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ABSTRACT

The term hydrotropy has been used to designate the increase in solubility in water of various substances due to
the presence of large amount of additives. Concentrated aqueous hydrotropic solutions of sodium benzoate,
urea, nicotinamide, sodium salicylate, sodium ascorbate and sodium glycinate have been observed to enhance
the aqueous solubility of many poorly water-soluble drugs. In the present investigation hydrotropic
solubilization technique has been employed to solubilize the poorly water-soluble anti retroviral drug,
Dolutegravir. Determination of solubilities of the drug in 8 M urea hydrotropic solution and distilled water was
carried out at room temperature. There was more than 50-fold enhancement in aqueous solubility of
Dolutegravir with 8 M urea (as compared to aqueous solubility). Therefore, it was thought worthwhile to
solubilize the poorly water-soluble Dolutegravir from fine powder of its laboratory mixture to carryout
spectrophotometric analysis at 258 nm in method A, 248-268 nm in method B and 256 nm in method C. urea
does not show any absorbance above 250 nm. Beer’s law was obeyed in the concentration range of 52.5-20pg/ml
in method A, B and C, with correlation coefficients (R) of 0.996, 0.995 and 0.996 respectively. Laboratory mixture
containing piroxicam have been analyzed successfully. Recovery studies and statistical data proved the
accuracy, reproducibility and the precision of the proposed method. Based on the same principle a large number
of drugs having Amax above 250 nm can be estimated by 8 M urea (inexpensive hydrotropic agent). Thus,
hydrotropic solutions can be used in place of organic solvents (which are pollutants, toxic and give error due to
volatility).
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INTRODUCTION
The term hydrotropic agent 1l was first introduced by
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Neuberg (1916), to designate anionic organic salts
which, at high concentrations, considerably increase the
aqueous solubility of poorly soluble solutes. The
hydrotropic agents are defined as non-micelle-forming
substances, either liquids or solids, organic or
inorganic, capable of solubilizing insoluble compounds.
Hydrotropic agents consist generally of two essential
parts, an anionic group and hydrophobic aromatic ring
or ring system. The anionic group is obviously
involved in bringing about high aqueous solubility,
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which is prerequisite for a hydrotropic substance. On
the other hand, planarity of the hydrophobic part has
been emphasized as an important factor in the
mechanism of hydrotropic solubilization. Hydrotropes
commonly used includes sodium benzoate, sodium
acetate, sodium salicylate, nicotinamide, urea,
trisodium citrate, sodium ascorbate, piperazine,
caffeine, potassium citrate etc. hydrotropic agents have
been observed to enhance the solubility of various
substances in water.

CH; O OH
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Fig. 1: Structure of Dolutegravir

Dolutegravir was chemically (RS)(4R,12aS)-N-(2, 4-
difluorobenzyl)-7-hydroxy-4-methyl-6, 8-dioxo-3, 4, 6,
8, 12, 12a-hexahydro-2H-pyrido[1?,21,4,5]pyrazino[2,1-
b][1,3]oxazine-9-caboxamide. [ It is slightly soluble in
water and methanol. >3 Dolutegravir is an FDA
approved drug for the treatment of HIV infection.
Dolutegravir is an integrase inhibitor. [l DTG is an
integrase strand transfer inhibitor (INSTI) that does not
require ritonavir for cytochrome P450 3A4 inhibition,
and preferentially blocks the strand transfer step of
integration of the viral genome into the host cell’s
DNA, which is a two-step process mediated by the
viral integrase enzyme. [ Like the other approved
INSTIs raltegravir (RAL) and elvitegravir (EVG) DTG
inhibits the binding of the integrase-viral DNA
complex to host cell DNA by chelating Mg?* ions in the
active site. Once integration is blocked, HIV-1 can no
longer replicate, and the viral replication cycle is
interrupted. [5-¢]

Literature survey revealed that there were no
spectrophotometric and chromatographic methods for
the estimation of Dolutegravir in bulk and its synthetic
mixture. Hence the author made an attempt to develop
a simple, economical, selective, accurate, precise UV
spectrophotometric method for the determination of
Dolutegravir by using hydrotropic solubilization
technique 1% in bulk and Pharmaceutical dosage
forms and validated as per ICH guidelines.

MATERIALS AND METHODS

Chemicals and reagents

Dolutegravir (99.4%) was obtained as gift sample from
Hetero laboratories, Hyderabad, India. Urea (A. R
Grade; Qualigens) and distilled water used for the
study.

Instrumentation

Shimadzu UV-1800 double beam spectrophotometer
with 1 cm path length supported by Shimadzu UV-

probe software, version 2.21 was used for spectral
measurements with 10 mm matched quartz cells.
Shimadzu balance (BL-220H) was used for weighing.
Selection of solvent

8 M urea solution was used as a solvent for developing
spectral characteristics of a drug. The selection was
made after assessing the solubility in different
hydrotropic solvents like sodium acetate, sodium
benzoate, piperazine, sodium chloride, citric acid.
Among these solvents Dolutegravir was freely soluble
(1 in 10 parts as per IP-2010) in 8 M urea and showed
maximum drug stability.

Preparation of reagent solution

8 M urea solution was prepared by 48.6 g of urea pure
chemical was weighed and dissolved in 10 ml distilled
water and the volume was made up to the mark with
distilled water in 100 ml volumetric flask.

Preparation of standard stock solution

Working standard Dolutegravir 10 mg was weighed
accurately and transferred to a 10 ml volumetric flask
and dissolved in 1 ml of 8 M urea solution. 121 The
flask was shaken and volume was made up to the mark
with distilled water to give a solution of 1000png/ml. It
was further diluted with distilled water to get the
concentration of 100ug/ml. from this solution a series
of aliquots were prepared for further method
development.

Method A

Absorption maxima method: For the selection of
analytical =~ wavelength ~ 10pg/ml  solution  of
Dolutegravir was prepared by appropriate dilution of
standard stock solution and scanned in the spectrum
mode from 200 nm to 400 nm. From the spectrum Amax
of Dolutegravir, 258 nm was selected for the analysis.
The calibration curve was prepared in concentration
range of 2.5-20pg/ml at 258 nm. [16-19] the calibration
curve for Dolutegravir was plotted in the concentration
v/s absorbance and regression equation was calculated
for the determination of amount of Dolutegravir in
synthetic mixture (Fig. 2 & 3).

Method B

Area under curve method: For the selection of
analytical ~ wavelength ~ 10pg/ml  solution  of
Dolutegravir was prepared by appropriate dilution of
standard stock solution and scanned in the spectrum
mode from 200 nm to 400 nm. Area under curve (AUC)
(16191 method involves the calculation of integrated
value of absorbance with respect to the wavelength
between two selected wavelengths 248-268 nm. Area
calculation processing item calculates area bound by
curve and horizontal axis. The horizontal axis is
selected by entering the wavelength range over which
the area has to be calculated. The wavelength range is
selected on the basis of repeated observations so as to
get the linearity between area under curve and
concentration. From this regression equation was
calculated for the determination of amount of
Dolutegravir in synthetic mixture (Fig. 4 & 5).
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Table 1: Results of laboratory synthetic mixture analysis

Proposed methods Label claim(mg) Test concentration (ug/ml) Amount found (pg/ml) %Assay %RSD
A 50 mg 5 4.938 98.76 0.425
B 50 mg 5 4.990 99.88 0.586
C 50 mg 5 4.937 98.75 0.465
Table 2: Optical characteristics of the proposed methods
S.No Parameter Method A Method B Method C
1 Linearity (ng/ml) 2.5-20 2.5-20 2.5-20
2 Linearity equation y=0.049X+0.027 Y=0.937x+0.523 Y=0.048x+0.026
3 Slope + SD 0.049+0.066 0.937+0.035 0.048+0.080
4 Intercept + SD 0.027+0.036 0.523+0.049 0.026+0.056
5 Correlation coefficient 0.996 0.995 0.996
6 LOD 190ng 190ng 190ng
7 LOQ 570ng 570ng 570ng
Table 3: Recovery studies of proposed methods
Method Level of recovery  Pre analyzed conc. (ug/ml) Amount added (ug/ml)  Amount found (ug/ml)(n=6)  %Recovery %RSD
50 5 25 7.91 105.5
Method A 100 5 5.0 9.83 98.36 0.74
150 5 7.5 12.79 102.36
50 5 2.5 7.89 105.2
Method B 100 5 5.0 10.23 102.3 0.43
150 5 7.5 12.95 103.6
50 5 2.5 747 99.6
Method C 100 5 5.0 10.31 103.1 0.51
150 5 7.5 12.35 98.8
Table 4: Precision studies of proposed methods
Intra day Inter day
Method Concentration (ug/ml) Mean +SD %RSD Concentration (ug/ml) Mean +SD %RSD
5 0.3060.0030 0.980 5 0.305+0.0024 0.812
A 10 0.529+0.0011 0.207 10 0.529+0.00240 0.453
15 0.707+0.0001 0.025 15 0.707+0.00021 0.031
5 0.4260.0030 0.758 5 0.365+0.0054 0.456
B 10 0.459+0.0011 0.473 10 0.745+0.0056 0.643
15 0.677+0.0001 0.045 15 0.5760.00023 0.051
5 0.7660.0030 0.765 5 0.386+0.0043 0.753
C 10 0.347+0.0011 0.421 10 0.694+0.0035 0.326
15 0.647+0.0001 0.056 15 0.458+0.00075 0.026
Method C For the estimation of Dolutegravir laboratory synthetic

First order derivative spectroscopy: It involves the
conversation of normal spectrum to its zero, first,
second or higher derivative spectrum. In derivative
spectrophotometry, [¢1] spectra are obtained by
plotting the first or a higher order derivative of
absorbance with respect to wavelength as a function of
wavelength. Often, these plots reveal spectral detail
that is the lost in an ordinary spectrum. In addition,
concentration measurements of an analyte in the
presence of interference or of two or more analytes in a
mixture can sometimes be made more easily accurately
using derivative methods. In this method, 10ug/ml
solution of Dolutegravir was prepared by appropriate
dilution of standard stock solution and scanned in the
spectrum mode from 200-400 nm. The absorption
spectra thus obtained were derivitised from zero to
second order. First order derivative spectra of drug
showed a sharp peak at 256 nm, which was selected for
its quantification. The calibration curve for
Dolutegravir was plotted in the concentration range of
2.5-20ug/ml at 256 nm. The concentration of drug
present in the solution was determined against the
calibration curve in quantization mode (Fig. 6 & 7).
Estimation of Dolutegravir in synthetic mixture
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mixture was prepared with Dolutegravir APl and
excipients (Mannitol, Micro crystalline cellulose) with
the strength of 50 mg of Dolutegravir in glass motor
and pestle, after proper mixing, weigh accurately about
a quantity of powder which was equivalent to 10 mg of
Dolutegravir was transferred to1l0 ml volumetric flask
and add 2 ml of 8 M Urea solution, and make up the
final volume with distilled water to obtain a sample
stock solution of 1000ng /ml of Dolutegravir. It was
filtered with Whatmann filter paper no.41; from this
solution required test concentration was prepared by
appropriate dilution. The concentration in the test
solution was estimated by above developed methods
i.e. in method A the concentration of Dolutegravir was
determined by measuring absorbance of sample
solution at 258 nm. In method B, the concentration of
Dolutegravir was determined by measuring absorbance
of sample solution in wavelength range of 248-268 nm.
In method C, first order derivative spectroscopy the
concentration of Dolutegravir was determined by
measuring amplitude difference at Amax 256nm. Result
of laboratory mixture are shown in table no.1 the assay
procedure was repeated 6 times (n=6).
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Method Validation
The method was validated according to ICH guidelines
to study accuracy, linearity, precision, LOD and LOQ.
Linearity
In order to find out linearity range of proposed UV-
spectrophotometric method, studies were carried out
by plotting absorbances of analyte against
concentrations of the analyte. A good linear
relationship (R2=0.996, 0.995 & 0.996 for method A, B &
C respectively) was observed between concentrations
of Dolutegravir and the corresponding absorbance. The
regression equations of Dolutegravir concentration
over its absorbance was found to be y=0.049x+0.027,
Y=0.0937x-0.523 & Y=0.048x+0.026 for method A, B&C
(where y is the absorbance and x is the concentration of
Dolutegravir).the slope, intercept and the correlation
coefficient of the drug were shown in Table 2.
Accuracy
Accuracy is expressed as the closeness of the results
from standard samples to that of the actual known
amounts to determine the accuracy of the proposed
method, recovery studies were carried out in different
recovery levels (50%, 100% and 150%) by adding
placebo to the pre-analyzed formulation .the solutions
were suitably diluted in the range and then each of the
dilution was observed 6 times. The % recovery of the
drug was found to be 102.09, 103.7 & 100.5% in method
A, B & C respectively. The results were shown in the
Table 3.
Precision
Precision is the level of repeatability of results as
reported between samples analyzed on the same day
(intra-day) and samples run on 3 different days (inter-
day) to check the intra-day and inter-day variation of
the method, solution containing 5, 10 & 15pg/ml
Dolutegravir were subjected to the proposed
spectrophotometric ~ method of analysis and the
recoveries obtained were noted. the precision of
proposed method i.e. the intra and inter-day variations
in the absorbance of the drug solutions was calculated
in terms of % RSD and the results were presented in the
Table 4. Statistical revolution revealed that relative
standard deviation of drugs at different concentration
levels for 6 times was less than 2.0
LOD
It is the lowest amount of analyte in a sample that can
be detected but not necessarily quantities as an exact
value under the stated, experimental conclusions. The
detection limit is usually expressed as the concentration
of analyte.
The standard deviation and response of the slope
LOD=3.3 * standard deviation (0)/ s
LOQ
The quantitation limit of an analytical procedure is the
lowest amount of an analyte of a simple which can be
quantitatively determined with suitable precision and
accuracy.
The standard deviation and response of the slope
LOQ=10* standard deviation (0)/ s
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Fig. 2: Absorption maxima spectrum of Dolutegravir
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Fig. 3: Calibration curve of Dolutegravir in method A
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Fig. 4: AUC spectrum of Dolutegravir
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Fig. 5: Calibration curve of Dolutegravir in method B
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Fig. 6: first order derivative spectrum of Dolutegravir
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Fig. 7: Calibration curve of Dolutegravir in method C

RESULTS AND DISCUSSION

For quantitative estimation of Dolutegravir in bulk and
laboratory synthetic mixture three validated methods
was proposed for method A, the absorbance maxima
was found to be 258 nm (Fig. 2 & 3), for method C Amax
at 256 nm was selected (Fig. 6 & 7) and for method B
area under curve in the range of 248-268 nm were
selected for the analysis (Fig. 4 & 5). The % assay by the
three methods was found to be 98.76% in method A,
99.50% in method B and 98.75% in method C (Table 1).
No interference was observed from the pharmaceutical
excipients. The % recovery obtained for absorption
maxima, first order derivative spectroscopy and area
under the curve was found to be in the range of
102.01%, 100.5%, 103.7% (Table 3). The proposed
methods are very precise, the %RSD is less than 2.
(Table 4) and LOD & LOQ values of proposed methods
are within the limits (Table 2). Hence, the proposed
were validated in terms of linearity, precision, and
accuracy. The present work provides an accurate and
sensitive method for the analysis of Dolutegravir in
bulk and tablet formulation.

The three spectrophotometric methods were developed
and validated as per ICH guidelines. The standard
deviation and %RSD calculated for the methods are
within the limits, indicating high degree of precision of
the methods. The results of the recovery studies
performed indicate the methods to be accurate. Hence
it can be conducted that the developed

spectrophotometric methods are accurate, precise and
can be employed successfully for the estimation of
Dolutegravir bulk and formulation. The proposed
methods were found to be simple, economical, eco-
friendly, rapid, precise and accurate for the
determination of Dolutegravir in tablet dosage form.
There is good scope for other poorly water soluble
drugs which may be tried to get solubilize in 8 M urea
solution (as hydrotropic agent) to carry out their
spectrophotometer analysis excluding the use of
costlier and unsafe organic solvents. Thus, it can be
easily and conveniently adopted for routine quality
control analysis.
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