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ABSTRACT

This study, it was aimed to develop a simple, sensitive and reliable high-perfor-
mance liquid chromatographic method for simultaneous analysis of medazepam 
and lorazepam based on the solid-phase extraction from human blood. For the 
pretreatment of (500 μL) plasma sample, an efficient extraction method was de-
veloped and optimized. Separation was carried out with an ODS reverse phase C18 
analytical column (150x4.0mm, 3μm). The composition of 20 mM KH2PO4 buffer 
and methyl cyanide (6:4, v/v) was employed as the mobile phase in the chromato-
graphic system. The ultraviolet detector was set at 220nm. Determination of coef-
ficients values was found as 0.9928 (r2) between 500-2500 ng/mL concentrations 
for medazepam and 0.9983 between 20-300 ng/mL for lorazepam. It was observed 
that the method has successful validation test results from accuracy, sensitivity, 
recovery, precision, and robustness in accordance with ICH Q2R1 guidelines. The 
method is recommended for monitoring blood levels of lorazepam and medazepam 
in toxicology laboratories.
Keywords: Medazepam, lorazepam, solid-phase extraction, HPLC-UV, method 
validation
 

INTRODUCTION 

Medazepam, (7-chloro-2,3-dihydro-1-methyl-5-phenyl-1,4-benzodiazepine), 
and lorazepam (7-chloro-5-(2-chlorophenyl)-1,3-dihydro-3-hydroxy-2H-1,4-
benzodiazepine-2-one) are benzodiazepine group drugs, they are used as a 
sedative, tranquillizer, anxiolytic, anticonvulsant, hypnotic or muscle-relax-
ant1. Medazepam (Figure 1-a) is metabolised to its active metabolites named 
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diazepam, desmethyldiazepam, and oxazepam by oxidation. The elimination 
half-life is 2-5 hours. Lorazepam (Figure 1-b) is eliminated by the glucuronide 
conjugation pathway and its elimination half-life is 10-40 hours2. 

Figure 1 . Representation of the chemical construction of medazepam (-a), lorazepam (-b) and 
phenytoin (-c) used as the internal standard. 

Medazepam treatment leads to a wide range of toxicologically important ef-
fects ranged from enzyme induction-inhibition to genotoxic effects. Its chronic 
treatment is responsible for reducing human liver CYP2E1 enzyme activity. 
CYP2E1 inhibition can modulated the toxicity since some clinically used drugs 
or non-drug xenobiotics are mretabolised by CYP2E13. In addition, the human 
20α-hydroxysteroid dehydrogenase (AKR1C1) inhibition by medazepam treat-
ment was reported4. Medazepam treatment is caused to a CYP3A4 induction 
in the study accomplished in the primary cultures of human hepatocytes in 
both therapeutics and intoxicated concentrations. Medazepam was found to 
activate the pregnane X receptor (PXR) in hepatocarcinoma cells5. In Chinese 
hamster cell culture, medazepam treatment produces chromosomal abnor-
malities and hyperdiploidy, including a dose-dependent reduction in diploid 
cell count6. Chronic exposure to medazepam (5 mg/kg/day, i.p.) resulted in 
significant reductions in the binding affinity and receptor binding capacity of 
rats to muscarinic receptors. In contrast, the number of muscarinic receptor 
binding sites in the hippocampus was decreased7. High medazepam concentra-
tions were detected in the plasma of newborn babies whose mothers had been 
used high doses of medazepam during pregnancy. Thus, placenta seems not to 
be a strong barrier in the transmission of medazepam. Congenital anomallies 
behaviorial deviations and teratogenic effects have also been found to be as-
sociated with the high-dose medazepam use during pregnancy8. 
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In a study, Iakovidou-kritsi et al. (2009), the cytostatic and cytotoxic proper-
ties of lorazepam were investigated in human lymphocyte cultures at concen-
trations equivalent to a daily oral dose of 1-6 mg/day9. It was observed that 
lorazepam caused genotoxic effects at these concentrations9. Lorazepam, like 
other benzodiazepines, has been reported to cause brain dysfunction, prolon-
gation of hospital stay, coma, and even death due to overdose or suicide, and 
the importance of monitoring plasma drug levels in the treatment of intoxica-
tions is important10. It has been stated that when lorazepam is used together 
with sedative herbs such as valerian and passionflower, it may cause intoxica-
tions with synergistic effects by increasing the GABA-A receptor activity on 
the central nervous system11. When mouse embryonic stem cell-derived car-
diomyocyte cultures and embryonic chick heart micromass (MM) were admin-
istered with a range of lorazepam concentrations, the highest lorazepam con-
centration was observed to cause cytotoxic effects in the embryonic chick heart 
micromass. It was also observed that lorazepam causes teratogenic effects in 
mouse embryonic stem cells12. Therefore, the development of a reliable, sensi-
tive and simple method for analysis of medazepam and lorazepam is critical in 
terms of monitoring and treatment of possible intoxication could be consid-
ered very serious in terms of public health.

There are some methods for the individual determination of medazepam 
and lorazepam in the literature. These methods are based on the gas chro-
matography mass spectrometry (GC-MS)13, micellar elektrokinetic capillary 
chromatography (MECC)14, electrospray ionization-mass spectrometry (ESI-
MS)15, and thermal desorption direct analysis real time mass spectrometry 
(TD-DART-MS)16. Additionally, immunoassay17, chiral column with UV and 
circular dichroism (CD) detection18, voltametry19, fourier transform infrared 
spectrophotometry (FTIR)20, gas chromatography (GC)21, high-performance 
liquid chromatography-electrospray tandem mass spectrometry (HPLC/MS/
MS)22, liquid chromatography-tandem mass spectrometry (LC-MS/MS)23,24, 
capillary electrophoresis25 methods were suggested for lorazepam determina-
tion. In addition, in the literature, some liquid chromatography-tandem mass 
spectrometry methods (LC–MS/MS) are recommended for the simultaneous 
determination of medazepam and lorazepam26-28. Described extraction meth-
ods are based on liquid-liquid microextraction29, solid-phase extraction30, and 
fiber liquid-phase microextraction (LPME)31. However, the fact that these are 
sophisticated instruments make difficult to carry out the relevant analyzes. 

Most of these methods may be complicated, time-consuming, non-green and 
also expensive, that may require special sample preparation techniques and so-
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phisticate instruments. HPLC is a relatively simple, repeatable and cost-effective 
method as compared to the other analysis techniques. Therefore, it not only pro-
vides excellent recovery with high sensitivity for a wide range of pharmaceutical 
compounds, but also provides a good separation opportunity for similar endog-
enous chemical structures and metabolites. It allows simultaneous determina-
tion of both main chemicals and metabolites and endogen metabolic products 
in biological samples. HPLC allows the separation, identification, quantitative 
measurement and purification of the components-analytes that make up a mix-
ture that could be a biological, chemical or pharmaceutical sample. 

Medazepam and lorazepam are used as benzodiazepine derivatives for different 
conditions and treatment purposes such as depression, alcohol withdrawal, sleep 
disorder, anxiety treatment, sedation, skeletal muscle relaxant, antiepileptic, 
chemotherapy-induced nausea and vomiting. Considering the toxicological risks 
that may be caused by the intoxications of these active substances, it is thought 
that it would be important to analyze medazepam and lorazepam together. 

In this study, a repeatable, sensitive and reliable high-performance liquid 
chromatographic method based on solid-phase extraction for the monitoring 
of medazepam and lorazepam from human blood was developed. The devel-
oped method was validated in terms of of sensitivity, recovery, linearity, in-
traday and inter-day repeatability (accuracy and precision were subtitles) and 
robustness testsaccording to the International Conference on Harmonization 
guideline Q2(R1) and subsequent revisons32.

METHODOLOGY  

Chemicals and reagents 

Chemical standards of medazepam and lorazepam were obtained from the Tox-
icology Department of Ankara University (Ankara, Türkiye) and phenytoin was 
donated from VEM pharmaceuticals (Istanbul, Türkiye). Analytical grade po-
tassium chloride, sodium chloride, and sodium hydroxide were from obtained 
from Sigma Aldrich (Missouri, USA). Methyl cyanide (≥99.9) and methyl alco-
hol (≥99.9) were purchased from Riedel de Haen (Seelze, Germany). Di-sodi-
um hydrogen phosphate and potassium dihydrogen phosphate were took from 
Merck (Darmstadt, Germany). Bovine albumin was provided by Solarbio Life 
Science (Beijing, China). Carmellose (carboxymethyl cellulose) was taken from 
Wenda (Izmir, Türkiye). Nylon membrane filter (0.45 μm p.s., 47 mm DIA) was 
supplied from Millipore (MA, USA). Dionized water was gained from the Wa-
ter Purification System (Buckinghamshire, UK). The solid-phase C18 cartridge, 
Sep-Pac® Vac 1 cc (0.1 g), was purchased from Waters (Dublin, Ireland). 
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Instruments and equipments 

Pretreatment of the specimens was achieved by a solid-phase extraction 
vacuum manifold that has 12- cartridge position coupled with an air pump. 
High-performance liquid chromatography (HPLC) system, Agilent 1100 series 
(CA, USA) coupled with an ultraviolet detector (G1314A, VWD), a gradient 
pump (G1311A, QuadPomp), a degasser (G1322A), a port of injection (Rheo-
dyne 7725i) 20 μL sample loop and a separation oven (G1316A, Colcom) was 
used performing analytical separation. Separation was achieved by a C18 (150 
x 4.0 mm, 3.0 μm particle size) column which was commercially named the 
ACE 3 (Tokyo, Japan) analytical column. The column oven temperature was 
set at 40 °C during the chromatographic run. The detection and quantitation 
was carried out with an ultraviolet detector at 220 nm. The mobile phase was 
prepared with potassium dihydrogen phosphate buffer (20 mM) pH 2.0 and 
acetonitrile (6:4, v/v). The phosphoric acid (0,1 and 1 M) solutions were used 
for pH adjustment of the mobile phase buffer. Mobile phase composition was 
applied isocratically to the column with 0.5 mL/min flow rate. The result com-
position of mobile phase solution was filtered with a nylon membrane filtered 
with a special vacuum system. Following, it was degassed for 20 minutes in an 
ultrasonic bath MRC ACP (London, UK). The elapsed time between the two 
analyzes was 5 minutes. The ChemStation® 08.3v software was used in the 
system control and data integration. 

Stock solutions preparation

Medazepam and lorazepam were prepared as 5 mg/mL, and also phenytoin 
(Figure 1-c) main stock solutions were prepared as 1 mg/mL by dissolving in 
methyl alcohol. For this purpose, 50 mg medazepam and lorazepam, and 10 
mg phenytoin were dissolved individually in 10 mL flasks. Chemical standards 
solutions were held at -18 °C during the study. 

Artificial plasma preparation 

In order to the preparation of the artificial plasma, 20 mg KCl, 20 mg KH2PO4, 
180.6 mg Na2HPO4.2H2O, and 0.8 g NaCl and 4 g bovine albumin were dissolved 
in 95 mL of deionized water. Then, the solution pH was adjusted with 0.1 M KOH 
to 7.4 and finally, its volume made up of 100 mL33. Finally, the resulting solution 
was divided into 500 μL microtubes and held at -18°C till to the analysis. 

Determination of the internal standard 

In order to using as an internal standard in this investigation, clozapine, cin-
narizine, chlorpromazine, flunarizine, phenytoin and sodium valproate chemi-
cal standards were individually tested. The obtained results at the indicated 
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chromatographic conditions were explained in the following: It was observed 
that cinnarizine and clozapine have unfavourable retention times. The peak 
widths of cinnarizine and clozapine obtained were 3 minutes, with an unsuit-
able width to cause disruption of the chromatogram. When they were applied 
to column with medazepam individually, they caused overlapping and chro-
matographic problems. The sodium valproate peak was not seen in this chro-
matographic condition, which was thought to be related to the use of the UV 
wavelength. In addition to this, the peak shape and structure of chlorproma-
zine and flunarizine were fragmented, so they did not have enough peak sharp-
ness for use as an internal standard. 

The retention time of phenytoin in the chromatogram was between the peaks 
of medazepam and lorazepam. It was not showed any interaction with these 
peaks. It has a sharp peak structure, and the efficiency obtained in extraction. 
The best and reproducible recovery values were obtained with phenytoin in 
extraction applications. Depending of these factors, phenytoin was decided to 
use as an internal standard in the analysis method. 

Development of the extraction method 

At the begining of the sample preparation studies, liquid-liquid extraction and 
solid-phase extraction methods were applied both STDs and ISTD. In the liq-
uid-liquid extraction method, the human plasma sample (0,5 mL) was treated 
with 1000 μL ethyl acetate. After centrifugation, the organic layer was sepa-
rated to a clean micro test tube. It was evaporated at room temperature under 
a stream of nitrogen and redissolved in 100 μL mobile phase. Lorazepam did 
not have the appropriate peak area and peak height compared to the solid-
phase extraction method in all liquid-liquid extraction methods that were ex-
perimented. In addition, the observed peaks had a shape that was not suitable 
for quantitative analysis, and they were segmented and not sharp. 

The suggested SPE method were optimized in terms of the sampling, cartridge 
washing, elution and conditioning of the cartridge. In the conditioning step, 
methanol and ultrapure water application volumes were individually tested 
from 1 to 5 mL for the determination of the best efficiency value. The borate 
buffers (pH: 8.0, 8.30 and 9.0) and water were tested for the dilution of plasma 
samples before application to the solid phase cardridge. Also, water and borate 
buffers (pH: 8.0, 8.30 and 9.0) were tested for use in the elution step of SPE in 
volumes ranging from 1 mL to 3 mL. 

Preparation of the working solutions 

Working solutions of medazepam and lorazepam were prepared weekly from 
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main stock solutions (5 mg/mL). Medazepam were prepared as 25, 50, 75, 100, 
125 μg/mL and lorazepam were prepared as 1, 2.5, 5, 10, 15 μg/mL concentra-
tions. The main stock solution of phenytoin (1 mg/mL) was diluted by methyl 
alcohol to yield a working solution (50 μg/mL). Validation samples were pre-
pared by taking 10 μL of the working solutions and dissolving them in a 500 μL 
virtual plasma sample. Following, it was mixed at 1800 rpm for 1 minute. Ul-
traviolet spectrums of medazepam (a), lorazepam (b), and phenytoin (c) were 
plotted at concentrations of 1 μg/mL (Figure 2).

Figure 2 . Ultraviolet spectrums of medazepam (a), lorazepam (b) and phenytoin (c).

Solid-phase extraction 

Initially, samples used in the validation steps were prepared. For this purpose, 
10 μL of the aliquot of the working solutions of medazepam, lorazepam and 
phenytoin were taken separately and transferred to 500 μL of virtual plasma. 
Then, 0.5 mL of ultrapure water was added into the plasma solutions and this 
composition were mixed at 3500 rpm for 3 minutes. 

Following, these prepared quality control samples were used in the validation 
steps 1- 4. 

Step-1. Conditioning: Initially, methanol (3 mL) and then 3 mL ultrapure wa-
ter were applied appropriately to the cartridge.

Step-2. Sample loading: The plasma solution, the preparation of which was 
described above, was carefully applied to the cartridge. 

Step-3. Washing: Ultrapure water (2 times x 1 mL) was used for the washing of 
the cartridge and then it was dried with airflow in the air pump application 
for 3 minutes. 

Step-4. Elution: The sample collection tube was settled in the extraction manifold 
and 1 mL methanol (2 times) was gently applied to the cartridge then it was 
vacuumed (75 kPa) until reached completely for 3 minutes to recover all liquid.
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The elution (2 mL) was collected in test tube and it was placed in the heated 
block at 40 °C then evaporated to complete dryness with the constant flow of 
nitrogen (1 kpascal). 200 μL mobile phase was added on the residue. Then it 
was shaked with the rotative shaker at 3500 rpm for 3 minutes. Finally, fhe 
solutions were injected into the liquid chromatography by a manual injection 
system of 20 μL. 

RESULTS AND DISCUSSION 

Method validation 

The optimum conditions of UV wavelength, mobile phase content and column 
were determined and plasma samples which containing analytes and internal 
standard (phenytoin, medazepam and lorazepam) were loaded into the HPLC 
system under these conditions. The method was validated in accordance with 
the International Harmonization Conference (ICH) guidelines in terms of the 
recovery, linearity, accuracy, sensitivity, precision and robustness32. A valida-
tion protocol was applied, taking into account the reproducibility of the meth-
od, to obtain accurate and precise measurements. 

Under these chromatographic conditions, analyte-free blank plasma samples 
were applied to the HPLC system for the determination of endogenous transi-
tions from plasma. A chromatogram sample was given in Figure 3. Retention 
times of medazepam, phenytoin and lorazepam were 5.2, 6.9 and 8.1 minutes, 
respectively, under the determined analysis conditions. A sample chromato-
gram of medazepam (1500 ng/mL), lorazepam (100 ng/mL) and phenytoin 
(1000 ng/mL) was given in Figure 4. During the analyses, it was observed that 
the pressure in the system varied between 85-115 bar. 

Linearity 

After the chromatographic conditions were established, calibration curves for 
medazepam and lorazepam were formed in concentrations over the range 500 
to 2500 ng/mL and 20 to 300 ng/mL versus peak-area ratios to the inter-
nal standard (phenytoin). The calibration points (n=5) were 500, 1000, 1500, 
2000 to 2500 ng/mL for medazepam and 20, 50, 100, 200 to 300 for loraz-
epam, and they were prepared in drug-free plasma according to the standard 
addition method. After extraction procedures were performed, samples were 
applied to the HPLC system described conditions, and obtained data/values 
were evaluated and processed. 

Calibration curves were constituted at 5 points (n=3) for both medazepam and 
lorazepam. They were drawn versus the area of phenytoin as an internal stand-
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ard by the standard addition method and showed good correlations with r2 = 
0.9928 and 0.9983, respectively. 

System suitability parameters were shown that it has a nice selectivity (α) and 
resolution (Rs). Theoretical plate number (N) and capacity factor (k’) showed 
the good values for a successful determination of medazepam and lorazepam 
from plasma (Table 1). 

Table 1 . System suitability parameters and chromatographic characteristics of the developed 
method. Phenytoin was used as the internal standard in the method. For this reason 
determination coefficient (r2), selectivity factor (α), calibration range, calibration equation, and 
resolution (Rs) values belonging to this agent did not be calculated. 

Analyte
Retention 

time 
(tR)

Capacity 
Factor 

(k’)

Theoretical 
plate 

number 
(N)

Selectivity 
factor

(α)

Resolution 
(Rs)

Calibration 
range 

(ng/mL)

Calibration 
equation

Determination 
coefficient (r2)

Medazepam 5.0 1.2 7145 1.6 4.3 500-2500 y=0.9323x+0.1094 0.9928

Lorazepam 9.0 2.5 10462 0.3 4.2 20-300 y=2.6179x+0.0135 0.9983

Phenytoin 7.1 1.9 8568 null null null null null

Abbreviations: Theoretical plate number (N) = 16( 2; tR: Retention time of 

the analyte peak; t0: retention time of first peak ; Wt: peak width;

Capacity factor (k’) =  
 
; Resolution (Rs) =    ;

Selectivity factor (α) = . 

m i n0 2 4 6 8 1 0 1 2

N o r m .

0

2 . 5

5

7 . 5

1 0

1 2 . 5

1 5

Figure 3 . Chromatogram of an empty artificial plasma sample extracted by SPE method and 
prepared for analysis
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Figure 4 . A typical chromatogram was obtained from the method exhibited medazepam (1500 
ng/mL) phenytoin (1000 ng/mL) and lorazepam (100 ng/mL) peaks, respectivel

Sensitivity 

The quantification limit (LOQ) and detection limit (LOD) were computed 
based on the standard deviation of the response and the slope of the calibra-
tion graph which according to the ICH recommendation. Calculations were 
made according to the formulas given below.

LOQ = 10 σ/S ; LOD = 3.3 σ/S 

(S: The slope of calibration curve ; σ: The standard deviation of the response) 

The concentration of 20 ng/mL lorazepam and 500 ng/mL medazepam were 
used as lowest calibration points in the determination of LOD and LOQ. A total 
of 10 samples prepared as described above were analyzed at the same day. 

Results demonstrated that the suggested method has very low sensitivity val-
ues. LOQ and LOD values of MDZ and LRZ were calculated to range between 
2.86–39.69 ng/mL and 8.67–120.29 ng/mL, respectively (Table 2). 
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Table 2 . Sensitivity test data applied of medazepam (500 ng/mL) and lorazepam (20 ng/
mL). These results were obtained from individual samples (n=10) prepared as quality control 
samples in plasma. 

Analyte Concentration 
(ng/mL)

STD/ISTD 
LOD (ng/mL) LOQ (ng/mL)

Average SD Ratio RSD%

Medazepam 500 0.442 0.010 0.500 2.448 39.69 120.29

Lorazepam 20 0.069 0.002 0.537 3.267 2.86 8.67

Phenytoin 1000 null null null null null null

Accuracy and precision 

The accuracy defined as the relative error (bias%) was carried out with indi-
vidual replicates (n=5) both in interday and intraday. The precision, defined 
as the relative standard deviation (RSD%), was calculated by five separate 
replicate analyses of medazepam and lorazepam both intraday and inter-day. 
Five replicate spiked samples were assayed intraday and inter-day at the three 
different concentrations (500, 1500 and 2500 ng/mL for medazepam and 20, 
100 and 300 ng/mL for lorazepam) for all analytes. 

In order to the observing of the matrix effect, blank-plasma samples were used 
during the validation tests and validation test samples were prepared with 
the standard addition method. Accuracy was calculated and presented by the 
recovery percentage (RE%) and it was found between -1.16 and 4.81%. Rela-
tive standard deviations (RSD%) for precision were less than 4.11. These data 
showed that the method can gain precise and accurate results in plasma analy-
sis of medazepam and lorazepam. Observed results were given in Table 3. 
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Table 3 . Confidence parameters of the method include recovery and intraday - inter-day 
accuracy and precision values. Results were get from individual samples (n=3) prepared as 
quality control samples in artificial plasma. 

Analyte
Expected 

concentration 
(ng/mL)

Intra-day Inter-day

No. 
Obs.

Observed 
concentration  

± SD (ng/mL)

Precision 
(RSD%)

Accuracy 
(RE%)

No. 
Obs.

Observed 
concentration  

± SD (ng/mL)

Precision 
(RSD%)

Accuracy 
(RE%)

Medazepam

500 5 524.4 ± 17.2 2.41 4.81 5 517.2±5.5 1.31 4.03

1500 5 1569.1 ± 22.6 1.23 4.62 5 1553.6±6.9 4.11 4.56

2500 5 2557.1 ± 23.6 0.84 4.25 5 2553.4±6.9 0.37 4.13

Lorazepam

20 5 20.4 ± 0.8 2.91 2.42 5 20.7±0.5 2.02 3.57

100 5 103.9±0.6 0.52 3.94 5 101.9±2.6 2.46 1.96

300 5 296.6±9.1 2.78 -1.16 5 302.9±5.5 2.43 1.88

Recovery

The recovery of extraction procedures from simulated plasma was determined 
by comparing pre-extraction spikes with post-extraction spikes. Individual 
replicates of spiked samples (n=5) at high, middle and low concentrations of 
medazepam (2500, 1500 and 500 ng/mL, respectively) and also lorazepam 
(200, 100 and 20 ng/mL, respectively) were prepared with and without inter-
nal standard. The obtained data were evaluated and processed.  

Recovery values for medazepam and lorazepam were calculated with 3 replica-
tions of samples prepared separately from each other. Recovery values were 
calculated as between 96.20% and 98.25% for each analyte tabulated in Table 
4. Absolute recoveries of medazepam and lorazepam were found as 97.23% 
and 96.87%, respectively. 
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Table 4 . Observed raw recovery data and calculated recovery values of the developed analysis 
method

Analyte Concentration 
(ng/mL)

STD/ISTD

Recovery 
(%)Non-extracted samples Extracted samples

Mean (x-) SD RSD% Mean (x-) SD RSD%

Medazepam

500 510.22 22.59 4.84 490.85 0.016 3.13 96.20

1500 1472.24 39.91 2.83 1446.51 0.122 9.39 98.25

2500 2544.46 46.98 4.89 2474.64 0.081 4.44 97.25

Lorazepam

20 21.32 0.003 5.45 20.57 0.001 1.85 96.48

100 101.63 0.011 4.18 99.21 0.005 1.87 97.61

300 297.77 0.016 2.07 287.41 0.042 5.36 96.52

Robustness

Ultraviolet wavelength value (±1 nm), mobile phase organic solvent compo-
nent (± 5%), buffer pH (± 0.5) and interpersonal variations did not cause any 
significant changes in the analysis results (Table 5). In addition, changes in 
analysts did not lead to significant changes in chromatographic signals, too. 
Separation robustness experiments demonstrated that the method created 
data of acceptable precision and accuracy. Robustness results were given in 
Table 5. 

A ±1 change in UV wavelength caused a 2.68% (RSD%) change in the quan-
titative medazepam measurement, and a 0.21% (RSD%) change in the loraz-
epam measurement. A 5% solvent change in the mobile phase content caused 
a 1.08% RSD% change in the quantitative medazepam measurement and a 
2.30% RSD% change in the lorazepam measurement. A change of 0.5 unit in 
mobile phase buffer pH caused a 0.72% RSD% change in the quantitative me-
dazepam measurement and a 2.76% RSD% change in the lorazepam measure-
ment. In the robustness test application, where the operator’s effect on the 
method was investigated in the process from sample preparation to sample 
ejection and calculation, the highest RSD% value for medazepam measure-
ment was ≤3.03% and the highest RSD% value for lorazepam measurement 
was observed to be ≤4.56%. 
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Table 5 . Robustness test results were performed by changing the detector wavelength ± 
1 nm, the mobile phase content ± 5%, the buffer solution pH ± 0.5 % and the interpersonal 
exchange within the standard optimization conditions. 

UV 
(nm)

MDZ 
(Area-

AU)

Loraz-
epam
(Area-

AU)

MP Comp. 
(ACN:KH2PO4, 

v/v)

Medazepam
(Area-AU)

Loraz-
epam
(Area-

AU)

Buffer 
pH value

Medazepam
(Area-AU)

Loraz-
epam
(Area-

AU)

Inter-
personal

Medazepam Lorazepam

P1 P2 P1 P2

219 1456.54 97.69 55:45 1487.80 102.41 pH 1.5 1489.19 99.12 null 1511.57 1512.87 105.45 107.98

220 1504.29 101.78 60:40 1507.71 98.67 pH 2.0 1513.58. 98.45 null 1512.21 1503.69 99.42 98.54

221 1536.97 103.97 65:35 1520.11 98.31 pH 2.5 1504.56 103.56 null 1482.52 1495.37 101.25 102.96

Mean (x-) 1499.26 101.15 Mean (x-) 1505.21 98.48 Mean (x-) 1502.44 100.38 Mean (x-) 1506.76 1501.97 101.70 101.46

SD 40.44 3.18 SD 16.29 2.27 SD 10.86 2.77 SD 16.95 8.75 3.09 4.72

RSD% 2.68 0.21 RSD% 1.08 2.30 RSD% 0.72 2.76 RSD% 1.12 0.58 3.03 4.65

Abbreviation: UV: Ultraviolet; MDZ: Medazepam; LRZ: Lorazepam; P1: Per-
son-1; P2: Person-2; MP-Comp.: Mobile Phase Composition; ACN: Acetoni-
trile; KH2PO4: Potassium Dihydrogen Phosphate Buffer

An accurate, sensitive, and rapid analytical method was developed to be used 
for the analysis and separation of two benzodiazepine compounds called me-
dazepam and lorazepam. The chromatographic conditions were as follows: a 
reverse phase C18 column was used and the column temperature was set to 
40°C; the mobile phase consisted of 40% acetonitrile, and 60% 20 mM potas-
sium dihydrogen phosphate buffer (pH: 2) which was adjusted by adding an 
phosphoric acid solution (100 mM). The mobile phase flow rate was 0.5 mL/
min and the UV detector wavelength was set to 220 nm. Some prominent stud-
ies on the subject and their results are given below.

Al-Hawasli et al. (2012) developed a method for the quantitative determina-
tion of bromazepam, medazepam and midazolam from the mixture content 
and in different pharmaceutical preparations. It was used an analytical C18 
column (250 x 4.6 mm, 3 μm) for separation and the oven was held at 50°C 
in the analysis. The mobile phase component was prepared with methyl alco-
hol: acetonitrile: 50 mM ammonium acetate-pH 9.0 (9:5:6, v/v/v). The UV 
detector was set to 240 nm. They used a solid phase extraction method in their 
work. The fact that the working range of medazepam is quite narrow, such 
as 80-120 μg/mL, draws attention in a negative way. On the other hand, the 
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developed correlation coefficient was calculated as 0.994 (r2). Medazepam’s 
retention time in the chromatogram was as high as ≥8.2 minutes. The LOD 
and LOQ were computed as 3.03 μg/mL and 10.12 μg/mL, respectively, which 
were lower than the sensitivity of our proposed method34. 

Jinno et al. (1998) was developed an HPLC (SPME/LC) and solid-phase mi-
croextraction for simultaneous detection of benzodiazepine, including medaz-
epam, in human urine samples. The benzodiazepine compounds were sepa-
rated Superiorex ODS column (250 × 1.5 mm i.d) at 35 °C. Acetonitrile and 
water (35:65, v/v) were used to form the mobile phase, and the UV wavelength 
was set to 220 nm for the quantitative determination. The mobile phase flow 
rate was 1 mL/min. The method calibration was established between concen-
trations of 20 and 2400 ng/mL and the determination coefficient (r2) was cal-
culated as 0.996. This calibration range represents a very difficult range to 
be linear. The limit of detection (LOD) was given as 6 ng/mL and the relative 
standard deviation was calculated as <15.0 (RSD%). In this method, the reten-
tion time of medazepam was 125 minutes. This value makes the efficiency of 
the method controversial in terms of lost mobile phase amount and time35.

Muchohi et al. (2005) developed a method based on UV detection-high-per-
formance liquid chromatography for the determination of lorazepam in child 
plasma. Oxazepam was used as an internal standard. Analytic separation was 
achieved by a reversed-phase column (150x 4.6 mm, 4 μm i.d.) and acetoni-
trile and 10 mM (pH 2.4) phosphate buffer (13:7 v/v) was used for the mobile 
phase. The flow rate was 2.5 mL/min. In the single-step liquid-liquid extrac-
tion protocol, n-hexane and dichloromethane (7:3 v/v) were used an organic 
solvent. Lorazepam-retention time was 11.9 min. A calibration curve was linear 
between 10 to 300 ng/mL with correlation coefficients higher than 0.99. The 
limits of detection and quantification were 2.5 and 10 ng/mL, respectively. The 
relative recoveries of lorazepam were 84.1±5.5% (n=6) and 72.4±5.9% (n=7)36.

In Sreeram et al. (2012) was developed a high-performance liquid chroma-
tographic (HPLC) method for the determination of lorazepam in some phar-
maceutical formulations. Chromatographic analysis was performed using re-
versed phase ODS C18 column in isocratic mode with mobile phase containing 
methanol: water (13: 7, v/v) was used. The column was kept at ambient tem-
perature. The mobile phase flow was 1.0 mL/min. In the determination, ultra-
violet wavelength was held at 230 nm. LOD was found as 35 μg/mL and the 
LOQ was found as 55 μg/mL. The recovery was higher than 91%. The relative 
standard deviations (RSD%) was less than 5.037.
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Uddin et al (2008) was developed a method based on the ultraviolet detection, 
reversed-phase high-performance liquid chromatographic method. The UV de-
tector wavelength was set at 240 nm. In the method, they were developed an 
analytical method for the separation and quantification of alprazolam, brom-
azepam, clonazepam, diazepam, flunitrazepam, lorazepam from both pharma-
ceutical and biological matrices. Colchicine was used as internal standard. A 
Kromasil C8 column (250 × 4 mm, 5 μm i.d), equilibrated with the mobile phase 
methanol, ammonium acetate and 0.05 M acetonitrile (6:11:3 v/v/v) was used 
in the study. Mobile phase was applied to the column at the ambient tempera-
ture with a gradient flow program. A LC-18 cartridges 500 mg/3 mL and DSC-
18 500 mg/3 mL were used in the determination method for the lorazepam. 
The calibration curve was linear in the range of 0.2 to 15 ng/mL. The correlation 
coefficient of calibration (r2) was 0.990. Within-day recovery from pharmaceu-
tical/biological samples was between 88-111% and with RSD% in the range of 
0.5–11. Between-day recovery from pharmaceutical/biological samples was be-
tween 93–110% and RSD values were in the range of 1.0–13%. The LOD and 
LOQ values for lorazepam were found as 0.2 – 0.5 ng/mL, respectively38.

First of all, it should be emphasized that the developed method for the de-
termination of lorazepam (20 – 300 ng/mL) and medazepam (500 - 2500 
ng/mL) in human blood is suitable not just only for the determination in the 
therapeutic range but also for toxic and subtherapeutic ranges of these drugs. 
The ability to analyze low and high concentrations of lorazepam and medaz-
epam with the method further increased the importance of the data from the 
validation test in terms of the reliability of the method. The LOD and LOQ data 
obtained for lorazepam were 2.86 and 8.67 ng/mL, respectively, and 39.69 and 
120.29 ng/mL for medazepam, indicating that the developed analysis method 
could be used safely at subtherapeutic doses. It was observed that the RE% 
(accuracy) values obtained both intraday and interdays were (-1.16) and 4.56 
considering both analytes. 

These data, obtained by analyzing the individual prepared samples on five dif-
ferent days (between days) and on the same day (within days), are a clear indi-
cation that the proposed method is repeatable and reliable both within and be-
tween days. In addition, fast run time (< 9 min), low mobile phase flow (0.5 mL/
min) applied to the HPLC system during analysis, high efficiency and ease of ap-
plication obtained in the extraction application, low volume of organic solvent 
used during extraction (≤4 mL) , are other important features that distinguish 
the study from other chromatographic studies in the literature. It was seen that 
the yield values between 96.20% and 98.25% obtained from the recovery tests 
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were directly related to the successful values obtained in the validation param-
eters such as sensitivity, selectivity, robustness and reproducibility. 

The method of applying the mobile phase to the analytical column with iso-
cratic flow has shown very significant positive effects on increasing the intra-
day and interday repeatability of the method (accuracy and precision). The 
fact that the intraday and interday precision value was ≤ 4.11 (RSD%) and the 
accuracy value was between -1.16 and 4.81 showed the consistency of the mo-
bile phase content with the analysis performed. The reflections of these posi-
tive effects were also observed in the sensitivity (LOD and LOQ) values of the 
method. At the same time, the isocratic flow prevented the loss of mobile phase 
between analyzes according to the gradient flow. As it is known, at the end of 
the gradient flow, the change of the initial mobile phase composition should be 
balanced and the column should reach the initial mobile phase values again. 
This situation causes both cost and time consumption in analysis. Isocratic 
flow showed positive effects in preventing this situation and stabilizing the val-
idation data. The suitability of the mobile phase composition and pH value of 
the mobile phase for analysis was observed both with the preliminary analyzes 
performed and with the validation test results obtained.

The analysis method developed and validated and applied to simulated plasma 
has a practical, economical and environmentally friendly sample preparation 
method with the use of 0.5 mL plasma and a total of 4 mL organic solvent for 
extraction, and the total analysis time is less than 8.5 minutes. The method was 
found to be linear between 0.5 and 2.5 μg/mL for medazepam and between 20 
and 300 ng/mL for lorazepam. Recovery tests (n=3) have an average recovery 
value of 103.7% for medazepam and 100.1% for lorazepam. 

The purpose of this study develops a sensitive, sensitive and rapid analytical 
method. The developed method provided successful separation and detec-
tion of medazepam and lorazepam. This RP-HPLC-UV analysis method can 
be used in toxicological laboratories that make therapeutic and toxicological 
impressions of medazepam and lorazepam. 
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