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Abstract

Entacapone, a selective and reversible inhibitor of catechol-O-methyltransferase, is used in the treatment of Parkinson’s
disease in combination with levodopa/carbidopa to treat the symptoms of end-of-dose “wearing-off” effect. Considering
that new formulations are researched constantly, proper knowledge of the active pharmaceutical ingredients is crucial in
the preformulation stages. Kinetic analysis was performed using three methods: one integral—Flynn—Wall-Ozawa method,
one differential—Friedman method, and modified nonparametric kinetics method (NPK). The thermoanalytical curves
were registered at five different heating rates: § = 5, 7, 10, 12, and 15 °C min~ L. Analysis was conducted in the dynamic
air atmosphere to highlight potential thermooxidative processes. This paper deals with the investigation of solid-state
stability and compatibility of binary mixture of entacapone with various pharmaceutical excipients by two instrumental
techniques, such as universal attenuated total reflection Fourier transform infrared and thermal analysis (TG/DTG/HF). The
excipients used in the mixture were: mannitol, silicon dioxide, talc, sorbitol, magnesium stearate, and povidone.
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Introduction

Parkinson’s disease, the second most common neurode-
generative disorder that affects millions of people all over
the world, is known to be a condition in which the patients
develop gradually over time motor, behavioral, and cog-
nitive symptoms. The main affected structures are the
dopaminergic neurons from the basal ganglia which lead to
decreased dopamine levels in the central nervous system
(CNS) [1, 2].
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The main treatment is based on levodopa, a dopamine
precursor that crosses over the blood—brain barrier and gets
metabolised into the active substance. In order to avoid
increasing the dose and administration frequency of levo-
dopa, which in turn would elevate the risk of side effects,
an adjunct is added to the treatment, such as a compound
from the catechol-O-methytransferase (COMT) inhibitors
class, entacapone among them [3, 4].

Entacapone ((E)-2-cyano-N,N-diethyl-3-(3,4-dihidroxy-
5-nitrophenyl)acrylamide) is a member of the class of
nitrocatechols with a high lipophilicity [5], and also it is a
reversible, peripheral, selective COMT inhibitor, which is
an enzyme involved in the metabolism of levodopa [6-9].
By inhibiting the action of the enzyme, levodopa is not
decomposed in the peripheral area and higher concentra-
tions can reach the CNS to be converted into dopamine
[10, 11]. When administered in association with levodopa,
entacapone is able to prolong its half-life by almost 2.4 h,
allowing the administration of levodopa in patients with
advanced stages of the disease in a smaller dose, with a
decreased frequency and assuring the lack of the wearing-
off effect [4, 12, 13].
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Considering the fact that the main action mechanism
involves increasing levodopa’s bioavailability, it is only
natural that entacapone’s side effects are related to
increased dopaminergic stimulation [14]. These include
hyperkinesia or dyskinesia, nausea, vomiting, diarrhea, or
even hallucinations, all possibly reduced by adjusting the
dose of levodopa [6, 7].

The absorption of entacapone is complete and fast, but it
has a limited bioavailability, this fact due to the hepatic
first-pass metabolism [5]. Nitro group presence at the ortho
position to the hydroxyl group is essential for entacapone
potency and ability to inhibit COMT [15].

Entacapone can be found as a single active substance as
a tablet formulation or in association with levodopa and a
dopa-decarboxylase inhibitor, such as carbidopa [1, 16].
The use of this combination allows an increased flexibility
regarding the necessary dose while providing a higher
treatment adherence by avoiding the need to administer
multiple pills [17].

Until this moment ENT was study taking in considera-
tion the different mode of administration, it was found in
the literature as being delivered in the form of self-mi-
croemulsifying drug delivery systems [18], microspheres
[19] microcapsules [4], without study regarding on thermal
behavior.

By analyzing these facts along with the knowledge that
the prevalence of Parkinson’s disease is more concerning
as years go by, we consider it necessary to provide a
complete physicochemical profile of entacapone in order to
assure that in the ongoing drug design processes involving
this substance, all fundamental information imperative in
the preformulation stages is known.

The kinetic parameters of ENT were studied using TG/
DTG curves with Friedman (Fd), Flynn—Wall-Ozawa
(FWO), Kissinger—Akahira—Sunose (KAS), and Li-Tang
(LT) methods [20].

Regarding its physicochemical properties, it is known
that entacapone (Fig. 1) is a yellow or green—yellow
powder, with a molecular weight of 305.29 g mol ' and a
melting point of 162-163 °C, poorly soluble in water
(79 mg L"), soluble in acetone and anhydrous ethanol
[21-24].

The 3,4-dihydroxy-5-nitrobenzylidine derivative is a
weak acid that has a pKa value of 4.5 whose water solu-
bility varies significantly with pH values. At acidic pH
values, entacapone’s solubility is quite low (12.4 pg mL™"
at pH 3.0) and it increases as pH increases to more basic
pH values (1750 pg mL™" at pH 7.5) [25]. This fact may
be considered problematic because the low pH levels of
gastric fluids may be unfavorable to the substance’s solu-
bility and therefore its bioavailability [17]. As for its dis-
solution rate, the values are much higher for increased pH
values than for acidic ones, property explained by the
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Fig. 1 Chemical structure of entacapone

completely ionized form in which entacapone is found at
pH 7.5 [25].

Because of these properties, alternative administration
pathways are researched and even possible derivatives are
being taken under advisement. In order to successfully
obtain new pharmaceutical formulations, further analysis
regarding the behavior of entacapone under various ther-
mal conditions is required.

Materials and methods

The present study was performed in the dynamic air
atmosphere to highlight potential thermooxidative pro-
cesses for pure active substance and even for binary
mixtures.

The active substance, entacapone (Enta) was purchased
from Sigma (SMLO0654). The structure of the active sub-
stance is presented in Fig. 1. The excipients used for the
compatibility study with active substance are: mannitol
(Merck Germany), silicon dioxide (SiO,) (Aerosil 200
Evonik Degussa, Germany), talc (Luzenac Pharma, Italy),
sorbitol (Sorb) (Sigma, Germany), magnesium stearate
(MgSt) (Union Derivan, Spain), hydroxyethyl cellulose
(HEC) (Merck Germany), and povidone (PVP) (Sigma).

The studies were performed on the pure substance and
on binary mixtures of active agent and excipients (1:1,
w/w). The mixtures were prepared manually at room
temperature and then stored in a refrigerator until analysis.
For the study of interaction by spectroscopic techniques,
binary mixtures (active substance: excipient) were kept for
6 weeks without humidity and light at room temperature.

FTIR spectra were collected in the 4000-650 cm™'
spectral range, with a resolution of 1 cm™' and 16 co-
added scans using a PerkinElmer SPECTRUM 100 spec-
trometer with universal attenuated total reflection Fourier
transform infrared spectra (UATR-FTIR).

The thermal behavior for all of the samples was recor-
ded in the air atmosphere with a flow rate of
100 mL min~", using five different heating rates: § = 5, 7,
10, 12, and 15 °C min~' until 500 °C on a TG/DTA
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Diamond thermobalance produced by PerkinElmer in alu-
minum crucible.

Data were collected via PerkinElmer Pyris software. As
kinetic methods, integral methods (Flynn—Wall-Ozawa)
and one differential method (Friedman) were used. This
analysis was completed by using the nonparametric kinet-
ics method (NPK).

Results and discussions
Thermogravimetric analysis

Entacapone shows the TG curve obtained at a heating rate
of 10°C min~' to 500 °C in air at a flow rate of
100 mL min~"', a decomposition process with a loss of
32.88% in the range of 195-290 °C. The process can be
also highlighted by the DTG and heat flow curves. The
process of mass loss is an exothermic process with a
maximum of 247 °C and a AH of — 539 J g~ ! with a
maximum at 256 °C. The decomposition process is
accompanied by a melting process at 164 °C. This process
is continued by a mass loss in the range of 290-347 °C, a
5.68% mass loss that is observed on the heat flow curve
with a weak exothermic effect. The active substance
exhibits relatively high thermal stability (Fig. 2).

From the analysis of the thermoanalytic curves in the
interval 195-347 °C, there are two degradation processes
that can not be separated very well. In this temperature
range, it is possible to simultaneously lose the T-buty-
lamide molecule and the nitrite molecule.

The calculated mass loss is 38.70%, and the experi-
mental mass loss is 38.56% [20]. The two stages of
decomposition obtained in the air atmosphere cannot be

separated, so we can say that there are two parallel
decomposition processes. Therefore, the study will be
complemented with kinetic analysis by the NPK method,
which can highlight the complex decomposition stages.
The decomposition of the active substance in this temper-
ature range is a complex decomposition.

FTIR spectra

In this study the FTIR spectra of the active substance were
drawn up before and after thermal treatment at 350 °C and
are comparatively presented in Fig. 3.

A temperature of 350 °C was chosen because at this
temperature, the active substance lost almost 38% of the
sample mass. From the FTIR spectra made on the degraded
active substance at 350 °C, it is possible to emphasize the
vibrations of the bonds that disappear from the spectrum of
the initial substance after the thermal treatment.

From the FTIR spectra of the active substance treated at
350 °C, disappear the peaks in spectral range: 2976-2880,
1525-1480, 1295-1275, 820-775, and 720-665 cm ™'
which argues the losses of T-butylamide molecule.

The disappearance of the strips in the 3360-3220 and
1625-1610 cm ™' regions can be attributed to the loss of
the aromatic nitrite group.

Kinetic study

The kinetic parameters of the process of thermal degrada-
tion of Ent were determined from data collected at five
different heating rates: § = 5, 7, 10, 12, and 15 °C min~!
using open aluminum crucible in a TG/DTA Diamond
thermobalance PerkinElmer in air atmosphere (Lindegas,

5.0) with a flow rate of 100 mL min .
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Fig. 3 FTIR spectra of the active substance initially and thermally
treated at 350 °C

Starting from the generally accepted axiom that the
reaction rate can be expressed as a product of two separate
functions, i.e.,

darfdi = k(T)(2) (1)

where ¢ is time, T is temperature, and f(«) is the reaction
model.

The Friedman'’s differential-isoconversional method (FR)
[26]

For a single-step process and a heating rate f, Eq. (1)
becomes:

(B-do/dT), = k(T)f(«) (2)

where f is the heating rate, A and E—the preexponential
factor, respectively, the activation energy B-(do/dT) is the
direct available from DTG data, and f(«) is the conversion
function.

Because for solving Eq. (2) so many strategies were
suggested, with additional axioms and approximations, we
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consider that a believable kinetic study requires at least
three different methods.
By linearization of Eq. (2) in the form

[In (§ - da/dT), = n[A ()], E/RT] ©)

the value of E will be determinate.

At a certain conversion, the slope of the straight line of
In[f(da/dT)] versus 1/T gives the activation energy (see
Fig. 4). Because the conversion function f(«) is not explicit,
the Friedman’s method is considered a “model free”
method.

The integral method by Flynn-Wall and Ozawa (FWO)
[27, 28]

By integration of Eq. (3), it becomes:

Inf = InA/[R - g(«)] — 5.331 — 1.052 - E/RT) (4)

where {g(oc) = f(a)} is the integral conversion function.
By plotting of the left member of Eq. (4) versus 1/7, the
value of the activation energy will be obtained from the
line slope (see Fig. 4).

Variations in E versus o exceed 10%, and these varia-
tions are non-monotonous. Therefore, a mean value of the
activation energy is reasonable only for comparison (see
Table 1).

— do

The nonparametric kinetic method

The NPK method, elaborated by Nomen and Sempere
[29, 30] for processing of isothermal DSC data, was sub-
sequently modified and largely applied in non-isothermal
kinetic analysis [31-33].

The reaction rates, r = do/df, obtained at different
heating rates, were represented in a 3-D coordinate system
(r, T, o) and interpolated by a proper algorithm so that a
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Fig. 4 Variation in activation energy with degree of conversion for FR, respectively, FWO methods
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Table 1 Comparative activation energy obtained by FR, FWO, and
modified NPK methods

[Egg)/kJ mol ™ [Erwo)/kT mol ™! [Expx]/kJ mol ™!

121 £ 6 134 £ 8 122 + 15

continuous reaction rate surface was obtained (Fig. Sa).
Based on the assumption that the reaction rate can be
expressed as a product of two independent functions,
AT) and g(o), the obtained surface was organized as an
i X j matrix, where the rows correspond to different
degrees of conversion and the columns correspond to dif-
ferent temperatures.

M = {my} = {/(T)) - 8(4) }] (5)

Using the singular value decomposition (SVD) algo-
rithm [34], the matrix was decomposed according to:

[M = U(diag - s)V"] (6)

A vector uy (the first column of U) was analyzed in
respect of dependence on the conversion degree, according
to the equation suggested by Sestak and Berggren [35]:

[g(x) = 2" (1 = a)")] (7)

where o describes the influence of physical phenomenon
related to the presence of reaction product and (I — «)"
describes the chemical phenomenon which implies the
remaining reactant (I — ).

Fig. 5 Reaction rate surface
(a interpolated; b recalculated
with data from Table 2) and
experimental points

A similar vector, v; (corresponding to matrix V) was
checked for an Arrhenius-type temperature dependence.

If the degradation process is a complex one, for exam-
ple, with two simultaneous reactions having the rate r; and
r,, then the observed reaction rate will be:

[r=ri+nr] (3)

and consequently

M =M, +M, = Uj(diag - 1)V, + Up(diag - 5,) V> "]
©)

The contribution of each step to the observed process
will be expressed by the explained variance 4, so that
A+ 22 = 100%.

By applying this data processing strategy, a discrimi-
nation between two or more simultaneous processes is
possible. Also the SVD algorithm allows a “natural” sep-
aration of the influences of the temperature, respectively,
conversion degree.

The data obtained by applying the modified NPK
method on TG/DTG data processing are systematized in
Table 2. The recalculated reaction surface with data from
Table 2 is presented in Fig. 5b.

Thermal decomposition into the air atmosphere of Ent is
a complex process that tends to take place in several stages
with about the same share. This complex process was also
revealed by the NPK kinetic method. One predominant
process is observed and two other parallel processes with a

I
b

Reaction rate

7

et

ree 1
Zablt’;fnz | finetie parameters Process W% Als” EKImol™" n  m  Corr coef.  [EJ/KJ mol”"
Main 88.0 3.14 x 10" 120 + 14 173 - 0.996 122 + 15
Secondary 1 6.6 224 x 10 133 £ 0.3 2 - 0.998
Secondary 2 5.4 3.59 x 10" 134 + 1 1 - 0.993
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Fig. 6 Thermoanalytical curves obtained for binary mixtures (Ent + excipients)
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Fig. 8 UATR-FTIR of binary
mixtures in 4000-2000 cm™!
spectral regions
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near share, with E, close to E, (FWOQO) occurring at con-
versions greater than 0.7. This observation explains the
impossibility of separating them on the TG and DTG
curves. All processes identified by NPK are chemical
processes n £ 0, and physical processes m = 0 have not
been revealed.

The kinetic study achieved by the three methods: dif-
ferential-isoconversional (FR), integral-isoconversional
(FWO), and nonparametric method (NPK); results have
been achieved in good correlation (Table 1).

Thermal analysis of binary mixture (Fig. 6)

The TG curve obtained with the Enta + HEC mixture is a
combination of the decomposition curves obtained with the
individual components.

On the heat flow curve of the mixture is observed the
thermal behavior of the active substance up to 280 °C.
Above this temperature, we cannot identify the implication
of the excipient in the mixture, which leads us to the
conclusion that there are thermally induced interactions.

The same can be said about the Ent 4+ Manitol and
Ent + Sorb mixtures when over 280 °C thermal behavior
indicates a thermally induced interaction.

Analyzing the thermoanalytic curves obtained in the
case of Ent 4+ SiO, and Ent + talc mixtures, we can say
that the excipients are inert in these pharmaceutical mix-
tures. No thermally induced interactions occur. The TG and

@ Springer
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heat flow (HF) curves of mixtures are combinations of
curves of individual components.

The HF curve obtained in case of Ent + MgSt mixture
reveals a completely different behavior compared to that of
the individual components. In the case of MgSt, the HF
curve shows three endothermic peaks at temperatures
lower than the melting temperature of the pure active
substance. The HF curve of the Ent 4+ PVP mixture shows
the peak of melting entacapone at a lower 20 °C temper-
ature, but this shift can be explained by the fact that the
active substance is mixed.

We can say that at temperatures below 200 °C, inter-
actions occur between Ent and MgSt. Polividona (PVP)
does not exhibit thermally induced interactions with Ent.

FTIR study of binary mixture

To realize the compatibility studies between entacapone
and excipients by spectroscopic techniques, binary mix-
tures (active substance: excipient) were maintained for
6 weeks in the absence of light and humidity at room
temperature.

The FTIR spectra obtained in binary mixtures were
compared with the FTIR spectra of the individual compo-
nents in order to be able to highlight possible interactions
between the components.

The FTIR spectra of the binary mixtures are shown in
Figs. 7 and 8.



Thermal behavior of entacapone, a catechol-O-methyltransferase inhibitor used in Parkinson’s... 719

Entacapone  {(2E)-2-Cyano-3-(3,4-dihydroxy-5-nitro-
phenyl)-N,N-diethylacrylamide} is an compounds with
alkyl groups, hydroxy- and amino-group aromatic and
C=N bonds. Interactions with the functional groups of the
excipients may take place in these groups. Analyzing the
FTIR results, several conclusions can be drawn.

The band [36] in the spectral region 3450-3300 cm ™'
characteristic for alchil group, hidroxy or amino present in
case of active substance is found in most binary mixtures,
and it is more intense in case of excipients with O-H
groups in the molecule.

A clear change appears to occur in the spectrum of the
binary mixture Ent + MgSt in the 3450-3300 cm™' region
(see Fig. 6); the bands are drastically attenuated. The dis-
appearance of band 2980 and 2880 cm ™' characteristic of
entacapone is also observed. In the FTIR spectra of the
mixture, the bands in this region characterized by MgSt are
strongly visible.

In the case of the other mixtures, no clear differences are
observed, both the active substance bands and the excipient
bands being visible. We can say that after the spectroscopic
technique, interactions at room temperature can only be
observed in the Ent 4 MgSt mixture.

The results obtained in case of binary mixtures by
thermoanalytic techniques and spectroscopic techniques
were the same:

e are present interactions at room temperature only for
the Ent + MgSt mixture;

e There are no interactions in case of Ent + SiO,,
Ent + Talc and Ent + PVP mixtures,

e Thermally induced high-temperature interactions
(280 °C) occur in case of Ent + Manitol, Ent + Sorb,
and Ent + HEC mixtures.

Conclusions

In this study, the investigation regarding the thermal sta-
bility of entacapone active substance and the mixture of
this substance with seven excipients was discussed.

The investigations were performed in solid state, using
FTIR spectroscopy, thermal analysis and kinetic study of
active substance.

The thermogravimetric study conducted in air atmo-
sphere highlighted the thermal decomposition that was in
good correlation with the mass losses attributed. In the air
atmosphere was found the presence of a complex decom-
position process, which was also argued by the kinetic
study performed by the NPK method.

The kinetic study is achieved by the three methods:
differential isoconversional (FR), integral isoconversional
(FWO), and nonparametric method (NPK); results have

been achieved in very good correlation. The NPK kinetic
method highlights a predominant process and two other
processes parallel to a close share. All processes identified
by NPK are chemical processes n # 0, and no physical
processes have been identified m = 0.

Active substance—excipient compatibility studies per-
formed using thermoanalytic techniques and spectroscopic
techniques have led to the same results.

This preformulation study can be a starting tool for the
selection of adequate excipients in new solid dosage forms
that contain entacapone as active substance.
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