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Experiments on ra t s  showed that the self-stimulation (SS) response reduces the increase in 
the l l -hydroxycor t icos te ro id  (11-HCS) concentration in blood after  electrical nociceptive 
stimulation (ENS) of  the limbs. Diazepam (1 mg/kg) reduced the liberation of l l-HCS and the 
fi-lipoprotein concentration in response to SS and ENS and raised the phospholipid concentra- 
tion. Diazepam and prel iminary ENS evoked activation of SS. It is concluded that diazepamand 
activation of the positive re inforcement  system act in the same direction with respect  to l l -  
HCS excretion and the changes in lipid metabolism during ENS. 

KEY WORDS: diazepam; l l -hydroxycor t icos teroids ;  lipid metabolism; self-stimulation. 

In small doses (1 mg/kg) diazepam is known to prevent the increase  in the synthesis of cort icosterone 
and its l iberation into the blood s t ream in ra ts  Induced by emotional s t ress  [41. The effect of diazepam on 
lipid metabolism during positive and negative emotional responses  has not been investigated. It is not yet 
c lear  whether positive emotions a re  the opposite of negative in the context of hormonal responses or whether 
positive emotional excitation can cancel out metabolic and endocrine changes arising in connection with nega- 
tive emotions. The object of this investigation was to study changes in adrenocortical function and lipid me-  
tabolism during positive and negative emotional responses and the effect of diazepam on these parameters .  

E X P E R I M E N T A L  M E T H O D  

Experiments were  car r ied  out on 45 noninbred male ra ts  weighing 200-300 g with monopolar electrodes 
implanted: into the region of the lateral  hypothalamus and medial forebrain bundle in accordance with coor-  
dinates from a s tereotaxtc  atlas [6]~ The self-stimulation (SS) response of the rats  in a Skinner box under 
constant re inforcement  conditions was used as the model of a positive emotional state.  In response to each 
p res su re  on the pedal the animal received electrical  stimulation of its brain for 0~ sec (frequency 100 Hz, 
pulse duration 1 msec).  The strength of current  used was that with which the frequency of pressing on the 
pedal was 400-600 t imes in the course  of a 10-rain session. A negative emotional state was induced in the 
ra ts  by electrical  nociceptive stimulation (ENS) of the limbs in a box with an electrode floor (voltage 60 V, 
stimulus duration 0.5 sec, frequency 100 Hz, interval between stimuli 0.5 sec, duration of exposure 20 rain). 
Behavioral manifestations and changes in lipid metabolism and adrenocortical function during positive and 
negative emotional responses were studied during isolated stimulation (SS or  ENS) and combined stimulation 
(SS immediately after  ENS). The same variants of the experiments were car r ied  out after preliminary injection 
of diazepam (1 mg/kg, intraperitoneally) 30 min before the beginning of the experiment. Blood was taken from 
the caudal vein immediately after  the end of the experiment for  determination of  the concentrations of l l -  
hydroxycort icosteroids (ll-HCS) [2], fl-lipoproteins [3], total cholesterol (by the L iebermana-Burchard t  color 
reaction), t r ig lycer ides  [7], and phospholipids [5]. The rats  were used twice in the experiments af ter  an in- 
terval  of 1 week. The mean values were calculated and the significance of resul ts  assessed by Student's t 
test .  
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EXPERIMENTAL RESULTS 

The experimental results  are given in Table 1. Negative emotional excitation induced by ENS was 
characterized by ma~ked motor excitation, increased aggressiveness of the animals, and a vocal response. 
The blood ll-HCS level was raised by 244% compared with the control and mobilization lipemia developed, 
as reflected in an increase in the fl-lipoprotein and phospholipid concentrations (by 39.5 and 76.7% respec- 
tively)~ The cholesterol and tr iglyceride concentrations did not change significantly under these circumstances 
(Table 1), The negative emotional response after preliminary administration of diazepam was accompanied 
by a fall in the fl-lipoprotein and tr iglyceride levels to the control value, but in this case the phospholipid 
and cholesterol concentrations were unchanged. Administration of diazepam led to a significant fall, by 58.3%, 
in the ll-HCS level. 

During the SS response the ll-HCS concentration rose by 12570 compared with the control, but the in- 
crease was much less marked than that of ENS. Activation of adrenocortical function during SS is evidently 
associated with provision for the motor activity of the SS process. At the same time the fl-lipoprotein con- 
centration was increased and the tr iglyceride concentration reduced compared with the control. The response 
to SS after preliminary diazepam was characterized by an increase in the frequency of pressing on thepedal 
by 44.9% compared with the control. Just  as in the case of ENS, diazepam prevented the r ise  in the ll-HCS 
level daring SS, but the lipid metabolism indices were unchanged in this case. 

The increase in the frequency of SS after diazepam may be due to potentiation of the positive reinforcing 
properties of central stimulation or  to a decrease in the activity of the negative reinforcement system. In 
the present experiments a distinct inverse relationship was observed between the increase in the frequency 
of SS under the influence of diazepam and the ll-HCS level. Considering that during ENS the r i se  in the 11- 
HCS level was much less marked than during SS, it can be postulated that diazepam modulates primarily the 
activity of the negative reinforcement system, and this may lead to reciprocal activation of the "reward" 
System. 

The SS response after ENS led to a decrease in the liberation of ll-HCS to the level characteristic of 
SS alone. In this case,  however, the ~-lipoprotein concentration was higher than in the experiments with 
ENS, whereas the other parameters  of lipid metabolism were unchanged. ENS led to an increase in the f re-  
quency of SS by 40.1% compared with the control. 

The behavioral and hormonal (ll-HCS level) manifestations during interaction between positive and 
negative emotional responses indicate reciprocal relations between positive and negative emotions. Activation 
of SS after ENS evidently ar ises  a s a  "rebound ~ phenomenon and has a compensatory mechanism. Preliminary 
administration of diazepam under these experimental conditions caused normalization of the 11-HCS level 
and a decrease in the fl-lipoprotein concentration but did not affect the other indices of lipid metabolism. 
It is a very interesting fact that diazepam, in the experiment with a combination of ENS and SS, also caused 
activation of SSo 

Under all experimental conditions administration of diazepam was followed by normalization of the 11- 
HCS level, a decrease in the B-lipoprotein concentration, and an increase in the concentration of phospholipids, 
which play the role of stabilizer of lipoprotein complexes. The experimental results  show that the action of 
diazepam and activation of the positive reinforcement system act in certain respects in the same direction 
on 11-HCS excretion and indices of lipid metabolism during ENS. The medial forebrain bundle, one of the 
most important pathways of the "reward" system, is known to conduct forebrain influences on ACTH secretion 
[1], and this may perhaps explain the fall in the ll-HCS level during combined ENS and SS compared with 
ENS alone. Activation of the positive reinforcement system thus has antistress properties. Considering the 
characterist ic changes in lipid metabolism during emotional responses corrected by administration of di- 
azepam, tranquilizers of the benzodiazepine series can be recommended for the prevention of neurogenic 
atherosclerosis.  

1. 
2. 

3. 
4. 
5. 

L I T E R A T U R E  C I T E D  

K. Lissak and E. Endroczi, Neuroendocrine Regulation of Adaptive Activity [in Russian], Budapest (1967). 
Yu. A. Pankov and I. Ya. Usvatova, in: Methods of Investigation of Some Hormones and Mediators [in 
Russian], Moscow (1965), p. 137. 
M. Burstein and J.  SumaiUe, C. R. Acad. Sci. (Paris), 243, 2185 (1956). 
R. Erdosova, M. Eraus, and J .  Rehulka, Physiol. Bohemosiov., ~ 297 (1977). 
C. H. Fiske and J .  Subbarow, J .  Biol. Chem., ~ 375 (1925)o 

992 



6. 

7. 

J .  F.  R. K~nig and R. A. Klippel, The Rat Brain.- A Stereotaxic Atlas of the Forebra in  and the Lower 
Pa r t s  of the Brain Stem, Balt imore (1963). 
R. Stolz, G. Rest, and G. Honigmann, Z. Med. Labortech., 9, 215 (1968). 

I N T E R A C T I O N  B E T W E E N  A C T I N - L I K E  B R A I N  

AND I S O L A T E D  S Y N A P T I C  V E S I C L E S  

Y u .  G. S a n d a l o v ,  R.  N. G l e b o v ,  
G. N. K r y z h a n o v s k i i , *  V. I .  S h v e t s ,  
a n d  G. V. T o l s t i k o v a  

P R O T E I N  

UDC 612.82: 612.398o7:612.823.5 

Mg-ATP was shown to increase  the light diffusion of a suspension of ra t  brain synaptic vesicles 
(SV) in the presence  of ra t  brain actin-like protein (ALP) (superprecipitation reaction). ALP 
increases  the Mg-ATPase activity of SV and also the liberation of endogenous noradrenalin 
from SV of bovine hypothalamus, which is abolished by cytochalasin B. Gtycolipids (ganglio- 
sides and cerebrosides)  inhibit the superprecipitation reaction. The results  a re  examined 
from the standpoint of the contracti le hypothesis of mediator secretion.  

KEY WORDS: brain actin-like protein; synaptic vesicles; secret ion of mediators.  

In teres t  in the study of contracti le proteins of nonmuscular origin, especially proteins of brain tissue, 
has recent ly  strengthened. For  instance, an aetin-like protein (ALP) has been localized in brain nerve endings 
mainly in presynaptic membranes (pre-gM); a myosin-like protein (MLP) mainly in synaptic vesicles (SV); 
and troponin- and tropomyosin-l ike protein in f ree  SM and to some extent also in SV [5, 6]. In an enriched 
r a t  brain synaptic membrane fraction 11% of the total protein has been found to consist of ALP [11]. 

According to the contractile hypothesis of mediator secretion [2, 5], the act of secretion of mediators 
by nerve endings is the resul t  of interaction between the MLP of the SV membranes with ALP which is a 
structural  component of pre-SM. The formation of an actomyosin-like protein complex (AMLP) is initiated 
by an increase  in the Ca ++ concentration in nerve endings during their  depolarization. The act of secretion 
also involves t ransport  of SV to the active zone of pre-SM, possibly on account of interaction of the vesicles 
with microtubules and neurofilaments. Data on the blocking of secretion of various mediators by mitotic 
alkaloids [1, 2] can be regarded as confirmation of the contracti le hypothesis. The effect of potentiation o f  
l iberation of exogenous mediator into the incubation medium from isolated SV, previously loaded with [ i t  ]- 
glutamate, on interaction between SV and brain ALP preparation or  actin from skeletal muscles, containing 
Ca-sensi t ive components of the contractile system - in these experiments the formation of an AMLP complex 
was tested by finding increased Mg-ATPase activity of the SV fraction [13]. 

In the present  investigation an attempt was made to test  the contracti le hypothesis on a new model: l iber-  
ation of endogenous noradrenalin (NA) mediator from SV during the formation of an AMLP complex, monitored 
by measuring Mg-ATPase activity and changes in light diffusion of the SV suspension in the presence of ALP. 
The ro le  of glycolipids as possible regulators of formation of the AMLP complex ~so  was studied. 

E X P E R I M E N T A L  M E T H O D  

A preparation of ALP containing Ca-sensit ive proteins also was isolated from bovine cerebral  cortex 
[12]o Tests  showed that the ALP preparation did not possess ATPase activity and did not contain lipid com- 
ponents~ The SV fraction was isolated from bovine hypothalamus or  from whole ra t  brain (without the cerebel -  
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