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LIST OF ABBREVIATIONS 
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AC 
ACN 
AMU 
B 
CI 
CT (“C) 
CU 
EI 
EN 
Et AC 
EX 
FL 
FSC 
G 
CC 
HPLC 
HPTLC 
HY 
ID 
INN 
IR 
M 

mlz 
ME 
MeOH 
MS 
NPD 
NMR 
P 
PB (x.x) 
PC 
iPrOH 

QU 
RP 
S 
SIM 
SP 
T 

Acetylated, acetate 
Acetonitrile 
Atomic mass unit 
Blood 
Chemical ionization 
Column temperature in degrees centigrade 

Clean-up step 
Electron-impact ionization 
Enzymic cleavage of conjugates 
Ethyl acetate 
Liquid-liquid extraction 
Fluorescence detector 
Fused-silica capillary 
Gastric content 
Gas chromatography 
High-performance liquid chromatography 
High-performance thin-layer chromatography 
Acid-hydrolysed 
Identification (qualitative detection) 
International non-proprietary name (WHO) 
Infrared 
mol/l 
mass to charge ratio 
Methylated 
Methanol 
Mass spectrometry 
Nitrogen-phosphorus detection 
Nuclear magnetic resonance 
Plasma 
Phosphate buffer (pH x.x) 
Precolumn 
2-propanol 
Quantification 
Reversed phase 
Serum 
Selected-ion monitoring 
Solid-phase extraction 
Tissue 

Th. cont. Therapeutic concentrations could be detected 
TEA Triethylamine 
TFA Trifluoroacetylated 
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TLC 
TMS 
U 
uv 

Thin-layer chromatography 
Trimethylsilylated 
Urine 
Ultraviolet 

1. INTRODUCTION 

Histamine, the amine of “histos” (Greek word for tissue), is biosynthesized 
from the amino acid histidme by the L-histidme decarboxylase. It is stored mainly 
in secretory granules m tissue mast cells and m basophilic granulocytes. It pro- 
duces its effects through actions on at least two types of receptor, the Hi- and 
Hz-receptors. Activation of Hi-receptors produces mamly bronchoconstrictron, 
contraction of the gut, vasodilation with increased capillary permeability and 
stimulation of sensory nerve endings evoking pain and itching. Gastric acid secre- 
tion is stimulated by activation of Hz-receptors [1,2]. The described effects of 
histamine can be antagonized by the following three types of drug: blockers of 
Hi- and Hz-receptors (see Section 1. l), inhibitors of the L-histidine decarboxylase 
(e.g. trrtoqualine) and mhibitors of histamine release from mast cells (e.g CI-922, 
ketotifen, oxatomide or tranilast). In this review, the second and third types are 
described with the Hi-receptor blockers to symphfy matters. Further classifica- 
tions and the structures of H1- and Hz-receptor blockers are discussed in Section 
1.1. 

1.1. ClussiJicatzon and chemicd structures 

1 .I .l. HI -receptor blockers 
HZ-receptor blockers were first synthesized m 1942 [3]. Since then they have 

been called “antihistamines”. After the discovery of the histamine Hi- and HZ- 
receptors they were named pharmacologtcally correctly as “htstamme H1-recep- 
tor blockers” or briefly as “Hi-blockers”. The name “histamine receptor anta- 
gonists” is not correct, because these drugs are antagonists of histamine but not 
of tts receptors. Hi-blockers are today one of the largest groups of drugs widely 
used as antiallergics. Some of these drugs are used as antiemetics because of their 
antichohnergic properties or as sedatives because of their depressant effect on the 
central nervous system. They are also in use for further indications. The useful- 
ness of classic H1-blockers is limited by side-effects, especially daytime sedation. 
This side-effect results in a decreased fitness to drive a car [4,5]. The new gener- 
ation of Hi-blockers (e.g. loratanide or terfenadme) lack sedative properties [6]. 

Hr-blockers are structurally similar to histamine, 2-(4-imidazolyl)ethylamine. 
In contrast to histamine, they have a tertiary amino group linked by a two- or 
three-atom chain to one or two aromatic rings (1 in Fig. 1). The X linkage may be 
an oxygen (alkanolamme antihistamines, 2 m Fig. I), a carbon (alkylamme anti- 
histamines, 3 in Fig. l), a nitrogen (ethylenediamine antihistamines, 4 in Fig. I), a 
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Fig 1. Structures of HI-receptor blockers (HI-blockers or antlhistamines) general structure (I), alkanol- 

amme antliiistammes (zj, aikyiamme antihistamines (‘Jj, ethyienediamine antiiiistammes (41, plperazine 

antlhlstammes (S), phenothlazme antlhlstammes (6) 

nitrogen in a piperazine ring (piperazine antihistamines, 5 in Fig. 1) or a nitrogen 
in a phenothiazine ring (phenothiazine antihistamines, 6 in Fig. 1). For reasons of 
space, detailed structures have been omitted, because the chromatography of 
sixty different HI-blockers is reviewed in this article. In Table 1 the H1-blockers 
are listed according to their chemical class and within the class according to their 
International Non-Proprietary Names (INN of the World Health Organization) 
or, if this is not available, to their code names. The analytical methods reviewed 
herein and the tables with the summarized data are given for each drug. Note that 
mepyramine is often called pyrylamme in the literature. 
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TABLE 1 

LIST OF H,-RECEPTOR BLOCKERS 

The numbers of the structures m Ftg 1, the methods described m this review and the table numbers with 

the correspondmg analytical data are given 

Alkanolamrne derivatives (2 m Ag 1~ 

Carbmoxamine 

Chlorbenzoxamme 

Chlorphenoxamme 

Clemastme 

Diphenhydramine 

Diphenylpyrahne 

Doxylamme 

Mecloxamme 

Medrylamme 

Orphenadrine 

Phenyltoloxamme 

GC (Table 6), GC-MS (Table 8) 

GC-MS (Table 8) 

TLC (Table 3), GC (Table 6) GC-MS (Table 8) 

GC (Table 6) GC-MS (Table 8) 

TLC (Table 3), GC (Table 6), GC-MS (Table 8) 

GC-MS (Table 8) 

HPLC (Table 4), GC (Table 6), GC-MS (Table 8) 

GC-MS (Table 8) 

GC-MS (Table 8) 

GC (Table 6), GC-MS (Table 8) 

GC-MS (Table 8) 

Alkylamine derlvatwes (3 in Fig 1) 

Azatadme 

Azelastme 

Benzqumamtde 

Bromphemramme 

Chlorphen(tr)amme 

CI-922 

Cyproheptadme 

Dimetindene 

Ketotifen 

Loratadme 

Mebhydrohne 

Phenmdamme 

Phemramme 

Pyrrobutamme 

Temelastme 

Terfenadine 

Tolpropamme 

Tramlast 

Trtprohdme 

HPLC (Table 4) GC (Table 6), GC-MS (Table 8) 

HPLC (Table 4) 

GC-MS (Table 8) 

GC (Table 6), GC-MS (Table 8) 

HPLC (Table 4), GC (Table 6), GC-MS (Table 8) 

HPLC (Table 4) 

HPLC (Table 4), GC (Table 6) GC-MS (Table 8) 

GC-MS (Table 8) 

GCMS (Table 8) 

HPLC (Table 4) 

HPLC (Table 4), GC-MS (Table 8) 

GC-MS (Table 8) 

GC (Table 6), CC-MS (Table 8) 

GC-MS (Table 8) 

HPLC (Table 4) 

TLC (Table 3), GC-MS (Table 8) 

GC-MS (Table 8) 

HPLC (Table 4) 

HPLC (Table 4) GC (Table 6) 

Ethylenedlamme derwatwes (4 WI Fig I) 

Adeptolon GC-MS (Table 8) 

Antazohne TLC (Table 3) GC-MS (Table 8) 

Bamtpme GC-MS (Table 8) 

Chloropyramme TLC (Table 3), GC-MS (Table 8) 

Chlorothen GC (Table 6) 

Clemizole GC-MS (Table 8) 

Histapyrrodme GC-MS (Table 8) 

Mepyramme TLC (Table 3) HPLC (Table 4), GC (Table 6), GC-MS (Table 8) 

Methapyrrlene HPLC (Table 4) GC (Table 6) 

(Pyrtlamme, see Mepyramme) 

icontmued on p 374) 
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TABLE 1 (contmued) 

Thenyldlamine 

Tripelenamme 

Ptperaztne derlvatwes 15 in Fr;: 1 J 

Buchzme 

Chlorcychzme 

Cmnarizme 

Cychzine 

Etodroxlzme 

Flunarume 

Hydroxyzme 

KB-2413 

Meclozme 

Oxatomlde 

Revenast 

HPLC (Table 4). GC (Table 6) 

HPLC (Table 4), GC (Table 6), GC-MS (Table 8) 

GC (Table 6), GC-MS (Table 8) 

CC-MS (Table 8) 

HPLC (Table 4), GC (Table 6), GC-MS (Table 8) 

GC (Table 6), GC-MS (Table 8) 

GC-MS (Table 8) 

GC (Table 6) 

HPLC (Table 4), GC (Table 6); GC-MS (Table 8) 

GC (Table 6) 

HPLC (Table 4), GC (Table 6). GC-MS (Table 8) 

GC-MS (Table 8) 

GC (Table 6) 

Phenothtazine derivatives 16 tn Fzg I) 

Ahmemazme TLC (Table 3), GC (Table 6). GC-MS (Table 8) 

Dimetotlazme GC-MS (Table 8) 

Isothlpendyl GC-MS (Table 8) 

Meqmtdzme GC-MS (Table 8) 

Oxomemazme GC-MS (Table 8) 

Promethazme TLC (Table 3). HPLC (Table 4), GC (Table 6). GC-MS (Table 8) 

Thlethylperazme GC (Table 6), CC-MS (Table 8) 

Tnflupromazme GC (Table 6), GC-MS (Table 8) 

1.1.2. Hz-receptor blockers 
After the discovery of the Hz-receptors m 1972 [7] in the clinical use of the 

Hz-receptor blocker cimetidine was approved in 1977 by the U.S. Food and Drug 
Administration. It has since been widely used for therapy of gastric and duodenal 
ulcer diseases and other gastric hypersecretory states [2]. Other Hz-blockers have 
been produced and are m use or m clinical research The structures of the Hz- 
blockers reviewed in this article are shown m Fig. 2. Although the “classical” 
Hz-blocker cimetidine retaines the imidazole ring of histamine this is not essential 
for the effect. The only essential is a basic or basic substituted aromatic ring, as 
shown in Fig. 2 on the left side of the structures. The side-chain is longer than in 
histamine. Instead of the primary amino group of histamine, Hz-blockers contain 
relatively polar groups, usually unprotonated at physiological pH [8]. In Table 2 
the Hz-blockers are listed according to their chemical class and within the class 
according to their INN or, if this is not available, to their code names. The 
analytical methods reviewed herein and the tables m which the data are summa- 
rized are given for each drug, together with the appropriate structure number m 
Fig. 2. 
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Frg 2 Structures of Hz-receptor blockers (H,-blockers) cnnettdme (1). etmttdme (2). ramttdine (3). 

SKF-93574 (4), famotrdme (5), mzattdme (6) ORF-17910 (7). RGW-2568 (S), roxatrdme (TZU-0460) (9), 

lcotldme (SKF-93319) (H, and H,blocker) (10) 

1.2. Biomedical importance of the procedures reviewed 

Chromatographic procedures for the determination of HI- and Hz-receptor 
blockers in biosamples are necessary for pharmacokinetic studies, including the 
identification of metabolites, for monitoring the compliance of patients resistant 
to treatment, and finally for several problems in clinical and forensic toxicology. 

TABLE 2 

LIST OF Hz-RECEPTOR BLOCKERS 

The numbers of the structures m Frg 2, the methods described m thts revtew and the table numbers with 

the correspondmg analyttcal data are gtven 

Imzdazole derwatzves 

Clmetldme (1 m Fig 2) 

Entmttdme (2 m Frg. 2) 

Furan derwatrves 

Ramtidme (3 m Frg. 2) 

SKF-93574 (4 in Frg 2) 

Thlazole derzvatzves 

Famottdme (5 m Fig 2) 

Ntzattdine (6 m Fig 2) 

Arylether derrvatzves 

ORF-17910 (7 m Fig. 2) 

RGW-2568 (8 m Fig 2) 

Roxatrdme (TZU-0460) (9 m Frg 2) 

Pyridme derzvatzve 

Icottdine (SKF-93319) (10 m Frg 2) 

(HI- and Hz-blocker) 

HPLC (Table 5) 

HPLC (Table 5) 

HPLC (Table 5) 

HPLC (Table 5) 

HPLC (Table 5) 

HPLC (Table 5) 

HPLC (Table 5) 

HPLC (Table 5) 

HPLC (Table S), GC (Table 7), GC-MS (Table 9) 

HPLC (Table 5) 
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1.2.1. Pharmacokinetzc studies 
Quantification of drugs and at least their pharmacologically active metabolites 

in plasma is essential for pharmacokinetic studies Chromatographic methods are 

the procedures of choice because the parent compound and its metabolites can be 
separately determined, m contrast to immunoassays and radioactivity measure- 
ments. 

Despite the widespread use of H1-blockers for almost 50 years, little was 
known about their clinical pharmacokinetics until quite recently [9]. Many of 
these drugs were put onto the market before there was much interest in pharma- 
cokmetic studies. Furthermore, the concentrations of these lipophilic drugs in 
biosamples are very low, and only modern chromatographic techniques have the 
sensitivity and specifity required for their quantification. Since H1-blockers are 
lipophilic, they can be determined by gas chromatography (GC) with or without 
mass spectrometry (MS). Because of their aromatic rings, they can also be deter- 
mined by high-performance liquid chromatography (HPLC) with ultraviolet de- 
tection (UV). HPLC techniques were most frequently used for quantification of 
H1-blockers in biosamples in the period covered by this review. However, in some 
cases GC procedures were more sensitive than HPLC procedures [lo-131. If GC 
procedures described earlier had been approved [14], they were used for actual 
pharmacokinetic studies [15,16]. Finally, a new GC assay was described for the 
quantification of twelve Hi-blockers in plasma [17] 

In contrast to the Hi-blockers, Hz-blockers are relatively polar and hydrophil- 
ic molecules [1,8]. Most of them cannot be determined by GC, at least not with 
the required sensitivity, so HPLC is the method of choice. Only roxatidine (9 in 
Fig. 2) which lacks a polar group, was determined by GC [18] and GC-MS [19]. 

1 2.2. Identifcatlon of metabolltes 
For the identification of metabolites in urine or fungal cultures [20], chroma- 

tographic separation methods were coupled off-line or on-line with spectroscopic 
techniques. Off-line coupling was performed using thin-layer chromatography 
(TLC) [21] or HPLC [19,20,22,23]. As usual, GC was coupled on-line with the MS 
[19,24-301, a method that is preferable in cases where the GC volatility of the 
metabolites is sufficient after derivatization and the mass spectral information is 
also sufficient. 

1.2.3. Monitoring patient compliance 
Therapeutic drug monitoring of histamine receptor blockers is unusual be- 

cause the margin of therapeutic safety of these drugs is relatively large. However, 
the compliance of patients resistant to treatment should be monitored by determi- 
nation of the plasma concentrations. Procedures described for pharmacokinetic 
or toxicological purposes can be applied. In many cases it is sufficient to detect the 
Hi-blockers in urme using TLC, GC or GC-MS. In any case of doubt the TLC 
and GC results should be confirmed, preferably by GC-MS [24-271. 
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1.2.4 Cluucal and forensic to.xlcologJ> 
Hz-blockers do not lead to severe climcal symptoms when taken in overdose 

[31,32]. However, H1-blockers are often, alone or in combmation with other 
drugs and/or ethanol, the cause of intoxication [33,34] or the cause of decreased 
fitness to drive a car [4,5]. Because Hi-blockers used in ointments can be ab- 
sorbed transdermally [35,36], intoxications have been observed when large areas 
of skin, especially of infants and children, were embrocated [37-391. When addict- 
ed patients, therapeutically treated with Hi-blockers, are toxicologically mon- 
itored, H1-blockers must be differentiated from drugs taken addictively. There- 
fore, qualitative and quantitative determmation of H1-blockers is necessary for 
many toxicological purposes. Immunoassays are not commercially available, be- 
cause therapeutic drug monitoring is not routinely performed and. therefore, the 
market is too small. As described in Section 1.2.1, quantification can be per- 
formed using HPLC, GC or GC-MS To simplify the selection of the most ap- 
propriate procedure in emergency cases, the procedures are listed according to 
the methods, the category and finally to the INN of the drugs (Tables 3-9). 
Further details are discussed in Section 3. 

However, before quantification in plasma (see QU m ID/QU column in Tables 
3-9) the drugs, which are usually unknown, must first be identified (see ID). It is 
preferable to use urine for the screening because the concentrations of the drugs 
are much higher in urine than in plasma. Because more than srxty H1 -blockers are 
in use, and each of them may produce several metabolites, identification using 
chromatographic procedures without highly specific detection (such as MS) is 
very troublesome. Finally, the H1-blockers must be differentiated from thou- 
sands of other drugs, poisons or endogenous biomolecules, because any chroma- 
tographic zone or peak may represent a potential poison. The efficiency for these 
purposes of the described TLC, HPLC, GC or GC-MS procedures is discussed in 
Section 3. 

1.3 Choice of the references 

The reviewed references were selected by on-line searching in the Medline 
database on CD-ROM (Silver Platter, Boston, London, Amsterdam, 1985-1989) 
and in the Chemical Abstracts Services The period from January 1985 to Sep- 
tember 1989 was covered. Furthermore, additional references cited in the bibli- 
ography sections of the Journal of Chromatography from 1985 to August 1989 
were used. Papers from 1984 were considered, if they were not reviewed by 
Schwarz et al. in 1985 [40]. In accordance with the aims of this review volume, 
methods for the determination of histamme receptor blockers in drug prepara- 
tions were not considered. 
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2 SAMPLE PREPARATION 

Appropriate preparation of samples is an important prerequisite for chroma- 
tography in biosamples It involves isolation and if necessary cleavage of conju- 
gates and/or denvatization of the drugs and their metabolites. Isolation was 
performed by liquid-liquid extraction at a pH at which the analyte IS unionized 
(see EX m Work-up column m Tables 3-9) or by solid-phase extraction (see SP) 
followed by clean-up steps (see CU) and concentration of the extract. In my 
experience, solid-phase extraction is preferable if particular substances have to be 
selectively isolated m series from relatively homogeneous samples, such as plasma 
samples, m pharmacokmetic studies. Universal liquid-liquid extraction proce- 
dures are preferable for “general unknown analysis” procedures in emergency 
cases [24-27,41-501 because substances with very different physicochemical prop- 
erties must be isolated from heterogeneous matrices. 

Conjugates can be cleaved by gentle but time-consummg enzymic hydrolysis 
(see EN) in metabolic studies. In toxicological analysis it is preferable to cleave 
the conjugates by rapid acid hydrolysis (see HY). However, the possible forma- 
tion of artifacts during this procedure must be monitored. Derivatlzation steps 
are necessary if relatively polar compounds are to be determined by GC or GC- 
MS. In the reviewed papers, the following procedures were used. propronylation, 
acetylation (AC), methylation (ME), trimethylsilylation (TMS) and trifluoroace- 
tylation (TFA) (see Work-up column in Tables 339). Acetylation has been ap- 
proved for the identification of metabolites [2427,41-541 It leads to stable deriv- 
atives with good GC properties. The acetylation mixture can be evaporated 
before analysis so that the resolving power of capillary columns does not de- 
crease, in contrast to TMS, for example The mass spectra of acetyl derivatives 
can easily be interpreted, but TMS derivatives often produce an intense peak at 
m/z 73 (CxHgSi) and no further characteristic fragment ions. The molecular mass 
does not increase very much, in contrast to what happens with TMS or TFA, so 
that compounds with relatively high molecular mass and several derivatizable 
groups can be measured with low-priced mass-selective detectors with a mass 
range up to only 650 a.m.u. 

Derivatization for HPLC procedures using UV or fluorescence detection are 
required if there are no UV-absorbing or fluorescent structures [55,56] m the 
molecule. 

2.1. Plasma 

Hi- and Hz-blockers are drugs with alkaline pK, values, and therefore the 
isolation steps in all the reviewed papers were performed at an alkaline pH usu- 
ally after addition of aqueous sodium or potassium hydroxide. Diethyl ether, 
ethyl acetate, dichloromethane, chloroform or alkanes were used as extractants in 
most cases. Clean-up steps were performed m some procedures (see CU in Work- 
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up column in Tables 3-9). However, it should be checked if these relatively com- 
plicated and time-consuming steps are really necessary for the aim of the study. 

2.2. Urine 

Most of the lipophilic H1-blockers are excreted in urine in a metabolized and 
conjugated form, especially in the late phase of excretion Therefore, the conju- 
gates must be cleaved by enzymic.or acid hydrolysis before isolation. Polar me- 
tabolites (e g. hydroxy- and N- or 0-desalkyl metabohtes), which should be iden- 
tified or quantified in urine, must be derivatized if a GC procedure such as 
GC-M&s to be used (see EN, HY, AC, TMS, ME, TFA in Work-up column in 
Tables 339). 

The relatively polar Hz-blockers are excreted m urine almost unchanged. 
Therefore, the tsolatipn procedure for plasma can also be used for urine. 

2.3. Other biosamples 

Saliva Samples [3.5] and gastric contents [57] can be worked up like plasma 
samples. When bile samples are extracted at a basic pH, interfermg peaks appear. 
One or two clean-up steps (CU) are necessary to eliminate the endogenous bio- 
molecules [58,59]. Tissue samples (e g. brain) are first homogenized and then the 
matrix is removed by extraction [60]. Milk samples should be centrifuged before 
extraction to remove the fatty layer [ 186 11. When fungal cultures are worked up, 
the fungal cells are pelleted by centrifugation before conventional extraction 
[20,22,62]. 

3 CHROMATOGRAPHY 

Chromatographic procedures for the determination of histamine H1- and HZ- 
receptor blockers in biosamples published in the past five years are reviewed here 
according to the techniques used. The principal information on each procedure is 
summarized in Tables 3-9 to simplify the rapid selecton of a suitable method. 

The procedures are listed according to the drug names (INN or code names) If 
metabolites were determined, “metabohte(s)” IS given m the Drug column. En- 
tries in the ID/QU column specify whether the drugs were identified (ID) or 
quantified (QU). Qualitative detection procedures are subsumed under ID. The 
kind of biosample used is given in the Sample column (P = plasma, S = serum, B 
= blood, U = urine, G = gastric contents, T = tissue). The sample preparation 
discussed in Section 2 is concisely summarized in the Work-up column. The 
principal information on the stationary and mobile phase, as well as the detection 
mode and the analytical detection limit, are given. For reasons of space, not all 
parameters of the analytical quality control are listed. Unfortunately, these data, 
which are essential for quantification in plasma, were reported incompletely or 
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not at all in some papers, especially in some pharmacokinetic papers (e.g. refs. 11, 
12, 15, 16, 23 and 63-68). This IS in accordance with the report published m 1988 
by Eggers and Bircher [69]. However, independent interpretation of pharmacoki- 
netic results, for example, is difficult or even impossible, when the quality criteria 
are not sufficiently documented. 

For toxicological screening procedures in urme, the quality criteria of the 
parent compound are of limited value if the amounts of metabolites are much 
higher in urine than those of the parent drug and the metabolites are detected by 
the procedure. Most of the toxicologically relevant drugs (e.g. Hr-blockers) are 
lipophilic substances that undergo extensive metabolism. Because pure samples 
of the metabolites are not usually available, it is necessary to control the quality 
of the screening procedures using urine samples from volunteers or in-patients 
treated with a known dose of the drug [24-28,701. The procedure should be 
sufhcicntly sensitive to detect therapeutic concentrations at least over a 12-24 h 
period after ingestion (see Th. cont. in the Det. hmit column in Tables 3-9). In my 
experience, procedures are suitable for toxicological purposes if this criterion is 
met 

3.1. Thin-layer chromatography 

3.1 .I. HI -receptor blockers 
Only one TLC procedure for the detection of a few Hr-blockers m urine (Table 

3) was published in the period covered [70]. This relatively simple procedure is 
claimed to allow momtormg of patient compliance in a pharmacy laboratory. 
However, it is very difficult to detect the prescribed drug if other or additional 
drugs were taken. Neither the sample preparation (extraction with dichlorometh- 
ane or diethyl ether at an alkaline pH), nor the chromatographic separation (very 
similiar RF values of different drugs and suspected metabolites) is of sufficient 
selectivity and specifity, and neither is the chemical detection (Dragendorff s re- 
agent). This simple procedure can be recommended only for toxicological screen- 
mgs, if positive results are confirmed especially by GC-MS [24-271. 

TLC is still used for separation of metabolitcs prior to their identification 
using MS, nuclear magnetic resonance (NMR), infrared (IR) and/or UV spec- 
troscopy [21]. 

3.2. High-per-ormance liquid chromatography, 

3.2.1. HI-receptor blockers 
Because of their widespread application, HPLC techniques were most fre- 

quently used for quantification of Hi-blockers in biosamples in the period cov- 
ered. As shown in Table 4 most of the papers describe reversed-phase chromato- 
graphy on 5-pm octadecyl or cyano columns at ambient temperature with 
isocratic elution and UV detection. If the column was heated, the column temper- 
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