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The current interest in the use of lithium 
for the treatment of mood disorders has stim- 
ulated interest in its pharmacologic actions. 
Lithium is usually given as the carbonate in 
therapy, but the only major study of the 
absorption and distribution of lithium was 
carried out with iv lithium chloride (1). The 
present study in rats was designed to examine 
the absorption of the lithium ion into the 
blood and its distribution between blood and 
brain after single oral and ip doses of lithium 
chloride and lithium carbonate. 

Methods. Male Wistar rats (Rockland 
Farms), weighing 200-400 g were used in 
this study. They were housed in FDA animal 
quarters with constant temperature and hu- 
midity and a diurnal lighting cycle. The rats 
were given free access to food and water 
throughout the experiment. Lithium chloride 
in a 0.9% saline solution and lithium car- 
bonate in a 0.5% carboxymethylcelluhse sus- 
pending medium were administered in doses 
of 0.0, 2.5, 5.0, 10.0, and 20.0 mEq of lithium 
per kg of body weight. This dose range 
encompasses that of most other animal exper- 
iments which run from about 2.5 to 15 
mEq/jkg (2), and the human dose range of 
0.8-3.6 mEq/kg ( 3 ,  4).  Each drug was given 
ip or orally to separate groups of 3-9 rats a t  
each dose level and time period. These ani- 
mals were killed at 15 and 30 min, and at 1, 
2, 4, 13, 12, 24, and 48 hr after the adminis- 
tration of the drug. Rats were killed by de- 
capitation, blood was collected by exsan- 
guination into heparinized tubes; brains were 
quickly removed, washed free of blood, and 
stored frozen until lithium analysis was per- 
formed. Blood samples were centrifuged at 
1800 irpm, and the plasma was collected and 
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refrigerated until lithium was analyzed. Lith- 
ium analysis was carried out by flame photo- 
metry using a Technicon AutoAnalyzer and 
the method of Nevius and Lanchantin ( 5 ) .  
With this method there is virtually no inter- 
ference from sodium or potassium and the 
sensitivity is 0.1 mEq/liter. A semiauto- 
mated method for brain lithium analysis 
based on the method of Schou ( l ) ,  was 
developed and standardized and its specificity 
and sensitivity are the same as for the plasma 
method. 

Results and Discussion. Plasma lithium 
levels after the ip and oral administration of 
lithium chloride and lithium carbonate are 
shown in Figs. 1 and 2. After ip administra- 
tion peak lithium levels are usually reached 
more quickly after lithium chloride than lith- 
ium carbonate. The peak lithium levels 
reached after the two higher doses of lithium 
chloFide are significantly greater ( p  < .001, t 
test) than the corresponding peaks obtained 
after lithium carlbonate at the same dose 
levels. Plasma lithium levels after lithium 
chloride fall rapidly, and from 1 through 8 hr 
are lower than the plasma levels after lithi- 
um carbonate which decline in a linear fash- 
ion from 1 through 12-48 hr. 

After oral administration, both compounds 
show similar absorption patterns with an in- 
crease in the first 15 or 30 min followed by a 
plateau at  all dose levels that extends to 12 
or 24 hr with no marked or consistent peaks 
in plasma levels. These plasma levels are 
higher than the levels found from between 8 
or 12 and 24 hr after ip administration. After 
oral lithium carbonate plasma lithium levels 
are generally higher than those after oral 
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FIG. 1. Plasma lithium after ip and oral administration of lithium carbonate. The ordinate is 
plasma lithium in mEq/liter, and the abcissa is the time in hours on a logarithmic scale. Each 
point represents 3-12 determinations and the vertical bars are the standard error of the mean. 
Where vertical bars are not Fhown the standard 

lithium chloride a t  all doses. 
Brain lithium levels after lithium car- 

bonate and lithium chloride are shown in 
Figs. 3 and 4. With both compounds and 
routes the lowest dose, 2.5 mEq/kg, gave 
brain lithium levels that were below the 
sensitivity of our method and have thus been 
omitted from the results. 

After lithium carbonate ip brain lithium 
reaches measuralble levels a t  1 hr and rises 
irregularly to 8 hr where only the highest 
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error is less than 0.1 mEq/liter 

dose shows a discernible peak, and a t  which 
time the brain levels have become higher 
than the plasma levels. After oral administra- 
tion of lithium carbonate, on the other hand, 
the brain levels a t  1 hr are barely detectable 
and generally rise to reach a peak at 24 hr, 
with the brain concentration of lithium being 
greater than that of plasma a t  between 12 
and 24 hr. The brain levels achieved after 
oral administration are significantly lower 
than those after the ip route at 20.0 mEq/kg 
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FIG. 2 .  Plasma lithium after ip and oral administration of lithium chloride. The ordinate and 
abcissa are the same as in Fig. 1 .  



PLASMA AND BRAIN LITHIUM LEVELS 891 

LITHIUM CARBONATE I P  

3 s  

3 0  

3 2 5  

E 
I 2.0 
2 

U 
W 

c 

IS 
z - 
2 

10 

0 5  

0 3 

2.5-  T 

LITHIUM CARBONATE ORAL 

T 

0 5- 

I 
:15 50 1 2 4 0 12 24 40 25 5 0  1 2 4 8 I ?  21 48 

TIME AFTER ADMINISTRATION :HRS TIME AFTER ADMINISTRATION 'HRS 

FIG. 3. Brain lithium after ip and oral administration of lithium carbonate. The ordinate is brain 
lithium in mEq/kg expressed on the same scale as plasma lithium, and the abcissa is the same 
as in Figs. 1 and 2. 

dose but not at lower doses. In  both cases 
the 5.0 mEq/kg dose gives levels that are 
quite 'low and variable and that seem to fol- 
low no pattern as do the two higher doses. 

A similar picture is seen after lithium chlo- 
ride with no discernible peak brain levels 
after ip administration and generally rising 
levels to 24 hrs after the oral route. 

These absorption patterns are similar to 
that described by Schou (6) after iv lithium 
chloride, and demonstrate that, the movement 
of the lithium ion into the brain is slow and 
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that its efflux is slow as well. This would 
imply that relatively constant blood levels 
over a period of 24 hr or more would be 
needed before there is an equilibration be- 
tween blood and brain lithium levels. 

Summary. A study of the absorption and 
distribution of lithium carbonate and lithium 
chloride after oral and ip administration has 
shown that lithium chloride was absorbed 
more rapidly into the blood than lithium car- 
bonate after ip .administration, that lithium 
chloride given orally is absorbed to a lesser 
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FIG. 4. Brain lithium after ip and oral administration of lithium chloride. The ordinate and 
abcissa are the same as in Fig. 3. 
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extent than lithium carbonate, and that the 
patterns of oral and ip absorption of both 
compounds are similar. We have also shown 
that the movement of lithium ions into the 
brain is slow, that only relatively low levels 
are achieved, and that the lithium brain 
levels are directly related to and dependant 
on the magnitude and duration of the plasma - -  
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