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Abstract: Controlled-release formulations are essential for those drugs that require fine tuning of
their activity to increase the ratio between therapeutic vs. adverse effects. Losartan potassium is
among those drugs whose adverse effects may somehow impair its purported benefits. Previous
investigations have been carried out to ascertain the suitability of several polymers for being asso-
ciated with losartan. This study is focused on the effects of Ethocel grade 10 and Carbopol 934P
NF on losartan release. Flow and physical properties were assessed according to the protocols
standardized by the pharmacopeia (USP-NF 29), and the drug release in phosphate buffer (pH = 6.8)
was measured for 24 h. Data evidenced good to excellent flow and physical properties according to
the drug/polymer ratio and the addition of co-excipients. The release rate in 24 h was found to be
63-69% to 79-82% without or with the addition of co-excipients, respectively, following zero-order
kinetics. The results also suggest a significant difference with the release profile of a traditional release
losartan formulation. The results suggest the suitability of Ethocel grade 10 and Carbopol 934P NF as
components of a controlled-release losartan formulation.

Keywords: formulation; Ethocel grade 10; Carbopol 934P NF; dissolution; kinetic models

1. Introduction

The oral route for drug delivery is usually the most suitable one because it is easy to
administer, cost-effective concerning dosage development, and safe [1]. However, it may
face problems such as fluctuations in plasma levels of the drug, the necessity for repeated
administration, and potential side effects [2]. On the other hand, controlled-release (CR)
forms overcome those problems, since they increase effectiveness by providing prolonged
delivery of the appropriate amount of drug to specific sites for defined periods [3]. For
those reasons, several hydrophilic or hydrophobic polymeric matrices have been developed
so far. Those matrices allow the control of the drug release by modulating factors such as
diffusion, dissolution, and permeation [4].
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Controlled-release matrices have been applied to almost all classes of drugs, from
antibiotics [5] to anti-cancer compounds [6]. Controlled-release formulations are pivotal for
antihypertensive drugs [7] and, among those, several studies have been recently centered
on sustained-release forms of losartan, often considered as a model drug for release or
solubility investigations [8]. Losartan potassium belongs to the group of angiotensin II
receptor blockers, it is freely soluble in water and alcohols, and it is slightly soluble in
organic solvents such as acetonitrile. Among clinical uses of losartan potassium, there
is the control of high blood pressure or end-organ protection, i.e., in the case of diabetic
kidney disease, heart failure, or left ventricular enlargement [9]. It is well known that
sustained-release forms of losartan potassium may help in reducing side effects such
as migraine, pancreatitis, or hepatotoxicity [8]. Therefore, several losartan potassium
sustained-release matrices have been designed, often prepared by the direct compression
method by using polymers such as Eudragit RLPO, Eudragit RSPO, and ethylcellulose,
either alone or associated with each other, observing an extension of the drug release
up to 12 h when using Eudragit polymers in combination with ethylcellulose [10,11],
following an anomalous non-Fickian drug release mechanism [11]. Similarly, other authors
devised and prepared losartan potassium sustained release matrix tablets by the direct
compression method using Kollidon SR [12] and methylcellulose [13] as rate-retarding
polymers. Another explored possibility was the preparation of matrix tablets by wet
granulation composed of Carbopol 934P and xanthan gum with chitosan, obtaining 99%
release of the drug in 24 h [14]. Controlled-release tablets of losartan potassium were also
developed by using Ethocel 100 Premium and Ethocel 100 FP Premium, evidencing that
the latter extended the drug release rate due to the smaller size of its particle if compared to
Ethocel 100 Premium [15]. The incorporation of losartan potassium in a matrix consisting
of Ethocel grade 100 and Carbopol was found to further extend the drug release [10].

To widen the panel of further potential matrices, the release rate of a losartan potassium
matrix made by Ethocel grade 10 and Carbopol 934P NF was investigated. Additionally,
their physical properties were defined. Furthermore, drug release and drug release kinetics
were also determined.

2. Materials and Methods
2.1. Material

Carbopol 934P NF (Lubrizol, Wickliffe, OH, USA), Ethocel grade 10 (Dow Chemical
Co., Midland, TX, USA), and losartan potassium (Well & Well Pharma, Islamabad, Pakistan)
were purchased from their respective manufacturers. A spectrophotometer (Shimadzu,
Japan) was used for the analysis of samples, while a single punch machine (Erweka,
Langen, Germany) was used for tablet preparation. A dissolution apparatus (Pharma-Test,
Hamburg, Germany) was used for the dissolution study.

All chemicals used in this research study were of analytical grade without any fur-
ther purification.

2.2. Formulation of Tablets

Controlled-release tablets of losartan potassium (Well & Well, Islamabad, Pakistan),
were prepared by combining a blend of polymers, namely, Ethocel® grade 10 (granular,
hereafter, Ethocel 10P) Premium or Ethocel® grade 10 FP (fine particular, hereafter, Ethocel
10FP) Premium (Dow Chemicals Co., Midland, TX, USA), and Carbopol® 934P (hereafter,
Carbopol) NF (Lubrizol, Wickliffe, OH, USA) and losartan potassium with w/w ratios of
10:3, 10:4, and 10:5, respectively. All tablets contained the same amount of losartan potas-
sium (namely, 50 mg), while the variable component was the polymeric blend. Magnesium
stearate 0.5% (Sigma-Aldrich Chemicals Private Limited, Bangalore, India) was added as a
lubricant, and spray-dried lactose was used as filler.

Two further sets of drug-to-polymer ratio (D:P) 10:5 tablets were then prepared by
substituting 10% of filler with a correspondent amount of the co-excipients hydroxypropyl
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methylcellulose (HPMC), carboxymethylcellulose (CMC), or starch. The composition of
the tablets is detailed in Table 1.

Table 1. Tablet composition.

Losartan

Polymers Magnesium  Spray-Dried

Set D:P Potassium (%) Polymers Rate (%) Stearate (%) Lactose (%) Co-Excipient *
s1 103 50 Eé}:r’gi;(i g;zr;};l;“ 15 0.5 345 None
s2 10:4 50 Eg:r’gi)g g;i‘;‘;llﬂ“ 20 0.5 29.5 None
s3 10:5 50 Eé};if,ﬁlpﬁ g;zg‘;l;“ 25 05 245 None
S4 10:3 50 Eﬂéﬁ‘gjﬁ;ﬂ;ﬁfrﬁ‘m 15 0.5 345 None
S5 10:4 50 Et}é‘;‘ﬁ:}?jﬁ;ﬁfﬁ?m 20 0.5 29.5 None
s6 10:5 50 Eﬂ&iﬂ;ﬁ;gggﬁ?m 25 05 245 None
s7 10:5 50 Eg;‘;{;i;ﬁ g;zrgﬁlﬂ“ 25 0.5 22.05 HPMC
s8 10:5 50 Eg:r’gf}ptol g;ig‘;lgl 25 0.5 22.05 CcMC
9 105 50 Eg;‘;ﬁf)lpﬁ S;ZII?E? 25 05 2205 Starch
S10 105 50 Eﬂé‘:ﬁ};&fggﬁ%ﬁm 25 05 22.05 HPMC
S11 105 50 Et%ﬁi:gofgiﬁﬁﬁm 25 0.5 22.05 CMC
si2 105 50 Eﬂ(‘:‘:regolr?j girlfrlr\‘;‘m 25 0.5 2205 Starch

* When present, co-excipient represents 10% of the filler. HPMC: hydroxypropyl methylcellulose; CMC: car-
boxymethylcellulose.

2.3. Preparation of Matrices

All ingredients were weighed using a digital electronic balance, and drugs and poly-
mers were finely powdered and mixed with the help of a pestle and mortar. After adding
excipient (spray dried lactose) and co-excipients (HPMC, CMC, and starch) separately, the
mixtures were passed through mesh no. 32 to ensure homogeneous mixing. The lubricant
was also mixed and again passed twice through the same mesh to ensure thorough mixing.
These mixtures were then compressed into tablets with a single punch tableting machine
(Erweka, Langen, Germany). Hardness was maintained within the range of 5-10 kg/cm?.

2.4. Flow Properties

Flow parameters of the prepared tablets, such as the angle of repose, Carr’s index,
Hausner’s ratio, and compressibility index were determined according to the standard
procedures [16].

2.5. Physical Characteristics

The physical characteristics of the matrices were determined according to standardized
and well-established procedures. Specifically, the thickness and diameter of 10 randomly
selected matrices were measured using a clean Vernier caliper (Erweka, Langen, Germany).
The hardness of the other 10 randomly selected matrices was determined by using a
hardness tester (Erweka, Langen, Germany). To measure the friability of 20 randomly
selected matrices, the latter were placed in a friabilator (Erweka, Langen, Germany) at
100 rpm for 4 min.

Percent friability was calculated as previously described [10]. Finally, 20 randomly
selected matrices were weighed by a digital electronic balance (Shimadzu, Kyoto, Japan).
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Mean weight and standard deviation (SD) were calculated to verify compliance with the
limits reported in the European Pharmacopeia [17].

2.6. Chemical Tests
2.6.1. Drug Release Determination

To ascertain the drug release profiles of the CR matrices, USP method-I was employed.
Specifically, the experiments were conducted in a dissolution apparatus (Pharma Test
Hainburg, Germany). Following preliminary tests, 900 mL of 0.2 M phosphate buffer
(pH 6.8) was used as a dissolution medium. During the dissolution experiments, the
temperature was kept at 37 £ 0.5 °C, and the rotation of baskets was maintained at 100 rpm.
At the beginning of the experiment (T0) and after 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 18, and
24 h, 5 mL samples were collected and filtered through 0.45 um membranes to remove
possible particulate matter. The filtered samples were analyzed using a spectrophotometer
(Shimadzu) at A = 205 nm. Since Ethocel 10FP and Carbopol are not soluble in water,
filtration was needed to remove the potential presence of excipients that could interfere
with the spectrophotometric analysis.

A reference solution was prepared by adding 100 mg of losartan potassium to 100 mL
of phosphate buffer and dissolved. Serial dilutions were obtained by diluting 1 mL of
the reference solution in a 99 mL phosphate buffer. Therefore, the standard curve was
obtained by measuring the absorbance of reference solutions in each experiment set. The
standard curve was used to calculate the concentration of the samples and, consequently,
the drug release by considering the initial amount of drug and the volume of the dissolution
medium. Each experiment was performed in triplicate. Conventional tablets (Cardaktin®),
each containing 100 mg of losartan potassium, were used as a control.

2.6.2. Content Uniformity Determination

Twenty tablets were randomly selected and powdered, and the powder mass corre-
sponding to 100 mg of drug was dissolved in 100 mL of 0.2 M phosphate buffer (pH 6.8).
One mL aliquots were then diluted in 99 mL of phosphate buffer. Five mL of the diluted
sample solution were filtered to avoid possible particulate material and interference with
the spectrophotometric analysis and drug absorbance (A = 205 nm) was spectrophotometri-
cally determined. Properly diluted reference solutions were used to obtain the standard
curve. The drug content uniformity was calculated from absorbances of reference and
sample solutions and evaluated according to the current standards [18].

2.7. Statistical Analysis

Mean and standard deviation were calculated for each set of flow property tests. The
difference among them was checked by one-way ANOVA, and the Tukey HSD post hoc
test was performed to verify the pairwise significance. The significance limit was set at
p <0.05.

The data obtained from the drug release experiments were verified for their fitness
in different mathematical models such as zero-order kinetics, first-order kinetics, Hixon
Crowell’s cube-root equation, Higuchi’s square root of time equation, and the Korsmeyer—
Peppas model (Power law) [19].

The dissolution rates were compared by applying difference and similarity factors f1
and 2, respectively [10].

3. Results
3.1. Flow Features and Physical Properties of Matrices
The flow and physical properties of all the matrix sets were found to be acceptable,

being within the ranges of “Excellent” or “Good” as defined by the US pharmacopeia [16]
(Table 2).
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Table 2. Flow properties of the tested matrices.

Flowability Hausner’s Ratio Compressibility

Qualitative Hausner’s %T:;;it::re Carr’s Index Qualitative

Character [11] Ratio (1] (%) Character [11]

Experimental Formulations Angle of
Set Repose (Plain
Degrees)

Losartan potassium
powder
Ethocel

S1 10P/Carbopol 934P 25.26 +0.15 Excellent 1.01 £0.72 Excellent 9.2 £0.45 Excellent

NF (10:3)
Ethocel
S2 10P/Carbopol 934P 26.43 +0.73 Excellent 1.03 £+ 0.43 Excellent 9.4 + 0.25 Excellent
NF (10:4)
Ethocel
S3 10P/Carbopol 934P 33.77 £ 0.56 Good 1.17 £ 0.49 Good 12.87 +£0.32 Good
NF (10:5)
Ethocel
S4 10FP/Carbopol 934P 30.38 +0.36 Excellent 1.15 £ 0.65 Good 11.52 £ 0.33 Good
NF (10:3)
Ethocel
S5 10FP/Carbopol 934P 31.62 +0.39 Good 1.15 £ 0.54 Good 13.09 £ 0.65 Good
NF (10:4)
Ethocel
56 10FP/Carbopol 934P 2486 +£1.34 Excellent 0.9 +£0.36 Excellent 8.89 £ 0.76 Excellent
NF (10:5)
Ethocel
10P/Carbopol 934P
NF (10:5) with
HPMC
Ethocel
S8 10P/Carbopol 934P 28.26 £ 0.27 Excellent 1.08 £+ 0.18 Excellent 11.54 £ 0.18 Good
NF (10:5) with CMC
Ethocel
S9 10P/Carbopol 934P 29.61 & 0.55 Excellent 1.10 £0.34 Excellent 10.30 £ 0.66 Excellent
NF (10:5) with Starch
Ethocel
10FP/Carbopol 934P
NF (10:5) with
HPMC
Ethocel
S11 10FP/Carbopol 934P 30.45 4+ 0.33 Excellent 1.14 £0.13 Good 11.90 £ 0.53 Good
NF (10:5) with CMC
Ethocel
S12 10FP/Carbopol 934P 30.81 4+ 0.34 Good 1.13 £0.30 Good 12.47 £ 0.55 Good
NF (10:5) with Starch

SC 54.23 +0.89 Poor 1.45 + 0.56 Poor 31.45 4+ 0.54 Poor

57 33.72 £ 0.09 Good 1.17 £ 0.38 Good 14.57 £ 0.53 Good

S10 32.34 £ 0.58 Good 1.15+0.83 Good 13.65 + 0.45 Good

By analyzing the quantitative data from the formulations obtaining excellence in all
three parameters, a slight but significant (p < 0.01) difference was observed between the
angle of repose of formulations S1 and S2 (Ethocel 10P/Carbopol D:P 10:3 and 10:4, respec-
tively, p < 0.01), and S2 and S6 (Ethocel 10P/Carbopol D:P 10:4 and Ethocel 10FP/Carbopol
D:P 10:5, respectively, p < 0.001), while no significant difference was observed between S1
and S6 (Ethocel 10P/Carbopol D:P 10:3 and Ethocel 10FP/Carbopol D:P 10:5, respectively).
No significant difference was observed in Hausner’s ratio and Carr’s index among S1, S2,
and Se.

When co-excipients were added, all flow properties fell in the excellent range in tablets
where starch was added to Ethocel 10P/Carbopol D:P 10:5, but the angle of repose and the
Carr’s index of the latter were significantly lower (p < 0.001), while no significant difference
was observed in the Hausner’s ratio.

Among physical features, the values of which are listed in Table 3, diameter and
thickness were found to be constant among the different sets. Limited but significant
variability was observed among the experimental sets and for hardness (MS = 0.063,
p < 0.001), while greater variability was calculated for friability (MS = 0.075, p < 0.01).
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Table 3. Physical properties of the tested matrices.
Experimental Set Formulations Diameter Thickness Har;lness ljriability Weight Variation

(mm, n =10) (mm, n =10) (kg/cm?, n = 10) (%, n = 20) (mg, n = 20)
s1 Ethocel 1015; g&gk;of"’l 934P 8.0 +0.26 2.5+ 0.19 8.7 +0.11 0.11 + 0.45 200 + 0.42
S2 Ethocel 10151: (f&f;"pd 934P 8.0+ 0.17 2.5 +0.31 89 +0.15 0.12 + 0.04 199 + 0.34
s3 Ethocel 10151: g&gl;"p‘ﬂ 934P 8.0 & 0.26 2.5+ 043 8.3 4033 031 +0.11 202 +0.13
sS4 Ethocel mﬁ?r(lc(fé;mpd 9B4P 0 +038 2.4+ 0.06 9.7 +0.10 0.10 +0.18 201 +0.22
S5 Ethocel 101511;(%‘3:3’01’01 BP0 4013 244029 9.8 +0.05 0.20 + 0.05 201 +0.25
s6 Ethocel 101;\11)1:?1%?;;"’1”1 BP0 4033 244015 9.5+ 0.07 0.23 + 0.09 203 + 0.44
7 Ethoﬁg&gg;ﬁ?ﬁ‘”ﬁgﬁg%‘* 8.0 + 0.87 25+ 0.79 8.3 4025 0.03 + 0.22 202+ 0.35
S8 Ethoﬁg gﬁi 5+) Sv?fﬁ‘g\‘/}lcp%"‘ 8.0 + 043 25+035 934017 0.03 +0.16 201 + 0.04
9 Eth‘l’fne} é%i;ﬁi;bé’gr’i}f 934 8.0 & 0.40 254023 85+ 0.28 0.01 + 0.66 203 £ 0.16
510 Eth(’l@? (11%1?; ivi;rgolfh(jllcp%‘* 8.0 £ 0.97 244053 8.6 + 043 0.06 + 0.17 200 + 0.33
s11 Etho?g;lglgg; vsi:ﬁbgﬁfépgﬂ 8.0 & 0.26 244024 9.5+ 043 0.03 +0.25 199 + 0.29
s12 Ethof\fé 1%:: I;)erci:ta}fl;‘t’fr‘zlhmﬂ 8.0 4037 244019 9.3 + 043 0.06 + 0.22 200 + 0.25

The difference in weight within tablets of the same set was found to be within the
limits indicated by the US pharmacopeia [16]. Similarly, the drug content was found to be
uniform in the matrices of the same experimental sets (Table 4), all ranging between 98.52
and 99.48%, within the limits indicated by the US pharmacopeia [18].

Table 4. Content uniformity of the sets of matrices.

Experslrer:ental Formulations Contﬁ)zf rlljzlig;'mlty
S1 Ethocel 10P + Carbopol 934P NF (10:3) 99.04
S2 Ethocel 10P + Carbopol 934P NF (10:4) 99.42
S3 Ethocel 10P + Carbopol 934P NF (10:5) 98.67
S4 Ethocel 10FP + Carbopol 934P NF (10:3) 99.18
S5 Ethocel 10FP+ Carbopol 934P NF (10:4) 98.88
S6 Ethocel 10FP + Carbopol 934P NF (10:5) 99.02
S7 Ethocel 10P + Carbopol 934P NF (10:5) with HPMC 99.35
S8 Ethocel 10P + Carbopol 934P NF (10:5) with CMC 98.56
S9 Ethocel 10P + Carbopol 934P NF (10:5) with Starch 99.34
S10 Ethocel 10FP + Carbopol 934P NF (10:5) with HPMC 99.22
S11 Ethocel 10FP + Carbopol 934P NF (10:5) with CMC 99.08
S12 Ethocel 10FP + Carbopol 934P NF (10:5) with Starch 98.78

3.2. Drug Release

The release curves of losartan potassium from Ethocel 10P or Ethocel 10FP and Car-
bopol are shown in Figure 1.

After 24 h, 63% (Ethocel 10 FP/Carbopol D:P 10:5 matrix) to 69% (Ethocel 10P /Carbopol
D:P 10:3) of losartan potassium was released, the formulation with the higher D:P being
more prone to release the drug (p < 0.05). The addition of co-excipients sensibly increased
the drug release rate. Specifically, the addition of HPMC led to the release of 82% and 81%
of the drug within 24 h in matrices with Ethocel 10P/Carbopol and Ethocel 10FP/Carbopol,
respectively, both with D:P 10:5. Starch brought the release rate to 80.33% and 79.43% in
D:P 10:5 matrices with Ethocel 10P/Carbopol and Ethocel 10FP/Carbopol, respectively,
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and, finally, CMC increased the 24 h drug release to 81.62% and 80.05% in D:P 10:5 matrices
with Ethocel 10P/Carbopol and Ethocel 10FP /Carbopol, respectively (Figure 2).

120

100 - —8— [ osartan Potassium+Ethocel
10P+Cabopol 934P NF (10:3)

=+ [ osartan Potassium+Ethocel
80 10FP+Carbopol 934P NF (10:3)

—=— L osartan Potassium+Ethocel
10P+Carbopol 934P NF (10:4)

—=— Losartan Potassium+Ethoce|
10FP+Carbopol P 934 NF (10:4)

% Drug Released

= [ osartan Potassium+Ethocel 10P
+ Carbopol 934P NF (10:5)

—s— L osartan Potassium+Ethocel
10FP+ Carbopol 934P NF (10:5)

—+— Cardaktin® Tablet
{Conventional)

0 5 10 15 0 25 30
Time (k)

Figure 1. Drug release from polymeric matrices. The points in the curves indicate the mean value of
three repetitions.

120

~&—Cardaktin® Tablet (Conventional)

—=—Losaran Potassium+Ethocel 10
P+Carbopol 934P NF (10:5) with
HPMC

—#—Losartan Potassium+Ethocel 10
FP+Carbopol P 934 NF (10:5) with
HPMC

=—ir—[Losartan Potassium+Ethocel 10
P+Carbopol 934P NF (10:5) with
CMC

=+—Losanan Potassium+Ethocel 10
FP+Carbopol P 934 NF (10:5) with
CMC

== Losaran Poiassium+Ethocel 10
P+Carbopol 934F NF (10:5) with
Starch

=L osartan Potassium+Ethocel 10
FP+Carbopol P 934 NF (10:5) with
Starch

% Drug Released

0 5 10 15 20 25 30
Time (h)

Figure 2. Drug release from polymeric matrices when co-excipients were added. The points in the
curves indicate the mean value of three repetitions.

The model analyses showed that the highest values of r*> were obtained when data
were fitted to Higuchi’s model, falling in an interval between 0.973 and 0.995 (Table 5).
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Table 5. Drug release kinetics parameters (n = 3, mean + SD).

. 1 First-Order Zero-Order Hixon Crowell’s Higuchi Power Law
Expe;lrzlenta Formulations Kinetic Kinetic Erosion Model Diffusion Model ower La
ets
ki + SD r k, + SD r? k3 + SD r kq + SD r? ks + SD r N
s1 Etho;;illjogrf gggof’d 03374039 0873 732340324 0983 0342+0254 0939 7.633+£0538 0984  0003+0028 0963  0.676
2 Ethoggﬁolgg (fg.zk;"pd 03234032 0867 774740212 0993 028340232  0.872 672140634 0994  0.005+0067 0931  0.629
s3 Etho;%)o;; ggg"p"l —0368+£029 0859  8334+£0332 0982 0236+0476 0898 773240337 0973  0.026+0176 0975  0.974
sS4 Ethoc;; LEIQE)F*(%;?OPOI ~0383+027 0862 845540423 0989 0439 +0276  0.895  7.665+0597 0990  0.004+0.155 0936  0.647
S5 Ethoc;; ;I?I;})FECO?S’OPOI 0387 +042 0787 79864 0.654 0994 028340233  0.832 662940543 0995  0.006+0338 0933  0.694
S6 Ethoc;; jﬁg&ﬁg"’pc’l 01614023 0674 8789+0532 0983  0257+0584 0936 7797 4+0569 0984  0.082+0284 0982  0.887
Ethocel 10P + Carbopol
S7 934P NF (10:5) with 04244042 0476  4345+0228 0765 021940185 0917 477940225 0983  0.0234+0.065 0965  0.745
HPMC
Ethocel 10P + Carbopol
S8 934 NF (105) with Cvc 0334028 0879 336440182 0989 028140516 0878 445140332 0983 001340051 0982 0787
Ethocel 10P + Carbopol
59 934D NF (105) with Starch, 0348502 0876 53274055 0988 0368+0126 0985 518940134 0984  0037+0139 095 0676
Ethocel 10FP + Carbopol
510 934P NF (10:5) with 0439 +043 0867 323840.128 098 022140284 0969 311840435 0988 0018 +0.087 0949  0.795
HPMC
Ethocel 10FP + Carbopol
s11 934D NF (105) with Mc 023017 0866 33890187 0986 011840168 0923  4863+0642 0989 003440013 0962 0779
S12 Ethocel 10FP + Carbopol - 50y 4 3 (886 438710355 0985 0652+£0764 0978 557840348 0987  0.065+0068 0881 0880

934P NF (10:5) with Starch
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Worst fitness parameters were obtained, when trying to fit them, to first-order kinetics
(0.476 < r* < 0.886). Interestingly, when fitted with zero-order kinetics, all but one set
exhibited r? values higher than 0.98 were obtained. The exception was represented by the
experimental set S7 (Ethocel 10P/Carbopol D:P 10:5 with HPMC), the 12 for the zero-order
kinetics which was 0.765.

Finally, when the adherence to the Power law was assessed, N values ranged from
0.629 to 0.974, indicating an anomalous, non-Fickian diffusion of the drug.

When the dissolution profiles of the experimental matrices were compared with
traditional release tablets (namely, Cardaktin®), the average difference factor (f;) was
49.04 + 5.41, despite that value being higher than 54 in all but one experimental set without
co-excipients (Table 6).

Table 6. Drug release comparison between the tested matrices and commercial, traditional release
losartan potassium tablets (Cardaktin®).

Experimental Formulation Difference Similarity
Set Factor (f1) Factor (f,)
S1 Ethocel 10P + Carbopol 934P NF (10:3) 55.41 12.26
S2 Ethocel 10P + Carbopol 934P NF (10:4) 54.78 13.04
S3 Ethocel 10P + Carbopol 934P NF (10:5) 43.83 18.75
S4 Ethocel 10FP + Carbopol 934P NF (10:3) 55.78 10.45
S5 Ethocel 10FP + Carbopol 934P NF (10:4) 59.31 11.27
S6 Ethocel 10FP + Carbopol 934P NF (10:5) 51.42 17.79

Ethocel 10P + Carbopol 934P NF (10:5)
S7 with HPMC 44.38 14.63
Ethocel 10P + Carbopol 934P NF (10:5)
S8 with CMC 46.30 13.53
59 Ethocel 10P + Carbopol 934P NF (10:5) 43.85 13.91
with Starch
Ethocel 10FP + Carbopol 934P NF (10:5)
S10 with HPMC 47.27 13.46
Ethocel 10FP + Carbopol 934P NF (10:5)
S11 with CMC 47.05 13.36
s12 Ethocel 10FP + Carbopol 934P NF (10:5) 4543 13.35
with Starch

Conversely, the mean f, value was 13.82 + 2.38, with values of sets S3 and S6 (Ethocel
10P/Carbopol D:P 10:5 and Ethocel 10FP/Carbopol 10:5, respectively) higher than 17.3.

4. Discussion

The drug release pattern is a pivotal aspect, especially when applied to formulations
for oral administration since it allows for fine temporal control of the drug circulation
in the human or animal host, thus tuning its therapeutic effects and preventing some of
the potential adverse effects [20]. Polymers are widely recognized as the most effective
molecules associated with drugs for preparing controlled-release formulations, and the
appropriate polymer selection is crucial for optimizing the drug encapsulation, dissolution,
and, consequently, activity [21].

Till now, several polymers have been tested for their effects on losartan potassium
release. Among them, Eudragit, ethylcellulose, and Kollidon [10-12] were found to be
effective when included in sustained-release formulations. Additionally, a recent study
assessed the properties of losartan potassium tablets prepared by adding ethylcellulose
Ethocel grade 100 and Carbopol 934P NF [10].

The here-presented results showed that losartan potassium tablets prepared with
Ethocel grade 10 and Carbopol 934P NF present similar features if compared with those
obtained by using Ethocel grade 100. Ethocel 10P and Carbopol greatly enhanced the
flow properties of losartan potassium, which were otherwise poor. Interestingly, the best
flow performances were obtained when the D:P ratio was 10:5. The use of Ethocel P or
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FP seems to affect the flow properties since the best results were obtained with Ethocel
10 FP. However, the tablets prepared with Ethocel 10 FP were harder. The addition of
co-excipients (HPMC, CMC, or starch) did not improve the flow properties but reduced
the friability.

In all cases, the matrices complied with the indications devised by the most common
pharmacopeia standards and protocols [16-18].

On the other hand, the drug release curves strongly fitted the zero-order kinetics model,
which is considered optimal [22], thus suggesting continuous and constant solubilization
of the drug. The physical and chemical properties of ethylcellulose and Carbopol may
explain such a mechanism, since the latter is a hydrophilic polymer. It swells in alkaline
pH, forming hydrogels due to the ionization of its acidic groups and producing repulsion
between the negative charges, thus promoting the release of drugs through that gel layer,
while ethylcellulose is a retardant matrix, which controls the swelling of the gel [25]. The
N values obtained from the study of the Korsmeyer-Peppas model, ranging from 0.5 and
ranging between 0.60 and 0.89, with only one exception, suggest an anomalous, non-Fickian
release, probably due to a diffusion process hampered by the polymeric gel relaxation [23].
Other than the zero-order kinetics, the drug release curves have also been found to fit
Higuchi’s diffusion model, which related the drug diffusion to the square root of time and
is valid when polymers of the matrix do not change their properties when in contact with
an aqueous medium [19].

However, it should be underlined that less than 70% of the drug is released after 24 h.
This is in agreement with the previous findings with Ethocel grade 100, but not if compared
to matrices prepared with Eudragit [8] or Kollidon SR [9], which allowed more drugs to be
released, despite the release being much less gradual with Kollidon.

It is noteworthy that the release after 24 h improved following the addition of co-
excipients, especially HPMC. All of them are water-soluble polymers that enhance the drug
release rate [24]. In particular, HPMC is a non-ionic polymer that is rapidly hydrated and
may help in releasing the drug by increasing the local osmotic pressure [25].

Despite the increased release rate, the addition of co-excipients did not significantly
affect the kinetics of the process, which remained significantly different when compared
with Cardaktin® tablets. The f1 and f2 values, measures of the difference and the similarity
between two analyzed curves, were mostly or nearly within the relevance intervals, namely,
0-15 for f1 and 50-10 for f2 [26], thus suggesting a significant deviation from the traditional
release mechanisms.

5. Conclusions

All the above considered, the present study suggests that the controlled-release matri-
ces developed by blending Ethocel grade 10 and Carbopol 934P NF showed good results
in terms of physicochemical parameters and drug release profiles. The addition of co-
excipients such as HPM, CMC, and starch may help in increasing the release rate, and
further study might be undertaken to develop optimal concentrations to obtain the desired
release rate, therefore achieving the important goal of finely tuning the pharmaceutical
cargo to tailor the therapy to the needs of the patients.

Author Contributions: Conceptualization, K.A.K.; Data curation, EM.A., KJ.A.; Investigation,
K.A K. and EM.A.; Methodology, A.F. and K.A.K,; Project administration, G.M.K. and A E,; Software,
S.G.; Supervision, GM.K., A.D.C. and A.F,; Validation, C.Z. and E.M.A; Formal analysis, N.P. and
C.Z,; funding acquisition, N.P.; Writing—original draft, K.A.K., N.P. and A.E; Writing—review and
editing, A.F, N.P, M.M. and C.Z. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Polymers 2022, 14, 2993 11 of 12

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors acknowledge HEC and Gomal University for providing research
facilities and a research environment to complete this search work.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Alqgahtani, M.S,; Kazi, M.; Alsenaidy, M.A.; Ahmad, M.Z. Advances in Oral Drug Delivery. Front. Pharmacol. 2021, 12, 618411.
[CrossRef] [PubMed]

2. Modi, S.A.; Gaikwad, P.D.; Bankar, V.H.; Pawar, S.P. Sustained release drug delivery system: A review. Int. J. Pharm. Res. Dev.
2011, 2, 147-160.

3. Pahade, A, Pahade, A.; Jadhav, VM.; Kadam, V.J. Formulation and development of sustained release matrix tablet of nicorandil.
Int. ]. Pharm. Sci. Rev. Res. 2010, 4, 107-111.

4. Mastropietro, D.J.; Park, K.; Omidian, H. Polymers in Oral Drug Delivery. In Comprehensive Biomaterials, 2nd ed.; Biocompatibility,
Surface Engineering and Delivery of Drugs, Genes and Other Molecules; Ducheyne, P., Grainger, D.W., Healy, K.E., Hutmacher,
D.W,, Kirkpatrick, CJ., Eds.; Elsevier: Amsterdam, The Netherlands, 2017; Volume 4, pp. 430—-444.

5. Israr, M.; Pugliese, N.; Farid, A.; Ghazanfar, S.; Di Cerbo, A.; Muzammal, M.; Alamri, A.S.; Basheeruddin Asdaq, S.M.; Ahmad, A;
Khan, K.A. Preparation and Characterization of Controlled-Release Floating Bilayer Tablets of Esomeprazole and Clarithromycin.
Molecules 2022, 27, 3242. [CrossRef] [PubMed]

6. Malik, M.R.; Al-Harbi, FF; Nawaz, A.; Amin, A.; Farid, A.; Mohaini, M.A.; Alsalman, A.].; Hawaj, M.A.A.; Alhashem, Y.N.
Formulation and Characterization of Chitosan-Decorated Multiple Nanoemulsion for Topical Delivery In Vitro and Ex Vivo.
Molecules 2022, 27, 3183. [CrossRef] [PubMed]

7.  Bialik, M.; Kuras, M.; Sobczak, M.; Oledzka, E. Biodegradable synthetic polyesters in the technology of controlled dosage forms
of antihypertensive drugs—The overview. Expert Opin. Drug Deliv. 2019, 16, 953-967. [CrossRef] [PubMed]

8.  Sodeifian, G.; Nasri, L.; Razmimanesh, F.; Abadian, M. Measuring and modeling the solubility of an antihypertensive drug
(losartan potassium, Cozaar) in supercritical carbon dioxide. J. Mol. Lig. 2021, 331, 115745. [CrossRef]

9. Sica, D.A.; Gehr, TW.; Ghosh, S. Clinical pharmacokinetics of losartan. Clin. Pharmacokinet. 2005, 44, 797-814. [CrossRef]
[PubMed]

10. Khan, K.A,; Khan, G.M.; Muzammal, M.; Al Mohaini, M.; Alsalman, A.].; Al Hawaj, M.A.; Ahmad, A.; Niazi, Z.R.; Shah, K.U,;
Farid, A. Preparation of Losartan Potassium Controlled Release Matrices and In-Vitro Investigation Using Rate Controlling
Agents. Molecules 2022, 27, 864. [CrossRef] [PubMed]

11.  Khan, K.A,; Khan, G.M,; Jan, S.U.; Rehman, A.; Mehsud, S. Formulation and in vitro evaluation of directly compressed controlled
release tablets designed from the Co-precipitates. Pak. |. Pharm. Sci. 2018, 31, 455-461. [PubMed]

12. Khan, R.U.; Shah, S.U.; Rashid, S.A.; Naseem, E.; Shah, K.U.; Farid, A.; Hakeem, K.R.; Kamli, M.R.; Althubaiti, E.H.; Alamoudi,
S.A. Lornoxicam-Loaded Chitosan-Decorated Nanoemulsion: Preparation and In Vitro Evaluation for Enhanced Transdermal
Delivery. Polymers 2022, 14, 1922. [CrossRef] [PubMed]

13.  Awan, A.M,; Farid, A.; Shah, S.U.; Khan, D.; Ur Rehman, F; Dar, M.].; Iftikhar, T.; Ghazanfar, S.; Galanakis, C.M.; Alamri,
A.S; et al. Nanocrytals-Mediated Oral Drug Delivery: Enhanced Bioavailability of Amiodarone. Pharmaceutics 2022, 14, 1300.
[CrossRef] [PubMed]

14. Rao, T.V,; Kumar, G.K.; Ahmed, M.G.; Joshi, V. Development and evaluation of chitosan based oral controlled matrix tablets of
losartan potassium. Int. J. Pharm. Investig. 2012, 2, 157-161. [CrossRef] [PubMed]

15.  Khan, K.A,; Khan, G.M.; Zeeshan Danish, M.; Akhlaq; Khan, H.; Rehman, F; Mehsud, S. Formulation and in-vitro evaluation of
directly compressed controlled release matrices of Losartan Potassium using Ethocel Grade 100 as rate retarding agent. Int. J.
Pharm. 2015, 496, 759-765. [CrossRef]| [PubMed]

16. USP. Powder Flow; The United States Pharmacopeial Convention: Betsheda, MD, USA, 2011.

17.  British Pharmacopoeia. Consistency of Formulated Preparations; The Stationary Office: London, UK, 2013; Volume V.

18.  USP. Uniformity of dosage units; The United States Pharmacopeial Convention: Betsheda, MD, USA, 2011.

19. Bruschi, M. Strategies to Modify the Drug Release from Pharmaceutical Systems; Woodhead Publishing: Sawston, UK, 2015; pp. 63-86.

20. Nawaz, A.; Farid, A.; Safdar, M.; Latif, M.S.; Ghazanfar, S.; Akhtar, N.; Al Jaouni, S.K.; Selim, S.; Khan, M.W. Formulation
Development and Ex-Vivo Permeability of Curcumin Hydrogels under the Influence of Natural Chemical Enhancers. Gels 2022,
8, 384. [CrossRef] [PubMed]

21. Moreno Raja, M.; Lim, P.Q.; Wong, Y.S.; Xiong, G.M.; Zhang, Y.; Venkatraman, S.; Huang, Y. Chapter 18 - Polymeric Nanomaterials:
Methods of Preparation and Characterization. In Nanocarriers for Drug Delivery; Mohapatra, S.S., Ranjan, S., Dasgupta, N., Mishra,
R.K.,, Thomas, S., Eds.; Elsevier: Amsterdam, The Netherlands, 2019; pp. 557-653. [CrossRef]

22. Khan, A.S; Shah, K.U.; Mohaini, M.A.; Alsalman, A.J].; Hawaj, M.A.A.; Alhashem, Y.N.; Ghazanfar, S.; Khan, K.A.; Niazi,

Z.R.; Farid, A. Tacrolimus-loaded solid lipid nanoparticle gel: Formulation development and in vitro assessment for topical
applications. Gels 2022, 8, 129. [CrossRef] [PubMed]


http://doi.org/10.3389/fphar.2021.618411
http://www.ncbi.nlm.nih.gov/pubmed/33679401
http://doi.org/10.3390/molecules27103242
http://www.ncbi.nlm.nih.gov/pubmed/35630719
http://doi.org/10.3390/molecules27103183
http://www.ncbi.nlm.nih.gov/pubmed/35630660
http://doi.org/10.1080/17425247.2019.1651716
http://www.ncbi.nlm.nih.gov/pubmed/31369295
http://doi.org/10.1016/j.molliq.2021.115745
http://doi.org/10.2165/00003088-200544080-00003
http://www.ncbi.nlm.nih.gov/pubmed/16029066
http://doi.org/10.3390/molecules27030864
http://www.ncbi.nlm.nih.gov/pubmed/35164127
http://www.ncbi.nlm.nih.gov/pubmed/29618434
http://doi.org/10.3390/polym14091922
http://www.ncbi.nlm.nih.gov/pubmed/35567091
http://doi.org/10.3390/pharmaceutics14061300
http://www.ncbi.nlm.nih.gov/pubmed/35745871
http://doi.org/10.4103/2230-973X.104399
http://www.ncbi.nlm.nih.gov/pubmed/23373007
http://doi.org/10.1016/j.ijpharm.2015.10.051
http://www.ncbi.nlm.nih.gov/pubmed/26545310
http://doi.org/10.3390/gels8060384
http://www.ncbi.nlm.nih.gov/pubmed/35735728
http://doi.org/10.1016/B978-0-12-814033-8.00018-7
http://doi.org/10.3390/gels8020129
http://www.ncbi.nlm.nih.gov/pubmed/35200510

Polymers 2022, 14, 2993 12 of 12

23.

24.

25.

26.

Latif, M.S.; Al-Harbi, EF; Nawaz, A.; Rashid, S.A.; Farid, A.; Mohaini, M.A.; Alsalman, A.J.; Hawaj, M.; Alhashem, Y.N.
Formulation and Evaluation of Hydrophilic Polymer Based Methotrexate Patches: In Vitro and In Vivo Characterization. Polymers
2022, 14, 1310. [CrossRef] [PubMed]

Shah, S.; Shah, K.; Jan, S.U.; Ahmad, K.; Rehman, A.; Hussain, A.; Khan, G.M. Formulation and in vitro evaluation of ofloxacin-
ethocel controlled release matrix tablets prepared by wet granulation method: Influence of co-excipients on drug release rates.
Pak. J. Pharm. Sci. 2011, 24, 255-261. [PubMed]

Naseem, F; Shah, S.U.; Rashid, S.A.; Farid, A.; Almehmadi, M.; Alghamdi, S. Metronidazole Based Floating Bioadhesive
Drug Delivery System for Potential Eradication of H. pylori: Preparation and In Vitro Characterization. Polymers 2022, 14, 519.
[CrossRef] [PubMed]

U.S. Department of Health and Human Services, Food and Drug Administration; Center for Drug Evaluation and Research.
Guidance for Industry. In Dissolution Testing of Immediate release Solid Oral Dosage Forms; Silver Spring, MD, USA, 2017.


http://doi.org/10.3390/polym14071310
http://www.ncbi.nlm.nih.gov/pubmed/35406184
http://www.ncbi.nlm.nih.gov/pubmed/21715257
http://doi.org/10.3390/polym14030519
http://www.ncbi.nlm.nih.gov/pubmed/35160508

	Introduction 
	Materials and Methods 
	Material 
	Formulation of Tablets 
	Preparation of Matrices 
	Flow Properties 
	Physical Characteristics 
	Chemical Tests 
	Drug Release Determination 
	Content Uniformity Determination 

	Statistical Analysis 

	Results 
	Flow Features and Physical Properties of Matrices 
	Drug Release 

	Discussion 
	Conclusions 
	References

