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Depression of the MSR and increase in the DRP by pentobarbital 

EXP~RIE~TIA 29[7 

Dose of pentobarbital (mg/kg) 
Semicarbazide-treated cats Saline-treated cats 
MSR ~ DRP MSR ~ DRP 

10 22 • 7 (6) No effect (3) or 31 ~ 6 (8) Increase in 
mild increase in amplitude (3) amplitude and/or duration (8) 

20 10 4- 8 (6) No effect (6) 12 4- 7 (4) Increase in duration (4) 

~The depressed MSR is expressed as mean % of control followed by the standard error and number of experiments in parentheses. The size 
of the MSR 41[~ h after semicarbazide or saline is taken as control 

Af te r  c a n n u l a t i n g  t he  t r a c h e a  a n d  l iga t ing  ca ro t id  
ar ter ies  of ca ts  in i t i a l ly  ane s t he t i z ed  w i t h  e ther ,  t i le sp ina l  
cord was severed  a t  t he  level  of t he  a t l an to -occ ip i tM 
junc t ion .  E t h e r  was  t h e n  d i s c o n t i n u e d  a n d  t h e  ca ts  
i m m e d i a t e l y  p laced  u n d e r  ar t i f ic ia l  resp i ra t ion ,  w i t h  end  
t ida l  CO~ levels con t ro led  a t  3 .5 -4%.  T he  b r a i n  was m a d e  
i schemic  b y  local p ressure  appl ied  on  t h e  v e r t e b r a l  a r te r ies  
for 5 rain.  The  l u m b o s a c r a l  cord  was exposed,  t h e  d u r a  
sect ioned,  a n d  v e n t r a l  L~, L v a n d  St, a n d  all  c o n t r a l a t e r a l  
dorsa l  and  v e n t r a l  roo ts  were cut.  T he  exposed  t i ssues  
were covered  w i t h  w a r m  m i ne r a l  oil, t h e  t e m p e r a t u r e  of 
which  was m a i n t a i n e d  a t  37~ the rmos t a t i c a l l y .  The  
ips i la te ra l  h a m s t r i n g  ne rves  were d issected  out ,  c rushed  
distalIy,  and  p laced  on  p l a t i n u m  hook  electrodes  for 
s t i m u l a t i o n  (12 c /min)  in  a pool  of w a r m  m i n e r a l  oil. All  
o the r  leg ne rves  were sect ioned.  Ref lex  t r a n s m i s s i o n  was 
recorded  in ips i la te ra l  v e n t r a l  L v whi le  t h e  D R P  was 
recorded  f rom a dorsal  L~ root le t ,  w i t h  t he  t i m e  c o n s t a n t  
of t he  p reampl i f i e r  se t  a t  1 sec. 

The  effects of i.v. a d m i n i s t r a t i o n  of s emica rbaz ide  
(200 mg/kg)  on  sp ina l  cord  p o t e n t i a l s  h a v e  a l r eady  been  
descr ibed  G, 2 The  m o s t  p r o n o u n c e d  effect  was  t he  g radua l  
depress ion  of t h e  D R P  (specifically DRV) ,  wh ich  was 
r educed  in  a rea  to  below 20% of con t ro l  size and  some- 
t imes  comple t e ly  b locked  w i t h i n  4~/2 h of d rug  adm i n i s t r a -  
t ion.  The  v e n t r a l  roo t  d ischarge  was usua l ly  fac i l i ta ted ,  as 
shown  b y  t he  increase  in size of t h e  m o n o s y n a p t i c  (MSR) 
and  p o l y s y n a p t i c  (PSR)  responses  in  4 ou t  of 6 cats .  
P e n t o b a r b i t a l  was  a d m i n i s t e r e d  i,v. 270 m i n  a f te r  semi- 
carbazide ,  a t  a t i m e  w h e n  G A B A  has  been  shown  to  be 
comple te ly  dep le ted  f rom t he  sp ina l  cord s. I n  all 6 experi-  
men t s ,  i t  r e su l t ed  in i m m e d i a t e  depress ion  of t h e  M S R  
and  P S R .  A dose of 10 m g / k g  depressed t he  M S R  to  
22 ~= 7% of con t ro l  size, whi le  20 m g / k g  depressed  i t  to  
10 =~ 8% (Table).  I n  3 of these  expe r imen t s ,  p e n t o b a r b i t a l  
(10 mg/kg)  fai led to  increase  t h e  D R P ,  whi le  in  t h e  re- 
m a i n i n g  3 exper imen t s ,  i t  mi ld ly  increased i ts  amp l i t ude .  
W i t h  larger  doses (20 m g / k g  or more) ,  i t  u n i f o r m l y  failed 
to  p ro long  i ts  du ra t ion .  All  these  effects were o b t a i n e d  
i r respec t ive  of t he  s t r e n g t h  of s t i m u l a t i o n  of t he  h a m s t r i n g  
ne rve  (3- and  12- t imes th reshold) .  

I n  con t ro l  e x p e r i m e n t s  where  t he  ca t s  were g iven  
sal ine in place of semicarbazide ,  t h e  a d m i n i s t r a t i o n  of 

p e n t o b a r b i t a l  (10-20 mg/kg)  41/~ h l a t e r  r e su l t ed  in depres-  
s ion of t he  M S R  and  P S R  (Table),  a wel l -def ined increase  
in t he  a m p l i t u d e  of t h e  D R P  af te r  smal le r  doses, and  a 
def in i te  p r o l o n g a t i o n  of i ts  d u r a t i o n  a f te r  larger  doses 
(20 mg/kg) .  

Thus  i t  c an  be  seen t h a t  p e n t o b a r b i t a l  is a t  l eas t  equMly 
dep re s san t  in  t h e  presence  or absence  of GABA.  I t s  
d e p r e s s a n t  ac t ion  on  v e n t r a l  roo t  discharge,  therefore ,  is 
no t  med ia t ed ,  even  pa r t ly ,  b y  th i s  i n h i b i t o r y  t r a n s m i t t e r  
cand ida te .  I t  p r o b a b l y  resul t s  f rom a d i rec t  effect  on 
synap t i c  e lements ,  decreas ing  t h e  release of t he  p r i m a r y  
a f fe ren t  t r a n s m i t t e r  in  smal le r  doses s, 9, a n d  reduc ing  the  
exc i t ab i l i t y  of m o t o n e u r o n a l  m e m b r a n e s  in la rger  doses ~~ 

A n o t h e r  i n t e re s t ing  conclus ion  is t h a t  t he  dep re s san t  
ac t ion  of p e n t o b a r b i t a l  on  v e n t r M  root  d ischarges  can  be  
d issocia ted  f rom i ts  ab i l i ty  to  increase  p r i m a r y  a f fe ren t  
depolar iza t ion ,  since in some expe r imen t s ,  depress ion  of 
ref lex t r a n s m i s s i o n  in t he  v e n t r a l  roo t  occur red  in t he  
absence  of a c o n c o m i t a n t  increase  in t he  size of t he  D R P  ~. 

Rdsumd. Le p e n t o b a r b i t M  fair  d i m i n u e r  la t r a n s m i s s i o n  
t r a v e r s  le re ims m o n o s y n a p t i q u e  de la  moelle  6p in t , r e  

chez les cha t s  d6capi t6s  d @ o u r v u s  de G A B A  sous u n  
t r a i t e m e n t  au semicarbaz ide ,  e t  ceci p a r  u n  degr6 6qui- 
v a l e n t  ~ celui des exp6riences  de contr61e. 
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P h e n o b a r b i t a l  S p e c i f i c  A n t i s e r a  a n d  R a d i o i m m u n o a s s a y  

Ant ibod ie s  deve loped  aga ins t  d rug  h a p t e n s  h a v e  been  
used in i m m u n o a s s a y s  of d rugs  ill biological  f luids  1,~. 
W e  now r e p o r t  t he  p rocedures  for deve lop ing  fin a n t i b o d y  
wh ich  is h igh ly  specific to  p h e n o b a r b i t a l  (5-ethyl-5-  
p h e n y l b a r b i t u r i c  acid) a n d  can  be used in r a d i o i m m u n o -  
assay  to de tec t  p icomole  levels of th i s  d rug  in biological  

fluids. The  s ign i f ican t  di f ference ill t h e  specif ic i ty  of th i s  
a n t i b o d y  a n d  t h a t  of a n t i b o d y  p roduced  b y  SP~cToR and  
FLYNN ~ is of p a r t i c u l a r  in te res t .  

The  b a r b i t u r a t e - p r o t e i n  c o n j u g a t e  was m a d e  b y  
dissolving 1.25 g of 5 -pheny l -5 - (4 -aminobu ty l )  b a r b i t u r i c  
acid hydro -ch lo r ide  c o n t a i n i n g  a smal i  a m o u n t  of 
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5-phenyl - t - (4-aminobnty l )  barb i tu r ic  acid-C 14 t racer  in to  
20 ml  wa te r  con ta in ing  0.68 g of bovin  se rum a lbumin  
(BSA). The p H  of the  mix tu r e  was ad jus ted  to 6.5 and 
3.83 g of 1-e thyl -3- (3-d imethylaminopropyl )  carbodi imide  
in 6 ml  wa te r  was t h e n  added  wi th  stirring. The reac t ion  
was t e r m i n a t e d  af ter  3.5 h by  d ia lyzat ion  aga ins t  dist i l led 
water .  The degree of conjuga t ion  was calcula ted f rom the  
amoun t s  of the  t racer  coupled to the  p ro te in  to be 33 
molecules ba rb i tu ra t e s  per  BSA macromolecule  (mole- 
cular weigh t  68,000). (Figure 1). 

The rabb i t s  immunized  wi th  the  conjuga te  in 50% 
comple te  F r e u n d ' s  a d j u v a n t  in saline were bled at  the  
7th week. The t i ters  of the  ant i sera  were de t e rmined  by  
the  incuba t ion  of serial di lut ions of ant i sera  (0.1 ml  each) 
w i th  0.11 picomole (1400 cpm) of phenoba rb i t a l -H  a a t  
4~ overn igh t  and  then  p rec ip i t a t ed  wi th  a sa tu ra t ed  
a m m o n i u m  sulfate  solut ion for the  separa t ion  of the  free 
f rom the  bound.  The free labels were counted  in a Nuclear  
Chicago spec t rometer .  

Ant i se ra  of a 1 : 750 di lut ion were used for r ad io immu-  
noassay  of p h e n o b a r b i t a l  and cross react ivi t ies  studies.  
A 0.01 214" phospha t e  buffer  (pH 7.4) in saline conta in ing  

/ \ /  
O=C C + 

"N-- C( CH2CHzCHzCH2NH~CI- 
H b 

pH 6.5 Carbodiimide 
8SA-C00H 

(I1 

C / - \ / C  0 O= 
\ / \  II 
HN--C b CH2CH2CH2CHxNHC-BSA (]]) 

Fig. 1. Conjugation of 5-phenyl-5-(4-aminobutyl) barbituric acid 
hydroehloride to boyle serum albumin (BSA). 1-Ethyl-3-(3-dimethyI- 
anainopropyl) carbodiimide is used as a coupling agent. 

0.5% BSA and  0.05% h u m a n  y-globulin was used as a 
di luent .  For  the  a s says  of urine or p l a sma  samples,  
0.1 ml  of samples  wi th  various amo u n t s  of phenoba rb i t a l  
was incuba ted  wi th  0.1 ml  of an t i se rum and 1400 cpm of 
phenoba rb i t a ] -H  a. Typical  resul ts  are shown in Figure 2. 

The high sens i t iv i ty  of our assay is re la ted  to the  high 
aff in i ty  of the  an t i b o d y  obta ined.  I t  has  been  suggested ~ 
t h a t  a conjugate  of h igh  h a p t e n  to  p ro te in  ra t io  is 
necessary  for the  p roduc t ion  of ant ibodies  of good 
affinity.  A compar i son  of our h ap t en -p ro t e i n  ra t io  w i th  
t h a t  of SP~CTOR and  FLYNSr 2 seems to indica te  the  
impor t ance  of this  factor.  

The a n t i b o d y  has no s ignif icant  cross reac t ion  wi th  
amobarb i ta l ,  bu taba rb i t a l ,  pen tobarb i t a l ,  and hexobar -  
bi ta l ;  excep t  secobarbi ta l  which shows a cross reac t iv i ty  4 
of 0.005. These ba rb i tu ra t e s  differ f rom p h e n o b a r b i t a l  
only by  the  subs t i tuen t s  on the  C-5 posit ion,  excep t  
hexobarb i t a l  which has an addi t iona l  subs t i t uen t  on the  
N-1 posit ion.  The abi l i ty  of t he  an t ibody  to  di f ferent ia te  
phenobarb i tM f rom the  o ther  ba rb i tu ra t e s  indicates  the  
impor t ance  of the  conf igurat ion of the  h a p t e n  on the  
conjugate  5, 6 The high specifici ty of the  an t i b o d y  can be 
a t t r i bu t ab le  to the  fact  t h a t  the  h a p t e n  molecules are 
br idged to the  pro te in  a t  the  C-5 posit ion,  wi th  the  br idge 
chain ap p ro x i ma t e l y  b isec t ing  the  h a p t e n  molecule into 
2 moit ies  - the  barb i tur ic  acid r ing on one side and  the  
pheny l  r ing on the  o ther  side. Thus  the  an t i b o d y  p roduced  
f rom this  conjugate  recognizes no t  only  the  barb i tu r ic  
acid r ing bu t  also the  pheny l  r ing as well. The re la t ive ly  
long br idge chain in th is  conjugate  p ro b ab l y  is the  o ther  
factor  which enhances  the  specif ici ty of the  an t ibody .  

R&umd. On a d6velopp6 un ant icorps  d ' une  grande  
affinit6 et  sp6cifit6 envers  le ph6nobarb i t a l  en inoculant  
des lapins avec une solut ion de barb i tu ra tepro t6 ide ,  
synthdt is6e d 'ac ide  barb i tu r ique  de 5-ph6nyl-5-(4-amino- 
butyl)  et  d ' a lbumine  de s6rum bovin  par  dn carbodi imide.  
U s a n t  de cet  an t icorps  comme radio immunoeassa i ,  on 
peu t  mesure r  j u squ 'g  1 p icomole  de ph6nobarb i t a l  pa r  
ml de fluides biologique sans que d ' au t res  ba rb i tu ra t e s  y 
opposen t  une r6act ion significative.  

A. CHUNG, S. Y. I4:IM, L. T. CH~ENG and  A. CASTRO 7, 9 

United Medical Laboratories, Inc., Endocrine Research 
Unit, P.O. Box  3932, Portland (Oregon 97208, USA) ,  
27 December /972. 

9O ~---% 

m 80 

70 

g 
,.r. 60' 

. Z  
O'2 

r ~ L ~  i [ i J r _ 

0.5 1 2 5 
Phenobarbital added(ng/m[) 

Fig. 2. Displacement of the phenobarbital-H 3 by various amounts of 
unlabeled phenobarbital in urine (4) and plasma (�9 samples. The 
vertical bars at each test point indicate the standard deviations of the 
percentage free phenobarbital-H a . Each point in the figure represents 
an average of at least 8 runs. 
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