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Lithium Pharmacokinetics

Shortly after Cade (1949) observed the antimanic action of lithium (L), it became apparent
that clinically significane Li toxicity could develop and could be life threatening. At that
tune, many clinicians viewed Li as too toxic a drug to use, and it almost dropped from clinical
saige. Io was only when the clinical pharmacology was derermined by monitoring the plasma
Lt levels for side effects that it became possible to use Li safely and effectively (INoack and
Trautner, 1951; Shou et al., 1954; Trautner et al., 1955; Baastrup, 1971). In particular,
rlisma levels were important when Li was used for prophylactic purposes, where the end point
of a resporise to an acute illness was absent.

Amdisen (1967) was the first to work out 2 standardized technique for monitoring plasma
It levels to aid in dosage adjustment. Morning Li levels on blood drawn before the first
morning dose, roughly 12 hr after the evening dose, provided a standardization for the time
of drawing samples. This work in the early 1960s on the practical pharmacokinetics of Li was
used as an aid to dose adjustment and has since been a standard clinical practice. Recently,
oliva Li and RBC Li have also been proposed to be helpful in monitoring Li treatment. In
this report we will focus our discussion primarily on plasma Li.

- _zuina Levels and Therapeutic Effects

Amdisen (1975) and Schou et al. (1968 and 197 1) defined the cumulative dose response curve
tor long-term Li treatment based on their clinical experience. At present, data on plasma
fevels and therapeutic levels of Li using carefully controlled techniques have not been collected;
Yowever, clinical experience indicates that therapeutic levels are approximately 1 mEg/liter,
and toxic levels begin in che neighborhood of 1.5-2 mEq/licer.

The appropriately designed study to test these findings requires treating patients with a
naed dese of Li for periods of weeks and correlating plasma levels with therapeutic efficacy
when Li is used in the treatment of mania. A similar methodology would have to be used to
detine che relationship berween plasma Li and side effects.
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Plasma Levels and Side Effects

le has been Suggested that cereain 1] side effecrs (e.g., tremors, 4 mental feeling of being ip
a daze, nausea) have been suggested to be associated wich I peaks after ap acuce ora] dog,
Side effecs occurring in patienes receiving differene pharmaceucica] formulatiops of Li wich
different pharmacokinetic profiles can be compared. However, most of these studjes do noe
provide definitjve evidence, Indeed, the differences between cerrain pharmaceutijca] formy.
lations of Li cap be somewhat minor. Yer even minor differences in formularjon can redyce
side effects (Grof et 2l 1996) @ ven the many varjab]es that may govern side effeces (es,
individual differences and rate of L absorprtion, fasting or nonfasting, the presence or absence
of meals, imprecision ip quantitating side effects, differene susceptibility to sjde efteces,
differing thresholds of feporting side effeces eHOng patients), it is por Surprising thae some
authors faj] ¢o feport peak levels thae correlace highly wich such side effeces g5 nausea and
trembling (Fyro et al., 1970; Laurel] and Persson, 1970; Persson, 1971 and 1974a and b;
Edstrom and Persson, 1977).

Many authors have noted such side effeces as tremors, dazed feelings, and nausea related ¢q
Li peaks (Amdisen, 1974b; Amdisen and Schou, 1967; Manissek and Hessling, 1971 Borg
etal., 1974: Consbruch et al., 1978). Currently there are o studies that find that these side
effects occur Principally in ¢he trough between the peaks. Thus, i¢ séems thar there s 4
preponderance of evidence Suggesting a modese relationship to the peaks.

There are seyera] barameters involved in che correlation of peaks o side effeces afrer ingestion
of a tablet of ;. These paramerers include the dose given, the leve] (or trough) between peaks,
the mean peak level, the maximum leve] of 4 peak, and the rate of rise from the basa] leve]
to the peak, Persson (1977b), in a particularly interesting study, quantirated these various
parameters and correlated nausea and tremors ¢o different parameters of the absorption peak,
He administered Liat 8 am apd drew blood ar 8:30, 9:00, and 10:00 aM. He quantitated che
rate of rise by using the angle formed by a horizonta] line and the Intersecting line formed
from the basal leve] to, for example, the 8:30 AM level. These measures can be made for each
of the three time points, and the maximal angle can be calculated. This provides a measure of

one factor is the peak level in an absoluce sense, and the other faceor 1s the rate of rise, Persson
found a significant relationship between tremors and nausea ¢o both the peak level and the rate
of rise. Although Persson did not use 4 multivarjane method, it would haye been possible
using this method tO try to separate oue these two effeces. The highest correlation to side
effects was wich peak levels. By holding this parameter constane, j¢ would have been of interesc

significant, byt they were consistently in che direction that found Ioose bowels with Jow peaks.
We will return o this point later.

There has been Some concern about I toxicity to the kidney since Hestbech et al. (1977
pointed out thar 1; €an produce a chropijc interstitial nephritis, To put this concera in
berspective, it js important to note that there is no evidence that SUpports an increase in
mortality with Li gyer that which might be observed in 4 comparable conero] population (Glen
et al., 1979), nor is there an excess of patients on Lj who die of rena] failure. There is a
legitimate concern for the renal biopsy data, particularly since che findings have beeq replicated
by six separate groups (Copper ¢t af. 1979; Editorial, 1979). The req] question in all chese
studies is whether che control groups were adequate (Copper er g, 1979; Kincaid-Smich
1979). Copper and his colleagues (1979) found thar there was lirele difference in renal function
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between a Li-treaced 8roup and a conerg] 8roup of affectve patients untreaged by Li. The
possibilicy remains, however, thae 1; May cause chropjc Nephropachy, If this could be
eticiogically related ro peak values of Li, then it would be particularly desirable to avoid high
peak values in patients on L through the yge ofsustaincd-reicase Pharmaceurica] formulations.
Ofinterest here js the observation i 35 patients treaged daily wich that the maximyum Li
peak correlates positively (r = 0.48; p < 0.01) with the PH of the urine specimen: i.e., the
first urine specimen after the Li dose (Mellerup et al., 1979). I¢ should be pointed out,
however, that, although ¢ s reasonable to form the hypothesis thar Li toxicity might be
related to peak plasma levels, there js 00 convincing proof that this is the case. [t is certainly
conceivable thar the Opposite could be true, as Mellerup er 4] (1979) point ouc. It may be
that low plasma levels may be beneficial i allowing some sort of cellular fegeneracion process
to occur. The relationship of L; ¢o sodium or other ions could blay a role (Baer or al., 1973;
Mellerup et al., 197¢; Pecersen et al., 1974,

A once a day regime js more convenient thap a three or four times a day regime, Much of
the worl relating peak L ; levels to side effects is based on the assumprion that it is betrer ¢o
avoid high peaks and low troughs in 1 Pharmacokinetjcs. The most important reason for this
concern involves the effect Li has on the kidney. It is certainly reasonable ¢ hypothesize,
although it has not been broven, that high I levels in the kidney might be particularly
dangerous in terms of producing interstitial nephritis,

Thus, there are three advantages for 5 1 formulation thar avoids extreme high peaks: (a)
there is a slightly lower incidence of nayses and tremor; (b) there is better compliance owing
t0 & simpler mode of administration (once or twice 2 day as opposed to three of four times 4
day); and (c) there is the potencia] for avoiding L interstitial nephricis in the kidney. It should
be emphasized that the third advantage is po¢ proven, but is jusc 4 hypothesis. Yet, on the
other hand, many authors have noted diarrhea occurring frequently whep Various slow-release.
Li formulations were utilized. We wij] discuss this in more detai] larer.

Lithium Absorption

This consideration has Jed t0 many studies of the pharmacokinetics of the Lj absorption of
different Lj formulations, When Lj js administered as 4 diluce solution, it js rapidly and
completely absorbed. The majority of Lj capsules or tablets available commercially are almest
completely absorbed. Most studies find 80%-95% of the administered dose are recoverable
in the urine, Lithium is absorbed throughour the gastrointestinal trace. This inference js
Supported by the observation thar 1 is well absorbed by rectal administracion of suppositories
and also by the use of entericoated tablets of various doses (Amdisen, 1974b). In general, ¢
would be expectred that there would be fewer side effeces with sustained release tablets owing
to the association of some side effects to the peak plasma levels (Marini and Sheard, 1976).
However, there js increased diarrhea wich some ulrralong-acting sustained release I prepa-
rations. In these ultraslow absorption Preparations, sufficient 1 reaches the large intestine to
cause diarrhea. Thjs clinical concern has resulted in much interest in the bioavailability of Li
in varioys Pharmaceutica) formulations, Several of the early delayed-rejease formulations were
not entirely satisfactory. Lithjum was relatively poorly absorbed, by more importantly,
absorption was also variable (Copper et al., 1969:; Cooper et al, 1978: Otto etal., 1972: Tyrer
ctal., 1976; Amdisen, 1974p and 1975). Such bioavailability nonequivalence makes dosage
Particular]y unpredictable. Diarrhea, which many patients experience 4 or 8 hr after taking
the dose, occurred with an carly Scandinavian formulation, Lithium Lipett C(ACO Lakemedel,
Sweden) and also with an early British r’ormulation, Priade] (Delandale; Persson 1974, and
1974b; Amdisen and Sjogren, 1968; Copper et al., 1969: Fyro et al., 1970; Persson, 1971).
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The observation of a relatively lower bioavailability of the old formulation of Priadel (Copper
et al., 1969) was verified by Amdisen (1975), who found 58.7% of the administered steady-
state dose recovered in a 24-hr urine of patients. Caldwell et al. (1971) were able to calculace
100% bioavailability for a Li solution. Two acute Li preparations (Eskalith; Smith Kline &
French; and an experimental preparation prepared by the Veterans Administration) yielded a
bioavailability of 96% and 97%, respectively. However, the experimental delayed-release
preparation was only 58% bioavailable. A single dose pharmacokinetic study was performed
by Tyrer and his co-workers (1976) using three preparations: (a) a newer formulation of Priadel,
(b) the Bricish lithium capsule, Camcolit (Norging), and (3) a British sustained release
preparation, Phasal (Pharmax); using single dose pharmacokinetics Priadel, which was quite
similar to Camcolit, che differences found were rather minor. Substanrially lower amounts of
Phasal was absorbed during the firse 24 hr than from eicher of the other two preparations.
Furchermore, substancial amounts of Phasal (35% = 12%) was recovered in the feces over
time periods of 27—56 hr. Substantial lower amounts of Camcolit (6% = 2%) and Priadel
(4% + 19%) were recovered in feces collected over somewhat longer time periods.

Bennie et al. (1977) did a steady-state bioavailability study on three Li preparations:
Camcolit (Camden Chemical Company), lithium carbonate tablets, and a sustained release
preparation (Priadel and Phasal). They compared the two sustained release preparations to Li
capsules administered three times a day and Li capsules administered once a day using plasma
tevels drawn at steady state. Plasma levels were clinically adequate, i.e., within the therapeutic
range of 0.6 to 1.2 mEq/liter for Camcolit administered three times a day, or the two sustained
release preparations administered once a day. There was, however, a higher peak and bigger
troughs after the administration of Camcolit tablets once a day. In thinking about pharma-
cokinetics, it is important to recognize that the pharmacokinetic profile in the steady-state
condition is the appropriate parameter in comparing different preparations, rather than single
dose pharmacokinetics. Single dose, as well as multiple dose pharmacokinetics, is important
in understanding the pharmacokinetics of the drug, but the ultimarte concern is what happens
during steady state. Inspection of the data of Bennie and co-workers (1977) revealed that
plasma levels of the so-called sustained release capsules were relatively high for roughly 12 hr,
but did drop substantially into a trough by 2024 hr. To have trough levels of around 0.6
mEq/licer it was necessary that peak levels be between 0.8 and 1.0 mEq/liter for Priadel. The
ratio of peak values to trough values for Priadel in comparison with the Camcolit tablet is
quite similar. It is of interest that che standard deviation of plasma levels under the sceady-
state condition of patients receiving Priadel was much smaller in patients receiving Phasel.

Amdisen (1974a and b) studied the recovery of Li in the urine of subjects on a steady-state
dose and found the bioavailability of different formulations as follows: lichium citrate tablets,
85%: lichium carbonate tablet, 88%; sustained release tablets (Lithionit), 90%; Priadel old
formulation, 59%; Priadel new formulation, 87%, and sustained release tablet Litarex 88¢.

Grof et al. (1976) did multiple dose pharmacokinetic scudies of these preparations: (a) &
Canadian lichium carbonate capsule containing pure lithium (carbolith; Winley Morris, ICN),
(b) Lichizine (Paul Maney): lithium carbonate with additives, a preparation that shows a slight
degree of slower release than lithium carbonate capsules or tablets, and (c) the British
preparation, Priadel. It is of interest that there were no significant differences in bicavailability
between all three products. Twenty-four-hour urinary recovery of Li was 82.49, 90.7%, and
98.5%. However, the slow-release formulations had slightly less side effects than lichium
carbonate, although the pharmacokinetic properties of the Priadel provide an almost negligible
degree of slow release (Tyrer et al., 1976). It does not seem to produce a decrement of side
effects. Crammer et al. (1974) did find Priadel to have a slightly slower absorption than is
usually seen with the lichium nonslow release formulation. Sugita et al. (1973) found the Paul
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Maney formulation ¢ be slightly slower in absorpeion than lithium carbonate Capsules (Tig-
kalith; Smith Kline & French).

Griel and hjs co-workers (1976) studied the Pharmacokinetjcs of lithjum acetate and lithiym
aspartate. Plagm, leves of lichium aspartate were subsmmialiy fower than those obseryed with
lithium acetace. Afrer gpg) administmtion, there was 4 lag period of Several hours before Li
plasma Jeve[s rose. Lithjum acetate peak [evels occurred ar 1—» hr, whereas lithium aspartate
peak levels Occurred ac aboyy ¢ hr. Studies of COOT GIEIGT i urine indicated thar
;ubstanriaiiy less amouncs of Li given jp the asparcace form were fecovered in the urine over
n 8-day period aftera single oral dose. Lithium acetate and lithiym aspartate were administercd
1.v., and blood was collected initially S¥eryiDisee Plism ICVeIS0f T | vere virtually {dentical
when these two forms were given. Similarly, after iv, administration, fecovery of lithium
4Sparcate in che upjne Was very similar ¢o that of the fecovery of lithium acetate. The . v,
studies indicace that the phaz'mJcokinetigs of the L; administered in these tywo forms s
practically identical, It js feasonable to assume, therefore, that the [ower plasma Jevels and
lower fecovery of Li from the urine whep Liis given a5 lithium aSpartare, are a resyf, of
incomplete absorption.

Thornhil] (1978) Ccompared ordinary and sustained lithjym, carbonate (Quilonum Retard)
administered ¢ both acyce and chronjc patients. He fitted the dagq from both Preparations
to a mode] yielding absorption, rcdistribution, and eliminacion Inean half-}ife of 0.78, 5. 05,
27, and 7 4t pd 26 hr for the ordinary apd sustained rejeage forms, fespectively. The
area under the cyrve (AUC) of the sustained rejease Preparation was 8597 of that of the ordinary
Preparation, indicating aslighr Jower bioavailabiiiry, a resule consiseene with the other studjes
of slow release Preparations, The author nctes thar adequate serym levels can pbe obtained
with the sustained relegse form administered twice a day and with the ordinary Preparation
given three times a day,

Altamura et o] (1977) found lieele difference between pharmacokinetic Parameters such 45
the AUC, haif—iifb, total body ¢} “arance, and the apparent volume ofdistribution between the

various salts of Li (lithium carbonate, sulfare and chloride),

Persson (1974a) also noted diarrhea afper the slow rejease sulfate Preparation wich lithium
Lipete C, Others have also reporeed diarrhea wich slow release formulatjon (Fyro ec al 1970;
Borg et al. 1974; Laure) and Persson, 1970).

Persson (1974b) did 2 multiple dpge Pharmacokinec;c study and Suggested that this slow
release formulation had slightly Jess bioavaiiability than carbongaee tablets, bur 4 lower peak
value. To avejd the diarrhea, 5 newer “mediym release” formulacion of lithium sulface
(Lithionje Durretter) Was compared with an older versjoy (slow telease) of this formulation,
as well as to a coared lithium carbonate tabler (some patienes find ordinary lithiym, carbonate
tablets to haye an unpleasant taste). In a Systematic study of side effects, there were few
differences i the side effeces between medium releage formulacion and the coared I tablecs.
A higher frequency of diarrhea was found with the slow release tablets (Edstrom and Persson,
1977).

Jepsson and Sjogren (1975) did single dose studies in norma) volunteers (5 = 30) Comparing
the occurrence of diarrhea in patients adminjstere the slow release [ 4 formulacjon (Lithionit;
Durretter ang Litarex) given either jp 4 fasting state of immediuteiy after meals. Virtually ajj
the cases of diarrhea occurred wich slow-release I j given to fasting subjects. Urine was colleceed
in 10 subjects given Lithiopij¢ Durrerter for 120 hr, and the bercent recovered from fasting and
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nonfasting subjeces were 79% + 3¢ and 929, + 29 ¢ would seem that whep Baseyg,.
tablecs Pass rapid]y through che Intestinal cryep yielding high 1; concentracion q the lar,.,
Intestine, hence, there 5 diarrhea plus a Jegs complere absorpeion with more than 2.~ ~
OPposed o 8¢z not being absorbe( and Presumably appearing in che NS00l e e thue |
simple faceor such g Whether 5 tablecs are taken wich meals o during a tllstmg State f,
IMportane 'mplications for [ pharmacokmetms and side efteces.

Ie is of interesc thyp Persson (19774 and b) found , consistent pacrery, ot 4 NCEag)y,
relationshjp between pPeak heighr 4 lovse stools, and, although nope of these diftercy,
were Statiscically Significane, ¢he findings Were consiscent ip terms of the direction i
suggest chyr individyg] difterences jq the pharmacokinenc profiles of differene Subjeces fia
same lichjym carbonare tabler reflece [ effece on the large incescine. Diarrhe, ISHi
medica”y Intricace of Jitb—rhreatcmng side ettece, bue {tcan be y Nuisance ang IS impore, .
to some patients. [¢ would seem desirable to use medium durati(m formulations of ity G
€XCess amounes ot [ fedching he large tntestines ap cdusing diarrhey and Meomp, .
absorpeion.

oAy

another patjen, had as Jiceje as 7% recovered In the feces. This would suggest thac che torme
Patient absorheq only 18% of the dose whijle the laceer Patient absorpe 93% of the dose. Sy,

Consbruch e al. (1978 found cthae In patiencs Teceiving the sjouw release [ichjypn, sulta,
formulaciog (lithium Duriles) 98¢, of the dose could be fecovered in the urine. Bergner o al
(1973), using an €Xperimental sjoy release formulatjon (Rowe]] laboraron'es, USA) Compure.
to the standard lichium carbonare tabler (Lithotabs), found thar 68% of the slow release (i,
Was recovered in che urine in the firse 48 hr while 80% of the lithotabs were recovered ar ¢y,
same time pojne. Single dose pharmacokinetics may provide only an approximation of absorys
tion unless Studies cap determine aCcurately the excretion tail ¢o accurate approximarcioy
nfinity. Sjoy, absorpeion can artifactually increase the beta phase Y2+ Inaccuracies i meus
Urement of the rajj of the area under the time cyrye €an alter the resy]ps and do 5o parejc ularly
if the curye is interpolared t0 infinity as 4 single ¢Xponential: j ¢ » @small errop ofmeasurcmcnr
€an etfect the calculatjon Nore, Cooper et 4. (1978) fecovered 999z the dose in ¢pe urinic
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slow release breparation given twice 4 day as Opposed to the standard tablets administered rwo
or three times 5 day to0 the same patient.

Pharmacokineti_c Models

Several authors have fitred plasma leve| dacy to the tWOo-compartment model wich absorption
after first-order kinetics, Caldwell et 4] (1971) and Poyse et al. (1976) showed a good fi¢ for
some, but nor aj] patients using this mode]. Poust et g (1976) extended their work by
performing 2 pharmacokinetics single dose study of 4 norma] volunteers where 1. was given
in the presence and in the absence of chlorothiazidé. He found thar the thiazide increased
plasma levels by 26% and decreased clearance by 26 5%. Pharmacokinetic analysis showed
that the thiazides broduced change in rens) cleatance. Thjs change was accounted for by che
249 reduction ip the value of K., che €xcretion race censtant. The £00d fit to the two-
compartments open mode! absorption after first-order kinetics is particularly usefy] i that i
may allow predictions abour Lj pharmacokinerics in steady state. Indeed, thjs 8roup compared
predictions from the single dose Pharmacokinetcs with Li valyes observed ip batients at steady-
state levels and found a good correspondence p 3 patienes (Poust ¢t al., 1976). Similar
methods have been used by Groth et 4] (1974) and Amdisen (1975, 1977).

Griel and hig co-workers (1976) administered I L.v. and ficted the observed plasma levels

to a four-compartmenr model. Plasma levels dropped fapidly in the firs; few minutes after

Volume of Distribution

Amdisen 97 o7 found the apparent volume of distribution calculated by fractional
urine collection made during the 1ES6 16 br o be abour 50%-90% of the body weight.
Lehmann and Merten (1974) found 2 slightly higher volume in young people (1.2 liter/kg or
120%) than in older people (90%). Groth et 4], (1974) measured the apparent volume of
distribution jn single dose Pharmacokinetjcs caiculating an absorprive phase and 3 fag; and
slow phase of excretion half-]jfe. They estimated an apparent volume of distribucion from the
formula Q7 =D ¢ F/A x B, where D = dose, F = fractions absorbed, assumed to be
100% here, A = area under the curve, and B = pepa elimination constant), The volume of
distribution so calculated, varjed from 0.65 liter/kg 0 0.85 licer/kg.

Mason and his co-workers (1978) administered Li chronically for steady-stare studies in
schizophrenjcs who were also fecetving antipsychotics and other drugs. Plasma I; (steady state)
Was measured 12 hr after the firse dose and then daily for 4 days. A one-compartment, open
mode] for these conditions was assumed, and the apparent volume of distriburion and other
bParameters were calculated, The former parameter ranged from 0.39 t0 1.39 liter/kg (mean
+ standard deviation = 0.79 + 0.34 licer/kg). Al authors found substantia] individual
variations jn the apparent volume of distribution,

Excretion

Lithium is almost entirely excreted ip the kidney. Indeed, when [ Is administered in solution,
virtually 1009 is Tecovered in cthe uripe, Renal Li clearance is in the range of 10~40 mji/mig
in normal patients (Amdisen, 1977). Renal Lj clearance js calculated from rormal subjeces
after the intake of a single dosage of 24 mMI, fracejong] urines being colleceed during the firse

B S
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16 min after intake. Fyro et al., (1973) found creatinine clearance corrected significantly wie,
Li clearance (» = 0.65). Although the relationship of Li pharmacokinetics to salt intake 15
beyond the scope of this review, it is important to remember that conditions that aleer salr,
such as a low sale diet, diuretics, pregnancy, fever, exercise, extremely hot days with ¢xees
sweating, and the administration of exogenous salt, can alter the Li balance (Thomsen and
Schou, 1968; Peterson et al., 1974; Schou et al., 1973).

Lithium clearance can vary substantially from higher clearance during the day to lower
clearance during the night. Indeed, t,,, of Li can be as much as 2.5 times longer during che
night as during the day (Amdisen, 1975). Several workers using two-compartment, open
models after oral Li administration estimate an elimination half-life in the range of 3—11 hir
(Caldwell et al., 1971; Groth et al., 1974; Poust et al., 1976). This is consistent with the
data of Amdisen (1975) who found most values between 7 and 21 hr in 177 patients and 19
healthy subjects (range 4-42). This was calculated from plasma levels drawn between- 14 and
22 hr after che first single dose. Most healchy patients have a somewhart faster half-life than the
conventional 24 hr half-life of Li so often reported in the literature. The histograms of Li half-
lives show most patients have between 7 and 21 hr, but a minority of patients who have
impaired renal excretion have half lives of 21-42 hr. -

Prediction of Optimal Lithium Dosage

One of the major tasks in Li creatment is to adjust the dosage so chat optimal therapeutic
plasma concentration can be obtained as quick as possible. It is, cherefore, of clinical impor-
tance to predict optimal dosage of Li in each patient at the beginning of treatment.

Figure 1. Prediction of dose necessary to achieve steady-state plasma level obrained after test dose (Diits
from Cooper et al., 1973 ).

3600 —
4‘" Plasma Dose
: <0.05 600
- i 05 - .09 600
10- .14 900
E s iy 1200
4, 200093 1800
2 - S0 2700
- >0.30 3600
2160
(@) 2 ‘..
&
- .,
o 'o.'.
21440 4
o '~._..
o L
el s s TR R e .
0 it R
0 .05 14 00 27 .24

24 Hour Plasma Level (mEqg/liter)




Lichium Pharmacokinetics : 191

Several authors have reporeed prediction methods using Li rena] clearance (Schoy et alle
1970) or plasma concentrate curves after an initial testing dose (Bergner et al., 1973). These
approuches involved complicated proceduyres and are not pracejcal for clinical application,

Cooper and co-workers (1973 and 1976) administered 4 single dose of 60Q mg of Li and
drew blood 24 hr after this cesr dose. Patiencs were then treated with 600 mg of Li t.id., and
steady-stacc Li levels were measured. The 24 hy serum Li correlated wich the steady-state
values after 600 mg t.id. (» = 0.97). The authors then proposed 2 predicted dose regime
that they are certain to lead o serum levels of 0.6 ¢o 1.2 mEq/liter. Cooper et 4. (1973)
presented a table (see oyr Figure 1) listing the 24-py serum value after the 0@ mg and the
dosage regime that they assere wil] lead to the appropriate serum [evel. However, this group
failed to indicate how thev went from the empirical daca to their recommended desage. Their
data is based on the correfation of che plasma levels afrer 4 test dose wich steady-scate Jevels
after a conscant dose. Thus, they attempted ro determine a prediczion dose that yvields a given
standard steady-state leve] from a plasma level after a tege dose. There are many possible
rationalizations for constructing a table of recommended dosage based on these test dose valyes,
Their prediction scheme is presented in graphic form in Figure 1. It g5 reasonable to have 5
clear-cut rationgle that can be explicitly stated in order to explicate the teasoning underlying
such predictions. This problem is compounded by the stated €quation of Bergner et a). 1973,
which predices a much higher Li level thag we expected at the 12-hr standard sample. Indeed,
we think their predictiog should be close to the peak. Seifere ¢t o], (1975) administered slow
release lithjum carbonate Quilonum Retard in order ¢ achieve a steady-state leve] of 0.9 mEq/

PLASMA LITHIUM (End of Two Weeks)
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administered 4 test dose of tyg 450 mg tablecs 404 drew blood 24 hr [ater. From this, they
predicred the number of tablecs of thjs formulaciop &lven clinically 0 produce plasmy levels
of 0.9 mEq/liter, The formula v “the numbe, of tablers = LO0 = D07 plasm;
level @i correlation between the numbe, of tablegs and 24-py eq, dose valye was (.80,
Chang anq his C0-workers (1978) administered 4 test dose of 900 mg given a5 300-mg 1;
tablets and drew blood for single dose pharmacokinetics. This &roup found good correlarjopg

liter for Plasma drav, in the standard Manner, j.e  he 12-hr standard technique, They

steady-state levels of APproximately 1. mEq/ljter, Good correlations were observed betweeq
all paramecers and this dose. :

Using this method, Chang e a1 (1979) feported 10 patjenys had thej; dosage fequiremen g
predicted ar the beginnmg of Li treatment, and anocher ] Patients had their dosage adjusee
by conventiona] ¢riy) and error methods to see whether chjs Prediction method cap actually
achieve Optimal plasma Li more accurately and figpep than the convenciong| method. By¢p
8roups were aiming a¢ obtaining a plasma Lj of | ¢ mEq/licer, Ap the end of 2 wk, most of
the patienes given Predicced dosage showed the Plasma 1 between 0.8 and 1.2 mEq/licer,

RANGE of PLASMA LITHIUM
(Day 4. 15)

Figure 3, Range of plasma lich-
fum levels obtained using conven-

tonal methods fo, adjusting lich-
um dose vs levels obtained using
prediceive method.
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which is very close to the prediction (Figure 2). During the course of 5 2-wk I treatment, the
patients wicl conventiona] dosage adjustmene showed a muych wider range of plasma lithiums
when compared with those patients who were on the predicred dosage-(Figure 3). This
indicated thar patients wich conventional dosage adjustmene would be exposed much more
often to the tOXic or ineffectjye plasma L, Although several workers (Cooper et al., 1973,
Seifert et all s 1975; Chang et al., 1978 and 1979) found 2 good correlation between the test
dose and steady state, the prediction scudy feported here s the first repore where the actya]
dosage predicted by such an €quation does, in fact, yield the desired plasma levels. With
respect to this issue, Cooper et al. (1976) did not perform 2 controlled study to see if the
prediction recommendariong did, in fact, vield che expected resulr, by only asserced that they
have used j¢ i private practjce.

General Remarks

This work deals only wich plasma Jeve]s. Erythrocytes, saliva Jevels, or brain levels a0 not
covered by this Paper (cf. Frazer er al., 1973), There is 2 need in the U.S. fo; both a good
medium-rate release preparacion that avoids high peaks, and an ultra-slow releqse that can be
administered b.id. we emphasize thar the underlying assumption fs the avoidance of peaks
to lessen tremors, nausea, and possibly kidney damage. More work is needed for the optimal
prediction formuyja from cthe rese dose. There S¢ems to be a linear relationship between plasma
level and doge (Amdisen 1974 and '1975) 5o chae a 5-day plasma level wouiq allow a
Proportionate dose adjustment: Le., we would €xpect plasma levels ¢ be directly Proportional
to dose. We advocate doge adjustment o side effects and clinica] fesponse after the [y, period.
The usefulness of the test dose prediction and the 5-day prediction is to move quickly and
accurately to obrain the Plasma leve] within the ysyyj therapeuric fange. After thar, the dose
can be furcher refined by side effect and therapeqcic response feedback.,
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