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Abstract

Aim: Drug addiction is a chronic brain disease with constant relapse requiring

long-term treatment.  New pharmacological strategies focus on the development

of an effective antirelapse drug.  This study examines the effects of levo-

tetrahydropalmatine (l-THP) on reducing heroin craving and increasing the absti-

nence rate among heroin-dependent patients.  Methods: In total, 120 heroin-de-

pendent patients participated in the randomized, double-blinded, and placebo-

controlled study using l-THP treatment.  The participants remained in a ward

during a 4-week period of l-THP treatment, followed by 4 weeks of observation

after treatment.  The patients were followed for 3 months after discharge.  Out-

come measures are the measured severity of the protracted abstinence withdrawal

syndrome (PAWS) and the abstinence rate.  Results: Four weeks of l-THP treat-

ment significantly ameliorated the severity of PAWS, specifically, somatic

syndrome, mood states, insomnia, and drug craving, in comparison to the placebo

group.  Based on the 3 month follow-up observation, participants who survived

the initial 2 weeks of l-THP medication and remained in the trial program had a

significantly higher abstinence rate of 47.8% (95% confidence interval [CI]: 33%–

67%) than the 15.2% in the placebo group (95% CI: 7%–25%), according to a log–

rank test (P<0.0005).  Conclusion: l-THP significantly ameliorated PAWS, espe-

cially reducing drug craving.  Furthermore, it increased the abstinence rate among

heroin users.  These results support the potential use of l-THP for the treatment of

heroin addiction.
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Introduction

Drug addiction, a chronic brain disease, is characterized

by constant relapse that requires long-term treatment[1].

Currently, the first line of treatment for chronic opioid de-

pendence is agonist maintenance treatment, such as metha-

done and buprenorphine.  The principle of maintenance treat-

ment is to suppress withdrawal symptoms and heroin craving,

reducing heroin abuse and the risks associated with drug

use behaviors[2,3].  Fundamentally, however, the maintenance

treatment is not an abstinence-oriented program.  Once the

maintenance program is interrupted, the protracted absti-

nence withdrawal syndrome (PAWS) will occur, resulting in

relapse.

New pharmacological strategies that target specific ele-

ments of the addiction cycle are currently under intense

investigation.  For example, naltrexone, an opioid receptor

antagonist, was initially developed to treat heroin depen-

dence by blocking euphoria and weakening the addiction

cycle.  In clinical practice, however, naltrexone produced

adverse effects and did not ameliorate the PAWS of opiate

dependence, resulting in a lower retention rate and relapse [4].

So far, pharmacological agents have shown limited efficacy

in the treatment of drug addiction[5].  There are no broadly

effective anti-relapse pharmacotherapies available for hu-
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man opiate dependence.

The major problem in the clinical treatment of drug de-

pendence is relapse.  Many addicts respond very well to

inpatient treatment and yet their relapse occurs soon after

leaving the program.  The addiction neurobiology, based on

decades of animal studies, suggests that the onset of heroin

withdrawal coupled with reward deficits could play a critical

role in provoking craving and relapse in human opiate ad-

dicts[6].  We hypothesized that if a medication, without rein-

forcing abuse potential, could effectively ameliorate the

PAWS of opiate dependence, especially the drug craving,

the medication could be effective in reducing the relapse

rate.  To test this hypothesis, we employed rotundine, that

is, l-tetrahydropalmatine (l-THP), in this pilot study.

l-THP is a main active ingredient of a Chinese traditional

analgesic herb and has been safely prescribed in Chinese clini-

cal settings for more than 40 years.  l-THP significantly binds

to dopamine (D1, D2, and D3) receptors[7–12] and antagonizes

morphine abuse in animal experiments[13–15].  Recent reports

showed D3 to be significantly involved in drug craving and

relapse processes[16–18].  Further, l-THP has no abuse poten-

tial and its pharmacology and neuropsychopharmacology

have been extensively studied with animals and human

models.  These results have been widely published, particu-

larly in Chinese literature[19].  Finally, since l-THP is already

listed in Chinese pharmacopeia, the associated costs and

time required to conduct clinical trials would be substan-

tially reduced.

We report our initial results in a randomized, placebo-

controlled, and double-blinded study with l-THP treatment

after 7–10 d of detoxification.  We demonstrate that l-THP

treatment significantly ameliorates the PAWS, especially drug

craving, and increases abstinence rate among heroin users.

Materials and methods

l-THP  l-THP is a purified compound isolated from Chi-

nese herbs by Best & Wide Pharmaceutical (Nanning, China).

It has been approved by the Chinese Government Agency

since 1964 (State Food and Drug Administration of China),

and listed in Pharmacopoeia of China (1977 edition) for hu-

man use in relief of chronic pain, insomnia, and anxiety.

Human patients  In total, 120 heroin-dependent patients

(27.57±5.76 years old, mean±SD, 89 males and 29 females)

were recruited during the study period between June 2000

and February 2001 from the inpatient population at the

Hengyang Detoxification Clinic (HDC), Hunan, China.  Each

participant met the DSM-IV criteria for heroin dependence

and was tested as having a positive opiate in his or her urine

test before entering the HDC.  The patients expressed their

willingness to participate in this trial.  Exclusion criteria in-

cluded any drug dependence other than tobacco and opiates;

history of psychiatric and neurological diseases, such as

schizophrenia, psychosis, past seizure episode, or current

use of psychoactive medications; hepatic, cardiovascular,

and renal diseases; and pregnancy or breastfeeding.  Writ-

ten informed consent was obtained from each patient, and

the human protocol was approved by the IRB of Second

Xiangya Hospital (Changsha, China).

Study design  A randomized, double-blinded, placebo-

controlled trial was designed.  As shown in Figure 1, partici-

pants had been detoxified in a ward at the HDC and were

abstinent for at least 7 d before entering the trial.  The partici-

pating patients remained in a ward during this trial.  The

participants were randomly divided into 2 groups: the l-THP

treatment group (2 tablets [30 mg l-THP] twice per day) and

the placebo group (2 placebo tablets twice per day).  The

treatment dose was selected based on the preclinical and

clinical studies in order to minimize its mild sedative effects,

which began to manifest at a higher dose (>100 mg/70 kg

body weight).  The l-THP and the placebo tablets were pro-

vided by Best & Wide Pharmaceutical (China).  The l-THP

medication lasted for 1 month, while participants stayed in

Figure 1.  Experimental design and the time-courses of the randomized, double-blinded, and placebo-controlled l-THP trial program.  l   , time

intervals at which the PAWS assessments and urine tests were conducted.
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the clinic as inpatients.  After the cessation of l-THP treat-

ment for 1 month, the participants either stayed in the clinic

or decided to return home.  Urine samples were collected to

test for heroin or morphine by 8 different intervals: day of

admission, d 7, 14, 21, and 28 during l-THP medication, and

on d 5, 14, and 28 after the cessation of the medication.  Dur-

ing the following 3 months after the patients were discharged,

the random urine tests were conducted to check their absti-

nence-free status for the residual of heroin or morphine.

During the 5 month study period, participants could discon-

tinue the study at any time.  No patient received psychotherapy.

The PAWS severity was determined by completing a ques-

tionnaire at the 8 time intervals, as described earlier.

The questionnaire measuring the severity of the PAWS,

termed the Heroin Withdrawal Scale (HWC), was specifically

developed and validated for opiate dependence[20].  As listed

in Table 2, this self-rating scale consists of 30 symptoms in 4

categories: 9 symptoms in the mood category, 8 symptoms

in the craving category, 4 symptoms in the insomnia category,

and 9 symptoms in the somatic category.  The intensity of

each symptom was rated with a 5 point scale of 0=not at all,

1=a little, 2=moderately, 3=quite a bit, and 4=extremely).  The

rated scores for each symptom in the same category from

every patient were added up as the categorized score for the

patient.  The categorized scores from individual patients in a

group were then averaged to obtain the mean±SD.  The higher

the scores were, the more severe the PAWS.

End-points of the study  Retention in treatment and absti-

nence rates were employed as the end-points.  No informa-

tion was collected from patients who left the trial program.

These patients were categorized as “relapsed” when deter-

mining the abstinence rate.  Other outcome measures in-

cluded changes in the PAWS severity scores (HWC-30) for

mood, craving, sleep, and somatic symptoms.  The higher

the scores, the more severe the syndrome.

Data analysis  The Kaplan–Meier method was employed

to estimate the event-free survival probability of patient re-

tention in the treatment program, and the log–rank test was

used to analyze the retention rate between the l-THP-treated

group and the placebo group.  Considering the effects of

antagonistic mechanisms of l-THP treatment on the mood

syndrome, the estimations were conducted in 2 time periods:

the first was done in the initial 2 weeks, and the other was

accomplished during the rest of trial period.  The differences

in severity among the PAWS scores and the individual PAWS

categorical ratings for “somatic”, “mood”, “sleeping”, and

“craving” were analyzed with the following time-dependent

regression model:

Yk,i,j=mk(ti,j)+εk,i,j, for k=1, 2; i=1, …, nk; j=1, 2, …, 8,

where tk,i,j= (0, 7, 14, 21, 28, 35, 42, and 56 d) are observa-

tion times, Yk,i,j is the jth measurement of the ith patient from

the kth treatment group, and εk,i,j are the 0 mean error terms.

The testing null and alternative hypotheses are:

H0: m1(tj)=m2(tj) for all j=1, 2, …, 8  versus HA: m1(tj) ≠ m2

(tj) for some j.

The differences in the severity scores of the PAWS mea-

surements between the treated and placebo groups were

assessed using the method of comparing cross-section

growth data[21,22].  This method compares the difference of

the areas under the regression curves (ie it examines whether

there is an overall difference between the 2 groups).  When

a significant difference is detected, the Student t-test method

can be used to identify differences at a given time point.

Results

Demographics and clinical characteristics of partici-

pating patients  Table 1 lists the demographics and clinical

characteristics of the participants taken from the Selected

Structured Clinical Interview for the DSM-IV diagnoses at

intake.  None of the variables differed in terms of sex, age,

education, the kind of treatment, the age of onset, and the

daily time of heroin administed between the l-THP-treated

group and the placebo group.  No significant differences

were evident in these demographics between the 2 groups.

Comparison of the dropout rates and abstinence rates

after l-THP medication  The results of the retention for the

l-THP-treated and placebo groups are shown in Figure 2 by

the Kaplan–Meier estimators.  After medication for 2 weeks,

the survival probability of retention for the placebo group

Table 1.  Demographics and clinical characteristics of participating

patients.

               Groups  Placebo      l-THP

n 6 1 5 9

Age (mean±SD years) 27.5±5.9 27.7±5.6

Sex (M/F) 46/15 45/14

Education (mean±SD years)                   8.4±2.4               8.5±2.2

Employment status

(employed/unemployed) 18/41 22/35

Type of drug (heroin/other drug) 58/2 58/1

Age of opiate intake onset

(mean±SD years) 24.4±5.1 24.2±5.0

Times of daily heroin intake

(mean±SD) 2.5±1.1 2.9±1.6
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was 100% (95% confidence interval [CI]: 100%–100%), while

that of the l-THP-treated group was 72% (95% CI: 60%–

83%).  The log–rank test showed that the dropout rate for

the l-THP-group was significantly higher than that of the

placebo group (Figure 2A; Table 3, P<0.0001).  The placebo

group retained 59 patients in the trial program, whereas the

medication group decreased from 61 patients to 44 (Figure

2A; Table 3).

After the 3 month follow-up observation, it was noted

that participants who survived the 2 weeks of medication

and remained in the trial program had a high abstinence rate

of 47.7% (95% CI: 33%–67%) as opposed to the placebo

group of 15.2% (95% CI: 7%–25%).  The log–rank test has a

P-value of 0.0005, indicating that the abstinence rate was

significantly higher in the treatment group than the placebo

group (Figure 2B).

Effects of l-THP medication on total scores and the 4

categories of the PAWS  According to the regression analysis,

1 month of l-THP medication significantly reduced the total

scores of the PAWS severity, as shown in Table 3 (Z=-9.73;

P<0.0001).  The l-THP-treated group showed a significant

reduction in severity than the placebo group in the somatic

syndrome (Figure 3A; Z=-6.082; P<0.0001), insomnia (Figure

3C; Z=-6.399; P<0.0001), and craving (Figure 3D; Z=-22.42;

P<0.0001), but not in the mood state (Figure 3B; Z=0.2568;

P=0.7973).

The most intriguing result of the l-THP treatment was the

significant reduction in opiate craving (Figure 3D).  After 1

week of treatment with l-THP, the craving scores were sub-

stantially reduced compared to the placebo group, and con-

tinued to decline thereafter.  One month after the cessation

of treatment, the craving score was 3.5±2.6 (mean±SD) for the

treatment group versus 7.0±3.5 for the placebo group (P<0.01;

Figure 3D).

Discussion

l-THP has an antirelapse effect  The present study sup-

ported a clinical hypothesis that continued treatment is nec-

essary beyond detoxification, even when the body is

cleansed of the drug.  Our experimental results demonstrated

that l-THP medication can significantly reduce the severity

of the PAWS, especially opiate craving, and increase the

abstinence rate after medication.  Our preliminary results dem-

onstrated that proper medication, such as l-THP, could be

effective in decreasing opiate relapse.

The present study design has a unique feature in that

the administration of l-THP was given after 7–10 days of

drug abstinence.  Since the main goal of this study is to test

if l-THP is effective as an antirelapse medication, it is neces-

sary for patients to achieve a drug-free state first, at least for

a period of time, then determine the relapse rate from the

drug-free state.  There was difficulty in ascertaining the ideal

length of the drug-free state.  It is noteworthy that in the

Kaplan–Meier curves in Figure 2A, the retention rate was

significantly lower after 2 weeks of l-THP treatment, as op-

posed to the placebo group.  The treatment retention rate

was improved after 14 d of l-THP medication, as shown in

Figure 2B.  It is denoted that a period of drug-free state

requires at least a 2 week trial period of l-THP.  The detailed

mechanisms underlying the lower retention rate in the first 2

weeks are not clear.  Among these unscheduled early termi-

Table 2.  Thirty symptoms of the protracted abstinence withdrawal

syndrome to be subjectively rated by participating human patients

on a 5 point scale of 0=not at all, 1=a little, 2=moderately, 3=quite

a bit, and 4=extremely.

Categories Protracted abstinence withdrawal symptoms

Somatic 1 Get goose flesh

2 Have hot and cold flashes

3 Running nose and tearing eyes

4 Nose and throat are choked

5 Muscles and joints aching

6 Muscles twitching

7 Whole body discomfort

8 Yawning

9 Feel ill

Mood 1 Feel lonely

2 Do not like to talk and hate to be disturbed

3 Nothing seems interesting

4 Hard to focus attention

5 Feel bored and not wanting to do anything

6 Feel distracted

7 Feel hyperirritable

8 Agonizing

9 Restless

Insomnia 1 Wake up early in the morning

2 Hard to fall asleep at night

3 No deep sleep and wake up often

4 Have dreams often

Heroin craving 1 Want to take drugs when thinking of conditioned cues

2 Craving for drugs when facing conditioned cues

3 Always thinking about take drugs

4 Want to take drug while bored

5 Want to take drug while having sleep troubles

6 No drugs, life is boring

7 No drugs, days wear on like years

8 No drugs, feel lost
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nation cases, there were no reports of adverse effects or

acute hepatic toxicity due to the l-THP treatment.  The ef-

fects of the dopaminergic antagonisms of l-THP could have

played a role in early discharge.  A previous study suggested

that chronic heroin users might produce a reduction in dopam-

inergic activity in the human brain[18].  The antagonisms of l-

THP medication could reduce the post-synaptic dopaminer-

gic activities further, resulting in lower retention.  After the 2

weeks, the dopaminergic activities may recover and the re-

tention rate may be improved significantly.  This mechanism

may be similar to that evidenced in clinical practice whereby

naltrexone treatment may not be given to heroin users until

they have a negative reaction to naloxone.  However, in ani-

mal studies, l-THP could enhance the presynaptic dopamin-

ergic activity, including biosynthesis and release of dopam-

ine via the feedback regulation[38-40].  This mechanism might

be involved in the early termination cases.

Alternatively, we suggest that in the morphine users, the

brain function of endogenic opioid peptides, such as

endophine (µ agonist) and enkephalin (δ agonist), have not

dropped away from the substitutive inhibition of morphine

(an exogenic µ and δ agonist) during the 10 d period.  Under

these in vivo circumstances in the brain, the D2 antagonism

of l-THP would aggravate the substitutive inhibition of hero-

ine users.  The above-mentioned animal results[38-40] would

support this idea.  However, in the animal experiments, the D2

antagonism of l-THP was substantiated to be an augmenta-

tion on the brain function of endophrine in the periaqueductal

gray (PAG), and enkphrine in the brain[19,31,32,41].  Since the

main goal of this study was to test if l-THP is effective as an

Figure 2.  (A) Event-free survival probability among patients who did not drop out during the first 14 d of the l-THP treatment.  Patients in

the placebo group had a significantly higher retention rate than those in the l-THP treatment group (P<0.0001).  (B) Kaplan–Meier curve of

patients during the treatment period.  Patients who survived after the first 14 d of treatment (placebo treatment with 59 patients, and l-THP

treatment with 44 patients) served as the baseline for calculating the survival probability after 3 months.  Abstinence rate in the l-THP

treatment group (21 patients) is significantly higher than that of the placebo group (9 patients, P<0.0005).

Table 3.  Comparison of total scores (summation of the 4 categories) of the PAWS between placebo and l–THP-treated groups.  Time-

dependent regression model revealed that the l-THP-treated group had significantly ameliorated total PAWS scores than the placebo group

(Z=–9.73, P<0.0001).

              Day Placebo group l–THP Group PAWS placebo PAWS l-THP

          n          n   mean±SE   mean±SE

Start medication 5 9 61 41.72±2.27 41.61±2.79

Week 1 5 9 50 36.64±1.75 31.02±2.21

Week 2 5 9 44 29.56±1.54 26.77±1.92

Week 3 5 3 40 27.98±1.49 25.75±1.79

Week 4 5 0 40 25.26±1.47 23.00±1.91

Follow up after medication

Week 5 3 8 35 23.71±2.00 17.36±1.59

Week 6 2 1 31 17.86±2.45 13.39±1.64

Week 8 9 21 14.67±2.06 12.10±1.80

3 Months 9 21          Negative urinalyses
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anti-relapse medication, it is necessary that patients achieve

a long drug-free state first, followed by l-THP treatment to

prolong heroin abstinence.  Based on this observation, it is

suggested that patients be tested 21–30 d before l-THP

medication, rather than the current 7-10 d.  This should allow

a higher retention rate during the early treatment period.

Possible mechanism of l-THP treatment for heroin ab-

stinence  First, l-THP is an antagonist of DA receptors[7-11].

Its antagonistic effect on DA receptors, particularly D2 and

D3 receptors, would play an important role in reducing drug

craving.  Many recent studies using animal models have

demonstrated that l-THP is a potential candidate for treating

heroin[12-15] and cocaine addiction[23-25].  Other studies have

shown that D3 receptor antagonism significantly inhibits

cocaine-seeking behavior[26-28] and reduces nicotine-paired

environmental cue functions[29].

The D2 receptor, like DA (D2 and D3) receptors, display a

presumed pharmacological similarity and homology in the

sequence of amino acids, which increased up to 75% in the 7

transmembrane domains.  It has been shown that D3 recep-

tors are mainly located post-synaptically, and a subset of D3

receptors is located presynaptically.  The neuroanatomical

locations of D3 receptors are mainly restricted to expression

in distinct areas of the limbic system, such as the nucleus

accumbens and the islands of Calleja.  The nucleus accumbens

is involved in the diverse neurological and psychiatric

disorders, such as Parkinson’s disease, schizophrenia, and

drug abuse (heroin, morphine, cocaine etc), which have been

extensively reviewed[16,30].

Second, it has been shown that the antinociception of l-

THP is based on the antagonism on the D2 and D3 DA recep-

tors in the ventral tegmental area (VTA)–accumbens nucleus–

prefrontal cortex DA pathway[19], and the D2 receptors in the

arcuate nucleus of the hypothalamus is also involved in l-

THP-induced, β-endorphin neuron-mediated analgesic ac-

tion[19,31], which projects to PAG, an important action site of

morphine.  It has been observed that l-THP acts on the arcu-

ate nucleus and has a sequential enhancement of END

release, which modulates the physiological functions, such

as analgesia or anticraving resulting from long-time expo-

Figure 3.  Time-courses of the subjective rating scores of the categorized PAWS.  Time-courses of the somatic syndromes (Z=-6.082) (A), the

mood syndromes (Z=0.257) (B), insomnia (Z=-6.399) (C), and craving (Z=-22.42) (D) between the placebo and l-THP treatment groups were

compared, and the significant levels were expressed with Z-scores.  Bars represent standard errors.  Bold lines represent the placebo group and

the thin lines represent the l-THP treatment group.
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sure to morphine[32,33].  As well as this, D2 and D3 antagonism

of l-THP would interrupt the DA transporter function in the

nucleus accumbens on the pre- and post-synaptic sites[11,34,35].

Furthermore, brain DA neurons in heroin addicts may

become maladapted due to long-term exposure to morphine

and could be readapted by l-THP treatment.  In the experi-

ment of morphine-dependent rats, the levels of glial fibrillary

acidic protein (GFAP) and tyrosine hydroxylase (TH) in the

DA neurons of the VTA were significantly increased.  l-THP

treatment significantly decreased the levels of GFAP and TH

in the VTA to normal levels, indicating that the function of

the dopaminergic neurons is in recovery[36].  Similarly, l-THP

treatment can reverse the decreases of dopamine D1 and D2

receptor mRNA in morphine-dependent rats[37].  These re-

sults suggest that l-THP treatment can facilitate the recov-

ery of dopaminergic functions and gene expression.

Recent studies have demonstrated that l-THP treatment

could produce a rightward and downward shift in the dose–

response curve for cocaine self-administration and attenu-

ate cocaine-induced reinstatement[23,24].  It is presumed that

the cocaine-induced DA transporter-mediated effect is re-

duced by the D2 and D3 antagonism of l-THP on the post-

synaptic site in the nucleus accumbens, which may be po-

tentially of use in treating human cocaine addiction.

Limitations of this pilot study  This pilot study demon-

strated that l-THP significantly ameliorated the PAWS, es-

pecially reducing drug craving and increasing the abstinence

rate among heroin users.  These results support the poten-

tial use of l-THP for the treatment of heroin addiction.

However, there are several methodological limitations to be

addressed.  First, the study participants were mixed between

treatment seekers and non-treatment seekers, since they were

recruited from the compulsory detox institution.  It is pos-

sible that treatment seekers and non-treatment seekers may

have different responses to l-THP treatment.  Second, the

present study employed only pharmacotherapy with l-THP

medication without cognitive behavioral treatment (CBT).  It

is expected that the combination of CBT with pharmaco-

therapy may produce a synergistic effect.  Third, the present

study has been limited to employing only 1 dose of l-THP

with a short duration (1 month).  Although the short dura-

tion and the low dose of l-THP were initially chosen to re-

duce the risk of possible hepatic toxicity[42], a future study

may examine the effects of the length of treatment time, num-

ber of treatment sessions, and dose responses.
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