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1 | INTRODUCTION

Midostaurin (MDS) is a multitargeted protein kinase inhibitor that 3-methoxy-2-methyl-16-ox0-29-oxa-1,
is used in the treatment of acute myeloid leukemia (AML), 12,6.07,28.08,13.015,19.020,27.021,3%
myelodysplastic syndrome, and advanced systemic mastocytosis. 23,25,27-nonaen-4-yl]-N-methyl b

Chandrasekar Kuppan® @ | Poornima Ravinathan?

Abstract

Midostaurin (MDS) is used for the treatment of acute myeloid leukemia,
myelodysplastic syndrome, and advanced systemic mastocytosis. MDS softgel cap-
sule samples were subjectéd to stress testing per International Conference on
Harmonisation of Technical Requirements for Registration of Pharmaceuticals for
Human Use guidelines for impurity profiling study. MDS underwent extensive degra-
dation under stress testing (acid, alkaline, oxidative, photolytic, thermolytic, and
hydrolysis conditions) and formed four degradation products (DPs). MDS and its DPs
were separated well from one another with good resolution using reserved-phase
HPLC using an Inertsil ODS-3V column (250 x 4.6 mm, 5 pm) and a mobile phase of
ammonium formate (40 mM) and acetonitrile. The stability-indicating characteristic
of the newly developed method was proven for the estimation of MDS assay, and its
organic impurities were free from interference. The validated method exhibited
excellent linearity, accuracy, precision, specificity, detection limit, and quantitation
limit within 25 min run time. Stress testing, robustness, and solution stability were
performed to ensure the continuous performance of the developed method. The
peak fractions of DPs formed under stress testing were isolated and characterized
using LC-MS, *H and *3C NMR, IR, and UV-Vis. The structure of the major DPs was
predicted as DP1 based on the spectral data. The proposed method is effectively
used for MDS in bulk drug and finished formulations in the pharmaceutical industry.

KEYWORDS

degradation product, impurity profiling, LC-MS/MS, method development and validation,
midostaurin, reversed phase-HPLC, stress testing

chiral centers held between a rigid bicyc

: N8 2YpIeW and exists
AN

as a single enantiomer. The IUPAC na

MDS is a semisynthetic derivative of staurosporine, an alkaloid from formula CasHzgN4O4 and  moleculd 9 g/mol

the bacterium Streptomyces ‘Staurosporeus’. MDS possesses four (Scheme 1a).

Biomedical Chromatography. 2021;e5222,
https://doi.org/10.1002/bmc.5222
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(a) (b)

MDS is a white to light yellowish-green hygroscopic powder that
forms three benzyl alcohol crystalline solvates: form Il, form SA, and
form SB [RYDAPT (midostaurin)—FDA, 2017]. MDS in softgel cap-
sules form [brand: RYDAPT (MDS form I1)] was developed by Novartis
Pharmaceuticals Corporation (East Hanover, NJ, USA) and recently
approved as an orphan drug by the U.S. Food and Drug Administra-
tion (FDA, on April 28, 2017), which is commercially available as
25 mg softgel capsules. The recommended dosage of MDS is 50 mg
twice a day for AML and 100 mg orally twice with food for patients
with aggressive systemic mastocytosis, systemic mastocytosis with an
associated clonal hematological nonmast cell lineage disease, and mast
cell leukemia disorders. MDS was also found to inhibit multiple recep-
tor tyrosine kinases (Richard & Sabine, 2018). MDS and its major
human active metabolites, O-desmethyl midostaurin (CGP62221) and
3-hydroxy midostaurin (CGP52421), inhibit the activity of mutant
kinases [wild-type FLT3, ITD, TKD, KIT (wild type and D816V mutant),
PDGFR «/f, and VEGFR2], as well as members of the serine/
threonine kinase protein kinase C family.

Preliminary literature survey revealed that there is no official
(United  States (USP);
Pharmacopoeia (Ph.Eur.); International Pharmacopoeia (IP), etc)

monograph Pharmacopoeia European
available either for the active pharmaceutical ingredient (API) or for
the drug product of MDS. A variety of HPLC-MS methods are avail-
able for the determination of MDS individually and in combination
with its metabolites in plasma samples [Handan et al.,, 2017; Philippe
et al, 2014; Thomas et al., 2007; Van Gijn, Havik, et al., 1995: Van
Gijn, van Tellingen, et al., 1995, Table S1 (Supporting Information)].
Only a few HPLC methods were reported for the assay testing of
MDS in APl and drug products [Ahmed et al., 2018; Narayanaswamy
et al.,, 2020, Table S1 (Supporting Information)]. An extensive litera-
ture search revealed that no specific method has been developed to
suit HPLC and LC-MS techniques for the determination of MDS assay
and its organic impurities that are present in MDS soft gelatin capsule
formulations. Furthermore, to the best of our knowledge, none of the
research papers have reported on the impurity profiling study of MDS
and characterization of the degradation products (DPs) or degradation

SCHEME 1  Chemical structure of
(a) midostaurin (MDS) and (b) degradation product
1(DP1)

impurities that are most likely to be formed under various stress
conditions of MDS.

In recent times, global regulatory agencies and their forums (ICH,
U.S. FDA, The European Directorate for the Quality of Medicines &
HealthCare, etc.) have made it mandatory to set stringent strategies
to decrease the amount of unknown impurities or DPs to less than
0.1% in drugs to improve their quality and to ensure the safety of
patients using the stability-indicating method (SIM) and stress testing
[ICH, Q1A(R2), 2003; Narasimha et al,, 2019; Q3A(R2), 2006a; Q3B
(R2), 2006b].

Stress testing a drug is necessary to investigate and identify the
potential impurities through the degradation pathways and to under-
stand the intrinsic stability of a drug to assess its shelf life (Bhaskar
et al, 2020; Blessy et al, 2014; Deepti & Pawan, 2013; ICH,
Q1B., 1996; Kumar et al., 2016; Nageswara et al., 2013; Narasimha &
Chandrasekar, 2019; Narasimha et al., 2020; Roberto de Alvarenga &
Lajarim, 2019; Saranjit et al., 2013; Venkataraman & Manasa, 2018).
Therefore, the proposed method specifically focuses on (a) the forced
degradation studies on MDS at different stress conditions,
(b) separating the DPs from the reagent and excipients using HPLC,
(c) isolating and characterizing the DPs, and (d) predicting the possible
structure of the DPs with the aid of spectral data.

The current contribution focuses on the development of a new
SIM suitable for the routine quality control testing of the MDS assay
and its organic impurities (impurity profiling) for MDS softgel capsules
in the pharmaceutical industry. The developed method exhibited the
stability-indicating characteristic (defined as an analytical procedure
that measures the target analyte so-called drug compound accurately
and precisely free from interference), and it was successfully applied
for the estimation of the MDS assay and its organic impurities without
any interference from the DPs, process impurities, and e?ccipienfs in

the isocratic elution mode with a reduced run time (25 min).r The devel-

oped method provided a good resolution (>15) -bet\.'\-'ee'f}.::‘.t-_;= ¢ closely
e T |

\q'on—‘ﬁhihe pr

pharmaceutical formulation. In additiopg“tt -
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(i.e., four DPs of MDS formed during the stress-testing conditions of
acid, alkali, and oxidation were isolated). The chemical structure of the
major formed DPs (mentioned as DP1 in the manuscript) under the oxi-
dation stress condition was confirmed using various spectral tech-
niques like HPLC-UV, LC-MS, LC-MS/MS, FT-IR (Fourier-transform
infrared spectroscopy), and NMR (nuclear magnetic resonance). The
spectral data of the other three DPs (DP2, DP3, and DP4) obtained
using UV and LC-MS/MS were discussed and presented.

The proposed HPLC method was validated and it exhibited
excellent linearity, accuracy, precision, specificity, stress testing,
detection limit (DL), and quantitation limit (QL) [ICH, Q2(R1), 1995:
USP < 1225>, 2020]. The robustness and solution stability studies
were carried out to ensure the continuous performance of the devel-
oped HPLC method [ICH, Q2(R1), 1995], and the results were within
acceptable limits.

2 | EXPERIMENTAL
2.1 | Reagents and materials

MDS standards (purity 299%), samples of MDS drug substance, for-
mulated drug product (MDS soft gelatin capsules), and their placebo
(all the excipients without drug) were provided by Dr. SLN Laborato-
ries Pvt. Ltd. (Hyderabad, India). Extra-pure analytical-grade ammo-
nium formate was purchased from SRL (Taloja, Maharashtra, India);
HPLC-grade acetonitrile was purchased from Qualigens (Thermo
Fisher Scientific India Pvt. Ltd, Mumbai, India); analytical-grade
sodium hydroxide (NaOH), hydrochloric acid (HCI), potassium nitrate
(KNQ3), and hydrogen peroxide (30%, H,Q,) were purchased from
Rankem (Thane, Maharashtra, India). HPLC-grade methanol was pur-
chased from Rankem (Thane, Maharashtra, India).

2.2 | Standard solution

MDS standard solution, with a concentration of 0.4 mg/mL, was pre-
pared for assay testing by dissolving 4.0 mg of the MDS standard in
10 mL of diluent (40 mM ammonium formate buffer, acetonitrile, and
methanol, 40:40:20, v/v/v) and stored at room temperature (25°C). A
diluted standard of MDS at a concentration 0.8 pg/mL (0.2%, w/w,
with respect to the sample concentration 0.4 mg/mL) was prepared
using the same diluent from the stock for organic impurity analysis.

23 | Sample preparation

MDS softgel capsules (25 mg x 4, which is equivalent to 100 mg)
were opened using a capsule cutter and were directly transferred into
a 100-mL glass beaker. The cutter was rinsed with 10-15 mL of dilu-
ent directly into the beaker to remove any drug adhering to the cutter
blade. The solution was transferred into a 250-mL volumetric flask,
and a diluent was added up to the mark. The drug was extracted by

Chromatography"w

keeping the flask in an ultrasonic bath for ~5 min with intermittent
shaking. The sample solution prepared was filtered using a 0.22-pm
PVDF membrane filter (diameter: 30 mm, Allpure Biotechnology, TX,
USA). The concentration of MDS in the resulting sample solution was
0.4 mg/mL, and the same was used for the estimation of assay and
organic impurities of MDS in softgel capsules. The placebo solution
along with the soft gelatin capsule shell of MDS capsules was
prepared using the same procedure as that for the sample solution.

24 | Instruments

HPLC coupled with a photodiode array (PDA) detector and a UV
detector was utilized for the separation, identification, and quantita-
tive determination of MDS and its DPs (Waters e2695 with 2998
PDA and 2489 UV detectors). The stationary phase used was a Cyg
column from Inertsil ODS-3V (250 x 4.6 mm, 5 pm) (GL Sciences,
Tokyo, Japan). The output signal was monitored and processed using
Empower 2 software. Ultrasonic bath used for sample preparation
was obtained from PCl (Mumbai, India). The samples and standards
were weighed using an analytical balance (RADWAG, model:
AS82/220.X2, Polska, Poland). Ultrapure water (electrical resistivity
218.2 MQ cm at 25°C) was obtained using a Millipore Milli Q 1Q-
7000 (Merck, Molsheim, France) water purification system. The forced
degradation studies were carried out in a forced degradation unit at
100 rpm (Electrothermal, UK) inside the fume hood (Citizen Industries,
Gujarat, India). The m/z values of the MDS and its four DPs were
analyzed using LC-MS (Waters HPLC e2695 system equipped with a
2998 PDA detector and a Qda mass detector (Milford, MA, USA) and
UPLC-MS/MS (Waters Acquity Quattro Premier XE, Micromass MS
Technologies, Manchester, UK).

25 | HPLC

HPLC separation of MDS and its four DPs was achieved on a Cis
column (Inertsil ODS-3V, 250 x 4.6 mm, 5 pm) using an isocratic elu-
tion mode, with a mixture of 40-mM ammonium formate buffer and
acetonitrile (35:65, v/v) as the mobile phase. The autosampler was set
to an ambient temperature, and the column oven temperature was
maintained at 40°C for all the analyses unless otherwise specified.
The injection volume of the standard and sample solutions for analysis
was 10 pl, and the flow rate was maintained at 0.9 mL/min. The
eluted analytes (MDS and its DPs) were identified a_nd.es};[mated using
a UV detector at a wavelength of 293.5 nm. .7

26 | MS
261 | LC-MS conditions

The molecular mass of the newly formed DPs was found using a
Waters HPLC 2695 system equipped with a 2998 PDA detector and
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a QDA mass detector (MS). The mass detector parameters used were
cone voltage, 15 V; capillary voltage, 0.8 kV; and probe temperature,
600°C. Empower 3 software was used for data acquisition and
processing. Inertsil ODS-3V (250 x 4.6 mm, 5-um particle size) was
used for chromatographic separation. The mobile phase used is a mix-
ture of 40 mM ammonium formate buffer and acetonitrile (35:65,
v/v). The flow rate used was 0.8 mL/min, and the injection volume
was 10 pL; the other conditions used for LC-MS analysis were the
same as those for the HPLC method.

262 | LC-MS/MS conditions

The molecular mass (m/z) and fragmentation pattern of the eluted
fraction of four unknown degradation impurities along with the MDS
were obtained using flow injection analysis on a Waters Acquity UPLC
coupled with a tandem-quadrupole mass spectrometer MS/MS detec-
tor (Quattro Premier XE, Micromass MS Technologies) with a
0.2 mL/min flow rate of the mobile phase (a mixture of ammonium
formate and acetonitrile, 50:50, v/v). The final optimized UPLC-MS/
MS conditions for the MS scan with positive electrospray ionization
(ESI) source are as follows: capillary, cone, and extractor voltages are
3.0 kV, 40V, and 3.0 V, respectively. The temperature used for the
source and desolvation were 150 and 400°C, respectively. The gas
flow of high-purity nitrogen used for the cone and desolvation was
50 and 200 L/h, respectively. The collision cell pressure of high-purity
argon gas used was 11.1 bar. The aforementioned conditions were
applied for the mass (m/z) confirmation of MDS and all four DPs.

2.7 | FT-IR and NMR spectroscopy

The vibrational stretching frequency of the standards and degraded
products was studied using infrared spectroscopy recorded on an
Alpha Il Compact FT-IR (Brucker, Ettlingen, Germany) using the KBr
technique. The structure of the drug and degradation product 1 (DP1)
was further confirmed by nuclear magnetic resonance spectroscopy
(*H-NMR and *C-NMR) recorded using an SA Varian 400 MHz NMR
(Walnut Creek, California, USA) with d°-DMSO
(dimethylsulfoxide, Sigma-Aldrich, Bengalore, India) as the solvent.

instrument

2.8 | Stress-testing study

To identify the degradation pathways and evaluate the stability-
indicating characteristics of the developed HPLC method and also to
determine the intrinsic stability and impurity profiling of the drug,
forced degradation or stress testing was performed by hydrolyzing at
different conditions (acid, alkali, neutral, and humidity), by oxidation
and by thermal and photolytic degradation. For the study, 0.4 mg/mL
MDS was subjected to stress-testing conditions as follows: acidic
hydrolysis: stirred at 100 rpm in 5N HCI solution at 60°C for 1 h;
alkaline hydrolysis: stirred at 100 rpm in 5N NaOH solution at 60°C

for 1 h; neutral hydrolysis: stirred at 100 rpm in water at 60°C for 1 h;
oxidative degradation: stirred at 100 rpm in 3% H;O, solution at 25°C
for 4 h; thermal degradation: exposed the softgel capsules to dry heat
at 105°C for 6 h; photolytic degradation under ultraviolet light: exposed
the softgel capsules under near-UV light for ~200 W h/m? at 25°C;
and photolytic degradation under visible light: the softgel capsules
exposed under cool white fluorescent lamp for ~1.2 million lux-hours
at 25°C.

All the stressed sample solutions were neutralized (for acidic
hydrolysis, alkali hydrolysis, and oxidation) and diluted to obtain a
concentration of 40 pg/mL before assay testing. For acidic, alkali, and
neutral hydrolyses and oxidation, the respective blank solutions were
prepared in the same manner as that for the sample preparation and
analyzed using the same procedure. The corresponding placebo solu-
tions for each stress condition were also prepared and analyzed
together with the sample and blank solutions.

2.9 | Method validation

The developed HPLC method for the related organic impurities of
MDS and its assay was validated as per ICH guidelines and the USP
for specificity, linearity, DL, QL, accuracy, precision, and robustness
[Narasimha et al., 2019; Q2(R1), 1995; USP <1225>, 2020].

3 | RESULTS AND DISCUSSION

3.1 | Optimization of chromatographic conditions

The stress-testing samples were prepared using the procedure men-
tioned in the ‘Experimental’ section and were analyzed using the
HPLC technique with different Cig columns and different mobile
phases containing buffers like trifluoroacetic acid, sodium phosphate,
potassium phosphate, and ammonium formate with organic modifiers,
that is, acetonitrile and methanol (Narasimha et al., 2019). The opti-
mized conditions of the developed SIM are specified in Section 2.5.
Some of the experimental trials performed to optimize the HPLC con-
ditions are summarized (Table 1).

3.1.1 | Selection of diluent

The soft gelatin capsule shell was freely dissolved in aqueous solution:
MDS and other excipients used in the formulation of MDS softgel
capsules were also found to be spontaneously soluble in methanol
and acetonitrile (Rampurna, 2010). Based on the solubility profile of
the drug and its associated impurities, a homogeneous solvent mixture

the MDS and its impurity components
and were extracted completely from the
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TABLE 1 Optimization trials of HPLC method used for estimation of assay and organic impurities of MDS

Column name

Inertsil ODS-3V, 5 um,
25 x 4.6 mm

Inertsil ODS-3V, 5 um,
25 x 4.6 mm

Inertsil ODS-3V, 5 ym,
25 x 4.6 mm

Inertsil ODS-3V, 5 ym,
25 x 4.6 mm

Inertsil ODS-3V, 5 ym,
25 x 4.6 mm

Inertsil ODS-3V, 5 pm,
25 x 4.6 mm

Inertsil ODS-3V, 5 pm,
25 x 4.6 mm

Inertsil ODS-3V, 5 um,
25 x 4.6 mm

Inertsil ODS-3V, 5 pm,
25 x 4.6 mm

Mobile phase

Buffer and
MeCN—1:1

A: buffer, B:
MeCN

A: buffer, B:
MeCN

A: buffer, B:
MeCN

A: buffer, B:
MeCN

Buffer and
MeCN—-7:3

Buffer and
MeCN—35:65

Buffer and
MeCN—35:65

Buffer and
MeCN—35:65

Elution mode, flow rate

Isocratic, 1.0 mL/min

Gradient [time (min)/%B: 0.01/30,
15/70, 22/70, 23/30. 25/30],
1.0 mL/min

Gradient [time (min)/%B: 0.01/50, 6/70,
15/80, 22/80, 23/50, 25/50],
1.0 mL/min

Gradient [time (min)/%B: 0.01/70,
14/75, 15/80, 22/80, 23/70. 25/30],
1.0 mL/min

Gradient [time (min)/%B: 0.01/65,
10/70, 16/70, 17/65, 20/65],
1.0 mL/min

Isocratic, 1.0 mL/min

Isocratic, 1.0 mL/min

Isocratic, 0.9 mL/min

Isocratic, 0.8 mL/min

Notes: DP, degradation product; MDS, midostaurin; Rt, retention time.

Observation

MDS and its DPs in stressed samples
(hydrolysis and oxidation) were not
eluted

Late elution. All peaks were not
separated well. MDS (Rt 18.3 m), DP2
(Rt 21.6 m), DP1 (Rt 22.9 m)

Resolution was found to be less than 1.5
between the MDS (Rt 10.3 m), DP2
(Rt 13.0 m), DP1 (Rt 13.8 m), and
other unknown impurities

All peaks eluted, but the unknown
impurity is eluted closely with DP1
(Rt 10.3 m) and MDS (Rt 6.7 m)

All peaks eluted and separated. MDS
(Rt 8.2 m), DP1 (Rt 12.8 m), DP2
(Rt 11.7 m)

All peaks eluted, but an unknown peak
was co-eluted at the peak end of
MDS (Rt 7.4 m), DP1 (Rt 11.3)

All peaks eluted and separated. MDS
(Rt 8.6 m), DP1 (Rt 14.9 m), DP2
(Rt 13.2 m)

All peaks eluted and separated. MDS
(Rt 9.6 m), DP1 (Rt 16.6 m), DP2
(Rt 14.6 m)

All peaks eluted and separated. MDS
(Rt 10.4 m), DP1 (Rt 18.6 m), DP2
(Rt 16.5 m)

Results

Rejected

Rejected

Rejected

Rejected

Rejected

Tentatively
accepted

Tentatively
accepted

Accepted

Accepted

0,12—-
0 10—:
0.05-;
006
0 04—:

0.024

(b) UV spectrum of DP1

0.00

Hmos - 9.740

FIGURE 1

(b) ultraviolet spectrum of MDS-DP1

HPLC chromatogram of MDS (midostaurin) and its DP1 (optimized HPLC method); in-site view: (a) ultraviolet spectrum of MDS;
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confirmed that the chosen diluent did not interference with MDS and
its organic impurities (DPs).

3.1.2 | Selection of wavelength

The ultraviolet absorbance of MDS and its DPs was scanned from
190 to 400 nm using the HPLC-PDA detector with a 20pg/mL diluent.
The absorption spectrum of MDS and its DPs exhibited the maximum
at different wavelengths, and all the maximums are presented in
Figure S1 and Table S2 (Supporting Information). From the wide range
of wavelength maximum for the drug and its associated compounds,
the detection wavelength for quantitative determination and
monitoring was fixed at 293.5 nm, as the drug MDS showed the
maximum absorbance at 293.5 nm (Figure 1). The DP1 of MDS
showed absorbance at three wavelengths: 239.2, 287.5, and
318.4 nm with a blue shift.

3.1.3 | Selection of mobile phase

For selecting the mobile phase, different buffers were used
(i.e., trifluoroacetic acid, sodium phosphate, potassium phosphate, and
ammonium formate) with different ratios of organic modifiers
(acetonitrile and methanol), but the desired separation, especially with
a resolution greater than 1.5 between the closely eluting DP and
MDS peaks along with good peak symmetry (tailing factor: ~1.0), was
achieved with a combination of 40-mM ammonium formate and
acetonitrile (35:65, v/v, Figure 1). As the MDS peak and other
DPs were eluted within 20 min under isocratic elution mode,
further trials were not performed using a gradient run. The total
elution time was fixed as 25 min for the separation of MDS and its
four DPs.

3.14 | Selection of columns and oven temperature

The stationary phase Cig column (Inertsil ODS-3V, 250 x 4.6 mm,
5 pm) chosen for the chromatographic analysis was crucial in base-
to-base separation between closely eluting and adjacent peaks and
also to detect low levels of degraded impurities (<0.1% of MDS at a
concentration of 0.4 mg/mL). The column oven temperature was
maintained at 40°C based on the preliminary work as it showed good
response and sharp peaks with a symmetry factor of <2.0 and better
resolution (R > 1.5) between the closely eluting peaks of MDS and its
DPs (Figure 2).

3.2 | Results of stress testing

All stress-testing samples of MDS were analyzed using HPLC coupled
with a PDA detector, and the relative percentage of degradation was
assessed based on the elution data. Four DPs were formed from MDS
during the stress degradation study. The DPs of MDS were denoted
as DP1-DP4 in line with the order of retention time obtained in the
HPLC chromatograms. Of these, DP1 and DP4 were the major DPs,
whereas DP2 and DP3 were the minor DPs. DP1 was formed mostly
during oxidation stress conditions, and DP4 was formed as a major
degradation impurity during acid and oxidation stress conditions,
whereas DP2 and DP3 are minor DPs of acid hydrolysis, alkali
hydrolysis, and oxidation stress conditions. A total of 30% degradation
was observed in acid stress, whereas only 5% degradation was
observed in alkaline stress and oxidation stress conditions. The
chromatograms showing the separation of MDS and all the DPs are
depicted in Figure 2, and the stress-testing results are presented
in Table 2.

The schematic representation of DP1 formation from MDS
under oxidative degradation condition is provided in Scheme 2. The

0.50
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FIGURE 2 HPLC chromatogram of acid hydrolysis stress sample (in-sight view) shows all closely eluting degradation products (DPs) and MDS

(midostaurin) peak
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TABLE 2 Stress-testing results of MDS in softgel capsules

Stress condition Temperature/time Degradation (%)
5N HCI (acid hydrolysis) 60°C/1 h 30.0

5N NaOH (alkali hydrolysis) 60°C/1h 5.0

Water hydrolysis (H,0) 60°C/1h 0.08

Oxidation by 3% H,0, 25°C/4 h 50
Thermolytic stress 105°C/6 h 0.1

Photolight UV-Vis.? 01

Note: MDS, midostaurin.

Chromatography—
Assay (%) MB (%) Degradation product (DP) formed (%)
70.3 100.3 DP1(0.04%), DP2(0.1%), DP3(0.3%), DP4(28.5%)
942 99.2 DP1(0.2%), DP2(0.3%), DP3(0.3%), DP4(4.2%)
99.8 100.0 -
951 100.1 DP1(4.8%), DP3(0.2%) formed
100.1 100.2 -
99.8 99.9 -

?Mass balance: % total degradation (sum of known and unknown impurities) + % assay.

5UV light (200 W h/m?) and fluorescent light (1.2 million lux-h).

SCHEME 2 Degradation
pathway of midostaurin (MDS,
oxidation stress condition):

(a) midostaurin; (b) MDS-DP1
(degradation product 1)

ZT

stress studies revealed that MDS was more susceptible to acid, alka-
line, and oxidation stress conditions when compared to other
stresses. The peak responses of the oxidation stress sample were
monitored and extracted using three different wavelengths (293.5,
244, and 318 nm) to assess and identify the new DPs of MDS
(Figure 3), but no new impurity was observed other than four DPs
(DP1-DP4).

The stress samples were further diluted to a concentration of
40 pg/mL and were assayed against the same concentration of
MDS standard. The mass balance for each stressed sample was cal-
culated using the sum of the percentage assay value and percent-
age DPs (total impurities) formed under stress testing, and the
results are presented in Table 2. The peak purity of MDS was
evaluated in each stress condition using the HPLC-PDA detector.
As shown in Figure 4(b,c), the peak purity plots confirmed that the
MDS and its DP1 were pure and do not have any other unknown
moiety; that is, the purity angle of MDS and DP1 was found to be
less than the purity threshold value, and no flag was observed).
The stress-testing study and the separation process confirmed that
the proposed isocratic HPLC method for the related organic
impurities of MDS and its assay showed the stability-indicating
characteristic as it proved that the separation between the closely
eluting peaks was good and well resolved with a resolution >1.5
(USP < 621>, 2020).

Oxidation (H,05 + CH;0H)

o

25°C/4h

(®)

3.3 | Isolation of DPs formed during stress testing
Reversed-phase LC with an isocratic solvent delivery system dis-
cussed under HPLC was used for the isolation of four unknown DPs
(DP1-DP4) of MDS [retention time (RT): 9.731 min]. As shown in
Figure 2, the peak fractions of four DPs were observed at RT 7.2,
15.0, 16.9, and 19.4 min corresponding to DP3, DP2, DP1, and DP4,
respectively, under severe stress conditions, which were individually
isolated and concentrated using a rotary evaporator (Biichi rotary
evaporator, model: R-200).

34 | Structure elucidation
The isolated solids obtained from the concentrated fractions of DPs

IR, and NMR.

341 | Results of MS

MDS (m/z 570.6)
The ESI mass spectrum (positive mode) of the MDS fraction obtained
using LC-MS/MS (at an RT of 9.74 min) showed a molecular ion peak
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at m/z 571.18 [M + H] with molecular formula CisH3oN4O4 and
molecular weight 570.6 g/mol of standard MDS (Figure 5a). The frag-

mentation pattern of MDS obtained using LC-MS/MS is shown in
Figure S2 (Supporting Information).

DP1 (m/z 584.6)
The mass spectra (LC-MS) of DP1 (RT: 16.95 min, Figure 1)
exhibited a molecular ion peak at m/z 584.93 (Figure 5b). The

to be Cz5H2sN4O5 with the support of dep
the spectral data [Scheme 51 (Supporting :
comparing the m/z data of DP1 and MDS, a diffetenc 14 m/z
was obtained, which can be interpreted for a conversion of

methylene (-CH,) in MDS to carbonyl (-C=0) group during stress
condition at the fifth position of pyrrolidine ring on DP1 structure.
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The mass value and molecular formula proposed for DP1 of MDS
were compared against the literature data, and it revealed that the
chemical structure (formula and mass) matched exactly with
stauprimide (Giorgio et al., 1994; Shoutian et al., 2009). The spectral
data of FT-IR and NMR confirmed the structure of DP1 as
stauprimide (Scheme 1b).

of indolocarbazoles (Giorgio et al., 1994). It is chemically known
as [N-[(25,3R4R,6R)-3-methoxy-2-methyl-16,18-dioxo-29-oxa-1,7,17-
triazaoctacyclo[12.12.2.12,6.07,28.08,13.015,19.020,27.021,26]non-
acosa-8,10,12,14,19,21,23,25,27-nonaen-4-yl]-N-methylbenzamide]

(Scheme 1b). Stauprimide specifically inhibits the nuclear
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localization of NME2, which results in the suppression of c-MYC—a

key regulator of pluripotency thereby priming cells for

differentiation.

Other DPs (DP2-DP4)

The chemical structure of other DPs (DP2-DP4) of MDS that were
formed under acid, alkali, and oxidation stress conditions was not elu-
cidated as they were not the major fractions and moreover the frac-
tions were found to be unstable. However, the UV spectra of all the
DPs were measured and are shown in Figures $5-57 (Supporting

Information).

342 | Structure confirmation using NMR and FT-
IR spectroscopy

The structure of the MDS and DP1 fractions was further confirmed
by *H-NMR and **C-NMR recorded using an SA Varian 400 MHz
NMR instrument in d®-DMSO, and the respective spectra are shown

13 of 19
Chromatography— YV e ML

in Figures 6 and 7. The chemical shift for all the protons of MDS and
DP1 is found to be the same except for the change in the pyrrolidine
ring where the methylene (-CH,-) group of MDS converts to the car-
bonyl (-C=0) group due to oxidation reaction. The conversion is con-
firmed by the absence of singlets at 5 ppm in the *H-NMR spectra of
DP1. The associated spectral change in the region from 8 to 11 ppm
for DP1 further confirms the conversion by oxidation of MDS. The
spectral data shown in Figure 6(a,b) are summarized in Table S3
(Supporting Information), with support of Scheme 2. The formation of
the carbonyl group is further confirmed by **C-NMR spectra where a
doublet for the newly formed succinimide carbonyl is obtained at
170 and 171 ppm (Scheme 2; Figure 7). These characteristic peaks
confirmed the proposed structure for DP1.

The proposed structure was further confirmed using the vibra-
tional stretching frequency of the degraded product 1 (DP1) and MDS
using FT-IR recorded on an Alpha Il Compact FT-IR instrument
(Brucker) using the KBr pellet technique (Figure 8). The newly formed
succinimide ring exhibited peaks for the two carbonyl groups (-C=0)
at 1754 and 1718 cm™?, which were absent in the MDS spectra. The
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FIGURE 7
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3C-NMR spectra of MDS (midostaurin) and DP1 (zoomed view)
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FIGURE 8 FT-IR (Fourier-transform infrared spectroscopy) spectra of MDS (midostaurin) and its DP1
peaks at 1683 and 1628 cm™' are attributed to the two amide  3.5.2 | Detection limit and quantitation limit

stretching present in the MDS structure. The spectral data confirmed
that the oxidation of MDS leads to DP1. The details of the other
stretching frequency are shown in Figure 8 and Table 54 (Supporting
Information).

3.5 | Method validation

The proposed SIM was validated per ICH guidelines for the quantita-
tive determination of related impurities of MDS and its assay in soft-
gel capsules [ICH, Q2(R1), 1995; Narasimha et al, 2019:
USP <1225>, 2020]. The observations from the validation study
results are discussed in the following sections.

3.5.1 | Specificity

The specificity of the developed test method was demonstrated by
analyzing the blank (diluent) solution (used for sample and standard
preparations), placebo solution (amount of excipients used for the for-
mulated MDS softgel capsules), and soft gelatin capsule shell (used for
drug filling). The results prove that the blank, placebo, and capsule
shell did not interfere with the retention time (RT) of MDS and its four
DPs formed under stress testing. The developed HPLC method sepa-
rated all the four DP and MDS peaks without any overlapping. The
peak purity of the stressed samples was evaluated using the HPLC-
PDA detector, and all DP (DP1-DP4) and MDS peaks were found
pure. The developed test method is specific and exhibited the
stability-indicating characteristic.

The concentration for DL and QL of MDS and DP1 was demonstrated
with respect to the test concentration of 0.4 mg/mL. Based on the
visualization method as recommended in the ICH guidelines [Q2
(R1), 1995], the concentrations of QL and DL were found to be 0.05%
(0.20 pg/mL), which was less than the ICH reporting threshold and
0.025% (0.10 pg/mL), respectively [Q3A(R2), 2006a; Q3B
(R2), 2006b]. The concentrations of DL and QL were confirmed by
analyzing three individual standard solutions of MDS and DP1 at the
established level, and the respective data are presented in Table 3
(Figure 9). '

3.53 | Linearity

The linearity of the proposed method was determined using a series
of standard solutions (six), with concentrations ranging from 0.101
to 505.0 pg/mL covering 0.025-125% of the MDS test concentra-
tion (0.4 mg/mL). The calibration curve of MDS showed a good cor-
relation between the different concentrations and the respective
peak areas [Figures S8 and S9 (Supporting Informati

determined by analyzing a series of DP1 solutions at five different con-
centrations ranging from 0.10 to 1.66 pg/mL covering 0.05-0.4% of
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TABLE 3 Linearity results of MDS and its DP1
Concentration range DL concentration QL concentration
Name (ng/mL) Trend line? Correl (n® R 2 RRF¢ (ng/mL)® (ng/mL)’
MDS 0.101-505.0 y = 70,864x - 47,239 0.9994 0.9988 1.00 0.101 0.202
DP1 0.104-1.664 y =37,996x - 1622.1 0.9977 0.9953 0.54 0.104 0.208

Notes: DP, degradation product; MDS, midostaurin.
®y = mx + ¢, where ‘m’ is the slope, ‘¢’ is the intercept that is obtained from the
unknown concentration of the target analyte.

linear regression line (concentration vs. peak response), and ‘x” is the

5Carrel (r) is the correlation coefficient obtained from the linear regression plot of the respective component.
“R? s the linear regression coefficient obtained from the linear regression plot of the respective component.
9RRF is the relative response factor calculated using the slope of DP1 divided by the slope of MDS, which were obtained from the linear regression plot of

the respective component.

“The concentration of the detection limit (DL, 0.025%; 0.10 pg/mL) is determined using the visualization method per ICH guidelines.
The concentration of the quantification limit (QL, 0.05%; 0.20 ug/mL) using the visualization method per ICH guidelines.
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FIGURE 9 HPLC chromatograms of MDS (midostaurin) and DP1 at DL (detection limit) and QL (quantitation limit) concentrations
TABLE 4  Accuracy and precision results of MDS and DP1 in softgel capsules
MDS recovery (%), n = 3* DP1 recovery (%), n = 3°
Number 5% 100% 125% QL 0.2% 0.4%
1 99.0 100.5 101.0 95.2 99.9 1054
2 98.6 101.0 100.8 94.7 100.2 106.1
3 100.6 100.5 100.8 94.3 998 104.7
Mean 99.4 100.7 100.8 94.8 100.0 105.4
%RSD 1.08 0.28 0.11 0.49 0.23 0.67

Notes: DP, degradation product; MDS, midostaurin, QL, quantitation limit.

*MDS concentrations (with respect to sample 0.4 mg/mL): R1: 0.02 mg/mL (5%), R2: 0.4 mg/mL (100%), and R3: 0.5 mg/mL (125%).
bDP1 concentrations (with respect to sample 0.4 mg/mL): 0.10 pg/mL (0.05%), 0.8 mg/mL (0.2%), and 0.4% (1.6 pg/mL).

the proposed limit of DP1. The calibration curve of DP1 showed a good
correlation between the different concentrations and the respective
peak areas (linear regression equation: y = 37,996x - 1622.1, and
regression coefficients: 0.9977) (Table 3). The relative response factor
of the newly identified impurity (DP1) observed at 16.96 min (iz93.5)
was determined as 0.54 by using the slope of DP1 versus the slope of
MDS obtained from the linearity study.

3.54 | Accuracy and precision

known amount of MDS on placebo samples. Triplicate sample solu-
were prepared for level [R1:
0.02 mg/mL (5%), R2: 04 mg/mL (100%), and R3: 0.5 mg/mL
(125%)], and the recoveries of MDS from the spiked samples were

tions MDS at each accuracy
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FIGURE 12

calculated against the MDS standard and are summarized in
Table 4. Similarly, the accuracy study of DP1 was assessed by spik-
ing the DP1 stock on sample at three different concentration
levels, that is, QL (0.05%, w/w), 100% (0.2%, w/w), and 200%
(0.4%, w/w). The percentage recovery, mean percentage recovery,
and %relative standard deviation (RSD) were calculated and are
summarized in Table 4. All nine preparations (n = 9) were consid-
ered and reported for precision study per ICH guidelines [Q2
(R1), 1995]. This study proves that the developed method is
precise and accurate.

3.55 | Robustness

A mixed solution of DP1 and DP2 obtained from peak fractions and
MDS was prepared at certain concentration (unknown), and the
robustness of the proposed test method was demonstrated by
changing the chromatographic conditions, that is, change in flow
rate of mobile phase: 0.9+ 0.1 mL/min (Figure 10), change in
organic phase (acetonitrile) of mobile phase composition: 35 + 2.5%
absolute change (Figure 11), and change in column oven tempera-
ture: 40.0 £ 5.0°C (Figure 12). The changes made in the column
temperature and flow rate did not significantly affect the separation
criteria, but the peak retention times were changed according to
the mobile phase ratios. The developed test method was found to

be robust.

HPLC chromatograms from robustness study as a function of column oven temperature: (a) at 40°C; (b) at 45°C; and (c) at 35°C

4 | CONCLUSION

The impurity profiling of MDS was carried out primarily by using the
stability-indicating HPLC and LC-MS methods. The developed
method provided excellent separation between the closely eluting
peaks of the MDS, all DP, excipient, and diluent peaks. The proposed
method was validated as per ICH guidelines and found highly efficient
in the quantitative estimation of MDS assay and its organic impurities
with high precision and good repeatability. The forced stress testing
of MDS was performed as per ICH guidelines; the drug was suscepti-
ble to hydrolytic, oxidative, thermolytic, and photolytic stressed condi-
tions. The peak fractions of the four DPs (DP1-DP4) that were
formed and detected under stress-testing conditions were isolated,
and the chemical structure of DP1 was predicted using spectral data
(UV, IR, LC/MS, LC-MS/MS, *H-NMR, and *C-NMR). DP1 was new,
and moreover, it was not reported in the previously published litera-
ture of MDS, either in bulk drug or in any formulated drug products of

other three DPs (DP2-DP4) obtained using UV a
discussed and presented.
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1 | INTRODUCTION

Hydroxyzine is an anti-histamine medication used for treatment of
itchiness, anxiety and nausea. It is chemically designated as
“2-[2-[4-(p-chloro-a-phenylbenzyl)-1-piperazinyl]ethoxy)

Chandrasekar Kuppan?

| Poornima Ravinathan?® |

Abstract

2-(2-Chloroethoxy)ethanol (CEE) belongs to the so-called cohort of concerns which
were classified as highly potent mutagenic carcinogens by the World Health Organi-
zation. It is widely used in the synthesis of the essential anti-histamine drug hydroxy-
zine. In addition, it is used as a primary solvent in dyes, nitrocellulose, paints, inks and
resins. Owing to its potential genotoxicity, an efficient liquid chromatography-
tandem mass spectrometry method was developed for the quantitative estimation of
CEE traces in an active pharmaceutical ingredients and in tablet dosage forms of
hydroxyzine-free base. The chromatographic separation was achieved on a C14 col-
umn using a gradient elution mode with a binary solvent system (ammonium formate
and methanol). Mass detection was performed for CEE using a positive mode with
selected ion monitoring technique at m/z value of [M + NH4]*. The developed
method was validated as per the International Conference on Harmonizaiton guide-
lines. The guantitation limit, linearity and recoveries were found to be 0.56 ppm,
0.56-7.49 ppm (% > 0.9985) and 93.6-99.3%, respectively. The proposed method
was highly compatible and was used effectively to estimate CEE traces in different
stages of drug synthesis and in tablet dosage forms of hydroxyzine for routine and
stability testing.

KEYWORDS

2-(2-chloroethoxy)ethanol (CEE), atmospheric pressure chemical ionization (APCI),
hydroxyzine, liquid chromatography-tandem mass spectrometry (LC-MS/MS), potential
genotoxic impurity (PGI)

on the market as 10, 25 and 50 mg forms. The recommended dose is

50 mg daily in divided doses for children under 6
100 mg daily in divided doses for patients over _3r
The genotoxic impurity 2-(2-chloroethoy ﬂﬂ’i

ethanol dominantly utilized as a starting material in theg

dihydrochloride™ with the molecular formula C5;H57CIN,O52HCI and
molecular weight 447.83 g/mol (hydroxyzine-free base: 374.904 g/
mol). The chemical structural of hydroxyzine is illustrated in Scheme 1
(a). The tablet dosage form of hydroxyzine hydrochloride is available

thesis stages of hydroxyzine-free base (Sche

been classified by the World Health Organization. Tt causes skin®
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Cl SCHEME 1 Chemical structure of
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irritation, serious eye damage and respiratory system damage when in
contacted with the skin. Thus, it is mandatory to estimate the residual
amount of CEE present either in the final stage of an active pharma-
ceutical ingredient (API) or in formulated drug products (Scheme 2;
Stolarczyk et al, 2007, 2011). The main aim of the study was to
ensure the quality of the drug hydroxyzine-free base and patient
safety.

CEE is a clear, colorless to pale yellow oily liquid which is essen-
tially used in the synthesis of APIs such as (a) o-nitrophenylbromo-
acetaldehyde bis-2-(2-chloroethoxy)-ethyl acetal,
(b) 2-(2-azidoethoxy)ethanol, (c) quetiapine and (d) bis(2-chloroethyl)
ether, (Scheme 3(a-c); Ellis-Davies & Kaplan, 1994; Mespouille
et al,, 2007; Stolarczyk et al., 2007, 2011). It is also chemically known
as diethylene glycol monochlorohydrin with the molecular formula
C4HoClO; and a molecular weight of 124.57 g/mol. CEE has a percep-
tible odor and is mostly formed as a major degradation product from
the API bis(2-chloroethyl)ether (Scheme 3(d), McClay et al., 2007).

Many different purification processes are employed to obtain
drug substances with the highest purity form possible, and the high-
purity drugs are intended for use in pharmaceutical dosage forms by
many drug makers, despite the chance of their containing genotoxic
impurity residues carried over from the starting material to the final
API. Thus, it is necessary to estimate the genotoxic impurities or
mutagenic carcinogens using a suitable detection technique, even if
they are present at trace level, at all possible synthesis stages from
the raw materials to the final APl and finished dosage forms
(EMEA, 2006, 2010; FDA, 2008, 2018; Gosar et al., 2018;
ICH, 1996, 2003, 2011, 2021b; Kirkland & Snodin, 2004; Miiller
et al., 2006).

As per the literature inclusive of official monographs and regula-
tory references, the specification limit for the CEE has not been
reported and, to the best of our knowledge, no attempt has been
made to calculate the limit for CEE impurities using the available

hydroxyzine

N/\ Hal
O k/u\/\o/\/on

Hydroxyine hydrochloride

guidance (International Conference on Harmonization, ICH, and US
Food and Drug Administration, FDA; Stolarczyk et al., 2007, 2011).
Based on the literature, the usage of hydroxyzine hydrochloride
comes under the less-than-life-time exposure category for the estab-
lishment of risk. To address less-than-life-time exposures to muta-
genic impurities in pharmaceuticals, an approach of maximum daily
dosage is applied, and the concentration limit (in parts per million) of
CEE was calculated as 3.75ppm for hydroxyzine-free base in
according with the ICH (2021b) guidelines, even though it falls under
the category of process impurity as per the ICH guidelines
(EMEA, 2006, 2010; FDA, 2008, 2018; Gosar et al., 2018; ICH, 1996,
2003a,b, 2011, 2017; Kirkland & Snodin, 2004; Miiller et al., 20086).

To quantify such a low-level impurity in the API at all stages
throughout the manufacture and production and in the drug product,
highly sensitive and advanced analytical technigues like gas
chromatography (GC), liquid chromatography-mass spectrometry
(LC-MS) and liquid chromatography-tandem mass spectrometry
(LC-MS/MS) are mandatory (Lakka et al., 2021; Narasimha
et al, 2020; Narasimha & Chandrasekar, 2019; Petras et al., 2017:
Pitt, 2009).

A literature search revealed that there was no LC-MS or LC-
MS/MS method reported for the estimation of CEE in hydroxyzine,

guetiapine using gas chromatograpfs

E determination in
al,, 2007, 2011).
CEE estimation

except for a few analytical

However, these were found to', e not suitab
owing to hydroxyzine matrix iri_terference? Cari
better therapy, the authors han
method for the estimation of-
product of hydroxyzine tablets. S is a widely used
powerful and sophisticated analytical technique that combines the
separating power of chromatography with highly sensitive and
selective mass analysis capability using triple quadruple mass spec-

trometry (Agilent, 2007, 2010; Colby & Thoren, 2020: Lakka
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SCHEME 3  Chemical structure of

(a) o-nitrophenylbromo-acetaldehyde
bis-2-(2-chloroethoxy)-ethyl acetal,

(b) 2-(2-azidoethoxy)ethanol, (c) quetiapine
and (d) bis(2-chloroethyl)ether
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et al, 2021; Lee et al, 2015; Narasimha et al, 2020; Pitt, 2009:
Thomas, 2019).

2 | EXPERIMENTS

21 | Reagents and materials

CEE standard and samples of hydroxyzine hydrochloride (drug sub-
stance, tablets and placebo samples) were kindly supplied by Manasa
Life Sciences Pvt. Ltd (Hyderabad, India) and Dr SLN Laboratories Pvt.
Ltd (Hyderabad, India). Ammonium formate and formic acid of
analytical-reagent grade were purchased from Finar (Ahmadabad,
India). Methanol of HPLC grade was purchased from the Qualigens
(Thermo Fisher Scientific India Pvt. Ltd, Mumbai, India).

2.2 | Instruments

High-performance liquid chromatography (HPLC) equipped with a
mass detector and diode array detector were utilized for the sepa-
ration, identification and quantitative estimation of CEE (Agilent
6470, Triple Quad LCMS with 1260 Infinity HPLC system). Mass-
Hunter software was used for the output signal monitoring,
processing and data analysis (Agilent, 2007, 2010). The analytical
column used was a BDS Hypersil™ C4g (dimensions 100 x 4.0 mm,
particle size 3 pm; Thermo Scientific, Lithuania). An analytical bal-
ance (GH-252, AND, Japan) was used for the weighing of samples
and standards. Ultrapure water (electrical resistivity = 18.2 MQ cm
at 25°C) was collected from a Millipore (Milli Q¥ 1Q-7000, Merck,
Molsheim, France) water purification system. The ultrasonic bath
used for sample preparation was purchased from Labman (LMUC-6,
Delhi, India). The gas chromatograph equipped with a flame
ionization detector used for the initial method development trials
was an Agilent 7890B (Agilent Technologies Inc., DE, USA). The GC
column used was DB-264 (60 m x 0.32 mm, 1.8 pum; Agilent J&W,
CA, USA).

2.3 | HPLC and LC-MS conditions

The LC-MS separation was achieved on a C;g column (BDS
Hypersil™ Cqg, 100 X 4.0 mm, particle size 3 pm) using the gradient
elution mode with binary solvents [solvent A, agueous ammonium
formate (10 mm) with 0.2% (v/v) formic acid; solvent B, methanol].
The gradient run with a flow rate of 0.7 ml/min was programmed
as [time (min)/B (%)]: 0.01/20, 5/20, 10/0, 12/0, 14/20 and 20/20.
The column temperature and sampler temperature were maintained
at 45 and 5°C, respectively. Aliquots of 50 ul of the standard and
sample solutions of CEE were injected for analysis and the absor-
bance was monitored using a UV detector at 230 nm. The following
MS/MS conditions were used for estimation of CEE: polarity, posi-
tive; ijonization mode, atmospheric pressure chemical ionization
(APCI); selected ion monitoring ion [M + NH,]", 142.1; fragmenta-
tion temperature, 60°C; drying gas flow, 8.0 L/min; nebulizer
pressure, 35 psig; drying gas temperature, 250°C; vaporizer
temperature, 400°C.

24 | Standard solution

The standard stock solution (15 pg/ml) of CEE was prepared by
dissolving 3.75mg of CEE standard in 250 ml of diluent
[formic acid, 0.1% (v/v) in water]. Further dilution (1.0 ml into
200 ml) was made in order to obtain the nominal concentration of
0.075 pg/ml (3.75 ppm) with respect to the sample concentration
of 20 mg/ml.

2.5 | Sample solutions L

f{ * -
For the final APl and all of its sta%és;- he sample so was
made by dissolving hydroxyzine hy* r‘o:pph ride equi to a
200 mg sample (i.e. reaction mass, m Vdjs “gq@ al drug

substance) in 10 ml of diluent to obtain th ncentration

of 20 mg/ml.
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The sample solution of hydroxyzine hydrochloride tablet dosage
form was made as follows: finely crushed sample powder as obtained
from 10 tablets (25 mg/tablet) equivalent to 200 mg drug was
weighed into a 10 ml volumetric flask; 5 ml of diluent was added and
sonicated for 10 min (temperature maintained at 5°C in ultrasonic
bath) and made up to the volume with diluent. This solution was fil-
tered through a 0.22 ym PVDF membrane filter (Durapore, Merck Life
Science Pvt. Ltd, Bangalore, India) and the clear filtrate was used for
LC-MS/MS analysis. The placebo solution for hydroxyzine tablets
was prepared using the same procedure as implemented for the sam-
ple solution.

3 | RESULTS AND DISCUSSION

3.1 | Evaluation of literature methods

The gas chromatography method reported in the literature was
tested during the initial experiments for the estimation of CEE in
hydroxyzine-free base, but the diluting solvent peak interfered with
the CEE peak (Stolarczyk et al., 2007, 2011). GC conditions used
were: oven, 150°C, 0.0 min/230°C, 5 min/240°C, 40 min; carrier
gas, nitrogen, 3 ml/min; inlet, split, 2:1 at 150°C; detector, flame
jonization detector at 260°C, H, at 40 ml/min, O, at 400 mi/min,
N, makeup at 25 ml/min; detector signal, 50 Hz; retention time,
10.6 min; run time, 16.25 min. Moreover, the peak response as
obtained from the gas chromatography was very low and multiple
peaks were detected owing to the sample matrix of hydroxyzine. In
fact, several optimization trials were conducted to obtain a better
separation for the quantitative estimation of CEE, although the
hydrazine matrix peak, CEE peak and solvent peak were not sepa-
rated well. Thus, the method development was carried out using the
LC-MS/MS for the estimation of the amount of CEE in hydroxyzine
(Table 1).

3.2 | Method development and optimization trials
using LC-MS/MS

The main aim of the work is to quantitatively estimate the CEE impu-
rity traces in the APl and finished tablets dosage form of hydroxyzine
using the liquid chromatography-tandem mass spectrometry (LC-
MS/MS) method. In the proposed method, chromatographic separa-
tion was achieved as discussed in the following sections.

3.2.1 | Selection of mobile phase
The method development trails were conducted using HPLC-MS/MS
and a diode array detector in the presence of buffers (such as ammo-
nium acetate, ammonium formate, formic acid, trifluoroacetic acid and
their combinations), which were compatible with mass spectrometry.
The selected chromatographic conditions—mobile phase A
[ammonium formate buffer with 0.2% (v/v) formic acid] and mobile
phase B (methanol) in a gradient run [time (min)/B (%)] of 0.01/20,
5/20, 10/0, 12/0, 14/20, and 20/20, with flow rate 0.7 ml/min and
column temperature 45°C—were well suited for the estimation of
CEE in hydroxyzine samples. The CEE peak, which was eluted at
retention time of 2.5 min, was separated well from the sample matrix
peaks of hydroxyzine. The organic modifier acetonitrile, which is most
frequently used in liquid chromatography, was not chosen as the
mobile phase in the present study, as it is not compatible with APCI
technique, owing to the reduction of nitrile to carbon during the

negative ionization.

3.22 | Selection of diluting solvent

Different diluting solvents (such as water, ammonium formate buffer,

formic acid buffer, acetonitrile and methanol) were tried during the

Result

CEE peak eluted in the tailing of the diluting solvent
peak, but its response was very low so this trial was
rejected

CEE peak eluted in the tailing of the diluting solvent
peak, but its response was very low so this trial was
also rejected

TABLE 1 Method feasibility and optimization trials of GC method reported in literature
Experiment GC conditions Observation
Trail 1 Injection volume 1.0 pl Rt, 8.175 min
Peak area, 0.783 (uV s)
Trail 2 Injection volume 2.0 pl Rt, 8.215 min
Peak area, 1.421 (uV s)
Trail 3 Injection volume 3.0 pl Rt, 8.2565 min
Peak area, 1.895 (uV s)
Trail 4 Injection volume 3.0 pl Rt, 8.271 min

CEE area, 1.8 (uV s)
Diluent peak area, 0.8 (pV s)

CEE, 2-(2-Chloroethoxy)ethanol; Rt, retention time.

rejected
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preliminary experiments but the aqueous formic acid solution (0.1%,
v/v) was chosen as a final diluent owing to its compatibility with the
mass detector and mobile phases. Moreover, the CEE was solubilized
completely, which gave good peak shape when compared with other

50f10
\’.'hromatography—\/vl LEYJ;

323 |
volume

Selection of wavelength and injection

The chromatogram of CEE and hydroxyzine was monitored using the

solvents.

HPLC equipped with a diode array detector at a wavelength of
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(@) LC chromatogram of diluent, (b) LC chromatogram of standard solution [2-(2-chloroethoxy)ethanol, CEE], (c) LC chromatogram

of control sample of hydroxyzine hydrochloride and (d) LC chromatogram of spiked sample (100%) of hydroxyzine hydrochloride




LAKKA eT AL

6of10 | A/ LEY—chromatography

230 nm. The selected injection volume of 50 pl gave higher sensitivity
and a reliable response for CEE.

3.24 | Effect of oven temperature

The effect of the column oven temperature on the separation and
estimation of CEE was established by varying column temperature
(45 + 2°C), and the respective changes made did not affect much the
peak elution (retention time) and peak response (i.e. 43°C, 2.55 min;
45°C, 2.53 min; 47°C, 2.52 min).

3.3 | Optimization of MS conditions

3.3.1 | Selection of MS detector

In this study, a mass detector was chosen for the detection and quan-
titative estimation of CEE because it had several advantages and a

+ Selected lon (142.1) Blank Solution

' § x1037] 'g X102
|8 9 81" 5
e 27 67
| 175 5
1.5+ g
1.25 4_

A 3

0.757 \ 2
0.5 1\ 17
0.25- T T T T 1 o

L5 2 25 3 35 130 135 140

Aquisition Time (min)
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+SIM (1.005-4.005 min, 895 scans

14

Mass-to-Charge (m/z)

+5IM (2.373-2.774 min, 120 scans

capacity to detect numerous molecules, even those that do not have a
chromospheric nature (i.e. ultraviolet active functional groups).

3.3.2 | Selection of ionization parameters
Selected ion monitoring mode was used to estimate the CEE traces
with high-quality precision and sensitivity. Atmospheric pressure
chemical ionization, which is similar to electrospray ionization tech-
nique, was chosen for the CEE estimation, as it worked effectively for
the estimation of small and liquid molecules with lower polarities
(Colby & Thoren, 2020; Lee et al., 2015; Thomas, 2019). A drying tem-
perature of 250°C and a vaporization temperature of 400°C were
applied to de-solvate ;che buffer rapidly into aeroscl droplets in a
stream of nitrogen gas. The LC chromatogram and respective
mass spectra (m/z) obtained from LC-MS/MS are depicted in
Figures 1(a-d) and 2(a-c).

The mass-to-charge ratio (m/z) of CEE was observed at 142.1
corresponding to the mass value of [M + NH,]™ (in which 124.56 is
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the mass value of CEE and 18 is the mass value of the ammonium ion,
NH,4™) in the positive mode of selected ion monitoring and with APCI
technique.

As shown in Table 2, various trials were carried out by changing
the nebulizer gas (N,) pressure, drying gas (N,) flow rate, drying gas
(N,) temperature and vaporizer temperature, but all of the changes
made, except for the nebulizer gas pressure, under ionization parame-
ters did not have any influence on the detection and estimation
of CEE.

In order to de-solvate and generate aerosols for reliable and high-
quality intensity, the nebulizer gas pressures were varied and finally
the nebulizer gas pressure 35 psi was chosen for the optimal

condition.

3.4 | Establishment of the CEE limit

In accordance with the ICH, FDA, European Medicines Agency
(EMEA) and other guidance (EMEA, 2006, 2010; FDA, 2008, 2018;
Gosar et al, 2018; ICH, 1996, 2003, 2003a,b, 2011, 2017, 2021a;
Kirkland & Snodin, 2004; Miuiller et al., 2006), the specification limit
(in ppm) for the potential genotoxic impurity (CEE) obtained from the
manufacturing processes (starting material stage or intermediate
stage) of hydroxyzine was estimated using the following: the allow-
able concentration limit (ACL, in ppm) is equal to the threshold of toxi-
cological concerns (TTC) (ug/day)/dose (g/day), where the TTC is
1.5 pg/ml (ICH, 2021b) and the maximum daily dosage of the
hydroxyzine drug product is 0.4 and 0.8 g/day, respectively, i.e. the
ACL of CEE of 3.75 ppm was calculated for hydroxyzine [ACL = TTC
(1.5 pg/day)/dose (0.4 g/day)], and the CEE traces were estimated in
the API (at different synthesis stages) and formulated drug product
(tablet dosage form) of hydroxyzine using the developed LC-MS/MS

TABLE 2 Optimization of ionization parameter in MS/MS

Experiment MS conditions

Trail 1

Nebulizer gas pressure, 25 psi; drying gas (N) flow

Chromatography—

method. In addition, the method validation study was performed using
an ACL of 3.75 ppm of CEE in the hydroxyzine-free base.

3.5 | Method validation

The developed method was validated as per the ICH guidelines
for specificity, linearity, and quantitation limit (QL), accuracy,
precision and solution stability (ICH, 2005). The method validation
experiments carried out for CEE are discussed in the following

sections.

3.51 | Specificity

The specificity of the developed test method was proven by injecting
blank and placebo solutions. The study results indicated that the blank
and placebo did not show any interference at the retention time of
2.5 min for CEE, and there was no spectral interference peak found at
the m/z of [M + NH4] " at 142.1 (Figures 1 and 2).

3.52 | Linearity

The linearity study of the developed LC-MS/MS method was proved
by preparing a series of linearity solutions containing CEE at five dif-
ferent concentrations (0.56-7.49 ppm), which covered the QL of 15-
200% of the target limit concentration of 3.75 ppm for hydroxyzine.
The calibration curve of CEE impurity was drawn by plotting the peak
response (counts) vs. concentration (Figure 3). The correlation coeffi-
cient (r) obtained was found to be >0.999 (> 0.998)'for CEE
(Table 3).

Observation Result

Low intensity Rejected

rate, 7.0 L/min; drying gas (N;) temperature, 240°C;

vaporizer temperature, 380°C

Trail 2

Nebulizer gas pressure, 30 psi; drying gas (N,) flow

Low intensity Rejected

rate, 7.0 L/min; drying gas (N,) temperature, 240°C;

vaporizer temperature, 380°C

Trail 3

Nebulizer gas pressure, 35 psi; drying gas (N2) flow

Moderate intensity

Rejected

rate, 7.5 L/min; drying gas (N,) temperature, 240°C;

vaporizer temperature, 380°C

Trail 4

vaporizer temperature, 385°C
Trail 5

vaporizer temperature, 390°C

Trail 6

vaporizer temperature, 400°C

Nebulizer gas pressure, 35 psi; drying gas (N) flow
rate, 7.5 L/min; drying gas (N,) temperature, 250°C;

Nebulizer gas pressure, 35 psi; drying gas (N.) flow
rate, 8.0 L/min; drying gas (N,) temperature, 250°C;

Nebulizer gas pressure, 35 psi; drying gas (N2) flow
rate, 8.0 L/min; drying gas (N,) temperature, 250°C;

Good intensity

Good intensity

Good intensity
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Linearity plot of CEE

45000 4
40000
35000 -
_, 30000 -

Are
[
W
[=]
(=3
=1

y=55173x+886.58
R?=0.9981

=3
(=3
=3
o
{1

FIGURE 3 Linearity plot of CEE (obtained from the concentration
in ppm vs. peak area counts)

TABLE 3 Linearity results of CEE (by LC-MS/MS method)

Item Observed value
0.5625 pg/ml
0.5625-7.49 pg/ml

QL concentration, pg/ml

Concentration range, pg/ml

Trend line y = 5517.3x + 886.58
Correlation () 0.999
Regression (R) (Stolarczyk et al., 2007)) 0.998

y = mx + ¢, where m is the slope value, ¢ is the intercept value obtained
from the linear regression line (concentration vs. peak response) and x is
the unknown concentration of target analyte.

r, Correlation coefficient is obtained from the linear regression plot of the
respective component.

R (Stolarczyk et al., 2007), Linear regression coefficient obtained from the
linear regression plot of the respective component.

QL, Concentration of the quantitation limit is calculated using the slope
method as per ICH guidelines.

3.5.3 | Quantitation limit

The QLs for CEE were established based on the standard deviation
(SD) of the response and slope (s) of the regression line as obtained
from the linearity (which was calculated as per ICH guidelines;
ICH, 2005). The slope value of CEE was calculated from the linearity
study: QL = 10 x 4/s where, ¢ = SD. The residual sum of squares
obtained from the linearity regression data was used as the SD
(STEYX in Microsoft Excel Alguadeib, 2019;
Miller, 1991; Thompson et al., 2002; Vogelgesang & Hidrich, 1998).
The concentration of the QL for CEE impurity was 0.56 ppm (Table 3).
The concentrations of QL were verified by performing the accuracy

spreadsheet:

and precision analyses of solutions in six replicates and were <5.0%
(RSD, relative standard deviation).

3.54 | Accuracy and precision

The accuracy and precision of the developed test method were
proved by preparing 12 spiked samples at three different

concentrations, viz. 15-150% of the target concentration of 3.75 ppm
for hydroxyine. The percentage recovery, mean percentage recovery
and percentage RSD were calculated from the data obtained from the
liguid chromatography-tandem mass spectrometry (Table 4). The
recovery values observed were in the range 93.6-99.3% (limit 80.0-
120.0%) from all 12 preparations (n = 12). The RSD results (1.5%)
confirmed that the developed test method is precise and accurate.

3.5.5 | Solution stability

The solution stabilities of the CEE standard and sample solution
(100% spike level) were established by storing the standard solution
(3.75 ppm) and spiked sample of CEE (concentration of hydroxyzine,
20 mg/ml) with a known impurity concentration of 3.75 ppm in clear
volumetric flasks at ambient temperature and in the refrigerator
(2-8°C). The analyses of standard and sample were done at 24 and
48 h. The results obtained confirmed that the CEE standard solution
and sample solution are stable for up to 48 h when stored in the
refrigerator. Thus, the sample oven temperature was established as 5
+ 3°C.

3.5.6 | Batch analysis

The sample solutions of hydroxyine obtained from the different stages
of synthesis followed by the finished tablet dosage forms were ana-
lyzed by applying the optimized LC-MS/MS conditions and the test
results were found to be below the QL concentration (<15%). Since
the detected CEE in the final APl and tablets dosage form was found
to be below the QL and <30% of the specified limit (0.56 ppm), there
is no significant impact on the quality of the drug either in its pure
form (API) or in the finished tablet dosage form of hydroxyzine.

TABLE 4 Results of accuracy and method precision for the
determination of CEE

Spike level (in ppm) and recovery (%)

Preparation 0.56 1.875 3.75 5.625
1 93.6 96.2 98.0 96.4
2 99.3 97.8 ___9§.5 96.8
3 96.5 7

Mean (n = 3)? 96.5

RSD, % (n = 3) 2.94

Overall recovery (n = 12)° 97.1

Overall RSD, % (n = 12)° 1.54

level. Recovery covered at four different levels: —0.56 ppm {15%),
1.875 ppm (50%), 3.75 ppm (100%) and 5.625 ppm (150%).

®Overall mean recovery of all four different concentration levels (three
preparations made at each level).

“Relative standard deviation of all recoveries done at four different
concentration levels.
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4 | CONCLUSION

A new and highly selective liquid chromatograph-tandem mass spec-
trometry method was developed for the quantitative estimation of
residual genotoxic CEE impurity in AP| and finished tablet dosage
form of hydroxyzine hydrochloride. The developed method was vali-
dated in according with guidelines of the ICH (2005). The QL was
established as 0.56 ppm (15% with respect to CEE concentration
3.75 ppm in hydroxyzine). The linearity study was proved in the con-
centration range 0.56-7.49 ppm (r* > 0.9985), which covered 15-
200% of the target limit concentration of 3.75 ppm. High-quality
recoveries were found in range of 93.6-99.3%, which covered 0.56-
5.625 ppm (15-150% of the target concentration of 3.75 ppm). The
proposed method is effectively used for the routine testing of CEE
impurity traces in the different stages of API and finished tablets dos-
age forms of hydroxyzine hydrochloride.
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ABSTRACT: Particularly the most basic and significant aspect of human experience is our capacity to
experience emotions. Humans can feel a myriad of emotions can be joy, pleasure anger, stress. Defining
emotion is a complicating task but the concept somewhere lies between the field of psychology, philosophy, and
neuroscience. In this paper, we are discussing emotions from the perspective of psychology. Emotions and
intelligence have different meanings and roles from the viewpoint of psychology but after combining both
words, EI can be referred to as an ability that provides an advantage in the world to deal with many negative
emotions and in spread harmony. Emotional intelligence has drawn the attention of many researchers in every
field. The Emotional intelligence first article was published by Salovey& Mayer in 1990 after that so much
work has been done in the academic area of professional relations, instruments, or Scales for EL So. the
researcher decided to study factors of emotional intelligence and its role in social relationships. [1] [2]

KEYWORDS: Social relation, Emotional intelligence
1. INTRODUCTION

“Emotional intelligence is your ability to recognize and understand emotions in yourself and others, and your
ability to use this awareness to manage your behavior and relationships™.[3]

Emotional intelligence is a widely used concept of psychology. This term is used by many researchers
to study the EI of human beings in various settings. The emotional intelligence term emerged from the theory of
*social intelligence’ which is given by Robert Thorndike in the late 1930 Emotional intelligence (EI) deals with
the competence of an individual to perceive, control, and evaluate emotions of themselves and others. Emotional
intelligence is important for the person for coping with dynamic change in our social settings. It can be
understood as an association among individual emotions and cognition that support a person coping with
surrounding and understanding others around them. Researcher contradicts the adaptability of EI, few of them
says EI can be improved through learning, and few claims that it is an inborn quality of an individual. EI is
important for a human being not only for personal development but also for relationship management with
others, social skills development. An emotional intelligence person has generally shown few traits like
Emotional awareness, employing emotions to understand, and solving problems. Skilled in emotion
management of oneself and others as well.[4]

“Emotional intelligence is an educational, permanent, and continuous process that intends to_boast the

for life and to increase personal and social well-being.”(Bisquerra, 2009) [5]

2. WORKING PRINCIPAL AND THEORIES OF EMOTIONAL INTELLIGENCE
Many psychologists and sociologists have talked about emotional intelligence but three majo
acknowledged for the concept and component of emotional intelligence. They are:

1. Performance model: Goleman’s

2. Competencies model: Bar-On’s

3. Ability model: Mayer, Salovey, and Caruso’s
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The performance model of EI by Goleman’s: In 1995Daniel Goleman haswritten a book on EI.
Daniel Goleman expressed Emotional intelligence as “the capacity for recognizing our feelings and those of
others, for motivating ourselves, and for managing emotions well Ourselves and in our relationships”.
Goleman's model defines elements of EI for interrelationship and intrarelationship. He has mentioned four
Components of emotional intelligence that are Important in recognizing and managing self-Emotions and Social
relationships. In four Categories self-awareness is about understanding Emotions and deciding on that basis. the
second category is self-management including Adaptivity in changing Environment. The third category talks
about social awareness which incorporates the skill in a person to understand and deal with others’ emotions
refers to how individuals hold relationships and recognize feelings, and concerns of others in social networks.
The fourth category Is Relationship Management involves skills and adaptability for relationship Management.
[6]The Goleman model Component can be better Explained through a matrix of four categories through an
image which is given below:

Emotional Competencies

Self Other
(Personal Competence) (Social Competence)

Social Awareness

Emotional Self-Awareness | ¢  Empathy
Accurate self-assessment | ®  Service orientation

Recognition - g
Self-confidence e Organizational awareness

- » Developing others
e Trustworthiness ¢ Influence
» Conscientiousness ¢ Communication
e Adaptability e Conflict Management
Regulation ¢ Achievement drive e Visionary Leadership
o Initiative ¢ (atalyzing change
¢ Building bonds
e Teamwork &

Collaboration

Figure 1: The performance model is given by Goleman !m:‘

Competencies model of EI by Bar-On’s: In 1998 Bar-On named EI as not
explained Emotional intelligence as “an array of non-cognitive abilities, competencies, an‘tt-ﬂg ;
one’s ability to succeed in coping with environmental demands and pressures”. Specifically ik %
EI, he emphasizes on one understanding of feelings & emotions and knowledge to express onesetf=franaging
the emotion of own self and others, coping with change in a social environment, and problem-solving behavior
for others and oneself. Bar on model emphasized process rather than outcome, he mentioned a person having
less emotional intelligence can lack in achieving success in life. [6]Bar on a model have mentioned five
components and fifteen sub-component of emotional intelligence which are given below:
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Components Sub-Components
Intrapersonal Self Regard
Emotional Self-Awareness
Assertiveness Independence
Self-Actualization
Interpersonal Empathy Social Resonsibility
Interpersonal Relationship
Adaptability Reality Testing Flexibility
Problem Solving
Stress Management Stress Tolerance
Impuise Control
General Mood Components Optimism Happiness

Figure 2: Model of Emotional Intelligence: Bar-On’s[7]

The ability model of EI by Mayer, Salovey, & Caruso’s:Salovey and Mayer explained EI as “the
ability to perceive emotions, to access and generate emotions to assist thought, to understand emotions and
emotional knowledge, and to reflectively regulate emotions to promote emotional and intellectual
growth.” Ability Model talks about the development of Emotional intelligence as an ongoing Process from
childhood to adulthood. Which is defined through four branches They are Emotional Management, Emotional
Understanding, Emotional Perception, Emotional facilitation. The first branch of this model refers to
understanding Emotions through the face and body language, understanding oneself and others. Emotional
facilitation concerned with concrete thinking differentiates between different Emotions like anger, mood swing,
etc. focuses on Prioritizing thinking and decision. The third branch is Emotional Understanding refers to
Processing and Understanding Emotions. The last branch is Emotional Management, which is about Managing
Emotions for oneself and social effectiveness.

Emotional Management

Emotional Understanding

S

Emotional Facilitation

Emotional Perception

Figure 3: The four branches of the Ability Model.

Objective:
The study aims to understand the importance of emotional intelligence in social relationships.
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Hypothesis:
There is a significant level of emotional intelligence that is essential in impacting social relations for individuals.

Operational definition of Keyword:

Emotional intelligence: It is a set of skills, abilities that are important to understand and deal with our feelings
as well as others, improve and uphold social connections, cope with difficult situations, and use emotional
intelligence to deal with the various condition in meaningful and effectful ways.[8]

Social relationship: Social relationship can be defined as an individual relationship with others in a different
setting like the workplace, community, etc.

3. LITERATURE SURVEY

R.Trigueros, E.Sanchez-Sanchez, I Mercader et al. did a study on the Relationship between EI, Social Skills, on
secondary school students of the Spanish school. This research aims to identify the influence of social skills and
emotional intelligence on bullying in peer groups. The result of this study mentioned that there is positive
relation in social skills have higher empathy which creates a positive relationship among the peer group. So. the
study mentioned variables are predictors for best social functioning whereas the negative result of the study
shows that those who didn’t have optimal emotional intelligence are involved in bullying because of bad
emotional management. So appropriate development of emotional intelligence can support adolescents in
managing their behavior in society and prevent them from violent actions.[1]

A.Petrovici, T.Dobrescu conducted a study to evaluate the importance of EI in skills and
communication. The study mentioned the previous research related to the domain. In this study 250 subjects are
taken as a sample which includes student faculties from very domains. The evaluation instrument of the study
consists of 10 items. As result, this study states that women show better results in showing emotional
intelligence, they are better at expressing emotions compare to men. This study concluded by saying that the
best level of emotional intelligence can be achieved by linking empathy with self-control and increasing the
level of understanding of others” feelings and nurturing these traits may become a challenge for the future.[9]

.Behbahani,Done a study on the correlation among EI and Employee's Performance variables. This
study includes 160 employees as a sample from the physical education department in Iran. The tool included a
Questionnaire by Cyberia-Shrink, including Steinmetz-Todd Capabilities Questionnaire for Collecting the data
of Study. The result of this Study Shows emotional intelligence is one of the major factors in establishing
relationships among managers and Employees. It can foster motivation, appropriate Communication, and health
relation at the workplace. Having good emotional intelligence can evade anger or any negative feeling in a
person. The researcher mentioned the Statement of Goleman (1988) that Emotional intelligence is important for
adaptation, job performance, and a good relationship in his Conclusion.[10]

P.Lopes, M.Brackett, J.Nezlek, et.al has been done a study on Emotional intelligence and social
interaction in which he discusses the role of Emotional intelligence and social interaction. This study suggested
that Emotional abilities and Personality traits are helpful for social adjustment and adaptation This Study unused
the MSCEIT test to understand the relationship between quality of social interaction and Emotions management.
As a Sample, the researcher has Collected 118 Students Sample for the study The result Concluded that those
who have higher scores in managing Emotions are positively related to social interaction. [11]

P.Roy. I. Chandi, Conducted a quantitative study to investigate the ability of emotional intelligence in a
social relationship in the growing period of adulthood, and also looking for the connection between social
relationship and emotional intelligence. The sample of the study is 60 adult of which 15 are urban male 15
h:malc or 1:: rural male and 15 female who falls between 19 to 30 age group. stratified random samplmg

opts for the self-made tool accordmg to the study. interpretation of the study is done t
inferential statistics. As a result of the study, the researcher found that emotional intelligg

relationship in adulthood.[12]

4. APPROACH FOR RESEARCH
The data facts, the figure of this study are gathered from secondary sources like researc
reports, websites, etc.

The implication of the study:
The purpose of the present study is to help others to understand the role and impact of EI in maintaining social
relationships and also revealing the importance of EI for social harmony.
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5. CONNEXION AMONG EMOTIONAL INTELLIGENCE AND SOCIAL RELATIONSHIP

The social relation is a term that means a personal connection with another individual, group, an organization in
any setting of our society. It can be maintained through any means of communication like physical or verbal. It
is said that “humans are social animals” mean we are part of the society and survival of human beings is not
possible without being a part of society. We play different roles and responsibilities in our social relations. many
people maintain good relations in society and many are not able to do so. But when we study the factors of
maintaining relationships. we may know that few skills are necessary for keeping good relations in our social
context.

Emotional intelligence comprises mostly intelligence which includes factors like interpersonal,
understanding others’ emotions, intrapersonal, knowing one’s own emotions, both factor plays a very significant
role in maintaining and influencing social relation. Emotional intelligence is considered a key element for social
interaction because it helps in understanding Others’ feeling, thoughts, intentions encourage communication that
supports the social function. Ultimately emotional management talks about a person who can manage their own
emotions as well as be able to understand and manage other emotions. If a person is socially responsible and
able to manage relationships it impacts positively in their social relationship. It can be understood through the
diagram given below:

Intrapersonal Interpersonal

Emotions Self-Awareness  |EEEE) |  Social awareness

¥

Social /relationship
management

Behavior Self-management

Figure 4: Interconnection of emotions and behavior in social relations.

If a person is self-aware can understand their own emotions and effect when using that feeling through
which he can evaluate the outcome or impression of the decision. An individual who can self-management of
their behavior can adapt to the changing situation and control their negative attitude or any emotions. A socially
aware person does not react before thinking about others feeling. They don’t make uncomfortable others and
also respect the feeling of another person. A person who can understand others’ problems can easily solve them
through effective communication without raising conflict can also influence others and positive way can have a
strong social relationship. Hence emotional intelligence skills ease our social behavior adjustment and
performance in society.

Emotional intelligence performs a major role in managing socicty's mental health and well-being.
which nurtures |e1a[|0nsh1ps ina posmve manner. It can mﬂuence a person’ s behawor and its consequences in

intra-personal things and foster mtsrpelsonal relationships. People in social and professwnal
emotional intelligence more than intellectual intelligence. Many researches, articles have provg
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90% 5% 82%
80% i 71%
7ah 59%
60%
50%
40%
30%
20%
10%
%

Levo Institute mention El is impartant for career development
® Important fator for growth

Global companies use EQ test before hiring
M Increse productivity of employee through El programme
Firms do not prefer low El people
B El supports career devlopment

B Manager's Value El over IQ

Figure 5: Representation of studies [13][14][15]

6. CONCLUSION

Through the studies done in the same field, we can understand the value of emotional intelligence. Emotional
intelligence in a human being is capable of managing stress, evaluating situations, and understanding them from
various perspectives, always carrying a positive and problem-solving attitude who can deal with crisis adopt a
coping attitude in any difficult situation, respect others and themselves as well. these people’s behavior helps
them in achieving goals and they also help others to progress in their life. they also contribute to balancing
peace and harmony in their social relationship. An empathic person utilizes their skills to help others for
cultivating positive emotions & attitudes. Nowadays Emotional Intelligence is important in every field of our
society whether that is a workplace, school, or personal relationship. Erik Erikson talks about the person’s
psychological need for relation with society. this time researcher found that emotional intelligence and its
components: perform a major part in maintaining impactful relationships with society. Emotional intelligence
makes a person aware of oneself, makes them able to manage emotions of one other, ability to handle an
interpersonal relationship.[16]
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S e T concomitant use of steroids. Rhinocerebral mucormycosis is a rare
opportunistic infection of the sinuses, nasal passages, oral cavity, and brain caused by
saprophytic fungi. The infection can rapidly result in death. Rhinocerebral mucormycosis
commonly affects individuals with diabetes and those in immunocompromised states. CT
brain scan showing the appearance of a cerebral infarct. CT scan of a patient who is

suspected of having mucormycosis shows extensive involvement of the right orbit and

adjacent sinuses. There was total ophthalmoplegia of the right eye. He incidentally tested
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ketotic diabetes and COVID-19. Early diagnosis and treatment are essential to prevent further

end-organ damage.

KEYWORDS: Haemophilia of Factor IX, Mucormycosis, mucosal Thickening and Sinusitis,

amphotericin B.

INTRODUCTION

Over the past few decades, several blood-borne viruses have targeted haemophilia patients
requiring treatment with clotting factors derived from human plasma. In haemophilia B, also
known as “Christmas disease,” the person lacks clotting factor IX. Haemophilia occurs in

around 1 in every 20,000 males born worldwide.

Mutations in the F8 or F9 gene lead to the production of an abnormal version of coagulation
factor VIII or coagulation factor IX, or reduce the amount of one of these proteins. The
altered or missing protein cannot participate effectively in the blood clotting process. As a
result, blood clots cannot form properly in response to injury. These problems with blood
clotting lead to continuous bleeding that can be difficult to control. The mutations that cause
severe haemophilia almost completely eliminate the activity of coagulation factor VIII or
coagulation factor IX. The mutations responsible for mild and moderate haemophilia reduce

but do not eliminate the activity of one of these proteins.

What is mucormycosis?
Mucormycosis is a very rare infection. It is caused by exposure to mucor mould which is
commonly found in soil, plants, manure, and decaying fruits and vegetables. "It is ubiquitous

and found in soil and air and even in the nose and mucus of healthy people.

It affects the sinuses, the brain and the lungs and can be life-threatening in diabetic or
severely immunocompromised individuals, such as cancer patients or people with hemophilia

of Factor VIII or Factor 1X.

History
Symptoms of rhinocerebral mucormycosis are often nonspecific, co 'E ating éar
diagnosis. The most common presentation includes facial pain, headache, d
loss, proptosis, and/or palatal ulcer. Perinasal cellulitis and paresthesia are also co y

clinical signs of rhinocerebral mucormycosis. The incubation period is measured in days. The
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clinical course can progress from normal to symptomatic in a week and from sinus
12.3]

opacification to uncal herniation and death in just a few days.!
General symptoms of rhinocerebral mucormycosis include the following:
Headache
Nausea
Fever

Lethargy

Facial symptoms of the disease include the following:
Weakness
Numbness

Pain

Nasal symptoms of rhinocerebral mucormycosis include:
Purulent drainage
Stuffiness and rhinorrhea
Epistaxis

Nasal hypoesthesia

Ocular symptoms include the following:
Periorbital or retro-orbital pain
Diplopia and blurred vision
Amaurosis (unilateral or bilateral)

Possible rapid progress to blindness

CNS symptoms include the following:

Convulsions

This emerging coronavirus (SARS-CoV-2) virus, spreading from person-to-person via

respiratory droplets, is mainly responsible for respiratory tract infections and potegt_ia}_ﬁ[fat%lﬁ\
pneumonia in more frail patients. Current available data show that the mortality i \:ea; fow in\&
those less than 20 year of age but much higher, up to 20 %, in older patients pr g :
co-morbidities. This may have consequences on medical follow-up, assessment ¢
specific treatments (immune tolerance induction), therapeutic education progr -

diagnostic procedures including lab testing. Treatment centres must rapidly adapt to this

N
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reality by taking advantage of all means of distance communication such as telemedicine and
maintain regular contacts with patients, especially those who require more attentive and
regular follow-up. Elective surgeries have been postponed in areas where hospitals need to

conserve resources for the overwhelming onslaught of COVID-19 patients.

MATERIALS AND METHODS

The study was a retrospective record based and observational study carried out of a 32 year
old Haemophilia patient May 10th 2021 to April 2022. Permission from the subject and
family members was taken and the data is highly reliable. The clinical profile of the subject
during the study period was noted. He was admitted to Gandhi hospital, Hyderabad.

RESULTS

MRIBRAIN, I'NS AND ORDITS (PLAIN &5 CONTIAST)

TECHNIQUE

VL2 TLAIR AXIAL 10 SAGHTTAL: S Dw

11, L2 FAT SAT CORONALS, 11 EAT SAT, 1. TAT SAT AND ORI SAGITTAL T2
POST CONTRAST: 11 AXIAL, CORONAL AHD SAGITTALS

FINDINGS:

BRATN:

Sulcal and cisternal spaces are normal

Ventncular system e normal in sdze and signal intensities
Cerebellum and brain stem show notmal signal intensity,
Sellar and para sellar regions are notmal

Cerebral parenchyma show noimal signal Intensity,
No abnormal enhancing areas noted on contrast administration

No haemorrhage/intarcts
No shift of midline structures,

MRI PNS AND ORBITS:

Known case of invasive fungal sinusitis - status post surgery,
Fluid signal intensity noted in bilateral mastoid air cells - Bilateral Mastolditis,

Partial maxillectomy with resection of medial walls of bilateral mazillary sinuses and
resection of left inferior and middle turbinates,

Heterogeneously  enbancing mucosal  thickening in - sphenoid  sinus
5 " 3 L
ethmoidal air cells, right maxillary sinus and frontal sinuses,

bilateral

Minimal mucosal thickening with enhancement on contrast on left maxillary sinus.

Signal changes in bilateral zygomatic bones with enhancing periosseous soft tissue
enhancement of bilateral masticator muscles, enhancement in right retroantral
region and right pterygopalatine fossa,

Enhancement noted in left orbital apex, retrootbital fat with enhancement of left
optic nerve sheath and medial and lateral rectus muscles,

Soft tissue thickening with enhancement in bilateral preantral regions.

Evidence of dural enhacement noted in left anterior temporal region,

Fig. 1: Case report of haemophilia subject.

(
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Fig. 2: Biochemical parameters of haemophilia subject.

Treatment
He was initiated on conventional amphotericin B (given for 11 days) and aspirin for acute

cerebral infarct. Post FESS, CT paranasal sinus imaging was done after 1 week of treatment
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with antifungal therapy and showed a reduction in the diffuse opacification of the left

ethmoid, frontal and maxillary sinuses.
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Fig. 4: Medication of the subject.
DISCUSSION

An active search of literature reviewed few reported rhino-orbitary cases associated with
COVID-19.1°% Diabetes mellitus is an independent risk factor for rhino-orbital-cerebral
mucormycosis in a meta-analysis of 600 series with 851 cases. The most common species
isolated was Rhizopus species, with an overall mortality of 46%."" A case of COVID-19 with
rhino-orbital mucormycosis co infection associated with ketoacidosis was reported in a
patient with recent-onset diabetes mellitus.!! A case series in the Indian subcontinent
reported six cases of rhino-orbital-cerebral mucormycosis following COVID-19 infections.™
Control of hyperglycemia, early treatment with liposomal amphotericin B and surgery are

essential for the successful management of mucormycosis. Thus, the use of glucocorticoids in

r—
—_

immune pathways such as tocilizumab should be discouraged. For sucpessful ma;nélge 1

mucormycosis, a high index of clinical suspicion, low threshold for dia with
risk factors, neuroimaging and specific diagnostic tests with a coordin from a
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multidisciplinary team including ophthalmology, otorhinolaryngology, infectious diseases,
neurosurgery, critical care, microbiology and pathology department are crucial. A delay of

even 6 days in initiating treatment doubles the 30-day mortality from 35% to 66%.

Simple tests like vision, pupil, ocular motility and sinus tenderness can be part of routine
physical evaluation of a patient with COVID-19 hospitalised with moderate to severe
infection or diabetics with COVID-19 or those receiving systemic corticosteroids. Visual

prognosis, however, continues to remain poor.

Doctors believe mucormycosis, which has an overall mortality rate of 50%, may be being
triggered by the use of steroids, a life-saving treatment for severe and critically ill Covid-19
patients.Steroids reduce inflammation in the lungs for Covid-19 and appear to help stop some
of the damage that can happen when the body's immune system goes into overdrive to fight
off coronavirus. But they also reduce immunity and push up blood sugar levels in both

diabetics and non-diabetic Covid-19 patients.

It's thought that this drop in immunity could be triggering these cases of mucormycosis.
Eleven of them had to lose an eye, and six of them died. Most of her patients are middle-aged
diabetics who were struck down by the fungus two weeks after recovering from Covid-19.
"We are already seeing two to three cases a week here. It's a nightmare inside a pandemic,"
she told me. In the southern city of Bangalore, Dr Raghuraj Hegde. an eye surgeon, tells a
similar story. He has seen 19 cases of mucormycosis in the past two weeks, most of them

young patients. "Some were so sick that we couldn't even operate on them."

Doctors say they are surprised by the severity and the frequency of this fungal infection

during the second wave, compared to some cases during the first wave last year.

Dr Nair says he has come across not more than 10 cases in Mumbai in the past two years.

rate of prevalence of mucormycosis ranged between 0.005 and 1.7 per million population in

different countries, except India, where the number of reported cases were far greater at 140

cases per million population. Now with 27 million COVID-19 cases in India (as of May 23,

?

]
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2021), 77 million diabetics and the use of steroids for treatment, there has been an
exponential increase in the reported cases of mucormycosis, #1121 I Of note, COVID-19
associated mucormycosis showed that 94% of patients had diabetes, suggesting the number
of mucormycosis cases will continue to rise in India and globally. For the many patients
affected with mucormycosis, the outcome is poor. About half of the affected patients will die

and many will sustain permanent damage to their health.

The recommended treatment against mucormycosis involves the intravenous application of
amphotericin B (preferably liposomal formulation) in initial dose of 5 mg per kg body weight
per day, and 10 mg per kg body weight per day at advanced stage of the disease. Depending
on the severity of the disease, each patient needs 60—100 injections (each vial containing
50 mg). With each injection costing from 5000 to 10,000 rupees, the projected cost of the
treatment can be more than a million rupees, and even then, a successful outcome is not
certain. Such high dosage of drug is administered due to the intravenous application of
amphotericin B, which leads to dilution of the drug in the plasma. In the case of cerebral
mucormycosis, further complications are attributed due to the highly selective blood-brain
barrier and poor penetration of amphotericin B to reach the central nervous system and target
the fungi. This results in the application of higher doses of the drug to accomplish minimum

inhibitory concentration to target the epicentre of infection.

CONCLUSION AND RECOMMENDATIONS

Even today, many haemophilia patients and their families still retain painful and indelible
memories of HIV and hepatitis C infections or are confronted with the progressive health
consequences of these infections. Even as a deadly second wave of Covid-19 ravages India,
doctors are now reporting a rash of cases involving a rare infection - also called the "black
fungus" - among recovering and recovered Covid-19 patients. It is indeed possible to cure

haemophilia by using viruses, deprived of most of their content and infectivity, as vectors to

transport genetic material and permit long term, endogenous production of Factor VIII or,

e

coinfections.
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ABSTRACT: Herbicides, nematicides, molluscicides, rodenticides, fungicides, insecticides, and other
pesticides are all classified as pesticides. Pesticides were designed to kill specific organisms such as insects,
pests, rodents, fungi, and so on, but they cause serious harm to human neurological systems and tissues.
Pesticides used in Asia accounts for 50% of all pesticide manufacturing worldwide. After China and Turkey,
India is the third-largest pesticide consumer in Asia [1]. Pesticides have a significant impact on farmers’ health
since they frequently come into contact with pesticides and there is currently no way to protect them. They are
extremely harmful and should be banned immediately, but pest infestation and agricultural destruction will have
a disastrous effect on the population of the country. This would not be a good choice in a situation where India's
ranking on the global hunger index is constantly declining, but there is a need to identify alternative solutions.
Our proposed project involves the use of robots to automate pesticide spraying tasks across a wide area using
the Internet of Things. With the help of the Internet of Things, the robotic device is navigated, controlled, and
trained to spray insecticide on plants. As a result, farmers are protected from the effects of pesticides as the
physical presence of a human is not present in this scenario. The spray robot has the worldwide coverage of
information update and video multicast, additional MQ-135 Air Quality Sensors provide many advantages
compared to conventional pesticide spraying robots.

IndexTerms—Pesticides, ESP8266, Internet of Things (IoT)
JEL Codes: 118, 11,115

1. INTRODUCTION
Food, housing, and clothes are the three most fundamental requirements for human survival/
considered necessary to look forward to feeding every individual, regardless of how powerful a éil‘ ry is. For
millennia, India has been famed for its agricultural riches. Farmers in India are the back f its rich
agricultural heritage. Pesticide use is unavoidable since pests cause significant crop dam {
necessary for farmers to treat them with the appropriate chemicals and pesticides. Herbicides
are the two major types of pesticides that are made up of a mix of natural and synthetic substances.
of insecticides such as organochlorines, creosote, and sulfallate induce cancer, whereas organochlorine
chlordane, and lindane cause tumours, according to multiple previous studies [2]. Human cells and tissues are
highly reactive to these substances. They induce acute irritability, skin problems, and cancer in many
circumstances. The vast majority of farmers take the necessary precautions. Even so, pesticides infiltrate their
bodies and create serious problems. The Punjab region of India has recently received national attention as a
result of multiple incidences of blood cancer among farmers [3]. Insecticides account for the majority of
pesticides used in India. Pesticides that cause major tumours and cancer have already been banned in India, but
the pesticides that are still allowed have extremely harmful side effects. Our proposed system deals with a
pesticide spraying robot that has IP Camera based live feed, Wireless controlled navigation and also Bluetooth
controlled robotic pesticide spray.
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2. PREVIOUS WORKS

There have been several studies in the field of pesticides and different efficient ways to deliver them to plants
with safety. Below are some of the work which matches our domains.

ArasoTayeWaktola et al. performed the work to create an efficient pesticide spraying robot that is practical
enough for real-time implementation. The system is based on live mobility and manual control. Their team's
system is built on the concept of Bluetooth-based robotic control and plant spraying. It was created for real-time
use and proved to be quite valuable in the development of our system. The water tank was attached to the robot's
body. This tank served as a pesticide reservoir for the sprayed insecticide. In our study, we employed the
attached pesticide tank in the same way. Their work is quite similar to our proposed work, but our paper
includes an extra IP camera, an air quality monitoring device, which is a significant improvement over their
earlier work. [4].

The Pesticide Sprayer Robot was designed by A.M. Kassim et al. with larger wheels and a more realistic
approach. Their robotic system uses an Arduino Mega System, which is similar to the Arduino Nano System.
The ultrasonic sensor series is utilized to autonomously navigate the path. Their module can handle a payload of
up to 20 kg. The pesticide robot benefits from the greater torque provided by the four-wheel-drive system, but it
also necessitates a large power supply. To reduce power usage, the arrangement employs high-capacity 12V and
7AH batteries. Pesticides are sprayed on plants using 12V/70W diaphragm pumps. Mist nozzles of various
lengths are used to spray pesticides on plants of various lengths. The diaphragm pumps and BLDC motors are
turned on and off by the electromagnetic relay. The technology is quite remarkable, and it must be applied in
real-time. In the paper, the ultrasonic sensor setup is particularly impressive [5].

In their study, PvrChaitanya et al. described a pesticide spray robot based on machine vision. The majority of
their work is based on machine learning techniques. The image stream is collected by the camera and then
processed by the machine learning process. The pesticide spraying nozzle is used to spray pesticides on exposed
regions where disease, pests, or diseases are found. The technology uses a machine learning approach to forecast
viable cures. The 1.293D motor diver IC, like our proposed cent, controls the robot's robotic movement.
Embedded apps are run on the Raspberry Pi3 system. The code is written in Python and provides a training set
for the robot to detect any anomalies on leaves, stems, or plants. The PC and its applications can control the
robotic system. This provides the spraying system with an edge of intelligence to actively detect the area to
target the pesticide for spray. It helps to save the pesticide and reduce wastage. [6].

3. SYSTEM DESIGN AND SPECIFICATIONS

This technique is intended to address the major problem of pesticide poisoning, which causes significant harm to
farmers' hands, legs, and eyes. Pesticide poisoning has invasive consequences such as cancer, organ failure, and,
in some cases, death. Many farmers have no idea what they are dealing with; they mistakenly think of pesticide
poisoning as mild skin rashes, fever, and the typical cough and cold, but when properly examined, it turns out to
be a life-threatening disease. This section contains the exact specifications for creating a pesticide bot. The
entire system is broken down into six modules.

3044




International Journal of Early Childhood Special Education (INT-JECSE)
DOI:10.9756/INTIECSE/V1415.317 ISSN: 1308-5581 Vol 14, Issue 05 2022

Power Supply
Rechargeable Battery Live Video Feed
to PC or Mobhile

ON/OFF Switch

Camera
Voltage
Regulator
12V
v
» Commands
L 293 D Motor € Atmega
Driver < 328PPU MQ 135
s Microcontroller T Sensor
HC-05 Bluetooth
| ,
Robotic Robotic Rikuv ESP 8266
Wheel Wheel - 10T Board

Pesticide tank

PC with Internet
[UPDATES]

Figure 1: Overall Block Diagram

Power Supply Module: The module for supplying power uses a rechargeable battery as a power source to

provide all of the system's energy needs. Various voltage regulators are used to regulating the voltages for
various components and their requirements.

Motor Driver Module: The Motor Driver is built around the L293D motor driver IC. The primary
responsibility of the motor driver is to regulate the power supply to the wheel motors [7]. The motor driver
receives a 12V power supply. When the microprocessor sends 5V directives to the motor driver, the motor

driver supplies this 12V power supply to the wheels. We use motor driver ICs to execute such jobs since
microcontrollers cannot offer 12V power.

TABLE I: Motor Driver Logi
STATUS  Motor Movement

Motor 1 Clockwise

Motor 1 Anticlockwise

Motor 2 Clockwise
ON Motor 2 Anticlockwise

A
B
C
D

Controller Module: The controller module serves as the brain of the entire system. Embedded C code is used to
write the overall program logic. The microcontroller we're using is the Atmega 328 P PU, which is a high-
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performance 32-Kbyte flash program memory microcontroller. It is inexpensive and uses very little energy. It is
simple to program using the Arduino IDE. The microcontroller is capable of efficiently and accurately
managing all of the modules [8].

Data transmission and reception module:

The data transmission and reception module of our robotic system is divided into two sections.

The IoT transmission module comes first, followed by the Bluetooth data transceiver module.

IOT Transmission Module: The [oT transmission module is in charge of transferring all environmental data
collected from the city to a central cloud server. The module updates the dedicated website with information
such as the moment the robotic system started working, how long the pesticide sprayer operated, how much
pesticide was sprayed, data acquired from an air quality sensor to assess toxic air levels, and so on. To complete
the task, we use an ESP8266 10T board, which is a WI-FI based IoT system that may be powered by a dedicated
Wi-Fi system or even mobile phone hotspots [9].

The HC-05 Bluetooth module: The HC-05 Bluetooth module is used to connect the robot to the Android
applications from a safe distance. Bluetooth is a lag-free technology that allows our robot to be extremely solid
and steady when performing tasks in the field. The serial data provided by the Android phone is decoded into
data series, received by Bluetooth, and forwarded to the microcontroller, where it is matched with the given task
according to the system's program logic [10].

Switching Module: Relays and relay drivers make up the Switching Module. To drive 12V relays from 5V
microcontroller commands, we used the ULN 2003 IC [11]. The magnetic field formed in the coils as a result of
applied electric charges causes the electromagnetic relays to move. The coil movement activates and deactivates
relay switching between the NO and NC pins, which is used to switch pesticide spraying motors and other
components.

Sensor Module: Our project also includes an MQ-135 air quality sensor, which can detect a variety of toxic and
hazardous substances in the atmosphere. It can give us information about the air we breathe, such as whether it
is safe to breathe or not. It can detect NH3, NOx. alcohol, benzene, smoke, and CO2, among other gases [12].
This sensor is utilized to detect the presence of dangerous gases in our project, particularly when pesticides are
employed.

4. RESULT AND DISCUSSION

The proposed robotic system is installed on a sunmica body with appropriately attached components for easy
operation. The large 10x4 CM wheels are coupled to a 60 RPM geared motor to provide great torque while
maintaining optimal speed. The system is efficient enough that this can work as Sanitizer sprayer in Covid type
of pandemics [13][14].

Figure 2: System Flow Diagram

The system is capable of completing the task assigned to it. The water pump motor is a DC pump system that
delivers a water jet as a spray to the plant, allowing the pesticide to reach the intended area. The entire
arrangement is put through its paces in real-time.
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Figure 3: Spray Pump Setup

The overall system implementation is present below, some components are beneath the sunmica body to provide
a neat look to the overall setup.

Figure 4: Overall Implementations

The simple design makes it easily fabricable for regular usage. There are several possibilities to enhance the
system design as the wheels can be changed with tracked wheels, the connection range can be enhanced with RF
or Zigbee System and the metallic body can be further strengthened by using fibre.
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5. CONCLUSION

Thus we developed a system of pesticide spraying robots to help farmers to come out of the ill effects of
pesticides. Pesticides are the important ingredients of the agriculture system and it's not possible to stop using
pesticides. Of course, its usage should be minimized to avoid its ill effects and our robotic system is the
technology that can efficiently operate. There is a huge possibility of enhancement in our project in future like
increasing its range, weight loading capacity, intelligence and battery power but the present system helps us to
estimate the enhancement possibilities in real-time.
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