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ABSTRACT

The pupose of thiswork isto assay quinine which is used to treat Plasmo-
dium falciparum, which isthe most common cause of severeand life-threat-
ening malaria. Prompt administration of parenteral or intravenous anti-ma-
larial agents is crucial for patient recovery. The result of this work is a
tractable process to monitor compliance of drug administration and levels
of quinine drug in vivo will enhance clinical response. Quinineis assayed
directly from human urine that is filter sterilized and injected itself onto a
reversed-phase C-18 column with no column related problems. The major
concluding outcomes include the detection at a single wavelength of 254
nm showed to be effective and efficacioudy marginalized all chromatogram
peaks associated with human urine. In this work the detection level of
quinine wastaken aslow as 2.25E-05 molar to upper level 4.61E-04 molar.
The standard curve produced a high Pearson r correlation of 0.9922 (very
high correlation), with a coefficient of determination (R?) at 0.9845. Percent
recovery of quinine was 93 % to 115 % with standard deviation of 7.8 %.
This highly sensitive methodology for quinine analysis directly from urine
will be useful in determining patient compliance and regimen maintenance.
© 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Malariaisadangerousinfection caused by apro-
tozoan parasiteand transmitted by thefema eAnoph-
elesmosquitoes. The most dangerous of theseinfec-
tionsisby Plasmodium fal ciparum (or malignant ma-
laria) because of the high rate of complications and
mortdity!. P, falciparum accountsfor 80 % of all hu-
manmalaria infectionsaswell as90 % of malariare-
|ated deaths. Thevariant P. falciparumisof thegenus

Plasmodium and family Plasmodiidae. The chemo-
thergpy of mdariaisdividedinto Sx caegories 1) Causa
prophylaxis; 2) Suppresivetreatment; 3) Clinica cure;
4) Radical cure; 5) Suppressive cure; and 6)
Gametocytocidd therapy'™. Useof quininefallsunder
clinical cureandisof great importancefor treating P.
fddparum.

P. falciparum causesthegreat mgority of malaria
related deaths and affects al age groups*2. Prompt
administration of theappropriateanti-maaria drugsis
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crucid to effectiveclinica response, whichinthe case
of deadly P. fal ciparum requiresthe administration of
quinine whether by intravenous, intramuscular, or
parenteral routes (whereasthe parenteral pathisrec-
ommended for severe cases of maaria)i?. Quinineis
used preferentialy asafirst linechemotherapeuticin
most partsof theworld partly duetoahigh bicavalability
(85 % by intramuscul ar) and tolerance of high load-
ingdoseinlocationsof lessdrug sensitivityt?.

Quinine, acinchonaakaoid, isvery effectiveand
consstent inthetreatment of chloroquinineresistant P
falciparum at all grades of severity®. Strains of P.
faciparumres stant to quinine are suppressed by using
quininein combination therapy with other drugs®. Drug
resistant malariaistreatableutilizing quininewhichis
aso effectiveintravenoudy when patientsaresoill as
to not allow oral administration®. Eveninlocations
showing decreased sensitivity to quinineit retains ef-
fectivenesswhen usedin combination withtetracycline
or doxycycling®. Should P. fal ciparum show multi-
drug res stance, than quininecombined with dindamycin
or tetracyclineretainsclinical efficacy™. Quinineisthe
drug of choiceinincidentsof P. falciparuminfection
during pregnancy!®.

Sideeffects of quinineinclude cardiotoxcity, oto-
toxicity, and ocular toxicity!®%, For that reason and the
efficacious gpplication of quininein clinical usageitis
widely advocated that quininelevelsbe monitored® at
aqualitativemanner a minimum. Severeadverseside-
effects dueto quinine have been reported eveninin-
stances of adequate clinica administrationl*?. There-
forevariousanaysisfor quinine utilizing high perfor-
mance liquid chromatography (HPLC) approaches
havebeeninvestigated. Theseincludeion-pair reversed-
phasd®¥, reversed-phasewith fluorescent detection™,
and isocratic reversed-phase HPLC. However all the
methods presented above ™3, and™ require solvent
or ingrumentd extraction of quininefrombiological flu-
ids. Themethod presented in thiswork alowsthedi-
rect injection of human urinefor the determination of
quininelevesfor the purposesof monitoring petient com-
plianceand/or clinical dosagelevelsinseverdyill pa
tients. The obvious advantagesof direct injectionin-
cludes convenienceaswell aseffectiveness. Thede-
tection level of quinine possible with the presented
method providesabeneficid devicefor theclinician.

—= Fyll Poper
EXPERIMENTAL

Reagents

Chemicdsand reegentswereobtained fromAldrich
Co. (PO. Box 2060, Milwaukee, W1 53201). Thequi-
ninesulfateutilizedinthiswork provided by Matheson
Coleman aBell (East Rutherford, New Jersey).

HPL Cinstrumentation and settings

AnAlltech426 HPLC pumpwithaC-18reversed-
phase columnwas utilized and running at 1900 psig
and 1.0mL/minute. AnAlltech 150 mmreversed-phase
C-18 (octadecylsilyl) bonded phase packing column
having anon-polar moiety extended into mobile sol-
vent phaseimplemented andytical separation of qui-
ninefromurine. The detector wasaL.inear UV/Vis200
detector set at 254 nm non-modul ating wavel ength, rise
time0.1 sec, and rangeat 1.00. Thedetector included
dataoutput of LAU/V and + 1.0 nm wavelength preci-
son. TheSSHow cdl diameter was6 millimeters. The
solvent consi sted of 20% ethanol, 4% acetic acid, and
76% water that optimized determination of water soluble
componentswithin thetest samplesand standards.

Prepar ation of sampleand standards

A normal mid-stream human urine catch was
obtained which wasfiltered sterilized through a0.45
um Milliporefilter and sterilizing system (Millipore
Corparation, Bedford Massachusetts, USA) . The
filtered urineisthem stored at 4° C until analysis. For
test samplesand standards quinine sulfatewas utilized
to makeworking concentrations of quinineat 0.000599
grams/milliliter (using solvent 10% ethanol and 90%
ditilled water). All test samplesand standardswere
made from a mixture that included the previously
filtered sterilized human urinethat wasdiluted 1:20for
working applications. In thismanner thetest samples
and standards contained the same component of
humanurine,

Satigtical analysisand software

Test for normality and effectiveness of pairing by
Wilcoxon matched pair test was performed by using
GraphPad InStat version 3.00 for Windows 95,
GraphPad Software, San Diego California USA,
www.graphpad.com”. Corrdationand linear regresson
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analysis was accomplished by PAST v. 1.80 (copy-
right Hammer and Harper 1999-2008). Other statisti-
ca parametersweredetermined by Microsoft EXCEL
2003 (copyright Microsoft Corporation). Molecular
propertiesof quinineweredetermined by Molinspiration
(copyright Molinspiration Cheminformatics 2009).

RESULTSAND DISCUSSION

Reversed-phase chromatography accountsfor the
vast proportion of andysisperformedinliquid chroma-
tography wherenthemore polar compoundsd utefaster
and more non-polar compounds retained (hencere-
versed-phase)*4. The most popular columnsfor this
purpose arethe C-18 bonded silicacolumng®, which
isutilizedin thiswork. Themobile phase composition
does not change during the separation period so this
methodisadsoisocratic. Faster € utionand greater reso-
|ution ared sotraits of reversed-phaseliquid chroma-
tography. Quinineitself can generatesignificant side-
effectsand for thisreason it iswidely advocated that
guinineleve sbe monitored a thedlinicd level®.

Themolecular structure of quinineispresentedin
Figure1, showing the proximitiesof theether, hydroxyl,
and tertiary amine. Non-specific hydrophobicinterac-
tionsaffect thee ution of quinineparticularly duetothe
non-polar carbon chain of the sationary phase utilized
inreversed-phase chromatography. In thisrespect then
thequinuclidinering and quinolinemoiety will play a
rolein retaining thequininein the column, however the
acoholic hydroxyl group (-OH) isexpected to enhance
agueous solubility dueto hydrogen bonding. Thetwo
nitrogen atomsand oxygen atom will function as hy-
drogen bond acceptors. The n-octanol/H,Opartition
coefficient Log Pfor quinineis3.037 with apolar sur-
faceareaof 45.592 Angstroms?.

HO, N

N
Z
N

Figurel: Themolecular structureof quinineispresented
hereshowing relativeproximitiesof an ether group, tertiary
amine, hydroxyl group, and aromaticring.
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Humanurineisfirst filter serilized by Millipore0.45
um filtration system which removes bacteriaand all
particleslarger. The specimen can be stored for later
andysisa 4° C. Theability to utilizefresh patient urine
by thisapproachincreasesclinical responseefficiency
sothat real time compliance monitoringispossible. In
addition, arapid assay responseisfeasibleto enable
rapid treatment steps when patients appear with ad-
vanced malignant P. falciparum and/or advanced dis-
abled conditions. Thisfacet of injection of urinecatch
specimensisastrong benefit of thisgpproach. Thedata
presented hereisaccomplished for human urinedilu-
tionfactor of 1:20, however it isnoted that anal ogous
resultswereobserved with urinedilutionfactor of 1:10.
No adverseresultsoccurred with the C-18 column (ie.
Clogging or diminished flow rate).

Themolar extinction coefficient (molar absorptiv-
ity) isanintringc property of theanayteandisamea
surement of how strongly an analyte absorbslight at a
desired wavel ength. Thedetector monitored wavelength
at 254 nm and recorded strong absorption dueto the
quininemolecule. Usingthetypical equation of A =ed,
the molar absorptivity of quinine () is5441.9 Liter/
cmemoleand utilizing adetector cell diameter of 0.60
anm

Typical chromatogramsfor both thetest samples
and standards having quinine at apredetermined con-
centration and in mixtureof 1:20 (v/v) of patient urine
areshowninFigure 2. Notethat the absorbance peak
for quinineat 254 nmisstrong, stark, and well defined
from any peaks associated with thesterileurine. The
test samplethe amount of quininepresent is 3.74E-05
gramg/milliliter. For the standard, quinineispresent et a
concentration of 5.99E-05 grams/miilliliter. The back-
ground peaks associ ated with amediahaving human
urinediluted 1:20 arenot Significant and pose no deficit
to quininedetermination. Quinine peak isindicated by
inset arrow for comparison to urine associated peaks
asoindicated by inset arrow in chromatograms. The
quinineisprofoundly distinct withinthechromatograms
at al concentrationsof quinineused for thisstudy. The
average percent recovery of quinineintest samplesis
100.3 %, with amedian and mode values of 96.1 %.
Observed valuesfor percent recovery in human urine
diluted 1:20 ranged from 93% to 115 % and having a
standard error of only 2.76 %.
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Sandard prepared in urine for quinine analysis

Figure2: Representative chromatogramsare presented for each of atest samplein filtered sterilized human urine(urine
diluted 1:20in digtilled water) having quinineand a standar d of quinine prepared infiltered urine. For thetest sasmplethe
amount of quinine present is3.74E-05 gramg/milliliter. For the standard, quinineispresent at a concentration of 5.99E-05
gramg/milliliter. Notethat the background peaksassociated with the human urinemedia ar e not significant and poseno
deficit to quinine deter mination. Quininepeak isindicated by inset arrow. The quinineisprofoundly distinct within the
chromatogramsat all concentrationsof quinineused for thisstudy.

All resultsfor test samplesand standardswere de-
termined to passthe normality test (by GraphPad). In
addition the Wilcoxon matched pair test showed that
thetest sample e ution resultswere highly consistent
withthoseof the standards and test sampleswerewel
matched with stlandards. Thestandard curveplotispre-
sentedinFigure 3 (plot of uv/minversusgrams/milliliter
for quinine). The standard curve produced a high
Pearson r correlation of 0.9922 (very high correlaion),
with acoefficient of determination (R?) at 0.9845. In
addition the nonparametric Spearman correlation co-
efficient for thecurveisavery high 1.000. The equa-
tionof linefor thisplotisy =9.1709E+08 + 42978. All
test samplesanayzed were observed tofal withinthe
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Figure3: Atypical gandard curvefor quininedetermination
obtained at concentrationsgoingto 7.00E-06 grams/millili-
ter of quinineand prepared in sterilefiltered human urine
dilutedto 1: 20 (distilled water) in prepar ation of thestandard.
Thusboth test ssamplesand standar dsar eprepared similarly
in human diluted urine. Thisinsuressimilarity of column
inter action and reproducibility in detection. ThePearsonr
correlation is0.9922 (very high correlation), coefficient of
determination (R?) is0.9845 (indicating 98.45 % of thetotal
varianceisshared by thetwovariables).

95% confidenceinterval of the2-way plot for thestan-
dards.

Thisgpproachwhichdlow for theexpedient andyss
of captured patient human urineintheclinica environ-
ment will beof greet efficacy for enforcement of patient
complianceto anti-malaria regimen. Of coursean ad-
ditional benefitistherapid and effectivemonitoring of
administered quinineutilized for vital treatment of ma-
lignant P. fal ciparum. Thisapproach will enhance pa-
tient surviva intheclinica treatment of drug resistant
formsof malariaaswell -

CONCLUSIONS

The analytical approach presented isameansto
assay quininedirectly fromaclinicd patient urinethat is
filter sterilized prior to aqueousdilution to 1:20 (or 1:10)
by volume. Thedilution gradation reduces background
peaksof urineyet preservesthe high sensitivity detec-
tion of excreted quinineintheurineitsdf. Test samples
and standards together produced highly linear plots
having Pearson correlationr greater than 0.9700. Per-
cent recovery of analyteranged from 94.3 %10 115 %
inarange of 7.30E-06 g/mL to 1.50E-04 g/mL qui-
nine. All test samplesfell within the 95 % confidence
interval of the standard curve. Thismethodology a-
lowscliniciansto directly monitor patient compliance
of parentera administered anti-maarid quininewhich
isavita treatment for surviva of drug resistant and/or
malignant P.faldparuminfections.
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