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HALPERIN, J. M. AND L. C. IORIO. Protection from shock-induced seizures as a measure of  hypnotic potency of drugs. 
PHARMAC. BIOCHEM. BEHAV. 13(2) 299-301, 1980.--Mice injected with drug or vehicle were administered a 13 mA 
shock via corneal electrodes. The number of mice in which the shock produced a tonic seizure was recorded. The dose that 
blocked seizures in 50"/b of mice (ED,,,,) was determined for each drug. The drugs evaluated consisted of 15 hypnotics, two 
antidepressants and two antihistamines. All hypnotics and antidepressants, and one antihistamine, caused a dose- 
dependent suppression of seizures. The ED:,,'s were highly correlated with hypnotic potency in man. The advantages of 
this procedure, as compared to others currently used for the evaluation of hypnotic potential of novel compounds, are 
discussed. 
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THE evaluation of hypnotic effects of drugs in infrahuman 
species is best performed using polygraphic recordings 
which directly assess the subject's sleep. This procedure, 
however, is both costly and time-consuming, making it im- 
practical for the initial screening of novel compounds. There- 
fore, many researchers utilize a variety of simple tests which 
measure different aspects of behavioral depression prior to 
evaluation by polygraphic techniques. These tests include 
behavioral measures such as loss of righting reflex (LRR) 
116], reduction of motor activity [4,10[, potentiation of sub- 
hypnotic doses of other CNS depressants [6, 14, 15, 21], and 
reinduction of LRR in mice recovering from hexobarbital [71. 
Other researchers have combined several of these tests along 
with subjective evaluation of drug-induced behavior to pro- 
vide a pharmacological profile of compounds which might 
indicate hypnotic activity [9,12]. 

All of these procedures have the advantage over poly- 
graphic evaluation of rapid evaluation and low cost. These 
advantages, however, are at the expense of predictive valid- 
ity to potency in man (for review, see [7, 15, 16J). Besides 
their lack of usefulness as predictors of human clinical dose, 
many of these tests work only with certain classifications of 
hypnotics; benzodiazepines [16] and thalidomide 1101, for 
example, do not appear active in LRR. Furthermore, 
thalidomide does not appear active in the hexobarbital rein- 
duction test [7[. 

Change in seizure thresholds in rodents following elec- 
troconvulsive shock (ECS) has been employed to study anti- 
convulsant 118[, as well as other neuropharmacologic prop- 
erties of drugs 12[. This method, however, has not been sys- 
tematically evaluated over a large range of sleep inducing 

drugs. We found that this technique can be used to yield data 
which is highly predictive of hypnotic potency in man in a 
variety of classes of hypnotic drug. 

M ETH O D 

Subjects 

The subjects were CF-! male albino mice (Charles River, 
Boston, MA) ranging in weight from 21-26 g. Prior to the 
onset of the experiment, they were housed in groups of 12 
mice under 12/12 light/dark lighting conditions. Food and 
water were available ad lib. 

Drugs Evaluated 

Three classifications of drugs were evaluated: hypnotics, 
antidepressants, and antihistamines. Fifteen hypnotics were 
tested from a wide variety of dissimilar compounds. The 
hypnotics tested were four benzodiazepines (flurazepam, 
nitrazepam, triazolam, and quazepam), four barbiturates 
(phenobarbital, secobarbital, pentobarbital, and amobarbi- 
t a l l  three glutarimide derivaties (glutethimide, methyprylon, 
and thalidomide), and four others (methaqualone, ethina- 
mate, chloral hydrate and triclofos). 

Two tricyclic antidepressants and two antihistamines 
were also evaluated. The antidepressants were amitriptyline, 
which has been shown to have strong sedative side effects 
[8,19], and imipramine, which is less sedating [8,11]. The 
antihistamines evaluated were diphenhydramine and chlor- 
pheniramine; of these, diphenhydramine is more sedating 
13]. 

tSend reprint requests to: Dr. Jeffrey M. Halperin, Department of Pharmacology, Schering Corporation, 60 Orange Street, Bloomfield, 
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"FABLE I 

I-FFECT OF HYPNOTIC DRUGS ON ECS-INDUCED SEIZURES IN 
MICE AND THE RELATIONSHIP TO DOSES IN HUMANS 

ED:,,, (95°/c C.L.)*, Human hypnotic 
Drug mg/kg, p.o. dose (mg) 

Triazolam 
Nitrazepam 
Quazepam 
Flurazepam 
Phenobarbital 
Glutethimide 
Secobarbital 
Pentobarbital 
Methaqualone 
Mcthyprylon 
Chloral hydrate 
Thalidomide 
Amobarbital 
Ethinamate 
Triclofos 

0. I (0.06- (1.221 

0.5 (0.35- I).76) 

0.9 (0.4 - 2.0 

1.6 (I.I - 2.3 
5.6 ( 2 . 9 -  11.1 

15.9 (11.6 - 21).9 
29.1 (20.8 - 40.9 
38.4 (25.5 - 62.1 
45.9 125.9 - 93.8 
49.4 (30.0 - 91.7 
83.8 (57.2 -121.0 
97.7 (30.6 -685.3 

126.1 (83.1 -230. ) 
150.8 (89.1 -252.8 
180.1 (133.3 -243.7 

I).25- 1.0 (17) 
2.5 - 10.0 (17) 

15 - 20 (14) 
15 - 30 (12) 
30 - 50 (12) 

250 - 500 (12) 
100 (12) 
100 (12) 

150 - 300 (12) 
300 (12) 
500 (12) 

100 - 200 (1) 
100 - 200 (12) 
5(~) -I000 (12) 

1500 (12) 

*Defined as that dose (95"~ confidence limits) that protects 5(F,~ of 
mice against ECS-induced seizures, evaluated according to the 
method of Finney 151. 

Proccd l l rc  

G r o u p s  of 10-21) mice were  in jected oral ly (0.02 ml/g) with  
test  drugs  s u s p e n d e d  in 0 .4~  methy lce l lu lose  solut ion or 
vehic le  a lone.  Each  drug was t es ted  in at least  four  groups  of  
mice  at logar i thmical ly  spaced  doses .  

One  hou r  af te r  t r e a t m e n t ,  r e sponse  to ECS was eva lua ted  
in the  fol lowing manne r .  A 13 mA,  60 Hz,  AC shock  was 
admin i s t e r ed  to each  m o u s e  via cornea l  e l ec t rodes  for  0.2 
sec.  The  n u m b e r  of  mice  in each  group that  had a tonic 
se izure ,  def ined  as an ex tens ion  o f  the  h ind l imbs ,  was  re- 
co rded .  The  ED:,., def ined as tha t  dose  which  b locked  tonic 
se izures  in 50e/~ o f  the  mice,  was  ca lcu la ted  us ing a probi t  
ana lys is  [5]. The  re la t ionsh ip  b e t w e e n  the  ED, ,  for each  
hypno t i c  and its re la t ive  po tency  in man was d e t e r m i n e d  
using a Pea r son  Product  cor re la t ion  coeff ic ient .  

RESUI.TS 

ECS caused  tonic  se izures  in >95cA of  the  veh ic le - t rea ted  
mice.  All hypno t i c s  tes ted  caused  a d o s e - d e p e n d e n t  sup- 
p ress ion  of  tonic se izures .  Tab le  I ind ica tes  the ED,,, 's  and  
clinical  doses  of  the hypno t i c s  tes ted .  The  ED:,,,'s of  the hyp- 

not ics  s ignif icant ly cor re la ted  ( r= .797 ,  p < 0 . 0 0 5 )  with the  
midpoin t  of  the h u m a n  clinical dose  range of  these  drugs.  

The  two tr icyclic an t i dep re s san t s  bo th  yielded dose-  
d e p e n d e n t  p ro tec t ion  from ECS.  Ami t r ip ty l ine ,  howeve r ,  
was about  five t imes  as potent  as imipramine .  The i r  respec-  
t ive ED:,,,'s were  31.2 mg/kg and  166.6 mg/kg. 

Of  the an t ih i s t amines  tes ted ,  only  d i p h e n h y d r a m i n e  
caused  a d o s e - d e p e n d e n t  suppress ion  o f  tonic se izures  fol- 
lowing ECS.  The  ED:,,, tor  d i p h e n h y d r a m i n e  was 16.7 mg/kg; 
c h l o r p h e n i r a m i n e  was ineffect ive at doses  as high as 160 
mg/kg. 

DISCUSSION 

The  da ta  indicate  tha t  a c o m p o u n d ' s  ED:,. for p ro tec t ing  
mice from tonic se izures  fol lowing ECS is highly cor re la ted  
with its hypnot ic  po tency  in man.  This  p rocedure  is not only 
a more  accura te  p red ic to r  of  h u m a n  hypno t i c  po tency  than  
those  previous ly  ut i l ized,  but  is also an ob jec t ive  measu re  
that  is valid for  a b road  range of  hypnot ics .  

F u r t h e r m o r e ,  this p rocedure  may yield data  which  is 
p red ic t ive  of  seda t ive  side effect  potent ia l  of  drugs  not nor- 
mally used as s leep- inducers .  C h l o r p h e n i r a m i n e  did not ap- 
pea r  ac t ive  in this  test ,  whe reas  d i p h e n h y d r a m i n e ,  which is a 
more  seda t ing  an t ih i s t amine ,  was  quite po ten t .  Similarly,  the 
more  sedat ing  an t idep res san t ,  ami t r ip ty l ine ,  was  about  five 
t imes  as potent  as imipramine .  Clearly,  more  drugs  will have  
to be eva lua ted  to tes t  the p red ic t ive  validity of this proce-  
dure  with non-hypno t i c s .  

This  p rocedure  is not  mean t  to replace  polygraphic  evalu-  
a t ion  for the a s s e s s m e n t  of hypno t i c  potent ia l  of  novel  com- 
pounds ,  It is likely to pick up non-seda t ing  an t i convu l san t  
c o m p o u n d s  such as pheny to in  and t r ime thad ione .  H o w e v e r ,  
its e f fec t iveness  o v e r  such a wide var ie ty  of  different  com- 
p o u n d s  suggests  that  it is unl ikely to miss  any  ac t ive  hypnot -  
ic c o m p o u n d s .  

In s u m m a r y ,  we desc r ibed  and  eva lua ted  a p rocedure  for 
the  tes t ing  of  hypno t i c  potent ia l  of  novel  c o m p o u n d s .  This  
p rocedu re  has  the fol lowing a d v a n t a g e s  ove r  o thers  cur-  
rent ly  be ing  util ized: (a) low cost  and rapid eva lua t ion ,  (b) a 
s imple,  r ea sonab ly  objec t ive ,  d e p e n d e n t  measu re ,  (c) high 
pred ic t ive  val idi ty to h u m a n  hypno t i c  po tency ,  (d) yields 
predic t ive  da ta  o v e r  a large var ie ty  of  c lass i f ica t ions  of  hyp-  
not ic  drugs ,  and (e) may be useful for predic t ing  seda t ive  
s ide-effect  potent ia l  in non -hypno t i c  drugs.  
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