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YUNG, C Y Neuropsychtatrtc mamfestattons of alkah metal defictencv and excess PHARMACOL BIOCHEM 
BEHAV 21: Suppi 1, 71-75, 1984--The alkah metals from the Group IA of the periodic table (httuum, sodium, 
potassmm, rubldmm, cesium and franemm) are reviewed The neuropsychiatnc aspects of alkah metal deficiencies and 
excesses (intoxications) are described Emphasis was placed on litluum due to its climcal uses The szgns and symptoms of 
these condlUons are charactenzed by features of an orgamc braan syndrome with dilmum and encephalopathy prevailing. 
There are no chmcally distractive features that could be rehably used for dmgnoses. Sodium and potassmm are two 
essential alkali metals m man. Lltluum is used as therapeuUc agent in bipolar affectlve disorders. Rudibmm has been 
mvest~gated for its anUdepressant effect m a group of psycluatnc dtsorders. Cesium is under laboratory mvestigaUon for its 
role m carcinogenesis and m depressive dlness Very little is known of francmm due to its great mstablhty for experimental 
study 

Alkah metals Cesmm Lithium Potassmm Rub~dmm Sodmm 

THE neuropsychiatric syndromes associated with alkal! 
metal deficiency and excess (intoxication) were studied in 
relationship to their similarities and to differences in their 
psychiatric manifestations. The alkali metals are umvalent 
metals occupying Group 1A of the periodic table. They are 
lithium (Li), sodium (Na), potassium (K), rubidium (Rb), 
cesmm (Cs) and francmm (Fr). They are electrically positive 
charged and evolve heat when m contact with water. In the 
human body, only Na and K are essenUal and vital to life, so 
much so that a mere variant in their concentration m either 
the extracellular or mtracellular spaces can produce an acute 
dysfunction of vital organs as the brain, heart and kidney 
leading to a hfe threatening situation. 

Climcally, the syndromes of Na and K excess and deft- 
c~ency are common occurrences in medicine, as in hypona- 
tremm, hypernatremm, hypokalemm and hyperkalemm. 
These syndromes are invariably secondary to a variety of 
underlying medical disorders Intoxication occurs either dur- 
ing hthium therapy for affeclave disorders or from an over- 
dose. There are no reports on hthium deficiency. There is no 
avmlable data on the neuropsychiatric aspects of Cs, Rb and 
Fr deficiencies and intoxications, although there are several re- 
ports on the treatment of Cs mtoxlcaUon m man [24, 26, 57] 

LITHIUM 

Lithium is a monovalent cation, with a number of proper- 
ties similar to Na and K. It belongs to the same group 1A of 
the periodic table. Unlike Na + and K +, Ll + is equally dis- 
tributed between mtracellular and extracellular body com- 
partments. It is transported into the cell as efficiently as Na +, 
but it is pumped out slowly via the Na-pump. Lithium pos- 
sesses a diagonal relationship with other elements, i.e., simi- 
lar properties with the second and thud member of the alkali 

earth metals, magnesmm (Mg) and calcium (Ca). It is also an 
electrolyte. It has the same electrical charges as Na and K; 
an ionic radms similar to Mg and charge density similar to 
Ca. With all these similarities, it is understandable that Li 
will affect all those systems dependent on or related to Na, 
K, Mg and Ca. In addition, Li has effect at the cellular and 
molecular levels, such as enzymes, membrane components 
and transport mechanisms. 

Excess (intoxication) was initially reported in 1913, when 
it was used as a salt substitute for cardiac disease patients 
[ 10,13]. It was not until the wide spread of clinical useage of 
Lz m affectlve disorders, that Ll polsonmgs with neuro- 
psychiatric deficits have become frequent. L~thium excess 
may appear e~ther as an acute or as chronic forms of intoxi- 
cation [8, 11, 33, 64, 65]. For practical purposes, the major 
s~gns and symptoms of Li intoxication that is grouped can be 
summarized into neurological and psychiatric features 

The Neurologtcal Features of  Li Intoxication 

Neurological defcits from Li intoxication may be divided 
Into three categories; (a) the prodromal phase with or with- 
out minor neurological signs, (b) acute brain syndrome with 
encephalitic-like syndrome without permanent deficits [1, 
10, 13, 25, 29, 50] and (c), acute brain syndrome with perma- 
nent neurological deficits [5, 11, 16, 33, 64, 65]. 

(a) The prodromal phase The side effects of Li are 
numerous, affecting almost every body system [8, 17, 35, 59]. 
It ~s an accepted clinical practice to regard the presence of 
tremor, polydipsla, polyuna, restless and trdtability as the 
beginning prodromal signs of possible or impending Li intox- 
scaUon, untd found to be otherwise by_ serum Ll + level and 
no further exacerbation of signs and symptoms [5,58]. One 
needs to be mindful of the fact that in patients with defirum 
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due to L1 intoxication, there may be a temporal dlsassocm- 
tion of serum LI level from the clinical manifestation of LI 
intoxication [15] 

The interesting and preliminary studies by Alexander et 
al [2] on two different forms of L1 isotopes is worth mention- 
mg Animals studies showed that there is a striking differ- 
ence in the toxicity of two forms of isotopes of LI, ~L1 and 
7El The 6LI is found to be present m 7 6% of naturally 
occurring L~, and is more toxic These differences may ac- 
count for the temporal disassociation of serum LY from the 
chnlcal signs of LI toxicity, as well as for the reports of Ll 
toxicity with low serum L~ + concentration Moreover, fine 
tremor of hands is a common side effect of L1, l e ,  44-88% of 
the patients [27] It may effect the lowerjaws and limbs [55] 
l f the  tremor is coarse and more flapping, it could be a sign of 
neurotoxlclty [61]. Non-progressive cogwheel rigidity and 
muscular weakness are also minor neurological signs [21,54] 

(b) Acute brain syndrome not due to an intentional or 
accidental overdose of Ll salts can occur abruptly without 
much warning. The signs are encephalitic-hke They are, 
clouding of the consciousness, hyperpyrexla, intentional 
tremor, asterlxis, repetitious movements or cogwheel rigid- 
ity of the extremmes, [54] truncal and appendlcular ataxm 
[31], scanning speech, nystagmus and bilateral dysmetrla [5], 
choreoathetosls [48,70], parkinsonism [28], seizures [32], 
tardlve dysklnesia [11], coma and death Most patients re- 
cover without residual deficits A case of emergence of 
myasthema gravis during LI therapy was reported [45] 

(c) A~ute bram syndrome with permanent neurological 
deficus A review of reports on this subject showed that 
most of the patients reported to be exhlbmng neurological 
deficits due to L~ intoxication, were also receiving concomi- 
tant medications These medications were, halopendol (n=7) 
[11, 16, 59], alcohol abuse with clorazepate [65], superim- 
posed cardlopulmonary complications [33,64], car- 
bamazepme [9], thlondazine [68], phenytom [23], chlor- 
promazine [62,64], sulfa methoxazole [65], methyldopa [46] 
and electroconvulslve therapy [41] Apte reported [5] 2 cases 
of permanent neurological deficits due to L~ toxicity without 
evidence of other drug use There were a total of 17 cases 
reported so far of permanent neurological deficits as re- 
wewed most recently by Donaldson [16]. Apte's [5] 2 cases 
were not included in his report 

These chmcal presentations of signs and symptoms 
suggest the involvement of multiple sites in the CNS, i.e , 
the cerebellum [16,31], the extrapyramldal system as the 
basal ganglion [70], and the pons [19]. An autopsy finding has 
been reported In a patient who had permanent neurological 
deficits three years prior to death [47] The neuropathologl- 
cal findings were extensive damage to the granule and pur- 
klnje cells m the cerebellum, ghosts in the dentate nucleus, 
the Inferior olive and the nucleus ruber, cytoplasmic Inclu- 
sions m various nerve cells of the cranml nerve nuclei, cyto- 
plasmic vacuoles m cells of the supra-optic nucleus. How- 
ever, little damage could be found m the substantla nlgra and 
in the neostrmtum [47] 

The Psychiatric Features of  LI Intoxication 

This involves predominantly the cogmtlve sphere and 
functions, occasionally the perceptual system. These 
changes could range from the very milk and subtle which 
may escape the attention of both the patient and physician to 
gross disorganization of mental faculties, such as mental 
confusion and d~sortentat~on The cognitive Impairments are 

characterized by decreased speed of thinking and cognitive 
processing, slowness m input integration, decreased vigi- 
lance, decreased subjective well-being [6] decreased or en- 
hanced creatlwty m artistic production [51], a relatwe lower- 
lng of the level of memory, poor long-term memory [3, 12, 
34, 36, 49, 56] and perceptual processing, impairment in at- 
tention, productivity and emotional reactivity [38] A slight 
but defimte lmpaJrment of mood, learning, concentration, 
and memory were found in volunteers recewlng L1 [7, 30, 
43] There are no long-term follow-up studies of patients to 
determine if these changes are reversible or not There are 
studies which showed no evidence of cortical dysfunction m 
patients (n= 13) younger than fifty-five years old [20] and LI 
d~d not worsen the orgamc status of malnlC depressive pa- 
tients with concomitant orgamc braan diseases [69] In addi- 
tion, L1 had no adverse effect on 13 patients tested with 
"free recall" task [42] However, there were two reports 
suggesting the increased rate of L~ toxicity in patients w~th 
schizophrenia (54%) and schlzoaffective disorders (71%), al- 
though this was not supported by a recent rewew [68] There 
may be other factors predisposing patients to L~ tox~oty, 
e g ,  vulnerablhty of acute psychotic patients, electrolyte 
deficits marked psychotic symptoms and intensive anxiety 

SODIUM (Na) 

It IS the principle extracellular cation and is continuously 
being removed from cells by an active energy-requlnng 
transport mechamsm The range of plasma sodium value ~s 
from 138 to 145 mEq/L, and less then 5 mEq/L In the intro- 
cellular fluid 

Hyponatremta 

A common clinical problem in water and electrolyte bal- 
ance when Na + level is less than (<136 mEq/L) The neuro- 
psychiatric signs and symptoms varies with the severity and 
rapidity with which the hyponatremlc state develops In 
chronic hyponatremla, the body may adapt to these slow 
changes w~th nonspeclfiC and vague symptoms such as 
thirst, nausea, abdominal discomfort, a change in sense of 
taste, nightmares, generalized cramps of hands, fatigue, 
exhaustion with minimal exertion, apathy, headaches, dull- 
ing of mental processes [60] This can be misinterpreted as a 
depression It can progress to weakness, restlessness, con- 
fusion, dehrlum and coma, muscle twitching, tremor to focal 
myoclonlc or grand mal seizures 

The acute onset of hyponatremla presents with features of 
an organic brmn syndrome known as "hyponatremlc 
encephalopathy", such as ~mpawed concentrauon and recent 
memory, disorientation, somnolence, coma, illusion and 
hallcuination Early intervention and treatment can reverse 
the condition However, prolonged or severe hyponatremia 
may cause ~rreverslble brain damage and death The 
pathogenes~s is cerebral edema and bralnstem herniation 

Hypernatremta occurs when the serum concentration is 
in excess of (> 150 mEq/L) The neuropsychiatrlc symptoms 
could be mild and subtle ff the onset is gradual and with less 
severe degree of extracellular sodium changes The symp- 
toms are irntabihty, hyperactivity or lethargy In the acute 
and severe form, there are changes of personality, stupor, 
coma and abnormal movements such as tremor, chorea, 
myoclonlc jerks, cogwheel-rigidity, memory impairment and 
hallucination Other neurological signs are hyperreflexta, 
seizures, ataxia and EEG changes The pathological findings 
m the brain are tearing of cerebral blood vessels, multiple 
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petechial hemorrhage in the cortex or subdural, subaranoid 
and mtracerebral hemorrhages. 

Psychtatrw Disorders 

Hyponatremia may be induced by psychotropic drugs 
which could set off an mappropnate secretion of  anladiuretlc 
hormones Dlstrubances of  sodium balance has been lmph- 
cated to play a part in affectave disorders [6]. At present, 
there is no evidence to support any of  this hypothesis. Judg- 
ing from the lack of  recent publications on this subject in the 
literature, the role of  sodium in affective disorders is being 
neglected ff not Ignored. 

POTASSIUM (K) 

This is the major cation in man and the principle 
lntracellular cation. The normal serum levels vary from 3.5 
to 5.5 mEq/L. 

Hypokalemta 

Psychiatric manifestation of  hypokalemia with K + levels 
less than 3 mEq/L IS charactenzed by subtle personality 
changes such as irritabihty, apathy, lethargy, 
psychoneurosis; mood changes as dysphoria, feelings of  
hopelessness and helplessness and even suicide ideation; 
and rarely hallucinations. The severe form is presented as an 
acute brain syndrome with delirium, memory impairment, 
confusion, and disorientation. There are reports to suggest a 
decreased K + concentration in cerebral tissues of  patients 
who committed suicide [6,66] as well as significant decrease 
m Na + body. Also, K + was found low in depressed patients 
both during the depression and after recovery [53]. A loss of  
mtracellular K + and a retention of  intracellular Na +, while 
the plasma level of  both cations remain normal, in both de- 
pression and dementia [14]. 

The neuromuscular symptoms from hypokalemia are 
paresthesias, cramps; muscle spasms (twitchings pain or 
tenderness); mild to severe generalized weakness, especially 
the proximal muscles in the leg and quadriceps; an ascending 
or flaccid paralysis (if K IS <1-2 mEq/L) which can be 
periodic [52]; and be mistaken as conversion or muscul 
skeletal disease, respiratory failure and death may ensue ff 
paralyslc involves respiratory muscles and the diaphragm 
Hypokalemla may be due to primary aldosteromsm, Cush- 
ing's syndrome, non-k-sparing diuretic therapy, laxatives 
and self-induced vomiting in bulimia, renal tubular acidosis, 
antibiotic therapy, myeloid and monocytic leukemia, gas- 
tromtestinal and renal loss of  K, and mflammatory disease. 

Hyperkalemla occurs when K ÷ plasma levels are greater 
than 5.5 mEq/L Cerebrocortical functions may remain in- 
tact. Neuromuscular symptoms are muscle weakness, dys- 
phasia, dysarthna and ascending or generalized flaccid 
paralysis (K+>8 5 mEq/L) Hyperkalemla could be lethal 
with cardiac asystole and arrest at (10-20 mEq/L). Hyper- 
kalemla can be secondary to renal disease, K-sparing diure- 
tic, tissue breakdown, and excess intravenous K input. 

RUBIDIUM 

This is found In virtually all biological systems, and re- 
sembles potassium physiologically. Laboratory data showed 

Rb can displace intracellular K + mEq for mEq. It has a bmlog- 
ical half life of  50 to 60 days. It was used as early as 1877 in 
cardiac disorder, and 1880 in epilepsy [18]. It has been re- 
ported to have a subjective sense o f  well being with no re- 
ports of irreversible side effects The chemical, biochemical, 
behavioral, clinical properties and the antidepressant effect 
on mood and behavior of  Rb has been extensively reviewed 
by Fieves [18]. Experimental tnals in different patient popu- 
lations (unipolar and bipolar affectlve disorders, schizo- 
phrenic disorders) of  6 separate chmcal tnal studies on a 
total of 130 patients concluded that Rb may exert 
nuerochemicai and behavioral effects opposite to that of  Li, 

e., it has antidepressant effects with an increase in well 
being of  mood activity Due to its long half-life, its ability to 
displace K, and lethality to animals when R b enter the blood 
stream rapidly, require further extensive animal toxicologi- 
cal studies before any extenswe clmical trials in human. 

CESIUM 

This element behaves in the body similar to K +, i.e., a 
higher concentration in intracellular than in extracellular 
compartment. There has been no data available on the effect 
of  Cs + on mental functions on humans. There are clinical 
reports of  treatment of  accidental exposures to and overdose 
of  Cs with ammonium molybdate and Prussian blue, but 
there is no description of the psychiatric conditions of  these 
individuals [40]. Animals studies suggest that Cs has stimul- 
ant effect on behavior by increasing the responsiveness of  
rats to environmental features which is opposite of  hthium 
(attenuates stimulus processing). Cs is being used as ~3~Cs 
scan for thyroid modules, in positron emission tomography 
scintillation detectors, and as isotope 137Cs telegamma 
therapy in largyngeal and skin cancer in Poland [26,57]. 

FRANCIUM 

This is the heaviest member of  the alkali family, with an 
atomic weight of  223 and atomic number of  87. I t 's  chemical 
property is similar to Cs. Little is known of  this metal be- 
cause of  its great instablfity and its isotope has a short half- 
cycle. 

The foregoing review of  literature showed that the clinical 
manifestations of  a mild to moderate degree of  alkali metal 
(Na and K) deficiencies or excesses (Na, K and Li) could 
mimic a number of  psychiatric conditaons In hyponatremia, 
the signs and symptoms are similar to a depressive syn- 
drome. The periodic paralysis in hypokalemia may be msta- 
ken for a conversion hysteria. A hypernatremic state may 
induce an irritable mood with subtle changes in personality 
patterns. The severe and acute forms of  alkali metal de- 
ficiencies or excesses manifest themselves as an organic 
brain syndrome with deliria which may be difficult to differ- 
entiate from an encephalopathy. 

The cognitive function impairments due to long term LI 
use should be alerted in any patient on Li maintenance 
therapy [8,20]. It appears that there is no distractive features, 
clinically, for diagnoses of  alkah metal deficiencies and ex- 
cesses. It remains to rely on a physician's diagnostic acuity 
and awareness and a laboratory confirmation. 



74 Y U N G  

R E F E R E N C E S  

1 Aguhmk, P L ,  A Dlmasclo and P Moore Acute brmn syn- 
drome associated with hthmm therapy Am J Psychmtry 129: 
621-623, 1972 

2 Alexander, G J ,  K W Lmberman, M Okamoto and P E 
Stokes Llthmm toxicology effect of isotopic composmon on 
lethality and behavior Pharmacol Btochem Behav 16: 801-804, 
1982 

3 Amlnoff, M J , J Marshall and G Smith Cognmve function in 
patients on lithium therapy BrJ Psychtatry 125:109-110, 1974 

4 Anmtto, W J Recogmzmg hthmm associated neurotoxlclty 
Drug Ther 4: 45-51, 1979 

5 Apte, S N Permanent neurological deficits due to hthmm tox- 
icity Ann Neurol 13: 453-455, 1983 

6 Baer, L ,  S R Platman and R R Fleve The role of electrolytes 
m affecUve disorders Arch Gen Psychol 22:108-113, 1970 

7 Bech, P and J Thumsen The profile and severity of hthmm 
induced side effects in mentally healthy subjects Neuro- 
psychobiology 3: 160-166, 1979 

8 Brown, W T Side effects of hthlum therapy and their treat- 
ment Can Psychmtr Assoc J 21: 13-21, 1976 

9 Chaudhry, R R and B G H Waters Llthmm and car- 
bamazepme mteractlon Possible neurotoxlclty J Chn Psychi- 
atry 44: 30-31, 1983 

10 Cleveland, S A A case of poisoning by hthmm JAMA 60: 
722, 1913 

11 Cohen, W J and N H Cohen Llthmm bicarbonate, haloperl- 
dol and lrrevermble brain damage JAMA 230: 1283-1287, 1974 

12 Coppen, A , A Bailey and R Rao Lithium and memory lm- 
pmrment Lancet 1: 446, 1978 

13 Corcoran, A C ,  R D Taylor and I H Page Lithium poison- 
me from the use of salt substitute JAMA 139: 688-692, 1949 

14 Cox, J R ,  E P Rosemary and C J Spelght Changes in 
sodium, potassium and fiuld spaces in dementia and depression 
Gerontol Chn 13: 232-245, 1971 

15 De Paulo, J R ,  J r ,  M F Folstem and E I Correa The 
course of dehrium due to hthmm intoxication J Chn Psychmtry 
43: 447-449, 1982 

16 Donaldson, I M and J Cumngham Persisting neurologlc 
sequelae of hthmm therapy Arch Neurol 40: 747-751, 1983 

17 Duncavage, M B ,  M A S J N a s e a n d E  G Altman Subjec- 
tive side effects on hthlum carbonate A longtitudmal study J 
Chn Pysychopharmacol 3: 100-102, 1983 

18 Fmve, R R and K R Jamlson Rubidium Overview and clini- 
cal perspectives Mod Probl Pharmacopsychtatry 18: 145-163, 
1982 

19 Francis, R and M Trail Llthmm dlstribuUon In the brains of 
two manic patients Lancet 129: 523-524, 1970 

20 Friedman, M J , C M Culver and R B Ferrell On the safety 
of long-term treatment with hthmm Am J Psychmtry 134: 
1123-1126, 1977 

21 Ghardman, A M and H E Lehamn Neurological side-effects 
of hthlum Comp Psychiatry 21: 327-335, 1980 

22 Glessmger, B Evaluation of lithium in treatment of psychotic 
exlctement Med J Aust 41: 277, 1954 

23 Goldwater, L and M Pollack Neurological sequelae after 
hthlum intoxication N Z Med J 84: 356-358, 1976 

24 Gorzkowslo, B A and T J Majle Ehmmatlon of 137 Cs from 
the gastrointestinal tract of the rat after administration of am- 
monmm molybdate Health Phys 39: 971, 1980 

25 Hansen, H E and A Amdlsen Llthmm intoxication Q J Med 
186: 123-148, 1978 

26 Inuma, T A ,  M Izawa and K Watan Application of metal 
ferrocyanide-amon exchange resin to the enhancement of ehmi- 
nation of 137 Cs from the human body Health Phys 20: 11, 
1971 

27 Jarret, D B ,  J Serry and G D Burrows Llthmm-mduced 
tremor M e d J A u s t  1: 21, 1975 

28 Johnels, B , L Walhn and J Wahnder Extrapyramidal side- 
effect of lithium treatment Br Med J 2: 642, 1976 

29 Johnson, G F S Lithium neurotoxiclty Aust NZJPsychtatry 
10: 33-38, 1976 

30 Judd, L L , B Hubbard and D S Janowsky The effect of 
hthmm bicarbonate on the congreve functions of normal sub- 
jects Arch Gen Psychiatry 34: 355-357, 1977 

31 Juhen, J , J M Vallat and A Lagueny Myopathy and cerebel- 
lar syndrome dunng acute polsomng w~th hthmm carbonate 
Muscle Nerv 2: 240, 1979 

32 Jus, A ,  A Vllleneuve and J Gautleret al Some remarks on the 
influence of Llthmm with temporal epilepsy lnt J Chn Pharam- 
col Btopharm 7: 67-74, 1973 

33 Juul-Jensen, P Permanent brain damage after hthium intoxi- 
cation Br Med J 4: 673, 1973 

34 Karmol, I G ,  J Dalton and M H Lader Acute and chronic 
effects of lithium chloride Psychopharmacology (Berhn) 57: 
289-294, 1978 

35 King, J R and R P Hulhn Withdrawal symptoms from 
hthlum 4 case reports and a questionaire study Br J Psychiatry 
143: 30-35, 1983 

36 Kropf, D and B Mlller-Verhnghausen Changes In learning, 
memory and mood during lithium treatment Acta Psychmtr 
Stand 59: 97-124, 1979 

37 Loudon, J B and H Wanng Toxic reaction to lithium and 
haloperidol Lttr to Ed Lancet 2: 1088, 1976 

38 Lund, Y ,  H Nlssen and O J Rafaelson Long term lithium 
treatment and psychological function Acta Psychtatr Stand 65: 
233, 1982 

39 Lyskowskl, J ,  H A Nasrallah, F J Dunnerand K Bucher A 
longitudinal survey of side effects in a hthmm clinic J Chn 
Psychiatry 43: 284-286, 1982 

40 Madshus, K , A Stromme, F Bohne and V Nlgrovlc Diminu- 
tion of radlocaescmm body-burdens in dogs and human beings 
by Prussian-blue lnt J Radtat Btol 10: 519, 1966 

41 Mandel, M R ,  J Madsen, A L Miller and R J Baldessanm 
Intoxication associated with lithium and ECT Am J Psychmtry 
137: 1107-1109, 1980 

42 Marusarz, T Z ,  E A Wolpert and S D Koh Memory pro- 
cessmg with hthmm carbonate J Chn Psychiatry 42: 190-192, 
1981 

43 Mueller-Oerhnghausen, B , H Bauer and W Glrke et al Im- 
pairment of vlhgance and performance under lithium treatment 
Pharmako Psychiatry 10: 67-78, 1977 

44 Muller-Oerhnghausen, B Psychological effects, compliance, 
and response to long-term lithium BrJ Psychiatry 141:411-419, 
1982 

45 Nell, J F ,  J M Hlmmelhoch and S M Llcata Emergence of 
myasthemla gravis during treatment with lithium Arch Gen Psy- 
chiatry 33: 1090-1092, 1976 

46 O'Regan, J B Adverse interaction of lithium carbonate and 
methyldopa Letter to Ed Can Med Asso~ J 115: 385-386, 1976 

47 Pelffer, J Chmcal and neuropathologlcal aspects of long-term 
damage to the central nervous system after hthlum medication 
Arch Psychlatr Nervenkr 231: 41-60, 1981 

48 Peters, M A Lithium intoxication producing choreoathetoms 
with recovery Wts Med J 48: 1075-1076, 1949 

49 Preodor, D ,  G Y Wolpert and D Ostrow Memory loss with 
lithium treatment Am J Psychiatry 134: 1047-1048, 1977 

50 Schou, M , A Amdlsen and J Trap-Jensen Lithium poisoning 
Am J Psychiatry 125: 520-527, 1968 

51 Schou, M Artistic productivity and hthmm prophylaxis in 
mamc-depresslve illnesses Br J Psychiatry 135: 97-103, 1979 

52 Shakhnovltch Rusek Vratch 32: 527-538, 1882 
53 Shaw, D M and A J Cooper Potassium and water dlstnbu- 

uon in depression Br J Psychiatry 112: 269-276, 1966 
54 Shopsm, B and B Gershon Cogwheel rigidity related to 

lithium maintenance Am J Psychiatry 132: 536--538, 1975 
55 Spews, J and S R Hlrsch Severe hthmm toxicity with "nor- 

mal" serum lithium concentrations Br MedJ  1: 815-816, 1978 



A L K A L I  M E T A L S  75 

56 Squire, L. R., L Judd, D Janowsky and L. Y. Huey. Effects of 
lithmm bicarbonate on memory and other cognitive functioning. 
Am J Paychsatry 137: 1042--1046, 1980. 

57 Stromme, A. Increased excretion of 137 Cs m humans by 
Prussian-blue. In. Diagnosis and Treatment of Deposzted 
Radtonuchdes, edited by H A. Kornberg and W D Norwood. 
Amsterdam" Excerpta Medical Foundation, 1968, p. 329. 

58 Svestka, J , K Nahunek and A. Radova. Side effects and com- 
phcataons of Llthmm therapy Act Nerv Super (Praha) 12: 264-- 
265, 1970. 

59. Thomas, C T Brain damage with hthmm halopendol Br J 
Psychtatry 134: 552, 1979. 

60 Tuccl, J. R Neuropsychiatrlc syndromes of electrolyte Imbal- 
ance In" Electrolytes and Neuropsychlatnc Disorders, edited 
by P E. Alexander New York" S P Medical and SclenUfic 
Books, 1981, pp. 1-88 

61 Tyrer, S and B Shopsln Neural and neuromuscular side- 
effects of llthmm. In: Handbook of Lzthlum Therapy, edited by 
F N. Johnson Baltimore. Umverslty Park Press, 1980, pp 
289-309. 

62 Uclugata, M ,  H. Tanabe and Y Hasue A case with neurolog- 
ical dlstrubance due to hthmm mtoxicataon" a specml reference 
to peripheral neuropathy and cerebellar invovlement Rmsho 
Shmkelgaku 18: 185-191, 1978 

63. Vacaflor, L Litluum side effects and toxicity. In: L~thtum Re- 
search and Therapy, edited by F N Johnson. New York. Aca- 
demic, 1975, pp. 211-216 

64. Von HarUtzsch, B., N. A. Hoemch and R. J Lelgh Permanent 
neurologlc sequelae despite hemodialysls for hthlum intoxica- 
tion. Br Med J 4: 757-759, 1972. 

65 Wanck, L. H Lithium polsomng---report of a case voth 
neurologlc, cardiac and hepatic sequelae West J Med 130: 
259-263, 1979 

66 Webb, W L ,  Jr and M Gehl Electrolyte and fired imbalance 
Neuropsycluatnc manifestation Psychosomattcs 22: 199-203, 
1981 

67. West, A P Llthmm neurotoxlclty m schtzophrenlc and 
schtzoaffecUve pauents. Int Pharmacopsychtatry 17: 91-103, 
1982 

68 West, A. P and H. Y Meltzer. Paradoxical hthmm 
neurotoxlcty Am J Psychiatry 136: 963-966, 1979 

69. Young, L. D ,  I Taylor and V Holmstrom. Llthmm treatment 
of pataents with affecUve illness assocmted with organic brain 
symptoms. Am J Psychiatry 134: 1405--1407, 1977 

70. Zorumska, C F. and G. L. Baleris. Choreoathetosls assocmted 
with hthmm, case report and hterature review Am J Psychol 
140: 1621-1622, 1982 


