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Abstract : Inthe present study chargetransfer inter-
actionsof anantihypertensvedrug; acetazolamidewith
four antibiotics(amoxidllin, erythromycin, ofloxacinand
ciprofloxacin) have been investigated at three physi-
ological pH vauesand body temperature. The theo-
retical and experimental resultsrevea ed two antibiot-
ics, erythromycinand amoxicillintoform chargetrans-
fer complexesof 1:1 stoichiometry with acetazolamide.
The complexation ratio was proved by compelling evi-
dences from UV-Vis spectroscopy and cyclic
voltammetry. Thetheoretical findings supported the

INTRODUCTION

In combination therapy, thereisawaysarisk of
drug interactionswhich can sometimeshbestrong enough
to causelife-threateninginjuries. Therefore, theclini-
ciansfind difficulty inthe prescription of potentialy in-
teracting drugs™. Thebioactivity, bioavailability, gestro-
intestina absorption and dissol ution of onedrug can be
adtered by thes multaneous administration of theothert”
4, For exampletheantibiotic avail ability isenhanced in
the presence of hydrogen receptor antagonist®®. Clini-
cd sudiesreved that tetracyclineand fluorogquinol ones
aresusceptibleto dinicaly relevant drug-drug interac-
tionswith antacidd®”. Similarly, the co-prescription of
antihypertens veand antibioticshasbeen found to com-

experimental results. The poor binding affinity of
ofloxacin and ciprofloxacin suggested these aspreferred
antibioticsto be prescribed in combination with aceta
zolamide. Thestrong binding propensty of erythromy-
cinand amoxicillinwith acetazol amide suggested these
antibioticsto besafdy taken only after the digestion of
Azmingomach. © Global Scientificlnc.

K eywor ds: Acetazolamide; Antibiotics; Drug-drug
interaction; UV-Visspectroscopy; Physiologica con-
ditions.

plicatethetrestment through adverse drug interactions.
Anti-hypertensiveefficiency of lovastatin®, vergpamil,
diltiazem, nifedipine, amlodipine and fel odipind® and
activity of oral contraceptives® hasbeen proved to
beaffected by antibioticsthrough clinica studies. More-
over, thedirect chargetransfer interactionsbetweenthe
drugslower their effectiveness. Astheactivity of drugs
in combination therapy can be modulated by drugin-
teractions, so binding behavior of antihypertensvedrug,
acetazolamide (Azm) with antibioticsisthemainfocus
of thecurrent article.
Extensveliteratureisavalableonthestudy of drugs
interaction within biologica systems. Molecular dock-
ing™, molecular mechanics*** and molecular dynamic
simulationd™ have been employed as successive
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computational toolsto el ucidate enzyme-drug inter-
actions. Computer docking techniques are used for
the establishment of action mechanism of drugg®.
Computational toolsareemployed for theeval uation
of e ectron donating and accepting capability of amino
acidsthroughHOMO and LUMO energies®™. A va-
riety of analytical techniquessuch asIR*, NMR13,
UV-Vis spectrophotometry!819 and dissol ution meth-
0dg*#2% have been reported for interactional studies
of drugs. However, in case of charge transfer com-
plexation between the drugs, UV-Vis spectroscopy
and cyclicvoltammetry are used aseffective detecting
tool§2+2"1, Therefore, the detail ed investigations of
Azm- antibioticsbindingwere carried out at pH 3, 7
and 9.5 corresponding to pH of stomachi?®, blood®
and intesting® in order to get insightsabout theinter-
active pharmacokinetics of drugsduring digestionand
absorption in human body. These studiesarevital for
unfolding themode of drug interactionsand designing
of moreefficient drugswith positive/no/lesser side ef-
fectsin combination therapy. Moreover, thisresearch
work isauseful guidefor cliniciansto prescribethe
timedifferencethat should be maintained betweenin-
takes of such drugs.

EXPERIMENTAL

Material and reagents

Commercia tabletsof thedrugswereused for the
present investigations. 0.01M stock solutions of the
compoundswere prepared in dimethyl sulfoxide after
heating at 40°C for 2 hours and diluted with supporting
electrolyte solutions (KCI /HCI (pH-3), Na,CO,/
NaHCO, (PH-9.5) and NaH,PO,/Na,HPO, (pH-7)).
All supporting eectrolytesof 0.1 M strength werepre-
pared using analytical grade reagentsand doubly dis-
tilled water. The experimentswere doneat human body
temperature.

DFT calculations

DFT calculations were performed on 6-311G*/
B3LY Pbasis set using Hyper-Chem Rel ease 08 soft-
ware. Geometric optimization was done at 6-31G*/
B3LY P, Frequency cdculationsat DFT level weredone
forindividua and merged drugswithAzm.

UV-Vis spectroscopic and electrochemical mea-
surements

Absorption spectrawere recorded on Shimadzu
1601. Cyclic voltammetricinvestigationswere done
using conventiond threed ectrode system of glassy car-
bon, saturated calomel and thin platinumwireactingas
working, reference and counter € ectrodesrespectively.
Job’s method of continuous variation® wasemployed
to determinethe stoichiometry of the complexes.

RESULTSAND DISCUSSION

Computational studiesweredone before experi-
menta investigations. Thishelpedinreducingthelabor
and cost required for the experimental studies of ad-
versedrug combinations.

Theor etical calculations

Possiblechargetransfer complexation betweenthe
drugswasfirst predicted by theoretica calculations. On
thebasisof HOMO and LUMO energies, re ativedec-
tron pair donating or accepting propertiesin co-admin-
istrated drugswere cal culated. Scheme 1 demondtrates
that energiesof HOMO of Cipro and Oflox become
less negativewheress, those of Amox and Erythro get
morenegativeafter combiningwiththe LUMO of Azm.
Thus, theouter € ectronsof Amox and Erythro get more
tightly bound after complexation withAzm. Amox and
Erythro are predicted to form stable 1:1 complex with
Azm whereas, Cipro and Oflox are predicted to be
inerttoAzm.

Thebinding strength and freeenergy changeof drug-
drug complexation were calculated for different drug
combinationsat 310 K using protonated, neutral and
deprotonated speci es corresponding to acidic, neutral
and basic conditions(see TABLE 1). ThenegativeAG
of Azm-Amox and Azm-Erythro adductsreved ed soon-
taneous complexation for protonated speciesand non-
spontaneousin case of neutral and deprotonated spe-
cies. Thecomplexation of Azm-Oflox and Azm-Cipro
adductswasa so predi cted to be non-spontaneous.

UV-Vis spectroscopic measur ements

A band corresponding to n—mt* transition of Azm
appeared at 267, 268 and 294 nm at pH-3, 7 and
pH-9.5. In pH-3Amox registered aband at 244 nm.
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Schemel: Molecular orbitalsof Azm, antibioticsand their predicted complexes.

TABLE 1: Formation constant and AG values of the complexes of antibiotics with antihypertensiveacetazolamideat 310K

aspredicted by DFT.
K (MY AG (kJmol™)
Species Protonated Neutral Depr otonated Protonated Neutral Deprotonated

pecie pecie specie specie specie specie
Azm + Amox 124 0.39 0.024 -12.43 242 9.22
Azm + Cipro 7.3E-4 0.62 0.08 18.64 121 6.342
Azm + Erythro 74.22 0.26 0.71 -11.21 3.46 0.897
Azm + Oflox 8.4E-3 0.03 8.36E-3 12.31 8.93 12.33

Figure 1(a) showsthe peak of Azm to intensify and
shift bathochromically (from 268 nmto 285 nm) inthe
presence of Amox. These peculiar spectral character-
isticsareindicativeof chargetransfer complexation
between thetwo drugs. Plot of absorbance versusmole
fraction (Figure 1(b)) offers concrete evidencein sup-
port of 1:1 chargetransfer complex formation between
Azm and Amox. Theincreasein absorption accompa
nied with slight red shift was noticed for each incre-
mental addition of Azm into excessof Amox andvice
versa. Thisbehavior offered another clue of charge
transfer complex formation.

Amox wasfoundto register two peaksat 240 and
271 nmat pH-7. Mixtureof Azm and Amox exhibited
two peaksat 268 and 242 nm, apparently with slight
peak shift and hyperchromism in therange of 250-295
nmand hypochromismintherangeof 235-250 nm Fig-
ure 2(a). Conservation of absorption behavior of both
Azmand Amox inthemixtureat pH-7 reved sthat the
observed hyperchromism and hypochromism aredue
to the additive absorption by both speciesand theover-
lapping spectrumisnot dueto chargetransfer interac-
tions. Similar resultswere obtained for Azm-Amox at
pH-9.5 (Figure 2 (b)).
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Figurel: UV-Visspectraof Azm, Amox and their mixtureat (a) pH-3, (b) Job’s plot for Azm Amox.
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Figure2: UV-Visspectraof Azm,Amox and their mixtureat (a) pH-7and (b) pH-9.5.
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Figure3: (a) UV-Visspectraof Azm, Erythroand their mixtureat pH-3, (b) Job’s plot for mix of Azm Erythro at pH-3 showing
theformation of 1: 1 complex.
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Figure4: Cyclicvoltammogramsof Azm, Amox and their mixtureat (a) pH-3, (b) Job’s type plot for Azm Amox mix at pH-3.
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Figure5: (a) Cyclicvoltammogramsof Azm, Erythroand their mixtureat pH-3, (b) Job’s type plot for mix of Azm Erythro
at pH-3.
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TABLE 2: Formation constantsand AG values of the com-
plexesof antibioticswith antihypertensive acetazolamideat
310+1.0 K as deter mined from UV-Vis spectr oscopic data.

Ki(M™) AG (kJmoal™)
pH  Species  Constant accepter, Constant accepter,
donor variable donor variable
Azm -Amox 1.1x 10° -18.3
3 Azm - Cipro 52x 10" 55.2
Azm -Erythro 5.0x 107 -16.0
Azm - Oflox 1.6 x10° 34.4
Azm -Amox 25x10° 15.4
7 Azm - Cipro 0.45 21
Azm -Erythro - -
Azm - Oflox 1.9x 1072 10.2
Azm -Amox 6.6x10° 12.9
o5 Azm - Cipro 2.0x 107 10.1
Azm -Erythro - -
Azm - Oflox 3.0x10° 26.6

Erythromycin hasbeen reported to giveno UV-Vis
absorptionband a pH 3, 7 and 9.5°4. Absorption band
of 0.1 mM Azm getshypsochromicaly shifted from 267
to 255 nm (Figure 3(a)) in the presence of 0.1 mM
solution of Erythromycinin pH-3. The hypsochromic
peak shifting of Azm by incremental addition of either
Erythrototheexcessof Azm or addition of Azmtothe
excessof Erythroisindication of Azm-Erythrointerac-
tion at pH-3. Job’s plot shown in Figure 3(b) depicts
theformationof 1:1 complex between erythromycinand
Azm. Similar resultswere obtained for Azm-Erythro
pair at either pH-7 or 9.5. Spectrd anaysisof Azmin
the presence of either Cipro or Oflox at pH-3, 7 and
9.5revealedinert behavior of drugstowardsAzm.

Theformation congtant waseva uated from theplot
of absorptionintensity asafunction of concentration of
elther component using thefollowing modified form of
Benesi-Hildebrand equation>3.

TABLE 3: Characterigtic, kineticand binding par ameter sof Azm, antibioticsand Azm-antibiotics mixturesevaluated from

cyclicvoltammetricdataat 310+1K.

Kinetic parameters

Binding parameters

Species Ep (V)  Dix10°  Dpx10°  kgx10* kg x10°  Kix10° ?2G
(cm?/s) (cm?/s) (cm/s) (cm/s) M™ (kdmol™)
Azm -1.448 1.823 - 2.313 - - -
Amox 0.272 0.532 0.823 3.421 1.045 8.3E6 -17.29
pH-3 Erythro 1.442 1.026 0.080 1.542 0.247 5.2E5 -16.01
Cipro 0.825 0.155 1.673 3.874 1.923 5.8 12.1
Oflox 0.213 0.098 1.712 0.768 2.424 0.1 21.1
Azm -1.383 1.681 - 2.152 - - -
Amox 0.286 0.213 1.264 2.816 1.846 41 13.1
pH-7 Erythro 1.475 0.986 1.236 1.345 1.987 4.0 13.0
Cipro 0.804 0.099 1.437 1.943 2.124 600 215
Oflox 0.247 0.077 1.432 0.691 2.213 11 12.2
Azm -1.284 1.192 - 1.174 - - -
Amox 0.479 0.413 0.867 1.297 1.098 15 15.6
pH-95  Erythro 1.606 0.776 0.973 0.675 1.093 5E-8 61.2
Cipro 0.897 0.125 0.996 2.962 1.116 4 11.5
Oflox 0.298 0.094 1.042 0.593 1.097 0.3 25.1
[D,] 1 1 1 Azm-Amox mixtureandAzm-Erythro mixtureindicate
Ths - Ko D, ] + P @ their complex formationto bespontaweousat_pH-_B and
AD “AD 172 AD non-spontaneous at pH-7 and 9.5. An examination of
Or dtermnateequation; TABLE 2further revedstheinability of Ciproand Oflox
(D] 1 1 1 tointeract withAzm.
Abs ~ Kapeap 1011 Zap ® " Electrochemical measurements

Largevaluesof K, and negativeAG (TABLE 2) for

Inamedium of pH-3, acathodic peak at -1.45V
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and anodic peak at 0.27 V appeared in the cyclic
voltammograms of Azm and Amox respectively (Fig-
ure4a). In the presence of Amox the cathodic peak
potential of Azm shifted from-1.45V to-1.19V with
decreasein current intensity. Thisbehavior isattrib-
uted to the chargetransfer complexation between Azm
and Amox. A significant decay in the peak current of
Amox indicatesthat some of itsamount isbeing con-
sumed incomplexingwithAzm. Thebulky complex is
suggested to diffuse dowly towards the e ectrode sur-
face as compared to free drugs. In Job’s type plot
(Figure4b) between current decrement and molefrac-
tion twointersecting straight lineswere obtained. The
point of intersection represented theformation of 1:1
Azm-Amox complex.

Single irreversible anodic peak in the cyclic
voltammogram of erythromycin obtained inamedium
of pH-3wasfound to changeitslocationfrom-1.45V
-1.10V accompanied with thedecreasein current in-
tensity in the presence of Azm (Figure 5a). The cur-
rent-molefraction plot (Figure 5b) of two linear seg-
mentswith point of intersection correspondingto 0.5
molefraction of Azm supported the spectrophotometri-
caly determined Azm-Eryhthro complex formation of
1:1 stoichiometry.

Similar trestment of Azm-Amox mixtureand Azm-
Erythro mixtureat pH-7 and 9.5 resulted in reproduc-
tion of individual independent cyclic voltammetric be-
havior thusindicating no chargetransfer interaction.
Similar experiments performed for Azm-Cipro and
Azm-Oflox mixturesat pH-3, 7and 9.5 also revealed
nointeractions.

Formation constants were evaluated from
voltammetrictitrationsof Azmwith antibioticsand vice
versaby employing thefollowing equation

1 _ [Kf (1-4)

[Drug] {1_%} l N Kf ©)

Thehigh K, and negativeAG value of Azm-Amox
and Azm-Erythro mixture a pH-3 show the spontane-
ity of their complex formation (TABLE 3). Theseelec-
trochemica resultscomplement the spectroscopic find-
INgs

Thekinetic parameterslikediffusion coefficient (D )
and heterogeneous el ectrontransfer rate constant (k )
wereeva uated by using thefollowing equations

1 1 1
= 3.36 x 10°n (any)zAC, Dozvz (4

IP
ki = —048a + 052+ log (12 (5)

An examination of k ;, and D values listed in
TABLE 3, revealsthat both parameters of Azm are
decreased only dightly by non-interacting antibioticse.g.
elither Amox or Erythro a pH-7 and 9.5and either Cipro
or Oflox at pH-3, 7 and 9.5 dueto el ectrophoresis. On
theother hand kinetic parametersfor Azm-Amox mix-
tureand Azm-Erythro mixture at pH-3 are much less
thanthoseof pureAzm. Therationaebehindthisisthe
formation of complexesin both caseswhich aredectro-
reduced at the é ectrode surface and thuscause shiftin
cathodic peak of Azm but not inthe oxidation peak of
either Amox or Erythro. Complex being more bulky
diffusesdowly than puredrugs. Thisreduceseectron
transfer rate constant and diffusion coefficient of the
resultant complex.

CONCLUSION

Four antibiotics, amoxidllin, erythromyan, ofloxacin
and ciprofloxacinwerefirg investigated computationdly
to predict the possibility of their chargetransfer inter-
actionwith antihypertensiveacetazolamide (Azm). Or-
bital energiesof HOMO and LUMO were used asa
criterionto predict the possibility of complex formation
between the donor and acceptor. Orbital energiespre-
dicted that all the four antibiotics are able to donate
electronstothe LUMO of acetazolamideto form charge
transfer complexes. But stabilization of orbitdsand free
energy changefrom DFT calculations predicted that
out of thestudied four antibioticsonly two (Amox and
Erythro) are ableto form stable chargetransfer com-
plexeswith antihypertensive acetazolamide.

The changesin el ectronic absorption and cyclic
voltammetric behavior of Azmin the presenceof anti-
bioticswere successfully exploited for the verification
of computational predictions. The obtained formation
constants and free energy changesreflected the capa
bility of Amox and Erythroto form chargetransfer com-
plexeswithAzm.Addic pH fadlitated thechargetransfer
complexation morethan either basic or neutral condi-
tions. Thepoor binding affinity of Oflox and Cipro sug-
gested these as preferred antibioticsto be prescribed
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in combination with acetazolamide. However, thein-
teraction of Amox and Erythro with acetazolamide un-
der acidic conditionsi.e., at the pH of stomach prohib-
ited their combined prescription withAzm. Thesedrugs
can be safely taken only after thedigestion of Azmin
somach.
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