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1. INTRODUCTION 

The role of endogenous histamine in the hypersecretion of gastric acid, and 
subsequently in peptic ulcers, has led to the development of Hz-receptor- or 
histamine-blocking agents through systematic modification of the histamine mol- 
ecule. These Hz-receptor blockers are the drugs most commonly prescribed for 
the treatment of peptic ulcer disease. Cimctidine and rdnitidine are the better 
known agents in this class. Cimetidine, however, has been proven to competitive- 
ly inhibit the metabolism of drugs that undergo oxidative metabolism possibly 
leading to serious side-effects due to the accumulation of these drugs. The newer 

Further rrferences regarding Hz-blockers can be found in the review of Maurer on histamine blockers 
on p. 369. 
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drugs in this class are not only more potent than cimetidme, but also do not suffer 

from the above problem [l]. 
A more recent class of anti-ulcer compounds are the gastric acid (proton 

pump) inhibitors, of which omeprazole 1s a prototype drug. It is effective in the 
inhibition of both basal and stimulated gastric acid secretlon. Pirenzepme, an 
M1-muscarinic receptor blocker, is another drug that has proven to be effective in 
the treatment of peptic ulcers. Muscarmic blockers act upon several systems that 
regulate both acid production and the protective mucosal barrier. Other anti- 
ulcer drugs which possess different modes of pharmacological action are carbe- 

noxolone sodium (a steroid-hke mineralocorticoid) and prostaglandins Ez and 12 

PI. 
Liquid and gas chromatographic methods of analysis of human samples of all 

the classes of anti-ulcer drugs except the prostaglandins are discussed in this 
review. An excellent review of such techniques has been published in 1985 [2] and 
therefore we have restricted the present article to analytical methodology publish- 
ed after 1985. Wherever applicable, analysis of the metabolites of the above drugs 

will be considered. Details of all the liquid chromatographic methods are present- 

ed in Table 1 and gas chromatographic techniques are presented in Table 2. 

2 HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 

High-performance liquid chromatography (HPLC) is the primary method 
which has been used for the bioanalysis of anti-ulcer agents. Although there are a 
variety of separation techniques used for the various types of agents, detection of 
these compounds with HPLC systems has been accomplished with ultraviolet 
(UV) absorbance. A few of the compounds have been shown to fluoresce and 
therefore provide better detectability. The lack of extensive conjugation in most 
of the structures, however, prevents strong fluorescence m most cases. 

2.1. Hz-Receptor antagonists 

2.1.1. Cimetidine 
Rustum and Hoffman [3] have reported a reversed-phase method for the si- 

multaneous analysis of cimetldme (Fig. la) and its major metabolites, cimetidme 
sulfoxide and hydroxymethylcimetidine. They utilised a simple, single-step, or- 
ganic liquid phase extraction procedure for human plasma and whole blood sam- 
ples. The evaporation step was eliminated from the procedure, thereby reducing 
manipulative errors and the sample preparation time to 5 min. Extraction effi- 
ciency ranged from 80 to 85%. The method utilised a short 6-cm column resulting 
m a very rapid analysis with all the analytes elutmg in 7 mm (Fig. 2). 

2.1.2. Ranitidine 
Several reversed-phase methods have been developed for the analysis of ran- 
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a 

C d 

Fig 5 Structures of mvestrgatronal Hz-receptor antagomsts (a) RG W-2568, (b) SK&F 93574, (c) BMY 

26517, (d) OPC-12759 

2.2. Proton pump mhibrtars (omeprazole) 

A highly sensitive reversed-phase HPLC method for the analysis of omepra- 
zole (Fig. 7) and its metabohtes was published in 1988 by Amantea and Narang 
[22]. Absolute recoveries of omeprazole, its sulphone and sulphide metabolites 
were 96, 42 and 96%, respectively. Despite the low recovery of the sulphone 
metabolite the detection limits of the method were adequate. 

13.3 

02468 I 
Ttme (mm) 

Frg 6. (a) Chromatogram of plasma extract from d human voiunteer followmg intravenous mfuston of 

SK&F 93574 at a dose of 35 pg’kg Peaks 1 = SK&F 93574, 2 = 93924 (Internal standard) (from ref 19 

wrth permrssron) (b) Chromatogram of human plasma spiked wtth 125 ng;ml Internal standard (retentton 

ttme = 13 3 min) and 74 ng/ml BMY 26517 (retentton ttme = 8 5 mm) (from ref 20 wrth permtssron) 
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Fig. 7. Structure of the proton pump mhlbltor omeprdx>le 

2.3. Muscarinlc receptor antagonists (pirenzepinej 

Meineke et al. [23] have reported two liquid chromatographic approaches for 
the analysis of this drug (Fig Sa) m plasma. The first used a normal-phase slhca 
column and the second utilized an ion-exchange column. Samples were extracted 
from plasma by liqutd-liquid extraction. The extraction efficiency was deter- 
mined to be SO%, although it was reported that this could be increased to 95”/0 by 
extracting twice. Intermittent purge steps were reported to be essential for the 
silica columns as prolonged use of these columns at the high pH of the mobile 
phase (10.5) resulted in below average column life. The chromatographic behav- 
iour of the drug and the Internal standard on the ion-exchange column was of 
interest, because of the apparent non-uniform mechanism of separation. 

3 GAS CHROMATOGRAPHY 

3.1. Hz-Receptor antagonmts (roxatldine) 

A highly sensitive method for the analysis of roxatidine (Fig. le) in human 
plasma, urine and milk by capillary gas chromatography has been reported [24]. 
In this procedure, the extracted roxatidine was esterified with propiomc anhy- 
dride to facilitate volatilization prior to analysis. High extraction recoveries were 
obtained and roxatidine eluted at 6.3 min under the conditions of chromatogra- 

phy (Frg. 9). 

a 11 
Fig 8 Structures of muscarmlc receptor antagomsts (a) Pmwrpme. &J) tclenrepme 
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3.2 Muscannic receptor antaganlsts (tcknzepuw) 

A solid-phase extraction techmque in conjunction with a gas chromatograph- 
ic-mass spectrometrlc method of analysis for telezepine in serum (Fig. Xb) has 
been reported by Sturm and Junker [25]. Derlvatlzation of the analyte to a methyl 
ester through a benzodlazepino-benzimidazole rearrangement was necessary, be- 
cause the unmodified analyte provided a non-linear response and severe adsorp- 
tion at lower levels. Extraction efficiency as determined by using 3H-labelled 
analyte was 84.5%, evaluated at 20 ng,‘ml (Table 2). 

4 SUMMARY 

In reviewing the analytical methods for the analysis of anti-ulcer drugs we 
observed an increase m the utilization of solid-phase extraction techniques, 
though the traditional liquid-hquid methods are still predominant. Liquid chro- 

matographic techmques are employed more than gas chromatographic methods 
which reflects the general trend in chromatographic analysis for analytes in the 

900- 
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Fig 9 (a) Chromatogram of extract of plasma sample from d volunteer, 4 h after admm~slrdtlon of 

roxatldme acetate (1 SO mg). (b) Chromatogram of extract of @ 12 h urmc sample from day 2 of a multiple- 

dose study (150 mg roxatldme acetate per day) (From ref 24 with permIssIon ) 
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nanogram range. We foresee a continued increase in the use of solid-phase extrac- 
tion methodology (automated or otherwise) due to the potential for dramatic 
decreases in extractlon times, cost and significant enhancement of extraction effi- 
ciency. Because the therapeutic concentrations of these drugs tend to be m the 
low nanogram range in plasma and the current trend m drug development is 
toward more potent agents, we anticipate the application of more sensitive liquid 
chromatographlc detection techniques such as electrochemical and chemilumi- 
nescence detection to overcome the limitations of currently used technology. 
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