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contained peptide retention data from peptides eluted from a range of chemically
modified n-alkylsilicas and aquo-organic mobile phases. This allowed the examination
of the variation of the interaction of the individual amino acids with the alkyl ligands
under a range of chromatographic conditions.
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f3-cyano stereoisomer (Fig. 1: X = CN, Y = OHz) and long retention corresponds to the
f3-aquo, a-cyano isomer (Fig. 1: X = OHz, Y = CN).

Second, when cyanide was present in the solvent, all of the incomplete corrinoids
showed a single component, presumably the dicyano form. In all cases, this dicyano
form had a retention time in between the retention times of the two aquocyano
stereoisomers. This dicyano form was unstable, unless cyanide was present in the
eluting solvent. When dicyanocobinamide was injected under the IE or RP conditions
described in Table I, and no cyanide was present in the solvent, the major components
formed were the two aquocyano stereoisomers. Only a small amount, if any, of the
dicyano form persisted. Our observations in this regard correspond to those in ref. 7,

TABLE II

SEPARATION AND REFORMAnON OF CORRINOID STEREOISOMERS ON ION-EXCHANGE
HPLC

HPLC Conditions: Whatman Partisil-5-SAX Column, 80 mM pyridine acetate in 4% aqueous tetra­
hydrofuran (pH 5.97 or 3.48, as noted below); 1.0 ml/min. Stereoisomers collected directly from the detector
effluent were concentrated under an N2 stream before reinjection; only the highest part of each peak was
collected.

Corrinoidb Retention time (min) (Component % of Total)

Cpt." Original injection, Reinjection
pH 5.97

Cpt. pH 5.97 pH 3.48

Cobinamide 3.8(43) 4.1(46) 2.9(64)
6.1(54) 4.7(36)

II 5.2(57) II 4.1(32) 3.0(63)
62(68) 4.6(37)

Cobyric acid 3.1(52) 3.1(31 ) 2.5(47)
3.9(30)' 3.5(53)

II 3.9(48) II 3.1(28) 2.6(74)
3.9(65)' 3.5(26)

Cobinic acid-I d 3.7(50) 38(33) 3.0(41)
47(30)' 4.6(59)

II 4.5(50) II 3.7(16) 3.0(85)
4.4(50)' 4.7(15)

Cobinic acid-2 3.3(49) 3.3(30) 3.0(56)
4.1(38)' 4.5(44)

II 4.1(51) II 3.5(16) 2.9(88)
4.2(73)' 4.6(12)

Cobinic acid-3 3.5(75) 3.5(34) 2.9(48)
4.5(33)' 4.7(52)

II 4.5(25) II 3.5(12) 2.9(87)
4.4(72)' 4.9(13)

a Designation for stereoisomers: Cpt. I and Cpt. II.
b All corrinoids were in the aquocyano form.
, Balance of % accounted for by a slow-moving component, which appears as a broad peak and is

probably the diaquo form (see Table I).
d For nomenclature of the cobinic acid pentaamides, see Table I.
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but contrast with those in ref. 15, where a single component of short retention time was
reported when dicyanocobinamide was injected.

Third, the diaquo forms of all of the cobinic acid isomers and cobinamide
exhibited longer retention times, whereas diaquocobyric acid showed an intermediate
retention time.

Finally, cobinic acid-3 (the a,b,c,d,g-pentaamide) exhibited percentages of
component stereoisomers that were very different from those of other incomplete
corrinoids tested, the faster component being present at 1/2 to 1/3 of the amount of the
slower component. According to refs. 16 and 17 this behavior may indicate a greater
thermal stability of the a-cyano stereoisomer, or it may be due to the interaction of the
corrin ring-peripheral carboxylic acid/carboxylate or amides (Fig. 1, R groups) with
the a side cyanide (Fig. 1, Y ligand) [16].

Table II shows the result of collecting the stereoisomers from the analytical ion­
exchange column and then reinjecting them at two different pH values. The original
injection in this case was at pH 5.97. In all cases, except that of cobinic acid-3, the
stereoisomers were formed in a ratio of about 1: 1. When each individual component
was then reinjected into the same column at the same or different pH, both isomers
were again formed, but no longer in 1:1 ratio. At pH 5.97, the component with longer
retention time usually predominated, and the diaquo form appeared. Reinjection at
pH 3.48 usually showed the opposite: predominance of the component with the shorter
retention time. These data clearly show that the stereoisomers were, in fact, thermally
unstable, facile reformation of the "other" isomer occurring at room temperature,
although the amount of each isomer formed was dependent on solvent pH and
corrinoid structure. These results support the assertions in ref. 6 to the effect that the
cyanide group can "migrate" from one corrinoid to another at elevated temperatures.

The separated stereoisomers were studied not only by HPLC, but also by
thin-layer chromatography. As one would predict, each stereoisomer showed two or
three components in thin-layer chromatography with 2-propanol-28% ammonia­
water (7: 1:2) [12]. RF values always clustered in 3 areas: 0.5-0.6, 0.15-0.25 and 0.05,
corresponding to, respectively, the two aquocyanostereoisomers (fast and slow), and
the diaquo form.

Friedrich [6] described differences in the spectra of the separated aquocyano
stereoisomers of cobyric acid. Our attempts to discern reproducible differences in the
electronic absorption spectrum of each of the separated stereoisomers were unsuccess
ful, however, as one would expect in light of the thermal instability of these
compounds.
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the clinical laboratory, as the maintenance of separate chromatographic methods for
each drug would be more expensive.

Of the relevant HPLC methods reported in the literature, we considered only
those concerning the above-mentioned TCAs. Proelss et al. [17] described a technique
involving ion-pair chromatography, but the recoveries at a concentration of 75 ng/ml
were unsatisfactory (68-76%). Koteel et al. [15] needed an automated sample
processor for a precision assay. Likewise, Lensemeyer and Evenson [14] and Lin and
Frade [18] employed a set of disposable solid-phase cyanopropyl columns and
a vacuum-elution system, respectively. Moreover, none of them considered the
detection of clomipramine (CLO). In Matsumoto et al.'s method [19], automated
column switching is necessary, the analysis time is long (CLO retention time = 30 min)
and the day-to-day relative standard deviations (R.S.D.) at the 500 ng/mllevel were
higher than values obtained at the lower level (100 ng/ml).

In this paper, we propose a reversed-phase HPLC method for resolving the
above TCAs within 15 min. The measurement of TCA serum levels is based on
peak-area ratios ofdrug to internal standard at 254 nm. The pretreatment is simple and
rapid, involving a single-step solvent extraction.

EXPERIMENTAL

Materials
All reagents were of analytical-reagent grade. Acetonitrile was purchased from

J. T. Baker (Deventer, The Netherlands), hexane, sodium dihydrogenphosphate and
n-butylamine from Merck (Darmstadt, F.R.G.) and sodium borate, sodium hydroxide
and phosphoric acid from Carlo Erba (Milan, Italy). Desipramine hydrochloride and
clobazam were obtained from Chiesi Farmaceutici (Parma, Italy), maprotiline,
clomipramine, desmethylclomipramine and imipramine hydrochloride from Ciba
Geigy (Varese, Italy), nortriptyline hydrochloride from Recordati (Milan, Italy) and
amitriptyline from Roche (Milan, Italy). TCA stock standards (I g/I) were prepared by
dissolving the drugs in methanol.

Chromatography
The HPLC equipment consisted of a Model S2 pump (Perkin-Elmer, Norwalk,

CT, U.S.A.), a Rheodyne Model 7105 injection valve, fitted with a 175-1i1 sample loop,
and a Perkin-Elmer LC 75 UV spectrophotometric detector, set at 254 nm and
0.04 a.u.f.s. The analytical column was reversed-phase Cs (150 mm x 4.6 mm J.D.),
particle size 5 lim, connected to a 2-cm long Pelliguard LC-8 guard column with 40-lim
packing, both from Supelco (Bellefonte, PA, U.S.A.).

The mobile phase was a modification of that proposed by Gill and Wanagho
[20], consisting of acetonitrile-phosphate buffer (pH 3) in a 50:50 (v/v) mixture at
a flow-rate of I ml/min. The buffer was obtained by adding 1.2 ml/I of butylamine to
0.01 M aqueous sodium dihydrogenphosphate and then adjusting the pH to 3 with
phosphoric acid.

Extraction
To a screw-capped glass tube containing I ml of serum were added 3 iiI of

working internal standard solution (clobazam, 20 ng/ml), 1 ml of saturated sodium
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borate (pH adjusted to II with 6 M sodium hydroxide) and 5 ml of n-hexane. The
contents of the tube were mixed for 2 min and centrifuged for 10 min at 3000 g.

The organic phase was separated and evaporated to dryness under a stream of
helium at 30°C. The residue was reconstituted in 20 III of mobile phase and 10 III were
injected into the HPLC system.

RESULTS

Table I lists the capacity factors (k') of antidepressants most commonly used in
the treatment of mood disorders in Italy and those of benzodiazepines, which may be
administered simultaneously with TCAs in medical practice. Even if benzodiazepines
had been extracted in a basic medium, as our method recommends, we observed no
interference among benzodiazepines and the group of TCAs considered.

Table II gives the regression equations and correlation coefficients for the TCAs
tested. The calibration graph was obtained by the plotting peak-area ratios (drugj
internal standard) versus concentrations (ngjml) of the drugs after analysing serum
samples spiked with various amounts ofTCAs (25-1000 ngjml) and a fixed amount of
internal standard (c1obazam, 3 III of 20 ngjml solution). The relationship was linear
over the range considered. The detection limit was ca. 10 ngjml, sufficiently below the
lowest therapeutic concentration (50 ngjml). Nevertheless, it is possible to improve this
limit by increasing the detector sensitivity or analysing a larger sample (> 2 ml).

Table III shows the results of an analytical recovery study in which known
amounts of drugs and internal standard were added to I ml of drug-free serum and
carried out through the entire procedure. Reproducibility was assessed by reporting
within- and between-assay results. The latter were calculated in a 5-day sequence over
a I-month period. As shown in Table IV, the within-day R.S.D. was < 7% at
100 ngjml, <4% at 250 ngjml and < 3% at 500 ngjml. The between-assay R.S.D.
ranged from 9.8% at 100 ngjml to 3.9% at 500 ngjml.

Fig. I illustrates chromatograms of a blank serum used for recovery and
precision studies and the same serum supplemented with TCA standard (100 ngjml).
Fig. 2 shows representative chromatograms obtained from a child who had

TABLE I

RETENTION BEHAVIOUR OF TCAs AND OTHER DRUGS COMMONLY PRESCRIBED IN
PSYCHIATRIC DISORDERS: INTERFERENCE STUDY AT 254 nm

Drug k' Drug k'

Nitrazepam 0.831 Diazepam 1.830
Lorazepam 0.853 Haloperidol 1.976
Clonazepam 0.916 Desipramine 2.282
Triazolam 1.009 Nortriptyline 2.460
Desmethylclomi pramine 1.092 Maprotiline 2.613
Flunitrazepam 1.185 Imipramine 3.025
Alprazolam 1.200 Amitriptyline 3.333
Clobazam 1.344 Clomipramine 4.085
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