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Development and Validation of a Novel Second Derivative
UV Method for the Estimation of Antihypertensive Drugs in

Tablet Dosage Form
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ABSTRACT

Aim: The objective of the current work was to develop and statistically validate a second order
derivative method for estimating atenolol in tablet dosage form using UV spectrophotometry.
Materials and Methods: The method validation was done in accordance with ICH
recommendations. Atenolol (BSC class Ill) and hydrochloride (BSC class Il) were soluble in 0.1
N NaOH and gave stable absorbance with it, hence 0.1 N NaOH was chosen as a solvent. The
wavelengths selected were 226 nm and 274 nm for atenolol and hydrochlorothiazide respectively.
The proposed method was validated for parameters like linearity, precision, robustness, accuracy,
limit of detection and limit of quantification. Results: The method was found to be linear with a
correlation coefficient (R?) of 0.999 and within a concentration range of 5-60 ug/mL for atenolol
and 5-50 pg/mL for hydrochlorothiazide. The analysis of tablet formulation was carried out using
second order derivative method and percentage mean assay was found to be 100.4% and 100.9%
for atenolol and hydrochlorothiazide respectively. The method was statistically validated showed
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less % RSD indicating that method is precise, accurate and robust.
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INTRODUCTION

Atenolol (ATEN), a beta-blocker is used to treat angina and
high blood pressure. Hydrochlorothiazide (HCTZ) is a thiazide
diuretic that increases the urine flow and prevents the retention
of fluid in the body. It is used to treathigh blood pressure.'

Different researchers have employed different methods to
estimate these two drugs in combination. The developed HPLC
or HPTLC methods are time consuming and make use of costly
solvents.”'? Further UV methods have also been developed for
this in combination with other drugs.”*'* Some UV methods
have been developed for this combination however it makes use
of methanol as a solvent.””** Using 0.1 N NaOH as a solvent, the
current study aimed to design and validate a second derivative
UV method. The method is simple, fast, efficient, rapid and
affordable for determining these two drugs in combined dosage
form.
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MATERIALS AND METHODS

Materials

Active Pharmaceutical Ingredients (API) used atenolol (Figure
1) and hydrochlorothiazides (Figure 2) were gifted by Zydus
and Unichem Pvt. Ltd., respectively. The formulation ATEN H
25 was purchased from local pharmacy. It contained 50 mg of
atenolol and 25 mg of hydrochlorothiazide 0.1 N NaOH was used
as solvent for entire study.

Instrumentation and Equipment
UV spectrophotometer of model 1800 and Shimadzu make

having UV probe as the software was used.

Methods

Choice of solvent

The drug solubility was assessed in a number of solvents like
NaOH, ethanol, methanol etc. Depending upon the solubility
and the solvent giving stable absorbance reading 0.1 N NaOH
was selected for preparation of stock solutions.

Selection of the Wavelength

The selection of wavelengths for the estimation of atenolol
and hydrochlorothiazide done by scanning standard solution
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containing 10 ug/mL concentration in the UV region 200-400
nm by using 0.1 N NaOH as blank. The second order derivative
spectra were obtained by making use of a derivative mode to
examine the overlain spectra.

The amplitude of the second derivative spectrum of atenolol and
hydrochlorothiazide was measured at 226.4 nm and 274 nm,
respectively from the spectrum.

Preparation of Stock Solutions

A quantity equivalent to 25 mg ofatenololand hydrochlorothiazide
was transferred in a 25 ml volumetric flask and dissolved in 0.1
N NaOH to attain a concentration of 1000 ug/mL respectively.
Further dilutions were made using this standard stock solution.

Preparation of Calibration Curve

An aliquot of of
hydrochlorothiazide was placed in a set of 10 mL volumetric

standard  solutions atenolol and
flasks and the volume was adjusted with solvent, to get
concentrations of 5-60 pug/mL and 5-50 pug/mL, respectively for
both the drugs. The absorbance of the solution was recorded at

a given wavelength and a graph of absorbance vs. concentration

was plotted. The regression equation and correlation coefficient
(r*) were determined and Beer lambert’s range was established.

Method Development and Validation?'

Both the drugs were soluble in 0.1 N NaOH, so this was the
solvent chosen for the method development. The method which
was developed was then validated as per ICH guidelines

Linearity

The stock solutions were diluted to give a concentration of 5-60
pg/mL and 5-50 pg/mL for atenolol and hydrochlorthiazide
to assess the linearity. Calculations of the detection and the
quantification limits were based on this.

Precision

The precision of the method was determined by repeatability and
intermediate precision.

Repeatability

Repeatability was carried out by analysing the formulation six
times for the same concentration. Absorbance of these solutions
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Figure 1: UV second derivative spectrum of atenolol.
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Figure 2: UV spectrum second derivative of hydrochlorthiazide.
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was measured at predetermined wavelengths and calculation for
the % relative standard deviation was done.

Intermediate Precision

The intermediate precision was checked by intra-day and
inter-day analysis.

Intra-day

Intra-day precision was carried out by analysing the tablet
formulation of the same concentration and repeating it for three
times at different intervals i.e., morning, afternoon and evening
on the same day. Absorbance of these solutions measured at
predetermined wavelengths and % relative standard deviation
was calculated.

Inter-day

Inter-day precision was carried out by the analysing the tablet
formulation having same concentration and repeating it three
times on three successive days. Absorbance of these solutions
measured at predetermined wavelengths and % relative standard
deviation was calculated.

Accuracy

Accuracy was checked by performing recovery studies by using
pre-analysed sample solution and by evaluating % mean recovery
of compounds. The known concentration of drug was added at
different concentration level i.e., 80%, 100% and 120%.

In three different 10 mL volumetric flasks 2.5 mL pre-analysed
solution was added and 2 mL, 2.5 mL, 3 mL of atenolol standard
solution as well as 1 mL, 1.25 mL, 1.5 mL of hydrochlorothiazide
standard solution was added and volume was adjusted up to the
mark with 0.1 N NaOH. Control was used as blank. Absorbance
of solution was recorded at selected wavelengths against blank
and the percentage recoveries were calculated.

Robustness

Robustness of developed method was determined by performing
the assay procedure. Three minor changes were considered in
experimental conditions such as:

e Using a different UV spectrophotometric instrument,

e Performing analysis by different analyst,
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Figure 3: Overlain spectra of atenolol and hydrochlorthiazide.
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Figure 4: Calibration curve of atenolol.
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e By making minor changes in wavelength being scanned
(+2 nm).

Assay of Formulation

The tablet formulation was powdered and a quantity equivalent to
25 mg of atenolol was appropriately diluted to obtain the required
concentration of 12.5 ug/mL of hydrochlorothiazide and 25 pg/
mL of atenolol. The absorbance of these solutions was measured
at all selected wavelengths. Drug content and percent purity was
calculated.

A set of equations were framed for calculation of concentration of
drugs by second order derivative method.*

After scanning the solutions in between 400 to 200 nm second
order derivative spectra were obtained. The concentration of
atenolol and hydrochlorothiazide present in tablet were calculated
from the regression equation

Y=mx+c

Where,
Y=absorbance of drugs,
ms=slope,

x=concentration of drugs,

c=intercept.
Calculation of concentration of atenolol at 226.4 nm

Y =0.3617x + 0.0002

Where,
Y=absorbance of atenolol at 226.4 nm.
x=concentration of atenolol at 226.4 nm.

Calculation of concentration of hydrochlorothiazide at 274 nm

Y = 0.4351x — 0.0003

Where,
Y=absorbance of hydrochlorothiazide at 274 nm.

x=concentration of hydrochlorothiazide at 274 nm.

RESULTS

Method Development

Choice of solvent

Atenolol and hydrochlorothiazide were both dissolved separately
in different solvents like NaOH, methanol, ethanol and distilled

Table 1: Linearity and range data of atenolol and hydorchlorthiazide.

SI. No. Parameters Atenolol Hydrochlorothiazide
226.4 nm 274 nm
1 Linearity range (ug/mL) 5-60 5-50
2 Regression equation Y=0.3617x + 0.0002 Y=0.4351x - 0.0003
3 Correlation coeflicient 0.999 0.999
4 Slope 0.3617 0.4351
5 Intercept 0.0002 0.0003
Table 2: Repeatability data of atenolol and hydrochlorothiazide.
Repeatability (n=6)
SI. Absorbance Amount present (ug/mL) Amount found (ug/mL) % Purity
No- 274 226.4nm HCTZ ATEN HCTZ ATEN HCTZ ATEN
nm
1 0.00510 0.00922 12.50 25.00 12.41 24.93 99.28 99.72
2 0.00512 0.00917 12.50 25.00 12.45 24.79 99.60 99.16
3 0.00522 0.00908 12.50 25.00 12.68 24.55 101.4 98.20
4 0.00518 0.00932 12.50 25.00 12.59 25.21 100.7 100.8
5 0.00511 0.00937 12.50 25.00 12.43 25.35 99.44 101.4
6 0.00505 0.00949 12.50 25.00 12.29 25.68 98.32 102.7
Mean 99.79 100.3
SD 1.095 1.628
% RSD 1.097 1.623
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water. According to solubility characteristics, the common
solvent for both drugs was found to be 0.1 N NaOH.

Choice of wavelength

Solutions of the working standard of both the drugs were scanned
between 200-400 nm against the blank and the spectra of atenolol
(Figure 1) and hydrochlorthiazide (Figure 2) were recorded. The
choice of wavelength for analysis was made using concept of
second order derivative method.

From overlain spectra, two wavelengths were selected: 226.4 nm
absorbance due to atenolol only and 274 nm absorbance due to
hydrochlorothiazide only. Hence 226.4 nm and 274 nm were
selected as wavelengths for analysis which is depicted in Figure 3.

Method Validation
Linearity
Dilutions were made for a linearity range of 5-60 pg/mL for

atenolol and 5-50 pg/mL for hydrochlorthiazide. The regression
coeflicient was found to be in the range (Table 1).

The calibration curve of atenolol and hydrochlorthiazide is
displayed in (Figure 4 and Figure 5).

Precision

Analysis was performed by carrying out repeatability studies
(Table 2), inter-day and intra-day precision studies (Table 3).
According per the methodology, the solutions were made, and
absorbance values were measured.

The precision of the method was confirmed from the % RSD
value which was <2% for atenolol and hydrochlorthiazide.

Accuracy

Theaccuracyofthe developed method was confirmed byarecovery
study at three different concentrations (80%, 100%, and 120%).
The % recovery at 80%, 100% and 120% for hydrochlorothiazide
was found to be 99.85, 102.9, and 99.48% respectively and for
atenolol was found to be 101.6, 99.53, and 98.92% respectively
and is within the acceptable range of 95%-105%. The % RSD for
atenolol and hydrochlorothiazide was found to be < 2%. Hence,
the method developed was accurate (Table 4).

Limit of Detection (LOD) and Limit of Quantification
(LOQ)
The slope and standard deviation of the calibration curve were

used to determine LOD and LOQ. The developed method was
found to be sensitive as seen in Table 5.

Table 3: Intra-day data for atenolol and hydrochlorothiazide.

Morning (n=3)

Morning (n=3) Absorbance Amount present (ug/ Amount found % Purity
mL) (ug/mL)
274 2264nm HCTZ ATEN HCTZ ATEN HCTZ
nm
1 0.00495 0.00902 12.50 25.00 12.06 2438  96.48 97.52
2 0.00510  0.00909 12.50 25.00 12.41 24.57  99.28 98.28
3 0.00509 0.00915 12.50 25.00 12.38 2474  99.04 98.96
Mean 98.26 98.25
SD 1.551 0.720
% RSD 1579  0.733
Afternoon (n=3)
Sl. No. Absorbance Amount present (ug/  Amount found (ug/ % Purity
274 nm 226.4nm ML) mL)
HCTZ  ATEN HCTZ ATEN HCTZ ATEN
1 0.00505 0.00928 12.50 25.00 12.29 25.10 98.32 100.4
2 0.00507 0.00919 12.50 25.00 12.34 24.85 98.72 99.40
3 0.00501 0.00935 12.50 25.00 12.20 25.29 97.60 101.1
Mean 98.21 100.3
SD 0.567 0.854
% RSD 0.577 0.851
912 Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 3, Jul-Sep, 2024



Zambrekar, et al.: Second Derivative UV Method for Antihypertensives

SI. No.

Mean
SD
% RSD

Sl Absorbance
No. 274
nm

1 0.00525
2 0.00524
3 0.00517
Mean

SD

% RSD

SI. No.

Mean
SD
% RSD

SI. No.

1

2

3
Mean
SD

% RSD
Morning (n=3)

Evening (n=3)

Absorbance Amount present (ug/ Amount found (ug/mL) % Purity
274 2264 mL)
nm nm HCTZ ATEN HCTZ ATEN HCTZ ATEN
0.00519 0.00940 12.50 25.00 12.61 25.43 100.8 101.7
0.00517 0.00946 12.50 25.00 12.57 25.60 100.5 102.4
0.00520 0.00941 12.50 25.00 12.64 25.46 101.1 101.8
100.8 101.9
0.300  0.378
0.297  0.371
Day 1 (n=3)
Amount present (ug/mL) Amount found (pg/mL) % Purity
b HCTZ ATEN HCTZ ATEN HCTZ ATEN
0.00921 12.50 25.00 12.75 24.91 102.0 99.64
0.00928 12.50 25.00 12.73 25.10 101.8 100.4
0.00944 12.50 25.00 12.57 25.54 100.5 102.1
101.4 100.7
0.814 1.259
0.802 1.250
Day 2 (n=3)
Absorbance Amount present (ug/ Amount found (pg/mL) % Purity
274 2264 ML)
nm nm HCTZ ATEN HCTZ ATEN HCTZ ATEN
0.00499 0.00931 12.50 25.00 12.15 25.18 97.20 100.7
0.00498 0.00934 12.50 25.00 12.13 25.26 97.04 101.0
0.00503  0.00937 12.50 25.00 12.25 25.35 98.00 101.4
97.41 101.0
0.514  0.351
0.527  0.347
Day 3 (n=3)
Absorbance Amount present (ug/ Amount found (pg/mL) % Purity
274 2264 M)
nm nm HCTZ ATEN HCTZ ATEN HCTZ ATEN
0.00513 0.00916 12.50 25.00 12.47 24.77 99.76  99.08
0.00508 0.00927 12.50 25.00 12.36 25.07 98.88 100.2
0.00510 0.00923 12.50 25.00 12.41 24.96 99.28 99.84
99.30  99.70
0.440  0.571
0.443 0.573
9213
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Table 4: Accuracy data for atenolol and hydrochlorothiazide.

Accuracy 80 % (n=3)

SI. Absorbance Amount present (pug/ Amount found (pg/mL) % Purity
No. 574 2264nm ML)
nm HCTZ ATEN HCTZ ATEN HCTZ ATEN
1 0.00412 0.00750 10.00 20.00 10.15 20.18 101.5 100.9
2 0.00407 0.00752 10.00 20.00 10.04 20.23 100.4 101.1
3 0.00395 0.00765 10.00 20.00 9.767 20.59 97.67 102.9
Mean 99.85 101.6
SD 1.971 1.101
% RSD 1.974 1.083
Accuracy 100 % (n=3)
SL Absorbance Amount present (ug/ Amount found (ug/mL) % Purity
No. 274 226.4nm L)
nm HCTZ ATEN HCTZ ATEN HCTZ ATEN
1 0.00525 0.00928 12.50 25.00 12.75 25.10 102.0 100.4
2 0.00534 0.00908 12.50 25.00 12.96 24.55 103.6 98.20
3 0.00532 0.00925 12.50 25.00 12.91 25.02 103.2 100.0
Mean 102.9 99.53
SD 0.832 1.171
% RSD 0.808 1.177
Accuracy 120 % (n=3)
SL Absorbance Amount present (ug/  Amount found (ug/mL) % Purity
No. 274 226.4nm mL)
nm HCTZ ATEN HCTZ ATEN HCTZ ATEN
1 0.00610 0.01096 15.00 30.00 14.70 29.74 98.00 99.13
2 0.00627 0.01088 15.00 30.00 15.09 29.52 100.6 98.40
3 0.00622 0.01097 15.00 30.00 14.98 29.77 99.86 99.23
Mean 99.48 98.92
SD 1.339 0.453
% RSD 1.346 0.458
Hydrochlorothiazide at 274 nm
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Figure 5: Calibration curve of hydrochlorthiazide.
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Robustness

The typical variations studied under this parameter were UV
instrument, analyst and wavelength. As seen above % RSD for
atenolol and hydrochlorothiazide for change in UV instrument,
analyst and wavelength found to be < 2%. This confirmed the
robustness of the developed method (Table 6).

Assay

The above validated method can be employed to estimate atenolol
and hydrochlorothiazide in combined dosage form. According to
the methodology the solutions were made and absorbance values

measured at predetermined wavelengths. The results of atenolol
and hydrochlorothiazide were comparable with the corresponding
labelled levels of marketed formulation and % assay was found to
be 100.9% for hydrochlorothiazide and 100.4% for atenolol which
was within the acceptable limit (95%-105%) (Table 7).

DISCUSSION

The above method was developed using 0.1 N NaOH as solvent.
The two wavelengths were selected for estimation of drugs 274
nm for hydrochlorothiazide and 226.4 nm for atenolol. Method
validation was performed according to ICH guidelines. The

Table 5: Results of LOD and LOQ.

Parameters Hydrochlorothiazide Atenolol
274 nm 210 nm

LOD (ug/mL) 0.00011 0.00022

LOQ (ug/mL) 0.00035 0.00069

Table 6: Results of robustness: change in UV instrument results.

Change in UV instrument Change in UV instrument 1 (n=3)

SI. Absorbance Amount present (ug/mL) Amount % Purity
No. " 274 226.4nm found {lg/
nm mL)
HCTZ ATEN HCTZ ATEN HCTZ ATEN
1 0.00493 0.00934 12.50 25.00 12.02 2526 96.16 101.0
2 0.00498 0.00938 12.50 25.00 12.13 2538 97.04 101.5
3 0.00497 0.00954 12.50 25.00 12.11  25.82 96.88 103.2
Mean 96.69 101.9
SD 0.468 1.153
% RSD 0.484 1.131
UV instrument 2 (n=3)
S1. No. Absorbance Amount present (pg/mL) Amount found (ug/mL) % Purity
274 2264 nm HCTZ ATEN HCTZ ATEN HCTZ ATEN
nm
1 0.00502 0.00936 12.50 25.00 12.22 25.32 97.76 101.2
2 0.00500 0.00933 12.50 25.00 12.18 25.24 97.44 100.9
3 0.00499 0.00942 12.50 25.00 12.15 25.49 97.20 101.9
Mean 97.46 101.3
SD 0.280 0.513
% RSD 0.288 0.506
Change in Analyst
Analyst 1 (n=3)
SL. No.  Absorbance Amount present (pg/mL) Amount found % Purity
274 226.4 (hg/mL)
nm nm HCTZ ATEN HCTZ ATEN HCTZ ATEN
1 0.00493 0.00930 12.50 25.00 12.02 25.12  96.16 100.6
2 0.00495 0.00901 12.50 25.00 12.06 24.35 96.48 97.40
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Change in UV instrument Change in UV instrument 1 (n=3)

Sl Absorbance Amount present (ug/mL) Amount % Purity
No. 274 226.4 nm found (ug/
nm mL)
HCTZ ATEN HCTZ ATEN HCTZ ATEN
3 0.00494 0.00925 12.50 25.00 12.04 25.02  96.32 100.0
Mean 96.32 99.33
SD 0.160 1.700
% RSD 0.166 1.712
Analyst 2 (n=3)
SL. No.  Absorbance Amount present (pg/mL) Amount found (ug/mL) % Purity
274 226.4 nm HCTZ ATEN HCTZ  ATEN HCTZ ATEN
nm
1 0.00502 0.00935 12.50 25.00 12.22 25.29 97.76 101.1
2 0.00499 0.00947 12.50 25.00 12.15 25.62 97.20 102.4
3 0.00501 0.00939 12.50 25.00 12.20 25.40 97.60 101.6
Mean 97.52 101.7
SD 0.288 0.655
% RSD 0.295 0.644

Change in wavelength
Wavelength +2 nm (n=3)

SI. No. Absorbance at 276 nm Absorbance at 228.4 nm
1 0.00507 0.00487
2 0.00506 0.00492
3 0.00510 0.00485
Mean 0.00507 0.00488
SD 0.00002 0.00003
%RSD 0.410 0.738
Wavelength -2 nm (n=3)

1 0.00480 0.01165
2 0.00478 0.01174
3 0.00479 0.01161
Mean 0.00479 0.01166
SD 0.00001 0.00006
%RSD 0.208 0.507

Table 7: Results of the assay.

Assay (n=3)
Sl. Absorbance Amount present (ug/mL) Amount found (png/mL) % Purity
No. 274 226.4nm HCTZ ATEN HCTZ ATEN HCTZ ATEN
nm
1 0.00522 0.00921 12.50 25.00 12.68 2491 101.4 99.64
2 0.00517 0.00929 12.50 25.00 12.57 25.13 100.5 100.5
3 0.00519 0.00936 12.50 25.00 12.61 25.32 100.8 101.2
Mean 100.9 100.4
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linearity range of hydrochlorothiazide and atenolol were between
5-50 pg/mL and 5-60 pug/mL with correlation coefficient greater
than 0.990. The % RSD calculated for precision, robustness
and accuracy was found to be<2%. The percent recoveries
results confirm the accuracy of the method. LOD and LOQ
study method was performed and observed to be sensitive. The
proposed method has been proven to be sensitive, robust, precise
and accurate.

The % assay of hydrochlorothiazide and atenolol in tablet
formulation gives satisfactory results of 100.8% and 100.6%
respectively, which were within the acceptance criteria.

CONCLUSION

The technique is easy, accurate, and precise, and therefore
suitable for regular analysis of atenolol and hydrochlorothiazide
in commercially available marketed tablets.
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SUMMARY

A novel method was developed and validated for the estimation
of atenolol and hydrochlorthiazide in a marketed formulation
using UV derivative spectroscopy. The method used 0.IN NaOH
as a solvent. The second derivative spectra of each drug was taken
and based on the overlain second derivative spectra of both the
drugs 226 nm and 274 nm were the wavelengths selected. The
method gave a good linear response with a correlation coefficient
(R2) of 0.999 within a concentration range of 5-60 pg/mL for
atenolol and 5-50 pug/mL for hydrochlorothiazide. The method
was statistically validated and the marketed formulation ATEN
H 25 was analysed. The percentage purity obtained was of 100.4%
and 100.9% for atenolol and hydrochlorothiazide respectively.
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