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A f f e r e n t  a n d  C e n t r a l  A c t i v a t i n g  Ef fec ts  of  H i s t a m i n e  on  th e  B r a i n  

Previous invest igat ions  by  CROSSLAND and ~A/~ITCHELL 1, 
BOVET e t a l .  2, GOLDSTEIN et al. a, MONNIER et al. 4 showed 
tha t  h i s tamine  adminis tered  in t ravenous ly  or intra-  
ar ter ia l ly  has an ac t iva t ing  effect on the  brain,  de tec tab le  
as an e lectrographical  arousal react ion.  Since exogenous 
in t ravenous  h i s tamine  does not  pass the  blood-brain  
barr ier  (in cont ras t  to its precursor  histidine) we have  to 
elucidate  the  mechan ism of its ac t iva t ing  effect on the  
brain, when adminis tered  int ravenously .  

Method. For  this purpose we infused wi th  an au tomat ic  
p u m p  1 mg  of h i s tamine  dihydrochlor ide  into the  jugular  
vein  at  a cons tan t  f low of 1 ml /min  dur ing 30 min. We  
recorded concurrent ly  the  spontaneous electricM brain 
act iv i t ies  and quantif ied,  wi th  an  au tomat ic  f requency 
analyser ,  the  slow del ta  act ivi t ies  of the  moto r  cortex. An 
increase of these del ta  act ivi t ies  means  re laxa t ion  or sleep, 
whereas  thei r  decrease is symptoma t i c  of arousal  or alert-  
ness. Fo r  fur ther  specifications of the  h i s tamine  waking  
mechanism,  we analysed wi th  a compute r  the  potentials 
evoked in the cortex by electrical  s t imula t ion  of the  mid-  
bra in  re t icular  format ion,  of the  medio-cent ra l  in t ra-  
luminary  tha lamus  and of the dorsal h ippocampus .  For  
each tes t  we used a series of 5 rabbi ts  and a series of 5 
control  animals.  

Results. His tamine  d ihydrochlor ide  i.v. infused dur ing 
30 min, a t  a to ta l  dose of 0.37 mg/kg,  produces an 1?;EG 
arousal  react ion wi th  decreased del ta  act ivi t ies  in the  
cerebral  cor tex  (Figure 1A). This  reaction,  which ou t  
lasts the  end of the  infusion, is accompanied  by  a con- 
current  increase of the  first  potent ia l  evoked in t h e  cor tex  
by electrical  s t imula t ion  of the midbra in  re t icu lar  sys tem 
(Figure 1B and C). We  m a y  therefore  conclude t h a t  
histamine stimulates the reticulo-cortical activating pro~ec- 
lions concerned with arousal. 

During  the  E E G  arousal  react ion there  is also an in- 
crease of the  potent ia ls  evoked in the  cor tex  by  s t imula-  
t ion of the  medio-cent ra l  i n t r a l amina ry  tha lamus.  The 
first  componen t  of this evoked response is due to ret iculo- 
cort ical  ac t iva t ing  fibres running f rom the  midbra in  
th rough  this  s  area  to the  cortex.  Consequently,  
histamine also stimulates the reticulo-thalamo-cortical 
activating pro~ections. 

His tamine ,  i.v. infused, ac t iva tes  not  only  the  reticnlo- 
cort ical  and re t iculo- tha lamo-cor t ica l  project ions to the  
neocortex,  bu t  also the  h ippocampo-cor t ica l  project ions .  
In tact ,  this  substance increases the  first  po ten t ia l  evoked 
in the  neocor tex  by  s t imula t ion  of the  dorsal hippo- 
campus.  Therefore,  histamine also activates the paleo- 
cortical hippocampal system involved  in the  E E G  arousal  
reaction.  

All these activating effects did not occur in the control 
animals,  in which a tyrode- l ike  solut ion was i.v. infused 
under  the  same condit ions as h is tamine.  

In  order to specify fur ther  the  ac t iva t ing  mechan ism 
of h is tamine,  we inves t iga ted  whe ther  this substance 
acts, l ike amphetamine, on the  unspecific afferent  reti-  
cular  sys tem concerned w i t h  the  regulat ion of wakeful-  
ness. According to BRADLEY and t~EY 5 and ]BRADLEY 6, 
this  sys tem is s t imula ted  by amphetamine at  the  site 
where collaterals f rom specific afferent  fibres impinge  
on t h e  unspecific afferent  re t icular  neurones. Histamine, 
like amphetamine, elicits a s t rong E E G  arousal react ion 
wi th  decreased del ta  act ivi t ies  and a marked  increase of 
the  ret iculo-cort ical  evoked potent ials .  Therefore,  his ta-  
mine seems tO act  on the  unspecific afferent  re t icular  
sys tem at  the  same site as amphe tamine ,  t h a t  is where 
specific afferents  impinge  on the  unspecific afferent  
system. 

I t  remains  to be inves t iga ted  how i.v. his tamine,  which 
does not  pass t h e  blood-brain  barrier,  m a y  ac t iva te  the  
re t icular  waking  system. 

(A) Afferent (reflex) activating effect of histamine. Were  
the  ret icular  ac t iva t ing  system s t imula ted  ref lexly by 
h is tamine  through nocicept ive  pa in  afferents running  
f rom the  vessels and tissues to the  bra in  stem, this effect 
should be suppressed by  a non-narcot ic  analgesic like 
acetyl-sal icylic  acid. 

Indeed,  the  ret iculo-cort ical  evoked potent ials ,  nor-  
mal ly  enhanced by  i.v. his tamine,  are now s ignif icant ly  
depressed by peroral  analgesia wi th  100 mg/kg  acety l  
salicylic acid (p<0 .025 ) .  (Figure 2.) Infusion of this 
analgesic alone does no t  a l ter  the  previous  evoked  cort ical  
activit ies.  This confirms that i.v. histamine stimulates 
reflexly (part ly by  pain  afferents,  possibly also by  
chemocept ive  afferents) the  ret iculo-cort ical  a c t i v a t i n g  
system. 

(B) Central activating effect o/ histamine. In  order  to 
inves t iga te  the  central effects o/histamine, we infused wi th  
an au tomat ic  p u m p  0.05 mg/kg  and 0 1 mg/kg  of h i s tamine  
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Fig. 1. Intravenous infusion of histamine produces: (A) EEG 
arousal reaction with decreased delta activities. (B and C) Increased 
amplitude of the reticulo-eortieal evoked potentials (I component). 
This does not occur in the control animals. 
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Fig. 2. The reticulo-cortical evoked 
potentials, enhanced by i.v. histamine 
(----), are markedly depressed by 
peroral analgesia with acetyl salicylic 
acid ( . . . . .  ). Infusion of this analgesic 
alone does not alter the previous 
evoked cortical activities. 
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Fig. 3. The waking eMect of intraventricular histamine (decreased 
delta activities in A) is not abolished by analgesia with acetyl salicylic 
acid per os in B. It is not due to reflex stimulation (pain), but to 
direct stimulation of activating brain centres. 

di-HC1 in 0.05 ml  tyrode- l ike  fluid of ad jus ted  osmolar i ty  
dur ing 30 rain into the  th i rd  vent r ic le  of the  rabbit .  

Here  again h is tamine  induced a marked EEG arousal 
reaction with  decreased delta  activit ies.  This waking  
effect is not  of per ipheral  ref lex origin;  i t  is not  due to 
painful  af ierents  since i t  is no t  abolished by analgesia 
wi th  acetyl  salicyclic acid (Figure 3). The activating effect 
of intraventricular histamine has a central origin, due to 
direct  s t imula t ion  of the  surrounding re t iculo- thalamic  
ac t iva t ing  systems. 

I n  conclusion, the  waking  effect of intravenous histamine 
(which does no t  pass the  blood-brain  barrier) mus t  be 
explained ref lexly by  visceral  afferents  s t imula t ing  
chiefly the  re t icular  ac t iva t ing  sys tem and, to  some 
ex ten t  also, the  tha lamo-cor t ica l  and h ippocampal  
ac t iva t ing  mechanisms.  P a r t  of the  afferents are nocicep- 
t i r e  pain  inducing  fibres, since thei r  waking  act ion is 
marked ly  reduced by  analgesia. 

The waking  effect of intraventricular histamine infused 
into the  th i rd  vent r ic le  is central ,  and no t  a t t r ibu tab le  to 
pain, since i t  is not  suppressed by  analgesia 7. 
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E f f e c t  o f  D i m e t h y l  S u l f o x i d e  o n  R N A  S y n t h e s i s  i n  S - 1 8 0  T u m o r  C e l l s  

D i m e t h y l  sulfoxide (DMSO) has been found to affect  a 
number  of biological  processes, bo th  in v i t ro  and in vivo.  
Concentra t ions  of DMSO greater  t h a n  10% have  been 
shown to inhib i t  pro te in  synthesis  in bone mar row cells 
in v i t ro  1. This  inhibi t ion was found to be readi ly  re- 
versible by remova l  of the  drug. NI~IJWEBOER (in 3) 
found t h a t  incorpora t ion  of leucine into the  10,000 g 
superna tan t  of  ra t  l iver  homogena te  was s t imula ted  by  

5 -10% DMSO, bu t  was inhibi ted at  higher  concentra  
tions. ARCHER et al.~ repor ted  tha t  DMSO caused dilatioi 
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