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Abstract

The influence of excipients on the disintegration times of tablets and the release
of papaverine hydrochloride (PAP) from tablets were studied. Ten different
formulations of tablets with PAP were prepared by direct powder compression.
Different binders, disintegrants, fillers, and lubricants were used as excipients.
The release of PAP was carried out in the paddle apparatus using 0.1 N HCI as
a dissolution medium. The results of the disintegration times of tablets showed
that six formulations can be classified as fast dissolving tablets (FDT). FDT
formulations contained Avicel PH 101, Avicel PH 102, mannitol, B-lactose, PVP
K 10, gelatinized starch (CPharmGel), Prosolv Easy Tab, Prosolv SMCC 90,
magnesium stearate, and the addition of disintegrants such as AcDiSol and
Kollidon CL. Drug release kinetics were estimated by the zero- and first-order,
Higuchi release rate, and Korsmeyer-Peppas models. Two formulations of the
tablets containing PVP (K10) (10%), CPharmGel (10% and 25%), and Prosolv
Easy Tab (44% and 60%) without the addition of a disintegrant were well-fitted
to the kinetics models such as the Higuchi and zero-order, which are suitable
for controlled- or sustained-release.
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Introduction

The successful formulation of a stable, effective dosage form and bioavailability of the
active substances depend on the selection of the excipients. Usually, in order to prepare
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tablets, it is necessary to add excipients such as binders (e.g. microcrystalline cellulose,
cellulose ethers, starch, polyvinylpyrrolidone, polyethylene glycol), fillers (e.g. lactose,
sucrose, glucose, mannitol, sorbitol), disintegrants (crospovidone, sodium starch glycolate,
croscarmellose sodium), glidants (fumed silica, colloidal silicone dioxide), and lubricants
(magnesium stearate, stearic acid, sodium stearyl fumarate). Most excipients (e.g.
microcrystalline cellulose, starch) fulfil multiple functions [1-3]. Microcrystalline cellulose
(MCC) is available under the brand names Avicel, Emcocel, Vivacel etc. The types of MCC
vary in the size of the particle. Larger particles of microcrystalline cellulose (PH 102, PH
302, and SMCC 90) have better flowability and lubricity, but lower compressibility. Denser
particles of MCC show improved flowability, reduced lubricity, and reduced compressibility
[4]. Commercially available blends of MCC with colloidal silicon dioxide ensure better
flowability and compressibility compared with Emcocel and Avicel PH 101 or a physical
mixture of MCC with colloidal silicon dioxide [5]. In order to prepare the tablets by direct
compression, modified forms of cellulose PH 102 manufactured and their crosslinked form
with the addition of stearic acid as a lubricant can be used [6].

Lactose is commonly used as a filler in tablets. Lactose from different suppliers exhibits
different properties; therefore, it could not be used interchangeably in direct compression
formulations. Lactose may occur in different forms such as a-lactose monohydrate,
anhydrous a-lactose, anhydrous B-lactose, spray-dried lactose, or agglomerated lactose.
Lactose is available in different mixtures e.g. lactose monohydrate and maize starch [3],
a-lactose monohydrate and cellulose [7], a-lactose monohydrate, polyvinyl pyrrolidone
(Kollidon 30), and crospovidone (Kollidon CL) [8].

To improve or change the properties of starch, gelatinized starch was prepared by
modifying the chemical. Gelatinized starch has a high rate of flow and allows us to obtain a
solid oral dosage form using direct compression. It is also used as a binding agent in wet
granulation [9]. It should be emphasized that gelatinized corn starch has a high
hygroscopicity [10]. Alebiowu and Itiola [11] reported that tablets containing gelatinized
starch, microcrystalline cellulose, lactose, and calcium hydrogen phosphate have high
hardness. Ready-mix adjuvants are helpful in the process of pre-formulation and facilitate
the production of tablets with desired properties.

In the pharmaceutical industry, dissolution testing is a very important tool in drug product
development and is a means of a quality control procedure. In product development, it
supports formulation selection, enables the analysis of the combined effects such as the
drug, excipient, or process properties in order to evaluate the effect of these changes on
biopharmaceutical characteristics, and is used in comparative studies of formulations [12].

Several mathematical models have been proposed to describe the release profiles of
drugs from various systems [13, 14]. Methods based on the analysis of variance, model-
independent methods, and model-dependent methods were proposed to compare
dissolution profiles. The analysis of variance presents the differences between the
averages of the two drug release data sets. Fit factors (difference and similarity) are the
prime examples of model-independent methods. Model-dependent methods allowed us to
apply mathematical equations that help observe the physical and chemical phenomena
which influenced the drug release [12, 15]. The dissolution process is related to the
physical and chemical characteristics of the drug, drug product formula, dosage form, and
to the parameters of dissolution testing. The development of controlled or sustained
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release delivery systems is a tool for optimizing the therapeutic effect by maximizing the
bioavailability of conventional drugs and reducing side effects [12, 16]. The release of the
drug from a sustained release formulation is controlled by various factors through different
mechanisms such as diffusion, erosion, or osmosis [17]. A water-soluble drug incorporated
into a hydrophilic matrix is released mainly by a diffusion-controlled process, whereas for a
poorly water-soluble compound, the principal mechanism of release is a function of
erosion of the matrix that carries the drug [15]. The factors involved in the release of a
soluble drug from an insoluble matrix tablet were extensively investigated. These factors
are drug solubility and concentration in the tablet, the drug diffusivity, and the tablet
porosity and tortuosity [18]. The Higuchi model describes drug release through the
diffusion mechanism and it is used to describe drug dissolution from systems such as
matrix tablets containing water-soluble drugs. The Hixson-Crowell model assumes that
drug release is limited by the dissolution rate of the particles rather than by diffusion
through the polymer matrix [15]. The Korsmeyer-Peppas model can be used to
characterize the drug release mechanisms as Fickian diffusion [19].

Papaverine hydrochloride was selected as the model drug. It is well-soluble in acidic
medium and its solubility increases proportionally with the decrease in pH of the medium
[20, 21]. Papaverine hydrochloride is a spasmolytic drug which can be found in opium as
its main isoquinoline alkaloid. It is used in bile, intestinal, and renal spikes [22, 23].

In this study, different formulations of tablets were employed and dissolution tests of
papaverine hydrochloride were carried out to investigate the kinetics of the active
substance release.

Experimental
Materials and Reagents

Papaverine hydrochloride (PAP) was the product of Farm-Impex Sp. J., Poland. Polyvinyl-
pyrrolidone K 10 (PVP 10), microcrystalline cellulose (Avicel PH 101, Avicel PH 102), B-
lactose (lactose), crospovidone CL (Kollidon CL), magnesium stearate (MS), and mannitol
were produced by Sigma-Aldrich Chemmie Gmbh, Germany. Croscarmellose sodium
(AcDiSol) was the product of BioPolymer, Belgium and gelatinized starch (CPharmGel)
was the product of CargillBenelux BV, Netherlands. The manufactured mixture called
Prosolv EasyTab SP (Prosolv) containing microcrystalline cellulose, colloidal silicon
dioxide, sodium starch glycolate, and sodium stearyl fumarate was produced by JRS
Pharma Gmbh & CO KG, Germany. The manufactured mixture called Prosolv SMCC 90
containing microcrystalline cellulose and colloidal silicon dioxide (CMSi), and manu-
factured by JRS Pharma Gmbh & CO KG, Germany, was also used. All other reagents
and solvents were of analytical grade, distilled water was freshly distilled.

Methods
Preparation of Tablets

Tablets (T1-T10) were prepared by direct compression according to the formulas given in
Table 1. Each tablet contained 40 mg of papaverine hydrochloride and weighed 200 mg.
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Tab. 1. Composition of tablet formulations containing PAP

Quantity in percent per tablet at 200 mg of weight

Component TL T2 T3 T4 715 T6 T7 T8 T9 TI0
PAP 200 20.0 200 200 200 200 200 200 200 200
PVP 10 75 75 - _ 50 75 100 100 7.5 10.0
Avicel PH101 30.0 - - - - - - - - -
Avicel PH102 - 300 - - 200 - - - - -
Lactose 36.5 36.5 — — 29.0 56.5 — 22.0 445 —
Mannitol - - - 20.0 20.0 - - - - -
AcDiSol 50 50 - 50 - 50 - - 20 -
CPharmGel - - - — — 100 100 100 250 250
Kollidon CL - - - _ 50 - - 20 - _
Prosolv - - 80.0 - - - 60.0 - - 44.0
CMS;i - - — 540 - - —~ 350

MS 10 10 - 10 10 10 - 10 10 1.0

The powders of the components were sieved through a 0.710 mm mesh screen and mixed
manually. The obtained powder mixtures were compressed using a press tablet machine
(Erweka, Germany) with a 9 mm punch at a compression force of around 3 kN.

Physical Studies

Weight Uniformity Test

From each batch, 20 tablets were randomly selected and weighted together by using a
weighing balance (Mettler AT 201, Switzerland). Their mean weight was calculated and
then they were individually weighed.

Tablet Thickness

Tablet thickness was measured using a Vernier Caliper (Digital Caliper 0-150 mm,
Comparator).

Friability Test

A friabilator (Erweka TAR 120, Germany) was used in the test. Twenty tablets from each
series were weighed and placed into the friabilator. The machine was set to 25 rpm for 4
min. After that, they were reweighed. The friability of the tablets was calculated according
to Equation 1:

loss in weight
22 L %100
initial weight

Eq. 1. Friability (%)=

Hardness Test

The hardness tester (AEG Type AP 56 N2, Germany) was used to study the hardness of
the tablets. Six tablets were randomly selected from each series. The breaking force
needed to crush the tablet was observed.
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Tablet Disintegration Time Assay

Disintegration times were determined by using the European Pharmacopeia (Ph Eur.)
Apparatus [1] (Erweka Type ZT 222, Germany). Six tablets were randomly selected from
each batch and were put into a basket-rack in a vessel with water at 37°C which then was
covered with a disk. After the apparatus was turned on, the disintegration time of the
tablets was observed. For non-modified tablets, the disintegration time should be no longer
than 15 min, for the fast-dissolving tablets no longer than 3 min [1].

Drug Content Analysis

The PAP quantification assay was carried out using a UV spectrophotometric method
adapted from the pharmacopoeial method [2].

Ten tablets from each batch were randomly selected and crushed together. The weighed
amount of 200 mg powder was transferred into a 100 ml volumetric flask and 50 ml 0.1 N
HCl was added. The flask was shaken for five minutes and diluted with 0.1 N HCI. Next,
the mixture was filtered through a Whatman filter (0.45 um pore size) and 2 ml of the
solution was transferred into a 100 ml volumetric flask and diluted with 0.1 N HCI. The
absorbance of this solution was determined by UV spectrophotometry at 251 nm (Omega
UV - VIS, Thermo Scientific, England). The PAP concentration was calculated according
to the following equation: y = 0.146 x + 0.106 (r* = 0.999), obtained from a standard curve
of PAP (n = 5). This method obeys Beer's Law within the concentration range of 2.5-20
pug/ml for PAP. The experiment was repeated six times (n = 6).

Release Studies

The dissolution test was carried out in a Ph Eur. Apparatus 2 [1] (Erweka, Germany) called
a paddle apparatus. For the test, 900 ml of 0.1 N HCI maintained at 37 + 0.5°C was used
as a dissolution medium according to the pharmacopeial requirements for non-coated
tablets. Each tablet was placed in each of the six vessels of the paddle apparatus and
rotated at 75 rpm [1, 2]. After appropriate intervals of time, 2 ml samples were collected
and an equivalent amount of 0.1 N HCI (2 ml) was added to the dissolution medium. Each
solution containing the drawn samples was mixed and analyzed spectrophotometrically at
251 nm. The amount of the released substance was calculated by reference to a Beer’s
plot based on the calibration curve.

Statistical analysis was carried out using SAS 9.1.3 (SAS Institute, Cary, NC, USA). The
data obtained were subject to statistical analysis using one-way ANOVA and a p value of
<0.05 was considered as statistically significant.

Drug Release Kinetics

The release kinetics of the drug were evaluated by plotting in various kinetic models: zero-
order (Eg. 2) as a cumulative percentage of drug release vs. time, first-order (Eq. 3) as a
log of the amount of the drug remaining to be released vs. time, and Higuchi’'s model (Eq.
4) as a cumulative percentage of the drug release vs. the square root of time.

The zero-order kinetics describes the systems where the drug release is independent of its
concentration.
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Eq. 2. Q=K t

0

where Q is the amount of the drug released in time t, Ko is the zero-order rate constant
expressed in units of concentration [24].

The first-order kinetics describes the release, where the release rate is concentration-
dependent.

Eq. 3. Log Q = Log Q,— Kt/ 2.303

where Q is the amount of the drug released in time t, Qo is the initial concentration of the
drug and K is the first-order rate constant [25].

Higuchi’'s model describes the release of drugs from the insoluble matrix as a square root
of the time-dependent process based on Fickian diffusion.

Eq.4. Q=Kt*

where Q is the amount of the drug released in time t, K is the constant reflecting the
design variables of the system [13].

To evaluate the mechanism of drug release from the tablets, the data of drug release were
plotted in Korsmeyer et al.’s equation (Eg. 5) as a log of the cumulative percentage of the
drug released vs. log time, and the exponent n value was calculated from the slope of the
straight line.

Eq.5. — =Kt

For the cylindrical matrix tablets, if the exponent n=0.45, then the drug release
mechanism is Fickian diffusion, and if 0.45 < n< 0.89, then it is non-Fickian diffusion. An
exponent value of 0.89 is indicative of case Il transport or typical zero-order release, n >
0.89 is super case-ll transport [19].

Statistical and kinetic analyses were made using Statistica 8.0 software.

Results and Discussion

As shown in Table 2, all prepared tablets fulfilled pharmacopoeical requirements such as
the average weight, hardness, and assay of the drug content [1, 2].

In our study, six formulations with disintegration times shorter than 3 min (T1-T6) were
obtained, so these tablets can be classified as fast disintegrating tablets (FDT) [1]. The
disintegration times for tablets T8 and T9 did not exceed 15 min, as recommended by Ph
Eur. [1]. Only the two formulations T7 and T10 had excessively long disintegration times
which amounted to 34.4 min and 25.43 min, respectively.
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Tab. 2.  Characteristics of PAP tablets
Formula Weight Size (mm)® Disintegration Breaking Friability Drug content
average time force (N)°  (%)? (%)°
(mg)? (min:sec)®

T1 208+4.0 3.16+5.3 1:03 43+6.38 0.8534 99.08 + 2.25
T2 208+4.0 3.00%£0.0 1:58 43+6.60 0.1791 98.08 + 3.56
T3 209+45 3.20+6.7 0:17 36+7.59 0.3004 100.61+1.23
T4 207 +35 3.12%+4.0 0:12 41 +£3.58 0.7279 91.49+231
T5 204+2.0 294+20 0:27 40+152 0.8920 102.61+5.45
T6 203+15 2.78+5.3 2:10 43+£9.71 0.2180 90.34+4.34
T7 203+15 294+20 34:40 50+2.58 0.0483 99.02 + 1.99
T8 204 +2.0 3.00%£0.0 11:42 43 +£1.97 0.3227 101.61 +2.45
T9 201 +0.5 3.12+4.0 7:52 56 +2.23 0.2489 100.22 +5.67
T10 207+35 3.16+5.3 25:43 46+1.65 0.2455 98.72 +3.01

2 The values represent the mean of twenty determinations; ° The values represent the mean of six
determinations; © The values represent the mean of ten determinations * standard deviation.

These results showed that the addition of excipients had a significant effect on the
disintegration time of the tablets. In general, a sustained release of PAP was observed in
formulations T7 and T10 containing 10% of PVP 10 and CPharmGel (10% and 25%,
respectively) and Prosolv Easy Tab (44% and 60%, respectively). Having analyzed the
composition of these tablets, it may be assumed that the lack of a disintegrant is
responsible for the longer disintegration times of the tablets. Although Prosolv contains the
addition of sodium starch glycolate, which is a disintegrant, in the presence of other
excipients, the disintegration times of the tablets were longer. Formulation T3 contained,
besides the active substance, the addition of Prosolv as the only excipient and the
disintegration time took only 17 seconds. It can be assumed, then, that the longer
disintegration of tablets affected the additives of the binders such as CPharmGel and PVP
10in T7 and T10.

Although formulations T6, T8, and T9 also contained CPharmGel in the amount of
10-25%, their disintegration times were faster. In these formulations, there were also
different amounts (7.5-10%) of PVP 10 and 22-56.5% of lactose. It should be noted that
these formulations contained the addition of disintegrants. In T6 and T9, 2-5% of AcDiSol
was used and their disintegration times were 2.1 min and 7.52 min, respectively.
Formulation T8 contained 2% of Kollidon CL that probably influenced the disintegration
time which amounted to 11.42 min. Sallam et al. [26] tested the effects of four fast
disintegrants on the dissolution of terfenadine from tablets. The relative efficiency of
improvement was in the decreasing order: crospovidone, AcDiSol, sodium starch
glycolate, low substituted hydroxypropylcellulose [26]. The use of blends with a
disintegrant facilitated the production of tablets disintegrating rapidly [27].

The relationship between the disintegration time of the tablets and the amount or type of
disintegrants was investigated by Zhao and Augsburger [28]. Disintegration testing without
a disc revealed a significant increase in the disintegration time for tablets formulated with
dry granulated sodium starch glycolate and crospovidone, but not for AcDiSol and all wet
granulated disintegrants.
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Increasing amounts of lactose enhanced the tablet hardness and disintegration time,
therefore an appropriate amount of a disintegrant should be added to the composition of
tablets [29-31]. In our study, in tablets T1, T2, T5 lactose in the amount of about 30% was
added but disintegration times of the tablets were no longer than 3 min. The addition of
22%, 44.5%, and 56.6% of lactose to T8, T9, T6, respectively, caused a prolongation of
the disintegration times only for T8 and T9. All of the analyzed formulations contained a
disintegrant. It showed that the prolongation of the disintegration time corresponds to the
addition of other excipients, particularly CPharmGel in T6. Late et al. [32] demonstrated
that lubricants such as magnesium stearate and glyceryl behenate had a significant effect
on the disintegration time and hardness of granisetron hydrochloride tablets containing
B-cyclodextrine, lactose, and mannitol, but talc and stearic acid were not of a significant
influence.

Only the two formulations T6 and T9 did not contain microcrystalline cellulose and their
disintegration times were 3 min and 15 min, respectively. It showed that the addition of
other excipients besides microcrystalline cellulose affected the disintegration times. Using
Avicel PH 101 or Avicel PH 102 in T1 and T2 did not affect the physical properties of the
tablets, disintegration times, and the release of PAP. Lahdenpaa et al. [33] demonstrated
that tablets containing a higher percentage of Avicel PH101 exhibited higher crushing
strength and lower disintegration time, whereas tablets containing Avicel PH102 and
PH200 showed lower crushing strength, shorter disintegration time, and small weight
variation.

Similarly, the release profiles of PAP presented in figs. 1 and 2 show that from the six
formulations T1-T6, over 80% of PAP was released within 5 min and from T8 and T9
within 20 min and 10 min, respectively, which corresponded to the pharmacopoeial
recommendation for non-modified tablets (release within 45 min) [1, 2].

Within 45 min, 80% of PAP was not released from tablets T7 and T10 which showed that
the formulations displayed a prolonged release of PAP.

Testing conditions such as the type of the apparatus, agitation speed and volume,
composition, and temperature of the dissolution medium influenced the drug release from
the tablets [34]. In our study, the testing conditions were constant and identical for all
formulations which shows that the release process of the active substance was dependent
on the compositions of the tablets. Swellable matrix tablets are activated by water and the
drug release is controlled by the interaction between water, the polymer, and the drug.
Hydratation of the polymer results in the formation of a gel layer that controls the drug
release rate [35]. In our study, the addition of CPharmGel caused a prolonged release of
the drug especially from two formulations: T7 and T10. However, a prolonged process of
the release depended on other ingredients of the formulations because the gel layer
responsible for the prolonged release may not occur at low concentrations [36]. In vitro
drug dissolution from the matrix tablets is significantly influenced by the amount of polymer
in the formulation [12].
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Fig. 1.

Fig. 2.
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The obtained drug release data were analyzed by zero-order, first-order, and Higuchi and
Korsmeyer—Peppas models to discover the mechanism of drug release from the
formulations. The release rate constants were calculated from the slope of the appropriate
plot, and the determination coefficient (r?) was determined (Table 3).
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Tab. 3. Kinetic parameters of PAP release from tablets

Tablets Zero-order First-order Higuchi Korsmeyer—Peppas
Ko r’ K, r’ Ky r’ n re
Tl 0.127 0.157 0.028 0.498 1.407 0.277 0.033 0.475
T2 0.051 0.064 0.020 0.122 0.681 0.162 0.018 0.356
T3 0.492 0.314 0.054 0.294 5.025 0.474 0.130 0.667
T4  0.077 0.150 0.031 0.362 0.889 0.290 0.021 0.508
T5 0.071 0.294 0.002 0.011 0.456 0.175 0.007 0.116
T6  0.777 0.317 0.082 0.351 7.941 0.478 0.238 0.656
T7 1.059 0.989 0.060 0.551 11.382 0.928 0.953 0.999
T8  3.614 0.906 0.184 0.954 26.452 0.961 3.252 0.946
T9 2.555 0.655 0.163 0.949 20.082 0.814 0.928 0.998
T10 1.198 0.972 0.055 0.780 13.403 0.987 1.486 0.983

In this study, the in vitro release profiles from formulations T7, T8, T9, and T10 containing
CPharmGel can be described by mathematical models to evaluate the release kinetics of
PAP.

It was found that the PAP release from tablets T7 and T10 was best explained by the
Higuchi model (r* = 0.928 and 0.987, respectively), and zero-order model (mean r* = 0.989
and 0.972, respectively). This indicates that the release of the drug from the matrix is a
square root of the time-dependent process characteristic for the release of the soluble
form of the drug containing hydrophilic polymers, and the diffusion of the drug is relatively
slow. The zero-order release kinetics indicate that the concentration was nearly
independent of the drug release profile. The release profile of T8 showed the highest
linearity with the Higuchi model (r>= 0.961), followed by first-order kinetics (r>= 0.954). This
indicates that the release of the drug from the matrix is a square root of the time-
dependent process describing the drug release rate relationship with the concentration of
the drug. The formulation T9 can be best explained by a first-order model as the plots
showed the highest linearity (r>= 0.949).

To find out the mechanism of the drug release, the first 60% of the drug release data was
fitted in the Korsmeyer-Peppas model.

The release profiles from formulations T7, T8, T9, and T10 exhibited good linearity with the
determination coefficient (r?): 0.999, 0.9946, 0.998, and 0.983, respectively. The values of
the exponent (n) providing the type of release mechanism were in the range of 0.928 to
3.252, which indicate that a super case Il transport refers to the erosion of the polymer and
the drug diffusion process. Case Il release is the drug transport mechanism associated
with stresses and state-transition in hydrophilic glassy polymers which swell in water or
biological fluids [19, 37].

Excipients added to ten different formulations significantly influenced the release process
of PAP from the tablets. Six of the prepared batches of tablets had disintegration times
shorter than 3 min and may be classified as fast dissolving tablets. The four formulations
containing the addition of CPharmGel had longer disintegration times in the range from
7.52 min to 34.4 min. The release of PAP showed that eight formulations may be classified
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as non-modified release and two as prolonged-release ones. The formulations (T7 and
T10) containing CPharmGel in the range of 10% to 25%, Prosolv Easy Tab (44—-60%), and
10% PVP 10 can be considered as tablets with a prolonged release, because the in vitro
release profiles of PAP from these formulations were fitted to the kinetic models such as
Higuchi’'s model and zero-order drug release.

In conclusion, tablets containing polyvinylpyrrolidone (PVP K 10), gelatinized starch
(CPharmGel), microcrystalline cellulose, colloidal silicon dioxide, sodium starch glycolate,
and sodium stearyl fumarate (Prosolv Easy Tab) may be considered as a controlled- or
sustained-release solid dosage form.
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