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ABSTRACT KEYWORDS
A simple, rapid and sensitive colorimetric method for quantitative determi- Spectrophotometry;
nation of methyl eugenol (ME), a synthetic attractant for oriental fruit fly 3-Methyl benzothiazoline-2-
(OFF), in pureformand in commercial preparationsisdescribed. Oxidative one hydrazone;
coupling of M E with 3-methyl benzothiazoline-2-onehydrazone (MBTH) in MBTH:;
presence of ferric chloride producesablue colored product, which absorbs Methyl eugenol;
maximally at 619 nm. Thecolor islinear intherange 2.5-10ug mL %, with mean Oriental fruit fly (OFF).

percentage recovery of 100.01+0.58 and correlation coefficient of 0.9998
(n=7). Various parameters affecting the reaction pathway have been opti-
mized and the method could be successfully applied to determine ME in
both pure form and in the commercial preparation without interferences
from excepientsand diluents. The method needs neither extraction nor heat-
ing. The obtained results were in good statistically agreement with those
obtained by applying areported method. Limit of detection (LOD) and limit
of quantitation (LOQ) arereported.  © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION world’s fruit fly pests due to its potential economic
harm@. Mdeorientd fruit fliesarestrongly attracted to
Methyl Eugenol (ME) isan extremely effective HaC<,

attractive kairomone lurefor biological control of
male oriental fruit fly Structure of ME isshownin
figure 1.

Fruits, vegetables, and nuts are important as es-
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sentid building blocksof any diet. They areloaded with éHZ
vitaminsand mineralswhich areessential for healthy gHz

livingt¥. Orientd Fruit Fly (OFF), Bactroceradorsalis

: . [ o 1732
(Hendel), is considered one of themost serious of the 111140, (MW: 178.2)

Figurel: Methyl eugenol


mailto:hayamlotfyhm@hotmail.com

40 Application of 3-methyl benzothiazoline-2-one hydrazone as a chromogen

ACAIJ, 9(1) March 2010

FPull Paper =

(ME), anaturally occurring compound reported from
ten different plant families®4. ME isthemost environ-
mentdly friendly andleast intrusivefruit fly eradication
strategy avail able>8.ME could be determined by gra-
dient HPLC method in rodent plasmausing [Inertsi|
column C; (5um, 15cmx4.6mm, i.d.)], 47% acetoni-
trile/ acetonitrileasamobile phaseand UV-detector at
230nm™®., Gas chromatography (GC)/M S have been
suggested for the determination of ME infood prod-
ucts.

3-Methyl benzothiazoline-2-one hydrazone has
been used asa sensitive chromogenic reagent, in pres-
enceof oxidizing agents, for spectrophotometric deter-
mination of phenols, aromatic amines, heterocydicbases
toform highly colored products**7. The purpose of
thiswork isto determinemethyl eugenol incommercid
preparationsusing rapid, smple, precise, accurateand
low-cost method. The proposed procedure is based
on theformation of astablebluecolored oxideative cou-
pling product usng MBTH in presence of ferric chlo-
ride.

EXPERIMENTAL

Apparatus

Shimadzu UV-1601 PC, dual-beam UV—-vis spec-
trophotometer (Kyoto-Japan), with matched 1cm quartz
cells, connected to an IBM-compatible PC and an HP-
600 inkjet printer. Bundled, UV-PC persond spectros-
copy softwareversion 3.7 wasused to processthe ab-
sorption.

Reagents and solvents

All reagentsused throughout thiswork were of ana-
Iytical puregrade, and solventswereof spectroscopic
grade.

(@ 3-Methyl benzothiazoline-2-one hydrazone
(MBTH) agueous solution, 0.35% (w/v), Thisso-
Iutionisfreshly prepared by dissolving an adequate
weight of MBTH, obtained from E. Merck
(Darmgtadt-Germany), in0.1M HCI.

(b) Ferricchloridesolution (FeCl,) 4 %(w/v).Itispre-
pared by dissolving an adequate weight of the salt
in0.1M HCl.

(©) 0.1M hydrochloric acid solution obtained from
Prolabo (Briare Le Cana-France).
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Samples
Puregandard

Standard Methyl Eugenol (ME): A product of
Aldrich Chem. Co. (WI-USA), kindly supplied by the
Minigtry of Agriculture(MARC), located & Dokki, Giza
Its purity wasfound to be 99.63+0.67 % as checked
by applying thereported method®.

Commercial sasmple

Itisaliquid formulation (BNo.:1465), manufac-
tured and distributed by Production Unit of Pesticide
Alternativesin Sendion wereclaimed to contain 98g of
pure ME ineach 100mL, it waskindly supplied from
theMinistry of Agriculture (MARC), located at Dokki,
Giza

Sandard stock and working solutions

Sandard stock solutionsof methyl eugenol (1Img
mL 1)

Methyl eugenol standard stock solution (ImgmL-
1) isprepared by complete dissolving of 100mg of stan-
dard ME in an equi-mixture of methanol and 0.1N HCI
(i.e, 1:1 by volumes) in 100mL calibrated volumetric
flask.

Working standard solution of methyl eugenol
(25ugmL )

It was prepared by transferring 2.5mL of methyl
eugenol standard stock solution (Img mL2) into 100-
mL cdibrated volumetric flask and compl eting thevol-
umeto themark with methanol 0.1N HCI solvent mix-
ture(1:1, v/v).

GENERAL PROCEDURE OFANALY SIS

Spectral characteristics of methyl eugenol solu-
tion

Andiquot of 3mL of ME-working standard solution
(representing 75ug) wastransferredinto a10-mL cali-
brated volumetricflask and the volumewas completed
with methanol. The prepared sol ution wasscannedinthe
range 200-800nm against methanol asablank.

Spectral characteristicsof the colored product of
methyl eugenol and MBTH

Aliquot of 3mL of M E-working standard solution
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(representing 75ug) wastransferredinto a10-mL cali-
brated volumetricflask, and 2.5mL of MBTH & 1.5mL
FeCl,wereadded and left for 35 minutes. Thevolume
was completed with distilled water, and the devel oped
color was scanned in the UV-visible region (200 -
800nm) against areagent blank. Figure 2 showsthe
UV-visible (200 -800nm) spectraof methyl eugenol
solution and the col ored reaction product of methyl
eugenol with MBTH measured againgt the correspond-
ing reagent blanks.

Congtruction of calibration curveof methyl eugenol

Aliquotsof 1, 1.5, 2, 2.5, 3, 3.5 & 4mL of ME-
working standard solution (equivalent to 25ugmL?)
wereaccurately transferred into aseriesof 10mL cali-
brated volumetric flasks. Complementary volumes of
solvent mixture[ methanol-0.1N HCI (1:1, v/v)] were
added to adjust the volume to 4mL, then 2.5mL of
MBTH-solution (0.3% , w/v) were added, followed
by 1.5mL of ferric chloride. The solution waskept for
~35 minutes at room temperature (20+5°C) and was
diluted tothemark with distilled water. The absorbance
was measured at 619nm against areagent blank done
pardle withtheexperiment. Thecdibration graphwas
obtained by plotting the absorbance ver susthe corre-
sponding M E-concentration (ug mL™) and theregres-
S on equation was computed.

Application tothecommer cial prepar ation contain-
ing methyl eugenol

ME liquid formulation wasdiluted by usingamix-
ture of methanol and 0.1N HCl (1:1, v/v) to get ME-
concentration of ~25ugmL 1. Anaiquot equivaent to
~50ug of ME wasaccurately transferred from the pre-
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Figure2: TheAbsor ption spectrum of puremethyl eugenol
(7.5 ng mL %) in amixtur eof methanol and 0.LNHCI (1:1, v/
v); (- -) and thefinal colored product (7.5 pg mL 1) (—) by
applyingtheproposed procedure
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pared solution into calibrated 10-mL measuring flasks
and thevolume was adjusted complementary to ~4mL
with thesame solvent mixture. Then2.5mL of MBTH-
solution (0.3 %, w/v) were added, followed by 1.5 mL
of ferric chloride. The solution waskept for ~35 min-
utesat room temperature (20+5°C) and diluted to the
mark with distilled water. The absorbance was mea-
sured at 619 nm against areagent blank simultaneously
with the experiment. The M E-concentration (ug mL?)
could beca culated from the computed regression equa
tion.

RESULTSAND DISCUSSION

Reaction involved

Thereaction of MBTH with phenolsiscarried out
inacidic or dkalinemediaand in presenceof an oxi-
dizing agent. It was shown that phenolsreactintheo-
and p-positionto the hydroxyl group viaoxidative cou-
pling™. Methyl eugenol in amixture of methanol and
0.IN HCI (1:1, v/v) exhibits absorption maximalo-
cated at 230nm. The addition of aqueous solutions of
ferric chloride, MBTH to the drug sol ution produced
anew characteristic peak at 619 nm (Figure 2). The
blank solution was prepared similarly asthe sample
solution except for the presence of the drug, which
does not show any peak at 619nm.

Thereaction of MBTH with Methyl Eugenol in
the presence of oxidant ferric chloride proceedsvia
oxidative coupling. MBTH losestwo el ectronsand
oneproton on oxidation withthe oxidizing agent (i.e.,
ferric chloride) toform the e ectrophilicintermediate,
which isthe active coupling species'”#. Theinter-
mediate would be expected to attack carbon atom
with high electron density to form the blue colored
product. To study the stoichiometry of the reaction,
the continuous validation method was applied. It was
confirmed that ME interactswithMBTH inthe 1:3-
ratio (Scheme1).

Optimization of variables

The conditionsfor the production of themost in-
tense and stable color, namely, effect of MBTH-con-
centration, iron (111) concentration, acid concentration,
reactiontime, and the effect of diluting solvent, were
studied.
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Effect of MBTH concentration

When various concentrationsof MBTH solutions
were added to afixed concentration of ME, 2.5mL of
0.3% solution wasfound to be sufficient for maximum
color intengty. Increasing concentrationsdid not affect
thecolor intengity.

Effect of iron (111) concentration
Theoptimum concentration of ferric chloridesolu-
HAralytical CHEMISTRY o

tion for maximum color devel opment wasfoundto be
1.5mL of 4% FeCl_-solution per 10mL of reactionmix-
ture. Higher concentrationsof oxidant did not affect the
absorption intengity of thecolor. Severd other oxidants
wereinvestigated, e.g. anmonium cerric sulfate, po-
tassum iodate and hydrogen peroxide. Only iron(111)-
chloride gave the characteristic color with ME with
MBTH.

Effect of hydrochloricacid concentration

Different concentrationsof hydrochloricacid (0.01-
0.2M) used asasolvent for MBTH and FeCl., have
been tested. Maximal color intensity could beachieved
by using 0.1M strength. Higher aciditiesdid not affect
thedevel oped color intensity.

Effect of diluting solvent

Methanol, distilled water, 0.1M HCI and acetoni-
trilewereutilized as devel opment solvents, wherewa
ter gavethebest color intensity and stability.

Effect of reaction time

A development timeof 35 minutes, inall thetested
diluting solvents, at 20+5°C wasfound optimum for
the maximal absorptionintensity of thecolored prod-
uct, whichwas stablefor at least 2 hours.

Quantification and method validation

A linear correlation was found between the ab-
sorbance at 619nm and concentration in the 2.5-
10ug mL-*-range.Correlation coefficient, intercept
and slope for the calibration data of ME are pre-
sentedin TABLE 1.

Thelinear Beer’s law plot of the investigated drug
can a so be used for computing theregression equation
and calculation of the concentration. Theapparent mo-
lar absorptivity of the resulting colored product was
found to be~16200mol-*cm* (loge = 4.2092).

Thelimit of detection (LOD) and limit of quantifi-
cation (LOQ) were cal cul ated according to the current
ICH guiddlines*? astheratio of 3.3and 10 standard
deviationsof the blank, respectively, and the dlope of
thecdibrationline(TABLE1).

To examinetheintra-day accuracy and preci-
sion of themethod, solution containing two different
concentrations (within theworkinglimits) of ME were
prepared and analyzed in ninereplicates. Therela-

A udéan Journal



ACAIJ, 9(1) March 2010

Hayam M.Lotfy et al. 43

TABLE 1: Assay parameter sof ther eaction between M E and
MBTH

—=> Fyl/ Poaper

TABLE 2: Determination of methyl eugenol initscomercial
preparation by theproposed MBTH colorimetric method

Par ameter M ethyl Eugenol Preparation  Found” (ngmL ™) Recovery * (%)
Aimex 619nm Methyl Eugenol 4.964 99.28
Linearity Range (ug mL™) 2.5-10 Formulation 5.023 100.46
Molar absorptivity mol™ cm™ 16200 B.No0:1465 4.964 99.28
Regression equation Mean + SD 99.67 + 0.681

Slope 0.091

I ntercept +0.1672
Correation Coefficient (r?) 0.9998
Recovery = SD (%) 100.01+0.58
LOD (ug mL™) 0.374
LOQ (ug mL™) 1.132
RSD (%) *2 0.932-0.578
RSD (%) *° 0.110-0.553

“aTheinterday (n=9) and "*The intraday (n=9) relative standard
deviations of samples of concentrations (5 & 7.5ug mL ) for
methyl eugenol.

tive standard deviation (0.11-0.55 %) indicatesthe
high intra-day precision of the method. Theinter-
day precision waseva uated by performing replicate
analyses on pure M E solution at two concentration
levelsover aperiod of three successivedaysby pre-
paring all solutionsfresh at each day. Theinter—day
RSD-values (0.58-0.93%) and the low RSD(%)-
values (< 2.0%.) reflect agood precision of the pro-
posed method (TABLE 1).

Application tocommercial preparation

In order to demonstrate the usefulness of the pro-
posed method, M E was determined in commercial
preparation. Theresultsagreed with thenominal con-
tents(recovery 99.28-100.46%) (TABLE 2).Theva
lidity of the method was further confirmed by stan-
dard addition technique. To afixed and known quan-
tity of pre-analyzed Commercid preparation, pureME
wasadded at three different concentrationlevels, The
total concentration was found by the proposed
method. The experiment was repeated threetimes at
each level. The percent recoveries of the puredrug
added (98.59-99.86%) revealed that there is no in-
terference of excipientsand additivesin the determi-
nation (TABLE 3).

Satigtical analysisof theresultsin comparison with
thereported method

Theresults of the proposed method were statisti-

* Aver age of three determinations, “Claimed (ug mL ?): 5

TABLE 3: Application of thestandar d addition techniqueto
methyl eugenol in its commercial preparation using the
proposed M BTH colorimetric method.

#

Preparation (ngdlgiql) (Egl::gl) Recovery * (%)
Methyl Eugenol 25 2.492 99.69
Formulation 5.0 4.993 99.86
B.N0:1465 75 7.394 98.59
Mean + SD ' 99.38: 0.689

* Aver age of three determinations, “Claimed (ng mL™?): 5

TABLE 4: Satistical comparison of theresultsobtained by
theproposed MBTH colorimetric method and those of the
reported method?for theanalysisof puresamplesof methyl
eugenol

Parameter  Proposed method Reported method®’

Mean recovery 100.01 99.63

SD 0.58 0.67

RSD 0.580 0.672

n 7 5
Variance 0.336 0.450
F-value 1.339 (4.53)

Student’st-test  0.178 (2.228)

aFigures in parentheses are the corresponding theoretical t-
and F-values (P= 0.05)

cdly analyzed®-?2 and compared with those obtained
by applying the reported HPLC method®. TABLE 4
showsthat at 95% confidencelevel, the calcul ated t-
& F-valuesarelessthan thetheoretical ones. There-
fore, thereisno significant difference between the pro-
posed method and the reported oneindicating that the
proposed method isas accurate and precise asthere-
ported method.

CONCLUSION

Inconclusion the proposed method has severa ad-
vantagesover other methods, these advantages are:
¢ Itissmpleand specificfor methyl eugenal.
¢ Themethod can be used asspot-testing for identifi-
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cation and/or for quantitativeanayss.

¢ |t canberecommended for routineanaytica labo-
ratorieswhen sophisticated expens ve equipments
areunavailable,
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