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ABSTRACT
Background and Aims: Diazepam is accepted as a safer drug to medicate in many serious cases, acting as an anticonvulsant, 
an anxiolytic and a treatment for many types of poisoning. Monitoring it is important in achieving successful treatment and 
reducing the risk of toxic effects. In this study, it is aimed to develop and validate a sensitive, repeatable, and reliable method 
based on high-performance liquid chromatographic analysis for the determination in human plasma.     
Methods: Separation was carried out using a reverse-phase C18 column (4.0 mm x 150 mm, 3 μm) at 30 °C. The solution was 
prepared with a 10 mM phosphate buffer and acetonitrile (1:1, v/v) was employed as a mobile phase at the isocratic flow 
with 0.5 mL/min rate. Quantification was applied at 230 nm. A solid-phase extraction method was established and optimized, 
which was then used in the preparation of the plasma (0.5 mL) samples to the analysis.
Results: The method was found to be linear (r2= 0.9805) between 100 and 1200 ng/mL. The analysis run was ≤12 min. Intra-
day and inter-day accuracy were found between -5.78 and 5.93 and precision was ≤1.82%. The limit of detection and quan-
tification were calculated as 20.42 and 61.86 ng/mL, respectively. Recovery was found between the range of 95.12% and 
106.83%. The method was determined to be robust according to changes in UV, mobile phase organic solvent content, mobile 
phase pH, column temperature, and operator. 
Conclusion: This simple, sensitive and reliable method is suggested for accredited-reference laboratories working on the 
therapeutic drug monitorization and/or overdose-toxicological quantified analysis of diazepam in human plasma.
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INTRODUCTION

Diazepam (7-chlorine-1-methyl-5-phenyl-1,3-dihydrobenzo [e] [1,4] diazepin-2-one), a benzodiazepine-derived drug (Figure 1-a), is 
primarily used in the treatment of mental anxiety (Zhang, Ouyang, Lipina, Wang, & Zhou, 2019), but it also used as a sedative-
hypnotic (Cook, Flanagan, & James, 1984) and as an anticonvulsant (Chamberlain et al., 2014). It has skeletal muscle relaxant (Rich-
ards, Whittle, & Buchbinder, 2012) and anxiolytic (Faye et al., 2020) properties. It is accepted as a safer drug than others used in the 
treatment of anxiety (Zhang et al., 2019). It has a widespread use due to its high therapeutic index. Diazepam is used commonly 
in cholinestrase poisoning (Abou-Donia, Siracuse, Gupta, & Sobel Sokol, 2016), to alleviate some symptoms associated with alco-
hol (Weintraub, 2017) and barbiturate abstinence syndrome (Perry, Stambaugh, Tsuang, & Smith, 1981), in anti-histamine over-
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dose (Montoro et al., 2013), black widow spider envenomation 
(Rogers, Stanford, & Dart, 2006) and chloroquine overdose 
(Hughes, 2020). In addition to that it could be used alone as an 
anaesthetic (McGrath et al., 2020) or in combination with other 
drugs for conscious sedation (Zanette et al., 2013), and also as 
an aid to anaesthesia (Wexler, Peyster, Hakkinen, & Pope, 2005). 

Diazepam is commonly used via the oral, rectal, and parenteral 
routes (Bialer, 2007; Henney, Sperling, & Rabinowicz, 2014). It 
reaches maximum plasma concentration between 30 and 90 
minutes (Gong, Liu, Xu, Fan, & Xue, 2015; Taysse et al., 2003). Di-
azepam is widely distributed throughout the body (Friedman 
et al., 1992). Drug interactions associated with protein bind-
ing are clinically insignificant, although they are 98% bound to 
plasma proteins. 

Sedation is the most common side effect of the drug. In in-
travenous administration, the drug side effects emerge more 
quickly and the toxicity is usually iatrogenic. Chronic treatment 
with diazepam can lead to addiction. Also, withdrawal symp-
toms can be observed in cases where cessation and toxic ef-
fects occur too (Calcaterra & Barrow, 2014). Therefore, patients 
under treatment with diazepam need the medical monitor-
ing. Overdose of diazepam in oral or parenteral administra-
tion causes a loss of consciousness, hypotension, bradycardia, 
coma and respiratory failure. Deaths have been reported when 
diazepam is used with other central nervous system depres-
sants under combination treatment (Calcaterra & Barrow, 
2014). Diazepam is reported as a genotoxic agent according 
to toxicity studies accomplished in vitro. Due to diazepam lipid 
solubility being significantly high, it is known that diazepam 
passes through the placenta during pregnancy, and it has the 
ability to cross the blood-brain barrier. Also, it is known that 
diazepam passes to the infant with maternal exposure by lac-
tation (Ghosh, Reddy, Ramteke, & Rao, 2004; Wexler et al., 2005). 
For these reasons which could be evaluated as very serious for 
public health, development of a simple, sensitive and reliable 
monitoring of diazepam is very important. 

Many methods have been developed for determining diaz-
epam from biological samples and pharmaceutical prepara-
tions. These methods are based on thin layer chromatography 
(TLC) (Bakavoli & Kaykhaii, 2003), spectrophotometry (Morelli, 

1997), gas chromatography mass spectrometry, high-per-
formance liquid chromatography (HPLC) coupled with ultra-
violet detector (UV) and tandem mass spectrometry (MS/MS) 
(Brieudes, Lardy-Fontan, Lalere, Vaslin-Reimann, & Budzinski, 
2016; de Araujo, Bauerfeldt, Marques, & Martins, 2019; Gong et 
al., 2015; Kim et al., 2017; Miller, Wylie, & Oliver, 2008; Tran, Hu, 
& Ong, 2013), respectively. Also, various extraction methods 
such as protein precipitation (Pilli et al., 2020), liquid-liquid ex-
traction (Kim et al., 2017), solid-phase extraction (SPE) (Borges, 
Freire, Martins, & de Siqueira, 2009; Mercolini et al., 2009), and 
solid-phase microextraction (Yuan & Pawliszyn, 2001) were 
employed in these investigations. 

In this study, it was aimed to develop a high-performance liq-
uid chromatographic method based on solid-phase extraction 
for monitoring diazepam from human plasma. Subsequently 
it was then validated in terms of linearity, repeatability, sensi-
tivity, recovery and robustness according to the International 
Conference on Harmonization guideline Q2(R1) (ICH, 2005). 
On the other hand, it is aimed to develop a simple, fast, cheap-
er, repeatable, accurate and reliable high-performance liquid 
chromatography method for the quantitative determination 
of diazepam. 

MATERIAL AND METHODS 

Chemicals and reagents
Diazepam (Figure 1-a) and fenitoin (Figure 1-b) chemical stan-
dards (purity ≥ 99.0%) were donated from the Forensic Sci-
ence Institute of Ankara University (Ankara, Turkey) and VEM 
pharmaceuticals (Istanbul, Turkey), respectively. Methanol and 
acetonitrile which were HPLC-grade and KCl, NaCl, NaOH and 
H3PO4 which were analytic grade were purchased from Sigma-
Aldrich (Missouri, USA). Na2HPO4 and KH2PO4 were purchased 
from Merck (Darmstadt, Germany). The Sep-Pac® Vac 1 cc 
(100 mg) solid-phase C18 cartridge was obtained from Wa-
ters (Dublin, Ireland). Carboxymethyl cellulose was purchased 
from Biokim & Wenda Chemicals (Izmir, Turkey). Bovine serum 
albumine was purchased from Solarbio Life Science (Beijing, 
PRC). PTFE membrane filter (47 mm DIA, 0.45 µm pore size) 
was obtained from Millipore (MA, USA). Ultrapure water was 
supplied from Elga Purelab Water Purification System (Lane 
End, UK) performing purification as required by the reverse 
osmosis method. The conductivity and electrical resistance of 
the ultrapure water obtained were ≤0.055 µS/cm (25 °C) and ≤ 
18.2 mΩ.cm, respectively. Membrane filters with a pore size of 
0.45 um from Milipore (Massachusetts, USA) were used for the 
mobile phase filtration.

Instrumentation and chromatographic conditions 
The analytical separation and quantification was achieved with 
an Agilent 1100 series HPLC system (CA, USA) coupled with 
a UV detector. A high-performance liquid chromatography 
(HPLC) was employed in this stud and consisted of a degasser 
(G1322A), a quadro gradient pump (G1311A), a manual injec-
tor (Rheodyne 7725i) with loop volume 20 µL, a column oven 
(G1316A, Colcom), and an ultraviolet detector (G1314A VWD). 
A 100 µL volume glass HPLC needle was utilized for applying 
samples to the system from the injector port.

Figure 1. Chemical structures of diazepam (-a) and phenytoin (-b) 
which used as the internal standard. 
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A stainless steel end-cap ACE-5 reverse phase (RP) C18 analytical 
column (Aberdeen, Scotland) with 4.0 mm x 150 mm (i.d. x l) 
diameters 3 μm (p.s.) column filling material was employed for 
instrumental analytic separation. A 08.03 version ChemStation® 
software was used for data collection and system handling. 

The column oven temperature was set at 30°C. According to 
the applied observations, the ultraviolet spectrum ultraviolet 
detector was set at 230 nm for both diazepam and phenytoin 
(Figure 2). The mobile phase composed of 10 mM KH2PO4 (pH 
3.0) and acetonitrile (50:50, v/v) was applied to the analytical 
system with an isocratic, 0.5 mL/min constant flow. Before ap-
plication to the system the mobile phase solution was filtered 
passing through a PTFE membrane disc filter at 20 kPa pressure 
using a vacuum filter system. 

Analytic parameters were determined following the optimiza-
tion study performed in terms of the mobile phase content 
and pH, analytical column and column oven temperature, re-
spectively. 

Preparation of chemical standards and simulated plasma 
Both stock solution (1 mg/mL) and working solutions of diaz-
epam 5, 10, 20, 40 and 60 µg/mL were prepared by dissolving 
them in methanol. Diazepam quality control samples (0.1, 0.2, 
0.4, 0.8 and 1.2 µg/mL) were prepared by taking 10 µL of the 
respective working solution and dissolving it in 500 µL volume 
of simulated plasma sample. The working solution (10 μg/mL) 
of internal standard was prepared by diluting it with methanol 
from the main stock solution of phenytoin (1 mg/mL), weekly. 
Stock solutions were stored at -20°C until analysis and were ob-
served to remain stable for at least 1 month.

During the development of solid-phase extraction and meth-
od validation steps, a simulated plasma, the preparation pro-
tocol of which is described by Mercolini et al. (2008) was used. 
According to this, 4 g bovine albumin, 20 mg KCl, 0.8 g NaCl, 
20 mg KH2PO4, 144 mg Na2HPO4 was dissolved in 100 mL ul-
trapure water, then its pH was adjusted to 7.4 with 0.1 M KOH 
or H3PO4. Finally, the formed solution was split up into micro-
tubes in 0.5 mL quantities and stored in -18 °C until use. 

Determination of the internal standard 
Clozapine, sodium valproate, chlorpromazine, flunarizine, cin-
narizine and phenytoin chemicals were tested to determine 
the internal standard to be used in the analytical method. 
The obtained results from the selection of internal standard 
test study showed that the peak shape and structure of chlor-
promazine and cinnarizine did not have enough sharpness to 
be accepted as an internal standard in these chromatographic 
conditions. Because the chromatographic peaks acquired 
from flunarizine analysis were so fragmental, and also the ob-
tained clozapine and sodium valproate results were unsuitable 
in terms of the retention time according to diazepam, these 
3 agents could not be utilized as an internal standard. It was 
decided to use phenytoin as an internal standard because it 
shows a precise peak structure even at low concentrations, its 
extraction recovery values are very successful, it gives a nice UV 
response at 230 nm, and has an acceptable retention time in 
the chromatogram (Figure 2). 

Optimization of the developed solid-phase extraction 
method 
The solid-phase extraction procedure was optimized in terms 
of the cartridge conditioning, sample loading, cartridge wash-
ing and elution steps according to the results obtained from 
the comparative chromatographic analyses. As a rule, while 
performing the optimization study, changes were made in the 
intended step to monitor, while other variables related to ex-
traction were kept constant.

In the optimization of the conditioning step, the methanol and 
ultrapure water application volume from 1 mL to 3 mL were 
tested for the determination of the best efficiency value for 
the activation of cartridge filling material. In the following step 
(called sample loading), an attempt was made to apply plasma 
samples both directly and diluted with water up to 1 mL into 
the cartridge. In addition, the volume of water to be used in the 
washing step tested in volumes varying (from 0.5 mL) up to 2 
mL. In addition, the dilution values of the acetonitrile: metha-
nol mixture (3: 1, v/v) used in the second stage of the washing 
step were evaluated at varying rates up to 12 times. The con-
tent ratios of the elution solution formed with acetonitrile and 
methanol were tested to determine the best efficiency value at 
ratios of 6:1, 3:1, 1:1, 1:3, 1:6 (v/v), respectively. Then, defining the 
best efficient solution volume value, it was tested from 1 up to 
3 mL. The elution volume effect on the extraction efficiency was 
tested between 1 ml to 3 mL. The optimized extraction values 
were clearly given under 2.6.2. Solid-phase extraction subtitle. 

Extraction efficiency was evaluated by comparing the diaz-
epam and phenytoin peak areas recovered from plasma to the 
results of standard solutions applied directly to HPLC without 
extraction by dissolving in the mobile phase. Since the internal 
standard was used in this study, the ratio value obtained by 
dividing the peak area of diazepam from the same chromato-
gram by the area of the internal standard was used in both 
recovery test and also other validation calculations.

Sample preparation 
Preparation of spiked samples 
10 µL diazepam and 10 µL internal standard (10 μg/mL) work-
ing solution were added to 500 µL of blank simulated plasma 
sample and then its volume was made up to 1 mL with ultra-
pure water. Then, it was stirred at 1200 rpm for 2 minutes with 
the vortex mixture before being used as a sample. 

Solid-phase extraction
Initially, a C18 solid-phase cartridge was activated and condi-
tioned by applying 3 mL of methanol and 3 mL of ultrapure 

Figure 2. A chromatogram which belong to a blank simulated plasma 
sample extracted by the SPE method explained. 
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water, respectively. Then, 500 µL of the plasma sample were 
diluted with 1 mL of ultrapure water in a micro-tube contain-
ing 10 µL of diazepam and 10 µL of phenytoin internal stan-
dard, and this was applied to the solid-phase cartridge with 0.5 
mL/min flow. After the samples were loaded into the cartridge, 
the remains were cleaned twice using 1 mL ultrapure water. 
Then, the cartridges were cleaned with 1 mL of the acetoni-
trile: methanol mixture (18:1, v/v) and again and they were fully 
dried using a constant vacuum. Under 0.5 mL/min constant 
flow, 1 mL acetonitrile: methanol (3:1, v/v) mixture was applied 
twice to the cartridges and they were then vacuumed (75 kPa) 
until completely dry. Finally, the collected extraction liquid (ap-
proxiamately 2 mL) was evaporated to complete dryness using 
the nitrogen evaporating system heated to 40 °C). After the 
remains were dissolved in 200 μL of the mobile phase by the 
vortex mixture at 3000 rpm, 1 minute, it was loaded into the 
HPLC system with a volume of 20 µL. 

Method validation
The developed chromatographic method was validated in 
terms of linearity, sensitivity, accuracy, precision, recovery and 
robustness in accordance with the International Harmoniza-
tion Conference (ICH) guidelines (ICH, 2005).

Linearity: Diazepam plasma samples in 5 different concentra-
tions (100, 200, 400, 800 and 1200 ng/mL) that can be antici-
pated in plasma were prepared on the condition that 3 sam-
ples were found for each point. It was plotted according to the 
versus peak-area ratios to the internal standard. Each plasma 
sample prepared was delivered to the HPLC device for analy-
sis. The calibration equation and the determination coefficient 
were calculated by drawing the calibration graph. The linearity 
test was designed to cover sub-therapeutic, therapeutic, over-
dose and toxic levels of the diazepam in plasma. 

Sensitivity: The limit of detection (LOD) and limit of quantifica-
tion (LOQ) were calculated according to the ICH recommen-
dation based on standard deviation of the response and the 
slope of the calibration graph. 100 ng/mL was used in the test 
as the lowest calibration point of diazepam. 

  

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

Accuracy and precision: The accuracy, defined as the relative er-
ror (RE%) was calculated as the percentage difference between 
the added and found diazepam quantity by 5 individual repli-
cates both intraday and inter-day. The precision, defined as rela-
tive standard deviation (RSD%), was calculated by five separate 
replicates of diazepam both intraday and inter-day. Five replicate 
spiked samples were assayed intraday and inter-day at the three 
different concentrations (100, 400 and 1200 ng/mL). 

Recovery: The efficiency of the extraction procedure from the 
plasma was determined by comparing pre-extraction spikes 
with the post-extraction spiked internal standard. Five indi-
vidual replicates of spiked samples at low, middle and high 
concentrations (200, 400 and, 800 ng/mL, respectively) of diaz-
epam were prepared with and without the internal standard. 

The extraction procedure was carried out as described previ-
ously in the sample preparation step.

Robustness: Robustness is a test for evaluating the response 
of the analytical method to some changes in the analysis pa-
rameters. Here, the method’s response to changes in analytical 
parameters is evaluated in terms of reliability by examining the 
changes in the results obtained. It is the ability of a method 
to remain unaffected when small changes are applied. The 
robustness test was performed with 400 ng/mL of diazepam, 
which is the median concentration of the calibration interval. 
The response of the method of changes to ultraviolet wave-
length (± 1 nm), mobile phase flow rate to column (± 0.1 mL/
min), mobile phase organic solvent content (± 5%), column 
temperature (± 5 °C), mobile phase final pH (± 0.5) and also the 
operator changes were evaluated.  

RESULTS 

Selectivity and specificity 
Initially the optimum conditions for mobile phase, column and 
UV-detector wavelength were determined and plasma sam-
ples containing diazepam and phenytoin were injected into 
HPLC under these conditions. Within the optimum analysis 
conditions, retention times of diazepam and phenytoin were 
determined as 4.9 and 10.8 minutes, respectively. Blank and 
sample chromatograms of 10 μg/mL phenytoin and 400 ng/
mL diazepam are given in Figure 2 and 3, respectively. 

By adding diazepam and phenytoin analytes into simulated 
plasma by the standard addition method, concentrations 
ranging from the lowest calibration point to the highest con-
centration of diazepam could be successfully detected and 
quantified from the relevant matrix. This can be clearly seen in 
the blank simulated plasma chromatogram. All observed ana-
lytes peaks were sharply, clearly and obviously detected. 

As part of the selectivity study of the method validation, nitraz-
epam (100 ng/mL), diazepam (400 ng/mL), phenytoin (10 μg/
mL) and lorazepam (100 ng/mL) were administered to HPLC. 
Quantitative determination of diazepam and phenytoin was 
successfully performed under the expressed chromatographic 
conditions. The chromatogram obtained is given in Figure 4.

Nitrazepam is used in disabling anxiety and insomnia. It has 
amnestic, sedative, anticonvulsant, and also skeletal muscle 
relaxant effects. It is defined as a hypnotic drug. It is clas-
sified in the benzodiazepine group of drugs (Yasui, et al., 
2005). Lorazepam, is also a benzodiazepine medication, 
used in the treatment of severe agitation, anxiety disorders, 

Figure 3. A typical chromatogram which exhibited phenytoin (10 μg/
mL) and diazepam (400 ng/mL) peaks, respectively. 
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trouble sleeping, active seizures, alcohol withdrawal, and 
chemotherapy-induced nausea and vomiting (Herman, Van 
Pharm, & Szakacs, 1989). Nitrazepam and lorazepam were 
used in the selectivity study because they are structurally 
very close to diazepam. 

Linearity 
Calibration curves of diazepam drawn at five points (n=3) 
which are 100, 200, 400, 800 and 1200 ng/mL concentration 
versus the area of phenytoin as an internal standard by the 
standard addition method showed excellent correlation with 
r2 = 0.9805, (Table 1). The linearity study was designed to cover 
sub-therapeutic, therapeutic and toxic drug levels of the drug. 
The wide linear range also had a positive effect on the use of 
the method since the obtained real blood results showed very 
high standard deviation. 

System suitability parameters show that it has good resolu-
tion (Rs) and selectivity (α) values. Capacity factor (k’) and 
theoretical plate number (N) show acceptable values for a 
successful determination of diazepam from plasma as it can 
be seen in Table 1. 

Sensitivity 
LOD and LOQ values were 20.42 ng/mL and 61.86 ng/mL, re-
spectively. In addition to the LOD value being approximately 
5 times lower than the lowest point on the calibration curve, 
LOQ value was found to be lower than the last point on the cal-
ibration curve. This result shows that the method can be used 
reliably for the analysis of diazepam in low concentrations in 
plasma Table 2. 

Accuracy and precision 
The repeatability study was performed at 100, 400 and 1200 ng/
mL diazepam concentrations. The intraday repeatability study 
was performed with 5 replicate analyses for each concentration 
on the same day, and the accuracy was found between (RE%) 
(-5.78) and 3.30, and precision (RSD%) was found between 0.14 
and 1.59. The repeatability study between days was carried out 
for 5 consecutive days and the accuracy was between (-5.78) 
and 5.93 (RE%), and precision (RSD%) was between 1.22 and 
1.82. These data showed that when compared with the litera-
ture, this method has high repeatability and can obtain precise 
and accurate results in diazepam analysis from plasma in the in-
traday and inter-day reproducibility study (Table 3). 

Recovery 
The extraction yield values for the 3-replicates recovery study 
for diazepam concentrations of 200, 400 and 800 ng/mL were 
in the range of 95.12% to 106.83% (Table 4). These observed 
excellent values obtained from the extraction method devel-
oped and optimized suggest that the analytes, matrix (simu-
lated plasma) and method (solid-phase) are perfectly compat-
ibility. It is thought that it will make a significant contribution 
to the literature on diazepam analysis since the recovery value 
observed is 100.39% on average. The raw data used in the cal-
culation of the recovery is given detailed in Table 4. 

Robustness 
No significant changes in the analytical signals were observed 
upon changing ultraviolet wavelength value (± 1 nm) (Table 
5), mobile phase pH (± 0.5) (Table 6), mobile phase content 
(± 5%) (Table 7). Moreover, change of analysts, sources of 
chemicals and/or solvents did not lead to significant changes 
in chromatographic signals and results. The robustness of the 
experimental results demonstrated that the method is able to 
create data with acceptable precision and accuracy. Consistent 
data from selectivity studies and the robustness study demon-
strated its suitability in the quantitative determination of diaz-
epam from human blood. 

DISCUSSION 

Diazepam is widely used as an antiepileptic, muscle relaxant, hyp-
notic, and anesthetic inductor in pharmacotherapy. However, the 

Figure 4. A typical chromatogram obtained in the selectivity study for 
method validation. Peaks of nitrazepam.

Table 1. Chromatographic properties and system suitability parameters of the suggested method. Because of 
phenytoin was used as an internal standard; calibration range, calibration equation, determination coefficient 
(r2), selectivity factor (α), resolution (Rs) values belong to this agent did not be calculated. 
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drug is connected with abuse due to its high potential for side 
effects such as addiction. Therefore, toxicological analysis of diaz-
epam for therapeutic dose impression studies is important for fo-
rensic and clinical toxicologists. Some studies involving the moni-
toring of diazepam from various samples are summarized below. 

In the study by Uddin et al. (2008), diazepam and 5 other ben-
zodiazepines and two metabolites: in human plasma, urine 
and saliva by RP-HPLC-diode array detection method were de-
termined. Analytes were quantitated at 240 nm. Methods were 
based on a solid phase extraction method. The separation was 
carried out on a C8 (250 mm x 65 mm, 5 µm) analytical col-
umn with a mobile phase containing methanol, acetonitrile, 
and 50 mM ammonium acetate. Linearity was maintained in 
the range of 300-20000 ng/mL. r2 was found ≥ 0.997. Intraday 
and inter-day precision test implementation were applied at 
concentrations of 2000, 4000 and 8000 ng/mL. Method preci-
sion values were found between 1.3% and 7.9% in plasma and 
between 2.1 and 7.8% in the urine. Linearity study of saliva was 
applied to 500, 1000 and 2000 ng/mL concentrations. The re-
sults were found between 2.2 and 8.1%, respectively. LOD and 
LOQ values were found as 20-470 and 70-1570 ng/mL, respec-
tively (Uddin, Samanidou, & Papadoyannis, 2008). 

Muchohi et al. (2001) developed an ultraviolet based reverse 
phase HPLC method to determine the amount of diazepam 
in plasma samples from children with severe malaria. After 
precipitation of plasma proteins, liquid-liquid extraction was 
performed with the mixture of acetonitrile, ethyl acetate and 
n-hexane. Diazepam was eluted from a reverse phase C18 col-
umn with an acidic (pH: 3.5) aqueous mobile phase (10 mM 
KH2PO4-acetonitrile, 69:31, v/v) at ambient temperature. The 
calibration curve between 10 and 200 ng/mL in the plasma af-
ter centrifugation was linear and the determination coefficient 
(r2) was ≥0.99. Relative recovery values at 25 and 180 ng/mL 
were greater than 87%. The relative standard deviation during 
the day and between days was less than 15%.

Dragica Zendelovska et al. (2018) developed a high-performance 
liquid chromatographic (HPLC) method with UV-detection for 
direct determination of diazepam in whole blood and serum. 
The isolation of diazepam and internal standard bromazepam 
from serum and whole blood samples was performed using re-
verse phase cartridges with the solid-phase extraction method. 
The analytes were separated using a reverse phase C8 column 
with a mobile phase of 0.1% (v/v) triethylamine (pH 3.5) and ace-
tonitrile (63:37, v/v) in water. The UV detector wavelength was 

Table 2. Sensitivity test data applied at 100 ng/mL concentration of diazepam. 

No Concentration 
(ng/mL)

Area (mAu) STD/ISTD
LOD  

(ng/mL)
LOQ  

(ng/mL)Diazepam Phenytoin Rationed 
Values Average SD RSD%

1 100 96.5 261.0 0.370

0.368 0.012 3.193 20.42 61.86

2 100 98.6 266.8 0.370

3 100 97.9 259.6 0.377

4 100 94.6 259.9 0.364

5 100 92.9 264.3 0.352

6 100 105.2 288.2 0.365

7 100 109.7 303.2 0.362

8 100 97.3 271.6 0.358

9 100 105.5 274.8 0.384

10 100 110.9 291.3 0.380

Table 3. Confidence parameters of the method that including intraday and inter-day precision, accuracy and 
recovery values. These results were obtained from individual samples (n=3) prepared as quality control 
samples in real plasma.
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100 5 99.82±3.30 1.59 -0.18 5 102.26±3.84 1.82 2.25 99.22

400 5 381.42±4.03 0.78 -4.65 5 384.97±6.43 1.22 -3.76 95.12

1200 5 1173.50±1.97 0.14 -2.21 5 1210.93±24.19 1.22 0.91 106.83
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240 nm. Linearity for serum and whole blood was achieved in 
the range of 10 -1000 ng/mL. In this method, after oral admin-
istration of 10 mg diazepam, plasma proteins were precipitated 
and applied to real biological samples.

Borges et al. (2008) developed a simultaneous HPLC method for 
determination of diazepam and individual 6 benzodiazepines 
from both human plasma, using the liquid-liquid and solid-phase 
extraction. 5 mM KH2PO4 buffer solution (pH 6.0):methanol:diethyl 

Table 4. Recovery data of the developed analysis method and obtained total recovery values.

Diazepam  
concentration  
(ng/mL)

Extraction 

Area values (mAU) STD/ISTD Average 
Recovery 

(%)STD ISTD Rationed 
Values Mean (

X

) SD RSD%

200 Non-extracted 
samples

150.7 327.7 0.461

0.455 0.007 1.440 

99.22

158.5 345.9 0.458

154.9 347.9 0.445

200 Extracted samples

145.1 304.6 0.476

0.451 0.019 4.085131.5 303.4 0.434

141.2 318.8 0.443

400 Non-extracted 
samples

256.6 259.6 0.988

0.963 0.039 4.053

95.12

259.0 261.0 0.992

246.8 271.9 0.908

400 Extracted samples

264.4 288.9 0.915

0.915 0.001 0.078275.4 300.7 0.916

278.9 305.1 0.914

800 Non-extracted 
samples

561.9 327.2 1.717

1.720 0.002 0.008

106.83

565.0 328.5 1.721

584.1 339.0 1.723

800 Extracted samples

456.3 250.9 1.819

1.837 0.018 0.997473.7 258.8 1.830

507.4 272.5 1.862

Note: Diazepam as the analytic agent and the phenytoin used as the internal standard employed in the study were abbreviated as STD and ISTD, 
respectively. Standard deviation was abbreviated as SD and relative standard deviation was abbreviated as RSD% calculated with the  formula

Table 5. Robustness test results by changing the detector wavelength ± 1 nm % within the standard 
optimization conditions. 

UV (nm)
Area STD/ISTD

Diazepam Phenytoin Rationed Values Mean (

X

) SD RSD%

229

278.0 330.8 0.840

0.842 0.002 0.170291.3 346.2 0.842

289.7 345.7 0.838

230

304.7 309.5 0.985

0.937 0.040 4.289278.9 297.1 0.939

292.0 329.5 0.886

231

262.8 232.2 1.132

1.132 0.003 0.248272.4 240.0 1.135

287.0 254.4 1.128

Average (

X

) 0.969

Standard deviation (SD) 0.149

RSD% 15.330
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ether (55:40:5, v/v/v) mixture was used as a mobile phase at 0.8 
mL/min flow rate. LC-18 DB column (250 mm x 4.6 mm, 5 µm) 
was used in isocratic conditions. The UV detector wavelength de-
tector was set at 245 nm. When using liquid-liquid extraction, the 
best conditions were obtained by double extraction of 0.5 mL of 
plasma for pH 9.5 using ethyl acetate and Na2HP04. Using SPE, the 
best conditions were achieved with 0.5 mL of plasma and 3 mL 
of 0.1 M borate buffer pH 9.5. In both methods, the solvent was 
evaporated under a stream of nitrogen at 40 °C. For LLE plasma 
linearity range 50–1200 ng mL and r2 was found as 0.9927. Plasma 
linearity study was implemented in the range of 30–1200 ng/mL 
and r2 was found as 0.9900 (Borges et al., 2009). 

In this study, an optimization study was performed on wave-
length, mobile phase, column and column furnace param-

eters in order to determine diazepam from plasma by HPLC 
coupled with UV. Optimized method: in accordance with the 
ICH Q2(R1) guidelines , it is validated in the parameters of lin-
earity, precision, repeatability, recovery and robustness (ICH, 
2005). All samples were prepared successfully with an opti-
mized solid phase extraction method. Simulated plasma was 
used in all quantification steps, and the results obtained clearly 
showed that the artificial plasma provided appropriate results 
in the development and validation of the method.

Sample preparation in the study: this was made using simulat-
ed plasma and solid-phase extraction method. The determina-
tion coefficient for 5 points in the 100-1200 ng/mL diazepam 
concentration range was found to be greater than 0.98, which 
was found to be a good value for linearity. Sensitivity values 

Table 6. Robustness test results performed by changing mobile phase pH ± 0.5 % within the standard 
optimization conditions.

pH value
Area STD/ISTD

Diazepam Phenytoin Rationed Values Mean (

X

) SD RSD%

pH 2.5

211.7 232 0.913

0.921 0.012 1.338212.3 232.5 0.913

224.6 239.2 0.939

pH 3

304.7 309.5 0.985

0.937 0.040 4.289278.9 297.1 0.939

292 329.5 0.886

pH 3.5

251.9 293.1 0.860

0.854 0.014 1.682256.6 307.7 0.834

247.7 285.5 0.868

Average (

X

) 0.969

Standard deviation (SD) 0.149

RSD% 15.330

Table 7. Robustness test results performed by changing the mobile phase content ± 5% within the standard 
optimization conditions.

Mobile phase ingradients  
(Acetonitrile:KH2PO4, v/v)

Area STD/ISTD

Diazepam Phenytoin Rationed Values Mean (

X

) SD RSD%

45:55

276.7 332.8 0.832

0.817 0.012 1.426278.2 346.5 0.803

272.2 333.0 0.818

50:50

304.7 309.5 0.985

0.937 0.040 4.289278.9 297.1 0.939

292.0 329.5 0.886

55:45

278.0 318.1 0.874

0.874 0.001 0.132276.4 316.9 0.872

287.0 328.0 0.875

Average (

X

) 0.876

Standard deviation (SD) 0.060

RSD% 6.812
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were 20.42 and 61.86 ng/mL for LOD and LOQ, respectively. 
The fact that the LOQ value was lower than the last point in the 
calibration curve suggests that the method can safely use for 
the analysis of diazepam at low concentrations. The intraday 
repeatability study was performed with 5 replicate analyses for 
each concentration on the same day, and the accuracy was 
between (RE%) (-5.78) and 3.30, and precision (RSD%) between 
0.14% and 1.59%. The repeatability study between days was 
performed for 5 consecutive days, and the accuracy was be-
tween (RE%) (-5.78) and 5.93, and precision (RSD%) was be-
tween 1.22% and 1.82%. 

The developed method has outstanding features when com-
pared to the methods in the literature. This method was carried 
out between 100 and 1200 ng/mL concentrations including sub-
therapeutic, therapeutic, and toxic doses of diazepam in human 
blood. The fact that the related method has been developed us-
ing diazepam concentrations that can be encountered in human 
blood further increases the importance of the relevant validation 
tests. The values of sensitivity data determined in both LOD and 
LOQ (20.42 and 61.86 ng/mL, respectively) enable the developed 
method to work safely at sub-therapeutic doses. It was deter-
mined that the RE% (accuracy) values obtained both within and 
between days were maximum (-5.78) and 5.93. These values, 
obtained by the analysis of independent samples on 5 different 
days and on the same day, are a clear statement that the method 
can be used safely both during and between days. In addition, 
the value of 1.82, obtained as the maximum RSD% value within 
and between days, is one of the assertive values obtained in the 
literature. In addition, the low mobile phase flow (0.5 mL/min) ap-
plied to the HPLC system during the analysis, the high efficiency 
and ease of application obtained in the developed solid-phase 
extraction application, the low organic solvent volume used 
during the extraction (≤6 mL), are other important features that 
make the study stand out from other studies in the literature. It 
was seen that the yield values obtained from the recovery tests 
between 95.12% and 10.83% werre directly related to the suc-
cessful values obtained in the basic validation parameters such as 
sensitivity, selectivity, robustness and reproducibility. 

CONCLUSION 

In order to perform diazepam analyses on plasma, an HPLC-
UV analysis method was developed, which was simple, sensi-
tive and reliable. The analysis method, which was developed 
and validated and applied to simulated plasma, has a simple 
sample preparation method with the use of 500 µL of plasma 
and 1 mL of solvent, and the total analysis time is less than 11 
minutes. The method was found to be linear between 400 ng/
mL and 1200 ng/mL. Recovery from plasma was performed at 
concentrations of 200, 400 and 800 ng/mL and a high recovery 
value was achieved with an average of 100.39%.

It was concluded that the developed and validated HPLC-UV 
method is a simple, fast, sensitive, and reliable analysis method 
that can be used in reference laboratories that make therapeu-
tic and toxicological impressions of diazepam.
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