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introduction & Aim of the Work, 1

INTRODUCTION AND AIM OF THE WORK

This study gives an account on lithium, a drug used for the trearmen: of
various psychiatric and non-psychiatric conditions. It is sufficient to remark that
it stands as one of the most significant landmarks in twentieth - cantury

medicine.

Recent cevelopments in analytical techniques have enabled climical
laboratories 10 assess lithium levels reliably in variety of biological fluids. It was
iound thar lithivm present nanirally in the body in extremely minute amounts
and, therefore. lithium was considered to be one of the trace slemeni.

However, the function of lithium in the normal state is so far obscure,

There is a definite relationship between serum lithium levels and the
natare of the clinical response or of adverse effects and toxic reactions. The
development of adequate serum lithium monitoring techniques was imporian:

and helpful amongst practicing physicians in the use of lithium therapv.

The present work may shed some light on lithjum and its estimation in
health and diseases. This study will deal with lithium through the following
points of view:

*  Physicochemical properties of lithium.
*  Pharmacokinetics of lithium.
The role of lithium in medicine.

*  Mertabolic and adverse effects of lithium.

Monitoring lithium levels,
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— Physicochemical Properties

* The nature of trace elements.
+ Historical background of lithium.

* Chemistryv of lithium.

* Chemical and biological relationships.

* Biology of lithium,
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PHYSICOCHEMICAL PROPERTIES

THE NATURE OF TRACE ELEMENTS

Many mineral eiements oceur in living tissues i1 such small amounts that
the early workers were unable 10 measure their precise concentrations with -he

anaiytical methods then available. For this reason they ware ofzen menticned 23

occurring in

Niararm acsentialcs Davad s agcential Sh= reaimtamar e A
L Dletary essentiais: beieved to be essental for maintenance of LOrmai

metabolism such as iron. iodine, copper and zine.

2. Possibly essentials: on the basis of suggestive buz not completely convincing
avidence such as bromine, fluorine and barivm.
3. Non essertizls: such as lithium, rubidium and silicon. whicn T mav Teguetiy

occur in the blood and soft tissues of the body at level substantially higher

- b

than those of most of known essential race elemernts.

Essential trace metals have some criteria to fulfill accerding 10 Corzias
71967) and Mertz (1981). They are present in all healthy tissues of all living
things, their concentraton is fairly constant, their withdrawal from the bodyv
induces reproducibly the same structural and physiological abmormalities
regardless of the species studies. their addition either prevents or reverse these
abnormalities. the abnormalities ‘nduced by deficiency are aiwavs accomparizad

by pertinent. specific biochemical changes and these changes varv with differen:
¥i p g 3
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Prysicocnemical Proneriies 3

elements, with the degree and durasion of dietary deficiency or toxiciny and with
2ge and sex. These biochemical changes can be preventad or cured when th

deficiency Is prevented or cured (Laderwood. 1977).

Tre useful metals are mostly capable of easilv accepting and Celivering
exira electrons, which enable them to play a -ole in catalysing chemical changes
(Crammer, 1983). They are incorporated into specific nests in protein molecules
and nucieic acids, held there by multiple atomic bonds, and the proteins then
Decome enzymes promotic particular merabolic changes: (Underwood. 1972,
Other useful metals do not have a catlavtic role, but by binding into special
zones of protein or nucleotide help to keep the molecules from urtolting or
falling apart, and thus control cell permeability and protein synthesis (Crammer.
1983). The useless metals have no catalytic activities, but may become toxic in
one of two ways, if they are present in sufficient quantities. They mayv compets

with a useful metal for its specific binding nest in the protein. displace ir, alterin

{ra

the molecule’s enzymatic capacity. Or they mav combine with the protein or
nucleic acid at quite new points and alter its shape, solubility and biological role

‘Spiro. 1980).

HISTORICAL BACKGROUND OF LITHIUM

lithium as a metal was discovered in 1817 bv Johnson August Arfwedson
in analysing the mineral petalite (Cade. 1978). It constitutes about 20 DAars per
million of igneous rocks of the earth’s crust. so it is sparsely hui widelv
distributed, where it ieaches into the drinking water and is dailv ingested in

minute amounts by evervone(Taylor er al.. 1984).
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Fhysicochemical Properzice. 4

Many mecicinal properties were ascribed :0 lithium in the ninteenth
cenmury including the amelioration of mental cepression. In the 1940, lithium

chloride was used a

n
S
Vs
8!
w
s
[{7]
£

udsttute Tor socium chloride in patients with
cardiovascular disease mainiained on a sali-restricted diet Following severa!
Tepors of severe side effects; including fatalites, its use was discontinued

‘Fieve. 1980).

About this ime Cade (1949), in Australia speculated that mania might be
causec by anl excess of a circulating endogenous toxin related 1o urea. Believiag
uric acid 1o enhance such toxicity, he administered -he highly soluble lithium
urate salt to guinea pigs. Unexpectedly, lithium protected guinea pigs from urza

toxicity and they became tranquilized, as did 10 maniace patients given lithium.

Howeve, i1 100k nearly 20 vyears for lithium to become established in

psvehiatric practice by FDA (Food and Drug Administration) of Unired Ste-z

ih

Depariment of Health, Education and Weifare, mainly through the enceavors of

Schou in Denmark (Schou er al., 1981).

Even now opinions differ as to the usefulness of lithium in psvehiatric and
nedical disorders. As Kline (1973) comments ... It seems if we only wait iong

i

enough, evryone in the world will try lithium for every thing...

"CHEMISTRY OF LITHIUM"
Lithium is a metal, the third in the periodic svstemn afier hydrogen and
belium the frst of group I of alkali-metais in periodic table: lithium, sodiam.

Dotassium. rubidium and cesium, and it is adjacent to the group II alkaiine earth
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AR imporiant aspect of Lthlim chemisiny s 1he capasin o7 1he slemen: 1o

“orm organo-lthium compeunds wsuzlyv preseriBed as Hthinm sathomzts and
Jihium cirrate Lydiard and Gelenberz, 1982) As 2 speciar chemical propernas
im0 is relatively inert towards oxvgen and balogen. It does -
-~ OXygen al Toom 1emperature dul wien heated to :00°C or higher it reacis

e I T A L e grmc e Toaml—
] uk_wse_. VICWOIIE LIOILIT CHICE 2LZ ZuCTE T mves fne Tongxiis, LiniuT

012r aikad metals 23 socium hvéride (Harr and Beumel 1073, Lixnicmr zlso

seacts with warer, vieiding hydroger and Hthium Avdroxide which s colourless,

so.uble in water and gives strongly alkaline solutions. Lithium has least linid

-

soiubility of the alkali mesals (Baldessarin a; and Lipinski, 1975).

The boiling point of Lthium is much higher than that of sodium (889°C

act wiich s-ould be -ememberad
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wrer choosing Jame photomerry for Hthium determination (Murrav J984),
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Lithium nas small ionic radius. which results in a nigh charge cernsity,
Pigh hvdration erergy and high oxidation potential. The chemical Soacs ‘n
various Hthitm compounds may alto be more covalen: 1920 the bord in similar

a.kelicompounds (Harrand Beumel, 1073,

CHEMICAL AND BIOLOGICAL RELATIONSHIPS

The tonie radivs of lithivm is very similar o that of MAEresiLm (1160 ==
and 0.5 nm orespectively). and for this reasom lithium mav compete Wwith
TEgnesiuim foT erzyme sites specifically activated bv magmesivm, Besn ning

Lithium s characterised ov pooriv defined coordiration rumber 2nd site
geornetry ke calcium. This may explain why lithium competes effectivaly o-
calcium binding sites in systems using carboxvl groups as chelators. The charze
dersitv of lthium is most axin o tha: of calcium, and a ageinl Cné mav specilate
whether :he prasence of lithium may mimic ap nerease o intracelimzr calciu=
concentratior which is normally extemely low (Wiliams [076: Mare 21 2.

1082,

Pilinge e

Like sodium and potassium. lthium has a singie positive ionic charge.
Lithium is ransporied iato the cell as efficiently as sodium but 't is DumDed oul
of the cell only siowly by the sodium pump. Lithium. unlike other cations
fairly equally distributed between intra- and extracelluiar body compariments

This is due to high hydration energy of lithium ion.
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Physicochemical Properties. 8

salts. low diffusion coefficient and lipid insolubility of lithium ion (Schou et

al. 1981 Rosenthal and Goodwin, 1982).

BIOLOGY OF LITHIUM
Lithium is found in planws and in animeal tissues and fluids. It present
naturally in the human body in extremely minute amounts, is raised in therapy

(Crammer. 983,

tissue 10 be as follows: Ivmph nodes; 0.13-0.27 #g g1 wet weight; lung: 0.05-0.07

1

u westis 2-4 ng g™ and human blood 4-8 ng g7, They

th
=]
[1.2]
0q
'

g'%: brain, 3-

418}

estimated the roial dietary intake of lithium by an adult to be about 34 - 160 .g

per dav.

4 M 1

The function of lthium is unkaown. No biochermical or physiclogica’
svetem hes beer found to be Hthium dependent, (Bhagavan. 7978). Lithizm
erters inic various biochemical activities. enzvmes activated by perassium are
izhibited by Lthium, and the acton of calcium ard of magnesium are alsc
antagonized. A lthivm fon can replace both sodium and potassium in sorme
altive iransport mechanisms. In vivo as well zs in vitro, studies indicate thar the
passive diffusion of likium resembles thet of sodium "Lader and Herringroz.
2987, Lithium affects cearbobydrate metabolism ar several points. namels.
hexokinase zetivinv, activation of liver adenvl cvclase and protein xinese,

g.vcogen synthesis and pyvruvase kirase actvity FMelierup anc Rafaelsen, 1075,

SN
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