
Bulletin o[ Experimental Biology and Medicine,  N o- 7, 1 9 9 9 G E N E R A L P A T H O L O G Y A N D  PATHOLOGICAL PHYSIOLOGY 6 8 1  

Blood Corticosterone and Resistance to Hypoxia 
during Operant Conditioning and Development 
of Learned Helplessness 
A. V. Toloknov, O. V. Vvedenskaya, T. D. Bol'shakova, 
A. F. Bunyatyan, N. K. Khitrov, and V. P. Fisenko 

Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 128, No.7, pp. 29-31, July, 1999 
Original article submitted April 26, 1999 

Operant conditioning under conditions of uncertain behavioral environment was accompanied 
by a significant elevation of blood corticosterone, high exploratory activity, and increased 
resistance to hypoxia. The blood content of corticosterone and exploratory activity signifi- 
cantly decreased in rats developing learned helplessness, but their resistance to hypoxia in- 
creased in comparison with that during learning. 
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Under conditions of environmental uncertainty [5] the 
process of learning is attended by high emotional strain 
and intense exploratory activity [10,12]. Increasing 
uncertainty about the environment and, therefore, in- 
creasing difficulty in escaping negative experience, 
e. g, pain, intensifies emotional state of anxiety (EAS) 
and can result in the development of a neurotic state 
of learned helplessness (LH). LH is characterized by 
low exploratory activity, non-responsiveness to con- 
ditioned and unconditioned stimuli, including nocicep- 
tive, and autonomic and trophic disorders [5,11]. ESA 
is considered as an essential component of learning; 
its attenuation by anxiolytics can impair learning and 
stimulate the development of LH [7]. LH is a form of 
higher nervous activity disturbance; isolation from 
stress stimuli reduces energy expenditure and pro- 
motes functional recovery of brain neurons [9]. 

Stress is accompanied by an increased production 
of glucocorticosteroids and blood content of glucocor- 
ticosteroids can serve as a measure of general strain. The 
high activity of brain neurons requires a high energy 
expenditure, while non-responsiveness (anesthesia, 
craniohypothermia, torpid stage of shock) reduces 
oxygen and energy demands [9]. In this connection we 
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analyzed the level of blood corticosterone and resis- 
tance to severe hypoxia in rats during efficient learning 
and the development of LH under conditions of high 
environmental uncertainty. 

MATERIALS AND METHODS 

Experiments were carried out on outbred male albino 
rats weighing 250-300 g. Animals were trained bar- 
pressing to avoid electric stimulation of paws through 
the grid floor after presentation of a conditioned light 
stimulus [5]. The probability of occasional performance 
was low and unfavorable for learning, which increased 
the level of environmental uncertainty [5]. 

To assess the dynamics of exploratory activity 
(EA), the time of conditioning was divided into 5 
equal periods and the number of operant reactions per 
cycle for each period was determined. Thus, EA was 
measured by the number of operant reactions per cycle 
(the time of conditioned stimulation and interstimulus 
interval). 

In group 1 (control), blood corticosterone was 
measured on day 1 immediately before training, in 
group 2 - -  immediately after the first session of 
training; in group 3 - -  before the last session; in 
group 4 - -  immediately after training in conditioned 

0007 -4888/99/0007 -0681 $22.00 �9 Kluwer Academic/Plenum Publishers 



682 B u l l e t i n  o f  E x p e r i m e n t a l  B i o l o g y  a n d  M e d i c i n e ,  N_o 7, 1999 G E N E R A L  P A T H O L O G Y A N D  P A T H O L O G I C A L  P H Y S I O L O G Y  

rats; in group 5 - -  after the final session of training 
in rats with LH. Blood was taken from the caudal 
vein, the content of corticosterone was determined by 
radiometry without extraction using transcortine as a 
competitive ligand [1]. Resistance to hypoxia was 
assessed after "lifting" to an altitude of 10,000 m for 
12 min in a Komovski apparatus. The time after the 
start of "ascent" to the appearance of  periodic brea- 
thing and the time of respiratory arrest were measured. 
The resistance to hypoxia was tested 24 h after the 
final session of training. The learning was considered 
to be successful if the number of correct responses to 
conditioned stimuli significantly exceeded the a p r i o r i  
level of their occasional performance [3]. 

RESULTS 

The first session of operant conditioning induced a 
pronounced stress-response: the plasma content of cor- 
ticosterone 7-fold surpassed the control (Fig. 1) prob- 
ably due to initially high environmental uncertainty 
(2-sec interval between the conditioned stimuli), which 
in combination with frequent electroshocks led to the 
development of  a conflict situation: the animal was 
unable to avoid painful stimuli and to establish asso- 
ciation between the conditioned stimulus and negative 
reinforcement. After acquisition of  the conditioned 
reflex (approximately after 3-5 days of training) the 
content of corticosterone decreased compared to the 
first session but 3-fold surpassed the initial level (group 
3). At the same time, at a given probability of  sto- 
chastic correct responses some animals were unable to 
learn [5]. Some rats pressed the lever without con- 
ditioned stimuli less frequently than others. They also 
showed general hypokinesia, decreased EA, hypother- 
mia, loss of  body weight, trophic skin lesions, and 
other signs of  neurosis typical of  LH [11]. After the 
final training session (after 5-8 days) the blood content 
of  corticosterone in these animals, although exceeding 
the initial value, was significantly lower than in suc- 
cessful learners. 

In successfully trained rats, the resistance to acute 
hypoxia was significantly higher than in controls (Fig. 
2): periodic breathing and respiratory arrest occurred 
by 15 and 13% later, respectively, than in the control 
group. In rats with LH these indices were higher than 
in successfully trained and significantly higher than in 
controls. 

We showed that animals with LH exhibited sig- 
nificantly lower EA than conditioned rats (Fig. 3), es- 
pecially in the initial (I and I/) and final (V) periods 
of  learning. Earlier, EA dependence on the intensity 
of conditioned stimulus and probability of reinforce- 
ment was shown [6]. Under conditions of high en- 
vironmental uncertainty, a decrease in the reinforce- 
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Fig. 1. Plasma concentration of corticosterone during learning and 
development of learned helplessness in rats. 1) first session; 2) final 
session of conditioning; 3) final session of conditioning (development 
of learned helplessness). Open and filled bars correspond to cortico- 
sterone concentration in the control and after conditioning, re- 
spectively. 
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Fig. 2. Resistance to acute hypoxia in rats after conditioning and 
development of learned helplessness. 1) control; 2) resistance to 
hypoxia in conditioned rats; 3) resistance to hypoxia in rats with 
learned helplessness. Open bars correspond to onset of periodic 
breathing occurrence, filled bars are the time of respiratory arrest. 
Ordinate: time after the start of "ascent". *p<0.05 in comparison with 
the control. 
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Fig. 3. Exploratory activity in rats with conditioned reflex (1) and 
leamed helplessness (2) in different periods of learning (/-V). Ordinate: 
number of operant reactions per cycle. *p<0.05 in comparison with the 
conditioned rats. 
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ment probability from I00 to 25% inhibited EA [4], 
while weakening of the conditioned stimulus enhanced 
it [6]. 

Under conditions of considerable environmental 
uncertainty EA seems to depend on many factors dif- 
ferently modulating the level of anxiety. As shown 
previously, both attenuation of  anxiety induced by 
anxiolytic buspirone [7] and its strengthening by the 
low probability of  reinforcement, suppressed EA and 
impairs learning. It is likely that an optimal level of 
anxiety and appropriate EA are necessary for effective 
learning. An excessive stress in the initial period of 
learning and early exhaustion of stress-realizing sys- 
tems or early activation of stress-limiting systems can 
contribute to learning disturbances and the develop- 
ment of LH. This conclusion is based on the fact that 
in animals with LH, the non-responsiveness to different 
stimuli and reduced EA manifested themselves against 
the background of  a 2-fold lower corticosterone con- 
centration in comparison with conditioned rats with 
high orienting and exploratory activities. With respect 
to the resistance to severe hypoxia LH did not differ 
from other states with minimal activity of  central 
neurons. It can be suggested that animals are unable 
to actively adapt to an environment with high un- 
certainty of vital stimuli. When stress-realizing mech- 
anisms are exhausted, these animals adapt passively 
by isolation from different stimuli. This strategy re- 

duces energy expenditure and increases the resistance 
to stress. General hypokinesia and hypothermia ac- 
companying LH contribute to the development of  such 
resistance. 

REFERENCES 
1. A. F. Bunyatyan, L. L. Ignatenko, and A. A. Nosova, Lab. 

Delo, No. 4, 366-38 (1983). 
2. G. M. Molodavkin and T. A. Voronina, Eksp. Klin. Farma- 

kol., 60, No. 2, 3-6 (1997). 
3. A.B.  Saltykov, I. V. Smirnov, and V. P. Starshov, Zh. Vysch. 

Nervn. Deyat., 36, No. 5, 287-289 (1986). 
4. A .B.  Saltyukov, A. V. Toloknov, and N. K. Khitrov, Byull. 

Eksp. Biol. Med., 112, No. 11, 451-453 (1991). 
5. A.B.  Saltykov, A. V. Toloknov, and N. K. Khitrov, Behavior 

and Environmental Uncertainty [in Russian], Moscow (1996). 
6. A. B. Saltykov, A. V. Toloknov, and N. K. Khitrov, Byull. 

Eksp. Biol. Med., 126, No. 9, 283-285 (1998). 
7. A. V. Toloknov, N. A. Averkina, N. K. Khitrov, and V. P. 

Fisenko, Ibid., 286-288. 
8. N. A. Kharin, I. V. Komissarov, and R. A. Komissarova, 

Farmakol. ToksikoL, 54, No. 3, 70-75 (1991). 
9. N .K.  Khitrov and V. S. Paukov, Heart Adaptation to Hypo- 

xia [in Russian], Moscow (1989). 
10. N. McNaughton, Stress - - f r o m  Synapse to Syndrome, Lon- 

don (1993), pp. 191-206. 
11. A. D. Sherman, G. L. Allers, and F. Petty, Neuropharmaco- 

logy, 18, No. 11, 891-893 (1982). 
12. P. Willner, Methods in Neurosciences, San Diego, New York, 

(1993), Vol. 14, pp. 145-162. 


