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WAYNER, M. J., T. ONO AND D. NOLLEY. Effects of ethyl alcohol on central neurons. PHARMAC. BIOCHEM. 
BEHAV. 2(1) 499-506 ,  1975. - A method was developed for the electrophoretic application of ethyl alcohol through 
one capillary in a multibarrel microelectrode array in the vicinity of the recording electrode. Effects of ethyl alcohol 
and angiotensin II applied by means of electrophoretic ejection and ethanol administered intravenously on the frequen- 
cy of extracellutarly recorded action potentials of brain cells were determined. A total of 87 neurons in four different 
parts of the brain in female hooded rats anesthetized with a mixture of urethan and chloralose were tested. Results 
reveal that a most sensitive neurons appear to be those of the lateral hypothalamus within the medial forebrain bundle. 
Cells of the zona incerta and thalamus were also sensitive to ethanol. Cells of the cerebral cortex appear to be relatively 
less sensitive. Many of the ethanol sensitive cells also responded to angiotensin II and when tested the effects were 
potentiated by Na. 
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THE E F F E C T S  of  e thy l  a lcohol  o n  exc i t ab le  nerve  mem-  
b r a n e  have b e e n  s tud ied  in de ta i l  and the  resul ts  have 
b e e n  s u m m a r i z e d  recen t ly  [ 5 , 1 0 ] .  In essence,  da t a  on  
squid g iant  a x o n  ind ica te  t ha t  m e m b r a n e  exc i t ab i l i ty  is 
depressed  b y  e t h y l  a lcohol  t h r o u g h  suppress ion  o f  the  
increase in Na c o n d u c t a n c e  w h i c h  n o r m a l l y  accompan ie s  
adequa t e  s t imu la t i on  [1, 6, 7 ] .  E t h y l  a lcohol  is more  
ef fec t ive  w h e n  appl ied ex te rna l ly  and  can reduce  the  
e f f lux  of  Na 2 ~ b y  a b o u t  30% w i t h o u t  any  no t i ceab le  
ef fec t  on  the  a m p l i t u d e  o f  the  ac t ion  p o t e n t i a l  [ 5 ] .  Evi- 
dence  has also ac cum ul a t ed  which  ind ica tes  t h a t  e thy l  
a lcohol  usual ly  inh ib i t s  b ra in  (Na+K)ATPase  b u t  t h a t  
active ion t r a n s p o r t  and  (Na+K)ATPase  ac t iv i ty  increases  
af te r  ch ron ic  a d m i n i s t r a t i o n  of  e t h a n o l  [ 5 ] .  A p p a r e n t l y ,  
e t h y l  a lcohol  has a p r o f o u n d  effec t  on  exc i t ab le  nerve 
m e m b r a n e  w h i c h  involves molecu la r  processes  t h a t  pre- 
cede the  ac t ion  p o t e n t i a l  and  on  the  s u b s e q u e n t  active 
t r a n s p o r t  of  Na and  K. There fo re ,  as e t h y l  a lcohol  pe rme-  
ates the  b l o o d  bra in  bar r ie r  readi ly  it can be  e x p e c t e d  to  
p r o d u c e  various ef fec ts  wi th in  the  cent ra l  ne rvous  sys tem.  
In a s t udy  of  e t h y l  a lcohol  on  cat sp inal  ref lexes [ 3 ] ,  
dorsal  h o r n  i n t e r n e u r o n  s p o n t a n e o u s  discharges were de- 
pressed whereas  spinal  m o t o  n e u r o n s  were more  res is tant  
and  larger doses p r o d u c e d  a decrease  of  m e m b r a n e  con-  
d u c t a n c e  to  b o t h  inward  and ou t w a r d  c o n s t a n t  cur ren t .  
In the  ce rebe l lum,  e thy l  a lcohol  t e n d e d  to  accelera te  the  
discharge of  i n t e r n e u r o n s  and  depress  w h a t  appea r  to  be  
Purkin je  cells. Single cell ac t iv i ty  r eco rded  f rom the  later-  

al ves t ibu la r  nucle i  was also depressed [4 ] .  In the  la teral  
h y p o t h a l a m u s  (LH),  85% of  the  n e u r o n s  e x a m i n e d  were 
sensi t ive to  sod ium and  e thy l  a lcohol ;  53% increased in 
discharge rate  and 32% decreased,  and  the  r e m a i n d e r  were  
n o t  a f fec ted  [8 ] .  Add i t iona l  evidence ind ica ted  t h a t  e thy l  
a lcohol  migh t  select ively depress  act ivi ty  in n e u r o n s  w i t h  
h igh  s p o n t a n e o u s  discharge rates.  These  cells migh t  be  
i n t e r n e u r o n s  wh ich  no rma l ly  inh ib i t ,  as par t  of  a func-  
t iona l  aggregate of  cells, o t h e r  neu rons  and p roduce  in 
t h e m  relat ively low discharge f requencies .  There fore ,  e t h y l  
a lcohol  in the  b ra in  migh t  have a selective e f fec t  o n  in ter -  
neu rons  jus t  as i t  does  in the  spinal  cord,  excep t  t ha t  
these  i n t e r n e u r o n s  in the  LH are very sensi t ive to  Na 
w h i c h  makes  t h e m  par t icu la r ly  vu lnerab le  to  e t h a n o l  be-  
cause of  its e f fec t  on  sod ium c o n d u c t a n c e  and the  exci ta-  
b i l i ty  of  the  cell m e m b r a n e .  Consequen t ly ,  the  discharge 
ra te  of  these Na sensi t ive i n t e r n e u r o n s  is reduced  b y  e tha-  
no l  and o t h e r  cells in the  aggregate are released f rom inhi-  
b i t i o n  and  increase in f r equency .  As these  da ta  were ob-  
ta ined by  means  of  i n t r avenous  a d m i n i s t r a t i o n  of  e thy l  
a lcohol  and  are c o n f o u n d e d  by  c o m p l e x  long la tencies  
and  p ro longed  changes which  migh t  be  a t t r i b u t e d  to 
seconda ry  effects  or  the  p r o d u c t i o n  of  some active me ta -  
bo l i t e ,  a more  d i rec t  a p p r o a c h  ut i l iz ing some o t h e r  
m e t h o d  such  as mic roe lec t rophores i s  seemed to  be  re- 
quired.  The  purpose  of  the  p resen t  inves t iga t ion  was to 
develop such  a m e t h o d  for  e t h y l  a lcohol  and  to uti l ize it 
to  de t e rmine  n e u r o n a l  sensi t iv i ty  d i rec t ly  in t e rms  o f  the  
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modulation of spontaneous unit activity recorded in sever- 
al different parts of the brain. Results reveal that the 
most sensitive neurons appear to be those of the lateral 
hypothalamus within the medial forebrain bundle (MFB). 
Cells of the zona incerta and thalamus are relatively less 
sensitive to ethyl alcohol. Many of the ethanol sensitive 
cells also responded to angiotensin II and when tested the 
effects were potentiated by the electrophoretic ejection of 
Na. 

METHOD 

Animals 

Experiments were performed on female hooded rats, 
2 5 0 - 2 9 0  g in weight, selected from our colony. 

Procedure 

Animals were anesthetized with a mixture of chlora- 
lose, 50 mg/kg, and urethan, 0.5 g/kg, administered intra- 
peritoneally. Subsequent maintenance doses of chloralose, 
10 -20  mg/kg, and urethan, 0 .1 -0 .2  g/kg, were injected 
when necessary. In general the remainder of the proce- 
dures were as described previously [10].  Briefly, the 
animal was fixed rigidly to a stereotaxic instrument, the 
skull was exposed, and removed over predetermined sub- 
cortical structures for the insertion of the electrodes. The 
exposed cortex was covered with a 1% solution of warm 
agar made with isotonic ringers solution. The lateral tail 
vein was a cannulated and was continuously infused with 
lactated ringers solution, pH of 6 .0 -7 .0  and warmed to 
body temperature, at a rate of 0.00175 ml/min. Test solu- 
tions of NaC1 and ethanol were infused at the rate of 
0.54 ml/min. 

Five barrel micropipette arrays were employed in this 
study. Extracellular single unit discharges were recorded 
through one barrel filled with 4 M/1 NaC1, resistance 
varied from 5 to 25Mt2. Action potentials were amplified, 
monitored visually, stored on magnetic tape, and analyzed 
by conventional means. The other four barrels were filled 
with angiotensin II, CIBA 83% valine ~-angiotensin II and 
17% ammonium acetate, 1 .0-5 .0  mM/1 in distilled water 
with a final pH of 5.0; 10% (0.9% NaC1 in distilled water) 

plus 90% (95% ethanol) with a pH of 6.5; monosodium-1- 
glutamate, 2 M/1, pH of 8.0 (NaOH); and 0.9% NaC1 m 
distilled water. Substances were ejected in the vicinity of 
the tip of a constant current source [9]. The resistances 
of these four barrels varied from 5 - 1 0 0  Ma .  The overall 
tip diameter of the five barrel array varied from 3 - 6  MS2. 
Possible direct electrical effects of  the microelectro- 
phoretic currents were evaluated on the basis of previous- 
ly published criteria [2] and unreliable data were dis- 
carded. Tests performed with NaC1 and ammonium acetate 
alone in distilled water with similar ejection currents 
were negative and indicate that the effects reported here 
can be attributed to the angiotensin and ethyl alcohol. 
Both anodal and cathodal currents were employed in 
these control tests. Ethanol appears to be ejected more 
easily when the tip is negative and relatively little Na 
would be released. The ejection of C1 ions, even by relati- 
vely large currents, usually had no effect or produced a 
slight increase of spontaneous unit activity under these 
conditions. The final electrode tip position within the 
brain for each experiment was determine by perfusing the 
animal with the electrode shaft in place. After fixation 
the electrode was removed and the brain was sectioned at 
40~, stained with cresyl violet, and examined by means of 
a dissecting microscope. 

RESULTS 

The data on 87 neurons in four brain regions are 
summarized in Table 1. The number of cells, N, studied 
in each site is also included. Results clearly indicate an 
increase in discharge frequency in many cells during the 
electrophoretic ejection of ethyl alcohol. Only one cell 
decreased in frequency. 

LH-MFB 

Within the medial forebrain bundle of the lateral hypo- 
thalamus, LH-MFB,  12 cells were tested and 5 increased, 
none decreased, and 7 were not affected. Five of the 7 
which were not affected were tested with angiotensin and 
2 increased, none decreased, and 3 were not affected. A 
dose related increase in an L H - M F B  neuron due to ethyl 

TABLE 1 

A SUMMARY OF THE EFFECTS OF ETHANOL AND ANGIOTENSIN II ON THE NEURONS 
OF FOUR DIFFERENT PARTS OF THE BRAIN 

Ethanol Angiotensin 

Site N I D NE N I D NE 

LH-MFB 12 5 0 7 5/7 2 0 3 

Zona lncerta 17 7 1 9 5/7 5 0 0 
9/9 2 1 6 

Thalamus 45 13 0 32 11/13 8 0 3 
24/32 1 1 23 

Cortex 13 4 0 9 2/4 0 0 2 
8/9 0 0 8 
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FIG. 1. An X-Y plot of the discharge frequency of an LH-MFB neuron before, during, and following the ejection of ethyl alcohol by currents 
of 40, 50, and 60 nA and the intravenous administration of 0.1 ml of 20% ethanol. Solid horizontal lines indicate the duration of the ejection 

current and the arrow indicates when the intravenous injection began. 
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alcohol is illustrated by an X - Y  plot of the frequency in 
Fig. 1. In the top part of Fig. 1 the frequency before, 
during, and following the administration of ethanol by 
ejection currents of 40, 50 and 60 nA are plotted as a 
function of time. In the lower part of Fig. 1 the discharge 
frequency of the same cell before, during, and following 
the intravenous administration of 0.1 ml of  20% ethanol 
is also presented. This cell clearly displays an increase in 
discharge frequency to both intravenous and electrophore- 
tic ejection of ethanol. This cell was not noticeably af- 
fected by equal or larger ejection currents of C1. Sirnqlar 
effects are illustrated by another L H - M F B  neuron in Fig. 
2. The effects of electrophoretic ejection of  ethanol are 
quite similar; whereas, the effects of intravenous adminis- 
tration of  ethyl alcohol appear to be more complex. The 
complex change in discharge frequency of  hypothalamic 
neurons due to the intravenous administration of ethanol 
has been observed previously [8,10]. A small increase in 
frequency can usually be observed within 15 sec which 
then persists with a second more pronounced increase in 

frequency occurring with a latency of 5 0 - 2 5 0  sec. Such an 
effect is illustrated in the lower part of Fig. 1. The 
initial change in frequency in the second L H - M F B  cell in 
Fig. 2 appears to be a decrease for about 20 sec which is 
then followed by a pronounced increase for approxima- 
tely 90 sec. This initial brief inhibitory effect is difficult 
to interpret at present. The effects of intravenous admin- 
istration of various active substances are always difficult 
to interpret because of long latencies, fluctuations in 
baseline, and uncontrolled secondary changes. 

Two types of neurons were studied in the LH; those 
within the medial forebrain bundle, LH-MFB,  which in- 
creases in discharge rate in response to angiotensin II and 
are inhibited by basolateral amygdata stimulation; and 
those more ventral in the lateral hypothalamus, LH, 
which decrease in frequency in response to angiotensin II 
and are excited by basolateral amygdala stimulation [ 11 ]. 
The effects of ethanol on an LH neuron are illustrated by 
the X - Y  plots in Fig. 3. In the top part of the figure, 
dose related increases to ethanol by ejection currents of 
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FIG. 3. An X-Y plot of the frequency of a lower more ventral LH neuron. Top: A dose related increase in frequency with ejection currents of 
30, 40, and 50 nA. Middle: Same cell as in the top part of the figure. A prolonged decrease in frequency due to a 0.1 ml intravenous injection 
of 20% ethanol. Fifteen sec of the recording omitted in the middle of the X-Y plot. Bottom: No significant change in the discharge frequency 

of the same neuron following the intravenous injection of 0.1 ml of ringers solution. 

30, 40, and 50 nA are presented.  The effects  are obvious.  
The same cell 's response to intravenous adminis t ra t ion of  
0.1 ml of  20% ethanol  is presented in the middle part of  
Fig. 3, approx imate ly  15 sec of  the recording were ex- 
cluded f rom the middle of  the X - Y  plot.  These data  are 
more diff icult  to interpret  because o f  the relatively long 
and obvious decrease in f requency which seems to fol low 
the int ravenous adminis t ra t ion of  e thanol .  The same cell 
was no t  affected significantly by the intravenous applica- 
t ion of  0.I  mt of  ringers solut ion.  The la tency was about  
45 sec and only a slight effect  is just not iceable  in the 
b o t t o m  part of  Fig. 3. 

Zona lncerta 

Of the 17 cells within the zona incerta,  ZI, which were 

tested with  e thanol  ejected e lec t rophoret ica l ly ,  7 in- 
creased, one decreased and 9 were not  affected.  Five of  
the 7 which increased were tested with angiotensin II and 
all 5 increased. Nine of  the 9 cells which were no t  affect-  
ed by e thanol  were tested with  angiotensin II and 2 in- 
creased, one decreased, and 6 were not  affected.  An 
example  of  Na sensitive ZI neuron dose related increase 
to e thanol  ejected e lec t rophore t ica l ly  is i l lustrated by  the 
X - Y  plot  in the top  part of  Fig. 4. These tests were 
fo l lowed by intravenous inject ions o f  0.1 ml of  ringers 
solut ion and 15% NaC1 as presented in the remaining 
por t ion  of  the top X - Y  plot  and the lower por t ion  of  
Fig. 4. The ringers solut ion produced a percept ible  small 
increase in f requency.  The increase in f requency due to 
the 15% NaC1 was more p ronounced  and significant. 
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FIG. 4. An X-Y plot of the frequency in a zone incerta neuron illustrating a dose related increase to ejection currents of 15, 20, and 30 nA, a 
small increase to the intravenous injection of 0.1 ml of ringers solution (top), and a pronounced increase to 0.1 ml of 15% NaC1 administered 

intravenously (bottom). 
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FIG. 5. An X-Y plot of the frequency of a typical thalamic neuron illustrating a dose related increase during 
ejection currents of 50, 75, and 100 nA. The immediate and rapid increase in frequency is obvious. 

Reversing the ejection current and making the tip positive at 100 nA had no effect. 

Thalamus 

A rela t ively  large n u m b e r  of  t ha l amic  cells were tes ted  
because  all of  the  n e u r o n s  s tud ied  were loca ted  a long 
essent ia l ly  the  same e lec t rode  t r ac t  w h i c h  resul ted  f rom 
an a t t e m p t  to  place each  e l ec t rode  t ip in  the  same p rede te r -  
mined  site. Of the  45 n e u r o n s  tes ted  w i th  e thano l ,  13 
increased in f r equency ,  n o n e  decreased,  and 32 were n o t  
af fec ted .  Eleven of  the  13 wh ich  increased were tes ted  
w i th  ang io tens in  II and  8 increased,  n o n e  decreased ,  and  

3 were n o t  af fec ted .  T w e n t y - f o u r  cells of  the  32 wh ich  
were n o t  a f fec ted  by  e t h a n o l  were tes ted  wi th  ang io tens in  
II; one increased,  none  decreased,  and 23 were n o t  affect -  
ed. The  dose re la ted ef fec ts  of  e t h a n o l  on  a t ha l amic  cell 
are d e m o n s t r a t e d  clearly b y  the  X - Y  p lo t  in Fig. 5. The  
b r i e f  l a t ency  and  rapid increase in f r equency  dur ing  the  
e jec t ion  o f  e thy l  a lcohol  is obvious  at  each  dose.  Reversing 
the  d i rec t ion  of  the  100 n A  e jec t ion  cu r r en t  to  make  the  
t ip posi t ive  had  no  effect .  
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FIG. 6. An X-Y plot of the frequency in a cerebral cortex neuron illustrating a dose related increase beginning at the threshold ejection 
current of 75 nA. Ejection currents of 125, 175, and 240 nA produced pronounced increases; whereas, ejection currents of reversed polarity 
of 100 and 200 nA which released chloride ions had no effect. A current of 150 nA through a capillary filled with angiotensin II also had no 

noticeable effect on this cell. 

Cerebral Cortex 

Of the  13 cells in the  cerebral  co r t ex  tes ted  w i th  e tha-  
nol ,  4 increased in discharge f r equency ,  none  decreased,  
and 9 were n o t  a f fec ted .  Two of  the  4 wh ich  increased 
were t es ted  w i th  ang io tens in  II and b o t h  were n o t  affect -  
ed. Eight  of  the  9 which  were no t  a f fec ted  b y  e t h a n o l  
were tes ted  w i th  ang io tens in  II and  n o n e  were a f fec ted .  
Reliable th re sho ld  da ta  were ob t a ined  on  on ly  one  cort i -  
cal ceil, wh ich  was 75 nA,  and  is i l lus t ra ted  b y  the  
changes  in the  X - Y  plot  of  Fig. 6. Because of  the  h igh  
th re sho ld  of  cor t ical  cells, t hey  were usual ly  tes ted  w i th  
e jec t ion  cur ren t s  grea ter  t h a n  100 nA.  The  effects  in 
tha lamic  and  cor t ical  ceils were no t  as p r o n o u n c e d  as 
t hey  were in the  L H - M F B ,  ZI, and  tha lamus .  In Fig. 6 
clear and  obvious  increases in response  to  e l ec t rophore t i c  
e jec t ion  of  e t h a n o l  occur red  at  125, 175, and  240  nA b u t  
there  were n o  s ignif icant  changes  dur ing  the  app l i ca t ion  
of  posi t ive cur ren t s  of  100, 150, and  200  n A  when  chlo- 
ride ions and ang io tens in  were e jected.  

Comparison of Effects in Different Parts of  the Brain 

Resul ts  on  s p o n t a n e o u s  discharge rates  are s u m m a r i z e d  
in Table  2. The  n u m b e r  of  cells are d i f fe ren t  f rom those  
r epo r t ed  in Table  1 because  the  several c o m b i n a t i o n s  of  
tests  p e r f o r m e d  varied and  d e p e n d e d  u p o n  the  l eng th  of  
t ime  a par t i cu la r  cell could  be  s tudied .  The L H - M F B  
neu rons  have the  lowest  s p o n t a n e o u s  discharge f requen-  
cies and  seem to  be  less variable  t h a n  cells of  the  zona  
incer ta .  Compar i sons  of  the  mean  t ime course  of  the  in- 
crease in discharge f requencies  for each  of  the  four  par ts  
of  the  b ra in  e x a m i n e d  are s u m m a r i z e d  in Table  3. Only  
da ta  f rom n e u r o n s  which  displayed unequ ivoca l  increases 
were ut i l ized in the  analysis.  Tha lamic  n e u r o n s  r e sponded  

TABLE 2 

A C O M P A R I S O N  O F  S P O N T A N E O U S  D I S C H A R G E  R A T E S  IN 
SPIKES PER SEC BETWEEN F O U R  P A R T S  O F  T H E  BRAIN 

Site N Mean Frequency Standard Error Range 

Cortex 13 6.4 0.8 2 -12  

Thalamus 49 8.2 1.0 2 - 3 0  

Zona Incerta 18 8.5 2.0 2 - 3 0  

LH-MFB 12 5.2 1.0 1-13  

TABLE 3 

A C O M P A R I S O N  O F  T H E  TIME C O U R S E  O F  T H E  E T H A N O L  
E F F E C T  IN SEC BETWEEN F O U R  PARTS O F  T H E  BRAIN 
D U R I N G  E L E C T R O P H O R E T I C  E J E C T I O N .  MEANS A N D  

S T A N D A R D  E R R O R S .  

Site N Latency Time to Peak After Effect 

Cortex 4 3.5 -+ 2.2 10.8 -+ 3.9 1.5 -+ 0.5 

Thalamus 13 1.9 -+ 0.3 7.4 -+ 1.4 2.2 -+ 0.8 

Zona Incerta 8 6.1 ± 1.5 11.9 -+ 2.2 5.0 ± 1.8 

LH-MFB 5 4.6 -+ 2.7 10.1 -+ 2.7 3.2 -+ 0.5 
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FIG. 7. An X-Y plot of the frequency in an LH-MFB neuron. Reading from left to right: the first three ejections illustrate responses to 
angiotensin (200 nA), Na (100 nA), and ethanol (120 nA): the fourth shows the enhancement of a small increase due to ethanol (60 nA) by 
the simultaneous ejection of Na (100 nA) which by itself had no noticeable effect; the fifth shows the enhancement of a small increase due to 
angiotensin II (60 nA) by the simultaneous ejection of Na (100 nA) which by itself had no noticeable effect; and the sixth which 

demonstrates the tremendous potentiation in frequency due to the combined application of ethanol, angiotensin, and Na. 

most readily. Latency was considerably shorter in the 
thalamus as compared to other parts of  the brain. Time 
to peak discharge was the time which elapsed from when 
the ejection current artifact appeared in the record to 
when the discharge frequency reached its maximum value. 
After effect was calculated as the time which elapsed 
from when the artifact appeared due to termination of 
the ejection current and when the discharge frequency 
returned to its baseline value. In general thalamic neurons 
displayed the shortest latencies, time to peak discharge 
and a relatively short after effect. A comparison of etha- 
nol thresholds was confounded by the fact that clear 
threshold data was obtained in on!y 7 thalamic cells, 6 
cells of the zona incerta, and 5 L H - M F B  neurons, and 
that relatively coarse increments of current intensity were 
utilized. The thresholds in the ZI were variable with a 
mean of 53.3 nA and a standard error of 19.0 nA. The 
data were more consistent for the thalamus, means of 
51.4 ± 10.6 nA, and LH-MFB,  mean of 30.0 -+ 3.2 nA. A 
one-tailed t test of the difference in means between the 
thalamus and LH was 1.65 with 10 degrees of freedom 
with a probability of  chance occurrence greater than 0.05 
and less than 0.10. There is some indication then that-the 
cells of  the L H - M F B  constitute a population with a 
relatively low threshold to ethyl alcohol. 

Combined Effects  o f  Ethanol, Angiotensin 11, and Na 

In several cells the opportunity occurred to determine 
the modulation of unit activity by combined treatment 
with three substances. Results of one experiment in an 
L H - M F B  neuron are summarized by the X - Y  plot in 
Fig. 7. Increases in discharge frequency due to ejection of  

angiotensin II, Na, ethanol alone are illustrated. The Na 
ejection current of 100 nA did not produce a significant 
change in frequency. In the fourth test, reading from left 
to right, ethanol ejected by 60 nA of current produced a 
just noticeable increase in frequency which was then po- 
tentiated by the simultaneous ejection of Na. A similar 
pattern is displayed by the results of the fifth test where 
a small increase in discharge frequently produced by 
angiotensin ejected by 60 nA of current is potentiated by 
the ejection of Na with 100 nA. In the sixth test, a very 
pronounced potentiation of discharge frequency occurs in 
response to the simultaneous ejection of ethanol by 
60 nA, angiotensin II by 60 nA, and Na by 100 nA. The 
multiplicative effects of the combined treatment are 
obvious. 

DISCUSSION 

Results indicate that ethyl alcohol is released from a 
glass capillary microelectrode which contains a relatively 
high concentration of ethanol mixed with a small quanti- 
ty of NaC1 by means of an electrophoretic effect which 
depends upon the ions in solution. Ethyl alcohol seems to 
be ejected when the electrode tip is negative and chloride 
ions are leaving and the sodium ions are being retained. 
These effects require further study to determine the quan- 
tity of ethyl alcohol ejected under these conditions. 

Although thalamic neurons appear to be more respon- 
sive to ethyl alcohol applied by means of electrophoretic 
ejection currents in terms of latency and time to peak 
increase in discharge frequency, L H - M F B  neurons were 
similar and were less variable with lower thresholds. These 
results support earlier data [8] obtained under similar 



506 W A Y N E R ,  ONO AND N O L L E Y  

cond i t i ons  b u t  w i t h  i n t r avenous  a d m i n i s t r a t i o n  o f  the  
e thy l  a lcohol  w h i c h  ind ica te  t ha t  L H - M F B  n e u r o n s  are 
relat ively more  sensi t ive to  e thy l  a lcohol  t han  o t h e r  cells 
of  the  bra in .  Of  the  87 n e u r o n s  t es ted  in this  s tudy ,  29 
increased in response  to  the  e jec t ion  of  e t h a n o l  and  on ly  
one  decreased.  Twelve of  the  ceils tes ted  were in the  
L H - M F B  and 5 increased and  the  o t h e r  7 were n o t  af- 
fected.  Previous resul ts  [8] ind ica ted  t h a t  at  least  32% of  
the  L H - M F B  n e u r o n s  shou ld  have decreased,  i f  the  ef- 
fects  of  e l e c t ropho r e t i c  e jec t ion  of  e t h y l  a lcohol  are simi- 
lar to  i n t r avenous  adm i n i s t r a t i on  of  e thano l .  As Na sensi- 
t ive n e u r o n s  are d i f f icul t  to  locate  because  of  wha t  
appears  to  be a relat ively small  p o p u l a t i o n  and h igh  
th re sho ld ,  i t  is d i f f icul t  to  d e t e r m i n e  if  the  same popula -  
t ion  of  la teral  h y p o t h a l a m i c  n e u r o n s  were be ing  s tudied.  
When tes ted  w i th  Na as in Figs. 3, 4, and 5, several of  the  
ceils r e sponded  wi th  increases in f r equency .  Obvious ly  a 
larger sample  of  L H - M F B  n e u r o n s  are requi red  be fo re  
mean ingfu l  compar i sons  of  this  t ype  can be  made.  How- 
ever, because  o f  the  relat ively low s p o n t a n e o u s  discharge 
f r equency  of  la teral  h y p o t h a l a m i c  n e u r o n s  u n d e r  the  
p re sen t  e x p e r i m e n t a l  cond i t ions ,  add i t iona l  da ta  will be  
di f f icul t  to  ob ta in .  A l t h o u g h  the  da ta  on  th re sho lds  for  
e thy l  a lcohol  are s o m e w h a t  t enuous ,  t h e y  do  ind ica te  t h a t  

the  L H - M F B  n e u r o n s  are more  h o m o g e n e o u s  and  appear  
to  be more  sensi t ive to  e thy l  a lcohol  t h a n  cells in o t h e r  
par ts  of  the  cent ra l  ne rvous  sys tem.  The  af te r  effects  of  
e t h a n o l  e jec t ion,  pers is tence  of  an increase  in discharge 
f r equency  af te r  the  e jec t ion  cu r r en t  was turned '  off ,  were 
variable  and  ind ica te  t h a t  the  results  can be  a t t r i b u t e d  to 
some active subs t ance  e jected ra the r  t h a n  a nonspec i f ic  
cu r r en t  effect .  An i n t e r p r e t a t i o n  wh ich  is also s u p p o r t e d  
by  the  results  ob t a ined  w i th  cells tes ted  w i th  b o t h  elec- 
t r opho re t i c a l l y  and in t r avenous ly  admin i s t e r ed  e thy l  alco- 
hol.  

Results  on  the  c o m b i n e d  t r e a t m e n t  of  angio tens in ,  
e thy l  a lcohol ,  and  Na have been  r epo r t ed  be fo re  [1 1,12] 
and  the  mul t ip l ica t ive  increase in f r e q u e n c y  suggests a 
possible  synergis t ic  ac t ion  on  c o m m o n  ionic m e m b r a n e  
mechan i sms .  Large increases in discharge f r equency  wh ich  
occu r  dur ing  the  c o m b i n e d  e jec t ion  of  the  th ree  sub- 
s tances,  as i l lus t ra ted  in Fig. 7, are d i f f icu l t  to  a t t r i b u t e  
to  some pecul iar  cu r ren t  ef fec t  because  even the  abso lu te  
a m o u n t  of  cu r r en t  f low is n o t  m u c h  grea te r  t h a n  t h a t  in 
the  first test  w i th  ang io tens in  at 200  nA.  Ang io tens in  II, 
e thy l  a lcohol ,  and  var ia t ions  in ex t race l lu la r  Na concen t ra -  
t i o n  migh t  all in f luence  d r ink ing  because  o f  a low 
th resho ld  ef fec t  on  h y p o t h a l a m i c  neurons .  
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