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A  simple,  rapid  and  sensitive  method  based  on  dispersive  liquid–liquid  microextraction  (DLLME)  com-
bined  with  high-performance  liquid  chromatography–ultraviolet  detection  (HPLC-UV)  was  used  to
determine  opium  alkaloids  in  urine  samples.  Some  effective  parameters  on  extraction  were  studied  and
optimized.  Under  the  optimum  conditions,  enrichment  factors  and recoveries  for  different  opiates  are
eywords:
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pium alkaloids
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rine analysis

in  the range  of  63.0–104.5  and  31.5–52.2%,  respectively.  The  calibration  graphs  are  linear  in  the  range
of  0.50–500  �g  L−1 and  limit  of  detections  (LODs)  are  in  the  range  of  0.2–10  �g L−1.  The relative  stan-
dard  deviations  (RSDs)  for  200  �g L−1 of morphine,  codeine  and  thebaine,  5.0  �g L−1 of  papaverine  and
10.0  �g L−1 of  noscapine  in  diluted  urine  sample  are  in  the  range  of  2.8–6.1%  (n =  7).  The  relative  recoveries
of  urine  samples  spiked  with  alkaloids  are  84.3–106.0%.  The  obtained  results  show  that  DLLME  combined

d  sim
with  HPLC-UV  is  a fast  an

. Introduction

Opium is partially dried latex obtained from opium poppy culti-
ated mainly in Asia, South America and part of Europe [1].  Opiate
nd their derivatives are very potent analgesics commonly used as
herapeutic agents. Some of these compounds are also frequently
bused as illicit drugs [2]. Opiates can be classified into the three
ollowing series. The first one is constituted of the poppy alkaloids,
ncluding morphine, codeine, thebaine, noscapine and papaverine;
he second category mainly included semi-synthetic or synthetic
erivatives of morphine such as pholcodine, ethylmorphine (code-
hyline) and dextromethorphan which are used in therapy as
ntitussives and analgesics; the third class is composed of narcotic
ompounds including diacetylmorphine (heroine), buprenorphine
nd methadone [3],  usually employed as substitutes in treatment
f addiction.

Many techniques are already available for the quantifi-
ation of opiates and their derivatives. Most of these use
as chromatography–mass spectrometry (GC–MS) [4–7], high-
erformance liquid chromatography (HPLC) [8–10], capillary

lectrophoresis (CE) [11–14] and electrochemical [15,16] analysis.
C–MS is often used because of its sensitivity, but the necessity
f sample derivatization and the cost of the technique itself are
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restricting its applicability. On the other hand, HPLC appears as a
technique that could separate a wide range of analytes without
any chemical pretreatment. As such, it has become the preferred
technique in most applications, using a variety of detection meth-
ods such as ultraviolet [17,18],  fluorescence [19,20], diode array
detection [2,8], chemiluminescence [9] and most recently, mass
spectrometry [21–24].

Quantitative analysis of trace levels of opium alkaloids is still
a significant challenge demanding a rapid and effective sample
preparation procedure prior to analysis. Analytical procedures
such as liquid–liquid extraction (LLE) [25], solid-phase extrac-
tion (SPE) [26–28] and ionic liquid-based aqueous two-phase
system [1] have been developed for the determination of opium
alkaloids. However, LLE usually requires some poisonous volatile
organic solvents. SPE is a method with good purification and
concentration effects, but it requires a solvent desorption step
with traditional volatile organic solvents and the pretreatment
processes are relatively time-consuming. Sometimes sample recov-
ery is not satisfactory. Therefore, the development of simple
and environmental friendly pretreatment methods is of great
interest.

Dispersive liquid–liquid microextraction (DLLME) developed
by Assadi and co-workers [29] is based on the formation of
tiny droplets of the extractant in the sample solution using

water–immiscible organic solvent (extractant) dissolved in a
water–miscible organic dispersive solvent. Extraction of the ana-
lytes from aqueous sample into the dispersed organic droplets takes
place. Rapidity, high enrichment factor, high extraction recovery,

dx.doi.org/10.1016/j.jchromb.2011.08.033
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
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implicity of operation and low cost are some of the advantages of
his method. The performance of DLLME was illustrated by extrac-
ion of different organic and inorganic compounds from water
amples [30–44].  Among these, DLLME is widely applied to the
reparation of environmental water samples and rarely applied to
he analysis of drugs in complex biological fluids [45,46].

In the present paper, DLLME was applied to the extraction and
reconcentration of five major opium alkaloids in urine samples
rior to their determination by HPLC-UV. The results indicated that
LLME is an efficient extraction technique to analyze opium alka-

oids in urine samples.

. Experimental

.1. Reagents and standards

Pure samples of morphine, codeine, papaverine, noscapine and
hebaine were obtained from Active Pharmaceutical Ingredients

anufacturer of Narcotic and Non-narcotic Products (TEMAD,
ehran, Iran). HPLC-grade solvents acetone, methanol, acetonitrile
nd chloroform were obtained from Rankem (New Delhi, India).
cetic acid, chlorobenzene, sodium carbonate, sodium dihydro-
en phosphate, sodium dodecyl sulfate and sodium chloride were
btained from Merck (Darmstadt, Germany). The ultra-pure water
six times distillated) was purchased from Shahid Ghazi Pharma-
eutical Co. (Tabriz, Iran).

Stock standard solutions of opium alkaloids were prepared in
ethanol (10.0 mL)  with concentration levels of 1000 mg  L−1 for
orphine, codeine and thebaine, 100 mg  L−1 for noscapine and

0 mg  L−1 for papaverine, and were stored in a freezer at −20 ◦C.
orking solutions were obtained by appropriate dilution of the

tock standard solutions.
Blank urine sample (drug-free) was collected from a healthy

olunteer and actual urine sample was obtained from the Clinic
f Emam Reza Hospital (Kermanshah, Iran), and stored at −20 ◦C
rior to use.

.2. Apparatus

Chromatographic separations were carried out on a Cecil 1100
eries HPLC equipped with a CE-1100 HPLC pump (Cambridge,
K), an on-line solvent vacuum degasser, a Cecil CE-1100 variable-
avelength UV detector (Cambridge, UK) and a model 7725,
heodyne manual sample injector fitted with a 20 �L injection loop
Cotati, CA, USA). Separations were carried out on a H5-ODS C18
olumn (25 cm × 4.6 mm,  with 5 �m particle size) from Anachem
Luton, UK). The mobile phase consisted of 55% buffer containing
0.0 mM  sodium phosphate monobasic and 0.70 mM sodium dode-
yl sulfate and 45% acetonitrile. The pH of the aqueous buffer in the
obile phase was adjusted to pH 6.56 using sodium hydroxide. A
obile phase flow-rate of 1.0 mL  min−1 was used in isocratic elu-

ion mode and the detection was performed at the wavelength of
85 nm.

The Hettich Zentrifugen (EBA20, Tuttlingen, Germany) was  used
or centrifugations. Prior to use, all 10-mL screw cap conical bot-
omed glass test tubes (extraction vessels) were maintained at
00 ◦C in furnace (Carbolite, model CWF  1200, UK) to remove any
rganic compound.

.3. Extraction procedure

For the DLLME, an aliquot of 5.00 mL  of a diluted urine sam-

le containing 200 �g L−1 of morphine, codeine and thebaine,
.0 �g L−1 of papaverine, and 10.0 �g L−1 of noscapine was placed

n a 10-mL screw cap conical bottomed glass test tube and then
.50 mL  Na2CO3 (10%, w/v) was added. Then the injection of
ogr. B 879 (2011) 2978– 2983 2979

1000 �L acetone (disperser solvent) containing 88.0 �L chloroform
(extraction solvent) to water samples was  performed rapidly by a
gastight 2.50 mL  syringe (Hamilton, Nevada, USA), which resulted
in dispersed fine droplets of chloroform to form a cloudy solution. In
this step, the analytes were extracted into the fine droplet of chlo-
roform, in a few seconds. After centrifugation for 3 min  at 5000 rpm,
fine droplets of extraction solvent were sedimented at the bottom
of the conical test tube. After centrifuging, the sedimented phase
(about 30 ± 3 �L) was completely transferred into another test tube
and after evaporation of the solvent in a water bath, the residue was
dissolved in 30 �L of mobile phase and injected into the HPLC.

2.4. Sample preparation

Blank urine sample (drug-free) was provided by healthy volun-
teer in our lab, which not exposed to any drug for at least 6 months.
Actual urine sample was  collected from a person who  was  addicted
to opium, kindly provided by the Clinic of Emam Reza Hospital (Ker-
nanshah, Iran). Urine samples were kept frozen at −20 ◦C before
analysis. The frozen urine samples were thawed at room tempera-
ture and centrifuged for 10 min  at 5000 rpm. White lipidic solid was
sedimented in the bottom of the conical test tube, probably due to
the co-sedimentation of the matrixes (such as carbamide and uric
acid) in urine. The supernatants were transferred into clean glass
tube and filtrated through a 0.45 �m filter. A 2.0 mL volume of this
solution was  diluted to 5.0 mL  (for decreasing matrix effects) and
0.5 mL  of Na2CO3 (10%, w/v) was added. The resulting solution was
then subjected to the DLLME process.

2.5. Optimization of DLLME procedure

Those parameters affecting the DLLME procedure, including the
nature and volume of the extraction and the disperser solvents,
amount of Na2CO3, salt addition and extraction time, were opti-
mized. It should be noted that the optimization procedure was
conducted using spiked samples. The enrichment factor (EF) was
defined as the ratio of the analyte concentration in the sedimented
phase to the analyte concentration in the aqueous sample. The ana-
lyte concentration in the sedimented phase was calculated from
the direct calibration graph (0.2–20 mg  L−1 of opium alkaloids in
methanol). Extraction recovery (%R) and relative recovery (%RR)
were calculated according to equations described before [29,30].

3. Results and discussion

3.1. Selection of extraction solvent

Some characteristics such as low solubility in water, extrac-
tion capability of interested compounds, good chromatographic
behavior and higher density than water, provided extra limita-
tions on the selection of extraction solvent in the conventional
DLLME method. Thus, chloroform (density = 1.48 g mL−1, boiling
point = 61.2 ◦C, solubility in water at 20 ◦C = 8 g L−1) and chloroben-
zene (density = 1.1 g mL−1, boiling point = 131.6 ◦C, solubility in
water at 20 ◦C = 0.4 g L−1) were examined as extraction solvent. In
order to select the best extraction solvent, a series of sample solu-
tions were studied by using 1000 �L acetone containing 52 �L and
88 �L chlorobenzene and chloroform, respectively. The volume of
the sedimented phase for both extraction solvents were 30.0 �L.
According to the results given in Table 1, chloroform showed higher
extraction efficiency than chlorobenzene. It is probably because

of higher solubility of opium alkaloids in chloroform in compari-
son with chlorobenzene. Also, evaporation of chloroform is easier
than the chlorobenzene. Therefore, chloroform was selected as the
extraction solvent. It is interesting to note that, since the extraction
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Table  1
Efficiency of different extraction solvents evaluated for extraction of opium alkaloids
by  DLLME.a

Compound Recovery (%)

Chlorobenzene
mean (RSD%) (n = 3)

Chloroform mean
(RSD%) (n = 7)

Morphine 28.7 (4.1) 31.5 (6.1)
Papaverine 35.3 (5.1) 48.9 (2.8)
Codeine 38.3 (7.2) 42.7 (5.7)
Noscapine 48.8 (3.9) 52.2 (3.6)
Thebaine 46.0 (3.9) 49.2 (4.6)

a Extraction conditions: sample volume, 5.00 mL;  concentration of Na2CO3, 1%
(w/v); volume of acetone as disperser solvent, 1000 �L; volumes of extraction sol-
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Fig. 1. Effect of the volume of chloroform as extraction solvent on the recovery of
opium alkaloids: (1) noscapine, (2) papaverine, (3) thebaine, (4) codeine, (5) mor-
phine. Extraction conditions: sample volume, 5.00 mL;  disperser solvent (acetone),

ments were added in the presence of different amounts of Na2CO3
(0–2%) to the sample solution. Other experimental conditions were
kept constant and all experiments were performed in triplicates
(n = 3). Fig. 3 shows that the recovery of opium alkaloids increases,

Fig. 2. Effect of the volume of acetone as disperser solvent on the recovery
of  opium alkaloids: (1) papaverine, (2) noscapine, (3) thebaine, (4) codeine, (5)
ent, 88.0 �L chloroform and 52.0 �L chlorobenzene; volume of sedimented phase,
0.0 ± 3 �L; room temperature; concentration of morphine, codeine and thebaine,
00 �g L−1; noscapine, 10.0 �g L−1; papaverine, 5.0 �g L−1.

f alkaloids was carried out at very low concentrations, the distri-
ution coefficients and corresponding recoveries were found to be
ore or less concentration independent.

.2. Selection of disperser solvent

As explained before [32], the disperser solvent should be mis-
ible in water and dissolve the extraction solvent. Therefore,
cetone, acetonitrile and methanol were examined as disperser
olvent and the effect of these solvents on the performance of
LLME was investigated. For this purpose, various experiments
ere performed by using 1000 �L of each disperser solvent con-

aining 88.0 �L of chloroform as extraction solvent. Considering
he sedimented phase volume, it was found that with combi-
ation of chloroform–acetonitrile, the sedimented phase volume
as very higher than 30.0 �L and the cloudy state was not

ormed well; whereas, in the case of chloroform–methanol and
hloroform–acetone, the sedimented volume was  about 30.0 �L.
herefore, acetone and methanol could be suitable canditates as
isperser solvents for further studies. The results showed that the
ecoveries are almost equal for acetone (31.5–52.2%) and methanol
32.0–51.5%). Finally, among these two solvents, acetone was cho-
en because of less toxicity and low cost.

.3. Effect of volume of extraction solvent

In order to study the effect of volume of extraction solvent on
he performance of the presented DLLME procedure, different vol-
mes of chloroform (68–118 �L at 10-�L intervals) and a constant
olume of dispersive solvent (acetone, 1000 �L) were tested. In this
tudy, all experiments were performed in triplicates (n = 3). It was
ound that with the increase in volume of chloroform from 68.0 to
18.0 �L, the volume of the sedimented phase increased from 10.0
o 60.0 �L. According to Fig. 1 and considering the experimental
rrors on the data points, the extraction efficiency of analytes found
o increases by increasing volume of chloroform up to 88.0 �L;
hile, further increase in volume of chloroform caused a small
ecrease in the extraction efficiency. The volume of extraction sol-
ent should be selected so that high enrichment factor and recovery
re obtained. Thus, in the following studies, 88.0 �L of chloroform
as used as an optimal volume of the extractant solvent.

.4. Effect of volume of disperser solvent

Variation of the volume of acetone causes changes in the vol-

me  of sedimented phase. To obtain a constant volume of the
edimented phase (i.e., 30 ± 3 �L), the volume of acetone and chlo-
oform were changed, simultaneously. For obtaining optimized
olume of acetone, various experiments were used by using dif-
1000 �L; Na2CO3, 1% w/v; volume of sedimented phase, 30 ± 3 �L; concentration
of  morphine, codeine and thebaine, 200 �g L−1; noscapine 10.0 �g L−1, papaverine
5.0 �g L−1.

ferent volumes of acetone (250, 500, 1000, 1500 and 2000 �L)
containing 71.5, 77.0, 88.0, 100.0 and 113.0 �L chloroform, respec-
tively. All experiments were performed in triplicates (n = 3). Fig. 2
shows the resulting plots of recovery of opium alkaloids versus the
volume of acetone. By considering the experimental errors on the
data points of Fig. 2 plots, it is seen that at low volume of disperser
solvent, acetone cannot disperse the extraction solvent properly
and the cloudy solution is not formed completely. Meanwhile, a
high volume of acetone will also result in diminished extraction
efficiency, most probably due to decreased solubility of analytes
in water. Thus, according to the results, 1000 �L of acetone was
chosen as the optimum volume of disperser solvent.

3.5. Effect of buffer concentration

To investigate the effect of quantity of Na2CO3 (for adjusting pH
and ionic strength) on the performance of DLLME, various experi-
morphine. Extraction conditions: sample volume, 5.00 mL;  varying volumes of ace-
tone: 250, 500, 1000, 1500 and 2000 �L containing 71.5, 77.0, 88.0, 100.0 and
113.0 �L chloroform, respectively; Na2CO3, 1% (w/v); volume of sedimented phase,
30  ± 3 �L; concentration of morphine, codeine and thebaine, 200 �g L−1; noscapine
10.0 �g L−1, papaverine 5.0 �g L−1.
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Fig. 3. Effect of the amount of Na2CO3 on the recovery of opium alkaloids: (1)
noscapine, (2) thebaine, (3) papaverine, (4) codeine, (5) morphine. Extraction con-
ditions: sample volume, 5.00 mL;  disperser solvent (acetone), 1000 �L; extraction
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Fig. 4. (A) Chromatogram of blank urine sample. (B) Chromatogram of spiked urine
sample at concentration levels of 300 �g L−1 for morphine (1), codeine (3) and the-

3, varied from 0.2 to 10.0 �g L−1. Moreover, the enrichment factors
and the recovery of opium alkaloids were between 62.0 and 104.5,
and between 31.5 and 52.2%, respectively.
olvent (chloroform), 88.0 �L; volume of sedimented phase, 30 ± 3 �L; concen-
ration of morphine, codeine and thebaine, 200 �g L−1; noscapine 10.0 �g L−1,
apaverine 5.0 �g L−1.

ithin the experimental errors on the data points, by increasing
ercentage of Na2CO3 from 0% to 1%. However, further increase

n percentage of Na2CO3 leads to a decrease in the extraction effi-
iency. According to the results, a 1% Na2CO3 was  chosen as the
ptimum amount of the salt. It is worth mentioning that in the
resence of 1% Na2CO3, the pH of sample solution was 10.7.

.6. Effect of salt addition and extraction time

Salt addition is frequently used to adjust the ionic strength,
mprove the extraction efficiency and reduce the detection limit.
he effect of ionic strength on the opium alkaloids extraction effi-
iency by DLLME was examined in the absence and presence of NaCl
ver the concentration range of 0–5% (w/v). The results obtained
rom these experiments revealed that the salt addition did not influ-
nce the enrichment factor significantly for any of the analytes.
s a consequence, all the extraction experiments were carried out
ithout salt addition. The practicability of the method was also

onfirmed in saline samples up to 5% (w/v) NaCl.
The extraction time (i.e., the interval time between the time of

njection of a mixture of disperser solvent and extraction solvent,
efore the time starting to centrifuge) is an important factor that
ay  affect the analytes’ extraction efficiency from aqueous phase

nto the organic phase. Thus, the variation in enrichment factor of
pium alkaloids as a function of extraction time was studied in the
ange of 0.1–10 min. The resulting data show that the extraction
ime has no significant effect on the extraction efficiency for all
he target compounds. It was found that, after the formation of the
loudy solution, the contact area between the extraction solvent
nd the aqueous phase was considerably large, delineating why
he extraction equilibrium could be established very fast.

.7. Quantitative analysis

The characteristics of the calibration curves, summarized in
able 2, were obtained under the optimized conditions. The
esulting calibration graphs were linear over the concentration
anges of 20–500 �g L−1 for morphine, 30–500 �g L−1 for codeine
nd thebaine, 1.5–50 �g L−1 for noscapine and 0.5–25 �g L−1 for

apaverine. The values of the correlation coefficients (r2) ranged
rom 0.9987 to 0.9998. The repeatability was studied by extract-
ng the spiked samples of 200 �g L−1concentration of morphine,
odeine and thebaine, 10.0 �g L−1 of noscapine and 5.0 �g L−1 of
baine (5), 15.0 �g L−1 for noscapine (4) and 7.5 �g L−1 for papaverin (2). Extraction
conditions: similar to those in Fig. 1, except for a chloroform volume of 88.0 �L.

papaverine. The relative standard deviations (RSDs) were calcu-
lated to be in the range of 2.8–6.1% for 7 repeated experiments. The
limits of detection (LODs), based on a signal-to-noise ratio (S/N) of
Fig. 5. (A) Chromatograms of actual urine sample. (B) Chromatograms of spiked
actual urine sample at concentration levesl of 100 �g L−1 for morphine (1), codeine
(3) and thebaine (5), 5.0 �g L−1 for noscapine (4) and 2.0 �g L−1 for papaverin (2):
extraction conditions are similar to those of Fig. 1, except for a chloroform volume
of  88.0 �L.
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Table  2
Quantitative results of DLLME and HPLC-UV of opium alkaloids from spiked blank urine samples.a

Compound RSD%b (n = 7) EFc Recovery (%) LRd (�g L−1) R2e LODf (�g L−1)

Morphine 6.1 63.0 31.5 20–500 0.9990 7.0
Papaverine 2.8 97.8 48.9 0.5–25 0.9994 0.2
Codeine 5.7 85.0 42.7 30–500 0.9987 10.0
Noscapine 3.6 104.5 52.2 1.5–50 0.9998 0.5
Thebaine 4.6 98.4 49.2 30–500 0.9988 10.0

a Extraction conditions: sample volume, 5.00 mL;  concentration of Na2CO3, 1% (w/v); volume of acetone as disperser solvent, 1000 �L; volume of chloroform as extraction
solvent, 88.0 �L; volume of sedimented phase, 30.0 ± 3 �L; room temperature.

b RSD% at a concentration of 200 �g L−1 for morphine, codeine and thebaine, 10.0 �g L−1 for noscapine and 5.0 �g L−1 for papaverine.
c Enrichment factor.
d Linear range.
e Correlation coefficient.
f Limit of detection for a S/N = 3.

Table 3
Relative recoveries and standard deviations of opium alkaloids from spiked blank urine samples and actual urine samples.a

Compounds Blank urine sample Actual urine sample

Added (�g L−1) Found (SD,b

n = 3) (�g L−1)
Relative
Recovery (%)

Concentration of
alkaloids (SD,b n = 3)
(�g  L−1)

Added
(�g L−1)

Found (SD,b

n = 3) (�g L−1)
Relative
recovery (%)

Morphine 200 179.2 (25.2) 89.6 13 (1.5) 100 97.7 (8.5) 86.4
300 288.3 (22.5) 96.1 13 (1.5) 200 201.5 (18) 94.6

Papaverine 5  4.6 (0.68) 92.0 n.d.c 2 2.1 (0.3) 105.0
7.5  6.4 (0.8) 85.3 n.d. 5 5.1 (0.5) 102.0

Codeine 200  168.7 (26.5) 84.3 n.d. 100 89.1 (9.2) 89.1
300  265.7 (28.0) 88.5 n.d. 200 188.6 (21.5) 94.3

Noscapine 10 10.6  (1.8) 106.0 1.1 (0.2) 5 6.5 (0.8) 106.5
15  15.2 (2.5) 101.3 1.1 (0.2) 10 12.0 (1.5) 108.1

Thebaine 200  188.3 (18.17) 94.1 n.d. 100 84.6 (7.1) 84.6
300  273.6 (28.2) 91.2 n.d. 200 202.6 (15.4) 101.3

a Extraction conditions: sample volume, 5.00 mL;  concentration of Na2CO3, 1% (w/v); volume of acetone as disperser solvent, 1000 �L; volume of chloroform as extraction
s
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olvent, 88.0 �L; volume of sedimented phase, 30 ± 3 �L; room temperature.
b Standard deviation.
c n.d., not detected.

.8. Real sample analysis

The proposed method was firstly applied to determination of the
oncentration of opium alkaloids in blank urine samples, provide
y one male volunteer in our lab. The results showed that the ana-

yzed samples were free from opium alkaloids. These samples were
hen spiked with the standards of opium alkaloids at two different
oncentration levels to assess the matrix effects. Fig. 4 shows the
btained chromatograms of the blank urine sample and that spiked
ith 300 �g L−1 of morphine, codeine and thebaine, 15.0 �g L−1 of
oscapine and 7.5 �g L−1 of papaverine. The corresponding relative
ecoveries are summarized in Table 3. As seen, the relative recov-
ries for all opium alkaloids in spiked urine samples are between
4.3 and 106.0%.

An actual urine sample taken from an addicted person to opium
as also subjected to the proposed procedure of DLLME, and

nalyzed in triplicate. The age of urine samples was approxi-

ately 24 h. It was found that the concentration of morphine and

oscapine in the actual urine samples were 13.0 ± 1.5 �g L−1 and
.1 ± 0.2 �g L−1, respectively, while no papaverine, codeine and
hebaine was detected. In order to validate the method, two differ-

able 4
omparison of DLLME-HPLC-UV with other extraction methods for determination of opiu

Method LODa (�g L−1) RSDb (%)

SPE-FLC-DAD 1.6–7.6 4.9–7.7 

SPE-CZE-DAD 70–120 2.1–11.3
SPE-HPLC-DAD 24–32 3.18–4.02
DLLME-HPLC-UV 0.2–10 2.8–6.1 

a Limit of detection.
b Relative standard deviation.
ent concentrations of opium alkaloids were spiked into the actual
urine sample and the recommended procedure was  followed. The
results of relative recovery and the concentrations obtained in
spiked studies of the actual urine samples are also included in
Table 3. Fig. 5 shows the resulting chromatograms of the actual
urine sample and the corresponding spiked ones. These results
demonstrated that the matrices of the analyzed real urine sam-
ples possess negligible effect on the proposed DLLME followed by
HPLC-UV determination of the opium alkaloids.

3.9. Comparison of DLLME with other methods

In Table 4 are compared the figures of merits for the deter-
mination of opium alkaloids in urine samples by the proposed
dispersive liquid–liquid microextraction and high-performance
liquid chromatography-ultraviolet detection (DLLME-HPLC-UV)
with those of the previously published methods including fast

liquid chromatography-diode-array detection after solid phase
extraction (SPE-FLC-DAD) [2],  capillary zone electrophoresis with
diode-array detection after solid phase extraction (SPE-CZE-DAD)
[16] and solid phase extraction followed by high performance liq-

m alkaloids.

 Extraction time (min) Reference

>40 [2]
 >20 [16]

 >20 [45]
<4 This work
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id chromatography-diode-array detection (SPE-HPLC-DAD) [45].
s can be seen from Table 4, the relative standard deviations (RSDs)
f the proposed method are about the same with those reported
or the other methods. However, the limits of detection and extrac-
ion times of the proposed method are superior to those reported
efore. All these results indicate that the proposed DLLME-HPLC-
V is a sensitive, fast, reproducible and simple technique that can

uccessfully be used for the preconcentration and determination of
pium alkaloids in urine samples.

. Conclusion

In this study, a novel DLLME-HPLC-UV method for the deter-
ination of opium alkaloids in urine samples has been evaluated.

he optimum conditions of extraction performance have been
btained. The established method can be applied to the determina-
ion of concentration of opium alkaloids in real urine samples. The
elative recoveries of those compounds studied in urine are from
2.2% to 108.6%. Adequate repeatability, reproducibility, linearity,
nd the absence of matrix effects demonstrated that the method
s feasible for quantitative analysis of opium alkaloids in real urine
amples, and could be used in routine analyses.
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