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ABSTRACT

A surface Plasmon resonance (SPR) sensor highlgitsenand selective for morphine (MO) was prepaied
molecular imprinted technology, in which methaaykcid (MAA) was used as the functional monomer;
Ethyleneglycol dimethacrylate (EGDMA) as the crlisker; and azobisisobutylnitrile (AIBN) as thetiator. This
approach features a rapid response, good selegtildibel-free detection and most notably, this eength very
low LOQ (0.3ng/ml) can be applied to trace MO detimation at ppb order of magnitude. The SPR respasis
proportional to the concentration of morphine inegmnitrile (F=0.9971) in the range of 1M to10°M
(0.3—-300ng/mL) with LOD (0.001ng/ml). Moreover, greposed method can discriminate between morpaitte
very close structural analog codeine.

Keywords. Forensic ScienceSurface Plasmon Resonance (SPR); Molecular Imgriftechnology (MIT);
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INTRODUCTION

Morphine (MO) is well-known not only as a cliniaddug for preventing patients from suffering paibst also as a
narcotic when it is used excessive or habitual.sTius important to reliably monitor the concextion of morphine
conveniently in the biological samples as foremsiicience. Especially for the requirement of thidfiesting, rapid
detection of morphine has attracted much attentiorecent years. So far as, many efforts have lmeade for
morphine detection using techniques such as HPL,GJT-MS [2], capillary electrophoresis [3,4], caloetric and
fluorescent method [5,6], electrochemical analfjgjsimmunoassay [8-11]. However, to a certain aktéhere exist
some limitations related to these methods, thesféitat they are relatively time-consuming, requés@ensive
equipment, lack selectivity, the poor stability biblogical reagents is also a drawback. Therefitras still
necessary to find new approaches that could impibee simplicity, selectivity and sensitivity of nudtine
detection.

Sensory technology based on molecular imprintingrpers (MIP) has attracted considerable interesttduits high
specificity for binding analyte through covalentran-covalent interactions between the functionahamers and
the target molecules [12-14]. In the past yeass ntlolecular imprinting method has been appliedhéodetection of
a wide range of analytes including biological maoles, environmental pollutants or explosive compmisufl5,16].
Only a few MIP-based sensors for narcotic detecti@ne reported however. Moreover, almost of thesears
relied on an output electrochemical signal and esth@a common shortcomings in sensitivity (the liofitdetection
was restricted to 0.01mM) [17-21]. To improve tleastivity and selectivity in the detection of M@e developed
a label-free sensing system using a combinatidvll&f and surface plasmon resonance (SPR), an opicahique
with good sensitivity and simplicity for analytesagq22, 23].
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In this work, a molecular imprinting polymer memieawas prepared as a sensing transducer for SRRn Ibe
applied for on-the-scene determination of MO in tiiege of 10-10°M. To the best of our knowledge, this is the
first example of morphine detection using SPR-MH&dxd sensor. This approach features a rapid respgosd
selectivity, label-free detection and most notatiis sensor has very low limit of qualification@Q).

EXPERIMENTAL SECTION

Materials

All chemicals were purchased from Sinopharm Chehfiemgent Corporation (Shanghai, China) and weee as
received. Morphine hydrochloride was obtained fr&rensic Sciences Institute, Ministry of Public Sy

(Beijing, China). In order to prepare the morphiree base, 300 mg of morphine hydrochloride wessalved in
10 mL of water, then 50 mL of concentrated /A was added and morphine base was precipitatezlsdlid was
filtrated and dried under reduced pressure to givephine free base.

Sensor membrane and sample preparation

Morphine MIPs were prepared by carefully heating g (0.025mmol) of morphine free base and 8.6 mg
(0.2mmol) of methacrylic acid until a homogeneolmge formed. Then, 0.04 g (0.2mmol) of ethylenedly
dimethacrylate, 2mL of acetonitrile, and 3mg of AlBvere successively added and the mixture was dunggh
nitrogen and polymerized on gold (50nm) SPR chipden nitrogen at 6Q for 4h. The polymer films were cooled
at ambient temperature and the chips were instafidtie SPR machine. After that, the films were hembk with
acetonitrile and 4% acetic acid until a stable basewas reached. After elution, the morphine dohg (in
DMF/acetonitrile 1:99) with different concentrati¢h0°mol/L, 10®mol/L, 10’mol/L, and 1Fmol/L) were injected.

In order to test the selectivity of the sensorpltion of codeine analogue (3®ol/L, more than 10times to the
LOQ of MO) was also injected.

Measurements

The SPR spectrometer used in this study is home-btiom the Linearly polarized He-Ne laser source
(DH-HN350P, 632.8nm, DAHENG, CHINA), the light trelg through a chopper (M197 AMETAK, USA),
polarizer, prism and sample cell, then into thetptimde and Dual Phase DSP Lock-in Amplifier (72&ignal
Recovery, USA). Schematic illustration of the SPRIMhip system is showed Kigurel The polymer surface was
scanned by Scanning Electron Microscopy (BACPCS4Blitachi, Japan) and the polymer thickness wassorea
using Bruker Profiler Dektak XT. Absorption spectsere collected using a VARIAN CARRY 50 UV-visible
spectrometer’H NMR spectra were carried out on a JINM-ECA600 speweter (JEOL).

RESULTSAND DISCUSSION

Sensing performance study for the MO detection

The MIP film was prepared by polymerizing the fuoaotl monomers directly on the gold-coated silydatgass
(LaSFN9, Refractive index 1.85002). Surface morphology af #IP film was observed by scanning electron
microscopy, which showed even and closely pacKiing polymer thickness was assessed by PROFILOMERER
about 5@um. Figure 2 compares the SPR spectra of the sehfmiin the absence and presence of the MIP film on
the gold surface. As shown in Figure 2, the resoeangle without MIP (bare gold) was 25.As expected, it
changed 45.7 after coating of the MIP film. To obtain the cae#i of MO, the MIP film was washed with
acetonitrile and 4% acetic acid. The SPR spectfar®deand after washing are shown and comparedgor€&i3.
Obviously, there is decrease (by 0.8 degree) ofritident angle, which indicated that the recognitsites of MO
were regenerated. The MO binding assay of this 8§em was performed by monitoring the SPR res@nangle
change of the MIP-coated chip. Upon adding increpaimounts of MO into the injected solution, thglarshift of
the SPR response increased gradually, as showigumeF4. Notably, there exists an excellent linedationship
between the angle shifé@) and the logarithm of the concentration of MO ([M0]) in the range of 1 M to 10°

M (Figure 5).

To elucidate the specificity of the MIP film-coatednsor for MO, a structurally related analog coegivas also
tested with the same protocol. It was found fromuFé 6 that upon injection of a high concentratiércodeine
solution, the sensing membrane with MO-cavitiesedst negligible resonance angle shift, unlike tgaicant

shifts obtained for MO at much lower concentrat{@f® M). This result should be attributed to the metétfier
group (-OCH3) substituting the phenol group (-OH)the 3-position of codeine. Therefore, one carsarably
conclude that hydrogen bonding must play a crucikd in promoting the absorption of MO in our MIi. As a

result, the MIP film-coated sensor can easily disicrate morphine from codeine at low concentratievels.

Further discussion about the sensing mechanismoigded below.
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Reproducibility of the MIP-SPR sensor

The remarkable advantage of MIPs is the irrelasitability compared to biological sensor elementsisTtan be
represented by the reproducibility of our measur@mapon regeneration of the sensing surface. Eigultustrates
the kinetic curves of elution and absorption preessit was shown that after three repeats under theesam
conditions, the sensing response for MO exhibitegbad reproducibility with a RSD <1%. Further etutiand
absorption studies of the MO MIPs suggested thatgénsor can be regenerated more than ten tinthsstong
response signal.

Sensing mechanism study

To address the mechanism behind the selectivith@fMIP-coated sensor toward MO, the absorptiorctspef
MO and codeine in the presence of functional momavh&A in methanol were compared. As shown in Fig8re
the absorption of MO exhibits two major peaks at 2hd 287 nm, similarly to MAA which exhibits ansaloption
maximum around 212 nm. However, compared to therétieal overlay spectrum of MO and MAA the abstmpt
maximum of the mixture is red-shifted to 214 nm @a@ccompanied by an absorbance decreased. Gigefadt
that hydrogen bonding can lower the energyreft* transition in a polar solvent and limit the resone of the
aromatic ring, featuring a absorption red-shift #&ygochromicity, one can conclude that a complexvben MO
and MAA which is driven by hydrogen bond has besmmid. To further confirm the importance of the togen
bond in the formation of these supramolecular cexgd, temperature-dependent absorption spectraGfaht
MAA are also collected. It was found from Figuréh@t the magnitudes of the absorption band gragliradreased
along with temperature converselyXg., which was blue-shifted. These results can bebatid to the breakage of
the hydrogen bond between MO and MAA at higher mjure. Moreover, the differences between'th&lMR
spectra of the carboxyl moiety in MAA and the MO/MAomplex further support this conclusion (Figuf@.ln
the complex, the protons in the carboxyl moiety lar@adened and vanished relative to those for “fMAA in
solution, indicating the significant contributiori bydrogen bond between MAA and MO. It is confirmguat
hydrogen bonding plays a crucial role in promoting formation of MO / MAA complex.

Evaluation of affinity constants

To obtain more insight into the formation mechanathe MO / MAA complex, the affinity constant beten MO
and MAA was determined by ratio-dependent absanpsipectra (Figure 11). The interaction between M@ a
MAA can be described by the following equation ék)d (2). Here k is the affinity constant and nhie molar
between for MAA and MO. Assuming the initial contations of MO and MAA are jaand By respectively,
equations (4) and (5) can be obtain and the compdexentration [M-M] is given by equation (3) iretlcase of
bo>>a(here nM-M] is ignored andY1AA] = by).

[MO] + n[MAA] = [M —M] (1)

— [M_M] 2)
[MO][MAA"
M= Kaa

M-M]= ©

According Beer—Lambert law, the absorbance of thé¢ure solution is composed of three parts, whickiépicted
in equation (6) where,, €g andec are the molar extinction coefficients for MO, MAghd M-M, respectively.

[MO] =g, ~[M~-M] )
[MAA] = - [ M- M] ©)

Considering equations (4) and (5), equation (7) lmargot from equation (6). It can be defined th%a? = Eala0
andA? = é’blbo, so the absorbance differend®4) should be given by the equation (8).

A=g,I[MO]+&|[MAA +£I[M - M] (6)
A=gla,+&,lb, +(g,-€,~ne,) I[M - M] ) (7
M=A-K-K=(e -, r€) [M- M =2c[ M- M] ®)
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Figurel. Schematic illustration of the SPR/MIP chip system
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Figure2. SPR spectra of baregold (1) and MIP (2) in the air
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By inserting equation (3) into equation (8) andrraaging, equation (9) is obtained whédge J¢, | and ay are

AA
constants. From this equation (9), at a reasonaiie of n, there will be a good linear relatiopshetween—-

andAA. Along this approach, several values of n wereriesl and certificated.
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Figure3. Incident angle of M1 Psbefore and after washing
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Figured. SPR spectra of MIPsinjecting different concentration of mor phine solutions
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The data of ——and AAin the case of n = 1, 2, and 3 were calculatedrapdtted in Figure 12. Among them, a
linear correlation was obtained in the case of &. Simultaneously, according to the slope and defetr of this

fitted lines, the value of k is given€ 4.17 X 10). This result indicated that MO/MAA complex wagoamation
with the molar ratio of 1/2.
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Figureb. Theliner equation of mor phine concentration and changes of resonance angle
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Figure6. SPR spectra of morphine M1P beforeinjecting (1) and after injecting (2) 10 mol/L codeine solutions
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Figure?7. Thekinetic curves of adsor ption and regeneration of MO MIPs

| etution MeCN MeCN
654 t ' i elution
MO solution H MO solution
' ' I '
64 - 7 .
< R '
% 1 . 1 ! I
£ o3 MeCN| MECN MeCN
= r I 14
ool
62 4 g % i
61 - i

E 1 = | . ] " ] " ] ¥ 1 o I N | = | ¥ 1
0 500 1000 1500 2000 2500 23000 3500 4000 4500 5000
Time/s

Figure8. Absor ption spectra of the MO, MAA and their mixture in methanol asindicated above
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Figure9. Temper ature-dependent absor ption spectra of MO and MAA (MO: 0.0lmmol/L; MAA: 0.04mmol/L) in methanol
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Figurel0. *"H-NMR spectra of the MO/MAA complex along with the *H-NMR spectra of MO and MAA
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Figurell. Ratio-dependent absor ption spectra of MO and MAA in methanol
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CONCLUSION

In conclusion, we have developed a rapid approachhie detection of morphine based on molecularimipg
polymers using surface plasmon resonance. Therggmstmbrane was prepared by simply polymerizing MVadl

MO directly on gold-coated SPR chips and it wasdulse the detection of MO after washing by eluetdpon
introduction of MO to the sensing system, MO canchptured specifically by MIP-film unlike its closgructure
analog codeine. As a result, the resonance angtheotensor increased dramatically due to the cdwiof the
components of the gold surface. This sensor id-fabe, highly sensitive and selective to MO and ¢miving force

for complexation of MAA and MO has been shown tohyelrogen bonding. The MO sensor can measure MO
concentrations as low as 1xfamol/L and it works well in the range of 1x1@ol/L to 1x10° mol/L.
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