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B r o c r e s i n e  s i g n i f i c a n t l y  i m p a i r e d  t h e  a b i l i t y  of  t r a i n e d  
m i c e  t o  a v o i d  s h o c k ,  b u t  d i d  n o t  i n t e r f e r e  w i t h  t h e  a b i l i t y  
of  a n y  m o u s e  t o  e s c a p e  t o  t h e  ' s a f e  a r e a '  a f t e r  t h e  c o m -  
m e n c e m e n t  of  s h o c k .  A v o i d a n c e  f a i l u r e s  of  15, 24 a n d  
7 5 %  o u t  of  a t o t a l  of  80 t r i a l s  w e r e  e l i c i t ed  b y  d r u g  t r e a t -  
m e n t s  of  1 0 0 - 3 0 0  m g / k g  ( F i g u r e  1). W i t h  i n c r e a s i n g  d o s e s  
of  b r o c r e s i n e  a g r e a t e r  n u m b e r  of  m i c e  fa i l ed  to  a v o i d  
s h o c k  a t  l e a s t  9 t i m e s  in  t h e  10 t r i a l s  ( F i g u r e  1), a n d  t i le  
t i m e  r e q u i r e d  for  m i c e  to  r e a c h  t h e  ' s a f e  a r e a '  w a s  ill- 
c r e a s e d  b y  20 6 3 %  in  a d o s e - r e l a t e d  m a n n e r .  

T h e  e f f e c t s  of  s a l i n e  a n d  b r o c r e s i n e  (250 m g / k g )  p r e -  
t r e a t m e n t  on  t h e  a b i l i t y  of  m i c e  t o  a c q u i r e  a n d  r e t a i n  
C A R  b e h a v i o r  w a s  c o m p a r e d  in  2 g r o u p s  of  8 m i c e  e a c h .  
30 r a in  a f t e r  i n j e c t i o n ,  e a c h  m o u s e  w a s  g i v e n  r e p e a t e d  
t r i a l s  u n t i l  a t t a i n i n g  t h e  9 0 %  a v o i d a n c e  c r i t e r i o n  o r  a 
m a x i m u m  of  100 t r i a l s .  W h i l e  s a l i n e - p r e t r e a t e d  m i c e  re-  
q u i r e d  5 0 - 6 4  t r i a l s ,  d r u g - t r e a t e d  a n i m a l s  r e q u i r e d  1 5 - 7 4  
t r i a l s ,  w i t h  3 m i c e  n o t  a t t a i n i n g  t h i s  9 0 %  c r i t e r i o n  a f t e r  
100 t r i a l s .  24 h a f t e r  i n j e c t i o n  b o t h  g r o u p s  we re  r e - t e s t e d  
a n d  f o u n d  t o  m a n i f e s t  e q u i v a l e n t  C A R  p e r f o r m a n c e  
( F i g u r e  2). 

To  d a t e  o n l y  a f ew  s t u d i e s  h a v e  u t i l i z ed  i n h i b i t o r s  of  
h i s t a m i n e  b i o s y n t h e s i s  o r  a n t i h i s t a m i n e s  as  t oo l s  t o  p r o b e  
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Fig. 2. Effect of brocresine (250 mg/kg, i.p.) and saline (1 ml/100 g) 
on the acquisition (day 1) and retention (day 2; no injections) of a 
CAR performance criterion of 90% avoidance. 

t h e  b e h a v i o r a l  role of  b r a i n  h i s t a m i n e .  B r o c r e s i n e  (200 
m g / k g )  h a s  b e e n  r e c e n t l y  s h o w n  to  r e d u c e  t h e  s u s c e p t i -  
b i l i t y  of  m i c e  to  p e n t y l e n e t e t r a z o l - i n d u c e d  m i n i m a l  
(clonic) s e i zu r e s ,  wh i l e  i n c r e a s i n g  t h e  r i s k  of  t h e s e  a n i m a l s  
to  m a x i m a l  ( tonic)  c o n v u l s i o n s ;  m a n y ,  b u t  n o t  al l  a n t i -  
h i s t a m i n e s  (H 1 a n t a g o n i s t s )  a n d  i n t r a v e n t r i c u l a r l y  a d -  
m i n i s t e r e d  m e t i a m i d e  (H 2 a n t a g o n i s t )  i n c r e a s e d  t h e  s u s -  
c e p t i b i l i t y  of  m i c e  to  m i n i m a l  s e i z u r e s  ~4. T k e  h i s t i d i n e  
d e c a r b o x y l a s e  i n h i b i t o r  t h i a z o l - 4 - y l m e t h o x y a m i n e  h a s  
b e e n  r e p o r t e d  to  r e d u c e  m o t o r  a c t i v i t y ,  f ood  i n t a k e  a n d  
R E M  s l eep  in  r a t s  iS. T h e  c e n t r a l  s t i m u l a t i n g  a n d  de -  
p r e s s i n g  e f f e c t s  of  H~ a n t a g o n i s t s  h a v e  b e e n  d e m o n s t r a t e d  
in  h u m a n  a n d  a n i m a l  s t u d i e s  6,~4,~6-~s. T h e  r e s u l t s  of  
n e u r o c h e m i c a l  a n d  n e u r o p s y c h o p h a r m a c o l o g i c a l  s t u d i e s  
s u g g e s t  t h a t  h i s t a m i n e  m a y  h a v e  a p h y s i o l o g i c a l  a n d / o r  
n e u r o t r a n s m i t t e r  f u n c t i o n  in  t h e  m a m m a l i a n  b r a i n .  
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H y p e r t e n s i o n  M e d i a t e d  b y  t h e  A c t i v a t i o n  of th e  Rat  B r a i n  5 l H y d r o x y t r y p t a m i n e  R e c e p t o r  S i t e s  1 

Mi K .  I~Rs~rld a n d  DRAGINJA DJURKOVld 

Department o/ Pharmacology, Faculty o/ Medicine, P.  O. Box 662, 77000 Beogvad (Yugoslavia), d August  1975 

Summary .  5- H y d r o x y t r y p t a m i n e  (5 -HT )  a d m i n i s t e r e d  i n t r a v e n t r i c u t a r l y  ( i .vent . )  in  r a t s  p r o d u c e d  h y p e r t e n s i o n  w i t h -  
o u t  c o n s i d e r a b l e  c h a n g e s  in  h e a r t  r a t e .  A f t e r  t r a n s s e c t i o n  of  t h e  s p i n a l  co rd  o r  i . v e n t ,  a d m i n i s t r a t i o n  of  m e t h y s e r g i d e ,  
5 - H T  fa i l ed  to  p r o d u c e  t h e  p r e s s o r  e f fec t .  T h u s ,  t h e  h y p e r t e n s i o n  r e s u l t s  f r o m  t h e  a c t i v a t i o n  o f  5 - H T  r e c e p t o r  s i t e s  
of  t h e  r a t  b r a i n .  

I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  5 - H T  i n j e c t e d  i n t o  a 
l a t e r a l  ce rebra1  v e n t r i c l e  o f  t h e  d o g  c a u s e s  h y p o t e n s i o n  
a n d  b r a d y c a r d i a  ~,~. GINZEL 4 fa i l ed  t o  o b s e r v e  t h e  v a s o -  
m o t o r  e f f ec t s  o n  i . v e n t ,  a d m i n i s t r a t i o n  of 5 - H T  in  t h e  
ca t .  H o w e v e r ,  r e c e n t l y  i t  w a s  r e p o r t e d  t h a t  5 - H T  in-  
j e c t e d  i n t o  t h e  c a t  l a t e r a l  v e n t r i c l e  or  c i s t e r n a  m a g n a  
p r o d u c e s  a d e c r e a s e  in  a r t e r i a l  b l o o d  p r e s s u r e  a n d  h e a r t  
r a t e~ ,  6. T h e s e  e f f ec t s ,  in  t h e  d o g  as  wel l  a s  in  t h e  ca t ,  
p r o b a b l y  r e s u l t  f r o m  a c e n t r a l l y - i n d u c e d  d e c r e a s e  in  

1 This work was supported by Union of Scientific Medical Insti tu- 
tions of Serbia (Grant No. 85). 
K. P. BHARGAVA and K. K. TANORI, Br. J. Pharmac. ld, 411 (1959). 

a j .  W. McCuBBIN, Y. KANEKO and I. H. PAGE, Circulation Res. 8, 
849 (1960). 

4 K. H. GINZEL, Br. J. Pharmae. 13, 250 (1958). 
T. BAUM and A. T. SHROPSH1RE, Neuropharmacology ld, 227 
(1975). 

6 N. TH. DASKALOPOULOS and H. SCHMITT, Abstr. 6th ~nt. Congr. 
of Pharmac.,  Helsinki 1975, p. 634. 



1188 Specialia EXI~mE~TIA 32]9 

s y m p a t h e t i c  nervous  act ivi ty2,  K Fur the rmore ,  immedi-  
a te ly  af ter  the  t e rmina t i on  of the  p resen t  s tudy,  BHAR- 
CAVA 7 repor ted  t h a t  superfus ion of 5-HT in the  ca t  me- 
dul lary  pressor  area  elicits pressor  response  and  t a ch y -  
cardia  which are abolished by  methyserg ide .  The purpose  
of th is  inves t iga t ion  was to examine  the  general  charac-  
ter is t ics  and the  na tu re  of card iovascular  response to  
i .vent ,  admin i s t r a t i on  of 5-HT in rats.  

Materials and methods. Albino ra ts  of b o t h  sexes, 
weighing 220 to 320 g, were anaes the t i zed  by  ure thane ,  
1.5 g/kg s.c. The left carot id  a r t e ry  and t r achea  were can- 
nu la t ed  and  t h e n  the  ra t  was placed in a s tereotaxic  ins- 
t r umen t .  A 22 gauge stainless steel  guide cannula  was 
imp lan t ed  s te reo tax ica l ly  in to  the  left ventricle.  The 
i .vent ,  in ject ions  were made  via a 28 gauge stainless steel 
in jec tor  cannula  inser ted  t h r o u g h  the  guide. The ar ter ial  
b lood pressure  was  recorded f rom the  left  carot id  a r t e ry  
t h rough  a mercu ry  m a n o m e t e r  on a smoked  k y m o g r a p h  
pape r  and hea r t  ra te  was recorded by  the  t rans is tor -  
e lec t rocard iograph  Nek-2 (R.F.T.) .  

In  one group of rats,  15-20 min prior  to the  2nd in- 
jec t ion  of 5-HT, tile cervical  v a g o s y m p a t h e t i c  t r u n k  was 
cut  bi la teral ly  low in the  neck. In  o ther  group of rats,  
unde r  the  same exper imen ta l  condit ions,  the  spinal cord 
was t r anssec ted  be tween  the  1st and the  2nd cervical  
ver tebra ,  The la t t e r  ra ts  were on artificial  respirat ion.  In  
some exper iments ,  the  pressor  response to i .vent ,  ad- 
min i s t ra t ion  of acetylchol ine  was used as a control .  This 
response  results  f rom the  ac t iva t ion  of the  cent ra l  musca-  
r inic receptors  ~. 

All compounds  were dissolved in isotonic NaC1 solution 
which a f te rwards  was ad jus ted  to  p H  5.0-6.0. Drugs 
were admin is te red  i .vent .  (in a volume of 2-10 >1). An 
except ion  to this  was reserpine,  which  was in jec ted  i,p. 
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Fig. 1. The effect of methysergide on the pressor response to i. vent. 
administration of 5-HT in the rat (310 g). At dots, 5 ~zg of 5-HT was 
injected i. vent. and between A) and B), 10 ng of methysergide. The 
rat was treated by methysergide 8 min prior to the 2rid injection of 
5-HT. Time interval between A) and B), 74 rain. Time: 1 rain inter- 
vals. 

Pressor response to i. vent. administration of 5-HT (3-5 ~g) in rats 

Latent period ~ Duration of Pressor response 
injection 

(see) (see) Height (ram Hg) Duration (min) 

16 ~ 0.73 14 -tz 0.57 16 j_ 0.66 13 :L 0.5 
(47) b (47) (65) (65) 

Values are means • SEM. 
�9 Time interval from the beginning of the injection to the beginning 
of the pressor response, bNumbers of experiments. 

(in a single dose of 5 mg/kg, 48 and  24 h before the  ex- 
per iment) .  In  each par t icu lar  exper iment ,  5-HT was 
admin i s t e red  i .vent ,  in t he  same volume,  a t  the  same 
rate,  a t  in tervals  of 90 min.  The following subs tances  were 
used:  5 - h y d r o x y t r y p t a m i n e  c rea t insu lpha te  (Fluka), 
acetylchol ine  hydrochlor ide  (Pliva), a t ropine  su lpha te  
(Lek), h e x a m e t h o n i u m  bromide  (Merck), methyserg ide  
(Deseril |  and reserpine (Serpasil| All 
doses refer to  t he  salts. 

Results and discussion. 5-HT (1.5-6 ~xg) in jec ted  i .vent .  
a f ter  a l a t en t  per iod of 10 to 30 sec f rom the  beginning of 
adminis t ra t ion ,  caused a blood pressure  rise (Figure 1). 
The hype r t ens ive  effect  var ied in he igh t  f rom several  to  
30 m m  Hg, and  in dura t ion  f rom 4 to 25 min.  In  the  
ma jo r i t y  of exper iments ,  5-HT in jec ted  in a dose of 3 to  
5 ag p roduced  a pressor  response  which was sui table in 
magn i tude  for the  pharmacologica l  analysis  (Table). 
W h e n  5-HT was admin is te red  at  in tervals  of 90 min,  
there  was no t a chyphy lax i s  to the  hyper t ens ive  effect  of 
t he  drug  (7 exper iments ) .  The increase in ar ter ial  blood 
pressure  was dose -dependen t .  There  was a l inear re lat ion-  
ship  be tween  the  logar i thm of the  3 increasing doses of 
5-HT (1.5, 3 and 6 ag) and  the  magn i tude  of the  blood 
pressure  rise (Figure 2). 

In  the  ma j o r i t y  of exper iments ,  the  hea r t  ra te  was no t  
cons iderably  a l tered  by  i .vent ,  admin i s t r a t ion  of 5-HT. 
Dur ing  the  rise of ar ter ial  b lood pressure  p roduced  by  
5-HT (3-5 ~xg), d i f ferent  hea r t  responses  were ob ta ined :  
in 28 out  of 59 exper imen t s  the  hea r t  ra te  was decreased (by 
18 b e a t / m i n  ~ 2.15; mean  • SEM), in 14 exper iments  in- 
creased (by 12 b e a t / m i n  ~ 2.42), in 4 exper iments  ini t ial ly 
increased and a f te rwards  decreased,  and  in 13 exper imen t s  
unchanged .  

Bi lateral  cu t t ing  of the  cervical  v ag o s y mp a t h e t i c  t r u n k  
did no t  cons iderably  modi fy  the  pressor  response to  
i .vent ,  admin i s t r a t ion  of 5-HT (5 exper iments) .  However ,  
the  pressor  response  to 5-HT was abolished af ter  the  
spinal  cord t r anssec t ion  (6 exper iments) ,  indicat ing t h a t  
the  hype r t ens ion  resul ts  f rom the  ac t iva t ion  of the  bra in  
vasomoto r  zones. In  these 2 groups  of rats,  5-HT only  
s l ight ly  decreased or increased the  hea r t  rate,  and  there-  
fore it was difficult  to make  any  reliable conclusion con- 
cerning the  effect  of the  v a g o s y m p a t h e t i c  t r u n k  cu t t ing  
and  the  spinal  cord t ranssec t ion  on the  hea r t  response to 
th is  amine.  

At ropine  (5 Fg) did not  affect  the  pressor  response to 
5-HT (5 exper iments ) .  However ,  in a separa te  experi-  
men ta l  group, a t rop ine  (2-4 Fg) abolished the  hyper -  
tens ive  response to  acetylchol ine  (5 exper iments) .  Hexa -  
m e t h o n i u m  (7.5-10 t~g) did no t  apprec iab ly  change  the  
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Fig. 2. Relationship between doses of 5-HT and magnitude of the 
pressor response. All the 3 doses of 5-HT were injected in the same 
rat i. vent., at intervals of 90 min. Every point represents mean of 5 
experiments i SEM. 
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pressor  response  to 5-HT (8 exper iments ) .  Fur the rmore ,  
it  is known  t h a t  cen t ra l  in jec t ion  of h e x a m e t h o n i u m ,  in 
a similar dose range as in t he  p resen t  exper iments ,  blocks 
the  pressor  response  to  cen t ra l ly  in jec ted  carbachol  in 
ratsg. On the  o ther  h a n d ,  all doses of me thyse rg ide  be- 
tween  7 and 10 ng abol ished the  hyper t ens ive  effect  of 
5-HT (Figure 1; 6 exper iments ) .  However ,  in a separa te  
expe r imen ta l  group, me thyse rg ide  (7-10 ng) did not  ap-  
prec iably  affect  the  increase in ar ter ial  blood pressure  
caused by  acetylchol ine  (6 exper iments ) .  Accordingly,  
t he  pressor  response  to  i .vent ,  admin i s t r a t ion  of 5-HT 
was select ively blocked by  methyserg id .  

The pre l iminary  exper imen t s  have  shown t h a t  the  
pressor  response to  5-HT was no t  apprec iab ly  a l tered in 
reserpinized ra ts  (6 exper iments ) .  However ,  fur ther  ex- 
pe r imen t s  are necessary  in order  to es tabl ish  the  real 
na tu re  of the  per iphera l  mechan i sm media t ing  the  hyper -  
tens ive  response to 5-HT. 

7 K. I ). BHARGAVA, Proe. 6th Int. Congr. of Pharmac., Helsinki 1975 
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8 M. K. t<RSTld and D. DJURKOVld, Naunyn-Schmiedebergs Arch. 
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9 H. 1~. BREZENOFF and D. J. JEND~N, Neuropharmacology 9, 341 
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H e x o b a r b i t a l  A c t i o n  in  R a t s  w i t h  F l a v o n o i d - D e f i c i e n c y  

w .  ENDELL and  G. SEIDEL 

Abteilung /~r Pharmakologie der Medizinischen Hochschule, Ratzeburger Allee 160, D-2400 Liibeck (German Federal 
Republic, BRD),  6 January 1976. 

Summary. In  f lavonoid-def ic ient  rats,  hexobarb i ta l - s leep ing  t imes  are prolonged.  The hexoba rb i t a l  concen t ra t ions  in 
brain,  liver and  p lasma  are increased.  These resul ts  are discussed as a consequence  of an impai red  drug  metabol ism.  

Feeding  ra ts  a d ie t  lacking f lavonoids  raises the  pen to-  
barb i ta l - induced  sleeping t ime (F6LDI and F6LDI-B6Rc- 
S6K 1). The p rob lem arose as to whe the r  tile act ion o the r  
drugs wi th  effects on the  cent ra l  nervous  sys t em is also 
changed.  

Therefore  ra ts  on a d ie t  lacking the  f lavonoids  were in- 
jec ted  wi th  hexobarb i t a l .  Their  sleeping t imes  were  
es t imated ,  and  15 and  35 min af ter  the  in ject ion measure-  
men t s  of the  ba rb i t u r a t e  in brain,  l iver and p lasma were 
performed.  Such m e a s u r e m e n t s  give some in format ion  
abou t  the  d i sappearance  of the  drug f rom these  3 com- 
pa r tmen t s ,  and t he r ewi th  abou t  the  metabol ic  ra te  lead- 
ing to the  inac t iva t ion  of the  hexobarb i t a l  (Bush  and 
WELL~R~). 

Materials and methods. In  the  course of Sep t ember  
1975, expe r imen t s  were pe r fo rmed  on male Spragne-  
Dawley  ra ts  wi th  a b o d y  weight  of 425 • 10 g (E• 
n - -  26). The ages and  the  b o d y  weights  of f lavonoid-  
deficient  (FD) and contro l  rats,  respect ively,  did no t  
differ. The FD-an ima l s  were fed for more  t h a n  4 m o n t h s  
wi th  the  diet.  These rats,  as well as the  contro l  animals  
on a s t a n d a r d  diet, were k indly  given by  Prof.  M. F6LI)I. 
The detai led condi t ions  of the i r  nu t r i t ion  are descr ibed 
by  FOLDI and  F6LDI-BORCS6K 1. 

The ra ts  were in jec ted  wi th  hexoba rb i t a l -Na  in a dose 
of 50 mg/kg  i.e. 1 ml /kg into a tai l  vein. The in ject ion t ime  
was abou t  15 sec. The t ime in te rva l  f rom the  end of the  
inject ion till the  m o m e n t  when  the  ra ts  where p u t  on one 
side, t u rned  back  on the i r  h ind  legs, was measured  and  
called sleeping t ime.  

Es t ima t ions  of hexoba rb i t a l  in brain,  l iver and p lasma 
were pe r fo rmed  by  a gaschromatograph ic  procedure  (for 
details  see ENDELL and  SEIDEL~). Resul ts  are given as 
mean  • s t anda rd  error  of mean  (~ • s~). Stat is t ical  
analysis  of the  significance of differences be tween  two 
means  was per fo rmed  using the  t-test .  

Results. F D- ra t s  t r e a t ed  i.v. wi th  hexobarb i t a l  s lept  
longer t h a n  the  controls.  While  the  sleeping t ime in t he  
la t t e r  group was 13.4 • 0.9 rain (n = 7} 4 of 6 FD-  
animals  still s lept  when  t h e y  were decap i t a t ed  35 min 
af ter  the  in ject ion of t he  ba rb i tu ra te .  The sleeping t imes  
in the  two o the r  FD-an ima l s  were 24.6 and 17.6 min, 
respect ively.  
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Concentrations of hexobarbitaI in brain, liver and pIasma of rats 
15 and 35 miu, respectively, after injection (50 mg/kg i. v.). Number 
in the colunms : animals/group. C, normally fed animals; D, flavonoid- 
deficient animals. 

The hexobarb i t a l  concen t ra t ions  in brain,  l iver and  
p lasma  15 and 35 min,  respect ively,  a f ter  the  admin is t ra -  
t ion of the  hexobarb i ta l ,  are shown in the  Figure. The 
FD-an ima l s  revealed higher  concen t ra t ions  which  de- 
creased more  slowly t h a n  those  in the  controls.  As hexo-  
ba rb i t a l  is e l iminated  main ly  b y  metabol ic  degrada t ion  in 
the  liver (BUSH and  WELLER2), th is  m a y  indicate  an im- 
pai red hexobarb i t a l  metabol i sm.  

The means  of the  quo t ien t s  ' hexobarb i t a l  concent ra t ion  
in bra in  divided b y  the  concen t ra t ion  in p lasma '  of single 
FD-ra t s ,  as well as of the  controls,  were in the  same range 
[15 min:  0.63 • 0.09 (n = 7) versus 0.54 • 0.14 (n = 4); 
35 min:  0.37 • 0.12 (n = 5) versus  0.46 • 0.15 (n = 5)]. 

1 M. F6LDI and E. F6LDI-B6RcS6K, Experientia 31, 1308 (1975). 
2 M. T. BUSH and W. L. WELLER, Drug. Metab. Rev. 7, 249 (1972). 
3 W. ENDELL and G. SEIDEL, Pharmacology, in press (1976). 


