Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2@, 6(12):394-402

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Histamine H,-receptor antagonist imprinted-poly (vinylimidazole) grafted
multiwalled carbon nanotubes

Sooraj M. P. and Beena Mathew

School of Chemical Sciences, Mahatma Gandhi University, Kottayam, Kerala, India

ABSTRACT

Functionalised surfaces of multiwalled carbon nanotubes were used for grafting cimetidine, a histamine H,-receptor
antagonist, imprinted poly(vinylimidazol€) onto the nano matrix. Fourier Transform-Infrared spectroscopy, Powder
X-ray Diffraction studies, Thermogravimetric Analysis and Scanning Electron Microscopy were used for the
characterisation of the product. Different parameters affecting the rebinding process like initial template
concentration, time of contact, mass of sorbent etc. were optimised. The nanosorbent exhibited excellent
homogeneity as indicated by its high regression coefficient value (R* = 0.999) for Langmuir adsorption isotherm
model. Selectivity studies further demonstrated the successful fabrication of template-specific cavities on the surface
of the nanosorbent.

Key words: molecular imprinting; nanotubes; morphology; agson; thermogravimetric analysis

INTRODUCTION

Molecular imprinting is the method of creating “memy cavities” using an analyte molecule as the impn a
rigid polymeric matrix [1]. The target moleculeléter removed without disturbing the geometry & slolid matrix.
The cavities thus formed will be capable of seledyi and specifically binding the analyte moleculbe use of a
suitable cross linker also helps to maintain th@iy of the polymer and its well defined recogmit sites [2].The
molecularly imprinted polymer retains the ability tebind the template because of its functionahrayement
regarding shape selectivity and pre-organisatiorfuottional groups [3]However, deeply imprinted cavities,
production of heterogeneous binding sites, entraproé template molecules in the polymer matrix, pede
accessibility etc. poses serious disadvantagesragitibnal bulk imprinted polymers [4]. This hindeithe
performance of MIPs reducing their kinetics of himgl target analyte. The incorporation of nanostrred,
particularly carbon nanotubes, into the polymerrimdias proven quite successful in solving theseblgms to a
great extent due to the high surface-to-volumenrimtiparted by them to the polymer matrix. This aarease the
surface area of polymers thereby creating moregr@tion sites near or in the surface of the sorfi@nthe analyte.
Cimetidine, approved by FDA for the inhibition chgiric acid secretion, is considered as the first Blockbuster
drug. Chemically it is a histaminex@ieceptor antagonist, which is used in the treatro€heartburn, peptic ulcers,
gastric and breast cancer [5]. We present hereffanient nanostructure-based-sorbent technique ntpkise of
molecular imprinting technology for the selectiwzagnition and separation of cimetidine from itsselly related
compounds. The molecularly imprinted sorbent (MWGMIP) was prepared on surface vinyl functionalisedlti
walled carbon nanotubes with cimetidine as templateinylimidazole as functional monomer, EGDMA @®ss-
linker and AIBN as initiator. The sorbent rebindipgpcess was optimised with regard to various patars. The
selective recognition of MWCNT-MIP towards CIM wasaluated using adsorption experiments. The adsarpt
isotherms of the MWCNT-MIP were also studied inadefThe composition of MWCNT-MIP was analysed w@sin
FT-IR, powder XRD and thermo gravimetric analysid gheir morphologies were observed using scangliecfron
microscopic technique.
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EXPERIMENTAL SECTION

Materials

Pristine multiwalled carbon nanotubes were purathasem Reinste Nano Ventures Private Limitdddia. 1-
Vinylimidazole (V1Z,98%), 2-hydroxy ethyl methacrylate (HEMA 99%), ethydeglycol dimethacrylate (EGDMA,
98%) and all solvents (HPLC grade) were obtainedhfMerck, India. Cimetidine (CIM, 99%), RanitidigRAN,
99%), Famotidine (FAM, 99%), 2,2’-azo-bisisobutyitale (AIBN) and thionyl chloride (SOG) were obtained
from Sigma Aldrich. All chemicals and solvents wesed as obtained without further purification.

Apparatus

The Fourier-transform infrared spectra (FT-IR) weeeorded on a Perkin-Elmer 400 FT-IR spectrophetem
using direct sampling techniquéltraviolet-visible (UV-vis) absorption spectra weinvestigated by a Shimadzu
UV-vis. spectrophotometer model 2450Thermogravimetric analysis (TGA) was conducted on a
NETZSCHSTA449C instrument from room temperatures@°C at a heating rate of 0/min under nitrogen
atmosphereMorphological studies were carried out on a JEOMES90A scanning electron microscope (SEM).

Carboxyl functionalisation of MWCNT

The purchased MWCNT was purified as reported inliteeature [6]. 0.75g purified MWCNT was sonicatetith
50mL conc. HNQfor about 12 minutes in a bath type sonicator aKK@. The mixture was then stirred at’80for
7.5h followed by dilution with excess amount ofa@sed water and filtration through2om PTFE membrane to
separate the solid component. The washing proceslaserepeated until the pH of the filtrate becametral. The
obtained solid product was dried under vacuum &iC66br 24 hours, yielding MWCNT with carboxyl
functionalisation.

Preparation of vinyl functionalized MWCNT (MWCNT-CH=CH,)

0.5 MWCNT-COOH was added into 20mL S@@ 15mL THF and refluxed at 86 for 24h under vigorous
stirring. After cooling, the mixture was repeatediyashed with THF (5x25mL). Centrifugation at 140G8m
separated the solid product from THF solution whigis then dried under vacuum af@&@dor 18h. The obtained
MWCNT-COCI treated with 3mL 2-hydroxy ethylmethalete yield the surface vinyl functionalised product,
MWCNT-CH=CH, [7].

Preparation of cimetidine (CIM) imprinted polymer on multiwalled carbon nanotubes

0.075g vinyl functionalized MWCNT mixed with 0.5mineof 1-vinylimidazole (VIZ), 0.1mmol CIM and 1mmol
EGDMA in 25mL acetonitrile was sonicated for 20rfin the better dispersion of MWCNTSs. To this 50miBN
was added and refluxed at°@for 24h under Natmosphere. The polymer formed was separated r@nohd well.

It was then washed repeatedly with methanol fordbmplete removal of drug molecules which was nuovad
using UV-vis. spectroscopy.f,=220nm). The imprinted polymer thus obtained wasddim a vacuum desiccator
for 24h before use. For comparison, the non-impdmiolymers on MWCNT (MWCNT-NIP) were also prepared
using the same procedure, but without using thg dralecules in the polymerization process.

I nitial template concentration

The initial template concentration at which maximamount of template is bound by a given mass o&tisarbent
was studied and optimized through a batch equtlidmgprocess. For this, 0.01g of MWCNT-MIP/NIP wadded

into each of the 6 samples of 8mL analyte solutiaming different concentration (0.4, 0.8,...3.6 mmblLThe

system was then equilibrated and centrifuged. Th&imum amount of template bound by the polymer lban
calculated using a Uv-vis spectrophotometer at 22fiom the collected centrifugate using the equmtio

Qe (G-CoVIM (1)

where G (mmolL™) and G (mmolLY) arethe initial and equilibrium concentration, V (L) the volume of
cimetidine solution and M (g) is the weight of $@bent.

Time of contact

0.01g of MWCNT-MIP/NIP was added into each of a hemof 8mL samples of 2.4mmatL.CIM solution. After
equilibration at different time intervals, the mir¢ was centrifuged (1600rpm), filtered and thecemtration of
CIM in the supernatant was measured at 220nm wsldy-vis spectrophotometer. The adsorption amoonhtd at
different time intervals was calculated using emurafl).
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Adsorbent mass

The effect of increasing adsorbent dosage (5 tog@dOwas studied by equilibrating the respective Wweigf
adsorbent with the optimum template concentratidme amount of template bound by the polymer sorbers
calculated using equation (1).

Adsorption experiment

The uniformity and distribution of binding sites tire nanosorbents were evaluated using LangmuiFasghdlich
adsorption isotherms. 10mg of the synthesized stsb@MWCNT-MIP) was added to 8mL each of template
solution having different concentration rangingnfr6.4 to 2.4mmolL. It was then shaken for 4h. The equilibrated
mixture was centrifuged and decanted. Using UVsyiectra (220nm), concentration of the supernatquidl was
measured. From this data the adsorption capacify dfxhe adsorbent was calculated (eqgn 1). The raxpatal
value of Q obtained from concentration study was compareti ttie theoretical values of.@btained using the
Langmuir (2) and Freundlich (3) equations:

(1/Qe)= (1/Qy) +(1/QnKa) x (1/C) ()
log (Q) = log Ke+ 1/n'log G 3)

where G (mmolL?) and Q (mmolg?) are CIM concentration and amount adsorbed atrptisn equilibrium, Q,
(mmolgh) and K, (LmmolY) are the theoretical maximum adsorption capagity bangmuir equilibrium constant
related to the theoretical maximum adsorption ciypand energy of adsorption, respectively: &d n are the
Freundlich constants, which denote the adsorptaracity and adsorption intensity respectively. gdlameters of
each model can be found from the slope and intéxafape different plots using regression analy$tse validity of
isotherm models was compared by using correlatiefficient (R) value.

Selectivity studies

The ability of the nanostructure-incorporated satlie selectively and specifically bind the analgtelecule from a
mixture of closely related compounds was tested bwgtch equilibration process where 2.4mmol sahstiof CIM,
RAN and FAM were used. The procedure was sameasothadsorption studies. The separation and selyct
factors of MWCNT-MIP towards CIM over RA and FAM weecalculated using the equations:

Separation factofempiate) = Kmip/ Knip 4)

K = Templatesoung/ Template:ee (5)

The selectivity of the imprinted polymers towarle template was calculated in terms of selectiaityor.

Selectivity factor =oremplard®analogue (6)
RESULTS AND DISCUSSION

FT-IR spectra were used to characterize the stralctihanges of purified MWCNT, MWCNT-COOH, MWCNT-
CH=CH, and MWCNT-MIP before and after washing. PurifiedM@NT shows a strong peak at 1737 tm
corresponding to the C=0 stretching vibration, ehhe peak at 2928 ¢chis related to the asymmetric stretching
vibration of C-H. The presence of additional peaks3300and 1581 cit in the acid processed MWCNTSs
corresponded to the presence of functional gro@id and —COOH. The peak at 1352 tand several other low
intensity peaks were attributed to the C—-O stretghiibrations of —-COOH. The appearance of C=C @ak630
cm’ after the coupling of HEMA with MWCNT-COCI confirmhie successful grafting of vinyl functionalisation
onto the MWCNT surface. Further, a strong peak ciased with ether linkage around 1166 tonfirmed the
coupling of HEMA to MWCNT through the -O- atom. MW -MIP before and after leaching out template, gave
notably different spectra. Before washing spectsimmwed peaks at 3136 and 3216 cfor the N-H stretch and at
2176 and 1615 crhfor the —CN triple bond and the >C=N- stretch ydrm-guanidine unit of CIM respectively,
which were absent in the after washing spectrunis demonstrated that the template was held by thener
before complete leaching out.
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Figure 1. Powder X-ray diffraction patterns of (a) MWCNT, (b) MWCNT-COOH and (c) MWCNT-MIP

X-ray diffraction technique gives useful insightdrthe crystallinity of MWCNT-MIP (fig 1). The XR[pattern of
MWCNT clearly shows two crystalline peaks @t =2 25.8 and @ = 43.7 corresponding to the interlayer spacing
(dooz) and reflection(dyog) of MWCNT [8]. MWCNT-COOH was found to retain theystalline nature of parent
nanotubes. However, MWCNT-MIPs show sharp peaksarted by the crystalline MWCNTSs in addition to the
broad peaks characteristic of the amorphous polyftas further confirms the effective clubbing afnostructures
into the polymer matrix [4].

Mass percentige (96)

20 MW ENTINT

Figure 2. TGA curves of (@) MWCNT, (b) MWCNT-COOH and (c) MWCNT-MIP (heating rate of 10°C min™ from room temperature to
600 °C under N atmosphere)

In the thermogravimetric analysis (fig 2) pristidVCNT was found to be thermally stable upto 8D@vithout any
significant mass loss. MWCNT-COOH underwent a cantius and less obvious mass loss which may beodie t
decomposition of carbonyl groups from the surfatdM®CNT. From the residual yield, the percentageaoid

formation on the surface of carbon nanotubes wésuleded to be 8%. The thermal decomposition pattar
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MWCNT-MIP showed an apparent mass loss in the teatpes range 3000 450C due to the degradation of the
polymer part. From the residual magsrcentage of multiwalled carbon nanotube in MWCONIR was found to be
about 14.75%.

30kv  X50,000 0.5ym 10KV X30,000 0.5um

Figure 3. Scanning electron micrographs of (a) MWCN and (b) MWCNT-MIP

The SEM micrographs (fig 3) of pristine MWCNT shalveanosized tubular moieties with an average diamet
around 6 to 8nmMWCNT-MIPs showed an increase in diameter with réainment of nanofibrillar morphology
thus illustrating the incorporation of MWCNTSs irtfee polymer matrix. Moreover, the MIP showed a tosgrface
morphology which may be due to the leaching oupifit molecules from the polymer matrix leading the
formation of template-specific cavities on its sué. This visibly substantiates the higher homoigempressed
by the MWCNT-polymer system.

Concentration study
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Figure 4. Adsorption isotherms of imprinted and norimprinted polymers (Amount of polymer, 10mg; volune, 8.0 mL; concentration of
CIM from 0.4 to 3.6 mmolL™)

The maximum amount of template bound by the polysmbent for different initial template concentoais
(investigated under the specified conditions; ccintame of 4h; adsorbent dosage of 10mg; and teatpes of
28°C) is shown in fig 4. As can be seen, the amounéwiplate bound Qof MWCNT-MIP tends to increase with
an increase in initial template concentration. Hesve Q increases only upto an optimum initial concentratio
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beyond which Qof MWCNT-MIP remains almost a constant. The initise in Q value is due to the availability of
a large number of easily available surface bindaitgs which becomes saturated as template contientra
increases. However, the non-imprinted polymer showsparticular affinity or specificity towards thenalyte
molecule due to the lack of template complementayities. The non-covalent forces, associated wélity
conformations, direct the monomer functionalities that “memory cavities” with high affinity, selédgty and
specificity towards the template molecule are @eat

Adsorbent dosage

I MWCNT-MIP

074 [Z2ZMWCNT-NIP
I
[e]
€
£
5054
(¢}
<
€044
3
[*]
Qo
[]
E 034
Q
€
2024
s
E
201 : .
€ X '
< X ‘

00 - .

5 10 15 20
Mass,M (mg)

Figure 5. Effect of adsorbent dosage on template bad (Amount of polymer varies from 5 to 20mg; volune, 8.0 mL; concentration of
CIM, 2.4 mmolL™, binding time, 4h)

As expected, the removal efficiency of adsorbemtdased with an increase in its weight used owmmghe
availability of more number of binding sites (fi§. Although both MWCNT-MIP and MWCNT-NIP have alntos
similar surface-to-volume ratio due to the incogimn of same amount of carbon nanotubes, the absef
template-specific binding sites in MWCNT-NIP exses itself as very low Qalues.
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Figure 6. Effect of time on template bound (Amounbf polymer varies from 10mg; volume, 8.0mL; concemation of CIM, 2.4 mmolL 2,
binding time, 4h)
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The effect of increasing time of contact betweenallsorbent and adsorbate in the process of reljinslidepicted
in fig 6. The maximum rebinding by MWCNT-MIP is abst completed within the first 15 minutes indicgtithat
the majority of the binding sites are located oa #urface of the sorbent. As time increases, thenexf Q
increase decreases and the reaches a constanterjhglight increase points to the saturation ofbig sites near
to the surface whereas the constant value showsahfarrther adsorption occurs after an optimunetperiod.

Adsorption isotherms
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Figure 7. Langmuir plot for adsorption of CIM by MW CNT-MIP (Amount of polymer 10mg; volume, 8.0 mL; cancentration of CIM
0.04 to 2.4 mmoll?, binding time, 4h)

5 MWCNT-MIP

Figure 8. Freundlich plot for adsorption of CIM by MWCNT-MIP (Amount of polymer 10mg; volume, 8.0 mL; concentration of CIM
0.04 to 2.4 mmoll?, binding time, 4h)

Table 1 Adsorption isotherm parameters of MWCNT-MIP

Langmuir parameters Freundlich parameters
Sample Qn Ka R? ki R?
(mmolg")  (Lmmol™) [(mmol/g)(L/mmol)"]
MWCNT-MIP 0.36 32.3 0.999 5.9 0.33 0.891

Adsorption isotherms represent the relationshipvben the amount adsorbed by unit weight of the rheés and
the amount of adsorbate remaining in the solutioagailibrium. Adsorption isotherm data of MWCNT-Rliwas
found to be well-fit for Langmuir model than Frelind based on least square fit (fig 7 and 8). Tégression
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coefficient value tending towards unity R 0.999) and the agreeability between the caled|& (from Langmuir,
Q.= 0.36) and experimental,rom concentration study, & 0.36) render the Langmuir model as the bestlsleita
one for explaining template rebinding in MWCNT-M(Pable 1). Consequently, in MWCNT-MIP the adsorptio
process is mainly monolayer adsorption on a homeges adsorbent surface with no transmigration sbdzite in
the plane of surface. This corroborates with thgh liomogeneity expressed by the system.

Selectivity Experiments

MWCNT-MIP exhibited high selectivity towards themtplate molecule CIM as compared to its closelytegla
structural analogues (fig 9 and table 2). This mgaidences the formation of template-specific gaition sites on
the surface of MWCNT-MIP. However, MWCNT-NIP showelinost similar adsorption capacity towards ale¢hr
molecules irrespective of their size, shape andtfanality due to the lack of specific recognitisites. Also,

MWCNT-NIP showed much lower Qalues than MWCNT-MIP as it binds compounds by wseak non-specific
adsorption only.
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Amount of template bound, Qe (mmolg-1)

Figure 9. Evaluation of the selectivity of MWCNT-MIP/NIP for CIM, RAN and FAM

Table 2 The selectivity and separation factors ohe MWCNT-MIP

Separation factor Selectivity factor
Drugs

(CLTem Iate) = KMIP/ Knip = OfTem Ian/aAnalo ue
CIM 4.264 B
RAN 1.089 3.916
FAM 1.130 3.774
CONCLUSION

Cimetidine, a histamine feceptor antagonist, imprinted poly(vinylimidaZolgas successfully grafted onto the
surface of vinyl functionalised MWCNTs resulting m novel composite sorbent capable of selectivelg a
specifically rebinding the target analyte. The praid were completely characterised using FT-IR, BXRGA and
SEM analyses. Various parameters such as tempateotration, time of contact, adsorbent dosagendtich can
affect the rebinding process were optimised. Fraisogption isotherm experiments, MWCNT-MIP was found
follow Langmuir adsorption model of monolayer aggmm on a homogeneous surface. The excellenttsatgc
and specificity of the imprinted polymer towardsMCas compared to its structural analogues RAN aflll Fvere
further confirmed by selectivity studies.
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