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The abuse of alcohol gives rise to a wide
variety of neurological disorders. However,
the mechanism by which alcohol produces
its effect is quite different in each of them.
One group of symptoms is due to the toxi¢
effects of alcohol_per.se; -another, 10 l'_th’e
_withdrawal of the drug after a period i of pro-

longed mebnatlon, and still others, to the
-_-—-_—'-——

“or derangements
of liver functlon. The failure to appreciate
these fundamental distinctions among the
alcoholic neurological disorders has led
to a great deal of confusion and contra-
dictory statements about them in medical
writings. In particular, there has been a
failure to distinguish clearly between effects
of alcohol intoxication and the effects of
withdrawal of alcohol following a penod
of chronic intoxication.

Why delirtum tremens and related dis-
orders were ever confused with the effects
of alcohol intoxication is difficult to undes-
stand. A moment’s reflection indicates the
basic differences between these syndromes.
It is obvious that the symptoms of toxicity,
consisting of slurred speech, uninhibited
behavior, staggering gait, stupor, and coma
are in themselves distinctive and different
from the symptom complex of tremor,
hallucinations, fits, and delirium. The
former group of symptoms is associated
with -an elevated blood alcohol level,
whereas the latter become evident only
when the blood alcohol level is reduced.

Symplins Sepoin) by Admphtg of Frled

Finally, the toxic symptoms increase
in severity as more alcohol is consumed
(the drowsy patient becomes stuporous,
for example). whereas tremor, hallucino-
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sis, and sirmlar,ymptoms are suppregsed )

by the administration of alcohol.

The manifestations of acute alcohol
intoxication are so commonplace that they
hardly require elaboration. These mani-
festations and the mechanisms by which
they are produced do not differ essentially
from those of many other sedative-hypnotic
drugs and anesthetic agents. For these
reasons little more is said of them here,
and the remainder of this discussion is
concerned with the alcohol withdrawal
syndrome.

GENESIS OF DELIRIUM TREMENS
AND RELATED SYMPTOMS

It is now generally agreed that the one

indispensable factor in the genesis of -

delirium tremens and related symptoms is
the withdrawal of alcohol following a
period of chronic intoxication (20). The
precise mechanism(s) by which the with-
drawal of alcohol produces symptoms is
far from clear, however. It is a matter
of common observation that the states
of chronic intoxication and withdrawal
are associated frequently with disturbances
of water and electrolyte balance, glucose
metabolism, blood gases, liver function,
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and so forth, and all of these have been
incriminated at one time or another in the
genesis of the withdrawal syndrome. Of
these many abnormalities, two in particular
—hypomagnesemia and respiratory alkalo-
sis—have proved in our experience to be
consistently associated . with all but the
mildest withdrawal symptoms and are
probably important in their causation.
Our investigations of these factors have
been the subject of several articles (I8,
20,25,26) to which the reader is referred
for a more complete account than can be
given here. The following is a brief summary
of our observations.

- Early in the course of our studies we be-
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came aware that patients with “rum fits”
were remarkably sensitive to photic stimu-
lation. This sensitivity took the form of
coarse clonic movements of the muscles of
the face and neck, spreading to involve the
trunk and limbs, without loss of conscious-
ness (photomyoclonus), or a major tonic-
clonic seizure with loss of consciousness
(photoconvulsion). A systematic investiga-

tion of lurge numbers of hospitalized al-

coholics disclosed that photomyoclonus or
photoconvulsions, or both, could be in-
duced in about half of the patients during
the early stages (8 to 60 hr) of alcohol -
withdrawal, whether or n ere been

spontancous seizures. In contrast, this
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FIG. 1. Relation of the occurrence of spomaneous seizures and of photomyoclonus 1o cessation of drinking.
(From Wolfe and Victor. Jvef. 25.)
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type of photic response could practically

never be induced in normal individuals and

- only rarely in nonalcoholic patients with
idiopathic epilepsy (7,18,21).

Photomyoclonic responses in patients

with alcohol withdrawal symptoms proved

to have much the same temporal relationship

to the cessation of drinking as did spon- -

taneous seizures (Fig. 1). The characteris-
tic myoclonic and convulsive responses
could often be induced over a period of
several hours or even days, and, for long
stretches of time (30 to 60 -min), stimulation
could be repeated at intervals of § min

without significantly altering the seizure .

threshold (the number of flashes per second
and the duration of the stimulus required to
produce myoclonus), provided the patient
was allowed to rest for a few minutes be-
tween tests. Thus, for the first time, we
were provided with an experimental means
of assessing: (a) the patients® vulnerability
to seizure activity (photic threshold) in the
withdrawal period and (b) the effects of
administration of a variety of agents on the
seizure (photomyoclonus) threshold.

ROLE OF HYPOMAGNESEMIA

QOur attention was directed initially to the
possible role of magnesium in the genesis
of alcohol withdrawal symptoms. We had
been impressed, as had others, with the fre-
quent occurrence of hypomagnesemia in
the alcohol withdrawal states (2,4,11,13).
Our preliminary observations suggested
that the administration of magnesium has
a salutory effect on tremulousness and vul-
nerability to photomyoclonus in the early
phases of the withdrawal period. These ob-
servations prompted a more careful study
of these relationships (25). Eighteen al-
coholic patients who were free of hepatic
or renal disease, diabetes mellitus, hypo-
calcemia, -or malabsorption were subjected
to stroboscopic stimulation at the time of
their admission to the hospital, and at 8-hr
intervals thereafler until the symptoms of
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alcohol withdrawal had abated. Ten of
these patients responded with photomyo-
clonus; five of the 10 patients who re-
sponded in this way also had spontaneous
seizures, and three of them went on to
develop delirium tremens. Eight patients
did not respond to photic stimulation; only
one of these had a spontaneous seizure,
and none developed delirium tremens. Inall
18 patients the serum magnesium levels
were significantly lower than in normal
control subjects, and the patients with
photomyoclonus had lower levels than
those who did not respond to photic stimu-
lation (Fig. 2). Furthermore, there was a
correlation between' the magnesium levels
and the photomyoclonus threshold—pa-
tients who responded at low frequencies
had lower magnesium levels than those
who responded at higher frequencies (Fig.
3). Eight of the 10 patients who showed
photomyoclonus in the withdrawal period
were given magnesium sulfate intravenously
in doses of 2 to 6 g (16.7 to 50 mEq). In
three patients, administration of 3 g of
MgSO, abolished the response at all fre-
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FIG. 2. Serum magnesium (mEg/L} levels in (a) con-
trols {medical students), (b} alcoholics in withdrawal
not responding to photig stimulation, and (c) alcoholics
responding to photic stimulation, §.D., standard devia-
tion. {(From Wolfe and Victar, ref, 25.)
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FI1G. 3. Relationship between photomyoclonus thresh-
old and serum magnesium levels in the alcohol with-
drawal period. (From Wolfe and Victor, ref. 25.)

quencies within minutes after it was given;
in the other five patients, all of whom had
much lower magnesium levels, there was
a significant elevation of the photomyo-
clonus threshold following the administra-
tion of MgSO,.

ALCOHOL INTOXICATION AND WITHDRAWAL

The close relationship between the photo-
myoclonus threshold and serum magnesium
levels in one of these patients is depicted
in Fig. 4. On admission to the hospital, this
patient was still intoxicated, at which time
he showed no response to photic stimula-
tion. Subsequently, his magnesium level
fell and concomitantly a positive response
to photic stimulation was elicited. Al
though the ‘administration of chlordiaze-
poxide hydrochloride (Librium®) seemed
to lessen his tremulousness, it had no sig-
nificant effect on the photomyoclonus
threshold. The intravenous administration
of 3 g of MgSO,, however, was accom-
panied by an elevation of the threshold, and
after the second dose of MgSQ, no re-
sponse to photic stimulation could be ob-
tained. -

Thus, the extent to which these patients
became hypomagnesemic during alcoho!
withdrawal correlated closely with a vul-
nerability to spontaneous seizures and
photornyocionus. The significance of this

. relationship was supported by the finding

that intravenous administration of mag-
nesium sulfate decreased the susceptibility
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FIG. 4. Relationship of photomyoclonus threshold to serum magnesium level during -akohol withdrawal.
&——&. serum magnesium level; O— —O, photomyoclonus threshold. (From Wolfe and Victor, ref. 25)
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to photomyoclonus. No such correlation
could be made between hypomagnesemia
and delirium tremens, however. The three
patients in this study who developed de-
lirium tremens had very low levels of serum
magnesium at the time of admission to the
hospital, and in each case the serum mag-
pesium had retummed to normal or near-
normal levels at the time of onset of the de-
linum. Others also have noted that delirium
tremens may have its onset after the serum
magnesium levels have retumed to normal
(11,22). Thus, whatever the relationship
may be of hypomagnesemia to the early
symptoms of withdrawal, it probably is not
a significant factor in the genesis of delirium
tremens. :

ROLE OF RESPIRATORY ALKALOSIS

The study cited above (25) disclosed an-
other consistent abnormality in the with-
drawal period, namely, the rapid evolution
of an alkalotic state. This was in accord
with the observations of Sereny et al. (15),
who noted a transient rise in the arterial
pH of eight alcoholic subjects during the
initial 48-hr period of hospitalization. The
alkalemia that characterizes the with-
drawal state and its relation to hypomag-
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nesemia and photomyoclonus was investi-
gated initially in four volunteer subjects
who had been drinking for 60 days before
they were withdrawn abruptly (25). The
rise in arterial pH values, which could be

_discerned as early as 8 hr after withdrawal

of alcohol, was concomitant with a fall in
t'he serum magnesium level and an in-
creased sensitivity to photic stimulation.
These features are illustrated in Figs. 5 and
6. Tremor and hyperreflexia were promi-
nent during the period of hypomagnesemia
ilmd alkalosis, and both of these clinical
abnormalities abated as the serum mag-
nesium and arterial pH values returned to
gormal. It is noteworthy that the serum
calcium values in these four patients were
normal (4.5 to 5.5 mEq/I) throughout the
period of intoxication and withdrawal,
The preceding observations prompted a
more detailed investigation of the alkalosis
that characterizes the alcohol withdrawal
state. Nine alcoholics, studied under con-
trolled conditions of drinking and absti-
nence, were the subjects of this study (24).
Following a control period, these patients
consumed one to two pints of 100-proof
bourbon daily ad lib, in addition to an ade-
quate diet, and supplemental vitamins.
Four of the patients drank in this way for
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FIG. §, Arterial pH changes during alcohol withdrawal in four chronic alcoholics, M(®), H{O), ST(Q), and

SM(A). (From Wolfe and Victor, ref. 25.)
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60 days; in five patients the drinking period
lasted 14 days. Within 8 to 9 hr after the
abrupt withdrawal of alcohol there was a
significant rise in arterial pH and a con-
comitant fall in pco,, the result of tachy-
pnea and increased depth of respiration
(Fig. 7). Furthermore, a correlation could
be demonstrated between the severity of
the withdrawal symptoms and the magni-
tude of change of the arterial pH and pco,.
Only the patients with relatively large
changes in pH and pco, (with one excep-

- tion these were the patients who drank for

60 days) showed spontaneous seizures,
photomyoclonus, and severe tremulous-
ness. The fall in serum magnesium levels
during the withdrawal period was much
greater in the patients who drank for 60
days than in those who drank for 14 days
(an average fall of 0.41 mEq/] in the former
and 0.10 mEq/l in the latter). Again, serum
calcium levels remained in the normal range
in all nine patients throughout the study;
only two of the nine patients developed
acute hypokalemia during the withdrawal
period.

The relationships between the clinical
and biochemical manifestations of alcohol
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FIG. 7. Anterial pH and pCQ, during alcohol withdrawa! in nine patients. Control values were obtained prior (o

the drinking period, Values at 0 hr were obtained while

e patients were stilf intoxicated, just prior to cessation

of drinking. O——0—0, pH; 8—@—@, pCO;y; Q). mean =SEM (9 cases). (From Wolfe ¢t al., ref. 24.)
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FIG. 8. Correlation between clinical and laboratory
findings during withdrawal. (Upper panel represents
data from Victor and Brausch, ref, 21); other panels
are the mean values of the nine patients in the study of
Wolfe et al.. ref. 24.) : ’ :

withdrawal are illustrated in Fig. 8. The
upper panel indicates the time of occur-
rence of spontaneous seizures in relation
10 the withdrawal of alcohol, based on ob-
servations of 159 patients (21). The other
data represent the means of values in the
- nine patients studied by Wolfe et al. (24).
The period from 10 to 30 hr following ces-
sation of drinking, during which tremuious-
ness is most severe and most spontaneous
seizures occur, coincides with the period
of greatest abnormality in arterial pH and
pco, and the development of a more al-
kaline urine.

The foregoing observations, which were
made in patients on a metabolic ward dur-
ing control, drinking, and withdrawal pe-
riods, were extended in another study of
31 alcoholics who were admitted from the
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emergency ward of the Cleveland Metro-
politan General Hospital (26). The with-
drawal symptoms in this group were much
more severe than those of previously-
studied patients, allowing us to make ob-
servations in nine cases of delirium tremens
as well as in 22 patients with the earlier
signs of withdrawal (I3 patients with tremor
and hallucinations and nine patients with
seizures): '

This study provided confirmatory evi-
dence that the early phase of alcohol with-
drawal is consistently associated with re-
spiratory alkalosis and that the severity of
the clinical manifestations correlates closely
with the magnitude of these biochemical
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FIG. 9. Arterial pH and pCO, values during the with-
drawal period in 13 patients with tremor and Kallucy-

-nations and in nine patients with seizures. (From
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changes. These features are’ illustrated in

Fig. 9, which shows a maximal degree of-

respiratory alkalosis between 12 and 21
br after withdrawal and a concurrence of
seizures and hallucinations with the maxi-
mal degree of respiratory alkalosis. The
reduction in pco, and rise in arterial pH
was greater in patients with seizures than
in those with tremor and hallucinations
alone. The respiratory alkalosis had largely
corrected itself by 50 br after withdrawal,
at which time the symptoms were minimal.
In patients who went on to develop de-
lirum tremens the pH values did not
change significantly, but the pco, values,
which had returned to near normal, again
decreased coincident with the onset of
delirium tremens (Fig. 10), findings that
were interpreted to represent a partially
compensated respiratory alkalosis.

Finally, it should be emphasized that
apart from the changes in serum magne-
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FIG. 10. Comparison of pH and pCO, values in
patients with alcohol withdrawal scizures and those
with delifum tremens. (From Wolfe and Victor,
ref. 26.)
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sium, arterial pH, and pco,, no consistent -
biochemical abnormalities were found as-
sociated with symptoms of withdrawal.
Measurements of serum glutamic oxalo-
acetic transaminase, serum glutamic pyru-
vic transaminase, serum proteins, etc.,
were normal and values of serum sodium,
chloride, calcium, potassium, and glucose,
estimated repeatedly during the withdrawal
period, disclosed only a few instances of
hypoglycemia and slight depression of the
serum potassium in eight of the 31 patients.
In these respects, the findings were much
the same as in our previous studies, which
disclosed no consistent biochemical ab-
normalities during the period of chronic in-
toxication as well as during the withdrawal
period. ‘

COMMENT

It may be concluded from the foregoing
observations that the initial phase of the
alcohol withdrawal period (approximately
48 hr after the cessation of drinking) is
consistently associated with two abnor-

- malities: (a) acute transient hypomagne-

semia and (b) respiratory alkalosis, which
is most likely the result of hyperventilation.
Furthermore, the severity of the withdrawal
symptoms bears a close relationship to the
magnitude of change of these biochemical
abnormalities. It has been our observation
that the administration of magnesium raises
the seizure threshold in the initial phase of
the withdrawal period and that it may allay
other abstinence symptoms as well. Pre-
liminary observations suggest that correc-
tion of respiratory alkalosis also may have
a salutory effect on withdrawal symptoms,
but more data are required to be certain of
this effect.

In addition to the experimental evidence
presented above, there is considerable in-
direct evidence to suggest that hypomag-
nesemia and respiratory alkalosis are im-
portant in the causation of withdrawal
symptoms. Manifestations of both central
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and peripheral nervous system irritability
have ‘been described repeatedly in states
of magnesium deficiency. In several ani-
mal species, a deficiency of magnesium has
been associated with the occurrence of
convulsive seizures, and a lowering of
serum magnesium in cattle appears to be
~ responsible for muscular tremor and twitch-
ing, apprehensive behavior, and violent
convulsions (9,10). In man, magnesium
defictency states may be associated with
tremor, twitching, convulsions, carpal-
pedal spasms, and occasionally with visual
and auditory hallucinations, and some of
these phenomena can be reversed by the
administration of magnesivm (5,17). It
should be emphasized that this therapeutic
effect cannot be attributed simply to the
sedative or anesthetic actions of magne-
sium (16). "~ T 7

It is" well known that hyperventilation
frequently precipitates seizures in patients
with epilepsy and causes a decrease in the
frequency of brain waves in normal indi-
viduals. It is also well known that respira-
tory alkalosis caused by hyperventilation
may be accompanied by tremors and carpal-
pedal spasms. A striking example of the
effects of hyperventilation is seen in pa-
tients with chronic lung disease who have
high arterial pco, and normal or slightly
decreased pH. When these patients are
mechanically hyperventilated, the pco,
decreases and arterial pH increases, and if
such treatment is prolonged or excessive,
the patients may develop disorientation,
hallucinations, tremor, hyperreflexia, gen-
eralized muscular irritability, seizures, and
hyperpyrexia (1,3.8,14). These symptoms
have been quickly relieved by simply al-
lowing pco, to increase (14). In some cir-
- cumstances, alkalosis per se appears to be
responsible for a state of heightened neuro-
muscular irritability; for example, an in-
creased incidence of audiogenic seizures
occurs in rats pretreated with sodium bi-
carbonate (12).

The symptoms associated with alkalosis

Tt ——————
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are thought to be due to the direct effect of
increased pH on nerve arid muscle, or pos-
sibly the result of decreased co, tension.
They are probably not due to the effects of
lowered ionizable calcium, which is in-
voked frequently as a cause of the so-called
tetany that accompanies alkalosis; Walser
(23) has pointed out that the changes in
ionizable calcium that accompany altera-
tions in blood pH are probably tco small
to cause these effects. |

Studies by Wollman et al. (27) have
shown that hyperventilation in normal men,
sufficient to lower pco, and produce alka-
losis, causes a decrease ip cerebral blood
flow of as much as 40%. When alkalosis is
induced by sodium bicarbonate, however,
an increase rather than a decrease in cere-
bral blood flow occurs, so that cerebral
vasoconstriction appears to be caused by
lowered co, tension rather than by alkalosis
per se, Thus, a low pco, may cause cere-
bral hypoxia, thereby potentiating the direct
effect of alkalosis on neural excitability
and accounting for many of the symptoms
seen during alcoho! withdrawal.

It is thereéfore postulated that the com-
pounded effects of hypomagnesemia and
alkalosis, each of which is known to be as-
sociated with hyperexcitability of the ner-
vous system, are sufficient to produce
photomyoclonus and spontaneous seizures
and perhaps other symptoms that charac-
terize the early phase of alcohol withdrawal.
The precise relationship between hypo-
magnesemia and alkalosis is not under-
stood. Possibly, the latter may be respon-
sible for the former by causing a shift of
magnesium into bone and other intracellu-
lar sites, just as alkalemia causes a shift of
potassium from extracellular to intracellular
compartments. What it is that induces the
respiratory alkalosis in the first place is a
matter of speculation. The effect of chronic
alcohol intoxication on the neuronal ele-
ments in the brainstem that control respira-
tions is to cause a decrease in ventilatory
response to carbon dioxide (6). Possibly,
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removal of the depressant effect of alcohol
is followed by a “rebound” phenomenon,
resulting in an increased sensitivity of the

ALCOHOL INTOXICATION AND WITHDRAWAL

lished the patient is no longer vulnerable
either to spontaneous seizures or to photic

sﬁmulatiog,_ﬂz&_fhnmenﬁa does_ not
“respiratory center” to carbon dioxide, s significant in the pathogenesis of
an

and, in turn, hyperventilation..
CONCLUDING REMARKS

The studies reported here have led us to
recognize two phases of the withdrawal
syndrome —an early or minor phase and a
late or major one (delirium tremens). This
concept is both of theoretical and practical
importance, and the failure to distinguish
between these two aspects of the with-
drawal syndrome is Jargely responsible for
the confusion in the literature pertaining
to the diagnosis and treatment of alcohol
withdrawal.

By far the largest number of patients who
experience alcohol withdrawal symptoms
show only the minor syndrome, i.e., vary-
ing degrees of tremor, general muscular
weakness, insomnia, and anorexia, and less

"often, of hallucinations and seizures (**rum
fits™"), having their onset as early as 6 to 8
hr after withdrawal, reaching a peak of se-
verty between 10 and 30 hr, and abating
largely by 40 to 50 hr. As has been pointed
out, these symptoms correlate closely with
vulnerability to photic stimulation, a fall
in serum magnesium, and a rise in arterial
pH and a drop in pco,, the result of respira-
tory alkalosis. These symptoms are almost
invariably benign and respond readily to a
varjety of sedative-hypnotic drugs.

A small proportion of patients experience
the major syndrome or delirium tremens,
which has its onset between 60 and 80 hr
after withdrawal and is characterized by
profound confusion, increased psycho-
motor activity (restlessness, tremor, jacti-
tations, vivid hallucinations), and over-
activity of the autonomic nervous system
(fever, tachycardia, severe diaphoresis).
Spontaneous seizures, if they occur, always
precede the onset of deliium tremens, and
once delifium tremens becomes estab-

delirium tremens, nship to
respiratory alkalosis is variable. Delirium

tremens is potentially a lethal disease, and

its duration and outcome are influenced
very little by the administration of sedative-
hypnotic drugs; the crucial elements of
treatment are the control of dehydration
and electrolyte imbalance and the manage-
ment of hyperthermia and shock, should
these complications become manifest.

ACKNOWLEDGMENT

Some of the work reported here was sup-
ported by a grant from NINCDS, National
Institutes of Health.

REFERENCES

1. Addington, W. W., Kettel, L. J., and Cugell,
D. W. (1966): Alkalosis due to mechanical hyper-
ventilation in patients with chronic hypercapnea.
Ann. Rev. Resp. Dis., 93:736-741.

2. Flink, E. B., Stutzman, F. L., Anderson, A. R.,
Lontig, T., and Frasier, R. (1954); Magnesium
deficiency after prolonged parentera! fluid ad-
ministration and after chronic alcoholism com-
plicated by delirium tremens. J. Lab. Clin. Med.,
43:169~183. .

3. Hamilton, J. D., and Gross, N, J. (1963); Un-
usual neurological and cardiovascular complica-
tions of respiratory failure. Br. Med. J., 2:1092-
1096.

4. Heaton, F. W. Pyrah, L. N., Beresford, C. C..
Bryson, R. W..and Martin, D. F. (1962): Hypo-
magnesemia in chronic alcoholism. Lancet.
2:802-805.

5. Hirschfelder. A. D., and Haury, V. G. (1934}
Clinical manifestations of high and low plasma
magnesium. JAMA, 102:1138~1141.

6. Hitchcock, F. A. (1941): Some effects of CO..
anoxia and alcohol on respiration. Am. J. Physiol.,
133:328-329.

7. Hughes, J. R.. Curtin, M. J.. and Brown, V. P.
(1960): Usefulness of photic stimulation in routine
clinical electroencephalography. Neurology, 10:
777-782.

8. Kitburn, K. H. (1966): Shock, seizures and coma
with alkalosis during mechanical ventilation. Ann.
Intern. Med., 65:977-984.

9. Klingrman, W. O., Suter, C., Green, R., and Robin-
son, L. (1955): Role of alcoholism and magnesium



i0.

I

12

13.

14.

I5.

16.

17

ALCOHOL INTOXICATION AND WITHDRAWAL

deficiency in convulsions. Frans. Am. Neurol.
Assoc., 80:162-165.

Maclatyre, 1. (1967): Magnesivm metabolism.
Adv. Intern. Med.,-13:143-154.

Mendelson, J. H., Wexler, D., Kubzansky, P.,
Leiderman, H., and Solomon, P. (1959): Serum
magnesivm in delifum tremens and aicoholic
hallucinosis. J. Nerv. Mens. Dis., 128:352-357.
Mitchell, W. G., and Ogden, E. (1954): Influence
of blood pH on the susceptibility of rats to-audio-
genic scizures. Am. J. Physiol., 179:225-228.
Randall, R. E., Rossmeisl, E. C., and Bleifer,
K. H. (1959): Magnesium depletion in man. Ann.
Intern. Med., 50:257-287. .

Rotheram, E. B., Safar, P., and Robin, E. D.
(l964) CNS disorder during mechanical ventila-
tion in chronic pulmonary disease, JAMA, 189:
993-996.

Sereny, G., Rapoport, A., and Hudson, H.(1966):
The effect of alcoholic withdrawal on electrolyie
and acid-base balance. Metabolism, 15:896-904.
Somjen, G., Hilmy, M., and Stephen, C. R.
(1966): Failure to anesthetize human subjects

by intravenous administration of magnesium sul--

fate. J. Pharmacol. Exp. Ther., 154:652-659.

Valiee, B. L., Wacker, W. E. C., and Ulmer, D. D.
(1960): The magnesium deficiency telany syn-
drome in man. N. Engl. J. Med., 262:155-161.

. Victor, M. (1968): The pathophysiology of al-

coholic epilepsy. Proc. A. Res. Nerv. Ment. Dis.,
46:431-454.

. Victor, M. (1973): The role of hypomagncsemia

and respiratory alkalosis in the genesis of alcohol-
withdrawal symptoms. Ann NY Acad. Sci,
215:235-248. ,

20.
21.

22,

23,

24,

25,

26.

27.

527

Victor, M. {1973); Introductory remarks. Ann.
NY Acad. Sci., 215:210-213.

Victor, M., and Brausch, C. C. {1967): The role
of abstinence in the genesis of alcoholic epilepsy.
Epilepsia. 8:1-20.

Wacker, W. E. C., and Vallee, B. L. (1958):
Magnesium metabolism. M. Engl. J. Med., 25%:
43)-438, 475-482.

Walser, M. (1962): Separate effects of hyper-
parathyroidism, hypercalcemia of malignancy,
renal failure and acidosis on the state of calcium,
phosphate, and other jons in the plasma. J. C.'in
Invest., 41:1454-1471.

Wolfe, 8. M., Mendelson, 3. H., Ogata, M..
Victor, M., Marshall, W., and Mello. N. K
(1969): Rcsplmory nlkalosis and alcohol with-
drawal. Trans. Assoc. Am. Physicians, 82:344-
152,

Wolfe, S. M., and Victor, M. (1969): The rela-
tionship of hypomagnesemia and alkalosis to al-
coho! withdrawal symptoms. Ann. NY Acad. Sci.,
162, Art, 2:973-984.

Wolfe, S. M., and Victor, M, {1971): The phys-
iological basis of the alcohol withdrawal syn-
drome. In: Recent Advances in Studices of
Alcoholism, edited by N. K. Mello and J. H.
Mendelson, pp. 188-199. Publication No.
(HSM)71-9045, U.S. Gowvi. Printing Office,
Washington, D.C.

Wollman, H., Smith, T. C., Stephen, G. W.,
Colion, E. T.. 111, Gleaton. H. E., and Alexander,
§. C. (1968): Effects of extremes of respiratory
and metabolic alkalosis on cerebral blood flow
in man. J. Appl. Physiol., 24:60-68,



