
1070 Specialia EXF~alXSTIA 28/9 

The neuromuscular blocking activity of M&B 15,944 in various species compared with that  of suxamethonium bromide 

Species Preparation M&B 15,944 Suxamethonium 

i.v. ED50 Duration at ED50 i.v. ED50 Duration at EDhO 
(mg/kg) (min) (mg/kg) (min) 

Cat Sciatic nerve 0.97 (10) ~ 3.5 
tibialis muscle 1.1 (5) b 3.0 0.013 (4) 4.3 
Sciatic nerve 
soleus muscle 1.8 (5) b 5.3 0.020 (4) 4.3 

Dog Sciatic nerve 
tibialis muscle 1.43 (4) �9 7.5 0.02 (4) 5.6 

Rhesus monkey Sciatic nerve 
tibialis muscle 0.44 (2) b 4.0 --  -- 

Sciatic nerve 
soleus muscle 0.28 (2) b 2.5 0.35 (3) 4.0 

Baboon Sciatic nerve 
tibialis muscle 0.34 (3) ~ 3.5 0.21 (1) 1.7 

Chicken Sciatic nerve 
gastrocnemius muscle 1.37 (3) ~ 5.3 - -  --  

Effective doses (ED50) are those required to reduce to 50% the heights of the muscle twitches produced by stimulation of the motor nerve 
in the anaesthetised animal. The compound was used either as the chloride or iodide. Doses refer to the cation. Figures in 0 refer to the number  
of experiments. �9 Iodide used. b Chloride used. 

Rdsumd. Le  M & B  15.944 (6 t h i od i de  de  p - d i m 4 t h y l -  
a m i n o p h 6 n y l  h e p t y l  c 4 t o n e  t h i o s ~ m i c a r b a z o n e )  e s t  u n  
c u r a r i s a n t  d o n t  l a  b r g v e  d u r 4 e  d ' a c t i o n  e s t  c o m p a r a b l e  
cel le  de  l a  s u c c i n y l c h o l i n e  c h e z  d i v e r s  e sp~ces  y c o m p r i s  le 

7 We thank Dr. K. R. H. WOOLDRIDGE, Mr. C. W. BALLARD, Mr. 
A. E. MAY and their colleagues for their studies on the prepa- 
ration and purification of M&B 15,944. 

s inge .  L e  m 4 c h a n i s m e  d u  b l o c a g e  n e u r o m u s c u l a i r e  p r o -  
v o q u 6  p a r  le  M & B  15 .944  e s t  c o m p 6 t i t i f .  
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Effect of Ketamine Hydrochloride on Oxygen and Glucose Uptake by Brain Tissue in vitro 

K e t a m i n e  h y d r o c h l o r i d e  (CI-581)  is a d i s s o c i a t i v e  a n e s -  
t h e s i c  a g e n t  w h i c h  w a s  i n t r o d u c e d  b y  DOMINO e t  al.  ~. 
T h e r e  a r e  c o n t r a d i c t o r y  d a t a  a b o u t  t h e  e f f ec t  of  t h i s  
d r u g  o n  c e r e b r a l  u t i l i z a t i o n  of  o x y g e n  in  v ivo .  t ( R ~ U S C ~ R  
e t  al. 2 r e p o r t e d  a d e c r e a s e  of  b r a i n  o x y g e n  u p t a k e  in  d o g s  
t r e a t e d  w i t h  K e t a m i n e  h y d r o c h l o r i d e ,  w h e r e a s  DAWSON 
e t  al.  a f o n n d  t h a t  t h e  d r u g  i n c r e a s e d  t h e  o x y g e n  u p t a k e ,  
a n  e f f ec t  w h i c h  w a s  a b o l i s h e d  b y  p r i o r  a d m i n i s t r a t i o n  of  
T h i o p e n t a l .  W e  h a v e  s t u d i e d  t h e  e f f ec t  of  k e t a m i n e  
h y d r o c h l o r i d e  on  t h e  o x y g e n  a n d  g l u c o s e  u t i l i z a t i o n  b y  r a t  
b r a i n  s l ices  a n d  b r a i n  h o m o g e n a t e s .  S i nce  t h e  d e p r e s s i n g  
a c t i o n  o f  b r a i n  o x y g e n  u p t a k e  e l i c i t ed  b y  s o m e  a n e s t h e s i c  
a g e n t s  is m o r e  e v i d e n t  w h e n  t h e  t i s s u e  r e s p i r a t i o n  h a s  
b e e n  s t i m u l a t e d  b y  h i g h  p o t a s s i u m  c o n c e n t r a t i o n s  
(GHosH a n d  QrdASTEL 4, TAMARITh). W e  a lso  s t u d i e d  t h e  
e f f e c t  o~ k e t a m i n e  h y d r o c h l o r i d e  a t  l ow  a n d  h i g h  po-  
t a s s i u m  c o n c e n t r a t i o n s .  

Materials and methods. B r a i n  s l i ces  a n d  b r a i n  h o m o -  
g e n a t e s  w e r e  p r e p a r e d  f r o m  a d u l t  m a l e  a l b i n o  r a t s  
( 1 5 0 - 2 0 0  g b o d y  w t )  k i l l ed  b y  d e c a p i t a t i o n .  T h e  s l ices  
w e r e  o b t a i n e d  as  d e s c r i b e d  b y  MCILWAI~ a n d  BUDDLE s 
a n d  w e r e  i n c u b a t e d  in  I ~ r e b s - R i n g e r  p h o s p h a t e  m e d i u m  
( p H  7.4), w h i c h  c o n t a i n e d  10 m M  g l u c o s e  a n d  5 m M  or  
100 m M  p o t a s s i u m .  W h o l e  b r a i n  h o m o g e n a t e s  we re  
p r e p a r e d  a t  2 - 4 ~  in  a P o t t e r - E l v e h j e n  h o m o g e n i z e r ,  

m i x i n g  1 g t i s s u e  s a m p l e s  w i t h  9 m l  of  a s o l u t i o n  c o n t a i n -  
i n g  0.25 M s u c r o s e  a n d  0.1 M p h o s p h a t e  b u f f e r  ( p H  7.4). 

O x y g e n  u t i l i z a t i o n  a t  3 7 ~  w a s  d e t e r m i n e d  b y  d i r e c t  
m a n o m e t r i c  t e c h n i q u e  (U~BREIT e t  al.7), u s i n g  a con -  
v e n t i o n a l  W a r b u r g  a p p a r a t u s  w i t h  a i r  a s  g a s  p h a s e .  
G l u c o s e  u p t a k e  w a s  e s t i m a t e d  b y  m e a s u r i n g  t i le  g l u c o s e  
c o n c e n t r a t i o n  in  t h e  m e d i u m  a t  t h e  e n d  of i n c u b a t i o n  
w i t h  a g l u c o s e  o x i d a s e  m e t h o d  (SoLs  a n d  DE ZA FUENTES). 
S t u d e n t ' s  t - t e s t  w a s  a p p l i e d  fo r  t h e  s t a t i s t i c  s i g n i f i c a n c e  
of  t h e  d a t a  (SNEDECORg). 
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Table I. Effect of ketamine hydrochloride on oxygen and glucose uptake by brain slices 
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Drug Potasium 
concentration concentration 
(M) (inM) 

Oxygen uptake 
VI/100 mg wet tissue, during incubation (rnin) 

15 30 45 60 

Glucose 

(mg/100 mg wet 
tissue/60 rain) 

Control 5 14,17 :t= 1.06 (28) 29.14 i 1.57 (28) 46.75 • 2.65 (28) 
100 18.92 =k 1.16 (12) 38.68 ~z 1.46 (12) 60.93 -g 3.15 (12} 

1 X 10 -a 5 18.06 ~: 1.15 b (32} 34.16 -~ 2.17 (32) 54.96 zz 3.70 (32) 
100 20.75 ~ 1.45 (13) 44.50 • 2.19 ~ (13) 67.67 • 3.50 (13} 

1 • 10 4 5 17.45 -~- 1.45 (18) 34.54 ~ 1.90 ~ (18) 56.50 4- 4.77 (18) 
100 22,57 ~ 1.07 ~ (13) 45.81 zt= 2.24 b (13) 71.22 ~ 3.42 ~ (13) 

61.42 • 2.85 (28) 
84.90 ~: 3.58 (12) 
75.85 • 4.45 b (32) 
89.61 ~= 4.89 (13) 
74.56 :~ 6.09 (18) 
92.08 zz 3.97 (13) 

1.17 4- 0.13 (11) 
1.66 ~ 0.19 (13) 
1.43 i 0.13 (11) 
1.66 • 0.12 (13) 
1.26 ~ 0.19 (12) 
1.67 4- 0.15 (13) 

~P < 0.05; bp < 0.02. The figures are means ~: S.E.M. In parentheses the number of slices. 

Table II. Effect of ketamine hydrochloride on oxygen uptake by brain homogenates 

Drug concentration (M) No. of experiments Oxygen uptake 
bd/100 mg wet mg wet tissue, during incubation (min) 

15 30 45 60 

Control 9 22.68~:1.69 
1 • 10 -3 8 20.87=t= 1.43 
1• -~ 8 2 0 . 2 2 i l . 5 3 .  
1 • 10 -~ 9 17.21:~= 1.93, 

39.874-2.33 56,22:~2.72 69.75~2.80 
39.412[_1.64 58.232[::3.84 70.32~:2.73 
38.47-k2.20 53.994-2.88 69.42:~2.96 
35.53i2.45 53.39:J=2.81 66,71::[=2.78 

ap < 0.05. The figures are means ~ S.E.M. 

Results. The da t a  on oxigen and  glucose up take  by  
bra in  slices are shown  in Table  I. I t  can  be seen tha t ,  in 
normal  Krebs -R inge r  p h o s p h a t e  m e d i u m  (5 m M  potas-  
Mum), K e t a m i n e  hydroch lo r ide  increases the  oxygen  up- 
t ake  by  the  t issue ; th i s  increase of resp i ra t ion  is t he  same 
(about  20%) in t he  drug  concen t ra t ions  t e s t ed  (1 • 10-a21g 
and  1 • 1 0 4 M ) .  The  glucose up take  b y  the  slices seems 
to be also enhanced  in these  condi t ions ,  which  is more  
ev iden t  a t  the  h ighes t  concen t ra t ion  of the  drug;  never-  
theless,  t h e  differences in t h e  glucose up take  be tween  
'cont ro l '  and  ' expe r imen ta l '  slices failed to  show s ta t i s t ic  
s ignif icance at  the  5 % level. 

I n  Krebs -R inge r  p h o s p h a t e  m e d i u m  w i t h  h igh  po tas -  
s ium concen t ra t ion  (100 raM), b o t h  the  oxygen  and glu: 
cos t  up t ake  b y  b ra in  slices are abou t  40% increased.  In  
these  condi t ions ,  the  add i t ion  of ke t amine  hydroch lor ide  
to the  m ed ium fu r the r  raises the  resp i ra t ion  of the  tissue, 
b u t  no t  to  grea te r  e x t e n t  t h a n  at  low po tas s ium con- 
cent ra t ion .  In  th is  case, t he  drug  does no t  modi fy  the  
glucose up take  by  the  slices. 

The  d a t a  on oxygen  up t ake  by  b ra in  homogena t e s  are 
shown in Table  II .  K e t a m i n e  hydrochlor ide  does no t  seem 
to have  any  s ignif icant  effect  on the  resp i ra t ion  of t issue 
homogena tes ,  even  if i t  is no t ed  t h a t  in Table  I I  t he re  is 
a s ta t i s t ica l ly  s ignif icant  d iminu t ion  (_P < 0.05) of the  
oxygen  up take  at  a drug  concen t ra t ion  of 1 • 10-SM in 
the  f i rs t  15 rain of incubat ion .  

Discussion. The resul ts  of our expe r imen t s  wi th  ra t  
b ra in  slices agree w i t h  those  ob ta ined  in vivo b y  DAWSON 
et al. s in the  dog, b o t h  showing t h a t  ke t amine  hydro-  
chloride causes an increase of oxygen  up take  by  bra in  
tissue. This  effect  el ici ted by  an anes tbes ic  agen t  is a t  
var iance  wi th  the  more  c o m m o n  obse rva t ion  t h a t  cent ra l  

depressor  drugs cause inhib i t ion  by  bra in  oxygen  utiliza- 
t ion  (QuASTXL*~ MclLWAINI~), and i t  could be re la ted  to 
t he  s t imu lan t  and  hal lucinogenic proper t ies  of ke tamine  
hydrochlor ide  descr ibed by  DomINO et al. ~. 

The enhanc ing  effect  of ke t amine  hydroch lor ide  on the  
oxygen  up take  by  bra in  slices seems to  be i n d e p e n d e n t  of 
po ta s s ium concen t ra t ion  in the  m e d i u m  of incubat ion .  
Also the  enhanc ing  effect  on resp i ra t ion  is no t  a lways 
accompan ied  by  a paral lel  increase of glucose up take  by  
the  tissue. However ,  t he  fac t  t h a t  drug  does no t  have  any  
a p p a r e n t  effect  on oxygen  u p t ak e  b y  b ra in  homogena t e s  
po in t s  to  some act ion of ke tamine  hydroch lor ide  on cell 
m e m b r a n e  as t he  basic mechan i sm causing the  s t imula-  
t ion  of resp i ra t ion  elici ted in t he  i n t ac t  t issue. 

Resumen. E1 c lorhidra to  de • e t a m i n a  (1 x 1 0  -a M y 
1 • 10 -~ M) i nc r emen ta  el consumo de oMgeno de cortes  
de cerebro de r a t a  incubados  en Krebs -R inge r  fosfato 
con ten iendo  5 m M  6 100 m M  de potasio.  La  droga no 
modif ica  el consumo de oxigeno de homogene izado  de 
cerebro total .  
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