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Objectives: Lithium has recently been found to enhance neuronal regeneration and differentiation.
This arouses its potential use to treat spinal cord injury patients. The safety and pharmacokinetics of
lithium are not verified for this group of patients as their internal organ functions may change. This is a
phase 1 clinical trial to evaluate the safety and pharmacokinetics of lithium in spinal cord injury patients.
Methods: A total of 20 chronic spinal cord injury subjects were recruited. Oral lithium carbonate was
given in divided dose to maintain the serum lithium level 0.6–1.2mmol l�1 for 6 weeks. Safety
parameters, adverse events and pharmacokinetic data were carefully collected and monitored.
Results: No severe adverse event was documented. All blood parameters remained stable. Nausea
and vomiting were the most common complaints but tolerance was improved in 2 weeks for most
subjects. A wide range of oral doses was required to maintain serum lithium level at the targeted range.
However, the dose for individual subject was relatively constant.
Conclusion: This phase 1 clinical trial is the first report indicating the safety of lithium in chronic spinal
cord injury patients. It is well tolerated after the first 2 weeks. Individual titration of lithium is essential to
maintain an optimal serum lithium level but once the desirable level is achieved, the oral dose remains
relatively unchanged for maintenance.
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Introduction

Lithium attracted much attention as a potential neuro-

regenerative agent in 2004 when Yick et al.1 reported that

lithium reinforces regeneration-promoting effect of the

enzyme, chondroitinase ABC, on rat rubrospinal neurons.

A recent study by Su et al.2 revealed the enhancing effect of

lithium on proliferation and neuronal differentiation of

neural progenitor cells in the adult rat spinal cord. At the

same time, it reduces microglia and macrophage activation

and thus immune response of host. Fornai and co-workers3,4

reported that daily doses of oral lithium carbonate achieving

0.4–0.8mmol l�1 plasma levels, not only remarkably pre-

vented death of 22 patients with amyotrophic lateral

sclerosis but also resulted in minimal motor deterioration

over 15 months, compared to 29% mortality and significant

motor deterioration in 22 patients who did not receive

lithium. If confirmed, this would be the first therapy that

prevents mortality rate and neurological deteriorations in

patients with amyotrophic lateral sclerosis.

The safety and pharmacokinetics of lithium in the spinal

cord injury patients remain unknown. The renal, endocrinal

and metabolic functions of the spinal cord injury patients

may differ from the normal population. Lithium may

increase neuropathic pain, spasticity and other symptoms

of spinal cord injury. The current phase 1 clinical trial was

designed to determine the feasibility and safety of oral

lithium carbonate treatment associated with the therapeutic

level of lithium (0.6–1.2mmol l�1). The goal is to obtain

sufficient safety and pharmocokinetic information to permit

the design of phase 2 spinal cord regeneration studies that

combine lithium with other treatment regimens.

Materials and methods

A total of 20 eligible patients were recruited from MacLehose

Medical Rehabilitation Centre, Hong Kong in 2007. The

study was sponsored by the China Spinal Cord Injury

Network Company, Ltd and approved by the local research

ethics committee. The investigation was conducted in
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accordance with the Declaration of Helsinki Principles and

International Conference on Harmonization Guidelines for

Good Clinical Practice. All patients gave written informed

consent before their enrollment.

Patient recruitment

Patients, 18- to 60-years old, classified as American Spinal

Injury Association Impairment Scale (2000 standards) A–C

due to spinal cord injury more than 12 months ago were

eligible. Exclusion criteria included hypersensitivity to

lithium; significant renal, cardiovascular, hepatic or psychia-

tric diseases; associated severe brain injury; concomitant

intake of drugs interacting with lithium; history of alcohol

or drug abuse; pregnant or lactating women and women

reluctant for effective contraception.

Study design and drug administration

Each eligible subject received lithium carbonate in a daily

dosage of 500mg initially. Dosage was titrated upward by

an additional tablet of 250mg in steps to achieve and

maintain a plasma lithium concentration within the range

0.6–1.2mmol l�1. The subjects visited the clinic at screening

(week �4), baseline (day 0), day 3 and at week 1, 6 and 12 for

assessments and serum lithium examination.

Dose modification

Dosing of lithium was determined and adjusted according to

plasma lithium level concentrations. At 72h (day 3) after the

initial oral intake of lithium, blood was sampled for lithium

levels. If the plasma lithium concentration had reached the

minimum level of 0.6mmol l�1, no adjustment of dosage

was required.

If the initial plasma lithium at day 3 did not reach the

minimum level, an additional 250mg tablet was added.

Blood was sampled for lithium levels at week 1. If the

minimum level 0.6mmol l�1 was still not achieved, a further

additional tablet was added and blood was sampled again

at 72h. This was repeated until the criterion of 0.6–

1.2mmol l�1 was reached. All serum lithium samples were

drawn 12±1h after the last dose. Thus, the steady-state

trough level was being used for the adjustment of the oral

lithium dosage.

If the lithium levels exceeded the maximum level

1.2mmol l�1 but below 1.5mmol l�1 without any presenting

symptoms of intoxication at day 3, the dosage was reduced

by one unit, that is, 250mg. Blood was sampled for lithium

level at week 1. If the therapeutic range 0.6–1.2mmol l�1 was

reached, no further readjustment of drug dosage was

required and the subject was maintained at that dosage level

for the rest of the 6-week treatment period.

Outcome measures

All patients were monitored for adverse events (AEs). Clinical

assessment included side effects of lithium, body weight,

vital signs (temperature, pulses, respiratory rates, blood

pressures in the sitting position), visual analog scale for

any pain all over the body, Ashworth scale of limbs and

American Spinal Injury Association scoring. Scheduled blood

tests were carried out to monitor the renal, liver, thyroid and

parathyroid functions. In addition, full blood count, clotting

profile, serum glucose level and urinalysis were performed to

document any other possible AEs. Electrocardiography was

used to monitor cardiac status.

Pharmacokinetic sampling and assay

Lithium levels were assessed at visit 1 (screening), visit 2a

(before the administration of lithium), visit 2b (72h after

initial dosage), visit 3 (1 week after the initial dosage or after

the dose increment), visit 3b, 3cy (72h after adjustment of

each lithium dose), visit 4 (12h after the last dose) and visit 5

(6 weeks after stopping lithium). Drug compliance was

estimated by comparing the expected and observed con-

sumption of lithium carbonate. The algorithm was as

follows:

Drug compliance ð%Þ ¼ Observed consumption

Expected consumption
�100%

Observed consumption was equal to the total number of

tablets dispensed minus the total number of tablets returned.

Expected consumption referred to the expected daily dosage

times the corresponding number of treatment days.

Statistical methods

All statistical tests were two-tailed, at the 0.05 significance

level; and all P-values were rounded up to three decimal

places. The analyses were conducted using the Statistical

Analysis System (SAS version 9.1; SAS Institute Inc., Cary, NC,

USA). The full analysis set was carried out based on the

intention-to-treat principle. Therefore, all subjects with pro-

tocol violations or those withdrawing from the study prema-

turely were included. Any subject who received at least one

dose of lithium carbonate was included in the data analysis.

Results

Safety

We recorded 95 AEs during the treatment period, and only 2

of them (2.1%) were preexisting conditions. A total of 58 AEs

(61.1%) were known side effects of lithium carbonate and 37

AEs (38.9%) were unexpected. Most of the reported AEs

(95.8%) were recovered before the end of study period. Four

AEs (4.2%) that persisted after the end of the study were laxer

muscle tone, easier bowel motion, abnormal T-wave inver-

sion of the electrocardiography and sacral pressure sore. The

first two AEs were considered to be beneficial by the patients.

The patient with T-wave inversion did not have any

symptom and the cardiac enzymes were normal. The patient

with sacral bedsore had history of recurrent bedsores.

A quarter of AEs occurred during the first 3 days of

medication and 90% of the AEs occurred while oral lithium

was being adjusted to reach the therapeutic levels

0.6–1.2mmol l�1. A total of seven subjects stopped treatment

prematurely. With an exception of subject 11 who quit

at day 23, all other subjects quit the study during the initial

2 weeks because of the AEs. Three subjects withdrew because

of gastrointestinal symptoms such as nausea and vomiting.
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Other reasons included increase in bowel movement, head-

ache and hand tremor, shortness of breath and increasing

‘dullness’.

Vital signs of all patients were stable throughout the study

period. Physical examination did not reveal any remarkable

change although two subjects (nos. 003 and 004) com-

plained of puffiness of face. Their body weight remained the

same compared to the baseline levels. No significant change

was found for pain visual analogue scale, modified Ashworth

Scale and American Spinal Injury Association Impairment

Scale. Pressure ulcers were found in four subjects, but three of

them had the ulcers before the study. One subject (no. 016)

developed a grade 4 sacral pressure ulcer at the final visit.

He had history of recurrent pressure sores.

None of the subjects showed significant changes of

hematological and biochemical parameters (Table 1). Subject

005 was found to have hyperglycemia at screening but

because this was not an exclusion criterion, the subject was

recruited into the study. No thyroid or parathyroid dysfunc-

tion was reported. One subject had prolonged PR interval

of electrocardiography at visit 4 and 5. Another subject

developed a T-inversion. Both of them were asymptomatic

and cardiac enzymes were normal. Therefore, these electro-

cardiographic changes were considered to be clinically

insignificant.

Pharmacokinetics

Eighteen subjects reached blood lithium levels of at least

0.6mmol l�1 (Figure 1) during the treatment period. A daily

dose of 500mg was not sufficient to achieve the therapeutic

level in any of the subjects. Individual daily requirement of

oral lithium varied widely from 750 to 1750mg. Two subjects

quit the study before serum level of 0.6mmol l�1 due to AEs.

At the final follow-up, lithium level of all subjects was below

0.2mmol l�1.

The mean serum lithium associated with the administra-

tion of various doses of lithium carbonate is shown in

Figure 2. The serum lithium level rose steadily and smoothly

Table 1 The important biochemical and hematological parameters reflecting that the renal, liver, thyroid and parathyroid functions did not have
significant change throughout the study period

Parameters Baseline After taking lithium

Day3 1 week 6 week 12 week Ref. range

Urea (mmol l�1) 3.7–5.1 3.4–4.8 3.3–4.6 3.3–4.8 3.3–4.6 3.0–8.8
Creatinine (mmol l�1) 51.4–65.1 50.6–63.1 53.8–65.6 52.5–68.0 48.7–58.9 67–109
Total bilirubin (mmol l�1) 7.1–10.1 6.4–10.7 6.5–10.9 6.2–10.8 6.2–9.6 4–23
Alkaline phosphatase (U l�1) 67.9–86.6 68.7–88.1 65.3–83.6 70.8–94.5 63.3–75.8 42–110
Alanine aminotransferase (U l�1) 13.5–47.5 15.0–111.7 10.2–84.9 10.43–55.2 13.8–32.3 8–58
Aspartate aminotransferase (U l�1) 14.0–37.1 2.07–90.13 13.7–54.4 13.5–38.3 18.4–26.2 15–38
Free T3 (pmol l�1) 4.7–5.2 4.4–4.8 4.4–4.9 4.2–4.8 4.6–5.0 3.2–6.5
Free T4 (pmol l�1) 15.5–17.3 14.5–15.7 14.9–16.5 14.0–15.4 14.3–16.0 12–23
PTH (pgml�1) 35.6–52.3 32.0–46.7 32.0–48.1 35.0–49.5 25.5–39.7 11–54
Prothrombin time (s) 10.7–11.2 10.5–11.3 10.6–11.2 10.4–10.9 10.6–11.5 11.3–13.5
APTT (s) 28.8–30.1 28.4–30.2 28.7–30.2 27.5–29.3 29.9–32.6 25.9–33.7

Abbreviation: PTH, parathyroid hormone.

One patient had flare-up of his preexisting hepatitis but the liver function returned to normal before he stopped lithium.
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Figure 1 Individual serum lithium levels over study time.
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with every tablet increment. No abrupt variation of drug

level was noted. The range of serum lithium did not increase

with higher oral doses. In fact, the range of serum level is

wider at 750 and 1000mg compared with 1250 and 1500mg

(Figure 3). The box plot did not show significant up or down

skewing and the means were close to the medians. This

implied that the serum lithium level distribution was a

nearly normal distribution at a particular dose. There were

few exceptionally high or low levels. These make adjustment

of the individual dose relatively easier.

Compliance

Eighteen subjects had drug compliance over 90% whereas

the compliance of the remaining two subjects was 80.8 and

88%, respectively. Fatigue and gastrointestinal upset were

the most common reasons given for noncompliance.

Compliance improved with time and the side effects were

finally well tolerated once a steady oral dose was being

taken. Although 7 of the 20 subjects discontinued treatment

due to perceived side effects, none of these subjects

even reached the therapeutic range of 0.6–1.2mmol l�1

when they began experiencing their symptoms. Finally,

once optimal plasma level was reached at a particular dose

and the dose was maintained, the plasma levels remained

quite consistently close to what they were at the beginning

of the maintenance phase. There was no significant

statistical difference between the serum lithium levels at

visits 3 and 4.

Discussion

Although 95 AEs were recorded, a vast majority of these were

mild and did not manifest in any signs of organic

abnormalities. None required therapeutic or corrective

actions other than stopping the lithium treatment when

requested by the subject. Most (59%) of the AEs were

intermittent, moderate or mild intensity (78%), temporarily

related to the lithium treatment (86%), required no action

(81%) and disappeared when lithium was discontinued.

Lithium appears to be well tolerated by a majority of cases.

Some subjects reported mild side effects such as gastro-

intestinal tract upset, sleepiness or dizziness at the initial

phase of oral lithium intake even though the serum level

was at or below the therapeutic level. Most complaints

disappeared after a short while. More severe side effects

causing organ dysfunction were not seen. Most of the AEs

occurred during the titration phase and before plasma

lithium levels reached therapeutic levels. Nausea and

gastrointestinal upset appear to be the most common AEs

associated with initial lithium use.5 The symptoms of upset

stomach and nausea decreased with time and no cumulative

or additional symptoms occurred during the treatment

period. Transitory subjective complaints do not require

termination of treatment.6

Seven subjects dropped out during the study. Most were

during the initial phase of lithium titration. Because the side

effects usually appeared at the beginning before serum

lithium levels were therapeutic and almost all of the subjects

had less symptoms with time, it is likely that the dropout

rate would have been less if the patients were better

reassured. Of the 13 patients who completed the 6-week

course, most of them reported similar side effects but in

general they tolerated lithium carbonate better with time.

Lithium is mainly excreted by the kidneys and spinal cord

injury patients are prone to have coexisting renal impair-

ment. Therefore renal function monitoring is important. In

addition, long-term lithium treatment itself can cause

nephropathy.7 Careful monitoring of the renal function

throughout the study period did not reveal any renal toxic

effect. No patient complained of or found to have polyuria,

electrode disturbance, albuminuria or impaired renal

function test.

We were concerned that lithium may increase neuropathic

pain or spasticity. Our data indicate that lithium does not
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increase either. We were also concerned with the effect of

lithium on thyroid, parathyroid and other hormonal func-

tions. Lithium suppresses thyroid function and is associated

with goiter. The incidence was reported to be 7.4/1000.8

Another study by Carle et al.9 reported 1.6% of hypothyroid-

ism in the Danes due to lithium use. Lithium-induced

hyperparathyroidism is relatively rare10 and may be asso-

ciated with hypercalcemia and delirium. Our data indicate

that lithium has no effect on T3 or T4 levels, parathyroid

hormone levels or blood chemistry in chronic spinal cord

injury subjects. Thus, subsequent clinical trials require less

frequent monitoring of these parameters. However, close

scrutiny remains essential in acute cases due to the potential

pharmacokinetic difference of lithium.

None of the patients in this study reached therapeutic

plasma levels with 250mg twice per day. Several reached

therapeutic levels 40.6mm with 250mg three times per day.

However, several patients needed daily dose of as high as

1750mg to reach and stay in therapeutic range. We therefore

recommend starting the titration with 750mg per day in

three divided dose, that is, 250mg three times per day and

going up from there in 250mg increment.

Transient overdosing defined as plasma levels exceeding

1.2mmol l�1 was found in five subjects. The serum lithium

level returned promptly to therapeutic level after redu-

cing the oral lithium intake. No patient had clinical signs

or symptoms of lithium overdose. Only about half of

the plasma lithium reaches the central nervous system.11–13

Oral route causes gastrointestinal side effects. Intra-

thecal administration may minimize the side effects and

improve the efficacy of lithium treatment in spinal cord

injury patients. Conversely, our study indicates that

people with chronic spinal cord injury tolerated the drug

well and there was no objective evidence of organ dys-

function associated with the serum lithium levels,

0.6–1.2mmol l�1.

In conclusion, much evidence suggests neuroprotective

and neuroregenerative properties of lithium. It increases

neuronal markers and gray matter in brain and at least one

preclinical study suggests that lithium can enhance axonal

growth in spinal cord in combination with other chondroi-

tinase. This phase 1 clinical trial indicates the safety of

lithium in chronic spinal cord injury subjects, although its

safety in acute cases needs further study. Although there

were an unexpected number of voluntary dropouts from the

study during the first 2 weeks of initiating lithium treatment,

the results indicate that the drug is well tolerated after the

first 2 weeks. This study is preliminary to a double-blind

placebo-controlled trial of lithium versus placebo treatment

of spinal cord injury.
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