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Abstract. Simultaneous measurement of plasma, RBC, and plasma lithium concentra­
tions took place with 17 inpatients chronically treated with lithium, at various times after the 
last lithium dose. RBC lithium levels were significantly higher than CSF lithium levels. 
Specimens drawn 10 or more hours after the last dose showed higher RBC and CSF lithium 
and lower plasma lithium than specimens drawn 4 or less hours after the last lithium dose. 
None of the lithium measurements differentiated manic-depressives from schizophrenics 
or schizoaffectives. Plasma, RBC, and CSF lithium all intercorrelated highly and equally.

The ‘ideal prototype’ for demonstrating the clinical value of drug plasma 
levels (1), plasma or serum lithium determination, nevertheless has distinct 
limitations: some patients develop toxicity at ‘therapeutic’ lithium levels (2), 
while others remain unaffected by ‘toxic’ levels (3). One plausible explanation 
arises from the known variability of lithium transport rates into different tissues, 
including the brain and blood erythrocytes.

Efforts to better predict the concentration of lithium at its active sites in 
the brain have led to the use of the red blood cell (RBC) lithium determination 
as a clinical parameter for monitoring lithium therapy (5). The basis for this 
practice derives partly from a study by Frazer et al. (6), who, after administering 
acute and chronic courses of lithium to rats, found that RBC lithium correlated 
with brain lithium more closely than did plasma lithium. Comparable data for 
humans, understandably difficult to obtain, appear nonexistent. Some re­
searchers, however, have studied human cerebrospinal fluid (CSF) lithium as a 
parameter possibly more closely related to brain extracellular lithium than is 
plasma lithium (7). Less data is available on CSF than on RBC lithium, and no 
data appear available on the relationship between these two measures. Since 
both may have advantages over serum or plasma lithium as an access to brain
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lithium, we decided to investigate the possible relationship between RBC, CSF, 
and plasma lithium levels.

Method

All subjects were inpatients bearing either manic-depressive, schizoaffective, or schizo­
phrenic diagnoses, and all had been on oral lithium for at least 5 days prior to the study. 
Most subjects received concurrent medications, usually antipsychotics, and all subjects 
signed informed consent for the procedures.

CSF specimens, generally 4-6 cm3, were obtained by routine lumbar puncture, yield­
ing clear fluid free of gross blood. Blood specimens were obtained by concurrent veni­
puncture into EDTA-anticoagulated tubes. Lithium concentrations in CSF and plasma were 
determined by atomic absorption spectrophotometry, while RBC lithium concentrations 
were estimated by the indirect method of Hisayasu et al. (8), corrected for matrix error.

Results

Table I shows the corresponding plasma, RBC, and CSF lithium levels for all 
17 subjects, along with age, sex, diagnosis, and time elapsed at sampling since last 
lithium dose.

Although the range of RBC lithim concentrations (0.11-0.66 mEq/1) 
largely includes the range of CSF lithium concentrations (0.03—0.38 mEq/1), the 
mean RBC lithium concentration (0.34 mEq/1) is significantly greater than the 
mean CSF lithium concentration (0.21 mEq/1), while the mean RBC:plasma 
lithium ratio (40%) is significantly greater than the mean CSF:plasma lithium 
ratio (24%) according to two-tailed t-tests for correlated measures (p <0.001 
and p <0.01, respectively).

Comparing results for specimens obtained 1—5 h after the last lithium dose, 
with those obtained 10—18 h after the last dose, we found that at the later 
sampling time, the plasma levels tended to be lower (0.30 vs. 0.98 mEq/1), the 
RBC levels higher (0.36 vs. 0.32 mEq/1), the RBC:plasma ratio higher 
(45 vs. 32%), the CSF levels higher i(0.23 vs. 0.18 mEq/1), and the CSF:plasma 
ratio higher (28 vs. 18%), although only the last difference reached significance 
(p < 0.001) according to a t-test for independent scores.

None of these four lithium parameters appeared to differentiate the three 
main diagnostic groups (manic-depressive, schizoaffective and schizophrenic); 
with one-way analysis of variance, none of the diagnostic differences approached 
significance.
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Table I. Plasma, RBC, and CSF lithium levels in subjects tested

Subject Sex Age Diagnosis1 Time2 Plasma RBC RBC:
lithium lithium plasma

ratio

CSF CSF:
plasma
ratio

lithiumNo.

Meq/1mEq/1 mEq/1 %

38 0.78 0.221 28 0.031 F M-D 4
0.85 0.6058 S 13 70 0.25 292 F

0.2820 16 0.67 423 M S 0.17 25
34 0.59 0.45 0.16S-A,E 17 76 274 F
52 1.02 0.28F S 18 0.55 54 275
25 1.76 0.66 376 M M-D

M-D
1 0.37 21

1.0226 0.31M 1 30 0.177 17
M 19 S 
M 34 S-A,D 
F 21 S-A,E

0.93 0.31 33 0.238 4 25
2 1.03 0.319 30 0.20 19

0.69 0.284 41 0.1010 14
24 0.68 0.18 0.16S 1 26 2411 F

0.1912 M 48 
M 41

10 0.66 29 0.18 27S-A,D
M-D 0.72 0.21 2913 10 0.25 35

18 S 10 0.67 0.15 22 0.20 3014 M
0.6222 14 1.30 0.38 29F S 4815

19 0.4616 13 0.11 24 0.14 30F M-D
S-A,D32 0.39 0.2610 1.01 39 2617 F

1 Diagnosis code: M-D = manic-depressive, manic or mixed (case No. 1); S-A,E = 
schizoaffective, excited; S-A,D = schizoaffective, depressed; S = schizophrenic, other 
(paranoid, undifferentiated, or unspecified).
2 Time = time in hours since last dose of lithium.

Finally, plasma, RBC, and CSF lithium concentrations all showed equally 
significant (p < 0.001) Pierson product-moment intercorrelations; 0.72 for RBC 
vs. CSF; 0.74 for plasma vs. CSF; and 0.74 for plasma vs. RBC.

Discussion

Much of our data corroborates previous findings. Both our CSF lithium 
concentrations and our CSF; plasma ratios agree fairly well with what others have 
found (7,9—15). Previous results (4, 13) would also predict the observed effects 
of the time elapsed since the last dose. Like others (7, 10), we failed to find any 
relationship of diagnosis to CSF lithium or CSF;plasma lithium ratio.
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As far as we can determine, our study is the first to report concurrent 
measurement of plasma, RBC, and CSF lithium, with somewhat surprising 
results emerging from their intercorrelations. Merely from the fact that RBC and 
CSF lithium concentrations rise and fall more slowly following a dose of lithium, 
than does plasma lithium concentration (4, 6), one might predict a closer corre­
spondence of CSF with RBC than with plasma lithium, especially in a study 
where the time factor varied from subject to subject. That this failed to occur, 
together with the fact that RBC lithium proved significantly higher than CSF 
lithium, supports the hypothesis that transfer of lithium into and out of the CSF 
and RBC takes place by different mechanism. In fact, considerable experimenta­
tion (16, 17) has now established several mechanisms of lithium transport by the 
RBC membrane, while the more scanty data (18, 19) on lithium transfer to and 
from the CSF suggest that this occurs primarily by bulk flow and simple diffusion. 
Moreover, a study of rats (20) showed no advantage for CSF over serum lithium as a 
predictor of brain lithium, while CSF lithium in humans has also failed to predict 
the therapeutic effect (7,15).

It may be possible to speculate that CSF lithium, as a possible indicator of 
brain extracellular lithium, may yet have clinical value. If RBC lithium uptake 
has validity as a model for intraneuronal uptake in the brain, then brain extra­
cellular lithium, rather than plasma lithium, may provide the pertinent milieu in 
which neuronal lithium uptake occurs. Therefore, simultaneous consideration of 
CSF lithium, as a model for brain extracellular lithium, and RBC lithium as a 
model for cellular lithium uptake, might improve our ability to estimate actual 
intraneuronal levels of lithium in the brain and eventually allow an understand­
ing of differences in patient response.

References

1 Cooper, T.B.; Simpson, G.M., and Lee, J.H.: Thymoleptic and neuroleptic drug plasma 
levels in psychiatry: current status. Int. Rev. Neurobiol. 19: 269-309 (1976).

2 Speirs, J. and Hirsch, S.R.: Severe lithium toxicity with ‘normal’ serum concentrations. 
Br. med. J. i: 815-816 (1978).

3 Wolpest, E.A.: Nontoxic hyperlithemia in impending mania. Am. J. Psychiat. 134: 
580-581 (1977).

4 Schou, M.: Lithium studies. 111. Distribution between serum and tissues. Acta pharmac. 
Tox. 15: 115-124 (1958).

5 Nelson, R.W. and Cohen, J.L.: Plasma and erythrocyte kinetic considerations in 
lithium therapy. Am. J. Hosp. Pharm. 33: 658-664 (1976).

6 Fraizer, A.; Mendels, J.; Secunda, S.K.; Cochrane, C.M., and Bianchi, C.P.: The predic­
tion of brain lithium concentration from plasma or erythrocyte measures. J. psychiat. 
Res. 10: 1-7 (1973).

D
ow

nl
oa

de
d 

by
: 

K
in

g'
s 

C
ol

le
ge

 L
on

do
n 

   
   

   
   

   
   

   
   

   
   

   
13

7.
73

.1
44

.1
38

 -
 8

/1
2/

20
18

 4
:4

4:
56

 P
M



189Relationship between Plasma, RBC, and CP'S Lithium Concentrations

7 Watanabe, S.; Taguchi, K.; Elara, T.; Iguchi, K., and Otsuki, S.: Lithium concentration 
in cerebrospinal fluid of affective psychotic patients treated with lithium carbonate 
and its clinical response. Folia psychiat. neurol. jap. 27: 299-303 (1973).

8 Hisayasu, G.H.; Cohen, J.L., and Nelson, R.W.: Determination of plasma and erythro­
cyte lithium concentrations by atomic absorption spectrophotometry. Clin. Chem. 23: 
41-45 (1977).

9 Sehou, M.; Juel-Nielsen, N.; Strömgren, E., and Voldby, H.: The treatment of manic 
psychoses by the administration of lithium salts. J. Neurol. Neurosurg. Psychiat. 17: 
250-260 (1954).

10 Baker, M.A. and Winokur, G.: Cerebrospinal fluid lithium in manic illness. Br. J. 
Psychiat. 112: 163-165 (1966).

11 Platman, S.R.; Rohrlich, L, and Lieve, R.R.: Absorption and excretion of lithium in 
manic-depressive disease. Dis. Nerv. Syst. 29: 733-738 (1968).

12. Lackroy, G.H. and Van Praag, H.M.: Lithium salts as sedatives. Acta psychiat. scand. 
47: 163-173 (1971).

13 Lehmann, K.; Scherber, A. and Graupner, K.: Konzentrationsverlauf von Lithium im 
Liquor und Augenkammerwasser nach einmaliger oraler Applikation beim Menschen. 
J. clin. Pharm. 13: 22-26 (1976).

14 Paul, H.A.; Pilz, H. and Münz, E.: Der Lithiumgehalt im Liquor cerebrospinalis bei 
Therapie mit Lithiumsalzen. Nervenarzt 44: 210-211 (1973).

15 Rey, A.C.; Jimerson, D.C., and Post, R.M.: Cerebrospinal fluid lithium levels. CME 
Syllabus and Scientific Proceedings. 131st Annual Meeting of APA, 1978.

16 Duhm, J.; Eisenried, F.; Becker, B.F., and Greil, W.: Studies on the lithium transport 
across the red cells membrane. I. Pflügers Arch ges. Physiol. 364: 147-155 (1976).

17 Duhm, J. and Becker, B.F.: Studies on the lithium transport across the red cell mem­
brane. II. Pflügers Arch. ges. Physiol. 367: 211-219 (1977).

18 Prockop, L.D. and Marcus, D.J.: Cerebrospinal fluid lithium:passive transfer kinetics. 
Life Sci. 11: 859-868 (1972).

19 Hesketh, J. and Glen, L: Lithium transport from cerebrospinal fluid. Biochem. 
Pharmac. 27: 813-814 (1978).

20 Wraae, O.: The pharmacokinetics of lithium in the brain, cerebrospinal fluid and serum 
of the rat; in Johnson and Johnson, Lithium in medical practice (University Park Press, 
Baltimore 1978).

Dr. Kerrin White, MD, Department of Psychiatry and School of Pharmacy, Los Angeles 
County-University of Southern California Medical Center, 1934 Hospital Place, Los Angeles, 
CA 90033 (USA)

D
ow

nl
oa

de
d 

by
: 

K
in

g'
s 

C
ol

le
ge

 L
on

do
n 

   
   

   
   

   
   

   
   

   
   

   
13

7.
73

.1
44

.1
38

 -
 8

/1
2/

20
18

 4
:4

4:
56

 P
M


