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According to the neurogenic theory  of essent ial  hypertension [4, 6, 8, 10] the principal  pathogenic fac tors  
of development of the disease include long per iods  of emotional s t ress ,  to which, as the wr i t e r s  showed previ-  
ously [1-3], the body responds  by complex changes in nervous and endocrine react ions,  which together con- 
stitute the neuroendocrine control system. Meanwhile the initial fac tors  of the s t ress  reaction, leading to the 
format ion of hypertensive states,  have not yet been explained. A neurophysiolog[cal  analysis  of the formation 
of endocrine and hypertensive react ions  during chronic emotional s t r e ss  was therefore  indicated. 

Inthe investigation descr ibed below the functional state of the CNS was investigated by compar ison with 
per iphera l  vascu la r  and hormonal  effects during the development of emotional s t ress .  

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

Chronic exper iments  were car r ied  out on 9 cats  weighing 3-3.5 kg on a model of immobilization s t r e s s  
with e lec t rodermal  stimulation (EDS), designated combined s t ress .  Full details of the technique were descr ibed 
previously  [1]. EDS with the following p a r a m e t e r s  was applied at random intervals  to the limb of the immo- 
bilized animal:  voltage 40-60 V, pulse duration 1 sec. Every  hour ten pulses  were applied in the course  of 
10 rain. The experimental  se r ies  consisted of four experiments,  conducted for 5 h daily. Blood p r e s s u r e  (BP) 
was recorded  by a p r e s s u r e  t r ansducer  (Elena SchSnander, Sweden) in the carotid ar tery ,  through a ca theter  
implanted into it. Blood for  hormone assay  was taken through a ca the ter  introduced into the jugular vein. Blood 
was taken before  the experiment,  1 and 4 h after  its beginning, and 1 h after  its end, outside the experimental  
chamber.  The total thyroxine concentrat ion in the blood serum was determined with the aid of Res-O-Mat  T 4 
kits (Byk-Malinckrodt,  West Germany)  according to instruct ions issued by the f irm. Cortisol  and cor t ico-  
sterone were determined in the blood serum by competit ive binding with proteins,  and t ranscor t in  f rom re t ro -  
placental  human plasma was used as the binding component [13]. Elect rodes  were implanted with the aid of a 
sterotaxic apparatus  into the ventromedial ,  lateral ,  and pos te r io r  hypothalam[c nuclei, the dorsal  hippocampus,  
medial nucleus of the septum and amygdaloid complex, mesencephal ic  re t icu lar  formation, and also into the 
sensomotor  and frontal regions of the ce rebra l  cortex.  Deep e lec t rodes  were oriented according to an atlas 
of the cat brain [12]. The location of the e lec t rodes  was verified histologically [14] and their  position in brain 
s t ruc tures  was identified by reference  to maps  in the atlas [12]. Brain e lec t r ica l  activity was recorded  on a 
17-channel polygraph (Nihon Kohden, Japan). Frequency analysis  of the e lec t roencephalograms (EEG) was 
undertaken by means  of a two-channel wide-band integrator ,  f rom the same firm. The pneumogram was re -  
corded by means  of a carbon t ransducer .  

E X P E R I M E N T A L  RESULTS 

A background t race  of the EEG of cor t ical  and deep brain s t ruc tures  and the pneumogram during unre-  
strained behavior  are  shown in Fig. la. Elect r ical  activity with uniform distribution of both slow and high- 
frequency waves was recorded  in the deep brain s t ructures .  Meanwhile high-frequency low-amplitude dis- 
charges  predominated in the cortex, as a rule. The background hormone levels studied (Table 1) and BP did 
not exceed the l imits  of the usual normal  variat ions.  
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Fig. 1. Dynamics of changes in EEG and BP of a cat  during immobilization with EDS (first  
day of s t ress) :  a) background t race;  b, c) 1 and 4 h respect ive ly  after beginning of exposure 
to s t ress ;  d) 1 h after  end of exposure to s t ress .  F r o m  top to bottom: dorsal  hippocampus, 
medial septa[ nucleus, left mesencephal ic  re t icu la r  formation, right mesencephalic  re t icu-  
lar  formation,  medial nucleus of amygdaloid complex, pos te r io r  hypothalamic nucleus, ven- 
t romedia l  hypothalamic nucleus, frontal  cortex, sensomotor  cortex, pneumogram, t race  of 
frequency analysis  of EEG (calibration 50 #V, 1 sec), time course  of change in BP. Arrows 
indicate t imes  of application of EDS. 

High-amplitude sharp-pointed slow waves appeared 1 h af ter  the beginning of the experiment (Fig. lb), 
and by the 4th h of the experiment  (Fig. lc) they became dominant in all the s t ruc tures  examined. Respiration 
was considerably quickened, the blood hormone levels were ra ised (Table 1), and an increase in amplitude 
and duration of the vascular  react ions to EDS was observed.  

After the end of the experiment,  under conditions of unres t ra ined behavior,  when the animal was quiet 
(Fig. ld) BP returned close to the background level (135 mm Hg). The functional state of the CNS was de- 
p ressed  compared with the previous period, but the EEG of the recorded  s t ruc tures  (especially hypothalamic 
formations)  demonstra ted their  high activity (Fig. ld), maintaining high blood hormone levels (Table 1). 

Definite a f te r -ef fec ts  could thus be observed 1 h after  the end of the f i r s t  day of s t ress  in both the neuro-  
endocrine and the vascular  systems.  

During repeti t ion of the exper iments  on the 2nd and 3rd days per iods  of synchronization in the EEG in- 
c reased  in both frequency and duration. These phenomena were most  marked on the 4th day of the experiment,  
when quite considerable per iods  of "burst ing" slow wave activity were recorded on the background EEG (Fig. 
2a). Throughout the experiment  paroxysmal  activity did not disappear  but was still present  1 h after the end 
of the experiment  (Fig. 2). In all the s t ruc tures  analyzed slow rhythms,  especial ly the 0-rhythm, predominated. 
The cort isol  and thyroxine concentrat ions were significantiy raised both in background blood samples  taken in 
the animal house and throughout the experiment  and in the a f te r -per iod  (1 h after  the end of the experiment,  
under unres t ra ined behavioral conditions). The cor t icos terone  level was significantly raised only during the 
experiment,  and in the af te r -per iod  and in the initial state only a tendency toward its r ise  could be noted. The 
background BP level at this t ime was raised,  to 160/90 mm Hg (Fig. 3). Changes in the cha rac te r  of the vas-  
cular  response to EDS will be noted: It immediately became prolonged (Fig. 3). BP, having r isen in response 
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2'ABLE 1. Concentrat ions of Thyroxine (in ng/ml),  Cortisot (in pg%), and Cort icosterone (in 
~g~c,) in Per iphera l  Blood during Chronic Emotional Stress  (Mere) 

Thyroxine I CortisoI 1 Corticosterone ] 
Time of investigation (n=9)  P ( n = 7 )  P (n=5)  P 

Background I 21,8+--t ,6 
After beginning of experiment 

I h 35,64-4,4 
4 h ! 35,04-2,8 

After-period t 35,14-6,1 

Background 
A ftefbeginning of experiment 

lh 
4h 

After-period 

28,4--t-_2,8 

32,34-3,4 
33,04-3,7 
31,8+_3,6 

Co~isol (n = ~) 
- -  ] 1,6___0,2 

<0,01 6,4_.0,8 
<0,01 9,04-1,4 
<0,1 2,64-0,9 

4th day of stress 
<0,05 2,74-0,2 

<0,02 5,94-0,7 
<0,02 5,44-0,6 
<0,05 3,54-0,5 

<O,OOl 
<0,001 
<0,5 

<0,01 

<0,001 
<O,OOI 
<0,001 

0,544-0,2 

2,25--4-_0,7 
2,45_+0,9 
0,674-0,3 

0,92=I=0,3 

2,18___0,4 
1,94-0,6 

1,14• 

<0,05 
<0,05 
<0,5 

<0,5 

<0,05 
<0,05 
<0,5 

Legend. P compared with background on f i r s t  day of s t ress ;  n) number of determinations.  

a b c d 

Fig. 2. Time course  of changes in EEG of cat  during immobilization with EDS (4th dayof  stress) .  
F r o m  top to bottom: dorsal  hippocampus, medial septai nucleus, mesencephalic  re t icu lar  fo rma-  
tion, medial nucleus of amygdaloid complex, pos te r io r  hypothalamic nucleus, lateral  hypothal- 
amus, ventromedial  hypothalamic nucleus, frontal cortex, sensomotor  cortex, pneumogram. Re- 
mainder  of legend as to Fig. 1. 

to EDS, had not fallen below 190/110 mm Hg even 1 h after  the end of the experiment.  The diastolic p r e s su re  
also remained stable and high during unres t ra ined behavior in this case. As fur ther  tes ts  showed, high values 
of BP (175/130 mm Hg) were recorded  3 days after  the end of all the experiments.  Not only the systolic,  but 
also the diastolic p r e s s u r e  was raised at this time, evidence of increased per ipheral  res is tance.  Blood levels 
of both cort ical  and thyroxine remained significantly high under these c i rcumstances .  

The subsequent t ime course  of the vascular  and hormonal  react ions was par t icu lar ly  interesting. Onthe 
7th day after  the end of the experiment  only a tendency was noted for the blood hormone level to remain  high, 
whereas  BP was 30 mm Hg above the initial background value. This fact was la ter  (1 month after the end of 
the experiment) subjected to more  detailed analysis.  This showed that even at this stage the functional state 
of the cort ical  and deep brain s t ruc tures  and the blood hormone levels (cortisol 1.30• lpg,  thyroxine 21.6~2.1 
ng/ml) were normal  whereas  BP remained elevated and reached 160/120 mm Hg. 
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Fig. 3. Time course  of changes in BP (in m m  Hg) of cat  exposed to immobi l iza t ion with EDS 
(p r ima ry  s t r e s s ,  4th day): I) f i r s t  day a f te r  beginning of s t r e s s :  a) background; b) EDS; c) 
a f ter  1st s e r i e s  of EDS; II) 4 h a f t e r  beginning of s t r e s s :  d) 1 h af ter  end of s t r e s s .  A r r o w -  
EDS. N u m b e r s -  BP level.  

The expe r imen t s  thus showed that the assoc ia t ion  between d is turbance  of neuroendocr ine  m e c h a n i s m s  
and BP changes  in the initial phase  of s t r e s s  is no longer  obse rved  during the late a f t e r -pe r iod ,  for  neuro-  
endocr ine  functions a r e  r e s t o r e d  to normal  before  hemodynamic  reac t ions .  At the same  t ime,  one ve ry  im-  
por tant  phenomenon, which we found in the course  of this  repeated  s e r i e s  of s t r e s s ,  d e s e r v e s  attention. As 
ea r ly  as in the f i r s t  hour of the f i r s t  day of the repea ted  s e r i e s  of s t r e s s ,  against  the background of normal  
EEG activity,  stable hypersynchron ized  act ivi ty  of the slow high-ampl i tude  sharp-pointed  waves  developed, 
and during subsequent exposure  of the animal  to s t r e s s ,  it b ecame  "s ta t ic"  in cha rac t e r .  By con t ras t  with the 
f i r s t  s e r i e s  of exposu re s  to s t r e s s ,  the neurophysiological  mani fes ta t ions  of repeated  s t r e s s  were  no longer  
phasic  in cha rac t e r ,  but were  fo rmed  immedia te ly  into l o n g - t e r m  pathological  excitation, involving all the 
brain s t r u c t u r e s  invest igated.  This  was  accompanied  by high hormona l  secret ion.  Vascu la r  r eac t ions  to EDS 
also were  prolonged f rom the beginning, r e sembl ing  the r e s p o n s e s  on the 4th day of the f i r s t  s e r i e s  of s t r e s s .  

The fac t s  descr ibed  above indicate that p rev ious  exposure  of the animal  to s t r e s s  led to the development  
of pe r s i s t en t  hypersens i t iv i ty  of the p r e s s o r  m e c h a n i s m s  of the body. As a resu l t  of reorganiza t ion  of neuro-  
endocrine and neurohumora l  regu la to ry  mechan i sms ,  the actual subs t ra te  of regulat ion is changed, namely  the 
vesse l  wall: I t s  r eac t iv i ty  to subs tances  c i rcu la t ing  in the blood s t r e a m  is enhanced [7, 9, 11]. 

The poss ib i l i ty  l ikewise cannot be ruled out that, as Anokhin considered,  "the quali tat ive t rans i t ion  f rom 
dynamic neurophysiological  s ta tes  to metabol ic  stabil ization of hyperfunction,  with the involvement  of r ibonu-  
cieic  acids and specif ic prote in  fo rma t ions"  [5] fac i l i t a tes  r e in fo rcemen t  of the pathogenetic complex  of hy- 
per tens ion .  

Consider ing the fac t s  desc r ibed  above, it can be postulated that  these  resu l t s ,  obtained in the late a f t e r -  
period,  when normal  e l ec t rograph ic  and hormona l  r e s p o n s e s  were  r e s to red ,  re f lec t  metabol ic  shifts  in the 
neuronal  fo rmat ions  of the CNS that p lay a p a r t i c u l a r l y  impor tan t  role  in the regulat ion of va scu l a r  reac t ions ,  
and this  factor ,  toge ther  with pe r iphe ra l  va s cu l a r  mechan i sms ,  is respons ib le  for  stabil izing the hyper tens ive  
state.  

Thus it is the p r o c e s s  of fo rmat ion  of hyper tens ion  in an imals  during chronic  emotional  s t r e s s  that is 
brought  about by dynamic changes  in the s tate  of function of the CNS, including the neuroendocr ine  control  
sys tem.  These  changes can be divided conventionally into two s tages .  

The f i r s t  stage is c h a r a c t e r i z e d  by the appearance  of shor t  cyc les  of hypersynchronized  activity,  affect-  
ing all the s t r u c t u r e s  studied; this  is accompanied  by act ivat ion of hormonal  secre t ion  not only by the adrenal  
cor tex,  but als0 by the thyroid gland, evidence that  the f a c to r s  to which the animal is exposed are  highly sig- 
nificant for  it [2]. Vascu la r  r eac t ions  to EDS are  cha rac t e r i zed  by t r ans ien t  effects .  In this stage s e l f - r egu -  
lation of BP is still  undisturbed. 

During the second stage (3rd and 4th days  of s t r e s s )  " s ta t i c"  exci ta t ion is fo rmed  in the CNS, and the 
blood hormone  leve l s  r emain  significantly ra ised .  Vascu la r  r eac t ions  to EDS become pa r t i cu l a r ly  prolonged 
in cha rac t e r ,  se l f - regula t ion  of BP is  dis turbed,  and it is s tabi l ized at a high level for  a long t ime.  
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