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Abstract

Nicardipine (NC)—cyclodextrin solid systems were prepared in equimolar ratios and their photostability in aqueous solution
under exposure to UV(A)-UV(B) radiations was evaluated. The photodegradation process was monitored by a capillary elec-
trophoresis (CE) method able to provide the enantioresolution gthricardipine. Enantioresolution was achieved using the
mixture 3.0% sulfatgd-cyclodextrin (8CD) and 2.0% heptakis(2,3,6-@-methyl)-cyclodextrin (TM3CD) as chiral selector
in 20 mM triethanolammonium phosphate solution (pH 3.0). The photostability studies were carried out on inclusion complexes
of rac-nicardipine witha-cyclodextrin @€CD), B-cyclodextrin BCD), y-cyclodextrin (CD), hydroxypropyle-cyclodextrin
(HPaCD), hydroxypropylB-cyclodextrin (HBCD), hydroxypropyly-cyclodextrin (HR/CD), (2-hydroxyethyl)g-cyclodextrin
(HEBCD) and methylg-cyclodextrin (M3CD). A photoprotective effect was observed p¢D, HRxCD, HEBCD, whereas
vCD, MBCD, HPRCD and HR/CD did not affect the nicardipine photostability. Conversel@D was found to favour the drug
photodegradation.

Evidences for CBmediated stereoselective photodegradatioracficardipine were observed only for tBeCD complex.

In this case, two distinct photodegradation profiles, with two different kinetic constgntggre observed for the nicardipine
enantiomers.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction [1,2]. The drug is administered as racemic mixture,
even though-{)-nicardipine was found to be the most

Nicardipine (NC) hydrochloride is a calcium chan-  powerful of the two enantiomers, which, moreover,

nel blocking agent effective in the management of present different pharmacokinetic profil§g]. Like

hypertension, angina pectoris and cerebral diseaseother 1,4-dihyropyridines, NC presents problem of

"+ Corresponding author. Tek:39-051-2099731; poor water soIl_JbiIity and fast photochemical_decqm—

fax: +39-051-2099734. position [4] which can strongly reduce its bioavail-
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Cyclodextrins are cyclic oligosaccharides with the 2. Materials and methods
ability to include, entirely or partially into their hy-
drophobic cavity, a variety of molecules with appro- 2.1. Chemicals
priate molecular size and polarifg]. The inclusion
phenomenon has be often successfully exploited for rac-Nicardipine hydrochloride, triethanolamine
improving solubility, dissolution rate, bioavailabil- and natural cyclodextrinsaCD, BCD and yCD)
ity and chemical stability from oxidation, hydroly- were purchased from SIGMA (St. Louis, MO, USA);
sis and photodegradation reaction of several drugs sulfatedg-cyclodextrin (8CD) and heptakis(2,3,6-
[7-10,15] Complexation with cyclodextrins has been tri-O-methyl){3-cyclodextrin (TM3CD) were ob-
experimented as a possible approach to enhance thdained from Aldrich (Milw., WI, USA); randomly
nicardipine solubility and/or stability11-14] How- chemically modified HRCD, HP3CD, HPyCD,
ever, whereas all the authors agreed on the cyclodex-HEBCD and M3CD were from Wacker Chemie
trin solubilizing effect towards the drug, conflicting (Germany).
results have been reported as regards their stabilizing Phosphoric acid, sodium hydrogen phosphate,
effect against NC photodecompositifiri, 12]. More- sodium dihydrogen phosphate and all the other chem-
over, after complexation, different photodegradation icals were of analytical grade and were purchased
rates were observed for the two enantiomers, the from Carlo Erba Reagenti (Milan, Italy). The water
effect being dependent on the cyclodextrin used for used for preparation of the solutions and running
complexatior{12]. On the other hand, it must be also buffers was purified by a Milli-RX apparatus (Milli-
considered that the cyclodextrin interaction with la- pore, Milford, MA, USA).
bile compounds can result in different outcomes: cy-
clodextrins in fact can retard degradation, or have no 2.2. Preparation of inclusion complexes
effect on reactivity or even accelerate drug degradation
rate. Equimolar drug—CD inclusion complexes were pre-

Therefore, in the present work we thought of in- pared according to the coevaporation method: the drug
terest to more in-depth investigate the effect of cy- was dissolved in ethanol and the cyclodextrin in water;
clodextrin complexation on the drug photochemical the resulting hydro-alcoholic solution was evaporated
decomposition. Different kinds of cyclodextrins, both under vacuum in a rotary evaporator at°? The
natural ¢, B, y) or chemically modified (hydrox- residue was dried under vacuum at room temperature
ypropyl, hydroxyethyl, methyl-cyclodextrin) have up to constant weight. Equimolar drug—CD physical
been selected, with the aim of evaluating the ef- mixtures were also prepared for reference. The choice
fect of a series of variables such as the cyclodextrin of the 1:1 molar ratio was based on previous phase
cavity size, the presence and type of a substituent solubility studies[12,13] and*H NMR experiments
on the complexation efficiency and NC photodegra- [16].
dation pathway. Drug—cyclodextrin solid complexes
were prepared in equimolar ratios according to the 2.3. Apparatus
results of previous phase solubilifil1,12jand *H
NMR [16] studies and characterized by differential Differential scanning calorimetric analysis was
scanning calorimetry (DSC), X-ray powder diffrac- performed with a Mettler TA 4000 apparatus (Star
tometry and FTIR spectroscopy. Photodegradation system) equipped with a DSC 25 cell. Samples
studies orrac-nicardipine—cyclodextrin complexes in  were weighed (Mettler M3 microbalance) in Al pans
agueous solution were carried out using a xenon arc (5—-10 mg) pierced with a perforated lid and scanned
lamp (solar simulator) as a UV(A) radiation source. at 10K x min~— between 30 and 25@ under static
Capillary electrophoresis (CE) under chiral conditions air. X-ray powder diffraction spectra were taken with
was used to monitor the photostability of the com- a computer controlled Philips PMW1830 apparatus
plexed drug and also to evaluate cyclodextrin-induced over the 10-50 20 range (scan speed/iin), using
enantioselective effects in the photodegradation a Cu Ka radiation monochromatized with a graphite
process. crystal.
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Infrared spectra were measured on KBr disks using
a Perkin-Elmer mod. 1600 FTIR spectrophotometer.

A 150 W Xenon-arc lamp (Solar simulator, model
68805, Oriel Corporation, USA), was used as light
source to perform UV radiation exposure tests. Elec-
trophoretic analyses were carried out using a BIO-
FOCUS 2000 system (Bio Rad, Hercules, CA, USA).
An untreated, fused-silica capillary of total length
50 cm (effective length 43.5 cm), 0m i.d. was used
for separation. Routine analyses for chiral separa-
tions were performed using 20 mM triethanolamine
phosphate (pH 3.0) with 3.0% (w/vBED and 2.0%
(w/v) TMBCD; V = 25kV andT = 25°C.

2.4. Capillary electrophoresis
The background electrolyte (BGE) solutions were

prepared in water. For the optimization of the chi-
ral separation conditions, the following BGE com-

ponents were evaluated: triethanolamine phosphate

(5-200mM), $CD (1-7% (w/w)) and TNBCD
(1-5% (w/w)). Routine analyses were performed us-
ing 20 mM triethanolamine phosphate (pH 3.0) with
3.0% (w/v) RCD and 2.0% (w/v) TMBCD. Prior
the use, the capillary was conditioned by flushing
sequentially 1M sodium hydroxide, 0.1 M sodium
hydroxide and finally water (10 min each). When chi-
ral conditions were applied, the highest reproducibil-
ity of the migration times was obtained by flushing
the capillary between the runs for 2 min with BGE
containing 3.0% BCD and 2.0% TMBCD. Vials of
BGE with cyclodextrins were replaced after every in-
jection to avoid change due to the electrolysis of the
solutions.

Calibration graphs were simultaneously obtained
for the separatedac-nicardipine enantiomers. Solu-
tions of rac-nicardipine over the concentration range
of 0.020-0.100 mg/ml were analyzed by CE under
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were exposed to UV(A)-UV(B) radiations (solar sim-
ulator). Solutions ofrac-nicardipine (0.050 mg/ml)

in agueous solution, containing 15% of methanol to
ensure the drug solubility, were simultaneously sub-
jected to the photostability testing. When NC—BED

and NC-HR.CD complexes were subjected to the
photostability testing, three different concentra-
tions of nicardipine were employed: 0.025, 0.050
and 0.100 mg/ml. Briefly, the solutions were trans-
ferred into quartz cells (1cm path length), closed
with Teflon caps and exposed to UV(A)-UV(B)
radiations (Xe-arc lamp) for increasing irradiation
times, corresponding to increasing radiation doses
(Jlcn?). After irradiation all samples were im-
mediately protected from light by aluminum foil.
Photoexposed solutions were then subjected to cap-
illary electrophoresis analysis to monitor nicardipine
photodegradation.

3. Results and discussion

The photodegradation studies oac-nicardipine—
CD inclusion complexes involved the following steps:

1. preparation and solid state characterization of the
nicardipine—CR solid system;

development of CE methods suitable for the deter-
mination of rac-nicardipine in the presence of its
degradation product and also able to provide enan-
tioresolution ofrac-nicardipine;

evaluation of the combined effects of light exposure
and CL inclusion complexation on the stability of
rac-nicardipine.

2.

3.

3.1. Solid state characterization of
rac-nicardipine—cyclodextrin solid systems

the enantioselective conditions above described. The The DSC curve of NC was typical of a crystalline

corrected peak area (area/migration time) for each

anhydrous substance, exhibiting an initial flat pro-

enantiomer was plotted against the corresponding file followed by a sharp endothermic peaKofset

concentration to obtain the respective calibration
graph.

2.5. Photodegradation studies

Solutions of equimolarac-nicardipine-CD com-
plexes (0.050 mg/ml nicardipine in aqueous solutions)

= 170.67C, Trs = 174.00°C, AfysH = 88.0J/g)

due to the drug fusion process. The thermal profiles
of the cyclodextrins in the examined temperature
range were all characterized by the presence of very
broad endothermic bands ranging from 50 to about
120-130°C, due to the release of water molecules. The
endothermic event corresponding to the drug melting
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was always well detectable in the thermal curves of and natural cyclodextrins exhibited a series of intense
the physical mixtures with the different examined peaks, which are indicative of their crystalline nature,
cyclodextrins, even if it appeared slightly broadened whereas all the CD derivatives showed completely
and reduced in enthalpy, particularly in combina- diffuse diffraction patterns, which revealed their amor-
tion with amorphous cyclodextrins. On the contrary, phous state. The patterns of the physical mixtures
DSC analyses of all coevaporated products (COE) were the simple superimposition of those of the pure
showed the total disappearance of the NC melting components, whereas all the co-evaporated products
peak, independent of the cyclodextrin type, indicating showed typical amorphous profiles, independent of
the formation of an amorphous solid dispersion, or the crystalline (for the natural CDs) or amorphous
the inclusion complex formation, or bofth3,16,17] (for the CD derivatives) nature of the carrier. Rep-
Representative thermal curves of drug binary systems resentative examples of X-ray diffraction spectra are
with «CD and HRCD are reported as an example in  shown inFig. 2 It was observed that drug—CD solid
Fig. 1 state interactions were generally slightly more intense
X-ray powder diffraction spectra confirmed the with the CD derivatives than with the corresponding
results of DSC analysis. The diffractograms of NC natural ones, probably as a consequence of the amor-
phous nature of the chemically modified cyclodex-
trins. Moreover, the presence of substituents extends

. NC the CD cavity length, and therefore possibly favors
™, /—*— the occurrence of hydrogen bonds with the guest
4 \ molecule.
} U aCD Such an effect was also evident from the FTIR
ol ‘U P analysis results. In fact, as it can be observeliin 3
> ™ / P.M for the series of NCaCD and NC-HRCD binary
| ‘\\ /"’_\v’”\\ o systems, the disappearance of the characteristic car-
——g\ N bonyl stretching vibration of NC at 1702 crh, which
e =T J/ \\ J COE was observed in all drug—CD coevaporated products,
\ appeared, in the case of NC combinations with CD

B ’/__—'_——\_‘L
T
T
200
Temperature, °C

derivatives, also in the simple physical mixtures. Sim-
ilar results have been reported by other authors and
attributed to the formation, during inclusion com-

plexation, of hydrogen bonds between the carbonyl

T
150

150 200

Temperature, °C

Fig. 1. DSC curves of pure nicardipine (NC)-cyclodextrin
(«CD), hydroxypropyle-cyclodextrin (HRCD) and their respec-
tive equimolar drug—CD physical mixtures (PM) and coevaporated
products (COE).

NC groups of NC and the hydroxyl groups of the host
\ [ cavity [13].

‘W\ \/ In conclusion, solid state studies pointed out that
. h HPoCD the coevaporation technique was always effective in
ol. \‘\\ /./’_NM_‘M«W preparing amorphous cyclodextrin complexes with
x k\ " P.M. NC, independent of the nature of the cyclodextrin, i.e.
k&\\ ///’”—L“\\ f T its cavity size or its amorphous or crystalline character.

\\HH_ ' COE 3.2. Enantioresolution of rac-nicardipine by CE

\"“-1_ //!—Y—‘I_—H‘\

A rapid CE method was developed able to monitor
the fast photodegradation of nicardipine and to enan-
tioresolve the remaining nicardipine. Such a method
was necessary in order to ascertain a possible alter-
ation of the enantiomeric ratio of the drug when its
racemate is photoexposed in a chiral medium (CD
inclusion complex).
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Fig. 2. Powder X-ray diffraction patterns of pure nicardipine (N&)yclodextrin ¢CD), hydroxypropyle-cyclodextrin (HRCD) and
their respective equimolar coevaporated products (COE).

In our previous studiefl?], a negatively charged proved to be suitable to achieve optimum enan-
derivatised B-CD such as sulfatef-CD, proved tioresolution. The obtained results are shown in
to be a suitable chiral selector for the enantiores- Fig. 4.
olution of nicardipine. In fact, negatively charged The concentration of BGE (20 mM) was chosen on
cyclodextrins are expected to improve enantioreso- the basis of the effect on resolution (Rs) and migra-
lution of basic compounds at low pH values, due tion time; a 20 mM concentration constitutes a com-
to the opposite electrophoretic mobility of the com- promise suitable for obtaining reproducible resolution
plex with cyclodextrin compared to the free drug. and rapid analysis. In addition to the enantioresolution
Actually, under these conditions good enantioreso- of the rac-nicardipine, these conditions improved the
lution of nicardipine was achieved; further, due to separation of the drug from its photoproducts having
the strong analyte—cyclodextrin interactions and the shorter migration times.
slow electroosmotic flow, anodic migration of the In order to validate the developed CE method and
resolved enantiomers was obtained. To reduce theto confirm its suitability for detecting small pho-
migration times, the co-ion sodium of BGE was toinduced alterations of the enantiomeric ratio of
substituted with triethanolammonium, able to give nicardipine, the detection linearity was verified for
an anodic EOH18]. In the present work, the enan- the two enantiomersi(= 220 nm). The regression
tioresolution ofrac-nicardipine was improved using data for the first and the second migrating enan-
a mixed CR system. This approach, useful to im- tiomer were, respectivelyY; = (27662 + 1.34) x
prove the selectivity, has been recently reviewed C + (0.9765+ 2830); r = 0.9996;n = 6 and
[19]. For the enantioresolution ofac-nicardipine, Y, = (27714 £ 1.25) x C + (1.9224 + 23.06);
SBCD (negatively charged) and TBLD (neutral) r = 09997;n = 6, whereY was the corrected
cyclodextrins, have been selected; after prelimi- peak area (area/migration time) ard was the
nary experiments, the ratio 3:2 §SED:TMBCD) drug concentration (0.020-0.100 mg/ml). According
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Fig. 3. FT-IR spectra of pure nicardipine (NCyrcyclodextrin @CD), hydroxypropyle-cyclodextrin (HRXCD) and their respective
equimolar drug—-CD physical mixtures (PM) and coevaporated products (COE).

to these data, the calibration graphs of the two 3.3. Photodegradation of NC-CD; complexesin
enantiomers can be considered essentially identi- aqueous medium

cal; therefore, alterations observed in their corrected

peak area reflect actual concentration variations. The Agueous solutions containingac-nicardipine and
intra-day and inter-day precision of the corrected 15% (v/v) methanol (reference solution), and aqueous
peak area was also evaluated. Aqueous solution Solutions containing the drug—CD inclusion complex,
containing rac-nicardipine (0.050 mg/ml) photoex- all at the same nicardipine concentration, were simul-
posed fo 2 h wasinjected five times within 24h  taneously exposed to UV(A)-UV(B) radiations. At se-
(intra-day). The mean values of corrected peak ar- lected times the irradiated solutions were subjected to

eas for the enantiomers were: 23,467.9R.% = chiral CE analysis and the corrected peak area of the
3.02) and 23,571 (B8.D.% = 2.97). On two con- separated enantiomers were determined. The obtained
secutive days (inter-day) the obtained values=£ results are illustrated iRig. 5and can be summarized

10) were 22,136 (B.D.% = 3.10) and 22,843  as follows:
(R.S.D.% = 3.00). These data support the ade-

quate precision of the developed enantioselective CE 1. NC-«CD complex: solutions of theac-nicardipine
method. were found to be slightly more photostable than
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Fig. 4. Electropherograms obtained from photoexposed solutionacaficardipine. Peaks: (a) and (b) are photoproducts; (c) and (d) are

first and second migrating enantiomers of nicardipine, respectively. Conditions: buffer, 20 mM phosphoric acid/triethanolamine (pH 3.0)

with 3.0% of CD and 2.0% of TMBCD. Fused-silica capillary, total length 50 cm (effective length 43.5 cm),rBd.d., injection 5 psi
for 2's, voltage 25kV, temperature 26, detection wavelength 220 nm.

equimolar solutions containing the drug as inclu-
sion complex. ThereforeyCD, appear to favor the
drug photodegradatior{g. 59.

. NC—BCD complex: solution containingac-nicardi-
pine3CD complex proved to be more photostable,
confirming previous reports on photoprotective ef-
fect of BCD [12]. Moreover, two slightly separate
photodegradation profiles were obtained for the two
enantiomersKig. 5b).

. NC-yCD, NC-HPSCD, NC-HPyCD and NC-
MBCD: the CD complexation did not modify the
drug photostability £ig. 59.

. NC-HPaCD and NC-HEBCD: solutions of the
drug—CD inclusion complexes were found to be
more photostable than solutions containing the
rac-nicardipine, showing a photoprotective effect
by the used CB (Fig 5d). This effect was con-
firmed at three different concentration level (0.025,
0.050 and 0.100 mg/ml) of the drug.

Under the same experimental conditions of light ex-
posure and drug concentration (0.050 mg/ml) in water,
the nicardipine photodegradation process was found

to obey the apparent first-order kinetics, according to
the equation:

INA=InAg—kt

whereA is the % remaining peak ardais slope (rate
constant) andis time (min). The kinetic constantg)(
were obtained from the linear equation regressions, for
the different photo-exposure conditions. For each con-
dition, both:kcp (kinetic constant in presence of CD
complex) andk (kinetic constant without CD) were
obtained from simultaneous experiments. To evaluate
the effect of CD complexation on the nicardipine pho-
tostability, the ratios okcp to k have been calculated.
The following data were obtained:

NC—-aCD complexkcp/k = 1.140; NCCD com-
plex: k1 = kcpl/k = 0.855 andk,; = kcp/k = 0.893
for the first and the second migrating enantiomers,
respectively; NCyCD complex: kep/k 0.996;
NC-HRxCD complex:kcp/k = 0.821; NC-HBCD
complex: kep/k = 0.993; NC-HRCD complex:
kep/k = 1.000; NC-HEBCD complex: kcplk
0.890; NC-MBCD complex:kcp/k = 0.998.
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Fig. 5. Photodegradation profiles of thec-nicardipine under photoexposure to UV(A)-UV(B) radiations of an aqueous solution containing
rac-nicardipine (0.05mg/ml) and nicardipine (0.05mg/ml) complexed wiiD (a), BCD (b), yCD (c) and HRCD (d).

4, Conclusion on equimolar nicardipine—CD complex systems, in
aqueous solutions, showed a photoprotective effect by
Capillary electrophoresis (CE) was found to be BCD, HRxCD and HBBCD and a photodegradative ef-
a reliable and versatile analytical tool suitable for fect byaCD. The other used C{lid not significantly
photostability studies ofac-nicardipine. Under chi-  modify the photoreactivity of nicardipine. When,
ral conditions, the developed method enabled also to the drugCD inclusion complex was subjected to
monitor the individual photodegradation of the drug photoexposure to UV(A)-UV(B) radiation, a differ-
enantiomers. Photostability experiments carried out ent photodegradation rate was observed for the two
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enantiomers. These results can be considered of prac- [7] K.H. Fromming, J. Szejtli, Cyclodextrins in Pharmacy,

tical interest for nicardipine and for other chiral, pho-
tolable drugs, whose solubility could be enhanced by
complexation with CIQ. In fact, different outcomes
can results using different GDin addition, the pos-
sibility of different photodegradation profiles for the
enantiomers of a chiral photoreactive drug should be
considered.
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