
Journal of’Chromazograpizy, 531 (1990) 181-213 

Biomedical Applications 

Elsevier Science Publishers B.V., Amsterdam 

CHROMBIO. 5397 

Review 

Chromatography of calcium channel blockers 

MARTIN AHNOFF and BENGT-ARNE PERSSON* 

Bionalytical Chemistry, AB Hiisle, S-431 83 M6lndal iS\veden) 

(Received February 28th, 1990) 

CONTENTS 

List of abbreviations ........................................................................................ 182 

1. Introduction ............................................................................................. 182 

2. General remarks ........................................................................................ 183 

3. Dihydropyridines ........................................................................................ 185 

3.1. Sample pretreatment ............................................................................. 185 

3.1 .l. Light sensitivity of nitrophenyl-substituted dihydropyridines ......................... 186 

3.2. Gas chromatography ............................................................................. 1.87 

3.2.1. Electron-capture detection ................................................................ 189 

3.2.2. Mass-selective detection ................................................................... 193 

3.3. Liquid chromatography .......................................................................... 195 

3.4. Comparison of chromatographic techniques used for dihydropyridines .................... 195 

4. Diltiazem and naltiazem ................................................................................ 197 

4.1. Sample pretreatment ............................................................................. 197 

4.2. Gas chromatography ............................................................................. 198 

4.3. Liquid chromatography .......................................................................... 199 

4.4. Comparison of chromatographic techniques used for diltiazem ............................. 200 

5. Verapamil ................................................................................................ 201 

5.1. Sample pretreatment ............................................................................. 20 1 

5.2. Gas chromatography ............................................................................. 203 

5.3. Liquid chromatography .......................................................................... 203 

5.4. Comparison of chromatographic techniques used for verapamil ............................ 205 

6. Piperazine derivatives ................................................................................... 205 

6.1. Sample pretreatment ............................................................................. 205 

6.2. Gas and liquid chromatography ........................... Y. ................................... 207 

6.3. Comparison of chromatographic techniques used for piperazine derivatives ............... 207 

7. Prenylamine ............................................................................................. 209 

8. Concluding remarks .................................................................................... 209 

9. Summary ................................................................................................. 210 

10. Acknowledgement ...................................................................................... 210 

References .................................................................................................... 2 10 

0378-4347/90/$03.50 Q 1990 Elsevier Science Publishers B.V. 



182 

LIST OF ABBREVIATIONS 

M AHNOFF, B.-A PERSSON 

B 

C 
C 

CS 
C c: 
D 
E 
2E 
EC 
ECD 
EI 
FID 
Flu 
GC 
LC 

LLQ 
MS 
NPD 
NICI 
P 

FICI 
S 
sex 
Si 
TLC 

Back-extraction 
Concentration by solvent evaporation 
Capillary 
Octylsilica 
Octadecylsilica 
Cyanoalkylsilica 
Derivatization 
Liquid&iquid extraction 
Repeated extraction 
Electrochemical detection 
Electron-capture detection 
Electron-impact ionization 
Flame ionization detection 
Fluorescence detection 
Gas chromatography 
Liquid chromatography 
Lower limit of quantification 
Mass spectrometry 
Nitrogen-phosphorus detection 
Negative-ion chemical ionization 
Precipitation of plasma proteins 
Packed 
Positive-ion chemical ionization 
Liquid-solid extraction 
Strong cation-exchanger 
Silica 
Thin-layer chromatography 

I INTRODUCTION 

Calcium channel blockers are a group of drugs of mcreasmg importance with- 
m the cardiovascular field, and their use has developed rapidly during the past ten 
years. Verapamil was first synthesized in the early 1960s and diltiazem and nife- 
dipine a few years later, but they were not widely prescribed and used until the 
mid-1980s. All are now among the twenty most valuable (m money) drugs world- 
wide. Nifedipine has been followed by more recently developed dihydropyridmes 
with somewhat different pharmacological and therapeutic profiles. Most of these 
are non-symmetric esters and therefore chiral. Cmnarizine and flunarizine are 
two other drugs in this group, which so far are less established 

This is a fairly new class of drugs, and the measurement of their concentrations 
in body fluids has been a prerequisite for the documentation needed for new drug 
applications. Many of the drugs are highly potent, and analytical techniques of 
high selectivity and sensitivity have been required. Therapeutic monitoring and 
pharmacokinetic evaluation require that low concentrations of the drugs are de- 
termined. 



CHROMATOGRAPHY OF CALCIUM CHANNEL BLOCKERS 183 

2 GENERAL REMARKS 

This review covers gas (GC) and liquid (LC) chromatographic methods; other 
techniques are left out. This 1s not a serious limitation since these two techniques 
are generally superior to others and totally dominate the bioanalytical field with 
respect to the assay of these drugs. 

The papers we have reviewed were with few exceptions published during the 
19XOs, which means that the methods were developed for modern analytical in- 
strumentation. The GC systems used have changed from predominantly packed 
column to capillary column technology during this period. As regards the analyt- 
ical procedures, there aFe some aspects of common validity. 

Solvent extraction is the usual way of lsolatmg the drug from the biological 
matrix. Most compounds discussed here are highly hpophilic and have sufficient- 
ly high distribution constants for a quantitative extraction (> 99%) into the or- 
ganic solvents used Several drugs have a high degree of binding to proteins m the 
plasma sample, and this may affect the rate and final yield of extraction. Inclusion 
of the drugs m precipitates from protem denaturation caused by the organic 
solvent may strongly inflbence the extraction recovery of llpophilic compounds 
and the time needed for maximum yield to be obtained. 

For highly hpophilic substances liquid-liquid dlstributlon constants may be 
difficult to determme and are not the only factors determining the recovery from 
biological samples. Even so, distribution constants may be of significant help in 
the development of the work-up procedure. In particular, back-extractlon into an 
aqueous phase is more easily optimized if the distribution properties are known. 
However, published methods often lack liquid-liquid distribution data, as well as 
data on the influence of other parameters such as the mixing time An extraction 
recovery significantly below 90-95% will definitely influence the degree of precl- 
sion and accuracy that can be achieved. 

Solutions of highly lipophllic substances cannot be diluted in pure water wlth- 
out the risk of adsorption losses. For amines, 0.01 M hydrochloric acid IS recom- 
mended, and for neutral substances a substantial percentage of organic solvent is 
required in order to achieve stable dilute solutions. Adsorption losses may also 
occur with organic solvents of low polarity. These may give reasonable extraction 
recoveries from plasma but the same solvent may cause losses, e.g. in syringes. 

In the GC methods, adsorption and degradation of the analyte in the injector, 
on the column or elsewhere may significantly affect the chromatographic per- 
formance in the instrument. Although the symptoms may be noticed, the under- 
lying phenomena are seldom treated m a systematic manner, and more papers 
that discuss how to eliminate these effects by proper design, selectlon or treatment 
of columns and other equipment would be welcome. 

In LC, mobile phases without buffers or with very low buffer capacity are 
often used, although an uncontrolled pH often will affect the retention reproduc- 
ibility and peak symmetry 







186 M AHNOFF, B -A PERSSON 

TABLE 2 

RELATIVE LIPOPHILICITY (d log &) OF DIHYDROPYRIDINES 

Theoretical M-octanol-water partltlon coeffiaents, KD. at 37°C and them estimated impreclslon calculated 

according to ref. 1 usmg data from ref 2 The KD value for mfedlpme 1s arbitrarily taken as reference 

Substance A log KD Impreclslon 

Nlfedlpme f0 

Nltrendlpme 06 

Nlmodlpme 08 

Nlsoldlpme 16 

Nllvadlpme -05 

Nlcardlpme 1.6 

Bemdlpme 2.3 

Mamdipme 34 

MPG1304 01 

Felodlpme 22 

NB-818 12 

Amlodlpme -01 

Isradlpme 03 

Flordlpme 23 

02 

02 

0.2 

0.4 

04 

04 

05 

05 

02 

06 

04 

06 

04 

recoveries than with solvent extractron. Only single applicattons of solid extrac- 
tion to dihydropyridines other than mfedipine have been reported. For dihydro- 
pyridines exhrbiting slow kinetics in liquid-liquid extraction, problems may also 
be expected m the solid-extraction procedures, where the contact time between 
sample and adsorbent is short Adsorptton onto a charcoal slurry has been used 
to extract nitrendrpine from plasma [I I]. 

Adsorption on alkyl-bonded srlica (LiChroprep RP-2) has been used on-line 
with LC m a closed system, which eliminated sample exposure to daylight [12]. 
Recovery from plasma samples was the same as for aqueous solutions. 

The hydrophobicity of the dihydropyridines makes it difficult to use aqueous 
solutions for calibration standards and internal standard. Gelatine and boric acid 
have been used [lo] to stabilize aqueous solutions of mfedipine as an alternative 
to the addition of a miscible organic solvent. 

3.1 .l. Light sensitivity of nitrophenyl-substituted dihydropyrrdines 
Under the actron of daylight and fluorescent light, nifedipine is converted mto 

the corresponding nitrosophenylpyridine. Short-wavelength (254 nm) UV radi- 
ation causes oxidation to the nitrophenylpyridine [13]. Several estimates of the 
degradation rate of nifedipine have been reported [lo, 14-161. Nifedipine half- 
lives in plasma under “normal” laboratory light conditions were between 44 mm 
and 3 h. Evidently the degradation rate depends on the light conditions, which are 
difficult to specify or standardize. Degradation is even more rapid m organic 
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solvents [14], and therefore protection from daylight and fluorescent light is es- 
sential. Degradation m whole blood is much slower [ 151 and less of a problem. 

Nisoldipine, another 2_nitrophenyldihydropyridine, is also highly light-sensi- 
tive [17]. The 3-nitropyridine analogues nimodipine and benidipine also are de- 
graded by light, but at a markedly lower rate [ 18,191. 

3.2. Gas chromatography 

The dihydropyridines, which have molecular masses of 346 (nifedipine) and 
higher, are eluted from GC columns at temperatures ranging from ea. 220°C to 
above 300°C. Their limited resistance to oxidation may lead to conversion into 
the corresponding pyridine. This was observed in early work on nicardipine [7] 
and nifedlpme [19]. Since the oxidation could not be controlled, the analyte was 
deliberately oxidized to the corresponding pyrldine prior to GC. 

Although oxidation is frequently called “thermal decomposition”, it will not 
take place without the catalytic activity of a contacting surface. An oxidizing 
agent must also be present, but this is normally the case. The amount of oxygen 
entering a chromatographic system is considerable, compared with the amount of 
injected dlhydropyridine, even with carefully deoxygenated gases. Hot metal sur- 
faces have, not surprisingly, been found to promote oxidation of nifedipine [3]. 
Hot vaporizing injectors with glass liners, used in the sphtless mode, have also 
caused problems. By changing to split injection [20], solid injection (moving nee- 
dle injector) [9,21] or cold on-column injection [3,22] oxidation problems have 
largely been avolded. On the other hand, splitless injection has been used with 
little oxidation. Lutz et al. [23] observed only ca. 2% oxidation of nifedipine, 
including sample pretreatment. This can only be explamed by better deactivation 
of the glass surfaces, although in this case no special precautions were reported to 
be taken Only a few papers contain information from systematic studies on the 
GC oxidation of dihydropyridines. Aklra et al. [24], who used a radioactivity 
detector to monitor 14C-labelled nifedipine, found that 63.6-75.6% of injected 
nifedipine was eluted from a packed OV- 17 column at the retention time of intact 
mfedipine. The recovery from an OV-1 column was higher, 72.2-77.8%. By selec- 
tively monitoring ions of the formed pyridine, Tokuma et al. [25] elegantly 
showed that nilvadipine may be oxidized, not only in the injector or on the 
column, but also in the transfer line to the ion source of a mass spectrometer (Fig. 
1). Ahnoff [6] showed that the oxidation of felodipine in the injector and on- 
column (Fig. 2) may be eliminated by treatment with an organic salt, benzyltri- 
phenylphosphonium chloride (BTPPC), or by high-temperature silylation. 

GC methods have been developed for all the dihydropyridmes reviewed here 
except manidipine. The high molecular mass (610) of manidipine does not en- 
courage the use of GC. Amlodipine, a primary amine, and NB-818, a carbamate 
(see Table I), require derlvatlzatlon prior to GC. Amlodipine was derlvatized 
with trimethylacetyl chloride after extraction of the drug from plasma and back- 
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(al Packed colum lb) CODillOrY w 

J L 
m/z 383 , -...- -- .- . . . . . . . . . . . . “... . . . . . . . . . . . . _ I - . 

I I I r I I 

0 1 2 4 5 6 

Retention time (min) 

Ftg 1 Selected-ion current profiles of mlvadrpme by packed and capillary column GC-NICI-MS: 80 and 

20 pg of mlvadtpine were mjected onto the columns, and ions at nr/z 385 and 383 were momtored, 

correspondmg to the molecular Ions of mlvadrpme and Its pyndme analogue Peak hetghts between these 

profiles were arbitrary The captllary column was connected dnectly to the mass spectrometer (Repro- 

duced with permtsston from ref. 25 ) 

Fig 2 Chromatogram showmg parttal oxtdatton of felodrpme (15 ng) Injected onto a 2 m x 2 mm I D 

borosthcate column, stlamzed at room temperature and packed wrth 3% OV-17 on Gas Chrom Q The 

smaller peak and the plateau can be attrtbuted to the pyrtdme analogue formed m the mlector and on the 

column, respectrvely (Reproduced wtth permtssron from ref 6 ) 
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extraction into a citric acid solution. CC of the formed trimethylacetamide deriv- 
ative was performed on a 5% phenylmethylsilicone capillary column with an 
elution temperature of 320°C [9]. 

NB-8 18 is a dihydropyridine with a carbamoyloxymethyl group in the 2-posi- 
non. During GC [26] it undergoes elimination of the carbamoyl group and/or 
abstraction of hydrogen from the dihydropyrrdme ring, resulting in three degra- 
dation products. Therefore, NB-818 was derivatized with a silyl reagent, which 
replaces the carbamoyl group with a trialkylsilyl group. Drmethylisopropylsilyl- 
imidazole was chosen from among other trialkylsilyl reagents on the basis of its 
reactivity and the properties of the derivative, it withstands an aqueous wash for 
excess reagent removal, and also exhibits moderately high GC retention (elution 
temperature 29OC). 

3.2.1. Electron-capture detection 
The majority of the dihydropyridines have either a 3-nitrophenyl, a 2-nitro- 

phenyl or a 2,3-dichlorophenyl substituent in the 4-position Combined with the 
dihydropyridine diester structure, this results in a high response in electron-cap- 
ture detection (ECD), and, with optimized equipment, instrumental detection 
limits are m the order of 1 pg or less injected (Fig. 3). Consequently, many 

Fig 3 GC-ECD of felodipme (F) and added mternal standard (I S ) extracted from a patient’s plasma 

with toluene (l:l, v/v) and qected on a 15 m x 0 32 mm I D captllary column coated with 0 25 pm 

SPB-35 (35% phenyl). The column temperature was 120°C durmg sphtless mlection and was thereafter 

ratsed to 235°C at ZO”C/mm The concentrations of felodipme and I S were 0 70 and 12 ng/ml, respectively 

(2 1 and 36 pg mlected). (L. Johannson, unpubhshed results.) 
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mstrumentatlon resource. Since these always are limited, methods that are too 
complicated or employ exclusive instrumentation will not be widely used. For 
calcium channel blockers, existing analytical methods for their determination in 
plasma exhibit a sensitivity and selectivity that are usually sufficient for present 
demands. However, one can expect that GC and LC procedures with improved 
sensitivity and with additional selectivity will be required, e.g. for drhydropyrr- 
dines in lower therapeutic doses and for enantioselective determinations. 

9 SUMMARY 

Numerous publications during the past ten years have described the determi- 
nation of various calcium channel blockers in biological fluids, using gas and 
liquid chromatographic techniques Drltiazem, verapamil, flunarizine and a 
growing number of dihydropyridines belong to this group of drugs, which in 
most instances are active at low plasma concentrations. From a broanalytical 
point of view these compounds have many features in common, such as high 
lipophilicity and favourable detection properties. 
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