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Abstract

A new, rapid, simpie and sensitive colorimetric metlod for the estimation of sofme quincnes in micic-
gram amounts using 8-hydroxyquinoline is described. The metkod is based on the formaticen of 2
colored product between quinones and 8-hydioxyquinoline in the presence of ammonia. This method
can also be used for the detection of some quinones on paper and thin layer chromatogrzms.
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l. Introduction

Several color tesis are available for the detection of quinones in biological fluids.
These include Kesting's test!, indole and ethylenediamine tests?, hydrazone formation®
and a2 number of other tests!. Some of them have been successfully employed for the
quantitative estimation of various quinones. For instance, both Kesting’s test® and
hydrazone test® have been used for the estimation of microgram amounts of quinones
m urine samples. During our studies on the metabolism of quinones by microorga-
nisms, we observed the formation of a bluish green complex betw een thymo-1, 4-quinone
and 8-hydroxyquinoline in presence of ammonia. This forms the basis for the simple
and sensitive colorimetric method for the estimation of thymoquinone, described in
this paper. This method can al so be used for the estimation of other quinones.

2. Material and methods

Apparatus : The absorption spectra of the colored complex formed by the reac.tion
of quinones with 8-hydroxyquinoline in the presence of ammonia were recorded m a
Cary 14 recording double beam spectrophotometer. Routine absorbance measure-

Wents were made with a Colcman Jr. II spectrophotometer.

. Re"éf"f“ All the chemicals used were of the reagent grade.

Thymo-1, 4-quinone (16-4 mg) was dissol-
fution can be stored in the dark for at
de 1o obtain working

L. ‘Standard solution of thymoquinone :
Ved in 100 ml of distilled ethanol. This so -
least a week. Suitable dilutions of this stock solution were ma

Slandards of varying concentrations. 43
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2, 8-Hydroxyquinoline : A 2-5% (W/V) solution of 8-hydroxyquinoline
tilled ethanol was used.

3. Ammonium hydroxide : Liquor ammonia (Sp. gr. 0-88) was diluteg ik
amount of water and used throughout the studies. U]

m g

Procedure : To | ml of a thymoquinone solution in ethanol were addeqd 02 i
8-hydroxyquinoline reagent, 0-8 ml of ammonium hydroxide and 1 ml of wate, inn?,f
given order. After mixing, the tubes were heated for 10 min on a water-tath Maintajpeg
at 60 C. The contents were diluted with water to make up to 6 ml and kept at oo
temperatuce (25-30 °C) for 30 min. The absorbance of the blue-green Compley
developed was measuied at 685 nm.

Thin layer chromatography : The test solutions were spotted on a silica gel G plae
(I mm thickness) and air dried. After developing the chromatograms in chioroform.
benzene solvent system (3 : 1, V/V), the plates were air dried. The spots corresponding
to authentic quinones (Thymo-1, 4-quinone, R, 0:72; naphtho-1, 4-quinone, R, 0-0;
and phenanthro-9, 10-quinone, R, 0-46) were scraped and suspended in 1 ml ethan|,
After developing the color as outlined above, the tubes were centrifuged at 1000 x g
and the clear supernatant solution was used for the absorbance measurements,

3. Results

The absorption spectrum of the blue-green colored complex foimed by the reaction of
thymoquinone with 8-hydroxy-quinoline in the presence of ammonium hydroxide s
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Fig. 1. Absorption spectrum of the colored complex formed by the reaction of thyf®

with 8-hydroxyquinoline in the presence of ammonjum hydroxide,
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chown in Fig. 1. The spectrum exhibits an absorption maximum at around 685 nm

After addition of all the reagents, the color developed slowly, reached maximum inten

_ 3 in and was stable for about g3 ' The ¢
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MG. 2. Influence of time on the development of color. Curve A, with 32:8 pgof thymogquinone,
Curve, B, with 65-6 g of thymoquinone.

Effect of 8-hydroxyquinoline reagent

Effect of imcreasing amounts of 8-hydroxyquinoline on the intensity of ‘the cotlit;rl
Produced is shown in Fig. 3. As is evident, a mimmum of 5 mg per assay 1s essen

‘:Dr the maximum color production. Addition of higher amounts of %—hs):(liro;};q;lil:;
line did not have any effect on the intensity of the color produced. Ba

fesults, S mg of 8-hydroxyquinoline per tube were added in all the reactions.

E ffect of ammonium hydroxide

hydroxide on the intensity of the ?olor
amount is found to be 0-8 ml. Higher

color produced.

Effect of increasing amounts of ammonium
developed is shown in Fig. 4. The optimum
amounts did not increase the intensity of the
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Fic. 3. Effect of increasing amounts of 8-hydroxyquinoline on the intensity of the color productd,
About 66 ug of thymoquinone was used and the color developed as outlined in the text.

Standard graph for thymoquinone

The standard graph obtained in the range 0 to 82 ug of thymoquinone is shovn i
Fig. 5 (curve A). The results obtained after submitting aliquots of known volumes of
thymoquinone solution to thin layer chromatography showed that quantitative recover
of thymoquinone could be obtained (Fig. 5, curve B).

Specificity of the color reaction

A number of compounds werc tested for their ability to form the colored complt;.-
The following compounds did not give the green complex; Benzene, tolt{ene, BHPI.
thalene, benzoic acid, phenylacetic acid, phenylpropionic acid, mandelic acid, b*—'m)’k
formic acid, phenylpyruvic acid, cinnamic acid, phenol, 2-,3- and 4-hydroxyberz*
acids, 2-3- and 4-hydroxyphenylacetic acids, 4-hydroxymandelic acid, 4_hydl";[";;
phenylpropionic acid, phenylalanine, tryptophan, o-, m- and p-tyrosines, thymol, V&I
vanillic acid, ferulic acid, isoferulic acid, 4-hydroxydiphenyl, cumic acid, p-anisic afﬁc"
p-toluic acid, o-, m- and p-cresols, 4-dimethylamino benzaldehyde, 4 nitrophenyléc -
acid, 4-nitro amiline, benzaldehyde, 2-, 3- and 4-hydroxy benzaldehydes, 2, *

oy | Xy
4-hydroxybenzyl alcohols, anthranilic acid, 3-hydroxyanthranilic acid, indole, pheso™)
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%4 Effect of increasing amounts of ammonium hydroxide onthe intensity of the color prodiced.
166 g of thymoquinone was used and the color developed as outlined in the text.

tx acid, 2- and 3-hydroxyphenoxyacetic acids, 4-hydroxy mercuribenzoate, o-, P
W-cuumaric acids, 3, 5-dinitrosalicylic acid, 4-fluorophenylacetic acid, pbemyllacuc
t thydroxy phemyllactic acid, coumarin, 3- and 4-amino benzoic acids. 4-chlorc—
Wi acid, benzidine, o-phenylenediamine, dicumarol, 1- and 2-naphthols, uipheny]
“wlium chloride, napthoxy acetic acid, indoxylacetic acid. indoleacetic acid, naph-
Vacetc acid, isophenoxazine, isaiin, 2-0-methyl benzoic acid, 2, 4, 5-trichlorophenoxy-
W€ acid,  g-nitroso acetophenone o-nitroso  propiophenone. 3-nitrophenol,

“imophenol, sulfarilic acid, sulfanilamide, p-toluidine, nicotinic acic. micoLmamae,

L:‘?‘Yl pyridine, Tween 80, cis, cis-muconic acid, streptomycin sulfate, tapnx acid.

émt?c’ Valine, cysteine, ornithine, citrulline, arginine, oxalic acid, .‘:i""”'h‘a'f.fl i i,
1, Cinic anhydride, aspartic acid, 2-oxoglutaric acid, 6-amuno b

tﬂl& butyl.i - ‘ "
e ¢ acid, 2-oxoadipic acid, acetone, diacetyl, tris, ) .
(nbjog ’ P ’ ’ maniitol, thymipe. ikour:a,

Ubamate, .}y crose
g, ;-dutyrolactone, glucose, su : H, NADP and
NADP}? iricnloro acetic acid, reduced glutathione - I“Agam: cormpounds
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Fig. 5. Stindird graph for the estimation of thymoquinone. A, values for untreated thym-
quinone. B, values estimated after subjecting to thin layer chromatogr:rhy.

their ability to form the green colored complex with 8-hydroxyquinoline reagent : Benz>
I, 4-quinone, thymo-1, 4-quinone, naphtho-1, 4-quinone, menadione, 2-bromo naghthﬂ-
I, 4-quinone, 8-bromo naphtho-1, 4-quinone, 2-teriatry butyl naphtho-1, 4-qumo®
2, 6-ditertiary butyl napththo-1, 4-quinone, phenanthra-1, 4-quinone, ubiquinon
ubiquinone-10, thymo-1, 2-quinone, diphenylenedicxide quinone and phenanth®
9, 10-quinone, With the exception of sterically crewded quinones, viz.,
naphtho-1, 4-quinone, 2, 6-ditertiary butyl naphtho-1, 4-quinone, thnamhrf*']"h
quinone, ubiquinone-9 and ubiquinone-10, all the other 1, 4-quinones and 11.2"51‘”“‘:']:;;s
formed the colored complex. As an illustrative example the standard graphs f“’ﬂ;
estimation of a 1, d-quinone, viz., naphthoquinore and a 1, 2-quinone, ¥z, P
thra 9, 10-quinone are given in Fig. 6.

Effect of interfering substances

'The presence of the followirg compounds affected the intensity of the cOtC
trichloroacetic acid, sodium dithionite, hydroxylamine and ammonit
Hence in the presence of these compounds, quinoie estimation gave
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éﬁ 6. Standard graph for the estimation of A, naphtho-1, 4-quinone, abso)bance mecastred at
Jam, B phenanthra-9, 10-quinone, absorbangz measured at 730 nm,

_Since metal ions also complex with 8-hydroxyquinoline, it is essential to remove the
Ierfering substances. An ether extraction of the quinone followed by thin layer

’:hfomatography aids the separation of these compounds from quinone.

4. Discussjon

Based on the finding that thymoquinone reacts with 8-hydroxyquinoline in the presence
of ammonia, a simple colorimetric method has becn developed for the cstimmion‘of
both 1, 2 and 1, 4-quinones. The chromogenic reacticn seems to be a group sp.eciﬁc
one. Even in the case of quinones, compounds with bulky sukstituents and sterically
hindereq quinones fail to react with 8-hydroxyquinoline reagent. It has been reported
that 8-hydroxyquinoline forms a dark red colored 2 :1 charge transfer complex with
Chloranils, However. the colored complex formed in the present study seems 10 b:
different from the si:nple charge transfer compleX observe{i l?y Prout and Wheeler".
Chai‘aCterization and identification of the colored complex is in progress.
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This reaction can also be used as a spray test for the identification of Quing
paper and thin layer chromatograms. Quinones give a green color with pale ye““v?f;‘
ground, while the various compounds mentioned in the text, do not give any cojo k-

The colorimetric method described in this paper is a simple, sensitive and ap
method. By adjusting the volume of the total solution, the sensitivity of the
can even be incrcased. Urlike Kesting’s reaction which gives an unstap|e color, the
present method produces a comparatively stable colored complex. Another Stll';itiug
method which has been used for the estimation of quinones is the method which mvoly
the formation of phenylhydrazone®. Though this method is very sensitive, the preg,m::
of carbonyl compounds interfere with the estimation of quinones. Such difficulty cqy
ke overcome by the use of our method. Though metal ions and some reagents inter.
fere with the color reaction an ether extraction followed by thin layer chromatography
enables the separation of quinones from the interfering sutstances,
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