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As s h o w n  in t he  Figure,  a m m o n i u m  or c y a n a t e  ion 
b ind ing  as d e t e r m i n e d  b y  N analyses  d u r i n g  equ i l ib r ium 
dialysis  occur red  more  r ap id ly  a n d  in g rea te r  a m o u n t  
t h a n  d id  b i n d i n g  of urea.  W h e n  d e t e r m i n e d  b y  isotope,  
however ,  no  b ind ing  of t he  ca rbon  a t o m s  of u r ea  or KOCN 
was de tec tab le .  I t  was  ev ident ,  therefore ,  t h a t  n e i t h e r  
u rea  N nor  c y a n a t e  were  b o u n d  to oxidized s t a r c h  as 
u n c h a n g e d  ent i t ies .  

Discussion. The  d a t a  p re sen ted  here  d e m o n s t r a t e d  
t h a t  b ind ing  of u rea  to  oxidized s t a r c h  was negligible,  b u t  
t h a t  b i n d i n g  of n i t rogenous  p roduc t s  of u rea  hydro lys i s  
p roceeded  rapid ly .  Since t he  c a r b o n  a t o m  of c y a n a t e  ion 
was  n o t  b o u n d ,  a n d  t h e  degrees of mo la r  b i n d i n g  of 
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Time course of solute binding by oxidized starch during equilibrium 
dialysis. Each prospective ligand was 0.04 M and dialyses were 
performed with stirring at room temperature as described in Methods. 
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anionic  c y a n a t e  a n d  ca t ionic  a m m o n i u m  ion were s imi lar  
i t  was a p p a r e n t  t h a t  comple te  decompos i t ion  t h r o u g h  
c y a n a t e  was essent ia l  for N b i n d i n g  b y  oxidized s ta rch .  
The  k ine t ics  of u rea  convers ion  in w a t e r  to  cyana te ,  a n d  
convers ion  of c y a n a t e  to  CO 2 a n d  a m m o n i u m  ion h a v e  
been  rev iewed b y  I-IAGEL et  al. 5. I n  t h e  presence  of polyal-  
dehyde  i t  seemed l ikely t h a t  t he  equ i l ib r ium was sh i f ted  
t owards  a m m o n i u m  ion f o r m a t i o n :  

(NH2) CO . Z NCO- + NH4+~___>N-aldehyde oxidized 

NH + l  starch complex NCO- + H20 HCO-3 + 4 ---I 

The  above  obse rva t i ons  t h u s  a c c o u n t e d  for t h e  long t i m e  
requ i red  to  d e m o n s t r a t e  ' u rea '  b i nd ing  b y  a ldehyde  
s t a r c h  p repa ra t ions .  F u r t h e r m o r e ,  in  v iew of these  da ta ,  a 
p roposed  m e c h a n i s m  for r e m o v a l  of fecal N b y  such  
a b s o r b e n t s  m u s t  inc lude  conve r s ion  of g u t  u rea  in to  
a m m o n i u m  ion, a p h e n o m e n o n ,  well  cha rac te r i zed  in 
man3,  6. Whi l e  t he  comple te  m e c h a n i s m  for  increased 
fecal  N r e m o v a l  b y  c a r b o h y d r a t e s  m a y  n o t  necessar i ly  
invo lve  N - b i n d i n g  7, t he  fac t  t h a t  u remic  p a t i e n t s  are 
u n a b l e  to  hyd ro lyze  more  u rea  t h a n  n o r m a l  ind iv idua l s  s 
m a y  ye t  leave a n  i m p o r t a n t  t h e r a p e u t i c  role for a n  
innocuous  ga s t ro in t e s t i na l  a m m o n i u m  ion b ind ing  agent .  

Summary. B y  use of z4-C label  i t  was  d e m o n s t r a t e d  t h a t  
a p p a r e n t  b i n d i n g  of u rea  N to  po lya ldehyde  s t a rch  was 
p r o b a b l y  preceeded  b y  hydro lys i s  to  a m m o n i u m  ion. 
T h u s  d i rec t  u rea  b ind ing  was n o t  t he  m e c h a n i s m  t h r o u g h  
wh ich  inges ted  po lya ldehyde  s t a r c h  m i g h t  increase  fecal 
N exc re t ion  in u remic  pa t i en t s .  
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Further  I n v e s t i g a t i o n s  into  the  Effects  of B a c l o f e n  

I n  a n u m b e r  of neu ra l  p repa ra t ions ,  t he  effects of 
bac lofen  (Lioresal), a n  an t i - spas t i c  drug,  are d i f fe ren t  
f rom those  of ~ - a m i n o b u t y r i c  acid (GA]3A), a p u t a t i v e  
i n h i b i t o r y  t r a n s m i t t e r ,  a l t h o u g h  t he  two  subs t ances  
share  a s imi lar  chemica l  s t r u c t u r e  1-4 In  a p rev ious  repor t ,  
i t  was shown  t h a t  bac lofen  and  G A B A  reduce  t he  spon ta -  
neous  ace ty lchol ine  (ACh) release f rom t he  isola ted sp ina l  
cord  b u t  t h a t  t he  e x t e n t  a n d  t ime  course of t he i r  ac t ion  
are d i f fe ren t  4. The  effect  of t h e s e  two c o m p o u n d s  ha s  
now been  t e s t ed  b o t h  on  t he  sp ina l  roo t  p o t e n t i a l s  and  
on  t he  e lec t r ica l ly-evoked release of ACh, w h i c h  is t h o u g h t  
to  be  t he  n e u r o t r a n s m i t t e r  of m o t o r  a x o n  col la tera ls  5. 

Methods. Frogs  (R. temporaria) were used. T he  sp ina l  
cord was removed ,  hemisec t ed  sag i ta l ly  a n d  p laced  in a 
500 txl b a t h  a t  14~ T he  v e n t r a l  roo t  p o t e n t i a l  (VRP)  
evoked  b y  o r t h o d r o m i c  s t i m u l a t i o n  of t he  co r respond ing  

(L ioresa l )  o n  the  I so la ted  Spina l  Cord 

dorsa l  root ,  or t he  dorsa l  roo t  p o t e n t i a l  (DRP)  evoked b y  
a n t i d r o m i c  s t i m u l a t i o n  of t h e  co r re spond ing  v e n t r a l  
roo t  were recorded  w i t h  Ag/AgC1 electrodes  a n d  d isp layed  
o n  a s to rage  oscilloscope a n d  on  a pen  recorder  as a l r eady  
descr ibed  6, L The  ACh release was m e a s u r e d  eve ry  10 
m i n  as p rev ious ly  r epo r t ed  4, ~. 

z D. R; CURTIS, C. J. A. GAME, G. A. R. JOHNSTON and R. M. 
McCuLLOCH, Brain Res. 70, 493 (1974). 
J. DAVIES and J. C. WXTKINS, Brain Res. 70, 501 (1974), 

8 R. A. DAVlDOFE and E. S. SEARS, Neurology, Minneapolis 2d, 
957 (1974). 

4 A. NISTRI and A. CONSTANTI, Experientia 37, 64 (1975). 
5 j .  F. MITCHELL and J. W. PmLLIS, Br. J. Pharmac. Chemother. 

79, 534 (1962). 
A. NISTRI, J. Physiol., Lond. 2d6, 32P (1975). 

7 A. NISTRI and A. CONSTANTI, Eur. J. Pharmac. 37, 377 (1975). 
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Fig. i. Effect of GABA (10 -4 M) 
and baclofen (2 • 10 -4 M) on the 
VRP:  a) and d) controls; b) GABA 
(5min); c) 10 rain after wash; 
e) and f) baclofen (3 and 4 min re- 
spectively); g) 60 min after wash. 
Effect of GABAand baclofen (doses 
as above) on the DRP: h) control; 
i) GABA (5min); j) 10 min after 
wash; k) baclofen (5 rain); 1) 70 
min after wash. Calibrations : a)-e) 
1 mV, 20 msee; d)-g) 2 mV, 20 
msee; h)-l) 0.5 mV, 20 msee. 

Results.  Th e  effect  of G A B A  (10 -4 M) a n d  bac lofen  
2 • 10 4 M) on  the  V R P  and  D R P  is s h o w n  in F igu re  1. 

B o t h  c o m p o u n d s  depressed  these  po ten t ia l s .  However ,  
while  bac lofen  hype rpo la r i zed  t he  v e n t r a l  and  t he  dorsa l  
root ,  G A B A  depolar ized the  dorsa l  a n d  t he  v e n t r a l  root ,  
a l t h o u g h  occas ional  hype rpo l a r i z a t i ons  of t he  v e n t r a l  root  
were also encoun te red .  The  p r e p a r a t i o n s  recovered  
w i t h i n  5 m i n  f rom the  app l i ca t ion  of G A B A  and  af te r  
60 70 m i n  f ro m  baclofen.  

T h e  ACh release f rom the  frog cord was  s t ud i ed  du r ing  
s t i m u l a t i o n  of t h e  ven t r a l  or dorsa l  root  a n d  t he  r e su l t s  
are sh o wn  in F igure  2. Dorsa l  roo t  s t i m u l a t i o n  (1 Hz  for 
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Fig. 2. Effect of GABA and baelofen on the electrically evoked ACh 
release from the frog spinal cord. Above: ACh release following 10 
min of dorsal root stimulation (1 Hz; 0.1 msec; supramaximal 
voltage) in control (open colunm), baclofen-treated (dotted column) 
or GABA-treated (hatched colunm) preparations. Below: ACh 
release following 10 min of ventral root stinmlation (parameters and 
symbols as above). GABA or baclofen were added to the bathing 
fluid when the electrical stimulation started. In untreated cords no 
decay in VRPs or DRPs over a 10 min period was seen. The results 
reported are mean • SEM of the number of experiments in brackets 
and are expressed as the % of the preceeding unstimulated control 
values. The average ACh release from nnstimulated spinal cords was 
16.9 i 2.0 ng/ml/10 rain. 

10 min)  was  n o t  a c c o m p a n i e d  b y  a c ha nge  in t he  ACh  
o u t p u t  as a l r e a dy  repor ted~,6;  bac lofen  ( 2 •  4 M) ,  
w h e n  appl ied  to t he  b a t h  du r ing  the  10 m i n  per iod of 
dorsal  root  s t i m u l a t i o n ,  r educed  ACh o u t p u t .  Converse ly ,  
G A B A  (10 .4 M) did n o t  v a r y  ACh release fol lowing t h i s  
t y p e  of s t imu la t i on .  

Ven t r a l  roo t  s t i m u l a t i o n  (1 Hz  for 10 min) w h ic h  pro-  
duces  a d i rec t  a c t i v a t i o n  of t he  ACh-re leas ing  m o t o r  
a x o n  col la terals  5,6, c a use d  a large rise in ACh o u t p u t  
c o m p a r e d  w i t h  the  u n s t i m u l a t e d  p reced ing  period.  Th i s  
effect  was  no t  p r e v e n t e d  b y  G A B A  (10 _4 M) b u t  was  
comple t e ly  b locked b y  bac lofen  (2 • 10 4 M).  

Since it  h a s  been  sugge s t e d  t he  bac lofen  m i g h t  ac t  b y  
s t i m u l a t i n g  c a t e c h o l a m i n e  receptors1,  2, the  effect  of 
no ra d re na l i ne  (NA) a nd  adrena l ine  (A) (the l a t t e r  be ing  
t he  phys io logica l  c a t e c h o l a m i n e  of the  frog n e r v o u s  
t i s sue  8) on t he  u n s t i m u l a t e d  o u t p u t  of ACh was  n e x t  
s tud ied .  The  ACh release (mean  2- S E M ) w a s  55.1 • 10.5, 
78.2 ~ 11.3 a nd  39.4 • 10.3% of the  cont ro l  va lue s  10, 
20 a nd  30 m i n  r e spec t ive ly  a f te r  t he  add i t ion  of A (1.5 
• 10 6 M) to t he  R inge r  b a t h i n g  the  cord. I t  t h e n  r e t u r n e d  

to the  cont ro l  level. N A  (5 • 10 8 M) was  m u c h  less effec- 
t ive  in depress ing  ACh release t h a n  A a nd  a 33.1 ~ 10.2% 
decrease  was  seen on ly  30 m i n  af te r  t he  app l i ca t ion  of 
NA, w i th  r ecovery  in t he  fol lowing sample .  

Discussion.  A l t h o u g h  G A B A  a nd  bac lofen  depressed  
b o t h  the  V R P  a n d  t he  D R P ,  the i r  effect  was  b r o u g h t  
a b o u t  b y  d i f fe ren t  m e c h a n i s m s ,  since t he  f i rs t  u s u a l l y  
depolar ized  t he  roo t  a n d  t he  second  hype rpo la r i zed  it. 
On t he  bas is  of e x p e r i m e n t s  carr ied ou t  in Mg2+-treated 
frog sp ina l  cords  to  s u p p r e s s  i n t e r n e u r o n a l  ac t iv i ty ,  it  
was  conc luded  t h a t  t he  ac t ion  of bac lofen  on t he  V R P  
a nd  D R P  was  m a i n l y  ind i rec t  t h r o u g h  i n t e r n e u r o n a l  
c i rcui ts  a. However ,  bac lofen  b locked  t he  release of ACh  
following a n t i d r o m i c  v e n t r a l  roo t  s t i m u l a t i o n  ; t h i s  f ind ing  
shows  t h a t  t he  d r u g  m a y  h a v e  d i rec t  p r e s y n a p t i c  effects  
on the  t e r m i n a l s  of t he  m o t o r  a xon  col laterals  b y  r e d u c i n g  
t he  release of the i r  t r a n s m i t t e r .  G A B A  did no t  c h a n g e  t h e  
release p roduc e d  b y  v e n t r a l  root  s t i m u l a t i o n ;  the re fo re  
an  ac t ion  of th i s  a m i n o  acid on the  m o t o r n e u r o n e  t e r m i n a l s  
would  no t  a p p e a r  to be present .  

The  s p o n t a n e o u s  ACh o u t p u t ,  w h ic h  would  m o s t l y  
resu l t  f r om the  tonic  a c t i v i t y  of m o t o r n e u r o n e s ,  h a s  
a l r eady  been  s h o w n  to  be r educed  b y  G A B A  a n d  baclo-  
fen 4 as a consequence  of a n  ac t ion  e i ther  on i n t e r n e u r o n e s  

8 B. B. BRODIE and D. F. BODANSKI, in Progress in Brain Research 
(Eds. W. A. HIMWleH and H. E. HIMWlCH; Elsevier, Amsterdam 
1964), p. 234. 
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or on moto rneurones  themselves .  The reduct ion  p roduced  
by  baclofen was smaller  and had  a t ime course di f ferent  
f rom t h a t  p roduced  b y  a low dose of A, the  physiological  
ca techolamine  o f  the  amph ib i an  nervous  sys tem s. This 
suggests  t h a t  baclofen does no t  ac t  b y  s t imula t ing  cate-  
cholamine  receptors .  In  conclusion, t he  depression of 
moto rneurone  ac t iv i ty  induced  by  baclofen appears  to be 
the  result  of an act ion on the  mo to rneu rone  nerve  endings  
and on in te rneurona l  mechan i sms  a. These effects m a y  
be re levan t  t o  the  mode  of ac t ion  of baclofen as an ant i -  
spast ic  agent  9. 

9 I thank Prof. J. P. QUILLIAM for his encouragement and Ciba- 
Geigy laboratories for the gift of baclofen. The technical assistance 
of Miss ALISON ROBSON who was supported by the Welleome 
Foundation is gratefully acknowledged. 

10 Present address: Institute of Pharmacology, University of 
Florence, Viale Morgagni 65, 1-50134 Firenze (Italy). 

Riassunto. I1 GABA e i l  baclofen (Lioresal), un fa rmaco 
usato nella te rap ia  della spasticitA, r iducono i potenzial i  
regis t ra t i  dalle radici  dorsali  e ven t ra l i  del midollo 
spinale di r ana  in vitro.  I1 baclofen r iduce anche la l ibera- 
zione d i  acet i lcol ina spinale p r o d o t t a  dal la  s t imolazione 
an t id romica  delle radici  ventra l i .  Questo effe t to  suggerisce 
un ' in te raz ione  del baclofen con le t e rminaz ione  nervose 
dei mo toneuron i  da cui l 'acet i lcol ina viene l iberata.  U n a  
depressi0ne del l 'a t t ivi tA dei mo toneuron i  spinali  pu6 in 
pa r t e  spiegare il meccanismo di azione di ta le  farmaco.  

A. NISTR110 

Pharmacology Department, St. Bartholomew's Hospital, 
Medical College, University o/London, Charterhouse Square, 
London E.C.TM 6BQ (England), 29Apri l  7975. 

�9 % o Penetration of abelled Rifampiclr} mtOxPrimate Peripheral Nerve 

Since the  f l rs~-repor ts  on the  use of Rifampic in  in The rad ioac t iv i ty  of the  t issues was de t e rmined  by  
clinical leprosy,  numerous  au thors  have  a t t e s t ed  to  i ts  
rapid  clinical and bacter ic ida l  ac t ion1-L However ,  in 
view of t he  known  t e n d e n c y  of t he  leprosy bacillus to 
mul t ip ly  and  pers is t  in h u m a n  nerve,  and  in view of the  
diff icul ty of assessing the  act ion of Ri fampic in  in the  
nerves  of pa t i en t s  (serial biopsies being of necess i ty  
l imited) it  was  t h o u g h t  i m p o r t a n t  to s t u d y  the  pene t r a t i on  
of th is  drug into the  per iphera l  nerves  of a pr imate .  Af ter  
dissolving in p ropylene  glycol, 78 mg of 3-(4 ' -methyl-1-  
p iperaz inyl - iminomethyl - l*C)-r i famycin  SV. wi th  a spe- 
cific ac t iv i ty  of 3.0 [xCi/mg, was in jec ted  i.v. into the  
femoral  vein of a 12 kg, 6-year-old male Rhesus  monkey.  
Urine and  faeces were collected separa te ly  in a me tabo l i sm 
cage. 6 h af ter  in ject ion the  an imal  was killed wi th  CO2, 
and  blood was t aken  f rom the  femoral  vein, toge the r  
wi th  the  16 t issues shown in t he  Table.  

Segments  of bo th  med ian  and  sciatic nerve  approx ima te -  
ly 4-5 cm in leng th  were r emoved  af ter  s l i t t ing the  
epineurium, tak ing  grea t  care to avoid con tamina t ion  b y  
blood or t issue fluid. 

Distribution of radioactivity in monkey tissues 6 h after an i.v. 
dose of 6.48 mg]kg Cl~-Rifampicin 

Tissue [xg/g �9 Tissue �9 [zg/g or ml 

Left brachial nerve 2.12 b Tongue 6.33 
Right brachial nerve 1.92 Spleef 6.72 
Left sciatic nerve 2.29 Lung 8.32 
Right sciatic nerve 2 . 0 9  Pancreas 14.76 
Brain o 0.87 Testes 6.19 
Liver o 60.41 Salivary gland 12.78 
Fat o 1 .57  Kidney o 14.69 
Thyroid c 6 . 9 6  Plasma 4.64 
Epididymis 8.14 Blood c 8.19 
Heart o 10,11 Muscle e 4.55 
Adrenal o 11.83 

�9 Concentration calculated using a specific activity of 3.0 ~xCi/mg, 
and is given as Rifampicin equivalents, i.e. Rifampicin plus any 
metabolites formed, b Each va~ue is the average of 2, and in the case 
of blood and plasma 3, samples of tissue. ~ referred to in the 
text, the radioactivity in which, together with urine and faeces, 
accounted for about 80% of the dose administered. 

dissolving ap p ro x i ma t e l y  200 mg of each t issue in 2 ml  
2-propanol :  Soluene (Packard  I n s t r u m e n t s  Ltd.) (1:1 
v/v) and  t h e n  di lut ing the  resul t ing solut ion wi th  15 ml  
Ins ta -Gel  (Packard  I n s t r u m e n t  Ltd . ) :  HC1 (9:1 v/v) for 
count ing.  Blood sampleg (0.5 ml) were decolourized wi th  
0.5 ml  H~O~ before  adding  t h e  scinti l lator .  Ur ine  and  
p lasma (both 0.5 ml) were dissolved di rec t ly  in scintil lator.  
Faeces were dried, powdered,  and  combus ted ,  the  resul t -  
ing 14CO~ collected and measured.  

Rad ioac t iv i ty  was measured  by  scint i l la t ion counting.  
Quenching  was corrected for by  the  in te rna l  s t anda rd  
m e t h o d  using n-(1-14C) hexadecane  (Radiochemical  Centre,  
Amersham) .  

Resul ts  are shown in t he  Table.  The h ighes t  amo u n t  of 
rad ioac t iv i ty  per  g of t issue was found  in liver and  the  
lowest  in nervous  t issue and fat.  The nerve  to  blood rat io 
averaged 0.25 in the  4 nerves examined .  P a r t  of the  radio- 
ac t iv i ty  in t issues is p robab ly  associated wi th  the  blood 
conta ined  wi th in  them,  bu t  un fo r tuna t e ly  we can find no 
da t a  on the  a m o u n t  of blood con ta ined  in the  endo- and  
per ipneur ia l  zones of nerve  af ter  removal  of the  epineu- 
r ium wi th  its compara t ive ly  large vessels. However  if the  
value for h u m a n  medul la  s . is of re levance then  the  
m a x i m u m  cont r ibu t ion  of r ad ioac t iv i ty  f rom blood found  
in nerve  would  be ap p ro x i ma t e l y  the  equivalent  of 
0.02 ~g/g i.e. leaving a p p r o x i m a t e l y  1.98 ~zg/g in nerve  
itself. 

Of the  to ta l  dose, 10.5% was excre ted  in t he  urine and  
8.3% in the  faeces dur ing the  exper iment .  In  all abou t  
80% of the  dose could be accounted  for by  t h a t  in the  
excre ta  plus the  to ta l  a m o u n t  found in those  t issues 
marked  wi the  (Table). 
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