EFFECT OF HYDROCORTISONE ON HYPOTHALAMO-
HIPPOCAMPAL RELATIONS
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Chronic experiments on rats showed that microinjection of hydrocortisone into the lateral
hypothalamic nucleus leads to the appearance of a stable 8 -rhythm in the hippocampus and
its subsequent fransformation into paroxysmal activity. The action of the hormone is stim-
ulated by acetylcholine and is blocked by atropine. It is postulated that hydrocortisone inter-
acts with muscarine-sensitive cholinergic systems of the hypothalamus and hippocampus.

In the active state the EEG of the hippocampus is dominated by a rhythm accompanied by desynchroni-
zation of the principal rhythm in the cerebral cortex (3, 15, 16, 18]. Some workers [10, 12, 17, 18, 20, 21]
consider that the electrogenesis of the hippocampal rhythm depends on imnpulsesfrom the hypothalamic cen-
ters. Evidence in support of this view is given by strengthening of the 6 -rhythm in the hippocampus during
electrical stimulation of the middle part of the lateral hypothalamus [10-12, 14, 17, 18, 21], On the other
hand, large doses of steroids are known to induce tonico-clonic convulsions in rats and cats, Paroxysmal

TABLE 1, Changes in Mean Frequency and Amplitude of EEG after
Microinjections of Hydrocortisone into Hippocampus (M # m)

. ) Character of |Time Mean fre- | Amplitude
Recordings from procedure (in n | quency (in pv)
min)
Lateral hypo- Control - 76 | 5,83%0,44 64,6+3,35
thalamus Injection of hydro-
cortisone 1 73 | 5,36=:0,45 | 102,19=6,00

2 98 | 5,07=0,41 | 103,5%4,35
10 79 | 5,82+0,47 96,71=4,79
IE 46 | 7,39%=0,66 | 115,22=7,00
18 42 |7,95=0,64 | 132,62%6,61
Hippocampus - Control —_— 80 | 4,26=0,33 | 151,14%4,31

Injection of hydro-
cortisone © 98 | 4,56%=0,40 | 162,963,96
i 85 | 4,66=0,46 | 162,36=7,36
109 | 4,560,356 | 153,23-=4,80
88 | 4,68=0,36 185,06,01
4,84=0,31 | 224,41==4,64
57 |6,02==0,39 | 209,29=x7,29
56 | 6,53+0,52 | 222,86=10,79
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Frontal cortex Control 64 | 4,03%0,29 52,81+3,69
Injection of hydro-

cortisone 1 46 | 7,09=%0,57 99,78=+7,38

3 53 | 4,83%0,37* 63,96=3,40

5 103 | 4,03=0,34 164,66+6,64

15 83 ,220,56 99,64=+4,21

Amygdala Control — 55 | 6,43%0,76 | 155,67%+4,23

Injection of hydro- 4 63 | 5,21+0,28 81,27=5,88

cortisone 15 73 7,0010,58 105,8915,08

*Here and in Tables 2 and 3, P > 0.05.
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Fig. 1. Changes in EEG of rat after microinjection of
hydrocortisone into lateral hypothalamic nucleus: A)
control EEG; B) EEG 1 min after microinjection; C) 30

min after microinjection; 1) mesencephalic reticular for-
mation; 2) hippocampus; 3) sensomotor cortex; 4) lateral

hypothalamic nucleus.
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TABLE 2. Changes in Mean Frequency and Amplitude of EEG after
Microinjections of Hydrocortisone into Hippocampus (M + m)

Recordings Character of (il;ne Mean fre- | Amplitude
from procedure min) | * |quency (in pv)
Hippocampus Control — 91 |6,23%0,67 69,45+2,02
Injection of acetyl- ’
choline into hippo- 1 93 | 5,24+0,65 64,09=2,39
campus 2 | 77 |6,13=0,81 | 62,472,77
3 87 | 5,68=+0,65 63,69%=2,71
15 90 | 5,26=0,73 58,67=2,15 .
Reticular for- Control —_ 91 | 5,97%0,66 58,46=2,51
mation Injection of acetyl-
choline into hippo- 1 79 | 5,02%0,74 41,52+1,68
campus 2 82 | 5,68+0,71 44,39=+1,31
3 85 | 4,52=+0,67 59,76=+2,33
15 85 | 4,82=+=0,81 46,23+1,63
Amygdala Coantrol — 92 | 5,06%0,52 48,59=1,35
Injection of acetyl-
choline into hippo- 1 80 | 4,64=0,06 151,25=+=8,59
campus 2 75 | 5,05%=0,7 30,93=1,47
3 81 | 5,91=0,76* 39,88=-0,48
) 15 81 | 4,67%=0,89* 36,67:0,34
Hippocampus Control — 80 | 4,26=0,33 156,45=0,97
Injection of atropine in- 1 64 | 4,03%0,29* 56,81%3,65
to hippocampus after
imi Snienkion 3 67 | 3,96-=0,65 45,87+1,23
na; ) s B »
preliminary infection | 5 | 56 | 300056 | s4,65=2,34
y 15 | 87 |4,80%0,98* | 56,77%=1,65*
20 81 | 4,65==0,75* 65,76x2,34
Lateral hy- Control . — | 42 |698=0,656 | 132,62=6,61
pothalamus Injection of atropine in-| 1 65 | 5,07x0,41% 98,67=5,78
to hippocampus after 3 | 73 |5,67%0,76 67,89=4,65
prefiminary fnjection | 2 | 70 | BO0RT | 156.6708.56
of hydrocortisone 20 | 56 |598=078 | 98,56=145*

TABLE 3. Changes in Mean Frequency and Amplitude of EEG after
Microinjections of Atropine into Lateral Hypothalamic Nucleus after
Preliminary Injection of Hydrocortisone (M * m)

Recordings Character of ’I;ime n Mean Amplitude
from procedure ( s frequency (in uVv)
min)
Lateral hypo- { Control Sg 5,88i0,§g g?ﬁf;%%
Injection of hydro- 1 73 | 6,41=0, 4E2,
thalamus cortisone. ) 5 | 51 |792=055 | 87,0448

10 51 6,41=x0,26 100,9==6,06
15 63 | 7,38%0,76 126,276,93
30 32 9,2+1,08* 226,3-+8,73
Injection of atropine 1 52 | 5,71=%0,46 66,7-2,49
5 59 | 4,82=0,25 41,9=1,4*
10 63 | 4,95%=0,46* 81,02=+3,09%
15 77 12,53=%=0,14 78,7x2,17%

Hippocampus Control 80 |4,26=0,33 | 151,14=4,31
Injection of hydro-
cortisone 1 88 |4,57*0,42 | 168,97%3,76

5 98 | 5,76==0,35 157,26+4,82
10 96 | 5,27x0,52 92,6*3,15
15 93 | 4,49=%=0,51 144,83+3,86
30 80 | 4,72=0,41* | 294,412:3,23*
Injection of attopine 1 91 4,9+0,43% | 112,3==2,2*

5 99 3,9+0,23 123,7%0,89
10 67 4,4%0,21* 08,83,34*
15 94 | 3,9%0,26 114,2:4,65

discharges in such cases always arise first in the hippocampus {19]. Injection of hydrocortisone directly
into the hippocampus of rabbits is also accompanied by the development of paroxysmal activity [7].

Changes in the global electrical activity of the hippocampus after direct stimulation of the lateral
hypothalamus with hydrocortisone were investigated and the results are described below.
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Fig. 2. Results of graphic analysis of EEG of lateral hypothalamic
nucleus (A), hippocampus (B), sensomotor cortex (C), and mesen-
cephalic reticular formation (D) of rat after microinjection of hy-
drocortisone into lateral hypothalamic nucleus. Abscissa, frequen-
cy of waves, grouped into 4 classes (A-, 6=, &~, and B-); ordinate,
"power™ of waves in conventional units. Time intervals (minutes)
shown along horizontal plane.
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Fig. 3. Results of quantitative analysis of changes in EEG of a rat
after injection of hydrocortisone into lateral hypothalamic nucleus.
Distribution of total activity of A-, 6 -, -, and 8- waves of EEG
from lateral hypothalamus, hippocampus, reticular formation, and
sensomotor cortex (from top to bottom) — on the left; *power™ of
the same classes of waves and records — on right.

801



EXPERIMENTAL METHOD

Experiments were carried out on 160 adult albino rats and on 2 rabbits with electrodes implanted
into the sensomotor cortex, hippocampus, lateral hypothalamic nucleus, medio-dorsal thalamus, and mesen-
cephalic reticular formation. Polyethylene cannulas were ingerted into the lateral ventricles. Microinjec-
tions of hydrocortisone (from 5 to 10 pg), acetylcholine, atropine, noradrenalin, and serotonin (in a dilu-
tion of 10™% in a volume of 0,005-0,01 m] were given into the lateral hypothalamic nucleus under the re-
cording electrode by a modified technique of Allikmets et al, [1, 2, 4]. Deep recording electrodes and chem-
ical electrodes were inserted in accordance with the atlas [13]. Potentials were recorded by 2 monopolar
method on a four-channel electroencephalograph (4EE-I) and eight-channel ink-writing recorder (E¥ChS-I),
Preliminary tests showed that mechanical pressure during microinjection of distilled water in a volume of
0.005-0.01 ml, at pH 4.6, has no significant effect on the spontaneous electrical activity and excitability of
the brain structures of the rabbits and rats. The animals were used not more than 3 times in the experi-
ments. After the completion of the experiments contrast radiography and ventriculopneumography were
carried out and the localization of the chemical and recording electrodes and cannulas was verified his-
tologically [5]. The results of analysis of the EEG are given as curves of the "power" of the EEG [6].
Frequencies of the waves grouped in 4 classes (A-, 6 -, a-, and B -) were plotted along the abscissa. The
"oower" of the waves, i.e., the product of the number of waves of each class of frequencies and the con-
ventional value of their amplitudes, was plotted along the ordinate.

EXPERIMENTAL RESULTS

Microinjections of hydrocortisone into the lateral hypothalamic nucleus induced marked changes in the
EEG not only at the site of injection, but also inthe hippocampus, in the sensomotor cortex, and in the
mesencephalic reticular formation (Fig, 1). The character of the EEG changes differed in the various
brain structures and at different times after microinjection of the hormone (Fig. 2). Immediately after
injection of hydrocortisone (but especially after 1-3 min) a stable 6 -rhythm appeared in the hippocampus,
and after 15-50 min it was transformed into paroxysmal activity. Phenomena of desynchronization (Fig. 3)
were observed in the mesencephalic reticular formation and the sensomotor cortex at the moment of injec-
tion of the hydrocortisone, and against this background bursts of an o~like rhythm, described by the writer
previously [8,9], appeared.

To explain the mechanism of the effect of hydrocortisone, when injected into the lateral hypothalamus,
on hippocampal activity a series of experiments was carried out in which acetylcholine and atropine were
injected. These showed that microinjection of acetylcholine into the lateral hypothalamic nucleus leads to
the development of paroxysmal activity both at the site of application immediately after injection and in the
hippocampus after 1-3 min, Injection of acetylcholine (like hydrocortisone) into the hippocampus is also
accompanied by the appearance of paroxysmal discharges (Tables 1 and 2).

Injection of atropine into the lateral hypothalamic nucleus blocked paroxysmal activity induced both
by acetylcholine and by hydrocortisone (Table 3). Since the atropine is a central muscarine-like cholin-
olytic, hydrocortisone can be considered to have an excitatory effect on muscarine-sensitive cholinergic
systems of the hypothalamus and hippocampus.

The possibility cannot be ruled out that changes in the emotional state associated with endocrine dis-
turbances are connected with the direct action of corticosteroids on hypothalamo-hippocampal relations,

LITERATURE CITED
1, L. Kh, Allikmets et al., Zh, Vyssh. Nerv. Deyat., No. 18, 1044 (1968).

2. L. Kh, Allikmets, Zh. Vyssh. Nerv. Deyat., No. 2, 386 (1970).

3. P. K. Anokhin, in: General Problems of Physiological Mechanisms, Analysis and Simulation of
Biological Systems [in Russian], Moscow (1970), p. 6.

4, V. A, Vakhing and L, Kh. Allikmets, Fiziol. Zh, SSSR, No. 1, 38 (1970).

5. K. G. Gusel'nikova and V. I. Gusel™mikov, Zh, Vyssh. Nerv, Deyat., No. 10, 637 (1960).

6. E. A. Zhirmunskaya and O. G, Rossinskii, Zh, Nevropat. i Psikhiat., No. 4, 490 (1971).

7. K. Lissak and E, Grastyan, in: EEG Investigations of Higher Nervous Activity [in Russian], Moscow

(1962), p. 225.
8. N. M. Malyshenko, Probl. ¥.ndokrinol., No. 1, 62 (1968).

802



9.

10.

11..

12.
13.

14,
15.
16.
17,
18.
19,
20,
21,

N
C
T
T
A

. M. Malyshenko, Effect of Adrenocortical and Ovarian Hormones on Brain Electrical Activity,
andidate's Dissertation, Chernovtsy (1969).

. L. Naneishvili and T. N, Oniani, Soobshch, Akad, Nauk Gruz. SSR, 55, No. 1, 173 (1969).

. N, Oniani, A, A, Ungiadze, and E. V. Abzianiadze, Neirofiziologiya, 2, No, 5, 497 (1970).

. A, Ungiadze and T, N, Oniani, Fiziol, Zh. SSSR, 56, No. 4, 535 (1970).

E. Fifkova and J. Mar¥al, in: J. Bure$, M. Petran, and I. Zachar, Electrophysiological Methods of
Investigation [in Russian], Moscow (1962), p. 384,
W. R. Adey, in: The Limbic System [Russian translation], Leningrad (1967), p. 79.

Z

E
E
J
G
H
P

. Elazar and W, R. Adey, Electroenceph. Clin, Neurophysiol., 2, 225 (1967).
. Grastyan, G, Karmos, L. Verecakey, et al., Science, 149, 91 (1965).
. Grastyan, K. Lissak, I. Madazase et al., Electroenceph, Clin. Neurophysiol., 11, 409 (1959).

. 0. Green, Physiol. Rev., 44, 561 (1964),

. Heuser and E. Eidelberg, Endocrinology, 69, 915 (1961).
. Kawakamura, G. Nakamura, and T. Tokizane, Jap. J. Physiol., 11, 564 (1961).
. Z, Parmeggiani, in: Structure and Function of the Limbic System, Amsterdam (1967), p. 413.

803



