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Abstract

A novel, simple and inexpensive method for determination of naproxen enantiomers has been
presented based on starch-capped Ag nanoparticles using spectrophotometric technique.
Morphology and structure of the starch-capped Ag nanoparticles were characterized by
transmission electron microscopy, X-ray diffraction and infrared spectroscopy. Under
optimum experimental conditions, it was revealed that starch as a chiral selector could
enantioselectively recognize naproxen enantiomers. Naproxen enantiomers were determined
over a concentration range of 3.2x10°-1.4x10™* M with a detection limit of 2.7 x 10 ° M. The
results showed a relative standard deviation of 1.0 % and a relative error of -5.6 % for

analysis of naproxen enantiomers in real samples.
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Introduction

One distinctive biochemical signature of life is the high selectivity of chiral molecule species.
With the dramatic increase in the use of chiral drugs, since the body exhibits different
physiological responses to different enantiomers, chiral recognition has become a research
focus in chemical, biological, and pharmaceutical sciences [1]. Research on enantiomeric
recognition of chiral compounds can provide important information to understand the
recognition process in biological systems. Although some progress in chiral discrimination
has been achieved during the past decades [2], the selective detection of an individual
enantiomer is still the most difficult analytical task owing to the similar physical and
chemical properties as well as the similar molecular configurations of chiral isomers.
Therefore, it is important to develop practical and rapid available methods for the chiral
recognition of enantiomers [3]. Over the past decades, many methods for distinguishing
chiral molecules have been reported, such as high-performance liquid chromatography [4],
gas chromatography [5], capillary electrophoresis [6] etc. But most of them are time-
consuming and impractical for a real time, multiplex, or high-throughput format. Therefore, it
is still highly desirable to develop a simple, rapid, sensitive, and high throughput routine
assay for chiral recognition. In particular, solution-based sensor systems capable of chiral
recognition are of tremendous pharmaceutical value [7]. The key step in chiral analysis is
formation of diastereoisomer complexes between a chiral selector and enantiomers [8]. A
chiral selector must be a pure enantiomer which provides significant interactions (such as
dispersive, n-m, n-n, and hydrogen bonding, ion-ion and ion-dipole interactions) at least with
three functional groups around the chirality center of one enantiomer and with two functional
groups of the other [9-10]. Generally, both enantiomers have different interactions with the
chiral selector but the presence of similar functionalities in the chiral selector may lead to

competitive binding of analogue sites [11].
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Metal nanoparticles have important applications in nanotechnology because of their
physicochemical properties based on their small size and high surface area [12]. Especially,
silver nanoparticles (AgNPs) have significant applications in various fields because of their
unique optical [13], electronical [14], an-microbial [15], catalytical and thermal properties
[16, 17]. The AgNPs are usually prepared by reducing AgNO; with sodium citrate and
sodium borohydride, and the resulting nanoparticles are capped with the citrate group [18].
Moreover, some capping agents such as starch and B-D-glucose were utilized to stabilize
AgNPs such as starch as a reducing agent [19]. Glucose is one of the most widely-used green
reducing agent due to its chemical reaction rate which allows a compromise between the
number of nuclei created and the rate of growth of the silver nanoparticles [20]. The
extensive number of hydroxyl groups present in starch can facilitate the complexation of
silver ions to the molecular matrix. Analogously, it is plausible that silver ions can play a
significant role in guiding the supramolecular organization among starch molecules.

Naproxen 6-methoxy-a-2-naphtalene acetic acid is a non-steroidal anti-inflammatory
drug that exhibits analgesic and antipyretic properties. It is used for treatment of fever,
inflammation, rheumatoid arthritis, primary dysmenorrheal and gout [21]. The critical role of
naproxen in human health emphasizes its determination in biological fluids and drug
formulations. S-naproxen shows desirable therapeutic properties and is 28 times higher active
than R-naproxen [22]. Therefore, determination of enantiomer composition of naproxen is the
concern of the life science studies [23].

Herein, for the first time, a simple and reliable method for the quantitative
determination of naproxen enantiomers in aqueous solution is presented. Starch -capped
silver nanoparticles (AgNPs) without any prior derivatization and sample preparation, have
been used was presented. Based on these features AgNPs capped with starch as chiral

selector was used for determination of naproxen enantiomers.

4
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Experimental

Reagents

R-naproxen and S-naproxen, starch, methanol and AgNO; were purchased from Merck. D-
Glucose and potassium hydrogen phthalate (KHP) were purchased from Fluka. All other
chemicals were analytical reagent grade and used directly without further purification.
Distilled water was used throughout the experiments. To prepare 0.1 M of R and S-naproxen
solutions, aliquot of 23.0 mg of each enantiomer was introduced into individual 5-mL
volumetric flasks and was diluted to the mark by methanol. To prepare KHP buffer with pH
values in the range of 3.6 -6.5, the NaOH solution was gradually added to a selected volume
of KHP solution until the pH meter showed the desired pH value. For real sample analysis,
five tablets of naproxen were accurately weighed and ground and its solution was prepared by
dissolving 630.0 mg of the powder in methanol and filtering the solution. The prepared

solution contained a specified amount of NAP (500 mg).

Apparatus

The UV-Vis spectra were recorded using Unico 4802 UV-Vis double beam
spectrophotometer employing quartz or glass cuvette with 1.0 cm path length. The
temperature of the cell compartment was thermostated at 28 + 0.1°C by circulating water
from a thermostated bath. The FT-IR spectroscopy (FTIR-8300 Shimadzu), attenuated total
reflection (ATR) spectroscopy using Perkin-Elmer FT-IR spectrophotometer (model
Spectrum RX 1), circular dichroism spectroscopy measurements were done in a 0.1 cm path
length cuvette, using an Aviv model 215 Spectropolarimeter (Lakewood, NJ, USA). XRD
(Bruker D8 Advance with Cu-Ka, A=0.1542 nm) and the transmission electron microcopy

(Zeiss -EM10C-80KV) were used for characterization of AgNPs. The pH measurements
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were made with a Metrohm 780 pH meter using a combined glass electrode. The synthesized

AgNPs were separated by using a high speed centrifuge working at 20000 rpm.

Synthesis of starch-capped silver nanoparticles

Starch-capped silver nanoparticles were synthesized through a classical reduction method
[19].The method is based on the reduction of AgNO; by glucose in the presence of starch,
acting as both stabilizing and protecting agent. In particular, 0.4 g soluble starch (medium
molecular weight) was dissolved in 200.0 mL deionized water. Then 100.0 mL of this
solution was added to a mixture of 2.0 mL of 0.1 M AgNO; (0.1 M) and 5.0 mL of 0.1 M
glucose. The solution was heated and boils the solution for 30 minutes and turn into yellow.
The produced starch capped silver nanoparticles, which form a stable dispersion in water,

was kept at room temperature.

Calculation concentration of AgNPs
The concentration of the AgNPs solution was calculated using Beer’s law [24] and extinction
coefficient (g) of AgNPs (the extinction coefficient for the silver particles is calculated using

the following equation:
In £ =1.4418 In D+18.955

D is the diameter in nm from TEM image of AgNPs.

General procedure

Determination of naproxen enantiomers was performed at (28 °C). During experiments 200.0
pL of synthesized starch-AgNPs was diluted with 700.0 pL of KHP buffer (pH 6.0, 0.01 M).
Then 1.4x10™* M R-and S-naproxen were added to this solution. The UV-Vis spectra were

obtained after 8 min.
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Results and discussion

Characterization of silver nanoparticles

The prepared silver nanoparticles showed a plasmon resonance peak at 400 nm as shown in
Fig. 1. This is a typical absorption band of spherical AgNPs due to their surface plasmon
resonance band. The FT-IR spectra of both soluble starch and starch-capped AgNPs are
shown in Fig 2, it has been reported [25] that in 3600-2800 cm region, strong hydrogen-
bonded (O-H) stretching absorptions and weak C—H stretching absorptions are usually
observed. The starch-capped AgNPs spectrum had characteristic broad and strong absorbance
bands at 3450 cm™, 1643 cm™ and 2923 cm™ which could be assigned to the hydroxyl ( O-H)
group and C-H stretching vibrations, respectively. A shift from 3450 cm ™' to 3417 cm™' is
observed for stabilized AgNPs; this may be due to the inter and intra molecular interactions
of Ago with —OH group [25]. The morphology of the resulting starch-AgNPs composite was
characterized by TEM image as shown in Fig. 3. As it can be seen, AgNPs were
monodispersed and were spherical in shape. The X-ray diffraction pattern was also carried
out for the powder sample of starch-AgNPs. A typical diffraction pattern for AgNPs is shown
in Fig. 4. The Bragg reflection peaks appeared at (111), (200), and (311) were indexed to the

silver metal with face centered cubic structure.

Figure 1
Figure 2
Figure 3

Figure 4

Enantioselective recognition of naproxen enantiomers
Naproxen in methanol showed two peaks absorption at 262 and 273 nm as demonstrated for
it solution of 1.4x10* M shown in Fig.5 (a). By adding naproxen enantiomers to starch-

7
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capped AgNPs solution, no significant changes in plasmon resonance peak of silver
nanoparticles at 400 nm was occurred. However, a significant shift to 312 and 323 nm was
observed. The absorbance spectra were shown in Fig. 5 (b). As it is shown in this figure,
there are significant differences between responses R and S naproxen enantiomers in these
wavelengths. An aliquot of 200.0 pL of starch-capped AgNPs in of 0.01 M potassium
hydrogen phthalate buffer, pH=6.0, was introduced into a 10-mm quartz cuvette, Then, 100.0
pL of (0.001 M) R or S -naproxen was added to the quartz cuvette. The differences between
of the absorption peaks (AA) measured 7.0 min after addition of individual enantiomers is
shown in Fig. 5 (b) and enantiomer in the presence of starch-capped AgNPs. The change in
the absorption peak indicates that the interaction of S-NAP with the nanoparticles is more
than R-NAP. For comparison individual, absorbance spectrum of naproxen enantiomers in
KHP buffer and also starch were obtained, respectively. The results show that there is no
significant change in the absorption peak of naproxen enantiomers in the absence of AgNPs.
However, the slightly difference of adsorption peak of R and S-naproxen observed in starch
solution that this might lead to the difference in the free energy of attachment of these
enantiomers and starch which reflects as different in absorbance. Citrate-capped AgNPs and
the bare AgNPs were synthesized through direct reaction of AgNO; aqueous solution and
NaBH,4 aqueous solution. The responses of bare AgNPs, citrate-capped AgNPs and starch-
capped AgNPs to R- and S-NAP were compared. The experimental results show that bare
AgNPs and citrate-capped AgNPs could not discriminate R- and S-NAP, and only starch-
capped AgNPs were equipped with the better ability of discrimination between R-and S-
NAP.

According to Dalgliesh's theory [26], interactions in at least three configuration-
dependent points are required for a chiral selector to recognize enantiomers [27].

Discrimination can be based on the thermodynamic enantioselectivity, and the difference in

8
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the free energies. The structure of aromatic ring of naproxen and the intermolecular
hydrogen bond between naproxen and starch could possibly provide this “three-point”
interaction. It was supposed that intermolecular hydrogen bond between naproxen and starch

and electrostatic interaction could possibly give this recognition.

Figure 5
For further study the interaction of R- and S-NAP with starch-capped AgNPs were
investigated by circular dichroism spectroscopy and the results were shown in Fig. 6. The
spectra demonstrate that there are significant differences between responses R and S
enantiomers and the change in the peak indicates that the interaction of S-NAP with the
nanoparticles is more than R-NAP.

Figure 6

Effect of pH and ionic strength

The effects of different pH values on the adsorption process have been investigated in the pH
range of 3.0 to 8.0. In the pH <3.0 and pH > 8.0 the silver nanoparticles are not stable and
aggregate. So, the pH range of 3.5 to 8.0 adjusted by different buffers was investigated. Fig.
7a shows the effect of pH on the change of absorption peak for R and S-naproxen in KHP
buffer .As it is shown, the most suitable signal for differentiating the naproxen enantiomers
have been obtained in pH 6.0 adjusted by KHP buffer. Different concentrations of this buffer
were examined and the results are shown in Fig. 7b. The results show that the lower
concentration of the buffer is more suitable. This can be attributed to the effect of ionic
strength. When the ionic strength increases, the interaction of NAP enantiomers with AgNPs
and AA is reduced. This could be due to the interactions of ions with NAP enantiomers that

inhibit the interaction of NAP with AgNPs.
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Figure 7

Optimization of AgNPs solution volume

The AgNPs concentration has an undeniable effect on the sensitivity and linearity of
determination. Since absorption peaks for both S- and R-NAP were increased with increasing
AgNPs concentration, , the volume of AgNPs was optimized. To do this, different amounts of
AgNPs were prepared and used for studying the interaction with 100.0 pL of 0.001 M NAP
enantiomers. The results are shown in Fig. 7c. Since high volume of AgNPs may cause
deviation from Beer's law, and lower volume may lead to lower sensitivity. According to the
equation size of discussed, the calculated concentration of starch-capped AgNPs with D = 24
nm and € =10" M cm™! was 8.0x10™"" M so 200.0 pL of this stock solution was used for

further studies.

Effect of temperature
Fig. 7d shows the effect of temperature on the interaction of starch-capped AgNPs with
naproxen enantiomers. The maximum differences of the absorption peak (AA) occurred at 28

°C and were stable afterwards.

Optimization of incubation time
The effect of the reaction time on the differences of the absorption peak (AA) of starch-
capped AgNPs with R and S-naproxen was investigated. As it is shown in Fig. 7e, the

maximum difference in the absorption occurred after about 8.0 minute.

10
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Calibration curve

As shown in Fig. 8 under the optimum condition, the absorption spectra of AgNPs were
recorded in the presence of different amounts of NAP enantiomers. The calibration curve for
NAP enantiomers was linear in the concentration range of 3.2x10° to 1.4x10* M with a
correlation coefficient of 0.999 (Fig. 9). The limit of detection (LOD) was calculated using
3o’k equation (o, is the standard deviation of blank and k is the slope of calibration curve).
The LOD of the method was found to be 2.7x10° M. The differences of peak absorption

(AA) were significant between S-and R-NAP at all concentrations.

Figure 8

Figure 9

Repeatability

In order to examine the repeatability of the developed method, five samples of 1.4x10™* M of
R- and S-NAP were prepared and tested under optimum condition and the absorption spectra
were recorded. The relative standard deviation (RSD) for 5 measurements was 1.25% for S-
NAP and 1.4% for R-NAP, which shows that the method possesses good repeatability for R-
and S-NAP. Therefore, the method supposed to have a good repeatability for chiral

determination of naproxen enantiomers.

Determination of synthetic samples analysis

The starch- AgNPs were applied to measure the absorption response of a series of solutions
that were prepared by mixing S- and R-NAP at different fixed ratios as shown in Fig. 10. The

difference of the relative absorption and the enantiomers ratio are shown in Fig. 11 indicating

11
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that the enantiomeric composition of NAP can be resolved from the corresponding linear
calibration curves.

Figure 10

Figure 11
Real samples analysis
The proposed method was developed to the determination of naproxen in commercially
available naproxen tablets. Five tablets were accurately weighed and ground and its solution
was prepared by dissolving 630.0 mg of the powder in methanol and filtering the solution.
The prepared solution contained a specified amount of NAP (500 mg). Three samples with
different enantiomeric composition of S-NAP, which were prepared by spiking enantiomer
mixture to starch-capped AgNPs solution, were analyzed. The results are presented in Table 2
along with the corresponding precision and accuracy of the measurement. A mixture of the
enantiomers with a total concentration of 1.4x10™* M was also tested and a relative standard

deviation (RSD) of 1.0 % was obtained.

Conclusion

Starch-capped AgNPs were found to be an appropriate probe for analysis of naproxen
enantiomers by using UV-Vis spectrophotometry. The results showed that the measured
signal was higher for S-naproxen when interacted with AgNPs under the same experimental
conditions. The precision, accuracy, and linear dynamic range of developed method show
that the figures of merit were comparable or better than most procedures reported for

naproxen determination (Table 2) [28-31].
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Caption and legends for figures
Fig. 1. Absorbance spectra of Ag nanoparticles: Conditions: pH of 6.0 KHP buffer, ionic
strength 0.01(M) and temperature 28 °C.

Fig. 2. The FT-IR spectra of starch and starch-AgNPs
Fig. 3. The TEM image of starch-AgNPs, inset AgNPs with a starch shell
Fig. 4. XRD pattern of the starch-AgNPs

Fig. 5. (A)- Absorbance spectra of NAP in methanol (1.4><10'2 M). (B)- Absorbance spectra
of AgNPs with S-and R-NAP (concentration of enantiomers 1.4x10* M). Reaction

conditions were pH of 6.0, ionic strength 0.01 M, temperature 28 °C, time 8 min.
Fig.6. Circular dichroism spectra of S-and R-NAP and starch-AgNPs

Fig. 7. a) Effect of pH, b) KHP concentration, ¢) volume of AgNPs, d) temperature, ¢)

incubation time on chiral determination of 1.4x10™ M of R-and S-NAP.

Fig. 8. Absorption spectra at various (A)-S-NAP and (B)-R-NAP concentration were
monitored by UV-Vis spectroscopy under optimum conditions. Reaction conditions were pH
of 6.0, temperature 28 °C, volume of Ag nanoparticles 200.0 pL, ionic strength 0.01 M, time

8 min.

Fig. 9. Calibration curve of naproxen enantiomers. Experimental conditions: pH of 6.0,
temperature 28 °C, volume of Ag nanoparticles 200.0 puL, ionic strength 0.01 M, time 8.0

min.

Fig. 10. A typical simulated calibration curve for different mol ratio of S-NAP at 1.4x10™* M
(a-f: 0, 0.2, 0.4, .0.6, 0.8 and 1.0 respectively). Experimental conditions: pH of 6.0,
temperature 28 °C, volume of Ag nanoparticles 200.0 uL, ionic strength 0.01 M, time 8.0

min.

Fig. 11. Calibration curve enantiomeric mixture of S-NAP ( at 1.4x10™ M). Experimental
conditions: pH of 6.0, temperature 28 °C, volume of Ag nanoparticles 200.0 pL, ionic
strength 0.01 M, time 8.0 min.
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Table 1: Determination of enantiomeric composition of S-Naproxen in synthetic samples
Experimental condition: pH of 6.0, CNap=1.4><10'4 mol L™, temperature 28 °C, time 7.0 min,

volume of Ag nanoparticles 200.0 pL.

Sample Actual value Calculated value "%RE % RSD
(mole fraction) (mole fraction)
1 0.25 0.26 -4.0 1.2
0.5 0.47 -5.6 1.05
3 0.75 0.77 2.6 1.0

*Relative error = 100x (Experimental value — Actual value)/Actual value
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Table 2: Comparison of figures of merit of the developed method with literature-reported

methods.
Method Linearity "TEC(uM) %RSD %RE Ref
coefficient
HPLC 0.99 1.0 4.7 - [28]
Capillary electrophoresis 0.9969 1.0 2.0 5.0 [29]
HPLC 0.999 86.8 1.0 - [30]
Spectroscopy 0.9988 50.0 1.0 35 [11]
Gas chromatography 0.99 6.0 2.0 - [31]
Spectroscopy 0.999 140.0 1.0 1.4 This method
*Total enantiomeric concentration=TEC
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