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Abstract: A simplified version of the 2, 4-DNPH assay forvitmoids has been improvised. The assay
includes incubating test sample with DNPH in ami5reaction volume in hot water at about®8containing

2 mL methanol at about 0.2 N HCI, cooling samplesdom temperature, adding 3 mL 1M NaOH, and
monitoring red color at 470 nm at 10-15 minutese TTeagent has been found capable of assaying both
flavonols (rutin, quercetin and morin) and flavori@®smin and diosmin rich bioflavonoid, daflon)tan 1 to

4 pmoles of flavonoid compared to HCI method tlsiponds within 0.15 pmoles of flavonoids. The liitga
range for various flavonoids with DNPH assay, ingles has been 0.2 to 1 (quercetin), 0.5 to 2.0n(rut
daflon), 0.5 to 3.75 (diosmin) and 1 to 4 (morin) ¥0.99). The observations are contrary to the
recommendation that the DNPH assay is rather spdoif flavonone and not for flavone and flavongpe
flavonoids. A comparison of regression coefficieotdained with DNPH assay and HCI assay have redeal
that the DNPH assay is 8 to 76 times less senghieve HCI assay for assaying test flavonoids.
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I ntroduction

Flavonoids constitute an important group of aniderts widely distributed in plarits with potential
implications in health and diseds©f these, diosmin, rutin and daflon, besidesrtheti-oxidant potentials
have been therapeutically employed in a varietijohan disorders including amongst others manageofent
chronic venous insufficiency and hemorrhdid§enerally colorimetric methods for flavonoids amnsidered
reliable, accurate and time-saving compared to madranced chromatographic methods that requireiadpec
expertise and instrumentation and are more expegid time consuming. Aluminium chloride methothsst
often the colorimetric method of choice for genetetermination of flavonoid€. Recently a simple alternative
colorimetric assay for flavonoids using 75 % HCs limeen found to be equally effective and much ssmipl
execution than aluminium chloride based aSsadditional colorimetric assays employing metalkalts
including those of copper, lead, molybdenum andy$ten too have been found to be useful for assaying
flavonoids with varying sensitivitiés

It has been recommended that determination of flaits from botanicals must include assays like DN
are rather selectively interacting with flavanoypet flavonoids with least selectivity for flavonedaflavonol
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type flavonoid& The assay has been viewed as a complementary tassautine assay for determination of
total flavonoids.

The standard DNPH assay in practice includes irtcup#est sample in methanol in presence of DNPHbb
minutes at 50C, then addition of KOH in methanol, and centrifiigg an aliquot of colored mixture with
methanol to separate out the precipitate, and mgatlie samples at 495 nm following dilution in natbl The
technique is considered selective for flavanonekiding naringin, + naringenin and hesperitin, dnthg of
each has yielded mean absorbance, respectivey, 148, 0.240, and 0.258DNPH reagenper se is a non-
specific reagent being used to detect aldehydailetmoieties that are prevalent in non-flavonoidsge cause
of interference and concern. In fact, the techniguemployed for determination of pyruvic acid, norng
color at 520 nrh Since flavonoids exhibit phenolic functional n@e with and without sugar components, this
necessitated investigating response of these pibsrasid sugar representatives such as glucoseuanussin
vitro to DNPH to assess their contribution if any to cotmaction under test conditions.

The experiments were accordingly designed to putiseeobjectives aimed to: (i) simplify the DNPH ags
protocol so as to minimize the steps required el the soluble color reaction; (ii) assess aayility of
the reagent to assay flavone and flavonol typeoflaids, (iii) compare sensitivity of the assay watlneady
standardized assay for flavonoids using HCI, amyl dssess whether or not phenolic and sugar residres
capable of contributing to over all color react@frDNPH assay.

Experimental

The experiments were carried out at an ambientéeatpre of 27.620.2C. The drugs and chemicals used were
of standard purity and quality obtained from reguseurces in India. Spectrophtometric measuremeets
made with UV-Visible Spectrophotometer, Model UVivli240 (Shimadzu Corporation, Japan).

Reagents: DNPH reagent: 0.1 % (w/v) DNPH in 15 % iHQvater was prepared by triturating 250 mg cisst

of DNPH with pestle and mortar along with 37.5 mCIHand water was added to make final volume 250 mL.
The dissolution was allowed at room temperature @vdays. The solution was filtered over WhatmaiteFl
Paper No.42, washed with 15 % HCI, and discardstféw milliliters of the reagent.

NaOH solution: A 4 % (w/v) sodium hydroxide pellétswater served as 1 M solution. Diluted stren@iM
NaOH) was prepared by dilution in water as per need

Rutin trihydrate: 0.2 % (w/v) rutin in methanol tvitonsideration to minimum labeled purity as 90%e T
requisite dilutions were made in methanol. The igtpi dilutions were made in methanol. The molecula
weight of rutin was taken as 664.55 for estimatimgar equivalents

Quercetin dihydrate: 0.1 % (w/v) in methanol witbnsideration to minimum labeled purity as 98%. The
requisite dilutions were made in methanol. The igtpi dilutions were made in methanol. The molecula
weight of quercetin was taken as 338.27 for estilgaholar equivalents

Morin hydrate: 0.1 % (w/v) morin in methanol witloresideration to minimum labeled purity as 95%. The
requisite dilutions were made in methanol. The ke weight of morin was taken as 329.24 for esting
molar equivalents.

Diosmin: Laboratory standard for synthetic diosmiras prepared from Venex-500 mg tablets (Elder
Pharmaceuticals Ltd., Mumbai) as per standard poeealready outlinéd The concentration of diosmin was

adjusted to 0.25 % (w/v) labeled diosmin in 0.1 M. The stock solution was stored well stoppered i
refrigerator. The molecular weight of diosmin waken as 608.54 for estimating molar equivalents.

Daflon: The flavonoid mixture contained in Dafl@abtets was extracted from the powder in the maapplied
to Diosmin tablet powdeér The final strength was adjusted to 0.25 % (wiaydnoid mixture (90 % diosmin
and 10 % hesperidin as per label) in 0.1 M NaOHe €oncentration was adjusted following its assat wi
laboratory standard diosmin. The molecular weidtihe mixture was estimated as 608.74 for estirgatiolar
equivalents.



S.A.Mir et al/ /Int.J.PharmTech Res.2014,6(2),pp 751-758. 753

Chloral hydras solution: Working solutions (10 pew®lof chloral hydras mt) was made in methanol by
dilution of stock solution 1.8 % (w/v) in water egalent to 98.1 pmoles of chloral hydras L

Sucrose Working solution (10 pmoles of sucrosé'mas made in methanol by dilution of stock solutio0
% (w/v) sucrose (equivalent to 29.2 pmolesnin 0.01N HCI.

Glucose: Working solutions (10 and 100 umoles atgse mL') were made in methanol by dilution of stock
solution 5.0 % (w/v) glucose (equivalent to 277rBqles of glucose nit) in 0.01N HCI.

Phenolic solutions: Appropriate working solutiorfsresorcinol, catechol and phenol were made in areih
from respective stock solutions as 0.5 or 1 % %)wfepared in 0.01 N HCI. Working solution of gaeol
was made from stock solution 4.68 % (w/v) in methaguivalent to 373 pmoles of guaiacol L

Analytical techniques
2, 4-Dinitr ophenylhydrazine technique for flavonoids

The analytical technique followed in the study isnadification of the method approved for flavandppe
flavonoids' *°. A simplified version of the assay has been imjs@w for the study. The initial reaction volume
has been 4.5 mL. The samples contained in metlfaraoin, quercetin and rutin) were added in 2 mLhaebl
while those contained in alkali (diosmin and daflevere taken in 2 mL 0.1M NaOH. The samples were
matched for alkali and methanol such that each kaogmtained 2 mL each of methanol and 0.1 M NaUt¢
samples were added 0.5 mL of DNPH reagent. Sangpigats in corresponding concentration were addéd 0
mL 15 % HCI. The reagent controls contained 2 mithaeol and 2 mL 0.1 M NaOH. The reagent blank was
added 0.5 mL 15 % HCI while DNPH blanks were ad@éslmL DNPH reagent. The samples were gently
mixed and incubated in hot water bath for 15 misutintained at about 8G. The samples were then cooled
to room temperature, added each 3 mL of 1 M NaOghtlg mixed up, and allowed to stand at room
temperature for 10-15 minutes and absorbance te&tDam.

Hydrochloric acid techniquefor flavonoids

The method employed for the assay has been dedtribest sample in 1 mL solvent was added 3 mL
concentrated HCI. The samples were read at 405aflowing standing at room temperature for 30 to 40
minutes.

Results and Discussion

The optimized assay is simpler and faster in executhan recommended DNPH assayime is saved by
incubating samples at elevated temperature (albi&)8for 15 minutes compared to incubation for 50 uteés
at 50°C. The final reaction mixture provided transparesior so did not require centrifugation or additiai
25 mL methanol. During optimization, it was obsehtbat incubating the samples in ethanol or astid-
ethanol (solvent used for diluting flavonoids likatin and quercetin) were interfering with the gssad
controls developed excessive color possibly dygrésence or formation of aldehyde. Thereafterstietions
of rutin and quercetin were prepared in methanati addition of ethanol and acetic acid was avoided.
comparative evaluation of three wavelengths 520, @7d 495 nm suggested more stable and highersvalue
were observed at 470 nm. Regression estimate G@mndn with 10-minute incubation during optimization
studies (0.75 through 3 umole basis versus cormebpg absorbance values, n= 3 each) at 470, 49%20d
nm were respectively found to be, 0.106 + 0.00078+ 0.003 and 0.058 +0.003 (r >0.996). Thus, @M0Owvas
chosen for the assay under test conditions. Latelies revealed 15-minute incubation was providieger
absorbance values than those observed at 10 niimouteation, therefore, 15 minute incubation was leygd
throughout the studies thereafter. Estimated acafithe samples at the time of incubation was axiprately
0.2 N HCI, while alkalinity at the time of color eldopment was approximately 0.3 N NaOH.
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Table 1 Comparative response of selected flavonoids to DidBd4y

Test flavonoid Mass, pmole Absorbafice r+s.e. b+s.e.
0.50 0.090+0.002
0.75 0.125+0.002
1.0 0.168+0.001
Diosmin 1.5 0.230+0.004 0.9994 +0.0005 | 0.143 +0.002
2.25 0.355+0.005
3.0 0.448+0.008
3.75 0.555+0.005
0.5 0.128+0.004
Daflon 1.0 0.216+0.001 0.9981+0.0022 0.214 +0.008
2.0 0.445+0.003
0.5 0.091 +0.001 0.9915+0.0085 | 0.216 +0.014
Rutin 0.75 0.376 +0.002
1.0 0.409 +0.003
2.25 0.751 +0.001
0.2 0.110 +0.001
Quercetin 0.5 0.244 +0.006 0.9999 +£0.0001 | 0.450 +£0.004
1.0 0.470 +0.005
1.0 0.051 +0.005
Morin 2.0 0.105 +0..002 0.9998+0.0002 | 0.057+0.001
4.0 0.222 +0.005

2The values are mean + S.E. of 5 observations eachindicate observed
absorbance values minus sum of those due to DNEHkhah due to
corresponding mass of sample in absence of DNPH

Response of test flavonoidsto DNPH

All test flavonoids reacted with varying intens#ti€lrable 1). Comparison of regression coefficieateals the
order of reactivity followed the following pattern:

guercetin (3.1X) > rutin (1.5X%3 daflon (1.5 X) > diosmin (1 X) > morin (0.4 X)

Thus, quercetin was nearly 3 folds more responaifige rutin and daflon were 1.5 times as responsise
diosmin, and morin was least responsive (2.5 tileeser than equimolar diosmin). Increased reagtiwit
daflon than to diosmin is presumably due to presesfchesperitin (a flavanone constituting 10 % afl@h
with 90 % provided by diosmin).

It was mandatory to take control samples in appat@rconcentrations in absence of DNPH, as the lesmp
reacted intensely with high alkalinity with leagtaction by diosmin and daflon. The order of redtgtiof
control flavonoids to alkaline pH was found to bettie order based on estimated regression coeftficimver
the test range (Tablel):

rutin (19 X) > morin (11X) > quercetin (5 X) >>dimén (1 X)> daflon (0.9 X)

The color due to diosmin and daflon has been paligih absorbance range 0.017 through 0.104 (diasmn
0.992, b = 0.028) and 0.018 through 0.055 (dafle®®.999, b = 0.025). Rutin and quercetin inducedpde
yellowish-orange color with absorbance range Othddugh 1.05 (rutin: r= 0.999, b= 0.520) and 0.@86éugh
0.146 (quercetin: r = 0.998, b= 0.141). The colmnfed by morin was intensely golden yellow withgan
0.343 through 1.23 (r=0.999, b= 0.296). As evidatigsmin and daflon induced control color is least
interfering compared to those with rutin, morin aqdercetin in that order. This observation makes it
mandatory to take simultaneous control samplesarieaith matched volume of acid in absence of DN#P
reading DNPH treated samples against control agbRegression coefficients of rutin and morindontrols,
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respectively, as 0.520 +0.004 and 0.296 + 0.003naweh higher than those obtained with DNPH treated
samples, correspondingly as, 0.216+0.014 and 0@B?1.

Compar ative response of test flavonoidsto HCI

Compared to DNPH assay, test flavonoids respondéd gfficiently to HCI method (Tables 2 & 3). Couis
were taken for each concentration but added 3 ml%16ICl compared to concentrated HCI. This acidity
rendered controls of diosmin, daflon and quercettorless, rutin developed a faint negligible tinghile
morin showed concentration related faint palisto@iion with absorbance range over 0.03 throughu@ale
ranging from 0.018 through 0.135 (r+S.E., 0.9990801, b + S.E., 0.428+0.009). Each standard samate
uniformly read against sample concentration contAd evident (Table 2), the concentration rangerove
linearity for test flavonoids was in general muokwér, within 0.15 pmole (0.0164 to 0.164 pmolentkath
DNPH assay, within 4 pmole. Comparison of regressioefficients between two assays (Table 3) reveals
mean * S.E. relative sensitivity of HCI method wsr®&NPH method has been 31 + 11: the range beomg &
through 76 folds regression estimate with HCI thdth DNPH assay; the least sensitivity is with quein and
maximum with morin. DNPH assays require flavonaith@entration for assay purpose to be taken in & ing
contrast to DNPH assay, standard flavonoids (15% masponded effectively to 100 pg of flavonoid A€l
method while HCI method for test flavonoids prowd@ear response over 10 to 100 pg of flavonoid.

Table 2 Comparative response of test flavonoids to HCI iogth

Test flavonoid Mass, pmole Absorbahce r+s.e. b +s.e.
0.0164 0.077+0.002

Diosmin 0.041 0.193+0.002 0.9998 +0.0002 | 4.73 +0.05
0.082 0.398+0.004
0.164 0.774+0.004
0.0164 0.086+0.001

Daflon 0.041 0.202+0.001 0.9999+0.0001 | 4.78 +0.04
0.082 0.403+0.002
0.164 0.791+0.003
0.03 0.130 +0.001

Morin 0.09 0.394 +0..002 0.9999+0.0001 | 4.35+0.03
0.15 0.663 +0.002
0.30 1.318+0.008
0.015 0.067 +0.006
0.075 0.279 +0.001
0.03 0.131 +0.001

Quercetin 0.09 0.345 +0.002 0.9991 +£0.0001 | 3.54 £0.03
0.15 0.556 +0.002

®The values are mean + S.E. of 5 observations dehconcentrations are in the range of 10 to 100 pg
(diosmin, daflon and morin) and 10 through 50 pgefgetin and rutin)

Response of test non-flavonoidsto DNPH

A close scrutiny of the chemical structures of fstonoids indicates that the flavonoids are eitligcosides
containing a disaccharide rutinose (composed dfdmranose (deoxy-mannose) and D-glucose (diosntin, ru
hesperidin) or aglycones (morin and quercetin).tharmore, the flavonoids exhibit characteristic e
nuclei such as presence of resorcinol (one moléoutach of test flavonoids and two in morin), gual (one
molecule in each of diosmin and hesperidin), anidatel (one molecule in each of quercetin and yufihese
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observations necessitated in testing phenolics saigdr responses to DNPH under test conditions.r&lhlo
hydras was selected as a general standard tdgedtility to react with DNPH keeping in view sfegity of
DNPH to C=0 function and presence of HC=0 in cHlbyalras.

As evident in Table 4, all test phenolics baringigaol and phenol showed quantitatively a variegppoase to
DNPH with most remarkable response shown by cateBtemgression estimate for catechol 0.513 is mioaa t
those obtained with flavonoids (Table 1) whichasnewhat more than that of quercetin (0.45) andiyéaice
of the value observed with rutin (0.216), two flawads that contain catechol function in their stowe. Even
control samples of the catechol over the concdatratinge 0.2 through 1 umole showed perfect libeéar+
S.E., 0.999+0.002; b+ S.E, 0.054+0.002). Respoossutrose (a disaccharide containing aldose armbdpet
was nearly 4 times more than to mono-sacharidec¢gke). A comparison of regression coefficientsiqsat
approximated) reveals relative reactivity to DNPtte test agents in the order:

Catechol (78 X) >> sucrose (2.5 X) > resorcinoK{1= chloral hydras (1 X) >>glucose (0.6 X)

Guaiacol up to 20 umoles and phenol up to 100 psrfaited to produce any effect. Failure of guaidoaleact
suggests it to be an unlikely contributor to coteaction by diosmin and daflon.Contribution of suga
component to color reaction seems marginal ananamidatory. For instance, aglycone type flavonoid$ sas
morin and quercetin reacted effectively with highregiression estimate observed with quercetin, @48 that
of its glycoside version rutin being about half216.(Table 3). Resorcinol function is a commonctional
moiety in all test flavonoids and results have ¢gatied that regression estimate for resorcinol,@B0 far less
than those observed with test flavonoids (0.05@ugh 0.45) with morin that contains two resorcifurictions
with least value of regression estimate (0.057)naarly 9 times that obtained with resorcinol. Cht# is
definitely contributing to the color reaction, aslicated by its high response and those of quereeti rutin.

A comparative evaluation of observations of netodaisnce values with 1 pmole of each test substhase
revealed that none of the non-flavonoids baringdat! elicited any response. In contrast, meamipsbdrbance
values (with control values within parenthesis) evegspectively observed for catechol, 0.628+0.@O53),
rutin, 0.516 +0.003 (0.402), quercetin, 0.470+0.00346), daflon, 0.216+0.001(0.029), diosmin, 8.36.001
(0.027) and morin, 0.051+0.005 (0.343). The conabsorbance values reflect effect of alkali coupied
incubated test sample in acidic medium while nebdbance reflects effect in response to DNPH action

The foregoing observations reveal that color readtly DNPH is not significantly contributed by ploéos and
sugar components baring catechol. However, to tdvreir interference to whatsoever extent, itrigppr to
ensure their elimination from the flavonoid testragts to enhance specificity of the determinat©hemicals
with aldehyde functions (as indicated by experiragoh with chloral hydras) must be necessarily bseat
from the test samples.

The present study does not confirm that flavonoither than flavanones can not be determined bypthieH
assay. In fact, the present study has indicatedntaod is complementary to determination of flanida in
general. These findings are contrary to those ptedeby others who have failed to get absorbance for 12
flavonoids at 1 mg concentration including thresréinols used in the present study viz., morin, cgtér and
rutin. The mean absorbance values for 15 flavono&glsg 1 mg each has recorded as 0.000 + 0.00@2for
flavonoids belonging to flavones(3), isoflavonesé®2d flavonols including morin, quercetin and r(it)nand
while flavonones (3) such as naringin, (£) naririgeand hesperetin respectively as 0.113 +0.00340x
0.002 and 0.258+0.013. The absorbance valuesnebt#é present study for flavones and flavonolsehiasen
comparatively quite high (Table 1). Minimum recaldeesponse to test flavonoids (Table 1) correspaoads
about 68 g of quercetin (linear range: 68 to 3§B8and about 300 pg of diosmin (linear range: 302282
Kg), daflon (linear range: 306 to 1216 g), molime@r range: 329 to 1317 pg) and rutin (lineaigerB32 to
1495 ug).

Very high values obtained with morin, which is avibnol, disregards the assertion that 2, 4-DNPIHois
capable of detecting or determining flavones aaudhol§. Our observations with response of chloral hydras
also confirm that the keto function is critical it reaction with the reagént
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Table 3 Comparative evaluation of HCI versus DNPH assaysélect flavonoids

Flavonoid Regression coefficients over linear rarfges Approximate
Relative
DNPH Assay HCI Assay sensitivity
Diosmin 0.143 + 0.002 4.73 + 0.05 33
Daflon 0.214 + 0.008 4.78 £0.04 22
Morin 0.057 + 0.001 4.35+0.03 76
Quercetin 0.450 + 0.004 3.54 £0.03 8
Rutin 0.216 + 0.014 3.53+0.01 16

%In terms of umoles flavonoid versus absorbanceegalu
® Ratio of regression coefficients with HCI ver&SPH assays

Table 4 Comparative response of selected non-flavonoid®NBH assay

Test flavonoid Mass, umole  Absorbance | rts.e. bts.e.
0.2 0.211+0.002

Catechol 0.5 0.406+0.004 ggggji 0'8103341§
1.0 0.628+0.009 | '

Resorcinol > 0.029+0.00 1 0.9998+ | 0.0066 +
10 0.063%0.002 | 7’0502 0.0001
15 0.095+0.003 | ™ '
5 0.082 +0.001

Sucrose 10 0.181 +0.002 88822 * 0'810607();
20 0.335+0.001 | '
5 0.011 +0.001

Glucosé 15 0.04320.001 | goost | Yol
50 0.176+0.006 | '
5 0.045+0.001

Chloral hydras 10 0.069+0.001 8ggggi 0.80060902
20 0.146+0.001 | ™ '

Guaiacol 5-20 No response

Phenol 50-100 No response

757

®Higher concentrations of glucose 100 and 250 pmadduced absorbance, respectively, as 0.169 +0.005

and 0.192+0.006 with no significant differencelms0 pmole (p>0.1)

The values are mean = S.E. of 5 observations each.

Conclusions

The study has provided an improvised simplified hodtfor determination of flavonoids by DNPH method.

The reagent shows strong interaction with catesbahat may be strongly contributing to the reactioe to
quercetin and rutin. Contrary to the reports that DNPH method is unsuitable for flavones and fieols, the
present investigation with employed protocol isatadp of determining all test flavonoids. Howeveverall
sensitivity of DNPH assay has been 8 to 78 timssdethan those observed with standard HCI method.
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