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The Lithium Ion: A Foundation for
Psychopharmacological Specificity

Jair C. Soares, M.D., and Samuel Gershon, M.D.

The idea of lithium’s specificity for bipolar disorder was
proposed in Cade’s original work in 1949. Since then, many
controlled studies have been performed, examining lithium
for treatment of bipolar disorder and other psychiatric
conditions. This review was undertaken to determine if the
suggestion of lithium'’s specificity has support in the
controlled studies conducted after Cade’s initial proposal.
Studies were selected in a Medline search, dating back to
1966 and also identified from the bibliography of some of
these papers. The controlled trials with lithium for the
treatment of mania and bipolar depression, unipolar
depression, schizophrenia, and schizoaffective disorder were
reviewed. The published studies with lithium in other
neuropsychiatric conditions were also considered.
Additionally, we reviewed literature on other therapeutic

agents proposed for bipolar disorder, looking at their
comparative effectiveness to lithium. The data analyzed give
strong support for lithium'’s being most effective in bipolar
disorder, with minimal or no therapeutic effects in other
neuropsychiatric disorders. The neurochemical
underpinnings of this specificity are being investigated,
without conclusive findings to date. The study of this
paradigm of specificity in neuropsychopharmacology
research may lead to meaningful contributions to
understanding the pathophysiology of bipolar disorder and
may help to develop newer treatments for this condition.
[Neuropsychopharmacology 19:167-182, 1998]
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The effect on patients with pure psychotic excite-
ment—that is, true manic attacks—is so specific that it
inevitably leads to speculations as to the possible aetio-
logical significance of a deficiency in the body of lith-
ium ions in the genesis of this disorder. (Cade 1949)

The idea of lithium’s being a specific treatment for bipo-

lar disorder started with Cade’s original report (Cade
1949). Based on his observations that lithium had a
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calming effect in guinea pigs, the Australian psychia-
trist administered lithium to 10 manic patients and
found remarkable benefits in all of them. In three of six
patients with dementia precox, there was only a quiet-
ing effect, and in the other three, no effects. In three
chronic depressive psychotic patients, there was no ef-
fect at all. Based on this apparent specificity, Cade sug-
gested that a deficiency in the lithium ion in the organ-
ism could be related to the pathogenesis of the disorder.
In 1951, Noack and Trautner reported the results of lith-
ium treatment of 100 patients with various mental dis-
orders, and out of 30 manic patients, only one did not
improve, giving further support to the idea of specific-
ity in bipolar disorder. Subsequently, Gershon and
Trautner (1956) used lithium as an alternative for the
maintenance treatment of patients with “shock-depen-
dency,” in reference to patients who quickly relapsed
after responding to electroconvulsive therapy (ECT),
with significant improvement. In this small series, the
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patients who improved had symptoms of bipolar disor-
der. Gershon and Yuwiler (1960) suggested that lithium
had little or no effect in a variety of psychiatric disor-
ders, including schizophrenia, epilepsy, premenstrual
tension, and sociopathy, and it was highly efficacious in
the treatment of manic patients. Confirming what had
been originally proposed by Cade, they suggested that
lithium was a specific treatment for this condition.
Schou (1963) also supported the notion that lithium
had specificity of its actions in the treatment of manic-
depression.

After it was introduced into clinical use, lithium was
used for a variety of conditions, ranging from pure bi-
polar disorder to atypical forms, schizoaffective disor-
der, treatment refractory schizophrenia, impulse con-
trol disorder, substance abuse, and different forms of
aggressiveness (Schou 1979). It has shown mild benefits
in some of these conditions, but it was most effective in
typical forms of bipolar disorder, and, indeed, has had
a major impact on the treatment of this disorder (Sol-
omon et al. 1995).

It has been debated over the years whether lithium’s
actions are symptom specific rather than disorder spe-
cific (Gershon 1970; Tupin 1972; Miller and Libman
1979; Braden et al. 1982; Delve and Letemendia 1982).
Some authors suggested that this apparent specificity of
the lithium ion acts not only in bipolar disorder, but
also in conditions with episodic course and aggression
(Tupin 1972); others have proposed that psychomotor
acceleration and periodicity, regardless of the primary
diagnosis, confers lithium responsiveness (Miller and
Libman 1979). Some of these authors supported the
idea of specificity for the disorder, and defended the
notion that the few lithium-responsive patients in other
diagnostic categories would be atypical forms of bipo-
lar disorder.

In view of the accumulating literature over past 30
years on the comparative effectiveness of lithium in
different psychiatric conditions, it seems timely to re-
examine the hypothesis of lithium’s specificity for bipo-
lar disorder. This paper reviews the studies with lith-
ium in various psychiatric conditions to examine the
claim of specificity in the treatment of bipolar disorder.
We also investigate the studies of other treatments for
bipolar disorder to examine their comparative effective-
ness to lithium.

CLINICAL TRIALS OF LITHIUM
Bipolar Mania

Lithium has been shown to be a highly effective treat-
ment for mania. Although response rates have varied,
they have usually been around 70 or 80%, after a delay
of about 1 to 2 weeks for onset of the therapeutic effects
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(Prien and Potter 1990; Price and Henninger 1994; Cala-
brese et al. 1995). Lithium was found to be at least as ef-
ficacious as chlorpromazine for treatment of acute ma-
nia in almost all controlled trials (Platman 1970; Spring
et al. 1970; Johnson et al. 1971; Shopsin et al. 1975; Taka-
hashi et al. 1975; Goodwin and Zis 1979). Two studies,
however, found chlorpromazine (Prien et al. 1972a) and
haloperidol (Garfinkel et al. 1980) to be better than lith-
ium treatment. In this literature, there is an overall sug-
gestion that lithium is more specific for the core manic
symptoms (affective and ideational symptoms) as com-
pared to neuroleptics; whereas, neuroleptics are appar-
ently as good or better to control the psychomotor hy-
peractivity and agitation more rapidly (Johnson et al.
1971; Prien et al. 1972a; Goodwin and Zis 1979). Thus,
most of the controlled trials corroborate the superiority
of lithium over neuroleptics for bipolar mania, in terms
of being more effective and more specific for the core
manic symptoms. The effects of neuroleptics in this
condition seem to involve nonspecific sedation.

The response rates in the treatment of mania have
varied considerably on different samples of bipolar pa-
tients. In typical “pure” manic states, lithium is usually
very effective, with response rates varying from 60 to
90% (Himmelhoch et al. 1976; Secunda et al. 1985;
Swann et al. 1986; Prien et al. 1988a; Dilsaver et al.
1993). However, about 40% of manic patients present
with a mixed picture, with a combination of manic and
depressive symptoms (Himmelhoch et al. 1976, McEI-
roy et al. 1992a). These patients tend to have poorer re-
sponse rates to lithium, varying from 29 to 42% (Him-
melhoch et al. 1976; Secunda et al. 1985; Swann et al.
1986; Prien et al. 1988a; Dilsaver et al. 1993). Mania sec-
ondary to known medical conditions is also associated
with poor response (Krauthammer and Klerman 1978).
So, the more typical the bipolar manic states are, the
higher the response rates with lithium.

Thus, acute treatment of mania is the primary indica-
tion for lithium, with findings of high effectiveness.
Some recent trials have reported somewhat lower effec-
tiveness, reflecting the presence of mixed state and
atypical patients in the samples.

Prophylaxis of Bipolar Disorder

Initial open trials (Baastrup 1964; Hartigan 1963; Baas-
trup and Schou 1967) suggested that lithium was effec-
tive for prophylaxis of affective disorders. Early pla-
cebo-controlled studies (Baastrup et al. 1970; Coppen et
al. 1971; Cundall et al. 1972; Dunner et al. 1976; Fieve et
al. 1976; Hullin et al. 1972; Prien et al. 1973a,b, 1974,
Stallone et al. 1973) corroborated that. The effectiveness
for bipolar disorder prophylaxis is well documented in
double-blind controlled trials, both for the manic and
depressive phases of the disorder (Prien and Potter
1990; Price and Henninger 1994; Calabrese et al. 1995).
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In addition to this well-documented effectiveness, there
are reports of high recurrence rates over the first few
months after lithium discontinuation, which seem to be
higher than the course of the untreated disorder (Mander
1986, Mander and Loudon 1988; Suppes et al. 1991;
Goodwin 1994).

The reported effectiveness rates with lithium pro-
phylaxis have changed over the years. The early con-
trolled studies in bipolar patients found failure rates
around 20 to 30%, over varied periods of time (Baastrup
et al. 1970; Coppen et al. 1971; Cundall et al. 1972; Hul-
lin et al. 1972; Prien et al. 1973a; Stallone et al. 1973). A
review of several controlled studies from the 1960s and
1970s reported lithium to fail on average in 33% of cases
(Prien 1988b). Most recent controlled studies have
shown higher failure rates, with 55% reported in a large
multicenter double-blind controlled study (Prien et al.
1984), and other naturalistic studies showing failure
rates of 42 to over 70% (Dickson and Kendell 1986; Sha-
piro et al. 1989; Harrow et al. 1990; Tohen et al. 1990a,b;
Maj et al. 1991; O’Connell et al. 1991; Keller et al. 1993;
Peselow et al. 1994; Coryell et al. 1995). In a recent study
of lithium prophylaxis in bipolar and schizoaffective
patients (Coryell et al.), high relapse rates were re-
ported; the likelihood of at least one recurrence after 5
years exceeded 70%. The differential outcome in the
group of bipolar versus schizoaffective disorder pa-
tients was not reported. The report of the National Insti-
tute of Mental Health (NIMH) workshop on the treat-
ment of bipolar disorder (Prien and Potter 1990)
suggested that lithium is overall ineffective in 20-40%
of bipolar patients, particularly those with rapid cycling
or dysphoric mania.

The characteristics of the lithium responders has
been extensively studied. Classic manic states and ma-
nia followed sequentially by euthymia and depression
predict good prognosis on lithium prophylaxis (Maj et
al. 1989; Faedda et al. 1991; Bowden et al. 1994). Mania
with mixed or dysphoric features, rapid-cycling pa-
tients, and mania secondary to medical conditions re-
spond poorly to lithium (Prien 1988b; McElroy et al.
1992a; Dilsaver et al. 1993; Keller et al. 1993; Sharma
and Persad 1994). Patients with high frequency of pre-
vious episodes (Sarantidis and Waters 1981; Abou-
Saleh and Coppen 1986) and comorbid substance abuse
or personality disorders (Abou-Saleh and Coppen 1986;
Kutcher et al. 1990; Gaviria et al. 1982; Abou-Saleh 1983;
Maj 1984) are also less responsive. Family history of
mood disorders is related to better response to lithium
prophylaxis (Maj 1984; Abou-Saleh and Coppen 1986).
In another study (Mendlewicz and Stallone 1975), fam-
ily history of bipolar disorder, but not unipolar, was
shown to be related to positive lithium response. This
family data, if confirmed, also point to a specificity of
lithium for bipolar disorder. Grof et al. (1993) recently
readdressed this question and found that a primary di-
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agnosis of affective disorder, episodic course, and fam-
ily history of bipolar illness were the best predictors of
lithium’s response in the maintenance treatment. They
suggested that typical bipolar patients tend to respond
well, and the more atypical features they have, the
worse the response. In the bipolar II population, lithium
is also an effective prophylactic treatment (Dunner et al.
1976; Kane et al. 1982). It is effective in the prophylaxis
of hypomanic episodes, but may not reduce the fre-
quency of depressive episodes; however, the depressive
episodes may be less severe (Dunner et al. 1976). Thus,
lithium has high effectiveness in the prophylaxis of bi-
polar disorder, types I and II. It is not as effective in
atypical bipolars, rapid cyclers, organic mania, dyspho-
ric mania, and patients with comorbid psychiatric dis-
orders. These studies of predictors of lithium response
also give strong support for the idea of lithium'’s speci-
ficity, with typical features predicting a favorable re-
sponse.

The decreasing effectiveness rates in bipolar disorder
reported with lithium have been extensively debated in
the recent literature (Guscott and Taylor 1994; Goodwin
1995; Moncrieff 1995; Gershon and Soares, 1997). The
explanation for this may be multifactorial. First, pa-
tients referred to academic medical centers nowadays,
as a result of widespread lithium use, may be more se-
vere, refractory cases, with more atypical features and
comorbid psychopathology. Second, bipolar disorder
has become a more inclusive category over the years,
with some patients previously classified as schizoaffec-
tive or schizophrenic now being classified in this group.
Third, in more recent trials, there has been a significant
proportion of patients who had already failed lithium
therapy at the time of enrollment in the study. Fourth, it
may be caused by changes in the presentation of the
disorder over the years, mostly as a result of more avail-
able treatment options, some with the potential to actu-
ally complicate the course of the disease, e.g., tricyclic
antidepressants (Wehr and Goodwin 1987).

Some authors feel that many years of lithium treat-
ment have not had a significant impact on the epidemi-
ology of bipolar disorder (Moncrieff 1995). Guscott and
Taylor (1994) proposed that poor compliance to the
medication and underprescribing could account for
this. Alternatively, Moncrieff pointed to methodologi-
cal flaws in the early lithium trials as a potential expla-
nation, which may have overestimated the effects of
lithium. Some were retrospective comparisons of the
course of the disorder before and after lithium, and
some were discontinuation trials, with a number of the
patients who entered the placebo group having been on
lithium before the trial. Therefore, according to these
authors, the outcome of lithium treatment was not
clearly superior to the course of the untreated disorder.
Nonetheless, these strong criticisms are not endorsed
by most authors (Goodwin 1995; Gershon and Soares
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1997) and do not invalidate data of the many controlled
trials with a positive lithium effect.

Bipolar Depression

Depressed patients with a previous history of mania or
hypomania are more likely to respond to lithium than
patients without such previous episodes (Goodwin et
al. 1972; Noyes et al. 1974; Mendels 1979). Antidepres-
sant effects of lithium have been more clearly demon-
strated in depressed bipolars than in unipolars (Baron
et al. 1975). Depression associated with bipolar disorder
has been regarded as a more severe depression, which
may be more difficult to treat, and lithium treatment is
beneficial (Goodwin et al. 1972; Noyes et al. 1974; Baron
et al. 1975; Fieve et al. 1976; Mendels et al. 1972; Men-
dels 1979). However, for acute treatment of depression,
antidepressants are the most effective agents. In bipolar
depression, monoamine oxidases (MAOIs) have been
suggested to be particularly effective (Quitkin et al.
1981a; Himmelhoch et al. 1991).

Thus, lithium is effective for treatment of depression
in bipolar disorder, seemingly more so than in unipolar
depression (Baron et al. 1975). However, it is not as ef-
fective as antidepressants. The findings of more specific
effects of lithium in depression associated with bipolar
disorder are also in agreement with the suggestion of
lithium'’s specificity for this disorder.

Unipolar Depression

Initial open trials (Johnson 1974; Watanabe et al. 1974;
Worrall et al. 1979) and double-blind controlled studies
found lithium effective for unipolar depression (Men-
dels et al. 1972; Fieve et al. 1975; Khan et al. 1987). In
some studies, it was found to be as effective as antide-
pressants (Mendels et al. 1972; Watanabe et al. 1975;
Worrall et al. 1979; Quitkin et al. 1981b; Linder et al.
1989). Mendels (1979) reviewed 10 controlled studies of
lithium as treatment of depression, and seven of these
reported significant antidepressant effects. Overall, the
response rates reported for lithium in the acute treat-
ment of unipolar depression have been about 30 to 40%,
which is lower than the rates for bipolar depression or
the rates with antidepressants (Goodwin and Jamison
1990).

In the prophylaxis of unipolar depression, lithium
was better than placebo in most studies (Prien et al.
1973b; Fieve et al. 1975,1976; Kane et al. 1982; Glen et al.
1984). The only large double-blind controlled study that
included a control group on antidepressants found that
lithium was better than placebo, but not as effective as
antidepressants, and that combination treatment did
not result in additional benefits after a 2-year period
(Prien et al. 1984). A recent double-blind placebo-con-
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trolled trial (Wilson et al. 1995) of lithium versus pla-
cebo (all patients also receiving cognitive behavior ther-
apy) for the maintenance treatment of unipolar elderly
depressed patients failed to find evidence of significant
benefits.

Lithium is also a useful augmentation strategy in the
treatment of depression, and this is supported by sev-
eral controlled studies (Lingjaerde et al. 1974; Heninger
et al. 1983; Schopf et al. 1989; Joffe et al. 1993; Stein and
Bernadt 1993; Fava et al. 1994; de Montigny 1994; Ebert
et al. 1995).

Thus, lithium has therapeutic effects in acute unipo-
lar depression, but it is less effective than antidepres-
sants. It seems to be less effective than in bipolar de-
pression, which points to a more specific action in
bipolar disorder. For prophylaxis of unipolar depres-
sion, antidepressants have been shown to be more ef-
fective.

Schizoaffective Disorder

The early literature on lithium as a treatment for schizo-
affective disorder suggested that there were no signifi-
cant benefits and that some patients could have wors-
ening of thought disorder (Johnson et al. 1968). Johnson
(1970) treated 19 manics and 11 schizoaffective patients,
excited phase, with lithium or chlorpromazine under
controlled conditions. In the manic group, 15 patients
had remission, three improved, and one had no change.
In the schizoaffective group, only one had remission,
four improved, and six worsened. They concluded that
lithium had a specific therapeutic action in bipolar dis-
order. In another report (Johnson et al. 1971) on a group
of 21 bipolar manic patients and 13 schizoaffectives, ex-
cited phase, treated with lithium or chlorpromazine un-
der double-blind conditions, lithium was highly effec-
tive for the bipolar patients, but did not have significant
effects in the schizoaffective patients. Chlorpromazine,
on the other hand, produced significant improvement
in both groups. Subsequently, open trials suggested
that schizoaffective patients had some response to lith-
ium (Dinsmore and Ryback 1972; Smulevitch et al.
1974). Prien et al. (1972b) conducted a 3-week con-
trolled trial of 83 schizoaffective patients, excited state,
with lithium or chlorpromazine and found that for the
highly active patients, chlorpromazine was superior,
but in mildly active patients, both treatment groups had
comparable improvement. Brockington et al. (1978)
treated 19 schizoaffective patients, manic, with chlor-
promazine or lithium under double-blind condition
and failed to find significant differences between treat-
ments. In a subsequent report (Brockington et al. 1980)
found significant improvement on lithium in 24 or 32
schizoaffective patients, manic, in a retrospective analy-
sis of patient’s records. Miller and Libman (1979) re-
viewed the literature on lithium treatment of schizoaf-
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fective disorder and concluded that there was sparse
evidence that some cases could benefit from lithium,
particularly those with “psychomotor acceleration and
periodicity.” Because of these apparent effects, they
proposed that those two “dimensions;” namely, psy-
chomotor acceleration and periodicity, were the aspects
that would confer “therapeutic predictability.” Braden
et al. (1982) compared lithium and chlorpromazine in a
double-blind design in a sample that included a mixed
group of schizophrenics, schizoaffectives, and mood-
incongruent psychotic affective disorder patients. The
authors did not find a significant relationship between
diagnostic group and treatment response. In overactive
patients, chlorpromazine was more effective, and for
the other patients, lithium and chlorpromazine were
equally effective. However, when diagnostic groups
were defined according to classification systems that
took into consideration the course of the disorder (e.g.,
DSM-III or modified RDC), the schizophrenic patients
responded significantly worse to lithium.

In the prophylactic treatment, Prien et al. (1974)
found lithium to be substantially more effective in bipo-
lars than schizoaffectives; three of five schizoaffectives
had recurrence, as compared to only three of 86 in the
bipolar group. Lithium was reported to be beneficial in
“cycloid psychosis,” which is an “endogenous” psy-
chotic condition with symptoms of both schizophrenia
and mood disorders that would roughly correspond to
the diagnosis of schizoaffective disorder today (Perris
1978). In this study, 30 patients followed for periods of 1
to 8.5 years showed significant benefits on lithium, with
“a favorable morbidity suppressive effect.” Patients
with schizoaffective disorder were found to benefit
from lithium prophylaxis in a 2-year open trial (Maj
1984). The treatment response was better in “schizo-
manic” than in “schizodepressed” patients. In a subse-
quent study, Maj (1988) reported that lithium at blood
levels between 0.6 to 1.0 mEq/1 was helpful for prophy-
laxis of schizoaffective patients in a 2-year open trial,
but those with a prominent schizophrenic-like compo-
nent and those cross-sectionally diagnosed as “schizode-
pressed” had relatively poor response. Past bipolar
course of the illness was associated with positive re-
sponse.

Thus, the studies with lithium in schizoaffective dis-
order provide support for the hypothesis of lithium’s
specificity for bipolar disorder. Overall, the more bipo-
lar features these patients have, the better is their re-
sponse to lithium treatment.

There has been significant debate about the diagnos-
tic category of schizoaffective disorder and whether it is
really a separate entity as compared to bipolar disorder
or schizophrenia. Some studies failed to distinguish
manic bipolar patients from manic schizoaffective pa-
tients on the basis of clinical variables (Abrams and
Taylor 1976; Pope et al. 1980; Kendell 1985). For these
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authors, the concept of schizoaffective-manic would be
a redundancy and, actually, would be the same disor-
der as bipolar mania. Other authors (Crow 1990) have
proposed that there would be a “genetic continuum” of
psychotic disorders, extending from unipolar and bipo-
lar disorder to schizophrenia, with several intermediate
forms, corresponding to schizoaffective disorder. How
to trace the dividing line, or what these forms mean in
terms of pathophysiological mechanisms have yet to be
answered. Evidence from the literature that the treat-
ment response of the typical bipolar group is better
than the schizoaffective-manic group suggests that they
are two different entities.

Schizophrenia

Initial uncontrolled reports found no benefits of lithium
treatment in schizophrenics (Cade 1949; Gershon and
Yuwiler 1960). Shopsin et al. (1971) conducted a con-
trolled study with 21 acute schizophrenic patients,
treated with either lithium or chlorpromazine. They
found that lithium had no effect in schizophrenic symp-
toms, and some of the schizophrenic patients got worse,
developing symptoms of a “toxic-confusional state.”
Subsequently, a few small controlled trials suggested
that some schizophrenic patients who were unrespon-
sive to neuroleptics benefited from the addition of lith-
ium (Growe et al. 1979; Alexander et al. 1979). In a sam-
ple of 31 schizophrenic and schizoaffective patients,
Hirschowitz et al. (1980) found evidence of improve-
ment in schizophrenic symptoms in nine patients after
a 2-week lithium trial. However, seven of these nine
lithium responders were actually classified as schizo-
phreniform disorder according to DSM III. In a review
of this literature, Delve and Letemendia (1982) suggested
that there is evidence for some acute and prophylactic
effects of lithium in schizophrenia and schizoaffective
disorder. They acknowledged that, “At present, all that
can be stated is that the use of lithium in the treatment
of patients with schizophrenia or schizoaffective disor-
der remains empirical.” In schizophrenia, they estimated
that overall between one-third and one-half of patients
could have some benefits from lithium treatment.
Garver et al. (1984) described a group of psychotic
disorder patients who had some response to lithium.
These patients were mostly classified as schizopheni-
form disorder, and may turn out in their course not to
be schizophrenics. Zemlan et al. (1984a) reported a sub-
group of schizophrenic patients that responded to lithium
to some degree; in an open trial, these authors described
improvement of at least 40% in such schizophrenic symp-
toms as hallucinations, delusions, and formal thought
disorder. In another open trial report (Zemlan et al.
1984b), involving a group of 24 schizophrenic and
schizoaffective disorder patients and six manics, eight
were considered responders. They suggested that an-
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tipsychotic effects of lithium in the responders ap-
peared selectively in mood-incongruent psychotic pa-
tients and were not present in mood-congruent
psychotic patients (manics), contrary to the mood ef-
fects; however, these suggestions have not been con-
firmed further. Hirschowitz et al. (1982) treated a group
of 31 schizophrenic and schizophreniform disorder pa-
tients in acute decompensation with 2 weeks of lithium.
Only six patients improved; one met DSM III criteria for
schizophrenia, and the others were schizophreniform
disorder (n = 4) and mood incongruent psychosis, with
manic features (n = 1). Of 25 patients with DSM III di-
agnosis of schizophrenia, 24 (96%) did not respond to
lithium.

The literature on the use of lithium in schizophrenia
was reviewed by Atre-Vaidya and Taylor (1989), who
concluded that three of seven double-blind studies
available at that time did not support this practice. In
the positive trials, the number of responders seemed
too small to allow any definite conclusions. They sug-
gested that a family history of affective disorder, active
affective symptoms, and previous affective episodes
predicted a favorable response.

A recent study (Schexnayder et al. 1995) shone fur-
ther light on this question. A sample of 66 psychotic in-
patients received a 2-week trial on lithium alone. These
patients were mostly RDC schizophrenics (n = 54), and
the rest were schizoaffective, depressed type (n = 12).
Ten of 66 patients were classified as lithium responders;
in this group, six were RDC schizophrenics, and four
were schizoaffective, depressed; in the nonresponders,
48 were schizophrenics, and eight were schizoaffective
disorder, depressed. The responders had significantly
fewer negative symptoms and absence of familial
schizophrenic spectrum disorders. This study supports
the idea of lithium’s specificity for bipolar disorder;
however, it defines a small group (6/54) of schizo-
phrenic patients who could potentially benefit from
lithium alone.

For some authors (Miller and Libman 1979), the
cases of schizophrenia and schizoaffective disorder that
respond to lithium are characterized by psychomotor
acceleration and periodicity. These might be patients
more accurately classified as schizoaffective disorder, if
more stringent diagnostic definitions were used. Lith-
ium responsiveness in psychotic patients has also been
associated with smaller rates or absence of schizophre-
nia-spectrum disorders in family studies (Sautter and
Garver 1985; Sautter et al. 1990).

Thus, most of the studies did not find substantial ef-
fects of lithium in schizophrenia. There may be a sub-
group of schizophrenic patients who exhibit modest
response to lithium, and this may be related to im-
provement of affective symptoms. Overall, in psychotic
patients, the more affective symptoms, the higher the
chances that they will respond to lithium.
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Aggressiveness

Uncontrolled evidence suggested that lithium has ther-
apeutic effects in aggressive behavior in early total
deafness patients (Altshuler et al. 1977). DeLong (1978)
reported benefits of lithium in 12 children with chronic
behavioral disorders, all with hostility, aggressiveness,
distractibility, and family history for depression, alco-
holism and bipolar disorder. An open trial (Siassi 1982)
found lithium effective in the treatment of aggressiveness
in 14 children with significant reduction in unprovoked
aggressive outbursts. In mentally retarded patients with
episodes of aggressiveness and self-mutilatory behav-
ior, lithium was suggested to produce significant thera-
peutic effects (Dostal and Zvolsky 1970; Naylor et al.
1974; Goetzl et al. 1977). Controlled trials in prison in-
mates with “chronic assaultive behavior or chronic im-
pulsive antisocial behavior” have shown therapeutic ef-
fects for aggressiveness (Sheard et al. 1976; Marini and
Sheard 1977). In double-blind, placebo-controlled stud-
ies, lithium was significantly better than placebo in de-
creasing aggressive scores and frequency of aggression
episodes in mentally handicapped children (Craft et al.
1987) and adults (Tyrer et al. 1984). One double-blind,
placebo-controlled, cross-over discontinuation study
(DeLong and Nieman 1983) showed that lithium had
significant effects in decreasing cyclic aggressiveness,
violent explosive behavior, restlessness, and mood
swings in children. In children with conduct disorder
and adolescents, there is some evidence that lithium
can reduce aggressiveness. A recent double-blind pla-
cebo-controlled study involving 50 children with con-
duct disorder showed lithium effective in reducing
symptoms of fighting, temper outbursts, and bullying
(Campbell et al. 1995a).

Thus, lithium may have significant effects on epi-
sodic aggressive behavior. These conditions have the
cyclicity present in bipolar disorders, and the nature of
this relationship is still not understood. Thus, lithium
could have specific action in conditions where cyclicity
and episodes of aggression/hyperactivity are impor-
tant features.

Alcoholism and Other Substance Abuse

The initial controlled trial suggested that lithium had
therapeutic effects on alcoholism (Wren et al. 1974). In a
double-blind placebo-controlled prospective study (Merry
et al. 1976), it had significant effects in depressed alco-
holics, with reduced drinking and incapacity, but not in
the nondepressed group. It was suggested to antago-
nize the effects of ethanol intoxication in alcoholics
(Judd and Huey 1984). In another double-blind trial,
lithium had positive effects on drinking behavior in al-
coholics, which seemed to be independent of effects on
affective symptoms (Fawcett et al. 1987). Other con-
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trolled double-blind trials, however, failed to show sig-
nificant effects of lithium (Pond et al. 1981; Dorus et al.
1989). Dorus et al. reported the results of a large Depart-
ment of Veteran Affairs (VA) collaborative study in-
volving 457 depressed and nondepressed alcoholics.
No significant effects of lithium were found in either
patient group. As discussed in a recent review of this
literature, large double-blind trials failed to demon-
strate significant effects of lithium in either depressed
or nondepressed alcoholics (Lejoyeux and Ades 1993).

Lithium was also examined for the treatment of
other substance abuse/dependencies, without evidence
of significant effects. In a small series, it was suggested
to be beneficial for the treatment of cocaine-induced
psychosis (Scott and Mullaly 1981). Others suggested
its usefulness in antagonizing cocaine-induced “highs”
(Cronson and Flemenbaum 1978). However, there is no
controlled evidence supporting its effectiveness in any
of these conditions.

Other Neuropsychiatric and Medical Conditions

In premenstrual tension, placebo-controlled studies did
not find evidence of effectiveness (Sletten and Gershon
1966; Mattsson and von Schoultz 1974; Singer et al.
1974). In obsessive-compulsive disorder, controlled stud-
ies have produced negative results (Geisler and Schou
1973; McDougle et al. 1991). Anecdotal reports accounted
for some effectiveness in affective disorders caused by
organic brain syndromes (Young et al. 1977; Rosen-
baum and Barry 1975; Mehta 1976), or drug-induced af-
fective disorder (van Woert et al. 1971; Horowitz, 1975;
Ryback and Schwab 1971; Braden 1977), but no con-
trolled studies have examined this question. Anecdotal
reports also suggested that it might be effective in the
treatment of compulsive gambling (Moskowitz 1980).
There have also been reports of lithium being beneficial
for periodic hypersomnia states, such as Kleine-Levin
syndrome (Jeffries and Lefebvre 1973; Ogura et al. 1976;
Abe 1977; Will et al. 1988); however, these are not dou-
ble-blind, controlled studies. No conclusive evidence of
significant effects of lithium in nondepressed eating
disorder patients has been found in controlled studies.
Overall, lithium’s effectiveness has been examined in a
wide variety of neuropsychiatric and medical condi-
tions, in some cases in controlled studies, without con-
clusive findings of beneficial effects.

OTHER AGENTS FOR TREATMENT OF
BIPOLAR DISORDER

Valproate and carbamazepine have been proposed as
alternatives to lithium treatment in manic-depressive
patients (Okuma 1973, 1983; Ballenger and Post 1980;
Post, 1982; Post et al. 1983, 1991; Ballenger 1988; Prien
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and Gelenberg 1989; Keck et al. 1992; Potter and
Bowden 1992). In recent years, there have been claims
that they are as effective as lithium, and they could be
even more effective than lithium in some atypical pa-
tients (Bowden 1995). An analysis of the comparative
effectiveness of these agents in bipolar disorder may
help us address the question of lithium’s specificity for
the treatment of this disorder.

Carbamazepine

Several controlled studies corroborated carbamaz-
epine’s effectiveness in the acute treatment of mania
and perhaps prophylaxis of the disorder (Okuma et al.
1979, 1990; Coxhead et al. 1992; Lusznat et al. 1988;
Small et al. 1991; Watkins et al. 1987). Most studies
found it to be comparable to lithium in effectiveness,
except for three studies (Okuma et al. 1981; Lerer et al.
1987; Watkins et al. 1987). However, for prophylactic
treatment, according to a recent meta-analysis of this
literature (Dardennes et al. 1995), the effectiveness of
carbamazepine remains to be established. It has been
suggested to be effective in lithium-resistant patients
(Post et al. 1983; Di Constanzo and Schifano 1991),
rapid-cycling patients (Post et al. 1983, 1987), dyspho-
ric/mixed states (Post et al. 1987; Ballenger, 1988), and
patients with neurological abnormalities (Folks et al.
1982).

Does carbamazepine have specificity in the treat-
ment of bipolar disorder? One open trial (Elphick 1985)
involving 11 bipolar disorder and schizoaffective pa-
tients suggested carbamazepine to be useful for the
acute and prophylactic treatment of bipolar patients. In
the schizoaffective patients, the response was much less
marked, suggesting some specificity for bipolar disor-
der. Placidi et al. (1986) followed 83 psychotic patients
(major affective, schizoaffective, schizophreniform dis-
orders) for 3 years in a double-blind trial of lithium ver-
sus carbamazepine and found comparable effective-
ness; however, significantly increased dropout rates
were found among patients with mood-incongruent
psychotic features who were assigned to lithium. In
schizophrenic patients, carbamazepine has been tried
under double-blind conditions as the exclusive mainte-
nance treatment, with negative findings (Carpenter et
al. 1991). It has been suggested to be effective in the
treatment of psychosis nonresponsive to neuroleptics
(Neppe 1988), mainly in patients with aggression, insta-
bility and agitation. There are suggestions that in-
creased manic severity, anxiety, dysphoria, rapid cy-
cling, negative family history, known to be predictors
of poor lithium response, may be associated with posi-
tive response to carbamazepine (Post et al. 1987).

Thus, carbamazepine seems effective in the treat-
ment of acute mania. However, its effectiveness may
not be as high as lithium’s, and its scope of action seems
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broader, being also effective in other psychotic condi-
tions.

Valproate

Valproate was first proposed in the mid-60s for the
treatment of mania (Lambert et al. 1966). Freeman et al.
(1992) reported a 3-week double-blind trial of valproate
and lithium in mania. Both drugs produced significant
improvement, but lithium was slightly better. Val-
proate seemed more effective in patients with high pre-
treatment depression scores, suggesting that it may be
more effective in mixed affective states. Clothier et al.
(1992) in a double-blind study, compared lithium and
valproate in 27 manic bipolars; the valproate responders
had higher pretreatment depressive scores. A recent large
3-week double-blind, placebo-controlled trial (Bowden
et al. 1994) compared valproate and lithium in 179 inpa-
tients with a diagnosis of mania. In this trial, both treat-
ments were comparable, and significantly better than
placebo, with rates of improvement with lithium of
49%, valproate of 48%, and placebo of 25%. However,
86% of the patients in the lithium group had been on
lithium, and 48% did not respond or did not tolerate it
previously. Thus, about half of these patients were al-
ready known to be lithium nonresponders. This weak-
ens the conclusions to be drawn from this study con-
cerning the comparative effectiveness of these two
drugs in the treatment of mania. In this study, valproate
was reported to be as effective for rapid cyclers as non-
rapid cycling manics. Valproate seems less effective in
schizoaffective disorder than bipolar disorder (Emrich
et al. 1985; McElroy et al. 1987, 1992b).

There is evidence suggesting that valproate may be
particularly effective in patients with rapid cycling,
dysphoric or mixed mania, and neurologic abnormali-
ties (McElroy et al. 1992b). In one report (Stoll et al.
1994), bipolar disorder and schizoaffective patients
with neurological abnormalities had a “higher rate of
good response” than neurologically normal patients
(43.6 and 24.3%, respectively). It has also been proposed
as an augmentation strategy in patients refractory to
lithium. A retrospective chart review of refractory bipo-
lar patients treated with valproate augmentation found
response rates of 71%. This study included patients
with abnormal EEG, CT, or neurological findings (Mc-
Coy et al. 1993).

No controlled trials with valproate for the mainte-
nance treatment of bipolar disorder have been reported.
Retrospective studies suggested that it may be useful
(Fogelson et al. 1991; McElroy et al. 1988; Hayes 1992).
Uncontrolled trials support this view (Emrich et al.
1985; Puzynski and Klosiewicz 1984; Lambert 1984; Cal-
abrese and Delucchi 1990; Calabrese et al. 1992). They
suggest that it reduces the frequency and intensity of
manic and depressive episodes over long periods of
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time; acute and prophylactic antidepressant effects
seem to be less robust than antimanic effects. Addition-
ally, the great majority of these uncontrolled studies
have used valproate in combination with other medica-
tions, such as antidepressants, lithium, neuroleptics,
and benzodiazepines, making definitive conclusions on
prophylaxis difficult.

Thus, valproate is an effective treatment for acute
mania and, perhaps, prophylaxis of bipolar disorder.
Valproate, as does carbamazepine, seems to have some
degree of specificity for bipolar disorder as compared
to other psychiatric disorders; however, both drugs
have a broader scope of action than lithium.

Electroconvulsive Therapy

ECT has been shown to be very effective for acute and
perhaps prophylactic treatment of bipolar disorder
(Schou 1991). Three studies compared lithium and ECT
for the treatment of mania. Two were retrospective
studies; one found no significant differences between
ECT and lithium (Thomas and Reddy 1982), and the
other found a significantly greater percentage of pa-
tients with marked improvement in the ECT group
(Black et al. 1987). The prospective study (Small et al.
1988) investigated a group of 34 manic bipolar patients,
randomly allocated to lithium or bilateral ECT, fol-
lowed by lithium maintenance. Patients in the ECT
group did better on the first 8 weeks, but after that there
were no significant differences between groups.

There is also evidence that ECT is effective in manic
patients refractory to medications. One open study
(Schnur et al. 1992) in 18 manics nonresponsive to med-
ication found a 66% response rate; dysphoric and psy-
chotic symptoms predicted worse response. In a retro-
spective study, Small et al. (1985) suggested that for
mania bilateral ECT was more effective than unilateral.
The use of ECT in the prophylaxis of bipolar disorder is
more controversial and remains to be a systematically
investigated. As pointed out in a recent review (Schou
1991), “the prophylactic value of maintenance ECT re-
mains under dispute.” The therapeutic effects of ECT
for acute treatment of depression in unipolars and bipo-
lars are well-recognized. Thus, ECT seems to be benefi-
cial for the acute treatment and perhaps prophylaxis of
bipolar disorder. No evidence of specificity for this con-
dition exists, because ECT has well-known benefits in a
variety of other conditions.

NEUROCHEMICAL FINDINGS

Lithum acts on different neurotransmitter and signal
transduction systems. It blocks the development of
dopamine-receptor supersensitivity, enhances GABA,
serotonin and acetylcholine function, decreases alpha,-
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adrenoceptor function, decreases neurotransmitter-stim-
ulated adenylate cyclase activity and cyclic AMP forma-
tion, decreases G protein coupling to receptors, inhibits
the phosphoinositide (PI) pathway, and interferes with
membrane exchange of cations such as Na*, K*, Ca*",
and Mg?* (Price and Heninger 1994). The clinical rele-
vance of these different neuropharmacological mecha-
nisms is not understood.

Decreased GABA function may be present in pa-
tients with mood disorders. Findings of decreased CSF
and plasma GABA levels in patients with depression,
and decreased plasma levels in patients with mania
have been reported (Petty 1995). Valproic acid, ECT,
and antidepressants interfere with gabaergic transmis-
sion, reducing plasma GABA, and treatment response
may correlate with higher baseline plasma GABA levels
(Petty). Lithium, on the other hand, seems to enhance
gabaergic activity (Price and Heninger 1994). The anti-
convulsants may benefit bipolar disorder patients by
interfering with gabaergic neurotransmission. It has
been proposed that they alter the “kindling” process in
temporal and limbic structures, which may be relevant
in the pathophysiology of bipolar disorder (Post 1982,
1986, 1992). Valproate and carbamazepine are more
specific to seizure activity in the limbic system as com-
pared to other anticonvulsants (Albright and Burnham
1980), and this may be why they are beneficial for the
treatment of bipolar disorder.

Lithium is known to enhance brain cholinergic func-
tion, by its presynaptic effects on acetylcholine turnover
and release (Lerer 1985). These effects are actually op-
posite to ECT effects on brain cholinergic systems. ECT
acutely promotes release of ACh during the seizure, but
with chronic treatment, it seems to decrease cholinergic
transmission, by down-regulating postsynaptic musca-
rinic cholinergic receptors (Lerer 1985). Because both
treatments have been found effective in mania, it is not
known how these actions relate to the beneficial effects
of these treatments.

A focus of this research over the past few years has
turned to the action of lithium and other drugs effective
in this condition on signal transduction mechanisms
(Baraban et al. 1989; Manji and Lenox 1994; Maniji et al.
1995). Lithium inhibits the enzyme inositol monophos-
phatase (IMPase), resulting in attenuation of the phos-
phatidylinositol (PI) signal transduction pathway, which
is believed to be a main step in its mechanism of action
(Atack et al. 1995). This inhibition results in increased
levels of myo-inositol monophosphates, and decreased
myo-inositol for the resynthesis of inositol phospholip-
ids, with an exhaustion of inositol stores. However, in
preparations derived from bovine brains, this has not
been found to be a mechanism shared by other drugs
effective in this disorder; e.g., valproate and carba-
mazepine (Vadnal and Parthasarathy 1995). In this
study, lithium was found to inhibit the IMPase activity

The Lithium Ion 175

in the millimolar range, carbamazephine was found to
stimulate IMPase, and valproate did not have either
stimulatory or inhibitory actions. This suggests that in-
hibition of IMPase is not a common neurochemical mech-
anism for the different mood-stablilizing medications.
Other mechanisms, such as interference with protein ki-
nase C (PKC) regulation, and other steps of the signal
transduction pathways may be important in their thera-
peutic action. There is recent evidence from human
studies suggesting that lithium and verapamil in thera-
peutic doses decrease PKC activity in platelets and lym-
phocytes (Friedman et al. 1993; DePetrillo et al. 1994).

Increased baseline intracellular Ca** levels and ago-
nist-stimulated response have been reported in unmed-
icated bipolar patients, in the manic state (Dubovsky et
al. 1989, 1991, 1992, 1994). Lithium seems to decrease in-
tracellular Ca** levels and agonist-stimulated Ca®* re-
sponse (van Calker et al. 1993; Forstner et al. 1994). The
increased Ca?* levels reported in manics is consistent
with a hyperfunctional PI cycle, which may be an im-
portant pathophysiological mechanism in bipolar disor-
der. Ca** channel blockers, which appear to be effective
in the treatment of mania, act by attenuating this in-
creased Ca?* function. The characterization of how anti-
convulsants and other drugs effective in this condition
interact with intracellular Ca?* function may lead to
better understanding of their mechanisms of action.

Most of the difficulty in research attempting to eluci-
date the biological and biochemical underpinnings of
bipolar disorder comes from the fact that a satisfactory
animal model to study the disorder has not yet been de-
veloped. The main elements of the bipolar pathophysi-
ology are very difficult to simulate. Laboratory research
in this area has mostly been restricted to the study of
particular neurotransmitter systems believed to be im-
portant in this disorder. Recent developments in this
field bring more promise. Antelman et al. (1995) have
recently described a model of oscillation in different cel-
lular systems after overstimulation by stressors or
drugs, that could reflect what happens in the brain neu-
rons in bipolar and mood disorders. Interestingly, lith-
ium administration in concentrations similar to the
therapeutic concentrations used in humans seems to
lead to cessation of this oscillation (personal communi-
cation). This is a very exciting new area of research that
may result in substantial development in the under-
standing of the pathophysiology of bipolar disorder,
and therefore, of lithium specificity in this condition.

Thus, anticonvulsants may share some common
mechanisms of action, which probably underlie their
effectiveness in bipolar disorder. Some possible mecha-
nisms would be their effects of GABA receptor chan-
nels, calcium or sodium channels, and signal trans-
duction pathways. The neurochemical underpinnings
of lithium’s specificity in bipolar disorder are not un-
derstood.
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CONCLUSIONS

The research findings accumulated over the past sev-
eral years support Cade’s original proposition (Cade
1949) that lithium is most effective in bipolar disorder,
as compared to other neuropsychiatric conditions. It is
particularly beneficial for the acute treatment of mania
and for prophylaxis, and also has positive effects in the
treatment of depression in these patients. Despite eval-
uation in a broad range of different psychiatric condi-
tions since its introduction into clinical use, its actions
in no other psychiatric condition parallels the effects
seen for typical bipolar patients, when examined in con-
trolled clinical trials. Thus, lithium seems to constitute a
specific treatment for bipolar disorder.

Consistent therapeutic benefits of lithium treatment
were also found in episodic aggressiveness. Lithium
seems to be beneficial in conditions with episodic, par-
oxysmal aggression and hyperactivity. These condi-
tions have similarities with bipolar disorder because of
their episodic course and agitation/hyperactivity. In
schizoaffective disorder, the more the patients resemble
bipolar disorder (with more affective symptoms and cy-
clicity), the higher the chances of response. In schizo-
phrenia and other neuropsychiatric conditions, it may
have some nonspecific sedating effects but usually few
consistent therapeutic effects. The schizophrenia stud-
ies overall show that in rigorously diagnosed schizo-
phrenics who do not have associated affective symp-
toms, there is no evidence that lithium is of therapeutic
value (Atre-Vaidya and Taylor 1989).

Some authors have proposed that lithium’s effective-
ness may not be restricted to a particular disorder, but
rather to a specific cluster of different disorders that have
as common characteristics recurrent episodic presentation
alternating with intervals of remission (Tupin 1972; Miller
and Libman 1979). However, the data suggest that lithium
is most effective in typical bipolar disorder patients, rather
than in a particular cluster of disorders or symptoms.

What are the implications of the data reviewed here
for the understanding of the pathophysiology of bipolar
disorder? Bipolar disorder seems to be a very particular
psychotic disorder whose pathophysiological mecha-
nisms are positively affected by lithium treatment, in a
unique way. The neurochemical mechanisms that con-
fer this specificity are not yet known. Lithium has vari-
able effectiveness in schizoaffective patients, depending
upon on how close their clinical picture is to bipolar
disorder and the prominence of affective symptoms. No
significant therapeutic effects are present in schizophre-
nia. A critical question about the etiology of the disor-
der, based on the observed specificity of the lithium ion,
to be addressed in future studies is: What are the patho-
physiological mechanisms present in bipolar disorder,
and not present or corrected in schizophrenia or other
neuropsychiatric disorders, that lithium affects?
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Promising research has begun, looking at lithium’s
action on different steps of the cellular signal transduc-
tion pathways (Baraban et al. 1989; Manji and Lenox
1994; Maniji et al. 1995). The development of new drugs
with the ability to inhibit the inositol monophosphatase
is a current area of research (Kofman and Belmaker
1993; Atack et al. 1995) and may prove to be a useful ap-
proach to drug development in this field, although this
does not seem to be a common mechanism of action for
the treatments effective in this condition.

In conclusion, lithium is a specific treatment for bi-
polar disorder, and the study of this paradigm may re-
sult in better understanding of the pathophysiology of
this condition. The study of pathophysiological mecha-
nisms in lithium responders, across diagnostic catego-
ries, and the identification of common mechanisms of
action for the treatment modalities that are beneficial
for this condition, can shed further light into the basic
mechanisms underlying lithium specificity. This model
of specificity, unparalleled in psychiatry research, should
be further explored, as a potential fruitful paradigm to
understand the pathophysiology of this disorder.
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