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ABSTRACT: This paper presents a novel, rapid, and simple method for the determination of sarcosine. The surface
of a glass plate was modified with 3-(methacryloxy) propyltrimethoxysilane. Then, a sarcosine-imprinted polymer was
grafted on the glass plate by copolymerization of the vinyl end groups with a functional monomer and a cross-linking
agent. The synthesized polymers were characterized by Fourier transform infrared spectroscopy and scanning electron
microscopy. In the subsequent step, the determination of sarcosine was conducted using the synthesized kit in
optimized conditions. The synthesized grafted plate was able to absorb sarcosine selectively in the presence of other

amino acids, showing that the proposed method enabled the rapid determination of sarcosine.

INTRODUCTION

Prostate cancer is the most prevalent kind of tumor
disease in males [1]. A better treatment will be achieved
by early diagnosis of prostate cancer [2]. Therefore, the
findings of new markers, such as proteins, nucleic acids,
or amino acids, are highly interesting. Prostate-specific
antigen (PSA) is generally utilized as the main biomarker
of this type of cancer. It is possible to detect this marker
only in blood and it has a sensitivity of about 80%.
Besides, this protein cannot be used in the diagnosis of
the early stages of the disease. Presently, no test is
available to diagnose prostate cancer’s early stages.
Therefore, a potential is assigned to the non-protein
amino acid sarcosine produced by glycine-N-
methyltransferase in its biochemical cycle. The incidence
It has been

of keyword sarcosine is increasing.

recognized as a metabolite critically is increased when

the metastatic process and prostate cancer progresses and
it can be found in urine [3].

All twenty amino acids have a similar basic backbone
structure and differ only in the structure of the side chain
or R group. There are no reagents to specifically
determine amino acids in the complicated matrix and
preliminary separation of amino acids is required. For
example, ninhydrin, as the most sensitive reagent for
amino acids, produces color with all of the peptides,
proteins, amino acids, and many other ninhydrin-positive
compounds [4].

Several different methods have been applied for the
separation of sarcosine. In most investigations, sarcosine
has been separated in a chromatographic system [5-9].
Most of these methods have a high degree of accuracy

and reproducibility, but they are often complicated,
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laborious, and require rather expensive technical
equipment [10]. Nevertheless, inexpensive and simple
approaches are required for routine determination of
sarcosine in large clinical sample sets since simple
methods for the determination of amino acids such as
sarcosine are not found in the literature.

Molecular imprinting is an attractive and promising
method to develop specific sorbents. In molecular
imprinting, polymers are prepared with predesigned
recognition areas, which have the right shape and
functionality to capture template molecules specifically
[8, 11-14].

However, there are still challenges regarding molecularly
imprinted polymers (MIPs) developed by conventional
imprinting techniques, like poor site accessibility, slow
binding kinetics, and low binding capacity. These
problems are due to the recognition sites that are deeply
embedded in cross-linked polymer networks [15, 16].
Numerous studies have investigated novel imprinting
strategies. For example, it is possible to use grafting to
apply molecular imprinting on the carbon nanotube
surfaces [17, 18], silica [19, 20], and Fe30,4 [21, 22]
nanoparticles. The advantages of the The advantages of
the obtained MIP composites include quicker mass
transfer and more accessible binding sites in comparison
to the MIPs developed by traditional bulk polymerization
methods.No studies grafting MIP on surface glass plates
have been reported. Some works on the application of
MIP as the stationary phase of thin layer chromatography
have been conducted but discontinued possibly because
of the difficulties of adhesion of synthesized polymers to
the surface of support [23-25]. These studies were
conducted using CaSO4 but resulted in disordered holes.
The bonding of MIP is very weak with support, in
samples without an adsorption agent [26].

In this work, a sarcosine-imprinted polymer was grafted
on the surface of the glass plate after silanization with 3-
Then,

the synthesized glass plate, which was grafted with

(methacryloxy)propyltrimethoxysilane (MPTS).

sarcosine-MIP, was successfully applied to obtain the
semiquantitative determination of sarcosine in urine

samples.
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MATERIALS AND METHODS
Reagents and standards

All reagents and chemicals were of analytical grade and
employed with no further purification. Merck provided
2,2’ -azobisisobutyronitrile (AIBN), methacrylic acid
(MAA), dimethacrylate (EGDMA),

ninhydrin, methanol,

ethylene glycol
MPTS,
hydrochloric acid, sulfuric acid, acetic acid, ethanol,

sodium  hydroxide,

potassium dihydrogen phosphate, potassium hydroxide,
phosphoric acid, acetonitrile, and H202 (30% (w/w).
Sarcosine, sarcosine, valine, lysine, and alanine were
provided by Sigma-Aldrich. As support, we used
microscopic lam (75x26Chance Propper Ltd, UK). A
Bunsen burner was used for flame-treatment of
microscope slides. For this purpose, the slides were
passed over the flame four times. Then, after cooling the
slides at ambient temperature for three minutes, they
were put in a glass Coplin jar that contained an aqueous
solution of hydrogen peroxide (8.4 N) and hydrochloric
acid (4.7 N). Then, the slides were sonicated for one hour
in the jar. Subsequently, the slides were rinsed twice with
deionized water (25 mL). Prior to silanization with
MPTS, the cleaned slides were kept in DI water. The

slides were dried for 10 s with a stream of nitrogen.
Chemical modification of the glass plate

0.5 mL of MPTS was pipetted onto the slides that were
warmed for half an hour at 100°C under vacuum.
Afterward, they were cooled and placed in a clean Coplin
jar that contained toluene (60 mL) and sonicated for 30
min. Each of the silylated slides was washed with 30 mL
methanol and kept in methanol at 4°C before being
grafted [27].

Imprinting of sarcosine molecules on the surface of

MPTS-microscope slides

Before polymerization, we prepared a solution by
dissolving 4 mmol MAA and 1 mmol sarcosine in
acetonitrile (50 mL) and kept it for 12 h in the dark. Each
of the MPTS-microscope slides was put in toluene-
acetonitrile (25 mL) (4/1, v/v) via ultrasonic vibration.

Afterward, the pre-determined solution, 0.16 mmol
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AIBN, and 16 mmol EGDMA were melted

solution. The resulting solution was purged for 10 min

in the

with high-purity nitrogen and was cooled in an ice bath.

The process was continued by conducting a three-phase
temperature polymerization reaction at 300 rpm in an
incubating shaker. Firstly, pre-polymerization was
performed for 6 h at 50 °C, followed by completing
polymerization at 60 °C for 24 h. The temperature was
subsequently elevated to 70 from 60 °C at 0.25 °C min—1
within one hour. Then, the products were aged at 75 °C
for 6 h so that high cross-linking density is obtained. In
the following, the obtained glass grafted to sarcosine-
MIP was detached. Also, the preparation of non-
imprinted polymer (NIP) followed the previously
described procedure, but the template was not added.
Lastly, the resulting grafted glass was cleaned
ultrasonically with methanol-acetic acid (9/1, v/v) so that
the template is removed. Then, methanol was used for
rinsing, and it was vacuum dried at ambient temperature

[28].

Inorganic residue  Organic residue

Semiquantitative determination of sarcosine with

polymer grafted on the surface of the microscope slides

A 25 mL of Standard solutions containing sarcosine (5
mg L) was placed into beakers (50 mL), followed by
adjusting the pH to 5.0 by citrate buffer (0.01 mol L™).
Then, microscope slides were placed horizontally on
each beaker, where they remained for 30 min so that
sarcosine adsorption onto the imprinted polymer is
facilitated. Sarcosine was adsorbed on the imprinted
polymer grafted on the microscope slide. Then, the
microscope slide was immersed in a solution that
contained 5 mg ninhydrin, glycerol (6/4 v/v), and 0.35
mol L—1 citrate buffer, after which it was placed in a
domestic microwave oven for 60 s. The beaker was
cooled, and the purple color of the slide was considered.
A schematic diagram of grafting of sarcosine imprinted
polymer grafted on the surface of the microscope slides

and determination of sarcosine was shown in Figure 1.
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Figure 1. Schematic diagram of grafting of molecular imprinted polymer grafted on the surface of the microscope slides and determination of

sarcosine

RESULTS

Characterization of polymer grafted on the surface of the

microscope slides

Attenuated Total Reflection-Fourier Transform Infrared
Spectroscopy (ATR-FTIR) spectra were carried out by

using Nicolet 6700 instrument (Nicolet Instrument,
261

Thermo Company, USA) in the range of 4000-600cm™

with a resolution of 4 cm™.
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The FTIR spectra of MIP and NIP grafted on the surface
of the microscope slides are shown in Figure 1.

The polymer grafted on the surface of the microscope
slides was also assessed through field emission scanning
electron microscopy (FE-SEM). FE-SEM images were
obtained on a HITACHI S-4160. Figures 2, 3 and 4 show
the FE-SEM images of MIP and NIP in 10 and 100 kx

magnification.

These images confirm the formation of uniform polymer
on the surface of microscope slides. Uniform grafting of
polymer on the surface of microscopic lam and porous
structure of both MIPs and NIPs could be observed by
SEM images in Figures 3 and 4; Both NIP and MIP have
similar morphology.
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Figure 4. FE-SEM images of NIP grafted on the surface of the microscope slides (A) x10 kx magnification (B) x100 kx magnification.
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Optimization of the adsorption conditions of sarcosine
on polymer
Effect of pH on the adsorption of sarcosine

The effect of varying pH values on sarcosine uptake was
investigated. Six portions of standard solutions (25mL)
containing sarcosine (5mg L™) were transferred into 50
mL beakers. Then, the microscope slides were placed
horizontally on each beaker, and the pH value was
adjusted in a range of 3-8 with 0.001 M, HNO; or
NaOH. Sarcosine was adsorbed onto the imprinted
polymer grafted on the microscope slide. Then adsorbed
sarcosine was reacted with ninhydrin according to the

mentioned procedure.
Effect of time on the adsorption of sarcosine

Six portions of standard or sample solutions (25mL)
containing sarcosine (5mg L™) were transferred into 50
mL beakers and the pH was adjusted to 5.0 by using 0.01
mol L? citrate buffer. Then, the microscope slides were
placed horizontally on each beaker, where they remained
for 10, 20, 30, 60, 90, 120, 150, and 180 min to facilitate
the adsorption of sarcosine onto the imprinted polymer.

Sarcosine was adsorbed onto the imprinted polymer
Then for
semiquantitative determination of sarcosine, it was

grafted on the microscope slide.
reacted with ninhydrin according to the mentioned

procedure.

Semiquantitative determination of sarcosine and the

effect of sarcosine concentration

Three portions of standard or sample solutions (25mL)
containing sarcosine (2, 5, and 20mg L-1) were
transferred into 50mL beakers and the pH was adjusted
to 5.0 by using 0.01 mol L™ citrate buffer. Then, the
microscope slides were placed horizontally on each
beaker for 30 min. Sarcosine was adsorbed on the
imprinted polymer grafted on the microscope slide. Then
for semiquantitative determination of sarcosine, it was
reacted with ninhydrin according to the mentioned
procedure. The established colors are shown in Figure 5.

Figure 5. The colors established at different sarcosine concentrations (2, 5, and 20mg L™).

Chemical stability of polymer grafted on the surface of
the microscope slides

The prepared polymer grafted on the surface of the
microscope slides was individually immersed in NaOH
(1.00 mol L™), HCI (1.00 mol L™), toluene, hexane,
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methanol, chloroform, 10% acetic acid in methanol, as

well as distilled water for investigating chemical

stability. The solutions were kept for 2 h at ambient
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temperature, and then, the MIP coating showed an
acceptable surface quality without cracking, swelling, or
desquamating. The plates were then utilized in order to
extract sarcosine in spiked water solutions. No
significant degradation of extraction ability or formed
color was observed. Notably, the proposed polymer
grafted on the surface of the microscope slides showed
chemical stability in strong base, acid, and organic
solvents. Moreover, the results indicated that MIP has

superior characteristics and performance.
Comparison of MIP and NIP adsorption

Extracts of MIP and NIP were assessed in separate water
samples under optimal conditions. Standard or sample
solutions (25 mL) containing sarcosine (5 mg L) were
transferred into 50 mL beakers and the pH was adjusted
to 5.0 by using 0.01 mol L™* citrate buffer. Then, MIP
and NIP microscope slides were placed horizontally on
each beaker, where they remained for 30 min. The
microscope slides were immersed in ninhydrin solution
before being placed in a domestic microwave oven for 60
s. The beaker was cooled, and the color of the slide was
considered. The extraction recovery of NIP was
considerably lower than that of MIP and colors were not
produced in NIP because of the lower capacity of NIP for
extraction of sarcosine than that of MIP.

Interference effects

After evaluating the efficiency of grafting a polymer on
the surface of a microscope slide, the selectivity of such
grafted polymers was investigated. In particular, the
performance of MIP was evaluated. Glycine, alanine,
valine, lysine, and histidine were investigated in this
experiment. The polymers grafted on the microscope
slides were separately contacted by 10 mg L™* of each
amino acid in an aqueous solution. The obtained data
showed that none of these amino acids could form a
visible color on the surface of modified lam. After
derivitization by ninhydrin. This confirms the high

selectivity of the modified lam for sarcosine.
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Determination of sarcosine from spiked human urine

Sarcosine in spiked urine samples was determined with
the synthesized polymer grafted on the surface of the
microscope slide. The urine sample (5mg L) was spiked
with sarcosine, and the presented method was applied for
the determination of sarcosine. The obtained results
showed a good recovery of sarcosine in spiked samples.
Meanwhile, in the unspiked sample, no color was
formed. These results indicated that sarcosine was
determined in the presence of interfering compounds,
showing that imprinted polymers grafted on the surface
of the microscope slides are highly efficient for the
semiquantitative determination of sarcosine in real

samples.
DISCUSSION

In this study, a simple kit was designed and it was used
for the semiquantitative determination of sarcosine.

Two separation methods; solid phase extraction and thin
layer chromatography (TLC) are combined in designing
this kit, by using the advantages of molecularly
imprinted polymer a specific stationary phase was
prepared. The isolated sarcosine produces purple color
with ninhydrin on the surface of modified microscope
slides. The proposed kit has great potential for
commercial uses, especially in the medicine area.

FTIR spectroscopy was used for the characterization of
the MIP grafted on the glass surface. Similar IR spectra
were observed in NIP and MIP, which indicates their
similar backbone structure. Si—O vibrations resulted in
the band at about 529 cm—1. The Si-O-Si band at
approximately 1,100 cm™* showed overlap with the C-O
band. A strong C=O peak was apparent at 1,730 cm ™.
Absorbance values were related to the methyl (or
methylene) groups at 2,800 cm™* to 3,000 cm ™. The IR
spectra of NIPs and MIPs presented almost identical
characteristic peaks. Also, the formation of uniform
polymer on the surface of the glass was confirmed by
SEM images.

The condition of sarcosine adsorption on the surface of
the modified glass was optimized and the effect of

interferences was investigated.
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The obtained results show that the intensity of purple
color increased with pH, and the maximum adsorption
occurred at pH 5.0. Therefore, pH 5.0 was selected for
this experiment because the adsorption capacity of the
polymer decreases beyond this pH level. Also, the
optimum time for sarcosine adsorption was 30 min, after
which color was constant.

Investigations on the selectivity of modified glass
demonstrate the excellent selectivity of synthesized MIPs
as each investigated amino acid did not produce any
colors. This finding indicates the potential analysis of
sarcosine in complicated matrices with the presence of an
interfering agent by glass grafted MIP.

The use of polymers grafted on the microscope slides as
a kit could be an alternative to other more time-
consuming techniques normally considered instrumental
for the determination of sarcosine. The presented method
offers several advantages, including low cost, ease of
use, and excellent extraction efficiency. The presented
method also provides a selective, simple, and practical
strategy for sarcosine determination. The above-
presented method is simple and could be performed on a
large series of samples in most laboratories, and the

method requires a minimum of technical equipment.
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