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Abstract

The possibility of increasing the photochemical stability of nisoldipine by using indigotine and azorubine as photoprotectors
has been studied. The course of the photodegradation was monitored by means of UV-vis spectrophotometry and HPLC.
Quantitative assessments of the nisoldipine photodegradation included evaluation of the quantum yields and kinetic parameters.
In order to establish the light intensity absorbed by a system, Reinecke salt was used as a chemical actinometer. The values of
the quantum yieldsy) of photodegradation decreased with increasing dye concentration and were 0.24-0.15 and 0.27-0.25 for
indigotine and azorubine, respectively.

Furthermore, our attention was focused on determination the role of the selected dyes during the photodegradation of nisoldipine
and the calculations were made to eliminate an inner filter effect. The values obtained were used to construct a Stern—\olmer
plot and calculate the Stern—Volmer constaits,j. On the basis of th&sy and the values of the quenching constag} the
exited state lifetime1(,) of nisoldipine in the presence of indigotine and azorubine were estimated. The calculated vajues of
for NS were 6.66< 10-°s — in the presence of indigotine and 2:7607%s — in the presence of azorubine, indicating that the
photodegradation of nisoldipine occurs from the lowest triplet excited state.
© 2005 Published by Elsevier B.V.
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1. Introduction of cardiovascular disorders, such as hypertension,
cardiac arrhythmia and angina pectorikldcke,
Dihydropyridine derivatives (DHP) are considered 1999; Vries et al., 2000; Cleophas and Marum, 2001
extremely effective drugs used in the treatment The next generations of DHP are characterised by a
variety of beneficial properties and have been recently
"+ Corresponding author. Tel.: +48 61 8659566: succ.essfljllly appligq in the treatmeqt of many non-
fax: +48 61 8659566. cardiological conditions, such as migraine, asthma,
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(Silberstein and Goadsbhy, 2002; Pepine et al., 2003; 2. Experimental methods
Eisenberg et al., 2004Their effectiveness in the treat-
ment of so diverse conditions reflects the factthatinthe 2.1. Materials and instrumentation
majority of cells the C#' ions are important carriers of
intracellular information. On the other hand, the most Nisoldipine [&)3-isobutyl-5-methyl-1,4-dihydro-
inconvenient feature of the drugs having a dihydropy- 2,6-dimethyl-4-(2-nitrophenyl)-pyridine-3,5-dicarbo-
ridine ring is their excessive sensitivity to light leading xylate (GoH24N20g; M, =388.4 g/mol) was kindly
toirreversible structural changes resulting in the loss of supplied by Lusochimica Milano, Italy. Azorubine
potency or the therapeutical inactivitjlyarez-Lueje and indigotine were purchased from Hoffmann and
et al., 1998. Light induced transformation has been LCW, respectively. Methanol and acetonitrile (HPLC
found to lead to oxidation of the dihydropyridine grade) were purchased from J. T. Backer.
ring (Alvarez-Lueje et al., 2002; Ragno et al., 2003 Water was twice distilled and purified by Milipore
Moreover, exposure of the compounds containing the Water Purification System Milipore Corp., USA. The
nitro group to irradiation induces reduction of the nitro potassium Reinecke salt was synthesised from ammo-
group to the nitroso group. The compounds containing nium salt made by Fluka.
the nitro group atrtho position of the phenyl ring, such Spectrophotometer UV-160A, Shimadzu and PC
as nisoldipine (NS), are particularly photosensitive 160 Plus software. High-performance liquid chromato-
(Ragno et al., 2002; afiez et al., 2004 Marinkovic graph, equipped with a pump Waters 616, a Photodiode
et al. (2000, 2003)ndicate that exposure of NS to UV Array Detector Waters 996 and Millennium 2000 soft-
light results in the oxidation of the DHP ring. On the ware.
other hand, daylight induces both the aromatization of
the DHP ring and the reduction of the nitro group to the 2.2. Irradiation conditions
nitroso group Karinkovic et al., 2000; Marinkovic et
al., 2003. Other photodegradation products of NS have Photodegradation was performed following the rec-
been identified bivlichelitsch et al. (1995)According ommendations of the International Conference on Har-
to these authors, the nitroso derivatives can form monisation (ICH)—option I, currently in force in the
dimers capable of undergoing further transformations. study of photostability of drugs and therapeutic sub-

It has been shown that the products formed as a stances, using a high-pressure lamp, type HBO-50,
result of DHP irradiation are pharmacologically inac- equipped with a mercury burner emitting the radiation
tive (Alvarez-Lueje et al., 1998; Michelitsch et al., inthe range of 300-400 nm. The maximum absorption
1995. Thus, to avoid the photodegradation, efforts are ati =365 nm was obtained using the interference filter
made to find new methods to enhance the photostabil- and Wood's filter.
ity of DHP and so far the technique most often used Methanol solution of nisoldipine with the concen-
to improve the photochemical stability within the DHP  tration 7.77x 10-8 M was transferred to a cylindrical
group has been complexation with cyclodextrins (CD). quartz cell ¥=2.8ml,/=1cm) and exposed to irra-
It has been shownMielcarek, 1995, 1997; Pomponio  diation for 30 min. At different times of irradiation
et al., 2004 that the use of modified CD ensured much the absorption spectra were recorded in the range of
more effective photoprotection when compared with 200-500 nm against methanéiig. 1).
native CD. Some other report$graoka et al., 1989
have shown that titanium dioxide can play a photopro- 2.3. High-performance liquid chromatography
tective role. conditions

Therefore, the aim of our study was to check the
effect of dyes on the photostability of NS in solutions The HPLC method employed a LiChrospher RP-18
as well as to determine their photoprotective mecha- analytical column (250 mm 4 mm) (Waters). The
nism. From among the dyes used in pharmaceutical column operated at temperature “Z All analyses
industry to colour drugs and therapeutical substanceswere performed under isocratic conditions with mobile
azorubine and indigotine have been selected for our phase consisting of methanol-water—acetonitrile
studies. (5:4:1, viviv), at the flow rate 0.6 ml/min. Sample
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Fig. 1. The chemical structure, spectral changes of nisoldipine after different time of irradiation and chromatogram corresponding to 12 min

exposure to light source.

injection volume was 2QL, and the run time was tively, were subjected to photodegradation. After the
35min. The chromatogram of NS after exposure to appropriate time of exposure, absorption spectra of the
irradiation for 12 min is presented Fig. 1 compounds were recorded in the range of 200—700 nm.
The exposure of the methanol solutions of the dyes to
irradiation had no effect on their absorption spectra
(Fig. 2.

Subsequently, two series of eight combinations were
prepared including NS with the same concentration

2.4. Photodegradation studies

Solutions of indigotine and azorubine with the con-
centrations 6.9% 106 and 2.98< 10°%M, respec-
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Fig. 2. The chemical structures and absorption spectra of indigotine and azorubine before and after irradiation for 40 min.
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Table 1 Table 2

Real quantum yields for nisoldipine irradiated in the presence of Kinetic parameters of photodegradation of nisoldipine obtained by
indigotine and azorubine spectroscopic method (SP) and high-performance liquid chromatog-
Indigotine ¥R Azorubine YR raphy (HPLC)

concentration (19M) concentration (19M) Method Correlation Rate constant, 95 (min) 10,1 (min)

_ 024 - 035 coefficient & x 107 (min~1)

1.39 021 0.89 0.25 )

2.08 020 1.78 0.23 SP 0.999 2.99 23.10 3.51

2.78 0.19 298 0.28 HPLC  0.998 2.96 23.38 3.56

4.17 0.17 417 0.28

5.56 0.20 5.36 0.26

6.25 0.16 5.95 0.27 the equation:

6.95 0.15 7.14 0.25

¢r, Real quantum yield. INA=1InAg—kt

On the basis of the above equation the following

each and increasing concentrations of dykable J. kinetic parameters were estimated: the rate constant of
The solutions were subjected to photodegradation for photodegradationk}, the half-life time fo5) and the
30min in the conditions described in Secti@® time of degradation of 10% of the compoungly), see

Changes were monitored at regular time intervals by Table 2
means of the spectrophotometric method and HPLC  |n order to determine the kinetic changes of nisol-

(Figs. 3 and % dipine photochemical degradation the quantum yields
were calculated. To establish the number of quanta
2.5. Kinetics of photodegradation absorbed by a system, Reinecke salt was used as a

chemical actinometer.
The results obtained by means of the spectrophoto-
metric method and HPLC were used for quantitative
assessment of photochemical degradation of NS. The3. Results and discussion
photodegradation of NS both in the absence and pres-
ence of the dyes was determined. Changes in the con- The possibility of increasing photochemical stabil-
centration of NS during irradiation can be described by ity of NS by taking advantage of the dyes, frequently
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Fig. 3. Spectral changes of nisoldipine in the presence of indigotine and chromatogram corresponding to 12 min exposure to irradiation.
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Fig. 4. Spectral changes of nisoldipine in the presence of azorubine and chromatogram corresponding to 12 min exposure to irradiation.

used by pharmaceutical industry to colour drug pre-  Itshould be emphasised thatthe solutions of the dyes
sentations has been studied. From among numerousalone subjected to the irradiation in the same conditions
derivatives within the 1,4-dihydropyridines group, NS as NS have been characterised by significant stability.
has been selected for our research, because of itsAs illustrated in the~ig. 2, no changes in the absorp-
extreme photochemical sensitivity resulting from the tion spectra of indigotine and azarubine subjected to
presence of the nitro group at thetho position of the irradiation for 40 min have been detected.
phenyl ring. Quantitative assessment of the photochemical
Indigotine and azorubine were used as photopro- degradation involved determination of the kinetic
tectors. The photodegradation of nisoldipine in the parameters: the rate constant of photodegradakipn (
presence of dyes was carried out following the rec- the half-time time 1 5) and the time of degradation of
ommendations of the International Conference on 10% of the compound( 1) (Table 2.
Harmonisation—option |. The photodegradation was Estimation of the photochemical degradation
assayed by means of UV-vis spectrophotometry and required measurements of the irradiation energy
HPLC. absorbed by the system studied. In our experiment, it
As shown inFig. 1, the irradiation caused changes was measured by the method of chemical actinome-
in the UV spectrum of the compound. The hip- try. In order to determine the number of quanta emitted
sochromic effect of the absorption band in the range Reinecke salt was used. A Reinecke salt solution was
of 320—420 nm, appearing as a result of the irradiation, irradiated with the wavelength= 365 nm for 85s. The
is assigned to ther— =" electronic transition in the  number of quanta absorbed by the actinometer was
heterocyclic dihydropyridine ring. The hyperchromic 3.626x 104 and was equal to the number of quanta
effect in the range of 260-320 nm, is related to the falling on the nisoldipine solution studied in the time
w— 1 electronic transitions in the aromatic ring. of 85s.
The photodegradation of NS was also analysed by  The energy of a quantum of radiation)of 365 nm
the HPLC method and optimisation of the analysis (Eg) was calculated from the formula:
conditions permitted a satisfactory separation of the 1
product of decomposition. The photoproduct appeared f _ h—  6.624x 1034 2998 1ms
already after 3 min of irradiation and the retention times 365x 10 °m
(tr) for NS and the product of its photodegradation —5442% 10°197
were 27.15 and 24.78 min, respectively.




150 J. Mielcarek et al. / International Journal of Pharmaceutics 304 (2005) 145-151

The intensity of irradiation) absorbed by the acti- Indigotine
nometer was: 164 y = 79888.17x + 1.01

r=0.992
_ 5.442x 10719 x 3.626x 10*
B 85

=232x10°%wW

Azorubine
y =33509.68x + 1.03
r=0.955

P

Given the area of the cell surface equal to 2.26,cm
the energy of irradiation falling onto the area of #m
in 1h (Es) was calculated:

E, =232 x 10 2Wsm 2 = 8352 Whni?2 1.0 s

AANS/AA NS+DYE

NS + indigotine

NS + azorubine

The experiments permitted determination of the
apparent quantum yields and their extrapolation to
the zero irradiation time gave the real quantum yields Concentration of dyes [10° M]
(pr) (Table 1. The quantum vyields of nisoldipine
photodegradation decreased with increasing concen-
tration of the dye and changed from 0.21 to 0.15 with
indigotine concentration increasing from 1.820° INSFDYE — Jo(1 — 10~ (ensens+eovecove)ly
to 6.95x 10-6M and from 0.36 to 0.25 with azoru-

2 4 6 8

Fig. 5. Stern—Volmer plot for nisoldipine in the presence of dyes.

bine concentration increasing from 0.2A0°° to JNS(DYE)
7.14x 1075 M abs ___ _ENSCNS
. o DYENS) ~ ¢ovecove

In photochemical processes, the substances added/abs
to the irradiated system can act as sensitizers, inner
filter or quencher. In order to identify the role of the e ENSCDYE
dyes studied in the process of NS photodegradation, [NSTDYE T ENSCNS + EDYECDYE
the calculations of the absorption were performed in 2%
which the apparent quenching effect, so-called inner ENSCNS + £DYECDYE
filter effect of the dye molecules was eliminated. NS = IaNbSS(DYE)

On the basis of the well-known relations for the ENSCNS
intensity of irradiation absorbed by a system with one 1 — 10 ensens!
and with two absorbing components, the intensity of 1 — 10 (ensens+epyECDYE)

irradiation absorbed by NS was calculated as a func-

tion of the dye concentration. NS is the intensity of irradiation absorbed by NS;
In the following equations, the relations taking into  ;NS(DYE) intensity of irradiation absorbed by NS

account the inner filter effect due to the dye presence ir? ?he presence of the dyens the molar absorp-
have been regarded:

tion coefficient of NS,ens=5590mottlcm=1 at

IaNst = Io(1 — 107 ensensh) A =365nm;epye the molar absorption coefficient of
the dye at = 365 nm; indigotine, 2528 mot lcm—1;
IBYE _ o(1 — 10-covecovel) azorubine, 4365 mof1cm—1; ¢ns the concentration

of NS [M]; with indigotine, 7.59x 105 M; with azoru-
bine, 7.18x 107> M; cpyg the dye concentration [M];
[ the optical path length.

The obtained corrected values of the absorption
were used to plot a Stern—Volmer type function of
the ratio of the NS quenching rate in the absence
JNS+DYE _ /NS(DYE) , ,DYE(NS) and in th_e presence of the_ dye, versus the dye
abs abs abs concentration Kig. 5. Assuming that the quench-

ENSCN
[NS(OYE) _ o SCNS
ENSCNS + EDYECDYE
x (1 — 10~ (ensenstepvecove)l)
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ing is diffusion-controlled, the quenching rate con-
stant ¢q) can be compared to that of the diffusion-
controlled processeskd;). The value of kg for
methanol of the viscosity= 0.5513x 10° Pasat25C

is 1.2x 10°°1®mol-1s1. Considering the above
assumption, it was possible to estimate the lifetime
of the excited state quenched,) involved in the
NS photodegradation. The values f of nisoldip-

ine with indigotine and azorubine applied as quenchers .

are 6.66x 10 6s and 2.76< 106, respectively. The
values ofty obtained suggest that the excited state
of nisoldipine from which its photodegradation takes
place is the lowest triplet state.

4. Conclusion

The dyes studied indigotine and azorubine can be

potential photoprotectors of drugs from the group of

1,4-dihydropyridine as they quench the excited states

of these compounds.
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