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THE RELATIONSHIPS OF PLASMA AND ERYTHROCYTE SODIUM, POTAS-

SIUM AND LITHIUM IN

LITHIUM PROPHYLAXIS

N. PRADHAN?
5. M. CHANNABASAVANNAY

The relationship of intracellular Na+ K+ Li+ to their extracellular concentrations had been siudied
on 22 cases of Bipolar affective disorders who had been on  prophylactic Eithium. 6 of these cases were non-
responders wha weee admitted vepeatedly despite a therapeuatic sertan lithium values of 0.8—1. 1 m moifL.
Parameters mewsuretd were Plsun Lithium (Lp), Erythrocyee Lithium (f.e), Plasma  potassium (Kp},

Erythroovte potassinn . Ke) Plasoae sodium (Nac),

Uli had been caleudated by using Nerst’s cquation.

Signilicant correlations have been obtained for dosage and Lp, Lp and Le, and Lp and LefL.p. There were
no signilicant dillerence hetween the responders and non-responders as regards to values of Le, Lp, Nap,

Nae, Kp and Ke.

In recent vewrs there had been a
number of promisngg reports that luhiwm
transport characierisiic in R.B.G. miglt
be of vulue for predicting response in
M. D. P AMagge. (1963 was he first w
measiwe the R. B, G Ibduum coiiceni-
tration i lithinn tened patient..  He
found R. B, G, lihiwn o be lower than
in plusn ad observed some inter indi-
vidual diffecences in RO B Gfplasma
lithivm ratio. The ratios ranged 1rom
0.2 aud . However, 1he rado renined
velivtively stable, i each individual. The
above Brhinm ratio had been the subject
of much conroversy regarding s we-
fuliess s & cliniedd or yeweorch 100l
Several auwthors lhave found thar the
R. B. . lithinm coucentration and the
lithium ratio could be relaied w climical
respoise and  to the miensity of sude
effecis  of lithiow therapy {(Gasper e
al., 1976; Cazzule and Sweealdi, 1973;
Flemuningbawm 2 ¢f., 1978}, There had
beat o suggestion it the vauo is gene-
tically  deiermined  and  possibly be a
mwarker tor atfecuse illness (Dorus ot al,,
1973, Sachul of al, 1977, Schiess et al,
1975; Mawllewicz and Beibanck 1977),
Currendy, in vino mehods had been
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developed by Rybakowski et af. (18976),
Greil et af. (1977 and in order to
esiablish  the bhuercoimections  heiween
various mechanisms of Lithiunt transport
across RBG membrane w the  clinical
stales and 1elcomas of MDP illness.

The wility  of such  estimations
remains 16 be established. However there
areq number of conradicting views about
the significance of Le and Lp, (Ryba-
kowski ¢ al. 1974; Lee et afl. 1973;
Ratey and Mallinger, 1677 aid Mendels
and razer, 1973). 'To complicaie the
situation further, thereis no sound theo-
veiical medel 0 nerprei the results.
Only oue such atlempt has beea made
by Marii {1977).

The present suddy ries 10 {ind out
the titer-relationship between plisma and
erythirocyre  ltluum  coneentration  and
its application i clinical praciice, The
paper abo ries 10 evalwie the possible
corretution of ihe cation o ihe para-
mewrs ol Nut and K+,

MATERLALS AND METHODS

22 paiicnts (17 males und 5 females)
were randomly selecied tor the study,
They had been on various Josage regi-
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mens of prophylactic  lLithium  for &
duration of more rhan 2 years in all cases
(ronge 2.5 yeurs to 7.0 years—DMlean 5.4
yews). ‘They were cansidered 10 he good
candidates for lithium prophylaxis accord-
ing to the criteria of Schou and Themson
{1973). The diaguosis for (he above
patient were dependemly  established
by 2 psychiarists using Feighner, criteria
(1972). G caxes were clussified as non
responders o lihium ind were admined
vepeatedly despite serum being  wirhin
the range of 0.8-1.2 mmol/L.

BIOCHEMICAEL METHODS

A moring sample of venous bleod
(4 ml) was collected for each patient
10-12 hours afier kast dose of lithium,
The saumple was processed for estimation
of plasma lithiwn, by the procedure
described by Coombs (1971) and for Na
and K by ithe procedure described by
Wooion (196+). The intra-cellular con-
centritions of Nat and K+ and Lit+ was
estmaced by a modified procedwe of
Fories Meyer and Starkey (1977) which

has been adopted by Pradhan {1978).
The equilibrium potentint for Li+ (Eli+)
was calenlated by using stwdard Nearnt’s
equation at 37°C (Garong, 1967).

RESULTS

The population criteria and the
estimated  parnmeters  are tabulated
(Table 1) below. It shows (hat ihere is
ne significant difference between the res-
ponders and non-responders as 1egards
o Le, Lp, Nap, Nae, Kp and Ke.

A series of correlation  coefficients
between different parameters are shown
in Table 2.

From he results, it is evident (1)
between the dosage and hody weight
there s no correlation.  (2) plasma
lithium comcentration has & significant
correlation 1o the dosage and alse the
Le. Le/Lp are found to be dependent
upon Lp level. These values are positi-
vely and negatively comelited o Lp
level respectively (Table 2). The plot
of Le and Lp (Fig. 1), has been drawn
and also the correlation coefficient of

TasLe 1. Population charcteristics (17TM+5F) and the estimated paramelers

Age] Body/ Dosagef Le Lp Nap Nae Kp Ke
{in weight!  (in mef
years) (inkg) day)
Responders  (N=16)
Range 20-40  39-72 600-1350 0.3-0.8 0.5-1.3 110-150  3-6.2 4.3 70-110
Alean 29 59.73 981.82 0.47 0.87 140.27 4.53 4.53 82,18
5.D. 6.22 12.16 292.39 .13 .32 8.17 .86 .37 9.39
Non Responders (N =16)
Range 20-40 4568 600.1200 4—8 .8—1.2 [10-130 3-6 4-5 70-110
Mean 28  55.63  960.5 0.53 0.92  142.2 1.8 +.3 84.6
S.D. 6.6 6.6 298.2 35 .35 9.62 B2 .32 9.41
t 0.33 0.36 0.15 0.93 0.32 0.47 1.53 0.18 0.54
P 30.05 »0.05 »0.05 »0.05 >0.05 %0.050.05 »0.05 =0.05

Student ‘v’ test has been applied for the 2 categories, i.e. Responders & non-responders.
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TasLe 2. Correlation  cocfficients  betwoen
differens  paramelers  both  estimated
and deriped,

8i. no. Parameters No. r [oference

I. Body weight and 22 0.35 p»0.05
Dosage.

2, Dosage and Lp *2 0.61 p«g0.6l
3. Dosayge and Le 22 0.69 pe0.00l
4. Lp and Le 22 0.8t pe0.00t
5. Lp and LefLp 2 —0.52 pg0.0)

t
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Fig. 1.

Le and Lp has been found to be of high
statistical significauce (Le=1p X 0.635—-
0.0+ numolfL) (Notn-respounders ave
marked as riangles) (3} The Le level had
alvo sigatilicant coereladion 1w dosiges of
lithium.

DISCGUSSION

In this experimental study, signi-
ficant correlations have been found for
dosage and Lp level, dosoge and Le
level, Le and Lp level, and signilicasi
correlation for Lp and LefLp levels. No
significaut  vorrelation  between  body
weight and  dosage could be obinined
as the dosage of lithium .ue wually
determined by the Lp level in (he clinical
practives,  Hence o is likely 1hat (he
plasma level has beea tonud 10 be depen-
dent upot the amount of lithim ingested
andd signilicantly the nrocetlular coneen-
tration depends upon the plasma {idhium

concenmation o, Lee o &l (1973)
hive demonswraied tust the Le level (o be
a von-li-car function of Lp level.

In our study it is found that a linear
regression live could be drawn for Le
and Lp (Fig. 1}. Lytkene et al. (1976)
have docun.euted in agicement 10 the
present finding  that dhere is no siguifis
coant deviation from a rectilinear relation-
ship  between erythocyte and  plasma
lithium concentations. The in
study of Ratey and Malmger
supports 1his fact.

vitro
(1977}
But workers have
been debating recentdly on the signifi-
cainee of LefLp ratio to its clinieal impli-
caudion  Elizur et af.  {(1972), CGazulle
and Smeraldy {[973) and Ramsey e al.
{1976) have reported significant diffe-
rences of LefLp for unipolar and bipo-
lars. 'The LefLp ratio has also been
correlated  to antidepressant  effect  of
{Mendels et al. 1973, 1976).
On the cantrary, Lytkeuns e af. (1976)
have showa that there is sex difference
in LefLp ratie and the value has been
fowul 10 be highest for sehizophirenic
females and specifically more i clder
ave wronps.  Heace, it has been establi-
shed thae LefLp ratio is not at all an-
hdex of affectivity.  Simitarly Knorring
et ¢l. (1976) have disclaimed the Le/Lp
of being any iudicator of response to
lithinm.  Rybokowski ef al. {1974) have
alo  demousirated it Le/Lp is not
related to age, sex, polarity of illness or
clinical stare rather Le has been found
10 be covelated with Lp value. Lee ¢f
al. {1973y have suggested an incorrect
methold of determining the relationship
between Le and Lp. Unfortunately their
equiioi s out 10 be a quadratic one.
In the present siudy the Le/Lp bears a
sigiificant  relationship to Lp and is
unegitively  correlated. The  1egative
vatuemeins that the ratio proportionately
decrevse: with incressing Lp, which 1s
understandable m terms, of a linearity
bewween Le and Lp (see equation in

lithiwm
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Fig. 1) and Lp values are always greater
than the Le values. From the above
points, i is now apparent thal any sub-
division of M. D. P. as responders and
non responders as Mendels and Frazer
(1973) have proposed based on a high
Le/Lp value scems 10 be invalid. In the
present study authors did not find any
diffevence for Le values for respouders
and noun-respemders. Alse in the plot
(Fig. 1) the non-responders lay close to
the regression line. In the light of the
high cerrelation  coeflicient for Le and
Lp, authors  are inclined 1o draw a con-
clusion that any dissection for responders
and mnon-respouders by erythrocyte Lit+
kinetics may nov be the proper one.
In the lilerature a better explanation
regarding the Le/Lp ratio comes from
Marini {1977) who has put the electro-
diffusion model to lithium kinetics (Marini
uses the term passive diffusion model}.
We have shown that lithium shows quite
a variable nature m its upwake and
release from erythrocytes with different
half live: (Pradhan ef al., 1977, 1978 and
1980). Tvis very difficult to apply elec-
tro-diffusion model for lithium kinetics
at this stage. Duhm e al. (1976) have
demonstrated afier a series of experiments
that net uphill transport of lithium is
dependent upon Nz counter transport
system. Coupling of lithium to Na trans-
port has been reporied by Hass e al.
(1975). If simple electra diffusion could
have been a sufficient condition for
lithium distribution, then at a steady
state plasma level or in vitro sysiems, the
Le level should always be higher than
Lp level, vyielding approximalely a value
of 1.8 as LefLp ratio. But the values
quoted in literanwe and the values of
the present study lie far below unit, even
the vitro studies do not show values
of Le more than Lp. From the publi-
shed Le/Lp ratio the calculated equili-
brium potential is given in Table 3.
The present study is incorporated in the

TasLe 3. Egwilibrium Polentials of Li
(ELi)

The experimental trans- —I11.3 t0o —14 mv
membrane potential for
erythrocytes Lassen

and Sten Knudsen (1968)

The calculated equilibrium poten-
tial of Li from the Le/Lp ratio

published.

1. Elizur #f al. (1972)  -+35.977Tmv
2. Mendels and Frazer (1973) +19.052 mv
3. Lyttkens & al. (1973 +21.924 mv
4. Rybakowski et al. (1974) +16.457 mv
5. Lee ot al. (1973) +11.506 mv
6. Present Study (1982) -+17.207 mv

table and 1t shows that our expecimental
value is one of the several values quoted
in literature.

A positive ELi indicates that there
is no free access of Li inio the cell,
Either the Lit conductance is very low
due to membrane resistance or it is
excluded outimmediately once it becomes
intracellular. A measwed—11.3 mV 1o
—14 mV membrane potential eryihro-
cyte indicates thot Li+ has free accession
o the cell for both the electrical and
chemical gradient facilitnes such an  in-
flux; but i cimical practice the equili-
brium staie is never reached. The efflux
of Li* against its chemical uradieat in
vitro studies using erythiocyte may reveal
the kinetic of such distribution.
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