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It was shown previously [3, 4] that primary and secondary lipid peroxidation (LPO) products accumulate 
in the tissues of rats as a result of severe emotional-pain stress (EPS). This activation of LPO is most 
marked in heart muscle, and it is substantial, although less so, in skeletal muscle and brain. It has been 
suggested that this considerable accumulation of LPO products may play a role in the injury to membranous 
structures of cells in EPS [3]. It was considered useful to find ways of abolishing the activation of LPO in 
EPS, first, by inhibition of the central mechanisms responsible for the realization of stress and, second, by 
direct inhibition of LPO in the tissues with the aid of antioxidants. 

Accordingly ,  in the investigation descr ibed  below, the effect  of  7 -hydroxybu ty r i c  acid (GMBA), which 
has  an inhibitory action at h igher  levels  of the brain [5], and of ionol (4-methyl -2 ,6-d i - te r t -buty lphenol ) ,  an 
inhibi tor  of f r e e - r a d i c a l  lipid oxidation reac t ions ,  on s t r e s s - induced  activation of LPO was studied. 

EXPERIMENTAL METHOD 

Male Wis ta r  r a t s  weighing 150-180 g were  used.  The  animals  were  divided into s ix  groups:  1) control ,  
2) control  +GHBA, 3) control  +ionol, 4) EPS,  5) GHBA +EPS,  6) iono l+EPS.  Each  group consis ted of between 
nine and 14 animals .  EPS was produced in the form of an "anxiety n eu ro s i s "  [8]. GHBA was given per  os in 
10% glucose in a dose of  100 m g / k g  30 rain before  EPS,  and again 2 h a f t e r  the beginning of EPS.  Ionol was 
injected in t raper i toneal ly  in a dose of 120 m g / k g  daily fo r  3 days before  EPS.  Lipids were  isolated f rom the 
brain,  hear t ,  aor ta ,  and gas t rocnemius  musc le  by the method of Folch et al. [9]. A ccumulat ion of hyd rope r -  
oxides  in polyene lipids was a s se s sed  by two methods:  UV-spec t roscopy and polarography.  UV-absorpt ion 
spec t ra  of solutions of lipids in a m e t h a n o l - h e x a n e  (5 : 1) sys tem were  r e c o r d e d  on the MPS-50L (Shhnadzu) 
spec t rophotomete r ,  assuming the coeff icient  of m o l a r  extinction at Xmax--232 nm to be 2.1 • 10 ~ moles  . cm -1 
[6]. Lipid peroxides  were  de te rmined  polarographical ly  in a mix tu re  of organic  solvents m e t h a n o l - b e n z e n e  
(2 : 1) on the P - 8  polarograph (Ianagimoto) by the method desc r ibedprev ious ly  [21] [sic]. The concentrat ions of 
hydroperoxides  were  calculated f rom the value of the diffusion cu r r en t  fo r  a halfwave potential  (E 0.5) in the 
region f rom 0.9 to 1.1 V. End products  of  LPO were  r e c o r d e d  as f luorescence  spec t ra  of solutions of l ipids 
in ch loroform with f luo rescence  exci tat ion maximum at 360 nm and emiss ion  maximum in the region of 420- 
440 nm [7] on an Aminco-Bowman spec t ro f luo romete r .  Before  each s e r i e s  of exper iments  the ins t rument  
was ca l ib ra ted  against  a s tandard  solution of quinine sulfate (1 ~ g / m l  in 0.1 N H~SO4). 

E X P E R I M E N T A L  R E S U L T S  

Changes in the content of f luorescen t  Schiff bases  in lipids of hear t  musc le ,  the aorta ,  skeletal  musc le ,  
and brain of the r a t s  a f te r  EPS are  given in Table  1. It will be seen that  2 h a f te r  EPS the content of f l uo re s -  
cent  LPO products  in the hear t ,  aor ta ,  and bra in  was i nc rea sed  a lmost  threefold ,  and in skeletal  musc le  it 
was doubled. During the  next  2 days the quantity of secondary  LPO products  in the hea r t  and aor ta  began to 
fal l ,  and by the 5th day it  r eached  the control  level .  The content of Schiff  bases  in the bra in  and skeletal  
musc l e  continued to r i s e  in the cou r se  of 2 days and the control  level  was not r eached  until 10 days a f t e r  EPS.  

Inst i tute of  General  Pathology and Pathological  Phys io logy,  Academy of Medical  Sciences  of  the USSR. 
Labora to ry  of Phys ica l  Chemis t ry  of B iomembranes ,  M. V. Lomonosov Moscow State Univers i ty .  Labora to ry  
of  General  Pathophysiology,  Insti tute of Psych ia t ry ,  Academy of Medical Sciences of the USSR. (Presen ted  by 
Academician  of the Academy of Medical Sciences of the USSR A, M. Chernukh.) Trans la t ed  f rom Byulleten '  
]~ksperirncntal 'noi Biologii  i Meditsiny,  Vol. 90, No. 12, pp. 661-663, December ,  1980. Original a r t ic le  sub- 
mitred Apri l  18, 1980. 

0007-4888/80/9012-1651 $07.50 �9 1981 Plenum Publishing Corporat ion 1651 



~om 

i+o 

~ , .2 , .2r  
~ +1 +1+1 I 

~ "  ~ + ~  

~ ,n ~ +1 +1-{-i 

arl +1 +1+1 

~ N  

ml~ = 

m ~  " 
-t-a �9 ~.) 

~.~ ~ 

~g 
= g  

N '  

~ 5 
~o ~ .~ 

+"~ i 
.o 

N ~ 

d 2 

r 

~ --- 0 

o tra ~ m 

+l  d +1 " 
~ v  ~ v ~  

o 
o 

5xl ~ eO 0 5xl 0 

,~',4 

g 

B 

~ 

hO 0 

o 

1652 



Activation of LPO after  exposure to E PS thus continued for a considerable t ime - for  different organs this 
could vary between 2 and 5 days. 

The resul ts  of determination of pr imary  molecular  products of LPO (hydroperoxides of polyene lipids) 
and of the terminal  products of LPO (fluorescent Schiff bases) in the brain, heart,  and skeletal muscle 2 h 
after  EPS, and data on the effect of prel iminary administration of GHBA and ionol on activation of LPO in 
these t issues,  are  given in Table 2. 

It also follows from the data in Table 2 that significant accumulation of both pr imary and terminal 
products of LPO can be found by all three  methods in the brain, heart, and skeletal muscles after  exposure 
to EPS. In addition to the data given in Table 2, it should be pointed out that the direct  poIarographic deter-  
mination of concentrations of lipid hydroperoxides in the t issues of the heart  muscle and brain and, to a 
l e s s e r  degree, of skeletal muscle reveals  activation of LPO after  EPS more  clearly than determination of 
hydroperoxides as diene conjugants. For  instance, according to the results  of polarography, the content of 
hydroperoxides per  mill igram lipids af ter  E PS in the t issues of the heart  and brain was increased by more  
than 5 and 3.5 times: 8 �9 1.5 nmoles (control 0.3 • 0.3 nmole) and 1.9 • 0.3 nmoles (control 0.5 • 0.1 nmole) 
respectively.  Meanwhile, according to the optical density at 232 nm the content of hydroperoxides per mill i-  
gram lipids in these t issues was increased more  than threefold after  EPS: 47.6 • 2.4 nrnoles (control 16.7 • 
1.4 nmoles) for  the heart  and 21.4 �9 2.4 nmoles (control 7.1 • 1.2 nmoles) for the brain respectively.  

Pre l iminary  administration of GHBA or ionol completely abolished activation of LPO or significantly 
reduced it in all the t issues studied from mlimats exposed to the action of EPS. 

Activation of LPO after  EPS can thus be prevented both by GHBA, which limits excitation of the adrener-  
gic and hypophyseo-adrenal syste~ns, and by ionol, which is an effective t rap for peroxide radicals [1] and 
so interrupts the process of f ree- radica l  LPO. 
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