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Development and Validation of a Rapid
HPLC Method for the Determination of

Methadone and its Main Metabolite EDDP
in Biological Fluids, Following SPE

V. F. Samanidou, K. Anastasiadou, and I. N. Papadoyannis

Laboratory of Analytical Chemistry, Department of Chemistry,

Aristotle University of Thessaloniki, Thessaloniki, Greece

Abstract: A reversed-phase high performance liquid chromatographic (RP-HPLC)

method is developed and validated for the determination of methadone, a substitute of

heroin used for drug addicts under heroin detoxication treatment in therapeutic commu-

nities, as well as its main metabolite EDDP in biological fluids. The analytical column, a

Kromasil C18, 5mm, 250 � 4mm, was operated at ambient temperature using isocratic

elution with a mixture of CH3CN – 0.025M CH3COONH4 (90–10 v/v) at a flow rate

1.2mL/min. Anthracene (1 ng/mL)was used as the internal standard. Inlet pressure was
220 kg/cm2. A DAD detector was monitoring the column eluant at 220 nm.

The limit of detection was 10 ng for EDDP and 20 ng for methadone, per 20mL

injection volume. Linearity held up to 20 ng/mL for methadone and 15 ng/mL for its

metabolite. The statistical evaluation of the method was performed in terms of

within-day (n ¼ 6) and between-day (n ¼ 8) precision and accuracy, and was found

to be satisfactory, with high accuracy and precision results.

The method was successfully applied to biological fluids. Blood serum samples after

deproteinization with acetonitrile and solid phase extraction, yielded high recovery

rates: 101.5% for EDDP and 103.3% for methadone. Direct analysis of urine

provided recovery rates at 97.9% for EDDP and 94.9% for methadone. The

developed method can be readily applied to monitoring the levels of methadone and

EDDP in biological samples from patients undergoing methadone maintenance

therapy, in order to individualize treatment.
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INTRODUCTION

Methadone [6-(dimethylamino)-4,4-diphenyl-3-heptanone], formerly known

as dolophine, is a synthetic opioid analgesic used to relieve chronic pain in

cancer patients, and as a maintenance drug to control withdrawal symptoms

in people undergoing treatment for opiate addiction. In the latter case,

methadone blocks the opioid receptors of the brain that bind opiates such as

heroin.[1,2]

Methadone maintenance programs are applied in many countries as the

most common and effective means for treating heroin addiction. By adminis-

tration of methadone to the narcotics abusers, negative and sometimes severe

withdrawal symptoms are eliminated.[3]

The available methadone hydrochloride in the market is a racemic

mixture of two stereoisomers. L-methadone is the pharmacologically active

isomer and D-methadone has an antitussive activity.

The pharmacokinetics of methadone varies greatly from person to person

leading to differences in the optimum dosages for maintenance treatment.

Methadone is mostly metabolised in the liver. Metabolism consists of

N-demethylation by CYP3A4 to EDDP [2-ethylidene-1,5-dimethyl-3,3-diphe-

nylpyrrolidine], an inactive metabolite. Since the activity of CYP3A4 varies

considerably among individuals, large differences in methadone bioavailabil-

ity are noticed. The major factor responsible for the variation of methadone

bioavailability is the inter-individual difference in the expression of

CYP3A4.[4–6] The chemical structures of methadone and EDDP are shown

in Figure 1.

Methadone taken orally is detectable in the plasma about 30min after

administration. Body clearance of methadone varies widely among individ-

uals, contributing to the large differences in methadone kinetics among drug

addicts. The elimination of methadone and its metabolites occurs mainly

through the kidneys: 15–60% during the first 24 h (20% as unmodified

drug, and 13% as EDDP).[4]

Despite its positive behaviour, adverse effects during methadone admin-

istration may also be noticed. The most important short term side effects of

methadone are restlessness, vomiting, nausea, slowed breathing, itchy skin,

pupil contraction, while long-term adverse effects are lung and respiration

problems. Pregnancy complications may also be noticed in cases where

dosages are reduced during pregnancy.[3]

Patients receiving methadone should be monitored for adverse reactions

to this drug, and/or possible accidental overdose. For these reasons, the

need for a sensitive, selective, accurate, and precise method is clearly

justified.

Analytical methods found in literature for the determination of

methadone and EDDP in biological fluids include gas chromatography[7–9]

and capillary electrophoresis,[10–13] however, the vast majority of methods

include liquid chromatographic techniques.[14–18] Chiral methods are also
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provided since methadone and EDDP can be found in two stereoisomeric

forms (R– and S–).[19–30] Surface enhanced Raman scattering (SERS)

spectroscopy has been employed to characterise different drugs and some of

their degradation products contained in biomatrices after separation by

HPLC.[31]

For sample preparation prior to the quantitation of methadone and its

metabolite in biological fluids (e.g., urine, serum), either liquid–liquid extrac-

tion[11,19,20] or solid-phase extraction (SPE)[14,22,28] have been used, however,

the latter leads to higher recovery rates within shorter preparation times.

SPME has also been introduced recently for the screening of drugs in urine

and confirmation analysis of suspected substances in serum.[9]

In the present paper, an accurate, precise, and rapid analytical method

was developed and validated for the direct HPLC determination of

methadone and EDDP in biological fluids: blood serum and urine. The

developed method can be readily applied to the monitoring of methadone

levels in biological fluids of patients undergoing methadone maintenance

therapy.

Figure 1. Chemical structure of methadone and EDDP.
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EXPERIMENTAL

Instrumentation and Chromatography

A Shimadzu (Kyoto, Japan) quaternary low pressure gradient system was used

for chromatographic determination of methadone and EDDP. The solvent

lines were mixed in an FCV-9AL mixer and an LC-9A pump was used to

deliver the mobile phase to the analytical column. Sample injection was

performed by an SIL-9A autosampler, and detection was achieved by an

SPD-M6A Photodiode Array Detector with Data acquisition software Class-

M10A. Degassing of solvents was achieved by continuous helium sparking

in the solvent flasks through a DGU-2A degassing unit.

A Kromasil C18 5mm, 250 � 4mm, analytical column purchased from

MZ-Analysentechnik (Mainz, Germany) was used.

A glass vacuum filtration apparatus obtained from Alltech Associates

(Deerfield, IL, USA) was employed for the filtration of the ammonium

acetate solution, using 0.2mm membrane filters obtained from Schleicher &

Schuell (Dassel, Germany).

Dissolution of compounds was enhanced by sonication in a Transonic

460/H Ultrasonic bath (Elma, Germany). A Glass-col (Terre Haute, IN

USA) small vortexer and a Hermle centrifuge, model Z 230 (B. Hermle,

Gosheim, Germany) were employed for the sample pretreatment. All evapor-

ations were performed with a 9 port Reacti-VapTM evaporator, Pierce, Model

18780 (Rockford, IL, USA). The UV spectrum of methadone and EDDP for

selecting the working wavelength of detection was taken using a Varian

DMS 100S UV–Vis double beam spectrophotometer (Varian, Inc., Palo

Alto, CA, USA).

The mobile phase was CH3COONH4 0.025M-CH3CN 10 : 90 v/v. Inlet
pressure, observed at a flow rate of 1.2mL/min, was 220 kg/cm2. The

injection volume was 20mL. Anthracene was used as an internal standard at

a concentration of 1.0 ng/mL.
The SPE study was performed on a Vac-Elut vacuum manifold column

processor, purchased from Analytichem International, Varian (Harbor City,

CA, USA). Nexus cartridges were supplied from Varian (Harbor City, CA,

USA) and Discovery C18 from Supelco (Bellefonte, PA, USA).

Samples, Chemicals, and Reagents

Methadone standard solutions were prepared from tablets after fine powdering

and dissolution in methanol. EDDP was purchased from Sigma (Sigma-

Aldrich Chemie BV, The Netherlands). Methanol and acetonitrile of HPLC

grade were purchased from Carlo Erba (Rodano, Italy). Ammonium acetate

of analytical grade was supplied by Riedel-de-Haen (Seelze, Germany).

Bis dionized water was used throughout the study.
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Serum samples were kindly provided from the Blood Donation Unity of a

State Hospital, while urine samples were provided by healthy volunteers.

Stock standard solutions (80.0 ng/mL for methadone and 100.0 ng/mL for

EDDP) were prepared in methanol. Working methanolic standards were

prepared by appropriate dilution at various concentrations covering the

linear range from 0.5–20.0 ng/mL. These solutions, when kept refrigerated,

were found to be stable for at least 3 months.

Anthracene (methanolic solution) at a concentration of 1.0 ng/mL was

selected as the most suitable internal standard.

Validation of the Method

The sensitivity, specificity, linearity, within- and between-day precision and

accuracy, and extraction recovery of the developed method were fully

evaluated.

The linearity response was assessed in the range of ng/mL. Method vali-

dation regarding repeatability was achieved by replicate injections of standard

solutions at three concentration levels (5, 10, and 15 ng/mL for EDDP and 5,

10, and 16 ng/mL for methadone); peak areas were measured versus peak area

of the internal standard. Statistical evaluation revealed relative standard devi-

ations at different values for six injections. Intermediate precision study was

conducted during routine operation of the system over a period of eight con-

secutive days. In both validation processes, accuracy was determined by

replicate analysis and it was expressed as relative error of measurement.

Samples of biological fluids spiked at three concentration levels (8, 12,

and 15 ng/mL for methadone and 8, 10, and 14 ng/mL for EDDP) were

used for estimating accuracy and precision in terms of recovery. Repeatability

was checked by six replicates of spiked biological samples.

The sensitivity of the developed method was checked in terms of limits of

detection (LOD) and quantitation (LOQ). The LOD was defined as the

compound concentration that produced a signal-to-noise ratio greater than

three. The limit of quantitation of the assay was evaluated as the concentration

equal to ten times the value of the signal to-noise ratio.

Sample Preparation

Blood Serum and Urine

To an aliquot of 50mL of pooled blood serum, proteins were precipitated

using 500mL of acetonitrile. After centrifugation for 15min at 3500 rpm,

the supernatant, after dilution with water, was transferred to the precondi-

tioned SPE cartridges. Two types of sorbents were studied: Abselut Nexus

from Varian and Discovery DSC-18 from Supelco, with various eluting
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systems such as methanol, acetonitrile, and their mixtures with 1% acetic acid

or 1% HCl. After evaporation to dryness at 458C under a gentle nitrogen

stream, the dry residue was reconstituted to volume with 100mL of metha-

nolic solution of internal standard, which in this assay was used as a chroma-

tographic one.

Pooled urine samples were filtered and directly analyzed after addition of

standards.

Calibration curves were constructed using spiked serum and urine

samples at concentration levels in the range from 5.0 to 16.0 ng/mL.

RESULTS AND DISCUSSION

Chromatography

A typical chromatogram obtained using the developed method conditions is

illustrated in Figure 2. Retention times revealed were 3.3min and 7.4min for

Figure 2. Chromatogram of standard solution of methadone (7.4min) and EDDP

(3.3min). Chromatographic conditions are described in text. Anthracene (4.1min)

is used as internal standard.

V. F. Samanidou, K. Anastasiadou, and I. N. Papadoyannis894

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Table 1. Linearity and sensitivity data for the determination of methadone and its major metabolite EDDP

Analyte Regression equation

Correlation

coefficient R

LOD

(ng)

LOQ

(ng)

Upper

limit (ng)

Standard solutions

EDDP y ¼ (0.01305+ 0.00017) xþ (4.05400+ 0.02865) 0.9997 10 30 300

Methadone y ¼ (0.01188+ 0.00040) x 2 (0.08473+ 0.07178) 0.9983 20 60 400

Serum

EDDP y ¼ (0.01944+ 0.00167) xþ (0.33368+ 0.26555) 0.9963

Methadone y ¼ (0.01019+ 0.00025) xþ (0.25701+ 0.04352) 0.9997

Urine

EDDP y ¼ (0.02516+ 0.00165) x2 (0.76168+ 0.32314) 0.9957

Methadone y ¼ (0.01170+ 0.00043) x2 (0.14178+ 0.09209) 0.9986

y ¼ Peak area ratio of analyte versus internal standard.

x ¼ ng.
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EDDP andmethadone, respectively. The internal standard was eluted at 4.1min.

Resolution factor between EDDP and IS was 1.1, while the respective value for

IS and methadone was 4.4, indicating an excellent separation.

Method Validation

Linearity and Sensitivity

Calibration curves were obtained by least squares linear regression analysis of

the peak areas ratio of methadone and EDDP to the internal standard versus

the analyte’s absolute amount. The method exhibits linearity up to 15 and

20 ng/mL for EDDP and methadone, respectively.

The LOD was defined as the compound concentration that produced a

signal-to-noise ratio greater than three, and it was found to be 20 ng for

methadone and 10 ng for its metabolite. The limit of quantitation of the

assay was evaluated as the concentration equal to ten times the value of the

signal-to-noise ratio and it was found to be 60 ng for methadone and 30 ng

for the metabolite. Table 1 summarizes all calibration and sensitivity data.

Specificity

Five different individual lots of blank serum and urine were extracted and

analyzed as blanks. The results showed that there were no measurable peak

Table 2. Accuracy and precision data of the determination of methadone and EDDP

Analyte Added (ng)

Found+ SD

(ng)

Bias

(%) RSD

Within-day repeatability (n ¼ 6)

EDDP 100 102.5+ 2.2 þ2.5 2.2

200 195.1+ 9.5 22.5 4.8

300 302.5+ 3.4 þ0.8 1.1

Methadone 100 94.2+ 3.3 25.8 3.5

200 217.8+ 7.7 þ8.9 3.6

320 347.2+ 7.3 þ8.5 2.1

Between-day precision (n ¼ 8 days � 3 measurements)

EDDP 100 104.1+ 6.3 þ4.1 6.1

200 189.6+ 11.7 25.2 6.2

Methadone 300 288.2+ 16.2 23.9 5.6

100 96.3+ 9.0 23.7 9.3

200 200.5+ 15.8 þ0.2 7.9

320 322.6+ 14.7 þ8.1 4.5
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areas detected in the blanks for the analyte or internal standard that could

affect quantitation.

Precision and Accuracy

The accuracy and precision of the method based on within-day repeatabil-

ity was performed by replicate injections (n ¼ 6) of three standard

solutions, covering different concentration levels, low, medium, and

high, where peak areas were measured in comparison to the peak area

of the internal standard. The reproducibility (between-day variation) of

the method was established using the same concentration range as

above. A triplicate determination of each concentration was conducted

during routine operation of the system over a period of eight consecutive

days. Statistical evaluation revealed relative standard deviations, at

different values. Table 2 summarizes the results of the method validation

regarding accuracy, within-day, and between-day precision assays. The

measured concentrations had RSD values ,5% for within-day precision

and ,10% for between-day precision, with relative error (inaccuracy) in

the range of 25.8 to þ8.9%.

Accuracy was expressed as relative error calculated by the equation:

Relative error ð%Þ

¼
½mean determined value� theoretical (added amount)�

theoretical
� 100

Table 3. Methadone and metabolite recovery results using different SPE protocols

Recovery (%)

Cartridge Elution solvent EDDP Methadone

Varian abselut

Nexus

MeOH 36.2 71.9

ACN 40.7 55.3

MeOH-1% acetic acid 64.5 73.2

ACN- 1% acetic acid 51.6 67.8

MeOH –1% HCl 48.3 92.4

ACN–1% HCl 60.4 84.7

MeOH –1% HCl 72.4 89.9

Supelco discovery

DSC-18

MeOH 4.3 56.6

ACN 1.6 45.2

MeOH –1% HCl 97.9 102.1

ACN–1% HCl 35.7 46.1
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Application to Biological Fluids

The developed method was subsequently applied to biological fluids. SPE

protocol development was executed studying their retention and recovery

behavior using two sorbent types and seven elution systems as shown in

Table 3. From the results tabulated it is obvious that Discovery C18 car-

tridges with CH3OH-1% HCl as eluent yielded the maximum recovery

rates.

Optimum protocol was subsequently applied to biological fluids. Serum

samples were deproteinised by acetonitrile prior to SPE, while urine

samples were simply filtered.

Typical chromatograms of blank and spiked samples of blood serum and

urine are presented in Figure 3A, 3B, and Figure 4A and 4B, respectively. No

endogenous interference is noticed in biological matrices.

The method was also validated using spiked samples of biological fluids.

The results are summarized in Table 4. High recovery rates are obtained,

ranging from 95.5 to 107.9% for blood serum samples and from 87.7 to

107.8% for urine samples. The assay procedures are simple, with satisfactory

precision and accuracy (RSD , 9%).

Figure 3. A. Blank chromatogram of serum sample. B. Chromatogram of methadone

(7.2min) and EDDP (3.4min) determination in spiked serum sample in the presence

of anthracene (4.1min).

V. F. Samanidou, K. Anastasiadou, and I. N. Papadoyannis898

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Figure 4. A. Blank chromatogram of urine sample. B. Chromatogram of methadone

(7.0min) and EDDP (3.2min) determination in spiked urine sample in the presence

of anthracene (4.1min).

Table 4. Within-day precision data of methadone and EDDP isolation

from biological fluids

Analyte

Added

(ng)

Found+ SD

(ng) RSD

Recovery

(%)

Serum

EDDP 160 161.4+ 13.3 8.2 100.9

200 208.8+ 7.9 3.8 104.4

Methadone 280 278.1+ 5.7 2.0 99.3

160 172.6+ 11.8 6.8 107.9

240 255.4+ 11.4 4.5 106.4

300 286.6+ 1.4 0.5 95.5

Urine

EDDP 160 141.7+ 11.1 7.8 88.5

200 195.1+ 5.7 2.9 97.5

Methadone 280 302.0+ 8.3 2.7 107.8

160 140.3+ 10.9 7.8 87.7

240 257.7+ 8.3 3.2 107.4

300 268.8+ 9.9 3.7 89.6
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CONCLUSIONS

The method described herein is a simple, validated assay that can be readily

used for the determination of methadone and its metabolite EDDP in biologi-

cal fluids, such as human serum and urine. The assay procedures are simple

with satisfactory precision and accuracy. Overall RSD values obtained were

lower than 10%.

High percentage recoveries from biological fluids were noticed without

endogenous interference. The method can be applied to monitor pharmaco-

kinetics of methadone among different individuals, which is necessary in

order to individualize doses to achieve optimum treatment.
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