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The separation of structurally related angiotensin-converting enzyme (ACE) inhibitors lisinopril, cilaza-
pril, ramipril and quinapril and their corresponding active diacid forms (prilates) by conventional TLC
silica gel 60 plates was contrasted with that afforded by monolithic ultra-thin-layer chromatographic
(UTLC) plates. For the use of UTLC plates technical modifications of the commercially available equip-
ments for the sample application, development and detection were made. Plates were developed in
modified horizontal developing chamber using ethyl acetate-acetone-acetic acid-water (4:1:0.25:0.5,

5‘;{‘2’”"35 v/v). Detection of the separated compounds was performed densitometrically in absorption/reflectance
UTLC-MS mode at 220 nm and after exposure to iodine also by image analysis. The obtained results showed that

TLC monolithic layer is more efficient for the separation of structurally similar polar compounds, such as
TLC-MS prilates than conventional silica layers. Identification of the compounds was confirmed by ESI-MS after

Densitometry
Image analysis
Prils

Prilates

their on-line extraction from the UTLC and TLC plates by means of Camag TLC-MS interface.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Recent investigations in planar chromatography and other
chromatographic techniques have been focused primarily on
miniaturization and their use with mass spectrometry (MS). Since
ultrathin-layer chromatographic (UTLC) plates were introduced
in 2001 by Merck many different new monolithic and nanos-
tructured stationary phases have been reported. Coupling of TLC
and HPTLC with mass spectrometry [1-5] has been described, but
further development in the field of hyphenation of UTLC with
mass spectrometry is demanded. The implementation of these new
developments is currently limited and requires the development of
new devices for sample application, development and detection.

The commercially available UTLC layers have a 10 wm thick
monolithic structure based on a silica gel matrix formed by the
hydrolytic polycondensation of a liquid film of an alkoxysilox-
ane on a glass plate. A number of UTLC applications including
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separation of amino acids [6], pesticides [7], steroids [7,8], active
ingredients in pharmaceuticals [8], phenols [8], plasticisers [8],
lipophilic dyestuffs [7,9] and flavanols [ 10] have been reported and
recently, UTLC coupled with atmospheric pressure matrix assisted
laser desorption/ionization (UTLC-AP-MALDI-MS) has been used
for the analyses of small molecules such as different deriva-
tives of triazoles, midazolam, verapamil and metoprolol [11] and
benzodiazepines [12]. Desorption electrospray ionization mass
spectrometry has been applied to in situ identification of sev-
eral structural classes of drugs of different polarities, such as
highly polar acetylcholine and less polar such as, steroids, benzo-
diazepines or verapamil [13].

To further explore the field of UTLC coupled with mass spec-
trometry in pharmaceutical analysis we used single peptides such
as ACE inhibitors as model compounds. ACE inhibitors familiar as
prils are widely used as antihypertensive drugs. The active forms of
these drugs called prilates are polar, typically dicarboxylic acids.
In order to be absorbed they are used as their more lipophilic
ethyl esters [14]. The free diacid forms cilazaprilat, ramiprilat and
quinaprilat are present as impurities in the bulk ethyl ester drugs
and their dosage forms. They are the active forms in biological
fluids and methods for their analysis are also required. Different
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analytical methods have been developed for determination of ACE
inhibitors alone or in a mixture, in either dosage forms or biologi-
cal samples. Capillary electrophoresis (CE) has been employed for
the separation of eight of the ACE inhibitors enalapril, lisinopril,
quinapril, fosinopril, perindopril, ramipril, benazepril and cilazapril
with either a free solution electrophoresis system [15] or alkyl-
sulphonates as ion-pairing agents [16]. In both cases a combination
of two systems is necessary for the selective identifications of the
eight ACE inhibitors. CE was used to separate four ACE inhibitors
(lisinopril, ramipril, benazepril and quinapril) and ramipril and
benazepril were quantitatively evaluated [17]. Chromatographic
methods such as gas chromatography (GC) or liquid chromatog-
raphy (LC) coupled with mass spectrometric detection, have been
widely used for determination of ACE inhibitors and their active
forms in biological fluids [18]. As a result of the stringent regulatory
guidelines outlined by the International Conference on Harmoniza-
tion (ICH) and published by the FDA [19], when identification is
required LC-MS has become a versatile tool for the determination
of the molecular mass of impurities in drugs as well as for pro-
filing the impurities in pharmaceuticals [20,21]. The identification
and isolation of an unknown impurity present in quinapril were
accomplished using HPLC/UV, preparative HPLC and structural
characterization by LC-MS-MS and 'H and '3C NMR spectroscopy
[22]. LC-MS has been used for the evaluation of stability of aque-
ous solutions of enalapril and perindopril at different pH values
[23]. The retention behaviors of different ACE inhibitors have been
determined with different TLC and HPTLC sorbents [24-28] and
HPTLC plates have been used for quantitative evaluation of selected
ACE inhibitors in pharmaceuticals [29,30].

No attempt has been made, however, to investigate the use
of UTLC plates in methods that are fast, miniaturized and com-
bined with MS for the identification and detection of structurally
related ACE inhibitors. This is the main goal of our research and
was achieved by the introduction of some technical innovations
regarding the application, development and detection. We com-
pared the separation power of conventional TLC and UTLC and also
the differences when coupled with MS.

2. Experimental
2.1. Materials

Lisinopril (1), L-proline, N2-[(1S)-1-carboxy-3-
phenylpropyl]-L-lysyl ~was obtained from Sigma (St
Louis, MO, USA); cilazapril (2), 6H-pyridazino[1,2-
a][1,2]diazepine-1-carboxylic acid, 9-[[(1S)-1-(ethoxycarbonyl)-
3-phenylpropyl]amino]octahydro-10-ox0-(1S,9S) and cilazaprilat
(3), 6H-pyridazino[1,2-a][1,2]diazepine-1-carboxylic acid,
9-[[(1S)-1-carboxy-3-phenylpropyl]amino]octahydro-10-
0x0-(1S,9S) were obtained from Ranbaxy (Gurgaon,
India). Ramipril (4), cyclopenta[b]pyrrole-2-carboxylic acid,
1-[(2S)-2-[[(1S)-1-(ethoxycarbonyl)-3-phenylpropyl]amino]1-
oxopropyl]octahydro-(2S, 3aS, 6aS) and ramiprilat (5),
cyclopenta[b]pyrrole-2-carboxylic acid, 1-[(2S)-2-[[(1S)-1-
carboxy-3-phenylpropyl]amino]1-oxopropyl]octahydro-(2S,
3aS, 6aS) were obtained from Dr. Reddy’s Laboratories (Bol-
laram, India); quinapril (6), 3-isoquinolinecarboxylic acid,
2-[(2S)-2-[[(1S]-1-(ethoxycarbonyl)-3-phenylpropyl]amino]-
1-oxopropyl]-1,2,3,4-tetrahydro, (3S) and quinaprilat (7),
3-isoquinolinecarboxylic acid, 2-[(2S)-2-[[(1S]-1-carboxy -3-
phenylpropyl]amino]-1-oxopropyl]-1,2,3,4-tetrahydro, (3S) were
obtained from Cipla Ltd. (Mumbai, India). Chemical structures of
the studied compounds are presented in Table 1.

Ethyl acetate, acetone, acetic acid and methanol were obtained
from Merck (Darmstadt, Germany). All chemicals and solvents were
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Table 2
Chromatographic parameters.
UTLC TLC
Plates UTLC silica gel (monolithic), 6 cm x 3.6 cm, (Merck) TLC silica gel 60 F54, 10 cm x 10 cm (Merck)

Developing solvent

Ethyl acetate-acetone-acetic acid-water (4:1:0.25:0.5, v/v)

Ethyl acetate-acetone-acetic acid-water
(4:1:0.25:0.5, v/v)

Volume of developing solvent 4mL 4mL

Application volume 0.10 wL (1 mm bands) 0.02 pL (spots) 1 L (spots)

Application position 5mm 10mm

Developing distance 28 mm 90 mm

Migration time 6.5 min 30 min

Chamber Horizontal (10cm x 10 cm) Horizontal (10cm x 10 cm)
Wavelength 220nm and 435nm 220nm and 435 nm

of analytical reagent grade. Stock solutions of all tested compounds
were prepared in methanol (ca. 3 mg/mL).

2.2. TLC and UTLC

The samples were applied by means of Automatic TLC Sampler 4
(ATS 4, Camag) equipped with a 10 L syringe or manually by 1 uL
syringe. Evaluation of the developed plates was performed den-
sitometrically with Camag TLC Scanner3 in absorption/reflectance
mode and by image analysis with the DigiStore 2 Documentation
System using white light illumination. Both instruments were con-
trolled by winCATS programme (Version 1.4.1.8154), while image
analysis after detection with iodine vapor was performed using
additional software VideoScan V1.02. Details of the chromato-
graphic conditions are presented in Table 2.

2.3. TLC-MS and UTLC-MS transfer and identification of
compounds

A TLC-MS interface (Camag) was used for the elution of com-
pounds from the TLC and the UTLC plates into the LCQ (Thermo
Finnigan, San Jose, CA, USA) system. The eluent used was methanol
and its flow rate was set to 0.5 mL/min in the case of TLC plates and
0.3 mL/min in the case of UTLC plates; 0.2% acetic acid (in methanol)
at 0.1 mL/min was added to the methanol effluent prior to injecting
the solution into the LCQ system.

o Electrospray ionization (ESI) source in positive mode was
employed for the identification of compounds.

o The spray voltage was set to 6 kV and the capillary temperature
to 250°C.

o The sheath and auxiliary gas flow rates were 80 and 10 a.u. (arbi-
trary units), respectively.

3. Results and discussion

We compared the separation, detection and identification of
structurally related ACE inhibitors and their active diacid forms
on conventional TLC silica gel 60 plates (250 wm layer) and mono-
lithic ultra-thin-layer chromatographic plates (UTLC, 10 pm layer).
For a successful evaluation of the compounds on the UTLC plates it
was necessary to solve several technical problems concerning the
application, development and detection.

The problems with the application of small volumes
(0.02-0.1 pL) of the analytes are associated mainly with the
thickness and the size of the UTLC plates; when applying the
samples on these plates with automatic TLC sampler ATS 4 this
inconvenience was overcome by fixation of the UTLC plate with
additional TLC plates.

An ascending development mode has been generally used for
separation on UTLC plates [6-10] although there is a recent report
on the use of a horizontal separation chamber configured for minia-

turized glancing angle deposition (GLAD) UTLC plates [31]. Due to
the lack of proper devices we firstly applied ascending development
mode, which, however, in the UTLC mode required a three times
longer developing time (20 min for the ascending mode vs. 6.5 min
the horizontal mode) with the final developing solvent. Using the
ascending development mode, peak tailing was observed with all
the investigated compounds, which most probably happened due
to the improper developing chamber and very thin 10 wm lay-
ers. The long developing time can cause the well-known problems
with changing composition of the developing solvent due to dif-
ferent evaporation of its components from the plate during the
development, sorption and desorption phenomena, etc. Horizontal
developing chambers for UTLC plates are not commercially avail-
able, and thus we constructed a simple but very practical adapter for
the existing Camag horizontal developing chambers with dimen-
sions 10cm x 10 cm and 10 cm x 20 cm.

The retention behavior using single non-polar (cyclohexane,
toluene) and polar (methanol, isopropanol, water) solvents was
investigated. Polar solvents are required in order to suppress strong
intermolecular interaction between polar groups of the investi-
gated compounds and the silanol groups of the layers. It was
observed that different applied alcohols caused very high tailing
of the bands and for this reason, they were replaced with a mixture
of acetic acid and water, which resulted in more compact chro-
matographic zones of all the investigated compounds. In order to
obtain satisfactory resolution, the ternary mixtures were prepared
containing different organic modifiers (chloroform, methyl ethyl
ketone, ethyl acetate, butyl acetate, acetone), but an improved res-
olution was obtained using ethyl acetate and butyl acetate only.
Ethyl acetate in a mixture with acetic acid and water provides satis-
factory retention and resolution of all the investigated compounds
on the TLC and UTLC layers. In order to prepare a better miscible
organic phase with water and to avoid the turbidity of the ternary
mixture, acetone was added. The best resolution was obtained with
the quaternary system composed of ethyl acetate-acetone-acetic
acid-water (4:1:0.25:0.5, v/v), which was finally used as developing
solvent. No significant differences between ascending and horizon-
tal development were observed on the TLC plates using the final
developing solvent.

Fast visual detection of the separated compounds at UV
(254 nm) is not feasible, therefore densitometric scanning of prils
and prilates on TLC (Figs. 1 and 2) and UTLC (Fig. 3) plates was per-
formed in absorption/reflectance mode at 220 nm. Alternatively,
the plates were exposed to iodine vapor and documented as images
and video densitograms by the image analyzing system (Fig. 4).

Chromatographic data and the migration distances of the com-
pounds are presented in Tables 2 and 3. Considering the application
volume (of the same solution) of 1 wL in conventional TLC vs. 0.1
and 0.02 pLin UTLC the latter is found to be more sensitive. Applica-
tion of the same developing solvent in horizontal developing mode
provides 5 times faster separations with UTLC plates. The mono-
lithic UTLC layer was more efficient than conventional TLC silica
layer (Fig. 2) for the separation of prilates (Fig. 3). Under the same



3092

I Vovk et al. / J. Chromatogr. A 1218 (2011) 3089-3094

Table 3

Migration distances of the studied compounds.
Compound UTLC TLC

Migration distances (mm)

Lizinopril 6.0 10.7
Cilazapril 17.5 32.0
Cilzaprilat 16.3 17.2
Ramipril 21.6 439
Ramiprilat 18.8 18.5
Quinapril 25.1 50.8
Quinaprilat 225 213
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1 2
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Fig. 1. TLC densitogram of prils.
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Fig. 5. UTLC-MS by modified use of Camag TLC-MS interface.

chromatographic conditions as in the UTLC analysis the conven-
tional TLC silica layer provided good resolution for prils (Fig. 1) but
unsatisfactory resolution for prilates (Fig. 2). As can be seen from
the migration distances presented in Table 3, prilates had shorter
elution distance than the corresponding prils indicative of their
stronger affinity for the polar UTLC surface.

Coupling of UTLC and TLC with mass spectrometric detection
of the studied compounds by means of Camag TLC-MS interface
was studied. Densitometrically obtained start and end points of
the spots were used for marking the compound zones in all the
tracks as the dark spots on the millimeter paper with marked plate
size (Fig. 5), which was placed under the UTLC plate and served for
easier and proper manual positioning of the UTLC plate under the
piston of the TLC-MS interface. On the TLC plates the compound
zones in all the tracks were marked from all the sides by a pencil
directly on the silica gel layer. There are no published reports of cou-
pling UTLC-ESI-MS or UTLC-APCI-MS (APCI - atmospheric pressure
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Fig. 4. UTLC image and video densitogram of prils.
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Table 4
Assignment of mass spectral peaks.
m/z values
[M+H]* [M+NaJ* [M—H+2Na]*
Lisinopril 406 428 450
Cilazapril 418 440 462
Cilazaprilat 390 412 434
Ramipril 417 439 461
Ramiprilat 389 411 433
Quinapril 439 461 -
Quinaprilat 411 433 455

chemical ionization). We experienced no problems in the case of
TLC-ESI-MS with Camag TLC-MS interface. In the case of UTLC-ESI-
MS however we experienced difficulties due to the “flooding” of the
plate resulting from insufficient sealing of the zones. This prob-
lem was solved by placing a piece of filter paper, washed with
methanol, on the corresponding zone on the UTLC plates, which
enabled the automatic piston of the TLC-MS interface to pressure
seal the chromatographic zone (Fig. 5).

The TLC-MS interface was employed for the elution of com-
pounds from the plates which were then injected into the MS. The
assignment of the main peaks in the mass spectrais givenin Table 4.
All analyzed compounds show a substantial affinity for alkali met-
als; this can be seen as a high relative abundance of sodium adduct
ions in the MS spectra. The sodium probably originates from the
binder (TLC plates) or the glass support of the stationary phase
since the sodium adducts were not detected when standards were
injected directly into the MS for tuning purposes. The mass spectra
are presented in Fig. 6.

4. Conclusions

To the best of our knowledge UTLC-ESI-MS coupling has not
been reported previously. UTLC is more efficient than conven-
tional TLC for the separation of single peptides, lisinopril, cilazapril,
ramipril and quinapril from their corresponding in vivo active forms
or in vitro potential degradation products, cilazaprilate, ramiprilate
and quinaprilate. UTLC is faster, has diminished costs and waste, but
its combination with MS is necessary for compound identification.
It is expected that in the era of miniaturization the development of
new technical solutions in the field of instrumentation will finally
simultaneously follow the developments in the field of stationary
phases.
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