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ABSTRACT 

In the present work, the use of microextraction methods for the separation and pre-concentration of narcotic drugs in urine and vitreous samples is presented. These 

simple and eco-friendly methods are used to measure tramadol and methadone, which are used to relieve pain and treat addiction to other drugs. Urine and vitreous 

samples from 54 corpses referenced to legal medicine were analyzed by high performance liquid chromatography. Extraction of tramadol and methadone was 

performed separately using 200 μl chloroform, 700 μl methanol at pH 10. Under the optimum conditions, the detection limit linear range were obtained 4.5 µg L-1 and 

1.2 µg L-1, 4.5-1000 µg L−1 and 1-1000 µg L−1 for determination of tramadol and methadone, respectively. According to the results, for accurate interpretation of the 

methadone and tramadol concentration in the bodies, its measurement in vitreous fluid is very useful and practical. 
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INTRODUCTION 

In recent years, many efforts have been made to devise new methods for 

measuring trace amounts of analytes in different samples and remarkable 

progress has been made in this regard. Due to the low concentration of analytes 

and the complex tissue of the sample, preparation step before measurement is 

necessary . Sample preparation involves transforming the actual sample tissue 

into a state suitable for analysis by separation technique or other methods [1]. 

Sample statistics are generally considered to be the most time consuming 

analytical step and can be a major source of low accuracy and precision. 

The basic stage of sample preparation is the extraction process used to separate 

and pre-concentrate the trace amounts of analyte from the sample tissue (solid, 

liquid, gas). The ideal extraction method is a rapid, simple, repeatable and 

inexpensive method; the quantitative retrieval of the species can be achieved 

without losing or destroying them; take a low sample size; has a high degree of 

selectivity and minimizes the use of solvent . Ultimately, there is no need to 

concentrate and reduce the volume of the extraction phase. On this basis, many 

methods have been considered in recent years [2] . 

As stated, the most important part of many chromatographic analyzes of 

biological samples is the removal of annoying agents in the sample. Also, for 

sample injection into HPLC, the increase of analyte concentration per sample 

unit is one of the necessities of the analytical process. Sample preparation before 

analysis to determine the amount of methadone (MD) and tramadol (TRM) in 

different samples is inevitable.  In previous studies, the extraction of liquid-liquid 

extraction (LLE) and solid phase extraction (SPE) have been used to prepare 

methadone and tramadol in different samples [3-6]. Despite the common use of 

SPE and LLE, each of these methods has some disadvantages. 

Disadvantages of LLE are time consuming, high cost and high volumes of 

sample and toxic organic solvents[7].  As an alternative method, dispersive liquid 

– liquid micro extraction (DLLME) can be used, which has been dramatically 

improved in recent years. This technique was presented in 2006 by Asadi et al 

[8] based on the triple solvent system [9], which is very low cost, simple and fast 

[10]. Another benefit of this method is high enrichment factor. This method 

involves an organic extraction solvent, a dispersive solvent (which must have 

the ability to disperse in both the aqueous and organic phases) and the aqueous 

solution of the sample [11]. So far, many applications of this method have been 

reported in various fields [12-14]. 

Determination of drugs in biological samples is mainly for the purpose of 

studying and evaluating their residual levels in the body [15]. After taking the 

drugs, they do not completely excrete the body and remain in various tissues. 

Knowing the amount of drug remaining in the human body is led to infer the 

appropriate dose. Another important factor in measuring drugs is the side effects 

of the drug. As a result, studying the amount of drug in biological samples is 

done to maximize the positive effect and minimize the ill effects of the drug. 

Reducing pain is one of the main goals in medical science to improve quality 

of life. Palliative drugs are compounds that increase the threshold of pain, and 

thus reduce pain without disturbing the level of consciousness or altering other 

emotions [16]. Methadone [17] (Figure 1) and tramadol [18] (Figure 2) are pain-

reducing compounds that are used to reduce the pain of cancer patients, childbirth 

and post-surgical complications [19, 20]. 

 

Figure 1. The chemical structure of methadone. 

 

Figure 2. The chemical structure of tramadol. 

These drugs belong to the opioid group. Methadone and tramadol are often 

used as inhibitors of heroin addiction and other narcotic drugs [21-24]. 

Consumption without prescribing these drugs causes seizures, liver failure, 

cardiovascular problems, and death. In order to evaluate the amount of tramadol 

and methadone in plasma and fluids in the body and its amount in pharmaceutical 

compounds, various methods are used [25]. Spectrophotometers [26, 27], HPLC 

[28-30], GC/MS [31, 32], HPTLC [33], LC-MS [34], LC-MS/MS [35-37], 

capillary electrophoresis [38, 39], and electrochemical methods [40, 41] can be 

mentioned. 

Blood is still considered the first choice in the toxicological analysis, but it 

may not be available in many situations, or because corruption cannot be used 

for measurement. Therefore, the role and importance of other body environments 

will be further enhanced Vitreous toxicology analyzes have many benefits [42]  .  

Vitreous fluid due to simple sampling without the need for autopsy is one of the 

samples to be considered in forensic medicine and also after death [43], blood 

contamination and bacteria are relatively safe . Vitreous fluid is clear, which helps 

facilitate the testing. Also, vitreous has high chemical stability.  The use of this 

sample has a long and valuable history in forensic medicine; especially in the 

diagnosis of drugs.The mechanism for the transfer of small molecules from blood 

into ocular fluids was studied in the mid-1940s  . Since then, chemists have 

evaluated various types of drugs and biochemical compounds in the vitreous. 
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The purpose of this paper was to optimize the methodology for determining 

the trace amounts of methadone and tramadol in urine and vitreous in the bodies 

of reference to the legal medicine that has high precision and accuracy and can 

be done in ordinary laboratories. For this purpose, the liquid-liquid  

microextraction method was investigated, because it has all the advantages 

mentioned. 

MATERIALS AND METHODS 

Apparatus  

A high performance liquid chromatography (EuroChrom, KNAUER, and 

Germany) which consisted of K-1001 pumps, multiple solvent delivery unit, 

vacuum degasser and K-2600 Photodiode Array detector (KNAUER, Germany) 

was used for chromatographic analysis. Separations were performed on a C18 

chromatography column (250 mm x 4.6 mm, particle diameter of 5 μm). The 

injection volume was 20 μl and the column temperature was ambient 

temperature. The speed of the mobile phase was also 1ml / min. The pH of the 

solutions was adjusted with a pH meter (WTW Inolab model, Germany). 

Chemicals and reagents 

All the chemicals and reagent were of analytical grade. Methadone and 

tramadol were purchased from Sigma Aldrich.  Ethanol, chloroform, methanol, 

acetone, acetonitrile and carbon tetrachloride were purchased from MERCK 

(Germany). To prepare the stocks solution of methadone and tramadol, an 

appropriate amount of them was weighed and distilled water was added to the 

volume. This solution can be stored at 4 ° C for 30 days. The solutions used 

during the experiment were prepared from the continuous dilution of Stoke 

solution daily. Sodium hydroxide solution and hydrochloric acid solution were 

used to adjust the pH of the solutions. 

To prepare the mobile phase, phosphate buffer and acetonitrile with a ratio of 

25:75 (pH = 2.38) were used to measure tramadol and a ratio of 32:68                    

(pH = 2.38) to methadone. 

Real sample preparation 

At first, the vitreous and urine samples were centrifuged at 3000 rpm for 5 

minutes and then filtered. In a centrifuge tube, 1 ml of vitreous and urine samples 

were individually mixed with 10 ml of distilled water, and the pH was adjusted 

to 10 with sodium hydroxide solution. 

DLLME procedure 

The general steps of performing sample preparation using the DLLME method 

are as follows. First, 600 μl of mixture containing 100 μl of chloroform (as an 

extraction solvent) and 500 μl of methanol (as a dispersed solvent was added 

rapidly to 5 ml of the aqueous sample that is placed in a centrifugal conical tube. 

As a result, a cloudy solution was occurred and the surface area between the 

extraction solvent and the aqueous sample is increased in the formation of the 

cloudy solution and the state of equilibrium is very rapid, which is the main 

advantage of this method. In order to transfer the analyte to the extraction solvent, 

the solution was shaken slowly for 2 minutes  and centrifuged at 4500 rpm. In the 

next step, the chloroform (containing analytes) is separated from the bulk 

solution and settled at the bottom of the test tube. This phase was separated by a 

syringe and dried by the gentle stream of nitrogen gas. Then 20µl methanol added 

and sample was injected into HPLC.  

RESULTS AND DISCUSSION 

Due to low concentrations and the presence of other compounds in body fluids, 

determining the amount of methadone and tramadol is a serious challenge for 

analysts. These compounds can be measured in blood, urine and vitreous. 

Therefore, the use of extraction methods is applied. In order to obtain the best 

extraction efficiency, important experimental factors that can affect extraction 

(such as pH, the type and volume of extraction solvent, type and volume disperser 

solvent, ionic strength and extraction time) were carefully considered. One-factor 

at a time was used to simplify the optimization steps. For this purpose, some 

experiments were designed. Following the enrichment factor and recovery are 

calculated using equations (1) and (2).  

The enrichment factor (EF) is described as the ratio of the concentration of the 

analyte in the settled phase (Csed) to the initial concentration in the aqueous phase 

(C0), which is shown in the equation (1): 

EF = Csed / C0 (1) 

Extraction recovery (ER) is defined as the percentage of the analyte amount in 

the extraction phase (nsed) to the initial amount of analyte in the sample (n0) and 

can be calculated according to the following equation: 

where Vsed and V0 are the volumes of sedimented phase and sample solution, 

respectively. 

Influence of extraction solvent type and volume 

Selection of solvent extraction is very important in the DLLME process. An 

appropriate extraction solvent for this method should have low solubility in 

water, a lower density of water, and the ability to extract the desired analytes. In 

addition, the low toxicity and the proper chromatographic behavior (i.e., the 

solvent marker does not overlap with the analyte, the solvent can easily be 

removed from the chromatographic column and the best separation of the 

components) are other desirable features for the extraction solvent. In this study, 

in order to obtain the appropriate extraction solvent, different solvents were 

studied under the same conditions. Chloroform, carbon tetrachloride and 

dichloroethane were chosen for better extraction efficiency and compared.  The 

best extraction efficiency is when chloroform is used as extraction solvent. The 

low solubility of chloroform in water and the high distribution coefficient of the 

compounds in this solvent are also due to the higher recovery of this solvent than 

other solvents (Figure 3). To optimize the extraction solvent volume, different 

volumes of chloroform (100 to 300 μL) were investigated, while other laboratory 

factors were constant. The extraction efficiency when the volume of chloroform 

was 100 μL reached the highest point and then decreased with increasing 

chloroform volume. Therefore, 100 μl of chloroform was used for subsequent 

experiments. 

 

Figure 3. Effect of the type (A) and volume (B) extraction solvent on the 

recovery. 

Influence of disperser solvent type and volume  

Selection of disperser solvent is an important factor in the DLLME. The 

disperser solvent must have the ability to dissolve in both organic solvents and 

aqueous samples. Acetone, acetonitrile, ethanol and methanol were selected to 

optimize this factor. Figure 4 shows the effect of disperser solvent type on 

extraction efficiency. According to the results, the best extraction efficiency is 

obtained when methanol is used as disperser solvent. Therefore, subsequent 

studies were carried out using methanol as disperser solvent. In order to study 

the effect of disperser solvent volume on extraction efficiency, different volumes 

of methanol from 100 to 1000 μl were studied. The highest extraction efficiency 

is obtained using 500 μl methanol and then decreases with increasing methanol 

volume.   

Because of increasing disperser solvent volume, the distribution of extraction 

solvent in aqueous sample is better done, which leads to increased extraction 

efficiency. On the other hand, when the volume of solvent disperser exceeds a 

certain limit, part of the extraction solvent in water is dissolved, and thus the 

extraction efficiency decreases. 

𝐸𝑅 =
𝑛𝑠𝑒𝑑

 𝑛0 
 × 100% =

𝐶𝑠𝑒𝑑𝑉𝑠𝑒𝑑 

𝐶0𝑉0

 × 100% = 𝐸𝐹 ×
𝑉𝑠𝑒𝑑

𝑉0 
 × 100% 

(2) 
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Figure 4. Effect of the type disperser solvent on the recovery. 

Influence of pH and ionic strength 

It is well known that the pH of solution is an important factor during liquid–

liquid extraction (LLE) process. In this method, the pH is adjusted so that the 

analyte remains mainly in the molecular form until it extract in the organic phase. 

Because the ionic form of a molecule that is obtained from the acceptance or 

donation of protons in acid or alkali cannot be transferred from the aqueous phase 

to the organic phase.  In order to evaluate the effect of pH on the efficiency of the 

proposed microextraction method, the pH of the solution in the range of 2 to 12 

was investigated. Figure 5 shows the analytical response to the pH of the solution. 

As seen in the figure, the best extraction efficiency was obtained at pH 10. 

 

Figure 5. Effect of the pH on the recovery. 

Influence of microextraction time  

The extraction time in the DLLME is defined as the time between the injection 

of the extraction and disperser solvent to centrifugation.  Extraction is performed 

immediately after the formation of a cloud solution. This time refers to the high 

contact level of the water phase and the organic phase. In this work, the time was 

measured from 2 to 10 minutes. According to the results, the extraction time was 

not affected and 2 minutes were considered as optimal amount . 

Analysis of real samples 

  To evaluate the effectiveness of the proposed DLLME method, this method 

was used to measure methadone and tramadol in urine and vitreous (Figure 6). 

The results are summarized in Tables 1 and 2. As it can be seen, good recovery 

of 96-98% indicates the negligible effect of sample tissue on the performance of 

the proposed DLLME method. 

a) 

 

b) 

 

Figure 6. (a)Methadone spectrum (b) tramadol spectrum in the vitreous 

sample by HPLC. 

Figures of Merit 

The analytical parameters were measured under optimal conditions at 578 nm. 

The calibration curve for methadone and tramadol were in the range of 4.5-1000 

μg L-1 linear.  The detection limit of the relation CLOD=3Sb/m is calculated (CLOD, 

Sb, m, respectively, the detection limit, standard deviation, and calibration curve 

slope). The values 1.2 µg L-1 and 1.5 µg L-1 for methadone and tramadol were 

obtained. Relative standard deviation (RSD) for concentrations of 100 μg L-1 

medications with six consecutive duplicates 4.5-6.7 (for TRM) and .4.5-7.1 (for 

MD) were obtained.  

Table 1. Analytical characteristics of the method. 

Parameter 
Analytical feature 

TRM MD 

Linear range (µg L-1) 1-1000 1-1000 

Limit of detection (µg L-1) 1.5 1.2 

RSD% (Inter-day, n=7) 4.5-6.7 4.5-7.1 

Regression equation y=18.52 C + 78.74 y=16.24C + 109.01 

Enrichment factor 
Vitreous 132 118 

Urine 121 109 

Extraction recovery (%) 
Vitreous 79 81 

Urine 72 77 

MD and TRM concentration were 100 μg L-1 for which RSD was obtained. 

Comparison with other methods 

Comparison of the method studied with other preconcentration methods is 

summarized in Table 2. Observations show that the dispersive liquid-liquid 

microextraction method has the higher enrichment factor, lower detection limit, 

lower solvent consumption, and shorter extraction time than other methods. 

Table 2. Comparison of the parameters of the DLLME method with other 

methods. 

Method Analyte 
LOD 

(µg L−1) 

LRb 

(µg L−1) 

RSD 

(%) 
Ref. 

SHS-HLLME-GC-FID 
TRM 

MD 

1.2 

1.2 

4-1000 

4-1000 

5.6–7.6 

5.6–7.1 
[44] 

SPEd -GC-MS TRM 10 100-20000 4.7-7.9 [45] 

HS-SPME-GC-MS TRM 0.2 1-400 4.8 [46] 

DES-AAELLMEf –GCFID MD 0.7 2-8000 5.4 [47] 

DLLME- HPLC-DAD 
TRM 

MD 

1.5 

1.2 

1-1000 

1-1000 

4.5-6.7 

4.5-7.1 

This 

work 

bLinear range. 
dSolid-phase extraction. 
fDeep eutectic solvent air assisted emulsification liquid–liquid microextraction 

method. 
gDispersive liquid–liquid microextraction based on the solidification of a floating 

organic droplet. 

 

CONCLUSION 

Efforts to measure faster, easier, and less costly pharmaceutical drugs and 

related compounds in various drug samples, such as pills and capsules, and 

biological samples, many researchers have been working worldwide. In terms of 

measuring the amount of drug, biological samples in addition to the need to have 

the expertise and the equipment for sample preparation are also more sensitive 

in place.   Hence, methods that can measure low drug levels in biological samples, 

as well as less environmental hazards, are prioritized. 

Therefore, the importance of measuring narcotic drugs due to the effects of 

these drugs on the health of society is very high. In this research, dispersive 

liquid-liquid micro-extraction method using liquid chromatography was 

successfully used to measure tramadol and methadone in the vitreous and urine 

samples. The benefits of this approach are low cost sampling, less bio-

contamination than the methods used to measure biological fluids. 
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