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YUNG, C Y A synopszs on metals m medwme and psychiatry. PHARMACOL BIOCHEM BEHAV 21: Suppl 1, 
41-47, 1984 --A total of 40 metals are reviewed and summarized to give a general perspective on the metal's two major 
effects, relevant to medicine and psychiatry m man. These two effects are metal excess (poisoning) and deficiency. These 
metals are grouped arbitrarily into six categories; (a) The heavy metals, (b) the essentml and questmnable essential trace 
elements, (c) the macronunerals, (d) the alkah metals, (e) elements used as therapeutic agents, and (f) miscellaneous 
elements. The heavy metals are mvanably toxic and could be lethal, and no defioency state has yet been descnbed m man, 
although arsemc has been postulated to be essential. The essential trace elements are vital to a number of vital physiological 
and bmchemical functions, and newer essential trace elements are to be identified m the future The recent findings suggest 
vanadmm excess may aggravate the affective symptoms m bipolar affectave disorder; selemum may inhibit certain car- 
cmngenesls such as oesophageal cancer; and sihcon may mlub~t atheromatous formatmn m the aorta. There zs also some 
suggestmn that certmn allergic syndromes may be correlated with very low levels of iron, copper, manganese The study of 
elements will undoubtedly expand the understanding of disease processes m medicine and psycluatry 

Elements Metals Polsomng Psychiatry 

METAL deficiencies and excesses (poisonings) have been 
gaining considerable interest and attention in various health 
sciences desciphnes. This includes medicine, public health 
and nutrition, environmental pollution and contaminations 
with industrial chemicals, bioactive and radioactive prod- 
ucts. Decades ago, medicine was concerned with the iden- 
tification, treatment and prevention of metal deficiencies and 
excesses. Recently, the interests have been focused on in- 
vestigatmns related to the role of metals, especially the trace 
elements, m carcinogenesis, e.g., zinc, selenmm and moly- 
bdenum; in affectwe disorders m psychiatry, e.g., hthium and 
vanadium, and in neurological disorders, e.g., aluminum in 
dementia. The number of publications on chemically induced 
neurological diseases has increased considerably during the 
past decade and therapeutically related toxic reactions from 
drugs make up the largest reporting group [25]. 

This paper is a concise overview of 40 elements, serving 
as a general reference with a broader perspective and inter- 
est in the roles of metals m medicine and psychiatry. The 
basic aspects of the physiochemical and biochemical prop- 
erties of metals, the metabolic pathways, the clinical man- 
ifestations and treatments will not be dealt with The reader 
is referred to the appropriate source on these specific issues 
as provided in the references 

GENERAL ASPECTS OF METAL 

Bonner gave an excellent review on the biochemical 
properties, metabolic processes and enzymatic reactions in- 
duced by metals [3]. Following are aspects of metal proper- 
ties of clinical relevance. 

The whole blood body and brain concentrations of some 

of the elements to be described in th~s paper is presented in 
Table 1. Thts shows a concentration range from /~g to g 
levels dependent on the element measured. The toxic reac- 
tions from metals are frequently the result of their binding to 
the metabolically active groups i.e., binding sites. These in- 
clude amino acids, polypeptides, proteins and enzymes. 
These contain carboxyl ( -COOH) ,  phosphoryl (-HPO3), 
amino (-NH2),  lmino (=NH),  sulfhydryl (thiol) ( - S H )  and 
phenolic groups. For example, most of the heavy metals bind 
the thiol groups, which are binding sites on enzymes, crucial 
to energy provisions or oxygen transport m cells. Arsenic, 
mercury, antimony and cadmium bind the sulhydryl group 
and become highly toxic. The affinity of mercury for binding 
with these groups is m the following descending order of: SH 
> CONH2 > NH2 > COOH > PO4. 

Metals can also affect the concentration and functions of 
another metal, through several mechanisms. The metal may 
act as an antagonist to certain functions of other metals. 
Sulfur is an antagonist to selenium by competing for reactive 
sites in certain enzymes while zinc and molybdenum are 
antagoistic to copper. Also, increased intake of either of zinc 
or molybenum increases the requirement for another metal, 
! e ,  copper, and may induce a copper dtficiency state. On the 
other hand, increased sulfate will increase the excretion of 
molybdenum. 

Metal also can affect the bioavaflabihty of other metals or 
toxicity of trace elements. This occurs when an element re- 
sembles another in the atomic structure, which tend to exert 
antagonistic action. This may explain selenium protectmn 
against the toxic effects of excessive zinc and tungsten ac- 
tion against excess selenium intake. In contrast, calcium de- 
ficiency can heighten the teratngenic and toxic effect of lead. 
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TABLE 1 
CONCENTRATION OF METALS 1N HUMANS 

Elements Body Brain 

Calcium 1000-1250 g 
Phosphorus 670 g 
Sulfur 175 g 
Potassmm 140 g 
Magnesmm 35 g 

Iron 3-4 g 
Zinc 1 4-2 3 g 
Llthmm 
(Therapeutic dose range) 
Copper 100-150 nag 
Iodine 20-50 rng 

Manganese 12-20 mg 
Nickel 10 mg 
Selenium 1 1 /xg/100 ml* 
Vanadium 1 0 t~g/100 ml* 
Molybdenum 10-20 rag 

Chrommm 6 mg 
Cobalt x 1 mg 

500 micrograms 

130 micrograms 
45 m~crograms 
20 micrograms 

*Whole blood 

In addition, some metals malntam an equlhbnum with an- 
other metal. For example, high dietary phosphorus content 
may lead to high calcium requirement. Therapeutic drugs 
may also reduce alteration in the metabolism of some miner- 
als This is seen in hypokalemia which can be induced by 
dmretics, salbuamol and certain antibiotics Cortlcosteriods, 
phenylbutazone, oxyphenbutazone and carbenoxolone 
sodium increase sodium retention. Carbamazepine induces 
hyponatremia, because of the anUdiuretic action through its 
vasopressin-hke action. Chlorproprarmde induces water in- 
toxication then to hyponatremla Drugs hawng effects on 
macrominerals are diuretics which can induce magnesium 
depletion, and hydroxycholecalciferol winch may lead to 
magnesium Intoxication Heparin and steroid may trigger os- 
teoporosis, phenytIon and laxatives may cause hypocal- 
cemia and alurmnnum hydroxide antacids accounts for 
phosphate deficiency and osteomalacla [10]. 

Genetic factors may also play a role in metal toxicity 
There are certain metal deficiency syndromes which are due 
to inherited genetic defects, e g ,  copper deficiency In 
X-linked Menke's kinky hmr syndrome, zinc deficiency in 
acrodermatitis enteropathia. Winle copper excess, as in Wil- 
son disease, is due to an autosomal recessive transmission 
with defective syntheses of ceruloplasmin. 

SYNDROME OF METAL DEFICIENCIES AND EXCESSES 

Heavy Metals 

It is so named due to their greater atomic weight than the 
physiologically essential elements. Table 2 summarizes the 
signs and symptoms and source of heavy metal poisomng 
Six elements have been found to cause toxicity in humans [ 1, 
3, 9]. These are arsenic (As), antimony (Sb), cadmium (Cd), 
lead (Pb), mercury (Hg) and thallium (Tl) [1, 4, 17, 18, 20]. 
Chronic lead poisoning is of great importance In pediatrics 

and cinld psychiatry Because of its insidious onset, and its 
clinical features may mimic other medical and psychiatric 
disorders, chronic lead poisoning could be mlsdiagnosed as 
growth and developmetnal failures, hyperklnetic syndrome, 
and learning disabilities. No known deficiency syndromes m 
tins group has been described in man. However, recent data 
indicates that As may be an essential element and this 
suggests that a deficiency syndrome may exist for As [1,21]. 

Mmeral Elements 

The term macrommeral is used to denote a group of ele- 
ments which are present in the largest amount m the human 
body, while "trace elements" consist of those elements 
present in small amounts Table 3 summarizes the signs and 
symptoms of maromineral poisoning and deficiency. 

These macrominerals include sodium (Na), potassium 
(K), phosporus (P), calcium (Ca), magnesium (Mg) chlorine 
(CI), and sulfur (S) Calcium and phosphorus constitutes 
three-fourths of the mineral content of the body, as the main 
structure component of bone and teeth. Iron (Fe) is an es- 
sential mineral element, a functional component of hemo- 
globin, myoglobin, enzyme and plasma iron transport It Is 
stored as ferritin and hemosidenn. I t ' s  deficiency causes iron 
deficiency anemia, and its excess cause hemosiderosls 

Trace Elements 

Trace elements are all those naturally occunng elements 
excluding the macromanerals and the bulk elements (hydro- 
gen, carbon, nitrogen, oxygen and sulfur) The trace ele- 
ments are classified into three categories: (1) the essential 
trace elements, (2) the trace elements with questionable es- 
sentiality, and (3) others The essential trace elements have 
been estabhshed to be vital to human functions as bodily 
nutnents ,  which Is as ~mportant as calories and v~tamins 
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TABLE 2 

HEAVY METAL POISONING 

Elements Source Signs and Symptoms 

Arsenic Contamination in beer, Gastro-lntestmal symptoms 
w i n e  

Insecticide Hyperpigmentatlon 
Gold-mining Edema of face 
Well water Anemia 
Wood preservative Neurotoxlcity 

Neuropathy 

Antimony Smelting Neurotoxlclty 
Helmmthlc drugs 

Cadmium Welding Lung edema 
Soldenng steel Nephropathy 
Cadmium coating Osteomalacla 
Paint Ital-ltm-byo (ouch-ouch disease) 

Lead Dust Convulsion 
Car fumes Anemia 
Pamt Neurotoxtclty 
Plastic industry Encephalopathy 

Mercury Herbicide Gastrointestinal syptoms 
Explosives Coma, death 
Electronic industry Neurotoxlclty 

Mental symptoms (Erythlsm) 
Mmamata disease 

Thallium Insecticide Neurotoxlclty 
Rat poisons Thaihtoxlcosis 
Denaturing 
alcohol 

TABLE 3 
SIGNS AND SYMPTOMS OF MACROMINERAL DEFICIENCY AND POISONING 

Elements Deficiency Poisoning 

Calcium 

Phosporus 

Magnesium 

Tetany 
Decreased bone density in newborns 
Abnormal calcification of bones, teeth 
Osteoporosls 

Dietary deficiency is unknown 
It is present m nearly all foods 
Deficiency usually secondary to renal disease, 
sprue, celiac disease, rickets, osteomalacla, 
hyperthyroidism 

Hypomagnesemla 
Neuromuscular dysfunction (tremor convulsion) 
Deficiency secondary to alcoholism, liver cirrhosis, 
Malabsorptlon, diuretics 

Impawed respiratory and cardiac muscle 
functions 
Milk-alkali syndrome 

Hyperphosphatemla (no specific signs 
or symptoms Usually associates with 
hypocalcemla) 

Muscle weakness 
Coma 
"Hard water syndrome" from dialysis 

They are constitutents of the important molecules such as 
enzymes, cofactors or catalysts m metabolic processes. The 
essential trace element poisomngs and deficmncies [3, 11, 12, 
21, 25, 26, 29, 31, 32] are summarized in Table 4. The trace 
elements with questionable essentiality are summarized in 

Table 5. They are essential to animals, however, the proof of 
its essentiality m man has not yet been established. It is 
possible that some of these elements may be essential in 
certain biological processes or certain diseases, as outhned m 
Table 5. For example, selenium (Se) deficiency has been 
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T A B L E  4 

SIGNS AND SYMPTOMS OF ESSENTIAL TRACE ELEMENT DEFICIENCY AND POISONING 

Elements Deficiency Poxsonlng 

Chromium 
(Cr) 

Cobalt 
(Co) 

Copper 
(Cu) 

Iodine 
(1) 

Zinc 
(Zn) 

Impaired glucose tolerance 
Risk of cardiovascular disease 

Pernicious anemia 
Methylmalonlc aclduna (integral 
part of vitamin B-12) 

Menke's syndrome, blood disorders 

Hypothyroidism 
Goitre 
Cretinism 

Acrodermatms enteropathlca 
Hypogonadal dwarfism 
Poor wound healing 
Hypogeusla 
Hyposmia 

Least toxic of trace elements 
Renal impairments Dermatitis 
Gastrointestinal symptoms 

Cobalt beer cardlomyopathy 
Polycythemla 

Wllson's disease Copper deposits in hver, 
kidney and brain 

Thyrotoxlcosls 

As Zinc chloride (Pulmonary disorders) 

T A B L E  5 

SIGNS AND SYMPTOMS OF DEFICIENCY AND POISONING OF TRACE ELEMENTS WITH QUESTIONABLE ESSENTIALITY IN MAN 

Elements Deficiency Poisoning 

Flonde Dental caries 

Selenium Keshan disease 
Kaschm--Beck's  disease 

Molyb- 
denum 

Carcinogenesis in breast and 
probable oesophageal cancer 

Manganese Defective growth* 

Tin Growth retardatmn* 

Vanadium Growth retardation* 

Nickel 

Slhcon 

Retarded bone growth* 
Hepatocyte abnormalmes* 

Bone and cartilage deformity* 

Mottling of teeth enamel 
Osteosclerosis osteomalacla 
Renal impairment 

"Blind staggers " (cattle) 
Selenosis (cattle) (lameness, stiffness, 
anemia, emanlcatlon) 

Gouthke symptoms 
"Teart syndrome in cattle" (brittle 
bones, deplgmentatlon, anemia) 

Liver dysfunction 
Neuromuscular disturbance 
Symptom similar to Parklnsonlsm 

Gastro-lntestmal symptoms 
Neuromuscular disturbance 
Stannosts (benign pneumoncomoslsl 

Depression or mania in humans ) 
Anemia in animals, damages to 
liver, kidney, heart 

Neurotoxlclty 
PneumonltlS 
Hypoglycemia 
Gastrolntestunal disorder 
Chronic dermatitis 
Resplratry carcinogenesis 

SlhcOSlS 
Urohthiasls 

*Ammals 
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TABLE 6 
SUMMARY OF ALKALI METAL DEFICIENCY AND POISONING 

Medical Disorders 

Elements Deficiency Excess 

Lithium Not known Neurotoxiclty 
Renal impaarment 
Electrolyte disturbance 
Thyroid dysfunction 
Involves almost all body 
organs with side effects 

Hypernatremla Sodium Hyponatremia 
Psychogemc polydipsla 
Syndrome of inappropriate 
secretion of antidluretic 
hormone 

Potassium Hypokalemm Hyperkalemia 
Aldosteromsm Potassium spanng dlureUcs 
Bulimm, anorexia nervosa 
Renal tubular acidosis 

Rubidium Not known Tetany, convulsion, death 

Cesium Not known Neuromuscular toxicity 
convulsion 

Francium Not known Not known 

reported m man, as Keshan disease in China in 1935 [15]. 
This is charactenzed by signs of  congesttve heart failure m 
chddren less than 15 years of  age, with women of chddbear- 
mg age being most susceptible. This disease could be re- 
versed by administering Se. There are two reports of  car- 
diomyopathy in humans assocmted with low blood Se levels 
reported in the USA [6,14]. Selenium depletion has been 
reported to occur m inebriated alcoholic subjects [8]. 
Selenmm may also play a role as an anUoxldant m reduction 
of  carcinogenesis in breast  cancer. 

Molybdenum (Mo) is another trace element wtuch has 
been investigated for ats essentlahty m man [13,16]. A Mo 
deficaency state has been studaed [14], and at has been postu- 
late that Mo may inhibit the development of breast  and 
esophageal cancer [19]. Vanadium (V) has been found to be 
an essentml element for growth and reproduction mammals ,  
with effects on lipid metabohsm and ATPase activaty 
Poisoning has been found m workers exposed to V mmmg or 
alloy steel industry, manifesting behavioral and psychiatric 
symptoms with depression and mania. The effect of  V in 
manic-depressive patients was studied by reducing V levels 
with vatamin C and low V diet, and resulted in improvement 
of  the dlness [22,30]. It has been also postulated that V could 
be a factor in the severity of  manic-depressive symptoms 
[22,30]. The increasing use of parental nutrition in patients 
with cancer and gastro-intestional disorders, a deficiency 
state due to some of  these trace elements could become more 
frequent m medicine [2]. 

The Other Trace Elements 

Aluminum (AI) has been lmphcated m a severe 
encephalopathy syndrome m some pattents undoing chromc 

hemodialysls. This is characterized by dementia with speech 
difficulties, motor dysfunction, loss of  muscle coordination, 
seizures and with fatahty. The source of  AI is possibly from 
the absorption of  alununum contaming antacids, which are 
used to bind intestinal phosphate to reduce the hyperphos- 
phatemm m dialysis patients and secondly there seems to be 
a high concentration of A I m  the water of the geographic 
areas of  high prevalence of dialysis encephalopathy [12]. AI 
excess causes hypophosphatemia.  It has been implicated for 
renal osteomalacia,  and Alzehelmer 's  disease. Some reports 
showed an increase amount of A I m  the brains of  Alzhei- 
mer 's  d~sease patients. However,  there are negative studies. 

Alkali Metals 

Alkah metals are umvalent metals occupying Group 1 A of 
the Periodic Table. They are lithmm (Li) sodmm (Na), 
potassium (k), rubidium (Rb), cesium (Cs) and francium (Fr). 
Sodmm and K are essential and vital to life, so much so that 
either a fall or increase beyond their normal range in their 
concentrations m the mtracellular or  extracellular spaces wdl 
create a hfe threatening situation. Lithium has been the drug 
of  choice m the management of  bipolar affective disorders,  
and has been put to clinical trials in no less than 30 medical 
conditions and 20 psychiatric disorders, The deficiency and 
excess syndromes for these alkali metals are summarized m 
Table 6. 

THERAPEUTIC ASPECTS 

The use of  metal as therapeutic agents will extend beyond 
the current status as replacement of  deficiency states, w~th 
the increasing understanding of  the roles of  metals in the 
biological processes,  and the interaction of  metals with one 
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T A B L E  7 

TOXICITY DUE TO METALS USED AS THERAPEUTIC AGENTS 

Elements Medical Uses Toxic Effects 

Bismuth 

Gold 

Wart 
A colloid bismuth for 
gastric or duodenal 
ulcer 

Chrysotherapy in 
Rheumatoid arthritis 
(sodium aurotMomalate, 
sodium aurothloglucose) 

Lithium See Alkali metal section 

Uramum 

Mercury Calomel 
ointment as topical 
antiseptic 

Cobalt ~ As gamma rays 
Cesium } in radiotherapy 
Radium J In cancer 

Silver Burns 
ophthalmic solution 
(ophthalmia 
neonatorum) 

Florlne Dental caries 
prevention 

Barium Radio contrast medium 

Renal impairment 
Encephalopathy 
Agranulocytosis 
Rickets 
Osteosarcoma 

Dermatitis 
Stomatitis 
Renal damage 
Lung fibrosis 

Nephrotoxlclty 

Nephrotoxiclty 

Radiation pneumonitis 
Carcinogenesis 
Cobalt myocardiopathy 
in beer additives 

Argyria 

Fluorosls 

Gastromtestmlal symptom 
Convulsion 
Hypertension 
Cardiac arrest 

ano ther  Table  7 summar izes  the toxici ty  effects  o f  some of  
the metals  commonly  used as therapeut ic  agents In addi- 
t ion to the possible role o f  Se and Mo in inhibitions o f  
carc inogenesis ,  there  are also o ther  metals  which may have  
ant i -cancer  act ivi ty,  such as plat inum (Pt) and rhodmm (Rh) 
in the form of  e thy lenedianune  complexes  [27] There  are 
numerous  vl tamine preparat ions  which contain mlcro t race  
e lements  (chromium,  selenium and molybdenum)  and o ther  
minerals  (zinc, copper)  Herpec t ln -L ,  a cold sore lip balm, 
conta ins  t i tanium 

In addition, there are o ther  metals  whose  role in humans 
has yet to be establ ished F o r  example ,  beryl l ium (Be) intox- 
ication causes  pneumomt l s  and os t eosa rcoma  in animals has 
been  repor ted,  as well  as bone  tumors  in human.  Indium (In), 
used in e lec t ronic  industry,  is among the most  potent  meta lo  
tera togens  yet  studied. 

In conclus ion there  are no less than 40 e lements  which 
have  been found to have  effects on the human biological  
systems,  in addi t ion to the " b u l k  e l e m e n t s "  such as hydro-  
gen,  carbon,  ni trogen,  oxygen  and sulfur The  major  interest  
and at tent ion at present  seems to be focusing on further  in- 
vest igat ion o f  newer  trace e lement  usages,  methods  o f  iden- 
t ifications and the search for a more  effect ive  means  to in- 
duce a def ic iency state In the labora tory  Evaluat ion  o f  

mechanisms  of  metal-metal  interact ions may provide  further  
insight in the proper t ies  o f  these metals  and ex tend  beyond  
the current  status o f  rep lacement  therapy in def ic iency syn- 
d romes  and the prevent ion  o f  certain medical  condit ions 
The invest igat ions on silicon m prevent ing  a theromatous  
format ion in the aor ta  [5] and selenium in protect ing chemi-  
cally and vlrally induced malignant  tumors ,  are some exam- 
ples in these  areas.  

Moreove r ,  the proven  eff icacy of  li thium in t rea tment  of  
bipolar  affect lve disorders  and Its use as main teneance  
therapy in both bipolar and umpolar  disorders  in psychmtry,  
and the repor ted  tnals  o f  vanadium and rubidium in bipolar 
diseases,  may st imulate interest  in studying o ther  metals  m 
var ious  psychiatr ic  disorders .  Interest ingly,  hair analysis has 
been used as a diagnost ic  tool in children suffering f rom 
autism, retardat ion,  epi lepsy,  hyperac t iv i ty ,  learning dlffi- 
cultms and allergic syndromes,  and some autistic children 
were  found to have  very  low levels  o f  iron, copper ,  and 
manganese and others with a comparat ively high moly- 
bdenum content  [3] Thus, certain elements  may play a role m 
certain psych la tnc  disorders  than has been previous ly  ac- 
counted  for The cont inued search for the underlying mech-  
anism and b iochemical  correla tes  o f  mental  i l lness may in- 
crease our  understanding of  biochemical  factors involved [7] 
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