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ABSTRACT

Isoniazid and isoniazigfcyclodextrin complexes were prepared in equal madéios and their photostability in
aqueous solution under room light and UV light esqpes were evaluated. An aqueous solution of igudia
cyclodextrin complexes was prepared using fiveeifft methods via co-precipitation, co-evaporation freeze-
drying at different temperatures and pH buffer siolus. Stability tests for free isoniazid showedt tisoniazid was
stable at room temperature (25 °C) and acidic buffelution. Additionally-cyclodextrin slightly enhanced the
stability of isoniazid under the tested paramefemong the tested complexes, the stability effeceased in the
following order: co-precipitation > freeze-drying co-evaporation.
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INTRODUCTION

Tuberculosis (TB) is the most dangerous contagausnic bacterial infection and infect populatioownd the
world. In fact, about 3 million deaths annually reakWorld Health Organization (WHOQO) declared TB &xbal

emergency [1]. Currently, first line drugs suchissniazid, rifampicin, pyrazimanide and ethambutalie been
used to cure TB. For first two months, TB will redted intensively with isoniazid, pyranizamide aifidmpicin

followed by isoniazid and rifampicin for the nexuf month to eliminate any persistence tuberclalbga].

Isoniazid (INH) or pyridine-4-carboxylic acid hydide, is an antituberculosis drug, which is comrgamded to
prevent the development of clinical tuberculosie Tholecular formula of isoniazid denoted agi;O with a
molecular weight of 137.14 g/mol. Isoniazid is vehgowder, freely soluble in water (about 1g/10mdorless and
melts at high temperature (about 170-174 °C) [3-4].

Recently, the intensive strategy to counter theagiing of disease has encountered with some proliteoase of
isoniazid, the pharmacokinetics of isoniazid waskveluring administration into body. Oral adminiitra was

usually used because of its high aqueous solulility hence, only small amount of isoniazid leve$ watected in
plasma [5]. It also has been reported that almBst® % of isoniazid that was orally administratachuman gets
excreted within 24 hours of drug administration dvefit reached to specific targeted organs [6]. édeer,

isoniazid also showed short half-life timgp ©f 1-4 hours causing it to be regularly adminigtdaor taking in
higher doses in order to maintain the required rpéagoncentration [7]. Although it is easily soluldfewater,

unfortunately it is also easily degraded by lighénce, it is importance to protect isoniazid agaifegradation of
light and maintain its stability. One way to ovemw® such problem is by inclusion complexation ohiaaid with

cyclodextrin.
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Cyclodextrins are cyclic oligosaccharides contajniz, p-, and y-CDs which are composed of 6, 7, and 8
glucopyranose units respectively linked by (1,4) bonds. Cyclodextrins are produced via imtkecular
transglycosylation reaction during degradation tarah by cyclodextrin glicanotransferase (CGTasegyme.
Cyclodextrin ring is cylindrical shape or preciséiike a conical cylinder which is usually illustest as a doughnut
or wreath-shaped truncated cone. Since glucopyeamasst as chair conformation, it makes surfaceoivec
hydrophilic surface because hydroxyl functional uyratcoward to the cone exterior with the primary foyg!
situated at narrow and wider edge. Then, this sarédso providing the hydrophilic environment candissolve in
water. Meanwhile, the ethereal oxygen and skeledabon of glucopyranose unit form the central gawihich
gives cyclodextrin a hydrophobic inner surface #rdbles the cyclodextrin function as host to aapide variety
of guest molecules [4, 8-10].

From literature review, cyclodextrin complexatioashshowed as one of the most effective approacdvdocome
the problem faced by most of the drugs in termssalfibility, stability, bioavailability and bioavaibility in
pharmaceutical industry and it can also act as delegse system to prolong the drug release ithody. Moreover,
in food industries cyclodextrin has been used asking substance to mask bad taste and odor offided4].

Hence, the purpose of this study is to investigate possibility of complexation betwedhcyclodextrin and
isoniazid in liquid phase and improving degradatoml stability of isoniazid. The complexation isomd with -
cyclodextrin was prepared using five different noetét physical mixture, kneading, co-precipitatiorn-
evaporation and freeze drying. The ratio of compédewas determined by using phase solubility stualiesJob’s
plot.

EXPERIMENTAL SECTION

2.1 Materials

B-cyclodextrin was purchased from Sigma Aldrich, US®#d isoniazid was obtained from Sigma Aldrich,idnd
Both materials were used without any further poaifion. Other chemicals and reagents used werealftical
grade.

2.2 Preparation and characterization host-guest ptaxes

2.2.1 Co-Precipitation

An equal molar oB-cyclodextrin and isoniazid were prepared separatet stirred by using magnetic bar. After
these solutions reach equilibriucyclodextrin aqueous solution was added drop lop do the aqueous solution
containing isoniazid. Then, the mixture was stirgith magnetic bar for 48 hours with speed 100 ignmoom
temperature. After it reach equilibrium, the salatiwas filtered by using 0.2m Whatman filter paper to remove
undissolved compound. The residue was collecteddaied in the oven at 60°C for 24 hours. The produas
pulverized to a fine powder and kept in a desiacatil further experiment.

2.2.2 Co-Evaporation

An equal molar oB-cyclodextrin and isoniazid were prepared separaet stirred by using magnetic bar. After
these solutions reach equilibriufircyclodextrin aqueous solution was added slowlgtmiazid solution. Then, the
mixture was keep stirred with magnetic bar for &rot48 hours with speed 100 rpm at room temperaAiter it
reach equilibrium, the solution was filtered byngsD.2um Whatman filter paper to remove undissolved complou
The residue was collected and dried at the roonpéeature for another 72 hours. The product wasepizied to a
fine powder and kept in a desiccator until furtbeperiment.

2.2.3Freeze drying

An equal molar of3-cyclodextrin and isoniazid were prepared separailéhe aqueous solution @fcyclodextrin
and isoniazid were mixed together and kept stiwigd magnetic bar for 48 hours at room temperatuné it reach
equilibrium. The resultant solution was then froz¢n20 °C for 24 hours and was lyophilized for tueo 48 hours
by in the freeze dryer. The product was collectadl lept in the desiccator.

2.3 Stability Studies

Aqueous solution of isoniazid was prepared and segainder room light and UV light (Cole Parmer mdele
97600-19) separately. Samples were exposed in smapartment dark box with size 30 cm x 30 cm xcd0to

avoid other external light sources. The absorbasfcthe samples was analyzed by UV-Vis spectrophetem
(Perkin Elmer 25 UV-Vis lambda) daily for 5 days\at262 with water as a blank. Each test was doregiicates.

Same procedures were repeated at different temperé5 °C, 30 °C, 35 °C and 40 °C) and differeldt puffer

solution ranging from pH 2-10 both in room lightdadV light. Complex stability was also studied bsing same
procedures under room light and UV light exposas.[
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RESULTSAND DISCUSSION

3.1. Photodegradation of free isoniazid in aquemeslium

The purpose of photodegradation studies is to geothe quality of isoniazid against time under uafice of
environmental factors such as temperature, healigind Besides, the study also is to validate wkethe isoniazid
remains or being degraded under time period anéruretommended storage conditions. At selecteditionsl,
solutions were exposed to room lamp and UV lampistb@ absorption of solutions were determined.

3.1.1. Effect of light

Figure 1 showed the percentage of remaining isahiasus time represented the degradation ofi$m@azid. UV
light gave more effect to isoniazid degradation pamd to room light. Over 96 hours of exposure ual28.4 % of
isoniazid was degraded by UV light and about 70.6f%oniazid remained in solution. For room ligbhly 5.2 %
of isoniazid was degraded and 94.8 % of isoniagidained in solution. Hence, UV light destabilizexd alegraded
the isoniazid more compared to room light.
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Figure 1: Degradation of freeisoniazid under room light and UV light after 96 hours of exposure

3.1.2 Effect of temperature

Figure 2 and Figure 3 showed the percentage ofirémgaisoniazid while being exposed under roomtighd UV

light at different temperatures. At 25 °C free isaid only degraded to about 5 % from initial comtcation and 95
% of free isoniazid remained in the solution. At°&0) isoniazid showed almost similar results af@5wvhich were
only 5.9 % of isoniazid degraded and 94.1 % contéritee isoniazid still remained in the solutidieanwhile,

results at 35°C and 40 °C showed an increase iradation of about two times from the results af@%and 30 °C
respectively. At 35 °C, the degradation about 2®.9rom initial concentration and 13.5 % of freerimzid was
degraded from initial concentration at 40 °C. Heribe remaining content of free isoniazid in s@uatat end point
was about 89.1 % at 35 °C and 86.5 % at 40 °C otispdy.

Under UV light exposure, the degradation of fremiazid in solution showed slightly higher than endoom light
exposure. At 25 °C, the degradation about 16 % fiitial concentration and 84 % of free isoniaz&nained in
solution. At 30 °C and 35 °C, both showed simikesults of free isoniazid degradation of about 26.and about
74.3 % of free isoniazid remained in solution. Rartmore, at 40 °C showed the highest percentafe®isoniazid
degradation which was 29 % from initial concentmatand remained about 71 % of free isoniazid intgmh.

3.1.3 pH of solution effect

In this part, degradation study was measured udifferent pH value to study whether the stabilifyfree isoniazid
in water was stable as compared in acidic, alkatineneutral mediums. All solutions were measuredoaim
temperature since it gives more stability to fremniazid compared higher temperature based onquevesults.

Under room light exposure as shown in Figure 4niesid showed stable degradation at pH 2 and pHidica
condition but more degradable in neutral and atieationdition at pH 6 and above. At acidic conditionly 7.2 %
degraded at pH 2 and only 4.2 % degraded at pHt4eftral and alkaline conditions, about 16.1 %freé
isoniazid degraded at pH 6, 45.4 % degraded at @Hd27.5 % degraded at pH 10. These results iedidhat
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under room light exposure, free isoniazid was neteble in acidic condition compared to neutral aficline
condition.
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Figure 2: Degradation of freeisoniazid under room light after 96 hour s of exposure at different temperature

100 + —25°C —30°C
35°C =—40°C

95 -
90 -
85 -
80 -
75 -
70 -
65 -
60 ! . | . .

0 20 40 _. 60 80 10C
Time (h) .

% INH remaining

Figure 3: Degradation of freeisoniazid under UV light after 96 hours of exposure at different temperature

In Figure 5, the degradation of free isoniazid und¥ light exposure showed same results but higlegradation
compared under room light exposure. Under UV ligkposure, free isoniazid was unstable at both akatrd

alkaline condition but stable at acidic conditién.pH 6, free isoniazid showed the highest degiadgtercentage
which was 53.9 % from initial concentration. It waiowed by degradation at pH 8 which was abouB4£8 and at
pH 10 is about 36.5 % from initial concentratioml{20.4 % of free isoniazid degraded at pH 2 amou& 21.9 %
of free isoniazid degraded at pH 4 (acidic conditio

3.1.4 General Discussion

Free isoniazid was unstable and easily degradatderuJV light exposure compared to room light expesat all
parameters studied. Exposure to UV light had cawusédsbtantial degradation to isoniazid. Isoniazidoabed
photons at certain wavelengths and increased imggnehich leads to isoniazid decomposition. Vadatiin
degradation depends on light wavelength. The sharéeelength will affect the drugs degradation. Wyht has
shorter wavelength (400-10 nm) compared to roofnt l{gisible light, 380-740 nm), hence it affectednm to the

degradation of isoniazid.
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Under temperature influence, free isoniazid wasenstable and suitable to be stored in room temperatt 25 °C.
High temperature and humidity decrease the stahfitdrugs by oxidation, reduction and hydrolysiteanwhile,
based from pH parameter results, since acidic #airre pH influence the decomposition most of thags, the
results showed that at pH higher than 6 (alkalwlet®n), isoniazid was unstable under room lightl &JV light
exposure compared to acidic solution. The alkadiokition contains hydroxyl ion (OHand it may catalyze the
isoniazid and caused the decomposition and degoadaitisoniazid in aqueous solution.
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Figure 4: Degradation of freeisoniazid under room light after 96 hour s of exposur e at different pH buffer solution
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Figure5: Degradation of freeisoniazid under UV light after 96 hours of exposure at different pH buffer solution

3.2 Photodegradation of complexes in aqueous medium

Three methods were selected in the stability stuthat were co-precipitation, co-evaporation ame4e drying.
Also, all stability tests were conducted in roormperature (25 °C). Time of exposure also has beerease to
measure the maximum stability effect from 5 day&t{urs) to 23 days (552 hours).

3.2.1 Effect of light

Figure 6 showed the degradation of complexes betWesyclodextrin and isoniazid in agqueous solutiorraam

temperature. Exposure under room light for 23 dageze drying yielded higher degradation percemtagput 53.5
% compared to other complexes. For other complekegve significant different degradation percgetavhen
compared with freeze drying. Co-evaporation gaveual6.2 % degradation and co-precipitation showexl
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lowest percentage among these methods which 3&2dégradation from initial concentration. Fromgaeaesults,
it showed that the remaining isoniazid percenta®® %o in freeze drying, 53.8 % in co evaporatiod 6.8 % in
co-precipitation complex in aqueous solution.

Exposure under UV light for complexes was displayedrigure 7. Over 23 days of exposure, it gaveoslnhe
same results as in the room light. Degradation7o? 36 from initial concentration was measured irpoecipitation
yielded the lowest percentage of degradation. I$ fedlowed by freeze drying 41.4 % of degradatiow ao-
evaporation yielded about 44.6 % of degradatiomfinitial concentration. The remaining percentagésoniazid
in co precipitation, freeze drying and co-evaporativere 62.8 %, 58.6 % and 55.4 % respectively.
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Figure 6: Degradation of complexes under room light after 552 hour s (23 days) of exposure
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Figure 7: Degradation of complexesunder UV light after 552 hour s (23 days) of exposure

3.2.2 pH of solution effect
Since free isoniazid was stable at acidic conditimence this section will only focus on alkalineffbu solution

effect ranging from pH 6 to pH 8 whethgtyclodextrin will increase the stability of isomid in alkaline buffer
solution likewise.

Figures 8 and 9 illustrated the percentage of dizgien of complexes under room light and UV ligikpesure at
pH 6 buffer solution respectively. Under room lightposure, co-evaporation showed the highest pegerof
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degradation which was 74 % from initial concentmatiThe percentage of isoniazid remaining in comgdeshowed
only 26 % at end point. For co-precipitation andefre drying complexes, it showed similar resultsckvito-
precipitation showed 56.8 % of degradation and ziedrying showed 56.2 % of degradation from initial
concentration. The remaining percentage of isodiém both complexes was 43.2 % for co-precipitattmd 43.8

% for freeze drying.

Under UV light exposure, co-precipitation showedimium degradation of 44.9 % from the initial conration
and left about 55.1 % at end point of measuremert @3 days. For co-evaporation, it showed inteiiated
degradation between co-precipitation and freezengryOnly 50.1 % degraded and the remaining isathiaas 49.9
% at end point. The highest degradation was frelegi@g complexes with degradation percentage o2 86.from
initial concentration. The remaining percentagésohiazid in freeze drying complex at end point \88s8 % for

freeze drying.
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Figure 8: Degradation of complexesunder room light after 552 hours (23 days) of exposure at pH 6 buffer solution
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Figure 9: Degradation of complexesunder UV light after 552 hours (23 days) of exposure at pH 6 buffer solution

Meanwhile, pH 7 showed different results compa@gt 6 buffer solutions. Freeze drying gave the tniagh

degradation percentage. Degradation percentag®oiizid for freeze drying was 61.4 % from initahcentration
and 38.6 % of isoniazid remained at the end pé&init.other complexes, co-precipitation and co-evagam showed
degradation of isoniazid about 46.4 % and 55.3 8peetively from the initial concentration. At thedepoint, co-
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precipitation was measured to be more stable widfinen remaining of isoniazid which was 53.6 % armd ¢
evaporation of about 44.7 %. Figure 10 displayedghrcentage of isoniazid degradation at pH 7 busibéution
under room light exposure for complexes.

Under UV light exposure, it showed surprising resuwhen co-evaporation showed 93.1 % of degi@uafter 23
days of exposure. Meanwhile, freeze drying showBd P4 of degradation and co-precipitation gave ablst
degradation with isoniazid degradation of only 3%%rom initial concentration. Hence, the remainiagniazid
percentage for complexes was 6.9 % for freeze dn@0.3 % for co-evaporation and 64.1 % for co-jpigation
respectively. Thus, at pH 7, co-precipitation wagrenstable when exposing under UV light comparedtter
complexes. Figure 11 showed isoniazid degradatigidas buffer solution under UV light exposure tmmplexes.
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Figure 10: Degradation of complexes under room light after 552 hours (23 days) of exposure at pH 7 buffer solution
100 - —Co-P
= —Co0-E
£ 80 - ED
'
& 60 -
Z 40 -
= 20 -
O T T T T T 1
0 100 200 300 400 500 600
Time (h)

Figure 11: Degradation of complexesunder UV light after 552 hours (23 days) of exposure at pH 7 buffer solution

Figure 12 and Figure 13 showed the remaining isichim complexes at pH 8 under room light and Ughti
exposure respectively. Under room light exposfrezsze drying was more stable compared to co-pitatign and
co-evaporation with percentage isoniazid degradaifo41.5 % from initial concentration and remairadmbut 58.5
% of isoniazid at end point. Co-evaporation showgggher isoniazid degradation with a percentage5o? P6 from
initial concentration followed by co-precipitatiovith degradation percentage of 65.6 %. At end pougr 23 days
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exposure, percentage of isoniazid remaining inva@peration was observed 24.8 % and co-precipitatias 34.4
% indicated that these two complexes less stalderumom light exposure.

Complexes showed to be unstable under UV light supoat pH 8 with most of complexes showed theatkgion
up to 80 % and above. Freeze drying is the higisesiiazid degradation with percentage degradatioB3ai %
followed by co-precipitation with percentage of cetption was 79.5 % and co-evaporation was 77.8# iitial
concentration. Hence, the percentage of remaingogiazid observed at end point for co-precipitation-
evaporation and freeze drying were 20.5 %, 22.@é018%5.7 % respectively.
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Figure 12: Degradation of complexes under room light after 552 hour s (23 days) of exposure at pH 8 buffer solution
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Figure 13: Degradation of complexesunder UV light after 552 hours (23 days) of exposure at pH 8 buffer solution

3.2.3 General Discussion
Based on stability tests between complexes undectse parameters, it was found tiflatyclodextrin slightly

enhanced the stability of isoniazid in aqueoustgmu Over five days of exposurf;cyclodextrin enhanced the
stability of isoniazid against light and pH buffeslution in all complexes. However, after 23 dajgxposure -
cyclodextrin did not protect or increasing the #igbeffects of isoniazid since degradation of risazid had
increased over the time. Although the formatiorahplexes was successfully achieved, it could natgntee that
B-cyclodextrin enhance the complexes stability.detfit may retard or accelerate the degradatitmomeven have
no effect on reactivity of stability process [1BJmong the complexes studied, we can conclude aggest that co-
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precipitation is the best method to prepare thepdexes in term of stability. Co-precipitation gate optimum
effects to all stability tests conducted. Sinceevaporation exist as crystal structure complexegwered the
stability effects compared to liquid phase. Fre#zgéng showed moderate stability effects by inciegishe stability
of isoniazid against room light at pH 8. It alschanced the stability effect by lowering the isoidadegradation
against UV light in solution phase.

CONCLUSION

As a conclusion, it was found that co-precipitatimas a potential to be the best method to prepereamplex
betweenB-cyclodextrin and isoniazid as it enhanced theilitalof isoniazid in aqueous solution. Co-precgtibn

showed the optimum results for all stability testhjected to room light and UV light exposure irfedent

conditions. Based on these results, the suitabtbaddo be used to enhance the stability of isadiazcording the
following order: co-precipitation > freeze dryingce-evaporation. In terms of storage, free drugslyedegraded
by light especially UV light and also at higher memature. Furthermore, it is suitable to be keptraom

temperature and protected from light. Additionaligjdic solution is the suitable buffer to be ugddrmulation in

liquid phase.
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