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Abstract

We describe a new tandem-columns chiral-achiral HPLC arrangement by using a chiral column (CHIROBIOT() €a@nected
in series with an achiral column (Spherisorb S5 SCX), based on a strong cationic exchange mechanism; this approach is very useful for
the analysis of chiral molecules, containing cationic groups in their structures. We used this special combination to develop an easy and
convenient procedure for the enantio- and chemo-selective dosage of prapicarylitine (L) and relative impurities2-6), which allowed
for the simultaneous separation and quantitation within 30 min. Under the best chromatographic conditions (acetonitrile—10 mM sodium
dihydrogen phosphate 65:35, v/v (pBlL.80) as the mobile phase and UV detection at 205 nm], all the individual peaks were well separated.
The applicability of the method, fully validated, was demonstrated by the analysis of a pharmaceutical batch of pregaamyihe, where
we found the following contents: 98.5% far(drug substance); ;% for 3; 0.1% for5 and 0.2% for6. The enantiomeric excess (e.e.%)
measured for the drug substance was 98.9%. Finally, a single mixed-bed column, packed with a binary mixture of the chiral and achiral
phases, in a 1:1 ratio, gave similar chromatographic results as the tandem-columns approach, and thus, offered an easy alternative solution tc
the separation of the considered mixture.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction all selectivity could be accomplished by combining chi-
ral (enantio-selective) and achiral (chemo-selective) HPLC
In preliminary experiments performdd], we observed  stationary phases. The latter can be a conventional pack-
that an alternative approach to solve difficult analytical ing like unmodified silica[2,3], the “racemic version” of
problems arising from low levels of enantio- and/or diastereo- the same chiral phadd], or a reversed-phase derivatized
selectivity was the use of two or more different columns silica. Three tandem-columns arrangements have been al-
connected in series. In particular, in case of analytes with ready reported in the literature for the direct resolution
more than one stereogenic element, the necessary overof an antifungal agen{5], for the complete separation
of phenylthio-carbamoylated amino acif] and for the
* Corresponding author. Tel.: +39 06 49912776; fax: +39 06 49912780. Plasma levels determination of verapamil and its metabolite
E-mail addressfrancesco.gasparrini@uniromal.it (F. Gasparrini). [7]
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Inthe present paper, a new tandem-columns chiral-achiralwith the CHIROBIOTIC TAGM (250 mmx 4.6 mm i.d. and
HPLC arrangement was performed, by using a chiral column 150 mmx 4.6 mm i.d.), 5um particle size (Advanced Sepa-
(CHIROBIOTIC TAG™) connected in series with an achi- ration Technologies Inc., Whippany, NJ, USA).
ral column (Spherisorb S5 SCX), based on a strong cationic
exchange mechanism, for the simultaneous separation an@.2. Preparation of the mixed-bed column
quantitation of propionyl.-carnitine and all the related im-
purities. Propionyl carnitine is one of the various carnitine  The dry chiral stationary phase CHIROBIOTIC TA®,
short-chain acyl esters with even more important pharma- 5,,m particle size (Advanced Separation Technologies Inc.,
ceutical properties and applications in therapy. Its biological Whippany, NJ, USA; 1.87 g) and the dry phase Spherisorb
activity can be attributed only to the-enantiomer, which S5 SCX, 5um particle size (Phase Separations Ltd., Dee-
improves muscle metabolism and function, since it stimu- side, Flintshire, UK; 1.88 g) were mixed and suspended in a
lates energy production by increasing citric acid and cycle mixture of acetone—chloroform—acetic acid 42:42:16, viviv
flux (anaplerotic effect), and promotes oxidative utilization (30ml). After 5min of ultrasonication, the resulting slurry
of glucose by stimulating the activity of pyruvate dehydroge- was packed in a 300 mm4.6 mm i.d. stainless steel column
nase. In patients with peripheral vascular diseases itimproveswith an Haskel DSTV-122 pump, using methanol as pres-
walking distance and quality of lifg8], while in patients  surizing agent (700 bar for 20 min). The mixed-bed column
with congestive heart failure it reduces ventricular size and efficiency was >45,000 plates per meter of column, checked
increases exercise capadéy-11] with naphthalenek(= 2.44), using water—acetonitrile 65:35,

Enantio-selective high-performance liquid chromato- v/v as eluent, at a flow-rate of 1.0 ml/mi® £ 1000 psi at
graphic (E-HPLC) methods developed for the resolution 25°C) and UV detection at 254 nm.
of carnitine enantiomers are based either on chiral station-
ary phases (CSPs) and preliminary derivatization with chro- 2.3. Chemicals and reagents
mophoric achiral reagen{&2], or achiral stationary phases
and pre-derivatization with enantiopure reagefit3—15] HPLC-grade acetonitrile was purchased from Merck
The direct chromatographic resolution of carnitine and its (Darmstadt, Germany); distilled water was filtered using a
O-acyl derivatives on a teicoplanin bonded CSP has beenMilliQ water purification system (Millipore, Watford, UK);
recently reported, without any pre- or post-column derivati- analytical reagent grade sodium dihydrogen phosphate was
zation[16]. purchased from Carlo Erba (Milan, Italy); HPLC-grade

We finally packed a single mixed-bed column with a sodium hydroxide 50% aqueous solution and acetic acid were
binary mixture of the chiral and achiral phases, in a 1:1 purchased from Baker (Division of Mallinckrodt Baker Inc.,
ratio; the column gave similar chromatographic results as Phillipsburg, NJ, USA).
the tandem-columns approach, and thus, offered an easy al-
ternative solution to the separation of the considered mix- 2.4. Reference substances and samples
ture. Tandem- and/or mixed-bed columns have been shown
to offer a convenient tool to manipulate stationary phase  Propionyl L-carnitine hydrochloride 1[ assay: 99.4%),
selectivity. In particular, proteins retention has been inves- propionyl p-carnitine hydrochloride 2, assay: 99.6%),
tigated on HPLC columns packed with mixtures of cation- acetyl L-carnitine hydrochloride 3, assay: 98.7%), B)-
and anion-exchangef7,18] To the best of our knowledge,  4-(trimethyl-ammonium)-2-butenoic acid hydrochloride or
the preparation and application of a mixed-bed chiral and trans-crotonoylbetaine hydrochlorid®,(assay: 98.9%), and
achiral chromatographic column have never been reported inL-carnitine hydrochloride, assay: 99.0%) samples were
the literature. synthesized in the laboratories of Sigma-tau S.p.A., accord-
ing to already published and patented procedirgf (2)-4-
(trimethylammonium)-2-butenoic acid hydrochloridecis
crotonoylbetaine hydrochloridet), an impurity of5, has
2.1. Apparatus and columns beenisolated in trace amount and identified B\NMR. Bulk

samples ofl were a kind gift from Biosint S.p.A. (Latina,

The HPLC system consisted of a Waters 2690 chromato- Italy). Percent assay values (checked by HPLC) are expressed
graph equipped with a Rheodyne Model 7725iid0rjector as the hydrochloride salts.
and a Model 2487 multi-wavelength ultra-violet (UV) detec-
tor. Chromatographic data were collected and processed us2.5. Chromatographic procedures
ing the Millennium 32 Chromatography Manager software
(Waters Chromatography, Milford, MA, USA). HPLC separations were performed by using the CHI-

The columns used in the tandem-columns arrangementROBIOTIC TAG™ column connected in series with the
were the Spherisorb S5 SCX (250 m¥@.6 mm i.d. and Spherisorb S5 SCX column, at 30. A mixture of
150 mmx 4.6 mm i.d.), Gum particle size (Phase Separa- acetonitrile—10 mM sodium dihydrogen phosphate (65:35,
tions Ltd., Deeside, Flintshire, UK), connected in series v/v) was used as mobile phase, at a flow-rate of 1.0 ml/min.

2. Experimental
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The final apparent pH (pfl of the mobile phase was ad- 2.8. Stability of solutions
justed to 6.80 with concentrated sodium hydroxide. Prior to
use, the mobile phase was filtered through a durapore mem- The stability of all the above solutions was checked over
brane 0.4%um filter and degassed with a helium sparge. UV 24 h, at room temperature, by the same HPLC method here
detection was performed at 205 nm. Injection volumes of ap- described.
propriate solutions (see below) were 20

The columns hold-up times] were determined from the
elution of an unretained marker (toluene), using methanol as
eluent, delivered at a flow-rate of 1.0 ml/min. For the CHI- 3.1. Deve|0pment of the tandem-columns
ROBIOTIC TAG™ column (=250 mm),to was 2.78min;  chromatographic method
for the Spherisorb S5 SCX columm £ 250 mm),ty was
2.84 min; for the tandem-columns arrangement of the above A pharmaceutical batch of propionyl-carnitine hy-
columnstp was 5.62 min. drochloride () can contain different impurities coming from
the specific procedure adopted for its prepardgtl®). In par-
ticular, we can suppose that the following impurities may be
found in the drug substanc€&if. 1): propionyl pb-carnitine
hydrochloride ); acetyliL-carnitine hydrochloride3); cis-
crotonoylbetaine hydrochloridet); trans-crotonoylbetaine
. . hydrochloride §); L-carnitine hydrochlorided). Compound
Approximately 10 mg, accurately weighed, of a bulk sam- 6 is the starting material used in the synthesi4 ahd a po-

ple of 1 were transferred into a 10 ml glass volumetric flask . : : .
and then approximately 5 ml of mobile phase was added. Theftentlal degradation product. Crotonoylbetaine hydrochloride

. . . : .. is both a potential impurity and a degradation product of the
mixture was sonicated to dissolve and diluted to volume with . - .
X . : starting materiab; the presence of the double bond in the
mobile phase. The reference solution was prepared in the

. : structure generates two isomers, the most abundant of which
same way as the sample solution, using a reference sample

of 1. The sample solution for impurities determination was 'S (E) ortrans(compound), butit can also be presentin trace

prepared, as above described, at a final concentration of abou mount the other oneZ) or cls (compounql4). C(_)_mpqund
5 mg/ml. is a related substance coming from the impurities included

in the starting materials themselves, namely, acetyl chloride
(impurity of propionyl chloride) and acetic acid (impurity of
2.6.2. Reference impurities solution propionic acid). Compound, the inactive stereoisomer of
Four stock solutions (S1, S2, S3, S4) were separately pre-1, may also be present due to acylationoe€arnitine, po-
pared for each impurity. The final concentration of stock so- tential chiral impurity of the starting materiél To sum up,
lutions for impurities2, 3 and6 was about 1 mg/ml (S1, S2, in a pharmaceutical batch dfare present both chemically
S4, respectively), while fob, it was 0.2 mg/ml (S3). different substances, such & and the enantiomer of the
The stock solutions S1, S2, S3, and S4 (1.0 ml each) weredrug, that is2. Thus, it was necessary to develop an analyt-
transferred into a 20 ml glass volumetric flask and diluted ical method, which had to be at the same time enantio- and
to volume with mobile phase to obtain the final reference chemo-selective. For the analysis of the substances closely

3. Results and discussion

2.6. Sample preparation

2.6.1. Sample and reference solutions (assay and
impurities determination)

impurities solution (S5). The final concentrationf3 and related tol we chose a strong cationic exchanger column
6 in S5 solution represented 1% by weight of the active drug (Spherisorb S5 SCX), due to the fact that all carnitine deriva-
substance, while, fds, 0.2%. tives bear a quaternary ammonium group in their structures;

for the enantio-selective dosage of propionyl carnitine we
successfully applied a teicoplanin aglycone (TAG) contain-
ing CSP, recently developed in our [af20—-22] which is
particularly indicated for the enantiomeric resolution of very
polar compounds, such as amino acids @nacyl carnitine
derivativeq21].

The chromatographic profile of a solution bfand re-
lated impurities 2-6) on the Spherisorb S5 SCX column is
2.7. System suitability test (SST) reported inFig. 2 (top trace), and the chromatographic pa-

rameters obtained are collectedleble 1 It has been clearly

The system suitability was evaluated by performing six showed that the column is highly chemo-selectivegnged
replicated injections of the SST solution. The system was between 1.14 and 1.31), but is obviously unable to discrimi-
deemed suitable for use if the relative standard deviation nate the two enantiomers of propionyl carnitine (absence of
(R.S.D.%), calculated on the capacity factdgsgnd on the enantioselectivity1/2 =1.00). The chromatogram obtained
peak areas, was less than or equal to 2% fand 5% for all for the analysis of the same solution band related impu-
the related impurities2-6). rities (2-6) on the CHIROBIOTIC TAGM column Fig. 2,

2.6.3. System suitability test (SST) solution

Approximately 20 mg, accurately weighed, of a reference
sample ofl were transferred into a 20 ml glass volumetric
flask and then stock solutions S1, S2, S3, S4 (1.0 ml each)
were added and diluted to volume with mobile phase.
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Fig. 2. Chromatographic profiles of a solutionlofl mg/ml),2 (1 mg/ml),
3 (1 mg/ml), 4 (0.005 mg/ml),5 (0.005 mg/ml) and (0.15 mg/ml) in mo-
bile phase. Top trace, column Spherisorb S5 SCX (25006 mm i.d.);
bottom trace, column CHIROBIOTIC TA® (250 mmx 4.6 mmi.d.). For
chromatographic conditions, see Sectn

bottom trace) indicates that the couple of enantiomers of pro-
pionyl carnitine are well separategh(»> = 1.28), but the level

of chemo-selectivity exhibited by the column is unsatisfac-
tory (@ ranged between 1.14 and 1.20). The chromatographic
parameters obtained are collected@able 1 Considering the
above results, the two columns were connected in series via
a zero dead volume column coupler, and only in this case it
was possible to baseline resolve all the six peaks contained
in the mixture under investigatiorFig. 3, solid line). The
corresponding chromatographic parameters are collected in
Table 1 The serial order of the two columns did not affect
chromatographic parameteis &, Rs).

3.2. Optimization of selectivity

The overall selectivity factor) of a general columns se-
ries can be easily calculated from the following mathematical
formulal at constant column temperatui@s]:

oy kas(p)
kag (n)
wherekapg are the retention factors of compounusndp

on the tandem-columns arrangement of columns A and B,
which can be derived by the following equations:

kas(p) = ka(p) + Xslks(p) — ka(p)]

kag(n) = ka(n) + Xg[ks(n) — ka(n)]
whereXg is a factor, calculated as follows:
()
Vo) + Vow)
whereVya) is the hold-up volume of column A andy, is
the hold-up volume of column B.

From the above equations, it follows that the selectivity
of the column series AB can be tuned by the contribution of

1 For calculations and simulations, we used a previously described lab-
made computer-assisted procedure (“Simulation for Multi-Columns Chro-
matography”, SMCC]1], based on these simple mathematical formulas.
The program can be available upon request.
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Table 1
Chromatographic data obtained for the analysit and related impuritie2(-6)
# Retention factork) Selectivity factor &) Resolution factorRs)
SCX TAG Tandem SCX TAG Tandem SCX TAG Tandem
1 2.14 1.77 1.77
2 2.14 2.27 2.01 1.9z 1.28 1.14 a.2) 4.86 4.86
3 2.81 1.99 2.13 1313 1.14 1.06 6.2%,3) 2.47 2.32
4 3.20 2.39 2.47 1.144 1.20 1.16 3.28 4 4.16 6.51
5 3.96 2.87 3.03 1.245) 1.20 1.23 6.3%,5) 6.08 10.71
6 3.96 2.39 2.66 1.08¢) 1.20 1.14 .6) 6.08 8.61

Hold-up times: column Spherisorb S5 SCX (250 mm.6 mm i.d.),to = 2.84 min; column CHIROBIOTIC TAGY (250 mmx 4.6 mm i.d.),to =2.78 min;
columns in the tandem arrangement: CHIROBIOTIC TAGQ250 mmx 4.6 mm i.d.) + Spherisorb S5 SCX (250 mm#t.6 mm i.d.),to =5.62 min.

0 I 5 I 10 I 1I5 ‘ ’.’IO ' 2‘5 l 30 T T ; -
time (min) 0 5 10 15 20 25 30
time (min)

Fig. 3. Chromatographic profiles of a solutionlofl mg/ml),2 (1 mg/ml),
3 (1 mg/ml),4 (0.005 mg/ml)5 (0.005 mg/ml) and (0.15 mg/ml) in mobile Fig. 4. Chromatographic profiles of a solutionlofl mg/ml),2 (1 mg/ml),
phase on the tandem-columns chiral-achiral arrangement of the CHIRO- 3 (1 mg/ml), 4 (0.005 mg/ml) ancb (0.15 mg/ml) in mobile phase on the
BIOTIC TAG™ column (250 mnx 4.6 mm i.d.) with the Spherisorb S5  tandem-columns chiral-achiral arrangement of the CHIROBIOTIC TAG
SCX column (250 mnx 4.6 mm i.d.). Solid line, experimental (for chro-  column (150 mmx 4.6 mm i.d.) with the Spherisorb S5 SCX column
matographic conditions, see Secti2y dotted and vertically shifted line, (150 mmx 4.6 mmi.d.). Solid line, experimental (for chromatographic con-
simulated by the computer-assisted procedure SNIJC ditions, see Sectiof); dotted and vertically shifted line, simulated by the
computer-assisted procedure SMQOT

the individual columns (A and/or B), expressed by the factor
Xg, thus by changing the relative hold-up volumes, which eters Table 1, with the aim to show that peakwas base-
are strictly correlated to columns lengtin(andLg, respec- line resolved from other peaks. Peak purity determination,
tively). As shown inFig. 3(dotted line), we obtained a good ~ Performed by using the “spectral-contrast techniqiz],
correlation between experimental and simulated profiles for confirmed the absence of interfering substances during the
the coupling of the two above 0.25 m columns. determination of the active drug substance. A typical chro-
Additionally, also with a coupling CHIROBIOTIC  Matogram ofl and related impuritie%-6) is shown inFig. 3
TAG™-Spherisorb S5 SCX with.=0.15m+0.15m, we  (solid line).
could predict the overall separation of the mixtuFeg( 4,
dotted line). In this case, we considered, for simplicity, only
impurity 5, which is the most abundant isomer. We experi-
mentally realized the prediction by using the above columns
with L=0.15 m connected in seridsi§. 4, solid line), obtain-
ing comparable results as in the case of the longer columns,
with shorter times analysis (15 min).

3.3.2. Sensitivity

The limit of detection (LOD) and limit of quantitation
(LOQ) were evaluated according to the signal-to-noise ap-
proach. A signal-to-noise ratio between 4:1 and 3:1 for LOD
and 9:1 and 8:1 for LOQ were considered acceptable. Results
are collected imable 2

3.3. Validation the tandem-columns chromatographic 3.3.3. Linearity

method The linearity of peak area response versus concentration
was checked in arange from 0.83 to 1.24 mg/ml for propionyl

3.3.1. Selectivity L-carnitine (); from 5.12 to 62.0Qug/ml for propionylp-

Selectivity was demonstrated either by the peak purity de- carnitine @); from 5.10 to 61.5@ug/ml for acetylL-carnitine
termination and by evaluating the chromatographic param- (3); and from 0.31 to 12.0ag/ml for trans-crotonoylbetaine
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Table 2 same sample, under the same analytical conditions and by the
Limits of detection (LOD) and quantitation (LOQ) same analyst. The relative standard deviations (R.S.D.%),
Limits Compounds calculated on capacity factork)(and peak areas for each
2 3 5 6 substance, were all less than 1%. R.S.D.% calculated on the

LoD same samples used for accuracy was considered as analysis

Injected amount (ng) 18 138 0.2 304 repeatability Table 3; all the values never exceed 2%.

Relative amount (%) 026 Q028 Q001 Q061
LOQ 3.4. Application of the tandem-columns

Injected amount (ng) 103 1039 20 4264 chromatographic method

Relative amount (%) o7 Q0208 Q004 0852

The tandem-columns chiral-achiral approach just de-

(5). The squared correlation coefficient values for calibration SCTibed was successfully applied in the analysis of a bulk
curve = 3) were >0.998 for each peak. The corresponding S2mple of propionyl-carnitine hydrochlorideRig. 5). The

regression functions were: fat, y=3.88x 10Px — 6129 procedure enabled a precise and accurate quantitation by peak
(r2=0.998); for 2, y=1.81x '104x— 51 (2=0.998); area integration. In particular, we found the following con-

for 3 y=3.76x 10°% — 514 (2=0.998); for tents: 98.5% fod (drug substance); G;% for 3; 0.1% for5;
5 y:,2.79>< 10%x — 4285 ¢2=0.998): fér 6 and 0.2% for6. The enantiomeric excess (e.e.%) measured

y=3.14x 10°% — 628 (2 =0.999). for the drug substance was 98.9%.
3.3.4. Accuracy 3.5. Application of the mixed-bed column

Accuracy was checked in a range from about ) _ ) )
0.8-1.2 mg/ml fot, from 40 to 6Qug/ml for2, 3,6 (0.8—1.2% A binary mixture of the same stationary phases used in the
of 1) and from about 8 to 12g/ml for 5 (0.16—-0.24% ofL). tandem-columns approach was prepared in a 1:1 ratio (Sec-

The accuracy was calculated as percent recovery of the analion2) and packed into a single mixed-bed column, in order to
lyte with respect to the theoretical value. The mean values for investigate the potential of such system for the mixture under

each compound, summarizedTiable 3 showed good level investigation. The_consti';uent stationary phases_: were exactly
of accuracy (>95%). the same presentin the single columns coupled in series. They
showed similar chemical stability and solvent compatibil-
335 Precision ity (reve_rsgd—phase, polar-organic an_d_ion—exchange modes).
Precision was evaluated by checking both injection and F'or optimization (.)f the bed compogltlon, we ba_sed on the
simple mathematical formulas previously described, about

analysis repeatability. Injection repeatability was assessed on N )
reference solution of and on reference impurities solution the combination of the two columns: the better results were

: . . . L achieved when the contribution of the single columns (chiral
S5 (Sectior?), by performing six replicated injections of the X . .
( lorg), by p g sixrepl nject and achiral) to the overall separation was 1:1. When the ratio

Table 3

Accuracy and precision of the method: statistical data

# Theoretical Mean measured  Accuracy S.D2 R.S.D.
concentration  concentration (%) %

(mg/ml) (mg/ml)
1 0.83 082 995 0.01 125
1.03 103 1003 000 017 1
1.24 124 1001 0.00 014
14 16 18 20 22 24 26
2 0.041 Q039 951 oo o069 |l e S
0.052 Q050 963 000 072
0.057 Q060 970 0.00 160
3 0.041 Q041 993 0.00 143
0.051 Q052 1011 0.00 113
0.062 Q062 1006 0.00 175 ‘ ] L S
. -A__.‘

5 8.00 7.69 961 011 043 R e
10.00 970 970 006 060 0 5 10 15 20 25 30 35 40
12.00 1206 1001 011 092 time (min)

6 0.042 0042 993 0.00 087 Fig. 5. Chromatographic profile of a bulk samplelosample solution) in

0.053 052 983 0.00 034 mobile phase on the tandem-columns chiral-achiral arrangement of the CHI-
0.063 Q062 985 000 016

ROBIOTIC TAG™ column (250 mmx 4.6 mm i.d.) with the Spherisorb S5
@ Standard deviation. SCX column (250 mnx 4.6 mm i.d.). For chromatographic conditions, see
b Data for5 are expressed asg/ml. Section2.
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