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KEYWORDS Abstract This study was conducted to develop a particular sorbent for the selective extraction of
Prostaglandins; the luteolytic drug cloprostenol from milk samples. Cloprostenol’s luteolytic activity has been
Luteolytic drugs; proved in animals, whereas the production of prostaglandins is discussed extensively in the litera-
Selective extraction; ture, while extraction of cloprostenol is rarely discussed. The major objective was to get sufficient
Molecularly imprinted poly- molecularly imprinted polymers (MIPs) for selective extraction and detection of cloprostenol. After
mers; a series of experiment, MIPs and their analogues NIPs, were synthesized. In these experiments, rad-
Milk samples; ical polymerization with non-covalent interactions has been used to synthesize MIPs and NIPs. Dif-
Cloprostenol ferent parameters to determine the optimization conditions such as solvent volume, cross-linker,

and template ratio were studied in various sets to get better possible characteristics of MIPs. The
HPLC was used to evaluate the retention capacity which ranges from 68.5% to 94.1%. The mech-
anism of adsorption was studied by the isothermal assay and kinetic studies. The kinetic studies
exhibited a high retention capacity within 20 min of MIPs contact. The percentage of polymer yield
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ranged from 53.5% to 92.3%. HPLC coupled with a UV detector showed the limit of detection and
limit of quantification of 30.5 ng/mL and 86.7 ng/mL, respectively, for the determination of ana-
lytes from milk samples. The recovery of cloprostenol for all spiked samples of milk was higher than
91.54%. Furthermore, the studies showed that MIPs are specific in the adsorption of cloprostenol
compared to its other structural analogues. The outcomes also showed the significance of cross-
linker concentration and the amount of solvent during the process of polymerization. These param-
eters greatly affect the preorganization of complementary functional groups, meanwhile, it creates
specific cavities for the targeted drugs.
© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Cloprostenol is a prostaglandin F2 (PGF2) analogue made syntheti-
cally (Asher et al., 1996) which works as an agonist for the FP receptor
and can cause luteolysis (Cao et al., 2002; Shahzad et al., 2020; Walton
et al., 2002). The drug stimulates uterine contractions to induce partu-
rition in pregnant animals (Minela et al., 2021). Cloprostenol’s lute-
olytic activity has also been proved in animals (Brito et al., 2002;
Hirsbrunner et al., 2003; Ribeiro et al., 2012), whereas the production
of prostaglandins is discussed extensively in the literature(Zhu et al.,
2021) (Corey et al., 1970; Corey et al., 1969; Das et al., 2007), while
extraction of cloprostenol is rarely discussed. The production of clo-
prostenol from numerous lactone-derived particles might be a well-
recognized technique as a synthetic analogue of PGF2 (Chen et al.,
2015; Lust et al., 2011; Mudduluru et al., 2011; Sato et al., 2000;
Vostrikov et al., 2020). Cloprostenol causes the contraction of uterine
and bronchial muscles and also causes vasoconstriction of blood ves-
sels (Cavanagh). Cloprostenol is readily absorbed through the skin.
Exposure to cloprostenol is a great risk to human health for pregnant
women, childbearing age and asthmatics. The contraction of bronchial
muscles may result in severe bronchospasm and the contraction of
uterine muscles result in abortion. There is no antidote available
against the exposure of cloprostenol, there are only supportive mea-
sures such as immediately decontaminating of exposed area with water
and soup. In case of exposure to cloprostenol in the eyes, it must be
washed with water for 15-20 min. Cloprostenol may affect the fertility
of the unborn child and damage the respiratory system(Lust et al.,
2011) Because of the hazards of cloprostenol in milk and water, general
treatment processes including physical adsorption, oxidation, or biore-
mediation were required. Cloprostenol, on the other hand, can be
found in traces and is difficult to extract and remove from the
mixtures.

Cloprostenol is usually analyzed or detected using HPLC, GC, and
LC-MS, among other techniques (Kalikova et al., 2008; Martins et al.,
2011; Whang et al., 2008; Zagitov et al., 2023). Before using these
instruments, however, a reliable sample pretreatment is needed. Gener-
ally, solid phase extraction (SPE) is used to pretreat samples. Further-
more traditional SPE, such as charcoal, silica, C8, and CI18, however,
have really no selectivity for the compounds being studied (Huang
et al., 2015). In contemporary times, MIPs have certainly been consid-
ered as a promising adsorbent for crafting artificial receptors that are
compatible with the template molecules in size, shape, and functional
moieties (Dong et al., 2021; Martin-Esteban, 2016). The molecularly
imprinted polymers synthesized employing the surface imprinting tech-
nique gains additional active binding sites on the material surface,
allowing for faster mass exchange, recognition, and recovery(Bashir
et al., 2020). The molecules have similar structure and characteristics
are used as dummy template in preparation of molecularly imprinted
polymer (Basak et al., 2022; Marc et al., 2018). Molecularly imprinted
polymers exhibit high strength at various pH levels, exceptional
mechanical consistency at various temperatures, and show robustness
in a variety of solvents (Luo et al., 2014). Molecularly imprinted tech-
nique and its subcategories including dispersive SPE (DSPE), single

drop micro extraction technique, stir-bar sportive extraction method,
solid phase microextraction (SPME) are regarded as selective and
environment-friendly techniques (Aguilera-Herrador et al., 2008; Xu
et al., 2007; Zielinska et al., 2012). Dispersion is done in the DSPE
to enhance the surface range between the sorbents and the sample solu-
tion. It also lessens the time for extraction and the quantity of sorbent
(Pastor-Belda et al., 2016). The Conventional method is also success-
fully used for preparing MIPs via solution polymerization followed
by mechanical grinding of the resulting bulk polymers generated to
give small particles and sieve the particles into the desired size ranges,
which diameter usually in the micrometer range. This method, by far
the most popular, presents many attractive properties, especially to
newcomers. In fact, it is fast and simple in its practical execution
and it does not require sophisticated instrumentation (Yan and Row,
2006). The conventional method could be used for preparation of
molecularly imprinted polymer due to the desirable adsorption capac-
ity, stability, reuse-ability, cost-effectiveness, simplicity of method and
available facilities in the laboratory.

The scope of this study was to develop and employ MIPs as sor-
bents that may be specific for selective extraction of cloprostenol from
complex media, to prepare MIPs coupling with HPLC. Here we also
noticed the aspects that influence on the adsorption efficiency and
tweak experiments settings. This is the first time cloprostenol has been
selectively adsorbed and extracted from samples of milk.

2. Material and method

2.1. Materials

2-Vinyl pyridine (2-VP) Sigma Aldrich, AIBN (2,20-
azobisisobutyronitrile) Sigma Aldrich 98%, EGDMA (ethy-
lene glycol dimethacrylate)Sigma Aldrich > 95%, clo-
prostenol (99.5%) Sigma Aldrich, Bimatoprost (99.5%)
Sigma Aldrich, dinoprostone (99.9%) Sigma Aldrich, proges-
terone (99.72%) Sigma Aldrich, absolute ethanol from Sigma
Aldrich, dimethyl sulfoxide from Sigma Aldrich, glacial acetic
acid 99.8% from Sigma Aldrich, methanol from Fischer Scien-
tific and acetonitrile from Fischer Scientific used was HPLC
grade.

3. Method

3.1. Optimization for MIPs and NIPs

Firstly, the method for preparation of molecularly imprinted
polymer was optimized by investigating various types of func-
tional monomers (AA, MAA,2-VP,4-VP), solvent (methanol,
ethanol, acetonitrile) for polymerization, dummy templates
and other reaction conditions e.g. volume of solvent and
amount of cross linker. The optimization showed the remark-
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able results for 2-VP as functional monomer in preparation of
molecularly imprinted polymer for target molecules, further-
more volume of solvent and amount of cross linker for poly-
merization was optimized (Table 1).

3.2. Preparation of MIPs and NIPS

The amount 0.68 g (6.5 mmol) of functional monomer (2-VP),
weighed and put in tubes (50-mL), then ethanol was used as
solvent and the dummy template molecules (Bimatoprost)
were added. To achieve a homogeneous solution, the mixture
was stirred for 10 min before being left undisturbed for a
few minutes. After that, each tube was filled with the required
amount of cross-linker EGDMA and stirred for 5 min. In the
polymerization mixtures, the initiator AIBN (2,20-
azobisisobutyronitrile) was dissolved in ethanol trace and
added to mixture. The solutions were passed with nitrogen
dioxide for 10 min for removal of the dissolved O,. In addi-
tion, each tube was deoxygenated with N, to maintain an inert
and O,-free environment. Subsequently both tubing of MIPs
and NIPs were placed in a 60 °C thermostatic bath for 24 h.
The MIPs were collected from the tubes after synthesis; the
material sieved, grounded, and washed out with ethanol and
then with ultrapure water. Finally, this material was dried by
using an oven (at 40 °C). The NIPs were synthesized in the
same manner as MIPs, with the same conditions and proce-
dure, but without dummy template molecules.

3.3. Removal of dummy template and recovery of target
molecules from MIPs

The removal of dummy template was carried out by placing
the dried MIPs in 250-mL beakers. The various types of sol-
vents such as methanol, ethanol, DMSO and combination of
solvents were investigated for the removal of dummy template.
Similarly, various solvents such as methanol, ethanol, ACN
and the combination of these solvents were investigated for
recovery of cloprostenol from MIPs. Single solvent and mix-
ture of solvents were used in each beaker to investigate the
removal of dummy template (Bimatoprost) and recovery of
target molecules (cloprostenol). Then placed in a mechanical
shaker for 24 h at ambient temperature. Complete removal
of dummy template was checked by using HPLC (Elkady
et al., 2018) and recovery of target molecules was investigated
by using validated HPLC method of British Pharmacopeia-

Table 1 Experimental design of MIPs.

2019, Volume VI. Decantation was used to get the MIPs. An
additional solvent of ethanol was used for the final cleaning
by using filtration. After that, the polymers were vacuum fil-
tered and dried in an oven by using Petri dishes.

3.4. Size reduction of MIPs and NIPs

MIPs were sieved after size reduction by grinding. The fraction
of particles was used in all subsequent tests.

3.5. Characterization of MIPs and NIPs

3.5.1. Infrared spectroscopy

With a FTIR instrument ALPAA-P, Bruker, the FTIR spec-
trum of the MIPs in the form of potassium bromide pellets
was obtained. The scan range of 400--4000 cm~' was used
for infrared spectral analysis. According to the position and
strength of the absorption peak in the resulting infrared spec-
troscopy, the relevant structural information of the imprinted
polymers and non-imprinted polymer was determined.

3.5.2. Electron scanning microscope

The samples were also examined using a SEM these images
were taken by a Scanning Electron Microscope of TM-1000
under vacuum. The gold was sprayed on the samples and dried
in oven then observed under the scanning electron microscope.
The physical appearance and morphological characteristics of
MIPs and NIPs were noted by scanning electron microscopic
analysis.

3.6. Identification and analysis of cloprostenol by HPLC

Monogram of British Pharmacopeia-2019, Volume VI for
identification and assay of cloprostenol was used for further
studies. Calibration curves of cloprostenol were determined
by using 100 mL volumetric flasks in acetonitrile and methanol
(75/25). The stock solution has a concentration of 100 pg/L.
Appropriate dilutions were made from the stock solution
and later used for standard curves. The calibration curve of
cloprostenol was obtained between the concentration of
0.05 pg/mL and 1.6 pg/mL, the ethanol, methanol, water,
and acetonitrile were chosen as solvents for the separation pro-
cesses. The solutions were sonicated and filtered before being
stored for future use. Cloprostenol was detected and analyzed

Serial number Experiments

(Types of MIPs)

Cross linker mole % of monomer

Solvent (Ethanol) mL

1 MIP-A 40
2 MIP-B 40
3 MIP-C 40
4 MIP-D 80
5 MIP-E 80
6 MIP-F 80
7 MIP-G 160
8 MIP-H 160
9 MIP-I 160
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using HPLC, waters system Alliance with empower 3.0 soft-
ware, PDA Detector, auto sampler, and integration system,
USA.

3.7. Retention studies of MIPs and NIPs

The retention studies were carried out by using 15 mL falcon
tubes, each tube contained 50 mg of polymers such as MIPs
or NIPs, while the standard solution of 5 mL of cloprostenol
(50 pg/L) was added. Then the tubes containing the mixture
were stirred for 1 h on a reciprocal shaker and afterward cen-
trifuged for 5 min. Then the supernatant was obtained and fil-
tered by a filter of polyvinyldene fluoride (PVDF) having a size
of (0.22 pum) and collected into the Eppendorf tubes. The
supernatant was analyzed by using HPLC-UV to get the con-
centration of cloprostenol by HPLC.

3.8. Adsorption studies

50 mg of MIPs and NIPs were taken into 20 mL falcon tubes
and then subjected to S mL of cloprostenol (25 pg/ml) solu-
tion. This mixture was put into a mechanical shaker for 1 h
and then centrifuged. The supernatant was then filtered with
0.22p membrane filter before being transferred to HPLC
analysis.

3.9. Kinetics studies

In 10 falcon tubes, MIPs, NIPs, and cloprostenol solutions
were added to investigate the retention potential at various
contact times. The tubes were shaken for 0, 5, 10, 20, 40, 60,
80, 100, and 120 min on a mechanical shaker. They were then
easily moved and centrifuged at 4000 rpm for 5 min. The
obtained supernatant was then filtered with 0.22p membrane
filter before being transferred to HPLC vials for analysis.

3.10. Adsorption isotherms

To obtain adsorption isotherms, 8 different concentrations of
cloprostenol ranging from 25 pg/L to 100 pg/L and 4 temper-
atures (298 K, 303 K, 308 K, and 313 K) were used in the
experiments which have shown significant variation in adsorp-
tion studies, and these obtained samples were then put on a
mechanical shaker for 24 h at specified temperature, then cen-
trifuged for 2 min at 4000 rpm to get clear sample to analyze
by HPLC. The concentrations of cloprostenol were determined
by HPLC after the supernatants were shifted into separate
Eppendorf tubes.

3.11. Selectivity of MIPs

The selectivity of MIPs in potable water samples was investi-
gated by two extensively used prostaglandin analogues (Dino-
prostone, Progesterone) at different quantities and this
depends on the recognition process.

3.12. Validation of SPE-HPLC method

The material developed for extraction of cloprostenol was used
for extraction of cloprostenol and then target molecules were

analyzed with the HPLC-UV. The process was validated by
various validation parameters i.e. linearity, accuracy, preci-
sion, limit of detection, and limit of quantification. A calibra-
tion plot was constructed by range of 0.05-1.6 pg/mL of
cloprostenol spiked samples.

3.13. Reuse capacity of MIPs and cost effectiveness

For this, MIP (50 mg) were mixed with cloprostenol solution
(5 mL). The analyte was being adsorbed on the MIPs and
the percentage of the obtained was investigated. The amount
of the analyte to retain in the MIPs was calculated. In addi-
tion, the amount of analyte separation was calculated using
previous information of the volume added into the MIPs
and the elution mixture using eluent. The cost effectiveness
of the extraction method was studied along with reusability
of MIPs.

3.14. Preparation of samples and analysis

An amount of 25 pg (25 pg/ml) of cloprostenol was spiked in
1 mL of cow milk, and then 50 mg of MIPs were added to the
tubes of 15 mL. The 3 mL of acetonitrile was added, then kept
the mixture on a shaker for 1 h, afterwards, centrifuged for five
minutes at 12000 rpm. The supernatant was then obtained and
subjected to evaporation, this leads to drying under gentle
nitrogen. In 1 mL of methanol, the residues were redissolved.
The eluents were collected for examination; the residues were
analyzed by using HPLC.

4. Results and discussion

4.1. Synthesis of MIPs and NIPs

According to the experimental design method, MIP formula-
tions of cloprostenol were developed in the optimized condi-
tions for polymerization in all further experiments. After the
first optimization of MIPs, two of them showing the finest
results were nominated for each analyte and developed in lar-
ger amounts. Consequently, these are nominated as MIPs/
NIPs. Fig. 1 illustrated the structure of each type of con-
stituents used to manufacture the molecularly imprinted poly-
mer and its analogues in a reaction. The Fig. 2 showed the
schematic diagram of the experiment for synthesis of molecu-
larly imprinted polymer for cloprostenol.

This bar diagram, Fig. 3a, demonstrated that the MIP-D
and MIP-G showed the maximum yield, 92.3% and §9.1%,
respectively. This can also be observed that MIP-A gives the
lowermost yield. This relationship between the % yield of
MIP-D, MIP-G, and MIP-A can be attributed to the experi-
ment settings (Table 1). MIP-D and MIP-G yield an extreme
measure of cross-linker and the smallest measure of the solvent
volume.

The conditions for this may lead to the existence of a gelling
influence and so not a fine homogenous blend; this increased
the viscosity of the MIP samples and improved the polymeriza-
tion rate. As a result, this reaction may be radical and chaotic
and results in a slowing the termination rate. The template,
monomer and solvent connections under such conditions
might represent a highly cross-linked copolymer dimension.



Preparation and characterization of dummy template molecularly imprinted polymers coupled

(o}
Cl’E j !

a)Cloprostenol(Target Molecule)

NC

)<CH3
5 CH;
N=c \\N

e,

cH,

d) Azobisisobutyronitrile(Initiator)

Fig. 1

O
g _ ~
Dummy Template ¢ ‘r\ﬂ”
(Bimatoprost) R gl:l Polymerization
_

Monomer
@-VP)
0 72
0
i Cross Link

Cross Linker 0/\/0% ross Linker
(EGDMA) :

Porogen Ethanol

Initiator AIBN

Fig. 2

4.2. Removal of dummy template and recovery of target
molecules from MIPs

The results indicated that % removal of dummy template from
molecularly imprinted polymers in Fig. 4a, while Fig. 4b
showed the number of elutions to remove the dummy tem-
plate. The results indicated that the combination of DMSO
and ethanol showed maximum % removal of dummy template
with four elutions of solvents mixture. In Fig. 4c, % recovery
of target molecules with different solvents and combination of
solvents has been shown, Fig. 4d showed, the recovery of tar-
get molecules with number of elution.

b) Bimatoprost (Dummy Template)

et

¢)EGDMA (Cross Linker)

>

e) 2-VP (FunctionalMonomer)

Structures of a) Cloprostenol b) Bimatoprost c) EGDMA d) Azobisisobutyronitrile e) 2-VP.

Removal of Dummy
Template

“ Ty
H = 0o
HO

Target Molecule
(Cloprostenol)

Schematic illustration of the preparation of molecularly imprinting polymer.

4.3. Characterization of MIPs

4.3.1. Fourier transfer spectroscopy

Fig. 3b demonstrated the FTIR spectrum of MIP-D and MIP-
G for cloprostenol. This spectrum showed characteristic peaks
related to the functional moieties of the monomers in the MIP.
The characteristic peaks placed in spectrum at 1720 cm ™' and
1140 cm™' represent C—=0 and C—O corresponds to the
O—C=0 of EGDMA. The bands can be observed between
1600 cm ™' and 1445 cm ™" and this was qualified to the stretch-
ing vibration C=N of pyridine functional monomer. There
were multiple vinyl groups in cross linker and functional
monomer. The characteristic peaks at 1630 cm™', 990 cm™"
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and 910 cm™! in FTIR spectrum evident of polymerization
reaction.

4.3.2. Scanning electron microscopy:

The morphological characterizations of MIP-D and MIP-G
were investigated by scanning electron microscopy. The out-
comes were shown in Fig. Sa for MIP-D and Fig. 5b MIP-
G, respectively. Here we could observe that there were marked
variations in the generalized morphology of the MIPs. While
these modifications were correlated to the prior observation
and the changes in the amount of the cross-linker and amount
of the solvent during the reaction.

MIP-D, Fig. Sa was shown polymerization with 2 mL sol-
vent. The resulted finished product acquired the form of pellets
and powders, and the granules were much homogenous than
those of MIP-G. The less volume of the solvent and high ratio
of cross-linker may result in inflexible shaped cuts that can be
created in the grinding of MIP-G, Fig. 5b. The Fig. 5c and d
showed the images of NIP-D and NIP-G respectively. The
images of NIPs were clearly different from the MIPs in mor-
phology which showed the adsorption properties of MIPs.

2pem ENT = 300AV Sprel A v nlene Dwte 13 May 2021 Irisy
— 1 WO = 30~ Mage SOCAN Tive 53823

4.4. High performance liquid chromatography

An investigative scheme of British Pharmacopeia-2019, Vol-
ume VI is permissible to identify and quantify of cloprostenol.
The analysis was performed by using HPLC coupled with UV-
detector. The conditions for this method were summarized in
the Table 2. A distinctive peak for the desired analyte clo-

Table 2 HPLC parameters.

Parameters

Analysis of cloprostenol

Mobile phase

Column

Flow rate of mobile phase
Column oven temperature
Detector

wavelength

Injection volume

Time of analysis

ACN 35%: Buffer 65%
Cig, 250 x 4.6 cm, 5 pm
1.8 mL/min

25 °C

UV-Visible

220 nm

50 uL

7 min

Ourer 13 May X34 ',,,“ Lnd SNT= 300AV SprelA s olens Owte 13 May 2021 —
Mege 3004&X Tere 900 2 k 1 WO 80 mm Mepe 300KX Yove 000 37

2y ENT= 30047 Sovld e Wlere

— WO £C e

Fig. 5 SEM microscopies of 5a: MIP-D; 5b: MIP-G.
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prostenol could be observed at 3 min of the taken readings,
Fig. 6.

4.5. Retention capacity of MIPs

This indicated the measured retention capabilities of each clo-
prostenol MIP. The retention capabilities of different cate-
gories of MIPs have demonstrated in Fig. 7a. The quantities
of solvent, template, and the cross-linker exhibited the change
in the retention time of MIPs. Hence, a description for the
higher retention capacity could be altered forms of interactions
among the template and the functional monomer produced a
significant measure (the creation of hydrogen bonds amongst
carboxyl groups in functional monomer and carbonyl groups
present in cloprostenol).

0.25 4

In earlier studies, it was established that the one constant
that might be a cross-linker was a much significant factor dur-
ing the synthesis of MIPs. To check that description, the yield
and retention capability of MIPs were investigated using vari-
ous quantities of cross-linkers. The findings demonstrated a
similar pattern to the earlier findings. The yield of synthesized
MIPs showed a rise as the amount of cross-linker enhanced.
The yield reduced when there was less cross-linker present.
MIPs with the best performance (maximum yield & retention)
might be chosen based on these findings. As a result, the most
efficient polymers were chosen: MIP D and MIP G. Those
MIPs and their NIPs were then synthesized in larger amounts
and called batches labelled D and G, respectively, as previ-
ously described. The polymers yielded 93.3 percent and 94.1
percent cloprostenol, respectively.

0.20

——Spiked Milk Sample
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Blank Milk Sample

0.15 4

AU

0.10 4
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3

4 5 6 7
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Fig. 6 Chromatograms of Blank Milk, Standard Cloprostenol and Spiked Milk Cloprostenol.
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4.6. Retention studies of selected MIPs and NIPs

Fig. 7b depicted the retention capabilities of the chosen
batches of MIPs and NIPs. Throughout the experiment,
50 mg of MIPs or NIPs was introduced to the falcon tubes, fol-
lowed by 5 mL of cloprostenol standard solution (50 ug/L).

4.7. Adsorption isotherms

In this study, MIP-D, MIP-G, NIP-D, and NIP-G were used
to create adsorption isotherms to determine the maximum
adsorption capacity of the polymers. The Langmuir and Fre-
undlich models were used to analyze the experimental data
for adsorption isotherms. Furthermore, fitting the adsorption
data helped to correctly characterize the experimental results
and determine the best model for the MIPs and NIPs that were
studied. The acquired parameters for each linearized isotherm
model for MIPs constructed for cloprostenol were shown in
Tables 3 and 4. Freundlich and Langmuir models were used
to investigate the adsorption properties(Du et al., 2013). For
the adsorption isotherm, the Freundlich model demonstrates
R? > 96%. The linearity of the Langmuir model was less than
R? >90 percent. As a result, the findings of Freundlich were
noteworthy.

We calculated the intensity parameter “n” and the poly-
mer’s adsorption affinity “K” using the linearized Freundlich
isotherm (see Table 3). At 308 K, the results revealed a signif-
icant difference in MIP and NIP affinity (K). MIP-G had a
“K” value that was 4.22 and MIP-D 3.90 times greater than
the control NIP. This might imply that MIP has a higher affin-
ity for cloprostenol than NIP due to the presence of a special-
ized cavity for cloprostenol identification. Table 4 showed the
results of the linearized Langmuir isotherms. The Qyax) (max-
imum adsorption capacity) of the MIPs and NIPs was calcu-
lated using the linearised Langmuir isotherm. MIP-G had

the greatest Qmax) for cloprostenol at 308 K (134.50 mg/g),
whereas the control (NIP-G) had 26.860 mg/g. As a result,
MIP-G was able to retain 5.00 times more cloprostenol than
NIP-G. The maximum value for Qmax of MIP-D at 303 K
was (60.270 mg/g), whereas the control (NIP-D) had a
Qmax) of 26.539 mg/g. As a result, MIP-D kept 2.27 times
more cloprostenol than NIP-D. The results of the linearized
isotherm for cloprostenol were shown in Table 4.

4.8. Kinetic study of the retention of cloprostenol

Cloprostenol adsorption could be seen in Fig. 8a. It was clear
that the adsorption phase attained equilibrium in a relatively
short duration of time around 20 min. This could happen
due to the ‘imprinted polymers’ high specific binding. Further-
more, the percentage retention capacity for MIPs and their
respective NIPs was significantly higher.

4.9. Selectivity of MIPs

The cross-reactivity of MIPs with cloprostenol was evaluated
with structurally related chemicals and other prostaglandin
analogues. Dinoprostone and progesterone were utilized as a
structural analogue in a cross-reactivity assay to investigate
cross-reactivity. All trials were carried out in three times of
experiments. MIPs were tested for cross-reactivity with one
analyte at a time in suitable solvent at two distinct concentra-
tions (50 pg/L and 100 pg/L). MIPs exhibited no substantial
cross-reactivity in any case, with a high recovery of the mea-
sured analytes. MIP-D had the lowest cross-reactivity when
evaluated against the other prostaglandin analogues Fig. 8b.
This degree of cross-reactivity could be attributed that MIPs
do not always display 100% selectivity for target molecules
and can interact with other structurally comparable molecules
with a similar functional group and their distribution.

Table 3 The Parameters for the Freundlich linearization isotherms for the retention ability of cloprostenol with MIPs and respective

NIPs.
298 K 303 K 308 K 313K
Polymer n K n n K n K
MIP D 1.595 2.652 1.638 3.054 1.526 3.027 1.654 3.508
NIP D 0.583 1.464 0.634 1.210 0.697 0.775 0.649 0.946
MIP G 1.523 2.744 1.515 2.873 1.514 3.550 1.605 3.121
NIP G 0.499 2.052 0.582 1.267 0.633 0.841 0.616 1.098
Table 4 The Parameters of the Langmuir linearization isotherms for the retention ability of cloprostenol with MIPs and respective
NIPs.
298 K 303 K 308 K 313 K

POlymer Q(max) K Q(max) K Q(max) K Q(max) K
MIP D 50.910 0.039 63.891 0.035 60.270 0.041 61.012 0.046
NIP D 24.969 0.037 23.047 0.036 26.539 0.019 18.369 0.037
MIP G 62.420 0.034 50.910 0.039 134.50 0.020 108.20 0.023
NIP G 34.471 0.029 24.994 0.029 26.860 0.017 42.017 0.013
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Kinetics Studies
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4.10. Validation of SPE-HPLC of method

The Linearity was determined by correlation coefficients R?
value of calibration plot of cloprostenol and spiked clo-
prostenol in Fig. 9a and 9b respectively. The limit of detection
was determined by signal to noise ratio, the value of LOD and
LOQ for the method was 30.5 ng/mL and 86.7 ng/mL, respec-
tively (S/N = 10) Fig. 9b. The accuracy was determined by the
experiments performed of concentration level at 50, 75, 100 ng/
mL and each of experiment was performed (n = 3) three times
shown in Table 5. The percentage recovery of the spiked sam-
ples of cloprostenol of intra-day and inter-day accuracy were
calculated shown in table. The precisions were determined in
terms of intra-day and inter-day experiments to determine per-
centage recovery and relative standard deviation at 50, 75,
100 ng/mL levels, each experiment was performed three times
the % RSD of spiked cloprostenol sample by this SPE coupled
with HPLC method ranges from 0.5 to 2.6 (Table 5).

4.11. Reusability of MIPs

The most important feature that must be examined prior to a
new material could be used in microextraction is its reusability
capability. As a result, the reusability of polymers MIP-D and
MIP-G was investigated to determine their reuse potential for
future use in SPE.

Primarily, 50 mg of MIP-D was loaded with 5 mL solution
of cloprostenol (50 pg/L) standard solution. Then the concen-
tration of the remaining drug in the supernatant was deter-
mined after the drug were adsorbed on the MIPs, and the
amount of analytes retained in the MIPs was assessed. Using
four different mixtures of eluents, the percentage of analyte
liberation was estimated using the amount adsorbed on the
MIPs.

Four different eluents were used in the batch method, the
solvents were Methanol, Acetonitrile, and different combina-
tions of various solvents such as methanol/acetonitrile (65:35

1004 941

Retension Capacity
8

Cloprostenol Dinoprostone Progestrone

a The Kinetic study (I) MIP-D (II) MIP-G with MIPs and NIPs. 8b Selectivity Studies.

v/v), and ethanol/methanol (30:70 v/v). The optimum elution
technique was discovered to be a methanol/acetonitrile combi-
nation, which had an elution efficiency of over 93 percent,
Fig. 6a, the investigation of MIP reuse was proceeded after
identifying the best suited solvent mixture for the elution of
analytes adsorbed in MIPs. To determine how many successive
experiments may be carried out using one MIP, a series of clo-
prostenol adsorption and desorption assays were done,
Fig. 7b. The cost effectiveness of the proposed extraction
method for selective extraction of cloprostenol was studied
to establish the usefulness of this extraction method. One of
the significant abilities of MIPs is their reusability. This is a
very important benefit in saving time and money. MIPs are
used for selective extraction of drugs from complex matrix
which may use less solvent as compared to other techniques
of extraction. Furthermore, the advantage of this method is
its low cost and very low consumption of experimental materi-
als. This method is fast and cost-effective. The ability to recy-
cle MIP is one of the highlights in future prospectus.

4.12. Determination of the adsorption capacity of MIPs in
spiked milk samples

MIPs were used to determine the adsorption capacity for clo-
prostenol in milk samples. Each sample of milk was spiked
with cloprostenol (50 pg/L). The conditions of the experiments
and procedure of analysis were the same as those described in
Section 3.4. As a result, the weight of MIPs 50 mg was added
to a falcon tube of 15 mL, then 5 mL of cloprostenol spiked
milk sample was added. This mixture was placed on mechani-
cal shaker for one hour before being centrifuged for five min-
utes. Filtered supernatant was put in an Eppendorf tube.
HPLC system coupled with UV detector was used to determine
the levels of cloprostenol in the supernatant Fig. 6.

The retention capacity for all samples was higher than 93%.
In the case of MIP-D, it was 93.3% (£1.9%) and 94.1%
(£2.3%) for MIP-G, respectively. All measurements were car-
ried out three times. The final results revealed good perfor-
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Table 5 Accuracy and precision.

4 ]

Time (Minutes)

Sample Accuracy (Recovery % n = 3) Precision (%RSD n = 3)
Spiked drug Concentration (ng/mL) Intra-day Inter-day Intra-day Inter-day
Milk 50 92.55 91.54 0.90 1.03

75 94.54 95.18 1.59 0.94

100 95.15 94.62 1.38 1.42

a: Calibration Curve of Cloprostenol 9b: Calibration Curve of spiked Cloprostenol 9¢c: Chromatograms of LOD and LOQ of

mance and possible applicability in the analysis of actual com-
plicated samples that contain cloprostenol.

5. Conclusion

High yield of different polymers could be obtained by the process of
radical polymerization which is up to 92.3%. The experimental design
to optimize the conditions of polymerization for MIPs and their ana-
logues NIPs helped to get optimum results and signify the conditions

which affect the process of polymerization, so it established that the
concentration of cross-linker and the amount of solvent significantly
affect the process of polymerization. These parameters also effect the
yield and selectivity of polymers. The kinetic studies depict signifi-
cantly rapid retention of cloprostenol, the contact time of a significant
retention of analyte is less than 20 min. The adsorption models of
Langmuir and Freundlich were used to evaluate data. The results of
adsorption model inference that cavities only allow to bind a specific
analyte; these cavities are produced in the form of monolayers and
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multilayers on the surface of MIPs. The MIPs and NIPs showed signif-
icant differences in retention capacity inclusively. The significant dif-
ference in the value of “K” evident that MIPs showed higher affinity
for cloprostenol due to the specific cavities on the surface of MIPs
for the identification of selective drugs. Similarly, the value of Qgmax)
for MIPs of cloprostenol was higher than that of its control NIP. Fur-
thermore, no significant cross-reactivity was reported between MIPs
and other similar molecules to cloprostenol. When the MIPs were used
to apply in cow milk samples in which cloprostenol was spiked, the
results of analysis were practically reliable and significant. This demon-
strated the great efficiency of the proposed molecularly imprinted poly-
mers and their potential application in milk samples. This study may
be useful in future prospects in which the optimization process for syn-
thesis of molecularly imprinted polymer could be used in further
research. The use of dummy template molecules could be evaluated
for different method of extraction for other prostaglandin analogues.
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