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INTRODUCTIONS:  
 

 
 
 
 
 
INTRODUCTION: 
Ritonavir is a large, lipophilic molecule that is 
practically insoluble in aqueous media and exhibits an 
exceedingly slow intrinsic dissolution rate. Although it 
has favorable lipophilicity, in vitro permeability studies 
have shown that ritonavir is a substrate of P-
glycoprotein. Thus, the oral absorption of ritonavir 
could be limited by both dissolution and permeability, 
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ABSTRACT: Background: Ritonavir, a biopharmaceutical classification system (BCS) class II drug. 
Aim: The current research work endeavors to provide an account on the application of solid 
dispersion techniques for solubility and in vitro dissolution enhancement of ritonavir with PEG 4000, 
using physical mixing, solvent evaporation, and melting technique. Method: Different drug-to-
polymer ratios at 1: 0.5, 1: 1, 1: 1.5, 1: 2 and 1: 2.5 were prepared to investigate the appropriate 
concentration of polymer required to enhance the solubility of the drug and improve its release 
kinetics. The phase solubility study of ritonavir was conducted in the presence of various 
concentrations of PEG 4000. The polymeric dispersions prepared were evaluated for the release of 
ritonavir over a period of 1 h in 0.1 N HCl using USP type - II dissolution apparatus. 
Characterization of the solid dispersions was carried out by differential scanning calorimetry (DSC), 
and Fourier transform infrared spectroscopy (FTIR). Results: The Gibb’s free energy (ΔGtr0) values 
were found negative for carrier at various concentrations, indicating the spontaneous nature of drug 
solubilization, and it decreased with an increase in its concentration, demonstrating that the 
reaction more favorable as the concentration of carrier increased. The findings of the work 
corroborated suggested the suitability of prepared polymeric drug dispersions of ritonavir in 
enhancing its solubility. Conclusion: The in vitro release profile and the mathematical models 
indicated that release of ritonavir can be effectively increased from a formulation containing 
polymeric dispersion of PEG 4000 at a ratio of 1: 2. The drug and carriers used were found 
compatible from the interaction studies. 
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thereby making it a Class IV compound in the 
Biopharmaceutics Classification System (BCS). 
Because formulations rarely exert direct influence on 
local intestinal permeability, the effect of enhanced 
dissolution rate on oral absorption was explored. More 
specifically, poly(ethylene glycol) (PEG)-amorphous 
ritonavir solid dispersions were prepared with different 
drug loadings [1]. 
Chemically ritonavir is 1,3-thiazol-5-ylmethyl N-
[(2S,3S,5S)-3-hydroxy-5-[(2S)-3-methyl-2-
{[methyl({[2-(propan-2-yl)-1,3-thiazol-4-
yl]methyl})carbamoyl]amino}butanamido]-1,6-diphenyl 
hexan-2-yl] carbamate [2]. The structure is given under 
Fig 1.  

 
Fig 1. Chemical structure of ritonavir. 

The aqueous solubility and permeability of drug (s) 
through biological membranes are the main 
physicochemical properties that limit the bioavailability 
of a new drug molecule. Various methods are proposed 
to enhance aqueous solubility of poorly soluble drugs 
that includes: chemical modifications (e.g., pro drugs or 
salt derivatives), physical modifications (e.g., solid 
dispersions, size reduction, loading on porous carriers, 
co crystals), alteration of solvent compositions (e.g., pH 
adjustment, use of co solvents, addition of surfactants), 
and use of carrier systems (e.g., cyclodextrins, micelles, 
liposomes) [3].   
Polyethylene glycols (PEGs) with molecular weights of 
1,500 to 20,000 are used for the preparation of solid 
dispersions (SDs). Solubility of PEGs in water is 
generally good, but decreases with increase in molecular 
weight. A particular advantage of PEGs for formation 
SDs is that they also have good solubility in many 
organic solvents. The melting points of PEGs of interest 

lies under 65 °C in every case (e.g., the melting ranges 
of PEG 1000, PEG 4000, PEG 6000, and PEG 20,000 
are 30 to 40, 50 to 58, 55 to 63, and 60 to 63 °C 
respectively) [4,5]. A simple and convenient solubilizing 
technique is the preparation of solid dispersions. 
The rate of oral absorption of poorly soluble or BCS 
class II drugs is often controlled by their dissolution rate 
in the gastrointestinal tract. Thus, solubility and 
dissolution rate are the key determinants of oral 
bioavailability, which is the concluding point drawn for 
fate of oral bioavailability [6]. Among the various 
approaches to improve solubility, the solid dispersion 
technique has often proved to be the most successful in 
improving the dissolution and bioavailability of poorly 
soluble active pharmaceutical ingredients because it is 
simple, economic, and advantageous [7]. Solid dispersion 
technique provides a means of reducing particle size to 
nearly a molecular level. As the soluble carrier 
dissolves; the insoluble drug is exposed to the 
dissolution medium as very fine particles for quick 
dissolution and absorption. In particular, polymers such 
as Polyethylene glycols and polyvinylpyrrolidone have 
been extensively used as carriers for dispersions due to 
their low melting point and their hydrophilic 
environment [8].  
Although most of the drugs have encouraging 
experimental data obtained in vitro, the in vivo results 
have been disappointing. The attributes include: Poor 
absorption, rapid degradation, and lamination (peptides 
and protein) resulting in insufficient concentration, Drug 
distribution to other tissues with high drug toxicities 
(anticancer drugs), Poor solubility of drugs, and 
Fluctuations in plasma levels owing to unpredictable 
bioavailability [9,10]. 
The primary objective of the present study is to 
investigate solubility and dissolution rate of ritonavir 
containing solid dispersions in PEG 4000. To this 
purpose, physical characterizations based on IR 
spectroscopy and differential scanning calorimetry 
(DSC) was performed. Solubility analysis and 
dissolution studies were also carried out. 

MATERIALS AND METHODS: 
A gift sample of ritonavir was received from 
Aurobindo Pharmaceuticals (Hyderabad, India) and 
PEG 4000 was received from Clariant (Germany). 
Distilled water was used for all dissolution 
experiments and all the other chemicals used were of 
analytical grade and procured from authorized dealer. 
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Analytical Method:  
Linear plot for estimation of ritonavir: 
A series of standard solutions of ritonavir i.e., 5 to 40 
µg/ml were prepared from a stock solution of 50 µg/ml. 
The drug was dissolved in about 2 to 3 ml of methanol 
and the volume was made up to get various standard 
solutions using 0.1 N HCl as solvent. The linear plot 
was obtained by reading corresponding absorbance 
values at 245 nm, using UV-Vis spectrophotometer (UV 
spectrophotometer, Shimadzu 1800). 

Preparation of drug-carrier binary mixtures: 
The composition of solid dispersion formulations for 
ritonavir with PEG 4000 are given under Table 1. The 
SDs of drug with PEG 4000 was prepared at the ratios 
and techniques mentioned above. The resulting mixtures 
were sieved through a 60-mesh sieve. The mixtures 
were stored in a screw-cap vial at room temperature 
until further studies [11,12]. 

Table 1. Composition of solid dispersion 
formulations for ritonavir with PEG 4000. 

FC  
Polymer  

used 

Drug: 
polymer 

ratio 
Method 

R1 

PEG 4000 

1:0.5 

Physical mixing 

R2 1:1 

R3 1:1.5 

R4 1:2 

R5 1:2.5 

R6 

PEG 4000 

1:0.5 

Melt/Fusion 
R7 1:1 

R8 1:1.5 
R9 1:2 
R10 1:2.5 

R11 

PEG 4000 

1:0.5 

Solvent 
evaporation 

R12 1:1 

R13 1:1.5 

R14 1:2 
R15 1:2.5 

FC – Formulation code. 

Evaluation of drug-carrier binary mixtures: 
Drug content study (assay) of the solid dispersions: 
All the prepared solid dispersions were assayed for the 
drug content by using UV - Vis spectroscopy at 245 nm 
using 0.1 N HCl as solvent system. 

Dissolution testing - In vitro drug release studies: 
The drug and drug-carrier dissolution studies were 
performed using 8-station dissolution test apparatus with 

a paddle stirrer at speed of 50 rpm (LABINDIA Disso 
2000 and Electrolab, Mumbai). Dissolution medium 
consisted of 900 ml of 0.1N HCl maintained at 37± 0.5 
°C. At predetermined time intervals an aliquot was 
withdrawn and replaced with fresh medium. The amount 
of drug in each aliquot was assayed on a UV-Visible 
spectrophotometer at 245 nm using 0.1N HCl as blank. 
All the trials were conducted in triplicate and the 
average reading was noted. 

Fourier Transform Infrared Spectroscopy (FTIR): 
The drug-carrier binary mixtures of ritonavir were 
prepared in the form of KBr pellets and subjected for 
scanning from 4000 cm-1 to 200 cm-1 using FTIR 
spectrophotometer (IR-Affinity-1, Shimadzu, Japan). 

Differential Scanning Calorimetry (DSC): 
Approximately 2 mg of drug or drug-carrier binary 
mixture was taken in aluminium pan, sealed with 
aluminum cap and kept under nitrogen purging 
(atmosphere). Both the samples were scanned from 40-
240 ˚C with the scanning rate of 10 °C rise/m using DSC 
(DSC-4000, Perkin Elmer, Singapore). 

RESULTS: 
The Linear plot for ritonavir is given under Table 2. The 
dissolution profile of ritonavir is given under Table 3. 
The dissolution studies of ritonavir - PEG 4000 solid 
dispersions prepared by physical mixing, melt/fusion 
and solvent evaporation method are shown under Fig 2, 
3 and 4. The IR spectra for pure drug ritonavir and 
ritonavir with PEG 4000 are given under Fig 5 and 6. 
The DSC thermograms for pure drug ritonavir and 
ritonavir with PEG 4000 are given under Fig 7 and 8. 

Table 2. Linear plot of ritonavir in 0.1N HCl. 
Conc.  

(µg/ml) 
Absorbance  

 

5 0.074±0.003 

10 0.129±0.001 

15 0.201±0.002 

20 0.259±0.004 

25 0.315±0.002 

30 0.379±0.003 

35 0.442±0.001 

40 0.503±0.003 

The value represents mean ± SD (n=3). 
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DISCUSSION: 
Linear Plot: 
Linear plot for ritonavir was constructed by preparing a 
series of standard solutions from 5 to 40 µg/ml. First the 
drug was dissolved in about 1ml of methanol and the 
volume was made up to, to get various standard 
solutions using 0.1N HCl media. The linear plot was 
obtained by measuring corresponding absorbance values 
at 245 nm.  
The linear regression equation obtained after regression 
analysis was used for calculation of drug concentration 
in further study. The coefficient of determination was 
found to be more than 0.999. 

Drug Content study: 
The drug content estimation is the evidence for the 
presence of required quantity of drug in the 
formulations. The drug content was studied by taking 
the solid dispersion powder containing drug equivalent 
to 50 mg and preparing its 20 and 30 µg/ml solutions. 
The absorbance value is checked and is compared with 
the absorbance value of the standard solutions of 20 and 
30 µg/ml.  The percentage of drug content for all the 
formulations varied from 91 to 95 %. It indicates that 
there is uniform distribution of the drug throughout the 
prepared formulations (SDs). 

In vitro dissolution studies of ritonavir: 
Ritonavir is practically insoluble in water and has high 
lipophilicity (log P = 4.24). Thus, the dissolution rate of 
ritonavir is expected to limit its absorption from the 
gastrointestinal tract [11].  

Table 3. The dissolution profile of pure drug 
ritonavir. 

Time (min) Drug release (%) 

10 10.23±0.25 

20 18.34±0.58 
30 25.54±1.24 
45 34.23±1.45 
60 38.83±1.47 

The value represents mean ± SD (n=3). 

The pure drug showed up to 39 % dissolution over a 
period of 60 min, but its solid dispersions showed up to 
dissolution of more than 75 % in 45 min and 90 % over 
a period of 60 min. Formulation of solid dispersions 
with PEG 4000, showed improved dissolution rate of the 
drug compared to physical mixing. More than twofold 
increase in dissolution rate was observed in case of solid 

dispersion formulations with increase in carrier 
concentration from 1:0.5 to 1:2.5 (Drug: Carrier). 
This enhancement of dissolution of ritonavir from drug 
carrier systems can be ascribed to several factors like; 
lack of crystallinity i.e., amorphization, increased 
wettability and dispersibility and particle size reduction 
are considered to be important factors for dissolution 
rate enhancement. As indicative from dissolution data of 
physical mixtures, improvement could be attributed to 
higher wettability and dispersibility. Physical mixing of 
drug with a hydrophilic carrier results in greater wetting 
and increases surface available for dissolution by 
reducing interfacial tension between hydrophobic drug 
and dissolution media. Moreover, hydrophilic carrier 
encircling the hydrophobic drug decreases aggregation 
and agglomeration of ritonavir particles, allowing a 
faster dissolution process. 

 
Fig 2. Dissolution studies of ritonavir - PEG 4000 
solid dispersions prepared by physical mixing. 

 
Fig 3. Dissolution studies of ritonavir - PEG 4000 
solid dispersions prepared by melt/fusion method. 

IR spectroscopic Analysis of Ritonavir: 
The IR absorption spectrum of the drug, ritonavir was 
studied in the range of 4000-400 cm-1 using KBr disc 
method. The major peaks were considered for 
evaluation of purity. FT-IR spectrum of ritonavir 
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indicate the presence of a strong N-H stretching peak at 
3350 cm-1, aromatic C-H stretching peak around 3092 
cm-1, sp3 C-H stretching at 2928 cm-1 (s), 2942 cm-1 (As), 
C=O stretching at 1750 cm-1 and CH2 bending around 
720 cm-1. Due to the presence of above-mentioned 
characteristic peaks, the identity and purity of ritonavir 
was confirmed [13,14]. 

 
Fig 4. Dissolution studies of ritonavir - PEG 4000 
solid dispersions prepared by solvent evaporation 
method. 

750150022503750
1/cm

25

50

75

100

%T

45
48

.1
5

45
11

.5
0

44
94

.1
4

44
61

.3
5

43
95

.7
7

43
34

.0
5

43
12

.8
3

42
70

.4
0

42
33

.7
5

42
00

.9
6

41
68

.1
7

41
46

.9
5

41
31

.5
2

40
58

.2
3

40
44

.7
3

40
25

.4
4

40
10

.0
1

39
75

.2
9

39
50

.2
2

39
19

.3
5

39
03

.9
2

38
53

.7
7

38
40

.2
7

38
20

.9
8

38
01

.7
0

37
80

.4
8

37
70

.8
4

37
51

.5
5

37
36

.1
2

37
24

.5
4

37
11

.0
4

36
89

.8
3

36
49

.3
2

36
12

.6
7

35
66

.3
8

35
45

.1
6

33
58

.0
7

33
31

.0
7

30
99

.6
1 30

84
.1

8
30

59
.1

0
30

24
.3

8 30
03

.1
7

29
64

.5
9

29
51

.0
9

29
22

.1
6

29
04

.8
0

28
87

.4
4

28
70

.0
8

28
21

.8
6

27
56

.2
8 26

57
.9

1
26

36
.6

9
25

73
.0

4
25

55
.6

8
25

15
.1

8
25

03
.6

0
24

65
.0

3
24

38
.0

2
24

07
.1

6
23

80
.1

6
23

47
.3

7
22

95
.2

9
22

54
.7

9
22

10
.4

2
21

62
.2

0
20

96
.6

2
20

58
.0

5
20

38
.7

6
19

77
.0

4
19

55
.8

2
19

30
.7

4
19

09
.5

3
18

88
.3

1
18

11
.1

6
17

72
.5

8
17

16
.6

5
16

81
.9

3
16

45
.2

8
16

22
.1

3
15

25
.6

9
15

06
.4

1
14

94
.8

3

R 0  
Fig 5. FTIR spectrum of pure drug ritonavir. 

DSC Analysis of Ritonavir: 
The identity and purity of ritonavir was further 
confirmed by differential scanning calorimetric method. 
Its reported melting point was compared with the 
melting peak of the test sample and found to be 123 °C. 

Drug- Excipient Compatibility Study: 
FT-IR analysis: 
FT-IR spectra of formulations of ritonavir were 
investigated for any sign of probable interaction. 
Individual spectrum revealed the presence of 
characteristic peaks of ritonavir N-H stretching peaks 
around 3300 cm-1, aromatic C-H stretching peak around 

3090 cm-1, sp3   C-H stretching at 2920 cm-1 (s), 2940 
cm-1 (As), C=O stretching at 1750 cm-1 and CH2 bending 
around 720 cm-1. Due to the presence of above-
mentioned characteristic peaks in the formulations 
indicates there were no significant interactions in the 
samples, The IR spectra are shown in Fig 5and 6 [13,14]. 
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Fig 6. FTIR spectrum of ritonavir with PEG 4000 by 
melt or fusion method. 

DSC analysis: 
The interactions between drugs and a distinct mixture 
(1:1) were then investigated by DSC. Interactions in the 
sample are derived or deduced from DSC by changes in 
the thermal events, such as elimination of an endotherm 
or exotherm peak, or appearance of a new peak. 
However, some broadening of peaks leading to changes 
in the area, onset of peak, and changes in peak 
temperature occur simply due to mixing of the 
components without indicating any significant 
interaction. If all thermal features more or less remain 
the same, compatibility can be expected.  
It was observed that there was no significant change in 
the position and shape of the peak. The endothermic 
peak for ritonavir was found at 123 ºC. The DSC 
thermogram of the formulation samples indicate the 
presence of both drug and excipient endothermic peaks. 
The respective peaks of the drug and excipients have not 
undergone any significant change in their shape and 
position. Therefore, it may be concluded that there are 
no significant interactions between the drug and 
excipients The DCS thermograms are shown in Fig 7 
and 8. 
Results showed that, in general, hydrophilic carrier-
based formulations at high carrier levels showed 
dissolution rates higher than those at low polymer level 
at different degrees, but not always. Up to a more than 
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twofold increase in dissolution rate was observed in case 
of solid dispersions with increase in carrier 
concentration from 1:0.5 to 1:2.5 (Drug: Carrier). 

50.00 100.00 150.00 200.00
Temp [C]

-15.00

-10.00

-5.00

0.00

mW
DSC

118.08COnset

126.47CEndset

122.95CPeak

-438.12mJ

-219.06J/g

Heat

File Name: R 0.tad
Detector: DSC-60
Acquisition Date 12/11/09
Acquisition Time 11:50:35(+0530)
Lot No: RIPS0164
Sample Name: R 0
Sample Weight: 2.000[mg]
Cell: Aluminum
Operator: CIR,RIPS,Berhampur

Thermal Analysis Result-RIPS

Fig 7. DSC thermogram of ritonavir. 
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Heat
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Heat

File Name: R 5.tad
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Acquisition Time 15:24:26(+0530)
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Sample Name: R 5
Sample Weight: 2.000[mg]
Cell: Aluminum
Operator: CIR,RIPS,Berhampur

[Temp Program]
Temp Rate Hold Temp Hold Time
[C/min ] [  C   ] [  min  ]
10.00 300.0 0

Thermal Analysis Result-RIPS

Fig 8. DSC thermogram of ritonavir SD with PEG 
4000 by melt/fusion. 

FTIR and DSC studies showed that the used carriers are 
compatible with ritonavir, there is no significant 
interaction observed between ritonavir and the carriers 
selected in formulation of SDs as important 
characteristic peaks are retained in the spectra of SDs. 
Solid dispersions with PEG 4000 showed a dissolution 
rate of 70 % in 30 min and 80 % in 60 min.  

CONCLUSIONS: 
The solubility and dissolution rate of ritonavir can be 
enhanced by the use of SDs of with PEG 4000. The 
solubilization effect of PEGs may be contributed due to 
reduction of particle aggregation of the drug, absence of 
crystallinity, increased wettability and dispersibility, and 
alteration of the surface properties of the drug particles 
might be responsible for the enhanced solubility and 
dissolution rate of ritonavir from its SD. From FTIR 

spectroscopy, it was concluded that there were no well-
defined chemical interactions between ritonavir and 
PEG in SDs, as no important new peaks could be 
observed. The DSC study reveals no significant 
interaction between ritonavir and PEG 4000 and there is 
change in crystallinity of pure ritonavir to amorphous 
state in their solid dispersions. 
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