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ABSTRACT

A precise, accurate and validated HPLC method istigped for the determination of caffeine and igtaholites in
vivo and used for enzyme assays. The separatiparfsrmed on a Hypersil BDS;£column. The mobile phase
composed by phase A (acetonitrile) and phase B NLGmmonium formate/formic acid (998/2, v/v)) pumped
according to a gradient elution program at a flowate of 1ml-mit with detection at 280nm.
Chloroform/isopropanol(9:1,v/v) is used as extrantteacetaminophen is selected as internal standgjd AFMU,
1U, 1X, IS, 17U, 17X and caffeine elute at 3.3, 8.8, 10.7, 11.7, 12.1, 15.0 respectively, linemponse (r>0.99)

is observed for samples ranging from 1.25 to /80and the method provides recoveries of 81-94%him t
concentration range of 1.25-gM for these substances, intra- and inter-day vaoiatin <10% R.S.D. The limit of
detection (LOD) is 0.6@M for AFMU, 1X, 1U and 0.3dM for 17U, 17X, 137X.
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INTRODUCTION

Caffeine is the drug most widely used in worldwidéyas been implicated in various clinical cordit$, including
arrhythmias[1], coronary artery disease[2] and edi3¢. Caffeine is commonly used in the treatmenasthmal4]
and neonatal apneal5], because of the narrow tletiagndex, monitoring its concentration in biolog) samples is
usually recommended, and accurate analytical metfmrduse are required[6]. Except that, caffeine &lso been
used as pharmacological probes to determine thenactof CYP1A2, CYP2A6, NAT2 and XO in vivo
simultaneously, for they are the main enzymes wmalin the caffeine metabolic process[7,8]. Abod#8of
caffeine(137X) is metabolized to 1,7-dimethylxang{il7X) by CYP1A2, nearly 90% of 17X is metabolized
1,7-dimethylurate(17U) by CYP2A6 and 10% of 17Xristabolized to 1-methylxanthine(1X) by CYP1A2, 1X i
further converted to 1-methylurate(1U) completely KO, only a small part of 17X is metabolized to
5-acetylamino-6-formylamino-3-methyluracil(AFMU) BYAT2, so the activity of CYP1A2 ,CYP2A6, NAT2 and
XO could be evaluated by the urinary caffeine melisd ratios (UCMRs) of (AFMU+1U+1X)/17U,
17U/(17U+17X+X+1U+AFMU), AFMU/(AFMU+1U+1X) and 1U1(X+1U) respectively[8,9], so the analytical
method for caffeine and its metabolites is alsodedefor the application on pharmacological studgreHwe have
set up a precise, accurate HPLC for determinatfocaffeine and its metabolites simultaneously apgdhait on
pharmacological study in healthy volunteers.

EXPERIMENTAL SECTION
137X, 17X, 17U, 1X, 1U standard references andrmatlestandard reference acetaminophen were obtdinad
Sigma Chemical Co.(St. Lous, MO, USA), AFMU wasenegrous gift received from Prof. Xiao-dong Liu(Chin

Medicine University). The Agilent 1100 series HPIsgstem(Agilent technologies Inc. America) consistédca
vacuum degasser(G1379A), a high pressure quatpub3i@@), an autosampler(G1329) and an UV
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detector(G1314A) controlled by HP ChemsStation. Theomatographic separation was accomplished onpeitdiy
BDS Gy column (4.6mmx200mm |.D. Bn particle size), The mobile phase composed byelhagacetonitrile)
and phase B (10mM ammonium formate/formic acid (29@'v) pumped according to a gradient elutiongoam at
a flow rate of 1ml-mirt with an injection volume of 20uL. Typical conditi® for elution were 98% B (0-4 min),
98-90% B (4-9 min), 90% B (9-15 min), 90-70% B (18-min), 70% B (18-21min), 70-98% B (21-25min) &8&%
B (25-30 min). The detection wavelength was s@8&nm.

Sample Preparation

1.0 mL of urine samples were mixed with 100 10% formic acid, 5QL acetaminophen(l.S, 1@-mL™") and 5
mL chloroform/isopropanol (9:1, v/v) in 10mL glasdbes. The mixture was vortexed for 5 min then rifeigied at
2000 rpm for 10min, then 4mL of supernatant wasonexd to another batch of glass tubes and evapousitger a
gentle stream of nitrogen at 40 the residue was re-dissolved in it0mobile phase and 20L volume of aliquots
were injected onto the analytical column.

Application to Phar macological Study

Ethical approval for the study protocol was giventbe Xiang-ya Ethics Committee of Central Southvrsity,
Changsha, Hunan, China. The informed consent wasidad by each participant. Twenty four Chinese emal
healthy volunteers were enrolled for the study withthe history of cigarette-smoking and alcohatking. All the
subjects were informed to empty their bladderdljirand then administered 100 mg caffeine. Thealtatine
samples of 0-12 h were collected in plastic jarsta@ming 100mg ascorbic acid, and the total amaingrine
samples were counted after collection. Urine aligy@OmL) were acidified to pH 3.5 and stored & °2 until
HPLC analysis. During the experiment, no drug as@ffects happened.

RESULTSAND DISCUSSION

HPLC Method validation

Specificity was determined by comparing the retamtimes of each analyte against the chromatogifaentoacted
from six different sources of drug-free urine pabamples without internal standard(five replicatés&MU, 1U,

1X, IS, 17U, 17X and caffeine elute at 3.3, 7.3,8.0.7, 11.7, 12.1, 15.0min respectively. Chromims of
caffeine and its metabolites were shown in Fig.dm@lete separation was obtained by present HPL®adedand

no endogenous peaks interfered with these substaridee lowest bias over the calibration curve range
1.25-16@M-L~* was calculated by a regression analysis of tha ttat linear fit for the ratio of the peak area of
analytes and the IS against the nominal conceotraiffhe calibration curve was linear over the rateged
yielding correlation of coefficients from 0.991 @099 for all the compounds. LOD is 082 for AFMU, 1X, 1U

and 0.3uM for 17U, 17X, 137X. The intra-day and inter-dasegisions were in the ranges of 94.5-104.5% and
98.0-102.7% respectively. CV values for intra-damlgisis were between 2.6 and 9.5% and for interatalysis
they were between 5.7 and 10.9%. Recoveries for ahalytes were in the ranges of 81.4-94.7%. The
post-preparative, freeze-thaw, short term and teng stability of the analytes were investigated an significant
degradation was found in these specific conditidiie data indicate that all the compounds are estdbiting three
freeze and thaw cycles and the prepared sampleantilysis are stable for at least 48 h aC5 Moreover, no
stability related problems are to be expectedifiaisamples are stored at room temperature foo @h or when
they are stored in —2@ for 2 months.

Human Urine Samples Analysis

Metabolite ratios for CYP2A6, CYP1A2, NAT2 and XOere shown in table 1 respectively, the individual
difference were 28.0%, 28.7%, 37.9% and 13.5% rsdy, these values are similar to those repopeviously

in male population [8-10].

In conclusion, the present HPLC method was speaéasitive and accurate. The method was succlysafplied
for evaluation the activity of CYP1A2, CYP2A6, X@&NAT?2 in healthy volunteers.
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Fig.1. (A) Chromatogram of a blank urine sample; (B) Chromatogram of a pure standar d mixture of caffeine and five caffeine
metabolitesand | S; (C) Chromatogram of an urine sample of a male healthy subject 0-12h after 100mg caffeineintake

Table 1. Biotransfor mation enzyme activities of healthy, non-smoking males, as assessed by HPL C analysis of urinary caffeine

metabolites
Enzyme Metabolite Krul Cetal.study? Begas Eet alstudy”  Schneider et al study*® In present
ratios study
I R BT
CYP2A6  17U/(17U+17X+X+1U+AFMU) (%'_1121_'8_'2%) 56.155%4227? 0.34£0.05 (%'_Zlii_“g_'gg)
NAT2  AFMUI(AFMU+1U+1X) YT Not provided 0.20£0.03 RN
o weaw  pESR 02m aaer ot
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