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ABSTRACT

KEYWORDS

Diosmin;

Two simple and sensitive kinetic methods were devel oped for the determi-
nation of diosmin and hesperidinin bulk and pharmaceutical preparations.
The proposed methods are based on kinetic investigation of the oxidation
reaction of the drugs with alkaline potassium permanganate at room tem-
perature for a fixed time of 20 min and 15 min for the first and second
methods, respectively. In the first method the absorbance of the green
colored manganate ion produced by diosmin and hesperidin was mea-
sured at 610 nm. Alternatively in the second method, the decrease in the
absorbance of permanganate ion after addition of diosmin was measured
at 525 nm. Calibration graphswerelinear over the concentration range 5.0-
25.0 and 1.0-20.0 pg/mL for diosmin using the two methods, respectively
and 1.10-2.77 pg/mL for hesperidin, using the first method. The results
obtained were compared statistically with those obtained by a reported
method and showed no significant differences regarding accuracy and
precision. In addition, the activation parameters such as E, AH, AS and
AG were also evaluated for the reaction and found to be 15.85 KJ mol,
40.79 KImol?, 25.59 K-t mol* and -7.63 KImol 2, respectively.
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INTRODUCTION

Hesperidin;

Kinetic spectrophotometric
determination;
Potassium permanganate;
Activation parameters.

Havonoidsareimportant polyphenolic secondary
metabolitesthat are widely distributed in medicinal
plantsand foodsof plant origin providing much of the
flavor and color to fruitsand vegetables!. Among these
flavonoids; theflavoneglycosdediosmin (3',5,7- tri-
hydroxy- 4’-methoxyflavone 7-rutinoside) and its fla-
vanone analog hesperidin (3',5,7- trihydroxy-4'-
methoxyflavanone 7-rhamnoglycoside), the structures
arerepresentedin Figure 1.

Thetwoflavonoidsarecommoninmany citrusspe-

cies®3, Diosmin and hesperidin possess antioxidant,
blood lipid lowering, anti-carcinogenic activitiesd®4. In
addition, both drugsimprove venous tone, enhance
microcirculaion, ass s heding of venousulcersand they
areused for thetreatment of chronic venousinsuffi-
ciency, haemorrhoids and the prevention of postopera-
tivethromboembolism™. Inview of theincreasingin-
terest inthese bioflavonoids, especialy for the treat-
ment of chronic venousinsufficiency, chronic hemor-
rhoidsand as antioxidants, several methods have been
reported for the determination of diosminand hesperi-
dininplant extracts, biologica fluidsand pharmaceuti-
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ca formulations, themgjority of which arechromato-
graphicin naturd®35, |n addition, capillary eectro-
phoretic techniques*?'4 as well as el ectrochemical
methods have been a so used for the determination of
both drugs*>#. However, few spectrophotometric
methods for analyzing diosmin**?4 and hesperi-
din?2223 could be found in literature. In addition
gpectrofluorimetric methods hasbeen devel oped for the
determination of hesperidin based on theformation of
fluorescent metal chelates® .

0CH3
@7 Diosmin
OCH3

0—CH,
H 0
Hy
HO OH Hesperidin

Figurel: Sructuresof d|osm|n and hesperidin.

Kinetic spectrophotometric methods are becom-
ing of great interest inthe pharmaceutical andysi g2,
The application of these methods offers some specific
advantages such asimproved sdlectivity, avoiding the
interference of thecolored and/or turbidity background
of thesamples, possihility of avoiding theinterference
of the other activeingredients present in the commer-
cia products, and reduction of theanalysistimewhen
the analytical reaction requireslongtimefor comple-
tion3,

Tothebest of our knowledge, no attempt hasbeen
madefor thekineti c spectrophotometric determination
of diosmin and hesperidin. Therefore, the devel opment
of akinetic spectrophotometric method for their deter-
mination was necessary. Thus, the aim of the present
work wasto study the reaction between the studied
drugswith potass um permanganaein akainemedium
kinetically in an attempt to eval uatethemin their dos-
ageforms. The proposed method wassimpleand did
not need sophisticated instrumentsor specia skill, sen-
sitive, rapid and readily adaptableto both the bulk drug
and dosageforms.

—— Fyll Peper
EXPERIMENTAL

Apparatus

JASCO V-630 BIO spectrophotometer (S/N
B206561148) equipped with kinetic accessory pro-
vided with temperature controlled cell (EHCS - 760)
thermo-€l ectric temperature. Recording range, 0-2;
wavelengths 610 nm, 525 nm; factor 1; number of cell,
1; reactiontime 30 min.; cycletime, 0.2 minutes.

Reagentsand materials

All used chemica swereof anaytical reagent grade
and all solventswere of spectroscopic grade.

- Potassum permanganate (M erck, Darmstadt, Ger-
many): 5x10°M and 7.6 x 10 M aqueous solu-
tions, freshly prepared.

- Sodium hydroxide (BDH, UK): 0.1M and 0.5M
aqueous solutionsare prepared.

- Acetonitrile(Merck, Darmstadt, Germany).

- Didtilled water from““Aquatron” Automotive water
Sl A 4000 (bibby SterillinLtd., Staffordshire-UK).

- Diosminand hesperidin wereobtained asgiftsfrom
Sedico Pharmaceutical Co., 6 October City, Egypt.
Their puritieswere certified and analyzed by are-
ported method® and were found to be 99.32%
and 98.49%, respectively. They were used as pro-
vided.

- Pharmaceutica formulationsof:

- Daflon 500 mg Tablets: Diosmin 450 mg, Hesperi-
din50mg B.N. 17162 (Servier Egypt industries
limited, 6th October city, Giza, Egypt).

- Dioven 500 Tablets: Diosmin 500 mg B.N.
614710[A] (Amriyapharm.ind., Alexandia, Egypt),

- VenaonicTablets: Diosmin450 mg, Hesperidin 50
mg B.N. 12227 (Sigmapharmaceutica industries,
Egypt, SA.E)

Sandard solutions

- Diosmin stock solution: 10 mg of diosminwere
quantitatively transferred intoa100 mL volumetric
flask and dissolvedin 100 mL of 0.1 M NaOH.

- Hesperidin stock solution: 10 mg of hesperidinwere
quantitatively transferred intoa100 mL volumetric
flask and dissolvedin 100 mL of 0.1 M NaOH.

- Total flavanoids: 10 mg of diosminand anaiquot
equivalent to 1.1 mg of hesperidinfrom hesperidin
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stock solutionwerequantitetively transferredintoa

100 mL volumetric flask and thevolumewas com-

pleted to 100 mL with 0.1 M NaOH.

Thestock solutionswere protected from daylight
and stored inarefrigerator (4°C) wherethey arestable
for uptofivedays.

Procedures

(&) Construction of kinetic calibration graph (fir st
method)

Aliquot solutions containing 50-250 pg of standard
diosminand 111 - 277.7 g of total flavanoids solu-
tionswereaccurately and separately transferred into a
seriesof 10-mL volumetricflasks. 1 mL of 0.5M NaOH
was added followed by 2 mL of 5 x 10°M KMnO,.
Mixtureswereshaken well and completed to thevol-
umewith distilled water. Theincreasein absorbanceat
610 nm was scanned during 20 minutes at room tem-
perature against an gppropriate blank prepared smul-
taneoudy.

(b) Congtruction of kinetic calibration graph (sec-
ond method)

Aliquot solutionscontaining 10-200 pg of standard
diosminwereaccuratdly transferredinto aseriesof 10-
mL volumetricflasks. 1 mL of 0.5M NaOH wasadded
followed by 0.5mL of 7.6 x 10°M KMnO,. Mixtures
were shaken well and compl eted to the volumewith
distilled water. The decreasein absorbance was mea-
sured during 15 minutes at room temperature at 525
nm against asmilar blank prepared s multaneoudly.

For both methods; the reaction order wasestimated
by plotting log reaction rate (AA/At) over the specified
time period versuslog concentration of thedrug. The
calibration graphs and the regress on equationswere
constructed by plotting absorbance (A) a specifiedtime
ver sus concentration of thedrugin pg/mL.
(c)Application to phar maceutical formulation
(A) Dioven 500 tablets

Fivetabletswere pulverized well; an accurately
wel ghed quantity of the powdered tabletsequivaent to
10 mg of diosminwastransferred into a100-mL mea
suring flask. Thedrug wasdissolvedin 0.1 M NaOH
and the volume was compl eted to the mark with the
same sol vent. Theresulting solution was soni cated for

Hnalytical CHEMISTRY o

5 min and filtered then the procedure described under
calibration curvewas carried out.

(B) Daflon 500 and veinatonictablets
(1) For diosmin deter mination

Five tablets were pulverized well; an accurate
amount of the powdered tabl ets equivaent to 10 mg of
diosmin wastransferred into a150-mL beaker. Then
25mL of methanol wasadded and theresulting mixture
was sonicated for 15 min andfiltered. Thefiltrate (con-
taining hesperidin) wasrgjected. Theresdue(contain-
ing diosmin) was collected in the beaker and washed
twicewithwater. Thentheresduewasdissolvedin 0.1
M NaOH thentrandferred quantitatively to 100 mL volu-
metric flask with theaid of the same solvent. Thevol-
ume was completed to the mark with 0.1 M NaOH.
Theresulting solution was sonicated for 5min andfil-
tered. Finally the procedure was compl eted asdescribed
under cdibration curve.

(2) For total flavanoid deter mination

Five tablets were pulverized well; an accurate
amount of the powdered tabl etsequivaent to 10 mg of
diosminand 1.1 mg hesperidinwasweighed and trans-
ferred to a100 mL volumetric flask. Thedrugswere
dissolvedin 0.1 M NaOH and the volume was com-
pleted to themark with the samesolvent. Theresulting
solution was sonicated for 5 min andfiltered then the
procedure described under calibration curvewas car-
ried out.

Thenominal content of all dosageformswascal-
culaed ether fromaprevioudy plotted cdibration graph
or using theregression equation.

RESULTSAND DISCUSSION

Oxidation-reduction reactionshavebeen used asthe
bas sfor the devel opment of smpleand sensitive spec-
trophotometric methodsfor the determination of many
pharmaceutica compounds. KMnO, isastrong oxidant,
and itsoxidation for the organic compoundsispH de-
pendent. During the course of thereaction, thevaance
of manganese changesand theintermediateionshave
been suggested as partici pating oxidants. The species
that areconsidered aspotentia oxidantsdepend onthe
nature of the substrate and the pH of the medium+*1,

Au Tudian Yournal
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KMnO, has not been previously used for the
spectrophotmetric determination of diosmin and hes-
peridin. Inthe present study, thereaction of alkaline
KMnO, withthecited drugswasinvestigated, and it
was found that KMnO, in alkaline medium has oxi-
dized diosminand hesperidin and yiel ded thegreen color
of manganateradical, which absorbsmaximally a 610
nm (Figure 2). Astheintensity of the color increases
withtime, thishasbeen used asauseful method for the
determination of both drugsinbulk aswell asin com-
bined dosageforms(first method). Alternatively, owing
to the consumption of KMnO, inthereaction, the ab-
sorbance of KMnO, at 525 nm decreaseswith time,
Thishasbeen a so used asauseful method for thede-
termination of diosmin (second method).
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Figure?2: Absor ption spectra of diosmin after reaction with
KMnO,/NaOH system. (a) Theproduced manganateions
after thereaction of KM nO, with diosmin (25 pg/mL); (b)
Oxidation product of diosmin; (c) KMnO, (7.6 x 10°M).

It isworthy to notethat inthe Egyptian market there
arenot any dosageformsfor hesperidinasasinglecom-
ponent, inaddition, itispresent asaminor component
inthe combined dosageformswith diosmin, inaratio
of 1: 9 (hesperidin : diosmin). Henceregarding hesperi-
din, our aimwasnot to construct acalibration curvefor
thedrug in bulk samples using the proposed methods
and apply these methods to dosage forms. Because,
obvioudy thelinear concentration rangefor hesperidin
will bevery closeto that of diosminwhichwould bean
un-useful concentration range abovethe actual ratio
present in the dosageforms. So, our main goal wasto
be ableto anayze hesperidin quantitatively asaminor
ingredient with keeping itslinear concentration range
ninetimesbelow that of diosmin. Thiswasachieved by
applying the oxidation procedure (of first method) on
diosminaonethen onthetota flavanoid mixturekeep-

0
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ingtheratioof 1: 9 (hesperidin: diosmin) and obtaining
the different kinetic spectra for diosmin and total
flavanoids. Sinceboth drugsareoxidized smilarly with
the production of manganateion, thus, it waspossible
to subtract thekinetic spectraof diosminfrom the cor-
responding onesof thetota flavanoid mixtureto obtain
spectra representative of hesperidin. These spectra
wereused for constructing the calibration curve of hes-
peridin.

Thefollowing sectionsdescribe the optimization of
different factorsaffecting thereaction, kinetics, and the
use of the optimized conditionsin the development of
the assay procedures.

Sudy of experimental parameters

(a) Effect of diluting solvent

For both methods, the effect of diluting solvent was
tried and the most suitable and economic oneisdis-
tilled water.

(b) Effect of KMnO, concentration

Inthefirst method, thereaction rateand maximum
absorbanceincreased with increasing KMnO, concen-
tration. It wasfound that 2 mL of 5% 10°*M KMnO,
was adequate for the maximum absorbance, both for
diosmin and total flavanoids (Figure 3). Higher con-
centrations of KMnQ, yielded lower absorbanceval-
ues probably due to decomposition of the products
(Figure 2). Whilein the second method, thereaction
rateand maximum absorbancereductionincreased with
increasing KMnO, concentration. It wasfoundthat 0.5
mL of 7.6 x 10°*M KMnO, was adequatefor the maxi-
mum absorbancereductionfor diosmin (Figure4).

0.4
0.35
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0.25
0.2
0.15

0.1
0.05
0 . ; . ; ‘ .
0 0.5 1 15 2 25 3 35
KMnOy (5 x 10° M), ml

Absorbance

Figure3: Effect of KMnO, on theabsor banceintensity at
610 nm.

(c) Effect of NaOH concentration

It wasfound that increasing thevolumeof 0.5 M
NaOH would increase the absorbance of thereaction
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productsupto 1 mL for thefirst method (Figure5). In
the second method increasing the volume of 0.5 M
NaOH would increasethereductionin theabsorbance
of KMnO, upto 1 mL.
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KMnOy, (7.6 x 10°M), mi
Figure4: Effect of KM nO, on the absor banceintensity at
525nm.
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Figure5: Effect of NaOH on theabsorbanceintensity at 610

nm.
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(d) Effect of temperature

Theeffect of temperature on thereaction ratewas
studied, it wasfound that, permanganate was reduced
tomanganateradical at roomtemperature(25°C) while
at higher temperatures, manganese dioxide was pro-
duced. Therefore, room temperature was selected as
the optimum temperature.

(e) Effect of time

Theeffect of time on thereaction between KMnO,
and the studied drugswas studied. The absorbance of
thereaction mixture changed with timeso quantifica-
tionwasmade at fixed timesof 20 minutesinthefirst
method and at 15 minutesinthe second one (Figure 6
& 7).

Evaluation of kinetic parameters

Asmentioned above, thereaction between KMnQO,
and the studied drugs never reach completion and a
decision was madeto apply akinetic method for their
determination. Consequently, theorder of thereaction
and reaction rate constants were determined at 610
and 525 nm. Therate of the reaction wasfound to be
dependent on diosminand hesperidin concentration. The

rateswerefollowed at room temperaturewith various
concentrationsin therangeof 5.0-25.0 pg/mL and 1.0-
20.0 ug/mL for diosmin using thefirst and second meth-
ods, respectively, and 1.10-2.77 pg/mL for hesperidin
using thefirst method kegping KMnO, and NaOH con-
centrations constant at therecommended levelsmen-
tioned above. Thereaction rate obeysthefollowing
equation:

Rateof thereaction = AA/At=K "[drug]" (@]
Where K" is the pseudo-order rate constant and n is
the order of thereaction. Therate of the reaction may
be estimated by the variable time method measure-
mentt®!, whereA isthe absorbanceandtisthetimein
seconds. Taking logarithms of ratesand drug concen-
trations(TABLE 1), the previousequationistransformed
into:

log (rate) =log AA/At =log K"+ n log[drug] 2
Plot of log reaction rate versus| og drug concentration
at 610 nmand 525 nm gavethe regression equation,
correl ation coefficient, pseudo-order rate constant and
order of thereactionwhich areindicated in TABLE 1.
Theseresultsindicatethat thereactionispseudofirst
order reaction in the drug concentration.

1

0.8

0.6

=== c
Abs | -
04¢ = S
// f
0.2 5’/—”—’-—;
0 | | |
0 5 10 15 20
Time [min]

Figure6: Absor ption versustime graphsfor thereaction
between diosminand KMnO, at 610nm. a) 5 pg/mL b) 10 pg/
mL c¢) 15 pg/mL d) 20 pg/mL e) 25 pg/mL.
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e =~ —h

d
fks 0_5\

0 I | I |
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Figure7 : Absor ption ver sustime graphsfor thereaction
between diosmin and KMnO, at 525nm. a) Blank b) 1 pg/mL
C) 5pg/mL d) 10 pg/mL e) 15 pg/mL f) 20 pg/mL.
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TABLE 1: Logarithmsof ratefor different concentrationsof
thedrugsat roomtemperature.
Dru Log Log Regresson Correation Rate Order of
9 AA/A [drug] eguation coefficient congtant (S%) reaction (n)
-4509 -5.084

-4.202
At 610

nm -4.029
Diosmin
-3.897

-4.783 |ograte=

0.6591+
-4.607 10167 0.9999
logC

4.561 1.0167
-4.481

-3.795 -4.384

-4.611 -5.744 Log rate=
0.9952+
-5.443 0.9761 0.9999

logC

Hegperidin -4.321 9.890 0.9761

-4.221 -5.346

-4.996 -5.785

-4552 -5.308
Log rate=
At525 4336 -5.085 0
0.5505+
nm 0.9999
Diosmin -4.048 -4785 09600
logC

3.552 0.9600

-3.870 -4.607

-3.746
Selection of thebest kinetic method

Several kinetic techniqueswere adopted for the
selection of the best method. Rate constant, fixed ab-
sorbance and fixed time methods®® weretried and
the most suitable anal ytical method was sel ected tak-
ing into account the applicability, the sensitivity, i.e.
the slope of the calibration graph and the correlation
coefficient (r).

(a) Rateconstant method

Graphs of log absorbance versustime for drugs
concentrationintherange of 1.64 x 10°>-3.30x 10°®
M and 8.22 x 10°-3.30x 10°M for diosmin using the
first method and second method, respectively and
1.80x10°—-4.50 x10°M for hesperidin usingthefirst
method were plotted and all appeared to berectilinear.
Pseudo-first order rate constants (K ) corresponding
to different drug concentrations (C) were cal cul ated
from thed opesmulltiplied by —2.303 and are presented
iINTABLE 2.

Regression of (C) versusk’ gaveequations:

At 610 nm

K'=1.2x 10%+28.15C r=0.9958 (for diosmin)
K" =7.0x10*+ 120.53C r=0.9986 (for hesperidin)
At 525 nm

K'=5.0x10%+1340C r=0.9957 (for diosmin)
Where Cisthe molar concentration of thedrug.

-4.481

—— Fyll Peper

TABLE 2: Application of therate constant method in the
quantification of thestudied drugwith KMnO,.

K/St
Drug [drug]

At 610 nm At 525 nm
8.22x 10° -4.00x 10"
Diosmin 1.64x10° -7.21x10% -2.70x10*
247x10° -450x10*  -1.55x10*
3.30x10° -250x10* -6.91x10°

1.80x 10° -4.60x 10*

Hesperidin  3.60x 10°  -2.30x 10™

450x10% -1.38x10*

(b) Fixed absor bancemethod

Reaction rateswererecorded for different concen-
trationsof thedrugsintherangeof 2.47 x 10°-4.11 x
10°M and 1.64 x 10°—1.97 x 10°M for diosmin
using thefirst and second method, respectively, and 1.80
X 10° —4.50 x 10°M for hesperidin using the first
method. Presel ected va ues of the absorbance (0.45)
and (0.35) for diosmin using thefirst and second method,
respectively and (0.07) for hesperidininthefirst method
werefixed and thetimewas measured in seconds. The
reciproca of times(1/t) versustheinitia concentrations
of drug (TABLE 3) wereplotted and thefollowing equa
tionsof thecalibration graphswere obtained:

At 610 nm

Vt=-171x10%+718.05C, r=0.9977
(for diosmin)

Vt=-6.2x10°+4004.6C, r=0.9992
(for hesperidin)

At 525nm

Vt=-1.12x10*+6920.20C, r=0.9973
(for diosmin)

Where Cisthemolar concentration of thedrug.
(c) Fixed timemethod

At apreselected fixed time, which was accurately
determined, the absorbance was measured. Calibra-
tion graphsof the absorbance versusinitial concentra-
tionsof diosminand hesperidinat fixed timesof 20min.
inthefirst method and 15 min. in the second method,
were established with theregress on equationsand cor-
relation coefficientsassembledin TABLE4. Itisclear
that the dopeincreaseswith timeand the most accept-
ablevaluesof thecorreation coefficient (r) waschosen
asthemost suitabletimeinterval for the measurement.
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Asaconclusion, thefixed timemethod was chosen

for quantification becauseit gavethe best correlation

coefficientinareasonabletime.

TABLE 3: Application of thefixed absor bancemethod in the
quantification of thestudied drugswith KMnO,.

by the proposed method werefavorably compared with
those of areported ong®. Satistica andysig® obtained
by the proposed and reported methodsusing student’s
t-test and varianceratio F-test, showed no significant
difference between the performance of thetwo meth-
odsregarding theaccuracy and precision, respectively

Ut (sec.d)
Drug [drug] At 610nm At 525nm (TABLEG).
247x10° 901x10* TABLE5: Performancedatafor diosmin and hesperidin by
330x10°  6.17x 103 theproposed methods.
. 411x10° 1.28x10° At 610 nm At 525 nm
Diosmin Parameter - - — - -
1.64x 10° 1.11x10°% Diosmin Hesperidin Diosmin
1.80x 10° 1.39x 102 Concentration range (ug/ml) 5-25 1.1-2.77 1-20
1.97x 10° 238x102  Regessonequaion SO0 56100 s8I0
180x10°  11x10° Slope 298% 102 144x102 3.09x 102
Hesperidin  3.60x 10°  8.0x 107 Intercept 500x10° 562x10% 587 x 102
450x10°  1.2x10” Correlation Coefficient 0.9998 0.9999 0.9999
TABLE 4: Application of thefixed timemethod inthequanti- Sy 483x10° 154x10" 4.02x10°
fication of thestudied drugswith KMnO,. SE of slope 306x10* 1.28x10* 243x10™*
Drug Ti me Regron Co”e_l"’?tion SE of intercept 507x10° 274x10* 273x10°
(min.) eguation Coefficient LOD (ug/ml) 053 0.34 043
5  A=00070+0.0226C  0.9982 LOQ (ug/ml) 162 103 143
10 A=-0.0024 + 0.0263C 0.9993 S, = Standard deviation of residuals, LOD = Limit of detec-
At610nm 15 A= -0.0070 + 0.0286C 0.9995 tion, LOQ = Limit of quantification
Diosmin 55 A=_00050+0.0298C  0.9998 TABLE 6: Accuracy and precison data obtained by thepro-
5 A= 0.0456 + 0.0119C 0.9972 posed method and areported on€® for theanalysis of the
Hesperidin 10 A= 00513+ 00132C  0g99ga  Sudieddrugsinpureform.
15 A=0.0564+0.0134C  0.9998 SN — Pfr’i;’sm;f; . ':jpe”din
20 A=00562+00144C  0.9999 At 010mm At eoanm Reported® TS Reported!”
o 5 AODSOTO0mCT omen T ielmaEmE Ao 0
Diosmin 10 A=00495+00303C 0.9995 %RSD o.ée 0.63 0.67 0.%6 0.%2
15 A=00587+00309C 0.9999 Variance  0.74 0.40 0.45 0.56 0.51
Method validation t-tet  1.77(2.36) 1.38(2.36) 1.22(2.36)
(a) Linearity and range F-test 1.65(9.12) 1.12(6.59) 1.11(9.12)
Intraday 100.96  100.35 102.06
After optimizingtheresctionconditions thefixedtime  precison 095  +0.69 +0.84
method wasapplied tothekineticdeterminationof pure  %RSD ~ 0.94 0.69 0.84
diosminand hesperidin. Thecadibration graphsforthe  Variance  0.90 0.48 0.74
determination of thedrugswere constructed and were ~ 'nterday - 99.85 - 99.54 97.81
- o . precison +0.79  +0.61 +1.07
found.to berectili neer withi n the cpncg1trat| ONranges ooon .79 0.61 107
andwiththeregression equationscitedin TABLES. Variance 0,62 0.37 11

(b) Accuracy and precision

Theaccuracy of the proposed method was evalu-
ated by andyzingfiveleve sof sandard solutionsof the
studied drugs, each threetimes. Theresults obtained

Hnalytical CHEMISTRY o

S.D = Standard deviation, % RSD = Percentage relative
standard deviation, Tabulated t-test and F-ratio at P = 0.05 and
n=>5for the proposed method and n =4 for thereported method.
Intra-day and interday relative standar d deviation of theaverage
of three concentrations
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TABLE 7: Satistical comparison for theresultsobtained by the proposed method and thereported oné® for theanalysisof

diosmin and hesperidinin their dosageforms.

Dioven 500 tablets

Daflon 500 mg tablets

Veinatonic tablets

Item

Diosmin oo at Szsmm RePorted” BT At spsmm Reported” ORCTT At psnm Reported”
Mean+=SD 98.39+0.72 98.16+0.45 97.52+0.70 99.01+0.83 98.41+0.89 97.99+0.86 98.01+0.83 97.97+0.48 98.43+0.75
Variance 0.52 0.20 0.49 0.68 0.79 0.75 0.69 0.23 0.56
t- test 1.82(2.36) 1.68(2.36) 1.80(2.36) 0.71(2.36) 0.78(2.36) 1.12(2.36)
F- test 1.07(9.12) 2.41(6.59) 1.09(6.59) 1.06(9.12) 1.23(9.12) 2.41(6.59)
Hesperidin Daflon 500 mg tablets Veinatonic tablets
Mean+SD 98.10+0.70 97.54+0.54 98.79+0.76 98.31+0.66
Variance 0.49 0.29 0.57 0.44
t- test 1.30(2.36) 1.01(2.36)
F- test 1.65(9.12) 1.31(9.12)

Tabulated t-test and F-ratio at P=0.05 and n =5 for the proposed method and n = 4 for the reported method.

In addition, theintraday precision waseval uated
through replicateanaysis of the standard sol utions of
thedrugs. Whiletheinterday precision wasperformed
through replicateanalysis of the standard sol utions of
the drugs on three successive days. The percentage
recoveriesaswell asthe percentagerel ative standard
deviationswere ca culated asabridged in TABLE 6.

(c) Limit of detection (LOD) and limit of
guantitation (LOQ)

TheLimit of detection (LOD) andlimit of quantitation
(LOQ) werecaculated according to ICH Q2B recom-
mendations™, theresultsare shownin TABLE5.

(d) Robustnessof themethod

Therobustness of the method adopted was dem-
onstrated by the consistency of the absorbance values
withtheddiberately minor changesintheexperimentd
parameters.

Application of the proposed method

The proposed method was successfully applied to
the determination of diosmin and hesperidinin tablets
of different brands. The concentrations of the drugs
were cd culated referring to the corresponding regres-
son equation. Commonly used tabl et excipientsdid not
interfereintheanaysi sasindicated by the percentages
found. Theresultsobtained areabridged in TABLE 7
and were in accordance with that obtained from the
reference method®.

M echanism of thereaction
Thedataused inthe optimization of KMnO, con-

centration and the dataof thecalibration graphswere
used to calculate the stoichiometry of the reaction
adopting thelimiting logarithmic method®. Theratio
of the reaction between diosmin and KMnO, inalka-
line medium was cal cul ated by dividing the slope of
KMnO, curve over the slope of thedrug curve (Fig-
ures8A & 8B). It wasfound that, theratiowas0.90 :
0.92for diosminpointingout toaratioof 1: 1 (KMnO,
todrug). Based on the obtained mol ar reactivity, there-
action pathway isproposed to proceed asin Scheme 1.
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Figure8: Soichiometry of ther eaction between diosmin and
KMnO, adopting limiting logarithmic method™. (A)Variable
concentrationsof diosmin at constant KMnO, concentr a-
tion; (B) Variable concentrations of KMnO, at constant
diosmin concentration.

— REACTION PRODUCTS + MnO,” + H,0

Scheme1: Theproposed pathway for thereaction between
diosmin and potassium per manganatein alkalinemedium.

Diosmin + MnO, + OH
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Activation parameters

For the evaluation of apparent activation param-
eterl®l, the reaction was studied at 298, 303, and 308
K at diosmin=1.65x 10°M, [KMnO,] =5x10°M
and[NaOH] =0.5M at 610 nm. TheArrheniusplot of
Ink versus /T wasfoundto belinear withacorreaion
coefficient of 0.9997 (Figure9). The Eyringplot of In
k/T versus /T waslinear withacorrelation coefficient
of 0.9999 (Figure 10). Thevalue of Eawasevauated
fromtheslope (-E&/R) of Arrheniusplot and found to
be 15.85 KJ mol. The vaue of AH and AS were
evauated fromthesope (-AH/R) andintercept [In (k /
h) + AS/R] of Eyring plot and found to be 40.79 KJ
mol* and 25.59 JK-* mol %, respectively. Thevaue of
Gibbsfreeenergy (AG) of activation of thereaction
product was found to be -7.63 KJ mol. Thisvalue
indicated that the proposed reaction isafavored reac-
tion (spontaneous) can occurr without external supply
of energy.
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Figure9: Arrheniusplot of Ink versus /T at 298.0, 303.0,
and 308.0K for determination of activation energy at 610
nm.
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Figurel10: Eyringplot of Ink/T versus T at 298.0, 303.0,
and 308.0K for determination of AH and ASat 610 nm.

CONCLUSION

The proposed kinetic methods are gppreciablewith
aview that the oxidation of drugs can beexploited for
theroutinequality control analysisof diosminand hes-
peridinintheir pharmaceutica formulations. Thepro-

posed methodsare sensitivewith asimplecalibration
system that does not require any laborious clean up
procedureprior to analysis. Moreover the present tech-
niquehasthe advantage of usnginexpensiveand easly
availablereagentsand therefore can befrequently used
inthelaboratories of research, hospitalsand pharma
ceuticd indudtries. Theonly limitation for thesemethod,
If usedin other pharmaceutica preparationscontaining
antioxidant or any other oxidisable matter which will
causeinterference and thiscan be solved by using suit-
able solvent extraction.
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