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nm. The developed method was obeying Beer Lambert’s law in the
range of 5-25ug/ml concentration. The method has also been
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_ Bictegravir (INN; BIC, formerly known as GS-9883)? is an antiviral
Affairs, Amneal

Pharmaceuticals LLC, drug of the integrase inhibitor class that was structurally derived from

Piscataway, NJ, USA. an earlier compound dolutegravir by scientists at Gilead Sciences; in
vitro and clinical results were presented by Gilead in the summer of

201681 In 2016, bictegravir was in a Phase 3 trial as part of a single tablet regimen in

combination with tenofovir alafenamide (TAF) and emtricitabine (FTC) for the treatment of

HIV-1 infection and the combination drug bictegravir/emtricitabine/tenofovir alafenamide

(Biktarvy) was approved for use in the United States in 2018.5%!

The aim of our work was to develop a simple and efficient method for the estimation of the
drug Bictegravir in bulk and to evaluate the developed method on the basis of various
statistical parameters and check whether they are within the regulated limits. Currently there
were no UV spectroscopic methods for the estimation of Bictegravir. Hence a simple, precise,
economic and less time consuming UV-Spectrophotometric method was developed for the

estimation of Bictegravir.
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MATERIAL AND METHODS

In developing a quantitative method for determining an unknown concentration of a given
species by Absorption Spectrophotometry, the first step is the choice of the absorption band
at which absorbance measurements are made when several absorption band of suitable
absorptivity are present. The band selected should favor wavelength regions that correspond
to relatively high output of the light source and high spectral sensitivity of the detector

(usually Amax)-

METHODOLOGY

Instruments

1. SHIMADZU-1700 Pharma SPEC, Ultraviolet-Visible spectrophotometer (double beam)
was used for all spectral measurements.

2. Electronic balance of model Scale (High precision balance) Model SAB-203 having
sensitivity of 1 mg was used for weighing

3. Chemicals and Reagents: Bictegravir, Methanol (A.R.GRADE), Veltam (Formulation).

Preparation of bictegravir stock solution
Standard bictegravir stock-1
It is prepared by dissolving 100mg drug in methanol and volume make up to 100ml with

methanol to get concentration 2000ug/ml.

Standard bictegravir stock-11
It is prepared by taking 1ml of the stock-1 in 10 ml volumetric flask and make up to 10mi

with methanol to get concentration 100ug/ml.

Preparation of linearity curve
To construct Beer’s law plot, different aliquots of Bictegravir (0.5-2.5ml) of stock-Il with
different concentrations (5, 10, 15, 20 and 25 pg/ml) were prepared by serial dilutions with

methanol. Then absorbance of the solution was measured at 340 nm.

RESULTS AND DISCUSSION

Linearity and sensitivity of the method

Lambert’s Law states “the absorbance is proportional to the thickness of the solution.”
Beer’s Law states “the absorbance is proportional to the concentration.”

Beer-Lambert’s Law can be Law can be expressed mathematically as:
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A= log intensity of the incident radiation

Intensity of transmitted light
The absorption (A) is proportional to the concentration (C) of the absorbing species if
absorptivity (a) and the thickness of the medium (b) are constant.

Validity of beer’s laws

The law is not applicable for

1. Highly concentrated solutions.

2. Solutions exhibiting stray florescence or suspensions may not strictly adhere to Beer’s
laws.

3. If a dilute solution during measurement undergoes chemical reaction such as oxidation,

reduction, hydrolysis, association, dissociation or polymerization,

Methods of least squares

Many analytical procedures involve measurements of physical parameters (e.g. absorbance of
solution in Spectrophotometry), which is directly proportional to the concentration of the
analyte. A series of solution of known concentration are prepared and the instrument response
is measured for each standard solution. Fortunately statistics provides a mathematical
relationship, which enables the chemist to calculate objectively the slope and the intercept of
the “best” straight line. This process is called as regression analysis; when applied to that of a
straight-line relationship, it is called the method of least squares. The numbers on the X-axis
represents the concentrations of the standard solutions. The numbers on the Y-axis represents

the instrument response (i.e. Absorbance).

One assumption made, is that the relationship is a linear one, and the equation for the straight

lineis Y = mx + b where ‘m’ is the slope of the intercept on the Y-axis.

The failure of the data points to fall exactly on the line is assumed to be cased entirely by the
indeterminate errors in the instrument readings, ’y’. The sum of the squares of the deviation
of actual instrument regarding from the correct values are minimized by adjusting the values
of the slope, m, and the intercept, b. If a linear relationship between x and y does not exist,
this puts the line through the best estimates of the true mean values.

The data for the method of least squares concerns with not only the values of x and y for the

graph, but also the values of X 5, y», by and the sum of these terms. The quantities of C and D
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are defined for convenience in presenting later formulae. The term ‘n’, is the number of data
points (or number of determinations).
The equation given for the slope and intercept of the line is given as follows:
Slope,
m = 2Xy—[2x.2y]/n
C
c = Qx¥-DRxP/n
p= 2y -2y

n

Intercept
b= 2y-m2X
n
Slopem = >xy-—-[>x.>y]
N/C

Correlation coefficient (R?)
It is used to measure the ability of the regression line to explain the variations in the
independent variable and it is calculated from the following formula:
rR= 2&-X)(y-Y)
VY (x-X)? X(y-Y)?

where, X and Y are the means of x and y respectively.

Accuracy

The accuracy of a determination may be defined as the concordance between it and the true
or the most probable value. For analytical methods there are two possible ways of
determining the accuracy.

e Absolute method

e Comparative method

Absolute method

The test for accuracy of a method is carried out by taking varying amounts of the constituent
and proceeding according to specified instructions. The difference between the mean of an
adequate number of results and the amount of constituent actually present is usually

expressed as “Parts Per Hundred”.
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Comparative method
In the analysis of pharmaceutical formulation or solid laboratory prepared samples of desired
composition, the content of the constituent sought has been determined by two or more
methods of analysis. The agreement between at least two methods of essentially different
character can usually be accepted as indicating the absence of an appreciable determinate
error.620
Precision
Precision may be defined as the concordance of a series of measurement of the same quality.
It refers to the agreement among a group as experiment result. Precise values may be in
accurate, 7]
The precision terms usually one encountered as
1. Mean
2. Standard deviation
3. Average deviation
1. MEAN
Mean of a finite number of measurements like X1, X2, X3......... Xn
Is obtained designated as X.
MEAN = X1+X2+X3+-------- +Xn

N

Average deviation

The average deviation of measurement of a set is the mean difference of the individual
measurement.

Average deviation = (X X1-MEAN)/N

Where, Xi = individual measurements

N = Number of measurements

2. Standard deviation
Standard deviation e, of an infinity set of individual data is theoretically the square root of the
mean of the difference between the individual measures values xi and the mean of the infinite
numbers of measurements X or
S/e =" (X (xi- )%\ N)
Or
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S/ = (T (xi - p) 2\ N-1)
The denominator is (N — 1) rather than N when the number of values is small (less than 30)

the square of the standard deviation is called as the Variance (s)

A more accurate measure of the precision, known as the coefficient of variation is given by:-
C.Vor % RELATIVE STANDARD DEVIATION = S x100
N

Table 1: Determination of lambda max.

Wavelength (nm) | Absorbance
300 0.041
310 0.042
320 0.043
330 0.048
340 0.053
350 0.045
360 0.044
370 0.043

A 006 Lambda Max Curve

b 0.05 W
S

0.04
0.03
b 0.02

a 0.01

n 0 T T T T T T T T
c 300 310 320 330 340 350 360 370

=& Lambda Max...

Figure 1: Absorption spectrum of bictegravir.

Table 2: Optical characteristics.

01 | A max (nM) 340
02 | Beer’s law range (ug/ml) 5-25
03 | Regression equation
(y=mx+c)*

Slope (M) 0.0092
Intercept (c) 0.0344
04 | Correlation coefficient (r%) 0.9981
05 | Precision (%Relative Standard Deviation) 0.357
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Table 3: Absorbance at optimum concentration range.

Concentration (mcg/ml) | Absorbance
5 0.044
10 0.053
15 0.061
20 0.071
25 0.081
0.1
0.08
A
B 0.06
g 0.04 y =0.0092x +0.0344
R R?=0.9981
g 002
A O T T T T 1
N 5 10 15 20 25
S CONCENTRATION mcg/ml

== absorbance
Linear (absorbance)

Linear (absorbance)

Figure 2: Linearity plot.

Method validation

Precision

The precision of the proposed method was ascertained by actual determination of nine

replicates of fixed amount of the drug. Results given below in Table-4.

Table 4: Precision results.

S.No Concentration Absorbance | Average SD %RSD
(mcg/ml)
1 15 0.062
2 15 0.061
3 15 0.061
4 15 0.061
5 15 0.063 0.0611 | 0.0011 1.91
6 15 0.061
7 15 0.060
8 15 0.059
9 15 0.062

From the optical characteristics of the proposed method it was found that the drug obeys

linearity within the concentration range of 5-25 pg/ml. From the results it was found that the

percent RSD is less than 2% which indicates that the method has good reproducibility. The

proposed method was simple, sensitive and reliable with good precision and accuracy. Hence,
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this method can be used for the routing determination of Bictegravir in bulk samples.
Summary of proposed UV method for determination Bictegravir in bulk and formulations

was shown in Table-7.

Table 5: Summary.

Parameter Description/Result

Analytical method UV- Spectrophotometric

A max (NM) 340

Beer’s Law obey Limit (ug/ml) 5-25

Regression Line Equation

Slope (M) 0.0092

Intercept (c) 0.0344

Correlation Coefficient (r%) 0.9981

% RSD 191
CONCLUSION

The proposed UV-Spectro-photometric method enables quantitative determination of
Bictegravir in bulk drug samples. Efficient UV spectrophotometric detection at the respective
absorption maxima. The calibration curve was linear over the concentration range from 5-25
pg/ml for the proposed method. The relative standard deviation’s (R.S.D.) was less than 10%
and average recovery was above 98%. The proposed method is fast, sensitive, precise,

accurate and efficient and can be used in for analysis in quality control laboratories.
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