elect rodes  was 0.5 cm. D u r i n g  t h e  
e x p e r i m e n t  t h e  n e r v e - b a t h  was filled w i t h  3 ml  of t he  
t e s t  solut ion.  T h e  n e r v e  was t h r e a d e d  t h r o u g h  t h e  
e lect rodes  so t h a t  i t  l ay  a b o v e  e lect rodes  1-5, be low 
elect rodes  6-7 a n d  above  electrodes  8-9, en su r ing  t h a t  a 
c o n s t a n t  l eng th  of ne rve  was i m m e r s e d  in t h e  t e s t  solu- 
t ion.  The  ne rve  was s t i m u l a t e d  a t  i ts  pe r iphe ra l  end  
t h r o u g h  electrodes  1 a n d  2, b y  s u p r a m a x i m a l  squa re  
wave  pulses  (0.15 ms, 0.5/s) f r om a Grass  S4B s t i m u l a t o r  
a n d  Genera l  R a d i o  578A iso la t ion  t r ans fo rmer .  A c t i o n  
p o t e n t i a l s  were recorded  s i mu l t an eo u s l y  b e t w e e n  e lect rodes  
4 an d  5 a n d  e lect rodes  8 a n d  9 us ing  a T e x t r o n i x  502 oscillo- 
scope. E lec t rodes  3, 6 a n d  7 were  connec t ed  to  g round .  
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P repa ra t ion  of nerve :  Frogs (Rana pipiens) of 2 to  
2.5 inch leng th  were used t h r o u g h o u t  t he  exper iments .  
The frogs were decap i t a t ed  and  the  sciatic nerve  removed  
in the  usual  way.  The nerve  was immersed  in frog 
Ringer ' s  solut ion and  kep t  overn igh t  in t he  refr igerator .  
I t  was t r ans fe r red  to  fresh solut ion at  room t e m p e r a t u r e  
for 30 rain and  then  m o u n t e d  in t he  b a t h  in such a way  
t h a t  the  same segment  of nerve  was  always immersed  in 
the  solution. The exper imen t s  were carried out  a t  room 
t e m p e r a t u r e  (24~ The progress  of the  block was fol- 
lowed pho tograph ica l ly  (Dumont  Type  297) or by  
observa t ion  of t he  oscilloscope unt i l  the  act ion po ten t i a l  
was reduced  to  abou t  30%, when  the  drug solut ion was 
asp i ra ted  and  replaced by  fresh solution. The nerve  
p repa ra t ion  was r emoved  f rom the  ba th ,  washed  re- 
pea ted ly  wi th  fresh solut ion and  placed ill t he  refr igerator  
unti l  t he  n e x t  trial,  which  was carried out  af ter  an 
in te rva l  of a t  least  5 h. 

Results. The Table  summar izes  tile resul ts  obta ined.  
Al though  the  ra te  of conduc t ion  block increased some- 
w h a t  on repea ted  exposure  to  0.2 % procaine,  th is  increase 

Time required for procaine hydrochloride or atropine sulfate to 
produce a 50% -reduction ill the action potential of an isolated frog 
sciatic nerve 

No. of Drug Concentration Order of Time to 50% 
experiments % mM test block (min) 

Mean 4- S.E. 

12 Procaine HC1 O.2 7.4 i 7.5 4- 1.9 
0.2 7.4 2 6.5 4- 1.2 
0.2 7.4 3 5.0 4- 1.0 

7 Procaine HC1 0.1 3.7 1 16.6 4- 3.5 
0.2 7.4 2 3.8 4- 0.7 
0.4 14.8 3 1.6 4- 0.3. 

7 Atropine SO 4 4.0 60.0 1 15.2 4- 2.2 
8.0 120.0 2 2.4 4- 0.3 

9 Procaine HC1 0.1 3.7 1 14.5 4- 5.0 
Atropine SO 4 4.0 60.0 2 6.3 4- 2.1 

In each group of experiments 2 or 3 sequential tests were carried 
out on the same nerve preparations in tile order indicated in the 
third column. 
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Fig. i. The nerve bath. 
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Fig. 2. The kinetics of conduction block for 4% atropine sulfate 
and 0.2% procaine HC1. 

was bare ly  s ignif icant  (0.05 > P > 0.02 for pa i red  t-test 
be tween  f irs t  and  last  trials). The ra te  of block was ve ry  
clearly d e p e n d e n t  on concen t ra t ion  of b o t h  procaine  and  
atropine,  and compar i son  of t he  2 agents  indicates  t h a t  
procaine  is 20-40 t imes  more  act ive  on a weight  basis  
when  measured  in th is  way.  At  a concen t ra t ion  of 2% 
a t rop ine  sulfate failed to  p roduce  a 50% block in 6 of 8 
p repara t ions  wi th in  60 rain. Figure  2 compares  the  
kinet ics  of conduc t ion  b lock for 4% a t rop ine  and 0.2% 
procaine  in a r ep resen ta t ive  nerve.  The long l a t en t  per iod 
before t he  onse t  of a t rop ine .b lock  was  seen cons i s ten t ly  
and  is in m a rked  con t ras t  to  t he  immed ia t e  effect  of 
procaine.  

Conclusions. While  a n u m b e r  of in vivo techniques  are 
of value in the  screening of compounds  for po ten t i a l  use as  
local anesthet ics ,  d i rect  e lectrophysiological  inves t iga t ion  
of the  conduc t ion  proper t ies  of all isolated frog sciatic 
nerve  offers s ignif icant  advan tages  in the  precise defini- 
t ion  of local anes the t ic  po t ency  6-s. W h e n  a t rop ine  
sulfate  is compared  to  procaine  hydrochlor ide  in th is  way,  
its re la t ive  po tency  is less t h a n  1 : 20 on the  basis of weigh t  
or molar i ty .  The concen t ra t ion  of a t rop ine  required to  
produce  a cons is ten t  50% block wi th in  60 rain was  4% or 
60 raM, and  the  sulfate ion m a y  have  p layed  a s ignif icant  
role, since the  Ca++ concen t ra t ion  would be depressed 
and  i t  is known  t h a t  Ca ++ is required for p ropaga t ed  
act ion potent ia ls .  

F r o m  these  resul ts  i t  is concluded t h a t  a local anes the t ic  
ac t ion of a t rop ine  is unl ikely to p lay  a s ignif icant  role 

in modi fy ing  the  effects  of o the r  drugs or of nerve  
s t imula t ion  when  i t  is in jec ted  in t racerebra l ly  in concen-  
t r a t ions  of the  range of 1-5 mg/ml .  

Zusammen/assung. Die lokalan/ is thet ische "vVirksamkeit 
des At rop insu l fa t s  wurde  mi t  der  des Novokains  mi t te l s  
Messung  der  Kine t ik  des Nerven impulsb locks  am 
isolierten Nervus  ischiadicus des Frosches  vergl ichen.  
Die re la t ive Wi rksamke i t  des At rop insu l fa t s  ist weniger  
als 1 : 20. 
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