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Wplyw soli litu na zawarto$é niekiérych pierwiastkéw w tkankach szczuréw
i kurczat

Bauanue cojiet IUTHA Ha COZEPKAHME HEKOTODPBIX XMMUUYECKUX SJEMEHTOB B TKAaHAX
KDPBIC ¥ UBINJNAT

Lithium, as a monovalent cation in the first group of periodic table, is similar
to sodium and potassium in its essential chemical features. Also some common
properties exist between lithium and bivalent cations from the second group of
Mendeleev’s table, especially calcium and magnesium (21).

The introduction of lithium salts to treatment (3, 26) and prophylaxis (24) of
unipolar and bipolar mania and depression gave the impulse to numerous in-
vestigations aimed to elucidate the biological role and mechanism of the therapeutic
action of lithium. Up to now the exact mechanism underlying the effectiveness
of lithium has not been known. Substantial evidence suggests that lithium in-
fluenced neurotransmitters, especially, monoaminergic systems in CNS. Another in-
teresting aspect of the lithium mode of action results from the fact that this element

influences the activity of biologically important ions. There are still few data con-
cerning this problem.

The present study was undertaken to find out the effect of prolonged
administration of lithium salts on sodium, potassium, calcium, magne-
sium, copper, zinc and manganese concentration in the serum, brain,
kidney and liver of chickens and rats.

MATERIALS AND METHODS
Male Wistar rats, weighing initally 204—224 g and Cornish-Whiterock chickens

(approximately 950 g) were used. Body weight was controlled each day. The rats,
randomly divided into four groups (10 animals in each group), were injected i.p.
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once daily for 10 days with 25, 50 or 100 mg/kg LiCl (Chemapol, Praha, Czechoslo-
vakia). Control grecup received vehicle only. The drug was given in the volume
of 5 ml/kg of body weight. The animals had free access to water and food (standard
pellets "Murigran”, Poland).

The chickens, divided also into four groups of 8 birds each, were fed on standard
diet DKA (ZPP, Poland) containing 2800 kcal/lkg and had access to water ad libi-
tum. During 28 days three experimental groups received respectively an addition
of 0.1 g LiyCO; (ZPF ,Polfa”, Poland), 0.5 g NaCl or 0.1 g Li;CO;+0.5 g NaCl in
each 100 g standard food. Control group was similarly fed on diet without addition
of salts.

On the last day of experiment samples of blood were taken from chicken-wing
vein and the obtained serum was stored at —20°C., All animals were decapitated.
Brains, kidneys and livers (in rats) were immediately removed, frozen at —20°C
and subsequently homogenized in glass Potter homogenizer. A sample of 1 ml of
homogenate or serum was joined with 6 ml of concentrated HNO, and 3 ml of
10% HCI10, in Kjeldah! bulb. Bulbs were heated (approximately 2 hrs), up to clear
solution.

Appropriate dilutions of the obtained mineralized liquids were prepared in
bidistilled water and the concentration of sodium, potassium, calcium, magnesium,
copper, zinc and manganese was determined using atomic spectrophotometry
absorption method in Pye Unicam Fi-1009 apparatus. Student’s t-test was used for
the statistical evaluation of the results.

RESULTS

Prolonged administration of lithium chloride in a dose of 100 mg/kg
lasting for ten consecutive days resulted in a marked diminution of in-
crease of the rats’ body weight. Smaller doses of this salt produced no
marked differences in comparison to control (Table 1).

In the experiment performed on chickens a considerably lesser in-
crease of body weight was noted after addition of 0.1% of Li;CO; to the
standard diet. Treatment with food containing 0.5% of NaCl had no signi-
ficant effect on body mass as compared with control. Furthermore,
sodium chloride when administered in combination with lithium carbo-
nate seemed to block the effect produced by the latter. Simultaneous
treatment with both salts led to an increase of body gain however lesser
in comparison to control. Considerable differences of body gain were
observed only in the group given lithium carbonate and the one treated
with lithium carbonate in combination with sodium chloride (Table 2).

A marked enhancement of potassium and decrease of manganese level
was observed in the rats’ brains following prolonged administration of
lithium chloride in a dose of 50 and 100 mg/kg. Calcium level was not
characteristically altered.

Lithium chloride in all doses used, considerably decreased sodium
concentration in the rat kidney. In the case of calcium the same effect was
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of sodium and diminution of manganese, copper and zincum contents in
the kidney. In addition, decreased sodium level ad enhanced concentra-

tion of calcium and magnesium was estimated in the chicken serum
(Table 4).

DISCUSSION

Numerous experimental studies confirmed the observations that dura-
tion and strength of drug action depends on reaction capacity with
a specific receptor and the efficiency of effector (13). During binding
reaction at receptor level, the competition of ionized amine group is
observed between the electrostatically active drug and the identically
charged electrolyte. If the reaction between the drug and receptor has
an electrostatic nature, enhanced concentration of the surrounding elec-
trolyte may be a factor limiting the binding. On the other hand, nonpolar
connections between the drug and its receptor are facilitated at a high
electrolyte concentration and attenuated at its low level. Another possi-
bility is the reaction of drug with its receptor at the presence of non-
organic ion as a factor liberating binding process.

The foregoing considerations suggest the essential role of electrolytes
in the mechanisms of the action of drugs. Studies in recent years have
shown that the introduction of lithium salts into animal organism should
alter receptor susceptibility and influence neuromediators (6, 8, 19, 20,
28, 29) and the effects of drugs (2, 4, 7, 9, 12, 25). Lithium has been also
regarded as an essential substance in metabolic processes (23). One may
connect the above effects with lithium ions activity per se, but the in-
direct influence of lithium on the balance of other cations should be also
considered. One of the significant features of lithium activity seems to
be its good penetration through biological membranes, using sodium
canal (5, 14, 30). Therefore biological effects of lithium may be associated
not only with its own activity but also with the influence on sodium
(15, 18) and other cation (1, 30) contents. Interactions observed between
other trace elements in animal tissues support such conception (11, 27).

The results of this study have shown that subchronic administration
of lithium salts led to significant alterations in the content of some
elements. Both in rats and in birds a considerable enhancement of po-
tassium in the brain was measured, simultaneously with a diminution
of manganese. In the kidney, a decrease of sodium and calcium was
observed in rats while that of magnesium and copper in chickens. Higher
concentrations of potassium, copper and manganese in samples of the
rat liver, and calcium and magnesium in chicken serum were noted.
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Several literature data suggest interactions between some trace ele-
ments, especially copper and zincum, zincum and cadmium, copper and
molybdenum and also cadmium and copper (10, 27). Furthermore, in-
vestigations of Mellerup and Plenge (22) and Transbol et al.
(30) produced considerable evidence for an increase of magnesium, copper
and phosphate in the rat serum after lithium administration.

Alterations in the concentration of elements, indirectly influencing the
activity of cells and tissues, should be taken into consideration as
factors of the therapeutic and toxic mechanism of lithium action. It has
been shown that isolated organs put into nutritive solution, in which
lithium chloride or Tris buffer was introduced instead of sodium chloride
or potassium chloride, revealed the altered susceptibility to acetylcholine,
serotonine and noradrenaline (16, 17).

The results achieved in the experiment with birds very likely suggest
that sodium salt given together with lithium attenuates the toxic effect
of the latter. Moreover, considerable differences in cation content were
revealed between the lithium group and the animals treated with both
elements. These findings seem to indicate that not only lithium can dis-
place other elements but it also can be displaced by other ions. Therefore,

it is possible to consider sodium as an antidote in the case of lithium
overdose.

It is suggested, on the basis of the obtained results, that in the me-
chanism of lithium action not only its direct influence on biological
processes should be considered but also its indirect effects via alterations
in electrolyte balance seems to play and essential role. This last effect
is particularly important in the case of chronic treatment with lithium.
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STRESZCZENIE

W dos$wiadczeniach prowadzonych na szczurach Wistar oraz kurczetach Cornish-
-Whiterock badano wplyw przewfleklego stosowania chlorku i weglanu litu na za-
wartos¢ niektorych pierwiastkow w wybranych tkankach. Metoda spektrofotometrii
absorkbcji atomowej stwierdzono istotne zmiany zawartosci sodu, potasu i magnezu
w moézgu, sodu, wapnia, magnezu, miedzi i manganu w nerce, potasu, miedzi i man-
ganu w wagtrobie oraz sodu, wapnia i magnezu w surowicy. RoOwnoczesnie obserwo-
wano istotne zmniejszenie przyrostu masy ciala szczuréw otrzymujacych chlorek
litu oraz kurczat w nastepstwie stosowania weglanu litu. Laczne stosowanie z we-
glanem litu chlorku sodu powoduje istotne zmniejszenie efektu wywieranego
przez lit.

PE3IOME

B skcnepumeHTax MNpPOBeAeHHBIX Ha Kpbicax Wistar u Ha ppinaarax Cornish-
-Whiterock mccnenoBaHO BAMAHME XJIOPMCTOIO M YIJIEKMCJIOTO JUTHMA Ha ColepiRaHue
HEKOTODbIX XMMWYECKMX 3JIEMEHTOB B M30paHHBIX TKaHAX. CneKTpogrOTOMEeTPHMIECKUM
MeToA0M aTOMuOM abcopbuum AOKa3aHO JOCTOBEPHbIE M3MEHEHUA COJAePMaHuA Ha-
TpMUA, KaJMA M MarHe3us B MO3Ire; HATPUA, KalblMA, MarHesusda, MeAM M MapraHua
B NOYKe; KaJuA, MEIM M MapraHlia B NE4YEeHU M HATpMA, KaJdblLMUA M MarHe3ua B Cbl~
BOpPOTKe. OAHOBPEMEHHO 3aMeYeHO AOCTOBEPHOE yMeHblUeHWe NPUOABKM B Bece KpbIC
NOJIY4aBUIMX XJIODUCTBI JUTMIA M UBINAAT B HACJA€ICTBUM NPUMEHEHMA YIIEKUCJOro
autua. COBMECTHOE MNPMMEHEHME YrJIEKMCJIOTO JIMTUA € XJIOPUCTBIM HATPHMEM BbI3bI-
BaJIO ¥ UBIUIAAT JOCTOBEepPHOe yMeHblIeHMe 3(eKTa BLI3ZBAHHOTO JUTHEM.
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