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The effect  of d iazepam (Seduxen), chlorodiazepoxide (Librium),  and n i t r a z e p a m  (Mogadon) on 
life span was studied in albino mice  kept  in a closed chambe r  with reduced oxygen concen-  
t ra t ion  (8.7 vol.%). The drugs  l i s ted  above i nc r ea se  the l ife span of mice  under  these  con-  
dit ions,  d iazepam being mos t  effect ive.  The p ro tec t ive  ef fec t  of this  l a s t s  o v e r  4-5 h and 
has cons iderable  therapeut ic  lat i tude:  it  is exhibited in a dose  of 10 mg/kg ,  o r  1:24 or  LDs0 
for  d iazepam.  It is postula ted that this p rope r ty  of  d iazepam may render  i t  useful  in c l in i -  
cal p r ac t i c e  for  the t r e a t m e n t  of hypoxic s tates .  The t ranqui l i ze r  m e p r o b a m a t e ,  a p r o p a n -  
diol der iva t ive ,  l ike the neurolept ic  ch lorpromazine ,  has  no marked  p ro tec t ive  action under  
hypoxic conditions. 

Benzodiazepine de r iva t ives  have recent ly  found applicat ion not only in psych ia t r i c  p r ac t i ce  [1, 12, 13], 
but in o ther  f ields of medicine,  notably in anesthesiology,  for  p remed iea t ion  and the induction and ma in -  
tenance of anes thes ia  [14-16]. Surgical  opera t ions  are  f requent ly  accompanied by hypoxia through s p a s m  
of the pe r iphe ra l  blood ves se l s .  Hypoxia can also develop at cer ta in  s tages  of an operat ion,  fo r  example  if 
the c i rcula t ion is excluded. It is the re fo re  des i rab le  that all subs tances  used during opera t ions  should be 
studied f r o m  the point of view of the i r  effect  on hypoxia. With r ega rd  to anes the t ics  such as diethyl e the r  
and ba rb i tu ra t e s ,  which have been in use  for  a long t ime,  it is  known that they have mainly an adver se  
effect  on the r e s i s t ance  of an imals  to hypoxia [8, 10, 17]. This  effect  depends,  f i r s t ,  on the i r  abili ty to d i s -  
turb synthesis  of h igh-energy  phosphorus  compounds,  giving an "uncoupling" effect  [9], and second, on c i r -  
cula tory  fa i lure  and depress ion  of resp i ra t ion .  Superficial  ba rb i tu ra t e  (but not ether)  anes thes ia  is s o m e -  
t imes  accompained,  admittedly,  by a slight i nc rease  in r e s i s t a n c e  to hypoxia, evidently due to a reduction 
of the energy  expenditure,  to prevent ion  of hypoxic convulsions,  and to hypo the rmia  [4, 11,18]. However,  
this  effect  appea r s  i f  ba rb i tu ra t e s  a re  given in nea r - tox ic  doses  [6]. Sodium hydroxybutyra te  is  more  
effect ive and has  g r e a t e r  therapeut ic  lat i tude than the ba rb i t u r a t e s  [3, 5, 7]. Compounds of the benzodia -  
zepine s e r i e s  have not been specia l ly  invest igated in this direction.  

The object  of the p r e s en t  invest igat ion was to study the effect  of ce r t a in  t r anqu i l i ze r s  of the benzodia-  
zepine s e r i e s  on the r e s i s t ance  of an imals  to hypoxia. Compara t ive  studies were  made of meprobama te  
and eh lo rpromaz ine .  

E X P E R I M E N T A L  M E T H O D  

Hypoxia of r e s p i r a t o r y  type was induced by lowering the par t ia l  p r e s s u r e  of oxygen in the inspi red  
a i r  to 8.7 vol.% (by Haldane ' s  method). The t e s t s  were  ca r r i ed  out on albino mice kept in 1750-ml ex s i c -  
ca to r s ,  in which some of the a i r  was rep laced  by ni t rogen supplied f rom a cyl inder  through a mete r .  The 
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exs icca tor  cocks were then closed and the t ime noted when hypoxic convulsions appeared and re sp i ra to ry  
movements stopped. The life span of mice not receiving the drugs (control) and of mice receiving one of 
the tes t  drugs at var ious  t imes (30 min, 1-6 h) before hypoxia was determined.  

At leas t  16 mice were used in each ser ies .  All the experiments  were ca r r i ed  out in February  or  
March, a ve ry  important  factor  for the control  level: in winter and spring, the life span under hypoxic 
conditions is somewhat longer  than in summer .  Diazepam, as Seduxen solution (Richter) in ampules, 
cholordiazepoxide, as Elenium (Polfa) tablets,  and ni t razepam,  as a powder,  were given in doses of 10 
mg/kg,  meprobamate  (powder) in doses of 50 and 100 mg/kg,  and chlorpromazine  in doses of 5 and 20 
mg/kg body weight. All the drugs were injected intraperi toneal ly:  diazepam and chlorpromazine  as solu- 
tions, and chlordiazepoxide, n i t razepam,  and meprobamate as suspensions in Tween-80 or  starch.  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Mice not receiving any of the drugs,  when placed in a chamber  with an oxygen concentrat ion reduced 
to 8.7 vol.% died after 23 �9 1 min. The f i r s t  of every  group of 4 mice placed in the exs icca tor  died after  
17 ~ 0.6 min, and the res t  after  28 • mill. ~ Diazepam, if injected 30 min before  the beginning of exposure 
to hypoxia, more  than doubled the life span of the animals:  in the mice of this se r ies  it was 52 • min, 
the f i rs t  mice dying after 38 • min and the res t  after  66 • min. The effect of diazepam also was ob- 
served when the drug was injected 1 h before hypoxia: in this case the life span was 51 ~3.1 mill. The 
ability of diazepam to increase  the life span of mice under hypoxie conditions still pe r s i s t ed  3 or  4 h after  
its administration, when the life span was 38 ~4.2 and 38 ~4.6 mill respect ively.  The effect  was no longer  
observed 5-6 h af ter  injection of the drug. A s imi lar  effect, although somewhat less  marked and of shor ter  
duration, on the survival  of the mice under these conditions was shown by the other  two benzodiazepine 
der ivat ives:  ehlordiazepoxide and nl t razepam. When these were injected 30 min before hypoxia they in- 
c reased  the life span of the mice to 36 • and 34 ~2.1 min respect ively.  

To determine whether ability to prolong life during exposure to hypoxia is cha rac te r i s t i c  of com-  
pounds of the benzodiazepine se r ies  only, or  whether it is found also in t ranqui l izers  of different chemical  
s t ructure ,  exper iments  were ca r r i ed  out with meprobamate.  These showed that meprobamate  causes no 
significant increase  in the life span of the mice under these conditions: after  adminis t rat ion of meproba-  
mate in a dose of 50 mg/kg,  the life span was 29 • rain, and after  a dose of 100 mg/kg  it was 26 ~:2 min. 
It can be concluded that the anticonvulsant activity common to both groups of t ranqui l izers  is not the cause 
of the observed effect of the benzodiazepine derivatives.  The dec rease  in motor  activity likewise could not 
be an important  cause of this effect, as the negative resu l t s  of exper iments  not only with meprobamate,  but 
also with chlorpromazine  showed. Chlorpromazine,  in doses of 5 and 20 mg/kg,  sharply inhibiting motor  
activity, produced no significant increase  in the life span of the mice:  with a dose of 5 mg/kg  this was 27 • 
5 min, only slightly g rea te r  than the control ,  while with a dose of 20 mg/kg  it was less  than the control  
(12 • 1.5 min). It can be assumed that the anticonvulsant effect and the hypodynamia, playing an important  
role in the mechanism of action of barbi tura tes  in hypoxia [18], are  unimportant  in the case of benzodia-  
zepine derivat ives.  Their  protect ive effect under hypoxic conditions must  evidently be due to their  specific 
in terference in metabolism, so that the sensit ivity of the t issues to oxygen deficiency is reduced. P r e -  
l iminary  observat ions  suggest  that an increase  in the res i s tance  of the bra in  and, in par t icu lar ,  of the 
cor t ical  s t ruc tures  to hypoxia plays a definite role in the mechanism of this effect. For  example, exper i -  
ments on cura r ized  rabbits  showed that the e l ec t rocor t i cogram and the d i rec t  cor t ica l  response  disappeared 
in the control  animals 2-3 mill after  exclusion of respirat ion,  in animals receiving diazepam or chlordia-  
zepoxide, on the other hand, the t ime of disappearance of cor t ical  potentials was delayed until 5-6 mill. 

Of the 3 benzodiazepine derivat ives  studied, diazepam had the g rea t e s t  protect ive effect under hypoxic 
conditions. It is important  to emphasize  that diazepam is effective when given in doses much below the 
toxic level. Whereas LDs0 of diazepam for mice by intraperi toneal  injection is 240 (129-300) mg/kg [2], a 
dose of 10 mg/kg is sufficient to more  than double the life span during exposure to hypoxia, giving a mean 
ratio of 24:1 between these doses. Barbi tura tes  do not give such as definite effect; in the wr i t e r s '  exper i -  
ments with nembutal,  for example, the life span during hypoxia was increased  by only 30-40%, and this 
effect  appeared with a dose of 50 mg/kg,  whereas LDs0 for this compound is 110 (93-129.7) mg/kg. Even 
sodium hydroxybutyrate,  which has proved its worth in resusci ta t ion as an effective drug for the t rea tment  
of hypoxic states,  has a lower index of antihypoxic action than diazepam. The survival  per iod of the mice 
during hypoxia was doubled by a dose of 500 mg/kg,  approximately one-tenth of its LDs0. Diazepam differs 
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f rom sodium hydroxybutyrate  also in giving a longer effect: hydroxybutyrate  exe r t s  the action descr ibed  
for not more  than 1-1.5 h, compared  with 4-5 h for  diazepam. The facts descr ibed  in this paper  suggest 
that the ability of d iazepam to increase  res i s tance  to hypoxia just if ies  i ts  use  in clinical prac t ice .  

L I T E R A T U R E  C I T E D  

1. Yu. A. Aleksandrovskii  et al., Zh. Nevropat. i Psikhiat. ,  6_~8, 1231 (1968). 
2. Yu. I. Vikhlyaev and T. A. Klygul', Proceedings  of a Conference to Review the Work of the Institute 

of Pharmacology,  Academy of Medical Sciences of the USSR [in Russian], Moscow (1970), p. 5. 
3. N . B .  Vysotskaya, V. V. Zakusov, R. U. Ostrovskaya,  et  al., Byull. ~ksperim. Biol. i Med., No. 4, 70 

(1970). 
4. E.V. Gubler, Uspekhi Sovr. Biol., 53_3, No. 3, 306 (1962). 
5. V.V. Zakusov and R. U. Ostrovskaya, in: IV Conferentia Hungarica pro Therapia et Investigatione in 

Pharmacologia, Budapest (1968), p. 519. 
6. S.V. Osipova, N. V. Uskova, and R. A. Khaunina, Byull. Eksperim. Biol. i Med., No. 1, 72 (1968). 
7. R.U. Ostrovskaya, V. Yu, Ostrovskii, and E. L. Geselevich, B~ll. F~ksperim. Biol. i Med., No. 1, 36 

(1969). 
8. V. L Sachkov, A. V. Bondareva, and N. V. Efimova, ]~ksper. Khir., No. 4, 64 (1969). 
9. E.P. Stepanyan and M. N. Barkan, Dokl. Akad. Nauk SSSR, 165,457 (1965). 

10. A.I. Ulovich, Diminution of Resistance of the Organism by Simultaneous Action of Several Narcotic 
Drugs and of Hypoxia. Candidate's Dissertation, Moscow (1962). 
A. Goldstein, B. Wells, and A. S. Keats, Arch. Internat. Pharmacodym, 161, 138 (1966). 11. 

12. L. Holl is ter ,  Clin. Pharmacol .  Ther . ,  10, 170 (1969). 
13. P. Lamber t ,  Sem. Hop. Sem. Ther . ,  40_._, 172 (1964). 
14. P. Pietrobono,  A. Scotti, and F. A. Venchi, Acta Anaesth. (Padua), 2__00,779 (1969). 
15. A. Romagnoli et al., Canad. Anaesth. Soc. J. ,  1__55, 603 (1968). 
16. J . F .  Sevilla, Agressologie ,  8, 175 (1967). 
17. R . L .  Swank and L. M. Foley, J. Pharmaeol .  Exp. Ther . ,  9_~2, 381 (1948). 
18. B. Wilhjelm and I. Arnfred,  Acta pharmaco l .  (Copenhagen), 2_~2, 93 (1965). 

140 


