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Determination of quinine in drugs and beverages by fluorimetric method

A highly sensitive and simple fluorimetric method for the determination of quinine in pharmaceuticals and
non-alcoholic beverages is proposed. The optimal conditions for quinine fluorimetric determination in drugs
and beverages were found: solvent — 0.01 M sulfuric acid, excitation wavelength 353 nm, luminescence
wavelength 452 nm, strobe parameters — signal delay 0.85 ps, signal duration 21.25 pus. To increase the sen-
sitivity of the developed method, quinine luminescence was studied in sulfuric acid of various concentra-
tions — from 0.005 to 1.000 M, and the quantum yield of quinine luminescence was calculated in all studied
concentrations of sulfuric acid. It has been established that the highest luminescence intensity, the highest
quinine quantum yield and the smallest background signal of the solvent was observed in 0.01 M H,SO,. The
calibration curve exhibited the linear range from 0.10 to 1.00 mg/1. The limit of detection (LOD) was found to
be 0.0029 mg/1 for quinine in 0.01 M H,SO,. The suggested approach was successfully applied to determine
the amount of quinine in tablets «Analgin-quinine» and in the non-alcoholic beverage «Schweppes Bitter
Lemony. The proposed method can be used to control the quality of pharmaceuticals and food products.
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Introduction

Quinine is the alkaloid derived from Cinchona bark. Since 1633, quinine has been used as an antimalar-
ial drug [1]. It also has antipyretic and analgesic properties [2]. In addition, due to the bitter taste, quinine is
actively used in tonic water with the taste of «bitter lemon» or «bitter lime» [3]. In medicine, quinine is used
to increase labor activity [4], but overdosing can lead to abortion [2]. Recent studies in rats have shown that
quinine completely blocks ovulation and causes oxidative stress in the ovary of rats [5]. Quinine overdose is
dangerous to human health and might be fatal. Therefore, the use of quinine as a food additive is limited up
to 83—-85 mg/1 [6].

Different chromatographic techniques are applied for quinine determination in pharmaceuticals [7-9].
Despite the high prevalence of chromatography, these methods are expensive and toxic solvents are con-
tained in mobile phases in most cases. Electrochemical [10—11], spectrophotometric [12] and fluorimetric
[13] methods of analysis are used for quinine determination in beverages. Electrochemical and spectropho-
tometric methods have lower cost instrumentation, but suffer from less sensitivity. Fluorimetric methods
have the highest sensitivity, and often are used as detectors in chromatography for the quinine determination
in beverages [14—15].

It is known that quinine has the highest luminescence intensity in sulfuric acid solution. But different
concentrations of sulfuric acid are used by researches. Thus, the authors [13] used 0.05 M sulfuric acid to
determine quinine in tonic water. In work [12] 0.0005 M H,SO, is used for quinine determination in bever-
ages by capillary electrophoresis. For the determination of quinine in soft drinks by sequential injection
analysis (SIA) 0.1 M H,SO, was used [16]. Unfortunately, the authors of these works do not justify the
choice of a particular acid concentration.

Qualitative and quantitative determination of quinine in drugs and beverages is a pressing issue in
pharmaceutical and food industries, thus the development of highly sensitive methods for quality control is
encouraged. The aim of the work is to develop a highly sensitive fluorimetric method for the determination
of quinine in drugs and beverages.

Experimental

Reagents. The working solutions of quinine were prepared using the standard quinine substance (95 %;
manufactured by Vekton, St. Petersburg, Russia). Quinine working solutions were prepared in 0.01 M
H,SO,.

The following research objects were selected: 1. Tablets «Analgin-quinine», manufacturer Sopharma
(Bulgaria). Ingredients: active ingredients — metamizole sodium 200 mg and quinine hydrochloride 50 mg;
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excipients — microcrystalline cellulose, sodium carboxymelitic starch, Coplidon-25, talc and magnesium
stearate. 2. Non-alcoholic beverage «Schwepps Bitter Lemony. Ingredients: water, sugar, citric acid, natural
flavors, stabilizers, antioxidant ascorbic acid, quinine, carotene dye.

Equipment. All measurements were performed on a Fluorat-02-Panorama spectrofluorimeter fluid ana-
lyzer (manufactured by Lumex-Marketing LLC, St. Petersburg, Russia). Spectrophotometric measurements
were carried out using Agilent Technology Cary 60 UV-Vis spectrophotometer.

Results and Discussion

As previously noted quinine has good luminescence in sulfuric acid solution [16]. Therefore a synchro-
nous scan of a standard quinine solution (C=10mg/l) in sulfuric acid was performed at various
monochromator displacements, to reveal the optimal excitation wavelength at which the maximum quinine
luminescence occurs (Fig. 1).
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Figure 1. Synchronous scan mode of quinine standard solution (C = 10 mg/1)
in sulfuric acid at different shifts of the monochromator

From the synchronous scanning mode an excitation wavelength of 353 nm was established and the
maximum quinine luminescence in sulfuric acid at 452 nm was observed (Fig. 2).
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Figure 2. Excitation spectrum and luminescence spectrum of quinine in sulfuric acid

To increase the accuracy and sensitivity of the developed method different concentrations of sulfuric
acid were studied, as well as the background and quinine intensity signals and the quantum yield in the stud-
ied acid solutions. The results are presented in Table 1.

It is known that quantum yield is one of the most important characteristics of a substance [17]. The qui-
nine quantum yield in sulfuric acid solutions of different concentrations was calculated by the standard
method. As a standard we have chosen a solution of fluorescein in 0.1 M NaOH with well-known quantum
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yield 0.64 and the luminescence emission of fluorescein at a wavelength of 520 nm. For calculations accura-
cy the concentrations of the standard (fluorescein) and the test substance (quinine) were selected so that their
optical density was lower than 0.1. The areas under the emission spectrum of both the investigated and
standard substances (S;), the optical densities of these substances at the excitation wavelength (D;) and the
refractive indices of solvents (n;) were measured under the same conditions. The calculation of the quantum
yield was carried out according to the formula

(1-1077)*s8, *n;

test test *
__ 1~ Dtest | % % ,,2
1-10 ) S st Ny

where S, is the area under the emission spectrum of the investigated substance; S, is area under the emis-
sion spectrum of the standard substance; 7, is refractive index of the investigated solvent H,SOy; ny, is re-
fractive index of the standard solvent NaOH; D, is optical density of the investigated substance quinine at
the excitation wavelength; Dy, is optical density of the standard substance fluorescein at the excitation wave-
length; @ is quantum yield of investigated substance quinine; @, is quantum yield of standard substance
fluorescein.

According to the literature, the quinine quantum yield in 0.1 M H,SO, is 0.58 [18].
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(

Table 1
Investigation of the luminescent properties of quinine in solutions of sulfuric acid of various concentrations

Concentration of sulfuric acid, M
0.005 0.01 0.05 0.1 0.5 1.0

0.00199 | 0.00025 | 0.00327 | 0.00357 | 0.00542 | 0.01626

Investigated parameter

Background signal intensity
(sulfuric acid), rel. units
Quinine signal intensity
(C = 100 mg/l) in sulfuric acid, rel. units 16.724 18.928 19.043 19.186 19.438 19.267

Quinine quantum yield, rel. units 0.555 0.609 0.420 0.590 0.608 0.610

As can be seen from the table the highest quantum yield of quinine is observed in 0.01 M and 0.1 M
sulfuric acid solutions. With increase sulfuric acid concentration acid, the intensity of the quinine lumines-
cence signal also increases, but rather slightly. Therefore 0.01 M sulfuric acid was chosen for quinine quanti-
tative determination in the studied pharmaceuticals and food products. Furthermore the lowest background
signal intensity was observed at a given acid concentration, which will further increase the detection limit.

For sensitivity enhancement of quinine determination, the strobe parameters were selected — delay
time (signal intensity versus time) and signal duration (recording time at one wavelength) (Fig. 3).

204
A

21.8* 24~ B

< 154

D 141
1=
5121
2 104
()
£ 08
= 06
c
D04

Signal intensity, rel. units
S

02

=]
£=

00

T T T J; T T T T T T T T T T T 1
00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Signal delay, ps

T T T T T T T T
00 25 50 75 100 125 150 175 200 225 250
Signal duration, ps

A — signal delay; B — signal duration
Figure 3. Dependence of quinine luminescence intensity on strobe parameters

When studying the dependence of the luminescence intensity on the signal delay in the range from 0.05
to 8.00 ps, the optimum value of the signal delay for quinine was set to 0.85 ps. From the signal duration
range from 1.00 to 25.00 ps the duration is set to 21.25 ps. The highest quinine luminescence intensity was
observed under selected strobe parameters.
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Depending on the nature of the excited electronic state the luminescence is divided into two types —
fluorescence and phosphorescence. In practice, the processes of fluorescence and phosphorescence differ in
temporal characteristics. Instantaneous attenuation of the emission after excitation cessation from 107 to
10" s is typical for fluorescence, the continuation of a certain glow time after excitation cessation from 10
to 10" s — for phosphorescence. To establish the type of quinine luminescence process the dependence of
the luminescence signal intensity on the signal time was plotted (Fig. 4).
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Figure 4. The decay kinetics curve for quinine in 0.01 M H,SO,

Using the quinine attenuation curve obtained, the average luminescence lifetime was calculated through
the area under the attenuation curve (a definite integral from 0 to 8 us for the function):

8
j(—0.0001x6+ 0.0051x> — 0.0742x* + 0.5032x° — 1.5474x* + 1.3684x + 1.6855)dx.
0

For quinine the lifetime was 1.505-10 s. From the calculations it can be concluded that phosphores-
cence is characteristic for quinine in 0.01 M H,SO,.

Thus, the following working conditions were selected: solvent — 0.01 M H,SO,, excitation wavelength
353 nm, luminescence wavelength 452 nm, signal delay 0.85 ps, signal duration 21.25 ps. Under optimized
conditions a linear calibration curve of the luminescence intensity on quinine concentration was plotted in
the range of 0.10-1.00 mg/1 (Fig. 54).

Spectrophotometry was used as a comparison method. Quinine was determined by its own absorption.
The dependence of the optical density from the quinine concentration in 0.1 M sulfuric acid at an absorption
wavelength 347 nm showed linear response in concentration range of 1.00 to 10 mg/1 (Fig. 5B).
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Figure 5. Calibration curves of the intensity of the luminescence (4) and absorption (B)
on the concentration of quinine in 0.01 M sulfuric acid

Sample preparation of the objects was as follows. The tablet was previously dissolved in 20 ml of 0.01
M sulfuric acid. The resulting solution was diluted 10 000 times. The intensity of the diluted solution was
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measured and quinine concentration was recalculated into 20 ml of the initial solution. The original sample
of the beverage was degassed and diluted 10 times with distilled water. The results of quantitative determina-
tion of quinine by two methods are presented in Table 2.

Table 2

The results of the determination of quinine in tablets and soft drinks by fluorimetric
and spectrophotometric methods; n =3, p = 0.95, tip. = 2.78
Sample Fluorimetric method, s, Spectrophotometric method, s, ‘o
mg/1 mg/1 P
Tablet «analgin-quinine» 51.41+0.43 0.003 52.33+2.74 0.021 0.074
Beverage «Schweppes 53.74+1.86 0.014 54.42+525 0.039 | 0373
Bitter Lemony

As can be seen from Table 2 there is a good agreement between results obtained by the developed
fluorimetric method and spectrophotometric method. The quinine content does not exceed the maximum al-
lowable value of 85 mg/l in a beverage. But it is content in the tablet is slightly higher than the stated amount
of 50 mg per tablet, which might have a bearing on human health on scheduled administration.

Additionally the limit of detection of quinine in 0.01 M sulfuric acid was calculated as 0.0029 mg/1. The
value of the limit of detection is much lower in comparison with the majority of works [7-8, 11-16].

Conclusions

An effective, highly sensitive, simple and low-cost fluorimetric method for the determination of quinine
in pharmaceuticals and soft drinks has been developed. The quantum yield of quinine in sulfuric acid of var-
ious concentrations was calculated. Optimal conditions for quinine determination in 0.01 M sulfuric acid
were selected. The quinine luminescence process was studied and the quinine phosphorescence process was
observed in 0.01 M H,SO,. Due to the selected assay conditions the high detection sensitivity and the limit of
detection for quinine determination in pharmaceuticals and beverages has been achieved.
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Japisik npenaparTap MeH CyCbIHAaApAarbl XUHUH/I
(ayopumeTpus diciMeH aHBIKTAy

dapMaleBTHKAIBIK HperapaTtap MEH alKOroJbCi3 CyChlHOAap[a XUHUHII aHBIKTAay[bIH JKOFaphbl ce3iMTall
JKOHE KapamaibiM  (IyopuMeTpiik omici ychHBUIFAH. Jopimik 3aTrtap MEH CyCHIHAapia XWHHHII
GiryoprMeTpIIiK aHBIKTayAbIH OHTAWNIbI mapTTapbl TaObuLAbl: epitTkim — 0,01 M KyKipT KbILIKBUIBI, KO3y
TOJIKBIHBIHBIH Y3BIHIBIFEI 353 HM, JIOMUHECUEHLUS TOJKBIHBIHBIH Y3BIHIBIFBI 452 HM, cTpoO mapamerp-
nepi — curHaiaelH  kigipici 0,85 Mkc, maObUIABIH  y3aKThIFBI 21,25 MKC. O3ipieHEeTiH oIicTeMeHiH
ce3iMTaabiFbiH apTTeipy yimiH 0,005-nan 1,000 M-re neiliH KYKipT KbILIKBUIBIHBIH SPTYPJi KOHIEHTpPa-
LHsIApbIHA XMHUHHIH JTIOMUHECIICHIMACHIHA 3epPTTEY XKYPri3iiai, COHai-aK KYKIPT KbIIIKbUIBIHBIH GapiIblK
3ePTTENETIH KOHUCHTPAUMsIApbIHAd XMHUHHIH KBAHTTHIK IIBIFBIHBI CCENTENAl. XHHHHHIH JIFOMUHECICH-
LHSACHIHBIH €H YJIKCH KapKbIHIBUIBIFbI, XHHUHHIH CH YJIKCH KBAHTTHIK ILIBIFBIMBI JKOHE CPITKIIUTIH €H a3
¢oupabiH curranel 0,01 M H,SO4-Te GalikanaTeiHbl aHBIKTaIMbl. XuHUHI aHbikTay 0,10-meH 1,00 mr/n
JeWiHri KOHLEHTpaLUs apalbIFbIHAa XKYprizingi. TaObutFan sxaraaiina « AHaJIBIHH-XUHUHEY I9piJepiH/e KoHe
«Schweppes Bitter Lemon» ankorojbci3 CychlHbIHIA XHUHHHHIH Medmepi 3eprreini. CanbiCThIpy omici
peTiHae TangayabiH CeKTPO(GOTOMETPHUSIIBIK OIiCi KOJIIAHBUIAbBL. XHUHHH/AI CAJBICTBIPY SAICIMEH aHBIKTAy
TOJIKBIH Y3BIHABIFBI 347 HM Ke3iHae XuHUHII xyTKaH ke3ae 1,00-mzen 10,00 mr/n-re meiinri KOHIEHTpALMs
JMATa30HbIHA XKYPri3iiai. ¥CHIHBLUIFAH oficTeMe (apManeBTHKAIBIK IIperapaTrTap MeH TaMaK OHIMJIepiHiH
carachlH OaKpuIay YIIiH MaiilaaHbLITy bl MYMKIH.

Kinm co30ep: xuHUH, papManeBTUKAIBIK IPITIK 3aTTap, CYCHIHAAP, KBAHTTHI IIBIFEIM, CTPOO IapamMeTpIiepi.
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OnpenesieHne XUHNHA B JIEKAPCTBEHHBIX NMpenapaTax u HAMMTKAX
MeToa0M (1yopuMeTpHu

[IpeanoxeH BBICOKOUYBCTBUTEIBHBIA M MPOCTON (HIyOopUMETPHUYECKUI METOJ ONpENesIeHHs XUHIHA B dap-
MalEeBTHUECKUX MpenapaTax U 0e3akoroyibHbIX HanuTKax. HalineHsl onTuManeHble yclnoBus GIryopuMeTpu-
YECKOTO ONPEAENICHNSI XUHIHA B JIEKapCTBaX M HamuTkax: pactBopurens — 0.01 M cepHast kuciora, [UIHA
BOJIHBEI BO30YXIeHUsI 353 HM, JUTHHA BOJIHBI JIIOMUHECIIEHIINY 452 HM, TapaMeTphl cTpoba — 3aJiepikKa CHT-
Hana 0.85 Mkc, mmrTensHOCTh curHana 21.25 mkc. J{sl yBeNnWYeHUs] 9yBCTBUTEIBHOCTH pa3padaThiBacMOi
METOJIKH IIPOBE/ICHEI HCCIIECIOBAHNS JIIOMUHECIICHIINH XHHHUHA TIPH PAa3INYHBIX KOHIIEHTPAIMIX CEPHON KH-
ciotel ot 0.005 no 1.000 M, a Taxke MOACYMTAH KBAHTOBBIM BBIXOJ XMHUHA IPU BCEX HCCIEAYEMBIX KOH-
HEHTPALUSIX CEPHON KHUCIOTHI. YCTaHOBJIEHO, YTO HauOOJNbIIAs MHTEHCUBHOCTh TIOMHHECHUEHIMH XHHHHA,
HanOOJIbUINH KBAaHTOBBIM BBIXOJ XMHIHA U HAMMEHBIINI curHai GoHa pactBopurens Habmonaercs B 0.01 M
H,SO,. Onpenenenre XuHUHA TPOBOAMIOCH B auamnazone koHueHtpaiuii ot 0.10 go 1.00 mr/n. Paccuuran
npenen obHapyxenus xuauHA B 0.01 M H,SO, npu 3agaHHBIX ycnoBusx, Kotopsid coctaBmi 0.0029 mr/m.
IIpn HalieHHBIX YCIOBHUAX UCCIIEAOBAHO COJACPIKaHUEe XUHUHA B TAOJIETKaX « AHAJIBIMH-XHHUH)» U B O€3aJIK0-
ronesHOM Hamutke «Schweppes Bitter Lemon». B kxauecTBe MeTona cpaBHEHHUs UCTIONB30BAaH CHEKTPO(OTO-
MeTpHuiecKuil MeTo aHanm3a. OnpeneneHne XHHUHA METOJOM CPaBHEHUS IIPOBOAWIN B AMANa30HE KOHIICH-
tparwii ot 1.00 1o 10.00 Mr/J1 mpu MOrNIOLIeHNH XUHUHA TIpH JutiHe BosHbI 347 uM. [IpeioxkeHHast METOIu-
Ka MOXKET OBITh MCIIOJIb30BaHa 1JIsi KOHTPOJIA KayecTBa (hapMalleBTHYECKUX MPEernapaToB U MUILIEBBIX IPOJIYK-
TOB.

Kniouesvie cnoea: xuHuH, papManeBTHIECKHE NIPENapaThl, HAMUTKH, KBAHTOBBII BBIXOJI, MAPAMETPHI CTPOOA.
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