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Abstract

Introduction: Using combined drugs with fixed dosage forms can make treatment much easier,
and as both nifedipine and propranolol have short half-lives it should be good to use in
sustained-release formulations. Aim- In this study, we tried to manufacture an extended-release
tablet, which consists of both nifedipine (20 mg) and propranolol hydrochloride (40 mg) and to
examine how the ratio of polymers influences tablet properties and drug release. Method- This
work involved series of experiments with five formulations, in which HPMC K100M was replaced
by ethyl cellulose in gradually increased amounts (185-165 mg and 25-45 mg). We included the
following tests: powder flow and tablet properties evaluation, drug content testing and 12-h
dissolution test (2-h at pH 1.2, after that pH 6.8), principal kinetics study and stability test at 40
°C and 75% RH for 30 days. Result- Results of the experiments showed that the flow of the
mixtures was very good (the values of the Carr index were between 9.1 and 9.6%). The hardness
was found to rise from 4.12 to 4.61 kg/cm? while the brittleness was found to fall from 0.42 to
0.24%. It was detected that higher amounts of ethyl cellulose caused release retardation, so
NP3 was selected as the best formulation evidenced by the release figures (91.1% nifedipine
and 89.3% propranolol. Conclusion: A HPMC K100M/ethyl cellulose matrix is a feasible platform
for combined nifedipine—propranolol delivery, pending experimental confirmation.

Keywords
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Release; Fixed-Dose Combination; Release Kinetics.
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1. INTRODUCTION

Hypertension is still one of the most frequent
cardiovascular risk factors that can be modulated
today [38,39]. The achievement of target blood
pressure often requires the association of several
drugs and the combination of two agents from
different classes reduces the pressure more roughly
five times than a double dose of a single compound
[35]. Single-pill combinations usually improve
adherence to treatment compared to the use of the
same drugs in separate tablets [36,37].

Nifedipine, a dihydropyridine calcium-channel
blocker, is a short-acting drug and was a typical
candidate for extended release in the form of the
gastrointestinal  therapeutic  system  [32,33].
Propranolol is the first clinically successful [-
adrenergic antagonist [34] and is a highly water-
soluble drug that is rapidly cleared; therefore, its
prolonged-release design is also beneficial. Since
these two agents act through different mechanisms,
their combination seems to be pharmacologically
justified, although their solubility differs.
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Oral matrix tablets are among the simplest ways to
extend release; in a hydrophilic matrix, polymer
hydration forms a gel layer that controls the entry of
water and the release of active substances by
diffusion and erosion [9-11,21]. HPMC is the most
widely used gel-forming polymer, and the viscosity
grade, content and particle size of HPMC strongly
affect release [12-16,20]. Ethyl cellulose is water-
insoluble and included in the blend, it reduces water
uptake and extends the diffusion path [17,23].
Hydrophilic-hydrophobic blends were successfully
used for other drugs [23,25] and HPMC matrices
repeatedly prolonged the release of freely soluble
drugs [12,13,25].

The present work then studied the influence of the
HPMC K100M: ethyl cellulose ratio on tablet quality,
12-h dissolution, release kinetics and short-term
stability of a nifedipine—propranolol matrix tablet.
Nifedipine matrix design followed in general the
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approach described previously for HPMC/ethyl

cellulose systems [30].

2. MATERIALS AND METHODS

2.1 Materials

Nifedipine and propranolol hydrochloride were used
as model drugs. HPMC K100M was used as a polymer
forming the gel layer and ethyl cellulose was used as
a polymer for controlling the release rate. HPMC E5,
Eudragit RL, sodium starch glycolate, microcrystalline
cellulose, talc and magnesium stearate were used as
auxiliary excipients.

2.2 Formulation design

Five batches with a fixed amount of drug content and
varying ratios of polymer were prepared (Table 1).
Each 300 mg tablet contains 20 mg of nifedipine and
40 mg of propranolol hydrochloride while the ethyl
cellulose was replaced to HPMC K100M 5 mg step
from NP1 to NP5.

Table 1. Composition of matrix tablets (mg per tablet)

Ingredient NP1 NP2 NP3 NP4 NP5
Nifedipine 20 20 20 20
Propranolol HCI 40 40 40 40
HPMC K100M 185 180 175 170 165
Ethyl cellulose 30 35 40 45
HPMC E5 2.2 2.2 2.2 2.2
Eudragit RL 5 5 5 5
Sodium starch glycolate 10 10 10 10
Magnesium stearate 28 28 28 28

Talc 5 5 5 5
Microcrystalline cellulose 5 5 5 5
Total 300 300 300 300 300
2.3 Tablet preparation 2.6 Tablet evaluation
The mixture was sieved (#60), blended geometrically  Thickness, weight variation, tablet hardness

and mixed for about 15 min; the glidant and lubricant
were finally added and mixed for a short time.
Tablets were produced by direct compression using
a rotary tablet machine. This technique allows the
production of tablets without wet granulation and
drying, which can be beneficial for moisture- and
light-sensitive active pharmaceutical ingredients
(APIs).

2.4 Powder characterization

Angle of repose, bulk and tapped density, Hausner

ratio and Carr's compressibility index were
determined for all the mixtures by standard
procedures.

2.5 Compatibility screening

FT-IR spectra of pure drugs and drug/excipient
physical mixtures were to be compared to identify
possible drug losses, shifts or appearance of new
bands. However, no spectra are reported here.

(kg/cm2) and friability (%), were then determined
according to standard procedures. Drug content was
evaluated on extracts appropriately diluted.

2.7 Dissolution studies

Dissolution tests were carried out according to the
USP apparatus Il; 900 mL of pH 1.2 buffer solution at
50 rpm were used for 2 h, and then the dissolution
medium (pH 6.8 phosphate buffer solution) was
renewed every 10 h. A suitable analytical procedure
for the simultaneous determination of the two drugs
must be selected (probably an HPLC method).

2.8 Dissolution kinetics and similarity

The dissolution data will be fitted to zero-order, first-
order, Higuchi’s [1], and Korsmeyer—Peppas [2-5]
equations. The Peppas exponent was calculated from
the plots of cumulative drug dissolved versus time
(%), expressed as means of at least three
measurements at each time until 60% drug release,
according to the suggested methodology [27,31]. For
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cylindrical tablets, a value of n = 0.45 was indicative
of Fiskian diffusion, whereas anomalous transport
was expected for values ranging from 0.45 to 0.89;
case Il or Il (relaxation- or erosion-controlled)
release was related to values equal to or greater than
0.89 [4,5]. Similarity between dissolution profiles

3. RESULTS
3.1 Powder flow

Int J Pharm Biol Sci.

was assessed by calculating the f2 similarity factor
[29].

2.9 Stability

A representative tablet batch was to be stored for 30
days at40+ 2 °Cand 75 £ 5% RH according to the ICH
guidelines Q1A(R2) [40].

Table 2. Micromeritic properties of powder blends

Parameter NP1

NP2

NP3 NP4 NP5 Mean

Angle of repose (°) 25.4
Bulk density (g/cm?)
Tapped density (g/cm3)
Hausner ratio

Carr’s index (%)

1.10
9.3

24.8
0.654 0.651 0.648 0.650 0.647 0.650
0.721 0.716 0.713 0.718 0.716 0.717
1.10
9.1

257 271 283 26.3

1.10
9.1

1.10
9.5

1.11
9.6

1.10
9.3

All  mixtures showed excellent flow properties
characterized by an angle of repose below 30°,
similar Hausner ratios near 1.10, and low Carr’s
indices under 10%. Increasing the amount of ethyl

cellulose raised the angle of repose slightly from
25.4° to 28.3° (Figure 1) but had no significant effect
on compatibility.

30+ -11.0
-10.5
28 A
> -10.0 —~
) =
0 26 1 <
=3 g
L -95 2
= £
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QL 24 A :
2 .
g .
22 A
-85
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NP1 NP2 NP3

NP4 NP5

Figure 1. Angle of repose (bars) and Carr’s index (line) of blends NP1-NP5 (simulated data).

3.2 Drug-excipient compatibility
At screening level, the major drug bands were
assumed to be present without the appearance of

3.3 Physical properties of tablets

any band’s indicative of chemical interactions. This
remains a hypothesis until actual spectra are
obtained, and thus, no spectral figure was provided.

Table 3. Physical characteristics of tablets (mean £ SD)

Batch Hardness Friability Thickness Weight Nifedipine Propranolol
(kg/cm?) (%) (mm) (mg) (%) (%)
NP1 4.12+0.21 0.42 £0.03 3.08 £ 0.05 299.1+2.4 98.1+1.2 97.6+1.3
NP2 428 £0.24 0.36 £ 0.02 3.10+0.04 300.2+2.1 98.7+1.0 98.3+1.1
NP3 4.35+0.22 0.31+£0.02 3.12 £ 0.05 299.8+1.9 99.1+0.9 99.0+0.8
NP4 4.48 £0.25 0.27 £0.02 3.14+0.04 300.5+2.0 98.8+1.1 98.6+1.0
NP5 4.61+0.27 0.24 £ 0.02 3.16 + 0.05 300.1+2.2 98.4+1.2 98.2+1.2
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Hardness increased steadily and friability decreased
with increasing ethyl cellulose contents (Figure 2).
This was expected because a more cohesive compact

Int J Pharm Biol Sci.

were always below 0.5% for each batch and drug
content was within the range 97.6-99.1% of label
claim with NP3 having the highest content and

may be achieved when a plastically deforming lowest variation.

hydrophobic polymer fills the voids. Friability values
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Figure 2. Effect of ethyl cellulose content on tablet hardness and friability (mean + SD).

3.4 In-vitro release
Table 4. Cumulative release, Nifedipine / Propranolol HCI (%)

Time (h) NP1 NP2 NP3 NP4 NP5

1 7.5/9.2 7.0/8.7 6.4/8.1 5.8/7.3 5.2/6.8

2 16.1/18.7 15.0/17.2 139/16.0 12.6/14.7 11.7/135
4 34.8/36.1 32.5/34.0 30.1/31.8 27.5/285 25.1/259
6 50.7/52.2 48.6/50.0 45.8/47.2 42.0/426 38.7/39.1
8 67.1/68.4 64.5/65.6 62.8/63.0 57.5/57.8 53.4/53.0
10 79.2/80.1 76.4/77.1 75.1/75.0 69.8/69.4 65.0/64.3
12 88.6/87.4 90.2/89.0 91.1/89.3 86.9/85.6 82.7/81.9

The addition of ethyl cellulose reduced the release of
both drugs during the first 10 h (Fig. 3). At 4 h, the
addition of ethyl cellulose reduced nifedipine release
from 34.8% (NP1) to 25.1% (NP5) and propranolol
release from 36.1% to 25.9%. The two drugs followed
each other closely, which is desirable for a fixed-dose
preparation; propranolol was slightly faster in the
early hours owing to its greater aqueous solubility.
NP4 and NP5 were too retarded, achieving only 82.7-

Nifedipine

'S @ -]
=] =] =]
L s |

~
o
L

Cumulative drug release (%)

86.9% at 12 h, whereas NP3 achieved 91.1 and
89.3%, and was therefore selected as the optimized
batch. One feature of the simulated set deserves
mention, namely that the 12-h value for NP1 (88.6%
/ 87.4%) is lower than for NP2 and NP3, despite its
early release being faster. In practice, such a
crossover would require verification by repeat
batches.

Propranclol HCI

Time (h)

Time (h)

Figure 3. In-vitro release profiles of nifedipine (left) and propranolol HCI (right) from NP1—-NP5; dotted line

marks the pH change at 2 h.
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3.5 Release kinetics of NP3

Int J Pharm Biol Sci.

Table 5. Model fitting for NP3 (recalculated from the profiles in Table 4)

Dru Zero- First- Higuchi Korsmeyer— Transport
& order R2  order R? R? Peppas R? P
Nifedipine 0.999 0.908 0.920 1.000 110  Relaxation/erosion-
controlled
Propranolol 0.999 0.932 0.935 1.000 0.99 Relaxation/erosion-
HCI controlled

The release profiles of NP3 are almost linear with
respect to time (Fig. 4) with zero-order R (2) of 0.999
being greater than Higuchi values (0.92 to 0.94) (Fig.
5). The Korsmeyer-Peppas exponents (1.10 and 0.99)
are greater than 0.89, characteristic of cylindrical
tablets, indicating that the release mechanism is
governed predominantly by polymer swelling and gel
layer erosion with minor contribution of diffusion
[4,5,10,11,21]. Near-zero order drug release from

Zero-order fit (NP3)

matrix of HPMC is possible if the advancing front of
the swelling zone moves at a constant velocity [9,10].
Poor fit was obtained for both Higuchi (pure diffusion
model) and the first-order equations. Due to limited
number of time points (8) only (4 below 60% release),
these estimations were tentative and fitting
procedure should be repeated on replicate data
using appropriate software [28].

Korsmeyer-Peppas fit (NP3)

@ Nifedipine —— Nifedipine: n = 1.10
®  Propranolol HCI 3951 Propranolol HCI: n = 0.98
80 4
3.50 A
60 § 3.25
£ ¥ 3.00
L
] 3
% 40 4 E 2.75
[-4 [
E 2.50
201 2.25
2.00 A
o
lI] 2 4 6 8 1I0 iZ O‘EJO 0.125 0‘I50 0."."5 1.60 1.I25 1.50 1.I75
Time (h) In time
Figure 4. Zero-order and Korsmeyer—Peppas fits for NP3
Nifedipine (NP3) Propranolol HCI (NP3)
0.999 1.000 0.000 1.000
1.00 4
0.98 4
0.96
0.94 4 0.932 0,935
= 0.921 ==
0.908
0.90 1
0.88 1
0.86 1
Zero-order First—lorder Higll.lchi Korsmeyer- Zero-order Hrst-‘order Higll.lchi Korsmeyer-
Peppas Peppas
Figure 5. Comparison of model R? values for NP3.
3.6 stability
Table 6. Stability of NP3 after 30 days at 40 °C/75% RH
Parameter Initial 30 days Remark
Appearance Intact, smooth Intact, smooth No change
Hardness (kg/cm?) 4.35 4.41 Slight rise
Friability (%) 0.31 0.33 Within limit
Nifedipine content (%) 99.1 98.5 -0.6
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Propranolol content (%) 99.0 98.4 -0.6
Weight (mg) 299.8 300.0 Negligible
Thickness (mm) 3.12 3.13 Negligible
Nifedipine release at 12 h (%) 91.1 89.8 -1.3
Propranolol release at 12 h (%) 89.3 88.4 -0.9

Physical form, hardness, friability and drug content
of NP3 were found to be changed slightly (Figure 6).
Only minor decrease of 12-h release (1.3 points for
nifedipine and 0.9 for propranolol) could be classified

Hardness (kg/cm?)
100 -

99
98 A
97 A

96 A

95 -
30d

Initial Initial

Drug content (%)

as a relevant change related to polymer hydration
state changes during storage that may occur in
practice, depending on the similarity criterion used
[27,29].

Release at 12 h (%)

I Nifedipine 94

mmm Propranciol
92 A
90 A
88 A
86
84
82
80 -

30d 30d

Initial

Figure 6. Hardness, drug content and 12-h release of NP3 before and after 30 days of accelerated storage

4. DISCUSSION

The design utilizes two complementary effects.
Hydrated HPMC K100M forms a viscous gel,
controlling water ingress, drug diffusion and erosion;
ethyl cellulose, being insoluble, thickens the barrier
and reduces matrix wetting [9-11,21,23]. The
simulated data illustrates the expected inverse
relationship between ethyl cellulose content and
release rate, and also improved tablet strength. A
compromise is required: too little retardant leads to
early burst, whilst too much leaves an incomplete
release, as observed with NP4 and NP5. A matrix
close to zero-order release is attractive for
antihypertensives as it would smooth out
fluctuations in plasma-levels. However, nifedipine is
poorly soluble and propranolol freely soluble [32], so
identical release of both drugs from one matrix
cannot be guaranteed in real experiments, but the
simulated data assumes close agreement. Real
studies should also include evaluation of pH-
independence, a reference product, the f2 factor
[29], and swelling and erosion [20,22].

Limitations. (i) All data is simulated. (ii) Only eight
time points and no replicates were used for
determining release profiles, and hence the kinetic
exponents are uncertain. (iii) FT-IR results are
presented as expectations. (iv) Nifedipine is light-
sensitive, so protection from light must be
documented during processing and dissolution. (v)
Whether the pair is suitable for clinical application,

considering bradycardia and additive hypotension
risks, would require separate therapeutic and
regulatory justification [34,36].

5. CONCLUSION

A direct-compression matrix of HPMC K100M and
ethyl cellulose was designed as a combined
nifedipine- propranolol delivery system. In the
simulated data set, the 175 mg/35 mg polymer ratio
(NP3) was found to provide good flow properties,
acceptable tablet hardness, low friability, uniform
drug content, nearly 90% drug release of both APIs

after 12 h, and adequate 30-day stability.
Recalculated release kinetics suggested a near-zero-
order mechanism associated with the

erosion/swelling-controlled process.

6. FUTURE WORK

The proposed work includes experimental
preparation of NP1-NP5 in triplicate; development
and validation of a selective HPLC method for both
drugs; actual FT-IR/DSC compatibility studies; the
determination of swelling and erosion; the
optimization using factorial or response-surface
design; comparison with reference products using f2;
longer stability studies and, if justified, an in-vivo
pharmacokinetic evaluation.

International Journal of Pharmacy and Biological Sciences

Sheeba Naaz' and Hemant Bhardwaj | g

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

Higuchi T. Mechanism of sustained-action medication:
theoretical analysis of rate of release of solid drugs
dispersed in solid matrices. J Pharm Sci.
1963;52(12):1145-1149.

Korsmeyer RW, Gurny R, Doelker E, Buri P, Peppas NA.
Mechanisms of solute release from porous hydrophilic
polymers. Int J Pharm. 1983;15(1):25-35.

Peppas NA. Analysis of Fickian and non-Fickian drug
release  from polymers. Pharm Acta Helv.
1985;60(4):110-111.

Ritger PL, Peppas NA. A simple equation for description
of solute release I. Fickian and non-Fickian release from
non-swellable devices in the form of slabs, spheres,
cylinders or discs. J Control Release. 1987;5(1):23-36.
Ritger PL, Peppas NA. A simple equation for description
of solute release Il. Fickian and anomalous release
from swellable devices. J Control Release.
1987;5(1):37-42.

Siepmann J, Peppas NA. Modeling of drug release from
delivery  systems based on hydroxypropyl
methylcellulose (HPMC). Adv Drug Deliv Rev.
2001;48(2-3):139-157.

Siepmann J, Siepmann F. Mathematical modeling of
drug delivery. Int J Pharm. 2008;364(2):328-343.
Siepmann J, Siepmann F. Modeling of diffusion-
controlled drug delivery. J Control Release.
2012;161(2):351-362.

Colombo P. Swelling-controlled release in hydrogel
matrices for oral route. Adv Drug Deliv Rev. 1993;11(1-
2):37-57.

Colombo P, Bettini R, Santi P, Peppas NA. Swellable
matrices for controlled drug delivery: gel-layer
behaviour, mechanisms and optimal performance.
Pharm Sci Technol Today. 2000;3(6):198-204.
Maderuelo C, Zarzuelo A, Lanao JM. Critical factors in
the release of drugs from sustained release hydrophilic
matrices. J Control Release. 2011;154(1):2-19.
Alderman DA. A review of cellulose ethers in
hydrophilic matrices for oral controlled-release dosage
forms. Int J Pharm Technol Prod Manuf. 1984;5(3):1-9.
Ford JL, Rubinstein MH, Hogan JE. Formulation of
sustained release promethazine hydrochloride tablets
using hydroxy propyl methylcellulose matrices. Int J
Pharm. 1985;24(2-3):327-338.

Ford JL, Rubinstein MH, McCaul F, Hogan JE, Edgar PJ.
Importance of drug type, tablet shape and added
diluents on drug release kinetics from hydroxy propyl
methylcellulose matrix tablets. Int J Pharm.
1987;40(3):223-234.

Mitchell K, Ford JL, Armstrong DJ, Elliott PNC, Rostron
C, Hogan JE. The influence of concentration on the
release of drugs from gels and matrices containing
Methocel. Int J Pharm. 1993;100(1-3):155-163. T
Sung KC, Nixon PR, Skoug JW, Ju TR, Gao P, Topp EM,
Patel MV. Effect of formulation variables on drug and
polymer release from HPMC-based matrix tablets. Int J
Pharm. 1996;142(1):53-60.

Katikaneni PR, Upadrashta SM, Neau SH, Mitra AK.
Ethyl cellulose matrix-controlled release tablets of a
water-soluble drug. Int J Pharm. 1995;123(1):119-125.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Int J Pharm Biol Sci.

Rekhi GS, Nellore RV, Hussain AS, Tillman LG,
Malinowski HJ, Augsburger LL. Identification of critical
formulation and processing variables for metoprolol
tartrate extended-release (ER) matrix tablets. J Control
Release. 1999;59(3):327-342.

Velasco MV, Ford JL, Rowe P, Rajabi-Siahboomi AR.
Influence of drug:hydroxypropylmethylcellulose ratio,
drug and polymer particle size and compression force
on the release of diclofenac sodium from HPMC
tablets. J Control Release. 1999;57(1):75-85.
Reynolds TD, Gehrke SH, Hussain AS, Shenouda LS.
Polymer erosion and drug release characterization of
hydroxypropyl methylcellulose matrices. J Pharm Sci.
1998;87(9):1115-1123.

Li CL, Martini LG, Ford JL, Roberts M. The use of
hypromellose in oral drug delivery. J Pharm Pharmacol.
2005;57(5):533-546.

Nokhodchi A, Raja S, Patel P, Asare-Addo K. The role of
oral controlled release matrix tablets in drug delivery
systems. Bioimpacts. 2012;2(4):175-187.

Tiwari SB, Murthy TK, Pai MR, Mehta PR, Chowdary PB.
Controlled release formulation of tramadol
hydrochloride using hydrophilic and hydrophobic
matrix system. AAPS PharmSciTech. 2003;4(3): Article
31.

Tiwari SB, Rajabi-Siahboomi AR. Extended-release oral
drug delivery technologies: monolithic matrix systems.
Methods Mol Biol. 2008; 437:217-243.

Salsa T, Veiga F, Pina ME. Oral controlled-release
dosage forms. |I|. Cellulose ether polymers in
hydrophilic matrices. Drug Dev Ind Pharm.
1997;23(9):929-938.

Dahl TC, Calderwood T, Bormeth A, Trimble K,
Piepmeier E. Influence of physico-chemical properties
of hydroxypropylmethylcellulose on naproxen release
from sustained release matrix tablets. J Control
Release. 1990;14(1):1-10.

Costa P, Sousa Lobo JM. Modeling and comparison of
dissolution profiles. Eur J Pharm Sci. 2001;13(2):123—
133.

Zhang Y, Huo M, Zhou J, Zou A, Li W, Yao C, Xie S.
DDSolver: an add-in program for modeling and
comparison of drug dissolution profiles. AAPS J.
2010;12(3):263-271.

Shah VP, Tsong Y, Sathe P, Liu JP. In vitro dissolution
profile comparison: statistics and analysis of the
similarity factor, f2. Pharm Res. 1998;15(6):889-896.
Prabhakaran L, Vishalini M. Hydrophilic polymers
matrix systems of nifedipine sustained release matrix
tablets. Pelagia Research Library. 2010;1(1):147-165.
(cited as supplied by the author)

Dash S, Murthy PN, Nath L, Chowdhury P. Kinetic
modeling on drug release from controlled drug delivery
systems. Acta Pol Pharm. 2010;67(3):217-223.

Sorkin EM, Clissold SP, Brogden RN. Nifedipine: a
review of its pharmacodynamic and pharmacokinetic
properties, and therapeutic efficacy, in ischaemic heart
disease, hypertension and related cardiovascular
disorders. Drugs. 1985;30(3):182-274.

Grundy JS, Foster RT. The nifedipine gastrointestinal
therapeutic system (GITS): evaluation of

International Journal of Pharmacy and Biological Sciences

Sheeba Naaz" and Hemant Bhardwaj = 57
www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

%

35.

36.

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

pharmaceutical, pharmacokinetic and pharmacological
properties. Clin Pharmacokinetic. 1996;30(1):28-51.
Black JW, Crowther AF, Shanks RG, Smith LH, Dorn
horst AC. A new adrenergic beta-receptor antagonist.
Lancet. 1964;283(7342):1080-1081.

Wald DS, Law M, Morris JK, Bestwick JP, Wald NJ.
Combination therapy versus monotherapy in reducing
blood pressure: meta-analysis on 11,000 participants
from 42 trials. Am J Med. 2009;122(3):290-300. t
Gupta AK, Arshad S, Poulter NR. Compliance, safety,
and effectiveness of fixed-dose combinations of
antihypertensive agents: a meta-analysis.
Hypertension. 2010;55(2):399-407.

37.

38.

39.

40.

Int J Pharm Biol Sci.

Bangalore S, Kamalakkannan G, Parkar S, Messerli FH.
Fixed-dose  combinations improve  medication
compliance: a  meta-analysis. Am J Med.
2007;120(8):713-719.

Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH
Guidelines for the management of arterial
hypertension. Eur Heart J. 2018;39(33):3021-3104.
Mills KT, Stefanescu A, He J. The global epidemiology
of hypertension. Nat Rev Nephrol. 2020;16(4):223—-
237.

International Council for Harmonization. ICH Q1A(R2):
Stability testing of new drug substances and products.
2003.

International Journal of Pharmacy and Biological Sciences

Sheeba Naaz" and Hemant Bhardwaj = g
www.ijpbs.com or www.ijpbsonline.com j


http://www.ijpbs.com/
http://www.ijpbsonline.com/

