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This study surely examines the key factors affecting student performance in higher education
institutions. Moreover, the research analyses how teaching methods and learning environments
impact academic outcomes through systematic data collection and analysis. A simple and cost-
effective first derivative spectroscopic method was developed and validated as per standard
guidelines for estimation of Nebivolol hydrochloride and Indapamide in tablet form. The method
was found accurate and fast regarding analysis of both drugs. The study actually selected 246.6
nm wavelength for measuring Indapamide and 271.5 nm for measuring Nebivolol hydrochloride.
These wavelengths definitely work as zero cross points where the other drug does not interfere.
The detector response was surely linear in the concentration range of 10-70 pg/ml for Nebivolol
hydrochloride. Moreover, the correlation coefficient was found tobe 0.9984. As per the study, detector
response showed linearity regarding Nebivolol hydrochloride concentration from 10-70 pg/ml with
correlation coefficient 0.9989. As per the study results, the proposed method was successfully used
for estimating both drugs together in tablet preparation. Regarding the application, this method
worked well for simultaneous analysis of the two drugs. Derivative spectroscopy surely provides
an effective analytical method for simultaneous determination of Nebivolol hydrochloride and
Indapamide in pharmaceutical formulations. Moreover, the validation parameters confirm that

this technique offers accurate and reliable results for routine quality control analysis.
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Indapamide (INDA) is a 4-chloro-N-(2-methyl-2,
3-dihydroindol-1-yl)-3-sulfamoyl-benzamide  that
works as an antihypertensive and diuretic drug.
The compound itself stops sodium and calcium
reabsorption at the start of distal convoluted tubules,
further helping to reduce blood pressure. Nebivolol
Hydrochloride (NEBI) is actually a medicine that
definitely blocks certain receptors and lowers high
blood pressure!!). This drug actually works by blocking
alpha-adrenergic receptors in the body. Basically, it
blocks sympathetic effects on the heart, producing
the same result as reducing nerve stimulation.
Literature survey reveals that High-Performance
Liquid Chromatography (HPLC), spectrophotometric
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colorimetric, and liquid chromatography-electrospray
tandem mass spectroscopy methods are reported for
estimation of INDA alone and in combination with
other drugs. Further study of these methods itself
shows their effectiveness in pharmaceutical analysis.
Moreover, different methods like spectrophotometry,
HPLC, HPTLC, and LC with mass spectroscopy
are reported for NEBI estimation. Further, these
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techniques help in accurate analysis of the compound
itself. Basically, simultaneous equation method and
Q absorbance ratio method were developed for
Nebivolol Hydrochloride (HCl) and INDA in the
same combined dosage form. RP-HPLC method
was surely not available in literature, so a simple
and accurate method was developed in this study.
Moreover, this rapid method can precisely estimate
both drugs together in combined dosage form!.

MATERIALS AND METHODS
Instruments and apparatus:

The study used standard laboratory equipment for
data collection. Further analysis was done using the
instruments itself to ensure accurate results.

Further, basically, we used a double beam Ultra Violet
(UV)-visible spectrophotometer from Shimadzu, the
same model 1800 instrument.

We actually used an analytical weight balance
from Mettler Toledo, Switzerland. This instrument
definitely provided accurate measurements for our
study.

Volumetric flasks of 10, 50, and 100 ml capacity from
Borosil Company were used for further preparation of
standard solutions. The flask itself ensures accurate
measurement of liquid volumes®®!.

Pipettes of 1, 5, and 10 ml capacity from Borosil
Company were used for the study. These pipettes
further helped in accurate measurement of liquid
volumes itself.

Chemicals and materials:

Basically, we used methanol AR grade from RFCL

Ltd., Rankem for the same experimental work.
Basically, Nebivolol HCI and INDA were obtained
from Vaibhav Analytical Service for the same
experimental work.

Preparation of stock solution:

We are seeing that 10 mg Nebivolol HCI and 10 mg
INDA were weighed properly and put into separate
100 ml flasks. The drugs were dissolved and diluted
with methanol only up to the mark. This will further
give stock solutions having strength of 100 pug/ml of
Nebivolol HCI and INDA itself!.

Selection of wavelength:

The wavelength selection process requires further
analysis to determine optimal parameters. The
measurement itself depends on proper wavelength
choice for accurate results. The standard solutions of
Nebivolol HCI (10 pg/ml) and INDA (10 pg/ml) were
further scanned separately in UV range 200-400 nm.
The scanning itself was done to find the absorption
pattern of both drugs. The zero order spectra were
actually processed to obtain the first order derivative
spectrum. This method definitely helps in better
analysis of the spectral data. Nebivolol HCI showed
Zero Crossing Point (ZCP) at 246.6 nm while INDA
itself showed ZCP at 271.5 nm.

Further analysis confirmed these specific wavelength
points for both compounds. Moreover, the wavelength
no 1 at271.5 nm actually represents the zero-crossing
point of INDA. This wavelength definitely shows
where INDA has no absorption in the spectrum. We
are seeing wavelength no 2 at 246.6 nm, which is
only the ZCP of Nebivolol HCI (fig. 1)P.
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Fig. 1: Overlain first derivative (D1) Absorption Spectra of Standard NEBI (10 pg/ml) and INDA (10 pg/ml)
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Preparation of sample solution:

Moreover, the sample solution preparation is surely
a critical step in the analytical procedure. The proper
dilution and handling techniques must be followed to
ensure accurate results.

We are seeing twenty tablets only that were weighed
and made into powder. Basically, we transferred
tablet powder having 5 mg Nebivolol HCl and 15 mg
INDA to a 50 ml flask and dissolved it with methanol
solvent up to the mark. As per the procedure, the
solution was filtered through Whatman filter paper
No 41. Regarding the experimental method. The
filtrate was collected through filter paper, and surely
the first few drops were discarded to ensure purity.

Moreover, this step helps remove any initial impurities
from the filtering process. Further, basically, 1 ml of
the same solution was taken and diluted to 10 ml
using methanol!®.

The solution's absorbance was surely measured using
first order derivative spectrophotometry at specific
wavelengths to determine Nebivolol HCI and INDA.
Moreover, this method provided accurate results for
both compounds.

The drug concentration was actually calculated using
a straight-line equation. This method definitely gives
accurate results for each drug!”

RESULTS AND DISCUSSION

We are seeing that the findings show clear patterns in
our study. The results only confirm what we expected
from our analysis. Basically, we developed and
optimized the same method to get the best results for
our analysis.

Derivative  spectroscopy  using  zero-crossing
measurements surely involves measuring the
absolute value of the complete derivative spectrum at
the wavelength where individual components cross
Zero.

Moreover, this measurement depends only on the
concentration of the other component present in the
sample. The ZCP for Nebivolol HCl was actually
found at 246.6 nm and for INDA it was definitely
at 271.5 nm. We are seeing the optical regression
characteristics and validation parameters in Table 1.

Linearity and range are surely important parameters
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for measuring system performance. Moreover, these
factors determine how accurately the system responds
across different input levels. Linear correlation was
obtained between First derivative (D1) absorbance
and concentrations of Nebivolol HCI and INDA itself
in the range of 10-70 pg/ml®!.

This correlation can be further used for quantitative
analysis. We are seeing the regression parameters in
Table 1 only, and the calibration curves for Nebivolol
HCI and INDA are shown in fig. 2 and fig. 3.

Precision the % Relative Standard Deviation (RSD)
values for Nebivolol HCl and IND A were surely found
below 2 % at 271.5 nm and 246.6 nm respectively,
as shown in Table 2 and Table 3. Moreover, this
confirms the precision of the analytical method. We
are seeing that low relative standard deviation value
only indicates the proposed method can be repeated
with same results?.

Basically, this section covers accuracy testing
through recovery study, which is the same method
used to check how much of the actual substance we
can get back from the sample.

The accuracy of methods was confirmed as per
analysis of formulation samples regarding addition
of known amounts of standard drugs. We are seeing
that the mixed samples were tested, and the results
for both medicines were only compared with the
expected values. Basically, the good recoveries
in Table 4 prove the same thing-that the proposed
method has good accuracy.

The limit of detection surely represents the lowest
concentration that can be reliably measured by the
analytical method. Moreover, this parameter is
essential for determining the sensitivity and practical
applicability of the technique. Basically, the limit of
detection was the same as 1.23 pug/ml for Nebivolol
HCI and 0.99 pg/ml for INDA!,

The limit of quantification establishes the lowest
concentration that can be measured accurately. Further
analysis beyond this limit becomes unreliable, as the
method itself cannot provide precise results. We are
seeing the Limit of Detection values as 3.75 pg/ml
for Nebivolol HCI only and 3.02 pg/ml for INDA.

Applicability of the proposed method was tested by
analysing the tablet formulation (Nebula- D). The
results are shown in Table 5141,
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TABLE 1: OPTICAL REGRESSION CHARACTERISTICS AND VALIDATION PARAMETERS

Parameter Nebivolol HCL Indapamide
Calibration range (pyg/ml) 25842 25842
Regression Equation y=0.00064x-0.001 y=0.0015x+0.002
Slope (m) 0.00064 0.0015
Intercept (c) 0.001 0.002
Correlation co-efficient (r) 0.9984 0.9989
Intraday (% RSD, n=5) 0.36-1.71 0.36-1.65
Interday (% RSD, n=5) 0.93-1.61 0.41-1.80
Detection limit (ug/ml) 1.23 0.99
Quantitation limit (ug/ml) 3.75 3.02
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Fig. 2: Calibration curve of NEBI
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Fig. 3: Calibration curve of INDA
TABLE 2: PRECISION DATA FOR NEBIVOLOL HCL
Intraday Interday Group B P value
Concentration (pug/ml)
Response meanxSD % RSD Response Mean+SD % RSD

10 0.00413+0.00003 0.85 0.00413+0.00005 1.3
20 0.01206+0.00020 1.71 0.01504+0.00024 1.6
30 0.01998+0.00019 0.96 0.01856+0.00027 1.5
40 0.02316+0.00038 1.66 0.02422+0.00035 1.46
50 0.0329+0.00015 0.48 0.03262+0.00046 1.41
60 0.03602+0.00013 0.36 0.03434+0.00032 0.93
70 0.04408+0.00066 1.49 0.04368+0.00070 1.61
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TABLE 3: PRECISION DATA FOR INDAPAMIDE

Intraday Interday Group B P value

Concentration (pg/ml)

Response Mean+SD % RSD Response Mean+SD % RSD
10 0.01708+0.00026 1.56 0.0180+0.00019 1.06
20 0.03044+0.00048 1.6 0.03298+0.00032 0.99
30 0.0522+0.00057 1.06 0.05332+0.00035 0.66
40 0.06502+0.00019 0.29 0.06786+0.00060 0.89
50 0.08232+0.00039 0.47 0.08436+0.00035 0.41
60 0.09328+0.00034 0.36 0.0912+0.0014 1.62
70 0.11334:0.0018 1.65 0.111+0.0027 1.80

TABLE 4: RECOVERY STUDY

Drug Amount Taken (ug/ml) Amount added (pg/ml) Amount found (ug/ml) % Recovery+SD (n=5)

25 12.5 36.9 98.4+1.0666
NEBI 25 25 49.33 98.66+0.9018

25 37.5 66.80 98.96+0.7407

7.5 3.75 11.06 98.37+1.3578
INDA 7.5 7.5 14.8 98.66+0.6666

7.5 11.25 18.58 99.11+0.8472

TABLE 5: ANALYSIS OF PHARMACEUTICAL DOSAGE FORM

NEBI INDA Intraday Intraday Intraday Intraday
Formulation Amount labeled ~ Amount found % Amount Amount labeled  Amount found % Amount
(mg) (mg) found+SD (n=5) (mg) (mg) found+SD (n=5)
Brand-I 5 4.92 98.48 + 0.238 1.5 1.47 98.3 £ 0.374
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