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Effect of -Arter ia l  O x y g e n  T e n s i o n  on Cerebra l  B l o o d  F l o w  at Dif ferent  Leve l s  of Arter ia l  PCO 2 

Cerebral  blood flow is closely corre la ted  to  ca rbon  
dioxide tens ion of ar ter ia l  blood over  a wide range of 
PaCO~ 1. Oxygen  exer t s  a vase -cons t r i c t ing  effect  a t  h igh  
tensions,  while a reduc t ion  of ar ter ia l  PO2 produces  no 
effect  unt i l  a cri t ical  level of 30-50 m m  Hg  is a t t a i n ed  z. 
The effects of combined  a l te ra t ions  in ar ter ial  oxygen  and  
carbon  dioxide tens ions  on cerebral  blood flow, however ,  
are largely u n k n o w n  a l though of considerable  clinical and  
theore t ica l  interest .  In  the  p resen t  s tudy  the  inf luence of 
d i f fe rent  ar ter ia l  PCO= tens ions  on the  cerebrovascular  
responsiveness  to  a l te ra t ions  of ar ter ial  PO2 be tween  50-  
140 m m  Hg  was inves t iga ted .  

Methods. The expe r imen t s  were pe r fo rmed  in 31 cats,  
anaes the t i zed  wi th  n e m b u t a l  (30 mg/kg  b o d y  weight ,  
i.p.). After  t r a c h e o t o m y  the  an imals  were curar ized and  
ven t i l a ted  wi th  a Star l ing pump.  15 animals  (group I) 
were ven t i l a ted  a t  a normal  ra te  and normal  t ida l  
volume wi th  N J O  2 mix tures  of d i f ferent  oxygen  conten t .  
PaO 2 in th is  group was in the  range of 55-140 m m  Hg;  
P a C e  2 was 28.2 + 1.83 S.D. In  16 exper imen t s  (group 
II) 3 -5% CO2 was added  to  the  above gas mix tures .  
PaCO~ varied be tween  35.5 and 72.5 m m  Hg  (mean 
47.33 • 12.6 S.D.). PaO., was in the  range be tween  50-  
140 m m  Hg. 

Arter ia l  blood pressure  ( S t a t h a m  pressure  gauge t rans-  
ducers) and end-exp i ra to ry  CO 2 (IR analyser) were con- 
t inuous ly  recorded.  Arter ia l  PO=, PCO2 and p H  were 
de t e rmined  according to the  mic ro -me thod  of ASTRUP. 
Cardiac ou tpu t  was measured  by  the rmodi lu t ion  tech-  
nique. Blood flow th rough  forebrain,  cerebel lum and  
bra in  s tem was de te rmined  under  s t eady-s t a t e  condi t ions  

no corre la t ion be tween  PaO2 (varying be tween  5 5-140 m m  
Hg) and  blood flow is seen;  in hypercapnia ,  however ,  a 
s ignif icant  nega t ive  corre la t ion be tween  PaO= and blood 
flow t h r o u g h  torebrain,  cerebel lum and  bra in  s t em is 
observed.  

I t  is concluded f rom these  d a t a  t h a t  t he  response  to  
combined  a l te ra t ions  of PaO~ and  PaCO~ is no t  s imply  
addi t ive .  Similar  resul ts  were ob ta ined  b y  SHAI, IRO e t  al. 4 
in man.  AGtgOLI et  al. 5 obse rved  t h a t  h y p o x i a  p reven t s  
the  adap t ion  of CBF and  C S F p H  to chronic hype r -  
eapnia.  These au thors  propose  t h a t  h y p o x i a  m i g h t  in ter-  
fere w i th  act ive  t r a n s p o r t  mechan i sms  involved in t he  
regula t ion of the  extracel lu lar  p H  of t he  cent ra l  nervous  
sys tem.  Our f indings seem to cons t i tu te  an o t h e r  aspec t  of 
the  same phenomenon ,  n a m e l y  an increased sens i t iv i ty  to  
h y p o x i a  unde r  hypercarb ia .  

Zusammen/assung .  Die W i rk u n g  des ar ter iel len O=- 
Par t i a ld ruckes  anf  die D u r c h b l u t u n g  des Grosshirns,  
Kle inhi rns  und H i r n s t a m m e s  bet no rma len  und  e rh6h ten  
CO~-Part ia ldrucken im ar ter iel len Blur  wird  an der  
anaes thes ie r t en  K a t z e  un te r such t .  Die ~Virkung des PaO~ 
ist  yon  der  t I6he  des PaCOa abh/tngig. 
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Partial correlation coefficients between PaO2, PaCe 2 mean arterial blood pressure (BP) and blood flow through forebrain (CBFP), cerebellum 
(CBFc) and brain stem (CBFs) 

Group PaCO 2 B P CB Fp CBFe CBFs 

PaO 2 I 0.0702 0.0092 0.4242 --0.2515 --0.1330 
iI --0.3878 0.1080 --0.7161 ~ 0.6186 ~ --0.5612~ 

PaCe 2 1 --0.0969 0.8151 ~ 0.8178, 0.9006~ 
II 0.0892 0.3661 0.5881 ~ 0.1133 

BP I - --0.1860 --0.3273 --0.3105 
II . . . .  0.0614 0.1301 0.0183 

Significant correlations : ~ 0.05 > p > 0.0l. b 0.01 > p > 0.001. " p < 0.001. 

of PaO 2, P a C e  2, mean  ar ter ia l  blood pressure,  and  
cardiac ou tpu t  by  means  of the  part icle  d i s t r ibu t ion  
technique  a. In  group II  the  de t e rmina t ion  of CBF was 
carried out  af ter  a period of 35-40 min  of 3 -5% CO 2 in- 
hala t ion.  

Results.  The results  of mul t ip le  regression analysis  of 
the  da t a  are summar ized  in the  Table.  Cerebrovascular  
responsiveness  to changes  in PaO 2 in hype rcapn i a  differs 
f rom t h a t  observed under  normocapnia .  In  no rmocapn ia  
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Chronic  Effects  of N i c o t i n e  on Rat Gastr ic  Secre t ion  

Tobacco smoking has been  impl ica ted  as a con t r i bu to ry  
factor  in the  aetiology, and  reduced healing, of pep t ic  
ulcers 1,2. Fu r the rmore ,  nicot ine has been shown to  in- 
crease t he  ulcerogenic po ten t i a l  of h i s t amine  in dogs a and 
the  h i s tamine- fo rming  capac i ty  of the  ra t  s t omach  4. These 
facts  suggest  t h a t  nicot ine and smoking  m a y  increase 

gastr ic  acid and peps in  product ion ,  however ,  secre tory  
da t a  in the  l i t e ra ture  are con t r ad i c to ry  (5 review). We  
have  recent ly  shown t h a t  acute  doses of nicot ine depress  
gastr ic  secret ion 6,7, b u t  this  m a y  not  be d i rec t ly  appl i -  
cable to the  condi t ion  resul t ing f rom chronic alkaloid ex- 
posure.  Rep o r t ed  here  are the  effects of chronic nicot ine 
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a d m i n i s t r a t i o n  on  basa l  a n d  s u b - m a x i m a l  ICI-50123-  
i nduced  secre t ion  in t he  py lo rus - l iga ted  ra t .  

M a t e r i a l s  a n d  methods .  Six ty  ma le  Sp rague -Dawley  
ra t s  s weighing  274.2 :t= 4.5 g were used. T h e y  were  r an -  
d o m l y  d iv ided  in to  2 groups  of 12 ra t s  (controls)  a n d  48 
r a t s  (n icot ine  t r ea t ed )  a n d  in jec ted  s.c. 3 t i m e s  da i ly  for 
15 days  w i t h  e i t he r  1.0 ml /kg  0.85 g/100 g w / v  sod ium 
chlor ide  (O.P. 262 m O s / k g  water ,  p H  3.38, 23 ~ or 100 ~g 
n ico t ine  base  9/ml/kg in sod ium chlor ide  (O.P. 267 m O s / k g  
water ,  p H  3.37, 23 ~ respect ively .  Deta i l s  of a n i m a l  care 
a n d  housing,  a n d  m e t h o d s  of py lorus - l iga t ion  a n d  gas t r ic  
juice col lec t ion a n d  ana lyses  h a v e  been  p re sen t ed  pre-  
v ious ly  10-12. 

Drugs  in jec ted  acu te ly  d u r i n g  t he  2 h of col lect ion were 
as follows: ICI-5012313 200 ~zg/ml/kg/h in sod ium chlor ide  
(O.P. 272 m O s / k g  water ,  p H  9.64, 24 ~ ; ICI-50123 con- 
t ro l  solut ion,  0.85 g/100 rnl w / v  sod ium chlor ide  (O.P. 
273 m O s / k g  water ,  p H  10.07, 22 ~ ; n i co t ine  and  n i co t ine  
con t ro l  so lu t ions  were s imi la r  to  those  used  for  t h e  
chron ic  in jec t ions .  Because  of t he  differences  in  p H  be- 
tween  t h e  n ico t ine  a n d  ICI-50123 in jec tab les ,  r a t s  also 
rece ived  in jec t ions  of sal ine con t ro l  so lu t ion  a t  t h e  oppo-  
si te  p H  to  t h a t  of t he  p r i m a r y  in jec tab le  to  min imize  a n y  
p H  effect  on  gas t r ic  secre t ion  14. I n j e c t a b l e s  were a lways  
a d m i n i s t e r e d  a t  d i f f e ren t  s i tes  us ing  i n d i v i d u a l  syr inges  
a n d  needles.  

Resu l t s .  B o d y  we igh t  curves  are i nd i ca t ed  in t he  Figure.  
The  con t ro l  a n d  t r e a t e d  groups  in i t i a l ly  increased  s imi-  
l a r ly  b y  7.8 a n d  7.9 g /day,  respect ively .  W e i g h t  gain  was 
decreased  to  5.3 g / d a y  ( P  < 0.02) a f t e r  sa l ine  and  to  4.2 g/ 
d a y  ( P  < 0.001) a f te r  n i co t ine ;  r e d u c t i o n  in  w e i g h t  gain  
fol lowing n ico t ine  was g rea te r  t h a n  t h a t  fol lowing sal ine 
(P < 0.05). 

D a t a  on  gas t r i c  secre t ion  are  p r e s e n t e d  in t he  Table .  
The  chron ic  a d m i n i s t r a t i o n  of n ico t ine  (columns A, B) 
doub led  gas t r ic  ju ice  v o l u m e  a n d  acid o u t p u t  ( P  < 0.001 
a n d  < 0.005, r espec t ive ly ) ;  peps in  o u t p u t  was  increased  
s l igh t ly  ( P  < 0.05). T he  acu te  a d m i n i s t r a t i o n  of n ico t ine  
to  an ima l s  ch ron ica l ly  exposed  to  n ico t ine  (columns B, C) 
r e su l t ed  in  a h a l v i n g  of gas t r ic  juice v o l u m e  and  peps in  
o u t p u t  ( P  < 0.001 and  < 0.005), r espec t ive ly ) ;  acid ou t -  
p u t  was  depressed  4-fold ( P  < 0.001). S u b - m a x i m a l  doses 
of ICI-50123 in r a t s  ch ron ica l ly  exposed  to n ico t ine  
(columns B, D) s t i m u l a t e d  gas t r ic  ju ice  v o l u m e  sl ight ly,  
b u t  t h i s  was  n o t  s ign i f i can t ;  acid o u t p u t  how eve r  was 

a b o u t  doub led  ( P <  0.01) and  peps in  o u t p u t  depressed  
( P  < 0.005). Resu l t s  p roduced  b y  s u b - m a x i m a l  doses of 
ICI-50123 plus  acu te  doses of n ico t ine  in r a t s  chron ica l ly  
exposed to n i co t ine  (columns D, E) i nd i ca t ed  t h a t  t h e  de- 
press ion  of gas t r i c  juice v o l u m e  a n d  acid a n d  peps in  out -  
pu t s  seen w i t h  acu te  doses of n ico t ine  a lone  h a d  been  
abol i shed  b y  t h e  secretagogue.  

Macroscopic  e x a m i n a t i o n  of t he  s t o m a c h  af te r  gas t r ic  
juice col lect ion was  u n r e m a r k a b l e .  

D i s c u s s i o n .  The  resu l t s  p r e s e n t e d  here  ind ica te  t h a t  
chronic  n ico t ine  in jec t ions  of 300 ~zg/kg/day for 15 days  
resu l t  in  a n  increased  gas t r ic  juice volume,  and  acid a n d  
peps in  ou tpu t .  Based  on  a n  ave rage  ' smok ing  dose '  of 
n ico t ine  15, th i s  dose a p p r o x i m a t e s  to  t he  smok ing  of 10-  
15 c iga re t t e s /day .  Acu te  n ico t ine  a d m i n i s t r a t i o n  to  r a t s  
chron ica l ly  exposed  to  t h e  a lka lo id  resu l ted  in s ign i f ican t  
sec re to ry  i n h i b i t i o n  (which could be  overcome b y  sub-  
m a x i m a l  doses of ICI-50123),  wh ich  is s imi lar  in magn i -  
t u d e  to  w h a t  occurs  in  n o r m a l  r a t s  ~,7. I t  can  be  seen t h a t  
t he  increase  in acid o u t p u t  fol lowing chronic  n ico t ine  can  
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Try-Met-Asp-Phe amide, Ayerst Laboratories Inc., New York. 
xa p. E. BAUME, H. C. MENG and D. H. LAW, Am. J. Physiol. 209, 961 
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Gastric secretion in 2 h pylorus-ligated rats after chronic nicotine injections 

Groups 

Chronic injections Saline Nicotine 

Acute injections Saline Saline 

A B 

Nicotine ICI-50123 ICI-50123 and 
nicotine 

C D E 

Gastric juice vol. (ml/2 h) 
Gastric juice vol. (100 g) (ml/100 g/2 h) 
Acid output (~Eq/100 g/2 h) 
Pepsin output (mg]2 h) 

1.1 4. 0.1 2.4 i 0.2 1.0 4. 0.2 2.8 4- 0.4 2.6 4. 0.3 
0.27 4- 0.02 0.59 4. 0.05 0.26 4- 0.04 0.66 4- 0.08 0.65 4.4- 0.07 

17.8 4. 2.4 36.5 4. 4.6 9.3 4. 2.3 64.0 4- 10.6 47.6 4. 8.2 
0.51 4- 0.04 0.73 4- 0.08 0.40 4. 0.06 0.40 4- 0.05 0.72 4. 0.13 

P values 

A:B B:C B:D D:E C:E 
Gastric juice vol. < 0.001 < 0.001 N.S. N.S. < 0.001 
Gastric juice vol. (100 g) < 0.001 < 0.001 N.S. N.S. < 0.001 
Acid output < 0.005 < 0.001 < 0.001 N.S. < 0.001 
Pepsin output < 0.05 < 0.005 < 0.005 < 0.005 < 0.001 

Data are presented as mean values :~ S.E.M. for 12 rats[group. P values between the different treatments are indicated. 
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be f u r t h e r  increased  b y  ICI-50123 ; t he  s l igh t  fall in peps in  
o u t p u t  m a y  h a v e  resu l ted  f rom v o l u m e  changes .  I t  is of 
i n t e r e s t  t h a t  no ulcers  were seen. 

Th e  r educed  we igh t  ga in  in con t ro l  r a t s  was  p r o b a b l y  
due to  t h e  p H  of t he  in jec table .  I n  the  n i co t ine - t r ea t ed  
r a t s  the  g rea t e r  r educ t i on  in g r o w t h  can  be ascr ibed  to t he  
n ico t ine  ~6. T h e  m e c h a n i s m  of n i co t ine - induced  gas t r ic  
secre tory  s t i m u l a t i o n  w i th  chronic  exposu re  is no t  clear 
b u t  m a y  be due  to e n z y m e  i n d u c t i o n  ~7,18, for example ,  

450 
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zsl o NIBO11[1B 

1~ ZJO 3'0 
Time 

~odays 

Body weight gain in control and nicotine-injected rats. Data are 
presented as mean values -E S.E.M. for 12 control (0) and 48 nico- 
tine-injected (�9 rats. The groups were run simultaneously but are 
separated for illustrative purposes. Day 1 for the saline {closed 
arrow) and nicotine injections (open arrow) are indicated. Control 
groups pre-injection: r, +0.9973; P<0.001;  Y, 299.8+7.8 (X, 
5.3) ; post-injection : r, + 0.9935 ; P < 0.001 ; Y, 374.3 + 5.3 (X, 16.0). 
Nicotine-injected groups - pre-iujection : r, + 0.9954; P < 0.001; Y, 
328.2 + 7.9 (X, 7.3) ; post-injection : r, + 0.9868 ; P < 0.001 ; Y, 400.7 
+4.2 (X, 19.0). 

h i s t a m i n e  4 or o the r  s u b s t a n c e s  10. R e s u l t s  p r e se n t e d  m a y  
exp la in  w h y  s m o k i n g  is a c o n t r i b u t o r y  fac tor  in t h e  
ae t io logy  a n d  hea l ing  of pept ic  ulcers  in m a n  20. 

Rdsumd. Aprbs  avoi r  re~u 300 ag  de t a r t r a t e  de n ico t ine-  
h y d r o g b n e  p e n d a n t  15 j on r s  il y eu t  des a u g m e n t a t i o n s  
s ign i f ica t ives  d a n s  le v o l u m e  du  suc  ga s t r i que  et  d a n s  la 
p r o d u c t i o n  de peps ine .  Des  in jec t ions  de n ico t ine  on 
abaiss6  t o u s l e s  p a r a m b t r e s ,  ma i s  combin6es  avec  de la 
gas t r ine  s y n t h 6 t i q u e  (ICI-50123), elles n ' o n t  a u c u n  effet.  
Les  r6 su l t a t s  p r6sen t6s  p e u v e n t  e xp l i que r  p o u r q u o i  
l ' h a b i t u d e  de f u m e r  es t  u n  f ac t eu r  c o n t r i b u a n t  ~ la fo rma-  
t ion  5 la gu6r ison des ulcbres pep t iques .  
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Effect  of  E lec tr ica l  S t i m u l a t i o n  in V P M  on S a c c h a r i n  Pre ference  and  Water  In take  in Cats  1 

Studies  h a v e  shown  t h a t  electrical  or chemica l  s t imu la -  
t ion  of the  t o n g u e  evokes  r e sponses  in t he  media l  p a r t  of 
the  nuc leus  VPIV[ of t he  t h a l a m u s  2-.~. Bi la tera l  lesions in 
the  s a m e  region p roduce  an  e leva t ion  of the  re jec t ion  
t h r e sho ld  for qu in ine  so lu t ions  as well as decreases  in 
v o l u m e  i n t ak e  of sucrose a n d  s o d i u m  chloride so lu t ions  6-8 
S tud ies  on a l i m e n t a r y  behav io r  h a v e  r epea t ed ly  po in ted  
to  the  i m p o r t a n c e  of t a s t e  in feeding  and  d r ink ing  reac- 
t ions  9-15. As a c o n t i n u a t i o n  of our  s tud ie s  on cen t ra l  
m e c h a n i s m s  re la ted  to feeding  behav io r  1~-1u, we wished  
to g a t h e r  m o re  d a t a  conce rn ing  the  role of the  p roposed  
t h a l a m i c  t a s t e  re lay  nuc leus  in a preference  behav io ra l  
s i t ua t i o n  20. 

Methods. T h e  e x p e r i m e n t s  were pe r fo rmed  on 10 a du l t  
ca t s  we igh ing  be tween  3.0 and  3.6 kg. Bipolar  s t r u t  elec- 
t rodes  were i m p l a n t e d  b i la te ra l ly  in the  med i a l  p a r t  of the  
VPM nuc leus  (A 8.5, L 3.5, H 0) in 8 ca t s  (VPM cats) a nd  
in t h e  region of n. la tera l i s  pos ter ior  (A 7.5, L 5.0, H +5.5)  
in 2 ca t s  (LP cats),  accord ing  to the  a t las  by  JASPER a nd  
AJMONE-M~ARSAN 31. E lec t rodes  were c o n s t r u c t e d  of s ta in-  
less steel  wires  (0.2 m m  in d iameter )  whose  t ips  were 
bared.  

Two weeks  af ter  surgery ,  t he  ca t s  were wa t e r -dep r ive d  
and  t h e n  t a k e n  to t he  o b s e r v a t i o n  chambe r .  Th i s  c h a m b e r  
was  p rov ided  wi th  2 feeders  loca ted  on oppos i te  sides of 
the  cage. E a c h  a n i m a l  was  t r a i ned  to press  the  ba r  a t  t he  
feeder an d  for each press  0.1 cm  a of wa te r  was  a u t o m a t i -  
cal ly del ivered.  E v e r y  d a y  t he  a n i m a l  r e m a i n e d  in t he  
e x p e r i m e n t a l  cage a b o u t  1/2 h unt i l  i t  no longer  pressed  
t he  bar .  

W h e n  t he  ca t  h a d  learned  to ba r -p res s  a n d  its w a t e r  in- 
t a ke  h a d  r eached  a c o n s t a n t  level, a s a c c ha r in  so lu t ion  
was  i n t r o d u c e d  in to  one feeder. T h e  a n i m a l  t h e n  d r a n k  
dist i l led w a t e r  or s accha r in  so lu t ion  accord ing  to i ts  pre-  
ference.  T h e  bo t t l e s  were e x c h a n g e d  e ve ry  few d a y s  to 
p r e v e n t  the  e s t a b l i s h m e n t  of a h a b i t  of d r i n k i n g  f rom 
one feeder only.  After  10 days ,  a con t ro l  series of 20 ses- 
s ions was  p e r f o r m e d  on t he  8 VPlV[ an ima l s .  D u r i n g  t he se  
sessions t he  s accha r in  c o n c e n t r a t i o n  was  inc reased  0 .1% 
daily,  b e g i n n i n g  a t  0.1% a nd  c o n t i n u i n g  un t i l  a concen-  
t r a t i o n  of 2% was  reached,  A I -week  i n t e rva l  fol lowed 
du r ing  w h ic h  t he  a n i m a l s  received w a t e r  ad  l ib i tum.  

In  a second  series of sessions,  the  VPI~  ca t s  were d iv ided  
in to  2 groups .  W i t h  t he  f i rs t  g roup  of 4 ca t s  (CWl ,  CW2, 
CW3 a nd  C\V4), sess ions  s imi la r  to  t he  a bove  con t ro l  
series were r epea t ed  excep t  t h a t  un i l a t e ra l  b ipo la r  electri-  
cal s t i m u l a t i o n  was  a d m i n i s t e r e d  t h r o u g h  t he  i m p l a n t e d  
electrodes.  Monophas ic ,  s q u a r e - w a v e  pu l ses  were de- 
l ivered f rom a Grass  s t imu la to r .  T h e  u s u a l  s t i m u l a t i o n  
p a r a m e t e r s  were 0.5-1.0 V, 20 cps a n d  1 mse c  pu l se  du ra -  
t ion.  E a c h  s t i m u l a t i o n  epoch cons i s t ed  of 15 sec s t i m u l a -  
t ion  followed b y  a 15 sec i n t e r s t i m u l a t i o n  in te rva l .  
20 s t i m u l a t i o n  epochs  were t e s t ed  da i ly  a n d  s t a r t e d  30 sec 
a f te r  t he  a n i m a l  was  b r o u g h t  in to  t h e  o b s e r v a t i o n  c h a m -  
ber.  Fol lowing s t imu la t i on ,  the  ca t  was  al lowed to  con-  
t i nue  to press  a nd  d r ink  ad l ib i tum.  

The  second g roup  of 4 VP1V[ ca t s  was  used  as a ' specia l '  
control  in wh ich  no s t i m u l a t i o n  was  applied.  Af te r  1 week,  
these  4 con t ro l  ca t s  were also used for electr ical  s t i m u l a -  
t ion  s tud ie s  of t he  V P M  area. T h e  p rocedure  was  some-  


