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Abstract Darunavir is a protease inhibitor used in the treatment of HIV infection. It is a pillar of therapy cocktail for
patients with this virus. This work proposed the development and validation of an infrared spectroscopy method for the
determination of darunavir in tablets. The method was completely validated according to the International Conference on
Harmonization guidelines, showing accuracy, precision, selectivity, robustness and linearity. It was linear over the
concentration range of 1.5-3.5 mg with correlation coefficients greater than 0.9991 and limits of detection and
quantification of 0.12 and 0.36 mg, respectively. The validated method is very useful to the routine quality control of

darunavir, since it does not use polluting reagents, it is simp le and has low-cost.
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1. Introduction

Darunavir is a protease inhibitor used in the treatment of
HIV infection. It is a pillar of therapy cocktail for patients
with the virus. It is a synthetic non-peptide analogue of
amprenavir which became commercially available in 2006.

Darunavir has the molecular formula C,7H;37N305S,
molecular weight of 547.73 g mol'[1], its melting point is
74°C with decomposition[2].

There are three known forms of darunavir: ethanolate,
hydrate and amorphous. Darunavir commercialized is called
Prezista®[3] and it is in the form ethanolate (molecular
weight of 593.73 g mol') because it is the most stable form,
but the environmental conditions can trigger its conversion
into other forms[4]. On the market are found tablets
darunavir ethanolate of 75, 300, 400 and 600 mg.
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Figure 1. Chemical structure of darunavir ethanolate (CAS 20636 1-99-1)
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The group 3 (R), 3a (S), 6th (R)-bis-
tetrahydrofuranylurethane isostere (Figure 2) favors the
formation of strong hydrogen bonds with the active protease.
This union represents a rapid association and slow
dissociation, which increases the effectiveness and duration
of action against the viral protease. The affinity ofthis union
is 100 times higher than that of amprenavir, another PI[5].
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Figure 2. Chemical structure of darunavir with emphasis on group 3 (R),
3a(S), 6th (R)- bis-tetrahydrofuranylurethane isostere

It was observed that darunavir is well tolerated, with
adverse effects lower than those PI[3]. According McCoy
(2007)[ 5], the most commonly reported events of darunavir
were gastrointestinal symptoms, nausea and headache.

The monotherapy presents efficacy no less than the triple
therapy with darunavir and two reverse transcriptase
nucleoside analogues[3].

Darunavir does not present monograph described in
Brazilian Pharmacopoeia (2010)[6], in F. Portuguese
(2005)[7], USP 33 (2010)[8] and BP (2010)[9].

The literature described some methods for quantitative
determination of darunavir in biological samples[1, 3,
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10-18]. These techniques include high performance liquid
chromatography (HPLC)[1, 10], ultra efficiency liquid
chromatography coupled to mass spectrometry (UELC-MS)
[11] and the HPLC coupled with mass spectrometry
(HPLC-MS)[3, 12-17].

The significant increase in the number of drugs available,
as well as the advancement and transformation of
technologies used in the production of these have increased
the interest of different sections of the society linked to
health (regulatory agencies, governments, pharmacists) in
the search for measures to ensure the integrity of the product
available to the patient, taking the concepts of quality control
outside the frame simp ly industrial but regulator.

The development of effective analytical methods for
quality control of marketed drugs is extremely important and
aims to provide reliable information about the nature and
composition of the materials under analysis[19].

Although the infrared spectroscopy is officially accepted
to identification of several compounds, the literature shows
few publications that employ this method for the quantitative
analysis [20,21].

The aim of this study was to develop, validate and apply
a reliable, low cost, fast and simple infrared (IR)
spectroscopy method for quantitative routine determination
of darunvir in pharmaceuticals products.

2. Experimental

2.1. Equi pments

The equipments used were the following: IRPrestige-21
(Shimadzu®, Kyoto, Japdo), the samples were dried in an
oven (Nova Ftica®, Sdo Paulo, Brazil) and analytical balance
model 410 Kern® (Kern, Germany).

2.2. Chemicals and Reagents

The chemical used were: potassium bromide (Synth),
analytical reagent; acetone (Synth), analytical grade;
reference chemical substance (RCS) darunavir ethanolate,
content of 98.0%, lot SRP07000d, the British firm Sequoia
Research Products and the dosage form was 300 mg
darunavir tablets, lot AEZOCOO, commercially known as
Prezista™ of Janssen-Cilag.

We performed a previous dilution of 1:10 with potassium
bromide and darunavir to facilitate and decrease/reset the
possible errors in weighing.

The diluent was potassium bromide dried 24 hours before
use. Then, a stock standard mixture was prepared with
potassium bromide and darunavir (RCS or tablets), at a
concentration of 1:10. Pellets darunavir was prepared by
dilute again an accurately weighed amount of the diluent in
part of the mixture.

The placebo mixtures were prepared in the laboratory by
mixing appropriate amounts (commonly used in 300 mg
darunavir tablets - Prezista™) of following pharmaceutical
grade excipients: crospovidone, magnesium stearate, white

OPADRY® 1II (partially hydrolyzed polyvinyl alcohol,
titanium dioxide, talc and Macrogol®) PROSOLV®
(microcrystalline cellulose and colloidal silicon dioxide),
hydroxypropyl methylcellulose, polyethylene glycol,
mannitol, starch and croscamelose.

2.3. Spectroscopy Measurements

IR spectra of reference and sample mixture were
recorded in pellets of 150 mg. The absorbance values
obtained in the spectra were obtained at 1757-1671 cm’ for
quantification of Prezista™ tablets 300 mg. The
spectroscopy measurements were recorded by using
potassiumbromide as a blank.

2.4. Preparation of Pellets

2.4.1. Stock and Working Standard Mixture

Stock standard mixture containing darunavir at a
concentration of 1:10 was prepared by accurately weighing
70 mg of darunavir reference substance and 630 mg of
potassium bromide. Working standard mixture were
prepared immediately before use by suitable dilutions of the
corresponding stock mixtures to appropriate concentration
levels by using potassiumbromide as diluent.

2.4.2. Sample Mixture

Twenty tablets of Prezista™ 300 mg were used. The
tablets were weighed and totally powdered. Appropriate
dilutions were made with potassium bromide to obtain the
working concentrations.

2.5. Method Validation

Method validation was performed following ICH
specifications[20] for linearity, selectivity, accuracy,
precision, robustness, detection limit and quantitation limit.

2.5.1. Linearity

Linearity was evaluated by regression analysis of
darunavir standard mixture at fine concentration points in
triplicate ranging from 1.5 to 3.5 mg prepared on three
consecutive days (n = 3). The values are reported as the
mean + S.D. of the calibration curves. The data were
analyzed at 1757-1671 cm™. Correlation coefficient and.
analysis of variance (ANOVA) were calculated and
presented.

2.5.2. Selectivity

Selectivity was evaluated by analysis of the spectra of the
mixture of placebo and the darunavir working standard
mixture at the concentration of 2.5 mg. The placebo mixture
of Prezista™ 300 mg containing the same composition as
the pharmaceutical formulation was prepared for this study.

2.5.3. Accuracy

The method accuracy was determined by measuring the
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reference standard recovery in triplicate at three levels from
80 to 120% of the method concentration (2.5 mg),
according to ICH recommendations. A standard stock
mixture containing darunavir at a concentration of 1:10 was
prepared in potassium bromide. In pellets of 150 mg,
amounts of 0.5, 1.0 and 1.5 mg of standard mixture were
individually added with 1.5 mg of sample mixture and
completed to 150 mg with potassium bromide. The final
concentrations were 2.0, 2.5 and 3.0 mg, which correspond
to 80, 100 and 120% of the target concentration,
respectively. The mean recoveries, expressed in terms of
percent recovery of the tablets (Prezista™ tablets 300 mg)
by the assay and the respective relative standard deviation
(R.S.D.), were determined.

2.5.4. Precision

Precision was evaluated with respect to both repeatability
and intermediate precision. Repeatability was evaluated by
analyzing darunavir work standard solutions at the same
concentration and during the same day. Intermediate
precision was studied by repetition of the assays on two
different days by two analysts. Six replicates at a
concentration of 2.5 mg were prepared and assayed. The
data were analyzed at 1757-1671 cm’'. The percentages of
relative standard deviation (R.S.D.) of the analytical
responses were calculated.

2.5.5. Robustness

The robustness of the method was evaluated by analyzing
data after checking the time of compression, pressure and
the mark of potassium bromide. Darunavir working
standard mixtures at the concentration of 2.5 mg were used
in these experiments.

2.5.6. Limits of Detection and Quantification

The limit of detection (LOD) and the limit of
quantification (LOQ) of the methods were obtained from
the equations (1) and (2):

LOD =3(S.D./a) )
LOQ =10(S.D./a) (2)
where S.D. is intersection standard deviation and a is the

average slope, obtained from calibration curves of the
linearity study.

2.5.7. Assay of Pharmaceutical Products

The validated IR spectroscopy method was applied for
darunavir quantitation in tablets (Prezista™ tablets 300 mg).
The results were obtained by comparison of the sample
spectroscopy measurements (n = 6) with those obtained
from darunavir standard mixtures (n = 6) at the same
concentration levels.

3. Results and Discussion

3.1. Method Devel opment

The reported methods for the determination of darunavir
requires expensive equipment, use of buffer, methanol,
ethanol and acetonitrile, in other words, is time consuming
and demand the use of toxic solvent. In this paper, a single
reagent was chosen in order to obtain a low cost, simple and
environmentally friendly IR spectroscopy method for
quantification of darunavir in tablets. In the spectra
obtained was analyzed the carbonyl band between
1757-1671 cm’'. The values of these bands/peaks were
provided in absorbance. There was no interference of the
tablet excipients in the spectrum of the carbonyl region
(1757-1671 cm"), this band is specific and useful in the
determination of darunavir in tablets.

3.2. Method Validation

After identifying the carbonyl band (between 1757-1671
em’! for Prezista™ tablets 300 mg), the analytical method
was validated according to ICH recommendations[22].

3.2.1. Linearity

The analytical curves, generated on three consecutive
days (n = 3) by plotting the mean absorbance values of
spectra at 1757-1671 cm’ against concentration yielded
correlation coefficients greater than 0.9991. Additionally,
the data were validated by means of analysis of variance
(Table 1), which showed significant linear regression
(Fcalculated > Fcritical, P = 5%) and no significant lack of
fit (Fcalculated < Fcritical, P = 5%).

Table 1. Linearity parameters for the determination of darunavir® and
summary of ANOVA

Parameter 1757-1671 cm
Linearity range (mg) 1535
Slope 0.2354
Intercept 0012
Correlation coefficient (r) 0.9991
Regression 93.48 (4.96)
Lack of fit 0.16(3.71)

*Values are reported as mean + S.D. ofthree calibration curves generated on
three consecutive days (n = 3).

3.2.2. Selectivity

The spectra analyses show that formulation excipients of
the pharmaceutical tablet product Prezista™ 300 mg did not
interfere significantly in the infrared spectroscopy method
(Figure 3).

3.2.3. Accuracy

The accuracy of the method was confirmed by
determining the average recoveries from the samples by
applying the standard addition method. As shown in Table 2,
the mean percentage recoveries of product Prezista™ 300
mg was in accordance with fixed limits of 98.0 up to
102.0%, indicating the suitability of the developed method
in quantifying the concentration of darunavir in
pharmaceutical tablets.
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Figure 3. Overlap of the infrared spectra referring the pellets of 150 mg at a concentration of 2.5 of placebo mixture, darunavir tablets and darunavir

reference

Table 2. Method accuracy results for darunavir tablets

Reference standard

Sainsples a concentration (mg) f;’S'D:é Recovery (%) Mean o
Smg Added Found (%) n recovery (%)

. 0.50 0.50 197 100.33

Prezista® 300223%(175 -ient 100 1.00 125 100.03 99.81
1.50 1.49 246 99.07
Table 3. Method precision results for darunavirtablets
Band Level Absorbances R.S.D (%)
1 2 3 4 5 6
1757- A 057 0.58 057 0,60 061 0.58 29 (n=6)
1671 em™ ’ - - ’ ’ ’ ‘
B 0.59 0.58 061 0.66 0.64 061 3.6 (n=12)
0.60 0.60 0.61 0.63 0.60 0.62
A = Repeatability, B = Intermediated precision
3.2.4. Precision Table 4. Robustness test results
Repeatability (intra-day precision) of the analytical Test ~ Mark of KBr  Time compression (min)  Pressure (KN)
i [ < 70

method was found t(? !oe rehat?le based on /oR.'S.‘D. (< 2%). Synth Shimadzu 15 10 05 g5
Intermediate  precision  (inter-day  precision)  was
demonstrated on different days by two analysts. Feal 1.00 1.56 1.96
The %R.S.D. values were less than 2%, confirming that the Ftab 16145 16145 16145
method is sufficiently precise (Table 3). tcal 087 078 058
3.2.5. Robustness ttab 430 430 430

The results obtained in robustness test are shown in Table
4. Statistical analysis was performed to evaluate the
influence of variation of the mark KBr, time compression
and pressure. The robustness was confirmed by F test
(Snedecor) homogeneity of variance and ¢ (Student) to
compare the mean, which showed Fcalculated < Fcritical, P
= 5% and tcalculated < fcritical, P = 5%. Thus, the mean are
equivalent.

3.2.6. Limits of Detection and Quantification

LOD and LOQ values were found to be respectively 0.12
and 036 mg for Prezista'™ tablests 300 mg (1757-1671
cm’'). The values are close to zero which indicate the
sensitivity of the method.

3.2.7. Assay of Pharmaceutical Products
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The validated method was applied for determination of
darunavir in tablets. Samples from Prezista ™ tablets 300
mg were analyzed. The results, expressed as percentage
drug related, are shown in Table 5.

Table 5. Assay of darunavir in pharmaceutical tablets samples

Day Content of dazunavir“ Mean R.SD.(%)
mg % content
1 248 99.26
2 247 98.98 98.88 044
3 246 98.40

®Each value represents the mean of six determinations.

4. Conclusions

In this work, an analytical IR spectroscopy method was
successful developed for quantitative determination of
darunavir in tablets. Its advantages over other existing
method are its simplicity, inexpensive conditions and it
does not use polluting reagents.

The results indicated that the IR spectroscopy method
presents  linearity, selectivity, accuracy, precision,
robustness and adequate detection and quantification limits.
Therefore, the validated method can be easily applied in
routine analysis of darunavir.
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