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I. INTRODt_KT~ON 

Gas chromatography-mass spectrometry (GC-MS) is an established tech- 
nique for idettifying and m~~urin, = low concentrations of drugs and metabolites in 
biological fluids. For quantitative analysis of drugs either a stable isotope-labelled 
analogue or a homologue which czn yield an ion of the same nr/z value as the 
compound is used as an internal standard. 

Prior to analysis by GC-&ES the adyte has to be earacted into an organic 
solvent, and in tie case of a compound which is not amenable to GC a suitable 
volatile derivative has to be formed. High-performance liquid chromatography 
(WLC) has assum& an increasing role in the analysis of drugs and metabolites in 
biological fluids. This is because it offers the following advantages over GC: (a) 
sz~ples of biological fluids c.zn be injected directly OQ to either a precolumn. or the 
analytical column; (b) the technique will handle thermolabile and involatiile com- 
pounds. 
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One limitation to the application of HPLC. in the determination of drugs in 
biological fluids. has been the availability of suitable sensitive and specific detector 
systems for compounds which do not absorb strongly in the UV or the visible region. 
cannot be made to fluoresce. and cannot be detected by electrochemical methods. 

The mass spectrometer is a sensitive and specific universal detector, kvhich if 
used to analyse the eluute from an HPLC column could overcome this limitation. We 
ha\e described the use of on-iine HPLC-MS to identify ranitidine. the anti-ulcer 
drug. and three metabolites. ranitidine-N-oside. mnitidine-S-oxide and desmethylra- 
mtidhx in &tine from rabbits piLen oral doses of 100 rn_g of [“Clranitidine per kilo- 
grarr. of body iveight’. 

In this paper further applications of HPLC-MS are described for the identifi- 
cation of ranitidine and three metabolites in a methanol extract of urine from a 
subject giLen an orai dose of 250 me (~‘(1. 3 mwkg) of ranitidme. and the on-line 
determination of ranitidine in the urine of a pa&nt given an intravenous dose of 50 
mg of ranitidine. A selected-ion monitoring (SIM) technique’ was used for this analy- 
sis and [‘H,]-ranitidine was the internal standard. 

2. ESPERI\IE\T.r\L 

-7.1. Reagents ad materials 
reagents lucre of anal! tical grade. The used for HPLC were de- 

gahsed by sonication before use. Ranitidine hydrochloride. 

Division of Glaxo Group Research. Britain. Tris-deuterated 
Chemical Development Section. 

7 T Hi~ji-perforf,la?lce liquiti ciiroi~latograpll~ ___. 
A Pye LC-XPD (Pye Unicam. Cambridge. Great Britain) was used to pump 

the mobile phase, methanol-propan-2-01-j .\I ammonium acetate (50:50:1). through 
a Rheod_vne bfodel 7 125 (Pye Unicam) sample injection \al\e. This was connected to 
a stainless-steel column. 100 x 5 mm I.D. (Shandon Southern Products. Runcom. 
Great Britain) packed with Spherisorb S5 CN (Phase Separations. Clityd. Great 
Britain). A Pye LC3 variable-waLelength UV detector (Pye Unicam) set at 320 nm 
was llsed to monitor the eluate. UV chromatograms \vere recorded on a Rikadenki 
DB6 pen recorder (Mitsui Machinery Sales U.K.. Surrey. Great Britain). f.s.d. 10 
mV. chart speed 2 mm/mIn. 

2.3. HPLC-JiS interface s_mtenl 
The outlet from the detector cell of the UV monitor was connected to the 

mo\ing-bel: interface (V.G. Analytical. Cheshire, Great BritainI by a stainless-steel 
tube_ 80 cm x 0.25 mm I.D. The h&t speed was 15 mm/xc. the solvent evaporator 
settins was 2.50. the sample heater settin g \v;as 7.50 and the pressure in the interface 
housing was reduced to 50 Torr. The flow-rate of the mobile phase was 0.5 mljmin. 

2.4. Mass spectrometr> 
A V.G. Micromass 7070H mass spectrometer (V-G. Ana!ytical) was operated 

in the ammonia chemical ionisation (CI) mode at a source housing pressure of 
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8. lo-’ Torr. The resolving power was 1000 (10 O0 Halley) and an electron beam 
current of 500 ,uA emission at 50 eV was used. The source ~as op:ratcd at 4 kV rind 
1ClO’C. The mass sptrometer was interfaced to 3 V-G. 2035 data system (V-G. 
Analytical) for data acquisition and processin g. The mass spectrometer 1~3s set to 
scan continuously at 3 set per mass decade for qualitative HPLC-MS studies. 

The SIM technique ~3s used for the determination of ranitidine in urine. To 
check that the operating parameters of the mass spectrometer remained consmnt 
during each analysis. the background ion IN~‘Z 279. of low abundance. ~‘3s monitored 
for IO-msec dwell periods throu&out the an&sis. For the determination of rani- 
tidine the mass spectrometer was tuned to monitor for 500-msec due!! periods the 
ions ~rr~z %I from ranitidine and m/z 354 from [‘HJranitidine. 

-23.1. Stutzdard solztriotz of‘rutzitiditze atzd nzeraboiires. .A test solution contain- 
ing 100 fig each of ranitidine. desmethylranitidine. ranitidine-S-aside and ranitidine- 
N-oxide per millilitre of methanol ~3s prepxed. and 10 ~1 o! this solution Rere 
injected on to the column for HPLC and HPLC-IMS analysis. 

2.52. Metztijicatiotz of‘rutzitiditze atzd ttzeiabohe> itz zuitze. T~vo tablets contain- 
ing a total of 250 mg of anitidine were swallowed by a male Lolunteer. Urine ws 
collected for 2 h after dosing and stored at - 15-C prior to analysis. 

The Prep I automated centrifugal sample processor (DuPont Instruments. Hit- 
chin. Great Britain) ~~3s used to concentrate ranitidine 3nd the metabolites. Urine 
(0.5 ml) \vas pipetted on the X-AD-2 column. followed by 1.0 ml of 0.1 .W sodium 
hydroxide. The column was placed in the centrifuge of the Prep I. and Program 15 
selected_ This caused the column to be washed with 2 ml of distIlled lvater. fo!!o\ved 
by 3 ml of methanol; the latter \v:as automatically collected in a cup and evaporated to 
dryness at 30X by an air stream. The residue was dissohed m 50 /I! of methanol. and 
10 ~1 were analysed by HP!_C-MS. 

-7.6. Qzzatzfifarive HPLC-.\iS utza/J.ses 

2.6.1. Preparaziorz mzd atzalJ.sis ofcalibrariotz sratzdmds. The internal standard. 
1.2 pg of [‘HJranitidine per microlitre. \vas przpnred by disso!\ing 6 mg of 
[‘HJranitidine in 5 ml of distilled water. 

Ranitidine hydrochloride (23.4 mg. equi\a!ent to 21 mg of free base) \vas 
dissolved in 20 ml of distilled water giving a (base) concentration of 1.05 mg:ml. This 
\vas di!uted ten-fold to give a concentration of 105 pg;ml. 

Standards were prepared by adding the internal standard. 6 pg of 
[‘H,]ranitidine. and CL10.5 ,~g of ranitidine to samples of 0.5 ml control human urine. 
This ga\e a range of O-21 pg of ranitidine per millilitre of urine. and the lowest 
standard corrrspondeci to 1.05 pg,rnl urins. Then IO p1 of each strtndard v.vre ana- 

Ised by HPLC-MS. The intensities of the ions ttt;: 2Si and ttt:: X4 GCXC recordsd. 
The r&o of the peak areas of thz ions m/z ZS 1: ttziz 251 for each standard ~2s 

plotted against the ranitidine concentration in the s3rnple. and a crrlibrrrtion line 
determined by the method of least-squares regession analysis. 

To ecaluate the accuracy nnd precision of the assay. 6 pg of [‘HJranitidine and 
either 0.525 ,ug or 5.15 pg of ranitidine were added to each of six samples of 0.5 ml 
control urine. The peak area ratio of ttq’z 25 1 : ttt;: XI was obtained. and the concsn- 
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[hl+H]’ 

Fig. 1. Ammonia Cf ass spxtra. obrdncd by HPLC-MS analysis, of (a) ranitidine. (b) desmerhylnnr- 
tidine, (c) titidint-S-oxide. (d) nniridmc-N-oxide. Chromarogrqhic conditions are described under 
Eqxrimenrd. 
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tration of ranitidine was determined from the calibration line. 
2.6.2. Deterrrzinrzcion of raniridine itr itttrttart urine. The urine passed by a patient 

with renal disease during 24 h after an intravenois dose of 5G mg of ranitidine was 
collected, the volume measured and a sample stored at - 15’C until analysis. 
[‘H,]ranitidine (6 ,~g) was added to 0.5 ml of urine. and 10 ~1 of the urine were 
analysed by HPLC-MS. The ratio of the areas of the ion intensities m/z 281 : nt/: 284 
was measured, and the concentration of ranitidine determined from the calibration 
graph. 

3. RESULTS 

The standard solution containing ranitidine and its metabolites was analyscd 
by HPLC, and the capacity factors (k’) obtained were respectively 1.4,X 1.2.5 and 4.0 
for ranitidine, desmethylranitidine. ranitidine-S-oxide and ranitidine-N-oxide. A IO- 
~1 ~oiume of the standard solution containiag I.0 pg of each of the components was 
injected on column, and the sample analysed by HPLC-MS using ammonia as the 
reagent gas. There were background ions present in the mass spectrum of each com- 
ponent. These ions originated from impurities in the solvents, and thz Kapton belt. 
They remained constant during an analysis. and the computer was programmed to 
subtract the background ions from the mass spectra of the analyte. 

The CI mass spectra obtained, after subtraction of background ions, are shown 
for each component in the mixture (Fig. 1). 

3.1. I. Identifcation ofrattilidine and ttreiaboiites in urine. The total ion current 
(TIC) chromatogram obtained after HPLC-MS analysis of 10 ~1 of the XAD-2 
methanol extract of the O-2 h urine from the subject who took an oral dose of 250 mg 
of ranitidine is shown in Fig. 2. Five peaks are present in the chromatogram; the first. 
peak A, was due to ertdogenous material_ Peaks B, C, D and E were assigned to 
ranitidine, desmethylranitidine. ranitidine-S-oxide and ranitidine-N-oxide, respec- 
tively. by comparison of both their ammon’a CI spectra (Fig. 2b) with reference 
spectra (Fig. 1) and the k’ values for each component which were, respectively. 1.3. 
2.0, 2.3 and 3.S. 

3.2. Quanrirative HPLC-MS izm~_ues 
32.1. Deterttzittariot~ of ranitidine itt urine. The base peak in the ammonia CI mass 

spectrum of ranitidine (Fig. la) was at ml: XI and was formed by loss of an oxygen 
atom and a molecule of water from the protonated molecular ion. Extensive framea- 
tation of the ranitidine motecule occurred even under the mild ionisa’tion conditions 
used, and the abundance of the tni= 281 ion was only 1176 of the total ion current 
(recorded from m/z 90 - 350). The base peak in the mass spectrum of [‘HJranitidine 
was at m/z X4 (Fig. 3). 

The SEM chromato_sams of the ions nr~: 28 1 and m/z 284 obtained by analysis 
oia standard of 1.05 _~g of ranitidine per miliilitre of standard and of a control urine. 
both containing [“H,]ranitidine internal standard, are shown in Fig. 3. Tris-deuter- 
aced ranitidine contains 1.5 y’ unla’b&ed analogue which is the major component of 
the peak with a retention time of 6 min 6 set in the HI/Z 251 chromatooJam of the 
corrtrol urine. 



220 L. E. MARTIN. J. OXFORD. R. J. N. TANNER 

a 

Peak E 

4nz 
/ 

Fig. L (a) Recoclsuucred total ion current chromstogram obtained by HPLC-ammonia CI-MS of an 
XAD-2 extract of human urine that uas collected 0-Z h after oral adrmnistration of 250 mg of ranitidine. 
Inswumrntal conditions are described under L~perimrntal. (b) Ammonia Cl mass spectra from TIC p&s: 
3 = raG.idine; C = d~methylranitidine; D = ranitidine-S-oxide; E = nnitidine-N-oxide. 
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FI_~. 3 Ammonia CI mzss spectrum of [2H,]raniridinc obialr?ed by HPLC-SfS. 

The calibration graph (Fig. 5) obtained from analysis of a series of standxds of 
ranitidine in urine ~xs linear o\er the range O-21 pg/rnl (O-210 ng of ranitidine 
injected on column). Six separate HPLC-MS anaiyses were carried out on urine 
samples containing either (a) 1.05 pg or (b) 10.5 jig of ranitidine per miliilitre. The 
mean ~afue found for (a) \kzs I.05 &m!, the standard deviation was 0.13 .ug;ml. and 
the coetiicient of lariation was 13.3 7,; the mean value found for (b) was 10.6 ,w&ml. 
the standard deviation gvas 0.45 &ml, and the coeklicicnt of variation was 4.2 OS. 

The Sihl chromatogam obtained during the analysis of 10 .ui of the O-2-l-h 
urine from the patient giLen an intravenous dose of 50 mg of ranitidine is shown in 
Fig. 6. The concentration of ranitidine in the samp!e. calculated from the calibration 
line. is 7.5 &ml. Thus only 2Ooi of the dose was eacretcd as unchanged drug in the 
0-14-h urine ( 1255 ml); this low 1e~e1 of excretion was attributed to the patient’s rena! 
disease. 

Fi_e 4. SlXl chromato_gxns of (a) 10 ,ul unne standard contaaing I.05 pg:ml ranitidme and 12 pg, ml 

[‘H,]r,nitidins, and (6) 10 pl control urine containic_e 11 pg,ml [‘H,!,amtidins. Peak .a. cndogenous 

material; pk B (nr;s Xl) t-znitidine. peak C (nr.‘z 251) [‘H,@ani*idine. HPLC-MS insrrumsntrrl con- 

ditions xe described under Expenmsnrzl. The chromaro_gans Kerr smoothed dcnng dzta proassmg. 
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w3 ranic~tine/nC urine 

Fig. 5. Cahbrstion graph fc: the quantitinrion of ramtidmc in human unne b> HPLC-XlS and SIM of the 
ions RI. -_ -78 I and m,: X4; i0 d of each standard uere analysed. 

-I. DISCUSSlOX 

Studies in animals using [“Clranitidme have shown that ranitidine is oxida- 
timely metabolised mith the formation of ranitidine-N-o.xide. raniridine-S-oxide. and 
desmethyiranitidine’. 

ion-pair HPLC analyses of urine, from four men _eiven separate lOO-rn_g intra- 
venous and oraI doses of ranitidine. showed that the mean percentage of the dose 

35ea. 44ea 

Fig. 6. St%1 chromatograms of 10 fl of a sample of human urine col!ected O-1-t h after an intrawnous 
injection of 50 mg of ranitidint. Peak .L\, endogcnous material; Peak B, (nr/= 31) nnkidiue; Peak C. (m/= 
184) ~‘HJranitidine. HPLC-XfS instrumental conditions are described under Expedmental. The chroma- 
tow were smoothed during data preng. 



excreted in the O-24-h urine were, respectively. 68 y;, and 27 y0 as ranitidine. 5 T< and 
47: as ranitidine-N-oxide. 2”/6, and 1 96 as ranitidine-S-oxide and 2:; and 2 7; as 
desmethylranitidine. 

The ion-pair chromatography method was unsuitable for HPLC-MS because 

of the involatile counter-ions and buffers present in the mobile phase. Methanol- 
water-ammonium acetate reversed-phase systems for separating ranitidiae and its 
metabolites were investigated as mobile phases for the HPLC-MS analyses of rani- 
tidine and its metabolites. It was found that the drug and metabolites were thermally 
degraded at the temperature required to evaporate the mobile phase from the moving 
belt in HPLC-MS interface. To overcome this problem the more volatile non- 
aqueous mobile phase used in this study was developed*. The sensitivity of qualltacive 
and quantitative on-line HPLC-MS analyses of ranitidine and its metabolites was 
limited for two reasons. The first was the use of normal-phase chromatography, 
which restricted the volume of urine which could be injected to 10 ~1 ‘because larger 
volumes caused deterioration of the chromatography. The second was the extensive 
fra_mentation of molecules of ranitidine and its metabolites. even under the mild 
conditions of ammonia chemical ionisation. 

After an oral dose of 250 mg of ranitidine the concentration of metabolites in 
the urine was too low to obtain mass spectra suitable for their characterisation by on- 
line HPLC-MS of the urine’. When the metabolites were concentrated ten-fold by 
XAD-2 chromatogaphy a satisfactory total ion current chromatogram showing the 
presence of each metabolite was obtained. and each metabolite was identified from its 
mass spectrum. 

The profiles of the SlM chromatograms were not as smooth as those obtained 
under GC-MS conditicns. One of the reasons for this could be that during evrapora- 
tion of the mobile phase the solid formed is not uniformly deposited on the ‘belt, and 
this could result in a small difference in area and thickness of the sample which could 
affect the transfer yield into the source. Also during volatilisation and ionisation of 
the samples there may bz small changes in the operating conditions in the source. The 
reproducibility of evaporation. volatilisation and ionisation of a sample during 
HPLC-MS was assessed by measuring the coefhcient of variation of the peak area of 
the ion IPZ/Z 284 obtained from six replicate injections of 120 ng of [‘HJranitidine in 
10 ~1 of urine. The coefhcient of variation found was 19 “6; this value is much _veater 
than could be attributable to errors in dilution or injection of the sample. Regression 
analysis of the data from which the calibration graph (Fig. 5) was obtained showed 
the correlation coefficient was 0.9979. This confirmed that any variation in evapora- 
tion profile of the samples had been corrected by using [‘HJranitidine as an internal 
standard. 

The limit of detection of ranitidine was 10.5 ng injected on column. i.e. 1.05 
&ml urine. To measure lower concentrations of ranitidine in urine a pre-concentra- 
tion step would be necessary. The area in the peak of the total ion current chromato- 
gram due to endogenous material in the urine is considerably reduced when ranitidine 
and its metabolites are concentrated by chromatography of urine on .YXD-1 resin. 
Therefore, using this procedure probably up to 2 ml of urine could be taken for 
concentration of ranitidins and its metabolires. For drugs and metabolites which are 
thermostable and can be analysed by on-line reversed-phase HPLC-MS, up to 1 ml of 
urine can be injected on column. Therefore the limit of detection of such compounds 
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by direct HPLC-MS analysis would be much increased over that of ranitidine and its 
metatolites. 

5. CONCLUSION 

The technique of on-tine HPLC-MS has been evaluated in human drug metab- 
olism studies. Ranitidine and three of its metabolites were character&d in a urine 
concentrate and the druS was quantified by direct analysis of urine using a deuterium- 
labelled internal standard. 

6. sUk!SlARY 

High-performance liquid chromatography has been used for the qualitative 
analysis of metaboiites and the quantitative analysis of ranitidine in the urine from 
subjects given oral and intravenous doses of ranitidine. 

Ranitidine. ranitidine-N-oxide. ranitidine-S-oxide and desmethylranitidine 
were identified in extracts of the urine obtained by the XAD-methanol procedure_ 

A sekcted-ion monitoring technique. using [‘H,]ranitidine as the internal stan- 
dard, was used to determine ranitidine. 

A normal-phase system consisting of methanol-propan-2-01-5 df ammonium 
acetate (505O:l) was used. and because of this the volume of urine which could be 
injected on-column without deterioration of the chromatography was limited to IO 
& This limited the sensitivity of the method to !.O ,ug of ranitidine per millilitre of 
urine. 
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