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The Effect of Ethanol  Infusion on the Ca lc ium-  
P h o s p h o r u s  Balance in Man 

I n  t h e  n o r m a l  o r g a n i s m  t h e  ca l c ium c o n c e n t r a t i o n  of 
t h e  in t e r s t i t i a l  f luids  is s tab le ,  a n d  it  is d i f f icul t  t o  d i s t u r b  
t h i s  equ i l i b r ium.  H o w e v e r ,  a d m i n i s t r a t i o n  of e t h a n o l  to  a 
h e a l t h y  p e r s o n  is k n o w n  to  p r o d u c e  inc reased  e x c r e t i o n  
of c a l c i u m  in t h e  u r ine  1-3. ALYIA 4 h a s  o b s e r v e d  c h a n g e s  
in s e r u m  ca l c ium h o m e o s t a s i s  in c o n n e c t i o n  w i t h  ora l  
e t h a n o l  a d m i n i s t r a t i o n ,  b u t  t he se  c h a n g e s  were  n o t  con-  
s ide red  to  be s igni f icant .  T h e  a u t h o r s  h a v e  s t u d i e d  t h e  
effect  of i n t r a v e n o u s l y  a d m i n i s t e r e d  e t h a n o l  on  t h e  cal- 
c i u m  c o n c e n t r a t i o n  in s e r u m .  At  t he  s a m e  t ime ,  t h e  in-  
o rgan i c  p h o s p h o r u s  c o n t e n t  of t he  s e r u m  a n d  the  excre-  
t i on  of ca l c ium a n d  ino rgan ic  p h o s p h o r u s  in t he  u r ine  
d u r i n g  a n d  a f t e r  e t h a n o l  i n fus ion  were  fol lowed.  

Mater ia l  and methods. 50 ml  of 94% e t h y l  a lcohol  were  
g iven  i n t r a v e n o u s l y  in 500 m l  of 0 .9% s o d i u m  chlor ide  Test 
so lu t ion ,  in a 3 h in fus ion ,  to  7 female  a n d  2 ma le  p a t i e n t s  subject 

No. 
hosp i t a l i z ed  for  v a r i o u s  i n t e r n a l  c o m p l a i n t s .  N o n e  of 
t he se  t e s t  s u b j e c t s  w a s  an  alcoholic.  B lood  s p e c i m e n s  
were  d r a w n  for  e lec t ro ly te  ana lys i s  j u s t  before  a n d  1, 2 
a n d  3 h a f t e r  t he  s t a r t  of t he  infus ion ,  a n d  2, 5 a n d  17 h 
a f t e r  i ts  comple t i on .  I n  s o m e  cases  u r ine  s p e c i m e n s  were  
t a k e n  w h e n  the  p a t i e n t s  vo ided  t h e i r  b l a d d e r s  a t  t he  
b e g i n n i n g  of t h e  i n fus ion ;  t h e  u r ine  exc r e t ed  d u r i n g  the  
i n fu s ion  (3 h) a n d  w i t h i n  3 h of the  end  of t h e  i n fus ion  
w a s  collected.  

S e r u m  ca l c ium w a s  d e t e r m i n e d  b y  e t hy l ene  d i a m i n e  
t e t r a a c e t i c  acid t i t r a t i o n ,  u s i n g  Calcon |  ind ica to r .  T h e  
ca l c ium in u r ine  w a s  d e t e r m i n e d  b y  t h e  s a m e  m e t h o d  
a f t e r  t he  p h o s p h a t e s  h a d  been  p r e c i p i t a t e d  b y  m o r p h o -  
l ine n i t r a t e  5. I n o r g a n i c  p h o s p h o r u s  in the  s e r u m  a n d  
u r ine  w a s  d e t e r m i n e d  a c c o r d i n g  to DRYER et  al.6. T h e  
a c t i v i t y  of a lka l ine  p h o s p h a t a s e  in s e r u m  w a s  d e t e r m i n e d  
b y  t h e  BI~-ssEY e t  al. 7 m e t h o d ,  and  c r ea t i n ine  in u r ine  
a c c o r d i n g  to  OWEN et  al. s. 

Results .  T h e  s e r u m  levels of ca lc ium a n d  i n o r g a n i c  
p h o s p h o r u s  inc reased  d u r i n g  e t h a n o l  i n fus ion  (Tables  I 
a n d  I I ) .  1 h a f t e r  t h e  s t a r t  of t he  i n fus ion  the  increase  of 
c a l c i u m  ove r  t h e  p r e - i n f u s i o n  level a v e r a g e d  13.1%, a n d  Test 
2 h a f t e r  the  s t a r t  16.0%. T h e  c o r r e s p o n d i n g  f igures  for  subject 
i n o r g a n i c  p h o s p h o r u s  were  16.7 and  25.2%.  P r e - i n f u s i o n  No. 
v a l u e s  were  r ega ined  in s o m e  cases  i m m e d i a t e l y  a f t e r  t h e  
in fus ion ,  whi le  in m a n y  cases  b o t h  t h e  ca l c i um  a n d  the  
p h o s p h o r u s  levels were  stil l  e l eva ted  5 h a f t e r  t he  infu-  
s ion.  A f t e r  20 h, ca l c ium a n d  ino rgan ic  p h o s p h o r u s  in 
s e r u m  h a d  rega ined  the  p r e - in fus ion  level in m o s t  cases.  

T h e  excre t ion  of  ca l c ium a n d  i n o r g a n i c  p h o s p h o r u s  in 
ur ine ,  in  co r r e l a t i on  w i t h  c rea t in ine  exc re t ion ,  de f in i t e ly  
inc reased  (Table  I I I ) .  I n  s o m e  cases  t h e  a c t i v i t y  of a lka-  
line p h o s p h a t a s e  in s e r u m  inc reased  d u r i n g  e t h a n o l  in- 
fus ion.  

Discussion.  Chron ic  a lcohol ics  are  k n o w n  to  s h o w  
c h a n g e s  in t h e  e l ec t ro ly t e  p a t t e r n  of  s e r u m  9,1~ MARTIN 
et  al.10 also a n a l y s e d  t h e  ca l c ium c o n t e n t  of t h e  s e r u m ,  
wh ich ,  in  20% of t he i r  cases,  w a s  b e l o w  t h e  n o r m a l  level.  

Table II. Seruni inorganic phosphorus (rag/100 ml). Same test sub- 
jects as in Table I. The increase after 1, 2 and 3 h is statistically 

significant (p < 0,001) 

Hours after the start of infusion 

0 1 2 3 5 8 20 

1. 2.5 2.8 3.0 3.1 3.3 - - 
2. 3.7 4.0 4.5 3.9 - 3.7 3.7 
3. 3.4 4.5 5.0 5.4 4.9 4.6 3.8 
4. 3.9 4.4 4.2 3.8 3.5 - 3.5 
5. 2.5 3.2 3.5 2.8 2.7 2.5 2.5 
6. 3.7 4.1 4.3 4.7 4.7 4,0 3.7 
7. 3.3 3.5 3.7 4.0 5.5 4.0 3.7 
8. 3.6 3.7 4.1 4,7 4.0 3.5 3,1 
9. 2.4 4.0 4.4 2.8 2.6 

Mean 3.2 3.8 4.1 3.9 3.9 3.7 3.4 
S.D. 0.6 0.6 0.7 0.9 1.1 0.6 0.5 

Table III.  Excretion of calcium and inorganic phosphorus in nrine 
(mg/g of excreted creatinine) in some of the test subjects before, 
during and after ethanol infusion. The same test subjects as in 

Table I and Table II 

Before During After 
infusion iJ~fusion infusion 

Ca P Ca P Ca P 

3. 94 140 113 2590 165 4970 
5. 121 1120 154 4000 144 4960 
6. 110 1250 140 2730 170 3730 
7. 130 1990 145 1640 158 2060 
8. 115 1020 165 2480 160 2400 

Table I. Serum calcium values (mg/100 nil) before (0), during (1-3 h), 
and after (5-20 h) the ethanol infusion. The increase after 1,2 and 3 h 

is statistically significant (p < 0.01) 

Test Hours after the start of infusion 
subject 
No. 0 1 2 3 5 8 

1. 13.2 14.2 15.3 15.8 15.8 - 
2. i0.9 11.7 12.7 12.0 - 11.7 
3. 8.4 9.8 10.4 10.7 9.9 9.4 
4. 9.3 10.3 10.2 9.8 9.3 8.9 
5. 8.0 - 10.0 8.8 8.5 9.0 
6. 8.1 9.4 8.8 8.8 8.2 
7. 7.8 8.7 9.1 8.7 8.0 
8. 7.4 8.9 9.1 8.7 8.0 
9. 10.2 10.7 11.0 10.5 10.3 - 

Mean 9.3 10.5 10.7 10.4 9.8 9.8 
S.D. 1.9 1.8 2.0 2.3 2.6 1.3 
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As far  as t he  a u t h o r s  can  es tabl ish ,  no r epo r t  o t h e r  t h a n  
t h a t  of ALHA 4 h a s  been  p u b l i s h e d  on  t h e  effect  of acu te  
e t h a n o l  a d m i n i s t r a t i o n  on  t he  ca lc ium level  in  h u m a n  
serum,  b u t  t he  exc re t ion  of ca lc ium in ur ine  has  been  
found  to increase  1-3. Accord ing  to t he  l a t t e r  obse rva t ions ,  
e t h a n o l  p roduces  no  m a j o r  c h a n g e  in t h e  exc re t ion  of in-  
organic  p h o s p h o r u s  in  ur ine.  I n  t he  p r e s en t  s t u d y  t he  
increase  in  t he  exc re t ion  of inorgan ic  p h o s p h o r u s  was 
cons ide rab ly  more  m a r k e d  t h a n  t h a t  in  t he  excre t ion  of 
calc ium.  On t h e  basis  of t he  p re sen t  obse rva t ions ,  i t  is 
di f f icul t  to  exp la in  t he  m e c h a n i s m  t h a t  p roduces  t he  
s i m u l t a n e o u s  increase  in t he  s e rum levels of ca lc ium and  
inorganic  phosphorus .  The  t o t a l  dose of e t h a n o l  g iven  
was small ,  in  all  cases less t h a n  1 mg/g  b o d y  weight ,  The  
increased  a c t i v i t y  of a lka l ine  s e r um - phos pha t a s e ,  wh ich  
was n o t e d  in  some cases, suggests  a mob i l i za t i on  of cal- 
c ium a n d  p h o s p h o r u s  f rom t h e  bones,  a l t h o u g h  no t  all  
t e s t  sub jec t s  showed  increased  p h o s p h a t a s e  ac t iv i ty .  

The  increase  in ca lc ium a n d  p h o s p h o r u s  c o n t e n t  of t he  
s e rum was p a r t i c u l a r l y  m a r k e d  in two p a t i e n t s :  No. 3, a 
young  girl  aged 15, who  suffered f rom thyro toxicos is ,  and  

No. 1, a m a n  aged 40, who  suffered f rom h y p e r p a r a -  
t h y r o i d i s m  (Tables  I a n d  II) .  

F u r t h e r  s tud ies  which  m a y  e luc ida te  t he  m e c h a n i s m  
b y  w h i c h  e t h a n o l  mobil izes  ca lc ium a n d  inorgan ic  phos-  
phorus ,  as well  as s tudies  on  t h e  k ine t ics  of r ad ioac t ive  
ca l c ium a n d  s t r o n t i u m  in c o n n e c t i o n  w i t h  e t h a n o l  ad-  
min i s t r a t i on ,  are in  progress.  

Zusammen/assung. • t h a n o l  wurde  9 Ve r suchspe r sonen  
i.v. v e r a b r e i c h t  (50 ml  94% )k thanol  in  500 ml  physio-  
logischer  Kochsalz l6sung) .  U n t e r  der  In fus ion  s t ied der  
Ka lz ium-  und  P h o s p h o r g e h a l t  des B l u t s e r u m s  an. E ine  
gleichzei t ige Calciurie u n d  s t a rke  P h o s p h a t u r i e  wurde  
b e o b a c k t e t .  Der  Mechan i smus  dieser  P h ~ n o m e n e  i s t  noch  
ungek lgr t .  
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Presynaptic Inhibition of Trigeminal Afferent 
Fibres during the Rapid Eye Movements of 

Desynchronized Sleep 

I t  h a s  r ecen t ly  b e e n  r epo r t ed  t h a t ,  s y n c h r o n o u s l y  w i t h  
t he  r ap id  eye m o v e m e n t s  (REM) of de s ynch r on i zed  
sleep, t he  exc i t ab i l i t y  of p r i m a r y  a f fe ren ts  to  the  sp ina l  
cord 1-5 a n d  c u n e a t e  nuc leus  ~ increases,  sugges t ing  a pre-  
synap t i c  i n h i b i t o r y  process  v phas ica l ly  ac t ing  on  these  
t e r m i n a l s  d u r i n g  t he  a b o v e - m e n t i o n e d  phase  of sleep. 

The  a im of t he  p r e s en t  i nves t iga t ion  ha s  been  to  s tudy ,  
b y  m e a n s  of WALL'S t e c h n i q u e  ~, t he  exc i t ab i l i t y  of pr i -  
m a r y  t r i g e m i n a l  a f fe ren ts  to  t he  b r a i n  s t e m  a t  pon t i ne  
level  d u r i n g  t he  var ious  phases  of sleep a n d  wakefulness ,  
and  p a r t i c u l a r l y  du r ing  t h e  R E M  episodes of de synch ro -  
n ized  sleep ~. 

Methods. The  e x p e r i m e n t s  were pe r fo rmed  on un-  
a n a e s t h e t i z e d  u n r e s t r a i n e d  ca t s  w i t h  chron ic  i m p l a n t e d  
electrodes.  The  e l ec t r oencepha l og r am  (EEG),  t he  electro-  
m y o g r a m  of t he  cerv ica l  muscles  (EMG) a n d  t he  electro-  
ocu logram (EOG) were r ecorded  b y  an  i nk -wr i t e r  e lectro-  
encepha lograph .  The  s t i m u l a t i o n  of t he  t r i g e m i n a l  
a f fe ren t s  was  ach ieved  m o n o p o l a r l y  t h r o u g h  a s ta inless  
s teel  mic roe lec t rode  (50,000-100,000 *9) s t e reo tax ica l ly  
i n t r o d u c e d  in to  t he  ros t ra l  p a r t  of the  sp ina l  t r a c t  of the  
t r i g e m i n a l  ne rve  a t  a b o u t  6 -8  m m  ros t ra l ly  to  the  obex.  
The  a n t i d r o m i c  response  evoked  b y  s t i m u l a t i o n  of t h e  
t r i g e m i n a l  f ibres  was  b ipo la r ly  recorded,  w i t h  a t y p e  of 
e lec t rode  a l r eady  descr ibed  1~ f rom t he  ips i la te ra l  inf ra-  
o rb i t a l  ne rve  a f t e r  t he  eye was enuclea ted .  I n  t he  same 
an imal ,  chronic  s t i m u l a t i n g  e lect rodes  were also inse r t ed  
u n d e r n e a t h  t he  skin  of t he  nose in o rder  to  s t i m u l a t e  
c u t a n e o u s  a f fe ren t s  of t h e  t r i g e m i n a l  t e r r i t o r y  ab le  to  
depolar ize  t he  i n f r ao r b i t a l  n e r v e  a f fe ren t s  11. T h r o u g h  th i s  
t e c h n i q u e  t he  poss ib i l i ty  t h a t  the  t r i g e m i n a l  a f fe ren t s  
could be  depolar ized  b y  cond i t i on ing  vol leys in  d i f fe ren t  
e x p e r i m e n t a l  cond i t ions  was tes ted .  

Results. (1) Single shock  s t i m u l a t i o n  (2-3/sec,  0.01-0.05 
msec,  30-40 V) of t h e  t r i g e m i n a l  sp ina l  t r a c t  6 -8  m m  
ros t ra l ly  to  t he  obex  evoked  in t he  ips i la te ra l  i n f r ao rb i t a l  

ne rve  a n  a n t i d r o m i c  response  w i t h  0.6-0.7 msec la tency .  
Cond i t ion ing  e lect r ica l  s t imul i  (4 impulses  a t  300/sec, 
0.1 msec) appl ied  to  t h e  nose  d u r i n g  wakefu lness  con- 
s t a n t l y  increased  the  a m p l i t u d e  of t h e  a n t i d r o m i c  t e s t  
r esponse  recorded  f rom the  i n f r a o r b i t a l  nerve.  T h e  con- 
d i t i on ing  cu rve  showed  a t ime  course  s imi la r  to  t h a t  
r e p o r t e d  in acu te  an imal s  n w i t h  m a x i m a l  fac i l i t a t ion  (up 
to 3 0 - 1 0 0 %  of t h e  con t ro l  values)  a t  35-40 msec s t imulus  
in te rva l .  

(2) The  a m p l i t u d e  of t he  i n f r ao rb i t a l  a n t i d r o m i c  spike 
r e m a i n e d  s tab le  t h r o u g h o u t  the  en t i re  per iods  of re laxed  
wakefu lness  a n d  synch ronous  sleep. No tonic  modif ica-  
t ions  of the  response  were ever  obse rved  as the  a n i m a l  
passed  f rom synch ron ized  to de synch ron i zed  sleep. Dur ing  
t h e  l a t t e r  phase  t h e  a m p l i t u d e  of t he  a n t i d r o m i c  response  
did  n o t  change  w h e n  t he  R E M  were a b s e n t  (Figure).  
S y n c h r o n o u s l y  w i t h  t he  m o s t  i n t e n s e  per iods  of REM, a 
phas ic  increase  of t he  i n f r ao rb i t a l  a n t i d r o m i c  spike ampl i -  
t u d e  occur red  (Figure).  The  a m p l i t u d e  v a r i a t i o n s  were 
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