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INTRODUCTION

Worldwide today, the utilisation of over counter medicine 
such as non-steroidal anti-inflammatory drugs (NSAIDs) are 
the most commonly used as analgesics and an antipyretic. 
Mainly it used to treat arthritis due to its analgesic and an-
tipyretic properties also, utilised for the treatment of pain, 
inflammation, vascular headaches and fever.1,2 However, ex-
cessive NSAIDs consumption in cases of overdose or chron-
ic abuse can lead to toxic effects include: 1) increased risk of 
developing renal or hepatic liver tumours; 2) reduced plate-
let function; 3) changes in kidney function, and 4) prolonga-
tion of pregnancy or childbirth on their own.3 To improve 
NSAID therapy management for long-term, the monitoring 

of NSAIDs is considered the importance management fac-
tor.4 Therefore, it is important to develop a suitable specif-
ic and sensitive analytical method to monitor the levels of 
NSAID compounds in biological samples.5-8

Sample preparation is an essential step in the most analyti-
cal instruments to pre-concentrate the analytes of interest or 
to remove any interfering materials. So far, different sam-
ple preparation methods including liquid-liquid extraction 
(LLE)5-7 and solid-phase extraction (SPE)8-11 have been 
used for determination and pre-concentration of low levels 
of NSAIDs from diverse sample matrices. However, LLE 
is labour-intensive, time-consuming, complicated, non-se-
lective and emulsion formation and carried out depend on 
hazardous organic solvents.12-14 
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ABSTRACT
Introduction: The drug analyses processes include a number of steps starting from samples collection to the final reporting of 
the results. The process of the drug extraction is usually, time consuming, labour-intensive, complex and prone to contamina-
tion. Therefore, the drug extraction can be considered to be one of the most important stages because it is a possible source 
of inaccuracy in the overall analysis. 
Objective: The aim of this work is fabricating a new material with the ability to pre-concentrate drugs of abuse in biological fluids 
with high extraction efficiency. This was achieved by the fabrication of silica-based monolithic materials, followed by chemical on 
column modifications of the silica surface with active lysine groups. 
Method: The columns modifications were characterised by using different analytical techniques, such as Brunauer Emmett-
Teller (BET) analysis and scanning electron microscopy (SEM) coupled with energy dispersive X-ray (EDAX) analysis. 
Result: In this study, the isolation of non-steroidal anti-inflammatory drugs (NSAIDs), namely acetylsalicylic acid and ibuprofen 
(IBP), was achieved successfully by using an active lysine silica monolith in which the drugs were adsorbed on solid support 
while any contaminants were removed by washing the monolithic materials; finally the purified drugs were eluted from the mono-
lithic material. 
Conclusion: The promising results indicated that the extraction efficiencies of the two NSAIDs were both more than 85%. Lin-
earity was obtained in the range of 10-100 ng ml-1. The intra- and inter-monolithic columns indicated good monolith reproduc-
ibility, with relative standard deviations (RSDs) of less than 4.4% and 6.1%, respectively.
Key Words: Quality of Life (QOL), Rectal Cancer, High Anterior Resection (HAR), Low Anterior Resection (LAR), Abdominoperineal 
Resection (APR)
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To overcome these drawbacks the SPE technique has been 
considered due to its ease of use, being relatively rapid, and 
being easy-to-automate, portable, and solvent-free.15,16 Many 
materials can be used as SPE-sorbents including inorganic 
monolithic materials and organic monolithic materials. 
In fields of inorganic polymer monolithic material, many 
publications focused on the extraction of different types of 
drugs17-19 and Though, there are some drawbacks with or-
ganic monolithic materials, such as low mechanical stability, 
poor hydrophobicity and small surface area, therefore, the 
widespread application for drug extraction is limited by us-
ing inorganic monolithic materials.1,5,6 

The major goal of the present work is fabricating an inor-
ganic high performance modified monolithic material which 
followed by surface modifications with active lysine groups 
to form ion-exchange materials.7 The silica surface was 
chemically modified with lysine using a 3-glycidoxy propyl-
triethoxy silane linkage to get a stable ion-exchange station-
ary phase.20 The silica was fabricated in a plastic syringe to 
get rode shape, to use for aspirin and ibuprofen extraction 
from the biological matrix.

A new anion-exchange/hydrophobic monolith as a station-
ary phase for nano liquid chromatography of small organic 
molecules and inorganic anions. Characterisation of the ly-
sine modified monolithic materials was carried out using dif-
ferent techniques to study the morphological, chemical, and 
physical properties. Also, the chromatographic performance 
(retention time) or extraction efficiency (recovery of target 
analytes) was evaluated. 

MATERIALS AND METHODS

Chemicals and Materials
Tetraethyl ortho-silicate (TEOS), tetra-methyl-ortho-silicate 
(TMOS), anhydrous toluene, ammonia, nitric acid, HPLC-
grade methanol and acetonitrile (ACN) were purchased from 
Fisher Scientific ( Loughborough, UK). Polyethene oxide 
(PEO) with an average relative molecular mass MW of 
10,000 Da, acetic acid, 3-Glycidyloxypropyl) tri-methoxy-
silane (GPTMS), sodium phosphate dibasic, sodium phos-
phate monobasic, acetylsalicylic acid, ibuprofen and lysine 
were purchased from Sigma-Aldrich (Poole, UK). The plas-
tic disposable syringes were purchased from Scientific Labo-
ratory Supplies and Falcon™ conical centrifuge tubes were 
purchased from Scientific Laboratory Supplies (Nottingham, 
UK).

Instrumentation
The scanning electron microscope (SEM) was a Cambridge 
S360 instrument (Cambridge, UK) and the energy-dispersive 
X-ray spectroscopy (EDAX) system was an INCA 350 EDX 

system, Oxford Instruments (Abingdon, UK). The samples 
for SEM analysis were coated with a thin layer of gold-plat-
inum (thickness approximately 2 nm) using a SEMPREP 2 
Sputter Coater [Nanotech Ltd., Sandy, UK]. The scanning 
electron images of silica monoliths were obtained using an 
accelerating voltage of 20 kV and a probe current of 100 pA 
in high vacuum mode. A hot-plate stirrer from internation-
al LLC (West Chester, PA, USA) was used. The Brunauer 
Emmett-Teller (BET) form Micromeritics Ltd. (Dunstable, 
UK) model was used for a surface area and porosity analy-
sis. High-temperature muffle furnace from Laboratory In-
struments Ltd (Wertheim, Germany) was used. High-perfor-
mance liquid chromatography (HPLC) system with a 785A 
UV/Visible Detector from PerkinElmer (California, USA) 
was used. The symmetry C18 column, 150 x 4.6 mm packed 
with5 μm silica particles, was purchased from Phenomenex 
(Torrance, CA, USA).

Fabrication of the lysine silica monolith column
The fabrication of the silica-based monoliths was carried by 
the hydrolysis and poly-condensation of precursors using 
the procedure reported by Nakanishi21 with some modifica-
tions to the composition and experimental conditions. The 
reagents of the silica-based monolith were mixed inside a 50 
ml polyethene centrifuge tube which was located in an ice 
bath to promote the sol-gel reaction. The desired amount of 
polyethene oxide 0.282 g with an average relative molecular 
mass (MW=100,000) was mixed with 2.537 ml of 1 M ni-
tric acid and 0.291 ml of distilled water or 4 ml of (0.02M) 
acetic acid. The solution was then mixed using a magnetic 
stirrer for 30 min while the polymer fully dissolved. Then, 
2.256 ml of tetraethyl ortho-silicate (TEOS) or tetra-methyl-
ortho-silicate (TMOS) was added to the transparent solution 
and mixed for 30 min. until the two-phase mixture gradually 
became the homogeneous solution.5-8

The disposable plastic syringe (1 ml, internal diameter 4.5 
mm) was used as the mould to obtain bar or column-shaped 
monoliths for the homogeneous mixture. the syringe was 
sealed at the outlet end with polytetrafluoroethylene (PTFE) 
tape and then 0.8 ml of the resulting homogeneous mixture 
was poured slowly down the inside of the syringe which was 
then shaken carefully to remove any air bubbles. The inlet 
end of the syringe was closed with a small lid and sealed 
tightly with PTFE tape as well.

Finally, the syringe was placed upright in a glass beaker and 
left in the oven at 40°C 24 hours. After that, the monolithic 
column was removed from the plastic and then placed in a 
purified water bath to remove any possible residue. Follow-
ing washing, the resulting monolithic column was treated 
with 30 ml of 1 M aqueous ammonia solution in a100 mL 
of the conical flask at 85 ºC for 24 hours. Then, the result-
ing monolithic column was rinsed with distilled water for 8 
hours and the water changed every 2 hours until a neutral pH 
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was obtained. The monolithic columns were then placed in 
the oven for 6 hours at 40°C, followed by a further 3 hours 
at 100°C. Finally, the columns were placed in the oven at 
500°C for 3 hours.20-22

Modification of the silica monolith surface with 
lysine groups
The surfaces of the monolithic silica column were covalently 
modified with lysine to obtain ion exchange phase. This was 
achieved by generating the desired epoxy, diol, and lysine 
bonded phases in three main steps as reported by.22

The monolithic column was continuously fed with a mixture 
of 1 ml of 3-glycidoxy propyl trimethoxysilane (GPTMS) 
in 10 ml of anhydrous toluene was pumped for three hours. 
Next, the monolithic column was placed in an oven at 110°C 
for 1 hour and the epoxy monolith was then thoroughly 
washed with 1 ml of toluene and then with 1 ml of methanol 
to clean the column of any residue. To convert the epoxy 
groups to diols, a 1 ml aliquot of 0.1M hydrochloric acid 
was passed through the column for 2 hours and then placed 
in the oven at 60 oC for 1 hour and then washed with 1 ml 
of purified water and 1 ml of methanol. Finally, the lysine 
phase was achieved by continuously flowing a mixture of 
1 M lysine solution through the monolithic column 2 hours. 
Subsequently, the monolithic column was placed in the oven 
at 75oC for 1 hour. The 1 M lysine solution was prepared by 
dissolving 4.38g of lysine in 50 ml of 50 mM of phosphate 
buffer at pH 8. Finally, the resulting lysine-bonded phase 
was rinsed with 1 ml of purified water and 1 ml of methanol 
at a flow rate of 20 μl min-1 at room temperature.9,10 

Characterisation of the fabricated materials
The morphology of the prepared silica monolith was char-
acterised using scanning electron microscopy (SEM). To de-
termine changes of the chemical composition of the internal 
surface of the silica-based monolith before and after modi-
fication with lysine, the energy dispersive analysis of X-ray 
spectroscopy (EDAX) was performed. Besides, a Brunauer-
Emmett-Teller (BET) instrument was used to measure the 
surface area, pore size, and pore volume within the mono-
liths using nitrogen adsorption and desorption isotherms at 
77 K. The pore volume and pore size distribution within the 
monoliths were also determined from isotherms using the 
Barrett-Joyner-Halenda (BJH) model. A small piece of the 
monolithic column was weighed and placed into the BET 
instrument for analysis.23-26

Drug Extraction
Acetylsalicylic acid and ibuprofen were prepared separately 
by dissolving an accurately weighed amount of each drug in 
20 mM acetate buffer at pH 4.7 to achieve a concentration 
of 100 ng ml-1. All stock solutions were stored at 4 °C. Con-
centrations of the working of 80, 60, 40, 20  and 10 ng ml-1 

were freshly prepared by diluting the stock solution in the 
appropriate buffer and stored at 4 °C.

The lysine monolithic column was cut (1 cm) and placed in-
side the plastic syringe, which was used as a mould. The steps 
commonly involved in the solid-phase extraction (SPE) pro-
cedure are used as follows: conditioning and equilibration of 
the adsorbent, loading of the sample, removing of impurities 
(washing) and eluting of the target analyte. All steps in the 
extraction procedure used a flow rate of 20 μl min-1. Clean-
ing and conditioning of the column were carried out with 1 
ml of water and then 1 ml of the 20 mM acetate buffer at pH 
4 which was used for preparing the working solution. The 
standard solution (500 µL) was loaded into the column and 
then washed three times with the buffer. Finally, the elution 
step was carried out using 20 mM phosphate buffer pH 7 and 
the elute was collected into an Eppendorf tube for further 
analysis using the HPLC system.11-15

The chromatographic analysis was performed using HPLC 
with a UV detector to determine extraction efficiency by 
comparing the peak areas of the analyte (drug) extraction 
with the peak areas of the non-processed analyte standard 
solutions. The mobile phase used is acetonitrile (ACN) 
and 50 mM of phosphate buffer at pH 5.0 with isocratic 
conditions (50:50) at ambient temperature (around 23°C). 
The sample injection volume was 20 μl, the flow rate was 
set to 1 ml min1, and the detection wavelength was ad-
justed to 230 nm. The extraction recovery (ER) was cal-
culated by the following equation as reported by Miyazaki 
et al.23 

( )%   100ielute

total

I
Extractionrecovery

I
= ×  Equation 4-123

Where Ielute is the amount of analyte eluted from the sorbent, 
and Itotal is the amount of analyte introduced into the sorbent.

RESULT AND DISCUSSION

Formation of a Sol-gel Silica Monolith 
In this study, it was decided that silica monolith would be 
fabricated and followed by modification of the surface with 
lysine as a sorbent for the extraction of NSAIDs. The for-
mation of the sol is based on hydrolysis and condensation 
reactions of the metal alkoxides precursors, either TMOS 
or TEOS.24,25 The composition of the starting mixture was a 
metal alkoxide, either TMOS or TEOS. The fabrication pro-
cedures using a sol-gel process involving two kinds of reac-
tions: hydrolysis of the sol-gel precursor and polycondensa-
tion of the hydrolysed products.24 25 The initial solution also 
contains a water-soluble polymer such as polyethene oxide 
(PEO) acting as a porogen to form the macropores and mi-
cropores in the silica gel.26,27
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Also, a catalyst is used which can be an acid catalyst (such 
as acetic acid or nitric acid), It is known that TMOS is un-
dergoing more rapid hydrolysis in the sol-gel process than 
TEOS. A weak acid such as acetic acid was therefore used 
for hydrolysis of TMOS, while a strong acid such as nitric 
acid was chosen as a catalyst for TEOS, as reported in the 
literature.28,29

At the mixing step, the partially polymerised solution is then 
poured into a mould before its viscosity becomes too high. 
This casting process can be influenced by several factors 
such as the shape of the mould which determines the final 
shape of the monolithic column product. In this work, the 
aplastic 1 ml syringe was used as the mould for the fabrica-
tion of silica monoliths. After the polymerisation and drying 
process, shrinkage of the monolithic structure enabled the 
silica rods to be released easily from the plastic syringe.

The monolithic rods were then treated with an aqueous 1 
M ammonia solution at 80oC for 24 hours to produce the 
mesoporous. The formation of the mesopores on the mon-
olithic silica surface is vital to obtain a high surface area.
Besides increasing surface area, the ammonia hydrothermal 
treatment increases the mechanical strength of the mono-
lithic structure.30-34 The wet gel monolith is then dried in an 
air-circulating oven to remove the majority of the solvents 
used at 40 ºC. After drying, subsequent heat treatment is car-
ried out at a high temperature at 500 oC for 3 hours to de-
compose the organic residues without serious deformation 
of the monolithic structure. Besides, the mechanical stability 
the monolith increases as a result of calculations and a bright 
white and crack-free monolith was formed.27,35

To identify the effect of each step of the sol-gel process on 
the internal structure of the silica monoliths, SEM was ob-
tained. Figure 1and Figure 4 shows the internal structure of 
the TEOS silica monolithic rods during the fabrication pro-
cess. Figure 1(A) the SEM image of TEOS after the gelation 
step and before treatment with ammonia. The through pores 
which give the macroporous structure can be seen and the 
surfaces can be seen to be smooth. Figure 1 (B) shows the 
SEM image of TEOS after hydrothermal treatment by am-
monia 1M NH4OH, and Figure 1 (C) shows the SEM image 
of TEOS after the calcination step at 500°C for 3 hours.  

Figure 1: The internal structure is analysed for the fabrication 
steps using SEM images for silica monolithic rods consisting 
of TEOS + PEO (100K) + 1 M nitric acid (A) before 1 M NH4OH 
treatment (B) after 1 M NH4OH treatment (C) after 1 M NH4OH 
treatment and calcination. The scale bar is 1 µm 

It can be seen that the surface of the silica monolithic rods 
changes after hydrothermal treatment, becoming rougher. 
This rough surface is an indication that mesopores have been 
tailored inside the surface skeleton by a dissolution re-pre-
cipitation process, where the dissolution of the silica occurs 
on the convex surface and reprecipitation occurs on the con-
cave surfaces. Also, it can be seen that there is no significant 
difference in general morphology comparing the SEM im-
ages of the monolith before and after calcination step.30,31

Modification with lysine groups
Once the silica monolithic column was prepared, it was then 
modified with lysine. Surface modification of the silica-
based monolith was carried out on-column by a continuous 
flow of the reagents through the porous monolithic silica col-
umn inside the heat-shrinkable tube. A system was designed 
to allow a solid-phase extraction process to occur within a 
monolithic rod. Figure 2 shows how the monolith rod was 
sealed within a heat-shrinkable Polytetrafluruoroethylene 
(PTFE) tube and connected to the borosilicate tube.

Figure 2: The monolith rod sealed within a PTFE tube and 
connected to the borosilicate tube.

The resulting silica monolithic rod within the heat-shrinkable 
tube was then ready to be prepared for either surface modi-
fication or the solid phase extraction process. This method 
was very effective and there was no leakage during the con-
tinuous flow chemical reaction. The syringe pump was con-
nected to the tubing using a two-piece finger-tight fitting.

In this study, the monolithic silica rod was chemically modi-
fied with lysine. The three main steps involved are shown in 
Figure 3. Scheme (A) in Figure 3 shows the first step where 
3- glycidoxypropyltrimethoxysilane (GPTMS) was cova-
lently bonded to the surface of a silica monolith in order to 
form an epoxy surface monolith. The trimethoxysilane group 
reacted with the silanol groups (Si-OH) on the surface of the-
silica-based monolith, while the glycidyl functional groups 
offered the necessary active sites for other components to 
be further immobilised. In the second steps (B) of Figure 3, 
a diol was generated by treatment with hydrochloric acid. 
Finally the GPTMS-modified silica was reacted with lysine 
and the primary amino groups in the lysine form a secondary 
amino group, as can see in Figure 3 scheme (C)
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Figure 3: The schematic reaction pathways for the generation 
of the lysine bonded monolith in three steps

Characteristics of the fabricated materials
The structural morphology of the lysine modified mono-
lithic rods was examined by SEM analysis to investigate 
the effect of the surface modification. The SEM image was 
acquired for the tetraethyl orthosilicate (TEOS) monolithic 
silica prepared with polyethylene glycol (PEO) 200 K, and 
Figure 4 shows the internal structure of the TEOS mono-
lithic silica during the modification process steps. Figure 
4- (A) shows the SEM image of the TEOS monolithic silica 
before modification. Figure 4 (B) shows the image after 
the sanitation process with GPTMS. Figure 4 (C) shows 
the monolithic silica after the complete lysine modification 
process.

Figure 4: SEM images for the TEOS monolith column during 
the lysine modification process. (A) The monolithic column 
before modification. (B) The monolithic column after silanisa-
tion by GPTMS. (C) The monolithic column after lysine modi-
fication.

Figure 4 shows a homogeneous morphology during the mod-
ification process and there are no significant differences in 
comparing the SEM images of the monoliths before and after 
modification with lysine. It was expected that the size of the 
pores of the amino-modified silica monolith would decrease 
due to the attaching of the lysine onto the inner surface of the 
pores; however, it was observed that the structural morphol-
ogy of both samples was similar and there were no signifi-
cant differences in the through pores for the monolith before 

and after the modification process.32,33 Further examination 
of the physical properties of the lysine modified monolithic 
column was carried out by comparing the surface area and 
pore volumes before and after modification. Table 1 illus-
trates the calculated specific surface area (BET method) for 
TEOS prepared with PEO 200 K after the modification pro-
cess.

Table 1: The physical properties of the TEOS mono-
lithic silica after the lysine modification procedure

BET Surface 
Area (m² g-1)
± RSD (%)
n = 3

Aver-
age pore 
diameter 
mesopore 
(nm)
± RSD (%)
n = 3

Average 
pore diam-
eter 
through 
pores (µm)
 ± RSD (%)
n = 3

1- Monolith before 
modification

352.3 ± (1.7) 11.02 ± (0.8) 2.6 ± (21.6)

2- Monolith- GPT-
MS modification

332.6 ± (3.2) 10.34 ± (1.2) 2.1 ± (16.3)

3- Monolith – ly-
sine modification 

312.4 ± (2.8) 10.21 ± (1.1) 2.4 ± (26.5)

The results in Table 1 show that the surface area decreased 
as a result of the lysine modifications process from 352 to 
312 m² g-1, a reduction of approximately 11%. Whilst there 
is no significant change in the size of the mesopore and 
the through pores diameter of modified monolithic column 
comparing with the result of the non-modified monolithic 
column in as seen Table 1. The reason for the decrease in 
surface area after modification could be due to blocking of 
the micropore access (at scales less than 2 nm) in the silica-
based monolith by the bonded phase (lysine chains attached 
to the silica surface), thus confirming the modification of the 
surface with lysine groups.36, 37

EDAX or EDX analysis for elemental characterisations 
was carried out to confirm the modification process by 
comparing the chemical composition of the monolithic sil-
ica column during the modification process. Figure 5 (A) 
shows the EDX spectra of the bae monolithic silica with 
the percentage of elements detected being 7, 49, and 45 for 
C, O, and Si, respectively. Figure 5 (B) silica-based mono-
lith after silanisation with GPTMS with the percentage of 
elements detected being 14, 46, and 40 for Si, C, and O, 
respectively. While Figure 5 (C) of the lysine silica-based 
monolith shows a peak for nitrogen (N) on the monolithic 
surface after lysine modification, this peak was not present 
in the other spectra.
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Figure 5: (A) EDX spectra of the 1-non-modified silica-based 
monolith, (B) silica-based monolith after silanisation with 
GPTMS and (C) silica-based monolith after lysine modification 
steps.

The corresponding EDX analysis as shown in figure 5 indi-
cates that the monolithic silica is mainly composed of silicon 
(Si), carbon (C), and oxygen (O). During the modification 
process, the percentage of carbon increased from 6.78 to 
13.96% after glycidyloxpropyl trimethoxysilane (GPTMS) 
silanisation, indicating that the silanisation process was suc-
cessful. Further modification of the silica surface with lysine 

leads to the percentage of carbon increasing to 18.5%. Figure 
5 shows the lysine silica-based monolith peak for nitrogen 
(N) which was discovered on the monolithic surface after ly-
sine modification.34,35 This peak was not present in the other 
spectra. Na and Cl spectra were also observed with a very 
low percentage after the lysine modification process and this 
could have come from the lysine solution, or the H2O used 
during washing. This indicates that the monolithic surface 
was successfully modified by the lysine groups.

Extraction of drugs
The fabricated of lysine-TEOS columns was also inves-
tigated for the extraction of NSAIDs. In this work, acetyl-
salicylic acid and ibuprofen were chosen as a model which 
are acidic compounds due to their pKa values of 3.5 and 4.4 
respectively. At a pH greater than 4, most of the drug will 
be in the ionised form with a negative charge. This value is 
compatible with the pH range of lysine in zwitterionic state 
at between 4 and 8 where the lysine can have a positive and 
negative charge. The mechanism of acidic drug capture with 
an anion-exchanger depends on the pH of the solution. At 
pH 4, the amino group in the lysine is positively charged and 
electrostatic interaction with the negatively charged acidic 
drug can occur. 

Recoveries of acetylsalicylic acid and ibuprofen as acidic 
drugs were determined by using High performance liquid 
chromatography (HPLC-Uv) system. A 400μl aliquot of a 
mixed 100 ng ml-1 acetylsalicylic acid and ibuprofen stand-
ard was passed through the lysine modified column using 
the syringe pump at a flow rate of 20μl min-1. The recov-
ery of the target analytes was calculated by comparing the 
chromatographic peak areas after direct injection of standard 
samples with those obtained by the same samples after ex-
traction. The percentage recovery of the target analytes was 
plotted on a bar chart as shown in Figure 6.

Figure 6: The extraction profile for 100 ng ml-1 of ibuprofen 
and acetylsalicylic acid using lysine modified column and the 
average recovery percentage was derived from three con-
secutive experiments and the error bars indicate one standard 
deviation.
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The extraction profile data present in Figure 6 demonstrates 
the efficient recovery of acetylsalicylic acid and ibupro-
fen at 89% and 83%, respectively using the TEOS lysine 
modified column. The remaining small amount of analyte 
was retained in the column. In general, the TEOS modified 
lysine column showed good selectivity towards a mixture 
of acidic drugs and the column enabled efficient extrac-
tion.36-38

The method for extraction recovery was evaluated in terms 
of linearity, LOD, LLOQ, and precision to verify the re-
liability and applicability of lysine-TEOS columns in ex-
tracting acidic drugs when analysed using HPLC with UV 
detection. Standard solutions of acetylsalicylic acid and 
ibuprofen at concentrations of 100, 80, 60, 40, 20 and 10 
ng ml-1 were analysed by HPLC three consecutive times 
and the peak areas were plotted against concentration as 
presented in Figure 7.  

Figure 7: Calibration curve of acetylsalicylic acid and ibupro-
fen standard solutions with peak areas plotted versus the con-
centration in μg ml-1.

Calibration curves for the target analytes showed a good 
linearity over the range used and a correlation coefficient 
(R2) more than 0.9984. LOD and LLOQ were calculated and 
summarised in Table 2 and 3.

Table 2: The concentration range and calibration data for for acetylsalicylic acid and ibuprofen
Analyte Concentration range 

(ngml-1)
LOD

(ngml-1)
LLOQ

(ngml-1)
Linearity Correlation coeffi-

cient (R2)

Acetylsalicylic acid 10 -100 4.83 14.77 y = 4.4408x – 31.299 0.9986

Ibuprofen 10-100 5.15 12.75 y = 3.5854x – 32.321 0.9984

The precision performance of the lysine-TEOS column for 
extraction was evaluated in terms of repeatability (within-
day) and reproducibility (between-day) from the results of 
the peak areas of each reference standard. In this study, dif-
ferent concentrations were used: low (10ng ml-1), medium 
(50ng ml-1), and high (100ng ml-1). Each analysis was car-
ried out in triplicate on the same day to determine within-
day precision. The same procedure was repeated over three 

consecutive days in triplicate using the same lysine modified 
column to obtain the inter-day precision as shown in Table 3. 
The intra-day %RSD was in the range from 2.7 to 4.3% and 
the inter-day %RSD in the range from 3.7 to 6.1% for the 
examined concentrations. These results indicate that using 
lysine-TEOS columns for extraction could provide good reli-
ability and applicability NSAIDs, as the %RSD values were 
less than the acceptable limit of 15%.38

Table 3: Column precisions for the extraction of NSAIDs at three different concentrations
Analyte Concentration 

(ngml-1)
Intra-day (n = 3) Inter-day (n = 3)

Recovery (%) RSD (%) Recovery (%) RSD (%)

Acetylsalicylic acid 10 87 4.1 85 4.4

50 92 3.8 88 3.7

100 91 2.7 91 3.5

Ibuprofen 10 77 4.3 73 6.1

50 78  4.1  71 5.5

100 82 3.3 75 5.1

CONCLUSIONS

In this study, the fabricated lysine silica monolithic column 
was successfully synthesized by the on-column reaction of 
lysine with GPTMS-modified silica TEOS monolith which, 

successfully trap and extract of NSAIDs. The fabricated ma-
terials were also studied by using different analytical tech-
niques. Furthermore, the synthesized lysine silica monolith 
exhibited structure quality and reproducibility with good ex-
traction stability. 
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