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LIEBERMAN, K. W. AND P. STOKES. l.ithium distrihution ratios in psychiatrically m~rnml suhje~ ts'. PHARMAC. 
BIOCHEM. BEHAV. 13(2) 205-208, 1980.--Lithium was administered as the carbonate to 6 psychiatrically normal 
subjects for 11 days. The distribution of lithium between the erythrocytes and plasma, and the effect of exogenous lithium 
on inlracellular and extracellular electrolytes was studied. The ratio of the concentrations of lithium in the crythrocyte,~ and 
plasma was apparently lower in the normal group than in the patients diagnosed to have affective disorders. 
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THE therapeutic efficacy of lithium (Li) in the treatment of 
mania is widely accepted Ill and the primary site of action of 
Li has been postulated to be the membrane. It has been 
suggested a defect exists in the membranal transport of elec- 
trolytes in cells of patients with affective disorders and Li 
may have an effect on the electrolyte transport abnormality 
II81. Different investigators have discussed the possibility Li 
may act by stabilizing the membrane [24], altering various 
membrane functions 15] or substituting in a limited fashion 
for potassium (K) in stimulating sodium (Na) outflow from 
human erythrocytes [ 11 ]. 

As a consequence of the attention which has been given 
to cellular Li transport in affective disorder patients, the 
question must be raised pertaining to how psychiatrically 
normal controls handle Li. Information of this type is a re- 
quirement so that appropriate comparisons can be made be- 
tween diseased and non-diseased states. There is a paucity of 
baseline data. Tupin e t a / .  1311 administered Li to 4 male 
controls at a dosage of 1200 mg daily for the first 2 days and 
900 mg daily for the last 2 days. More recent studies on 
normals include those done by Dorus eta/ .  [7] and Ramsey 
e ta / .  [261. 

In this study we treated 6 psychiatrically normal controls 
with Li and studied the effect of exogenous Li on the 
intracellular (erythrocyte) and extracellular (plasma) electro- 
lytes Na and K and the distribution of Li between erythro- 
cytes and plasma. 

METHOD 

Li was administered 3 times daily for 11 days in the car- 
bonate form to 6 psychiatrically normal controls at a total 
daily dosage level calculated to be in the range of 0.5-0.6 

meq/kg body weight/day, the usual maintenance dose for 
manic patients being treated with Li. The normal volunteer 
group was composed of 5 females and 1 male ranging in age 
from 22-27 years with a mean age of 24.3 _+ 1.8 years. Blood 
samples were drawn at 0900 hours before the first Li dose of 
the day was taken using Vacutainers with ammonium hepa- 
tin as the anticoagulant, and plasma and erythrocytes were 
separated using the cobalt-60 salt of ethylenediaminetet- 
raacetic acid (Co-60 EDTA) as an indicator of plasma 
entrapped in the erythrocyte fraction [4]. Ammonium hepa- 
rin was required because of the possible contamination by 
sodium heparin of the endogenous Na. 

Control (pre-Li) plasma and erythrocyte concentrations 
of Na and K in the psychiatrically normal subjects were 
determined by obtaining blood samples 3 times during a 7 
day period prior to the initiation of the administration of Li. 

Plasma and erythrocytes were analyzed for Li by atomic 
absorption spectrophotometry (Perkin-Elmer Model 503): 
Na and K by emission flame photometry (Instrumentation 
Laboratories Model 343). Plasma entrapped in erythrocytes 
were corrected for using the factor determined by Co-60 
EDTA, which usually amounted to 2-3%. 

RESUI.TS 

The daily intracellular and extracellular Na, K and l.i 
composition and the erythrocytc If/plasma Li distribution 
ratio (E/P) are shown in Table 1. After the first day of l.i 
treatment intracellular Na fell by 23.90A • and intracellular K 
fell by 7.2cA. The lowering of erythrocyte Na and K below 
control concentrations continued for the remainder of the 
time the subjects received Li. 

The extent of the intracellular Na reduction during the 
course of I5 administration was variable from day to day: a 
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T A B L E  1 

DAILY RECORD AND MEAN VAI,UES OF Na. K AND Li COMPOSITION OF EXTRACELLUI,AR (PI,ASMA) 
AND INTRACEI,I,ULAR (FRYTHROCYTE) FLUIDS AND I';P RATIOS OBTAINED FROM VOI,UNTEER SUBJECTS DURING CONTRO[, 

(PRE-Li AND Li ADMINISTRATION 

Plasma RBC 

Na K Li Na K Li E;P 

Control* 
[Pre-Li~ 139 ± 2 4.2 ~ 0.4 0 7.1 "_ 1.4 92.2., 2.0 0 - -  

Day 
I 139 ' 1 4.3 : 0.1 0.43 = 0.20 5.4 -_ 1.1 85.6 -- 3.6 0.11 ± 0.03 0.28 ~ 0.07 
2 140 z 2 4.4 ~ 0.4 0.50 • 0.14 6.5 ± 1.2 87.2 "- 4.3 0.17 ~ 0.04 0.36 -- 0.12 
3 141 _" I 4.4 ~ 0.2 0.56 ~ 0.08 5.6 " 1.4 85.5 - 1.6 0.22 -' 0.05 (I.40 "- 0.07 
4 140 , 2 4.0 ~ 0.3 0.57 ~ 0.09 5.0 -- 1.6 85.4 _. 3.7 0.23 ~ 11.07 0.41 _' 0.09 
7 141) _* 2 4.7 ~ 0.2 0.54 ~_ 0.08 6.5 _+ 0.5 87.7 *_ 2.3 0.19 + 0.07 0.36 : 0.09 
8 144 • 2 4.4 ~ 0.3 0,58 ~ 0.12 6.0 z 1.9 91.0 ± 4.2 0.20 - 0.03 0.34 t 0.06 
9 142 ~ 1 4.2 _+ 0.3 0.59 " 0,10 5.2 "- 1.1 87.9 ± 4.1 0.19 +_ 0.06 0.32 " 0.09 

I0 140 ' 2 4.0 -+ 0.2 0.62 • 0.16 5.6 = 1.0 90.4 --- 0.9 0.21 ~ 0.04 I).35 • 0.07 
I1 140 --_ 2 4.4 • 0.4 0.61 = 0.11 5.9 • 1.6 87.7 ' 3.1 0.22 ~ 0.03 0.36 - 0.07 

Mean 141 _- 2 4.3 - 0.2 0.56 -_ 0.06 5.7 ~_ 0.5 87.6 • 2.0 0.19 _~ 0.04 0.35 ~ 0.04 

All concentrations are expressed in units of meqil, and errors are given as standard deviations. 
*Control period consisted of 3 samplings over a 7 day perknl. 

maximum reduct ion was at tained on Day 4 (29.6%) and a 
minimum reduct ion on Days 2 and 7 (8.5~ I. Mean reduct ion 
of  e ry th rocy te  Na from pre-Li levels was 19.7D for the 11 
days  of  Li t rea tment  (p<0.01 level). A less variable pat tern  
was found for intracellular K; the largest drop occurred  dur- 
ing the first 4 days  of  I,i t rea tment  and later r ebounded  to 
higher  concen t ra t ions .  Mean reduct ion in e ry th rocy te  K dur- 
ing Li adminis t ra t ion was 5.0cA (/?<0.011. There  was no com- 
parable al terat ion in plasma e lec t ro ly tes :  mean Na and K 
extracel lular  concen t ra t ions  during Li t rea tment  were  similar 
to control  values. 

During Li adminis t ra t ion plasma I,i levels achieved sta- 
bility on Day 3 and e ry th rocy te  Li levels stabilized on Day 7. 
The E/P ratio maintained a cons tant  value from Days 7-I  I, 
which was 0.35 +_ 0.02. Including the E/P ratios from the 
period before the es tab l i shment  of  a cons tan t  value, the 
mean E/P ratio for the 11 days  of  15 t rea tment  was 
0.35 _* 0.04. 

DISCUSSION 

It has been suggested that abnormal i t ies  may exist in the 
sys tems  regulating the t ranspor t  of  the monova len t  cat ions 
Na,  K and Li across  cell m e m b r a n e s  of  manic -depress ives  
[14, 17.21,22].  The data upon which this proposal  was based 
used the e ry th rocy te  as the model  cell as we have done  be- 
cause  of  its accessibi l i ty  and similarities in the monovalen t  
cat ion t ranspor t  mechan i sms  in this cell and the neuron 
123,30]. Much in vivo e ry th rocy te  based data concern ing  the 
dis t r ibut ion of  adminis te red  Li be tween  the intracellular and 
the extracel lular  compar tmen t s  in various manic -depress ive  
populat ions  have been accumulated  16.9, 15, 18--20, 25, 27- 
291. The charac ter i s t ics  of  monova len t  cation t ranspor t  
ac ross  the e ry th rocy te  membrane  in a psychiatr ical ly  normal 
group which have been t reated with l.i is largely unknown.  It 
is ex t remely  important  to be able to make compar i sons  using 
in vivo e ry th rocy te  data be tween  both patient and normal 
groups  that have received Li so that the hypothes ized  mem- 

brahe t ranspor t  abnormal i ly  may be intensively studied.  
Though similar in vi tro based e ry th rocy te  Li data  have been 
repor ted  1251, it; vivo exper iments  offer a physiologically 
more  valid situation. 

In our  exper iments  Li was adminis tered  to psychiatr ical ly 
normal subjects  in the same dosages  used in the t rea tment  of  
manic -depress ive  illness. The E/P ratio was stable from the 
seventh  day onwards  until Li adminis t ra t ion was s topped 
after  the e leventh  day. The mean E/P ratio tbr Days 7-11 tbr  
the 6 normals  was 0.35 - 0.02. This was the period during 
which equilibrium was maintained for l,i distr ibution be- 
tween  the plasma and cell. Ramsey et , I .  I261 after 2 weeks  
of  t rea tment  found an E/P ratio of  0.35 z 0.02 in his normal 
group consis t ing of  7 males and similarly Dorus et al. 171 
gave 600 mg daily of  Li to normal controls  for 7 days.  She 
repor ted  a slightly lower  E/P ratio for male normals  15 
monozygot ic  and 5 heterozygot ic  twins),  0.28 ± 0.01. Fur- 
thermore .  Dorus noted that the E/P ratio was cons tant  with 
respect  to time: 0.28 on the third day,  0.27 on the fifth day 
and 0.28 on the eighth day of  Li t rea tment .  A compar i son  of  
the E/P ratios obtained in our study with those of  the o ther  2 
repor ts  co r robora te s  our results.  Since our normal group was 
largely co mp o s ed  of  females  15 out of  6~ and the remainder  of  
the normals  studied by o thers  were exclusively male, there  
appears  to be little significant variation in the E/P ratio on the 
basis of  gender .  

i,i along with Na and K are alkali metals and it is reason-  
able to expect  the physiological  behavior  of  the Li ion is at 
least in some respects  similar to Na and K ions. Li can be 
actively t ranspor ted  across  cell m e m b r a n e s  1331, but the rate 
of  efflux from the cell was less than Na 1161. Extracel lular  K 
maintained some control  over  the rate of  Na efflux [ 121. It 
has been shown that the rate of  r emowd of  Na-22 from 
human e ry th rocy tes  was promoted  by the p resence  of  e i ther  
K or Li in the extracel lular  test media I I l l, but K had a 
grea ter  s t imulatory effect  upon Na effiux than Li. The sug- 
gest ion has been made  that Li act ivated in a manne r  similar 
to K the N a - K  act ivated M g - d e p e n d e n t  adenos ine-  
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T A B I , E  2 

I N  I, I V O  E;P RATIOS FOR PSYCHIATRIC AND NORMAl. CONTROl. SUBJECTS 

Source Mean/n Vivo Categories 
E,'P 

Psychiatric Ramsey e t  ,/.1261 0.47* UP and BP 
Mendels and Frazer 118] 0.48* R and NR 
Mendels and Frazer [19J t).47"~" A I) 
Flemenbaum et ,/.  [9] 0.47: A,'D 
Sacchetti eta/ .  [29] 0.52+ A:D 
Sacchetti ,,t a/. [29] t).50+ A.D 
Mendels eta/ .  [20] 0.55* R and NR 
Rybakowski and Strzyzecoski 1281 0.56 A;D 
Casper e ta / .  16] 0.45* R and NR 
Rybakowski c/al. [271 0.54 A,'D 
Ramse~ ct ,/. [251 0.50* UP and BP 
l.ieberman and Stokes:i: 0.55 A.D 

Mean 0.51 • 0.04 

Normal Lieberman and Stokes, this paper 0.35 
Dorus eta/ .  [7] 0.28 
Ramsey cta/ .  [26] 0.35 

Mean 0.33 -- 0.04 

UP: unipolar. 
BP: bipolar. 
R: responder. 
NR: nonresponder. 
A/D: affective disorder. 
Errors are given as standard deviation. 
*Calculated as the mean from either UP and BP or R and NR data. 
tCalculated from a graph. 
$I.ieberman and Stokes, unpublished data ( 19781. 

t r iphosphatase  transport system (Na-K ATPase) ,  which was 
responsible  for supplying the energy required for Na el'flux 
111,321. 

Several  invest igators  recently proposed some specific 
mechan isms  by which l.i is t ransported into or  out of  eryth- 
rocytes.  Influx of  l.i into e ry throcytes  is said to be control led 
by 3 mechanisms:  transport  linked to Na-K ATPase ,  Li-Na 
counter t ranspor t  and passive diffusion. Only 2 mechanisms  
are suggested to be operat ive  in Li efflux from the erythro- 
cyte:  passive diffusion and Li-Na counter t ranspor t  18, 10, 
131. 

Many invest igators  [6. 9, 18-20, 25-29] have determined 
the in vivo E/P ratio in various patient populat ions that were  
classified in numerous  ways including unipolar or  bipolar 
manic-depress ives ,  responders  and non-responders  to Li 
t reatment  and affect ive disorder  patients. We determined the 
E/P ratio in 133 affect ive d isorder  patients that were partici- 
pating in our  outpat ient  facility using the same blood separa- 
tion and analytical techniques  lhat were described in the 
methods  section for the normal group [41. Our mean E/P 
ratio was 0.55 _+ 0.21 lind ranged from a minimum value of  
0.15 to a maximum value of  1.28. The results of  the o ther  
invest igators  along with our  data are summar ized  in Table 2. 
The E/P ratios for patients ranged from 0.45-0.56, and the 
mean for the lithium distr ibutions ratios is 0.51 ± 0.04. Pa- 
tient and normal controls  values for the K!P ralio do not 
overlap.  The E/P ratios for the normal group are confined to 
a limited range, while the patient groups are charac ter ized  by 
a broad range of  E/P values. Because  of  the small size of  the 
combined normal group in compar ison to the much larger 

patient group it is impractical to make any statistical infer- 
ences.  Also, the patient groups consist of  a diagnostically 
he te rogeneous  population which compl ica tes  the problem of 
making compar isons  lind drawing specific conclusions.  Even 
with these drawbacks  it appears  afl 'ective disorder  gtoup'~ 
have an in vivo E/P ratio that is higher than normal controls ,  
0.51 , 0 . 0 4 v s 0 . 3 2  -_ 0.04. Fur ther  extens ive  studies of  the 
lithium distribution ratio in normal individuals are warranted 
to determine  if the apparent  sharply cont tas t ing E,'P ratios 
be tween  normals and clearly defined well-diagnosed affec- 
live disorder  patients is real. Conclusions  of  this type are 
support ive of  the hypothesis  that a defect  exists in the mech- 
anisms of  ion transport  in cells obtained from affective dis- 
order  patients. 

When l.i was administered to affect ive d isorder  patients 
e ry throcyte  Na remained unchanged or increased depending 
upon the daily Li intake [ 191. Patients receiving greater  than 
1500 mg daily of  I.i improved and their e ry throcyte  Na in- 
creased by 13.8c/: those on less than 1500 mg daily dkl not 
improve  and their e ry throcyte  Na was stable [19]. Others  
have found that when patients received Li, responders  to 
t reatment  had a greater  increase in 24 hour exchangeable  Na 
than non-responders  12,31. Though these invest igators used 
dissimilar methods  [2, 3, 191 the results they achieved can be 
interpreted along the same lines; giving Li to patients diag- 
nosed to have affect ive disorders  led to an increase in 
intracellular Na in responders  to the medicat ion.  The results 
we obtained for intracellular Na in normal controls con- 
trasted with those found in patients,  a 19.7% reduction in 
e ry throcyte  Na. No comparable  data was available tot  
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intracellular K in pat ients ,  but the normals  expe r i enced  a 
5.(F~ reduct ion  in intracellular K. The d i f ferences  in the ef- 
fect of  exogenous  15 on intracellular Na in normal cont ro ls  
and pat ients  is, also, suppor t ive  of  the possibili ty of  a defect  
in membrane  ion t ranspor t  in the affective d i sorder  popula- 
tion. 

The behavioral  effects  of Li in normal control  subjec ts  is 
not well known.  Tupin et ul. [31] repor ted  member s  of  his 
normal group exper i enced  no negat ive react ions  to Li and 
were  fully capable  of  per forming routine activit ies with one 
excep t ion  who compla ined  about  a slight dec rease  in energy.  

None  of  the normals  found that l , i  produced  any mood 
changes  or sedat ion.  Our control  subjects  were  able 1o con- 
tinue routinc activit ies for the durat ion of  the study,  but 
some indicated that their  handwri t ing became  shaky and 
speech  was slurred.  By the end of  the I I day t rea tment  most  
the subjects  appeared  to bc mildly dep res sed  and this de- 
press ion  d isappeared  within a short  time after the end of  the 
exper iment .  
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