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Cimetidine [1] an Hj; -antagonist of histamine, has been introduced recently
as Tagamet® for the treatment of gastric and duodenal ulcers. The major
identified metabolite of cimetidine is the sulphoxide [2], which is eliminated
from the body mainly by renal excretion. A satisfactory method for the de-
termination of cimetidine in blood and urine has been published [3] and this
can now be complemented by a method for the determination of the sulphox-
ide metabolite in blood and urine using high-pressure liquid chromatography
(HPLC) to separate the components of the extract and UV extinction to
monitor the column effluent. This method differs in several important respects
from that published [3] for the assay of cimetidine itself, but can be used for
cimetidine analysis by a simple modification of the solvent system.

METHODS

Extraction procedure

All blood samples were heparinized at collection, frozen (—20°) as soon as
possxble thereafter and stored at this temperature until thawed immediately
prior to extraction. Urine samples were frozen within 30 min of collection
and similarly stored.

The procedure for extraction of cimetidine sulphoxide was the same for
blood and urine samples and is only described for blood samples.

A 3-ml sampie of the blood to be assayed was made alkaline (pH 9.0) by the
addition of 1 ml of N carbonate buffer, which contained a suitable amount
(about 2 pug) of internal standard (N-cyano-N'methyl-N''-(3-(4-imidazolyl)-
propyl)guanidine; compound SK&F 92374)*. A 4-ml volume of 1-octanol was
then added to the samples in 15-ml polythene tubes, which were stoppered

and rotated for 15 min on a blood-mixer. After 15 min ‘the octanol layer was

* Available from SK&F Labs., Welwyn Garden Cxty, on request for the analysis of cime-
tidine sulphoxide.



355

separated cleanly by centrifugation, removed and stored. A second 4-ml volume
“of octanol was added and the process repeated, so that the combined octanol
extracts (total volume 7 ml) could be re-exiracted with 3 ml of 0.02 N HCI
by the same rotary mixing and centrifugation technique. After removal of the
octanol by aspiration, the acid layer (2.8 ml) was transferred. to clean tubes,
and 200 ul of ethanol added and mixed-before saturating the whole with solid
potassium carbonate (ca. 5 g). This had the effect of “saltmg-out” the ethanol
into a discrete layer which could he removed after centrifugation and stored
at —20° prior to HPLC separatlon and analys:s '

Chromatography R R ’

The followmg HPLC condmons were employed Column: LiChrosorb Si 60;
5-um particle size; 25 ecm X 8.2 mm I.D. Solvent: acetonitrile—methanol—water
(distilled)—ammonium hydroxide (0.88 sp.gr.); (250:20:6:1.5, v/v). Flow-rate:
1 ml/min maintained by a constant flow system (Waters Assoc. 6000). In-
jection: 10—20 ul of the ethanol extract were introduced onto the column
via an Altex variablewvolumie loop injector. Detection: the UV absorption of
the column effluent was monitored by a variable wave-length detector (Perkin-
Elmer LC55) set at 228 nm. Recording: peaks were recorded on a conventional
chart recorder and the areas under them intégrated by means of an Infotronics
CRS 309 integrator which compensated for baseline drift. Retention: the
retention times of compounds of interest were determined by. the chart speed
of the recorder, and by the programme of the mtegrator which was reset at
the time of each sample mgectaon. -

RESULTS )

The relationship between peak height; peak area and ‘the amount of cimeti-
dine sulphoxide apphed to the HPLC column 1s glven in Table I; it was found
TABLE1

CORRELATION BETWEEN PEAK AREA OR PEAK HEIGHT AND CIMEI‘IDINE SULPH-
OXIDE*

Determined by HPLC-—UV analyxzs. Backgzound peak hexghts were less than 1 mm, and in-
tegrator counts associated with background were not greater than 500. ‘The peak height and
area values are the means of four observations, together with their standard deviations.

Concentration Cimetidine ~ Peak hezght Co l_'gak area:. -
of cimetidine sulphoxide - - 0L (mm) 2 " (relative counts)
sulphoxide in in 20-ul Range Mean Mean co
ethanol (mgfl)  injection (ng) B

0.65 137 56 ' 5:+0 2010:94

1.30 26 9—11 10+ 1 3970 + 198

2.60 52 1921 21z 1 8020 z 301

5.20 104 3841 40+ 2 14940 = 727
10.40 208 76—83 78+ 4 29520 = 356
20.80 416 158—162 161+ 2 62400 + 1496

*Concentrations up to mg/l.
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to be linear over the range 13416 ng/20-ul injection, with a minimum reliable
estimation of 10 ng. Higher concentrations were not investigated, but the as-
say was accurate for 200-ul ethanol extracts containing 0.1--4.2 ug of cimeti-
dine sulphozxide.

The results of extracting known quantities of cimetidine sulphoxide from
blood and urine samples are shown in Table ll. The standard curve was linear
for cimetidine sulphoxide blood concentrations between 0.5 and 5.0 mg/l,
and the reproducxbxhty (Table II) at 1 mg/l was exceﬂent (8.D. = 5.6% of

cimetidipe '

USKer 92374

SKS&F 92374
S TR Wt esneeey cimetidine

- “cimetiding suiphoxide .

creatinine

o ' , ) ‘ _ ~ Inject.
T e o o w Injrect! 7‘ 4 v i : .. : o7 _,'
S RESARE THGTSEE SUUEa Ratiit TR S5 BSEAN TR IETEND NS SO WA N 4":3 0 AN S I
25 20 15 10 'S5 o -5 . 5 4 3 2 1 0o =~
S Hmutes T - - R ‘- Mm.utes - :

, :-Inmcaon ot amxxtnxeof Imown quantxtzes cf cmxettdme SK&F 92374 ‘ereatinin
md cimetidine sulphoxide dissolved uleuhanoL‘Sohnuu:sguzenx aneﬁnnﬁzﬂe—eneﬂnnuﬂr—
Wj&mmzsozosls vlv). N R St
Mgl 2.In;eeﬁonotmethano!u&acﬁefabloodample&omapatmntrwmmcmeﬁdme'

sing:SE&F 82374 ac ‘internal standavd. Solvent: system aeetomtzﬂe—meﬁhanol—wata-——
'88gammonm.200 80:6:1.5, vlv) ' o , S
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Fig. 3. Injectxon of an ethanol extract of a blood sample from a patient with renal failure
but not receiving cimetidine. Solvent system as Fig. 1. :

Fig 4. As Fig. 2, but from a patient receiving cimetidine.

mean for peak area determmatlons, about 8% of mean for peak helght measure-
raent).

For urine, the standard ‘curve was linear between 1. and 8 mgll Repro-
ducibility at 5 mg/l was again excellent, with a standard deviation of less than
4% of- the mean .for peak: area estimations. Theoretically,  the .complete ex-
traction of-2 ug of:cimetidine sulphoxide from ‘a:blood sample ‘would: result
in a concentration of 10 mg/l in the ethanol available'for* HPLC"A ¥5-uf inl
jection onto the column would contain .150:ng, giving.a. .peak. a:ea of.21;400
counts. (Table I)..In . practice, the: count fo: 8 such samples ‘:was an verage
8967, gwmgarecoveryot‘42% i BRI S R RO
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: The: :ecovery fmm -urine was: 31% for: the extraetxon of a 2-ml sample:con-
tammg 10 pg of crmehdme sulphoxide. With a minimum reliable determination
of -10. ng-injected :onto: the: column, the assay is limited to concentrations of

»cxmetldme aﬂphoxxde greater than 9 2 ug/ml tf 2-ml samples are: avaﬂable for
' The analysxs of c:met:dme sulphomde in: chmeal samples is comphwted by
the ‘presence: of cimetidine -itself, and: frequently creatinine. The retention
tlmes for the HPLC system descnbed herem were 3 5 12 and 14 mm for

- c'i.m"qti.'dih‘e :
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Fig. 5. In]echon of an ethanol extract of a urine sample from a healthy volunteer, who
had received cnnetidine intravenously 2h prev:ousiy Solvent system as Fxg.
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c1met1d1ne, mtemal standard crea.tmme a.nd cunetldme Sl!lphOdee zespechvely
(Flg 1) 5

- The separatxon of cxmetxdme from mdzgenous blocd components ‘was not al-
ways complete under these conditions, and is better performed using the same
solvents in the proportions 200:30:6:1.5 with a flow-rate of 1.5 mi/min (pres-
sure approx. -2500 p.s.i. at the pump). This system.gave retention times of
apprommately 3.0 min for clmetzdme and 3. 5 min for the mtemal siandard
(Fig. 2).

The use of metlamlde as internal standard [3] is qmte mappropnate under
the conditions used for sulphoxide analysis, as solvent systems for clean sep-
aration of metiamide [3] gave a long retention time for cimetidine sulphoxide
vthich emerged as a wide-based peak of insufficient height for sensitive assay.

Blood samples taken from patients with renal failure usually contained high
creatinine concentrations (Fig. 3). When these same patients were on a regimen
of cimetidine (200 mg on three occasions during the day, plus 400 mg at bed-
time), the blood samples taken 2—3 h after a 200-mg dose gave chromato-
grams as in Fig. 4, with peak height and area correspondmg to sbout 0.5 mg/l
cimetidine sulphomde

For the sequential analysis of cimetidine itself in these samples, it was
necessary to allow the creatinine peak to appear before applying the next
sample to the column, otherwise the absorption by creatinine at 228 nm
seriously distorted the peaks due to cimetidine or internal standard in the
following sample.

In blood samples from healthy volunteers or from patients taking cimetidine
but free from renal failure, no creatinine or cimetidine sulphoxide has been
found, although the lower limit of detection for the latter compound was 0.2
rag/l compared to 0.05 mg/l for cimetidine.

The analysis of cimetidine sulphoxide in urine is illustrated in Fig. 5, where
the chromatogram. is similar to that obtained from blood except that the
cimetidine sulphoxide peak is much more in evidence (corresponding to about
S mg/l) and was observed in the urine of healthy volunteers after oral ad-
ministration of cimetidine (200 mg).

Using this technique, it would be possible to detect and quantify cimetidine
sulphoxide in blocd samples from cases of renal failure, and to follow the out-
put of cimetidine sulphoxide in the urine of. hea.lthy volunteers and patients
with kidney disease.
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