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In previous investigations so-ca l led  "minimal"  [6] postsynaptic potentials (PSPs), evoked by nea r -  
threshold  macros t imula t ion  [2, 3, 7] o r  micros t imula t ion  [1, 5] of hippocampal afferent  pathways were r e c o r d -  
ed. Changes in p a r a m e t e r s  of minimal  PSPs,  calculated in accordance  with the quantum theory  of synaptic 
t r ansmis s ion  [8, 11], were  studied during various plast ic  t r ans format ions .  A m o r e  accura te  method of de- 
te rmining  quantum p a r a m e t e r s  is by analysis  of "e l emen ta ry"  PSPs  [5, 6] c rea ted  as a r e su l t  of activation of 
one presynapt ic  e lement .  Only one r e c o r d  [10] of e lementary  PSPs of ve r t eb ra t e  brain neurons (anesthetized 
cat) can be found in the l i t e ra tu re ,  but with no quantitative data for  s ta t is t ical  analysis .  

The object  of this investigation was to a t tempt  to r e co rd  e l emen ta ry  PSPs in the hippocampus of the 
unanesthet ized animal and to compare  the i r  pa r am e te r s  with those of minimal  PSPs  [1-3, 5-7]~ 

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

Exper imen t s  were  c a r r i e d  out on unanesthet ized,  unres t ra ined  rabbits  by the method descr ibed  in [1, 2, 
7]. At the site of project ion of the dentate fasc ia  and a reas  CA3-CA 4 of the hippocampus (coordinates P4; 
L5.5) an e l ec t rode  holder  with two e lec t rodes  for  ex t race l lu la r  r ecord ing  of the " t r igger ing"  neuron (N1) and 
fo r  in t raee l lu la r  o r  "quas i - in t r ace l tu ta r "  recording" of the ~target -neuron"  (N2), was fixed to the crania l  bones.  
The e lec t rodes  were  placed at an angle re la t ive  to each other  so that  at  a depth of 7-8 ram the distance between 
the i r  t ips was 0.5-1 ram.  The depth of  inser t ion  was de te rmined  with a m i c r o m e t e r  and f rom the ch a r ac t e r  
of focal potentials  evoked by st imulation of the septof imbria l  region (Pl ;  L0.5; H6.3). E lec t rodes  fo r  record ing  
M2 were  filled with potassium c i t r a t e  ( res i s tance  af te r  sharpening 10-50 me)  and those  for  record ing  N1 were  
f i l led with sod[ram chlor ide  ( res i s tance  1-5 m~) .  Br idge c i rcu i t s  enabling the passage of  a cu r r en t  (up to 
100 hA) to inc rease  the d ischarge  f requency of N1 and to suppress  d ischarges  of N2 were  used.  Activi ty was 
r e c o r d e d  on a tape r e c o r d e r  (frequency band 0-1000 Hz) and then p rocessed  by PDP-SA (Digital, USA) corn- 
puter  using a combination of p rog rams  enabling: 1) t r igger ing  d ischarges  of N1 to be distinguished f rom the 
record ;  2) act ivi ty of N2 to be averaged in an assigned neighborhood of the discharge of N1; 3) segments  of 
act ivi ty of N2 containing a r te fac ts  or  d ischarges  to be re jec ted;  4)the a rea  beneath the curve within an assigned 
interval  to be m e a s u r e d  and conver ted  into amplitude (E); 5 )h i s tograms  of distr ibution of E to beplot ted.  Sub- 
sequent analysis  on the P6060 computer  (Olivetti, Italy) consis ted of calculation of quantum p a ram e te r s  [5] 
and the const ruct ion of t r ia l  theore t ica l  dis tr ibut ions [3]. The mean  quantum composi t ion (rn), the value of  
the quantum (u), and the binomial p a r a m e t e r s  (n and p) were  calculated by two methods descr ibed  previous ly  
[1-3, 5, 7]. Method 1 is based on subdivision of  E h i s tograms  and method 2 on determinat ion of the number  
of "omiss ions"  f rom a h is togram.  

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

Altogether  96 N1-N2 pa i r s  were  recorded ,  of which 26 pa i rs  had record ings  of sufficient duration for  
analysis  (300-800 d ischarges  of N1) and were  in a sufficiently s table state,  to judge f rom the membrane  (20- 
50 mV) and peak {10-40 mY) potential~ of  N2. Successive regions  (each of 100 rea l iza t ions)  and the whole 
r e c o r d e d  act ivi ty of N2 were  averaged .  F o r  each pa i r  of neurons  th ree  (if the  number  of  d ischarges  of N1 was 
under  400) o r  m o r e  regions (if the number  of  d i scharges  of  N1 was g rea te r )  were  distinguished. 
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Fig. 1, Examples of averaged intracellular 
activity of target neurons. A) Absence of 
synchronized activity; B) depolarization 
potential commencing before discharges of 
ntriggeringn neuron; C) elementary IPSP. 
Here and in Figs. 2 and 3, numbers below 
traces are serial numbers of averaged 
realizations. Short vertical lines indicate 
time of discharge of triggering neuron. 
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Fig.  2. E l e m e n t a r y  E P S P s .  A) Potent ia ls  
of  t r i gge r ing  neuron (1-3 and 8) and control  
potent ia ls  r e c o r d e d  a f t e r  death of cel l  (6, 
7), ave raged  f r o m  100 (1-7) and 300 (8) 
rea l iza t ions ;  B) dependence of ampli tude of 
r e c o r d e d  act ivi ty (ordinate) on s e r i a l  
n u m b e r  of  d i scharge  of t r i gge r ing  neuron 
(absc issa) .  Points  show m e a n  (of 10 
rea l iza t ions)  ampl i tudes  calculated for  t ime  
cor respond ing  to averaged  e l e m e n t a r y  E PSP.  
Shor t  ve r t i ca l  l ines  show e r r o r s  of  m e a n s .  

The  c r i t e r ion  of co r re l a t ion  between N1 and N2 was the appearance  of f luctuations of potential ,  s i m i l a r  
in t ime of or ig in  and shape to each o ther  and to the signal obtained during ave rag ing  of total  N2 act ivi ty ,  in 
all  t h r ee  reg ions  (or in at  l ea s t  75% of regions  if they numbered  m o r e  than th ree) .  According to the same  
c r i t e r ion ,  no co r r e l a t i on  was found fo r  18 of the 26 pa i r s  (Fig. 1A). F o r  f ive pa i r s ,  s ignals  s ta r t ing  before  
d i scha rges  of N1 were  obse rved  (Fig. 1B). Such c a s e s  evidently re f l ec t  the p r e sence  of common inputs to the 
r e c o r d e d  neurons .  Synchronized waves ,  s ta r t ing  soon a f t e r  d i scharges  of N1 and probably  consis t ing of 
e l e m e n t a r y  PSPs ,  were  d i scovered  in the act ivi ty of t h ree  pa i r s .  Such waves  (Fig. 1C, 1-4; Fig.  2A, 1-5) had 
a h igher  ampli tude than the spontaneous act ivi ty  a r i s ing  be fo re  d i scharges  of  N1 and the control  act iv i ty  
r e c o r d e d  a f t e r  death of  neuron N2 (Fig. 2A, 6, 7). Hyperpo la r i za t ion  waves ,  which were  r ega rded  as e l e -  
m e n t a r y  IPSPs ,  were  obse rved  in two of these  th ree  ca se s .  E l e m e n t a r y  IPSPs  a rose  in two different  N2 ce l l s  
a f t e r  d ischarges ,  of the same N1. A depolar iza t ion  wave,  an e l e m e n t a r y  EPSP ,  was r e c o r d e d  in one exper iment .  
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TABLE 1. 
synaptic Potentials 
No of ex-t 
periment / Nature of 
and of ]response 
neuron / 

Parameters of Elementary Post- 

Number  Latent  D u r a t i o n  
of aver- IAmpli- peziod, of leading 
alged re-~ude' #V msec edge, 
alization~ msec _ 

400 250 
300 150 3,5 

59--3--6 IIPSPs 
59--3--7 IIPSPs 
64--i--I [EPSPs 

I0 
14 

17,5 

A 1, ~ B ,,v 

2 /Ok~ 27/ -350 2 ~ 56/ 700 

Ji 
/ i V  , . -,~ 

"~ ~'00 0 ~00 8,90 

.3 i 351- ~ 0  /0~{'~,~ 3 / - /00 

V 

- 400 ,00 800 #V  --~-SOJ 750 0 750 zsoa 

Fig. 3. Experimental (continuous lines) and 
theoretical  (broken lines) distributions of 
amplitudes of recorded signals. A) Histo- 
gram of amplitudes of elementary EPSPs 
for different regions (1-3) of record  of 
activity of neuron illustrated in Fig. 2; B) 
histograms for total region with strongest 
activity of same neuron (B, 1) and for con- 
trol  region recorded after  death of neuron 
(B, 2); C) histograms of amplitudes of e le-  
mentary IPSPs, corresponding to records  in 
Fig. 1C. In A-(3: abscissa,  mnplitude (in 
pV); ordinate, number of cases.  Exper i -  
mental distributions constructed by the 
"sliding bin" method [12]. Quantum parame-  
t e r s  corresponding to distributions B1, A 1- 
3, and C given in Table 2. 

Data on the amplitude and temporal parameters  of the elementary PSPs are given in Table 1. Since the 
discovery of averaged elementary polysynaptic PSPs with an amplitude higher than several  mierovolts seems 
unlikely [12], the PSPs with an amplitude of 150-250 #V (Table 1) must be regarded as monosynaptic. The 
relat ively long latency (3.5-4 msec) matches the slow conduction velocity [4] along intrahippocampal fibers,  
for  a distance of about 1-2 ram, and the latency of the minimal PSPs which, judging from certain features 
[1-3, 5-7], are mouosynaptic in nature. Despite the fact that according to the cr i te r ia  of selection elementary 
PSPs were recorded in most  averaged regions, significant fluctuations of amplitudes (see Fig. 1C, 1-3, and 
Fig. 2A, B) and even temporary disappearance of the signal (Fig. PA, 2) were observed. The fluctuations of 
amplitudes created difficulties for statistical analysis, which requires  n steady state of the process [5]. Con- 
sequently, the period of most  stable recording of elementary EPSPs was divided into small (about 100 rea l iza-  
tions) "quasistattonary" areas (Fig. 2B, 1-3), and the region shown in Fig. 1C, I was chosen for analysis of 
the IPSPs. Histograms drawn for such "quasistationary" regions (Fig. 2A), for the total region (Fig. 3B, 1), 
and for the control region (Fig. 3B, 2) obtained after  death of neuron N2, are given in Fig. 3. The theoretical 
distributions [3, 5] were drawn from data obtained by method 1. As Fig. 3A, B, 1 and C shows, the right hand 
side of the histograms is well described by a distribution based on Poisson's  Law. One possible cause of 
the difference of the left  hand side of the experimental distributions from theoretical could be the appearance of 
relat ively infrequent polysynaptie PSPs.  The control histogram (see Fig. 3B, 2) is well described by the 
normal distribution. 
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TA BLE 2. Quantum Analysis  of  E lemen ta ry  
Postsynapt ic  Potent ia ls  

~lumber of Quantum parameters Elementary post- 
synaptic potential ~aeasure- 

Tlerlts .0, /IV rn 

165 0,54 
EPSPs 261 79 "0,40 

175 0,65 EPSPs (I) 91 74 0,49 
200 0,36 

EPSPs (2) 80 13~5-- 0,28 
150 0,,34 

EPSPs (3) 90 i4 0,27 
750 0,26 

IPSPs 100 360 0,28 

Legend. For  each case numbers  on top were  
obtained by method 1, numbers  on bottom by 
method 2. Numbers  in paren thes i s  indicate 
se r ia l  numbers  of regions marked  on Fig.  2B. 

Only the p a r a m e t e r s  m and v a r e  included in Table  2, fo r  the binomial p a r a m e t e r s  n and p were  less  
than the i r  own s tandard e r r o r .  The fact  that  p was close to zero  and that n was indeterminate is evidence of 
the Poisson  c ha ra c t e r  of the distr ibution.  Table  2 shows that  p a r a m e t e r s  of  neighboring f ragments  of the 
r e c o r d  differ  only a l i t t le (Fig. 2B, 1-3). The value of the quantum for  the E P S P s  (35-200 #V) l ies  within the 
l imi t  of values obtained for  spinal moteneurons  [5] and hippocampal cel ls  during micros t imula t ion  [1]. It may  
also be cons idered  the value of v was somewhat underes t imated  because of a dec rease  in r e s i s t ance  and m e m -  
brane  potential  as  a r e su l t  of puncture  of  the m em b ran e ,  and also on account of the background bombardment  
cha rac t e r i s t i c  of neurons of the unanesthet ized brain .  These  las t  causes  could overes t imate  the value of v 
fo r  the e l emen ta ry  IPSPs (360-759/zV; Table 2). The use  of a conditioning IPSP to detect  minimal E P S P s  
[2, 6, 7] m a y  give a r a the r  h igher  value of  v than those obtained for  E P S P s  (Table 2) because of hyperpolar i -  
zation of  the cel l .  F o r  all cases  analyzed m < 1 (see Table  2), and this ,  toge ther  with the Poisson  ch a rac t e r  
of the distr ibution of E ,  co r re sponds  to the resu l t s  obtained by micros t imula t ion  [1]. During macros t imula t ion  
in mos t  cases  higher  values of m were  obse rved  and the distr ibutions of E were  often approximated on the 
basis  of  the binomial ru le  [2, 7]. This  can be explained by the fact  that the procedure  of selection of the ~near- 
threshold  n c u r r e n t  (10-100 ~A) feci l i ta tes  activation of few but highly effect ive synaptic connections,  whereas  
when e l emen ta ry  PSPs a re  r ecorded ,  such connections a re  difficult to find. The resu l t s  suggest  that hippo- 
eampal synapses  a re  distinguished not only by low, but also by somewhat unstable effect iveness,  which can 
change for  reasons  outside control .  This  is in agreement  with the s imi la r  p roper t i e s  of e lementary  in t ra -  
cor t ica l  connections [6] and also with data showing a significant change in the effect iveness  of hippocampal 
connect ions a f te r  te tanizat ion [1] o r  low-f requency  st imulation [7]. 

The resu l t s  thus show that in about 10% of c losely  si tuated hippoeampal neurons synchronized waves 
a re  found which, with r e spec t  to shape and tempora l  cha rac t e r i s t i c s ,  r e semble  PSPs recorded  during s t imula-  
t ion of a f ferent  pathways. Compar i son  of  the p a r a m e t e r s  of e l emen ta ry  and minimal  PSPs conf i rms the 
in te rp re ta t ion  of these p a r a m e t e r s  [1-3, 5] in t e r m s  of the quantum hypothesis,  but also gives grounds for  
consider ing that during macros t imula t ion  ar t i f ic ia l  separat ion of infrequently found but highly effective con- 
nect ions took place.  
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ROLE OF MONOAMINERGIC HYPOTHALAMIC STRUCTURES 

IN REGULATION OF FUNCTIONS OF THE SYMPATHICO- 

ADRENAL SYSTEM 
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Sudden cooling of the body leads to considerable activation of the sympathico-adrenal system (SAS), which 
is manifested as elevation of the blood adrenalin (A) and noradrenalin (NA) levels accompanied by a small 
decrease  in the body tempera ture  [3]. 

Since the body tempera ture  is controlled in the hypothalamus through the reciprocal  actions of NA and 
serotonin [7], the investigation described below was car r ied  out to study the effect of pharmacologic destruction 
of monoaminergic terminals  in the hypothalamus on basal and cold-stress-induced secretion of neurohorrnones 
by the SAS. 

EXPERIMENTAL M E T H O D  

Experiments were car r ied  out on noninbred male albino rats  weighing 180-200 g in the fall and winter. 
The rats  were divided into six groups: 1) intact; 2) control (receiving 0.5% ascorbic acid in physiological 
saline); 3) receiving 6-hydroxydopamine (6-HDA); 4) receiving demethylimipramine (DMI); 5) receiving DMI + 
6-HDA; 6) receiving 5,6-hydroxytryptamine (}tTA). The 6-HDA preparation (from nRegis Chemical~), in a 
dose of 200/zg in 20 ~zl of solvent, was injected once into the lateral  ventricles of the ra ts  (group 2). The 
animals of group 3 were given DMI (from "Geigy") intraperiteneally in a dose of 5 mg per  ra t  30 rain before 
injection of 6-HDA into the lateral  ventricles.  The rats  of group 4 received an injection of 5,6-HTA (from 
"Regis Chemical") in a dose of 75 ~g in 20 /~1 of solvent per  ra t  by injection into the cerebral  ventricles.  

After injection of 6-HDA into the cerebra l  ventricles in a dose of 200/~g, terminal portions of norad- 
renergie  and dopaminergic fibers of the hypothalamus are known to be selectively destroyed [9]. Injection 
of DMI prevents destruction of noradrenergic fibers by 6-HDA but does not prevent injury to dopaminergic 
terminals  [8]; after injection of 5,6-HTA into the cerebral  ventricles,  terminal portions of serotoninergic 
f ibers in the hypothalamus are  selectively destroyed [5]. 

The injection into the cerebral  ventricle was given in a stereotaxic apparatus under hexobarbital anes-  
thesia (10 rag/100 g body weight). Before the beginning of the experLment, all the ra ts  were adapted to the 
chamber for  3-4 days. All the rats were kept for 1 h in a special chamber,  with an air  temperature  of 22 • 1 
and 5 • I~C 7 days after  injection of the preparation.  The animals were then decapitated, the hypothalamus 
was removed, and blood was collected. Catecholaminergic s t ructures  in the hypothalamus were investigated 
by a f luorescence histochemical method [6]. The content of dopamine (DA) and NA in the hypothalamus and of 
NA and A in the blood was determined by the trihydroxyindole method [4]. Serotonin in the hypothalamus was 
analyzed by a f luorometrie method [2]. Values obtained in rats  kept at 5~ were compared with the co r r e -  
sponding values for  ra ts  kept at 22~ 

Central Research Laboratory,  S. M. Ktrov Leningrad Postgraduate Medical Institute. Laboratory of 
Neuroendocrinology, I. M. Sechenov Institute of Evoluttonary Physiology and Biochemistry, Academy of 
Sciences of the USSR, Leningrad. (Presented by Academician of the Academy of Medical Sciences of the 
USSR V. G. Baranov.) Translated from Byulleten' ]~ksperimental'noi Biologii i Meditsiny, Vol. 90, No. 12, 
pp. 646-648, December,  1980. Original art icle submitted March 5, 1980. 

0007-4888/80/9012-1633 $07.50 �9 1981 Plenum Publishing Corporation 1633 


