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There have been many reports [l-17] of high-performance liquid chroma- 
tographic (HPLC) methods for the analysis of the potent HZ receptor antagonist, 
cimetidine, in biological fluids, but only Berg et al. [ 181 have described an analysis 
of this drug in human solid tissues. The pharmacokinetics were reported, but the 
sensitivity or reproducibility of the method was given little or no attention. 

In forensic toxicological exammations, fresh body fluids are not always avail- 
able because putrefaction, degradation and contamination have often occurred. 
Even whole blood cannot always be obtained owing to haemorrhage. We, there- 
fore, have developed a sensitive, reliable and reproducible method to detect cime- 
tidine in human tissues, the objective being to procure a precise toxicological 
evaluation. 

EXPERIMENTAL 

Apparatus 
The liquid chromatographic system we used was a Yokogawa Model LClOO 

(Tokyo, Japan) consisting of a Model LClOOP pump and a Model LClOOU UV 
detector. The system was connected via a GP-IB data bus to a computer for 
system control and data integration, 

Reagents 
Cimetidine was provided by FuJisawa Pharmaceutical (Osaka, Japan) and 

mettamide used as the internal standard (IS.) was from Smith Kline Fujisawa 
(Tokyo, Japan). Two buffer solutions were prepared: one of pH 9.0 was prepared 
by adding 0.1 A4 potassium dihydrogenphosphate solution to 0.1 M disodium 
hydrogenphosphate solution, and the other of pH 4.9 by mixing l/30 M potassi- 
um dihydrogenphosphate solution and l/30 M dlsodium hydrogenphosphate so- 
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lution. 1-Octanol, I-butanol and acetonitrile were purchased from Ishizu Seiyaku 
(Osaka, Japan). Acetonitrile was of HPLC grade, and the other reagents used 
were of analytical grade. 

Biological samples 
Human solid tissues including whole blood, liver and skeletal muscle were 

collected at the time of autopsy and were kept at - 20°C until analysis. 

Standard solutions of cimetidine and the I.S. 
Cimetldine (10 mg) was dissolved in distilled water and the volume was ad- 

justed to 100 ml to give a concentration of 100 ng/$. This standard solution was 
diluted to give concentrations of 10 and 1 ng/pl. A standard solution of the 1,s. 
was prepared to give a concentration of 50 ng/@ 

Extraction procedure 
Each 1.0 g of whole blood or tissues was weighed and homogenized using a 

tissue homogenizer in a mixture of 5 ml of phosphate buffer (pH 9.0) and 100 ~1 
of the I.S. solution (5 pg of metiamide) in a 30-ml centrifuge tube. Then 10 ml of 
I-octanol were added and the preparation was shaken for 15 min After centrifu- 
gation at 850 g for 20 min, 8 ml of the organic layer were transferred to a 30-ml 
centrifuge tube containing 5.0 ml of 0.05 A4 hydrochloric acid. The mixture was 
then shaken for 15 min and centrifuged at 850 g for 20 min. A 4-ml volume of the 
aqueous layer was transferred to a 15-ml centrifuge tube, and neutralized with 0.2 
ml of 1 A4 sodium hydroxide solution followed by the addition of 5 ml of phos- 
phate buffer (pH 9.0). To the solution was added 2.5 ml of l-butanol, and the 
preparation was shaken for 15 min. After 20-min centrifugation at 1800 g, 1.5 ml 
of the organic layer were evaporated to dryness in a water-bath at 70°C under a 
stream of nitrogen. The residue was dissolved in 100 ~1 of distilled water, and a 
lo-p1 aliquot of the solution was injected into the liquid chromatograph. The 
extraction procedure is summarized in Fig. 1. 

Chromatography 
The analytical column was a LiChrosorb RP-8 (5 pm, 250 mm x 4.0 mm I.D.) 

commercially pre-packed by E. Merck (Darmstadt, F R.G.). The mobile phase, 
water-phosphate buffer (pH 4.9)-acetonitrile (39:1.40, v/v), was pumped at a 
flow-rate of 1 .O ml/min through the column maintained at 40°C. The absorbance 
of the effluent was monitored at 228 nm. To prevent deterioration in column 
performance, the column was washed with 0.1% acetic acid solution and then 
with methanol for ca. 1 h after each experimental day. 

Preparation of calibration curves 
Samples of whole blood were prepared to contain cimitidine at concentrations 

of 0.01, 0.05, 0.10, 0.50, 1.00, 5.00 and 10.00 ,ug/g. The samples of liver and 
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Sample (ca 1 g) 

1 Add metiamide solutron (5.0 pg of metiamide) 

2 Add 0 1 M phosphate buffer (5 ml, pH 9.0) 

3 Homogetuze 

4 Add 1-octanol (10.0 ml) 

5 Shake (15 min) and centnfuge (850 g, 20 mm) 

Organic layer (9 0 ml) 

I 1 Add 0.05 M hydrochlorrc acid (5.0 ml) 

2 Shake (15 mm) and centrtfuge (850 g, 20 mm) 

Aqueous layer (4 0 ml) 

1 Neutralize with 1 0 M sodmm hydroxide (0 2 ml) 

2 Add 0 1 A4 phosphate buffer (5 ml, pH 9 0) 

3 Add 1-butanol (2.5 ml) 

4 Shake (15 mm) and centrifuge (1800 g, 20 mm) 

Organic layer (1.5 ml) 

I 
1 Evaporate to dryness 

2 Dissolve m drsttlled water (100 ~1) 

Solutton (10 bl) 

HPLC 

Ftg 1. Extractton procedure for clmetrdine. 

skeletal muscle were prepared to contam the same series of concentrations as the 
blood sample by spiking of the standard solution into their homogenates. These 
samples were extracted, as described above. Calibration curves were obtained by 
plotting the peak-area ratio of cimetidine to the I.S. for the cimetidine concentra- 
tions in each tissue sample. 

A B C 

0 2 4 6 8 0 2 4 6 8 0 2 4 6 8 

min min min 

Fig. 2. Chromatograms of the extracts from drug-free tissues (A) whole blood, (B) hver; (C) skeletal 

muscle 
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Ftg 3 Chromatograms of the extracts from tissues containmg 10 pg/g clmetldine and 5 pg/g I.S., (A) whole 
blood; (B) hver; (C) skeletal muscle Peaks 1 = clmetldme, 2 = I S 

RESULTS AND DISCUSSION 

There were no interfering peaks of endogenous substances in the chroma- 
tograms of the extract from blank tissues, as shown in Fig. 2, but a single extrac- 
tion yielded interfering peaks, particularly in case of the solid tissues. 

Typical chromatograms of the extracts from samples are shown in Fig. 3. 
Cimetidme and the IS. were clearly separated as sharp and symmetrical peaks, 
and the retention times were 5.07 and 5.61 min, respectively. Each sample could 
be analysed within 8 min. 

We successfully stabilized the retention times using phosphate buffer (pH 9.0) 
as an alkalizing reagent after neutralization with sodium hydroxide solution, and 
I-butanol as a re-extraction solvent in the third step. Thus, better results were 
obtained compared with the method used by Kanemwa et al. [IO]. We attribute 
the stability to the smaller volume of sodium hydroxide injected into the eluent. 

The calibration curves for cimetidine extracted from whole blood, liver and 
skeletal muscle were linear in the concentration range from 100 rig/g to at least 10 
pg/g, with correlation coefficients of 0.999, 0.996 and 0.994, for the respective 
tissues. The lower detection limit, at a signal-to-noise ratio of 10, was 50 rig/g for 
each tissue, but it could be reduced to ca. 10 rig/g with an increase in the sample 
weight or in the volume injected. The calculated recoveries of cimetidine were 
66-X 1% over the concentration range tested (Table I). 

The reproducibility of this assay was checked by determining the intra- and 
inter-day variation, using three different concentrations (0.5, 1 .O and 5.0 pg/g), by 
adding cimetidine to blank whole blood, liver and skeletal muscle. The coeffi- 
cients of variation (C.V.) for each tissue ranged from 1.7 to 8.6% for the intra- 
day assay and from 3.1 to 9.1% for the inter-day assay (Table II). 
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TABLE I 

DATA ON RECOVERY OF VARIOUS CONCENTRATIONS OF CIMETIDINE IN HUMAN TIS- 

SUES 

For each conccntratton, n = 5, theoretical recovery = 100% 

Tissue Concentration Recovery (mean f SD.) 

(K&z) (%) 

Whole blood 

Liver 

Skeletal muscle 

0.1 6695 f 3.06 

0.5 77.61 f 496 

10 81 30 +z 5.21 

5.0 78.61 f 6.30 

100 13.24 f 3 14 

01 7827 f 611 

05 70.29 f 3 86 

1.0 73 16 f 1 70 

5.0 SO 82 f 5 89 

10.0 75.34 f 2.42 

0.1 71.73 f 846 

05 67 14 f 4 02 

10 69 47 f 6 95 

5.0 7261 f 208 

10.0 71.36 f 414 

TABLE II 

PRECISION AND ACCURACY OF THE CIMETIDINE ASSAY 

Ttssue Spiked 

concentratron 

olS/S) 

Intra-day (n = 5) Inter-day (n = 5) 

Concentration C V Concentration C.V 

(mean f SD) (%) (mean & S.D ) (%) 

olS/R) @S/S) 

Whole blood 

Lrver 

Skeletal muscle 

05 051 f 002 4.2 0.52 f 0.03 57 

1.0 0 99 f 0 08 7.6 1.00 & 008 81 

5.0 5 02 f 0.29 5.7 509 i 041 80 

0.5 0 51 + 0.02 4.5 0.52 + 0.03 58 

IO 1 00 f 0.09 87 1.08 f 0 10 8.8 

5.0 5.02 f 0 23 4.6 5 13 l 047 9.1 

05 0.52 i 0 02 48 0.52 + 0.03 60 

1.0 104*007 6.7 1.05 f 0.09 81 

50 495 f 009 1.7 491 * 0 15 31 
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TABLE III 

CONCENTRATIONS OF CIMETIDINE IN TISSUES OBTAINED AT AUTOPSY ON A CIMETI- 

DINE-MEDICATED INDIVIDUAL 

Autopsy was performed 6 h after death 

Tissue Concentration @g/g) 

Whole blood 56 

Bram 0.9 

Lung 82 

Liver 08 

Kidney 0.6 

Spleen 1.6 

Skeletal muscle 47 

A&pose 18 

These values are considered to be sensitive and reliable enough to measure 
levels of the drug prescribed in therapeutic doses. 

Application 
A 56year-old man was found lying severely wounded on a street following a 

traffic accident. He was brought to the hospital, where cimetidine was reportedly 
administered to prevent Cushing ulcer. He died of excessive blood loss. In this 
particular case, a toxicological examination was ordered to determine whether or 
not the clinical treatment had been appropriate. A systematic toxicological exam- 
ination revealed no evidence of any toxic substance The method described in this 
paper was used to determine the concentration of cimetidine in the tissue, as 
shown in Table III. 

The values revealed the concentration of cimetidine to be at therapeutic levels. 
Cimetidine concentrations m biological fluids have been determined [l-17], but 
our HPLC assessments made feasible the determination of the level of this drug m 
human solid tissues. 

CONCLUSION 

A sensitive and reliable HPLC assay was developed to determine the concen- 
tration of cimetidine in human fluids and solid tissues. The lower limit of detec- 
tion was ca. 10 rig/g.. 
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