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Abstract: The present investigation aimed to investigate a novel approach involving the utility of liquid
chromatography (LC) and liquid chromatography-mass spectrometry (LC—MS) for separation and characterization
of very nominal quantities of degradation products (DPs) of lasmiditan. The process related impurities along with
lasmiditan were resolved on Inertsil ODS-3 (250x4.6 mm, 5.0 pm) column at room temperature using 0.1 M
phosphate buffer with pH 3.6 and acetonitrile 65:35 (v/v) as mobile phase A, 0.1 M phosphate buffer with pH 3.6
and methanol in the ratio of 20:80 (v/v) as mobile phase B. The mobile phase solvent A and B were mixed at
50:50 (v/v) and the mixture was pumped isocratically at 1.0 mL/min and UV detection at 246 nm. The method
shows sensitive detection limit of 0.003 pg/mL for impurity 1, 0.008 pg/mL, 0.005 pg/mL for impurity 4, 0.008
pg/mL for impurity 1 and 2 with calibration curve liner in the range of 25-150 pg/mL and 0.025-0.15 respectively
for lasmiditan and its studied impurities. The validation including system suitability, specificity, accuracy,
recovery, ruggedness and robustness were noticed to be acceptable. The lasmiditan pure compound was subjected
to stress studies as per guidelines of International Conference on Harmonization (ICH). The stress study results
suggest that, lasmiditan was labile in acid, base and UV light conditions, whereas stable in thermal and peroxide
conditions. A total of five degradation products (DPs) were formed and was characterized using fragmentation
pattern as well as masses obtained on LC-MS/MS. The hitherto unknown DPs were identified 2,4,6-trifluoro-N-
{6-[hydroxy(2,3,4,5-tetrahydropyridin-4-yl)methyl]pyridin-2-1} benzenecarboximidic acid (DP 1), N-[6-(2-
ethylbutanoyl)pyridin-2-yl]-2,4,6-trifluorobenzamide  (DP  2), 2,4,6-trifluorobenzamide (DP  3), 2,3-
dihydropyridin-4-yl(pyridin-2-yl)methanol (DP 4) and 2.4,6-trifluoro-N-[6-(2-methylidenebutyl) pyridin-2-
yl]benzamide (DP 5). The proposed method was successfully applicable for routine analysis of lasmiditan and its
process related impurities in pure drug and formulations and also applicable for identification of known and
unknown impurities of lasmiditan.
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1. Introduction

The pharmaceutical industry is expanding daily with the goal of researching novel
pharmaceuticals that are derived from natural materials or chemically produced. The key issue with that
is that the product needs to be as pure as possible, and purity was thought to be a crucial component in
maintaining the quality of the drugs [1]. It is possible for certain undesirable chemicals to persist in the
pure medicine after its manufacture, and these undesirable compounds were referred to as impurities.
Even extremely small amounts of these contaminants can have an impact on the drug product's quality,
effectiveness, and safety [2]. As a result, it was believed that impurity identification and quantification
were crucial for generating safe drugs, and that HPLC was an easy and practical method for doing so
from any source.

Lasmiditan is a medical drug belongs to selective serotonin receptor agonists class and was used
for the treatment of active but short-term migraine with or without aura in adults [3]. Lasmiditan was
used as monotherapy in treating acute migraine and also suggested as an abortive therapy in adults
patients who in treatment with chronic migraine [4]. It was also considered as an option for patients who
doesn’t relief with triptans or other migraine treating agents or who were not able to use other migraine
treating agents due to contraindications [5]. The most common adverse effect associated during the use
of lasmiditan includes paresthesia, fatigue, dizziness, drowsiness, muscle weakness and nausea. The
adverse symptoms such as speech abnormalities, cognitive changes and hallucinations were observed in
less than 2 % of study participants [6]. The symptoms like hallucinations consistent with serotonin
syndrome, speech abnormalities and cognitive changes were identified in less than 2 % of studied
participants [6]. Figure 1 presents the molecular structure of lasmiditan.
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Figure 1. Molecular structure of Lasmiditan

There are different analytical methods reported for estimation of lasmiditan in pharmaceutical
formulations using HPLC [7-9]. The elaborative literature review suggests that, no method available for
resolution, identification and quantification of process related impurities of lasmiditan. Hence this study
intended to fulfill the gaps identified in literature. Based on availability, the process related impurity 1,
2, 3 and 4 were utilized in the study. The structure and properties of process related impurities of
lasmiditan was presented in Figure 1.

The synthesis route of lasmiditan pure drug [10] was verified for the evaluation of the route of
formuation of process related impurities in the final product. The 2,4,6-trifluorobenzoic acid which was
utilized as starting product (IV) in the synthesis process was remained in the final product as undesired
compound and was designated as impurity 1. The impurity 2 and 4 was originated during the formation
of lasmiditan (I) due to the side reaction of 2,4,6-trifluoro-N-(pyridin-2-yl)benzamide (XII) and N-
methoxy-N, 1-dimethylpiperidine-4-carboxamide (III). The impurity 3 is a byproduct formed due to the
reaction of impurity A (IV) with formed lasmiditan (I). These impurities remains in the final product as
impurities and that will affect the quality and purity of the final product. The mechanism of synthesis of
lasmiditan was presented in the supporting information file.
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Figure 2. Molecular structure of process related impurities of Lasmiditan

2. Materials and Methods

2.1. Chemicals and Reagents

The analytical standard compound lasmiditan with purity of 98.35%, its impurity 1, 2, 3 and 4
were procured from Eli Lilly & Co (India) Pvt. Ltd, Gurgaon, Haryana. The tablet formulation
containing 100 mg of lasmiditan with brand Reyvow® was purchased from local market. The HPLC
grade methanol, acetonitrile, Milli-Q® water were purchased from Merck chemicals, Mumbai. The
analytical reagent grade chemicals such as acetic acid, sodium acetate, hydrochloric acid (HCI), sodium
hydroxide (NaOH), and hydrogen peroxide were purchased from Fisher scientific, Mumbai.

2.2. Instrumentation

The HPLC analysis was performed on Agilent 1100 (USA) instrument that coupled with
quaternary pump (G1311 A) for solvent delivery. The analytes were injected through temperature
adjustable auto sampler (G 1329A) having injection capacity of 0.1-1500 pL. The column eluents were
detected using programmable ultraviolet (UV) detector (G 1314 A) and the chromatographic
integrations were carried using Agilent chem-station software. The LCMS analysis was performed on
Waters LCMS (Japan) equipped with triple quadruple mass detector and MassLynx software.
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2.3. Standard Solution Preparation

The standard lasmiditan and its impurities at 1 mg/mL (1000 pg/mL) were prepared separately
by accurately weighing 25 mg of analyte in 25 mL of volumetric flask containing 15 mL of methanol.
The analytes were dissolved in solvent using an ultrasonic bath sonicator. Then the analytes were
filtered through 0.2 pm membrane filter and the final volume was made up to the mark using same
solvent to obtain 1000 pg/mL concentration of lasmiditan and its impurities separately. During the
analysis, selected volume of required concentration of individual analyte was mixed separately.

2.4. Test Solution Preparation

The Reyvow® tablets with 100 mg strength were used for the preparation of formulation
solution. The tablets were fine powdered using clean, dry mortar - pestle and the tablet powder
equivalent to 25 mg of lasmiditan was weighed accurately. The weighed tablet powder was taken in a 25
mL volumetric flask containing 15 mL methanol. Then the drug was dissolved completely in solvent
and the final volume made up to the mark. Then, it was filtered and was diluted to standard
concentration and the dilute solution was used for evaluation of formulation assay.

2.5. Method Development

The UV-visible spectrophotometer technique was utilized for evaluating appropriate
wavelength for detection of lasmiditan along with its impurities. The lasmiditan and its impurities
solution at 10 pg/mL concentration was scanned using spectrophotometer separately and the overly
absorption spectra confirm the suitable wavelength. Various configurations of stationary phases with
different manufactures were varied for the best resolution of lasmiditan and its impurities. The mobile
phase was optimized by change in different solvent compositions with different pH ranges and different
flow rates were varied. The conditions that resolve the analytes was further studied for validation.

2.6. Method Validation

The method developed in the study was validated for its acceptable performance to ensure
suitability of indent purpose. The parameters such as range, linearity, accuracy, precision, specificity,
detection limit, quantification limit, ruggedness and robustness experiments were executed as per
reported literature [11-14] and ICH guidelines [15].

The limit of quantification (LOQ) and limit of detection (LOD) for impurities were evaluated by
determining signal to noise ratio of 10:1 and 3:1, respectively, by analysing progressively known
concentrations of impurity solutions in the optimized HPLC method. The precision experiment was also
conducted at LOQ level by analysing six independent preparations of impurities and the %RSD (relative
standard deviation) of areas response observed for each impurity was determined.

The method linearity was evaluated by injecting mixed -calibration dilutions at six
concentrations ranging from LOQ to 150% of specification limit. The least squares linear regression
method was adopted for plotting linear regression equations for lasmiditan and its impurities separately.

The method precision was investigated by analysing six individual preparations in the same day
for intraday precision, three different days by same analyst for interday precision and six times by six
different analysts in the same day in ruggedness. The method robustness was verified by introducing
minor variations in the developed method parameters, including the mobile phase mixture, pH, detector
wavelength and column temperature. The selectivity, resolution between each nearby peak and the %
change in the peak area response were evaluated in each of the altered condition. The method accuracy
was evaluated by spiking in triplicate to a pre-analysed sample at four different concentration levels
such as LOQ, 50%, 100 % and 150%. The % recovery in each analysis and the % RSD of recovery in
each spiked level was summarized for evaluating the method accuracy.

The specificity and stability indicating power of the developed method was evaluated by
performing stress degradation study. Various stress studies like acid, base, peroxide, thermal and
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ultraviolet stress studies were performed for standard lasmiditan. The placebo, lasmiditan pure drug and
tablet powder were exposed 5 mL of hydrochloric acid (1 N), 5 mL of sodium hydroxide (1 N) and
SmL of hydrogen peroxide (3.0 %) separately for acid, base and peroxide degradation study
respectively for 12 hours. Then, the stress exposed samples were neutralized with suitable diluent. The
samples were kept in a photolytic chamber irradiated with UV light at 1.2 million Lux/h and
103,959 Wh/m? for UV light degradation study and samples were kept in an air oven at 80 °C for 24
hours for thermal degradation study. The all the stress exposed samples were diluted to target
concentration and then the diluted samples were analysed in the developed method. The resultant
chromatograms and chromatographic response was utilized for evaluating the stability indicating nature
of the proposed method.

The stress degradation compounds (DPs) were characterized using mass spectral analysis. The
mass spectral analysis was performed by allowing 40 % of the column eluents in to the column using a
splitter and the samples were recorded using mass detector that was operated in ESI (Electrospray
ionization) positive ion mode. The mass detector was operated with adequate conditions such as
capillary voltage (3200-3600 V), fragmentor voltage (70 V) and skimmer voltage (60 V). Nitrogen gas
was utilized for drying (300 °C, 9 L/h) and nebulization (40 Psi). The spectra throughout the analysis
were recorded under similar experimental conditions and 20-30 average scans were conducted.

The proposed method was applied for identification and quantification of process related
impurities of lasmiditan in formulations. The Reyvow® formulation solution spiked with known
concentration of impurities and the un-spiked solution was analysed in the proposed method. The %
assay of impurities was calculated by comparing peak area response of each impurity in its
corresponding calibration curve.

2.7 Assessment of Uncertainty

In the process of method validation, the uncertainty contributions were measured as per
EURACHEM guide. The uncertainty related to purity of compounds (¥sandard puriny), Sample weighing
(Useigning) calibration results such as slope (ucatibration), T€COVETY (Urecovery) and precision (Urepeatavitiy) Was
evaluated as main uncertainty contributions. The overall combined uncertainty (ucompines) Was evaluated
using formula:

— 2 2 2 2
Ucombined _\/ustandard purity) + (ucalibration) +(urecovery) + (urepeatability)

The overall expanded uncertainty (Uexpandea) Was determined at 95% confidence level by
multiplying the achieved combined uncertainty with coverage factor (k) equal to 2. The
EURACHEM Guide [16] and reported literature [17] was utilized for calculating the
uncertainty.

3. Results and Discussions

The impurity profiling was performed to identify known and unknown impurities present in a
pure drug will helpful for producing safe pharmaceutical product. The literature survey reveals that
there is no analytical method available for quantification of process related impurities of lasmiditan and
hence this study aimed to develop a simple HPLC method for identification and quantification of
process related impurities 1, 2, 3 and 4 of lasmiditan.

The impurities 1, 2, 3 and 4 along with standard lasmiditan were polar compounds and hence
method optimization was performed on non-polar stationary phase for best retention of analytes. During
the selection of column, lasmiditan standard and its impurities were co-eluted with columns of different
configurations like Octadecylsilane, cyano, phenyl-hexyl and amino columns with different length and
particle size. Different composition of mobile phases including buffers such as acetate and phosphate
with pH range of 2-6 with methanol and acetonitrile as organic modifier were studied. The ionizable
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hydrophilic functional groups like -COOH and —NH etc., were expected to resolve using mobile phase
with pH buffers and hence the effect of buffer pH on the separation and retention of impurities was
studied in the pH range of 2-7. At pH 2.0 to 2.5, the impurity 2 was co-eluted with impurity 4 whereas
at pH 5.0 to 5.5 the impurity 1 was co-eluted with impurity 2 and hence these pH ranges was not
considered for further optimization. Good resolution of these analytes were obtained with the use of
monobasic potassium phosphate buffer in the pH range of 3.5 to 4.0 and hence further trails were
performed using monobasic potassium phosphate buffer in the mobile phase. Successful separation of
lasmiditan and its impurities was achieved using Inertsil ODS-3 (250%4.6 mm, 5.0 pum) column at room
temperature was selected as stationary phase for best resolution and peak symmetry.

Successful separation with better selectivity and resolution of analytes was attained using 0.1 M
phosphate buffer with pH 3.6 and acetonitrile 65:35 (v/v) as mobile phase A, 0.1 M phosphate buffer
with pH 3.6 and methanol in the ratio of 20:80 (v/v) as mobile phase B. The mobile phase solvent A and
B were mixed at 50:50 (v/v) and the mixture was pumped isocratically at 1.0 mL/min. The column
temperature was kept at 35 °C, sample injection volume of 20 uL and detection wavelength of 246 nm
was kept constant throughout the analysis.

In this condition, the shape of the peaks corresponds to lasmiditan and its impurities were
noticed to be symmetric and the resolution between the nearby peaks was observed to be more than 2.
The compounds in the standard solution were identified by injecting the individual standard solution and
comparing the individual retention time with standard. The retention time of the analytes was noticed to
be 8.49 min for lasmiditan, 7.24 for impurity 1, 5.58 min for impurity 2, 10.54 for impurity 3 and 4.90
for impurity 4. The column efficiency for lasmiditan and its all impurities was noticed to be lesser than
the limit in case of tail factor and greater than acceptable limit in case of theoretical plates and
resolution and results were illustrated in Table 1. Placebo and the standard lasmiditan solution spiked
with impurities chromatogram were presented in Figure 3 and based on chromatograms it was
confirmed that the method was specific for the separation and detection of process related impurities of
lasmiditan.

In each method validation run, the system suitability of peaks corresponds to lasmiditan and its
impurities were verified and the acceptance criteria in each validation run were theoretical plates (N) of
> 2000, resolution (Rs) between adjacent peaks was > 2 and tailing factor (As) of <2.0 [15]. The N, Rs,
and As of peaks observed for lasmiditan and its impurities were within the acceptable limits (Table 1),
so the optimized method is suitable for analysis of these compounds.

The sensitivity of the method for the detection of impurities was identified by determining the
LOD and LOQ of impurities in the developed method which was performed by adoption s/n ratio
method. Based in the results observed, the LOD was confirmed as 0.003 pg/mL, 0.008 ug/mL, 0.008
pg/mL and 0.005 pg/mL respectively for impurity 1, 2, 3 and 4 proved that the method was very
sensitive and can detect the analytes at very low concentrations. The sensitive results were presented in
Table 1.

The calibration curve dilutions of the impurities were prepared based on the sensitive results of
the impurities and the quantification limit was considered minimum concentration in calibration range.
The concentration of lasmiditan was considered such that the solution contains 0.1 % each impurity.
Two calibration curve ranges with six points each were obtained separately for lasmiditan and its
impurities by plotting the analyte peak area (A) against analyte strength. The equations of the calibration
curves were determined using linear least squares regression analysis and results were presented in
Table 1. The calibration curve was linear in the concentration level of 25-150 pg/mL and 0.025-0.15
respectively for lasmiditan and its studied impurities. These results suggest that the method show good
linearity that could be applicable to quantify impurities at very nominal concentrations.
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Figure 3. Specificity chromatograms of lasmiditan and its impurities in the proposed method
A) placebo sample chromatogram obtained in the proposed method; B) chromatogram obtained for
analysing the standard solution of lasmiditan at at 100 pg/mL concentration spiked with 0.1 %
impurities in the developed method

The method precision and reproducibility was performed as intra, interday precision and
ruggedness experiments. The % RSD of lasmiditan and its impurities was calculated to be less with in
the acceptable limit of less than 2 (Table 1) proves that the method was precise and rugged for the
analysis of lasmiditan and its impurities. The methos accuracy was based on recovery (R %) of known
quantity of analytes in placebo and was calculated by using the formula:

R% = Ctouna ¥ 100/ Ciaken

The method accuracy was investigated by performing three replicate injections of samples
having 50 pg/mL, 100 pg/mL and 150 pg/mL for lasmiditan spiked with 0.1 % of studied impurities.
The acceptable %RSD of less than 2 and % recovery of 98-102 was noticed for lasmiditan and
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impurities studied suggest the method was accurate. The summary results observed in system suitability,
linearity, precision, accuracy and sensitivity study in the proposed method were presented in Table 1.

Table 1. Method validation results observed in the proposed method

Parameter Results
Lasmiditan Impurity 1 Impurity 2 Impurity 3 Impurity 4

System suitability®

tr (min) 8.49 7.24 5.85 10.54 4.90

RRT -- 0.85 0.68 1.24 0.58

RRF -- 0.09 0.04 0.06 0.07

Rs 5.87 6.93 5.21 9.36 -

As 1.06 1.03 1.07 1.01 0.95

N 10241 8591 5782 14857 4920
Linearity

Range (ug/mL) 25-150 0.025-0.15  0.025-0.15 0.025-0.15 0.025-0.15

Slope 8166.6 706988 348073 461148 567104

Intercept 5127.2 409.7 186.23 1072.7 460.79

r 0.999 0.9996 0.9992 0.999 0.9991
Precision®®

Intraday 0.22 0.25 0.74 0.77 0.30

Interday (day 1) 0.82 0.69 0.47 0.76 0.54

Interday (day 2) 1.43 1.15 0.23 0.38 0.18

LOQ level -- 0.10 0.21 0.17 0.64
Accuracy at 50 % level®

Prepared 50 0.05 0.05 0.05 0.05

(ng/mL)

Recovered

(ng/mL) 49.252 0.0495 0.0493 0.0497 0.049

% Recovery 98.50 98.99 98.61 99.30 98.540

% RSD 0.23 0.55 0.339 0.64 0.34
Accuracy at 100 % level®

Prepared 100 0.10 0.10 0.10 0.10

(ng/mL)

Recovered

(ng/mL) 99.023 0.0990 0.0993 0.0988 0.0996

% Recovery 99.02 98.9900 99.32 98.82 99.6333

% RSD 0.87 0.62 0.678 0.39 1.21
Accuracy at 50 % level®

Prepared 150 0.15 0.15 0.15 0.15

(ng/mL)

Recovered

(ng/mL) 148.205 0.1488 0.1492 0.1508 0.1496

% Recovery 98.80 99.20 99.44 100.56 99.71

% RSD 0.79 0.74 0.83 0.29 0.81
Sensitivity

LOD (pg/mL) - 0.003 0.008 0.008 0.005

LOQ (png/mL) -- 0.010 0.025 0.025 0.015

tr (min) = retention time; RRT = relative retention time; RRF = relative response factor; Rs=resolution; As= tail
factor; N = No. of theoretical plates; > = slope; *average of three determinations; $*average of six determinations

The method robustness evaluated by making deliberate small modifications in the proposed
method conditions and the effectiveness of the method for the resolution and quantification of
lasmiditan and its impurities was assessed. In this study the mobile phase composition was changed as



87
Reddy et al., J. Chem.Metrol. 17:1 (2023) 79-92

45:55 (v/v) and 55:45 (v/v) of mobile phase A and B in MP 1 and MP 2 respectively. The pH of the
mobile phase was altered as 3.5 in pH 1, 3.7 in pH 2, detector wavelength altered as 241 nm in WL 1
and 251 nm in WL 2 whereas the column temperature was altered as 30 °C in CT 1 and 40 °C in CT 2
respectively. In all the altered conditions, the % change in the peak area response and the system
suitability of lasmiditan and its impurities were summarized in Table 2. In all the altered conditions, no
prominent changes were observed proved that the method was robust.

Table 2. Robustness study results in the proposed method

S No Changed Parameter Results observed

condition LDT Imp 1 Imp 2 Imp 3 Imp 4

1 MP 1 % change 0.99 0.32 0.61 0.73 1.45
tr 8.51 7.23 5.80 10.52 4.88

N 10581 8635 5691 14528 5007

2 MP 2 % change 0.28 0.54 0.53 0.82 0.99
tr 8.45 7.23 5.84 10.56 4.95

N 10124 8625 5690 14992 4865

3 pH 1 % change 0.92 0.44 0.72 0.51 1.20
tr 8.46 7.25 5.81 10.56 4.92

N 10323 8748 5621 14326 4808

4 pH?2 % change 0.18 0.77 0.29 0.25 0.43
tr 8.50 7.26 5.81 10.52 4.86

N 10113 8551 5627 14571 4825

5 WL 1 % change 0.12 0.52 0.01 0.92 1.51
tr 8.53 7.27 5.80 10.54 4.90

N 10291 8457 5620 14326 4851

6 WL 2 % change 0.76 0.49 0.49 0.11 1.11
tr 8.49 7.26 5.88 10.50 4.95

N 10323 8254 5626 14326 4805

7 CT1 % change 0.71 0.17 0.73 0.03 0.86
tr 8.47 7.25 5.80 10.53 491

N 10332 8682 5561 14745 4881

8 CT2 % change 0.49 0.05 0.88 0.27 0.57
tr 8.55 7.23 5.81 10.57 4.95

N 10528 8425 5504 14462 4824

LDT = Lasmiditan; Imp = Impurity; tr (min) = retention time; N = No. of theoretical plates; all results of
average of three analyses
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The forced degradation studies were performed to identify the probable DPs that can helpful for
establishing the degradation pathway and subsequently the molecules intrinsic stability. The stability
indicating ability of an analytical method considered as powerful tool for establishing the products shelf
life. Hence, the stability indicating ability of the proposed method was assessed and the degradation
products (DPs) formed in the study were characterized using LCMS/MS analysis. The % degradation
was calculated to be 6.15 % in acidic, 7.84 base, 5.31 % in peroxide, 3.02% in thermal and 6.85 % in
UV light degradation study after 24 h of stress exposer. Based on the degradation results, it was
observed that there is no significance degradation was noticed in thermal degradation study without any
degradation products detected in the chromatogram. The chromatogram observed in acid degradation
study resolve two DPs at the retention time of 1.5 min (DP 1) and 3.1 min (DP 2) along with impurity 2.
In the base degradation study, the chromatogram shows well resolved degradation product (DP 3) at the
retention time of 3.5 min along with impurity 2 and 4. DP 4 was retained at 6.4 min in the
chromatogram of peroxide degradation and the chromatogram also shows the peak corresponds to
impurity 4. The chromatogram of UV light degradation study show peak corresponds to DP 5 at the
retention time of 12.1 min and the chromatogram also shows the peaks corresponds to DP 4, impurity 2
and 4. The

The purity test results of lasmiditan peak in stress degradation studies suggest that the peak was
pure and homogeneous in all studies. The mass balance of 98.08-99.21% was notices in all the studies
stress degradation tests. The results noticed for lasmiditan in stress study was insignificant and the peak
purity results achieved in stress studies confirms the stability-indicating ability of the proposed method.
Table 3 presents the results and Figure 4 shows the representative chromatograms observed in forced
degradation study.

Table 3. Forced degradation results of lasmiditan in the proposed method

% Mass balance®

Stress % degradation® % assay® of
condition of lagsmiditan lasmid?tan (a.ssay + t.O tal Remark
impurities
Acid 6.15 93.85 99.21 DP 1 and 2 were identified
Base 7.84 92.16 98.46 DP 3 and 4 were identified
Peroxide 5.31 94.69 98.53 DP 4 was identified
Thermal 3.02 96.98 98.08 No degradation products
separated
UV light 6.85 93.15 98.73 DP 4 and 5 were identified

$ average of three replicate experiments

3.1. LC-MS/MS Characterization of DPs

The DPs generated in forced degradation of lasmiditan were characterized using LCMS/MS
analysis. Based on the retention time of DPs observed in the forced degradation chromatogram, it was
confirmed that 5 DPs were formed and were designated as DP 1 to 5. All the DPs along with standard
lasmiditan exhibited abundant protonated molecular ions ([M+H]") in positive ionization mode. The
structural information of DPs of lasmiditan was confirmed by recording collision induced dissociation
spectra the compounds. The mass fragmentation spectra of DPs formed in the study was presented in the
supported file.

The ESI/MS spectrum of DP 1 identified at tr of 1.5 min show abundant parent ion at m/z of
364 [M +1]" which was formed by losing methyl group (—C,H>) attached to N-methylpiperidine ring of
lasmiditan. The fragmentation spectra shows abundant fragment ion at m/z of 163 [M +1]" due to 2,4,6-
Trifluorophenyl)methanol moiety of lasmiditan with molecular formula of C;HsF;O and its proposed
structure was presented in Figure 5.
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Figure 4. Forced degradation chromatograms of lasmiditan in the proposed method
A) Acid degradation chromatogram showing DP 1 and 2 of lasmiditan; B) Base degradation
chromatogram showing DP 3 of lasmiditan; C) Peroxide degradation chromatogram showing DP 1 of
lasmiditan; D) UV light degradation chromatogram showing DP 4 and 5 of lasmiditan

In the acid degradation chromatogram, DP 2 was identified at tz of 3.1 min and was
characterized using LCMS/MS study. The fragmentation spectra of DP 2 show fragment corresponds to
parent ion at m/z of 351 [M +1]" confirms the molecular weight of DP 2 as 350. The DP 2 was formed
due to the breakage of C-N bond of pyridine ring and losing - C{H;N of lasmiditan. The fragmentation
spectra shows abundant fragment ion at m/z of 163 [M +1]" due to 2,4,6-Trifluorophenyl)methanol
moiety of lasmiditan with molecular formula of C;HsF30. Based on the mass spectral results, the DP 2
was confirmed as N-[6-(2-ethylbutanoyl)pyridin-2-yl]-2,4,6-trifluorobenzamide and its molecular
structure was presented in Figure 5.

The base degradation chromatogram show DP 3 at tr of 3.5 min and its mass spectra (Figure
5C) shows parent ion at m/z of 176 [M +1]" was due to C;H4F3NO. The DP 3 was formed by losing
Ci2Hi4N2O from lasmiditan due to breakage of aromatic N-C bond. The mass spectra also show
abundant fragment ion at m/z of 159 [M +1]" suggest the molecular structure of DP 3. Based on the
results, the DP 3 was identified as 2,4,6-Trifluorbenzamide (Figure 5).

The peroxide degradation chromatogram retained the DP 4 at tg of 6.4 min and the product was
generated by losing CsHgF3NO of lasmiditan and the compound was confirmed as 2,3-dihydropyridin-4-
yl(pyridin-2-yl)methanol with molecular formula of Ci;H2N>O and its structure was presented in Figure
5. The mass spectrum shows abundant fragment ion at m/z of 94 [M+1]" which was generated due to
lose of CsHsNO from DP 4. The same compound was identified in the degradation chromatogram of
UV light.

The DP 5 was formed due to UV light stress study chromatogram of lasmiditan. In the mass
spectrum of DP 5, characteristic parent ion noticed at m/z of 321 with molecular formula of
Ci7H15F3N2O which was originated by losing C;H3;NO. The spectrum also show abundant parent ion at
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m/z of 95 [M +1]" due to CsH¢N,. The compound was confirmed as 2,4,6-trifluoro-N-[6-(2-
methylidenebutyl)pyridin-2-yl]benzamide and its structure was presented in Figure 5.

F
@ Lasmiditan
F (6]
NH,
F F
DP3

DP 4
Figure 5. DPs of lasmiditan identified during forced degradation study

The method was adopted for detection and quantification of process related impurities in
formulations and in this study, the Reyvow® brand formulation of lasmiditan was selected. The prepared
impurities spiked and un-spiked formulation solution of lasmiditan was analysed in the proposed
method. The impurities spiked formulation solution clearly resolves the impurities along with standard
lasmiditan (Figure 6A). The chromatogram observed for un-spiked formulation solution show peak
corresponds to impurity 2 only and other impurities were not detected (Figure 6B). This proved that the
impurity 1, 3 and 4 were not present in the formulation or they are less than the detection limit of the
method. The % assay of the impurity 2 detected was calculated to be 0.03% which was considered to be
negligible. There is no detection of formulation other un-known impurities and formulation excepients
in both spiked and un-spiked formulation analysis and hence this method was confirmed to be suitable
for the routine analysis of lasmiditan and its process related impurities.
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Figure 6. Chromatogram observed during the analysis of Reyvow® formulation solution in the
proposed method

A) Reyvow® formulation solution spiked with 0.1 % of each impurity in the study; B) Reyvow®
formulation solution spiked with no impurities
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3.2 Assessment of Uncertainty

The uncertainty calculation in the developed method was performed for the results observed
during the analysis of standard solution containing 100 pg/mL of lasmiditan spiked with 0.1 %
impurities in the study. The results were expressed in percentage (%) at 95 % confidence level for all
the analytes in the calculated parameters. The results noticed in the study were presented in Table 4
which suggests that the results were acceptable. The result related to the uncertainty due to sample
weighing was noticed to be negligible and hence were presented.

Table 4. combined and expanded uncertainty results

Uncertainty (U) in %

Analytes Ustandard UCalibration URecovery URepeatability UCombined UExpanded
Lasmiditan 0.456 0.284 0.261 0.382 0.709 1.390
Impurity 1 0.716 0.353 0.214 0.351 0.898 1.759
Impurity 2 0.612 0.249 0.422 0.229 0.817 1.601
Impurity 3 0.167 0.331 0.172 0.305 0.511 1.001
Impurity 4 0.191 0.362 0.136 0.149 0.456 0.894

The findings reported in the study were compared with the literature available for the analysis
of lasmiditan. The method reported by David Raju, 2012 [7], Santosh Kumar et al., 2021 [8] and
Harshali et al., 2022 [9] were suitable for the analysis of lasmiditan in formulations. These reported
method not able to resolve and quantify process related impurities of lasmiditan. Hence present study
significantly helpful for quantification of process related impurities and also applicable for
characterizing the DPs of lasmiditan.

4. Conclusion

This paper presents a stability-indicating HPLC isocratic method for quantification of process
related impurities of lasmiditan. The lasmiditan pure drug was subjected to various stress (acidic, basic,
peroxide, thermal and UV light) conditions. The chromatographic response of the stress samples
suggests a number of degradation compounds of lasmiditan. The drug was notices to be strongly
degraded in acid, UV light condition showing high number of DPs and less degraded under thermal
stress with the appearance of no DPs. The structures of the DPs are established by LC-MS/MS and this
will be helpful for assessing the degradation pathway and stability of lasmiditan. The isocratic selected
HPLC method is validated and is specific, linear, precise and accurate that can helpful for identification
and quantification of process related impurities and degradation compounds of lasmiditan.
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Abstract:

The estimation of sodium, potassium, and calcium concentrations in various mango
samples and mango fruit beverages was carried out using flame photometry. The regression
equations derived from the calibration curves were employed to estimate the concentrations
of sodium, potassium, and calcium in the mango samples and beverages. The regression
equations provided a reliable method for estimating the concentrations of sodium, potassium,
and calcium in parts per million (ppm) for different mango samples and mango fruit
beverages. The use of flame photometry allowed for accurate and efficient analysis, enabling
a better understanding of the nutritional composition of mangoes and their derived products.
Such information can be valuable for quality control purposes and for assessing the

nutritional value of mango-based food and beverage products.
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Introduction:

The mango (Mangiferaindica L.), a member of the Anacardiaceae family, holds
significant importance as a fruit crop in India and subtropical regions worldwide. Recognized
for its delectable taste, high palatability, sweet fragrance, attractive color, and nutritional
value, mangoes are cherished for their contribution to vitamin A, B, C, and B-carotene levels,
as well as their content of nutritive minerals, digestible sugars, and trace elements. The
captivating taste, flavor, and aroma of mangoes are widely appreciated by people of all ages.
Additionally, the mango kernel contains carbohydrates, carotene, riboflavin, thiamine,
protein, fat, and calcium, which also possess medicinal properties. In India, mango
cultivation spans across 1.60 million hectares, yielding a staggering production of 11.40
million tons, making it the largest mango producer globally, accounting for over 50 percent
of the world's output[1].Fruit juices have become increasingly significant in the modern diet
across various communities. These nutritious beverages can play a vital role in maintaining a
healthy diet as they provide both great taste and a diverse range of nutrients naturally found
in fruits. Juices are available either in their natural concentrations or in processed forms. The
process of juice preparation involves mechanically squeezing fresh fruits or extracting the
juice using water. These fat-free beverages are packed with nutrients, making them dense in
vitamins, minerals, and naturally occurring phytonutrients that contribute to overall well-
being and good health[2].Mango juice is known for its richness in vitamin C, making it an
excellent source of bio-available antioxidant phytochemicals [3]. It has been found to have a
significant ~ positive impact on blood lipid profiles in individuals with
hypercholesterolemia[4], as shown in studies conducted by Kurowska et al. (2000).
Furthermore, fruit juices, including mango juice, are known to promote detoxification within
the human body [5].The mango fruit offers various benefits, including its positive effects on
nephritis treatment and other kidney-related issues, as highlighted by Islam [6]. It serves as an
excellent source of energy and is rich in essential nutrients such as vitamins A, vitamin C,

iron, and phosphorus, etc..[7].

Additionally, postharvest handling practices have an influence on the total content of
carotenoids, phenolic compounds, vitamin C, antioxidant capacity, and organoleptic

properties of mangoes [8].
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The Banaganapalli mango, also referred to as "The King of Mangoes," derives its name from
the town of Banganapalli. This particular mango variety showcases a flawless, obliquely oval
shape, adorned with a thin, golden yellow skin that remains unblemished. Weighing an
average of 350-400 grams, these mangoes boast an ample size. The pulp, free from fibrous
strands, retains its firmness and showcases a vibrant yellow hue, complemented by its

delectable sweetness.[9-10].

Chinnarasalu or Chinnarasamulu, an Indian mango variety originating in Nuzvid, Andhra
Pradesh, India, is renowned for its exceptional juiciness. This luscious mango variant thrives
in the southern regions of Andhra Pradesh and Telangana. Moreover, there exists a larger
version of Chinnarasalu called Cherukurasalu, which possesses an inherent sweetness akin to
sugarcane. Its name is derived from the Telugu term "cheruku," which translates to
sugarcane. Cherukurasalu stands as a testament to the magnificence of this delectable
fruit.[11].CherukuRasalu, characterized by its ample size and abundant sweet juice content,
belongs to the larger variety of mangoes. These mangoes, renowned for their generous
proportions, are predominantly cultivated in the East Godavari districts. While they maintain
a medium size, their juice exhibits an exceptional sweetness. This particular variety can be
found thriving across the state of Andhra Pradesh. Another well-known type is the Nuzividu
variety, which features smaller mangoes packed with incredibly sweet juice. These mangoes
have gained popularity in the Krishna and Guntur districts of Andhra Pradesh.[12].
PeddaRasalu, the immensely popular juicy mango variety from Andhra Pradesh, is renowned
for its aromatic and lemon-yellow appearance. Its pulp is delightfully fibrous and succulent,
making it a perfect choice for consumption. This exceptional breed of mangoes is harvested
at the precise moment of ripeness, allowing for natural ripening. Additionally, PeddaRasalu
mangoes boast a remarkable mineral content, including iron, folate, and magnesium. In South
India, they hold a special place as one of the most sought-after mango varieties. When fully
ripe, a PeddaRasalu mango surpasses other mangoes, even challenging the famed Alphonso
variety, in terms of taste and the amount of juice per mango. In certain regions like
Bengaluru, Raspuri mangoes are highly coveted, with many individuals specifically

requesting this variety above all others [13].

Mango beverages
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Mango juice, nectar, and squash are three significant beverages produced on a commercial
scale. Due to the high viscosity of mango pulp, mango juice is prepared by diluting it with
nearly equal amounts of water and adjusting the overall soluble solids and acidity to achieve
the desired taste. Typically, the juice contains 12 to 15% total soluble solids (TSS) and 0.4 to
0.5% acidity. Mango nectar, on the other hand, consists of 20% pulp blended with sugar and
acidity appropriately adjusted to attain 15°Brix (B) sweetness and 0.3% acidity, typically
citric acid. These beverages are packaged in cans. Mango squash, which contains 25% juice,
45% TSS, and 1.2 to 1.5% acidity, is preserved using sulfur dioxide (350 ppm) or sodium
benzoate (1000 ppm) and packaged in glass bottles Mango nectar is prepared using
dehydrated ripe mango slices and sugar in a 4:3 ratio, resulting in a final product with 20%
pulp, 15°Brix sweetness, and 0.23% acidity, taking into consideration factors such as flavor,
color, and texture.[14].The market has witnessed a surge in the availability of numerous new
brands of fruit juice-based beverages, offered in glass, plastic containers, and brick packs.
Despite the existence of food laws governing the production of high-quality food products,
many manufacturers fail to adhere strictly to these regulations. The adulteration of food can
pose significant dangers to the well-being of society, contributing to various diseases such as
paralysis, cancer, mental retardation, and hypertension. Therefore, it is crucial to take

necessary measures to combat food adulteration and ensure food safety.

For beverages to meet quality standards, they must exhibit stability, homogeneity, and the
absence of particle aggregation. However, there are three physical phenomena that can lead
to the instability of a suspension: sedimentation, aggregation, and coalescence. Sedimentation
occurs when there is a difference in density between the dispersed phase and the continuous
phase, resulting in the separation of two phases with distinct concentrations and viscosities.
The settling of suspended particles varies depending on their characteristics and
concentration. Discrete particles refer to those whose properties, such as shape, size, and
density, remain constant. During free sedimentation, where no interactions occur between
particles, hydraulic forces hold the particles in place, and their descent can be described by
Stokes' law [15].The volatile components present in fruit juices play a vital role in
influencing the sensory quality of the juices, particularly after undergoing heat processing
and storage. Among different fruit products, mango juice has garnered significant attention in

research investigations [16].

Materials and Method:
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PREPARATION OF STANDARD SOLUTIONS

1000 ppm standard NaCl solution:

To prepare a standard solution of 1000 ml NaCl, an accurate weight of 2.5416 grams of
sodium chloride was measured using an analytical balance. The salt was then carefully
transferred quantitatively into a 1000 ml volumetric flask using a funnel. To ensure complete
transfer, a few squirts of distilled water were used from a wash bottle on the weighing boat
and the sides of the flask. Approximately 100 ml of distilled water was added to the flask and
swirled multiple times until all the NaCl dissolved. The solution was then diluted with
distilled water to the mark on the flask, resulting in a stock solution of NaCl. From this stock

solution, a series of 1, 10, 20, 30, 40, 50, and 100 ppm NaCl solutions can be prepared.

1000ppm Standard KCI Solution:

Using an analytical balance, 1.9070 grams of potassium chloride (KCl) was accurately
weighed. The salt was then quantitatively transferred into a 1000 mL volumetric flask with
the help of a funnel. To ensure complete transfer, a few squirts of distilled water were used
from a wash bottle to rinse the weighing boat and the sides of the flask, ensuring all the KCI
made its way into the flask. Subsequently, approximately 100 ml of deionized water was
added to the flask and swirled several times until all the KCI was dissolved. The solution was
then diluted with distilled water up to the mark on the flask, resulting in a stock solution of
KCI. From this stock solution, a series of standard solutions with concentrations of 1, 10, 20,
30, 40, 50, and 100 ppm of KCI can be prepared. These standard solutions allow for the
measurement of the intensity of the absorbed light, providing valuable information for further

analysis and experimentation.

1000ppm standard CaCOj solution:

An accurate measurement of 2.497 grams of calcium carbonate was obtained using an
analytical balance. The calcium carbonate was dissolved in 300 milliliters of distilled water,
and 10 milliliters of HCl were added. The resulting mixture was then transferred
quantitatively into a 1000-milliliter volumetric flask using a funnel.To ensure that all of the
calcium carbonate was properly transferred, a few squirts of distilled water were used from a
wash bottle to rinse the weighing boat and the sides of the flask. Approximately 300
milliliters of deionized water were added to the flask, which was then swirled several times to
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dissolve all of the CaCO3. The solution was then diluted with distilled water and brought up
to the mark on the flask, resulting in a stock solution of CaCO3 with a concentration of 1000
parts per million (ppm).From this stock solution, a series of CaCO3 solutions with
concentrations of 10, 20, 40, 60, 80, and 100 ppm can be prepared.

RESULTS AND DISCUSSION

To determine the sodium, potassium, and calcium content in different mango fruits and
mango beverages, the line of regression from the standard graph of Na, K, and Ca was
utilized. The regression equations derived from the sodium, potassium, and calcium
calibration curves were as follows:

For sodium: Y = 1.05X + 2.53 (R2 = 0.998)

For potassium: Y = 1.03X + 3.318 (R2 =0.997)

For calcium: Y =2.937X + 0.4199 (R2 =0.999)

These equations provide a means to estimate the concentrations of sodium, potassium, and

calcium in parts per million (ppm) for the mango samples and beverages.

Flame Photometer Sodium standard graph
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Fig 3: Potassium standard graph
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Flame photometer calcium standard graph
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Fig 4: Calcium standard graph

The potassium, sodium, and calcium contents of mango fruit samples and mango beverages

were analyzed using flame photometry. Table 1 presents the mean values obtained from

triplicate analyses.

Table 1: Concentration of Na, Ca and K in the Mango Fruit Samples

S.NO SAMPLE Concentration in PPM
Na Ca K
1 BANAGANAPALLE 0.8193 7.2997 4.8120
2 CHINNA RASALU 2.00963 9.2597 6.7520
3 PEDHA RSALU 1.1388 15.3197 | 11.7320
4 CHERUKU RASALU 0.2288 14.8897 | 13.8820
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Sodium (Na):

Among the mango fruit samples analysed, the highest concentration of sodium was found in
the "CHINNA RASALU" variety, with a mean value of 2.0096 ppm. The lowest sodium
concentration was observed in the "CHERUKU RASALU" variety, with a mean value of
0.2288 ppm. The "BANAGANAPALLE" and "PEDHA RASALU" varieties exhibited

intermediate levels of sodium content.
Calcium (Ca):

The "PEDHA RASALU" variety demonstrated the highest calcium concentration among the
mango fruit samples, with a mean value of 15.3197 ppm. The "CHERUKU RASALU"
variety displayed the second-highest calcium content, with a mean value of 14.8897 ppm.
The "BANAGANAPALLE" and "CHINNA RASALU" varieties showed lower calcium
concentrations compared to the previous two varieties but were still within the analysed

range.
Potassium (K):

The "CHERUKU RASALU" variety exhibited the highest potassium concentration among
the mango fruit samples, with a mean value of 13.8820 ppm. The "PEDHA RASALU"
variety showed the second-highest potassium content, with a mean value of 11.7320 ppm.
The "BANAGANAPALLE" and "CHINNA RASALU" varieties displayed lower potassium

concentrations but were still within the analysed range.
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These results indicate that there are variations in the concentrations of sodium, calcium, and
potassium among the different mango fruit samples. It is important to note that the
concentrations reported here represent the mean values obtained from triplicate analyses,

which helps to reduce the impact of experimental variability.

The concentrations of sodium (Na), calcium (Ca), and potassium (K) were analysed in
different beverage samples using flame photometry. The mean values obtained from triplicate
analysis are presented in Table 2.

Table 2: Concentration of Na, Ca and K in the Beverages

S.NO SAMPLE Concentration in PPM
Na Ca K
1 MAZZA 2.3188 3.9897 0.5920
2 SLICE 27.5688 | 23.6979 1.6920
3 FROOTY 3.2188 7.7297 .0.80204
4 PAPER BOAT MANGO | 2.9488 7.5597 2.7720

30
25
20
15 . .
m Concentration in PPM Na
10 B Concentration in PPM Ca
: ‘ ‘ Concentration in PPM K
0 _‘ T T T 1

MAZZA SLICE FROOTY PAPER
BOAT
MANGO

Sodium (Na):

The highest concentration of sodium was found in the "SLICE" beverage, with a mean value
of 27.5688 ppm. The lowest sodium concentration was observed in the"MAZZA" beverage,
with a mean value of 2.3188 ppm. The "FROOTYand"PAPER BOAT MANGO" beverages

exhibited intermediate levels of sodium content.
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Calcium (Ca):

Among the beverage samples analysed, the "SLICE" beverage demonstrated the highest
calcium concentration, with a mean value of 23.6979 ppm. The "FROOTY" beverage
displayed the second-highest calcium content, with a mean value of 7.7297 ppm. The

"MAZZA" and "PAPER BOAT MANGO" beverages showed lower calcium concentrations

compared to the previous two beverages but were still within the analysed range.
Potassium (K):

The "PAPER BOAT MANGO" beverage exhibited the highest potassium concentration
among the samples, with a mean value of 2.7720 ppm. The "FROOTY" beverage showed the
second-highest potassium content, with a mean value of 0.8020 ppm. The "MAZZA" and
"SLICE" beverages displayed lower potassium concentrations but were still within the

analysed range.

The results indicate that there are variations in the concentrations of sodium, calcium, and
potassium among the different beverage samples. The observed differences in mineral
concentrations can be attributed to the specific formulations and ingredients used in the

production of each beverage.

CONCLUSION

The observed variations in mineral concentrations can be attributed to several factors such as
genetic differences among mango varieties, soil composition, geographical location,
agricultural practices, and ripeness stages of the fruits. Sodium, calcium, and potassium are
essential minerals that play crucial roles in human health. Consumption of fruits, such as
mangoes, can contribute to meeting the dietary requirements of these minerals. Furthermore,
the mineral composition of mangoes can be relevant for food processing, formulation of

mango-based products, and nutritional labelling.

Further studies could focus on exploring the relationship between mineral concentrations and
other factors, such as fruit maturity, cultivar-specific differences, and environmental factors.
Additionally, it would be valuable to compare the mineral composition of mango fruits with

other fruits to gain insights into their relative nutritional profiles.
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In conclusion, the analysis of sodium, calcium, and potassium concentrations in mango-based
beverages helps to provide a comprehensive understanding of their mineral profiles. This
information can contribute to promoting healthier beverage choices and supporting the

development of nutritionally balanced products.

Sodium, calcium, and potassium are essential minerals that play important roles in human
health. Their presence in beverages, such as mango-based drinks, can contribute to the overall
mineral intake. However, it is crucial to consider the recommended daily intakes and balance

them with the consumption of other food and beverage sources to maintain a healthy diet.

These findings can be significant for both consumers and manufacturers. Consumers can use
the information to make informed choices based on their dietary preferences and nutritional
needs. Manufacturers, on the other hand, can use the data to optimize their product

formulations and ensure compliance with regulations and nutritional guidelines.

Further studies could focus on analysing a broader range of beverage samples, including
different brands and flavours, to understand the variations in mineral content. Additionally,
investigating the effects of processing techniques and storage conditions on mineral

concentrations in mango beverages would provide valuable insights for the industry.

References:

1. M.V. Ramdevputral , D.R. Paradva, D.R. Kanzarial , D.K. Kakade* And A.M.
Butani, Standardization of physical characteristics of recipe for preparation of
readyto-serve beverage (RTS) from Mango (Mangiferaindica L.) cv. KESAR,
International Journal of Agricultural Sciences, June to December, 2009, Vol. 5 Issue
2 :378-382.

2. Syed Asim Shah Bacha , Sumayya Rani , Syed Masood Shah , Muhammad Junaid ,
Shujaat Alil and Ashfaq Ahmedl , Abdul Jalal, Quality Evaluation And Nutritive
Value Of The Different Mango Juices Available In The Market, International Journal
of Advanced Research and Review, 2(1), 2017; 01-10.

3. Franke A. A., R. V. Cooney, S. M. Henning and L. J. Custer. 2005. Bioavailability
and antioxidant effects of orange juice components in humans. J. Agric. Food Chem.

53 (13): 5170-8.

Eur. Chem. Bull. 2023,12( Issue 5), 5855 — 5866

5865



DETERMINATION OF SODIUM, POTASSIUM, AND CALCIUM CONTENT IN DIVERSE MANGO FRUIT VARIETIES AND MANGO FLAVOURED
BEVERAGES FROM NUZVID, ELURUDISTRICT, AP THROUGH FLAME PHOTOMETRY Section A-Research paper

4. Kurowska E. M., J. D. Spence, J. Jordan, S. Wetmore, D. J. Freeman, L. A. Piche, P.

Serratore. 2000. Cholesterol raising effect of orange juice in subjects with

hypercholesterolemia. American J. Clin. Nutr. 72: 1095-100.

5. Deanna M., Minich and S. B. Jeffrey. 2007. Acid alkaline balance: role in chronic

disease and detoxification. Alternative Therapies. 13(4): 62—65.

6. Nitu, M. R., I. Khalil, S. Hussain and S. Islam. 2010. Studies on the biochemical

composition of commercial citrus juices and laboratory prepared pineapple juices.

Europe. J. Biol. Sci. 2: 9-12.

7. Malik, M.A., A. Salam and M. Saleem. 1994. Mango Products. In: Mango and

Summer Fruits of Pakistan. A Brochure of the Hort. Foundation Pak. Islamabad.

8. Kazmin, Amy (March 3, 2015). "Paper Boat bases future on India's drinks

10.

11.

12.

13.
14.

15.

16.

nostalgia". Financial Times. Retrieved December 5, 2015.

"Banaganapalle mangoes finally get GI tag". Deccan Chronicle. 4 May 2017.
Retrieved 5 May 2017.

Sareen, Richa; Shah, Ashok (2011). "Hypersensitivity manifestations to the fruit
mango". Asia Pacific Allergy. 1 (1): 43—10.5415/apallergy.2011.1.1.43. ISSN 2233-
8276. PMC 3206236. PMID 22053296

Kritikavaid ,”Mango side effects: Eating too many mangoes cause these,;”’

www.india.com. Retrieved 23 May 2022.

Kalyani,”’Health benfitsof mango ; www.india study.com’’ Retrieved 29 May 2018.

https://kalgudi.com/p/c/pedda-rasalu/3up4 3ups.

AmeeRavani* and D C Joshi (2013), “Mango and it’s by product utilization—a

review”, Trends in Post Harvest Technology | October-December, 2013 | Vol 1 |
Issue 1 | Pages 55-67.

Figueroa JA. 2015. Estabilidad y comportamientoreolégico de unabebidafuncional de
tomate de arbol (Cyphomandrabetacea). Tesis Magister en IngenieriaAgroindustrial.
Facultad de CienciasAgrarias. Universidad Nacional de Colombia. Medellin. 106 p
Hunter, G. L. K., W. A. Bucek and T. Radford. 1974. Volatile components of Canned
Alphonso mango. J. Food Sci. 39, 900-3.

Eur. Chem. Bull. 2023,12( Issue 5), 5855 — 5866

5866


https://www.ft.com/cms/s/0/9910d832-bdca-11e4-9d09-00144feab7de.html
https://www.ft.com/cms/s/0/9910d832-bdca-11e4-9d09-00144feab7de.html
https://en.wikipedia.org/wiki/Financial_Times
http://www.deccanchronicle.com/nation/current-affairs/040517/banaganapalle-mangoes-finally-get-gi-tag.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3206236
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3206236
https://doi.org/10.5415%2Fapallergy.2011.1.1.43
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/2233-8276
https://www.worldcat.org/issn/2233-8276
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3206236
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/22053296
http://www.india/
https://kalgudi.com/p/c/pedda-rasalu/3up4_3up5

Journal of Namibian Studies, 33 S1 (2023): 3258-3267  ISSN: 2197-5523 (online)

New Challenges In Teaching Spoken English
For Employment At The Undergraduate Level

H. Narendra Kumar, M. Tilak, B. Mohan Teja,
S. Santha Kumari

Department of English, K.B.N. College (Autonomous),
Vijayawada, Andhra Pradesh.

Abstract

The employment sector in India is diversifying with the
liberalization of the economy. Education at the
undergraduate level is however at present, not in tune
with the requirements of the job market. In order to
provide employment related skills to the undergraduate
students, more stress needs to be placed on linking
education with work. This is applicable to the teaching of
Spoken English also.

This paper addresses the need to give more importance to
the development of the speaking skills in English, which is
the most neglected skill among the language skills taught
at the undergraduate level. The paper examines the
following:

1. The notion of spoken English as it is taught in the
undergraduate level.

2. The nature of spoken English taught through the
existing English courses at the undergraduate level.

3. The scope of spoken English taught through the option
vocation-oriented Functional English course

4. The work-related skills that need to be linked with the
teaching of spoken English at the undergraduate level
Based on the observation: a three stage approach for co-
ordinating the efforts to relate spoken English to

employment needs is suggested.

Introduction

The liberalisation of the Indian economy in recent years has
opened up more employment opportunities in the form
and non-formal sectors. Since it is not realistic to a that all
undergraduates have an inclination for higher education,
we need to utilize the current prospects for employment to
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our advantage Education at the undergraduate level has
however not been organised in consonance with the
manpower requirement of the job market (Bhatnagar,
1957, Minocha, 1995) This has necessitated innovations in
the planning and implementation of education at the
undergraduate level. Though the educational policies of the
last one and half decades, notably The Challenge of
Education A Policy Perspective (1985) The Reports of the
Committee for Review on the National Policy of Education
(1990) and The Report on the vocationalisation of First
Degree Education (1993) have stressed on the need to link
education with work, there is still a dearth for graduates
with the requisite skills for specific employment. On the one
hand, we do not want a large number of educated
unemployed and on the other, we have jobs for which
suitable candidates are not available (Desai 1995)
Therefore, the responsibility of retooling the
undergraduate student with appropriate employment
related skills ultimately falls on the curriculum developers
and teachers. In the present context, we shall examine this
issue in relation to the teaching of English at the
undergraduate level.

This paper addresses the need to give more
importance to the development of the speaking skill in
students, which is generally ignored at the undergraduate
level. It is observed that an undergraduate in India, gets
some opportunity to listen, read and write in English, but
hardly any, to speak in English in the classroom. Whether
this gap is due to the structure of the syllabus, the teaching
methodology used or the activities and tasks the students
are engaged in during the class hours require carefu
investigation. Whatever the reasons, it is clear that this
trend, where the students do not get much opportunity to
improve their proficiency in the speaking skill is gradually
maturing into a malady The symptoms are evident, when
the average graduate attends job interviews or try to
become self-employed in urban areas, where a minimum
level of communicative ability in English is expected.
Apparently, to make up for the deficiencies in the existing
undergraduate English classroom, several Spoken English
Institutes have mushroomed, who claim to provide quick
remedies, with high fees, to the desperate job seeker.

The rapid pace of information explosion in all fields
of knowledge has further reinforced the need to develop
effective oral communication strategies to convey
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information and to interact with people with varied
interests and pursuits in life. Gunnarson (1997) states that
with the emergence of sophisticated communication
technology, the recent trends in professional work consists
of an "intricate interaction between people and advanced
technical equipment and systems"(p 285) Yet, the
usefulness of effective speaking skills for a successful
professional cannot be underestimated. While the
regional/local language will suffice for professional contacts
locally, it has become inevitable that one should have a
good command of the English language, for interactions not
only within one's own professional group, but also between
different specialist groups and between experts and lay
people.

Statistics show that the enrolment of students in
the undergraduate level is mainly in the stream of Arts and
Humanities (38%), followed by Commerce (22%) and
Natural Sciences (21%) (Desai, 1995 20). The crucial
question therefore is how we can train this 81% of the
undergraduate students to achieve a minimum level of
communicative capability in English for diverse
employment avenues.

The Notion of Spoken English Spoken English is
usually associated with the teaching of Phonetics. Students
are exposed to the correct pronunciation of the "sounds of
English, first....in isolation then in short isolated words and
finally in short isolated sentences" (Yule and Brown, 1983:
2) with appropriate stress and intonation. Practice is also
given in listening and repeating the vowels and consonants
of English. In addition, some importance is also given to
accurate role play of short dialogues related to specific
situations and in reading out passages from the classics of
English literature. All these tasks help the students to get
over their inhibition to speak in English. It however does not
provide them with the conversational, interpersonal and
presentation skills essential in employment.

We therefore need to redefine the teaching of
Spoken English, so that the undergraduate students learn
how to perform basic interactional and transaction
functions in English effectively. The Undergraduate English
Courses and Spoken English.

Let us here examine the English courses offered at
the undergraduate level and explore the scope of teaching
the skill of Speaking There are mainly four courses: (1)
English Major, (2) General English for BA/BSc/B.Com
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students (compulsory), (3) Special English (elective) and (4)
Communicative/ Functional English (elective vocationa
course).

As we are aware, the English Major courses
predominantly focus on the teaching of English Literature (
i.,e History of Literature and Literary Criticism, Poetry,
Drama and Prose) Teaching is mainly in the lecture mode
and in the final written examination, the students are
expected to write short essays, short answers and
explanations with reference to the context (as done in
Kerala University and Dibrugarh University). Some English
Major syllabuses, (eg. Dibrugarh University) have
components on the "Sounds of English", but the
examination is again restricted to writing short notes"
(Singh, 1999: 60). There is no emphasis given on the
focussed, integrated development of language skills (eg.
listening, speaking, reading and writing) based on the
prescribed textbooks or other supplementary teaching
materials, for the potential employee/ employer/
freelancer among the students.

General English courses for B.A/B.Sc./B.Com,
students usually have sections on prose, poetry, drama,
non-detailed texts and grammar. As in the English Major
courses, the first four (i.e. prose, poetry, drama and non-
detailed texts are taught through lecture mode and tested
through written examination, on the content of the
prescribed textbooks. Grammar is restricted to the use of
prepositions, passive and active voices and direct and
indirect speech - again in the written mode. The students
are given exposure to general essay and precis writing.
While reading and writing skill are minimally focussed on,
the syllabuses do not give any importance to the listening
and speaking skills. According to the CDC Report (1939: 17),
the General English syllabuses, in general, do not take into
account the learner's needs and interests.

The Special English course in most universities
consists mainly of a list of literary texts (CDC Report,
1987:17) with the examination based on essays, short
answers, definitions and seen and unseen passages for
critical appreciation. In some universities (e.g. Kerala
University), a communications skills component is included.
Though the objectives include the development of "skills
and abilities that may be necessary for their future
academic and professional needs and interests" (CDC
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Report, 1989-91) there is no visible improvement in the
communication skills of the students.

The Functional English course offered as an
optional subject focuses specifically on the use of language
for effective communication - written and oral. Among the
twelve papers to be done in six semesters students are
introduced to Phonetics (two papers) and Conversational
English (three papers). Speaking skill has rightly been given
a prominent place in the course, for it has been identified
as the most important skill which fulfils the demands of the
job market by potential employers and Functional English
teachers (Kumar, 1997). In addition to these, there are also
provisions for on-the-job training, project work and
entrepreneurial development. Each paper focuses on a
specific content area, having both theoretical and practical
components. The functional English package thus,
apparently attempts to bridge the gap created by the
literature oriented English studies offered at the
undergraduate level and the growing need for more
function-oriented English courses.

The Functional English Course: A Case Study on Teaching
Spoken English:

The Functional English course being vocation-oriented,
students are to be given training in the use of the English
language for effective conversational, interpersonal and
presentation skills. Irrespective of the syllabuses consulted,
the FE students are expected to be able to speak English
with a "high degree of confidence, accuracy and fluency in
a wide range of life situations" (Prototype syllabus) by the
end of the course Practical training includes facing the
camera and visits to the TV and radio stations to understand
the various aspects of broadcasting On-the-job training
related to Spoken English is offered in announcing, news
reading, giving commentary, teaching conversational skills
and journalism.

A recent study (Singh, 1999) on the implementation
of the Spoken English component of the Functional English
course in five colleges in India shows that the teaching
methodology offers scope for interaction among the
students in the classroom. Students are given some
opportunity to interact with each other and with the
teacher during the class. As there are no compulsory
prescribed textbooks, the teacher has the freedom to adapt
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teaching materials to suit the requirements of the students.
Audio/radio programmes, reference materials, dictionary,
newspaper clippings, maps, charts, diagrams, subject
textbooks, teachers' notes and TV/ video programmes are
the main teaching materials used. Ongoing internal
assessment and final written and oral examination for
theoretical and practical component of the speaking skill
are also attempted in the colleges.
The teaching of Spoken English in the Functional
English course has however been restricted to three aspects
Phonetics, practice of English-in- situations and limited
exposure to broadcasting, training students’ phonetics
through drill exercises for proper pronunciation of the
consonants and vowels in English with intonation and
accent. Teaching of Phonetics, which a offered as two
papers of 100 marks each, emphasises on higher level of
accuracy than fluency in speaking English It is observed that
the link up of Phonetics to vocation training has not been
clearly established. The students are therefore unsure on
how the exposure to the phonetics English can provide
practical training for communication in the workplace.

The same problem emerges with the teaching of
English in-situations also. Students are asked to write and
the read out the dialogues on topics recommended in the
syllabus (eg at the post office, at the bank). Singh 1999
states the practice in conversational skills is limited to
memorising and reproducing these sample model
dialogues, whenever particular topic is given. This indicates
that the rea communication skills are not developed
through the task Though the syllabus has provisions for
fieldwork and vi to places which offer situations to practise
conversational skills, it is yet to be effectively implemented
in the colleges

At present, the vocational aspect of the course has
been compartmentalised to broadcasting training offered a
three papers in the sixth semester. The 1999 study shows
that the theoretical component is more focussed on, the
practical training. Though there are various vocation
training options in the syllabus, it is seen that the students
socio-economic background, motivation to join the course
interest in career options and the aptitude for training and
not taken into account. Rather, all the students receive
training in broadcasting, though only a small percentage
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may get employed in jobs related to it

Another neglected area is entrepreneurial training
especially for those students who have a flair for self-
employment. The functional English syllabus content for
entrepreneurial development again focusses more on
"theoretical information" and "the issues related to starting
one's own private enterprise (Revised RIE syllabus). While
the exposure to these would create more awareness among
the students and teachers of the course further guidance
needs to be given on the practical aspects of initiating an
entrepreneurial venture, through minor project works and
practical assignments.

These details on how Spoken English is taught
through the vocational oriented Functional English
course, can give us further insight into how the speaking
skills can be taught to the undergraduate student, for
employment purposes.

Suggestions and Recommendations:

We have seen that the existing English Major, General
English and Special English courses at the UG level do not
equip students with the adequate skills of speaking. The
Functional English course, though more geared towards
providing employment related skills, also need to relate
the teaching of the speaking skill more specifically to
vocational training. In the light of these observations, |
extend the following suggestions/recommendations to
improve the teaching of Spoken English in order to
enhance the employment prospects of the UG student at
the University level;

1. Need to implement the recommendations of the
Curriculum Development Centre (CDC) Report (1989), and
to introduce the revised UG curriculum' for the General
English and Special English courses.

2. Special English or Functional English, which provide
scope for focussed language skills development to be
made obligatory for the English major students.

3. Functional English course to be effectively linked t with
on-the-job training and field work through Memorandum
of Understanding (MOU) between the University and the
training institutes. The assistance of the UGC-Vocational
Cell could be availed in this regard.
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4. Organise teacher training programmes in collaboration
with teacher training institutes (like Academic State
Colleges, CIEFL, RIE-Chandigarh) addressing issue like
Spoken English in large classes, training student for
employment, teaching inter-disciplinary, need-base
English courses etc.

5. Ensure infra-structural facilities to colleges-in terms of
furniture, teaching materials and well equipped library
Make provisions for a media centre within each university
where students and teachers can have access to
audio/video cassettes, films, documentations educational
programmes, computer-assisted language learning
modules etc.

6. Appointment of teachers who are equipped to teach
inter disciplinary English courses.

7. Initiate campus selection for varied jobs for graduates
as in professional courses.

At the college level;

1. Need for more coordination among the teachers of
English for integrated teaching of 'language' and
Literature.

2. Need for inter-departmental interaction between Arts,
Science and Commerce departments in a college, to
develop need based Spoken English courses, it will also
enhance the quality of vocational training provided
through the FE course.

3. Develop a common tasks and activities data bank within
the English Department of a college that can be used by
all teachers to develop the speaking skills in students.

4. Appointment of part-time lectures, local resource
persons and experts for even distribution of work-load in
the English Department and for specialised teaching
requirements.

5. Introduction of periodical review sessions between the
University, the Principal of the college and the English
teachers to assess how the English courses in general and
the speaking skill in particular is being taught.

6. Encourage students' feedback on teacher performance,
teaching methodology, teaching materials and
examination system to improve the quality of Spoken
English training offered to the undergraduates.
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At the classroom level;

1. Role of the teacher to be of a facilitator who would
encourage the students to do maximum-speaking with
minimum communication stress.

2. Minimum correction of pronunciation and intonation,
i.e. more, emphasis on fluency than accuracy is needed.
3. Training to be given on discourse management during
long transactional turns and short interactional turns with
genuine information gap between the speaker and the
listener. In other words, more importance to be given on
what the speaker means than what the word mean.

4. Speaking tasks should take into account the students
reasons for learning spoken English, his/her culture
identity and academic background.

5. Exposure of the students to authentic day-to-da
conversations announcements, commentary, compering
news bulletin, radio/TV programmes for understand the
art of speaking English and modifying as the conversation
progresses.

6. Training needs to be given regarding how to modulate
one's voice, for presentation of scripts, extempore
speeches and conversation with others. A range of
employment related language functions like greetings,
making requests, enquiries, complaints, extending
invitations, negotiating and persuading people etc. may
be practised. Special emphasis can also be given on the
speaking skills and non-verbal gestures needed for
business communications, appropriate and effective
telephonic conversations and different types of
interactions with clients and customers.

7. Testing should focus on the student's ability to
communicate effectively in the spoken mode, with due
credit given for accuracy, fluency, vocabulary, grammar
and presentation. A continuous record of the student's
performance in different occasions for different purposes
can be useful to assess the student's overall development
of the employment related speaking  skills.
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A Modern Method for Analyzing Related
Substances of Cabotegravir and
Rilpivirine Using RP-HPLC, along with
the Characterization of their Degradation
Products Via LCMS

Sailaja Ommi, Krishnaveni Gudela, Swathi Kongala
Department of Chemistry, K.B.N. College, Vijayawada, Andhra Pradesh, India

Abstract

Introduction: The estimation, separation, and validation of Cabotegravir and Rilpivirine along with their
impurities were performed using the RP-HPLC technique. Materials and Methods: Cabotegravir, Rilpivirine,
and their respective impurities were separated on an Inertsil ODS column (150 x 4.6 mm, 3.5 W) using a
mobile phase consisting of 5 mM Ammonium Formate and acetonitrile at a flow rate of 1 mL/min at room
temperature. The PDA detector from a Waters HPLC e-2695 quaternary pump was used with a wavelength of
231 nm. The linearity was investigated for 17 min with injection concentrations of 75-450 pug/mL of Rilpivirine,
50-300 nug/mL of Cabotegravir, and 1.25-7.5 ug/mL of each impurity of Cabotegravir and Rilpivirine. The validity
of the proposed method was verified using the International Conference on Harmonization (ICH) guidelines.
Results and Discussion: The results of method validation including specificity, linearity, accuracy, ruggedness,
and robustness were within the permissible range. Conclusion: The HPLC-MS technique successfully validated
the chemical structures of the degradation products of Cabotegravir and Rilpivirine, and stress studies were carried
out in compliance with ICH Q2 (R1) guidelines.

Key words: Cabotegravir, HPLC, related impurities, rilpivirine, validation

INTRODUCTION patients. Headache (up to 12%) and fever (up to 10%) are also

common side effects. The frequency of side effects, including
headache and feeling overheated, decreased somewhat

( jabotegravir, also known by the brand
name Vocabria, is an antiretroviralt’-!
drug that is effective against HIV/

AIDS.B# It is marketed as Cabenuva, an

injectable combination drug, and is also

sold separately as tablets and intramuscular
injections.’!  Cabotegravir is an integrase
inhibitor with a carbamoyl pyridone structure
similar to that of dolutegravir. It is approved for
use in combination withrilpivirine to treat people
with HIV-1.I%" This combination injection is
intended for adults who have undetectable HIV
levels in their blood and whose virus has not
yet developed resistance to non-nucleoside
reverse transcriptase inhibitors (NNRTIs)® and
integrase strand transfer inhibitors. These drugs
are the first antiretroviral treatments available
in an extended-release injectable form. The
most common adverse effects of rilpivirine
injection treatment are pain and swelling at the
injection site, which can occur in up to 84% of
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for the pill form of the medication. Less common adverse
effects (<10%) for both formulations include depressive
disorders,®™!% sleeplessness,!'"'? and rashes.!"*!

Rilpivirine, marketed as Edurant and Rekambys by Tibotec,
is an antiretroviral drug used to treat HIV/AIDS.'M 1t is a
second-generation NNRTI that is more effective and has a
longer half-life than first-generation NNRTIs like efavirenz,!'*!
and also has fewer adverse effects. However, it should not be
taken with medications like carbamazepine,!'®!” phenytoin,!'®
rifampicin, or St. John’s wort, which increase the liver enzyme
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CYP3A4.I'1 These medicines can hasten rilpivirine’s
breakdown, leading to lower plasma concentrations and
potentially reduced efficacy and resistance. Some of these
medications also stimulate the enzyme UGTI1A12°2! and
lower plasma concentrations of cabotegravir, further reducing
the combination treatment’s efficacy. Proton pump inhibitors
are also contraindicated when used in combination with
rilpivirine since they raise stomach pH and prevent adequate
absorption from the intestines.”>?* The injectable formulation
can cause pain and swelling at the injection spot (in up to
84% of patients), headache (in up to 12%), and fever (in up to
10%). Mental health issues such as depression, sleeplessness,
and skin rashes all fall under the 10% category. These
adverse effects occurred during HIV treatment regimens
that used rilpivirine in conjunction with other medications.
Therefore, we developed an RP-HPLC technique to determine
Cabotegravir and Rilpivirine concentrations and identify and
remove associated contaminants. Figure 1 shows the structures
for Cabotegravir, Rilpivirine, and their related substances.

MATERIALS AND METHODS
Chemicals

We obtained our HPLC-grade acetonitrile and ammonium
formate from Merck India Ltd in Mumbai, India, and our
HPLC-grade water from Milli-Q. Candila Health Care
Ltd. of Ahmedabad, India, provided us with Cabotegravir,
Rilpivirine, their related impurities, and samples.

Instrumentation

We used the Waters Alliance e-2695 HPLC system with a
quaternary pump and a PDA scanner equipped with the
Empower version 2.0 program.

HPLC-MS

During the forced degradation investigation, we positioned
a splitter in front of the ESI source, allowing only 35% of
the eluent to enter the HPLC system. To perform MS scans
of Cabotegravir and Rilpivirine in positive ESI mode, we
used a fragmentor voltage of 80V, a capillary voltage of
3000V, a skimmer voltage of 60V, nitrogen as the drying and
nebulizing gas at 45psi, and highly filtered nitrogen gas as
the collision gas.

Preparation of mobile phase-A

Ammonium formate (6.3 g) was filtered using 0.45 u filter
paper after being dissolved in 1 L of HPLC-grade water.

Mobile phase-B

Acetonitrile.

Optimization of mobile phase

The development of the procedure relied on the use of
buffers and mobile phases, but all trials resulted in improper
peak separation. Finally, the suggested approach was able
to resolve all peaks, and all necessary requirements for
applicability were met.

Gradient program: Gradient program is shown in Table 1.

There has been an increased interest in developing a
method for determining Cabotegravir, Rilpivirine, and their
associated impurities using HPLC due to the absence of
published techniques.

Figure 1: Chemical representation of (a) Cabotegravir, (b) CBG Imp-1, (c) CBG Imp-2, (d) Rilpivirine, (e) RLP Imp-1, and

(f) RLP Imp-2
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Chromatographic conditions

At a flow rate of 1 mL/min, an inertsil ODS (150 x 4.6 mm,
3.5 column was used for reverse-phase HPLC analysis
operating in gradient elution mode with acetonitrile and
ammonium formate as the mobile phase.

Diluent

Mobile phase was used as diluent.

Standard stock solution

Rilpivirine (30 mg) and Cabotegravir (20 mg) should
be accurately weighed and then transferred to a 10 mL
volumetric flask. Add 7 mL of diluent and sonicate for 10 min
to dissolve the contents.

Sample stock solution

1 ml of sample (containing 200 mgs of Cabotegravir and 300
mgs of rilpivirine) should be diluted to 100 ml in a volumetric
flask.

Impurity stock solution

Cabotegravir imp-1 (5 mg), Cabotegravir imp-2 (5 mg),
Rilpivirine imp-1 (5 mg), and Rilpivirine imp-2 (5 mg)
should be weighed and transferred to a 100 mL volumetric
flask. Add 70 mL of diluent and sonicate for 10 min to
dissolve the contents.

Spiked standard solution
5 mL of impurity stock solution to standard and 5 mL of standard

stock were added to a volumetric flask of 50 mL syringe filter
with a 0.45 micron pore size was used to filter the solution.

Spiked sample solution
5 mL of impurity stock solution and 5 mL of stock were

added to a volumetric flask of 50 mL. Syringe filter with a
0.45 micron pore size was used to filter the solution.

Table 1: Gradient program

Time (min) Mobile phase-A Mobile phase-B
0 80 20
5 50 50
7 20 80
10 20 80
12 80 20
17 80 20
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RESULTS AND DISCUSSION

The main analytical challenge encountered during the
development of a new technique was the separation of the
active pharmaceutical components. The chromatographic
conditions were adjusted to achieve optimal performance.

Method validation

The optimized RP-HPLC validation technique meets or
exceeds the requirements set forth by the International
conference on harmonization (ICH) guidelines in terms
of system suitability, linearity, accuracy, precision, and
robustness.

System suitability

System suitability testing was performed by injecting
standard solutions spiked with 200 ug/mL Cabotegravir,
300 wg/mL Rilpivirine, and 5 ug/mL of each of Cabotegravir
imp-1 and Cabotegravir imp-2, as well as Rilpivirine imp-1
and Rilpivirine imp-2 in six separate injections. The results,
presented in Table 2, demonstrate that the machine’s fitness
parameter complies with the ICH guidelines. Figure 2 shows
the standard chromatogram.

Specificity

To test for contamination, three different data sets were
analyzed — one for the placebo, one for the sample, and one
for the reference standard. The results indicated that the active
ingredients and associated compounds were successfully
separated from the placebo and its excipients. Figure 3 shows
a blank chromatogram.

Linearity

Linearity was assessed by comparing peak area to
corresponding concentration in a calibration curve. The
curve demonstrated that the concentrations of Rilpivirine,

Table 2: Results of system precision

System Acceptance Cabotegravir Rilpivirine
suitability criteria

parameter

USP plate NLT 2000 19845 9037
count

USP tailing NMT 2.0 1.12 1.01
USP NLT 2.0 - 2.86
Resolution

% RSD NMT 2.0 0.75 0.86
Retention NLT 2.0 6.941 4117
time

RSD: Relative standard deviation




1204
1001

0.80+

—Rilpivirine-4-117—

RLP Impurity-1-4.657

2 080
040 |

020

|~ Cabotegravir-6:941—

“}=—RLP Impurity-2-6.517

1 Bt

0.00

) (J =—CBG Impurity-1-9.156
I-—CBG Impurity-2-10.274

000 800

©
&

Mnutes

"100 1200 1400

Figure 2: Standard chromatogram

14.0ﬂ-:
1200
-
oo
E.OD—?
+00]

200

0.00+

B.OO
Minutes

T T T T U
10,00 12.00 14.00 16.00

Figure 3: Blank chromatogram

Cabotegravir, and their related impurities linearly ranged from
75 to 450 ug/mL, 50 to 300 ug/mL, and 1.25 to 7.5 ug/mL,
respectively. The calibration curves’ regression equations
were Y =226892.84x+181471 (R2=0.99929) for Rilpivirine,
Y = 96034.42x+3966.40 (R2 = 0.9998) for Rilpivirine
Impurity-1, Y 120073.94x+6154.63 (R2 0.9999)
for Rilpivirine Impurity-2, Y 336069.78x+313475.35
(R2 = 0.99985) for Cabotegravir, Y = 85901.15x+597.08
(R2 0.9999) for Cabotegravir Impurity-1, and
Y =93542.22x+313475.35 (R2 = 0.99983) for Cabotegravir
Impurity-2, respectively. The linearity results are presented
in Table 3 and the calibration plots are shown in Figure 4.

Accuracy

To verify the accuracy of the method, we conducted a study
to determine the recovery at three different levels (50%,
100%, and 150%). Active pharmaceutical ingredients were
prepared with concentrations of 150, 300, and 450 pg/mL
for Rilpivirine, 100, 200, and 300 ug/mL for Cabotegravir,
and 2.5, 5, and 7.5 ug/mL for Rilpivirine imp-1, Rilpivirine
imp-2, Cabotegravir imp-1, and Cabotegravir imp-2. The test
solution was injected 3 times at each spike level. The relative
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standard deviation (RSD) values were <2%, and the recovery
rates were close to 100%. The mean, RSD, and percentage
of recovery were calculated, and the recovery values fell
within the acceptable range. Table 4 presents the results for
accuracy.

Precision

The precision of an analysis is determined by the closeness of
the individual measurements in a sequence taken from several
samples of the same homogenous mixture. In this study, six
different determinations of Rilpivirine, Cabotegravir, and
their associated compounds were used to determine the
accuracy of the drug processes.

Intraday precision

On the same day, six identical solutions containing
Rilpivirine, Cabotegravir, and related compounds were
analyzed. The mean, standard deviation, and RSD of the peak
areas were calculated. The results for the method’s precision
are presented in Table 5 and Figure 5 shows a chromatogram
of the sample.




Table 3: Linearity results of Rilpivirine and its impurities A

Linearity Rilpivirine Imp-1 Imp-2

Conc. (pg/mL) Area Conc. (pg/mL) Area Conc. (pg/mL) Area
Linearity-1 75.00 17065146 1.25 120320 1.25 155274
Linearity-2 150.00 34987545 2.50 242621 2.50 305402
Linearity-3 225.00 51720561 3.75 360218 3.75 456528
Linearity-4 300.00 70502364 5.00 482145 5.00 602547
Linearity-5 375.00 85874157 6.25 608651 6.25 758248
Linearity-6 450.00 99889585 7.50 724156 7.50 907814
Slope 226892.84 96034.42 120073.94
Intercept 181471.00 3966.40 6154.63
CcC 0.99929 0.99981 0.99991
Linearity-1 50.00 17745124 1.25 106235 1.25 120414
Linearity-2 100.00 34120459 2.50 218564 2.50 238564
Linearity-3 150.00 51653285 3.75 322415 3.75 350213
Linearity-4 200.00 66523148 5.00 435261 5.00 463251
Linearity-5 250.00 84025635 6.25 533620 6.25 595412
Linearity-6 300.00 101452471 7.50 645718 7.50 699321
Slope 336069.78 85901.15 93542.22
Intercept 313475.35 1101.15 1597.08
CcC 0.99985 0.99993 0.99983

and LOQ chromatograms. This procedure has been shown
reliable in accordance with ICH regulations.

Table 4: Results of accuracy

S. % Rilpivirine % Cabotegravir %
No. Level Recovery Recovery
1 50 100.18 100.57 Robustness
2 100 100.86 100.49 . . .
The experimental setup was designed to assess the ability
3 150 100.10 100.62 . .
of the system to perform consistently across a wide range
Mean 100.38 100.56 of situations, even when variables such as flow rate and
Std Dev 0.418 0.066 mobile phase organic percentage were deliberately altered.

The results of the robustness analysis for Rilpivirine,
Cabotegravir, and their associated impurities are presented in
Table 8, indicating that all values were within the allowable
range.

mean+SD (n=3)

Inter-day precision

Inter-day precision was evaluated by analyzing six replicate
samples of Rilpivirine, Cabotegravir, and their related
compounds on separate days. The peak areas were determined
and the mean, standard deviation, and RSD were calculated.
The results are presented in Table 6.

Degradation studies

Attempts were made to induce partial breakdown of
the chemical by subjecting Rilpivirine, Cabotegravir
and similar compounds to various forced degradation

LOD and LOQ

The calibration curve method was used to establish the
LOD and LOQ. By injecting progressively decreasing
concentrations of the standard solution, the LOD and LOQ
of the chemical were determined using the formulated
RP-HPLC technique. In Table 7, we see the LOD and LOQ
concentrations of Rilpivirine, Cabotegravir, and their related
chemicals, as well as their s/n values. Figure 6 shows LOD
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conditions. Experiments with forced degradation have
proven; the approach is suitable for degradation materials.
The investigations also detail the range of temperatures
and pressures under which the medicine becomes unstable,
allowing for preventative measures to be adopted during
formulation. HPLC-MS allowed for the detection and
characterization of seven distinct DPs (DP1-DP7). In many
cases, the research helped to prevent medication instability
by providing data on the conditions under which it became
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Figure 5: Chromatogram of sample

unstable. The degradation data for Cabotegravir and 11.4%, respectively, resulting in the formation of DP1 and
Rilpivirine are shown in Table 9. DP5, respectively.

Acid degradation Alkali degradation

Rilpivirine and Cabotegravir were subjected to acid  Using IN NaOH for alkali degradation, we found that
degradation in 1N HCI, with degradation rates of 13.3% and 12.1% of the Rilpivirine and 10.5% of the Cabotegravir
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Table 5: Intraday precision results of (A) rilpivirine Table 7: LOD and LOQ results
and (B) cabotegravir Name LODConc. S/N LOQConc. S/N
(A) (Hg/mL) (ng/mL)
Sample No. % of related substances Rilpivirine 0.9 3 3 10
Spiked Total % Purity (100- Imp-1 0.015 3 0.05 10
impurities impurities Total impurities) Imp-2 0.015 3 0.05 10
1 1.26 0.24 99.76 Cabotegravir 0.6 3 2 10
2 1.23 0.27 99.73 Imp-1 0.015 3 0.05 10
3 1.25 0.25 99.75 Imp-2 0.015 3 0.05 10
4 1.28 0.22 99.78
1.27 0.23 99.77 o
> Table 8: Robustness results of Rilpivirine and
6 1.24 0.26 99.74 Cabotegravir
Average 1.26 0.25 99.76 Parameter name Rilpivirine Cabotegravir
% RSD 1.49 7.64 0.02 % RSD
(B) Flow rate (0.9 mL/min) 0.89 0.47
1 2.46 0.54 99.46 Flow rate (1.1 mL/min) 0.56 1.05
2 243 0.57 99.43 Org plus (+10%) 0.84 1.02
8 2.45 0.55 9945 Org minus (~10%) 0.34 0.27
4 2.49 0.51 99.49
5 2.51 049 99.51 Table 9: Forced degradation results of Rilpivirine
6 2.48 0.52 99.48 and Cabotegravir
Average 2.47 0.53 99.47 Degradation condition  Rilpivirine  Cabotegravir
% RSD 1.17 5.47 0.03 % purity
mean+SD (n=6) Acid deg 13.3 11.4
Alkali deg 121 10.5
Table 6: Inter-day precision results of (A) Rilpivirine Peroxide deg 14.7 12.3
and (B) Cabotegravir Reduction deg 10.4 5.3
(A) Thermal deg 8.9 41
Sample No. % of related substances Photo deg 35 28
Spiked Total % Purity (100- Hydrolysis deg 27 1.9
impurities impurities Total impurities)
1 127 0.23 99.77 were degraded, with DP2 and DP6 being generated as
2 1.24 0.26 99.74 byproducts.
3 1.28 0.22 99.78
4 1.25 0.25 99.75 Peroxide degradation
5 1.27 0.23 99.77
6 105 0.25 99.75 l"lgllelu.sc? of (?g‘?(ygerox(ildec rle)sulted i.n E}iz ;a‘f/e;\kd(.)zn }(l)f
1p1virine ./7) an abotegravir .3%) with the
Average 1.26 0.25 99.76 formation of DP3 and DP7 as byproducts.
% RSD 1.23 7.64 0.016
B . .
®) Reduction degradation
1 2.46 0.52 99.48
2 2.43 0.55 99.45 Using a 30% sodium bisulfate solution, we observed a
3 2.45 0.54 99.46 degradation of 10.4% Rilpivirine and 5.3% Cabotegravir,
4 249 056 09.44 leading to the formation of the DP4 degradation product.
5 2.51 0.55 99.45
6 2.48 0.54 99.46 Thermal degradation
A 2.47 0.54 99.46 e .
verage At 105°C, 8.9% of Rilpivirine and 4.1% of Cabotegravir
% RSD 1.17 2.51 0.01

degraded without producing any detectable degradation products.
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Figure 6: Chromatogram of (a) LOD and (b) LOQ
Photodegradation

Photodegradation under UV light resulted in 3.5% Rilpivirine
degradation and 2.8% Cabotegravir degradation, with no
degradation products being generated.

Hydrolysis degradation

When utilizing HPLC water for hydrolysis degradation, 2.7%
Rilpivirine and 1.9% Cabotegravir degradation was detected,
with no degradation products being produced.

CONCLUSION

The proposed technique demonstrated satisfactory results
in the simultaneous identification and quantification of
Rilpivirine, Cabotegravir, and their impurities. With a run
time of 17 min, the method proved to be highly efficient
and compliant with the amended SST criteria of USP. An
Inertsil ODS column was used in the experiment, which was
found to enhance the elution of analytes with high resolution,
plate count, and tailing. The approach was found to be
straightforward, precise, accurate, linear, robust, and quick,
making it suitable for routine analysis of Rilpivirine and
Cabotegravir in combination dose form. Thenon-interference
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of the estimate was indicated by the fact that the sample
recovery agreed well with label claims. Overall, this method
is convenient and easy to use.

Collision induced dissociation of Cabotegravir and
Rilpivirine

Scheme 1:Rilpivirine DP1’s fragmentation process is shown
in Scheme 1, and the ESI spectra revealed the presence of
a particularly abundant [M+H]+ ion at m/z-423 under acid
degeneration. Abundant product ions at m/z-272 (because to
the loss of C_H,CIN,), m/z-172 (due to the loss of C,H,CIN,
from m/z 272), and m/z-53 (due to the loss of C.H, N
from m/z 172) were seen in the MS/MS spectra of DPI.
Accurate mass measurements and MS/MS investigations
both provide support to the suggested framework. Both the
mass fragmentation methods and the MS spectra degradation
product are shown in Figures 7 and 8.

Scheme 2: Rilpivirine DP2’s fragmentation process
is shown in Scheme 2, and under alkali degradaton
conditions, a more intense [M+H] ion of m/z-287 was seen
in the MS/MS spectrum. The m/z -172 (loss of C,H,CIN,)
and m/z-53 (C,H, N lost from m/z 172) product ion
abundances were quite prominent in the spectrum. The
suggested methodology was validated by MS/MS tests
and accurate mass calculations. The by-product of mass




fragmentation techniques and mass spectrometry is shown
in Figures 9 and 10, respectively.

Scheme 3: The fragmentation process of Rilpivirine
DP3 of m/z 404, which was observed under peroxide
degradation condition, is shown in Scheme 3. A large
number of product ions can be seen in the MS spectrum at
m/z-272 (because to the loss of C.HN,O), m/z-172 (due
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to the loss of C,H,CIN, from m/z 272), and m/z-53 (due to
the loss of C.H|\N from m/z 172). The suggested technique
was validated by MS/MS measurements and accurate mass
assessments. Mass fragmentation schemes and the degraded
MS spectra are shown in Figures 11 and 12, respectively.

Scheme 4: The fragmentation process for m/z-468 Rilpivirine
DP4 observed under a reduced degradation was shown in
Scheme 4. Abundant product ions can be seen in the spectrum
at m/z-367 (due to the loss of C.H,N), m/z-272 (due to the
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loss of H,NSO, from m/z 367), m/z-172 (due to the loss
of C,H,CIN, from m/z 272) and m/z-53 (due to the loss of
CH, N from m/z 172). The suggested methodology was
validated by MS/MS tests and accurate mass calculations.
Mass fragmentation techniques and the resulting MS spectra

degradation are shown in Figures 13 and 14, respectively.

Scheme 5: Cabotegravir DP5 m/z-440 fragmentation
was observed during acid degradation, and the resulting
fragmentation process is shown in Scheme 5. Abundant
product ions can be seen in the spectrum at m/z -328 (due to
the loss of C,H,F,), m/z -236 (due to the loss of C,H.CINO
from m/z 328), and m/z-116 (due to the loss of C,HO,
from m/z 236). The suggested approach has been verified
by MS/MS tests and accurate mass assessments. Mass
fragmentation schemes and the degraded MS spectra are
shown in Figures 15 and 16, respectively.
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Scheme 6: Cabotegravir DP6 fragmentation at m/z-302 was
observed in an alkaline degradation environment and this is
shown in Scheme 6. Abundant product ions may be seen at
m/z-184 (due to the loss of C,H,NaO,) and m/z-101 in the
spectrum (loss of C;H,NO,). The suggested approach has
been verified by MS/MS tests and accurate mass assessments.
Mass fragmentation schemes and the resulting MS spectra
deterioration are shown in Figures 17 and 18, respectively.
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Scheme 7: Cabotegravir degradation product 7 of m/z-421
was observed under peroxide degradation conditions, and
its fragmentation process is shown in Scheme 7. The m/z-
309 (CH,F,), m/z-236 (C,HNO,), and m/z-87 (C,H,NO)
product ions are quite numerous in the spectrum. The
suggested approach has been verified by MS/MS tests and
accurate mass assessments. The decomposition result of MS
spectra and mass spectral fragmentation techniques is shown
in Figures 19 and 20, respectively.
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Abstract

The advancement of digital technology is powering a new
era in medicine, fueled by the richness of data from
cutting-edge modalities such as genomics and imaging, as
well as emerging sources like wearables and the Internet
of Things. We've been able to understand more about the
biology of disease and how it affects people thanks to this
data flood, which has paved the way for the creation of
individualized targeted therapies. Incorporating artificial
intelligence (Al) is essential for producing precise forecasts
for customized treatments to realize the full promise of
these developments. However, important difficulties
including explaining ability, liability, and privacy concerns
must be addressed if Al is widely used in healthcare. To
address these issues, creating comprehensible algorithms
and including

KEY WORDS: Deep learning, Machine learning, Artificial
intelligence.

INTRODUCTION

Healthcare workers today must deal with numerous
technological developments and a vast amount of data.
Doctors and nurses are under a great lot of stress as a result
of the information overload brought on by infusion pumps,
vital sign monitors, laboratory testing, molecular testing,
medical imaging, and computerised medical records [1] [2].
Making decisions from this much information requires skill
and individualization. Modern innovations like artificial
intelligence (Al) have the natural capacity to draw insightful
conclusions from a range of data sources, potentially
offering a solution to these issues. Healthcare practitioners
may make more precise and well-informed judgements
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because to Al's ability to analyse and comprehend big
datasets. Healthcare professionals may make sense of the
complexity of data and use it to improve patient care and
outcomes by utilising Al.

DIGITIZATION OF HEALTHCARE

Due to the abundance of information being created on
diseases, treatments, and technologies, the healthcare
industry is undergoing a significant transformation. The
Health Information Technology for Economic and Clinical
Health (HITECH) Act's passage in 2009 has led to the
widespread adoption of Electronic Health Records (EHRs).
The use of electronic health records (EHR) increased from
9.4% in 2008 to 83.8% in 2015 as a result of financial
incentives and stiffer penalties for breaking security and
privacy laws [3] [4].

The digitisation of medical records has accelerated the
growth of medical knowledge. By 2020, it's anticipated that
medical knowledge would twice every 73 days [5]. A doctor
would need to spend 29 hours per day learning new medical
information to be up to date given the enormous amount
of information available today.

It is impossible to keep up with the creation and
dissemination of new medical knowledge given the
capability of the human brain and the limited time
available.

The possibility of customising medical care to the unique
needs of individuals and small patient groups seems
promising in the age of digital technology. We can learn
more about how diseases show themselves and how
patients feel them on a daily basis as more data is acquired,
stored, and processed. This discovery, along with
developments in molecular science and diagnostic
techniques, will fundamentally alter how we do research,
generate and approve new treatments, and decide on
payment schemes. Additionally, it will change how patients
and their doctors determine whether, when, and how best
to treat particular illnesses.

NEW DATA RESOURCES

We are able to compile reliable information from various
sources for each patient as our understanding of medicine,
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illnesses, and science continues to grow. Additionally, this
data can be linked to information from sizable patient
databases, enabling thorough analysis [6] [7]. We can better
understand the biology of the illness and how it presents in
specific patients as a result [8]. Patients are becoming more
knowledgeable and informed as a result of easier access to
information, giving them greater clout to demand cutting-
edge and successful treatments. Our understanding of
health and disease is being actively enhanced through
various innovations. These include the utilization of real-
world evidence [9], analysis of molecular data from next-
generation sequencing [10] [11], extraction of data from
wearable devices [12] and mobile apps [13], as well as the
implementation of novel clinical trials [14] [15].Realising
the full potential of the digital healthcare ecosystem will
require teamwork; no one organisation can accomplish it
alone. New forms of collaboration are developing [17] [18]
to ensure that we move closer to value-based, personalised
patient care.

Healthcare Al

By leveraging technology like artificial intelligence to filter
through vast volumes of data and produce analytical
information to enhance decision-making, the digitization of
healthcare has opened up new opportunities

Since Sir Alan Turing's seminal work was published in 1950
[19], Al has advanced significantly in a number of fields,
including Natural Language Processing (NLP) [20], Machine
Learning [21], Deep Learning [22], Speech Recognition [23],
Virtual Agents [24], and Al-optimized Hardware [25]
collectively contribute to various areas of artificial
intelligence research and development.

Currently, Al is being employed in healthcare [26]. For
instance, it helps to reduce the expenses associated with
medical transcribing [29], improve physician workflow to
lessen fatigue [30], facilitate robotic surgery, resulting in
shorter hospital stays and less blood loss [31], and forecast
death rates for patients with sudden heart failure [32].
Additionally, it helps lessen the number of false-positive
breast cancer screening findings [27, 28].

The most crucial healthcare stakeholders in the past,
patients, usually received similar treatments for a variety of
illnesses, which left experts perplexed as to why some drugs
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worked for some people but not others. When it comes to
making advancement, modern scientists

When it comes to identifying, diagnosing, and treating
diseases on a case-by-case basis. Al can play a significant
role in this process because of its unique ability to recognise
subtle disease-specific patterns from various sources,
including molecular diagnostics, patterns that people could
overlook.

CURRENT MEDICINE

The application of machine learning programmes, a subset
of artificial intelligence that can incorporate data from all
cutting-edge diagnostic equipment and other sources,
increases the likelihood of success.

Now more than ever, individualised medical treatment is
available to everyone. It will be shown what Al can and
cannot achieve when integrated with all of these new
technologies by an overview of two specific medical
disciplines.
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Abstract

We have devised an innovative mathematical framework
to delve deep into the Omicron variant's behavior within
the realm of COVID-19. Our model, a meticulous study of
the Omicron variant, unfolds its mathematical
implications. We've unraveled that this Omicron model
maintains local asymptotic stability as long as the basic
reproduction number (RO) stays below the critical
threshold of 1. Remarkably, if RO remains less than or
equal to 1, our model gracefully attains global asymptotic
stability, specifically at the disease-free equilibrium.

To unearth potential patterns of infection waves or
stratification, we took a leap into the world of second-
order differential equations. This expansion endowed us
with a richer comprehension of the disease's dynamics
and its inherent periodicity. We didn't stop there; we
ventured into the realm of fractional stochastic modeling,
conducting an extensive numerical analysis fueled by
real-world data from South Africa spanning November 1,
2021, to January 23, 2022. Our model parameters were
meticulously calibrated to mirror the actual scenario
during that period, with an estimated basic reproduction
number (RO) hovering around RO = 2.1107, mirroring

South Africa's ground reality.
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But we did not just crunch numbers; we dissected the
data further to discern which factors exerted the most
influence over RO. Employing the PRCC method in a global
sensitivity analysis, we pinpointed the key drivers behind
the virus's spread. These insights are invaluable for
shaping targeted public health strategies that can either
bolster or curtail the virus's transmission.

When it comes to simulating our model, we didn't rely on
run-of-the-mill approaches. Instead, we harnessed a
novel numerical scheme, meticulously tailored for solving
piecewise fractional differential equations. Our
simulations manifested as graphical representations that
vividly underscore the effectiveness of adhering to
recommended measures advocated by esteemed
organizations such as the World Health Organization
(WHO). These measures, including social distancing,
mask-wearing, frequent handwashing, and avoiding
gatherings, emerge as crucial tools for mitigating the
infection's propagation within the population.

2010 AMS Classification: 93A30

Keywords and phrases: Mathematical model, Omicron,
Stability analysis, Estimation of parameters, Numerical

results, and discussion.

Article type: Research article

The Omicron variant is a recently identified mutation of the
SARS-CoV-2 virus, responsible for the COVID-19 pandemic.
South Africa was the first to detect this variant in November
2021, and it swiftly disseminated to various European
nations, causing a notable surge in reported cases. Unlike
the more severe impact associated with the original COVID-
19 virus and other variants like the Delta strain, the Omicron
variant seems to induce milder symptoms. However, its
defining feature lies in its exceptionally high
transmissibility, surpassing both the original virus and the
Delta variant. The Center for Disease Control and
Prevention (CDC) has expressed concerns that individuals
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carrying the Omicron virus can transmit it to others,
irrespective of their vaccination status or the presence of
noticeable symptoms [1].

Symptoms commonly linked to the Omicron variant
encompass a range of complaints, including body aches,
fatigue, runny nose, cough, congestion, and more. As a
response to its emergence in South Africa, many nations
worldwide implemented precautionary measures, including
the suspension of air travel to and from South Africa, in an
attempt to contain the virus's spread.

1. Researchers and epidemiologists have exerted extensive
efforts, delving into the intricacies of coronavirus infection
dynamics within communities. They've harnessed a
plethora of mathematical modeling techniques to gain
insight into and take control of the disease's trajectory,
particularly in light of emerging variants. Take, for example,
a meticulous mathematical model that dissected the early
stages of COVID-19's spread in China [2]. Likewise, an
optimal control analysis honed in on managing the disease
in Pakistan, leveraging real-world COVID-19 case data for
precision [3].

In the face of the COVID-19 virus's rapid transmissibility,
experts have advocated strategies like isolation and
guarantine as potent tools for infection rate reduction.
These measures have been subjected to scrutiny through
mathematical modeling lenses [4]. Moreover, the profound
impact of lockdown measures on disease control has
undergone rigorous assessment via mathematical
modeling, employing tangible data from regions like Italy
and France [5]. Furthermore, researchers have employed
SEIR modeling techniques to scrutinize reported COVID-19
cases in Nigeria, dissecting and comparing different
scenarios to unveil vital insights [7].

The spotlight has also turned towards the intriguing field of
fractional calculus, which has garnered increasing attention
due to its unique attributes and relevance across diverse
scientific domains [12]. In the realm of COVID-19, scientists
have harnessed fractional calculus to tackle various
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epidemiological facets of the virus [15], [16], [17]. It has also
been instrumental in unraveling the intricate wave
dynamics shaped by the pandemic [18], [19]. Notably,
studies have explored COVID-19 models embellished with
time delays and stochastic differential equations [20], along
with a diverse array of fractional operators [13], [14].
Fractional models have been tailor-made to fathom COVID-
19 infections in distinct geographic regions, spanning from
Brazil [29] and Argentina [31] to Spain [34], each offering a
unique lens into the virus's behavior and impact.

This research is centered on unraveling the intricacies of the
Omicron variant of COVID-19, offering a meticulously
formulated mathematical model designed to capture its
distinctive dynamics. The model's parameters are fine-
tuned using real infection data harvested from South Africa,
meticulously covering the timeframe spanning from
November 1, 2021, to January 2022. In a bid to comprehend
the potential existence of multiple infection waves, the
study advances to craft a sophisticated second-order
differential epidemic model. Further enriching the analysis,
a sensitivity study is carried out to spotlight the pivotal
parameters that wield the most influence over the elusive
basic reproduction number (RO). The research doesn't stop
at deterministic modeling; it delves into the realm of
stochastic modeling, unveiling consequential insights.

To enhance clarity and structure, the remainder of this work
unfolds as follows: Section 2 unfurls the intricacies of the
model formulation, with a dedicated spotlight on the
distinct features characterizing the Omicron variant.
Transitioning into Section 3, the study pivots to unveil
model-driven outcomes, encompassing a comprehensive
exploration of local and global stability analyses and the
meticulous identification of endemic equilibria.

2. Model framework

With the advent of the Omicron variant of COVID-19,
originating in South Africa, stringent safety measures and
protocols swiftly returned to the forefront. The populace
found itself obligated to strictly adhere to Standard
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Operating Procedures (SOPs), which encompassed the
obligatory practice of social distancing and donning face
masks. Furthermore, recognizing the imminent threat
posed by this new variant, numerous nations implemented
stringent travel bans on flights to and from South Africa,
aiming to contain the rapid proliferation of this formidable
foe.

In the quest to unravel the enigmatic nature of the Omicron
variant's infection dynamics, we embarked on a pioneering
journey. Armed with data gleaned from the South African
context, we painstakingly crafted a novel mathematical
model, poised to illuminate the intricacies of this viral
adversary. Our model casts a comprehensive net over the
entire population, denoted as N(t), and methodically
partitions it into six distinctive epidemiological classes.
These classes unfold as follows:

1. S(t): An emblem of individuals not yet infectious,
signifying those who remain untouched by the virus's reach.
2. E(t): This category comprises the exposed individuals,
individuals who've had close encounters with
asymptomatic, symptomatic, or  Omicron-infected
individuals, yet have not manifested symptoms themselves.
3. la(t): A separate enclave hosts asymptomatic individuals,
carriers of the virus who stealthily evade visible clinical
symptoms.

4. Is(t): The symptomatic individuals form a distinctive
group, prominently displaying the clinical symptoms of
COVID-19 infection.

5. lo(t): A notable segment houses individuals infected with
the Omicron variant, presenting evident clinical symptoms.
These individuals hold a unique position, capable of
transmitting the virus to others, irrespective of vaccination
status or symptom manifestation.

6. R(t): Last but not least, a sanctuary is designated for the
recovered individuals, those who've emerged victorious
from the clutches of infection, whether it was
asymptomatic, symptomatic, or Omicron-induced.
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Mathematically, this division of the population is expressed
as N(t) = S(t) + E(t) + la(t) + Is(t) + lo(t) + R(t). To illustrate the
flow of transmission between these compartments, please
refer to Figure 1. The mathematical representation of these
transmission dynamics is provided through a set of
differential equations.
This approach allows us to comprehensively model the
spread of the Omicron variant and gain insights into its
behavior within the population.:
dS(t)/dt=A-B(la+kls+vio)/N S-psS,
dE(t)/dt=B(la+kIs+vlo)/N S—(t+u)E,
dla(t)/dt=tpE-(61+)la,
dis(t)/dt=(1-y-)tE-(62+p+d1)ls,
dlo(t)/dt=dTtE-(63+p)lo,
dR(t)/dt=611a+862Is+63l0-uR,

(1)
subject to the non-negative initial conditions. In the given
system (1), several parameters play essential roles in
shaping the dynamics of the model. Let's break down the
meaning and significance of these parameters:
- A represents the birth rate of the susceptible population,
indicating the rate at which new individuals enter the
population.
- U represents the natural death rate, signifying the rate at
which individuals pass away due to non-infection-related
causes.
- B denotes the rate at which healthy individuals become
infected after encountering asymptomatic infected
individuals.
- k and v represent the probabilities of infectiousness for
symptomatic and Omicron variant-infected individuals,
respectively.
- T signifies the incubation period, indicating the duration
between exposure to the virus and the appearance of
clinical symptoms.
- At a rate of Ty, exposed individuals who do not display
clinical symptoms transition to the asymptomatic infected
class.
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- Similarly, individuals who exhibit clinical symptoms of the
common COVID-19 infection transition to the symptomatic
infected class at a rate of (1 - { - ¢)t. Here, Y and ¢ denote
the proportions that contribute to the asymptomatic and
Omicron variant-infected classes, respectively, while the
remainder enter the symptomatic class.

- Recovery rates for different categories of individuals are
denoted by 61 (asymptomatic), 62 (symptomatic), and 63
(Omicron variant-infected), representing the rates at which
individuals recover from their respective infections.

- The parameter d1 represents the rate at which individuals
in the symptomatic class succumb to the infection and die.
- It's important to note that all newborn individuals are
initially considered susceptible to infection, as they enter
the population.

These parameters collectively define the transitions and
interactions within the mathematical model, providing
insights into the dynamics of infection, recovery, and
mortality within the population.

3. Fundamental analysis of the model
Here, we study some of the important results related to the
analysis of the model (1). We can get the total dynamics of
the system (1) by adding all their equations, given by
dN/dt=A-puN-d1Is<A-pN.
w(2)

After solving the above Eq. (2), we get the following result,
N(t)=Au+(NO-A/u)e-ut.

..(3)
We can see that (3) tends to A/u if t=>ee. Also, it shows that
the variables given in the model (1) are nonnegative for
each value oft>0. So, all the started solutions of the
model (1) will remain positive for each t>0. Therefore, the
model given in (1) is mathematically well-posed and so its
dynamical analysis can be studied in the following feasible
region,
N={(S,E,la,ls,lo,R)ERG+:S+E+la+Is+lo+R<Ap}.
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Next, we are trying to show the solution positivity and
boundedness of the model (1). The following results are
presented:

3.1. Positivity and boundedness

Theorem 1

The variables given in

system (1) at t=0 ( S(0)>0,E(0)>0,la(0)>0,Is(0)>0,10>0,R(0)>
0) then the solution for t>0 of the variables involved in the
system will be positive for every t>0 .

Proof

To show the result, let start from the equation of the
model (1),

dSdt=A-A(t)S-dS=>—(A(t)+p)S,

where A(t)=B(la+klIs+vlo)N. After taking the integration, we
have the following result,

S(t)=S0exp(-ftO(A(t)+p))dT>0.

In the above inequality, SO denotes the initial population
which is positive obviously, and thus, S(t) is positive. We can
easily follow the above mentioned procedure, to show the
positivity of the rest of variables in the model (1),
i.e., E(t)>0, la(t)>0, Is(t)>0, lo(t)>0 and R(t)>0.

Further, to show the boundedness of the solution of the
system (1), we discussed in the above theorem that the
solution is positive and we can use Eq.(3)that
for t->00 is A/y, the solution is bounded.

3.2. Equilibrium points and its stability analysis

The disease-free equilibrium of the system (1)can be
denoted by EO and is given by,
E0=(S0,0,0,0,0,0)=(Aw,0,0,0,0,0).

Next, we use the next-generation approach for the
computation of the basic reproduction number RO The
computation of the basic reproduction number RO can be
obtained through the next generation approach . We have
the following results.
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The spectral radius of (FV-1), gives the basic reproduction
number is given by,

Byrg By Brr{1 —wr — ¢)
3 —+
(s +pilpe+7) B+l +7) (p+v)d +8+n)

g
g =

Ry R R

Within our model, we introduce a nuanced approach to
categorize the transmission of the Omicron variant. R1
takes charge of cases arising from interactions between
Omicron-infected individuals and those yet unexposed,
while R2 accounts for secondary infections resulting from
the contact between asymptomatic carriers and healthy
individuals. On the other hand, R3 shoulders the
responsibility for cases stemming from symptomatic
infections. A pivotal threshold for our analysis is the value
of RO, which signifies whether the COVID-19 infection can
be eradicated from the community or if it will persist.
Specifically, if RO falls below 1, we're in the territory where
the disease can be eliminated from the community.
Conversely, if RO exceeds 1, it signals that the disease is
poised to perpetuate its spread within the community.

In the subsequent section, our focus is steadfastly fixed on
establishing the stability outcomes of our model (equation
1) under the condition where RO is less than 1, signifying an
infection-free state on the horizon.

Theorem 2
The COVID-19 infection model is locally asymptotically
stable at infection-free equilibrium EQO when RO<1.

Proof

To get the stability results, we compute the Jacobian matrix
of the model (1) at EO, given by
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The characteristics equation for the Jacobian matrix above
is given by,
(A+p)2[A4+alA3+a2A2+a3A+a4]=0,

..(4)

dy +8)+8:+8 +4u+r7.

(By + ) (dy 4 8s+ ) + (8 + p)(dy + 8+ 8 +20) + (e +v)dy +85 + 1) (1 —R3)
+E )+ =R+ G+ ) (e + 1 —R,)

= (8y + ) (Sy+ ) (dy + 85 + ) + 8y + ) (e +1)dy + 8 + ) [1 =Ry —Ry)

+E )+t =Ry —Ra)ldy + 5+ p) =18+ (8 + )+ X1 =Ry —R3).
(By 4+ ) (S +p) (e +1)0dy + 83+ p) (1 —Ry).

Delving deeper into the Routh—Hurwitz criteria, it becomes
apparent that all coefficients, denoted as ai for i=1,2,3,4,
are indeed positive. A closer examination reveals that
ala2a3 surpasses a23 plus a21a4.

Considering these findings, a resounding conclusion
emerges: all eigenvalues calculated for the Jacobian matrix
at the equilibrium point EO exhibit negative real parts.
Consequently, our model can be declared locally
asymptotically stable at the disease-free equilibrium, firmly
establishing its robustness in the event that RO remains
below the threshold of 1.

Conclusion

We have introduced a groundbreaking mathematical model
designed to shed light on the intricate dynamics of the
Omicron variant within the realm of COVID-19. With
painstaking precision, we've crafted this model, peeling
back the layers of biological processes that govern the
Omicron variant's behavior. Our investigation has
unearthed a compelling revelation: in the absence of
disease, the Omicron model stands firm in its local
asymptotic stability when the basic reproduction number
(RO) is less than 1. Moreover, it ascends to global asymptotic
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stability when RO remains at or below 1. This global stability
signifies that curtailing the Omicron variant's spread hinges
on reducing RO through practical measures such as social
distancing, mask-wearing, hand hygiene, avoiding
gatherings, and embracing stay-at-home strategies.

In our quest to understand the model's endemic equilibria,
we've found no traces of backward bifurcation,
underscoring the model's robustness. We've also ventured
into the realm of second-order derivatives, extending the
model to explore the potential emergence of waves. Yet,
our analysis suggests that wave occurrences in the Omicron
model are improbable.

Our journey doesn't end there. We've expanded the
Omicron model to embrace a stochastic fractional
framework, introducing a meticulously designed numerical
scheme for its solution. To keep our feet firmly rooted in
reality, we've harnessed real-world data spanning from
November 1, 2021, to January 23, 2022, to estimate the
basic reproduction number (RO) at approximately RO =
2.1107.

A comprehensive global sensitivity analysis has allowed us
to pinpoint the parameters that wield the most influence
over RO. Remarkably, our analysis underscores the pivotal
role of interactions between healthy individuals and those
asymptomatic, symptomatic, and Omicron-infected, in
shaping infection rates within the community. Hence, strict
adherence to the World Health Organization (WHO)
guidelines emerges as an imperative.

With the aid of our innovative numerical scheme, we've
painted a vivid picture of the impact of various model
parameters on disease containment. These visual
representations serve as a compelling testament to the
effectiveness of WHO recommendations in curtailing the
Omicron variant's spread.

In summation, our study underscores the paramount
importance of unwavering adherence to public health
directives in the battle against the Omicron variant, offering
valuable insights into its intricate dynamics.
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ABSTRACT

Response Surface Methodology (RSM) finds utility in various fields, including
Chemical, Physical, Meteorological, Industrial, and Biological applications. Estimating
the slope of the response surface is a common task for experimenters. Understanding
how the response surface changes, such as the effects of different fertilizers on crop
yield or variations in chemical experiments, is of great interest. When a second-order
response model isn't suitable for the design points, researchers continue the experiment
to fit a third-order response surface. In certain Industrial and Meteorological
applications, higher-order response surface designs become necessary. Gardiner et al.
(1959) introduced third-order rotatable designs to explore response surfaces. Anjaneyulu
et al. (1994-1995) developed Third Order Slope Rotatable Designs (TOSRD) using
doubly balanced incomplete block designs. Anjaneyulu et al. (2001) introduced TOSRD
with central composite type design points. Seshu Babu et al. (2011) investigated
modified methods for constructing TOSRD using central composite designs. Seshu Babu
et al. (2014) devised TOSRD using balanced incomplete block designs. Recognizing the
broad applicability of third-order models in RSM and the significance of slope
rotatability, this endeavor focuses on constructing TOSRD using symmetrical unequal
block arrangements with two unequal block sizes.
Keywords and phrases: Third Order Slope Rotatable Designs, Symmetrical Unequal Block

Arrangements with Two Unequal Block Sizes.

Doi: 10.48047/ecb/2023.12.4.292
1.1 INTRODUCTION

In 1957, Box and Hunter established that a design of order d (where d = 1, 2) is rotatable
if and only if the moments of the independent variables match those of a spherical
distribution up to order 2d or if these moments remain unchanged when rotated around its
center. Gardiner et al. (1959) devised some third-order rotatable designs for two and three

factors. Draper (1960a, b) expanded upon this by creating additional third-order rotatable
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designs in three and four dimensions. Das (1961) contributed to the field by producing
new Third Order Rotatable Designs (TORD) involving up to eight factors. Das and
Narasimham (1962) developed both sequential and non-sequential TORD up to fifteen
factors, employing Doubly Balanced Incomplete Block Designs (BIBD) and
complementary BIBD.

Several researchers shifted their focus from rotatability to slope rotatability. Hader and
Park (1978) introduced slope rotatability for central composite designs. Victor Babu and
Narasimham (1990) conducted a comprehensive study of Second Order Slope Rotatable
Designs (SOSRD) and proposed various methods for their construction. Anjaneyulu et al.
(1994-1995) explored the construction of Third Order Slope Rotatable Designs (TOSRD)
using Doubly BIBD. Anjaneyulu et al. (2001) introduced and constructed TOSRD using
Central Composite Designs (CCD). Seshu Babu et al. (2011) examined modified
techniques for constructing TOSRD using CCD. Seshu Babu et al. (2015) constructed
TOSRD using BIBD.

In practical scenarios, estimating the response surface is a crucial task for experimenters.
Various methods are employed to estimate the rates of change of the response surface,
such as the yield of different crops under various fertilizers and chemical experiments. In
the fields of chemical, physical, meteorological, industrial, and biological research,
higher-order response surface designs are necessary. Given the wide applicability of
third-order models in Response Surface Methodology (RSM) and the significance of
slope rotatability, this study suggests the use of symmetrically unequal block

arrangements with two different block sizes for constructing TOSRD.

2.1 THIRD ORDER SLOPE ROTATABLE DESIGNS
(c.f- Anjaneyulu et al (2001))

The general Third Order Response surface is

v(x)=by+ Z b; x; + ZZ by x; x;+ Zbii xI+ Zbiii x;+ ZZ by xixf
=1 =1 =1

i< iz j

1 (& 1;'
+ZZZ bijkxixjxk+ e
k

iz j=

...(2.1)
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where ¢’s are independent random errors with same mean zero and variance 72,

Let D=((xiv)), 1=1,2,3,. . .,v; u=1,2,3,. . .,N be a set of N design points to fit the third order

response surface in(2.1).
Definition of TOSRD:

A general Third Order Response Surface Design D is said to be a Third Order Slope
Rotatable Design (TOSRD) if from this design D, the variance of the estimate of first order
partial derivative of y(x) with respect to each of independent variables (x;i) is only a function
of the distance (d*=X!-, x7) of the point (X1,X2,X3,...,Xy) from the origin(center), i.e., a third

order response surface design is a TOSRD if

oy ]
Vbx | =f(d%);,, i=1,2,3,....v .(2.2)

1

3.1 CONDITIONS FOR THIRD ORDER SLOPE ROTATABILITY

Symmetry Assumptions
A: All sums of products in which at least one of the x’s with an odd power are zero.
B: (i) 2 x% =N Az = Constant

(i) X x}=aN A4 = Constant

(iii) ), x¢ =bN A6 = Constant

(iv) X x%x2 =N A4 = Constant for i # j
i j

(v) X x%x*=cN ke = Constant for i # j
i

(vi) X x? x?xzkz N A6 = Constant fori #j #k ...(3.D
i

Slope Rotatability Conditions
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C: @) V(i) + 2 Cov(hy; ) —2 V(b)) =0

= (c—-3)A1=0  where A1# 0

) {4V(h) +6Cov (b b} =V +2Cov (b, b))
=  M[[v(s—a) — (@—3)7 + 22[v(a - 5) + 4]]
~A[2(a— 1M [9a(v +1) —9(w—1) +3a—b]] = 0
Where A= [(a+v — 1)ha — vA%] > 0
A= [hahe{b(v + 1) — 9(v — 1)} — AM3{a?(v + 1) — (6a — b)(v — 1)}] > 0
(iii) V) =9V
= [2re{v(b — 27)} — Ma?v — 6a(v — 2) + b(v — 2) — 18(v — 1)}] = 0
(iv) V(b)) +3Cov (hj i) =0
= [2he{v(b — 9)} — \3{a?v — 6a(v — 2) + b(v — 2) — 6a}] = 0
Non-Singularity Conditions

D: (i)
A4 v
g > (a+v-1)
(ii)

A2he  a{(v+1) — (6a — b)(v — 1)}
A2 > {p(v+1)-9(w -1}
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Where a,b,c, A2, A4 and Ae are constants and the summation is over the design points.

4.1 TOSRD USING SYMMENTRICAL UNEQUAL BLOCK
ARRANGEMENTS (SUBA) WITH TWO UNEQUAL BLOCK
SIZES
The arrangement of v- treatments in b blocks where
b1 blocks of size ki and bz blocks of size k> is said to be a
symmetrical unequal block arrangement with two unequal

block sizes , if

(i) Every treatment occurs biki/v blocks of size ki (1= 1,2)
and (ii)Every pair of first-associate treatments occurs
together in u blocks of size k; and in ( 4 - u ) sets of
size k; and every pairof second-associate treatments

occurs together in A blocks of size k.

(ii) From (i) each treatment occurs [(biki)/v]+[(b2k2)/v] =1
blocks in all. Note that are known as the parameters
of the SUBA with two unequal block sizes. (c.f.
Raghavarao 1971).

"(v, b, 1, ki, ko, b1, b2, 1)" represents a SUBA (Symmetrically Unequal Block

Arrangement) design with two unequal block sizes.

"210" denotes a fractional replicate of 2 in +1 levels, where no interaction with fewer

than five factors is confounded.

"[1- (v,b,r.k; k, bybs, 1)] " represents the design points generated from the transpose

of the incidence matrix of the SUBA with two unequal block sizes.

[1- (v,b,r.k; ks by,by, 4)] 20 are the b2'®design points generated from the SUBA with

two unequal block sizes through "multiplication."
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The text mentions choosing additional unknown combinations (a, a, o, o, o, o) and
multiplying them by 2™ associated combinations (or a suitable fraction of 2V associated

combinations) to obtain 2" additional design points.

These design points generated through the SUBA with two unequal block sizes are
then used to construct third-order slope rotatable designs using the same SUBA with two

unequal block sizes.

The design points,
[1- (v,b,r,k; Ky ,bi,by, )] 20U (a0, o, o, o, o, o )2V

Indeed create a v-dimensional third-order slope rotatable design using a SUBA
(Symmetrically Unequal Block Arrangement) with two unequal block sizes, the total number

of design points (N) is calculated as:

N = b2 + 2t ..(4.1)

For these design points
(i) Zx] =2We?+ 1210 =N &,
(i) Zxf=2Wot+ 1210 = aN 7,
(iii) Zxf =2 Wb+ 120 =bN Z¢
(iv) Zxfxf=2Wgt+ 120 =Nk,
(v) Zajxf=2Wgf+2 2109 =N &g
(vi) Zxlx]xg = 2100 +( 2 -1)210 =N 7, ...(4.2)

The design points satisfy all the symmetry assumptions (A) and (B) in (3.1). We solve the
equations C(i) to C(iv) in (3.5) subject to (3.6).

Example (4.1)

To construct the TOSRD with SUBA blocks of unequal sizes, the following design points

must be considered:

[1- (6,7,3,2,3,3,4,1) 12'OU (a, o, a, a, o, a )21
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Thus we get N = b2/® + 21" = 88 design points.

For the above design points we have

(i) Zx7=3202+24=N 17,

(il) Zxf=320"+24=aN 2,
(iii) Zxf =320+ 24 =bN 7
(iv) Zxix]=320"+8=N1,
(v) Zxfxf=3205+8 =cN iy

(vi) Zx]x]x5 = 3200 =Ny ...(4.3)
By solving the TOSRD conditions C(i) to C(iv) of (3.5) using (4.3), we get
o>=0.5
From (i),(iv) and (vi) of (4.3) we will get /., #.; and 4.
A2=0.454545,14=0.181818 and 1 6= 0.045455
From (ii,iv), (iii,vi) and (v,vi) of (4.3) we have a, b and ¢
a=2,b=7and c=3.

The statement "It can be verified that non-singularity conditions (i) and (ii) of (3.6) are
satisfied" implies that conditions (i) and (i) as specified in equation (3.6) have been assessed

and found to be met.

ACKNOWLEDGEMENTS
It is our pleasure to express our sincere gratitude to the management of Kakaraparti

Bhavanarayana College (Autonomous) for their support and assistance.

Eur. Chem. Bull. 2023,12( issue 4),4095-4103 4101



Construction of Third Order Slope Rotatable Designs Using Symmetrical Unequal Block Arrangements with Two
Unequal Block Sizes Section A -Research paper

REFERENCES

Anjaneyulu, G.V.S.R., Dattatreya Rao, A.V. and Narasimham, V.L. (2001). Third Order
Slope Rotatable Designs, Jounal of Indian Society for Probability and
statistics,.Vol.5,75-79.

Anjaneyulu, G.V.S.R., Dattatreya rao, A.V. and Narasimham, V.L. (1994 - 1995)
Construction of third order slope rotatable designs , Gujarat Statitical Review Vols.21
&22,49-53

Box, G.E.P. and Hunter, J.S. (1957). Multifactor experimental designs for exploring response
surfaces, Annals of Mathematical Statistics, Vol. 28, 195-241.

Das, M.N. (1961) Construction of rotatable designs from factorial designs, Journal of
Indian Society for Agriculture Statistics.,Vol.13,329-194.

Das, M.N. and Narasimham, V.L. (1962). Construction of rotatable designs through
balanced incomplete block designs, Annals of Mathematical Statistics, Vol.33,1421-
1439.

Draper, N.R. (1960a). A Third order rotatable designs in three dimensions , Annals of
Mathematical Statistics, Vol. 31, 865-874.

Draper, N.R. (1960b). A Third order rotatable designs in four dimensions , Annals of
Mathematical Statistics, Vol. 31, 875-877.

Draper, N.R. (1982). Centre points in second order response surface designs , Technometrics,

Vol. 24, 127-133.

Gardener,D.A.,Grandage,A.H.E. and Hader,R.J.(1959).Third order rotatable designs for
exploring response surface, Annals of Mathematical Statistics,Vol.30,1082-1096.

Hader, R.J. and Park, S.H. (1978). Slope rotatable central composite design. Technometrics,
Vol.20,413-417.

Seshu Babu, P., Dattatreya Rao, A.V. and Anjaneyulu, G.V.S.R.(2011). Modified
construction of third order slope rotatable designs using central composite design,
ANU Journal of Physical Science, Vol Ill (1&2), 1-12.

Seshu Babu, P., Dattatreya Rao, A.V. and Srinivas K.(2015). Construction of third order
slope rotatable designs using BIBD, Applied Mathematics and Sciences: An International

Journal (MathSJ ), Vol. 2, No. 1, 17-25.

Eur. Chem. Bull. 2023,12( issue 4),4095-4103 4102



Construction of Third Order Slope Rotatable Designs Using Symmetrical Unequal Block Arrangements with Two
Unequal Block Sizes Section A -Research paper

Victor Babu, B.Re. and Narasimham, V.L. (1990). Construction of second order slope
rotatable designs through incomplete block designs with unequal block sizes.,

Pakistan Journal of Statistics., Vol.6,B, 65-73.

Eur. Chem. Bull. 2023,12( issue 4),4095-4103 4103



Construction of Third Order Slope Rotatable Designs Using Symmetrical Unequal Block Arrangements with Two
Unequal Block Sizes Section A -Research paper

Construction of Third Order Slope Rotatable Designs Using
Symmetrical Unequal Block Arrangements with Two Unequal
Block Sizes

P.Seshu Babu and M.Lakshimi Prasanna
Department of Mathematics and Statistics,

Kakaraparti Bhavanarayana College (Autonomous) Kothapeta, Vijayawada — 520 001. (A.P.),
INDIA.

ABSTRACT

Response Surface Methodology (RSM) finds utility in various fields, including
Chemical, Physical, Meteorological, Industrial, and Biological applications. Estimating
the slope of the response surface is a common task for experimenters. Understanding
how the response surface changes, such as the effects of different fertilizers on crop
yield or variations in chemical experiments, is of great interest. When a second-order
response model isn't suitable for the design points, researchers continue the experiment
to fit a third-order response surface. In certain Industrial and Meteorological
applications, higher-order response surface designs become necessary. Gardiner et al.
(1959) introduced third-order rotatable designs to explore response surfaces. Anjaneyulu
et al. (1994-1995) developed Third Order Slope Rotatable Designs (TOSRD) using
doubly balanced incomplete block designs. Anjaneyulu et al. (2001) introduced TOSRD
with central composite type design points. Seshu Babu et al. (2011) investigated
modified methods for constructing TOSRD using central composite designs. Seshu Babu
et al. (2014) devised TOSRD using balanced incomplete block designs. Recognizing the
broad applicability of third-order models in RSM and the significance of slope
rotatability, this endeavor focuses on constructing TOSRD using symmetrical unequal
block arrangements with two unequal block sizes.
Keywords and phrases: Third Order Slope Rotatable Designs, Symmetrical Unequal Block

Arrangements with Two Unequal Block Sizes.

Doi: 10.48047/ecb/2023.12.4.292
1.1 INTRODUCTION

In 1957, Box and Hunter established that a design of order d (where d = 1, 2) is rotatable
if and only if the moments of the independent variables match those of a spherical
distribution up to order 2d or if these moments remain unchanged when rotated around its
center. Gardiner et al. (1959) devised some third-order rotatable designs for two and three

factors. Draper (1960a, b) expanded upon this by creating additional third-order rotatable
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ABSTRACT:

Inula Recemosa is one of the medicinal plants in Indian medicinal tradition. In this present study
a phytochemical analysis was carried out on Hexane and Chloroform leaf extracts of Inula
Recemosa. The studies revealed the presence of phytochemical constituents like Glycosides,
Alkaloids, Quinones, Terpenoids and steroids in Hexane extract and Glycosides, Flavonoids,
Quinones, Carbohydrates, Terpenoids and Steroids in Chloroform extract. A Flame photometric
method was successfully employed for the quantitative determination of Sodium, Potassium and
Calcium in leaf powder of Inula recemosa and the results showed the presence of good quantity of
minerals (Na, K and Ca) in the leaf powder of the plant.

KEY WORDS: Inula Recemosa, Phytochemical analysis, Phytochemical constituents and Flame
photometry.

DOI: 10.48047/ecb/2023.12.2.031

INTRODUCTION

INULA RECEMOSA commonly known as Pushkaramoola)(Fig. 1) is a genus: INULA(L) of the
ASTERACEAE family. This plant is native to the temperate and alpine western Himalayas of
India, China, Afghanistan, Kashmir, Nepal, Pakistan. [1,2] The roots are widely used locally in
indigenous medicine as an expectorant and in veterinary medicine as a tonic. It has also been
introduced as an ornamental plant and medicinal herb in many countries.[3,4] It is a common
perennial herb with a height extending from 0.5 to 1.5meters. The stem is groove, rough
and hairy. The leaves of these plant are large elliptical, and 3 to 6 cm long with 2-3cm breadth
having long petioles. The fruits being slender achenes ,0.4cm long be whiskered with 0.75cm
meters long pappus hairs. The flowers are bright yellow in colour with many in heads,0.5-1cm in
diameter. Literature survey reveals that plant consists of various Phytochemical constituents which
have been used for various medicinal values.[5] The plant extract and its isolated active
constituents show promising activity against abdominal pain, acute enteritis, bacillary dysentery,
expectorant and tonic. [6] Native Americans use this plant for treatment of tuberculosis[7] . Root
powder is reportedly hypoglycemic and hypocholesterolemic in human subjects [8]. It brought
about a beneficial improvement in ST-T changes in ECG of patients with Ischemic heart disease
(IHD). [9] Combination therapy of Inula racemosa with other plants and extracts has also shown
substantial biological activities. It is anti-anginal and hypolipidemic when used in combination
with guggulu in patients with Ischemic heart disease [10]. It exerts cardioprotective effect in
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isoproterenol induced myocardial ischemia in rats when used in combination with drugs
Terminalia arjuna and Commiphora mukul[11]. It reduced corticosteroid induced hyperglycaemia
in mice when used with Gymnema leaf extract [12].

Biological Activity of Different extracts of Inula racemose exhibits Adrenergic B-Receptor
Blocking Activity[13], Antibacterial Activity[14], Mosquito Larvicidal Activity[15], Antifungal
Activity[16], Anti-Inflammatory Activity[17,18], Analgesic Activity[19], Cytotoxic Activity[20-
23], Adaptogenic Activity[23], Hepatoprotective Activity[24,25], Anti-Allergic Activity[26-28],
Antioxidant Activity[29], Antiasthmatic Activity[30], Antimutagenic and Antiapoptotic
Effects[31], Hypoglycemic Activity[32-38], Cardioprotective Activity[39-42]. In this present
study we studied about phytochemical constituents and Flame photometric determination of
minerals like Sodium, Potassium and Calcium present in extracts of leave powdrer of Inula
Recemosa which was not reported early.

Figure. 1:

NATURAL HABITAT:

Among the 20 species of Inula occurring wild in India, five are consider to be of economic value.
Of these I. racemosa has gained some prominence as a medicinal and aromatic plant and is now
grown on a small scale in Lahaul valley in northwestern.

MATERIALS AND METHODS
Collection of Samples

Healthy plants of Inula recemosa were collected from Uttarakhand, India. The leaves were cleaned
to eliminate dust particles from leaves and the leaves were dried in air current. Then Finally the
leaves were grinded we got a powder of leaves.
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PREPARATION OF PLANT EXTRACT

The leaves of Inula recemosa were shade dried, powered and extracted using two different solvents
such as HEXANE, CHLOFORM In a Soxhlet apparatus. we got the extract from the plant material
by using two different solvents, the extraction is done with the 5-6 cycles with each solvent. The
solvents was evaporated on water bath, finally we got the crude material of the plant.

QUALITATIVE ANALYSIS OF PHYTOCHEMICALS

For preliminary phytochemical screening, standard assays were performed in different extract of
Inula recemosa. Phytoconstituents such as Glycoside,Saponins, Alkaloids, Flavonoids, Quinones,
Carbohydrates, Terpenoids, Steroids.

QUALITATIVE ANALYSIS OF PHYTOCHEMICALS
Test for Glycosides:

Sml of each extract was treated with 2ml of CH3COOH in a test tube and a drop of ferric chloride
solution was added to it. This was carefully underplayed with 1ml of conc.H2SO4. A brown ring
at interface is appeared, it indicates the presence of glycosides in it.

Test for Alkaloid:

Take small amount of extract was treated with 3-5 drops of wagner’s reagent it turns to reddish
colour, so it indicates the presence of alkaloids.

Test for Flavonoid:

To a portion of dissolved extract, few drops of 10% of ferric chloride solution is added. A green

colour is observed, it indicates the presence of flavonoids.

Test for Quinone:

A small amount of extract was treated with conc. HCL. A yellow precipitate is observed , indicates
the presence of Quinones.

Test for Carbohydrates;

The Aqueous ethanol extract of (0.5 g ms in Sml of H>0) was added to boiling Fehling’s solution
(atb) in a test tube , a colour solution is observed . It indicates the presence of carbohydrates.

Test for Terpenoid:

To 0.5gms of extract was added to 2ml of chloroform . 3ml of conc H2SO4 was carefully added ,it
turns to reddish brown colour . it indicates the presence of Terpenoids.
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Test for Steroid:

To 1ml of extract was treated with 2ml of chloroform and equal amount of conc.H>SO4 was added
. it turns to red colour . it indicates the presence of sterols and steroids.

Table-1:Phytochemical test carried out the INULA RECEMOSA leave extract in two
different solvents.

S.no Phytochemical Tests HEXANE CHLOROFORM
1. Glycoside + +
2. Alkaloid + -
3. Flavonoid - +
4. Quinone + +
5. Carbohydrates - +
6. Terpenoid + +
7. Steroid + +

FLAME -PHOTOMETRY ANALYSIS

To the Estimation of SODIUM, POTASSIUM, CALSIUM in plant material by using flame
photometry.

PRINCIPLE:

In a flame photometer source of light is not required since it is the measured constituent of the
sample that is emitting the light. The energy that is needed for the excitation is produced by the
burning of acetylene or natural gas in the presence of air or oxygen. The most sensitive part of the
instrument is the aspirator and the burners. The gases play an important role in the aspiration and
while making the aerosol. The air sucks up the sample and passes it into the aspirator where the
bigger drops condense and could be eliminated. The monochromator selects the suitable
wavelength of emitted light. The usual optical filters could be used. The emitted light reaches the
detector. This is a photomultiplier producing electrical signal proportional to the intensity of
emitted light.

When a solution of sodium and potassium samples were sprayed into a flame, droplet of sample
will be formed and get converted into fine residue by the thermal energy of flame and finally into
formation of neutral free sodium/potassium ions. These neutral free atoms are converted into
excited state atom again by thermal energy of flame. The excited state atoms return to the ground
state with emission of radiation of specific wavelength. Wavelength of radiation emitted is the
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characterization of a particular element in the sample and the intensity of radiation emitted depends
on the concentration on of element in the sample.

PREPARATION OF SOLUTIONS
Stock NaCl Solution( 1000ppm Na):
1.Take 0.254gm of analytical grade NaCl.

2.Quantitavelytransfer the weighed sample to a volumetric flask of 1dm>capcity and add sufficient
distilled water to dissolve it.

3.Make up the 1000ml volumetric flask upto the mark.

4 Now pipette out the 10ml of 1000ppm NaCl solution and transfer into 100mlvolumetric flask
and make up with the distilled water to the 100ml V.flask upto the mark finally we get the 100ppm
solution of NaCl.

Stock KCl solution(1000ppm K):
1.Take 1.908gm of analytical grade KCI.

2.Quantitavelytransfer the weighed sample to a volumetric flask of 1dm’capcity and add sufficient
distilled water to dissolve it.

3.Make up the 1000ml volumetric flask upto the mark.

4.Now pipette out the 10ml of 1000ppm KCl solution and transfer into 100mlvolumetric flask and
make up with the distilled water to the 100ml V.flask upto the mark finally we get the 100ppm
solution of KCl.

Stock CaCOs solution(1000ppm Ca):

1.Dissolve 2.497gm CaCQOs3 in approx.,300ml distilled water and add 10ml conc. HCL dilute to
1000ml. The same solution is 1400ppm as CaO

2.Now pipette out the 10ml of 1000ppm CaCOs solution and transfer into 100mlvolumetric flask
and make up with the distilled water to the 100ml V.flask upto the mark finally we get the 100ppm
solution of CaCO:s.

OBSERVATION TABLE
Concentration % Flame Intensity
(mcg/mL) Na K Ca
10 10.36 10.05 30.13
20 24.68 23.28 60.07
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40 58.49 49.04 120.09
60 68.60 67.80 180.09
80 87.48 86.17 241.13
100 97.96 99.36 298.59
Unknown 11.49 95.68 168.91

Based on the above table when the unknown solution is introduced to the flame the flame colour
is changed. The change of flame indicates the presence of different alkali metals present in it.

Here Orange colour indicates the presence of CALCIUM (Ca).
Violet colour indicates the presence of POTASSIUM (K).
Red colour indicates the presence of SODIUM (Na).

A graph drawn between the concentration and Intensity to the NaCl, KCI, CaCO3

Graph-1
120
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> 80
=
v
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g
= 40
j I i
, | I
10 20 40 60 80 100 unlnown
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Abstract

In this digital era, all communications are executed over the internet. As there are numerous users and attackers over
the internet, confidential data face many security issues. Nowadays, Deoxyribonucleic Acid (DNA) computing is an
advanced field for improving data security. In DNA cryptography, data are converted into DNA bases, namely
Adenine(A), Guanine(G), Cytosine(C) and Thymine(T), instead of using binary values 0 and 1. To improve data security,
in this chapter, a novel two layers scheme has been proposed by using DNA computing. The first layer converts the
secret data into DNA bases, while in the second layer, these are wrapped in an image making it more secure. The
second layer is mainly responsible for hiding the data known as steganography. The proposed scheme not only hides
the data, but also encrypts the secret data by using a DNA ASCII Table. The proposed scheme is secured against
masquerade attack, brute force attack, ciphertext only attack, known plaintext attack and man-in-the-middle attack. To
evaluate the performance of the proposed scheme, Peak Signal-to-Noise Ratio (PSNR), Mean Square Error (MSE), and
Structural Similarity Index (SSIM) values are considered. Results and discussion prove the efficiency of the proposed
scheme.

Introduction

Improving data security is always a key aspect in the field of computer science. With the advancement of technologies,
such as cloud computing, big data and many more, users always communicate their confidential data through the
internet. Here, the main concern is that the exchanging of data must not breach data security. Sometimes, attackers
hack the confidential data. They hack the secret key, and they also even replace the sensitive data by their fake data. To
solve such critical issues, researchers are continuously developing novel cryptographic and steganographic algorithms,
to address data security issues. By using efficient cryptographic and steganographic algorithms unauthorized data
access can be prevented [1], [2], [3], [4]. Cryptography is a technique in which plaintext of data are transformed into a
secret form called as ciphertext by using an algorithm. Many people use cryptography to make their information
unreadable. However, it must satisfy the CIA (Confidentiality, Integrity and Availability) triad. On the other hand,
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steganography conceals the existence of the data. Numerous algorithms are available based on symmetric and
asymmetric cryptosystem. The symmetric cryptosystem contains only one key that is used for both data encryption
and data decryption. The single key is shared between both the sender and receiver through a secure channel before
applying the algorithm. Some examples of symmetric algorithms are Data Encryption Standard (DES), Advanced
Encryption Standard (AES), Blowfish, International Data Encryption Algorithm(IDEA), etc. In the asymmetric
cryptosystem, both parties use two keys, namely, private key and public key. The public key can be shared in the public
domain, and the private key is always kept secret. The process of managing both the keys has several steps like
generating key, distribution of key and key revocation. When a key is strong and complex, it improves data security.
Some popular examples of asymmetric algorithms are RSA (Rivest-Shamir-Adleman) algorithm, Diffie Hellman
algorithm, etc. Though asymmetric cryptosystem is much popular, sometimes, it is vulnerable to many attacks like
chosen-plaintext attack, man-in-the middle-attack, etc. In addition, it gives a low performance. In Elliptic Curve
Cryptography (ECC) algorithm, which is an asymmetric cryptosystem, it is difficult to find the positions of the curve to
data encrypt, and as result, it creates confusion for the receiver to decrypt the information. Similarly, the RSA algorithm
has the problem to find the value of prime factorization [5]. Currently, many attacks are being developed by hackers to
retrieve the confidential information. Therefore, researchers are focusing on quantum cryptography, which is based on
quantum mechanics. Here, data is sent by encrypting the photon value, and the identification of photon is possible only
at a distance of 90miles [6], [7], [8], [9]. It is based on the laws of physics. This technique is secured; however, it costs
high for implementation. In steganography, the data is usually embedded into a text, image, audio, video, etc. This
technique hides the secret information to prevent it from unauthorized users. Short encrypted messages can be sent to
the receiver by covering the message with an image, which improves data security. The goal of steganography is to
provide the sealed information. Henceforth, it is hard for the third person or attackers to know about the presence of
the masked message in the cover media like images, audios, videos, etc. [10], [11], [12], [13]. The cover media that is
used as a data carrier is the most important aspect to conceal the data. The existing models use text, image, audio,
video, DNA, etc. as covering media. To apply steganography for text data, modification is done in the paragraph layout.
The identification of hidden text becomes easy by doing steganalysis. Even though it occupies less memory, it is not
preferable for security aspects. Images are also used as a carrier to keep the short messages either in the place of iris or
other facial parts. Audios are used as a carrier by placing the message inaudible frequency positions or converting the
frequencies into binary format, and then, apply some XOR functions by using key [14], [15].Video is also used as a data
carrier, where the video is divided into several frames, and then, an insertion technique is applied for embedding data
in any one of the frames [16], [17].

To solve the above mentioned problem, currently, researchers are using DNA computing, which was first introduced by
L M. Adleman in 1994. As mentioned earlier, each DNA molecule contains four nitrogenous bases, namely Adenine,
Guanine, Cytosine and Thymine. A and G are called purines and Cand Tare called pyrimidines [18], [19]. The nucleotides
in DNA are structured in a long strand, one strand from 5’ to 3’ direction and another strand from 3’ to 5’ direction;
this is how the structure of double helix is formed [20]. DNA has the ability to replicate itself, i.e., it produces its own
identical copies. The human body consists of 3 billion bases. In DNA, one base is paired with another, i.e., “A” is paired
with “T” and “C” is paired with “G,” which is known as Watson-Crick complementary pair rule. In DNA computing,
basic concepts of DNA molecules and hardware are used for computation. DNA computing is popular due to its
advanced features, such as storage and massively parallel capabilities and many more. The massive parallelism of DNA
computing is one of the key factors, which supports executing a complex operation in a small amount of time.
Approximately 700TB of information can be stored in 1g DNA bases [21]. Thus, few grams DNA can store the data of
the world. DNA encoding plays a key role while transmitting the data from its plaintext into the corresponding DNA
sequence or strand. Here, each DNA base can have a binary value like A can be used for representing 00, C can be used
for representing O1. In the same way, G can be used for representing 10 and T for 11. However, anyone can assign any
rule to convert the binary values, i.e., plaintext to the DNA bases. As there are four DNA bases, there can be4! i.e., 24
processes of assigning DNA bases to its corresponding binary values. So, to achieve enhanced security, different values



can be assigned to each DNA base. However, it should be remembered that the complementary pair rule must be
maintained [22].

In the last few years, several models are developed based on DNA computing to improve data security. Namasudra et al.
[23] have proposed a scheme for securing multimedia by using DNA based encryption in the cloud environment. Here,
a 1024-bit secret key and user's attributes are used to encrypt any multimedia file. In 2020, a novel fuzzy DNA
computing based image encryption and steganography technique model was proposed [24]. Here, a simple chaotic
map is used along with DNA computing, and to get the final encrypted image, the wavelet fusion algorithm is used for
fusing the resulting four fuzz-DNA encoded images. Alsaffar et al. [25] have proposed a steganography model using
DNA computing and AES algorithm to hide a compressed text in a color image. In this scheme, the size of data is
reduced to 75% after the encryption process. In 2021, Setiadi [26] have suggested a measurement tool for the quality
assessment of steganography. Based on the results of this study, Structural Similarity Index (SSIM) is a better measure
of imperceptibility in all aspects. In [27], Abdelfattah et al. have suggested a secure image encryption scheme based on
DNA computing. In this scheme, a new multi chaotic map is introduced for wireless area networks to improve security.
This scheme uses the patient medical images and hides the patient information in that image using the Least
Significant Bit (LSB) technique. It supports that the information is visually unavailable to unauthorized persons or
hackers. Verma et al. [28] have proposed a model for image steganography based on LSB. Security analysis of this
scheme is done by using histogram analysis and the quality of an image is tested based on two factors, namely, Peak
Signal-to-Noise Ratio (PSNR) and Mean Square Error (MSE). Swain et al. [29] have proposed a novel steganography
technique by mapping words with a LSB array. In this scheme, steganographic and start indices are noted down based
on the different words of the secret messages and they are mapped on the chosen array. All these schemes are unable
to achieve high security and involve many complex operations. In many cases, the performance of a system is
degraded.

To solve the problems of the existing schemes, in this chapter, a novel scheme is proposed in which a DNA strand is
used as a data carrier to hide the information. In the proposed scheme, the information is first converting into DNA
bases by using DNA cryptography [30], [31]. Here, DNA sequence is used as a data carrier in addition to the existing
carriers like image, audio or video, which improves data security. The proposed work consists of two layers. The first
layer deals with the encryption of the secret message by using a DNA-based American Standard Code for Information
Interchange (ASCII) table. Here, the message is converted into a DNA sequence and a random key is also generated from
the input image. This process strengthens the proposed scheme because when the encrypted secret message is hidden
in the cover media, the probability of hacking the information becomes less. The second layer is responsible for hidden
the encrypted data in an image in the form of DNA bases. Identifying the hidden information from the image becomes
difficult for the intruders. The combination of cryptography and steganography in the proposed approach improves
data security significantly.

The major contributions of the proposed work are as follows:
(1) In this chapter, an ovel model is designed for data encryption by using a DNA based ASCII table.

(2) To hide the existence of encrypted data, it is embedded in an image in the form of DNA bases, which improves data
security significantly.

(3) Security analysis and experimental results of the proposed methodology are tabulated to prove its efficiency.

Section 2 discusses several existing works with their drawbacks. Section 3 explains the background study of the
proposed scheme, i.e., protein synthesisation and the use of a structured codon table in the protein synthesis process.
Then, Section 4 describes the entire proposed work in detail. In Section 5, the security analysis of the proposed scheme
is presented, and Section 6 discusses the results and discussion of the proposed scheme. At last, Section 7 concludes
the overall chapter.
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Literature reviews

Gehani et al. [32] have developed a model by using a substitution method based on the distinct One-Time Pad (OTP)
technique and DNA computing. This scheme uses basic principles of DNA computing suggested by L. M. Adleman [33],
[34], [35], [36]. Gehani et al. have used DNA computing for data encryption and they have maintained a codebook,
which is helpful to convert the block of plaintext to the encrypted data. In 1999, Clelland et al. [37] have proposed a
steganography model that uses DNA...

Background study

As discussed in Section 2 most of the researchers have used the central dogma of molecular biology to improve data
security by proposing novel encryption algorithms. In central the dogma of molecular biology, DNA sequences are
converted into RNA sequences in the transcription phase, and then, these RNA sequences are again converted into
protein structure in the translation phase. Here, one important point to be noted about the transcription phase is that
Uracil(U) is used instead of Thymine...

Proposed scheme

In this section, a DNA-based steganography algorithm is proposed to enhance the security of information using dual
layer technique. The proposed scheme mainly focuses on hiding the information in the form of DNA bases in an image.
The key feature of this proposed scheme is generating a random key of length 128-bit from the input image by using a
pseudo random number generator. This proposed scheme uses a randomly generated DNA computing based ASCII
table, i.e. Table 2. The different table is...

Security analysis

Attackers and malicious users use many attacks to hack the data or key by using numerous attacks. For any
cryptographic algorithm, it is very important to provide strong security of confidential data against security attacks.
The proposed data encryption technique is secured against many attacks, namely masquerade attack, brute force
attack, ciphertext only attack, known plaintext attack and man-in-the-middle attack. The security analysis of the
proposed scheme has been discussed in this...

Performance analysis

The performance of the proposed algorithm can be evaluated based on the three parameters PSNR, MSE and SSIM.
These metrics are used to know the visual quality of an image after embedding the secret message in the original
image.

The strength of a steganography technique mainly depends upon the image quality, when an image is considered as
the cover media. There are several techniques to measure the quality of an image. They are classified as Full Reference
(FR), Reduced Reference (RR) and No...

Conclusions

DNA cryptography and DNA steganography are emerging fields in supporting security of data transmission through an
untrusted channel. In this chapter, a novel scheme has been proposed for data communication, which is secured



against many security attacks, namely, masquerade attack, brute force attack, ciphertext only attack, known plaintext
attack and man-in-the-middle attack. The proposed scheme has two stages or phases. In the first phase, data are
encrypted by using a novel DNA computing...
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ROLE OF SOCIAL MEDIA MARKETING ON GREEN
CONSUMPTION BEHAVIOUR- AN EMPIRICIAL STUDY

Dr M. Venkateswara Rao
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ABSTRACT

Modern customers are becoming more conscious of these challenges, and businesses are
responding by implementing "green marketing" techniques. Creating and promoting items that
are considered safe for the environment is referred to as "green marketing. The association
between several social media motivational elements and Indian customers' attitudes toward eco-
friendly items and readiness to pay a premium price for them is identified and empirically
analyzed in this paper. According to the research, six critical social media motivational variables
influence consumer environmental concerns: word-of-mouth, interaction, amusement, trendiness,
reliance, and trust. Consumers' problems affect their attitude, and the resulting good mood has a
significant and advantageous impact on consumers' willingness. Because the construct of
willingness to pay more for green items has received substantially less attention in the Indian
context, this research takes the initiative to analyze it. In this way, the current study is novel and
provides essential information about how social media affects customers' intentions to buy green
products concerning their demographic features. Sample of 231 respondents that includes
marketers and consumers both were surveyed to know the role and impact of “social media
marketing on green consumption behavior”. The study concludes that there is a significant
impact of “social media marketing on green consumption behavior”.

Keywords- Social Media, Marketing, Green Consumption, Concern, Affect, Buying, Customers,
Products, Interaction, Trust.

INTRODUCTION

With the development of the internet and globalization, the social media revolution was born.
Users can generate, discuss, and interact with information and other product/service-related
information on various social networking sites, including Facebook, Whatsapp, Instagram,
Twitter, LinkedIn, etc. Social media has supplanted other traditional forms of media in the
twenty-first century. For businesses, this presents both an opportunity and a threat.
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With the growth of online marketing communication, which involves various attitude
components, including delivering up-to-date information, developing relationships, customer
service, word-of-mouth, two-way communication, etc., social networking advertising came into
being. It is advised that businesses utilizing social media should pay close attention to how their
followers behave (Ismail, 2017). Environmental education is increasingly focused on public
environmental concerns and the expanding use of social media. It is not sufficient to have a
positive attitude toward the environment; one must also behave accordingly. When taking
environmental action, the people needed clarification and were underprepared. Numerous
businesses experimented with more methods of controlling their online presence as internet
usage grew (Johnson & Chattaraman, 2019). They experimented with different business
strategies that might open up more potential for them than the internet. The value of social media
for businesses, particularly from a direct marketing standpoint, has been demonstrated by various
studies undertaken in the previous two decades. Businesses should be aware of the needs of their
customers and plan their marketing initiatives accordingly. They ought to plan memorable
occasions (Kumar & Chamoli, 2019). Louis Vuitton, for instance, broadcasts live fashion
displays on Facebook. In addition to creating iPhone applications, businesses like Ralph Lauren,
Gucci, Chanel, and others also have Facebook, TikTok, Twitter, YouTube, and Instagram
accounts. This removes limitations on time, place, and media for communication between a
brand and a customer. One of the most widely used platforms for advertising goods, maintaining
relationships, and interacting with clients is Facebook.

Any business can use various Facebook posts or content to inform clients about its products,
services, and deals. Facebook allows businesses to hear from recent and potential customers
(Bedard & Tolmie, 2018). Businesses can better comprehend client wants and perspectives by
doing this.

Additionally, Facebook fan sites are employed to advertise discount coupons, disseminate details
about promotions, and administer customer competitions. Consumers can produce, publish, or
disseminate social media content that influences their behavioral intentions. Consumers can
converse and do information searches via social media. Consumers can get increasingly
immersed in the online environment thanks to social media platforms like Facebook, Instagram,
TikTok, Twitter, and YouTube. Additionally, it gives businesses different opportunities to sell
their goods and services and determine consumer demand (Paco et al., 2019)

LITERATURE OF REVIEW

Yadav and Pathak (2017) Social media's accessibility has made it a desirable means of
communication for businesses. Businesses have come to understand the value of social media as
a tool for connecting with customers and promoting their products. Social media has much room
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to expand in the future. Social media must be fully utilized to maximize its advantages for
society because it has become a crucial means of communication with millennials. The current
article has investigated how social media influences millennials' desire to make green purchases.
Greener consumer habits will encourage resource conservation, environmental improvement, and
a decrease in resource waste. The current study has added to the body of knowledge by offering
insightful new information. The study has outlined how social media influences millennials'
plans to make green purchases. Being a sizable portion of the population, millennials play a
significant role in consumerism and are responsible for the environment.

Chin et al. (2018). Social media demand: As people and companies have more access to
information, searching for, exchanging, and storing information has become more economical.
As a result, firms can reach more clients, make more money, and compete more effectively. It
will also improve the role of information as a resource in managing the economic system. The
promotion and realization of shared corporate funds, such as goods and services, and the choice
of effective promotional methods for each product are made possible via marketing technology.
It also increases the efficiency of their operations. In the digital economy, leveraging social
media for advertising can instantly and consistently increase brand loyalty by allowing
businesses to connect with potential customers. Because of this, many firms see the value and
necessity of doing so.

Murwaningtyas et al. (2020). Consumer interest in green cosmetics is rising; moreover, the
literature needs to include solid studies on how attitudes and motives for these goods are formed.
Social media has recently had a significant impact on how businesses and consumers
communicate with one another as well as with one another. By examining the influence of social
media on customers' motives and buying intentions for green cosmetics, the present study's
findings add to the hypothesis. The findings confirm the attitude's capacity for predicting
intentions to buy green cosmetics and expand the model by considering how the internet
functions as a source of information for the growth of these antecedents. The findings
demonstrate the influence of altruistic motivation on attitude and purchase intention for green
cosmetics.

Ma et al. ( 2018). The study supplies several aspects that will aid researchers and marketers in
comprehending Indian customers' readiness to purchase green products while utilizing the well-
liked social media platforms now in style. The study is unique and ground-breaking in that it aids
in analyzing customer willingness, a topic that has not been extensively studied in the Indian
setting. Additionally, it aids in the detailed analysis of how social media activities related to
consumer attitudes and willingness. The study also developed and improved a scale for
measuring social networking-related motivators for environmentally friendly products in India,
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which will be helpful for academic researchers and practitioners working in green marketing to
gauge Indian customers' environmental behavior.

Bilgin (2018) It is crucial to emphasize the significance of ethical consideration when supporting
companies that produce green goods, electric cars being one example. Additionally, adopting
environmental concerns aids businesses in becoming leaders if doing so offers consumers both
direct and indirect benefits, as per green marketing or a green entrepreneurial approach.
Emerging economies build "green" economies based on elements and practices fundamentally
different from those of most developed countries. The large-scale, largely unrealized potential
exists in emerging economies for "green" growth. To build marketing theories and models
connected to attracting customers to green products by comparison testing between emerging and
mature markets, the study recommended more innovative research on green consumption and
social media.

Kang and Kim (2017) This study represents the first deliberate attempt to review the literature
on applying social network activities to the green marketing idea. Consequently, a
comprehensive and comprehensible overview of the topic was created. The study summarized
the retrieved papers according to four primary thematic foci—brand general marketing
techniques, brand promotion tactics, factors influencing consumer behavior, and promoting
environmental consciousness. First, this study clearly outlines the implications for marketers of
the increased interest in green marketing. This shows that interest in the subject is proliferating
and that using green marketing strategies is not simply a fad but a significant concern when
producing products and services and organizing marketing campaigns.

Nassar & Strielkowski (2022). On social media, marketers, and advertisers are increasingly
promoting green products. Social media is less regulated than traditional media, so green
advertising frequently needs more trustworthy information regarding a product's environmental
benefits. These environmentally friendly commercials can make consumers wary of
greenwashing. According to this study, customers' intentions to make green purchases are
influenced by consumers' perceptions of the usefulness of the information they get.
Interdependent self-construal and independent self-construal both favorably and negatively
regulate this indirect connection. The study's conclusions imply that effective marketing of green
products depends on truthful and consumer-specific green advertising.

(Zollo et al., 2020) This study contributes in some ways. First, the literature analysis revealed
few studies of green consumerism in developing countries. These issues merit additional focus in
this sector. This study showed the extensive usage of social media marketing and its importance
in comprehending sustainable consumption in emerging economies. These factors are affected by
product knowledge, PCE, attitudes toward and plan to purchase green goods. Second, this study

2926 | Page

=y

==, .‘-‘*‘IJFAN S
“g‘ .

W International Journal of

Food And Nutritional Sciences
Official Publication of International Association of Foo -



[JFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876
Research paper © 2012 1IJFANS. All Rights Reserved,

provided a more detailed understanding of the desire to buy green goods by focusing on
consumer groups inside the social media setting. Finally, this study considered the significant
influence that market sectors have on consumers' willingness to buy green products.

Abbas et al. (2019). The study supplies several aspects that will aid researchers and marketers in
comprehending Indian customers' readiness to purchase green products while utilizing the well-
liked social media platforms now in style. The study is unique and ground-breaking in that it aids
in analyzing customer willingness, a topic that has not been extensively studied in the Indian
setting. The study's identification of the most pertinent online activities for green products in the
Indian context and the creation of a scale for measuring them are further contributions; This
would be useful for academic academics and practitioners involved in the green marketing
industry to comprehend the green purchasing habits of Indian customers. (Kudeshia and Mittal,
2015) Facebook fan page has a positive impact on the purchase intention, brand image and leads
to positive word of mouth.

Dangelico & Vocalelli (2017) This study aims to ascertain how social media marketing and
green products affect consumer purchase behavior. Environmental issues are now considered
when deciding whether to use a green product. At the same time, social media marketing is a
way for businesses to engage in social media to use it later to influence customer purchases.
Additionally, this is brought on by the renewal of numerous products, which results in a supply
shortage. The findings of this study are confirmed by research that indicates that social media
marketing strategies such as email marketing, which is one example, do not significantly affect
consumer purchasing behavior.

OBJECTIVE

1. To know the role of “social media marketing on green consumption behaviour”.
2. To know the impact of “social media marketing on green consumption behaviour”.

METHODOLOGY

Sample of 231 respondents that includes marketers and consumers both were surveyed to know
the role and impact of “social media marketing on green consumption behavior”. The survey was
conducted with the help of a questionnaire and convenient sampling method was used to collect
the primary data. The data was analyzed with the help of Mean and t-test to get the end results.

FINDING

Table above is showing general details of the respondents in which 36.8% are male and 63.2%
are female. Among them 30.7% are below 34 years of age, 40.3% are from the age group of 34-
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42 years and rest 29.0% are above 42 years. 53.2% respondents are marketers and rest 46.8% are

consumers.

Table 1 General Details
Variable Respondent Percentage
Gender
Male 146 63.2
Female 85 36.8
Total 231 100
Age (years)
Below 34 71 30.7
34-42 93 40.3
Above 42 67 29.0
Total 231 100
Occupation
Marketers 123 53.2
Consumers 108 46.8
Total 231 100

Table 2 Role of social media marketing on green consumption behavior

5. “Statements” Mean | =t “Sig.”
No. Value” | value” &
L Social media marketing is increasing consumer’s interest 320 3003 | 0.001
towards green products
5 Cons.umers are preferring public transport and recyclable 317 2646 | 0.004
packing
3 Social media _1s mo_t1vat1ng consumers Fo change their attitude 301 3320 | 0.001
and purchase intention for green cosmetics
Social media is making consumers to support companies that
4. 3.19 | 2.944 | 0.002
produce green goods
5 Social media is changing consumers' perceptions of the 310 1575 | 0.058
usefulness of green products
6. | Social media is providing green product knowledge 3.15 2.322 | 0.011
7 Consurr‘ler' desire t0' buy zc.;re.er% goods following consumer 311 1719 | 0.043
groups inside the social media is increased
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8. Envi‘ronme‘ntal education on social media is increasing focus on 398 | 4395 | 0.000
public environmental concerns

9. Consurpers are consuming green products even they are 313 2016 | 0.022
expensive

0. Consumers prefer green consumption to reduce environmental 318 2840 | 0.002
pressure

Table 2 is demonstrating role of “social media marketing on green consumption behaviour”. The
respondent says that environmental education on social media is increasing focus on public
environmental concerns with mean value 3.28, social media is motivating consumers to change
their attitude and purchase intention for green cosmetics with mean value 3.21 and social media
marketing is increasing consumer’s interest towards green products with mean value 3.20. It is
found that social media is making consumers to support companies that produce green goods
with mean value 3.19, Consumers prefer green consumption to reduce environmental pressure
with mean value 3.18 and Consumers are preferring public transport and recyclable packing with
mean value 3.17. The respondent also says that social media is providing green product
knowledge with mean value 3.15, Consumers are consuming green products even they are
expensive with mean value 3.13, Consumer desire to buy green goods following consumer
groups inside the social media is increased with mean value 3.11 and social media is changing
consumers' perceptions of the usefulness of green products with mean value 3.10. T-test shows
that all the statements are significant as the value under significant column is below 0.05 except
social media is changing consumers' perceptions of the usefulness of green products
(significance value 0.058).

CONCLUSION

This study examined the strategic dilemma many businesses confront as they try to appeal to the
burgeoning "green consumer” target market. Results indicated that the internet was a significant
potential venue for communication; the more green consumers used digital media, the more so.
Social media stood out as an essential touchpoint for green marketers. In conclusion, using
digital media to reach sustainable consumers will lead to a healthier and green future. The most
critical repercussions for green product producers are that they should focus on how social media
can be used to promote going green and how it can increase green product consumption, which
will benefit consumers as individuals and society as a whole on the one hand and the
environment on the other.

The study had explored the role of “social media marketing on green consumption behaviour” in
which it is found that environmental education on social media is increasing focus on public
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environmental concerns, social media is motivating consumers to change their attitude and
purchase intention for green cosmetics, social media marketing is increasing consumer’s interest
towards green products, social media is making consumers to support companies that produce
green goods and Consumers prefer green consumption to reduce environmental pressure. The
study concludes that there is a significant impact of “social media marketing on green
consumption behavior”.
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ABSTRACT

Analysis of Stock market volatility is very critical process in investment management for generating
targeted profits and constructing efficient portfolios. Stock market volatility measured in different
methods few are simple like standard deviation and others are complex in nature. In the present
study the correlation and volatility of selected banks is investigated and compared with industry
index (Bank Nifty index) and whole market index (NIFTY50) by applying the correlation and standard
deviation tools for the period of one year (30-November 2021 to 31-October 2022). The statistical
result evidence that, price volatility in ICICI, HDFC, Indusind and Bank of Baroda is higher than bank
nifty index and nifty 50 index. Hence, investment in these banks is subject to high risk/returns than
indices. However, HDFC has weak positive correlation with industry index and market index which
indicates less impact of industry index and market index volatility.
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INTRODUCTION

Stock markets emerged as leading platforms
in providing accessibility of direct finance by
the corporate sector and getting ownership
by the public in the corporate companies.
However, stock market investment
mechanism is characterized by complex
analysis and investment process, regular
monitoring, observation of domestic and
global trends, technical knowledge for entry
and exit decisions and subject to high
regulation etcGary E. Mullins(2016). The
investors need careful observation over price
movements and have to revise their trading
and investment decision to maximize the
profits and minimize the loss or risk. However,
price fluctuation in stock market is caused by
various dynamic factors such as economic,

elSSN1303-5150

political, business, technological, social,
Psychology of the investors, exports and
imports, trade cycles etc. Thus, through
knowledge on these aspects give clear picture
and road map for investment decision and
construct an efficient portfolio. However,
volatility is popular term in stock market
which causes scope for the both high profits
and losses. The volatility refers to the price
variation in the stock market regarding
specific share, index, commodity and
currency. The volatility in stock equity market
is lower than volatility in derivative markets
due to circuit breakers mechanism and
change to lower losses. In derivative market
volatility gives scope to erode entire
investment in short period or returns
abnormal profits in very short period. Thus,
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volatility is very terrific world for investors
and attractive word for speculator to gain
short term profits or losses. Thus, in the
present study volatility of the banking
industry is examined in the NSE of India.

CONCEPTUAL FRAMEWORK

The high price volatility in stock market brings
returns/ risk to the investor’s investments.
The daily participation and trading activities of
the investors causes the changes in the prices
of stocks gives new value them. If investors
tend to buy more it price moves up, in
contrast, if investors tend to sell more than
price moves down, however, both causes
volatility in the stock marketMamtha, D. &
Srinivasan, Sakthi. (2015). Volatility of a
specific asset is measured by the variability in
the price over time measured as the variance
or the standard deviation of the returns on
the asset. This indicates that higher standard
deviation indicates high volatile of the an
asset. This is also a measure of the riskiness of
the asset since the more variation it has the
more unpredictability associated with its
returns, Mishra, Sisira (2011). In Madhavan
(1992) words volatility means price variance
thus, low volatility preferred to reduce
unnecessary risk borne by investors from high
price variation.

REVIEW OF LITERATURE

Palanisamy (2017) examined the volatility and
impact of derivatives on stock market
volatility in Indian capital market. The
sample size comprises of 50 individual stocks
and two indices of NSE for the period of 14
years four months i.e 2001 to 2016. The study
adopted ADF test, ARCH, GARCH models
linear relation models. The study found no
impact of individual stock futures on price
discovery and also inconclusive impact on
volatility. This is results is in line with the
results of similar research studies. Ravinder
Kaur (2015) found the positive effect of IIP,
money supply and exchange rate and negative
effect of inflation on the SENSEX. The study
found high volatility in stock market due to
bad news compared to positive surprises. The
found the foreign earnings, liquidity and
profitability affects share prices positively
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while leverage affects the negatively. The
study adopted statistical tools such as
descriptive, unit root tests, vector error
correction model, correlation analysis GARCH
models, fixed effect model, oscillators,
ANOVA, t-test, exploratory factor analysis and
cluster analysis. Saji George and Srinivasa
Suresh P(2015) opined that high volatility in
prices and volume of stocks in global markets
caused by increase in noise trading by retail
investors. Their study examined the retail
investor’s behavior in creation of noise in
stock liquidity and price through analyzing the
daily buying and selling activities of selected
scripts in Indian stock markets. The study
witnessed convincing evidence of noise
trading in Indian equity market. Bashir Ahmad
Joo&Zahoor Ahmad Mir (2014) examined the
interrelationship between Flls flow and
volatility of NIFTY and SENSEX. The study
collected the monthly data for 15 years i.e.
1999-2013. The study adopted ADF, means,
variation, standard deviation, correlation and
GARCH model. The study found significant
impact of Flls low on the volatility of NIFY and
SENSEX during the study period. The study
helps in prediction of stock market volatility
and taking investment decisions.

RESEARCH PROBLEM

The earlier research studies have been
focused on the different aspects of the stock
markets such as stock market risk and returns,
fundamental analysis, technical analysis,
regulation, investor behavior etc. However,
few studies observed on the stock volatility in
India in general and with banking sector in
particular. Thus, present study fulfills this

gap.

OBIJECTIVES OF THE STUDY:

e To investigate the correlation between
share prices of selected banks and indices

e To examine the volatility of share prices
of selected banks and indices

e To find the risk and returns of selected
banks share prices and indices

HYPOTHESIS:The  study examined the
following alternative hypothesis.
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Hi:The HDFC bank share prices are highly
volatile than Nifty bank index

H..The ICICI banks share prices are highly
volatile than Nifty bank index

Hs.The Indusind banks share prices are highly
volatile than Nifty bank index

HisThe BOB banks share prices are highly
volatile than Nifty bank index

Hs.The HDFC bank share prices are highly
volatile than Nifty50 index

He.The ICICI banks share prices are highly
volatile than Nifty 50index

H,;.The Indusind banks share prices are highly
volatile than Nifty50 index

Hs.The BOB banks share prices are highly
volatile than Nifty50 index

RESEARCH METHODOLOGY

Present study is purely based on the
secondary data gather from the sources of
national stock exchange(NSE) India, SEBI,
earlier research articles, seminar and

conference papers. In the present study
randomly four banks are selected as sample
size such as HDFC bank, ICIC bank, Indusind
bank and Bank of Baroda, these are compared
with Bank nifty index and NIFTY50 index
returns. In the study monthly returns of the
selected banks and indices are calculated for
one year (November 2021 to October 2022)
and considered research variables. The study
adopted correlation, regression and standard
deviation as research analysis techniques.

STATISTICAL TECHNIQUES AND ADOPTION:
Correlation used to examine the presence of a
linear relationship between two variables
providing certain assumptions about the data
are satisfied. The results of the analysis,
however, need to be interpreted with care,
particularly when looking for a causal
relationship. The following correlation table
used in the present study.

Correlation results Interpretation

1 Perfect positive correlation

0.75t0 0.99 Strong positive correlation

0.50t0 0.75 Above average positive correlation
0.50 Average positive correlation
0.25t0 0.50 Below average positive correlation
0.01t00.25 Weak positive correlation

0 No correlation

-0.25 Weak negative correlation

-0.25 t0 -0.50 Below average negative correlation
0.50 Average negative correlation
-0.50to0 -0.75 Above average negative correlation
-0.75-0.99 Strong negative correlation

-0.1 Perfect negative correlation

Correlation coefficient Formula:
L nQw) - Q0 Q)

JnZy2 - (Z02) X, 2-(2,)2)
Regression analysis is one of the most
commonly used statistical techniques in social
and behavioral sciences as well as in physical
sciences which involves identifying and
evaluating the relationship between a
dependent variable and one or more
independent variables, which are also called

REGRESSION FORMULA:
_nXXY — (ZX)(XY)

nXy2— (Zy)2
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predictor or explanatory variables. It is
particularly useful for assess and adjusting for
confounding. Model of the relationship is
hypothesized and estimates of the parameter
values are used to develop an estimated
regression equation.
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Standard Deviation
A standard deviation (or o) is a measure of
how dispersed the data is in relation to the
mean. Low standard deviation means data are
clustered around the mean, and high standard
deviation indicates data are more spread out.
Standard Deviation Formula:

||"""Ir Xx2-(Zx)2

o = |
N

DATA ANALYSIS

NE

A standard deviation close to zero indicates
that data points are close to the mean,
whereas a high or low standard deviation
indicates data points are respectively above
or below the mean

Table No 1: Historical Returns of the selected bank, Banking Index and Nifty 50 (%)

MONTH/ HDFC ICICI INDUSIND BOB NIFTY BANK | NIFTY 50
YEAR BANK BANK BANK (Xa) INDEX (Y) (2)
(Xa1) (X2) (X3)
30-Nov-21 | -6.96 -11.14 | -28.16 -14.04 -10.23 -5.28
31-Dec-21 -0.95 3.61 0.58 -4.37 -0.60 2.18
31-Jan-22 0.43 6.57 -1.81 32.01 7.03 -0.08
28-Feb-22 -4.00 -5.84 5.57 -1.15 -4.66 -3.15
31-Mar-22 | 3.09 -1.67 1.60 4.30 0.46 3.99
29-Apr-22 -5.83 1.78 4.61 1.16 -0.78 -2.07
31-May-22 | 73.10 1.28 -0.18 -9.39 -1.66 -3.03
30-Jun-22 -43.76 -6.06 -18.67 -4.25 -5.81 -4.85
29-Jul-22 6.39 15.75 31.37 20.88 12.17 8.73
30-Aug-22 6.54 8.39 6.57 10.52 5.46 3.50
30-Sep-22 -6.98 -2.85 6.57 1.18 -2.29 -3.74
31-Oct-22 5.30 5.42 -3.59 11.56 6.93 5.37
Source: Computed from excel (NSE)

STATISTICAL RESULTS OF THE STUDY
Table No 2: HDFC bank, NIFTY bank Index and NIFTY50

X1Y XiZ X1Y XiZ
Correlation 0.212 0.147 | Weak positive correlation Weak positive correlation
Regression 0.872 0.848 | Xjhas low risk thany Xihas low risk than z
Alpha 1.762 2086 |- |-

X1 Y z | -
Standard 24,951 | 6.065 | 4.346 Xiis high volatile thany and z
deviation

Table No 3:ICICI bank, NIFTY bank Index and NIFTY50

X2Y X2Z XY X2Z
Correlation 0.955 0.828 Strong positive correlation | Strong positive correlation
Regression 1.109 1.343 | Xzhas high risk thany Xz has high risk than z
Alpha 0.715 1.093

Xa Y Z
Standard 7.044 6.065 4.346 X is high volatile thany and z
deviation

elSSN1303-5150

Table No 4: INDUSIND bank, NIFTY bank Index and NIFTY50
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X3Y ng X3Y X3Z
Correlation 0.727 0.657 | Above average positive | Above average positive
correlation correlation
Regression 1.654 2.086 | X3 has high risk thany X3 has high risk than z
Alpha -0.455 | 0.097
X3 Y z | -
Standard 13.788 | 6.065 | 4.346 X3 is high volatile than y and z
deviation
Table No 5: BOB bank, NIFTY bank Index and NIFTY50
XaY XaZ XaY XaZ
Correlation 1.481 0.616 Prefect positive correlation | Above average positive
correlation
Regression 1.772 1.763 | X4 has high risk thany X4 has high risk than z
Alpha 3.147 3.801
X Y VA
Standard 12.431 | 6.065 | 4.346 X4 is high volatile than y and z
deviation

DISCUSSION ON STATISTICAL RESULTS

The correlation results support that HDFC
Bank has weak positive correlation with
Nifty bank index and Nifty 50.The
regression results reveals that, HDFC bank
is low risk than nifty bank index and nifty
50 index, due to reporting of less than one
value.The standard deviation of HDFC
bank is higher than both Nifty bank index
and Nifty 50 which indicates that HDFC
bank is high volatility than two indices.

The correlation results support that ICICI
Bank has strong positive correlation with
Nifty bank index and Nifty 50.The
regression results reveals that,ICICI bank
is high risk than nifty bank index and nifty
50 index, due to reporting of higher than
one value.The standard deviation of ICICI
bank is higher than both Nifty bank index
and Nifty 50 which indicates that ICICI
bank is high volatility than two indices.

The correlation results support that
Indusind Bank has above average positive
correlation with Nifty bank index and
Nifty 50.The regression results reveals
that,Indusind bank is high risk than nifty
bank index and nifty 50 index, due to
reporting of higher than one value.The
standard deviation of Indusind bank is
higher than both Nifty bank index and

elSSN1303-5150

Nifty 50 which indicates that Indusind
bank is high volatility than two indices.
The correlation results support that Bank
of Baroda has prefect positive correlation
with Nifty bank index and above average
positive correlation with Nifty 50.The
regression results reveals that, BOB is high
risk than nifty bank index and nifty 50
index, due to reporting of higher than one
value.The standard deviation of BOB is
higher than both Nifty bank index and
Nifty 50 which indicates that BOB is high
volatility than two indices.

The standard deviation results supported
alternative all hypothesis which means all
selected banks are highly volatile than
NIFTY bank index and NIFTY50 index.

FINDINGS OF THE STUDY

The study observed that investments, in
HDFC Bank are subject to low risk due to
having weak positive correlation and less
than one regression value with Nifty bank
and Nifty 50, however, volatility in HDFC
bank is higher volatility than Nifty bank
and Nifty 50 indices due to high standard
valuation.

The study found that, investment ICICI
bank are subject to high risk due to having
strong positive correlation and more than
one regression value with Nifty bank and
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Nifty 50, Besides, it is highly volatile than
Nifty bank and Nifty 50 indices due to
having high standard deviation

e The study investigated that, investments
in Indusind Bank are subject to high risk
due to having above average positive
correlation and high regression value with
Nifty bank and Nifty fifty. Besides, the
study found that Indusind bank are highly
volatile than nifty bank and nifty 50
indices due to high standard deviation
value.

e The study found that, investments in Bank
of Baroda are subject to high risk due to
having of perfect positive correlation with
Nifty Bank and above average positive
correlation with Nifty fifty. The study
observed that Bank of Baroda, is highly
volatile than Nifty Bank and Nifty fifty
indices due to high standard deviation.

CONCLUSION

Stock market volatility analysis is very critical
component in investment management for
generating targeted profits and constructing
efficient portfolios. However, stock market
volatility measured in different methods few
are simple like standard deviation and others
are complex mode. In the present study the
correlation and volatility of selected banks is
investigated and compared with industry
index (Bank Nifty index) and whole market
index (NIFTY50) by applying the correlation
and standard deviation tools for the period of
one year. The statistical result evidence that,
price volatility in ICICI, HDFC, Indusind and
Bank of Baroda is higher than bank nifty index
and nifty 50 index. Hence, investment in these
banks is subject to high risk/returns than
indices. However, HDFC has weak positive
correlation with industry index and market
index which indicates less impact industry
index and market index volatility. The
statistical results supported that individual
selected banks securities are highly volatile
than banknifty index and nifty 50 returns.
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ABSTRACT:

An efficient one pot synthesis of amides from toluene through the activation of p-nitro phenolester
using tetra butyl ammonium iodide (TBAI) and tetra butyl hydrogen peroxide (TBHP) indecane has
been developed. We have also explored the wide substrate scope. In addition to this we have also
studied the effect of electronic and steric factors on the yield by selecting appropriate substrates.

GRAPHICAL ABSTRACT
CHs ¢ Bu,yNI (20 mol %)

X TBHP (6 eq) /©/ R’ R'NH, (1eq) | A u/\©R1
|// p-NO,-CgHsOH (1.5 eq) —2n U =
R

80 °C, 6 h R~ 12 examples
Yield 68-88%

Keywords: P-nitro phenol ester, TBAI, TBHP, Steric factor, Substrate.

INTRODUCTION:

Polymers, natural products and pharmaceuticals contain amide functional group, which is important in
synthetic organic chemistry. Therefore many researchers have developed methodologies for the
synthesis of amides using both classical and modern methods. Amides are produced by a classical
condensation reaction of carboxylic acids with nucleophilic amines. In addition the condensation
reaction is in between alcohols and amino acids to obtain esters and peptides respectively.?
Furthermore, amides have been prepared using acyl chlorides,® azides,* mixed anhydride®, activated
esters®, coupling reagents’ and carbonyl diimidazole (CDI).biInterestingly, activation of carboxylic
acids into an activated form followed by nucleophilic acylation takes place in most of the above
methods.In extend amides have also been synthesized using transition metal catalysis and organo
catalysis.’The reported methods having drawbacks such as using harsh temperature, expensive
reagents, produce stoichiometric amount of waste.'’Acylation of aldehydes has been recently
achieved by converting them into activated form through transition metal catalysis and
organocatlysis. But, for the synthesis of amides an important activating auxiliary i.e. para nitro
phenolic esters, has notbeen attempted.!! In this connection our group recently developed amidation
from aldehydes using para nitro phenol as activating reagent. In continuation to our on-going research
on amidation and esterification, we wish to demonstrate herein convenient synthesis of amides from
toluene using TBHP and TBAI under ambient conditions viainsitu formation of aldehydes and esters.
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Experimental:

General

Before using the glassware was dried in an oven and cooled. Unless stated otherwise, all chemicals
and solvents were used as suppliedwithout any extra purification. Reactions weremonitored by TLC
onsilica gel plates and components were visualised using combination of UV-light and lodine.
Solvents were evaporated under reduced pressure at 50°C. NMR spectrawere recorded on a Bruker
400 MHz NMR spectrometer. Chemical shifts (d) and coupling constants(J)are given in ppm (parts
per million) and Hz (Hertz), respectively.

Typical Procedure for Amidation of Toluene:

The toluene (1 mmol, 1 equiv.) and paranitrophenol (1.5 mmol, 1.5 equiv.) were mixed well with a
magnetic stirrer. To this mixturen-BusNI (20 mol% , 0.2equiv) and fert-butyl hydroperoxide (5.5 M)
in decane (6.0equiv) were added at room temperature. The reaction mixture was heated at 80°C to
accelerate the reaction. After completion of the reaction, thereaction mixture was cooled to room
temperature and then the respective amine (1 equiv.) was added. Thereaction mixture was stirred at
room temperature for 2 h and it was further diluted with 10 mL EtOAc, washed with 5%
NaHCO3(3%10 mL). The isolated product was almost pure, though it was recrystallized as per
necessity.

RESULTS AND DISCUSSION:

Initially, the optimization of reaction conditions was conducted with toluene as a model substrate with
various mol % of TBAI and different eq of TBHP at 80 °C. We could observe that the substrate
proceeded reactions in the presence of TBAI (20 mol %), TBHP (6 eq) and p-nitro phenol (1.5 eq) at
80 °C to give corresponding ester A(which was observed in TLC) in complete conversion, that,
gratifyingly reacts with benzyl amine to produce target product lain complete conversion (Table 1,
entry 4).

Having optimization reaction conditions in our hand, we explored the substrate scope. Benzyl amine
bearing substituents such as 4-Me, 4-OMe and 4-Cl could produce their respective target products in
86%, 88% and 74% yields. Other substrates like n-butyl and n-pentyl amines proceeded reactions to
afford their final products in good yield. We have also tried the reaction with tertiary butyl amine and
very interestingly it gave target product in moderate yield. In order to extend the substrate scope, the
reactions were conducted with cyclic amines and ester linkage amines. Both of them gave desired
products in moderate yield. Finally, toluene possess both electron donating and electron withdrawing
groups were also performed the reaction under optimized conditions. In this connection, toluene
having electron donating group like 4-OMe gave desired product in excellent yield (Table 2, entry
10). Toluene bearing electron withdrawing groups like 4-Cl and 4-NO; proceeded reactions to provide
target products in good yield (Table2, entry 11, 12).
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Table 1: Optimization reaction conditions®

CH3 ¢ Bu,NI (X mol %)
TBHP (Y eq) BnNH2 (1 eq) O)J\ @
p-NO,-CgHsOH (1.5 eq)

80°C,6h

Entry t-BusNI (X) TBHP (Y) | Conversion (1a)
1 20 mol % 2eq 42
2 20 mol % 3eq 58
3 20 mol % 4eq 65
4 20 mol % 6 eq 89
5 10 mol% 6 eq 66
6 - - n.d.

*Reaction conditions: Toluene (1 mmol), t-BusNI (20 mol %), TBHP (6 eq), p-NO,-CcHsOH
(1.5 eq), 80 °C, 6 h, BaNH:> (1 eq), 2 h.

CONCLUSION

An efficient method for the one pot synthesis of amides from toluenes through the activation of p-
nitro phenol ester using cheap catalyst has been developed. All the reactions are neat, general, simple
and efficient. All the substrates readily underwent optimized reaction conditions to produce target
products in moderate to excellent yield. The reaction is simple, carried out on a gram scale and high
yield making the method a valuable to the existing method.

Spectral Data

0}
N
SRR
N- Benzylbenzamide: yield 85%, white solid;'H NMR (400 MHz,
CDCls) d 7.75-7.72 (m,2H), 7.44-7.32 (m, 4H), 7.36-7.28 (m, 4H), 4.60 (d, /= 4.0 Hz, 2H).

o]

L

©)L ch, N-(4-Methylbenzyl)benzamide: yield 86%, white solid; 'H NMR (400 MHz,
CDCls) d 7.797.74(m,2H), 7.49-7.34(m,3H), 7.21-7.02(m,4H),4.52 (d, J=4.0

Hz,2H),2.23 (s,3H).

0
SA RS
H
OCE.S N-(4-Methoxylbenzyl)benzamide: yield 88%, white solid; '"H NMR (400
MHz, CDC13) d7.76-7.72 (m, 2H), 7.47-7.33 (m, 3H), 7.21-7.02 (m, 4H), 4.49 (d, J = 4.0 Hz, 2H),

3.71 (s, 3H).
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3. N-(4-Chlorobenzyl)benzamide: yield 74%, white solid; "H NMR (400 MHz, CDCI3) d7.827.69 (m,

2H), 7.50-7.39 (m, 3H), 7.18-7.05 (m, 4H), 4.49 (d, J= 4.0 Hz, 2H).

N/\/\\
H 4. N-Butylbenzamide: yield 85%, white solid; 'H NMR (400 MHz, CDCI3)
7.76-7.74 (d, J= 8.3 Hz, 2H), 7.37 - 7.51 (m, 3H), 6.35(br, s, 1H,), 3.72-3.42
(m, J=12.84, 2H,), 1.62-1.50 (m, 2H,), 1.36-1.48 (m, 2H), 0.99 (t, J = 6.79, 3H).

NW
H N-Pentylbenzamide: yield 87%, white solid; '"H NMR (400 MHz,

CDCI3) 7.79-7.72 (d, J =8.3 Hz, 2H), 7.51 - 7.42 (m, 3H), 6.42 (br,
INH, 1H), 3.73-3.45 (m, 2H,), 1.60-1.48 (m, 2H,), 1.42-1.21 (m, 4H), 0.99 (t, J = 6.79, 3H).

O /I<
N
H

6. N-t-Butylbenzamide: yield 70%, white solid; '"H NMR (400 MHz, CDCI3)
7.72-7.70 (d, J= 8.1 Hz, 2H), 7.37 - 7.45 (m, 3H), 5.84 (br, s, 1H,), 1.46 (s, 9H).

O
N
. Phenyl(piperidin-1-yl)methanone: yield 72%, white solid; 'H NMR

(400 MHz, CDCI3) d 7.79-7.69 (m, 2H), 7.48-7.37 (m, 3H), 3.35-1.25
(m, 10H).

(0)
N N
dH O 8. Methyl 2-benzamidoacetate: yield 68%, white solid; H NMR (400
MHz, CDCI3) 7.80-7.69 (m, 2H), 7.51-7.47 (m, 3H), 6.98 (br s, 1H,

INH), 4.18 (d, 2H, J = 6.8 Hz), 3.67 (s, 3H).

0O
jsane
H,CO . N-Benzyl-4-methoxybenzamide: yield 85%, white solid; H NMR

(400 MHz, CDCI3) 6.84 - 6.87 (d, 2H, J = 7.5 Hz), 7.26 - 7.30 (m,
SH), 7.69 - 7.72 (d, 2H, J = 7.5 Hz) 3.72 (s, 3H), 4.54 -4.56 (d, 2H, J = 5.5 Hz).

O
cl . N-Benzyl-4-chlorobenzamide: yield 86%, white solid; 'H NMR (400

MHz, CDCl3) d 7.82 7.69 (m, 2H), 7.50-7.39 (m, 3H), 7.18-7.05 (m, 4H), 4.49 (d, /= 4.0 Hz, 2H).
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N-(4-Chlorobenzyl)benzamide: yield 88%, white solid; "H NMR (400 MHz, CDCI3) 8.21 8.00 (m,
2H), 7.91 (d, J= 8.3, 2H), 7.21-711 (m, 5H), 6.25 (br, s, 1H, INH).
Table 2: Substrate scope

CHs  £BU,NI (20 mol %) o) NO; i
N Pens ) A eSS
L, ) p-NO,-CeHsOH (1.5 eq) 2h AP =
R 80°C,6h R

A 1a-12a
Entry RNH, Product Yield (%)
[0)
o™
1 N 1 85
H@ a
(0]
2 @ANHZ @Hn 8
HsC 2a
: 0 CHs
NH,
N
3 /©A 88

NH,

'

N
H@\ 4a 74
cl
/\/\
/\/\/
6 SN, ©)J\” 6a 87
(6] /‘<
N
7 <K 70
H,N ©/|LH Ta
o)
o)
o
N 9a 68
o}

N 10a 85
CH; H,CO
O ;
11 cl 11a 86

H
O
CH, c
N
12 ON ONO)LH@ t2a %
2

?Reaction conditions:Substrate (1 mmol), t-BusNI (20 mol %), TBHP (6 eq), p-NO,-CsHsOH
(1.5 eq), 80 °C, 6 h, BaNH: (1 eq), 2 h.

©
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Abstract

The level of serum phosphates in male swiss albino mice (6 to 8 weeks old, 23 —26 g. weight) infected with single and repeated
doses of Ancylostoma caninum was investigated. 6 groups of mice (group A, 500 dose; group B, 1000 dose; group C, 2000
dose) E, 125+125+250 dose; group F, 250+250+500 dose; group G, 500+500+1000 dose) were infected orally with a single
and repeated doses of infective larvae, statistical analysis indicated a significant increase of serum phosphates in singly infected
groups A, B and C when compared with controls. In repeatedly infected groups, E, F, G also a significant increase of serum
phosphates was found when compared with controls. There was no significant difference in the level of serum phosphates
when compared among the experimental groups of singly infected (A, B, C) and repeatedly infected (E, F, G) mice.

Key Words: Serum phosphates, Ancylostoma caninum larvae, ancylostomiasis.

Introduction: Normal level of serum phosphates is maintained within a narrow range through a complex
interplay between intestinal absorption, exchange with intracellular and bone storage pools, and renal tubular
reabsorption

(Takeda et al., 2004). Williamson et al., (2004) states that Hb may be degraded by a multienzyme in animal models
of hookworm infection. Barry et al., (2014) reported that blood creatinine concentration in a randomized
controlled rat may be increased by calcium supplementation. Martorelli et al., (2017) reported that dogs with
spontaneous chronic kidney diseases showed fractional excretion of phosphorus in urine. Of great concern in
human hookworm infection is iron deficiency anemia (Fleming, 1982) and protein loss enteropathy (Cooper et
al., 1992) and reduced cognitive ability (stoltzfus et al., 1996; Sakti et al., 1999; Hotez, 2000; stoltzfus, 2001).
There is a clear evidence that the uptake of high phosphate products initiates DNA synthesis and thereby the cell
number increases (Breenberge et al., 1977). Phosphorous is in integral part of cells energy production and any
phosphates deficiency can effect vital cellular functions. Severe depletion of serum phosphates level will pave to
reversible  cardiomyopathy  (Bansal, 1990). Viveka  Vardhani and  Sakunthala  (2012)
reported no correlation between serum IgG level and worm load in mice during A. caninum infection. A. caninum
infection in dogs/pups stands as a classic example for poly parasitism where there will be co-occurence of two or
more parasitic species in a host. Phosphorus is an abundant element that is widespread in its distribution in the
mamalian groups. 85%of total phosphates are impregnated in the skeleton of man and remaining 15% is present
in the soft tissues. Phosphorous is present in ample amounts in diverse kinds of food like red meat, dairy products,
legumes etc. The gastrointestinal tract of man/ mammals absorbs around 80% of the ingested phosphates, and the
rest is excreted through the feces. It is also reported that hypophosphatemia results in skeletal muscle damage with
an elevation of the serum creatine phosphokinate, and in some cases rhabdhomy lysis, pulmonary muscle
weakness and decreased absorption of calcium in the renal tubules leading to hypercalciuria (Knochel, 1977).
Studies on the calcium and phosphorus metabolic changes in thirty five children suffering with hepatic bilharzias
showed a significantly lowered serum in organic phosphates ( Hafez et al., 1975). During the reaction, creatine
and phosphocreatine are catalysed by creatinine kinase, and a spontaneous conversion to cretinine may occur
(Allen, 2012). Therefore a new vista has been opened to study the serum phosphate levels in male swiss albino
mice infected with single and multiple doses of infective A. caninum larvae

Materials and Methods:
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Infective Ancylostoma caninum infection has been maintained in an experimentally infected pup which
is given infection free diet. Feaces from the infected pup, collected from the floor of the kennel, was cultured in
the dark at 26° ¢ for 8 days using the petridish method of sen et al., 1965.

Acquisition and preparation of experimental animals

Male Swiss albine mice (6-8weeks old); (26-28 g.wt.) were purchased from dealers and were divided into 8
groups. Three experimental groups of mice (A, B, C), 10 in each were infected with a single dose of 500, 1000
and 2000 larvae of A. caninum respectively. 3 groups (E, F and G) were infected with repeated doses of
125+125+250 (group E), 250+250+500 (group F) and 500+500+1000 (group G) larvae at weekly intervals another
group H with 10 mice, was kept as uninfected control for comparison. Two mice from each group were sacrificed
following CPCSEA guidelines and serum samples were separated from the blood by cardiac puncture on day
1,4,9,16 and 30 of infection; two mice from the control group (D) and group (H) were also necropsied on the
same designated days for the collection of blood. Serum was separated and processed for the estimation of serum
phosphates. Estimation of serum phosphates is done by a kit procure from crest biosystems, Goa, India. The
phosphorus kit works on molybdate U. V. method (Fiske and Subbarow, 1925; Goodwin. 1970). Results were
subjected to statistical analysis to find out the significant.

Results:

Infected mice from all the 6 groups survived for 30 days experimental period, and the mean values of serum
phosphorous pertaining to the 3 single dose and 3 repeated dose groups are shown in table-1, 2 and figure-1 and
table 3, 4 and figure-2 (group A, 500 larvae, group B, 1000 larvae; group C, 2000) in group A, there was a peak
level of serum phosphates on day 1 (48.6 mg/dl) and a sudden decrease on day 4 (still higher than control). Again,
there was an increase on day 9 and 16 (44.2mg/dl) and decrease on day 30 (higher than control). Nagano et al.,
((2006) also found high level serum phosphorus in renal failure rats (diseased rats). The level of phosphates in
experimental mice which were inoculated with a dose of 1000 larvae showed higher response than the controls
(group D) throughout the period of infection. In case of group B (1000 larvae), the serum phosphates level was at
its zenith on day 1 (49.2 mg/dl) itself and suddenly fell by day 4 (26.6 mg/dl) of infection period. But a slight rise
is shown on day 9 and 16 which further tend to be decreased on the terminal period of infection. To take into
consideration the level of phosphates on day 4 (24.6 mg/dl) and day 30 (24.60 mg/dl) were similar. The content
of serum phosphates in the mice of group C which were inoculated with the maximum dose of 2000 larvae/mouse
conveyed a higher level throughout the experimental tenure than uninfected controls. On the initial day of the
experimental period the level of phosphates is at pinnacle (49.2 mg/dl) but declined abruptly on day 2 (21.6 mg/dl)
again there was an increase on day 9 and 16 but diminished on the final day (24.60mg/dl). The level of serum
phosphates in the experimental mice of group E showed a gradual increase (from day 1 to 30 infection periods)
than the controls except on day 4 (14.92mg / d1) but yet it is higher than the normal value. The content of serum
phosphates showed an increased value in case of test mice (Group F) than the uninfected mice (Group H) in all
the days of infection though it was a steady increase somewhat there is a constantly of serum phosphates on day
1 (24.7 mg/ d1) and 9 (24.6 mg/ d1). The content of serum phosphates in the test mice of group G which received
the maximum dose of A. caninum larvae showed an enhanced values than that of normal mice in all the days of
experimental period.

Discussion:

High level of serum phosphates (hyperphosphatemia) in all the singly infected groups A, B and C when compared
with controls suggest the occurence of disorder in phosphate homeostasis due to A. caninum infection. These
results compare well with that of Vardhani (1976, 2006.) who found significant weight loss (due to non-
consumption of food) and pathological changes in the GIT. In mice infected with single and repeated doses of
larvae and also to Berner and Shike (1988), Chan and Gills, (1990) and Thatte et al., (1995) who reported that
phosphorus homeostasis is maintained by renal phosphorus excretion that normally matches the amount of daily
GI absorption; hyperphosphatemia occurs when the phosphorus load (from GI absorption, exogenous
administration, or cellular release) exceeds renal excretion and tissue uptake. It is also possible that the
destructions in the wall of GIT (Vardhani, 2006) might have brought forth dismantling and up heaval of
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phosphates influx into the blood streams; where by the phosphates influx cannot be impregnated in a soft tissue
like GIT muscle. This observation is in agreement with that of Vardhani, (1986) who found increase of serum
enzymes in mice infected with 3 different doses of A caninum larvae. Bansal (1990) also reported that phosphorus
is essential in cellular storage, mitochondria and cytoplasm. It may also appear that under condition of renal
failure, sustained hyperphosphatemia (from day 1 to 30 of infection period) resulted in all the experimental groups
of animals as suggested by Schrier Gottschalk (1997) in humans. Baba et al., (2005), Viveka Vardhani et al.,
(2011) and Nathanael and Vardhani, (2014) postulated similar strategies in mice undergone severe stress during
cytotoxic conditions resulting severe inflammation, hepato cellular carcinoma which eventually enhanced SOD
levels thus leading to oxidation and DNA bases and breakage of double stands. These observations coincide with
that of Ames (1989), Standtman, (1992), Kasai, (1997) and Inove et al., (2003) who reported that the oxidative
stress generated in mammalian tissues causes the abnormality in energy metabolism and/or function. The
significantly increased serum phosphates level in the present study confirms that of Takeda et al., (2004) who
explained that the maintenance of serum phosphates level is associated with intestinal absorption, exchange with
storage pools and renal organ reabsorption. Breenberg et al., (1977) reported that the increase of phosphates uptake
initiates fibroblast proliferation in chick embryo culture and the increase of phosphates might be a key even in the
initiation of DNA synthesis. Increased level of serum phosphates in all the 3 singly infected groups compare well
with that of Vinod Kumar and Vardhani, (2013) who also found significant increase of DNA in liver is mice
infected with 3 varied doses of A. caninum larvae.

Table 1: Serum phosphates (mg/d1) from experimental (groups A, B and C) and control (group D) mice at
different periods of infection. (Values are expressed in mean derived from five observations).

Period of Experimental groups Control group
infection A B C D

1 48.6 49.2 49.2 4.2

4 13.74 24.6 21.6 4.5

9 442 30.6 32.6 4.8

16 442 37.2 39.1 5.2

30 24.60 24.6 24.6 5.6

Table 2: “T” values obtained for different groups of mice infected with 500, 1000 and 2000 dose of A.

caninum larvae.

Groups A B C D
Serum phosphates
Mean: 35.06 33.24 334 4.86
A D B D C D
‘t” values / / / / / /
t=4.79* t=6.88%* t=2.30%
(p>0.05) (p>0.05) (p>0.05)
A B A C B C
‘t’ value / / / / / /
t=0.237@ t=0.23@ t=0.237@

P value at 5% level of significance is 2.306; * - significant values,

@ - non-significant values
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Figure 1: A =500 dose; B=1000 dose; C=2000 dose; D=Uninfected

Table 3: Serum phosphates (mg/d1) from experimental (groups E, F and G) and control (group H) mice at
different periods of infection. (Values are expressed in mean derived from five observations).

) Experimental groups Control group

Period of

. . E F G H

infection

1 20.42 24.17 23.36 4.2

4 14.92 16.27 14.85 4.5

9 24.4 24.6 24.6 4.8

16 28.7 27.2 25.5 5.2

30 32.9 28.9 27.8 5.6

Table 4: “T” values obtained for different groups of mice infected with 125+125+250, 250+250+500,
500+500+2000 doses of A. caninum larvae

Groups E F G H
Serum phosphates
Mean: 24.2 24.2 23.2 4.86
E H F H G H
‘t’ values / / / / / /
t=6.79% t=9.90* t=11.0*
(p>0.05) (p>0.05) (p>0.05)
E F E G F G
‘t’ value / / / / / /
t=0.00@ t=0.29¢ t=0.36@

P value at 5% level of significance is 2.306 * - significant values,
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Figure 2: Serum Phosphates Level at Experimental
Conclusion:

Ancylostoma caninum (dog hook worm) is the chief causative agent for Zoonosis in most tropical areas of the
world. Hookworms interact one-fifth of the entire human population. Parasite which usually found in dogs, foxes
and cats. Phosphorus is a major intracellular anion in the mammalian groups. It is quite essential for cellular
functions and skeletal mineralization. Serum phosphate level is maintain within a narrow range through a complex
inter play between intestinal absorption and also essential for several enzymatic process. High level of serum
phosphates [Hyper phosphatemia] in all the singly infected groups A, B and C and repeatedly infected groups D,
E and F when compared with controls. In Group A the level of serum phosphates considerably higher. Peak level
of phosphates on initial Day and a sudden fall was observed on Day 4 [still higher than control] again there was
an increase on Day 9 and Day 16. Mice which were inoculated with a dose of 1000 mg/dl larvae have shown high
response. Group C were inoculated with the maximum dose of 2000 mg/dl larvaec conveyed a high level
throughout the experimental tenure. On the initial day the level of phosphates is at its pinnacle but declined
abruptly on Day 2. Again there was an increase on Day 9 and Day 16. Group D showed a gradual decrease from
Day 1 to Day 30 of infection period .it was same in group E and F also.
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Abstract

The International Banking scenario has shown major changes in the past few years in terms of the Mergers and
Acquisitions. Mergers and Acquisition is a useful tool for the growth and expansion in any Industry and the
Indian Banking Sector is no exception. It is helpful for the survival of the weak banks by merging into the
larger bank. Due to the financial system deregulation, entry of new players and products with advanced
technology, globalization of the financial markets, changing customer behaviour, wider services at cheaper
rates, shareholder wealth demands etc., have been on rise.

This study shows the impact of Mergers and Acquisitions in the Indian Banking sector. For this purpose, a
comparison between pre and post merger performance in terms of Operating Profit Margin, Net Profit Margin,
Return on Assets, Return on Equity, Earning per Share, Debt Equity Ratio, Dividend Payout Ratio and Market
Share Price has been made. In the initial stage, after merging, there may not be a significant improvement due
to teething problems but later they may improve upon.
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01.00 Introduction . 1955: Imperial Bank was partially

Mergers and Acquisitions is one of the widely
used strategies by the banks to strengthen and
maintain their position in the market. Companies
are confronted with the facts that the only big
players can survive as there is a cut throat
competition in the market and the success of the
merger depends on how well the two companies
integrate themselves in carrying out day to day
operations. Banks will get the benefits of
economies of scale through mergers and
acquisition. For expanding the operations and
cutting costs, Business Entrepreneur and Banking
Sector is using mergers and acquisitions world
wide as a strategy for achieving larger size,
increased market share, faster growth, and
synergy for becoming more competitive through
economies of scale.

A Merger is a combination of two or more
companies into one company or it may be in the
form of one or more companies being merged
into the existing companies. On the other hand,
when one company takes over another company
and clearly well known itself as the new owner,
this is called as Acquisition. The banks must
follow the legal procedure of mergers and
acquisitions which is given by the Reserve Bank of
India, SEBI, Indian Companies Act and Banking
Regulation Act 1949. Mergers and acquisitions is
not a short term process, it takes time to take
decisions after examining all the aspects. Indian
Corporate Sector had stringent control before
liberalization but, the Government has initiated
the Reform after 1991 which resulted in the
adaptation of the different growth and expansion
strategies by the Companies.

02.00 Landmarks in Indian Banking Sector

The Banking System of India was started
in 1770 and the first Bank was the Indian
Bank known as the Bank of Hindustan.

1840: Bank of Bombay

1843: The Bank of Madras

1840: Bank of Calcutta
1921: All the above banks were merged
and formed a new bank known as
Imperial Bank of India.

eISSN1303-5150

nationalized and was named as State Bank of
India

1969: 14 banks were nationalized

1980: 6 more banks were nationalized

1993: the New Bank of India was merged
with The Punjab National Bank

03.00Indian Banking can be divided into three
main phases

Phase | (1786 — 1969): Initial phase of Banking in
India where many small banks were set up

Phase Il (1969 - 1991): Nationalization,
Regularization and Growth marked this period
Phase Il (1991 onwards): Liberalization and its
aftermath

In post liberalization regime, Government had
initiated the policy of liberalization and licenses
were issued to the private banks which led to the
growth of the Indian Banking Sector. In the recent
times, Indian Banking Industry showed a
tremendous growth because of an increase in the
retail credit demand, proliferation of ATMs and
debit cards, decreasing NPAs, improved macro
economic conditions, diversification, interest rate
spreads and regulatory and policy changes.

04.00 Literature Review
Aharon David Y et al.,, (2010), analyzed
the stock market bubble effect on Merger
and Acquisitions and followed by the
reduction of pre bubble and subsequent,
the bursting of bubble seems to have led
to further consciousness by the investors
and provide evidence which suggests that
during the euphoric bubble period
investor take more risk. Merger of banks
through consolidation is the significant
force of change took place in the Indian
Banking sector.
Kuriakose Sony et al., (2009), focused on
the valuation practices and adequacy of
swap ratio  fixed in  voluntary
amalgamation in the Indian Banking
Sector and used swap ratio for valuation
of banks, but in most of the cases the
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final swap ratio is not justified to their
financials.

Mantravadi Pramod & Reddy A Vidyadhar
(2007) evaluated that the impact of
merger on the operating performance of
acquiring firms in different industries by
using pre and post financial ratio to
examine the effect of merger on firms.
They selected all mergers involved in
public limited and traded companies in
India between 1991 and 2003, result
suggested that there were little variation
in terms of impact as operating
performance after mergers. In different
industries in India particularly banking
and finance industry had a slightly
positive impact of profitability on
pharmaceutical, textiles and electrical
equipments sector and showed the
marginal negative impact on operative
performance. Some of the industries had
a significant decline both in terms of
profitability and return on investment
and assets after merger.

05.00 Objectives of the Study

The objectives of the paper are:
1. To study the Mergers and Acquisitions of
Banks from 1969 to till date
2. To evaluate the banks performance in
terms of Operating and Net Profitability
3. To analyse the performance of the Banks
after merger in terms of return on Assets
4. To find out the impact of merger on
company’s debt equity ratio
5. To examine the effects of merger on
equity shareholders through EPS and Market
Share Price.

06.00 Methodology

Sources of Data: The study is based on secondary
data. The financial and accounting data of banks
is collected from the Annual report of the select
Banks to examine the impact of Mergers and
Acquisitions on the performance of the sample
banks. Data are also collected from the Bombay
Stock Exchange, National Stock Exchange,

eISSN1303-5150

Securities and Exchange Board of India and
Money Control for the study.

Period of the Study: To compare the
performance of Banks, three years pre merger
and three years’ post merger financial ratios are
being computed and compared. The year of
merger was considered as a base year.

Financial Parameters: The performance of the
Banks is made in respect of the financial
parameters such as Net Profit Margin, Operating
Profit Margin, Return on Assets, Return on Equity.
Debt Equity Ratio, Earning Per Share and Market
Share Price.

07.00 Hypothesis

1. HO (Null Hypothesis) — There is no significant
difference between the pre and post merger
Operating Profit Margin

H1 (Alternative Hypothesis) - There is a
significant difference between the pre and post
merger

Operating Profit Margin

2. HO (Null Hypothesis) — There is no significant
difference between the pre and post merger Net
Profit Margin

H1 (Alternative Hypothesis) - There is a
significant difference between the pre and post
merger

Net Profit Margin

3. HO (Null Hypothesis) — There is no significant
difference between the pre and post merger
Return on Capital Employed

H1 (Alternative Hypothesis) - There is a
significant difference between the pre and post
merger

Return on Capital Employed

4. HO (Null Hypothesis) — There is no significant
difference between the pre and post merger
Return on Equity

H1 (Alternative Hypothesis) - There is a
significant difference between the pre and post
merger

Return on Equity

Www.neuroquantology.com

9353



NeuroQuantology |September 2022 | Volume 20 | Issue 11 | Page 9351-9356| doi: 10.48047/NQ.2022.20.11.NQ66931

M. Venkateswara Rao et al/Merger and Acquisitions in the Indian Banki

5. HO (Null Hypothesis) — There is no significant
difference between the pre and post merger
Earning Per Share

H1 (Alternative Hypothesis) - There is a
significant difference between the pre and post
merger

Earning Per Share

6. HO (Null Hypothesis) — There is no significance
difference between the pre and post merger
Debt Equity Ratio

H1 (Alternative Hypothesis) - There is a
significant difference between the pre and post
merger

Debt Equity Ratio

7. HO (Null Hypothesis) — There is no significant
difference between the pre and post merger
Dividend Payout Ratio

ng Sector

H1 (Alternative Hypothesis) - There is a
significant difference between the pre and post
merger

Dividend Payout Ratio

8. HO (Null Hypothesis) — There is no significant
difference between the pre and post merger
Market share Price

H1 (Alternative Hypothesis) - There is a
significant difference between the pre and post
merger market Share Price

08.00 Tools for Analysis

Ratios and percentages are used for the analysis
of data and for better understanding, Bar
Diagrams are used for the presentation of the
data. To test the hypothesis, 't test is employed.
The performance of the banks before and after
the mergers and acquisitions has been
compared.

Table 1: List of Merger and Acquisitions (M&As) in Indian Banking Industry since Nationalization of Banks

Sl. Name of the Transferor Bank Name of the Transferee Date of Merger
No. Bank /Amalgamation

1 Bank of Bihar Ltd. State Bank of India November 8, 1969
2 National Bank of Lahore Ltd. State Bank of India February 20, 1970
3 Miraj State Bank Ltd Union Bank of India July 29, 1985

4 Lakshmi Commercial Bank Ltd Canara bank August 24, 1985

5 Bank of Cochin Ltd. State Bank of India August 26, 1985

6 Hindustan Commercial Bank Ltd Punjab National bank December 19, 1986
7 Traders Bank Ltd Bank of Baroda May 13, 1988

8 United Industrial Bank Ltd Allahabad bank October 31, 1989
9 Bank of Tamilnadu Ltd Indian Overseas bank February 20, 1990
10 Bank of Thanjavur Ltd. Indian Bank February 20, 1990
11 Parur Central Bank Ltd Bank of India February 20, 1990
12 Purbanchal Bank Ltd. Central Bank of India August 29, 1990
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13 New Bank of India Punjab National Bank September 4, 1993
14 Bank of karad Ltd Bank of India 1993-1994
15 Kashi Nath Seth Bank Ltd. State Bank of India January 1, 1996
16 Bari Doab Bank Ltd Oriental Bank of Commerce April 8, 1997
17 Punjab Co-operative Bank Ltd. Oriental Bank of Commerce April 8, 1997
18 Bareilly Corporation Bank Ltd Bank of Baroda June 3, 1999
19 Sikkim Bank Ltd Union Bank of India December 22, 1999
20 Times Bank Ltd. HDFC Bank Ltd February 26, 2000
21 Bank of Madura Ltd. ICICI Bank Ltd March 10, 2001
22 ICICI Ltd ICICI Bank Ltd May 3, 2002
23 Benares State Bank Ltd Bank of Baroda June 20, 2002
24 Nedungadi Bank Ltd. Punjab National Bank February 1, 2003
25 South Gujarat Local Area Bank Bank of Baroda June 25, 2004

Ltd.
26 Global Trust Bank Ltd. Oriental Bank of Commerce August 14, 2004
27 IDBI Bank Ltd. IDBI Ltd April 2, 2005
28 Bank of Punjab Ltd. Centurion Bank Ltd October 1, 2005
29 Ganesh Bank of Kurundwad Ltd Federal Bank Ltd September 2, 2006
30 United Western Bank Ltd. IDBI Ltd. October 3, 2006
31 Bharat Overseas Bank Ltd. Indian Overseas Bank March 31, 2007
32 Sangli Bank Ltd. ICICI Bank Ltd April 19, 2007
33 Lord Krishna Bank Ltd. Centurion Bank of Punjab August 29, 2007

Ltd.

34 Centurion Bank of Punjab Ltd HDFC Bank Ltd. May 23, 2008
35 The Bank of Rajasthan ICICI Bank Ltd August 13, 2010
36 State Bank of Indore State bank of India August 26, 2010
37 ING Vysya Bank Kotak Mahindra Bank 2014

Source: Compiled from Report on Trend and Progress, RBI, Various Issues
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09.00 Ratios a. Emerging Issues”, Asian Journal of

Operating Profit Margin = Operating Profit/Sales
x 100
Net Profit Margin = Net Profit/Sales x 100

Business and Management
Sciences, Issn: 2047 2528, Vol. 1
No. 2, [157-165], Retrieved

Return on Assets =Net Profit/Total Assets x 100 From
Return on Equity (ROE) =Net Profit/Equity Share b. Www.Ajbms.Org/Articlepdf/Ajbms,
Holder’s Funds x 100 1231.Pdf.

Debt Equity Ratio (Pure Ratio) = Total Debt/ Share
Holder Equity

Dividend Payout Ratio = Dividend / Net Income X
100

10.00 Conclusion

Mergers and Acquisition is a useful tool for the
growth and expansion in any Industry and the
Indian Banking Sector is no exception. It is helpful
for the survival of the weak banks by merging
into the larger bank. This study shows the impact
of Mergers and Acquisitions in the Indian Banking
sector and two cases have been taken for the
study as sample to examine the as to whether the
merger has led to a profitable situation or not.
For this purpose, a comparison between pre and
post merger performance in terms of Operating
Profit Margin, Net Profit Margin, Return on
Assets, Return on Equity, Earning per Share, Debt
Equity Ratio, Dividend Payout Ratio and Market
Share Price has been made. In the initial stage,
after merging, there may not be a significant
improvement due to teething problems but later
they may improve upon.
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Abstract

Insurance is the equitable transfer of the risk of a loss, from one entity to another in exchange for payment. It is a form of
risk management primarily used to hedge against the risk of a contingent, uncertain loss. Insurance industry contributes to
the financial sector of an economy and also provides an important social security net in developing countries. The growth
of the insurance sector in India has been phenomenal. The insurance industry has undergone a massive change over the
last few years and the metamorphosis has been noteworthy.

Life Insurance is a co-operative risk sharing plan, based on the incentives of individual thrift andinitiative. Life insurance
enables the people to go for savings during their earnings years to makeprovisions for future when their incomes cease
because of early death, accident, retirement etc. itis also called as “Income Replacement Insurance” as it provides
necessities as food, shelter andclothingif death cuts off the income ofthebreadwinner.

There are numerous private and government insurance companies in India that have becomesynonymous with the term
insurance over the years. Offering a diversified product portfolio and excellent services the many insurance companies in
India have managed to make their way into almost every Indian household. In this paper there is a detailed description on
the changing trends that have take place in the insurance sector.

Keywords: Life Insurance, Competitiveness, ULIP, Penetration ,Gross Premium.

01.00 Introduction

Insurance involves pooling funds from many insured entities to pay for the losses that some may in cur. The insured
entities are therefore protected from risk for a fee, with the fee being dependent upon the frequency and severity of the
event occurring. In order to be insurable, therisk insured against must meet certain characteristics in order to be an
insurable risk. Insurance isa commercial enterprise and a major part of the financial services industry, but individual
entitiescan alsoself-insure through savingmoneyforpossiblefuturelosses.

With an annual growth rate of 15-20% and the largest number of life insurance policies in force,the potential of the Indian
insurance industry is huge. Total value of the Indian insurance market(2012-13) is estimated at Rs. 450 billion (US$10
billion). According to government sources, theinsurance and banking services’ contribution to the country'sgross domestic
product (GDP) is7% out of which the gross premium collection forms a significant part. The funds available with the
state-owned Life Insurance Corporation (LIC)for investments are8%of GDP.

02.00 Historical Review of Insurance Industry in India

In 1818, a British company called Oriental Life Insurance setup the first insurance firm in Indiafollowed by the Bombay
Assurance Company in 1823 and the Madras Equitable Life InsuranceSociety in 1829. Though all this companies were
operating in India but insuring the life ofEuropean living inIndia only.Later some of the companies started providing
insurance tolndians with approximately 20% higher premium than Europeans as Indians were treated as “substandard”.
Substandard in insurance parlance refers to lives with physical disability.

Bombay Mutual Life Assurance Society was the first company established in 1871 which startedselling policies to Indians
with “fair value”. Insurance business was subjected to Indian companyact1866, without any specific regulation. In 1905,
the slogan “Be Indian-Buy Indian” declared by Swadwshi Movement gave birth to dozens of indigenous life insurance
and provident fundcompanies. In 1937, the Government of India setup a consultative committee and finally
firstcomprehensive ‘InsuranceAct” waspassedin 1938.

A Change in Competitive Environment:

With the opening of insurance sector in India, the share of private insurer was very less. The totalshare of private insurer
was just 2% in 2006-07. It was because of any reason which includescredibilityon private players.
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Table-1:Market Share of Public and Private Insurance Companies

Source: Compiled from Insurance annual reports

Insurance 2006- | 5007.08 | 2008-09 | 2009-10 2010-11  2011-12 2012-13
sector 07

Public(LIC) | 98 o4 87 78 73.66 65.28 50.65
Private 2 6 13 % 26.34 3472 | 4035

But soon because of innovative & customized products, novel distribution channels, aggressive marketing etc.
private players gave a tough competition to public sectorcompany (LIC).Gradually, the market share of private
insurer went up and till financial year 2012-13, total share of private insurer reached as high as 40.35%. The
market share of LIC decreases after the entry of private insurer but it doesn’t mean that the growth of LIC got

down. LIC continue its growthevenafter a cut throat completionfrom theprivate players.

Table-2:Total Life Insurance Premium

(Rs.Crore)
INSURER 2012-13 2011-12 2010-11 2009-10 2008-09 2007-08 2006-07
149789.99 127822.84 | 90792.22 75127.29 | 63533.43 | 54628.49 | 49821.91
LIC (17.19) (40.79) (20.85) (18.25) (16.30) (9.65) (42.79)
. 51561.42 28253.00 15083.54 7727.51 3120.33 1119.06 272.55
PrivateTotal
(82.50) (87.31) (95.19) (147.65) (178.83) (310.59) (4124.31)
Total(LIC+Pri | 201351.41 156075.84 | 105875.76 | 82854.80 | 66653.75 | 55747.55 | 50094.46
vate) (29.01) (47.38) (27.78) (24.31) (19.56) (11.28) (43.54

Note: Figure in bracket indicates the growth over the previous year in percent.

As shown in table-2, total revenue generated in 2012-13 by LIC is 149783.99 crore against justRs.51561.42 crore,
generated by all 21 private players. It shows that even after opening ofinsurance industry and heavy competition from
the new entrant, LIC observed a continuousgrowthin its revenuegeneration.

03.00InnovationsofProducts

In fifties and sixties, the life insurance business was concentrated in urban areas and was confined only to the higher
class of the society. Through the LIC act 1956, the LIC was formedwith the capital of 50 million. One of the basic
objectives of setting up the LIC was to extend thereach of insurance cover and make it available to the lower segment
of the society. LIC observed minimum growth in 1960s and 1970s. This slow growth were caused by the factors like
poorinfrastructure, low saving, low investment, high illiteracy etc. however the positive change inindustrialization,
infrastructure, capital formation, saving rate resulted in tremendous growth ofLIC.Still the penetrationof
insurancesectorwasverylow.

Before entrance of private players, it was observed that only endowment and money back policies were popular
among consumers. But the new, private insurers focused on providingcustomized products, products that contain
innovative features to the customers created favorabledemands for other type of policies like term insurance, child
plan, pension plans and unit linked insurance policies(ULIPs).

TABLE-3
Years No.ofNew Products
1956-57t01969-70 57
1970-71t01979-80 16
1980-81t01989-90 22
1990-91t01999-00 29

Source: Compiled from the annual reports of IRDA
As shown in table-3, total life insurance products introduced in initial 44 years i.e. since theformation of LIC (1956-57)
till the liberalization on life insurance industry, in 2000-01 arearound 124 only. But the entry of private players brought

tough completion among insurer and forced all of them to search for customized insurance products based on the needs
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of the customers.

Table-4
Compan TotalnewPRODUCTSIlaunc
pany hedfrom2000-t02009-10
LifelnsuranceCorporationof India 64
HDFCStandardLifeInsuranceCo.Ltd. 57
MaxNew YorkLifeInsuranceCo.Ltd. 55
BirlaSun LifeInsuranceCo. Ltd. 58

Source: Compiled from annual reports of IRDA

The result of the same can be seen in table-4, within just 10 years of liberalization of the sector,the insurer like LIC
also introduced 64 new policies in the market. Today a variety of products are available ranging from traditional to
Unit linked providing protection towards child, endowment, capital guarantee, pension and group solutions.

04.00 Changing Trends in Life Insurance Policy

Along with the other objectives of insurance like financial security, tax benefits etc. one of themajor objectives is
saving and investment. Traditional life insurance policies like endowment were becoming unattractive and not
meeting the aspirations of the policy holders as the policyholder found that the sum assured guaranteed on maturity
had really depreciated in realvalue because of the depreciation in the value of money. The investor was no longer
content withthe so called security of capital provided under a policy of life insurance and started showing
apreference for higher rate of return on his investments as also for capital appreciation. It was, therefore found
necessary for the insurance companies to think of a method where by the expectation of the policy holders could be
satisfied. The objective of providing a hedge against the inflation through a contract of insurance pushed insurer to
link the insurance policy with market and thus the industry observed the beginning of Unit linked insurance
policy(ULIP).

e Unit Linked VSN on Linked Insurance Plans:
There are so many advantages that ULIPs have over traditional policies. Some of them have been described
below.

e Features of ULIPs vs. Traditional Policies: Description
Insurer allows policy holder to direct part of their premiums into different type of fundslike equity, debt, money
market, hybrid etc. and risk of investment is borne by policyholder. Insurer takes decision and usually invests into
low risk return option. Insurer alsooffers guaranteed maturityproceedsalongwithdeclared bonuses.

e Flexibility of investment
Policy allowed choosing their investment avenues as per their risk profile. Policy holdersarenot allowed
tochoosetheirinvestment avenues.

e Transparency
Policy holder cantracktheir portfolio.They are alsoinformed aboutthe value andnumberof fund units
theyhold.Individual cannot track theirportfolio.

e Maturity benefits payouts
At the time of maturity, policy holder redeems the unit collected at the then prevailingunit prices. Some plan also
offers royalty or additional units annually or at the time ofmaturity. At the timeofmaturitypolicyholder get the sum
assured plus bonuses.
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e Partial withdrawal:
Subjected to some condition, policy holders are allowed to withdraw from their fund.Policy holders are not
allowed to withdraw part of their funds. Instead, some policyprovidesfacilityof loanagainst the investment.

e Charges structures

Charges are specified under various heads. Charges are not specified. The flexibility, transparency, liquidity and fund
options available with ULIPs made it the preferred choice of customers and gradually it changed the trend of
insurance policy. This fact caneasilybeseenintable-5 showing recent three years trends in sale of ULIPs and
traditional policies.

Table-5
Company Plans EntryAge Term Maturity
Age

Aviva LifeSaverPlus | Minimum-0 years Maximum-60 years 10-30 18-75years
years

ICICIPrudential | LifeStageRP | Minimum-0 years Maximum-65 years 10-75 19-75years
years

Kotak SmartAdvanta| Minimum-0 years Maximum-65 years 10-30 NA

ge years

LIC MoneyPlus Minimum-0 years Maximum-65 years 05-30 18-75years
years

Max  NewYork LifeMaker Minimum-12 years Maximum-60 years 10-58 70years

Life Platinum years

MetLife MetSmart Minimum-91Days Maximum-70 years NA 100years

Premier-RP
UnitLinkedBusiness (%) Non-linkedBusiness( %)
2010-11 2011-12 2012-13 2010-11 2011-12 2012-13

Private 82.3 88.75 90.33 17.7 11.25 9.67

LIC 29.76 46.31 62.31 70.24 53.69 37.69

Industry 41.77 56.91 70.3 58.23 43.09 29.7

Table-6:ULIPS Plan ComparisonChart
Source:http:///www.bimadeals.com/life-insurance-india

In order to en cash the favorable environment for ULIPs, All the players in the industry areoffering innovative and
customized ULIPs with respect to entry age of the customer, term of thepolicy, maturity age etc. to get edge over
others. Table -6 depicts the comparison chart of ULIPsplanlaunched bysomemajor player of theindustry.
05.00Conclusion

Where almost all the industries in the world trying hard for survival due to the major economicmeltdown, Indian life
insurance industry is one of the sectors that is still observing good growth.It is the changing trends of Indian
insurance industry only that has made it to cope with thechanging economic environment. Indian insurance industry
has modified itself with the passage of time by introducing customized products based on customers’ need, through
innovative distribution channels, Indian life insurance industry searched its path to grow. Changing government
policy and guideline of the regulatory authority, IRDA have also played a very vitalrole in the growth of the sector.
Move from non-linked to unit liked insurance policies is one ofthemajor positive changes inlndian
lifeinsurancesector.
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Abstract

Machine learning algorithms can be broadly classified into supervised, unsupervised, and reinforcement
learning. Supervised learning involves training models using labeled data to make predictions or classify
new instances. Unsupervised learning aims to discover hidden patterns or structures in unlabeled data.
Reinforcement learning involves training an agent to make sequential decisions based on rewards and
punishments. However, challenges such as interpretability, and ethical considerations remain important
areas of research in machine learning. Techniques for regularization, cross-validation, and fairness have
been proposed to address these challenges and ensure reliable and unbiased model performance. In
conclusion, machine learning has revolutionized various industries and continues to shape our world by
enabling automated decision-making, pattern recognition, and predictive modeling. Its versatility and
potential for innovation make it a powerful tool for tackling complex problems and advancing artificial

intelligence.
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1. Introduction:

Machine learning is a subfield of
artificial intelligence (Al) that focuses on
developing algorithms and models that enable
computers to learn and make predictions or
decisions without being explicitly programmed.
Instead of relying on explicit instructions,
machine learning algorithms learn from data,
identify patterns, and make predictions or take
actions based on that learned knowledge.
Machine learning has become increasingly
popular and impactful across various industries
and domains. [1] It is being used for a wide
range of applications, including Predictive
Analytics, Image and Speech Recognition,
Natural Language Processing (NLP),
Recommendation Systems, Fraud Detection,
Autonomous Vehicles, Healthcare. It s

elSSN1303-5150

important to note that machine learning
requires large amounts of labeled data for
training, along with appropriate algorithms and
techniques to process and analyze the data.
Various machine learning algorithms, such as
decision trees, support vector machines, neural
networks, and ensemble methods, are used to
tackle different types of problems.

Machine learning models are trained
using large datasets to recognize patterns and
make predictions or decisions. While these
models can achieve impressive accuracy, they
often operate as black boxes, meaning that it
can be challenging to understand why and how
they arrive at their predictions. Empirical
interpretation aims to address this challenge by
investigating the inner workings of machine
learning models. It involves analyzing various

@ www.neuroquantology.com
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aspects, such as feature importance, model
weights, decision boundaries, and learned
representations, to gain insights into how the
model makes predictions. There are several
techniques and approaches used in empirical
interpretation. Feature importance analysis
helps identify the most influential features or
variables in the model's decision-making
process. Visualization methods allow
researchers and practitioners to visualize the
model's behavior and decision boundaries,
making it easier to comprehend the model's
reasoning. Interpretable machine learning
methods, such as decision trees or linear
models, offer inherent interpretability due to
their transparent structures. These models
provide clear rules or coefficients that can be
easily understood and interpreted.

2. Interpretability On Machine Learning
Algorithms

Interpretability in machine learning algorithms
refers to the ability to understand and explain
how a model makes predictions or decisions
based on input data. [2] It involves gaining
insights into the relationship between the input
features and the output predictions and
understanding the factors that influence the
model's behavior.

Interpretability is crucial because machine
learning models often operate as black boxes,
making it challenging to understand why a
particular prediction was made. Interpretability
helps build trust and transparency in the
models, enables model validation and
debugging, facilitates detecting biases or errors,
and ensures compliance with ethical and legal
considerations.

Different machine learning algorithms have
varying levels of interpretability. Here are a few
examples:

e Decision Trees: Decision trees are highly
interpretable models as they represent
decision-making processes in a tree-like
structure. Each internal node
represents a feature or attribute, and
each leaf node represents a class or
prediction. By traversing the decision
tree, it is possible to understand the

elSSN1303-5150

rules and conditions the model uses to
make predictions.

e Linear Models: Linear models, such as
linear regression or logistic regression,
have inherent interpretability. The
model coefficients directly represent
the influence of each input feature on
the prediction. Positive or negative
coefficients indicate the direction and
magnitude of the feature's impact.

e Rule-based Models: Rule-based models,
such as association rule learning or rule-
based classifiers, provide explicit rules
that describe the decision boundaries.
These rules are interpretable and can
be easily understood by humans.

e Support Vector Machines (SVM): While
SVMs are not inherently interpretable,
techniques such as support vector
explanation (SVE) or sensitivity analysis
can be applied to provide insights into
the important features and decision
boundaries of the model.

e Ensemble Methods: Ensemble methods
like Random Forests or Gradient
Boosting combine multiple models to
make predictions. While individual
models in the ensemble may be less
interpretable, techniques like feature
importance analysis can be used to
understand the relative importance of
features in the ensemble's decision-
making process.

For complex and non-linear models like deep
neural networks, achieving interpretability is
more challenging. However, researchers have
developed techniques like layer-wise relevance
propagation (LRP), saliency maps, or activation
maximization to provide insights into the
important features and visualize the learned
representations in  neural networks.lt s
important to note that trade-offs exist between
model performance and interpretability. Some
highly interpretable models may have lower
predictive accuracy compared to more complex
models.  Striking a balance between
interpretability and performance depends on
the specific use case and requirements.
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3. Interpretation Rule-Based Models In
Machine Learning
Rule-based models in machine learning are
algorithms that make predictions based on a set
of predefined rules or conditions. These models
are highly interpretable as the decision
boundaries are explicitly represented by the
rules. Here are a few examples of rule-based
models:

Decision Trees: Decision trees are a widely used
rule-based model. Each internal node of the
tree represents a decision based on a specific
feature, and each leaf node represents a
predicted class or outcome. [3] The rules can be
easily interpreted by traversing the tree from
the root to the leaf nodes. For example,
consider a decision tree model for predicting
whether a customer will churn or not based on
factors like age, income, and customer support
interactions. The tree might have rules such as
"if age > 50 and income < $50,000, then predict
churn."

Association Rule Learning: Association rule
learning discovers interesting relationships or
patterns in large datasets. One common
algorithm for association rule learning is Apriori.
It identifies frequent itemsets and generates
rules based on their occurrence. For instance, in
a retail setting, an association rule might be "if a
customer buys milk and bread, then they are
likely to buy eggs."

Rule-based Classifiers: Rule-based classifiers use
a set of if-then rules to classify instances into
different classes. These rules are often learned
from the training data using algorithms like
RIPPER or C4.5. For example, a rule-based
classifier for email spam detection might have
rules such as "if the email contains the word

'viagra' and the sender is not in the contact list,
then classify it as spam."

Fuzzy Rule-Based Systems: Fuzzy logic allows for
the modeling of uncertainty by assigning
degrees of membership to different categories.
Fuzzy rule-based systems use fuzzy if-then rules
to make decisions. These rules involve fuzzy
linguistic terms like "high," "medium," or "low."
For instance, in a temperature control system, a
fuzzy rule could be "if the temperature is high
and the humidity is low, then increase the air
conditioning."

Expert Systems: Expert systems are rule-based
models that simulate the decision-making
process of human experts in specific domains.
They use a knowledge base of rules and facts to
provide recommendations or solutions. For
example, an expert system in medical diagnosis
might have rules based on symptoms and
medical conditions to determine the most likely
disease.

4. Pseudo Code For Rule Learners

Pseudo code outlines a general rule learner
algorithm. It starts with an empty ruleset and
iterates over each instance in the given data.
For each instance, it checks if the instance
satisfies the conditions specified by the existing
rules in the ruleset. If it does, the algorithm
proceeds to the next instance. Otherwise, it
generates a new rule based on the instance and
checks for conflicts with the existing rules. If
conflicts are found, the algorithm resolves them
by modifying the conflicting rules. Finally, the
algorithm adds the new rule to the ruleset.
Please note that this pseudocode provides a
high-level overview, and the specific
implementation details will depend on the
specific rule learning algorithm and the
programming language being used.

function RuleLearner(data):
ruleset = empty list of rules

for each instance in data:
if satisfies_condition(instance, ruleset):

continue

new_rule = generate_rule(instance)

elSSN1303-5150
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if is_conflicting(new_rule, ruleset):
resolve_conflict(new_rule, ruleset)

ruleset.append(new_rule)
return ruleset
function satisfies_condition(instance, ruleset):
for rule in ruleset:
if rule.conditions_match(instance):
return True

return False

function generate_rule(instance):
new_rule = empty rule

for each attribute in instance:
condition = generate_condition(attribute)
new_rule.add_condition(condition)

new_rule.set_prediction(instance.class)

return new_rule

function is_conflicting(new_rule, ruleset):
for rule in ruleset:
if rule.conflicts_with(new_rule):
return True

return False

function resolve_conflict(new_rule, ruleset):
conflicting_rules = find_conflicting_rules(new_rule, ruleset)

for rule in conflicting_rules:
modify_rule(rule)

return

function find_conflicting_rules(new_rule, ruleset):
conflicting_rules = empty list of rules

for rule in ruleset:
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if rule.conflicts_with(new_rule):
conflicting_rules.append(rule)

return conflicting_rules

5. CONCLUSION

Rule-based models in machine learning provide
a transparent and interpretable approach to
decision-making. These models are
characterized by explicit rules or conditions that
guide the prediction or classification process.
Rule-based models offer interpretability,
transparency, and rule extraction capabilities,
making them valuable in domains where explain
ability and human-understandability are
essential. However, careful consideration
should be given to complexity, scalability, rule
conflicts, and generalization issues when
utilizing rule-based models in machine learning
applications. Rule-based models are commonly
used in areas where interpretability,
transparency, and explainability are critical,
such as expert systems, legal reasoning, and
regulatory compliance. They provide a balance
between model performance and human-
understandable  decision-making,  offering
valuable insights and actionable results.
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