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ABSTRACT

The present study addresses the electrochemical behavior and the analytical applications of six 2-
nitrophenylbenzimidazole derivatives with activity against Trypanosoma cruzi. When studied in a wide
range of pH, by differential pulse polarography, tast polarography and cyclic voltammetry, these com-
pounds exhibited two irreversible cathodic responses. With analytical purpeses, the differential pulse
polarography mode was selected, which exhibited adequate analytical parameters of repeatahility, repro-
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ducibility and selectivity. The percentage of recovery was in all cases over 99%, and the detection and
quantitation limits were at the level-of 1 x 10~7 mol L= and 1 x 1075 mol LY, respectively. In addition,
the differential pulse polarography method was successfully applied to study the hydrolytic degradation
kinetic of one of the tested compounds. Activalion energy, kinetic rate constants at different temperatures
and half-life values of such application are reported. )

1. Introduction

Parasitic diseases are a public health problem in many countries
of the world. It is reported that approximately 18 million of people
are infected with Trypanosoma cruzi, the protozoa responsible of
Chagas’ disease, especially inrural and poor areas in South and Latin
America [1]. At present, there are two available drugs for the treat-
ment of Chagas’ disease: nifurtimox and benznidazole, which have
significant activity in the acute phase of the disease, although lim-
ited efficacy in the chronic stages, carrying severe side effects [2].

Compounds with benzimidazolic nucleus present a wide spec-
trum of biological activities such as antiparasitic, antibacterial,
antiviral and antitumoral, amongst others {3,4]. '

On the other hand, nitroaromatic compounds have proven
antiparasitic, antibacterial, antimycotic and antitumoral activities,
which are related to their electrochemical properties. The nitro
group is very reactive in the presence of oxygen, and its complete
reduction involves the addition of 6 electrons to form the amine,
via nitro radical anion (1e~), nitroso (2e~ }and hydroxylamine (4e™)
intermediates [5-8].

There is evidence that free-radical metabolites from nitroaro-
matics compounds can cause deleterious effects in bacteria,

parasitic and mammalian cells, which can be correlated with the

pharmacological activity of these compounds. According to the Eqpy
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values determined in aqueous solutions by cyclic voltarmmetry or
polarography, the reduction of the nitro group is not reversible and
may invoive the addition of up to 4 electrons, being the first one
usually the most difficult to add [S].

According to the above, combining a benzimidazole nucleus
with a nitroaromatic ring could result in compounds with rele-
vant biological activity against parasites. In a previous report [10],
usitg HPLC and UV-spectrophotometric techniques we character-
ized a new series of 2-nitrophenylbenzimidazole derivatives which
exhibited growth and oxygen uptake inhibitory effects in T. cruzi
epimastigotes. Aiming to further studying tHese compounds and
taking inito account the relevance of the electrochemical proper-
ties on their biological activity, in this work we have addressed
the electrachemical behavior and the development of electroan-
alytical methods for the following six nitrophenylbenzimidazole
derivatives: 2-{2-nitrophenyli)-1 H-benzimidazole (NB), 1-benzaoyl-
2-(2-nitr0phenyl]-benzimidazole {BNB), 1-(4-methoxybenzoyl)-
2—{2—nitrophenyl)—benzimidazole {PMNB), 1-(4-chlorobenzoyl)-2-
(2»nitmphenyi)—benzimidazule (PCNB), 1-(4-fluorobenzoyl)-2-(2-
nitrophenyl)-benzimidazole (PFNB) and 1-(4-nitrobenzoyl)-2-(2-

nitrophenyl)-benzimidazole (PNB) (Fig. 1).

2. Experimental
2.1. Reagents and drugs

2-(_2-Nitrophenyl)~1}-i«benzimidazale (CiaHgN302.  MW!
239.06gmol~1, MP: 277-278.5°C); 1-benzoyl-2-(2-nitrophenyl)-
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Fig. 1. Chemical structures of 2-{2-nitrophenyl)-1H-benzimidazole (NB), 1-
benzoyl-2-{2-nitrophenyl}-1H-benzimidazole {BNB), 1-(4-methoxybenzoyl)-2-{2-
nitrophenyl)-1H-benzimidazole (PMNB), 1-{4-chlorobenzoyl }-2-{2-nitrophenyl)-
1H-benzimidazole (PCNB), 1-{4-fluorobenzoyl)-2-{2-nitrophenyl)-benzimidazole
{PFNB) and 1-(4-nitrobenzoyl}-2-(2-nitrophenyl)-1 H-benzimidazole {PNB).
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benzimidazole (CogHi3N303, MW: 343.33gmol~!, MP: 161°C);
1-(4-methoxybenzoyl}-2-(2-nitrophenyl -benzimidazole (Cz1His
N304, MW: 373.36 g mol~1, MP: 124-126°C); 1-(4~chlorobenzoyl)-
2-(2-nitrophenyl)-benzimidazole {CapH12N305C1, MW
377.78gmol~!, MP: 127-129°C); 1-(4-fluorobenzoyl)-2-(2-
nitrophenyl)-benzimidazole (C3oH2N303F, MW: 361.33gmol™",
MP; 165-166°C) and 1-(4-nitrobenzoyl)-2-(2-nitrophenyl)-
benzimidazole (CyoH12NsOs, MW: 388.33gmol~!, MP:
174-176.9°C) were obtained in our laboratory according to a
procedure previously described [11,12]. The purity of these com-
pounds was assessed by 'H NMR, 1¥C NMR, IR and melting point.
All reagents were of analytical grade, unless indicated otherwise.
Methanol and acetonitrile, HPLC grade, were used. Deionized
water was obtained in the laboratory, using ionic exchange
columns (Milli-Q).

2.2. Solutions preparation

2.2.1. Buffer solutions

0.1 molL~! Britton-Robinson buffer (acetic acidfboric acid/
phosphoric acid) [13] was used for pelarographic experiments, and
desired pH adjusted with NaOH or HCl concentrated solutions.

2.2.2. Stock drug solutions

NB and BNB were dissolved in ethanol. PMNB, PCNB, PFNB and
PNB were dissolved in acetonitrile. All solutions were prepared to
a final concentration of 1 x 10~3 mol L-!, and protected from light
using amber glass material,

2.2.3. Work solutions

For differential pulse pelarographic (DPP) and tast polarographic
(TP) experiments in protic medium, 2.5 mL aliquots of the NB and
BNB stock solutions were taken and then diluted to 25 mL with
ethanol/0.1 mol L~ Britton-Robinson buffer solution (final ratio of
30/70 v/v). For the other compounds 2.5mL aliquots were taken
and diluted to 25 mL with acetonitrile/0.1 mol L-1 Britton-Robinson
buffer solution (final ratio of 30/70 v/v for PFNB and 50/50 v/v
for PMNB and PCNB) or acetonitrile/0.2 mol L~ phosphate buffer
solution for PNB (final ratio of 50/50 vjv).

For cyclic voltammetric (CV) experiments in protic medium,
working solutions were employed as previously described. In
non-agueous medium, the studies were carried out in dimethylfor-
mamide containing as supporting electrolyte tetrabutylammonium

perchlorate (0.1 molL-!). All the compounds were employed at
1 x 10~3 mol L~! concentration.

2.3. Apparatus

2.3.1. Voltammetric analyzer

DPP and TP experiments were performed with a Metrohm
Model 693 VA-Processor, equipped with a model 694 VA-stand.
A 25-mL thermostated Metrohm measuring cell, equipped with
either a dropping or a hanging mercury electrode (Metrohm) as
the working electrode, a platinum wire counter electrode and a
calomel reference electrode, was employed. The operating condi-
tions were: sensitivity 2.5-10 p.A; drop time 0.6s; potential range
0 to —1800mV; AE, —6mV; pulse refard 40ms; pulse height
—50mV. CV experiments were performed in a Bioanalytical Sys-
tem (BAS), CV-50W, couple to Pentium computer with CV-50W
acquisition and treatment program.

2.4. Molecular modeling

All calculations were run on a SGI workstation and the protocol
for the iterative simulated annealing (1SA) calculations was similar
to one previously described [14]. This protocol was run five times,
employing fully extended starting structures of NB, BNB, PMNB,
PCNB, PFNB and PNB, obtaining the same global minimums each
time for each compound.

2.5. Analytical procedure

2.5.1. Calibration curve preparation

Working solutions, ranging between 1x10~6molL~" and
1x 10~*molL~!, were prepared by diluting each stock solution
with ethanol{0.1 mol L~ Britton-Robinson buffer pH 4.0 for NB,
pH 5.0 for BNB (final ratio of 30/70 v/v) or acetonitrile/0.1 mol L~
Britton-Robinson buffer pH 6 for PMNB and PCNB (final ratio of
50/50 v{v), pH 7 for PFNB (final ratio of 30/70 v/v) or acetoni-
trilef0.2 mol L~ phosphate buffer pH 7 for PNB (final ratio of 50/50
viv).

2.5.2. Selectiviry studies {15/

2.5.2.1. Degradation trials. Hydrolysis: 1 mLof each compound stock
solution was placed in a 10mL-distillation flask and (a) S5mL
0.1 mol L1 HCI for acid hydrolysis or (b) 5mL 0.1 mal L~! NaOH for
basic hydrolysis, was added. Then each solution was boiled for 3h
at reflux.

Photolysis: Separately, 3mL of each compound stock solution
were placed in UV-cells and disposed on a black box and then
irradiated with UV light (UV black-ray long wave UV lamp, UVP
model B 100 AP, 50Hz, 2.0 A, with a 100W Par 38 Mercury lamp
equipped with a 366nm filter) at a distance of 15cm for 8h
(1.2 x 10'® quantas~!, determined by using potassium ferrioxalate
chemical actinometer [16]).

Samples of each of the solutions obtained through the degra-
dation trials were diluted, as previously described in Section
2.2.3, with ethanol/0.1 molL~! Britton-Robinson buffer, acetoni-
trilef0.1 moiL-! Britton-Robinson buffer or with acetonitrile/
0.2 mol L~ phosphate buffer, to obtain a theoretical concentration
of 5 x 10~3 mol L-1, Each sample was analyzed in duplicate.

2.5.2.2. Pharmaceutical interferents. Typical pharmaceutical excip-
fents: cornstarch, magnesium stearate, lactose, sodium lauryl
sulfate, titanium dioxide, sodium carbonate, polyethylenglycol 400
and 4000, hydroxypropylcellulose, hydroxypropylmethylceluliose,
sorbitol, talc, sodium starch glycolate/sodium carboxymethyl starch
{Explotab®) and microcristalline cellulose (Avicel® pH 101), were
tested.
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2.5.2.3. Stability studies. A stock solution of BNB was
diluted to obtain an initial concentration ranging between
1.0 % 10~4molL-! and 1.0 x 107> molL~" in a final ratio of 30{70
(vfv) ethanol/0.1molL~" Britton-Robinson buffer solution, at
selected pH (3, 4, 5, 6, 7.4, 8, 9 and 10}, and its degradation was
studied at 25"C. The solution prepared at pH 7.4 was further
studied by placing in an oven at 25°C, 40°C and 60°C (+0.2°C)
samples contained in 2mL amber vials (at least two for each
point of the degradation curve), According to the temperature
of exposure, vials were removed from the oven at selected time
intervals (at 30 min, 20min and 10min for 25°C, 40°C and 60°C,
respectively), placed on ice immediately after to quench the
reaction, and assayed by DPP. Degradation experiments were
carried out in duplicate and monitored, at least, over three
half-lives.
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2.5.2.4. Activation energy (Eq). Each E; value was obtained from
Arrhenius model, by plotting Ink vs. 1/T for each concentration
tested. The final E; value represents the average of the E; calcu-
lated for a concentration of 1 x 10~* mol L-1 at pH 7.4. In all cases,
regression coefficient values higher than 0.993 were obtained.

3. Results and discussion

3.1. Electrochemical studies

NB, BNB, PMNB, PCNB and PFNB in protic media were reduced on
amercury electrode surface. The polarograms obtained by DPP or TP
exhibit, in a broad range of pH, two peaks or two waves, respectively.
In all cases, the main signal obtained (1) is a well-resolved peak. The
second signal appears at more negative potentials and lower peak
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Fig. 2. DPP evolution with pH of 2-nitrophenylbenzimidazole derivatives. Insert: TP dependence with pH.
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currents (II). Fig. 2 depicts the polarographic evolution of the com-
pounds as a function of the pH. At low potentials, the first signal (I)
for these compounds would correspond to the reduction of the nitro
group, generating the hydroxylamine derivative, which involves 4-
electrons, according to [17]: R-NO3 +4e~ +4H" — R-NHOH + H;0.
On the other hand, signal 11 is likely to correspond to the azomethine
reduction [18-20].

Unlike the above, PNB exhibits a more complex polarogram with
two overlapped signals, due to the presence of two nitro groups in
its structure. Regardless of the organic solventfbuffer solution used
(acetonitrile/Britton-Robinson, methanol{phosphate, dimethylfor-
mamidefphosphate, acetonitrile/phosphate); these signals could
not be well resolved. By comparing the polarographic responses
of the other N-substituted derivatives studied with PNB, signal 1
would correspond to the p-nitro reduction, signal Il to the o-nitro
reduction and signal 1I] to the azomethine reduction.

Peak potential evolution with pH is shown in Fig. 3. As can be
seen, peaks potential T and [I shift towards more cathodic poten-
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tial as the pH increases, exhibiting a linear dependence with pH,
reaching a pH-independent behavior from pH 9-12 (peak II) for
NB. Also, for the main peak (1), breaks in the linear response are
clearly observed for NB, BNB and PFNB, between pH 4 and 5; prob-
ably due to the pK; values of these derivatives. In the TP mode, all
studied compounds presented dependence between E;j; and the
pH, showing breaks at around pH 5. Table 1 summarizes the slopes
of the linear segments and the corresponding breaks for each of
the studied compound. As can be seen, the amphoteric compound
NB exhibits a lower dependence with the pH for the first signal
(8Eq;3/6pH~30mVpH~1). Such behavior differs from that of the
other N-substituted derivatives, which are weak bases and exhibit
slopes around twice greater (8E;;3/6pH between 65 mVpH~! and
71 mV pH~1}; these structural and acid-base differences between
NB and the others compounds would produce changes in the elec-
trodic mechanism, affecting the o, term (where « is the transfer
coefficient) that translates into a significant change in the slope of
the potential vs. pH plot [21]. In a previous report, we calculated the
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Fig. 3. Peak potential evolution with pH of 2-nitrophenylbenzimidazole derivatives. Insert: peak current dependence with pH.
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Table 1
8E; j2/8pH values for the linear segments for the 2-nitrophenylbenzimidazole deriva-
tives in protic media (signal 1, TP),

Compound 1st segment, mV pH~! 2Znd segment, mV pH-!
(pH range) {pH range)

NB 29.6(2-4.5) 52.6(4.5-9.5)

BNB 69.7 (2-5.5) 55.3 (5.5-9)

PMNB 65.7 (2-6) 59.1 (6-9)

PCNB 65.6 (2~6) 55.7(6-9)

PFNB 71(2-5.5) 51.1(5.5-9)

PNB 58.5(2-5)%; 69.6 (2-5)° 55.6(5-8): 61.9 (5-8)°
2 Signal 1.
b Signal II.

pKa value of each compound by means of UV-spectrophotometry
[10];: NB exhibits two pK, values, 5.69 and 11.38 for the N=C
and NH, respectively, unlike other benzimidazole derivatives that
present only one pK, value, corresponding to their weak base
imidazole nitrogen {pK; sns = 4.90; pKa pmng =4.71; pK; pos =4.69;
PK; peng =4.86 and pKg pyp =4.79). These values are in agreement
with the breaks observed above in the electrochemical studies. On
the other hand, it can be seen that the peak current reaches its
maximum value near pH 6 and its behavior is consistent with peak
potential evolution seen for peak I (insert in Fig. 3).

The differencesin the reduction potentials seen between the var-
ious 2-nitrophenylbenzimidazole derivatives could be explained by
either, the loss of coplanarity of the nitro group from the plane with
respect to the phenyl ring, as a consequence of a steric effect of
the 2-benzimidazole substituent [22], or the staking of the phenyl
ring of the 2-nitrophenylbenzimidazole nucleus with that of the
N-benzoyl substituent. In either case, a reduction of the nitro
group at the electrode would become more difficult to occur [23].
Thus, the distortion of the coplanar arrangement diminishes the
resonance between the nitro group and the aromatic system, pro-
ducing shifts towards more negative potentials. These effects can
be clearly appreciated when the peak potentials of NB (without N-
substitution) and BNB (N-benzoyl substituted} are compared with
that of the others N-p-benzoyl substituted derivatives; while the
former exhibit values of —=360 mV and —490 mV, the latter present
peak potentials higher than —500 mV (values obtained in acetoni-
trile/0.1 mol L~ Britton-Robinson buffer, 30{70 v{v, pH 7). [n order
to support the above assumptions, a conformational search to find
the global minimum conformers for each compound was carried
out using an ISA calculation [14]. Unlike the other compounds, NB
shows no coplanarity or staking phenomena (due to the absence of
a N-benzoyl substituent) (Fig. 4A). In the case of BNB, the staking
was partial (Fig. 4B) while for the other compounds such effect was
complete, shifting the potential to more negative values (Fig. 4C
depicts the case of PFNB).
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Fig. 5. Cyclic voltammograms of (A) 1x10~molL-! PCNB in acetoni-
trilef0.1 mol L~" Britton—Robinson buffer (50/50 vfv) at different sweep rates;
(B) 1% 10-3 mol L~ solutions of NB, PMNB and PCNB in non-agueous medium at
1Vsl,

Additionally, CV studies were conducted at different
pH and sweep rates (Fig. 5A). In protic media, the 2-
nitrophenylbenzimidazole derivatives displayed, at all pH (3,
7 and 10) and scan rate (0.1-10Vs~1) studied, an irreversible sig-
nal, being observed that each signal moves towards more negative
potentials as the pH was increased (data not shown).

Upon analyzing the relationship between peak current and
sweep rate (logl, vs. log sweep rate plot), slope values near to

Fig. 4. Ball and Stick conformational representation of global minimum energy conformer of NB {A), BNB (B) and PFNB (C).
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o 0.5 were obtained, which reveals that that the electrodic process
7 Lo is diffusion-controlled [24]. On the other hand, when the experi-
a oK % g [ ments were carried out in non-aqueous medium it became possible
& & @ RE to dist_inguish‘ the typ}ical reversible monoelectronic couple corre-
e qL38 =28 sponding to nitro radical generation (AE, ~60mV at 10Vs—1)[25].
2188 9 BT ER The experimental cathodic potentials in non-aqueous medium
mllenn e PR e at 1Vs~! were, for NB, BNB, PMNB, PCNB, PFNB, —715, —899, —890,
—870 and —850 mV, respectively, and for PNB, —936 and —1110 mV
(Fig. 5B shows typical CVs for NB, PMNB and PCNB derivatives).
o These peak potential reduction values are in agreement with those
w & previously described for other nitroaromatic compounds with rec-
%B% ognized biological activity [26-31]; particularly relevant is the
e WS ke similarity that arises from comparing the reduction potential of
2| d & TLRE 88 the compounds tested in the present study and that of nifurtimox
gl E g oAy ; th (—876 mV) [10,32]. Considering that the easiness of reduction of
] R G S SAB nitroaromatic compounds tends to correlate with their pharmaco-
logical activity [22,32], it seems reasonable to state that the growth
and oxygen uptake inhibitory effects seen in T. cruzi observed pre-
o viously for these 2-nitrophenylbenzimidazole [10] be attributed to
4 1 = their easiness to undergo nitroreduction.
|
w0 E e :, ; L.
- RN R 3.2. Analytical applicaftions
sled S Sdba8 22
g @I g & gzl o With analytical purposes, DPP mode was selected. In Table 2,
both the optimal experimental conditions and the analytical
parameters are summarized [33]. Repeatability and reproducibil-
ity at different concentration levels were adequate with RSD lower
a than 3%. In addition, the developed method was checked for
T Tlr"’? selectivity by testing hydrolysis, photolysis, oxidation, synthesis
A . 3 ,g ;": precursor in_terferences a_nd typical excipient‘s commonly four_ld in
g el 3 uf| T § L pharmaceutical fnrmu]atmr_ls‘ In these experiments, no new signal
Blo et wond == or decrease of peak current in the polarograms were observed, with
E|0na % S Sodokoe the exception of the hydrolysis test in which a new signal appears at
more anodic potentials for BNB, PMNB, PCNB, PFNB and PNB (data
not shown).
i The developed polarographic methodology was applied to
A follow the hydrolytic degradation kinetic of BNB. Fig. 6 depicts
""g_f:g the polarograms obtained from hydrolysis trials carried out at
Gitn X ,‘g = pH 7.4 and 25°C. As can be seen, the polarographic peak of BNB
3 = 2 ;§ 1L (=485 mV) diminishes along the time of hydrolysis and a new
alen f H#22 DT signal appears at —333 mV, which corresponds to that of NB, the
Zlos = grxLl ma electroactive decomposition product of BNB. To test the kinetic
order of the hydrolytic degradation, experiments at different initial
concentrations of BNB and pH were conducted. Changes in the
%: i initial BNB concentration did not affect the slopes of the decay
' | Byl w
_% %::E %EE%; -1.75 7
g = & afxE 54 |2X8RE -1.50 1 BNB
= ¥ g FLE] 22| R82
§lz|85 5 gXif 4i(|ssza&g 1251
g ZE§5¢E g "
£ EEEE2 g ]
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3| [s3iitice: si|Fiiic "
: g 2ET 'g ThE :,: EE 58|58 g E E Fig. 6. DP polarograms of 1x10~*molL-' BNB in ethanel/0.1 molL-'
a3 BB B~y B ‘E Bl e s v o w Britton-Robinson buffer {30/70 v/v) submitted to hydrolysis at pH 74 and
S e o 233 ac 25-C at different times.
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Fig. 7. (A) Effect of pH on degradation of 1.2 x 10~* molL~" BNB solution at 25°C,
insert: pH rate profile of the hydrolysis process of BNB at 25 °C. (B) Effect of temper-
ature on degradation of 1.2 % 104 mol L~! BNB solution at pH 7.4.

curves, and plots of In concentration vs. hydrolysis time were
found to be linear (data not shown). Consequently, from these
experiments we conclude that the hydrolytic degradation of BNB
follows a first order kinetic [34,35].

Regarding the influence of the pH, BNB exhibited a pH-
dependent degradation (Fig. 7A) and the rate constants (k) increase
concomitantly with the pH. Table 3 summarizes the k values and
the half-lives (t;) obtained at 25 "C and different pHs. On the other
hand, the hydrolysis was found to also depend on the temperature;
increasing the latter, from 25 °C to 40°C and from 40°C to 60°C,
dramatically changed the k values by 2.3- and 20.5-fold, respec-

Table 3
Rate constant (k) and half-life (t;;3) values for BNB degradation at dil-

ferent pHs (25:C).

pH k{h-1) tip ()
30 9.36 %104 12.3
40 517 = 10-* 223
50 2.94 % 101 392
6.0 433 %104 26.7
7.4 8,12 % 10~ 14.2
8.0 3.58 % 103 32
9.0 2.03 x 10-2 0.6
0.0 1.40 x 10~ 0.08

tively (Fig. 7B). From Arrhenius plot, an activation energy value of
14.9 kcal{mol was calculated. This value is in agreement with that of
reported for other drug undergoing hydrolytic decomposition [34].
In addition, the pH-rate profile corresponding to the hydrolysis pro-
cess of BNB at 25°Cis shown in Fig. 7A (insert). As can be seen, BNB
exhibits it maximum stability near its pK, value (pK, gng =4.90) and
also presents base catalysis hydrolysis from pH 7.5 [35].

4. Concluding remarks

The six 2-nitrophenylbenzimidazole compounds studied in pro-
tic media by DPP, TP and CV, present two irreversible cathodic
responses in a wide range of pH; a main signal was found to be
due to a nitro group reduction and a second one, probably to due to
the reduction of azomethine. In DPP and TP experiments, the peak
potential of the main signal exhibited, for each of the tested com-
pounds, a linear dependence with the pH, showing breaks that are
in agreement with the pK, values of each one. The differences in the
reduction potentials seen amongst the derivatives were explained
by both the loss of coplanarity of the nitro group from the plane to
the phenyl ring and the staking between the phenyl ring of the 2-
nitrophenylbenzimidazole nucleus and the N-benzoyl substituent.
On the other hand, in CV experiments in non-aqueous medium
was possible to distinguish the typical reversible monoelectronic
couple corresponding to the nitro radical generation, and peak
potential reduction values were in agreement with those previously
described for other nitroaromatic compounds with recognized bio-
logical activity.

Finally, on the basis of the electrochemical response of the six
new 2-nitrobenzimidazole derivatives, DPP methods were devel-
oped, exhibiting adequate accuracy, reproducibility and selectivity.
These methods could be applied for the determination of these
compounds in pharmaceutical forms and in further stability stud-
ies. Application of the here developed DPP methods requires no
treatment of the samples, is less time-consuming and less expen-
sive than other ones, such as HPLC or UV-vis spectrophotometry
[10].
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