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Abstract: Darunavir is a nonpeptidic inhibitor of protease and is primarily metabolized by cytochrome P450 3A
(CYP3A) isoenzymes. It is usually coadministered with low-dose ritonavir (Darunavir/r). Ritonavir is an
inhibitor of CYP3A isoenzymes and pharmacologically enhances Darunavir which leads to increased plasma
concentrations of darunavir and allows for daily lower dose. Here, we have developed combination SR
formulation of Darunavir and Ritonavir and evaluated. In vitro drug release of all formulations was carried out
in dissolution medium 900ml of pH 3.0, 0.05 M Sodium Phosphate Buffer + 2% Tween 20 for 75 RPM USP I
apparatus (paddle). The results shown that, all the formulations of matrix tablets shown the good release of
drug from trialed formulations however all formulations were not releasing the drug in enough amount. In
matrix tablets F6, the release of drug shows NLT 80%. So, the formulation F6 have been considered as suitable
for the SR tablet of Darunavir and Ritonavir. Tablets were also evaluated though Quality by Design (QbD)

method.
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1. INTRODUCTION

For each disease condition or the disorder of the patient, appropriate treatment is very important to
maintain good health of the patient. For the same, the drug is administered conventionally by one or
more of several well defined and popular routes of drug administration which include but not limited to
oral, parenteral, rectal, alveolar, ocular and topical etc.”*> Nowadays, oral drug delivery system is the
preferred way for the administration of drugs because of easy administration, better patient compliance
and flexible design of the dosage forms.?® In recently aura, much technical advancement have been done
resulting in the development of new techniques for drug delivery. These techniques are capable of
controlling the rate of drug delivery, sustaining the duration of therapeutic activity and/or targeting the
delivery of drug to a tissue i.e. targeted drug delivery system. These advancements have led to the
development of several “Novel Drug Delivery System”.%® There are several terms used interchangeably
viz. controlled release, programmed release, sustained release, prolonged release, timed release,
extended release etc. The most important objective for the development of these systems is to furnish an

extended duration of action and thus assure greater patient compliance. ™

Sustained release system is a type of modified drug delivery system that can be used as an alternative to
conventional drug delivery system. These system sustain the release of drug and maintain the plasma
drug concentration in therapeutic window except any fluctuation and increase the therapeutic efficacy of
drug.’® Darunavir is a medicine used to decrease the amount of HIV virus in your body and make your
immune system stronger. Darunavir is always used with other HIV medicines.” Darunavir inhibits and
is primarily metabolized by cytochrome P450 3A (CYP3A) isoenzymes and is coadministered with low-
dose ritonavir (Darunavir/r); ritonavir is an inhibitor of CYP3A isoenzymes and pharmacologically
enhances Darunavir, resulting in increased plasma concentrations and allowing for a lower daily dose.
The t1/2 (terminal elimination half-life) of Darunavir is 15 h in the presence of ritonavir. An extensive
Darunavir/r drug-drug interaction programme has been undertaken, covering a wide range of therapeutic

areas.16,17,18,19,20,21

It is known that Darunavir is rapidly absorbed from the intestine after oral administration, reaching peak
plasma concentrations after 2.5-4.0 h. It is also known that P-glycoprotein expressed in intestinal
epithelial cells is able to decrease the absorption of orally administered and low levels of intestinal
absorption together with CYP450 activity are major factors in the reduced bioavailability of these drugs.
Darunavir, co-administered with ritonavir (both medications are HIV-1 protease inhibitors), is indicated
for use in the treatment of HIV-1 infection in combination with other antiretroviral

medications.17,18,21,22,23,24,25,26,27

The objective of developing oral sustained drug delivery systems of Darunavir in current research study
is to avoid other combination treatment to reduce frequency of drug administration, to improve patient
compliance, to reduce blood level oscillation characteristic of multiple dosing of conventional dosage
forms, to reduce amount of drug administered. The recommended maximum dose for the Darunavir
is 800 mg and for ritonavir is 200 mg. Same dose has been selected and formulated for the
combination drug. The objective of developing oral combination immediate drug delivery

systems of Darunavir and Ritonavir is to facilitate patients with ease of combination treatment



and to evaluate the properties of both drugs which might lead to provide information about
other new formulations of these drug.

3. MATERIAL AND METHODS

Materials:

Darunavir, Ritonavir, Microcrystalline Cellulose (Avicel PH-101), Lactose monohydrate (Granulac 200),
Hypromellose (METHOCELTM K100 Premium LVCR), Hypromellose (METHOCELTM K4M Premium CR),
FD & C Green No.40, Magnesium stearate, Opadry White,Purified water.

Preparation of sustained release tablets:

The powder blends were prepared by taking required quantities of drug and polymer. They were mixed
thoroughly. After that microcrystalline cellulose (MCC) was added as directly compressible filler, binder.
Finally magnesium stearate was added as a lubricant. These powder blends were then passed through sieve to
break any lumps or aggregates. The formulas are indicated in below Table.

Preparation of sustained release matrix tablets

The powder blends were compressed into tablets by direct compression technique on rotary tableting machine.
The compression force was optimized by proper adjustment of upper and lower punches. The tablets formed did
not show any defects like capping or chipping. These tablets of each formulation type (F-1 to F-6) were
evaluated for various properties such as thickness, diameter, weight variation, uniformity of drug content,
hardness, and friability.

The result of excipients compatibility study is presented in table below.

Table 1: Formulations and dissolution profile for sustained release Darunavir and Ritonavir tablet

F1 F2 F3 F4 F5 F6
Quantity Quantity Quantity Quantity Quantity Quantity
Ingredients Required Required Required Required Required Required
(mg/Tablet) (mg/Tablet) (mg/Tablet) (mg/Tablet) (mg/Tablet) (mg/Tablet)
Darunavir 375.00 375.00 375.00 375.00 375.00 375.00
Ritonavir 110.00 110.00 110.00 110.00 110.00 110.00
Microcrystalline
Cellulose (Avicel 52.00 42.00 36.00 31.00 27.50 22.00
PH-112)
Lactose monohydrate
52.00 42.00 36.00 31.00 27.50 22.00
(Granulac 200)
Hypromellose
(METHOCELTM
100.00 120.00 130.00 138.00 142.00 150.00
K100 Premium
LVCR)
Hypromellose
25.00 25.00 27.00 29.00 32.00 35.00
(METHOCELTM




F1 F2 F3 F4 F5 F6
Quantity Quantity Quantity Quantity Quantity Quantity
Ingredients Required Required Required Required Required Required
(mg/Tablet) (mg/Tablet) (mg/Tablet) (mg/Tablet) (mg/Tablet) (mg/Tablet)
K4M Premium CR)
FD & C Green No.40 1.00 1.00 1.00 1.00 1.00 1.00
Magnesium Stearate 5.00 5.00 5.00 5.00 5.00 5.00
Opadry White
20.00 20.00 20.00 20.00 20.00 20.00
(03B28796)

Purified Water g.s. g.s. g.s. g.s. g.s. g.s.
Total Weight 740.00 740.00 740.00 740.00 740.00 740.00
Dissolution profile
%Drug Release

Time Points F1 F2 F3 F4 F5 F6
D R D R D R D R D R D R
4 hr
75 78 68 75 64 69 60 63 50 56 45 46
(NMT 50 %)
10 hr
85 88 79 83 74 79 70 74 68 72 59 67
(55-75)
18 hr
92 97 89 90 86 87 84 85 82 86 78 82
(70-90)
24 hr
99 99 97 98 95 97 94 96 94 96 93 95
(NLT 90)
D = Darunavir; R = Ritonavir
Dissolution profile for F6 formulation
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Graph 1: Dissolution profile for F6 formulation

e Desired % drug release

The Quality Target Product Profile (QTPP) is “a prospective summary of the quality characteristics of a drug

product that ideally will be achieved to ensure the desired quality, taking into account safety and efficacy of the




drug product.” The QTPP is an essential element of a QbD approach and forms the basis of design for the
development of the product. For SR Tablets, the target should be defined early in development based on the
properties of the drug substance (DS), characterization of the product. By beginning with the end in mind, the
result of development is a robust formulation and manufacturing process with an acceptable control strategy that
ensures the performance of the drug product.

A critical quality attribute (CQA) is “a physical, chemical, biological, or microbiological property or
characteristic that should be within an appropriate limit, range, or distribution to ensure the desired product
quality.”1 The identification of a CQA from the QTPP is based on the severity of harm to a patient should the
product fall outside the acceptable range for that attribute.

All quality attributes are target elements of the drug product and should be achieved through a good quality
management system, appropriate formulation/process design and development. From the perspective of
pharmaceutical development, we only investigate the subset of CQAs of the drug product that also have a high
potential to be impacted by the formulation or process variables. Our investigation culminates in an appropriate
control strategy.

4. QUALITY BY DESIGN ALONG WITH RESULTS & DISCUSSIONS

Study Plan: A 2*full Factorial design was used and three center points was included to evaluate any curvature
effects exist. Batch size of 700 units was executed at lab scale as per different combination of factor as per DOE
plan. All Processing parameter like granulation, wet milling, drying, milling, blending and compression are kept
constant to reduce additional noise. All factors are numeric factor and the drug product CQA to be evaluated is
% Drug released at 24 hrs. For both API. Study design is given in Table. Formulation composition and
experimental results for drug release profile for all designed experiments are given.

Power Calculation for design: For selected design power also found to be above 80% for all three factors.

Data of signal/Noise ratio and power obtained for the selected design at. 5% alpha level to detect specified

signal to noise ratio are presented in below Table.

Table 2: Design of the Regular 2° Factorial DOE with 1 Centre Points to Study Impact of Critical

Excipients
Levels
Factors : Formulation Variables L L Center point
- +
level
Hypromellose
A ) 142.50 mg/tab 157.50 mg/tab 150 mg/tab
(METHOCELTM K100 Premium LVCR)
Hypromellose
B ] 33.25 mg/ tab 36.55 mg/ tab 35 mg/ tab
(METHOCELTM K4M Premium CR)
C Magnesium Stearate 4.0 mg/tab 5.13 mg/tab 5 mg/tab
Response Goal Acceptance Range
Y1l Dissolution of Darunavir at 4 Hrs. (%) Minimum NMT 50%
Y2 Dissolution of Darunavir at 18Hrs. (%) Minimum 70- 90%
Y3 Dissolution of Ritonavir at 4 Hrs. (%) Minimum NMT 50%
Y4 Dissolution of Ritonavir at 18Hrs. (%) Minimum 70- 90%




Power Calculation for design: For selected design power also found to be above 90 % for all three factors.

Data of signal/Noise ratio and power obtained for the selected design at. 5% alpha level to detect specified

signal to noise ratio are presented in below Table.

Table 3: Design Power Evaluation

Difference to Est. Std. Delta/Sigma
Name Unit detect delta Deviation Sigma | (Signal/Noise Power
(Signal) (Noise) ratio)
Dissolution of
) % 2 0.5 4 99.8
Darunavir at 4 Hrs. (%)
Dissolution of
) % 2 0.5 4 99.8
Darunavir at 18Hrs. (%)
Dissolution of
) ] % 2 0.5 4 99.8
Ritonavir at 4 Hrs. (%)
Dissolution of
% 2 0.5 4 99.8

Ritonavir at 18Hrs. (%)




Table 4: Formulation Details for 2° Factorial Design

Run Number 1 2 3 4 5 6 7 8 9 10 11
Sr.
N Batch Number DOE-1 DOE-2 DOE-3 DOE-4 DOE-5 DOE-6 DOE-7 DOE-8 DOE-9 DOE-10 DOE-11
0.
Ingredients mg/tab mg/tab mg/tab mg/tab mg/tab mg/tab mg/tab mg/tab mg/tab mg/tab mg/tab
Dry Mixing
1 Darunavir 375.00 375.00 375.00 375.00 375.00 375.00 375.00 375.00 375.00 375.00 375.00
2 Ritonavir 110.00 110.00 110.00 110.00 110.00 110.00 110.00 110.00 110.00 110.00 110.00
g | Microcrystalline fgi')“'ose (Avicel PH | 1080 | 2200 | 1305 | 2787 | 3137 | 2200 | 3112 | 2762 | 1637 22.00 16.12
4 Lactose monohydrate (Granulac 200) 22.00 22.00 22.00 22.00 22.00 22.00 22.00 22.00 22.00 22.00 22.00
5 | Hypromellose (METHOCELTMKI00 | 100 o | 15000 | 15750 | 14250 | 14250 | 15000 | 14250 | 14250 | 157.50 | 150.00 157.50
Premium LVCR)
g | Mypromellose (METHOCELTMKAM | = 5 o7 | 3500 | 3657 | 3675 | 3325 | 3500 | 3325 | 3675 | 3325 35.00 33.25
Premium CR)
7 FD & C Green No.40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Binder
8 Purified water qg.s. g.s. g.s. g.s. g.s. g.s. g.s. g.s. g.s. g.s. g.s.
Lubrication
9 Magnesium Stearate 5.13 5.00 4.88 4.88 4.88 5.00 5.13 5.13 4.88 5.00 5.13
Film Coating
10 Opadry White (03B28796) 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
Tablets Weight 740.00 740.00 740.00 740.00 740.00 740.00 740.00 740.00 740.00 740.00 740.00




Table 5: Experimental Results of the DOE to study Drug release

Factors : Formulation Variables Response
. N
Factor 1 Factor 2 Factor 3 Dissolution (%)
BatchiNo. A: Controlled Release Polymer B: Controlled Release Polymer T R a— 4 Hrs. 18Hrs.
Hypromellose (METHOCELTM | Hypromellose (METHOCELTM M - NMT 50% 70-90%
K100 Premium LVCR) K4M Premium CR) agnesium otearate Darunavir | Ritonavir Darunavir | Ritonavir

R1 R2 R1 R2
DOE-1 157.50 36.57 5.13 42 46 72 78
DOE-2 150.00 35.00 5.00 43 48 79 82
DOE-3 157.50 36.57 4.88 43 46 73 78
DOE-4 142.50 36.57 4.88 46 48 81 87
DOE-5 142.50 33.25 4.88 46 49 82 88
DOE-6 150.00 35.00 5.00 44 48 77 81
DOE-7 142.50 33.25 5.13 45 48 81 86
DOE-8 142.50 36.75 5.13 44 48 79 84
DOE-9 157.50 33.25 4.88 42 47 77 80
DOE-10 150.00 35.00 5.00 42 47 78 83
DOE-11 157.50 33.25 5.13 42 46 78 80




Table 6: Development Trial of Darunavir and Ritonavir Extended release tablet

Ingredients D1 D2 D3 D4 D5 D6
t t t t t t
DRY MIXING QY %W/W QY %W/W QY %W/W QY %W/W Qty %W/W Qty %W/W
mg/Tab mg/Tab mg/Tab mg/Tab mg/Tab mg/Tab
1 | Darunavir 375.00 50.68 375.00 50.68 375.00 50.68 375.00 50.68 375.00 50.68 375.00 50.68
2 | Ritonavir 110.00 14.86 110.00 14.86 110.00 14.86 110.00 14.86 110.00 14.86 110.00 14.86
g | Microcrystalline Cellulose 5200 | 7.03 | 4200 | 568 | 3600 | 48 | 3100 | 419 | 2750 | 372 | 2200 | 297
(Avicel PH 101)
4 | Lactose monohydrate 5200 | 703 | 4200 | 568 | 3600 | 486 | 3100 | 419 | 2750 | 372 | 2200 | 297
(Granulac 200)
Hypromellose
5 | (METHOCELTM K100 Premium 100.00 13.51 120.00 16.22 130.00 17.57 138.00 18.65 142.00 19.19 150.00 20.27
LVCR)
Hypromellose
6 | (METHOCELTM K4M Premium 25.00 3.38 25.00 3.38 27.00 3.65 29.00 3.92 32.00 4.32 35.00 4.73
CR)
7 | FD & C Green No.40 1.00 0.14 1.00 0.14 1.00 0.14 1.00 0.14 1.00 0.14 1.00 0.14
GRANULATION:
8 | Purified Water g.s g.s g.s g.s g.s g.s
LUBRICATION:
10 | Magnesium Stearate 5.00 0.68 5.00 0.68 5.00 0.68 5.00 0.68 5.00 0.68 5.00 0.68
Total 720.00 720.00 - 720.00 - 720.00 - 720.00 - 720.00
FILM COATING:
11 | Opadry White (03B28796) 20.00 2.70 20.00 2.70 20.00 2.70 20.00 2.70 20.00 2.70 20.00 2.70
12 | Purified Water” Q. Q. -- Q. -- Q. -- Q. -- q.s -
Total 740.00 740.00 100.00 740.00 100.00 740.00 100.00 740.00 100.00 740.00 100.00

D = Development trial




Table 7: Extended Release Dissolution profile in matrix formulation

900mL pH 3.0 0.05 M Sodium Phosphate Buffer + 2% Tween 20, 75 RPM

D1 D2 D3 D4 D5 D6
Batch No.
% Release % Release % Release % Release % Release % Release
. Darunav
Time (h I’) Ritonavir Darunavir Ritonavir Darunavir Darunavir Darunavir Ritonavir Darunavir Ritonavir Darunavir Ritonavir
ir
4 (NMT 10%) 7 9 6 9 6 8 5 7 4 7 4 5
10 (20 -45 %) 35 51 32 48 30 46 28 43 28 42 24 39
18 (55-75 %) 69 81 67 75 65 72 63 71 62 72 59 68
24 (NLT 80 %) 92 98 90 97 88 96 87 95 87 95 86 94

D = Development trial
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Graph 6: Dissolution data for development trial of ER formulation
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Table 8: QbD data for Extended Release profile in matrix formulation

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11

Time Acceptable % Drug % Drug % Drug % Drug % Drug % Drug % Drug % Drug % Drug % Drug % Drug
point range Release Release Release Release Release Release Release Release Release Release Release

D R D R D R D R D R D R D R D R D R D R D R
4 hrs NMT 50 % 42 46 | 43 | 48 | 43 | 46 | 46 48 46 49 44 | 48 | 45 48 44 | 48 | 42 47 42 | 47 | 42 | 46
10 hrs 55-75% 56 62 | 61 | 68 | 57 | 63 | 63 72 65 73 60 | 68 | 64 74 60 | 70 58 65 60 | 67 | 59 | 64
18 hrs 70-90 % 72 78 | 719 | 82 | 73| 78 |81 87 82 88 77| 81 | 81 86 79 | 84 77 80 78 | 83 | 78 | 80
24 hrs NLT 90 % 91 92 | 92 | 95 | 92| 93 | 94 98 95 99 92 | 95 | %4 98 94 | 97 91 94 93 | 96 | 92| 95

D = Darunavir, R = Ritonavir

% DRUG RELEASE

0

Dissolution profile for QbD trial formulations

DRUG

D =DARUNAVIR
R =RITONAVIR

m4Hr ®=10Hr

18 Hr 24 Hr

Graph 7: Dissolution profile for QbD trial formulation
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5. CONCLUSION

The present work was carried out to formulate and evaluate Darunavir and Ritonavir SR tablets.
The drug excipient compatibility studies were carried out. Based on the results, it was confirmed
that there is no interaction between drug and excipient at different conditions. Six formulation
trials of Darunavir and Ritonavir tablets were conducted using different polymers at different
concentrations.

In vitro drug release of all formulations was carried out in dissolution medium 900ml of pH 3.0,
0.05 M Sodium Phosphate Buffer + 2% Tween 20 for 75 RPM USP Il apparatus (paddle). The
results shown that the all the formulations matrix tablets shown the good release of the drug from
the formulations. In F6, the release of drug shows NLT 80% i.e. near to the desired target release.
So, the formulation F6 is suited for the SR table of Darunavir and Ritonavir. Tablets were also

evaluated for dissolution studies by QbD method.
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