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The r e sp i r a t i on  r a t e  and intensi ty of phospholipid me tabo l i sm of a r a t  b ra in  t i s sue  homoge-  
nate was studied during incubation at different  t e m p e r a t u r e s  (37, 32, and 27QC) in med ium 
with and without cyanide (0.5 and 1 mM). Both these  p a r a m e t e r s  a r e  d i rec t ly  dependent on 
incubation t e m p e r a t u r e  between 27 and 37~ The p r e sence  of cyanide in the med ium in- 
hibits both p r o c e s s e s  but phospholipid me tabo l i sm  more  so  than r e sp i r a t ion .  The r e su l t s  
indicate that phospholipid me tabo l i sm during cyanide poisoning is affected both by the toxic 
action of the cyanide i t se l f  d i rec t ly ,  and by t e m p e r a t u r e ,  the lowering of which potent ia tes  
the toxic action. 
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Hypoxia cons iderably  d e p r e s s e s  the phospholipid (PL) me tabo l i sm  of the brain .  However ,  the mech-  
an i sm of the dis turbance of PL  me tabo l i sm depends on the type of hypoxia. Depress ion  of PL  m e t a b o l i s m  
of r a t  bra in  t i s sue  in hypoxic hypoxia caused by a dec rea se  in the par t ia l  p r e s s u r e  of oxygen in the a tmo-  
sphere  is due mainly  to the lowering of the body t e m p e r a t u r e  that accompanies  hypoxia, and to a much 
l e s s e r  d e g r e e , d i r e c t l y t o  the fall in the par t ia l  p r e s s u r e  of oxygen in the a tmosphe re  [4]. In histotoxic hy-  
poxia,  on the other  hand, when the oxygen supply to the t i s sues  is no rma l  but the i r  abi l i ty to utilize it is d is -  
t a rbed ,  the effect  of two fac tors  is seen  .on the bra in  P L  metabo l i sm:  the d i rec t  toxic action of cyanide on 
the bra in  t i s sue  on the one hand, and the hypo thermia  developing as a r e su l t  of cyanide poisoning on the 
other hand [1, 2]. All invest igat ions in which the data desc r ibed  above were  obtained were  c a r r i e d  out on 
the whole animal .  To analyze and in te rp re t  the data obtained on the complex s y s t e m  of the whole o rgan i sm,  
invest igations must  a lso  be c a r r i e d  out in v i t ro ,  when the influence of the r e g u l a t o r y  s y s t e m s  is excluded 
and it is poss ib le ,  under model conditions, to c rea te  any des i red  exper imenta l  s i tuat ion,  e.g.,  var ious  oxy-  
gen concentra t ions  in the a tmosphe re ,  var ious  KCN concent ra t ions ,  var ious  t e m p e r a t u r e s ,  and so on [6, 10, 
12]. 

The object of this invest igat ion was to study the r a t e  of oxygen uti l ization and the r a t e  of incorpora t ion  
of p32 into.PL of a r a t  b ra in  homogenate kept at different  t e m p e r a t u r e s  in the p r e sence  of KCN. 

The effect  of cyanides on me tabo l i sm  of isolated bra in  t i s sue  has been studied by s eve ra l  w o r k e r s .  
KCN, which blocks cy tochrome oxidase ,  inhibits r e sp i r a t i on  of isolated t i s sues ,  including bra in  t i s sue  [9, 
16]. The p re sence  of cyanides in the incubation med ium causes  the neurons  in the bra in  sect ions to swell  
and reduces  the concentra t ion of h igh-energy  compounds in t hem [12]. In bra in  t i s sue  poisoned with cyanide 
in vi t ro  the intensi ty of incorpora t ion  of amino acids into pro te in  is reduced  [7, 11] and the incorpora t ion  of 
o r thophosphate -P  32 into PL  is inhibited [5, 13-15]. However ,  the ro le  of  t e m p e r a t u r e  in the manifes ta t ion  
of the inhibitory effect  of cyanides on isolated b r a i n - t i s s u e  me tabo l i sm has not p rev ious ly  been investigated.  
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E X P E R I M E N T A L  M E T H O D  

Adult female Wistar  albino ra t s  were  used. After decapita-  
tion the cerebra l  hemispheres  were  careful ly  freed f rom meninges 
and laXge blood vesse ls ,  r insed with 0.14 M NaC1 to remove blood, 
and homogenized. The t issue homogenate (about 100 mg) was 
placed in the smal l  container of a Warburg apparatus containing 
2.5 ml K r e b s - R i n g e r - p h o s p h a t e  medium with glucose,  pH 7.4. 
Next, Na2Hps204 was added to the medium in an amount to give a 
specific radioact ivi ty  (SR) of the medium of about 5" 103 coun ts /  
m i n / p g  orthophosphate phosphorus (SR of the medium was verified 
in each experiment).  The samples were incubated for i h at 37, 32, 
and 27~ Samples without cyanide (control) and samples containing 
KCN in final concentrat ions of 0.5 and 1 mM were  incubated s imul-  
taneously at each of these t empera tures .  The rate  of uptake of ox- 
ygen was expressed  in micro l i te rs  02 absorbed per  g r a m  brain t i s -  
sue per hour (Qo2). The methods of extract ion of the lipids and of 
washing the t issue and ext rac t  to remove  t r aces  of inorganic phos- 
phorus were descr ibed previously  [3]. The content of lipid PhOS- 
phorous of brain t issue and the radioact ivi ty  were  determined in 
each sample af ter  mineral izat ion and its SR calculated (in counts /  
m i n / p g  phosphorous);  the relat ive SR (RSR), i.e., the ra t io  between 
SR of PL phosphorus and SR of inorganic phosphorus of the incuba- 
tion medium, multiplied by 105, also was calculated. The numer i -  
cal resul ts  were sub jec ted to  stat is t ical  analysis  by the Student-  
F isher  method. 

EXPERIMENTAL R E S U L T S  

Figures  showing the intensity of resp i ra t ion  of the b r a i n - t i s -  
sue homogenate at different t empera tures  and with different KCN 
concentrat ions in the medium are given in Table 1. The resul ts  
show that the ra te  of absorption of oxygen by the bra in- t i s sue  ho- 
mogenate was direct ly  dependent on the incubation tempera ture  
within the range 27-37 ~ both in the control and in the samples with 
cyanide. The ra t ios  between the values of QO 2 obtained at 37 ~ and 
at 27 ~ (Ol0)were vir tual ly identical in the control and in both con- 
centrations of cyanide, and its mean value was close to 2. 

On the other hand, as Table i shows, at pract ica l ly  all the 
t empera tures  investigated, the rate of oxygen uptake was lower in 
the media containing KCN than in the control ,  and it depended on the 
KCN concentration.  

The ra te  of incorporation of or thophosphate-P 32 into PL of 
the b ra in - t i s sue  homogenate also depended direct ly  on the incuba- 
tion t empera tu re  over the range 27-37~ both in the control and 
in medium containing 0.5 mM KCN. hi these experiments  Q10 was 
2.05 and 1.979respectively. In medium containing 1 mM KCN, the 
depression of PL metabol ism was ve ry  severe  (by 80-90 %) and 
the values of RSR were  so low that it was impossible to detect any 
dependence of them on tempera ture ;  for that reason  these resul ts  
are  not included in Table 1. At all the t empera tures  investigated 
the presence  of 0.5 mM cyanide in the medium inhibited the incor-  
poration of orthophosphate-P 32 into PL practically identically. 

Comparison of the data on the effect of cyanide on respiration 

and PL metabolism of isolated brain tissue shows that, in the con- 
centrations used, KCN had a greater effect on PL metabolism than 

on respiration: the intensity of PL metabolism in medium con- 
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taining 0.5 mM KCN was reduced by about 35-38% and the ra te  of oxygen uptake by 12-15% or  l e ss  (depend- 
ing on the incubation tempera ture) ,  in agreement  with resu l t s  obtained by other  workers  in investigations 
ca r r i ed  out at an incubation t empera tu re  of 37~ [8]. 

The resul ts  of this investigation, ca r r i ed  out on isolated brain t i ssue,  thus conf i rm resu l t s  obtained 
in vivo [1, 2] and show that during cyanide poisoning two factors  influence PL metabolism: f i r s t ,  a direct  
toxic action of cyanide i tself  on metabol ism of brain t issue is c lea r ly  observed,  and second, this action is 
potentiated by lowering the incubation t empera tu re  in exper iments  in vi tro or lowering the body t empera tu re  
in histotoxic hypoxia in exper iments  in vivo. 
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