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ABSTRACT

The present study offers valuable information in comparing two methods
for determination of stability constants of inclusion complexes of two hosts;
-cyclodextrin (B-CD) and 2-hydroxypropyl-p-cyclodextrin (HP-B-CD) as
complexation reagentswith Pyrazinamide (PZA) acting asthe same “guest”
molecule. The stoichiometry of the complex formation was examined by
applying the continuous variation (Job plot) method and a 1:1 molar ratio
has been identified for both complexes, at the examined concentrations.
The formation of the complexes was investigated and confirmed by 1H
NMR spectrometry. Stability constants K st of theinclusion complexeswere
determined spectrophotometrically according to the spectral changes of
PZA absorbance due to complexation and kinetically as a function of the
changes in the rate constant of PZA photodegradation. The
photodegradation rate constants for the free and complexed forms were
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INTRODUCTION

Pyrazinamide (Figure 1) isahighly specific agent
andisactiveonly against Mycobacterium tuberculos's,
it may be bacteriostatic or bactericidal depending on
the concentration of thedrug attained at thesite of in-
fection. Invitroandinvivo, thedrugisactiveonly at a
dightly acidic pH™. Pyrazinamide (PZA) hasbeenfound
toinduce photosengtizationin humansanditsadverse
effectshave been previoudly reported?. Severd clini-
cal casesof photosensitivity have beenreportedinthe
literature, where PZA wasfound to induce cutaneous

sdeeffectssuch asflushing, photosensitivity, urticaria,
etc®9. Infact, astudy conducted by Vargas et a.[! has
clearly shownthat PZA had aphototoxic potentia and
itsability to participatein severd typesof photochemi-
cal reactions is relevant to the observed clinical
phototoxicity and photod lergy caused by itsadminis-
trationin TB therapy.
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Figurel: Sructureof PZA
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Cyclodextrins (CDs) are doughnut-shaped mol-
eculesformed by six, sevenor eight glucose units(a, 3
andy, respectively) and areabletoforminclusion com-
plexeswith agreat variety of compounds.

Frequently, these supramol ecular speciesenhance
theluminescence propertiesof somecompoundsand
thishasbeen reported to have anaytica implicationd”.

In aqueous solutions, cyclodextrinsareabletoform
inclusion complexeswith many drugs by taking up a
drug moleculeor morefrequently somelipophilic moi-
ety of themolecule, into thecentral cavity. No covalent
bondsareformed or broken during the complex for-
mation and drug moleculesin thecomplex areinrapid
equilibriumwithfreemoleculesinthesolution. Themain
driving forcesbetween CD and aguest moleculewere
reported to beVan der Wad s-London dispersion forces
and hydrophobicinteraction®®. The physicochemical
propertiesof freedrug moleculesand of freecyclodextrin
moleculesaredifferent from thosein thecomplex. In
theory, any methodol ogy that can be used to observe
these changesin additive physicochemical properties
may be utilized to determinethe stoichiometry of the
complexesformed and thenumerica vauesof their sta-
bility constantg®4,

CDshaveextensively proventheir potential asme-
diafor controlling chemical and photochemical reac-
tiong*?8, They have been used widely assolubilizing
systemd*?l enzyme moddls, catal ysts, stationary and
mobilephaseadditivesfor chiral andisomeric separa-
tions, etc. Becauseof theincreased interestin CDsand
their inherent useful ness, different studieshave been
carried out to evaluate the compl exation procedure, the
binding constant and the stoi chiometries of the com-
plexesformed. Different methods have been described
for thedetermination of binding congtantsbased on tech-
niques?-# such as potentiometric titrations, spectro-
photometric methods, solubility and competitiveindi-
cator binding.

Themain goal of thisstudy wasto comparetwo
methodsfor determination of stability constantsof in-
cluson complexesof two hosts; 3-cyclodextrin (3-CD)
and 2-hydroxypropyl-B-cyclodextrin (HP--CD) as
complexation reagentswith Pyrazinamide (PZA) act-
ing asthe same “guest” molecule. The stability con-
stantsof theformed complexesweredetermined spec-
trophotometricaly usingthe Benes—Hildebrand linear
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approach?4, On the other hand, monitoring thedegra-
dation rate constant of PZA in absence and presence
of cyclodextrinsrevealed their roleinincreasing the
photodegradation of the drug under UV light and al-
lowed the determination of PZA-CD inclusion com-
plex stability constant by usingkineticanadysis.

MATERIALSAND METHODS

Chemicalsand reagents

1 High purity B-CD and HP-B-CD were purchased
fromAldrich and wereused asreceived.

2 PZA waskindly supplied by Amoun Pharmaceuti-
cad Co.S.A.E.EI-Obour City, Cairo, Egypt, andwas
used as received. Under license from: LUPIN
CHEMICALS (THAILAND) LTD. (Assay:
99.91% accordingto theofficid USP 23 method®!.

3 De-ionized water was used as sol vent.

All chemica and reagents used through thiswork
areof spectroscopic andytical grade. De-ionized wa
ter isused throughout thewholework andisindicated
by theword ‘water’.

Instruments

1 Absorption spectrawererecorded on SHIMADZU
Dud-beam (Kyoto/Japan) UV-Vis ble spectropho-
tometer model UV-1601 PC with 1-cm quartz cu-
vettes connected to IBM compatible computer fit-
ted with UV-PC personal spectroscopy software
version 3.7 (SHIMADZU).

2 H NMR spectra were recorded on a 300MHz
Varian Mercury V X-300NM R spectrometer.

3 Thephotodegradation experimentswere performed
with DESAGA UV lamp (Sarstedt-Gruppe, Ger-
many) short wavelength 254 nm (30 watt, 50/60
Hz) at adistance of about 10 cm.

Sandard solutions

1 Solution of 102 M of PZA (solution A) was pre-
pared by weighing and dissolving the appropriate
amount inweter.

2 Solutionsof 102M and 10 M of -CD and HP-
BCD wereprepared by weighing and dissolving the
appropriate amountsin water.

Procedures
Examination of the changesin PZA ultraviolet
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Figure2: UV spectraof 1x10“*M of aqueoussolution of PZA
in theabsence (-) and presence of 2.5x10°M B-CD(...) and
2.5x10°M HP--CD (---)

absorption spectrain the absence and in presence
of CDs:

The examination of the changesin 1x10*M PZA
spectra, in the absence and in presence of increasing
CD concentrations (2.5to 30 timesthat of PZA), was
achieved by scanning thewave engths between 200 and
350 nm, using water and an equimol ar aqueous solu-
tion of CD asreference, respectively.

Deter mination of thetimeneeded for the for ma-
tion of theinclusion complex

The absorption spectrum of 1x10* M PZA solu-
tionwasprimarily scanned a initid time(t=0), agangt
water as blank. The same experiment was repeated,
where aliquots of 1 ml of solution A (10° M PZA)
weretransferredinto 10 ml calibrated flasks containing
1 ml of agueous solution of CD (102 M) where the
molar ratiowas 1:10 ([PZA]: [CD] = 1:10). Thecon-
tentsweremixed, diluted to volumewith water, stirred,
and the spectrum was scanned at times: 5, 10, 15and
25minagaingt ablank referencecell, containing CD at
the same concentration.

Determination of stoichiometry by continuous
variation method

Theinclusioncomplexesof PZA withthetwotypes
of CDswere prepared by mixing different volumes of
equimolar aqueous solutions(10° M) of PZA and CD
resulting in certain molar ratiossuch that thetotal con-
centration remained constant ([PZA] +[ CD] =M 1.2
X 10*M). Subsequently, AA [PZA] waspl otted against
r which varied between O and 1{ r =[PZA]/ ([PZA] +
[CD])}. AA valueswerecal culated by measuring the
absorbance of PZA inthe absence (A ) and presence
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Figure3: Continuousvariation plot (Job plot) of PZA: B-CD
(-)and PZA: HP-B-CD (- - - -) inclusion complexesat 269 nm

(A\) of the corresponding concentration of the CD. The
quantitiesAA [PZA] areproportiona to the concentra-
tionsof the complexes. Theratio (r) corresponding to
the maximum absol ute compl ex concentration doesnot
depend on M or the binding constant’,

Before measuring the absorbance of the prepared
standard sol utions, they were stirred continuoudly for
15 min and 10 min. time periods for the PZA-BCD
complex and PZA-HP-B-CD complex, respectively.
Themethod wasrepeated, using water instead of aque-
oussolutionsof CD at the samevolumeproportionand
the solutionswere andyzed against ablank reference
cdll containing water.

Characterization of thecomplex in solution

Inagueoussol ution, the structuresof thecomplexes
were investigated by *H NMR spectroscopy using
1.625x102 M PZA solution and 5x10° M CD solu-
tion.The spectrawererun a 300MHzin 99.9% D,0
(Sigma). Chemical shiftswere quotedin é and were
related to that of the solvent (4.82 ppm at
303.1K).Typical conditionswere: pulse 74.1 degrees,
acquisition Time 4.004 sec, width 8000.0Hz and 32
repetitions.

Photostability studies

Monitoring of the photodegradation processof an
aqueous sol ution of pyrazinamideintheabsenceandin
presence of CDswas achieved by the examination of
the changesin the spectraof theirradiated 1x10* M
PZA solutionsin the absence and presence of CD, by
scanning thewave engths between 200 and 350 nm at
zerotimeand a 15 minutesintervasof irradiationfor
two hours, using water and an equimolar aqueous sol u-
tion of CD asreference, respectively.
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Figure4: Partial 300M Hz*H NM R spectraof: (a) Puref-CD, (b) B-CD in PZA-B-CD complex, (c) PureHP-8-CD, (d) HP-B-
CDin PZA-HP-B-CD complex, (€) PurePZA , (f) PZA in PZA-B-CD complex, and (g) PZA in PZA-HP-B-CD complex

Deter mination of stability constant
Spectrophotometric method

Aliquotsof 1 ml of solutionA (103 M 1PZA) were
transferred into 10 ml calibrated flaskscontainingin-
creasing amounts of CD standard solutions (102 M)
and diluted to volumewith water (wherethefina con-
centrationsof B-CD ranged from 10to 20timesthat of
PZA whilethose of HP-3-CD were5to 25 timesthat
of PZA). The prepared solutionswere stirred continu-
oudly for 15 minand 10 min. timeperiodsfor the PZA-
BCD complex and PZA-HP-B-CD complex, respec-
tively and then the examination of thechangesin PZA
spectrawas achieved by scanning thewave engthsbe-
tween 200 and 350 nm, using equimol ar aqueous solu-
tion of CD asreference.

Kineticmethod

Analiquot of 1 ml of solutionA (10°M PZA) was
accurately transferredinto a10 ml calibrated flask and
diluted to volumewith water. Four ml of the prepared
solution were accurately transferred into aquartz cu-
vettewhich wastightly closed andirradiated at adis-
tance of 10 cm using ashort wavelength 254 nm UV
lamp at room temperaturefor 120 minutes. Theexami-
nation of the changesin the spectraof theirradiated
solution wasachi eved by scanning thewave engthsbe-
tween 200 and 350 nm at zero time and then at 15
minutesintervalsof irradiation for two hours, using a
blank referencecell containing water. Thepreviouspro-
cedurewasfollowed using the same PZA concentra-
tion andincreasing amountsof CD standard solutions
(102 M) (wherethefind concentrationsof CDsranged

—— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



174

Photo-stability studies of pyrazinamide with cyclodextrins

ACAIJ, 10(3) 2011

Full Peaper ==

20 4 (a)

15-%

§10-

5

0 T y T 1

400 600 800 1000 1200
1/[Bcom”

(b)

D L) T L] 1

400 900 1400 1900 2400
1/[HPBCD] M

Figure5: Benesi-Hildebrand plot for theeffect of (a) B-CD and (b) HP-B-CD on PZA absorbanceat 269 nm

from 10to 25timesthat of PZA). After dilutionto vol-
umewith water, the prepared sol utionswerestirred con-
tinuously for 15 min and 10 min. time periodsfor the
PZA-B-CD complex and PZA-HP-3-CD complex,
respectively, and thiswasfollowed by irradiation as
previoudy mentioned.

Aliquotsof 1 ml of Pyrazinamidestock solution (4
x 102 M) wereaccurately transferred into 25-ml volu-
metric flasks conta ningincreasing amountsof standard
FeCl, solutions(5x10° M) and diluted to volume with
water (wherethefinal concentrations of FeCl,, ranged
from 1.25to0 7.5 timesthat of PZA). The absorbance
of each solutionwasrecorded at 269 nm, using equimo-
lar aqueous solutions of FeCl,, asreference.

RESULTSAND DISCUSSION

Theultraviol et absorption spectrum of PZA showed
three absorption maximum wavelengths at 209, 269
and 310 nm, which were dightly changed dueto CD
presence. These changeswereintensified asthe con-
centrations of CDsincreased. The hyperchromic ef-
fectsat the absorpti on maximum wavel engthsof PZA
wereintensein the presence of both CDs (Figure 2).
Theseresultssuggested that PZA formed stable com-
plexeswith CDswith expected largestability congtants.

Determination of thetimeneeded for theforma-
tion of theinclusion complex

Themaximum differencein absorbance (AA) & 269
nm, for agueous solution of PZA in the absence and
presence of 3-CD and HP-B-CD which corresponds
to the formation of the PZA-B-CD complex, was
reached after 15 min., and that corresponding to the
PZA-HP-B-CD complex, wasreached after 10 min.

Hnalytical CHEMISTRY o

However, thisdifferencewas constant for therest of
thetimeintervals.

Deter mination of complex for mation stoichiom-
etries

Job?" described the continuous variation technique
that can provide areliable determination of the com-
plex stoichiometries, based onthedifferenceinaphysica
parameter, for example, the differencein absorbance
AA (AA=A-A ) of PZA inthe presence of CD. On
applying thistechnique, theresulting plots (Figure 3)
demonstratethat sncethe AA [PZA] maximumhasan
r value of 0.5, therefore both PZA-B-CD and HP-3-
CD complexeshave 1:1 stoichiometry with respect to
both PZA-B-CD and HP-f -CD complexes.

'H NMR study

NMR spectroscopy isfound to bethe most effec-
tivetool for theinvestigation of the nature of inclusion
complexesformation between cyclodextrinsand guest
moleculesin solution®.

Theformation of inclusion complexesof PZA with
CDsinagueoussolution (D,0O) isevidenced by signifi-
cant modificationsinthe NMR spectraof thehost mol-
eculesand dight modificationsin theNMR spectraof
the guest molecules. The partial 300 MHz *H NMR
spectraof the pure compounds and of the complexes
aredisplayedin (Figure4).

Only shifts of the signals were observed and no
new peaksthat could be assigned to the pure complex
appeared. Thisobservation impliesthat the complex-
ationisadynamic process, theincluded guest beingin
fast exchange (rdativetotheNMR time sca €) between
thefreeand bonded states?®.

In general, the resonances of 3-CD and HP- 3-
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Figure6: UV monitoring at 269 nm of thephotolysisof aque-
oussolution of pyrazinamide (1x10*) in presence of HP-§-
CD (1.5x10?°) at zero time and at 15 minutes intervals of
irradiationfor twohours

CD protonslocated in theinterior of the cavity (H-3
and H-5) show remarkable chemica shiftsuponinclu-
sion of theguest molecule, whereasthoseresiding out-
sidethe cavity (H-1, H-2 and H-4) should undergo no
or minima changes. The H-6 protonsarelocated & the
smadler rimof thecavity andin most casesshow achemi-
cal shift similar to or slightly larger than those of the
exterior protons (H-1, H-2 and H-4).

TheHNMRspectrum of 3-CD and HP-BCD in
D, 0 showed remarkable up field shiftsof H-3 and H-
5 (TABLE 1 and 2) whereas the H-1, H-2 and H-4
showed minimal aterations. Theeffect of 3-CD and
HP-BCD ontheH NMR spectrum of PZA isnot very
sgnificant showingdight chemica shiftsof H-3 and H-
5. Thechemicd structureof PZA andthechemicd shifts
described above suggest that thearomatic ring isthe
part of the drug that isinside the CD cavity and the
aromatic rt cloud isresponsiblefor the shielding of the
CD protons.

Furthermore, the hydrogen-bonding effect issupe-
rior to the PZA-HPBCD complex, due to the addi-
tiond flexiblehydroxyalkyl chainsat the periphery of
the cavity, explaining the enhanced sability of thiscom-
plex, ascompared with the PZA—3-CD 1:1 complex.
Itispresumed that hydrogen bonding occurs between
the—NH,, C=O and—N= of PZA and hydroxyl groups
of HP-B-CD.

Determination of stability constant
Spectrophotometric method

Theinteractionswith CDsmay increaseor decrease
theabsorbanceand generally increase thefluorescence
intensity of theincluded organic moiety*3U. Themolar

—— Fyll Peper
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Figure 7 : Effect of increasing CD concentrations on the

pseudo-firg-order ratecongant for thephotodegr adation of
PZA

absorptivity (g) of any ‘guest’ molecule (drug to be
complexed) changes depending on binding to
cyclodextring®, This may happen dueto changesin
theenvironmenta polarity of theguest’s chromophore
on moving from the polar aqueous mediato the apolar
cyclodextrin cavity. Thedifferencein absorbance AA
at 269 nm asafunction of CD concentration [CD] fol-
lowsthetypica bindingisotherm of 1:1 complexes:

AA _[PZA]Kst Ag[CD]

b 1+KS[CD] (1)
When ahigh excessof [CD]t isbeing used com-

pared to[ PZA], theassumption that [CD] = [CD]tis

employed and through this, (Eqg. 1) istransformed, ac-

cordingto Benes and Hildebrand, intothemorewidey

utilized doublereciproca linear equation (EQ. 2)

ﬂ = : T 2
[PZA]Kst Ag[CD] [PZA]Ae

The stability constant of each complex was deter-
mined by UV spectrophotometry according to the spec-
tral shift method, whichisbased ontheincreasein ab-
sorbance (AA), due to the complexation. The mea-
surement took place at 269 nm, the main of thethree
absorption maximumwavelengths, in order to achieve
morerdiablevauesof AA. Thecomplex stability con-
stant Kst was cal cul ated from theratio of intercept to
dopeusing theBenesi—Hildebrand linear method which
issolved graphically, usingthelinear least-squaresre-
gression analysisapplied to known mathematical mod-
el ssuch asBenesi-Hildebrand, Scatchard etc. Most of
linear model ssuffer fromtheoretica and practica draw-
backs, including assumed concentrations of theinter-
acting moietiesand products, poor solubility of certain
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TABLE 1: Chemical shifts(ppm) of theprotonsof B-CD and
PZA inthefreeand complexed

TABLE 2: Chemical shifts(ppm) of theprotonsof HP-B-CD
and PZA in thefreeand complexed states

Proton* 8(free) 8(complex) AS3(5.-8,) Proton* S,(free) 8.(complex) AS(8.-8,)
B-CD Hp-p-CD
H-3 4.054 3.991 0.063 H-3 3.96 3.897 0.063
H-5 3.938 3.883 0.055 H-5 3.704 3.667 0.037
PZA PZA
H-3 9.268 9.263 0.005 H-3 9.268 9.262 0.006
H-5 8.83 8.827 0.003 H-5 8.83 8.824 0.006

*Only the protons that show chemical shifts

*Only the protons that show chemical shifts

TABLE 3: A comparison of thekinetically deter mined values of K st with those obtained by using the Benesi—Hildebrand

graphical method
Benesi-Hildebrand graphical method Kinetic-photodegradation method
Kst of PZA-B-CD complex 1334+262 1335+74.94
Kst of PZA-HP- 3-CD complex 1725+154 1778+102.98

compounds and the occasiond formation of dimmers.
But as the studies presented by Y.Dotsikas and
Y.L.Loukas®@ andY.Dots kaset d.*¥ confirm, in case
of acomplex with 1:1 stoichiometry, aseriesof linear
proceduresfor the cal cul ation of the binding constant
could be applied without serious hesitations. The sta-
bility constantswere cal culated from thelinear plots
(TABLE 3), resulting from the regression anal ysis of
(Eq. 2) (Benesi-Hildebrand, (Figure 5aand 5b). The
results suggested that PZA formed stable complexes
with CDswithlarge stability constantswhereava ue of
Kst of (>1000 M-1) indicates high stability for thein-
clusion complex®2.

Apparently PZA-HP--CD complex showed much
higher gability than PZA-B-CD complex sincethepres-
ence of additional hydrogen groups of HP-3-CD sta-
bilizesmoreeffectively thecomplex viahydrogen bonds.

Kineticmethod

It iswell known that the presence of aCD in a
solution of asensitive compound playstheroleof a
catalyst and could result in anincrease or decreasein
itsdegradation rate®!. Thereare numerous examples
of compounds sensitiveto externa factorsand thede-
termination of the binding constant isbased on smpli-
fied kineticlinear model 9%

Pyrazinamidewasin fact found to be photolabile
asrevealed by the study conducted by Vargaset al ..
Compartive photo-stability studiesof PZA infreeand
complexed formswere conducted by theUV irradia-

tion of an agueous PZA solution with or without the
addition of CDs and the course of the reaction was
followed by UV-Vis spectrophotometry. The absorp-
tion spectraof PZA inwater showed three bands cen-
tered at 209, 269 and 310 nm, respectively, with atail
extending to 340 nm. Thephotolysisof PZA infreeand
complexed formswasfollowed by monitoring thedis-
appearance of the band at 269 nm .The results are
shownin (Figure 6). These studiesrevealed that the
concentration of PZA in aqueous sol utions decreased
with increasing irradiation time, and the
photodegradation rate of thedrugin aqueous solutions
with CD wasevidently faster than that in aqueous sol u-
tions without CD. The rate constant of the
photodegradation of PZA increased from 6x10“4 min
t0 96x10“* mint and 102x10* min* in the presence of
25x10“*M, B-CD and HP-B-CD respectively, which
indicatesthat CDs can enhance the photodegradation
of PZA because of itsinclusioninsidethe CD cavity
and thusthe stability constant could bekinetically de-
termined.

A plot of therelationship between CDs concentra-
tion and the observed pseudo-first-order rate constant
for the photodegradation of PZA (Figure7) revea sthat
K . Ishot alinear function of the concentration of the
added CD but it gpproached amaximum constant value
withincreasing CDs concentration. Thissocaled “satu-
ration behavior” is characteristic of the reaction through
complex formation, occurring prior to therate deter-
mining step and may be explained by the reaction
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mechanismillustrated inthefollowing schemée®:;

Kg
PZA + CD PZA - CD
Kx /<C
Products+ CD

whereK  istherate constant for the decomposition of
freePZA, K istherate constant for the decomposition
of totally complexed PZA and K st isthe apparent sta-
bility constant for complex formation. Usually, aten-
fold excessof CD should be present to ensurethe con-
ditionsof afirst-order reaction.

Fromtheprevioudy illustrated scheme, thefoll ow-
ing rate expression can be derived:

—d[PZA]
d,
The observed reactionratefor PZA degradationin

the presence of CDsisaweighted averageof therate
of reaction of free PZA andtherate of reaction of PZA
included in the CD cavity and therefore, Kst can be
determined from the dependence of the observed rate
constant on the concentration of added CD?%. The
actua measurablerateconstant is.

=K, +[PZA]+K ,[PZA -CD]

_ Ko+ (K, —K,)[CD]
obs — 1
_— ©)
Kst +[CD]

Thisequation can be solved graphically according
to the Lineweaver-Burketransformation and on rear-
rangement gives.

1 1 1 1
w—Ko) KK, -K,)[CD] " (K,-K,) @
Theplotof 1/ (K . -K,) versus 1/ [CD] gives 1/
K, (K,.-K,) astheslopeand 1/ (K -K ) astheinter-
cept. From thed ope and intercept of theplot, theval-
uesof K werecalculated and theresultsareshownin
(TABLE 3) which showsthe agreement of results ob-
tained by the spectral shift method and the kinetic
method. K_ was also caculated and found to be
119.41x10* + 0.0004 min? and 130.75x10* +
0.0008 min™ for PZA- 3-CD complex and PZA-HP-
[3-CD complex, respectively.

H NMR spectrareveded that PZA moleculescan
enter partly into the cavity of 3-CD and HP-3-CD.

K

(K

—— Fyll Peper

The marked enhancement effect of CDs on the
photodegradation of PZA could depend on thismod-
erateinclusion depth®"# dlowing sufficient proximity
of thereaction centreof PZA tocatayticdly active sec-
ondary hydroxyl groups of the CD cavity, which can
enhancethedegradation of excited PZA. Onthe other
hand, thistype of inclusion interaction between CDs
and PZA couldresultin variationinthe structural pa-
rameters(e.g. bond length) of PZA moleculesbecause
of i nteractions between non-bonded atoms®. Theen-
hancement of photodegradation of PZA may result
mainly fromthelowering of bond energy between some
alomsinthe PZA moleculeduetoinclusoninteraction
withCDs.

CONCLUSION

The study of the e ectronic absorption spectra fea
turesof PZA in CD aqueous solutionswhich show sig-
nificant increase of theabsorbanceintensity valueswith
CD concentration clearly demonstratetheformation of
inclusion complexeswith CDs. 1H NMR studiesshow
clear evidencefor theinclusion of PZA insidethe CD
cavity asconfirmed by the considerablechemica shifts
of theinterior protonsof CD. Also, applying the con-
tinuous variation method described by Job, together
with using the Benesi-Hildebrand trestments, wefound
al: 1 stoichiometry for theinclusion complexes. The
kinetic study revedled theroleof CDsin catalyzingthe
photodegradation of PZA which allowed thekinetic
determination of the stability constants of theformed
inclusion complexes. These K st valueswerefoundto
bein good accordance with those obtained by using
the Benes—Hildebrand graphical method. Evidently the
graphical spectrophotometric method issuitablefor
determination of stability constants of inclusion com-
plexesof CDswith compoundswhich show significant
changesin absorption spectraupon complexationwhile
the kinetic method hasthe advantage of being suitable
for spectrophotometric determination of the stability
constants when no changesin absorption spectraare
observed upon complexation or even for non-absorb-
ing compounds by kinetic monitoring of the degrada-
tion rateusing other techniquessuchasHPLC.
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