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ABSTRACT

Isoniazid, the first line anti-tuberculosis ageatd its complexes with-cyclodextrin were investigated. The 1:1
stoichiometry ratio for the complex has been preglobased on Job’s plot and Aiagram from phase solubility
studies. These results were further interpretechqi$tM3 semi-empirical method molecular modelinge Tost
optimum position of isoniazid was located at thetee of g-cyclodextrin cavity with pyridine ring of isoniazi
facing towards primary rim of-cyclodextrin with minimum energy of -2.2990407 trke (-1442.67 kcal md).
Two intermolecular hydrogen bonds were formed amdkwvmolecular interaction betweeghcyclodextrin and
isoniazid was detected. In conclusion, the thecaktiesults were in good agreement with experimeesults.
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INTRODUCTION

Over the past decade, tuberculosis (TB) has bedbmenost dangerous contagious chronic bacteriglciitn
around the world. In fact, it caused nearly 3 millideaths annually that make World Health OrgaitinawWHO)
declared TB as global emergency [1]. Currently, W8s cured using first line drugs like isoniazidampicin,
pyrazinamide and ethambutol. In the first two menfhB will be treated intensively with isoniazidyrpzinamide
and rifampicin. Then, to eliminate any persistetuteercle bacilli, isoniazid and rifampicin will hesed for the next
four months [2].

Isoniazid, pyridine-4-carboxylic acid hydrazide,as anti-tuberculosis agent, which is usually usegdrevent the
development of clinical tuberculosis It is denoteith the formula GH;NsO with a molecular weight of 137.14
g/mol. Isoniazid is white powder, freely solublevimter (about 1g/10ml), odorless and melts at éghperature
(about 170-174 °C) [3-4]. However, the intensivatggy to counter the spread of the disease hasdistirbed by
some problems. In the case of isoniazid, althotgtissolved in water easily, it is also easily detgd by light.
Hence, it is important to protect isoniazid agathesgradation by light. One method to overcome guoblem is by
including isonazid complexation in cyclodextrin gy
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Cyclodextrins are cyclic oligosaccharides contajnin, B-, andy-cyclodextrins that comprised of 6, 7, and 8
glucopyranose units, respectively, and linkedby(1,4) bonds. Cyclodextrins are produced via muokecular
transglycosylation reaction during degradationtafch by cyclodextrin glycosyltransferase (CGTamgyme [5].
Cyclodextrin ring has cylindrical shape or moreqgsely like a conical cylinder, which is usualljudtrated as a
doughnut or wreath-shaped truncated cone. Sinceogjwanose exists as chair conformation, it makssréace
more hydrophilic because the hydroxyl functionallgr faces towards the cone exterior with the prntdroxyl
situated at the narrow and wider edge. Then, thiase also provides a hydrophilic environment, ahdlissolves
cyclodextrin in water. Meanwhile, the ethereal catygand skeletal carbon of glucopyranose unit fdrendentral
cavity which gives cyclodextrin a hydrophobic inserface that enables it to function as a hostajp $everal guest
molecules [6-9].

From the literatures review, cyclodextrin compléxathas been shown as the most effective appraaokdrcome
the problem faced by most drugs in terms of saltybistability, and bioavailability in the pharmatial industry.

Moreover, in food industries, cyclodextrin has putential to act as masking agent to cover thetasie and odor
of food. On the other hand, cyclodextrin can alsbas a drug-releasing system to prolong drug seleéa our

bodies [10-13].

Hence, the purpose of this study was to investigiagepossibility of complexation betwegrcyclodextrin and
isoniazid, as the host-guest interaction of thisyglex has not been explored widely. The complexraismniazid
with B-cyclodextrin was prepared using five different hoats: physical mixture, kneading, co-precipitation;
evaporation and freeze-drying. The ratio of comptewas also determined using phase solubility esuaind Job’s
plot. Fourier Transform Infrared Analysis (FTIR)hdrmogravimetric Analysis (TGA) and Different Scamn
Calorimetry (DSC) were used to characterize thesjgthemical determinations of the complexes. Mdhacu
modeling was also performed to study the molecihéeraction betweerf-cyclodextrin and isoniazid using
Gaussion 03W and Hyperchem software.

EXPERIMENTAL SECTION

2.1 Materials

B-cyclodextrin was purchased from Sigma Aldrich, USAd isoniazid was obtained from Sigma Aldrich,idnd
Both materials were used without any further pcaifion. Other chemical and reagents used were alfytical
grade.

2.2 Molecular modeling studies

Molecular recognition and molecular discriminatioin-cyclodextrin over isoniazid were done through roalar
modeling technique, using software such as Gauddidhand Hyperchem [15]. The geometry structurefof
cyclodextrin was obtained from the Protein Data IB&PDB) in crystalB-cyclodextrin complex (PDB ID-3CGT)
and the geometry of isoniazid was also obtainechfRDB (PDB ID-1ZID). The method and strategy useduild
and design the host-guest complexafyclodextrin and isoniazid were based on coordisgstem shown in Figure
1. Similar method was used by other researchets swime modifications to suit the guest molecule 1g. The
calculation system to optimize all geometries wasedat the Parameterized Model number 3 (PM3) lasilg
guantum mechanics (QM). Calculations were carrigdiro the gas phase, with the salvation effectduebed from
the calculation. The shape of complexes, energgfemed binding orientation, and selectivity argidglly
computed. Using PM3 semi empirical system, thentaition of the drug in cyclodextrin cavity, the tlepf
penetration and the rotational orientation of thegdinside cyclodextrin cavity were evaluated idlarto get as
close as possible to the global minimum.

2.3 Phase solubility studies

The stability constant for inclusion complex betwedkcyclodextrin and isoniazid were calculated usifpge
solubility studies method described by Higuchi &whnors [18]. Excess amount of isoniazid was addelD mL
B-cyclodextrin aqueous solution with increasing @nteations (1 x 18to 1 x 16? M). The flasks were sealed with
aluminum foil and stirred with magnetic bar usinggnetic stirrer at 100 rpm at room temperaturel®&hours until

it reached equilibrium. After 48 hours, the stirvears turned off and the temperature was maintaioe8 hours to
avoid forced solubility during stirring. The soloi was filtered using 0.2m Whatman™ microfiber filter paper to
remove undissolved compounds. The solutions weralyzed spectrophotometrically using UV-VIS
spectrophotometer (Perkin EImer 25 UV-Vis lambda)&2 nm. These steps were repeated in triplicates.
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The stability constant (# of the complex was calculated using the slopethad/-intercept of the straight line from
the phase solubility diagram based on equatiorvbelo

K.= slope/$ (1-slope) (1)

whereS;was the equilibrium solubility of isoniazid in wate

Distance

y-axis

Z-axis

21,04 |

Figure 1: The scheme of movement of isoniazid at pition 4A and 0°

2.4 Continuous Variation Method (Job’s Plot)

Job’s plot was carried out according to Job [1%juitholar 2.25 x 10 M solution of B-cyclodextrin and isoniazid
were mixed to a fixed volume and the concentratimfrtsoth solutions were kept constant. All solutomere stirred
for about 24 hours at room temperature at 100 ifime. solutions were analyzed using UV-Vis spectropimeter
(Perkin Elmer 25 UV-Vis lambda) at 262 nm. Thesspstwere also done in triplicates. The gragh= A - A,
which shows the difference in absorbance in thegreand absent @fcyclodextrin against R, where R was R =
[INH]/ {[INH] + [ B -CD]} was plotted.

2.5 Preparation and characterization of host-guasnplexes

2.5.1 Physical Mixture

The mixtures were prepared by pulverization usingrtar and pestle for 30 minutes. Then, the mixtwees
collected and kept in desiccators for further ekpent.

2.5.2 Kneading Method

An equal molar of-cyclodextrin and isoniazid were mixed simultandpirs mortar with a pestle for 10 minutes. 1
ml of a 1:1 ratio mixed ethanol-water (v/v) was eddo the mixture, and the paste was further kretéateanother

1 hour. Kneading steps were done until the produat dried at the wall of the mortar. The producs wallected
and dried in the oven at 60°C for 24 hours. Thenmyas pulverized to a fine powder and kept in desiars for
further evaluation.

2.5.3 Co-Precipitation

An equimolar off-cyclodextrin and isoniazid were prepared separatetl stirred using magnetic bar. After these
solutions reached equilibriunB;cyclodextrin aqueous solution was added slowlppdoy drop, into the aqueous
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solution containing isoniazid. Then, the mixturesvairred for 48 hours at 100 rpm at room tempeeatifter it
reached equilibrium, the solution was filtered gsif.2 ym Whatman™ microfiber filter paper to remove
undissolved compound. The residue was collecteddsied in the oven at 60°C for 24 hours. The produas
pulverized to a fine powder and kept in desiccaforfurther experiment.

2.5.4 Co-Evaporation

An equimolar of-cyclodextrin and isoniazid were prepared separatetl stirred using magnetic bar. After these
solutions reach equilibriunf}-cyclodextrin aqueous solution was added slowlyistmniazid solution. Then, the
mixture was stirred for another 48 hours at 100 giroom temperature. After it reached equilibridhg solution
was filtered using 0.2m Whatman™ microfiber filter paper to remove undigsd compound. The residue was
collected and dried at room temperature for anciehnours. The product was pulverized to a fine gevand kept

in desiccators for further experiment.

2.5.5 Freeze-drying

An equimolar of3 -cyclodextrin and isoniazid were prepared sepbraite aqueous solution gfcyclodextrin and
isoniazid were mixed together and continuouslyesirwith magnetic bar for 48 hours at room tempeeatntil it
reached equilibrium. The resultant solution wasitfiezen at -20 °C for 24 hours and was lyophilifedanother
48 hours in the freeze dryer. The product was ctadtband kept in the desiccators for further anglys

2.5.6 Fourier Transform Infrared Analysis (FTIR)

Before analyzing the samples, the individual sanaple potassium bromide (KBr) were mixed in a 1iBorasing
mortar and pestle. Eight tons hydraulic pressure uged to form a pallet mixing sample. The spegtee scanned
in the range of 400- 4000 ¢husing Perkin EImer System 2000 FTIR spectrometer.

2.5.7 Thermogravimetric Analysis (TGA)

About 5-10 mg of the samples was weighed using @mum crucible. The sample was then placed in a pre-
equilibrated furnace at ambient temperature. Theptawas heated from 20 to 700 °C at a heatingohid® °C /
min using TGA, Mettler TGA/SDTA 851e under dynamécgon atmosphere. The change in weight with
temperature was recorded for all samples.

2.5.8 Different Scanning Calorimetry (DSC)

5- 10 mg of samples was prepared and placed inimlumpans. Then, the sample was heated betwee2%B0t6C
at a rate of 20 °C / min using DSC, Pyris 1DSC Petmer under nitrogen flow. The thermogramsdbisamples
were recorded. The empty aluminum pans were usesference.

RESULTS AND DISCUSSION

3.1 Molecular Modeling Studies

Figure 2 shows the structure of the complex obththeough molecular modeling studies accordincht method
described in the experimental section. The low gyneonformation of-cyclodextrin/isoniazid complex was found
at -2.2990407 Hartree (-1442.67 kcal abith the isoniazid positioned in the center cpvif B-cyclodextrin and
pyridine ring of isoniazid facing towards the pripaim of B-cyclodextrin cavity.

The binding energy of compled€;.; was -0.020 Hartree (-12.64 kcal mplThe binding energy was defined as the
difference between the sum of energy of individbhakt and guest molecule and the energy of the siwiu
complex. Negative value indicates stronger intéoacflT herefore, the more negative the value issthenger is the
interaction between molecules. Based on the cakulitbgalue, the interaction betwepstyclodextrin and isoniazid
was weak [20].

The molecular interaction between O-H---O atonmhie ¢omplex forms intermolecular hydrogen bondingnation.
From Figure 1(b), we can see that an interactialuwed between the oxygen atom at isoniazid wit® Hend at
the sixth ring of D-glucopyranose pfcyclodextrin. The distance of hydrogen bond H-b&ween hydrogen atom
at the sixth ring of-cyclodextrin and the oxygen atom at isoniazid Wa0675 A and its angle was 169.9°. The
distance for the second hydrogen bond H----O betwke hydrogen atom at the sixth ringBe¢yclodextrin and the
oxygen atom at isoniazid was 1.82780and its angle was 173.2°. The distances and amgtes possible to be
formed in hydrogen bonding interaction.
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Figure 2: The structure of the complex from side ew (a) and top view (b)

3.2 Phase Solubility Studies

Figure 3 shows the phase solubility study for thenplex formed betweep-cyclodextrin and isoniazid based on
Higuchi and Conners study. The plot shows thataty@eous solubility of isoniazid increased linearytandem
with increasingB-cyclodextrin concentration. Based on the graphyas suggested that the formation betwpen
cyclodextrin and isoniazid was in a 1:1 ratio sitloe linear host-guest correlation slope was leas 1, and it was
an A type graph with respect {&cyclodextrin concentration. The stability constafifvalue calculated using the
slope obtained from equation 1 was 5623.7. Mhe larger K indicated that the complex in a 1:1 ratio wasadlst
complex. Moreover, if the stability constant is teeak, there will be little improvement in terms dfugs
solubility. But, if the stability constant is toereng or greater than 10 000 \Mthe complex is unstable and cannot
dissociate easily. Hence, this present study shbatsthe complex was stable and suitable for imjpgisoniazid
stability based on the stability constant.
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Figure 3: Phase solubility studies profile of isorizid/g-cyclodextrin complex at 25 °C
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3.3 Continuous Variation Method (Job’s Plot)

The interaction betweefi-cyclodextrin and isoniazid was further studied darrying out continuous variation
method (Job’s plot) to determine the stoichiomeifythe complex. According to Job’s plot method, leygical
parameter directly related to the concentratiothefcomplex can be measured for a set of sampleawittinuously
varying molar fraction of its components [21]. hetsample, the maximum concentration of the compteurred
when the molar ratio, R corresponded to the conaienr stoichiometry. Based on Figure 34, the maximu
absorbance variation for isoniazid facyclodextrin was observed at R= 0.5. This reshbves that the main
stoichiometry of isoniazid anp-cyclodextrin complex was a 1:1 ratio and this dadés that it was in agreement
with the phase solubility studies result, whichgesgted the same molar ratio.
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Figure 4: Continuous variation method (Job’s plot)for isoniazid/g-cyclodextrin system from absorbance measurements

3.4 Fourier Transform Infrared (FTIR) analysis

FTIR analysis method is the most important techaitpu estimate the interaction between host andtdnesolid
state. FTIR spectra fg-cyclodextrin, single isoniazid and complexes fréue different methods are shown in
Figure 5. Upon complexation, the absorption vilmagi of complexes were dominatedBgyclodextrin bands since
B-cyclodextrin structure consisted of seven repe&@eglucopyranose unit. Hence, the recorded FTIRctspeof
complexes were quite similar with FTIR spectrg3afyclodextrin [22, 23]. These phenomena occurrezhbse of
two factors. Firstly, the host-guest molecule aeotdlly had the absorption vibration value due he same
chemical bonding. Secondlf;cyclodextrin, which had polar functional groupsQOCand O-H, resulted in a strong
absorption vibration. There were three absorptiands that showed the formation of host-guest coxafiten.
Firstly, absorption band at ~ 2924 tnwhich showed stretching of C-H bond in all compénd p-cyclodextrin
molecule, but was absent in pure isoniazid. Segomdisorption band at ~1556 ¢mepresented as N-N-H bending
both in isoniazid and all complexes, but was absepicyclodextrin. Lastly, absorption band at~ 1334’showed
C-N stretching in isoniazid and all complex spednat was absent iprcyclodextrin. Hence, these observations can
be considered as a confirmation for the host-gieestation betweef-cyclodextrin and isoniazid [24, 25].

3.5 Thermogravimetric Analysis (TGA)

Figure 6 shows the TGA profile foB-cyclodextrin molecule in two stages of weight lo3$e first stage
decomposition occurred approximately at 100 °Cdat#id the loss of water molecules by about 13.74TB&.
second stage decomposition occurred between 200@8@0owed major decomposition [Byclodextrin structure

of about 80.38 % and the residue was 5.89 % inelickiose material. As for isoniazid molecule, thatew
decomposition was about 82.9 % at 100 °C. The skqdrase decomposition occurred between 320-900 °C
indicated the decomposition of isoniazid molecul8.42 %) and the remaining residue of 1.33 % inditahe
presence of loose material in the molecule.
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Figure 5: FTIR spectra for isoniazid (a),p-cyclodextrin (b), physical mixture complex (c), keading complex (d), Co-precipitation
complex (e), Co-evaporation complex (f), and freezdrying complex (g) from 400-4000 cm
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Figure 6: TGA thermogram for isoniazid (A), B-cyclodextrin (B), physical mixture (C), kneading D), co-precipitation (E), co-evaporation
(F) and freeze-drying (G) system
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Figure 6 also showed TGA thermogram for the comggeX GA thermogram showed two decomposition phfases
all complexes, except co-evaporation. All complessserienced the same level of water moleculesrdposition,
but had different percentage of weight loss infthe period of 100 °C. 5.60 % decomposition of @atolecules
occurred for physical mixture, 6.49 % for kneadiBg{9 % for co-precipitation, 11.42 % for co-evagimn and
9.83 % for freeze-drying. The second phase of decsition occurred between 140-900 °C (except for co
evaporation) showed the decomposition of entire meres structure involvin@-cyclodextrin and isoniazid. The
percentages of decomposition were 85.98 % for physinixture, 84.04 % for kneading, 83.19 % for co-
precipitation, and 81.52 % for freeze-drying. As éo-evaporation, the percentage of decompositonhie second
and third phases were 1.90 % and 79.54 % respBctaleowed the decomposition of complex in cry$baim and
decomposition of the entire complex structure. €hfasdings show that water loss percentage in corgd was
lower compared to water loss percentag@-gyclodextrin molecule, which proved that some wat®lecules in
host-guest complexes were displaced to allow guestcules enter tp-cyclodextrin cavity [26].

3.6 Differential Scanning Calorimetry (DSC) Analysi

The DSC thermogram fds-cyclodextrin, isoniazid and complexes assayedpaesented in Figure 7. The DSC
curve for isoniazid displayed a sharp endotherraskpat 176.09 °C, which was considered as its ngefioint. The
DSC thermogram fop-cyclodextrin displayed broad endothermic bandsuad®-130 °C due to water molecule
released. Co-evaporation and freeze-drying showeadtion of broad endothermic bands similar to thap-
cyclodextrin, but the sharp endothermic band ofigzid had disappeared. On the contrary, DSC thgramo for
physical mixture, kneading and co-precipitationvgbd total disappearance of both sharp endotheranntld of
isoniazid and broad endothermic ban@afyclodextrin, indicating the formation of host-gtienclusion complex or
an amorphous or both [27].
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Figure 7: DSC thermogram for isoniazid (A),B-cyclodextrin (B), physical mixture (C), kneading D), co-precipitation (E), co-evaporation
(F) and freeze-drying (G) system
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CONCLUSION

As a conclusion, it was found that co-precipitatitas a potential to be the best method to prepereamplex
betweenB-cyclodextrin and isoniazid as it enhanced theilityalof isoniazid in aqueous solution. Co-prectibn
showed the optimum results for all stability testgjected to room light and UV light exposure irffedent
conditions. Based on these results, the suitabtéodeo be used to enhance the stability of isadiazcording the
following order: co-precipitation > freeze dryingce-evaporation. In terms of storage, free drugshyedegraded
by light especially UV light and also at higher emature. Furthermore, it is suitable to be keptraom
temperature and protected from light. Additionaligjdic solution is the suitable buffer to be ugddrmulation in
liquid phase.

Acknowledgments

We would like to acknowledge to Ministery of HighEducation for the financial support through MyBiEb
MyMaster scheme, Universiti Sains Malaysia for fumgd this research under grant 1001/PPSP/8123035 and
graduate assistance scheme (GA) for financial stippo

REFERENCES

[1] S Ranjita; AS Loaye; M Khalil). Pharm Pharmaceut ScP011, 14, 100-116.

[2] M Asif. Int, J. Pharm Chem2012 4, 110-120.

[3] AG Brewer. Isoniazid, Analytical Profiles of Dg Substances. Academic press, New York, 1977.

[4] A Carlin; N Gregory; J Simmond, Pharm Bio Anal 1998 17, 885-890.

[5] J Szejtli, Cyclodextrin in Pharmacy. Kluwer Atemic Publisher, Dordrecht, The Netherlands, 1994.

[6] J Szejtli,Chem Rey1998 98, 1743-1753.

[7] J Szejtli.Pure Appl Chem?2004 76(10), 1825-1845.

[8] HJ Schneider; F Hacket; V Rudig&hem Rey 1998 98, 1755-1785.

[9] L Lawtrakul; H Vierstein; P Wolschanimt J. Pharm, 2003 256, 33-41.

[10] J Valentino Stella.; A Roger Rajewskharm Res 1997, 14(5), 556-567.

[11] L Szente; J Szejtlifrends. Food Sci Tegl2004 15, 137-142.

[12] R Challa; A Ahuja; J Ali; RK KharAAPS Pharm Sci Tegl2005 6(2), 329-357.

[13] L Szente; J SzejtlEur J. Pharm Biopharma2005 61,115-125.

[14] E Frisch; RD Dennington II; TA Keith; AB Nieds; AJ Holder, GaussView. Gaussian, Inc., Pittsbu2§03.
[15] HyperChem Release 7.5 for Windows, HyperCuibe, USA, 2003.

[16] KS Song; CH Hou; L Liu; XS Li; QX Gual. Photochem Photobiol. 2001, 139, 105-109.

[17] EC Yang; XJ Zhao; F Hua; JK Hah,Mol Struct (TheochemPp04 712, 75-79.

[18] T Higuchi; KA ConnorsAdv Anal Chem Inst1965 4, 117-212.

[19] Job,Ann Chim, 1928 9, 113.

[20] IV Terekhova; RS KumeeRuss J. Phys Chem,2008 84, 1-6.

[21] C Jullian; MM Javier; ZT Gerald; B Aguilera;Rodriguez; V Aran; OA Claudial. Bioorg Med Chem2008
16, 5078-5084.

[22] EJ Wang; ZX Lian; J CaCarbohydr Res 2007, 342, 767-771.

[23] SS Braga; MPM Marques; JB Sousa; M Pilingd€ Jeixeira-Dias; IS Goncalve}, Organomet Cheni2005
690, 2905-2912.

[24] V Crupi; R Ficarra; M Guardo; D Majolino; R&tcanelli; V Venuti,J. Pharm Biomedic Angl2007, 44, 110-
117.

[25] AZ Haiyee; N Saim; M Said; MD lllias; AWM Muapha; O Hassafood Chem 2009 114, 459-465.

[26] YL Shen; SH Yang; LM Wu; XY MaSpectrochim Acta Mol Biomol Spectr,d¥05 61, 1025-1028.

[27] A Ghuzlaan; MM Al Omari; KA Al-Sou’od,. Sol Chem 2009 38, 83-94.

299



