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Abstract

A total of twenty subjects were enrolled in the study to find the lowest oral dose of 
drug in which the parent compound and/or one of the two major metabolites would be 
reliably detected in 80% of the urine samples. Five subjects received 5mg and fifteen 
received 2mg for 5 days of observed dosing with urine sampled on days 1, 4 and 
5. OPC3373 was found in 93% of the samples compared to 50% for aripiprazole 
and 8% for dehydroaripiprazole. Aripiprazole serum samples on days 1 and 5 were 
similar indicating that steady state had been achieved. This information is consistent 
with the subjects being adherent to their prescribed dosing at study entry. In conclu-
sion, urine levels of OPC3373 appear to be the most reliable marker for monitoring 
compliance with aripiprazole.

IntroductIon
Strict compliance to an antipsychotic medication regimen 

is vitally important in maximizing positive outcomes for 
individuals suffering from schizophrenia [1-3]. Unfortunately, 
adherence is usually poor due to the prevalence of adverse 
side effects. While adherence is poor across a wide variety 
of physical and psychiatric conditions [1,4-6], it is estimated 
that half of the patients with schizoaffective disorder and 
schizophrenia take less than 70% of their prescribed dose [7]. 

Although new generations of drugs are becoming increasingly 
available with broader efficacy and improved side-effect 
profiles, levels of adherence remain alarmingly low [1,5].

In a review of the literature [8], the most common method 
used to assess adherence was the report of the patient. In a 
follow-up study by Velligan [9] comparing patient self-report 
or physician assessment of compliance with more objective 
measures, it was shown that patients and physicians were not 
able to identify adherence accurately.

The goal of this study was to determine if, among known 
adherent individuals, a specific metabolite of a psychoactive 
drug could be consistently observed in the urine, which can 
serve as a marker of drug compliance. This could help to 
delineate the potential relationship between the oral drug 
exposure and the concentration of a reliable metabolite. 

The drug chosen for the study was aripiprazole, which is a 
second- generation antipsychotic and adjunctive treatment 
for depression that is highly prescribed in this country. The 
second goal was to observe if serum levels of aripiprazole 
were similar, when sampled five days apart during a period 
of observed dosing, in individuals who reportedly had taken 
the drug for a period of two weeks prior to their entry into 
the trial. Similar serum levels would confirm the reported 
adherence with the medication during the prior two-week 
period.

MaterIals and Methods
A total of twenty subjects were enrolled in the study 

to find the lowest oral dose of drug in which the parent 
compound and/or one of the two major metabolites would 
be reliably detected in 80% of the urine samples. This study 
was conducted at the offices of Carolina Behavioral Care, 
PA in Durham, North Carolina and Hillsborough, North 
Carolina. All subjects met the eligibility criteria and each 
signed an informed consent form and completed all protocol 
assessments. Inclusion criteria included: at least 18 years 
of age, prescribed and judged to be likely compliant with a 
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stable once daily dose of aripiprazole for at least two weeks 
prior to study day 1. Subjects with known renal or kidney 
disease were excluded from the study. All the subjects had 
observed aripiprazole dosing for five consecutive days. Table 
1 represents the baseline characteristics of the enrolled 
population. As can be seen, a relatively large proportion of 
subjects had a diagnosis of depression and had mild disease, 
both of which are consistent with their need for relatively low 
daily doses of aripiprazole. This drug is also indicated for the 
treatment of schizophrenia and bipolar disease.

A total of 60 urine samples were obtained from the 20 
subjects. Initially, 5 subjects were recruited who were taking 
a dose of 5 mg. If at least 4 out of 5 urines tested had at least 
one of the metabolites detected in each urine, then the next 
5 subjects were to have been recruited at the next lowest 
available dose (which in this case was 2 mg) If fewer than 4 
out of 5 urines tested did not have a detectable metabolite 
the next 5 subjects recruited were to have been at the next 
higher dose. This process was to have been continued until 
there were at least 15 subjects recruited with the same dose 
that had at least one of the 3 metabolites detected in 80% of 
the urines. In this case, the OPC3373 metabolite was detected 
in 4 out of 5 of the first subjects taking a dose of 5mg, and the 
next 15 subjects were recruited at 2mg.

Urine samples were analyzed to determine detection 
sensitivity for aripiprazole and the two major metabolites 
dehydroaripiprazole and OPC3373 using Ultra Performance 
Liquid Chromatography-Tandem Mass Spectrometry (UPCL/
MS/MS).

The urine samples were prepared by dilution with deionized 
water and methanolic internal standard solution. Samples 
were not hydrolyzed prior to analysis. Internal standards 
aripiprazole D8 and clozapine D4 and Waters Acquity UPC® 
BEH Phenyl, 2.1 x 50mm, 1.7um was the LC column used. The 
mobile phases utilized were: 2mM ammonium acetate with 
formic acid and methanol. Prepared samples were run on a 
Waters Acquity TQD® in positive electrospray ionization 
acquisition mode. Mass spectrometer temperatures were 
set as follows: source temperature of 160°C and desolvation 
temperature of 350°C. The desolvation gas flow was 800 L/
Hr and cone gas flow was 10 L/Hr. The urine cut off levels are 
as follows: Aripiprazole 5 ng/ml, Dehydroaripiprazole 5 ng/
ml, OPC 3373 25 ng/ml. Serum levels were measured using 
High Performance Liquid Chromatography /Tandem  Mass 

Variable n (%)

Gender, N (%)
Male 
Female

6 (30%)
14 (70%)

Race, N (%)
Black 
Caucasian

9 (45%)
11 (55%)

Ethnicity, N (%)
Hispanic 
Non Hispanic

0 (0%)
20 (100%)

Marital Status, N (%)
Single 
Married 
Separated
Divorced Lives with parent
Widowed

4 (20%)
4 (20%)
7 (35%)
3 (15%)
2 (10%)

Education, N (%)
Did Not Complete High School 
High School Graduate
Some College
College Graduate

3 (15%)
6 (30%)

10 (50%)
1 (5%)

Employment, N (%)
Unemployed 
Part Time Employed
Full Time Employed
Retired 
Disabled

5 (25%)
4 (20%)
1 (5%)

2 (10%)
8 (40%)

Cigarette Smoking, N (%)

Current
Past
Never

12 (60%)
3 (15%)
5 (25%)

Body Mass Index (kg/m2)
Median 
Extremes

29
19.2, 44.3

Psychiatric Diagnosis, N (%)
Schizophrenia
Bipolar Disorder
Depression

4 (20%)
5 (25%)

11 (55%)

Global Impression of Illness 
Severity, N (%)
1=Normal, not at all ill 
2=Borderline mentally ill
3=Mildly ill 
4=Moderately ill
5 or higher

1 (5%)
3 (15%)

12 (60%)
4 (20%)

0

table 1: Baseline Characteristics of Subjects (N=20).

aripiprazole dehydroaripiprazole oPc3373

Study Day 1

N(%) Positive 
Mean ± SD
Median Extremes

4 (80%)
12.4 ±8.8
11.1
0 – 22.3

2 (40%)
2.3 ± 3.2
0
0 – 6.5

4 (80%)
375.7 
±493.1
175
0 – 1214

Study Day 4

N(%) Positive 
Mean ± SD
Median 
Extremes

2 (40%)
5.8 ± 8.0
0
0 – 16.3

1 (20%)
1.2 ± 2.7
0
0 – 6.1

4 (80%)
245.3 ± 
16.5
228.2
0 – 571.4

Study Day 5

N(%) Positive 
Mean ± SD
Median Extremes

2 (40%)
6.1 ± 9.2
0
0 – 18.3

1 (20%)
1.6 ± 3.7
0
0 – 8.2

4 (80%)
216.8 ± 
92.9
182.4
0 – 493.9

table 2: Urine drug/metabolite testing on days 1, 4 and 5 on subjects 
on 5 mg/day (N=5).
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Spectrometry (LCMS/MS). The lower limit of detection of the 
serum testing was 20 ng/ml.

results and dIscussIon
The urine sample results for the five subjects on 5 mg 

aripiprazole per day are shown in Table 2. The parent 
compound aripiprazole was found in four of the five subjects 
on day 1 and in two of the subjects in days 4 and 5. An analysis 
of the actual urine levels shows no significant differences 
between days 1, 4 and 5. Dehydroaripiprazole was observed 
in two subjects on day 1 and in only one subject on days 4 and 
5, which was far less frequent than the parent compound. As 
expected, the urine levels of this metabolite were quite low. 
Conversely, OPC3373 was consistently observed in four of 
the five subjects on all three days of testing. The urine levels 
ranged from 376 ± 493 ng/ml (SD) on day 1 to 217 ± 193 ng/
ml on day 5. There were no significant differences observed 
between the levels on all three days. Included in the tables 
are the median and the extremes for the collected data. The 
wide range of the extreme values in conjunction with the fairly 
large standard deviations indicates the wide variability in the 
obtained data.

The results for the urine sample for the fifteen subjects on 
2 mg aripiprazole per day are shown in Table 3. The parent 
compound aripiprazole was found in eight of the 15 subjects 
on day 1 and day 4; and in 7 subjects on day 5. There was no 
significant difference observed in the urine levels comparing 
all three days. On the other hand, dehydroaripiprazole was 
observed far less frequently. It was only observed on day 1 in 
one subject and the levels were less than 1 ng/ml. Conversely, 
OPC3373 was consistently observed in all fifteen subjects 
on days 1 and 4 and in 14 subjects on day 5. As can be seen, 
there were no significant differences in the urine levels in 
this metabolite on all three days. The median, extremes and 
standard deviation reflect the wide variability of the collected 
data.

Serum aripiprazole levels were fairly constant from day 
1 to day 5 as shown in Table 4. Serum aripiprazole was not 
obtained on study day 5 for 2 subjects. Serum levels of the 
drug were as likely to increase as to decrease over the five 
days of observed dosing. The percent change was small in the 
majority of subjects (<25% change in 12 of 15 subjects). In fact, 
in seven of the subjects, the levels on day 1 were greater than 
on day 5. While in eight of the subjects, the levels on day 1 were 
less than on day 5. Of interest, the parent drug/or metabolite 
was detected in the urine on day 1 for all three subjects with 
aripiprazole not detected in serum at day 1. As stated above, 
the level of detection of the serum testing was 20 ng/ml. The 
stability in serum levels from Day 1 to 5 is consistent with the 
subjects being adherent to their prescribed dosing at study 
entry as intended for the study.

In humans, aripiprazole is primarily converted in the liver 
to two major metabolites. It undergoes dehydrogenation 
to form dehydroaripiprazole, which is pharmacologically 
active. It is also converted through N-dealkylation to form the 
inactive compound OPC3373. These pathways involve both 
CYP2D6 and CYP3A4 enzymatic pathways. Less than 1% of 
aripiprazole is excreted unchanged in the urine. Blood levels 
of aripiprazole have been shown to be increased in individuals 
with hepatic impairment [10]. As expected, the blood levels 
of the dehydroaripiprazole derivative are reduced in liver 
toxicity [10]. Results of the same study revealed that the blood 
levels of aripiprazole were increased during renal impairment.

aripiprazole dehydroaripiprazole oPc3373

Study Day 1

N(%) Positive 
Mean ± SD
Median 
Extremes

8 (53%)
5.1 ± 5.7

5.8
0 – 17.4

1 (7%)
0.5 ± 1.9

0
0 – 7.4

15 (100%)
186.1 ±183.8

122.2
63.6 – 649.8

Study Day 4

N (%) Positive 
Mean ± SD
Median 
Extremes

8 (53%)
5.0 ± 5.9

5.8
0 – 18.3

0 (0%)
0 ± 0

0
0 - 0

15 (100%)
248.6 ±195.1

197.1
55 – 820.5

Study Day 5

N(%) Positive 
Mean ± SD
Median 
Extremes

7 (47%)
4.1 ± 4. 9

0
0 – 12.8

0 (0%)
0 ± 0

0
0 - 0

14 (93%)
194.9 ±235.2

182.4
0 – 493.9

table 3: Urine drug/metabolite testing on days 1, 4, and 5 on subjects 
on 2 mg/day (N=15).

dose (Mg/
day)

day 1 serum 
aripiprazole 

(ng/ml)

day 5 serum 
aripiprazole 

(ng/ml)

difference 
day 1 to day 

5 (ng/ml)

% 
difference 

day 1 to 
day 5

5 76 78 2 2.6

5 55 49 -6 -11.5

5 36 49 13 30.6

5 51 37 -14 -31.8

5 27 22 -5 -20.4

2 49 55 6 11.5

2 48 Not obtained N/A N/A

2 Not detected 22 N/A N/A

2 25 23 -2 -8.3

2 24 Not obtained N/A N/A

2 46 44 -2 -4.4

2 34 48 14 34.1

2 29 23 -6 -23.1

2 21 20 -1 -4.9

2 51 52 1 1.9

2 48 42 -6 -13.3

2 22 27 5 20.4

2 Not detected 22 N/A N/A

2 24 25 1 4.1

2 not detected 39 n/a n/a

table 4: Change in Serum Aripiprazole Day 1 to Day 5 (5 Subjects).
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Ketoconazole as an inhibitor of CYP3A4 enhances 
aripiprazole serum concentrations. Likewise, quinidine an 
inhibitor of CYP2D6 also increases aripiprazole concentrations 
[11].

In the current study, aripiprazole was observed in 50% 
of the urine samples.  The dehydroaripiprazole was only 
observed in 8% of the samples. Conversely, OPC3373 was 
observed in 93% of the urine samples. No difference was 
observed in the urine results for OPC3373 comparing days 
1, 4 and 5. Thus, OPC3373 should be considered as the 
most reliable marker for monitoring compliance with drug 
administration. Importantly, these findings were observed 
among known adherent subjects. Serum levels of aripiprazole 
were monitored on day 1 and 5 of the study.  Table 4 reveals 
that there were no differences observed comparing the serum 
levels on these two days. This information suggests that 
steady state had been achieved. Since the drug reaches steady 
state only after 14 days of constant administration it can be 
concluded that, in addition to the documented adherence 
during the observed five-day dosing period, the subjects had 
been consistently taking their medication for the time period 
prior to entering into the study.

conclusIon
In conclusion, urine levels of OPC3373 appear to be 

the most reliable marker for monitoring compliance with 
aripiprazole.

acknowledgeMents
This study was funded by Ameritox, Ltd.

Conflict of Interest

Gregory L. McIntyre is an employee of Ameritox Ltd, the 
organization that funded this research project.

references
1. Velligan DI, Lam F, Ereshefsky L, Miller AL. Psychopharmacology: 

Perspectives on medication adherence and atypical antipsychotic 
medications. Psychiatr Serv. 2003; 54: 665-667.

2. Weiden P, Glazer W. Assessment and treatment selection for “revolving 
door” inpatients with schizophrenia. Psychiatr Q. 1997; 68: 377-392.

3. Valenstein M, Copeland LA, Owen R, Blow FC, Visnic S. Adherence 
assessments and the use of depot antipsychotics in patients with 
schizophrenia. J Clin Psychiatry. 2001; 62: 545-551.

4. Dolder CR, Lacro JP, Dunn LB, Jeste DV. Antipsychotic medication 
adherence: is there a difference between typical and atypical agents? 
Am J Psychiatry. 2002; 159: 103-108.

5. Grymonpre RE, Didur CD, Montgomery PR, Sitar DS. Pill count, self-
report, and pharmacy claims data to measure medication adherence 
in the elderly. Ann Pharmacother. 1998; 32: 749-754.

6. Haynes RB, Introduction. In: Sackett DI, Taylor DW, eds. Compliance 
in Health Care Baltimore, MD: Johns Hopkins University Press; 1979. 

7. Cramer JA, Rosenheck R. Compliance with medication regimens for 
mental and physical disorders. Psychiatr Serv. 1998; 49: 196-201.

8. Velligan DI, Lam YW, Glahn DC, Barrett JA, Maples NJ, Ereshefsky L, et 
al. Defining and assessing adherence to oral antipsychotics: a review 
of the literature. Schizophr Bull. 2006; 32: 724-742.

9. Velligan DI, Wang M, Diamond P, Glahn DC, Castillo D, Bendle S, et al. 
Relationships among subjective and objective measures of adherence 
to oral antipsychotic medications. Psychiatr Serv. 2007; 58: 1187-
1192.

10. Mallikaarjun S, Shoaf SE, Boulton DW, Bramer SL. Effects of hepatic 
or renal impairment on the pharmacokinetics of aripiprazole. Clin 
Pharmacokinet. 2008; 47: 533-542.

11. DeLeon A, Patel NC, Crismon ML. Aripiprazole: a comprehensive 
review of its pharmacology, clinical efficacy, and tolerability. Clin 
Ther. 2004; 26: 649-666.

http://www.ncbi.nlm.nih.gov/pubmed/12719495
http://www.ncbi.nlm.nih.gov/pubmed/12719495
http://www.ncbi.nlm.nih.gov/pubmed/12719495
http://www.ncbi.nlm.nih.gov/pubmed/9355136
http://www.ncbi.nlm.nih.gov/pubmed/9355136
http://www.ncbi.nlm.nih.gov/pubmed/11488366
http://www.ncbi.nlm.nih.gov/pubmed/11488366
http://www.ncbi.nlm.nih.gov/pubmed/11488366
http://www.ncbi.nlm.nih.gov/pubmed/11772697
http://www.ncbi.nlm.nih.gov/pubmed/11772697
http://www.ncbi.nlm.nih.gov/pubmed/11772697
http://www.ncbi.nlm.nih.gov/pubmed/9681089
http://www.ncbi.nlm.nih.gov/pubmed/9681089
http://www.ncbi.nlm.nih.gov/pubmed/9681089
http://www.ncbi.nlm.nih.gov/pubmed/9575004
http://www.ncbi.nlm.nih.gov/pubmed/9575004
http://www.ncbi.nlm.nih.gov/pubmed/16707778
http://www.ncbi.nlm.nih.gov/pubmed/16707778
http://www.ncbi.nlm.nih.gov/pubmed/16707778
http://www.ncbi.nlm.nih.gov/pubmed/17766564
http://www.ncbi.nlm.nih.gov/pubmed/17766564
http://www.ncbi.nlm.nih.gov/pubmed/17766564
http://www.ncbi.nlm.nih.gov/pubmed/17766564
http://www.ncbi.nlm.nih.gov/pubmed/18611062
http://www.ncbi.nlm.nih.gov/pubmed/18611062
http://www.ncbi.nlm.nih.gov/pubmed/18611062
http://www.ncbi.nlm.nih.gov/pubmed/15220010
http://www.ncbi.nlm.nih.gov/pubmed/15220010
http://www.ncbi.nlm.nih.gov/pubmed/15220010

	Quantitative Levels of Aripiprazole and its Metabolites in Urine
	Abstract
	Introduction
	Materials and Methods
	Results and Discussion 
	Conclusion
	Acknowledgements
	Conflict of Interest 

	References
	Table 1
	Table 2
	Table 3
	Table 4

