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100-500 t imes  as high as those of caerulein, failed to 
produce any  inhib i tory  effect, whereas cholecystokinin-  
pancreozymin  (CCK) behaved  exac t ly  as caerulein. There-  
fore we suggest  t h a t  this phenomenon  m a y  be considered 
as a simple and rapid  me thod  of discr iminat ion be tween 
gastr in-l ike and CCK-like activit ies.  As repea ted ly  s ta ted  4, 
caerulein though  possessing s t ruc tura l  similari t ies wi th  
gastr in and CCK as well, is much  more  like CCK than  
gastr in  as to pharmacologica l  activit ies.  

We  are car ry ing  out  fur ther  invest igat ions  in order  to 
e lucidate  the  mode  of act ion of this peculiar  effect of 
caerulein and of some caerulein analogues ~. 

Riassunto. La caeruleina p rovoca  sull ' i leo di cavia  iso- 
la to una  inibizione dello spasmo sostenuto da  dosi massi- 

Guinea-pig ileum preparation in a 10 ml bath containing 
Krebs solution. • washing. 

mal i  di is tamina.  Questo effet to inibitorio sembra  connesso 
con le proprietS~ colecisto-chinino simili  del pept ide  pih 
che con quelle gastr ino simili. 
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Brain Damage in Rats Following Pentylenetetrazole and High Pressure Oxygen 

E x p o s u r e  of rats  and mice to high pressures of. oxygen  
(HPO) results in convulsions,  haemorrhagic  consol idat ion 
of the  lungs and death.  A propor t ion  of animals  g iven 
shorter  exposures to H P O  and which survive  also display 
neurological  damage,  ranging in sever i ty  f rom hyper-  
exc i tab i l i ty  and incoordinat ion  of movemen t s  to severe 
spastic paralysis  1. 

Barb i tu ra t e  anaesthesia  prevents  convulsions and lung 
damage  f rom H P O  and increases survival ,  bu t  also 
increases the  incidence of bra in  damage  2, 8. Chemical  con- 
vulsants  such as penty lene te t razo le  (PTZ) cause lung 
damage  in rats  ident ical  to t ha t  caused by  H P O  4, 5. 

The  studies of BEAN et  al. a have  provided  s t rong evi- 
dence t h a t  oedemogenic  lung lesions caused by  convuls ive  
agents  in general  (including H P O  and PTZ) are pr imar i ly  
due to the  effect of the  agent  on au tonomic  centres in 
the  centra l  nervous  sys tem and centra l  s t imula t ion  of 
neuroendocrinological  pa thways ,  par t icular ly  those asso- 
c ia ted wi th  the  sympa the t i c  system. This hypothesis  is 
suppor ted  by :  a) adrenergic antagonis ts  and blocking 
agents  pro tec t  against  lung damage  produced b y  bo th  
H P O  and chemical  convulsants ,  b) oedemogenic  lung 
lesions are readi ly  produced by  large i.v. doses of adren-  
aline s and by  re la ted adrenergic  compounds,  par t icu lar ly  
m e t h o x a m i n e  ~, c) s imilar  p u l m o n a r y  lesions can be 
produced  in rats  by  focal damage  to the  preopt ic  area of 
the  rostral  hypo tha l amus  s, d) the  in te r rup t ion  of cer ta in  
pa thways  for au tonomic  outf low protects  against  lung 
damage  in rats  exposed to convulsants  ~, and e) discrete 
lesions in the  CNS, par t icu lar ly  in the  hypo tha l amic  
regions of the  brain stem, have  been demons t ra t ed  his- 
to logical ly  in rats  exposed to t t P O  ~-~1. 

In  v iew of the  s imilar  effects of P T Z  and H P O  in 
causing convulsions and lung damage,  studies were under-  
t aken  to determine.  1. if P T Z  also produced paralysis  in 
unanaes the t ized  and anaes thet ized  rats, and 2. the  effect 
of combined t r ea tmen t s  of rats  wi th  P T Z  and H P O  on 
the  incidence of paralysis.  

Six- to seven-week-old female Caworth  farm rats  (from 
specific pa thogen  free der ived colony) were used. Un-  
anaes thet ized  rats were given 1.0-2.8 ml  P T Z / k g  body  
weight  i.p. All convulsed severely wi th in  60 sec, and died 
wi th in  4-30 rain, and all rats  showed severe lung damage  
a t  necropsy. In  30 rats  which were anaes thet ized  wi th  
pen tobarb i t a l  Na  (38 mg /kg  body  weight  i.p.) pr ior  to 
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P T Z  (1.0-2.0 ml/kg)  convuls ions ,  a p a r t  f rom m i n o r  
twi tch ing ,  d id  no t  occur, all  r a t s  r ecovered  consciousness,  
a n d  were al ive 24 h l a t e r  w i t h o u t  ev idence  of spas t ic  
paralysis .  F u r t h e r m o r e ,  r a t s  f rom these  groups  showed 
no evidence  of lung  d a m a g e  w h e n  kil led 1-24 h a f te r  t r ea t -  
m e n t  w i t h  PTZ.  T h u s  in 13 u n a n a e s t h e t i z e d  r a t s  g iven  P T Z  
(1.0 ml/kg)  all  d ied  w i t h  d a m a g e d  lungs  wh ich  weighed  
13.5 + 1.6 m g / k g  b o d y  we igh t  a t  necropsy,  c o m p a r e d  w i t h  
6.0 4- 0.4 m g / k g  (10 u n t r e a t e d  cont roI  rats) ,  w i t h  6.5 4- 
0.7 m g / k g  (9 anaes the t i z ed  r a t s  g iven  2 ml /kg  P T Z  a n d  
ki l led 1 h later)  and  w i t h  6.9 4- 0.5 m g / k g  (6 a n a e s t h e t i z e d  
r a t s  g iven  2 ml /kg  P T Z  and  ki l led 24 h later) .  

Thus ,  whi l s t  anaes thes i a  p r e v e n t s  convuls ions  a n d  lung  
d a m a g e  in r a t s  g iven  P T Z  or exposed to  H P O  a n d  t h e  
r a t s  su rv ive  t he  t r e a t m e n t s ,  P T Z  differs  f rom H P O  in 
t h a t  i t  d id  no t  cause  p a r a l y t i c  b r a i n  d a m a g e  in b a r b i t u r a t e  
' p ro t ec t ed '  ratS. Also, para lys i s  was  no t  p roduced  in 
unanaes t t i e t i zed  r a t s  g iven  lower doses of P T Z  which  
caused less severe  convuls ions  a n d  lung  d a m a g e  a n d  
al lowed a p r o p o r t i o n  of r a t s  to  su rv ive  t h e  n e x t  day.  A n  
a t t e m p t  to  p roduce  pa ra lys i s  w i t h  h igher  doses of P T Z  
(2?<2.8 ml /kg)  g iven  to a n a e s t h e t i z e d  r a t s  resu l ted  in 
d e a t h  w i t h  lung  d a m a g e  w i t h o u t  t he  r a t s  h a v i n g  rega ined  
consciousness.  

Incidence and severity of paralysis ~ in rats exposed to high pressure 
oxygen (HPO) at 5 ATA (60 p.s.i, gauge pressure) for varying times, 
and the effect of pre- and post-pressurization treatment with pen- 
tylenetetrazole (PTZ) 

Expo- Dose of PTZ Deaths < Rats with Index of 
sure (ml/kg) b 24 h after paralysis severity of 
times givert treatment (Grade 2-5 paralysis 

immediately (%) severity) 
before or (% } 
after HPO 

15 min Nil 0/11 (0) 0/11 (0) 0,55 -- 0.16 
1.4 before 0/18 (0) 0/18 (0) 0,00 

(n.s.) (p < 0.05) 
2.8 before 116 (17) 1/5 (20) 1.40 ~ 0.68 

(n.s.) (n.s.) 
1.4 after o/12 (o) 7/12 (58) 1.75 -t- 0.37 

(p < 0.05) (p < 0.01) 
2.8 after 0/6 (0) 416 (67) 1.70 • 0.42 

(p < 0.05) (p < 0.01) 

20 rain Nil 3118 (17)  12]15 (80) 2.80 ~: 0.34 
1.4 before 0/18 (0) 2/1S (11) 0.56 :t: 0.20 

(p < 0.01) (p < 0.001) 
2.8 before 0/6 (0) 1/6 (17) 0.50 =~ 0.34 

(n.s.) (p <0.01) 
1.4 after 1/12 (8) 9/11 (82) 3.36 ~: 0.54 

(n.s.) (p < 0,05) 
2.8 after 2/6 (33) 4/4 (100) 3.50 ~: 0.50 

(n.s.) (n.s.) 

30 min Nil 1123 (4) 15122 (68) 3.05 ~ 0.42 
1.4 before 0]24 (0) 3]24 (12) 0.54 ~: 0.19 

(p < 0.01) (p < 0.001) 
2.8 before 116 (17) 415 (80) 2.80 ~ 0.66 

(n.s.) (n.s.) 
1.4 after 1/18 (6) 11/17 (65) 2.82 :[: 0.42 

(n.s.) (n.s.) 
2.8 after 0]6 (0) 6]6 (100) 3.50 :t: 0.62 

(n.s.) (n.s.) 

To d e t e r m i n e  w h e t h e r  P T Z  a l t e red  t he  inc idence  and  
seve r i ty  of para lys i s  p roduced  b y  H P O  in a n a e s t h e t i z e d  
ratS, 190 ra t s  Were a n a e s t h e t i z e d  w i t h  ~pentobarb i ta l  Na. 
All r a t s  were exposed to  I-tPO (5 ATA for 15-30 rain) as 
descr ibed  p rev ious ly  9 ; 78 of these  r a t s  received 1.4-2.8 ml  
P T Z / k g  i m m e d i a t e l y  before pressurization in  oxygen,  60 
r a t s  received P T Z  i m m e d i a t e l y  after decompression in  
oxygen,  and  t he  r e m a i n i n g  52 ra t s  were no t  t r e a t e d  w i t h  
PTZ.  Para lys i s  was  scored 24 h later .  The  resul t s  o b t a i n e d  
(Table) sugges t  t h a t  a t  ce r t a in  levels of P T Z  dosage and  
of exposure  to  H P O ,  P T Z  reduces  p a r a l y t i c  b r a i n  d a m a g e  
p roduced  b y  H P O  p rov ided  P T Z  is g iven  before  exposure  
to  H P O ,  whi l s t  P T Z  t e n d e d  to  increase  b r a i n  d a m a g e  if 
a d m i n i s t e r e d  a f t e r  I-IPO. 

The  e x p l a n a t i o n  for these  effects of P T Z  on b r a i n  
d a m a g e  due  to  H P O  is no t  clear.  I f  P T Z  caused  cerebra l  
va socons t r i c t i on  12, wh ich  would  reduce  t he  rise in cerebra l  
pO 2 caused  b y  H P O ,  t he  resul t s  o b t a i n e d  would be  la rgely  
expla ined .  O t h e r  s tudies  in  dogs 19 a n d  r a t s  1~ suggest ,  
however ,  t h a t  P T Z  increases  ce rebra l  b lood flow, and  the  
oxygen  consumpt ion ,  ac id i ty  a n d  pCO~ of cerebra l  t issues,  
b u t  th i s  does no t  p rec lude  t h e  poss ib i l i ty  t h a t  P T Z  
causes focal r educ t ions  in ce rebra l  b lood  flow in ce r t a in  
p a r t s  of t h e  b r a i n  ( h y p o t h a l a m u s  a n d  b r a i n  stem)9-11 
wh ich  show d a m a g e  in r a t s  w i t h  pa ra lys i s  a f te r  exposure  
to  oxygen.  This  would  also he lp  to  exp la in  w h y  P T Z  b y  
i tself  fai led to  cause  pa ra lys i s  in a n a e s t h e t i z e d  a n d  un-  
a n a e s t h e t i z e d  rats ,  b u t  could enkance  pa ra lys i s  f rom 
d a m a g e  p roduced  in these  regions  b y  H P O  w h e n  a d m i n -  
i s tered  a f t e r  exposure  to  H P O .  On t h e  o the r  h a n d  t he  
a n t a g o n i s t i c  ac t ions  of P T Z  to b a r b i t u r a t e s  need  to  be  
t a k e n  in to  account .  A s imi la r  r educ t i on  in pa ra lys i s  
p roduced  b y  H P O  in b a r b i t u r a t e - t r e a t e d  r a t s  resu l ted  
w h e n  t he  a n t i b a r b i t u r a t e  d rug  f l f l -methyle thyl  g l u t a r a m i d e  
was a d m i n i s t e r e d  t o g e t h e r  w i t h  t h e  b a r b i t u r a t e  s . 

I t  is conc luded  t h a t  t he  classical  effects of H P O  in 
p r o d u c i n g  convuls ions  ( 'Pau l  B e r t  Effect ' )  a n d  lung  
d a m a g e  ( 'Lor ra ine  S m i t h  Effect ' )  w h i c h  t e r m i n a t e s  in 
d e a t h  of t he  a n i m a l  are also p roduced  b y  chemica l  con- 
v u l s a n t s  such  as P T Z  a n d  t h a t  lung  d a m a g e  p roduced  
b y  H P O  is p r i m a r i l y  due  to  i ts  neurologica l  effects 4. 
However ,  p a r a l y t i c  b r a i n  d a m a g e  rep resen t s  a more  
specific n e u r o t o x i c  ac t ion  of oxygen.  I t  is a toxic  effect 
wh ich  a chemica l  c o n v u l s a n t  (PTZ) no t  on ly  fai led to 
p roduce  to a s ign i f ican t  degree, b u t  was  decreased  b y  
p r e t r e a t m e n t  of H P O  exposed  an ima l s  w i t h  PTZ.  

Rdsumd. L a  pen ty l6ne t6 t r azo l e  (PTZ) e t  l 'oxygSne  
h a u t e  press ion  (OHP)  on t  des propr i6 t6s  en c o m m u n ;  
tous  deux  causen t  des convuls ions  et  du  d o m m a g e  aux  
p o u m o n s  chez les rats .  Elles d i f fe ren t  en  ce que  I ' O H P  
- ma t s  n o n  pas  la P T Z  - p r o d u i t  au  ce rveau  une  para lys ie  
spas t ique .  On a t r o u v 6  que  la  PTZ,  donn6e  a v a n t  e t  non  
pas  apr~s l ' expos i t ion  des r a t s  ~ I 'OHP,  r6du i t  la  para lys ie  
du  cerveau.  
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All rats anaesthetized with pentobarbital sodium i.p. before expo- 
sures. ~ Scored (Grades 1-5) according to severity a. b 10% solution 
(w/v) of PTZ (Leptazol BPC) used for i.p. injections. 
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