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Abstract: A simple and accurate method to determine Darunavie ethanolate (DRV) and ritonavir (RTV), in
binary mixture, was developed and validated using liquid chromatography (LC). The LC separation was
achieved on a Phenomenex Luna C18 column (250 mm, 4.6mm i.d., 5μm), in the isocratic mode using
acetonitrile: water (60: 40, v/v), pH adjusted to 3.2 ± 0.02 with formic acid at a flow rate of 1 mL/min. The
retention times were about 5.02 and 7.60 min for DRV and RTV, respectively. Quantification was achieved
with UV-visible detector at 245 nm over the concentration range of 6-60 and 2-20 μg/mL for DRV and RTV
respectively, with mean recoveries of 99.54-100.18 % and 99.16-100.20 % for DRV and RTV, respectively.
The method was validated, and was found to be simple, specific, accurate, precise and robust. The method
was successfully applied for the determination of DRV and RTV in binary mixture without any interference
from common excipients.
Key words: Darunavir ethanolate, Ritonavir, Binary Mixture, Liquid Chromatography.

INTRODUCTION

Darunavir (DRV), [(1S,2R)-3-[[(4-amino
phenyl)sulfonyl](2-methylpropyl)amino]-2-
hydroxy-1-(phenylmethyl)propyl]-carbamic acid
(3R,3aS,6aR)-hexahydrofuro[2,3-b]furan-3-yl ester
monoethanolate,  a new protease inhibitor (PI), is
used to treat human immunodeficiency virus
(HIV) type-1 [1]. According to in vitro
experiments, DRV was active against HIV-1 with
PI resistance mutations and against PI resistant
clinical isolates [2-4]. DRV is expected to be
effective in antiretroviral treatment-experienced
patients, such as those possessing HIV-1 strains
which are resistant to more than one PI [5-7].
Chemically, ritonavir (RTV) is (5S,8S,10S,11S)-
10-hydroxy-2-methyl-5-(1-methylethyl)-1-[2-(1-
methylethyl)-4-thiazolyl]-3,6-dioxo-8,11-bis
(phenylmethyl)-2,4,7,12-tetraazatridecan-13-

oicacid,5-thiazolylmethyl ester [8]. RTV is a
selective, competitive and reversible inhibitor of
both HIV-1 and HIV-2 proteases. It is widely used
in the treatment against AIDS and particularly to
inhibit liver enzyme, viz., cytochrome P450-3A4
(CYP3A) [9].

DRV blocks HIV protease an enzyme
which is needed for HIV to multiply. When DRV
used with RTV in combination therapy, they may
reduce the amount of HIV in blood and increase
CD4 (T) cell count, so DRV is always used with
100 mg RTV in combination with other
antiretroviral agents [10]. Central Drugs Standard
Control Organization of India has been approved
DRV for treatment of HIV infection
coadministered with 100 mg RTV [11].

Literature survey revealed that different
analytical method for determination of DRV have
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been reported, which include HPLC with UV
detection (HPLC-UV) to determine the
concentration of DRV in human plasma [12],
HPLC-MS method for the simultaneous
determination of DRV and 11 other antiretroviral
agents in plasma of HIV infected patients [13] and
validation of Plasma DRV Concentrations
determined by the HPLC Method for protease
Inhibitors [14].

Many reports are available for the
estimation of RTV in pure power, formulation and
biological samples. Several HPLC methods were
published for determination of antiretrovirals
including RTV in different formulations [15-18].
HPTLC was used for simultaneous determination
of ritonavir and lopinavir in capsules [19]. A few
CE and LC–MS methods were reported for
analysis of RTV and its metabolites in biological
fluids [20-23]. UV-Derivative spectrophotometric
method for determination of RTV in capsule [24].
LC–MS/MS studies of ritonavir and its forced
degradation products [25]. The present report
describes specific, precise, accurate and sensitive
HPLC and HPTLC methods for simultaneous
estimation of DRV and RTV in Binary mixture.

EXPERIMENTAL

Reagents and materials
DRV and RTV powder with 99.94 and 99.96 %
purity, respectively. LC grade acetonitrile (S.D.
Fine Chemicals, Ahmedabad, India) methanol and
water (Finar chemicals Ltd., Ahmedabad, India),
formic acid (Spectrochem Pvt Ltd., Mumbai,
India). The nylon 0.45 µm-47 mm membrane filter
(Gelman laboratory, Mumbai, India)

Apparatus and chromatographic conditions
A Shimadzu (Columbia, MD) HPLC system
(Class vp) equipped with manual injector of 20µL
loop, UV-Visible detector and Phenomenex
(Torrence, CA) Luna C18 column (250mm x
4.6mm i.d., 5µm) was used. An Acculab ALC-
210.4 (India) analytical balance, and an ultra sonic
cleaner (Frontline FS 4, Mumbai, India) were
used. The LC system was operated isocratically at
25 ± 2 0C using mobile phase comprised of
acetonitrile: water (60: 40, v/v), pH adjusted to 3.2
± 0.02 with formic acid at a flow rate of 1 mL/min.
The mobile phase was filtered through nylon
0.45μm-47mm membrane filter and was degassed
before use. The determination was performed at
245 nm using Class vp software. The injection
volume was 20 μL and the total run time was 10
min.

Preparation of DRV and RTV Standard
solutions
Accurately weighed DRV (300 mg) and RTV (100
mg) were transferred to a 100 mL volumetric
flask, dissolved in and diluted to the mark with
methanol to obtain a standard solution of DRV
(3000 µg/mL) and RTV (1000 µg/mL. An aliquot
(5.0 mL) of the solution was transferred to a 50
mL volumetric flask, and diluted to the mark with
mobile phase to obtain a mixed working standard
solution DRV (300 µg/mL) and RTV (100
µg/mL).

Preparation of Sample solution
The binary mixture of DRV and RTV was
prepared in the ratio of 3:1. Accurately weighed
DRV (300 mg) and RTV (100 mg) was transferred
to a 100 mL volumetric flask containing 30 mL
methanol. Common excipients, which are used in
the tablet formulation, were added in this mixture
and the content was sonicated for 15 min. The
flask was allowed to stand at room temperature for
5 min, and the volume was made up to the mark
with methanol to obtain the sample stock solution
(3000 and 1000 g/mL) of DRV and RTV,
respectively. The solution was filtered through
0.45µm membrane filter. An aliquot (5.0 mL) was
transferred to a 50 mL volumetric flask, and
diluted to the mark with mobile phase to obtain
working sample solution (300 and 100 g/mL) of
DRV and RTV, respectively. An aliquot (0.8 mL)
was transferred to a 10 mL volumetric flask, and
diluted to the mark with mobile phase to obtain the
sample solution (24 and 8 g/mL) for DRV and
RTV, respectively.

Method validation
The methods were validated for the following
parameters following the International Conference
on Harmonization (ICH) guidelines [26].

Specificity
Specificity of an analytical method is its ability to
measure the analyte accurately and specifically in
the presence of component that may be expected
to be present in the sample matrix.
Chromatograms of standard and sample solutions
of DRV and RTV were compared in order to
provide an indication of specificity of the method.

Linearity (Calibration curve)
Aliquots (0.2, 0.4, 0.8, 1.2, 1.6 and 2.0 mL
equivalent to 6, 12, 24, 36, 48 and 60 g/mL for
DRV; and 2, 4, 8, 12, 16 and 20 g/mL for RTV)
were transferred in a series of 10 mL volumetric
flasks and diluted to the mark with mobile phase.
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An aliquot (20 μL) of each solution was injected
under the operating chromatographic conditions as
described above. Responses were recorded.
Calibration curves were constructed by plotting
the peak areas versus the concentrations, and the
regression equations were calculated. Each
response was average of three determinations.

Accuracy (% Recovery)
The accuracy of the methods was determined by
calculating recoveries of DRV and RTV by the
standard addition method. Known amount of
standard solutions of DRV (12, 24 and 36 g/mL)
and RTV (4, 8 and 12 g/mL) were added to a pre-
analysed sample solution of DRV (24 g/mL) and
RTV (8 g/mL). Each solution was injected in
triplicate and the percentage recovery was
calculated by measuring the peak areas and fitting
these values into the regression equations of the
calibration curves.

Precision
The intraday and interday precisions of the
proposed methods were determined by estimating
the corresponding responses 3 times on the same
day and on 3 different days over a period of 1
week for 6 different concentrations of DRV(6, 12,
24, 36, 48 and 60 g/mL ) and RTV (2, 4, 8, 12,
16 and 20 g/mL).

Limit of Detection and Limit of Quantification
The limit of detection (LOD) and the limit of
quantification (LOQ) of the DRV and RTV were

calculated using the standard deviation of
responses and slopes using signal-to-noise ratio.

Robustness
The robustness was studied by analysing the same
samples of DRV and RTV by deliberate variation
in the method parameters. The change in the
responses of DRV and RTV were noted.
Robustness of the method was studied by changing
the extraction time of DRV and RTV from binary
mixture by ± 2 min, composition of mobile phase
by ± 2 % of organic solvent, flow rate by ± 0.2
mL/min.

System-Suitability Test
System suitability tests are used to verify that the
resolution and repeatability of the system were
adequate for the analysis intended. The parameters
used in this test were asymmetry of the
chromatographic peak, peak resolution and
repeatability, as RSD of peak area for replicate
injections. The precision of the instruments was
checked by repeatedly injecting (n = 6) DRV (24
g/mL) and RTV (8 g/mL).

Determination of DRV and RTV in binary
mixture
The responses of sample solutions were measured
at 245 nm for quantitation of DRV and RTV by
the proposed method. The amount of DRV and
RTV present in the sample solutions were
determined by fitting the responses into the
regression equations of the calibration curve for
DRV and RTV, respectively.

Figure 1: Chromatogram of DRV (24 µg/mL) and RTV (8 µg/mL) from binary mixture with retention
time of 5.02 and 7.60 min, respectively
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Table 1: Regression analysis of the calibration curves for DRV and RTV (n=3)
LCParameter

DRV RTV
Linearity range 6-60 μg/mL 2-20 μg/mL
Slope 43052 41526
Standard deviation of slope 52.78573 43.1895
Intercept 12505 -34412
Standard deviation of intercept 131.4648 176.936
Correlation coefficient, r 0.9998 0.9998

n = Number of determinations

Table 2: Results of recovery study for DRV and RTV (n=3)
Drug Amount taken Amount

added
Amount found Recovery,

± SD, %
RSDa, %

24 0 24.04 100.15 ± 0.53 0.53

24 12 35.84 99.54 ± 0.39 0.39
24 24 48.01 100.03 ± 0.31 0.31

DRV
µg/mL

24 36 60.11 100.18 ± 0.54 0.54
8 0 7.93 99.16 ± 0.62 0.62
8 4 12.00 99.97 ± 0.34 0.34
8 8 16.03 100.20 ± 0.50 0.50

RTV
µg/mL

8 16 20.03 100.14 ± 0.57 0.57
aRSD = Relative Standard deviation, n = Number of determinations

Table 3: Result of robustness study for DRV and RTV (n=3)
Variable Optimized value Range DRV RTV

13 99.55 99.54
15 99.97 100.12

Extraction time, min
15

17 100.11 99.92
58 100.03 99.97
60 99.98 100.12

Acetonitrile, %
60

62 99.94 100.08
3.0 99.86 99.94
3.2 99.95 100.11

Mobile phase pH
3.2

3.4 100.08 100.04
244 100.09 99.96
245 99.98 100.04

wavelength
245

246 99.80 100.09
0.8 99.59 100.07
1.0 99.96 100.04

Flow rate, mL/min
1.0

1.2 99.62 99. 84

Table 4: System suitability test parameters for DRV and RTV
Parameter DRV ± % RSDa RTV ± % RSDa

Retention time, min 5.02 ± 0.10 7.59 ± 0.11
Tailing factor 1.12 ± 0.67 1.24 ± 0.72
Asymmetry 1.14 ± 0.45 1.18 ± 0.44
Theoretical plates 8821 ± 0.80 10832 ± 0.66

RSDa = Relative Standard deviation.
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Table 5: Analysis results for DRV and RTV binary mixture (n=5)
DRV RTV

Labelled
amount

(mg)

Amount
found
(mg)

DRV ± SDa, % Labelled
amount

(mg)

Amount
found
(mg)

RTV ± SDa, %

300 299.76 99.92 ± 0.43 100 100.05
100.05 ± 0.36

SD a = Standard deviation, n = Number of determinations

RESULT AND DISCUSSION

The mobile phase consisting of acetonitrile: water
(60: 40, v/v), pH adjusted to 3.2 ± 0.02 with
formic acid, at a flow rate of 1 mL/min, was found
to be satisfactory to obtain good peak symmetry,
better reproducibility and repeatability for DRV
and RTV. Quantification was achieved with UV-
visible detector at 245 nm based on peak area. The
retention times were about 5.02 and 7.60 min for
DRV and RTV, respectively (Figure 1).

Method Validation
The method was found to be specific as no
significant change in the responses of DRV and
RTV was observed after 24 h. The excipients
present in binary mixture didn’t interfere with the
chromatographic responses of DRV and RTV. It
indicates that the proposed method is specific.
Linear correlation was obtained between peak area
and concentration for 6-60 g/mL DRV and 2-20
g/mL RTV.  The linearity of the calibration
curves were validated by the value of correlation
coefficient of the regression (r). The regression
analysis of the calibration curves is shown in
Table 1. The recovery study was carried out by the
standard addition method. The percent mean
recoveries obtained for DRV and RTV were
99.54-100.18 % and 99.16-100.20 %, which were
satisfactory (Table 2). The values of % RSD for
intraday and interday variations were found to be
in range of 0.43-0.74 and 0.72-1.19 % for DRV,
and 0.60-0.82 and 0.85-1.05 %;for RTV,
respectively. The % RSD values indicate the

proposed method is precise. The LOD and LOQ
were found to be 0.1575 and 0.4773 μg/mL for
DRV, 0.0828 and 0.2510 μg/mL for RTV.
The methods are found to be robust as the results
were not significantly affected by slight variation
in the chromatographic conditions such as
extraction time by ±2 min, composition of mobile
phase by ±2%, pH of mobile phase by ± 0.05,
wavelength by ±1nm and flow rate of the mobile
phase by ±0.2mL (Table 3). % RSD for
repeatability was found to be 0.71 and 0.68 for
DRV and RTV, respectively. System suitability
test parameters are listed in (Table 4).

Determination of DRV and RTV in binary
mixture
The proposed Liquid chromatography was
successfully applied for determination of DRV and
RTV in binary mixture. The results obtained for
DRV and RTV were comparable with the
corresponding claim percentage (Table 5).

CONCLUSION

Liquid Chromatographic method was developed
for determination of DRV and RTV in
combination. The method was validated and found
to be simple, sensitive, specific, accurate, precise
and robust. Statistical findings of the assay for
DRV and RTV in binary mixture indicated
satisfactory results. Hence, the method can be used
successfully for the routine analysis of combined
forms of DRV and RTV.

REFERENCES

1. A.V. Sulebhavikar, U.D. Pawar, K.V.
Mangoankar, N.D. Prabhu Navelkar, (2008)
HPTLC method for simultaneous determination
of lopinavir and ritonavir in capsule dosage
form, E-J. Chem. 5: 706–712.

2. Antonio, D. A., Marco, S., Mauro, S., Lorena,
B., Stefano, B., Laura, T., & Giovanni, D. P.
(2007) HPLC–MS method for the simultaneous
quantification of the new HIV protease

inhibitor darunavir, and 11 other antiretroviral
agents in plasma of HIV-infected patients. J.
Chromatogr. B 859: 234-240.

3. Budavari, S., M. J. O’Neil, A. Smith, and P. E.
Heckelman. (2001) The Merck Index: An
Encyclopedia of Chemicals, Drugs, and
Biologicals. Merck & Co., Inc., Whitehouse
Station, NJ.



Bhavini N. Patel et al /Int.J.PharmTech Res.2012,4(4) 1455

4. CDSCO. 2009 Darunavir. Available at
http://cdsco.nic.in/Newdrugslistilljuly2009.htm

5. C.L. Dias, R.C. Rossi, E.M. Donato, A.M.
Bergold, P.E. Fröehlich, (2005) LC
determination of ritonavir, a HIV protease
inhibitor, in soft gelatin capsules,
Chromatographia 62: 589–593.

6. Clotet, B., Bellos, N., Molina, J. M., Cooper,
D., Goffard, J. C., Lazzarin, A.,Wohrmann, A.,
Katlama, C., Wilkin, T., Haubrich, R., Cohen,
C., Farthing, C., Jayaweera, D., Markowitz, M.,
Ruane, P., Spinosa-Guzman, S., & Lefebvre, E.
(2007) Efficacy and safety of darunavir-
ritonavir at week 48 in treatment-experienced
patients with HIV-1 infection in POWER 1 and
2: a pooled subgroup analysis of data from two
randomised trials. Lancet 369: 1169—1178.

7. Dias, Carolina Lupi , Bergold, Ana Maria and
Fröehlich, Pedro Eduardo (2009) UV-
Derivative Spectrophotometric Determination
of Ritonavir Capsules and Comparison with LC
Method', Anal. Letters, 42: 12, 1900 – 1910.

8. E. Gangl, I. Utkin, N. Gerber, P. Vouros, (2002)
Structural elucidation of metabolites of
ritonavir and indinavir by liquid chromato
graphy–mass spectrometry, J. Chromatogr. A
974: 91–101.

9. E.M. Donato, C.L. Dias, R.C. Rossi, R.S.
Valente, P.E. Fröehlich, A.M. Bergold,(2006)
LC method for studies on the stability of
lopinavir and ritonavir in soft gelatine capsules,
Chromatographia 63: 437–443.

10. HIVandHepatitis. 2010. Prezista. Available at
http://www.hivandhepatitis. com/hiv_and_
hepatitis /prezista

11.ICH. (2005). Validation of Analytical
Procedures: Methodology. In International
Conference on Harmonization (ICH) of
Technical Requirements for registration of
Pharmaceuticals for Human Use. Geneva,
Switzerland.

12.K.M. Rentsch, (2003) Sensitive and specific
determination of eight antiretroviral agents in
plasma by high-performance liquid
c/hromatography–mass spectrometry, J.
Chromatogr. B 78: 339–350.

13.Katlama, C., Esposito, R., Gatell, J. M.,
Goffard, J. C., Grinsztejn, B., Pozniak, A.,
Rockstroh, J., Stoehr, A., Vetter, N., Yeni, P.,
Parys, W., & Vangeneugden, T. (2007)
Efficacy and safety of TMC114/ritonavir in
treatment-experienced HIV patients: 24-week
results of POWER 1. AIDS 21: 395—402.

14.King, N. M., Prabu-Jeyabalan, M., Nalivaika,
E. A., Wigerinck, P., Bethune, M. P., &
Schiffer, C. A. (2004) Structural and
thermodynamic basis for the binding of

TMC114, a next-generation human
immunodeficiency virus type 1 protease
inhibitor. J. Virol.78: 12012—12021.

15.Koh, Y., Nakata, H., Maeda, K., Ogata, H.,
Bilcer, G., Devasamudram, T., Kincaid, J. F.,
Boross, P., Wang, Y. F., Tie, Y., Volarath, P.,
Gaddis, L., Harrison, R. W., Weber, I. T.,
Ghosh, A. K., & Mitsuya H. (2003) Novel bis-
Tetrahydrofuranylurethane-Containing
Nonpeptidic Protease Inhibitor (PI) UIC-94017
(TMC114) with Potent Activity against Multi-
PI-Resistant Human Immunodeficiency Virus
In Vitro. Antmicrob. Agents Chemother. 47:
3123—3129.

16.Kovalevsky, A. Y., Tie, Y., Liu, F., Boross, P.
I., Wang, Y. F., Leshchenko, S., Ghosh, A. K.,
Harrison, R. W., & Weber, I. T. (2006)
Effectiveness of Nonpeptide Clinical Inhibitor
TMC114 on HIV-1 Protease with Highly Drug
Resistant Mutations D30N, I50V and L90M. J.
Med. Chem. 49: 1379—1387.

17.Laurine, G., Stephanie, C., Elisabeth, R., Odile,
L., Jean-Paul, V., Gerad, P., & Vincent, J.
(2007) Quantification of darunavir (TMC114)
in human plasma by high-performance liquid
chromatography with ultra-violet detection J.
Chromatogr.B 857:  327—331.

18.Masaaki, T., Yuichi, K., Naoya, O., Atushi, H.,
Kazuhide, B., Tsuguhiro, K. (2007) Validation
of plasma Darunavir concentration determined
by HPLc method for protease inhibitors Biol.
Pharm. Bull. 30 (10) 1947—1949.

19.Meyer, S. D., Azijn, H., Surleraux, D.,
Jochmans, D., Tahri, A., Pauwels, R.,
Wigerinck, P., & Bethune, M. P. (2005)
TMC114, a Novel Human Immunodeficiency
Virus Type 1 Protease Inhibitor Active against
Protease Inhibitor-Resistant Viruses, Including
a Broad Range of Clinical Isolates. Antmicrob.
Agents Chemother. 49: 2314—2321.

20.P.G. Wang, J.S. Wei, G. Kim, M. Chang, T. El-
Shourbagy,(2006) Validation and application of
a high-performance liquid chromatography–
tandem mass spectrometric method for
simultaneous quantification of lopinavir and
ritonavir in human plasma using semi-
automated 96-well liquid–liquid extraction, J.
Chromatogr. A 1130: 302–307.

21. Poveda, E., Blanco, F., Garcia-Gasco, P.,
Alcolea, A., Briz, V., & Soriano, V. (2006)
Successful rescue therapy with darunabir
(TMC114) in HIV-infected patients who have
failed several ritonavir-boosted protease
inhibitors. AIDS 20: 1558-1560.

22.R. Nageswara Rao, B. Ramachandra, R.
Mastan Vali, S. Satyanarayana Raju (2010)
LC–MS/MS studies of ritonavir and its forced



Bhavini N. Patel et al /Int.J.PharmTech Res.2012,4(4) 1456

degradation products J. Pharm. Biomed. Anal
53: 833–842.

23.R.S. Yekkala, D. Ashenafi, I. Mariën, H. Xin,
E. Haghedooren, J. Hoogmartens, E. Adams,
(2008) Evaluation of an international
pharmacopoeia method for the analysis of
ritonavir by liquid chromatography, J. Pharm.
Biomed. Anal. 48: 1050–1054.

24.Tie, Y., Boross, P. I., Wang, Y. F., Gaddis, L.,
Hussain, A. K., Leshchenko, S., Ghosh, A. K.,
Louis, J. M., Harrison, R. W., & Weber, I. T.
(2004) High Resolution crystal structures of
HIV-1 protease with a potent non-peptide

inhibitor (UIC-94017) active against multi-
drug-resistant clinical strains. J. Mol. Biol. 338:
341—352.

25.W. Gutleben, N.D. Tuan, H. Stoiber, M.P.
Dierich, M. Sarcletti, A. Zemann, (2001)
Capillary electrophoretic separation of protease
inhibitors used in human immunodeficiency
virus therapy, J. Chromatogr. A 922: 313–320.

26. Y. Usami, T. Oki, M. Nakai, M. Sagisaka, T.
Kaneda, (2003) A simple HPLC method for
simultaneous determination of lopinavir,
ritonavir and efavirenz, Chem.Pharm.Bull. 51:
715–718.

*****


