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Abstract

Energy dispersive X-ray fluorescence technique was employed to study the interactions among various elements,
viz.: K, Zn, Br, Fe, Cu, Br & Rb in 4 groups of rats viz. control-Gl, diabetic- Gll (diabetes induced by i.p
administration of alloxan monohydrate at a dose level of 150 mg/kg b.w; single injection), lithium treated-GlI|

(' lithium administered as kiCog at a dose level of 1.1 g of kiCos/kg animal diet; free access; serum lithium
levels — 0.5-1.2 mEg/L) and lithiurr diabetic rats-GIV. The different treatments continued for a total duration of

1 month. The K contents were found to be significantly lowered in all the treatment groups which was maximum
(28%) in lithium treated diabetic rats. Depression in the levels of Rb was noticed in lithium treated and lithium
treated diabetic (G-Il and G-IV) groups. However, the levels (Rb) remained unaltered in diabetic (G-11) group.
Interestingly, a significant decline was observed in Fe levels in G-11I following lithium administration but the levels
remained unchanged in G-IV with lithium administration to diabetic rats. On the other hand, lithium treatment to
normal (G-Ill) and diabetic (G-1V) rats indicated statistically significant elevation in the levels of Cu and Br.
However, diabetic (G-11) rats did not indicate any elevation in the levels of these two elements. Interestingly, the
concentrations of Zn were found to be significantly elevated in all the treatment groups, which was maximum
(37%) in G-1lI (lithium) group. A comparison of various elements from lithium treated diabetic group G- IV with
the corresponding elements from the diabetic group G-I, implied a significant depression in K and Rb levels and
a significant elevation in the levels of Br.

Introduction function (El-Mallakh 1986; Amdisen 1988; Gadallah
1988). However, animal studies have shown variable
The usefulness of lithium (Li) as a potential remedy results due to variations in experimental species and
to treat various mental disorders effectively has been Li dosages.
indicated in many previous studies (Rsial. 1986; Birch and Jenner (1973) have reported interactions
Lieff & Hermann 1989; Monking 1989). It is one  between Li and N&/K*tions in blood and other tis-
of the very few cations that are tolerated in concen- sues. Li has been described by Schraezex. (1992)
trations up to and above 1 m mol/kg body weight to interact with other trace elements. We have re-
(Plenge 1970). Li, in general has not been considered ported (Singhet al. 1994) alterations in the levels of
as a hepatotoxic element (Schou 1986; Jefforson & essential and non-essential elements in rat blood fol-
Griest 1987). The support for Li not being a hepato- lowing Li administration. In a recent report (Singh
toxic element comes from the available reports on Li et al. 1998) , it is indicated that Li augmentation
intoxication which makes no mention of hepatic dys-
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in affective disorder patients caused significant alter-

ations in the concentrations of various elements (Fe,

Cu, Zn, K, Ti) . On the other hand, alterations in the

uniformally mixed with 1.1 g of LiCoz/kg diet (dry
weight). Li treatment continued for a period of one
month and the rats had free access to diet and water

hepatic and renal levels of Cu, Zn, Fe, Mn and mg has throughout the study.

been reported (Haret al. 1985) in the experimentally
induced diabetes.

It is known that the liver, intestine and kidney
perform important function in the short-term regu-
lation of trace element metabolism (Failla & Kisser

Diabetes was induced in rats of groups G-Il and
G-IV by giving single intraperitoneal injections of
freshly prepared alloxan monohydrate (BDH Chemi-
cals, UK) at a dose level of 150 mg/kg body weight.
The diabetic state was supervised by estimating blood

1983). Further, trace metals serve as co-factors for en-glucose levels intermittent weekly intervals and re-
zymes in numerous metabolic pathways and therefore, mained steady (with glucose levles in the range 100—
early variations in their levels reflect on the sequence 200 mg/dl) for a period of one month.

of events required for biochemical adaptation to the

stressed state. It has also been observed that diabeteSample preparation

like conditions may result from deficiency of certain
trace metals (Arquillet al. 1978).

Since, the biological interactions among the trace
elements are so influential that nutritional and tox-
icological studies carried out with single elements
might project inconclusive picture unless the levels of
interacting elements in biological tissues are known.

In view of certain reports (Gershon 1970; Schou
1976; Mendelset al. 1981; Nyfeleret al. 1981;
Haugaardet al. 1974; Rossetti 1989) emphasizing
the insulin like action of Li and lack of information
regarding its interactions with other metal ions in dia-

Animals of all the four groups (6—8 animals from
each group) were sacrificed under light ether anes-
thesia after different treatments for a period of one
month. Liver was excised and perfused with physio-
logical saline to remove the blood traces completely
and Livers were completely oven dried at 0 to

a steady weight and grounded in an Agate pestle and
mortar. The moisturefree samples thus obtained were
weighed and mixed with equal amount of cellulose
(Sigma Chemicals, USA). The cellulose was used as a
binding agent. The sample cellulose mixture was then

betic condition, the present study has been conductedMolded in to self-supporting pellets of 1 inch diameter

to explore the role of Li treatment on the status of

essential and non-essential elements in the liver of di-

by using a pure steel die and a hydraulic press (Paul
Auto Weber, Germany). A constant and uniform pres-

abetic rats using energy Dispersive x-ray fluorescence Sure of 1055 kg/cm? was applied to the die head so as

(EDXRF) technique.

Experimental

Female Sprague Dauwley rats in the weight range . . .
brag 4 g gl The elemental analysis of liver samples in the form

of 130-150 g were procured from the central anima
house of Panjab University, Chandigarh, India and

were adapted in the Departmental animal house for

one week prior to subjecting them to various treat-
ments. The animals were randomly distributed in to
four groups viz., control group-Gl, diabetic group-Gl|

, Li treated group-Glll and Li treated diabetic group —
GIV.

Dosing

Li was administered to rats of groups GlIl and GIV as
Li carbonate Lip Cozin the powdered diet diet (Hin-
dustan Lever Ltd. Mumbai, India) as slurry. Slurry

to get pellets of uniform thickness (75 mg th) be-
low the critical thickness (Kumaat al. 1989; Dhawan
et al. 1995; Bandhwet al. 1996).

Elemental analysis using EDXRF technique

of pellets was carried out using EDXRF spectrometer
involving a low power (100 W) tungsten anode X-ray
tube (Kevex Inc. USA; 50 kV; 2.0 mA; water cooled)
as a source of excitation with triaxial geometry and the
experimental details are discussed elsewhere (Singh
et al. 1998) . The triaxial geometry was used to min-
imize the background-scattered radiations. The X-ray
tube was operated at 35 kV and 1.7 mA. The X-rays
from the tube were made to fall on Molybdenum (Mo)
secondary exciter and the characteristic K-X-rays of
Mo (17.8 KeV, the weighted average energy of the
Mo K. and Kz lines) were in turn used to excite the
characteristic X-rays of elements present in the blood

was prepared by adding tap water to the powdered dietPellets. A 30 mm x 6 mm Ortec Si (Li) detector
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(FWHM = 170 eV at 5.96 KeV) coupled with PC- month are given in Table 1. The concentrations of dif-
486 based multichannel analyzer (MCA) was used to ferent elements are expresseduig/g dry weight of
collect the fluorescent X-ray spectra of the samples for liver tissues, but for K and Fe, the levels are given in
time durations ranging from 3-5 h. Each spectrum was mg/g.

corrected for the background contribution by chan- The K contents were found to be significantly low-
nelwise subtraction of the blank cellulose spectrum. ered in all the treatment groups which was maximum
Each spectrum was analyzed for photopeak areas cor-(p < 0.001; 28%) in Li treated diabetic rats in com-
responding to different elements by using a computer parison with the control group (G-1). Depression in the

code AXIL (Maunhant & Malmqvist 1992).

levels of Rb was noticed in Li treated and Li treated

The elemental concentrations in various samples diabetic (G-Il and G-IV) groups. However, the lev-

were determined using the equation:

N;j
ioGeijeijij’
whereN;; is the number of counts/s for thith X-ray
photopeak of thejth element,/y is the intensity of
the photons emitted by the sourag,is the geometry
factor,«;; is the XRF cross-section of thith X-rays of
the jth element in crig at the incident photon energy,
€;j is the detector efficiency for thiéh X-ray of thejth
element angs;; is the self absorption correction factor
for the target material which accounts for the absorp-
tion by the target of the incident photons and emitted
characteristic X-rays lying under thi¢h peak of jth
element. The factofp Ge;; was determined over the
energy region 3—16 KeV by collecting K X-ray spectra
from thin elemental standard foils of K, Ca, Ti, Sc, V,
Mn, Fe, Co, Ni, Zn, Ge, Se, RbNQSrF,, Y and Mo
(Micromatter, Deer Harbor, WA, USA) as explained
(Dhawarnet al. 1995; Singhet al. 1995) by us earlier.

Serum Li Estimation

Serum Li levels in animals of groups G-Il and G-

IV were estimated at weekly intervals by EEL flame
photometer (Brown & Legg 1970) and were found to
be in the physiological range (0.5-1.2 mEq/I of serum)
throughout the course of the study.

Results

els (Rb) remained unaltered in diabetic (G-II) group.
Interestingly, a significant{ < 0.01) decline was
observed in Fe levels in G-lll following Li admin-
istration but the levels remained unchanged in G-IV
with Li administration to diabetic rats. On the other
hand, Li treatment to normal (G-IIl) and diabetic (G-
IV) rats indicated statistically significanp(< 0.001)
elevation in the levels of Br. A significant elevation
(p < 0.05) in Cu levels was seen in lithium treated (G-
[1) group but the levels remained unaltered in lithium
treated diabetic rats (G-1V). However, the diabetic (G-
) rats did not indicate any elevation in the Br levels
Interestingly, the concentrations of Zn were found to
be significantly elevated in all the treatment groups,
which was maximum g < 0.001; 37%) in G-llI
(Li) group. A comparison of various elements from
Li treated diabetic group G- IV with the correspond-
ing elements from the diabetic group G-II, implied a
significant depressiorp(< 0.001) in K and Rb levels
and a significant elevation in the levels of Br.

Discussion

Potassium homeostasis has been documented to be

impaired in experimental (Pettit and Vick 1974) and
clinical diabetes (Perezt al. 1977). Further, a signifi-
cant inhibition in the hepatic NaK*+ ATP ase activity

as documented by Toyoshi and Liu (1980) support
our finding of diminished hepatic K contents. They
attributed the decline in K contents in diabetic individ-

Typical representative fluorescence X-ray spectra of uals to reduced affinity of NaK* ATP ase enzyme

liver from control and diabetic rats are given in Fig-
ures 1 and 2, respectively. X-ray peaks for K, Fe, Cu,
Zn, Br and Rb in these spectra are clearly visible. The

system for K, which could be further, ascribed to the
insufficiency of insulin, which activates the N&K™
ATP ase pump.

concentrations of these elements have been calculated A significant decline in hepatic K contents follow-
by evaluating the area under various X-ray peaks and ing Li treatment in the present study is in conformity
using the fundamental parameter approach (GedckeWith the findings of Lakshmi (1989) who reported a

et al.1982; Kumatret al. 1989).
The levels of various elements viz., K, Fe, Cu, Zn,

similar reduction in brain astrocytes' K contents after
Li supplementation in experimental rats. Recently, we

Br and Rb in liver samples after dosage period of one reported (Singlet al. 1994, 1995) a significant decline
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Fig. 1. Typical X-ray spectrum of elements present in control liver sample excited by 17.8 keV photons.
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Fig. 2. Typical X-ray spectrum of elements present in diabetic liver sample excited by 17.8 keV photons.

Table 1. Trace elemental profile in control, diabetic, lithium treated and lithium treateébetic rats.

Group Elemental concentrations
K Fe Cu Zn Br Rb
(mg/g) (9/9)
Control (G-1) 864 + 8.6 113+0.17 223+26 1252+93 6.8+ 1.09 690+ 6.4
Diabetic (G-II) 715+ 6.1** 1.07+0.17 252+24 1440+ 130* 7.4+102 681+5.1
Li treated (G-II1) 699 + 6.0"* 0.84+ 0.14** 279+4.1* 1710+£85"* 105+ 1.1"* 5954+ 3.2%*
Li treated+ diabetic (G-IvV) 618+ 3.9l 11401 57+26 1526+£6.0"* 994101 5504 352

*p < 0.05;**p < 0.01;***p < 0.001, when the results are compared with the control group-I.
1p < 0.01; 2p < 0.001 when the results are compared among the lithium treated diabetic group (G-1V), and the diabetic group (G-II).



in blood and brain K contents following 1 and 4 mo.
of Li treatment to rats. The observed inhibition in the
hepatic Na/K* ATP ase activity following Li treat-
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depletion due to pancreatic loss may lead to elevation
in Zn levels.
In the present study, a significant elevation in he-

ment to normal and diabetic rats has also been quotedpatic Zn levels was noticed in Li treated animals. Sim-
by Guerriet al.(1980). Dicket al.(1978) have empha- ilar observations were made by Brouk al. (1984),
sized that Li alters cellular membrane ATP ase, which who observed that patients on chronic Li therapy had
is responsible for the regulation of N& ™ transport increased activity of bone isoenzyme of serum alkaline
across the biomembranes, thus resulting in the alteredphosphatase for which Zn is a co-factor. Ghoshdasti-
hepatic K levels. Therefore, the observed depressionindar (1990) further reported that Li chloride exerts a
K contents in Li treated diabetic animals could possi- stimulatory effect on alkaline phosphatase activity in
bly be due to cumulative synergistic effect of diabetes different organs in a dose and time dependent manner.

and Li treatment to deplete hepatic K stores.

Fe contents remained unaltered in diabetic and Li
treated diabetic rats, however, were lowered signifi-
cantly with Li treatment. In contrast to other essential
minerals, excretion of Fe occurs through the erythro-

Similarly, Zn levels also got raised in combined Li
treated and diabetic rats (G-IV) which is in accordance
with the corresponding rise in its levels in individual
Li treated and diabetic animals.

Copper is an essential nutrient for all mammals

cytes destruction. Fe excess is commonly associatedand is a constituent of many enzymes like tyro-

with glucose intolerance (Arshagt al. 1994). Al-

sine,cytochrome oxidase, ceruloplasmins and other

though the role of Fe in glucose homeostasis appearsferroxidases. High concentrations of copper are found

to be relatively minor (Dandonet al. 1983), yet Fe
metabolism may be altered in diabetes (Bern & Busick
1985). Arshacet al. (1994) reported that foliate defi-
ciency is not a common problem in diabetics but an
extensive survey indicated that 3% of individuals had
foliate deficiency. A significant reduction in hepatic
Fe contents following Li treatment could be assigned
to reduction in hemoglobin (Prakast al. 1981) and
had also been shown in our earlier studies (Sietgdl.
1994, 1995).

Zn is an essential constituent of enzymes in
many major pathways including the metallo- pro-
teins, thymidine kinase, DNA and RNA polymerase
which play important part in protein and nucleic
acid metabolism, The role of Zn in carbohydrate
metabolism has suggested to mimic insulin and ap-
proximately 0.5% of crystal like insulin is Zn (Arshag
et al. 1994), In the present study, a significant eleva-
tion in the hepatic Zn levels was observed in diabetic
rats and in accordance with our observation, a rise in

in brain, liver and kidney. Although, Cu deficiency is
associated with impaired glucose tolerance in exper-
imental animals, yet, it is not problem in diabetics
(Cohenet al. 1982). Most studies with clinical and
experimental diabetes have shown that serum and tis-
sue Cu concentrations are either normal or higher as
compared to the normal controls (Waltetral. 1989;
Noto et al. 1983). Similarly, in the present study, we
have also found higher (non-significant) hepatic Cu
levels in diabetic group which is in agreement with a
previous report (Arshagt al. 1994), Failla & Kisser
(1981) in yet an another study reported elevated Cu
contents in diabetic rats and attributed this elevation to
raised Cu-metallothionines.

A significant rise was observed in the hepatic Cu
contents in the Li treated and Li diabetic groups.
Venugopal & Lucky (1978) pointed out that a marked
depression in Cu nutrition is brought out by high di-
etary intakes of calcium carbonate and it was further
established that Cu and Ca have synergistic effects

Zn levels in streptozotocin and alloxan induced exper- (Singhet al. 1995). So, the observed rise in hepatic
imental diabetes have been reported (Fallia & Kisser Cu contents may be the consequence of metallothio-
1981) earlier. Further, hyperzincurea have also beennine induction, as the latter has been reported to be
reported in diabetics (Kumat al. 1988; Pidduclet al. enhanced when glucose metabolism is disturbed.
1970), in alloxan induced experimental diabetes and  Bromine (Br), although, a non-essential element,
depancreatized dogs (Tarui 1963). The observed ele-has been detected in all groups. Possibly, the element
vation in hepatic Zn contents may thus be a part of the enters the human system from the environment as had
counter-regulatory mechanism to account for insulin been reported by us (Bandlet al. 1998) earlier. In

to hepatocytes membranes and suggests the lipogeni¢he present study, hepatic Br contents were found to be
effect of insulin in rat adipocytes. The effect of Zn raised following Li treatment for 1 mo. Recently, we
on insulin secretion has been described as biphasic.have reported a similar rise in Br contents in affective
Some reports (Ghalghazi 1979) indicated that insulin disorder patients following Li therapy for up to 12 mo.
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Previously, Handroét al. (1989) and Campbeét al.
(1986) have showed that Br concentrations are higher
in-patients receiving Li. These workers considered,
this effect was most likely due to Li interfering with
the renal excretion of Br. Handret al. (1989) sug-
gested that the relatively slight increase of Br, in the
subtherapeutic range, could have pharmacological ef-
fect worthy of further study. In still an another study,
Harveyet al. (1992) reported that endogenous Br has
been found to be raised during Li treatment, and it has

been suggested that it may augment the therapeutic

effect of Li. They reported that bromine and vanadium
concentrations are associated with irregular cortical
activity and electroencephalograph (EEG) abnormal-
ities were associated with more side effects of Li. The
present finding of raised Br concentrations is also in
agreement with our earlier reports (Singthal. 1994,
1995) where a similar rise in blood and brain concen-
trations of Br following Li treatment for 1 and 4 mo in
experimental rats was seen.

On the other hand, no significant change in Br con-

centrations was seen in diabetic rats and also the levels

in Li treated diabetic rats were comparable with the Li
treated group.

It was observed that hepatic Rb levels declined
significantly in Li and Li treated diabetic rats. Stolk
et al. (1971) observed that rats treated with rubidium

chloride showed an increased shock elevated aggres-

sive behavior. On the contrary, Li have been shown
to subside this aggression thereby providing a com-
parison of the effects of these two salts on a common
ailment. Further, since Rb and Li are positioned in the
periodic table in the same group (1A), they may have
synergistic effects (Singét al. 1994). However, dia-
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