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BUCK, D. R., A. W. MAHONEY AND D. G. HENDRICKS. Effect of magnesium deficiency on nonspecific excitability 
level (NELl and audiogenic seizure susceptibility. PHARMAC. BIOCHEM. BEHAV. 5(5) 529-534, 1976. - Magnesium 
deficiency in weanling rats caused an increase in NEL and in audiogenic seizure susceptibility. These behavioral effects 
were apparent after eight days of magnesium restriction and could be reversed by dietary rehabilitation. Serum magnesium 
declined rapidly from 1.87 -+ 0.10 mEq/L to 0.91 -+ 0.24 mEq/L in two days. Cerebrospinal fluid (CSF) magnesium 
decreased gradually from 1.86 mEq/L, becoming significantly lower (1.44 _+ 0.23 mEq/L) after eight days. When deficient 
rats were injected IP with MgC12, raising the serum magnesium concentration to 6.6 mEq/L, NEL decreased to normal 
while audiogenic seizure susceptibility remained. Both NEL and audiogenic seizure susceptibility in rats reflect central 
nervous system magnesium concentration, except when serum magnesium concentration is very high. Very high serum 
magnesium concentration lowers NEL but does not reduce audiogenic seizure suseceptibility ff CSF magnesium is low. 

Magnesium deficiency B r a i n  Behavior Audiogenic seizures Cerebro-spinal fluid 

IN A recent review and case report [42],  it has been 
surmised and reported that marginal magnesium deficit, not 
severe enough to elicit seizures, may, in fact be responsible 
for a number of complaints mistaken for psychoneurosis. 
Other reports [24,41] reflect the concern. They recognize 
that magnesium deficiency may be a practical problem for 
human beings. 

Well-known and nearly universal symptoms of magne- 
sium depletion are seizure susceptibility and hyperexcitabil- 
ity. Literature acknowledging the relationship between the 
mineral deficiency and these symptoms has been reviewed 
[29, 42, 46] .  Those suffering malnutrition from gastroin- 
testinal problems [15,31] and alcoholics [10,431 seem 
especially susceptible. The symptoms have been observed in 
rodents [1, 5, 13, 23, 36, 40] ,  rabbits [25],  dogs [33,44], 
ruminants [4,12], fowl [3],  primates [45],  and man [11, 
15, 19, 20, 30, 39]. Assessment of seizure susceptibility has 
often been done by exposing magnesium deficient 
animals, usually rats, to a loud noise and counting the 
number thrown into seizure [2, 6, 13, 18, 35].  Assessment 
of hyperexcitability apart from seizure susceptibility in 
animals has usually been done by describing how they react 
in their cages to routine laboratory activity or to the 
presence of the researcher. In man, it has been done by 
self-report or clinical observation. 

Although existing literature provides considerable de- 
scriptive information about heightened excitability due to 

magnesium deficiency and some quantitative information 
about seizure susceptibility, little has been done to quan- 
titate the relationship between magnesium deficiency and 
other behavioral measures of excitability. It was our 
purpose to do this. 

L~t [27] and L~t and Gollov~-H6mon [28] have 
identified a phenomenon they call Nonspecific Excitability 
Level (NEL). NEL refers to the level of activity of an 
organism as measured by large vertical and horizontal 
movements such as rearing and locomotion. It bears a 
relationship to hippocampal slow wave (theta) activity 
[28]. Estimating NEL is done by (a) counting certain 
spontaneous movements such as rearing and locomotion an 
organism makes during an initial period in a novel environ- 
ment; or (b) measuring the rate of habituation of these 
responses. Although NEL may be altered by drug [22], 
hormonal [27,28] and dietary [16, 27, 28] treatments, the 
effect of magnesium deficiency has not hitherto been 
assessed. 

To assess the effect of magnesium on NEL, and to 
ascertain and clarify the relationships between NEL and 
audoigenic seizure susceptibility, we set the following 
objectives: (1) to see if magnesium deficiency causes an 
increase in NEL which is reversible; (2) to compare NEL 
with audiogenic seizure susceptibility; and, (3) to define the 
relationships between the two behavioral measures and 
serum and CSF magnesium. To attain these objectives, 
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three  e x p e r i m e n t s  were designed. The first was to assess the  
effects  t ha t  l eng th  of  t ime  on a magnes ium def ic ien t  diet  
had on  NEL.  The second was to see if these  effects  could  be 
reversed by  d ie ta ry  r ehab i l i t a t ion .  The th i rd  was to assess 
the effects  of  in jec t ing  def ic ien t  animals  wi th  magnes ium.  

METHOD 

Male weanl ing  Sprague-Dawley rats  were fed con t ro l  diet  
for at least a day and  a l lowed to  b e c o m e  acc l imated  before  
e x p e r i m e n t s  were c o m m e n c e d .  They  were housed  in s ta in-  
less steel  cages wi th  wire f ron t s  and  b o t t o m s .  Diet was 
provided  in glass, and  de ion ized  wate r  was p rov ided  in 
p o l y e t h y l e n e  con ta ine r s  having  r u b b e r  s toppers  and stain-  
less steel lick spouts .  T e m p e r a t u r e  of  the  an imal  room was 
m a i n t a i n e d  b e t w e e n  20 and  23°C. Lights were on  daily 
f rom 7 :00  a.m. to  7 :00  p.m.  Diet consis ted  of  20% casein, 
5% sucrose,  53% corn  s tarch,  10% corn  oil, 2% v i tamin  mix  
and  suggested minerals  for  g rowth  [32]  wi th  and w i t h o u t  
magnes ium.  Cellulose (7 .2%) was added  to make  up to 
100%. The v i t amin  fo r t i f i ca t ion  m i x t u r e  (ICN Pharmaceu t i -  
cals) cons is ted  of, per  kg, the  fol lowing:  4.5 g vit. A, 0.25 g 
vit D, 5 g c~tocopherol,  45 g ascorbic  acid, 5 g inosi tol ,  75 g 
chol ine  chlor ide ,  2.25 g m e n a d i o n e ,  5 g p - a m i n o b e n z o i c  
acid,  4.5 g niacin ,  1 g r ibof lavin ,  1 g pyridoxine-HC1,  1 g 
thiamine-HC1, 3 g Ca p a n t o t h e n a t e ,  20 mg b io t in ,  90 mg 
folic acid and 1.35 mg vit. B-12. The  magnes ium def ic ien t  
diet  was f o u n d  by  analysis  to  con ta in  55 mg of Mg per kg 
diet. Con t ro l  diet  was p repa red  by  add ing  400  mg Mg per  
kg as MgCO~ to the  de f ic ien t  diet .  

Nonspec i f ic  exc i t ab i l i ty  level (NEL)  was d e t e r m i n e d  by 
a mod i f i ca t i on  of  Lilt and Gollovfi- H 6m on ' s  p rocedure  
which was by  c o u n t i n g  the  n u m b e r  of responses  made  by  
each rat  dur ing  the  first two minu te s  a f te r  it was placed in a 
c h a m b e r  consis t ing of  a glass enclosure  11 cm wide × 22 
cm long x 23 cm high wi th  a wire mesh b o t t o m .  The 
responses ,  c o u n t e d  by t w o  observers ,  were:  the  n u m b e r  of  
t imes the  rat  m o v e d  f rom one  corner  to ano the r ,  the  
n u m b e r  of t imes  its nose  was raised above  the  body ,  the  
n u m b e r  of rear ing  responses  ( c o u n t e d  also as nose-raise 
responses) ,  the  n u m b e r  of  g rooming  responses ,  the n u m b e r  
of fecal pel lets  excre ted ,  and  w h e t h e r  or no t  it u r ina ted .  
These responses  were respect ively  weighted:  1, 1, 1, 2, 1 
and  2, and  added  to ob ta in  an act ivi ty to ta l  for  each. 

Audiogenic  seizures were i nduced  in suscept ib le  animals  
by the  m e t h o d  of  P a t t o n  [ 3 4 ] .  Our  device ut i l ized two  
school  bells p roduc ing  115 dB inside a me ta l  chamber .  Rats  
were exposed  to the  noise for  1½ minu te s  or un t i l  t o n u s  
occurred.  Dea th  f rom seizures was usually p reven ted  by  
chest  massage un t i l  n o r m a l  resp i ra t ion  was regained.  CSF 
was col lec ted  f rom the  c is terna  magna  in Yale 26 gage V2 in 
needles wi th  the  po in t s  s l ightly ben t  to  p reven t  clogging 
dur ing inser t ion .  Blood was col lec ted  by  inser t ing  hepar in-  
ized capi l lary tubes  in to  the  re t ro -ocu la r  capil lary bed.  

In E x p e r i m e n t  1 , 5 4  rats  were r a n d o m l y  assigned to n ine  
groups of six and  housed  two  per cage. Group  one  was 
t e r m i n a t e d  at  the  onset .  Groups  2 t h r o u g h  8 were fed the  
magnes ium def ic ien t  diet ;  one  of  these  groups was selected 
to be t e r m i n a t e d  every o the r  day,  the  last be ing  t e r m i n a t e d  
on the  14 th  day of the  expe r i m en t .  G r o u p  9 was fed 
con t ro l  diet  t h r o u g h o u t  and  was t e r m i n a t e d  on the  14 th  
day.  NEL was measured  be t w een  10 :30  and  l l : 0 0 a . m ,  on  
only  the  group of  rats  be ing  t e rmina ted .  These were then  
tes ted  for  aud iogenic  seizure suscept ib i l i ty .  CSF and serum 
were col lec ted  jus t  before  killing. 

In E x p e r i m e n t  2, 20 rats were paired accord ing  to ini t ial  
NEL and were indiv idual ly  housed.  Bo th  groups  were fed 
magnes ium def ic ien t  diet  for  eight  days. Blood was taken  
and serum magnes ium level de t e rmined .  Final  a d j u s t m e n t s  
were made  in group ma tch ings  so t ha t  be tween  group 
magnes ium levels were ident ical .  One group was then  fed 
con t ro l  diet  four  days while  the  o the r  remained  on  
def ic ient  diet .  Rats  were pair fed dur ing this  period.  
Termina l  NEL for each rat  was compared  wi th  init ial  NEL.  
This was done  because b lood  sampl ing  (or  giving |P 
in jec t ions)  increased wi th in  group  variabi l i ty .  Sub t r ac t ing  
initial  f rom final  NEL reduced  this  and  made  it possible to 
ob ta in  s tat is t ical  s ignif icance in some cases where  it was no t  
o therwise  ob ta inab le .  CSF and serum were col lec ted  jus t  
before  t e r m i n a t i o n .  

In E x p e r i m e n t  3, 24 rats were m a t c h e d  accord ing  to 
init ial  NEE and  assigned to th ree  groups  of  eight.  They  
were indiv idual ly  housed .  Two groups were fed magnes ium 
def ic ient  diets.  The th i rd  group was fed con t ro l  diet .  All 
were fed ad lib for  five days, and  pair fed thereaf te r .  On the  
12th day,  the  first group was in jec ted  wi th  MgC12 (0.1 ml 
of 5% MgC12.6H20 per 20 g rat  weight) .  The second and 
th i rd  groups  were in jec ted  wi th  equ iosmola r  NaC1. NEL was 
d e t e r m i n e d  beg inn ing  three  minu tes  pos t in jec t ion  and 
compared  wi th  init ial  NEL. Assessment  of audiogenic  
seizure suscept ib i l i ty  was made  beginning  5½ rain pos t in-  
jec t ion.  CSF and  b lood  were col lec ted  at a b o u t  8 min 
pos t in jec t ion .  

Any CSF con ta in ing  cells, and  b lood  were cent r i fuged  
for 10 min  and the  clear CSF or serum col lected.  All 
samples were d i lu ted  wi th  0.1 N HC1 (70:1 d i lu t ions  for  
CSF, 50:1 d i lu t ions  for se rum)  and ana lyzed  by a tomic  
absorp t ion  spec t roscopy  for magnes ium.  

Compar ing  the n u m b e r  of rats suscept ib le  to  audiogenic  
seizures in one t r e a t m e n t  group wi th  the n u m b e r  suscepti-  
ble in a n o t h e r  was made  by Chi Square analysis.  O the r  data 
compars ions  were made  against  least s ignif icant  d i f ferences  
c o m p u t e d  by analysis  of variance,  or by  t-tests.  

RESULTS 

The effect  of  du ra t ion  of  magnes ium def ic iency on CSF 
and serum magnes ium c o n c e n t r a t i o n  is shown  in Fig. 1. 
Serum magnes ium c o n c e n t r a t i o n  decreased rapidly f rom 
1.87 m E q / L  to 0.91 m E q / L  by Day 2, and  to 0.63 m E q / L  
by Day 6 where  it essent ial ly  r emained  for the r ema inde r  of 
the  expe r imen t .  CSF magnes ium c o n c e n t r a t i o n  decreased 
from 1.86 m E q / L  ini t ia l ly  to 0.94 m E q / L  by Day 14. The 
rate of  this  decrease was more  gradual  t han  for serum 
magnes ium c o n c e n t r a t i o n .  When CSF magnes ium concen-  
t ra t ion  was 1.44 m E q / L  or less, name ly  on  Days 8, 12 and 
14, NEL was s ignif icant ly  greater ,  and suscept ib i l i ty  of  
some rats  to audiogenic  seizures was observed (Figs. 2 and 
3). 

The  ef fec t  of  du ra t ion  of  magnes ium def ic iency on NEE 
is s h o w n  in Fig. 2. Signif icant  ( p < 0 . 0 5 )  increases in NEL 
from day 0 were observed by  Day 8. On Days 12 and 14, 
s ignif icant  increases in NEE of these def ic ien t  groups  were 
also d e m o n s t r a t e d  when  compared  wi th  the  NEL of  a 
con t ro l  group t e r m i n a t e d  on Day 14. The classic magne-  
sium def ic iency s y m p t o m s  of  vasal d i la t ion appeared  af ter  5 
days. F rom Day 8 on,  def ic ien t  animals  seemed more  
i r r i table  t han  controls .  When placed in the  act ivi ty  cham- 
ber, they  would remain  very active for  the  full two minutes .  
Con t ro l  an imals  t e n d e d  to be active at  first while explor ing 
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FIG. 1. CSF and Serum Magnesium Concentration vs. Length of 
Time Rats were Fed a Magnesium Deficient Diet. A, CSF Mg of rats 
fed magnesium deficient diet. o, serum Mg of rats fed deficient diet. 
% CSF Mg of rats fed control diet. % serum Mg of rats fed control 
diet. LSD 0.01 for serum Mg = 0.51 mEq/L. N = 6, all groups. (a) 
Significantly lower (p<0.05) than CSF Mg concentration of rats 
terminated on Day 0. 0a) Significantly lower than CSF Mg of rats 
fed control diet terminated on Day 14. (T-tests were performed on 
the CSF data using the pooled variance (0.0225). The number of 
rats in each group from which clear CSF was successfully collected 
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Fig 2. Nonspecific Excitability Level (NEL) of Rats Fed a 
Magnesium Deficient Diet. % rats fed magnesium deficient diet. o, 
rats fed control diet. N = 6, all groups. LSD 0.05 = 13.3. (a) 
Significantly greater than NEL of rats terminated on Day 0. (b) 
Significantly greater than NEL of rats fed control diet terminated 
on Day 14. R 2 for the relationship between NEL and CSF Mg 
concentration = 0.72. R 2 for the relationship between NEL and 

serum Mg concentration = 0.28. 

their  new envi ronment .  Then they would  sett le down  and 
be more  con t en t  to pursue a single mode  of behavior  such 
as sniffing, grooming or resting. One rat in the deficient  
group te rmina ted  on Day 12, and two in the group 
te rmina ted  on Day 14 went  in to  mild spon taneous  seizures 
while in the chamber .  

The effect  of  dura t ion  of  magnesium deficiency on 
audiogenic seizures susceptibi l i ty  is shown in Fig. 3. 
Al though younger  rats somet imes  ran widly about  the cage 
when subjected to a 115 dB bell, none  developed tonus  
until Day 8. By Day 14, all def ic ient  rats developed tonic  or 
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min or until tonus occurred. (a) Chi Square is significant (p<0.05). 
R 2 for the relationship between percent susceptible to audiogenic 
seizure and CSF Mg concentration = 0.83. R 2 for the relationship 
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FIG. 4. Effect of Magnesium Rehabilitation on NEL and Audiogenic 
Seizure Susceptibility. All comparisons are significant (p<0.05). 
Rats were assigned to two groups according to initial NEL and were 
fed Mg deficient diet 8 days. N = 10, both groups. One group was 
then rehabilitated four days. Seizures included animals running 
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Mg concentrations = 2.45, 12.08 and 7.06. Chi Square for 
comparing the percent susceptible to audiogenic seizure = 7.80. 
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FIG. 5. Comparison of Several Parameters among Three Treatment 
Groups in Experiment 3. Two groups of rats were fed Mg deficient 
diet 12 days. A third group was fed control diet 12 days. N = 8, all 
groups. One deficient group was injected with MgC12 (0.1 ml of 5% 
MgC12.6H20 per 20 gm rat weight). The other deficient group and 
the control group were injected with equiosmolar NaC1. NEL was 
determined at 3 min postinjection; audiogenic seizure susceptibility 
was determined at 5½ min postinjection; and CSF and blood were 
collected at about 8 min postinjection. (a) Values indicated by 
similar letters differed significantly (p<0.05). Respective LSD 0.05 
for NEL, CSF and serum Mg concentrations = 14.2, 0.18 mEq/L 
and 0.65 mEq/L. Respective Chi Square values for comparisons 
between the percent susceptible to audiogenic seizure of two 

deficient groups and the control group = 5.86 and 4.88. 

tonic-clonic seizures in response to the bell. The relation- 
ship be tween seizure susceptibil i ty and NEL from a group 
by group compar ison was strong (R 2 = 0 . 7 6 ; p < 0 . 0 0 1 ) .  

The effects of  dietary rehabi l i ta t ion are shown in Fig. 4. 
Rats rehabil i tated for four  days with cont ro l  diet had 
terminal  CSF and serum magnesium concent ra t ions  of  1.89 
and 2.38 mEq/L ,  respect ively,  as compared  with 1.22 and 
0.84 m E q / L  for the deficient  group. NEL was significantly 
reduced among the rehabil i ta ted rats. None of  the rehabili- 
tated rats was susceptible to audiogenic seizures. 

NEL was significantly lower for magnesium deficient  
rats injected with MgClz than for deficient  rats injected 
with saline (Fig. 5), but  they were still susceptible to 
audiogenic seizure. Serum magnesium was greatly elevated 
as a result of the MgC12 inject ion,  while CSF magnesium 
increased only slightly. Compared  with a control  group,  
those injected with magnesium exhibi ted significantly more 

seizure susceptibil i ty,  higher serum magnesium concen- 
trat ion,  and lower  CSF magnesium concentra t ion.  

DISCUSSION 

Under  the condi t ions  of our  exper iments ,  magnesium 
deficiency in weanling rats causes an increase in NEL which 
is reversible. Differences in NEE appear after 8 days on a 
deficient  diet and are clearly evident  by 12 days (Fig. 2). 
Ex t reme deficiency,  however ,  tends to reduce NEE by 
inducing spontaneous seizures in the act ivi ty chamber ;  
while seizing, rats are unable to move about.  Elevated NEL, 
as a result of  magnesium deficiency,  is reduced by dietary 
rehabil i tat ion (Fig. 4). 

There is a strong relat ionship be tween NEL and audio- 
genic seizure susceptibil i ty when magensium intake is 
control led by diet (R==0.76;  Fig. 2 and 3); increased NEL 
occurs concurrent ly  with increased audiogenic seizure 
susceptibili ty.  Deficient  animals, rehabil i tated on a control  
diet, show both reduced NEL and audiogenic seizure 
susceptibil i ty (Fig. 4). Changes in NEL do not  coincide 
with changes in audiogenic seizure susceptibil i ty,  however,  
when deficient  rats are injected IP with magnesium raising 
the serum magnesium concent ra t ion  to 6.6 mEq/L ,  pro- 
vided CSF magnesium concent ra t ion  remains low (1.4 
m E q / L )  (Fig. 5). Under  these condi t ions  those injected 
with magnesium show reduced NEL while maintaining 
seizure susceptibil i ty.  

I~E-L appears to be a more sensitive est imate of generalized 
C N S  e x c i t a b i l i t y  than audiogenic seizure susceptibil i ty 
during the earlier stages of  magnesium deficiency. Signifi- 
cant increases in the index were observed by Day 8, while 
increases in seizure susceptibil i ty were not  evident  before 
Day 12 (Figs. 2 and 3). This opens the possibility that some 
kind of act ivi ty measure might  be devised which could 
assess the effects  of marginal magnesium deficit  before the 
more serious symptoms  of hallucinations,  delerium tremens 
and convulsions develop. 

Discomfor ture  from retro-ocular  puncture  or IP injec- 
tion tends to reduce the effectiveness of NEL as an 
exci tabi l i ty index by increasing within group variability. 
Some rats, normal ly  highly exci table,  just sit. Others move 
about  more.  The adverse effects  of  this d iscomfor ture  may 
be minimized by comparing final NEL values with the 
initial. 

With dietary manipula t ion of  magnesium intake, NEL 
and audiogenic seizure susceptibil i ty appear to reflect  
changes in CSF magnesium concent ra t ion  (Figs. 1 ,2  and 3). 
Differences in serum magnesium concent ra t ion  in rats fed 
magnesium deficient  diet are evident  in two days (Fig. 1) 
[7 ,8] .  A decrease in CSF magnesium concent ra t ion  occurs 
more slowly. We demonst ra ted  this decrease after eight 
days and found a concurrent  increase in NEL. These 
observations and those of others [6, 7, 9, 14, 37] show that 
hyperexci tabi l i ty  relates to CSF magnesium but not  to 
serum magnesium concentra t ion.  L~t and Gollovfi-H6mon 
[28] found that  NEL is a good indicator  of generalized 
CNS activity as reflected in h ippocampal  slow wave 
activity. Our data suggest that NEL may be a good 
indicator  of increased CNS activi ty due to magnesium 
deficiency.  

Very high serum magnesium (6.57 m E q / L )  lowers NEL, 
even though audiogenic seizure susceptibil i ty of magne- 
sium-deficient rats may remain high due to low CSF 
magnesium concent ra t ion  (Fig. 5). Under  these condi t ions  
NEL appears to be a poor  indicator  of  CNS activity. [t has 
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been suggested [8,  21,  42,  46]  t h a t  a b lock  due to e levated 
serum magnes ium c o n c e n t r a t i o n  m ay  occur  at  the  neuro-  
muscula r  j u n c t i o n .  This would  reduce  the  effects  of  
e f fe ren t  impulses  u p o n  the  muscu la tu re .  Thus,  even t h o u g h  
CNS act ivi ty  may  remain  high,  a behaviora l  ac t iv i ty  index  
would  yield low values.  

Possible neurologica l  m e c h a n i s m s  [17,  26,  38] leading 
to the  behaviora l  ef fects  of  magnes ium def ic iency  are: (1) 
increased ease of  t r ansmiss ion  across synapses  of  the  CNS; 
and, (2)  axona l  e f fec ts  resul t ing  in lowered  depo la r iza t ion  
thresholds .  Bo th  m e c h a n i s m s  serve to  make  nerve  cells 
more  sensi t ive to  s t i m u l a t i on  f rom wha teve r  source and  
more  suscept ib le  to  p r e m a t u r e  firing. Tha t  the  nervous  
system becomes  overly responsive  to s t imu la t i on  as a resul t  
of  magnes ium def ic iency has been  amply  d e m o n s t r a t e d ,  
a l t hough  the  precise c o n n e c t i o n  b e t w e e n  the  nu t r i t i ona l  
insult ,  CNS exc i tab i l i ty  and  behav io r  has yet  to  be 
e luc ida ted .  Our  data ,  showing  t ha t  NEL increases as a resul t  
of magnes ium def ic iency,  suggest,  a long wi th  the  obser-  

r a t ions  of  o t h e r  researchers  [16,  27, 2 8 ] ,  t h a t  a l tered 
in take  of some n u t r i e n t s  plays an i m p o r t a n t  role in CNS 
exci tabi l i ty .  A no t e  of cau t ion  is urged in assuming t ha t  an 
act ivi ty  index  ref lects  CNS exc i tab i l i ty  in all cases, how- 
ever, since some  t r e a t m e n t s  ( E x p e r i m e n t  3) may  d a m p e n  
the  act ivi ty  response  while cons iderable  CNS exc i tab i l i ty  
remains.  

To summar ize :  Magnes ium def ic iency  in weanl ing rats  
causes an increase in NEL. This ef fec t  is reversible by  diet .  
There  is a s t rong  re la t ionship  be tween  NEL and audiogenic  
seizure suscept ib i l i ty  excep t  when  serum magnes ium con-  
cen t r a t i on  is very high.  Bo th  NEL and  audiogenic  seizure 
suscept ib i l i ty  relate  inversely to CSF magnes ium concen-  
t r a t ion  excep t  in the  case of  very high serum magnes ium.  In 
this ins tance ,  NEL is depressed while seizure suscept ib i l i ty  
remains .  Possible m e c h a n i s m s  expla in ing  the  effects  of  
magnes ium on NEL and  audiogenic  seizure suscept ib i l i ty  
have been  br ief ly  discussed. 
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