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Abstract: A solid-phase extraction technique for sample clean-up coupled with a new LC procedure is reported for the
assay of diltiazem in plasma. The use of disposable cartridges provides selective extraction and easy automation. A new
LC system based on LiChrospher® RP 60 Select B columns is described. For routine analysis, the procedure provides a
rapid simultaneous clean-up of several samples prior to chromatography and reproducible recoveries over a concentration
range of 10-800 ng. The procedure was used to analyse the plasma samples from a bioequivalence study of three
commercial diltiazem preparations. The pharmacokinetic parameters in 12 healthy male volunteers were determined and
the assessment of bioequivalence was conducted by discriminant analysis.
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Introduction

Diltiazem is a calcium antagonist, used in the
treatment of variant angina [1, 2], with anti
arrythmic [3] and antihypertensive effects [4].
In the last 13 years a number of methods for
the assay of diltiazem concentrations in human
plasma have been published. Gas chromato
graphic methods using packed columns with
NPD [5, 6] and ECD detection [7, 8] or
capillary columns [9], although very sensitive,
require prechromatographic derivatization.
Thin layer chromatography has been used in
some instances [l0, 11] and, recently, chiral
separation of diltiazem hydrochloride enan
tiomers was achieved by capillary zone electro
phoresis [12]. In spite of the high efficiency of
these methods, liquid chromatography is the
analytical method most often used in the
determination of plasma levels of diltiazem.

Several LC methods have been reported
using normal phase [13, 14], reversed phase
[15-24] with and without modifiers [24, 26],
and for the resolution of optical isomers in
quality control [25]. The procedure of
Verghese et al. [27] has become quite popular,

but the cyanoalkyl columns tend to produce
severe peak tailing and become unusable after
some time. All these methods are associated
with laborious sample clean-up procedures that
involve organic solvent extraction and back
extraction, requiring 1-2 h sample preparation
time, long equilibration times for some eluents
[26], and in some instances, derivatization [13,
25]. An automated LC method for direct
injection of plasma samples with column
switching and on-line sample clean-up has been
reported [28, 29], but requires some oper
ational sophistication.

Solid-phase extraction represents a valuable
alternative to the time consuming liquid-liquid
extraction of drugs from the sample matrix
[30]. It is quick, simple to operate, and allows
simultaneous work-up of many samples. Most
sample losses are avoided and automation is
possible. Recently, solid-phase extraction was
used in the determination of plasma levels of
diltiazem and its metabolites and the results
were compared with those obtained by the
classical liquid-liquid extraction procedure
[31]. A new method for sample clean-up based
on solid-phase extraction of diltiazem from
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plasma samples coupled with reversed-phase
LC analysis with LiChrospher® RP 60 Select B
columns is described here. This type of column
requires no mobile phase modifier and has
good longevity. The method allows simul
taneous clean-up treatment of many samples in
few minutes followed by 8-min LC runs. It is
applicable to bioavailability and bioequival
ence studies. The bioequivalence of three
commercial diltiazem preparations was
assessed by a multivariate analysis of the
plasma drug concentrations determined using
the modified assay described.

Experimental

Materials
Diltiazem, d-3-acetoxy-cis-2,3-dihydro-5-[2

(dimethylamino)ethyl]-2-(p-methoxyphenyl)
1,5-benzothiazepin-4(5H)-one, hydrochloride
and verapamil, a-[3-[[2-(3,4-dimethoxy
phenyl)ethyl]methylamino]propyl]-3,4
dimethoxy-( I-methylethyl)-benzeneaceto
nitrile, hydrochloride (internal standard) were
provided by Instituto Luso-Farmaco (Lisbon,
Portugal). All solvents were HPLC grade from
Koch-Light Ltd (Haverhill, Suffolk, UK). All
other reagents were analytical grade from E.
Merck (Darmstadt, Germany). For the solid
phase extraction, Adsorbex'" RP-18 (100 mg)
disposable cartridges from E. Merck (Darm
stadt, Germany) were used. A Model Ad
sorbex'P SPU vacuum manifold from E. Merck
(Darmstadt, GFR) was used for the simul
taneous clean-up of 24 samples. Plasma
samples were prepared from blood samples
collected from volunteers and immediately
frozen at - 30°C until use. Three different
commercial brands of tablets containing 60 mg
of diltiazem hydrochloride were used in the
bioequivalence assays. Standard solutions of
diltiazem hydrochloride (0.1 mg 100 ml- I

) and
verapamil hydrochloride (1.5 mg 100 ml- I

) in
methanol were prepared.

Apparatus
The LC equipment consisted of a Gilson

Model 302 5SC pump, a Gilson Model 802
manometric module, and a Model 7125 Rheo
dyne injection valve with a fixed volume loop
of 50 fJ-l. The effluent was monitored at 237 nm
by means of a Shimadzu Model SP-2 variable
wavelength detector, operated at 0.005 a.u.
Quantitative measurements were made with a
Shimadzu Model CR3-A computing inte-
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grator, equipped with a disk drive and a CRT
monitor.

Sample preparation
Calibration. The appropriate amount of a

standard methanolic solution of diltiazem
hydrochloride (10, 25, 50, 100, 250, 500 and
800 fJ-l) was transferred to l-rnl vials and the
solvent was evaporated under a light stream of
nitrogen. Blank plasma (1 ml) was added to
the residue. The solution was applied to an
Adsorbex'f RP-18 cartridge containing 100 mg
of CII, sorbent that had been previously con
ditioned with 1 ml of methanol followed by
1 ml of carbonate buffer (pH 10.5), and was
drawn through the cartridge under vacuum to
an Adsorbexf SPU assembly fitted with 3-ml
reservoirs. The column was washed with 50 fJ-1
of carbonate buffer (pH 10.5), 100 fJ-l of water,
and 50 fJ-l of methanol and the effluents were
discarded. The retained diltiazem hydrochlor
ide was eluted from the column with 2 ml of
acetonitrile under a vacuum of 13 mm Hg,
applied until the column appeared to be dry.
The acetonitrile solution was collected, the
solvent was evaporated under a light stream of
nitrogen, and 50 fJ-l of standard verapamil
hydrochloride solution was added to the resi
due. A 50 fJ-l aliquot of this solution was
directly injected for chromatographic analysis.
This procedure was used to evaluate the
accuracy of the calibration curve on a day-to
day basis.

Preparation of plasma samples. Thawed
plasma samples (1 ml) were applied to con
ditioned columns. The procedure for sample
clean-up was identical to that described for
calibration.

Chromatography
The chromatographic assays were performed

with a LrChrospherw 60 RP Select B column
(5 urn , 250 x 4.6 mm i.d., E. Merck). The
mobile phase was a mixture of 312 g of
acetonitrile and 680 g of phosphate buffer, pH
2.3. The buffer was made by dissolving 6.66 g
KH 2P04 and 4.8 g of 85% H3P04 in 1000 ml
of water. The flow was 2 ml min- I. A Li
Chrosorb'" RP-18, 5 u.m 4 x 4 mm column (E.
Merck) was used as the guard column.

Discriminant analysis
Multivariate methods of pattern recognition

were applied to the group classification of the
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diltiazem preparations, composed of an
assembly of features. Maximal plasma concen
tration in ng ml- I (Cmax) , time after intake at
which maximal concentration was reached
(Tmax), half-life time (T,/,) , area under the
curve from 0-12 h after intake (AUCo_12) , and
area under the curve extrapolated to infinity
(AUCo_oo) were entered for each experiment
as the corresponding mean values for each
preparation. Calculations were performed by
means of statistical software packages: Stat
graphics (Statistical Graphics Corp., Rock
ville, MD) and Gbstat (Dynamic Microsystems
Inc., Silver Spring, MD).

Bioavailability assay
Twelve healthy male volunteers, 20-33 years

old, participated in a randomized crossover
experiment in three phases. All of the partici
pants were previously briefed on the exper
imental conditions and objectives and gave
their consent in writing. During the phases of
the study, each volunteer received a single
60 mg oral dose of a commercial diltiazem
preparation. Three different preparations were
studied, labelled as A, Band C, and were
administered at a 1 week interval. During the
time of the study, all other medication was
absent and the ingestion of alcoholic beverages
in the 24 h before administration was ex
cluded. The volunteers were placed on a
controlled diet and fasted 8 h before drug
administration.

Blood samples were taken immediately be
fore drug administration and at 0.5,1,1.5,2,3,
4, 6, 9, 12 and 24 h after intake. The blood
samples were collected in heparinized tubes,
centrifuged immediately and stored at - 30°C
until analysis. The concentration value for each
sample was taken as the mean of three
replicates.

always possible, the method is rapid, easy to
operate, reproducible, and can be easily auto
mated. Moreover, by the use of appropriate
manifolds, many samples can be simul
taneously worked-up and no expensive equip
ment is required [30].

Figure 1 shows a typical chromatogram of a
standard solution eluted under isocratic con
ditions. The peaks for diltiazem and the in
ternal standard were well-separated and the
chromatographic run was completed in about 8
min. This is especially important for bioavail
ability studies, where a high number of samples
must be analysed in a short time. The peaks
were well-shaped and the column maintained
its performance after 6 months of regular use.
This contrasts with the performance of cyano
columns [27] which, after some time, tend to
produce severe peak tailing with reduced per
formance even in the presence of the triethyl
amine modifier [20].

Figure 2 shows typical chromatograms of
(A) plasma spiked with diltiazem hydrochlor
ide and the internal standard verapamil hydro-

2

Figure 1
Chromatogram of a standard solution of 250 ng diltiazem
hydrochloride (Peak I) containing 750 ng of verapamil
hydrochloride (Peak 2) as the internal standard. See text
for chromatographic conditions.

Results and Discussion

Specific and sensitive methods of analysis of
samples from biological origin are strongly
dependent on sample preparation. In the
analysis of drugs in biological fluids, the drug is
traditionally removed from the matrix by
tedious liquid-liquid extraction procedures. In
such methods, sample losses due to incomplete
phase transfer are unavoidable. An alternative
to the liquid-liquid extraction is solid-phase
extraction. Although 100% recovery is not
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Figure 2
(A) Chromatogram of plasma (50 fl.1) spiked with (1) 100 ng of diltiazem HCI and (2) 750 ng of verapamil HCI. (B)
Chromatogram of human plasma. See text for chromatographic conditions.

chloride and (B) human plasma. Plasma
samples were free of endogenous interfering
substances at the retention times correspond
ing to the analysed compounds.

The linearity of the detector response was
tested for a diltiazem concentration range of
10-800 ng (Table 1). Standard solutions con
taining 10, 25, 50, 100, 250, 500 and 800 ng of
diltiazem hydrochloride and a fixed amount
(750 ng) of verapamil hydrochloride in 1 ml
methanol were prepared. The peak area ratios
obtained after injection of 50 fLl aliquots were
calculated. One straight line was obtained. The
regression equation was y = ax + b where y
is the peak area ratio of diltiazem to internal
standard and x is the weight ratio of spiked
diltiazem hydrochloride to the internal stan
dard weight. The calculated equation was y =

1.6950 x - 0.0089 (r = 0.9955, SEM 0.3081,
n = 6). A slight deviation was observed for
concentrations of diltiazem above 750 ng,

although the values were within the 95%
confidence level. Such high values are not
likely to occur in plasma samples within the
normal therapeutic levels [32].

For the analysis of plasma samples, a cali
bration curve was constructed as follows: 10,
25, 50, 100, 250, 500 and 800 ng of diltiazem
hydrochloride were dissolved in 1 ml of human
plasma. The solutions were loaded onto the
solid-phase extraction cartridges as described
in the Experimental section. A linear detector
response was obtained for the concentration
range 10-800 ng ml- I

. The linear regression
line corresponded to equation y = 1.369 x
-0.019 (r = 0.9990, SEM = 0.2065, n = 7)
with a mean recovery of 81% (RSD = 2.1 %).
The detection limit at SIN = 4 was 0.5 ng at
maximal detector sensitivity.

The internal standard was added to the dry
extract in order to calculate absolute rather
than relative recoveries. This was important

Table I
Linearity of detector response for standard solutions of diltiazem hydrochloride in a
concentration range of 10-800 ng ml- I (n = 6)

Theoretical concentration Found concentration RSD (%) RE(%)

10 10.8 10 6
25 24.8 11 7
50 51.1 4 4

100 104.8 9 5
250 252.4 4 2
500 503.4 4 2
800 778.0 7 4
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Figure 3
Chromatogram of a plasma sample from a male volunteer
4 h after intake of a single oral 60-mg dose of a diltiazem
preparation. Sample clean-up by solid-phase extraction.
Peaks: (I) deacetyldiltiazem; (2) diltiazem; (3) verapamil
(i.s.). Chromatographic conditions are described in the
text. The concentration of diltiazem was calculated as
31ngml-'.
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values are consistent with those obtained by
other methods [33, 34].

A randomized blinded study of the phar
macokinetics of three commercial diltiazem
preparations in 12 healthy male volunteers was
conducted in order to assess the bioequival
ency of the preparations. As observed pre
viously [34], there was wide inter-subject vari
ability in the diltiazem concentration indicated
by the large standard deviations of the indi
vidual average blood concentrations for the
same administered preparation as shown in
Fig. 5. In most cases, the 24 h concentrations
were below the detection limit. Table 2 shows
the average Cm ax , Tm ax , r; and AUe for a
single oral diltiazem dose of 60 mg. The
average plasma concentration-time curves
were similar for preparations A and e and
somewhat different for preparation B. Tmax

was similar for A and e and shorter than for
preparation B. All three diltiazem prep
arations had similar To/, values. The variability
of the inter-subject plasma concentrations led
to a large variability in the Ave values which
precluded making a determination of the bio
equivalence of the three diltiazem prep
arations. This difficulty derives directly from
the fact that parametric statistics were applied
to data with high variance values. The concept
of bioequivalence involves data comparison for
classification purposes. However, the indi
vidual values from which the pharmacokinetic
parameters for each preparation are calculated
do not follow a normal distribution. Thus this
seems a typical case for the application of
multivariate procedures for object classifi
cation. For that purpose, each preparation was

Figure 4
Time course of the plasma concentration of diltiazem
following oral administration of a single oral 6O-mgdose of
diltiazem hydrochloride to a healthy male volunteer.

8Time (min)o

because in real samples, a competition be
tween analytes, internal standard, and endo
genous substances for the active sites on the
sorbent backbone cannot be excluded in ad
vance [30]. Differences in interaction between
the internal standard and the analytes would
result in excessively high or excessively low
values, reflecting the extraction selectivity for
the standard rather than for the analytes [30].
In fact, when the internal standard was added
to the plasma samples, excessively low
recoveries were obtained which varied depend
ing on the initial concentration of diltiazem.

The method was first tested in the study of
the pharmacokinetic profile of diltiazem in a
healthy 25 year old volunteer, after adminis
tration of a single 60-mg oral dose of a
commercial preparation of diltiazem hydro
chloride. Figure 3 shows the chromatogram of
an extract of a l-ml plasma sample obtained
4 h after intake. A pharmacokinetic profile
was obtained by the analysis of plasma concen
trations at 0.5, 1, 1.5,2,3,4,6,8 and 10 h after
administration. The time course of the plasma
concentration is shown in Fig. 4. The calcu
lated pharmacokinetic parameters were:
Cm ax = 63.6 ± 1.7 ng ml- I

; Tm ax = 2 h, T y, =
5.4 h AUe(l_lo) = 260 ng ml- I h. These
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Figure 5
Comparison of average plasma concentration-time curves

5.4 for three commercial diltiazem preparations after adminis-
0.6 tration of a single oral 60-mg dose to healthy male

11 volunteers.

Table 2
Pharmacokinetic parameters for three commercial
diltiazem preparations A, Band C in a randomized, blind
study in 12 healthy male volunteers after oral adminis
tration of a single 60 mg dose

considered as an object described by a set of
features, in this case Cm ax , Tmax' T,/"
AUC(O-12) and AUC(o_oo) mean values, calcu
lated for each preparation for each volunteer.
A set of 36 data vectors were obtained, from
which one was eliminated as an outlier. Classi-
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Table 3
Discriminant function analysis for the classification of
three commercial diltiazem preparations by discriminant
analysis of the pharmacokinetic parameters
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Figure 6
Assessment of bioequivalence of three diltiazem preparations A, Band C by discriminant analysis of the pharmacokinetic
data. Plot of the first vs the second discriminant function.
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fication of the data vectors into three cate
gories (the diltiazem preparations) by dis
criminant analysis (Table 3) showed two sub
sets. One subset group, preparations A and C,
clearly separated from the subset correspond
ing to preparation B. The discriminant scores
can be visualized by the plot of the first
discriminant vs the second discriminant func
tion as shown in Fig. 6. From group 1 (A and
C) only three cases (13%) were misclassified.
From group 2 (B) four cases were misclassified
(33%). The classification ability of the dis
criminant function was 80%. Interestingly,
from the misclassified samples, three orig
inated from the same volunteer. These results
show that classification according to multi
variate techniques of data analysis can be used
for assessment of bioequivalence between
preparations of the same drug from different
origins and can complement the classical
approach.

The present method for the LC analysis of
diltiazem in plasma has several advantages: it is
rapid, the limiting factor being the time re
quired for the chromatographic run (about 8
min), since the clean-up process permits the
simultaneous work-up of several samples (e.g.
24 samples were processed for prechromato
graphic clean-up in about 5 min) only a
calibration curve is necessary for a concen
tration range of 10-800 ng ml"; the assay has
a detection limit below the normal range of
therapeutic plasma concentrations; and it pro
vides a long column life without loss of
performance. In fact, the column used in this
study still maintained its analytical capability
after more than 6 months of regular use. The
pharmacokinetic data can be advantageously
used for group classification of pharmaceutical
preparations by means of multivariate tech
niques of data analysis. Discriminant analysis
may be a valuable complementary tool in
assessing bioequivalence.

Acknowledgements - The authors want to thank Instituto
Luso-Farrnaco de Lisboa for the technical and financial
support to this work, and to Smith Kline & French for a
research grant.

References

[1] K.F. Hossack and R.A. Bruce, Am. J. Cardiol. 47,
95-101 (1981).

[2] J.S. Schroeder, R.L. Feldman, TD. Giles, M.J.
Friedman, A.N. DeMaria, E.L. Kinney, S.M.
Mallon, B. Pitt, R. Meyer, L.L. Basta, R.C. Curry,
B.M. Groves and R.N. MacAlpin , Am. J. Med. 72,
227-232 (1982).

[3] J.J. Rozanski, L. Zaman and A. Castellanos, Am. J.
Cardiol. 49,621-628 (1982).

[4] K. Maeda, Y. Takagsugi, Y. Tsukano and J. Shitoa,
Int. J. Clin. Pharmacol. Ther. Toxicol. 19, 47-53
(1981).

[5] V. Rovei, M. Mitchard and P.L. Morselli, J. Chro
matogr. 138,391-398 (1977).

[6] R. Calaf, P. Marie, Cl. Ghiglione, M. Bory and J.
Reynau, J. Chromatogr. 272, 385-391 (1983).

[7] E.U. Koelle, H.R. Ochs and K.O. Vollmer,
Arzneim.-Forsch. 33,972-977 (1983).

[8] J.P. Clozel, G. Caille, Y. Taeymans, P. Theroux, P.
Biron and J.G. Besner, J. Pharm. Sci. 73,207-209
(1984).

[9] O. Grech-Belanger, E. Leboeuf and S. Langlois, J.
Chromatogr. 417, 89-98 (1987).

[10] K. Kohno, Y. Takeuchi, A. Etoh and K. Noda,
Arzneim.-Forsch. 27, 1424-1428 (1977).

[Il] Y. Koiwaya, T. Matsugushi and M. Nakamura, Clin.
Therap. 4, 127-132 (1981).

[12] H. Nishi, T Fukuyama, M. Matsuo and S. Terabe, 1.
Chromatogr. 515, 233-243 (1990).

[13] R. Shimizu, T Kakimoto, K. Ishii, Y. Fujimoto, H.
Nishi and N. Tsumagari, 1. Chromatogr. 357, 119-125
(1986).

[14] C.D. Kinney and J.G. Kelly, 1. Chromatogr. 382,
377-381 (1986).

[15] J.P. Clozel, G. Caille, Y. Taeymans, P. Theroux, P.
Biron and F. Trudel, J. Pharm. Sci. 73, 771-773
(1984).

[16] R.E. Wiens, D.J. Runser, J.P. Lacz and D.C.
Dimmitt, J. Pharm. Sci. 73, 688-689 (1984).

[17] K.J. Goebel and E.U. Koelle, 1. Chromatogr. 345,
355-363 (1985).

[18] D.R. Abernethy, J.B. Schwartz and E.L. Todd, J.
Chromatogr. 342, 216-220 (1985).

[19] S.c. Montamat, D.R. Abernethy and J.R. Mitchell,
J. Chromatogr. 415, 203-207 (1987).

[20] L.M. Dube , N. Mousseau and 1.1. Mcgilveray, J.
Chromatogr. 430, 103-11l (1988).

[21] A.M. Rustam, J. Chromatogr. 490,365-375 (1989).
[22] P.K.F. Yeung, T.J. Montague, B. Tsui and C.

McGregor, J. Pharm. Sci. 78, 592-597 (1989).
[23] S. Boucher, F. Varin, Y. Theoret, P. Du Souich and

G. Caille, J. Pharm. Biomed. Anal. 7, 1925-1930
(1989).

[24] P.M. Lacroix, N. Beaulieu, T.D. Cyr and E.G.
Lovering, J. Pharm. Sci. 78,243-246 (1989).

[25] R. Shimizu, K. Ishii, N. Tsumagari, M. Tanigawa, M.
Matsumoto and I.T Harrison, J. Chromatogr. 253,
101-108 (1982).

[26] P. Hoeglund and L.-G. Nilsson, J. Chromatogr. 414,
109-120 (1987).

[27] C. Verghese, M. Smith, L. Aanosen, L. Pritchett and
D. Shand, J. Chromatogr. 272, 149-155 (1983).

[28] V. Ascalone and L.D. Bo, J. Chromatogr. 423,239
249 (1987).

[29] V. Ascalone and L. Flamino, J. Chromatogr. 495,
358-360 (1989).

[30] E. Doyle, J.c. Pearce, V.S. Picot and R.M. Lee, J.
Chromatogr. 411,325-333 (1987).

[31] J.L. Bonnefous and R. Boulieu, 1. Liq. Chromatogr.
13,3799-3807 (1990).

[32] R.E. Kates, Drugs 25, 1l3-124 (1983).
[33] H.J. Chaves das Neves, J.S.M. Vital, A.M.P.

Vasconcelos, M.D.R. Gomes da Silva, P. Alves, A.
Santana and M.P. Rocha, Rev. Port. Cardiol. 8,521
524 (1989).

[34] E.L. Kinney, R.M. Moskowitz and R. Zelis, J. Clin.
Pharm. 21,337-342 (1980).

[Received for review 29 April 1991;
revised manuscript received 24 June 1991]


