Trade Science Ine.

04)20.4//:640.[ CH

[SSN : 0974-7419 Volume 10 Issue 3

EMISTRY
A Judian Joaraal

s Pt P aper

ACAIJ, 10(3) 2011 [165-169]

Spectrophotometric and potentiometric determination of the
stability constant of pyrazinamide-Fe(I11) binary complex

A.M.El kosasy?!, O.A.A.Ghonim**, M.F.Ayada?, L.E.Abdel-Fattah?
tAnalytical Phar maceutical Chemistry Department, Faculty of Phar macy, Ain ShamsUniver sity,
African UnionAuthority &. Abbassia, Cairo, (EGYPT)
2Analytical Chemistry Department, Faculty of Pharmacy, Cairo Univer sity,

El-Kas El Einy . El Tahrir Square, Cairo, (EGYPT)

Received: 8" August, 2010 ; Accepted: 18" August, 2010

ABSTRACT

The present study offers valuable comparison of two techniques used for
determination of stability constant of coordination complex of Pyrazina-
mide with Fe (I11). The stoichiometry of the complex formation was exam-
ined applying the continuous variation (Job plot) method and a 1:1 molar
ratio has been identified, at the examined concentrations. Stability constant
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K st of theformed complex was determined spectrophotometrically accord-
ing to the spectral changes of PZA absorbance due to complexation and
potentiometrically using the technique adopted by Irving and Rossotti.
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INTRODUCTION

Pyrazinamide (PZA) (Figure 1) is an important
front-line anti- tuberculosis(TB) drug that formsthe
most effective TB chemotherapy along withisoniazid,
rifampicinand ethambutol™. Pyrazinamideplaysakey
rolein shortening the TB therapy from previoudy 9-12
monthsto 6 monthg?. Despiteitshighinvivosterilizing
activityt®4 pyrazinamidehas poor or practically no ac-
tivity under norma cultureconditionsa closeto neutra
pHE.. Thisdiscrepancy betweentheinvitroandinvivo
activity of pyrazinamidereflects possibledifferencesbe-
tweeninvivoandinvitro conditionsthat affect thedrug
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Figurel: Sructureof PZA

activity. Thewdl-known acid pH requirement for pyrazi-
namide activity was discovered previously based on
such reasoning but doesnot completely explainthedis-
crepancy betweeninvivoandinvitro activity of pyrazi-
namide®.

Theextent of complexation isanimportant factor,
especially in therapeuti cs, wherethe pharmacol ogical
effect of adrugisdirectly rdated toitsnature (meaning
infreeor complexed form)!7.

In a study'®, which examined the effect of iron
(which could potentialy bedevatedinlocd inflamma:
tory lesions), on pyrazinamide activity invitro, ferric
iron (ferric chloride) wasfound to enhancetheactivity
of pyrazinoicacid (activemetaboliteof PZA) and pyrazi-
namidewhileother metal ionssuchasmagnesium, cal-
ciumandzincdid not exhibit thesameeffect. Themecha
nism of such an effectisnot yet known.

Theam of thiswork was to study the compl ex-
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Figure2: UV spectraof 1.6x10*M aqueoussolution of PZA
intheabsence(-) and presence(- - -) of increasing concentra-
tionsof FeCl, solution

ation of PZA with Fe(lll) ionswhichisof interest be-
cause, on the one hand, the biological effect of PZA
might be profoundly enhanced by complexation with
suchionsand on the other hand, the complex stability
should be of such an order to ensure the transport of
thecomplex through the cel membrane. Thesefindings
may haveimplications on the study of mechanism of
action of PZA anditsiron complex for improving the
activity of thedrug. Tothat end, pH measurementswere
used for eval uating the stoi chiometry of the complex
formed between themetal and the chelating agent and
for computingitsstability constant., using the potentio-
metric technique adopted by Irving and Rossotti®9,
whilethe Benesi—Hildebrand linear approach was used
for the spectrophotometric determination of the stabil-
ity constant using the spectral shift method.

MATERIALSAND METHODS

Chemicalsand reagents

(8) PZA waskindly supplied by Amoun Pharmaceuti-
cd Co.S.A.E.El-Obour City, Cairo, Egypt, and was
used as received. Under license from: LUPIN
CHEMICALS (THAILAND) LTD. (Assay:
99.91% accordingtotheofficia USP 23 method)™.

(b) Ferric Chloride (Sigma) 5x10* M agueous solu-
tion. Thesolution was standardized by reductionto
ferrousandtitration with 0.1 N potassium perman-
ganate solution in presence of Zimmermann’s re-
agent(2,

(c) Sodium Chloride(Adwic), 0.1 M aqueoussolution.

(d) Standard Buffer pH 4 and pH 10 (Panreac, Spain).
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(e) Sodium Hydroxide (Fluka), 0.5 and 0.05 M aque-
oussolutions.

(f) Hydrochloric acid (Sigma), 1 and 0.1 M agueous
solutions,

(9) De-ionized water was used as solvent.

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

Instruments

() Absorption spectrawererecorded on SHIMADZU
Dual-beam (Kyoto/Japan) UV - Visible spectro-
photometer model UV-1601 PC with 1-cm quartz
cuvettes connected to IBM compatible computer
fitted with UV — PC personal spectroscopy soft-
wareversion 3.7 (SHIMADZU).

(b) pH meter model 3510 equipped with acombined
pH el ectrode (Jenway).

Hot platewith magnetic stirrer

Sandard solutions

Solutions of 4x10° M and 102 M of PZA were
prepared by weighing and dissolving the appropriate
amountsinwater.

Procedures
Spectrophotometric method

Examination of thechangesin PZA ultraviolet ab-
sor ption spectrain theabsenceand in presence of
Fe(lIl)ion

Theexamination of thechangesin 1.6x10* M PZA
spectra, inthe absence and in presence of increasing
FeCl, concentrations (1.25to 7.5 timesthat of PZA),
wasachieved by scanning thewave engthsbetween 200
and 350 nm, using water and an equimolar aqueous
solution of FeCl, asreference, respectively.

Determination of stoichiometry by continuous
variation method™*3

The coordination complex of PZA with Fe(l11) ion
was prepared by making sol utionshaving certainmolar
raiosthrough mixing different volumesof equimolar aque-
ous solutions(10°*M) of PZA and FeCl, and the total
concentration waskept constant ([PZA] +[Fe(l1)] =M
=1.2x10* M) by completingto acongant fina volume.

Au Tudian Yournal
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Figure3: Continuousvariation plot (Job plot) of PZA-Fe(l11)
complex at 269 nm
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Figure5: PZA (1x10°M)-Fe(l11) pH-titration curvesusing
0.5M NaOH asatitrant, at ionic strength adjusted using 0.1
M NaCl

Subsequently, AA [PZA] was plotted against r which
vaied betweenOand 1{r =[PZA]/ ([PZA] +[Fe(lI)])} .
AA vaueswerecd cul ated by measuring the abosorbance
of PZA intheabsence (A ) and presence (A) of thecor-
responding concentration of the Fe(111). Thequantities
AA [PZA] areproportiond to theconcentrations of the
complexes. Therdtio (r) corresponding to themaximum
absol ute complex concentration does not depend on M
or thebinding constant(*4l,

The method wasrepeated, using water instead of
aqueous solutions of FeCl,, at the same volume pro-
portion and the solutionswere analyzed against ablank
referencecdl| containing water.

Deter mination of stability constant

Aliquotsof 1 ml of Pyrazinamide stock solution
(4x103 M) wereaccuratdy transferredinto 25-ml volu-
metric flasks contai ningincreasing amountsof standard
FeCl, solutions (5x10° M) and diluted to volumewith
water (wherethefinal concentrations of FeCl,, ranged
from 1.25to 7.5 timesthat of PZA). The absorbance
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Figure4: Benes-Hildebrand plot for theeffect of Fe(l11) on
PZA absorbanceat 269 nm

3
25
7]
e 1.5
1

0.5 4

0

0.6 14 16 24 28
pL
Figure6: Continuousvariation plot (Job plot) of PZA-Fe(l11)

complex at 269 nm. n-pL relationship for PZA (1x103M)-Fe
(111 binary complex

of eech solutionwasrecorded at 269 nm, using equimo-
lar aqueous solutions of FeCl, asreference.

Potentiometric method

All the potentiometric measurements were per-
formed at 25°C +1 in a 50-ml beaker with continuous
stirring withamagnetic stirrer. Theionic strengthwas
adjusted usng 0.1 M sodium chlorideandthetotd vol-
ume was completed to 25 ml using water. The elec-
trode systemwas calibrated in termsof hydrogenion
concentrationsinstead of activitiessothat al the con-
stants determined in thiswork are concentration con-
stants. Thedectrode systemiscalibrated beforeand
after each series of pH measurementsunder the same
conditionsusing standard bufferspH 4 and 10.

Thefollowing solutionsweretitrated potentiometri-
caly against standard carbon dioxide free 0.05 M
NaOH. Increments of NaOH were added and stirred
meagneticaly till equilibrium.

(@ 1ml 0.1 M HCI +5ml 0.1 M NaCl.
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(b)1ml 0.1 M HCI +5ml 0.1 M NaCl + 2.5 ml 102
M Pyrazinamide

(©)Iml 0.1 M HCI +5ml 0.1 M NaCl + 2.5 ml 102
M Pyrazinamide+ 2.5 ml 5x10° M FeCl, solution.

RESULTSAND DISCUSSION

Spectrophotometric method

Theultraviol et absorption spectrum of PZA inwa:
ter showed three absorption maximum wavelengths at
209, 269 and 310 nm which weredightly modified due
to Fe (1) presence (Figure 2). While hypochromic and
bathochromic shiftsat the absorption maximumwave-
lengthsof PZA wereintens fied asthe concentrations
of Fe (I11) increased, no new peaks were detected.
Theseresultssuggested that PZA formed astable com-
plex withFe(111).

By adding Fe(111), therewas abathochromic shift
for the absorption maximum at 269 nm reaching 278
nm at the maximum concentration of Fe(l11) used. As
for thepesk at 310 nm, the bathochromic shift observed
inthe presenceof Fe(l11) reached 315 nm. Finally, the
peak at 209 nm disappeared compl etely at the maxi-
mum concentration of Fe(l11) used.

Deter mination of complex for mation stoichiometry

Job*3 described the continuous variation technique
that can provide areliable determination of the com-
plex stoichiometry, based on the differencein aphysi-
cd parameter, for example, thedifferencein absorbance
AA (AA=A-A ) of PZA inthepresenceof Fe(lll). On
applying thistechnique, theresulting plots (Figure 3)
demongtratethat sincethe AA [PZA] maximumhasan
r valueof 0.5, therefore both PZA- Fe (1) complex
hasl:1 stoichiometry.

Deter mination of stability constant

Theinteractions of ligands with metal ions may
modify the absorbance at the absorption maximum
wavelengthswithout the detection of new peaks®. The
differencein absorbance ‘AA’ at 269 nm as a function
of Fe(I11) concentration, [Fe(111)] followsthetypical
bindingisothermof 1:1 complexes:

AA  [PZAIK  Ag[Fe(I11)]
b 1+K[Fe(lll)] @

Whenahighexcessof [Fe(ll1)]tisbeing used com-

Hnalytical CHEMISTRY o

pared to[ PZA], the assumption that [Fe (I11)] = [ Fe
(lIIN]tisemployed and throughthis, eg. (1) istransformed,
according to Benesi and Hildebrand™® into the more
widdy utilized doublereciproca linear equation (Eq. 2).
i=[PZA]K is[Fe(III)]+[PZ,:] Ac @

Where AA isthe difference between the absor-
bance of PZA inthe presence and absenceof Fe(l11),
Ag is the difference between the molar absorption co-
efficient of PZA andthecomplex and Kstisthestability
constant.

Thestability constant of PZA-Fe(111) complex was
determined by UV spectrophotometry according to the
spectrd shift method*”, which isbased onthedecrease
in absorbance of PZA dueto complexation and calcu-
lation of (AA) of the absorbance of PZA inthe pres-
ence and absence of Fe (I11). The measurement was
carried out at 269 nm, the main of the threeabsorption
maximum waveengths, in order to achievemorereli-
ablevaluesof AA. Thecomplex stability constant Kst
was cd culated from theratio of intercept to dopeusing
theBenes—Hildebrand linear method for 1:1 host—guest
complex whichissolved graphically, using thelinear
least-squares regression analysis applied to known
mathematical models such as Benesi—Hildebrand,
Scatchard etc.

A linear plotisobtained accordingto (Eq. 2) (Fig-
ure4) which suggests, together with the data obtained
from Job’s plot, that PZA- Fe (III) complex has a 1:1
stoichiometry and the complex stability constant Kst
wasfound to be 624 + 25.

Theformation of Fe(l11)-PZA complex was dem-
ongtrated by the s gnificant hypochromic effect and the
bathochromic shift observed in the UV-spectraof PZA
upon increasing of the added Fe (111) concentration.

Deter mination of thestability constant using Irv-
ing and Rossotti Potentiometrictechnique

Potentiometric study on drugswith meta ionssup-
pliesuswith useful knowledge about whether and how
drug-metal interactions may affect drug delivery to tar-
get cdll [18.19]

Potentiometric titration curves for the free and
complexed ligand at adjusted ionic strengthusing 0.1M
NaCl are shownin figure 5, which represent the pH
titration curves of Fe-Pyrazinamide 0.05 M sodium
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hydroxidein presenceof 5ml 0.1 M NaCl. By com-
paring the pH titration curvesof thefreeligand to that
of the complex solution, adrop in pH was observed
indicating the complex formation wheren can beca cu-
lated fromthefollowing equation.
(Vs=V,)(N"+E’)
(Vo + V)0, T ) @
Where, V, and V, are the volumes of the alkali
requiredto reachthesamepH for thefreeligand (drug)
and metal complex titration curves.

T ., = Total concentration of themetal.

n=

n= Average number of lingandsattached per complexion
In the determination of the formation constants of
thebinary compl exes some notes must betakenin con-

Sdderation:

1 Theconcentration of themetal must not exceed the
concentration of theligand for neglecting hydrolysis
of metd ions.

2 Theionicstrength must be controlled at values not
exceeding 0.2 M for preventing theformation or ion-
pair between the anionic speciesand the cationic
Speciesor strong e ectrolytes.

Theformation constants of theformed binary complexes

werecomputed fromthefollowing equation: n=1

1

(antilogB)" N (Vo +V3)
V,

n=1H

pL =log§| > =
n-OE) TOCL - (nCM )

4

(o]

Where, C,, istheinitia concentration of themetal, p=

istheprotonligand stability constant.

By plotting ;; versuspL, (Figure6), theformation con-
stant or thepL valueat n=0.5 (indicatesal:1 metd:
ligand complex) is2.75for Pza-Fe (111) whilethe pL
vauean=15(indicatesal:2 metd: ligandlessstable
complex) is1.6.

CONCLUSION

The proposed structure of theformed complex as
predicted from the potentiometric study agreeswith the
suggested structure deduced from Job’s plot and the
vaueof the stability constant cal culated using the po-
tentiometric method agreeswith the corresponding vaue
cal cul ated usi ng the spectrophotometric method.

—— Fyll Peper

Since pharmacol ogically active PZA derivatives
haverecently been designed and shownto beclinicaly
effectivedrugs® andiron hasbeen provento enhance
theactivity of PZA thustheresultsof thisstudy could
be used asbasisfor further investigation of the effect of
the complexation of PZA with Fe(l11) ontheefficacy,
stability, permesbility and bicavailability of PZA.
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