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Chronic exper iments  on ra t s  showed that microinject ion of hydrocor t isone into the la tera l  
hypothalamic nucleus leads to the appearance of a stable 0 - r h y t h m  in the hippoeampus and 
its subsequent t ransformat ion  into paroxysmal  activity. The action of the hormone is s t im-  
ulated by acetylcholine and is blocked by atropine. It is postulated that hydrocort isone inter-  
acts with musca r ine - sens i t ive  cholinergic sys tems  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  rhy thm in the ce rebra l  cortex [3, 15, 16, 18]. Some workers  [10, 12, 17, 18, 20, 21] 
consider  that the e lec t rogenes is  of the hippocampal rhythm depends on impulses f rom the hypothalamic cen-  
te rs .  Evidence in support  of this view is given by strengthening of the 0 - rhy thm in the hippocampus during 
e lec t r ica l  st imulation of the middle par t  of the la tera l  hypothalamus [10-12, 14, 17, 18, 21]. On the other 
hand, large doses  of s teroids  are  known to induce tonieo-clonic convulsions in ra t s  and cats, Pa roxysmal  

TABLE 1. Changes in Mean Frequency and Amplitude of EEG after 
Microinject ions  of Hydrocort isone into Hippocampus (M * m) 

Recordings~bm 

L a t e r a l  hypo- 
thalamus 

Hippocampus �9 

Frontal c o r t e x  

A mygda la 

C h a r a c t e r  of Time 
procedure (linen) 

Control [ - -  
Injection of hydro- 
cortisone 

10 

Control 
Injection of hydro- 
cortisone 

ontrol 
Injection of hydro- 
cortisone 

Control 
Injection of hydro ~ 
cortisone 

18 

1 
3 
5 
7 

10 
15 
18 

1 
3 
5 

15 

4 
15 

76 

73 
98 
79 
46 
42 
8O 

�9 98 
85 
109 
88 
02 
57 
56 
64 

46 
53 
.03 
83 
55 
63 
73 

M e a n  fre- 
quency 

5,83--0,44 

5,36• 
5,07• 
5,82-----0,47 
7,39• 
7,95-----0,64 
4,26• 

4,5• 
4,66• 
4,56• 
4,68• 
4,84• 
6,02• 
6,53• 
4,03• 

7,09• 
4,83• 
4,03"+-0,34 
6,2"-0,56 

6,43~0,76 
5,21• 
7,00• 

Amplitude 
(in/IV) 

64,6• 

102,19-----6,00 
103,5• 
96,71• 

115,22-----7,00 
132,62• 
151,14• 

162,96• 
162,35• 
153,23• 
185,0--6,01 

224,41 • 4,64 
209,29• 
222,86• I0,79 
52,81• 

99,78~7,38 
63,96-----3,40 

164,664-6,64 
99,64--4,21 

155,67+--4,23 
81,27~5,88 

105,89• 

* 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 
rain after microinjection; 1) mesencephalic reticular for- 
mation; 2) hippocampus; 3) sensomotor cortex; 4) lateral 
hypothalamic nucleus. 
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T A B L E  2. C h a n g e s  in  M e a n  F r e q u e n c y  and  A m p l i t u d e  o f  E E G  a f t e r  

M i c r o i n j e e t i o n s  of  H y d r o c o r t i s o n e  into  H i p p o c a m p u s  (M �9 m)  

Recordings 
from 

Hippocampus 

Reticular for- 
mation 

,~ mygda la 

Hippoca mpus 

Lateral hy -  
pothalamus 

Character of 
procedure 

Co ntro 1 
Injection of acetyl- 
choline into hippo- 
campus 

Control 
Injection of acetyl- 
choline into btppo- 
campus 

Control 
Injection of acetyl- 
choline into hippo- 
campus 

Control 
Injection of atropine in- 
to hippocampus after 
preliminary injection" 
of i~ydrocortisone 

Co ntro 1 
Injection of atropine in- 
to hippocampus after 
preliminary injection 
of hydroeo~sone 

~tme Mean fm- 

I (ms n quency 

- -  91 6,23-----0,67 

1 93 5,24-*-0,65 
2 77 6,13• 
3 87 5,68-----0,65 

15 90 5,25-----0,73 
- -  91 5,97--0,66 

1 79 5,02-----0,74 
2 82 5,58~0,71 
3 85 4,52~0,67 

15 85 4,82"-0,81 
- -  92 5,06--0,52 

1 80 4,64• 
2 75 5,05-----0,7 
3 81 5,91• 

15 81 4,67--~0,89 * 
- -  80 4,26~0,33 

1 64 4,03+0,29 * 

3 67 3,96"+'0,65 
5 56 3,09-----0,56 

15 87 4,89-----0,98* 
20 81 4,65~0,75" 

42 6,98-4-0,65 
1 65 5,07"+'0,41" 
3 73 5,67--0,76 
5 76 5,97-----0,44* 

15 71 6,09--0,67* 
20 56 5,98-----0,78 

Amplitude 
, ( I n  ~ t V )  

69,45-----2,02 

64,09• 
62,47--2,77 
63,69--2,71 
58,67m2,15 
58,46-----2,51 

41,52-- 1,68 
44,39-- 1,31 
59,76--2,33 
46,23-- 1,63 
48,59m 1,35 

151,25+--8,59 
30,93----- 1,47 
39,88-----0,48 
36,67--0,34 
156,45-~0,97 
56,81+3,65 

45,87• 1,23 
34,65--2,34 

56,77-- 1,65" 
65,76--2,34 

132,62--6,61 
98,67-----5,78 
67,89-----4,65 

98,76-----3,65* 
110,67-----2,56 
98,56-- ~ 1,45* 

TABLE 3. Changes in Mean Frequency and Amplitude of EEG after 
Microinjections of Atropine into Lateral  Hypothalamic Nucleus after 
Pre l iminary  Injection of Hydrocortisone (M �9 m) 

Recordings 
from 

Lateral hypo- 
thalamus 

Hippocampus 

Character of 
procedure 

Control 
Injection of hydro- 
cortisone 

Injection of atropine 

Co ntrol 
Injection of hydro- 
cor~$one 

Injection of atropine 

Tlme 
(in 
min) 

1 
5 

10 
15 
30 

1 
5 

I0 
15 

I 
5 

I0 
15 
30 

I 
5 

I0 
15 

n Mean 
frequency 

85 5,88• 
73 6,41-----0,83 
51 7,22--0,55 
51 6,41--0,26 
63 7,38-----0,76 
32 9,2~1,08" 
52 5,71--0,46 
59 4,82~0,25 
63 4,95• 
77 2,53--0,14 
80 4,26-----0,33 

88 4,57m0,42 
98 5,76~-0,35 
96 5,27-----0,52 
93 4,49• 
80 4,72m0,41" 
91 4,9+0,43 * 
99 3,9-----0,23 
67 4,4~0,21" 
94 3,9m0,26 

A mplitude 
(in ~v) 

68,9--4,32 
87,4-----2,86 
87,0--4,86 

I00,9-+-6,06 
125,2-----6,93 
226,3• 
66,7-----2.49 
41.9----- 1,4" 

81,02-----3.09 * 
78,7-----2,17 ~ 

151,14--~4,31 

168,97-----3,76 
157,26--4,82 

92,6-----3,15 
144,83-----3,86 
294,41 ~3,23" 

112~3~2,2" 
123,7-----0,89 
98,8-----3,34 *~ 

114,2--4,55 

d i s c h a r g e s  in s u c h  e a s e s  a l w a y s  a r i s e  f i r s t  i n  t h e  h i p p o c a m p u s  [19]. I n j e c t i o n  of  h y d r o c o r t i s o n e  d i r e c t l y  

in to  t h e  h i p p o c a m p u s  o f  r a b b i t s  i s  a l s o  a c c o m p a n i e d  b y  the  d e v e l o p m e n t  o f  p a r o x y s m a l  a c t i v i t y  [7]. 

C h a n g e s  in  t h e  g l o b a l  e l e c t r i c a l  a c t i v i t y  of  t he  h i p p o c a m p u s  a f t e r  d i r e c t  s t i m u l a t i o n  o f  t h e  l a t e r a l  

h y p o t h a l a m u s  w i t h  h y d r o c o r t i s o n e  w e r e  i n v e s t i g a t e d  and  t h e  r e s u l t s  a r e  d e s c r i b e d  b e l o w .  
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Fig. 2. Results  of graphic analysis  of EEG of la tera l  hypotbalam~c 
nucleus (A), hippocampus (13), sensomotor  cortex (C), and mesen-  
cephalic re t i cu la r  format ion (D) of r a t  after microin~ection of hy- 
drocor t i sone into la tera l  hypothalamic nucleus. Abscissa ,  frequen- 
cy of waves, grouped into 4 c lasses  (A-, 0- ,  oz-, and /9-); ordinate, 
"power" of waves in conventional units. Time intervals  (minutes) 
s h o w n  a l o n g  
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h o r i z o n t a l  p l a n e .  

Fig. 3. Results  of quantitative analysis  of changes in  EEG of a r a t  
after  injection of hydrocor t i sone  into la tera l  hypothalamie nucleus. 
Distribution of total  activity of A- ,  0 - ,  a - ,  and fl - waves of EEG 
from lateral  hypothalamus,  hippocampus,  re t i cu la r  formation,  and 
sensomotor  cortex (from top to bottom) - on the left; "power" of 
the same c l a s se s  of waves and r e c o r d s  - on right. 
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E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  were  c a r r i e d  out on 160 adult albino r a t s  and on 2 rabb i t s  with e lec t rodes  implanted 
into the sensomoto r  cor tex ,  h ippocampus,  l a t e ra l  hypothalamic nucleus,  m e d i o - d o r s a l  tha lamus,  and m e s e n -  
cephal ic  r e t i c u l a r  format ion .  Polye thylene  cannulas  were  inse r t ed  into the l a t e r a l  ven t r ic les .  Micro in jec -  
t ions of hydrocor t i sone  (from 5 to 10 ~g), acetylchol ine,  a t ropine,  noradrenal in ,  and serotonin (in a dilu- 
t ion of 10 -4) in a volume of 0.005-0.01 ml  were  given into the l a te ra l  hypothalamic nucleus under the r e -  
cord ing  e lec t rode  by a modif ied technique of Al l ikmets  et al. [1, 2, 4]. Deep r eco rd ing  e lec t rodes  and chem-  
ical  e l ec t rodes  were  in se r t ed  in accordance  with the a t las  [13]. Potent ia ls  were  r e c o r d e d  by a monopolar  
method on a four -channe l  e lec t roencepha lograph  (4]~]~-I) and e ight-channel  ink-wri t ing r e c o r d e r  (t~EChS-I). 
P r e l i m i n a r y  t e s t s  showed that  mechan ica l  p r e s s u r e  during micro in jec t ion  of dis t i l led wa te r  in a volume of 
0.005-0.01 ml ,  at pH 4.6, has  no signif icant  ef fec t  on the spontaneous e l ec t r i ca l  act ivi ty  and exci tabi l i ty  of 
the bra in  s t r u c t u r e s  of the r abb i t s  and r a t s .  The an imals  were  used not m o r e  than 3 t imes  in the exper i -  
m en t s .  After  the comple t ion  of the e x p e r i m e n t s  con t r a s t  rad iography  and vent r icu lopneumography were  
c a r r i e d  out and the local iza t ion of the chemica l  and record ing  e lec t rodes  and cannulas was ver i f ied  h i s -  
to logical ly  [5]. The r e s u l t s  of ana lys is  of the EEG are  given as cu rves  of the "power ~ of the EEG [6]. 
F requenc ies  of the waves  grouped in 4 c l a s s e s  (A-, 0 - ,  ~ - ,  and fl-)  were  plotted along the absc i s sa .  The 
"power"  of the waves ,  i .e . ,  the product  of the number  of waves  of each c lass  of f requencies  and the con- 
ventional  value of the i r  ampl i tudes ,  was  plot ted along the ordinate .  

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

Microin jec t ions  of hydrocor t i sone  into the l a t e ra l  hypothalamic nucleus induced m a r k e d  changes in the 
EEG not only at  the si te of injection, but a l so  in the hippocampus~ in the sensomoto r  cor tex ,  and in the 
mesencepha l i c  r e t i c u l a r  fo rmat ion  (Fig. 1). The c h a r a c t e r  of the EEG changes differed in the var ious  
b ra in  s t r u c t u r e s  and at d i f ferent  t imes  a f t e r  mic ro in jec t ion  of the hormone  (Fig. 2). Immed ia t e ly  a f te r  
inject ion of hydrocor t i sone  (but e spec ia l ly  a f te r  1-3 rain) a s table 0 - r h y t h m  appeared  in the hippocampus,  
and a f t e r  15-50 min  it was  t r a n s f o r m e d  into p a r o x y s m a l  act ivi ty.  Phenomena  of desynchronlza t ion(Fig .  3) 
we re  obse rved  in the mesencepha l i c  r e t i c u l a r  fo rmat ion  and the sensomotor  cor tex  at the m o m e n t  of in jec-  
t ion of the hydrocor t i sone ,  and against  this background bu r s t s  of an a - l i k e  rhy thm,  desc r ibed  by the wr i t e r  
p rev ious ly  [8,9], appeared .  

To explain the m e c h a n i s m  of the ef fec t  of hydrocor t i sone ,  when injected into the l a te ra l  hypothalamus,  
on h ippocampal  act ivi ty  a s e r i e s  of e x p e r i m e n t s  was c a r r i e d  out in which acetylcholine and atropine were  
injected.  These  showed that mic ro in jec t ion  of acetylchol ine into the l a t e r a l  hypothalamic  nucleus leads to 
the development  of p a r o x y s m a l  act ivi ty  both at  the site of applicat ion immedia te ly  a f te r  injection and in the 
h ippocampus  a f te r  1-3 rain. Injection of acetylchol ine (like hydrocor t i sone)  into the hippocampus is also 
accompanied  by the appearance  of p a r o x y s m a l  d i scharges  (Tables  1 and 2), 

Inject ion of a t ropine into the l a t e ra l  hypotha lamic  nucleus blocked p a r o x y s m a l  act ivi ty  induced both 
by acetylchol ine and by hydrocor t i sone  (Table 3). Since the a t ropine is a cen t ra l  m u s c a r i n e - l i k e  cholin- 
olytic,  hydrocor t i sone  can be cons idered  to have an exc i ta tory  effect  on m u s c a r i n e - s e n s i t i v e  chol inergic  
s y s t e m s  of the hypothalamus and hippocampus.  

The poss ib i l i ty  cannot be ru led  out that  changes in the emot ional  s tate  a s soc ia ted  with endocrine dis-  
tu rbances  a re  connected with the d i rec t  act ion of co r t i cos t e ro ids  on hypotha lamo-h ippocampal  re la t ions .  
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