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INTRODUCTION

Due 10 tls umigue reactivity, cyno group is lmolfmzcd us important building block and is found In various

bioactive molecules and functionalized materuls,

imermediates for the synthesis of biological, medicinal and pharmaceutically
cyano group is easy removal from cyamanide and N-alkylofN-uyH
and

groups in the synthesis of secondary

Lyamunu!es are uaerul precursors and importunt synthetic

hetern-cycles.”! Since the
mides,”’ lheyoﬂenrepmtuaueﬁll

profecting tertiary  amines
mmmmmummmmmm ' |

In recent years, the formation of carbon-heteroatom
bonds'* wowards the synthesis of beterocychic compounds
has been developed through cross-coupling resctions
using fransition-metal-catalysis. Among these, carbon-
sulfur bond formation has recerved much attention due 1o
the presence of this moiety in many moleculos that are of
biological. pharmaceutical and material  interest,”
Recently the above said mosetics containing compounds
like 2-(arylthio) arvl cyan-amides from 2-halophenyl

Tabile 1: Standardization for the reaction conditions.

thiourea vin domuno (-8 cross-coupling reacton using
copper as catalyst.”™ But 1o the best of our knowledge no
one has reported in the presence of iron.

Therefore, heremn, we wish to demonstrate the one-pot
synthesis of 2-(arylthio) aryl cyanamides from 2-1odoaryl
isothiocyanate and wryl lodides using cheap, readily
available and amr stable ron source &5 catalyst under
milder conditions,

H = NHCH
@pacs. NH;, Soivert nsn[ﬁ" 6 ol 1 P 1 eq), base (2 eq) i 3
s Catslyst (10 mol %), =
! l J ugm’giI (20 mol %) $
00 °C. 8N P
A i-:/ ]
N e, /_< f— ‘} 1A =
L1 L2 u
i
Eatry | Solvent | Catalynt Buse Ligand Soversion
1 ExOH FexSO0s 1,0 | K PO, 3H,0 L3 100 na,
2 EtOAc | FedSO.), HO | K,PO, 3H,0 L3 100 nd.
3 n-Hexane ‘ Feg(son))- H:o K ,P()‘ 3";0 L3 nd. nd,
4 n-Heptane | Fey(SO,),. H,O | K,PO, 3H,0 L3 nd. nd.
5 H.0 Fed SO, HO | K,PO, 3H.O L3 7 nd.
6 DMF FeSO,),. HO | K,PO,3H,0 L3 45 55
7 DMSO | FedS0OL), H.O | K,PO, 31,0 L3 48 55
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b DMSO FedS0)y H,0
9 DMSO FeyS0,)s HO
10 DMSO FedS0O,), HO
11 DMSO FedSOy),. H,0
12 DMSO | FedS0). H,O |
13 | DMSO | Fe(NO;:).9H,0 |
T DMSO FeCl,

l s | DMSO FC;‘ S()|)x. H)O
lb" DMSO FC_‘S‘)Q’L H;O !
17 PDMSO Fe SO h. HO
I8 | DMSO -

KOH L3 25 75
K.CO, .3 40 &4
CeCO, L3 n.d. 1o |
Cs,CO: LI 75 25
Cs, CO, L2 55 45
C):CO; L3 n.d, 100
Cs,C0, L3 nd. 100
C\;(Oa l-‘ S[) ‘0
Cs,CO, L3 35 63
C:CO . 79 21
(..S:CO\ - 100 nd.

|a]|Reactionconditions: 2-lodopheny! Isothlecvanate (I mmol), solvent (2 mL), Ag NH 3 (2 ml); 6h, room
temperature, then, lodo benzene (1 mmaol), catalyst (10 mol %), ligand (20 mol %), base (2 mmol), 6 b, 100 *C,
b Isoiated yield. |c| Catalyst (5 mol %) was used, [d] Cs;CO; (L5 equiv) was used. n.d. = not detected,

2-lodo phenyl isothiocyunate reacts with ag ammonsa in
the presence of DMSO to afford 2aodo phenyl thiourea
as an intermediate, which reacts with iodo benzene using
iron source as catalyst under below thown reaction

- =

N .N(.S - N
['\:L . Ag NHy. DMSO, 1t 6 h E b gl
= | N S

A

condinons 10 obtain the target product as 2-phenylthio
phenyl cyanamide vin domino intma and inter molecular
C-S cross-coupling reaction (Scheme 1),

M2 1 PRI (1 8q), Cs,C04 (2 0q) "

/\\[P\H( N

FexS0y 20 (10mol %), ~F g
1,10-Phienantthvoine (20 mol %) /[
o~

100 °C.6 h .
¢
1A ==

Scheme 1

Initialiv, the optimization of the reaction conditions
was performed using 2-iedophenyl isothiocyanate as
model substrates with different solvents at room
temperature (Step 1). We could observe that thart the
substrate proceeded reactions with ag NH, and in the
presence of EtOH, EtOA¢, DMF and DMSO at room
temperature to get the corresponding thioures A In
complete conversion, that, gratifvingly, proceeded an
domino intra and inter molecular C-S cross-coupling
reaction with iodobenzene using 10 mol % Fey (SO, ).
H,0, 20 mol % Ligand (L10-Pheathralenc) and 2
equiv Cs;CO; at 100 °C temperature to give target
product |A in complete conyersion. In case of solvent
optimization, non-polar solvents like n-hexane and n-
heptane conldn’t proceed the reaction. Green solvent
H:O could give thiourea (1 step) in 70% conversion,
that couldn't proceed the domine C-S cress-coupling
reaction (2* step). Various bases were exnmined and
ameng them Cs;CO, counld give target product in
complete conversion (Table 1, entry 10). Other bases
(K;PO-3H0. K,C0, and KOH) could give less effect
for the formation of target product. In a set of ligands
L1-1.3 screened, L3 was found to be the most effective
in comparison to L1-L2 (Table 1, entries 11-12), Both
iron (1) and lron (I11) sources (Fey(SOy);. 1,0, Fe
(NO)LIH,0 and FeCl2) exhibited a similar catalvtic
activity (entries 10 and 13-14). Lowering the amount
of base (1.5 equivalent) or the iron source (5 mol %)
led to the domino C-S cross-coupling reaction (o
afford target product in less conversion (lable 1,
entries 15-16), The reaction was also checked in the

wwweibpscom | Vol 10, Tssue 4, 2023 |

absence of ligand, unfortunatcly, the reaction could
give target product in 21% conversion only (Table 1,
entry 17). Control experiments confirmed that the
reaction didn't proceed (step 2) In the abseace of the
catalyst and ligand and the thionrea was recovered
intact (Table |, entry 18),

Having optimization reaction conditions in our hand,
we further pursued the scope of the process with
respect to the other substrates, Aryl todides having
clectron donating groups 4-Me and 4-OMe procecded
reactions to afford their domino coupled products 18
and 1C In 93% and 97% yiclds, respectively. Aryl
jodides  bearing  weak  eectron  withdrawing
substitucnt’s 4-Cl and 4-F could give their respective
turget products 1D and 1E in 91% and 88%,, Aryl
indides possess strong clectron withdruwing groups 2.
NO; and 4-CN gave their final produets in less vield,
It might be occurred as these have strang electron
withdrawing capacity. Finally, we have alsa checked
reaction with 2,4-diMe indobenzene and it could give
target product in decent yield. Aryl iodide contain
bulkier group 2<'Bu carried out the reaction under
optimized reaction conditions to give respective 2-
(arylthio) aryl cyunamide 11 in ¥2% yield. Similarly,
phenyl isothiocyanate bearing 4-Me, 4OMe, 4-C1, 4
F, 4CN, 2NO,. 24-di-Me, 3 4-di-Me and 2-'Bu
substituents readily carried out reaction  with
indobenzene to give their final products 1J-R in 70-
95% yiclds. The above-mentioned results clearly
confirm that the substrates haviag electron donating

ISO 9001:2015 Certified Journal |
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Tuble 3: Substrate scope for the synthesis of Z-ntyllhl- arylevanumides,

(\/NHCN
QNCSI Aq hiH, DMSO. 4, 6 h_ {‘l ILPhI (1 €q), Cs;CO, (2 eq) /*/L
ZN) Fe,(S0.)sH,0 (10mol %), Rs |

Ry 1. 10-Phananthrolne (20 mol %) @

R, = EDG & EWG 100°C. 81

1JR
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Scheme 2: Proposed mechanism,

We  have developed neat. clean and  efficient
methodology for the synthesis of 2-hwlo  aronmlic
cyunamides. During the reaction process we couldn’t
observe any other byproducts (00 othber products could
observe except cyansmide only). The resctions are rapid
and facile and accomplished under mild  reaction
conditions. All the substrutes could obtam thewr target
products in good 1o excellent yields.
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Abstract:

Nitrosamine impurities in angiotensin 11 recepror antaganists containing a tetrazole group represent an wgent concem for
sctive pharmaceutical ingredient (API) manufacturers and global regufators. Regarding safety, APl manufacturers must
develop methods 10 moniter the levels of cich nitrosamine mpurity before individual batch release, In this sudy, we
developed mnd validated & sensitive, selective, and high throughput method based on hendspace gas chromatography -mass
spectrometry with Multiple reactions monitoring mode (MRM) (HSGC-MSMS) for the simultancous determination of two
nirrosamines, namely. N-Nirosodimethylamine (NDMA) and Nenitrosodiethyvlamine (NDEA) in Omeprazole sodium drug
substances and products by using quality by design approach

The guantification of two nitrosamines in Omeprazole sodium drug subsiances and products rangsd from 0.07 ppm
with respect to the sample concentration of 1000 mg/ml. with good sensitivity in LOOQ level, The limit of quantification is
0,021 ppm and limit of detection is 0.007 ppm for NDMA and NDEA with respect 10 the sample concentration of 1000 mg/ml
with good sensitivity in the proposed method. The calibration curves of the assay ranged from 0.035 10 0,105 ppan with limins
of quantitation of 0,021 ppm for NDMA and NDEA. The recoveries of two Nenitrosamines in selected Omeprazole sodium
drug ranged from 83% to 115%. The precision was in the noceptance critera of bellow 1096 for NDMA und NDEA. Other
validation parameters, including specificity, robustmess, ruggedness, solution stability met the validation oriteria,

Therefore, this proposed HSGC-MSMS method exhibited good sensitivity and precision, high accuragy, and fast
analysis speed, which provide a refiable method for quality control of two N-nitrosamines in Omeprazole sodium drug
substances and products. This method s applied for pharmaceutical dosage forms, results met the with the specifications. In
conclusion, it will be useful 1o quantify the low-level nitrosamings i Omeprazole sedium drug substanoes and products,

Index Terms: Omeprazole sodium, N-Nitroso dimethyl amine, N-nitrose dicthyl amine, HSGC-MS/MS, method
development and validation.
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L INTRUDUCTION

Nitrosamines are ceganic chemical compounds that may be present in low levels in a variety of products that people
are exposed 10 every day. Air, water, and consumer products such as processed meats, alcoholic beverages, cosmetics, and
cigarete smoke all contain nirosamines [1]. Nesitrosamines have been classified as ‘probable human carcinogens” by the
International Agency for Rescarch on Cancer [2] and were Jisted as o representative “cobort of concern™ of mutagenic
carcinogens i the lntermational Council for Harmonlzstion of Technical Requirements for Plarmaceuticaly for Human Use
(ICH) guidmce for industry M7 (RI) [3] In 2018, the nitrosamines Nenitrosodicthylamine (NDEA) and N-
nitrosodimethylamine (NDMA) were ditected in soveral APE used in the treatment of hypertension and related medicines.
Afler thorough mvestigations, regulatory agencics have outlined that the formation of nitrosamines is possible in the presence
of secondary, tertiary, or quatertary amines and nitrite salts inder acidic reaction conditions. The starting materinls,
intermediates, reagents, solvents, catalysts, active pharmuceutical ingredient (API), or APl degradunts may participate in
reacticns. and form pitrosamines in cértain processing conditions. Contaminated reaction materisis in the manufacturing
process such as recyeled solvests are a potential root cause of nitrosamines in drug products. Excipients and packing materials
My contain nitrasamine precursors o generate nitrosamines in drug products. Regulutory agencics have guided manufacturers
to follow risk assessment, acceptable intake (Af) limits, and multiple analytical test procedures to control nitresamines [4, 5],

The US. FDA has reported that low concentrations of NDMA have been detected in some metformin products, and
no sample of metformin exceeds the acceptable daily intake for NDMA [6]. When nitrosamine impurities have been deteced
in several phammaceutical products, many countries announced interim limits for NDMA and NDEA recall based on the
ncceptable daily intake of the sartan drug substances (valsartan, whesartan, fimasartan, rosartan potassium, olmesartan,
candesartan), metformin and rasitchine [7,8.9),

Since the Omeprazole sodium peoducts produced by several phanmaceutical companics were proven 1o contain
potential contamination with carcinogenic nitrosamine impuritics, namely, N-nitrosodimethylamine (NDMA) and N-pitroso
dicthylamine(NDEA) (Fig. 1). S-methoxy-2-(((4-methoxy-3.5-dimethylpyridin-2-ymethy Dsul finy -1 H-benzofd)imidiczole 15
n substinted benzimidazole compound and a peototype unti-secretory agent, being the first “peoion pump inhibitor” widely
sed for the prophylaxis and trearment of gastro-duodenal ulcers and for the treatment of symptomatic gastro-doesophageal
reflux [10]. There is a potential for the presence or formation of NDMA and NDEA m the Omeprazole drug substance and
drug product.

% LN
o

! !

\"_/ \\/z:’w’ —— o Ny N U

NNHrsmudimsthylomine INOMA) 8o jrusediechy leuine (NDEA )
Chumiral Formuta: ColNA0 ¢ pemient Formube € 0, N
Chimrprarede sed i Faner Masc: 7005 Boaet Moass 107 0N
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Aokeculne Wenghis V6% 40

Figure 1: Molecular structures of Omeprazole sodium and two Nepitrosamines

Literature review has been proved that the multiple analytical methods are also published by regulatory agencies for
the determination of Genotoxic impurities, nitrosemines in varicus drug substances and drug products by using [11.17]. And
determination Omeprazole assay in its bulk and pharmaceutical dosage forms [13],[18-21]. However, no approach is repocted
for the trace-level quantification of NDMA and NDEA in the Omeprazole sodium drug substance and drug products by using
HSGC-MS/MS so faur. Sa, our proposad work is very necessary for the quantification of two N-nitrosamine impauritics at low
level in Omeprazole sodium drug substances and products, However, these were aot suitable for rapid and high-throughput
analysis in the pharmaceutical indusiry, Here in, we have developed o simple, seasitive, accurate, @nd reproducible HSGC-
MSMS method for the detection of two Nenitrosamines in Omeprazole sodium drug substances and products. The obtained
LODs and LOQs met the sensitivity requirements set by FDA. Then, this developed method was validated according to the
Internaticnnl Council for Harmonization (ICH) guidelines [22.23] in tenms of sensitivity, linearity, accuracy, precision,
specificity, und stability,

Based on Consrol of Nitrosamine Impurities in Human Drugs requirements, FDA s esisblished the faterim
acocpuable daily buake limits for Nepirosamines, For two Nenitrosamine impurities specifications wre calculated by the
miximum daily dossge (360mg/day) of Omeprazole sodium. The specifications of NDMA and NDEA impurities were
calculated by using ‘Accepted Intake limit® s divided by ‘maximum daily dossge’ of Omeprazole sodium (360mg/day).
European Medicines agency has publighed the maximum daily intake as 96 ng for NDMA and 26 5 ng for NDEA and no
guidance on suitable acceptable daily intake for rest of the possible nitrosamines. By considering the worst case, 26.5 ng will
be considerad for the NDMA & NDEA nitrosamine which was considered in the evaluation stiady. The caloulsted Interim
limits for NDMA and NDEA are shown in Table-1.

IJRAR23A2472 | Intemational Joumal of Research and Analytical Reviews (LIRAR) www.ijrarorg | 12
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Table 1t laterim limits for NDMA wnd NDEA in Omeprizole set by FDA

] . . Accepted maximum daily  Accepted Intake Taken
Name ::‘- Nitrommine (s tirmis g limit Kienits
oo (ng/day) (my/day) (ppm=AMDD)  (ppm)
 NDMA % 360 027 0.07
NDEA 2.5 360 0407 0.07
METHODS
Chemicals and reagents

The N-Nurosochmethylamine (NDMA), NeNivrosodiethylamine (NDEA) standards and Omeprazole sodium drug
siebstance were purchased from local well known Labocatories, Hyderabad, India. Millipore Miili Q purification system was
esed from Bangalore, Indi, HPLC grade DMSO was purchased from Rankem (Mumbai, India). Millipore Milll Q purification
system purchasad from Bangalore, India,

Instrumentation and optimized HSGC-MS/MS conditions

Analyses of two N-mitrosamines were performed on o SHIMADZU GO-MS-TOSO4INX system. VF-Wax ms
capillary column (30m * 0.25mm i.d., 10 gm) was used as the analytical column in this work. MS/MS detection was carmied
out on a SHIMADZU TOQ-GC triple quadrupole mass spectrometer with electron ionization (EI) ien source. The GC oven
program utilized an initial oven temperature of 40 “C, held for 5 min, raised fiestly 21 20 °C-min- 1 1o 240 °C finally held for 5
min. The total run time was 20 min. Helium as the carvier gas was set ut a flow of 1.0 mL'min. The injection volume was | pl.
in the split estio is 101, HS Oven wmperaure, Sample line lempersture, Transfer ne temperatire were st o be 150°C,
160°C & 170°C. HS vial Equilibriting time, GC cycle time and Injection time were set (o be 15 min, 30 min & 1.0 min,

Both the interfisce temperatize and ion scurce temperature were set 10 be 250°C & 230°C. The MS was operated in £l
mode at 7O eV with a quadrupole temperature of 150 “C. The solvent cut time was § mm und end tme was 15 min and
multipk reactions monitoring (MRM) mode was sclected as the data acquisition for the quantisative determination of two
kinds of Nitrosamine GTls. The precursor ioans and product ions of two N-nitrosamine G115, as well as the optimized collision
enecgy (CF) were summuarnzed in Table 2.

Table 2: Optimized MRM fragments and CF

Impurity Name CHI m/z CHI CE(V) O3 Resolution

NDMA 74.00 > 42.00 20 High
NDEA 102.00 ~ 85.10 3 High
Preparation of Sample and lmpority Standard solutions

Preparation of Diluent

Propared the homogencous mixture of DMSO and water in the ratio of 80:20 (v/v) respectively and mix well,
Preparation of Nitrosamine Impurities standurd solution (0.07 ppm)

Accuerately weight and transier about 70 mg of each nitresamme impurity in |00 mlL of volumetric flask and diluted
1 the volume with diluent and sonicsted about | min (stock solution-1). Pipette 0.5 mL of the stock solution=1 into & 50 mL
volumetric Mask and dilute 1o the desired ooncentration with diluent (stock solution-2). Funhear pipette 0.5 mL of the above
stock soluwtion-2 into a S0 mL volumetric flask and ditute up to the mark with dileent (stock solution-3). Further pipette (0.5 mb
of the above stock solution-3 into a 50 mL volumetric flask and dilute up 10 the mark with diluent (Standard soluticn was
prepared with respect 10 1000 mg/ml, of Omepraznle sodium sample). The standard Hends pace vials were prepared with | mL
of the Standard solution and sealed the vial with aluminum closure.
Preparation of Omeprazole sodium Drug substance (1000 mg/ml.)

Weigh and transfer 1000 mg of Omeprazole sodium sample into a 20 mL Head Space vial and add 1,0 ml. of diluent
and immediately scaled with aluminum closure.
Preparution of Omeprazole Drug product (1000 mg/ml.)

Crush the appropriate number of Omeprazole tublets equivadent w0 1000 mg of Omeprazofe sodium sample and
sccurately weigh and timsfer into 20 mL of headspace vial, adds 1 ml. of dilueor and immedistely sealed with aluminum
closure

RESULTS

Method Optimization

The stationary phase, column length, film thickness, and column diameter have a large impact on the reteénticn and
peak shape of the analytes. Besed on the trial-and-error methodology with the literature review, the optimal separatxn of
pitrosamines was achicved when the capillary surface was modified by polyethylene glycol residucs at the length of 30 m. The
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optimal chromatographic separation and retention were achieved using d column dimension of 30 = 0.28 mm i.d. and a film
thickness of | pm coated with polyethylene glycol stationary phase, The temperature programming is also a very important
parameter 10 nfluence peak separation. An initial constant temperature at 40°C for 5 min followed by an increase at a rate of
200°C can provide the best separation with i resolution greater than 1.5 between NDMA and NDEA at the retention times of
11,85 and 12,47 min, respectively. We optimized, HS oven temperature  (140-180°C), Sampie line temperatire (150-170°C),
and Transfr fine temperamre (160-180°C). After optimized, choose the HS oven emperatise 150°C, Sample lne tempernture
160°C, and Transter line temperatire 1 70°C, Different diluents wese checked, NMF, DMSO and DMF ac. for sumple and
impuribes solubifity, For this study, DMSO: Water (80:20v/v) was used, and advantages in terms of volatility and polarity
were achieved, Mare impartantly, Omeprazole sodium and impuritics arc sofuble and can be extracted entirely and dissolved
in pre mixed solution of DMSO: woter (80:20v/v),

The GC-MS'MS conditions tor the simultaneous determination of two nitrosamines in Umepmzole sodium was
optimized 1o ensare relmbelity, selectivity, and sensitivity. Initially, the mass parsmeters were optimized to achieve the highest
sensitivity with n consistent response, NDMA (miz 74) and NDEA (miz 102 were tuned on o single quadrupole mass
spectrometer i the electron tonization (E1) mode under the selected 1o0a monitoring (SIM) acquisition method. These particular
ions were used for quantification. In addition to the parent ions, the major daughter ions of NDMA (m/z 42) and NDEA (m/z
85.10) were qualitatvely monitored for confirmation. Alternatively, the jon ratio calculation between the parent end daughter
ions was wso quantitatively used in the confirmatory objective.

METHOD VALIDATION

The proposed determination method for twe Nenltrosamine GT1S has been valldated according to the (ICH) guidelines
[19] through the following parameters, such as specificity, system precision, method precision, linearity, LOD, LOQ, accuracy,
Robustness, Ruggedness and solution sability.

Specificity:

To demonstrate the spacificity of the proposed method, Omeprazole sodium and the mixture solution of twe N-
nitrosamine standards were subvected 1o the HSGC-MS/MS analysis In Fig. 2, no interference peaks in the Nonitrosamine
standard and the Omeprazole sodium were observed at the retention times of two Nenitrosamines and resolution was greaer
than 1.5 between NDMA and NDEA at the retention times of 11,85 and 12,47 min, respestively. This indicates thiat HSGC-
MSMS methad for the determination of two N-nitrosamines m Omeprizoie sodium showed good speci ficity.

NDMA
74> &2
—
11.¢ 120 1292
NDEA
102 - 85
Y
Ll
124 1290 132

Figure 2: Standard two N-nitrosamine impurities (NDMA & NDEA)

System precision

System precision was established by six measurements of the standard solution at the 100% concentration levels on
the same day. Six injections of standard two N-nitrosamines solution were injected into the HSGO-MS/MS system 1o evaluate
the system precision of developed method. The obtained *6RSE two Nenitrosamines impurities were not more than 102, The
corresponding data s shown in Table 3,

Method precision
The gas chromatographic method precision was verified by enalyzing the Omeprazole sodium drug sample
spiked with two N-nitrosamines impuritics at specification limits. The method precisicn was vented as mean concentration
quantified and relative standard deviation of six quantified values of two N-nltrossmines mpurities. The reladve standard
devigtion was noticed as < 10%, which proved that FISGC-MSMS method was precise for quantification of two N-
nitrosamines impurities in Omeprazole sodium drug. The cormesponding data was shown i Tabie 4.
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Table 3: System precision data for two N-nitrosamines impurities

No, of Injections NDMA arca NDEA area
1 53425 9355
2 55632 Y456
3 58025 §463
4 52506 8726
5 57456 8399
6 55694 B589
ACVG 55456 8832
STV 2169 459
W RSD 59 5.20

Table 4: Method precision data for two N-nitrosamines impurities

No. of Preparations NDMA arca NDEA area
I SUR62 9632
F | SK269 9748
3 59023 9526
il 53789 9756
5 36128 9285
B 58692 PI6E
ACVG 5796 96352
SI1DV 640 233
%o RSD 243 241

Limit of Detection {LOD) and Quantization (LOQ)

The LODs were defined as 3 times the signal-to-noise (SN) mtia, and the comrespanding LOOs were SN = 10
The matrix cffect (ME) value was calculated according to the following equation. LODs and LOOs results were summarized in
Tabie 5.

um.o:“""fm'"fm agsv -~ Sispeaf ealvent rurve 2100
oge uf snivent rurve

Table 5: LOD and LOQ dats for two Nenitrosumines impurities

- - LOO LOD Cencentration
Nt | Comeion(a | 4020% | Gagminrs | 4007
Py ppm) w.r.t sample sample ‘
NDMA 0.021 16833 0.007 S481
NDEA 0.021 2714 0.007 887

Linearity
The appeoech was verificd for lincarity in accordance with ICH recommendations, Prepare five different
concentrations and LOO concentration from stock solution, The peak wrea of cach level Is assessed after injection into the
chromatographic apparatus. A graph with concentration on the x-uxis and peak ares on the y-axis issued 10 compute the
correlation coefficient. The linear regression coeflicients of determination (r) for two N-nitrosamines were over 0.995 i the
carresponding concentration range, which meant a good laearity and susable for quantitative analysis. The resulis and
correiation graphs were sammarized in Table 6 & Fig 3.

e 1~
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l-‘l!.Jx Correlation coefficient wh for two Nenitrosamines impurities
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Table 6: Linearity data for two N-sltrosamines impurities

Con.(ppm) NDMA Avg. ares (m=2)  NDEA Avg, area (n=2)

0.021 17689 2642

0.035 291356 4544

0.053 44121 6300

0.07 S8044 9037

0.088 73062 12001

0,105 87710 13711
Correlauon coefficient (r) 1.000 0.99%
SLOPE 831873 134187
lntereept 34 -197

Precision at LOQ

The quantification limit yaloes for two N-nitrosamines impurities were confirmed by precision examination ce., the
determined percent relative standard deviation of the responses of six injections. The relative standard deviation was noticed as
< 10%. This confirmed that, HSGC-MSMS quantification method is very sensitively precise st LOQ level. The comresponding
data is summarized in Table 7,

Table 7: LOQ precision data for two N-nitrosamines impurities

No. of Injections NDMA ares | NDFA area

| 16856 2935

2 16236 2699

3 17863 2611

4 159059 2778

-~ 16450 2498

6 17586 2866

ACVG 16833 2714
STDV 752 171

% RSD .47 629

Accuracy
The accurncy of the procedure was evalunded by spiking two Nenitrosamines with Omeprazole sodium samples
medividually wt 0.021 ppm (LOQ), 0.035 ppm, 0,07 ppm and 0,105 ppm with respect to sample concentration of 1000 mg/ml..
At cach level three preparations were done. The results exhibited that the recoveries for NDMA and NDEA in Omepmzole
sodium drug substances ranged from 91.69 10 111.31%. The accuracy of the method was demonstrated by the fact that the
recovery for each impurity at cach level was within 100 £ 5%, The obtained results indicated that the propesed method is
accursie for nitrosamme analysis in the proposed Omeprazole sodium drug substances and drug products.

Robusiness
It assists to find out the effect of slight variations in the different dwomatographic conditives. Robustaess of the
method was checked by varying the HS oven Temperature 145°C & 155°C and lon source Temperature 225°C & 235°C. The
standard two N-nitrosamine impurities were injected for six tmes under each changed method parameter. The refative stundard
deviation was caleulated at each varying condition and obiained results (% RSD) were not more than |0%

Ruggedness
Ruggedness of the method was evaluated by performing the sample analysis in six replicates using different analysts

on different days. The % RSD was calculated for day wise and analysts wise as well as imdividual and cumulative for two N-
nitrosamine impuritics and the results were obtained within the ncceptance crteria (RSD s not more than 10.0%) indscating
the method is rugged within the specified range,

Solution stability
Soluticn stabilities of two N-nitrosamines impurities in diluent solutions were evaluated by preparing specification
level (0.07ppm) standurd solutions and analyzing them every 6 b, 12 h, 24 h & 48 § againet a freshly prepared standdard. All the
solutions were kept in the durk place st 25°C. Clearly, the percentuge variation of these stodk solutions was in the range of
100 10% which indicated that these stock solutions were stable for af least 48 b,

IJRAR23A2472 | Intemational Journal of Research and Analytical Reviews (IJRAR) www.iimrorg | 16




0 2023 IJRAR March 2023, Volume 10, issue 1 wwwijrar.org (E-ISSN 2348-1269, P- ISSN 23498-5138)

Applications in Omeprazole dosage forms
This HSGC-MSMS analytical method was used 10 determine two Ne-artrosamine Glls in commercial Omeprazole
products, and no Nenitrosamines were found in commercial Omeprazole products, Therefore, the proposed method can be
confidently employed for the Omepruzcie products conmining the phummecewtical two  Nenitrosamines impurities. So, it can
be used in the routine quality control of dosage form in Pharma industrics.

DISCTUSSION

Analytical quality by design (QbD) [23] with HSGC-MSMS method was developed for quantification of two N-
nitrosamine GTTs in Omeprazole sodium drug substances and combined dosage forms, Target profile was retention time, plate
count and resolution. The developed method was validated according 1o 1CH guidelines [19]. Different method validation
parameters like Imearity Co-relations should not less than 0.995. The percentage rocoveries at each level are between 85.0%
and 115.0%., LOD for NDMA and NDEA i 0.007ppm and LOQ for NOMA and NDEA is 0.0021ppm with respect to
Omepruzole sodium sample concentration. The %RSD i obtained Jess than 10% for system precision, method precision and
ruggedness and robustness. As per our propased HSGC-MSMS method, sample and standard solutions were stable up to 48
hours. And this s method is applied for pharmaceutical dosage forms. So our proposesd work 15 when compared with other
literature works. method was found to be novel, simple, sensitive, accurate, precise, coonomical, and rupid for the estimation of
two N-nitrosaming impurities in Omeprazole sodium drug substances and combined dosage forms.

CONCLUSION:

in thiy work, the HS-GC—MS method was developed and validated for the guantitation of NDMA and NDEA in
Onweprazole sodivmn drug substances and drug products. The headspace injection techaigue was applicd to serve as an onfne
sample preparation in residual impurity analysis, therehy offering benefits concerning the efficient removal of potential
inerference and High-throughpat rowtine snalysis. The cemplete method validation was performed using the Q2(R1) ICH
guidelines [19]. The method should be further fully investigated for s accuracy, precision, and other validation parameters
using the acceptable limits of nitrosamines in cach substance. The LOCQ and LOD of the developed method were far below the
LS FDA and EMA interim Limits of the coeresponding nitrosamines in Omeprazole sodium drug subsiances, The overall
results indicated! that the developed method is relisble and eseful for determining the levels of two nitrosamines in Omeprazole

sodium drug substances and drug products,

LIST OF ABBREVIATIONS:

APCE Atmaspheric pressure chemical jonization; HSGC-MS: Head space gas chromatography mass spectroscopy; MRM:
Multi reaction mentoring: APIs: Active pharmaceutical ingredientss FDA: Food and Drug Admmnistration: GT1: Genotoxic
impurity; EI: Electron ionization; SIM: Selected ion monitoring: ICH: International Coancil for Harmomztion; LOD: Limit of
detection; LOQ: Limit of quantification: MRM: Multiple reactions moaitoring: NDMA: N-mitrosodimethylamine: NDEA: N-
nitrosodsethylaming; DMSO: Dimethyl sulfoxide; RSD: Relative standard deviation: SN Signal to noise.
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ABSTRACT Static renewal test was conducted to determine
the toxicity of techmical grade (91.06% parity) insecticide
Endosulfan on the freshwater filh Labeo Rolira. Fishes
were exposed fo varlows concenfrations «f Insecticide
Endosulfan for 96 hours and the percent mortality wos
recorded,  Behavioral  responses  and  morphological
deformities were stndies in the experimental periods. Fish in
toxke  medio  exhibited  rregular  erratic and  darting
swimming movements. The dehavioral and morphological
changes may be due o the formation of amine acidy by
degradation of proteins with concentration of pesticide,

Keywords: Endosulfan, Labeo Rohita, Behavioral changes,
Amino acids and Proteins.

INTRODUCTION

Endosulfan is an off patest organe chlonine insectcide and
acancide that is being phased out globally  Endosulfaa
becomes a ughly controversial agnchemicall due 1o ils acute
toxicity. Poteonal for bicaccunmiation. and role as =
endocrine disoupior, because of its theeats to uman bealth and
the enviromment, a global dban on the mammfacture and nse of
Endosulfan was negotatad under the Stockbolm coavention in
Apell 2011 More than 80 countries including the Eunropean
Union, Awstralma. New Zealand several west Afncan nations,
the United States. Brazil, nud Canada lad already banned it or
asponaced phase outs by the item the Stockbalm convention
ban was agreed upon2. 1t is still used extensively in India,
Chima, and few other countries. It is produced by Makhreshim
Agan and several manofacturers in India and China despite
laws sgainst its use. It is nlso used in few countries.

3

Endosulfan is a deénivative of hexachlorecyclopeatadieas., and
18 chemcally ke aldrin. chiordane and beptachlor and 1t Is
obtained by Diels — Alder reaction). Endasulfan is one of the
most toxic pesticides in the market 1oday. It is sed in
agriculnee sector 10 control lusect pests includug white fly,
aphids, leathoppers. Colorado potato beetles and cabbage
worms. Due 1o s umgue mode of action, it 15 usefid w
cessstanee managersenl, however, as it 15 801 specific, it can
negatively unpact popalations of beneficial msects It i,
bowever, consudered 10 be moderarely toxac 1o hoaey bees, and
it 15 less toxic to bees than orgapophosphate insecticides
Fodomlian is scutely peurotoxic to both insects and
wsnunnds, icluding bumans. The US EPA classifies ¢ &
Categoey I: "Highly Acutely Toxxc" based on a LD0 walue of
30mpky for female pus  while the Woeld Health
Organization classifies it as Class II "Moderately Hazardous®
based on a it LD50 of 80 mpkg. It = a channel antagonist.
snd a Cad+, Mg2+ATPaseialibitor 13

Ci

Figure 1. Structure of Endosulfan
A magor part of the world’s commercial food is being supphied
from fish source and it s essentind 10 scure the health of
fishes, In Indiz, a3 much e 70% of the chemical formulations
employed in agricultural practices wre belizved 1o affect mon-
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target organsms and to find their way to freshwater bodies
ultimately polluting them. Labéo Rohita (robu) s on
herbivorous cyprinid fish that inhabits the tropical lowland
river systems of Pakistan, northern India. Nepal. Bangladesh.
andd Myanmar. Robu is the most important of the Indian ‘nsajor
carps’ and is the world's 10th highest cultured finfish by
peoduction volume. The awyor prodicing cotmtries are Iudia,
Bangiadesh, and Myanmar. Rohw 15 also & substantal
component of stock enhencement programs in floodplains nad
open waters i these conntnes, and it bas been widely wons
located both within and external to its patural range. It high
growth potential. conpled with high consumer preference,
have establisbred robw as the most importanl freshwater species
culred in lodia, Bangladesh. and other adjacent coutries in
the reguon

Figure-1 0 Fresh water fish Labeo Rohita

MATERIALS AND METHODS

Labeéo Robita fioger lings weighiog $-0.5 gramas and average
leagth of 7 cm were collected from the Governmen: fish seed
focm af Pousurm, Guutwr District. Andhira Pradesh. India and
scclimatized to laboratory conditions for 7 doys in large
plastic tuhs previously washed with potassinm permangnaate
1o free walls from any microbaal growth physic chemical
characters  of water was  followed APHA  Methodd,
Acclimatized cooditions are temperature 27+ 1k, pH:
6.8+0.05 1 270¢ and dusolved Oxygen (D.O) 6.9 10 7.4 mg
L-1. In actualuzation time, we have sippled food regulady by
comnmercially avallable fish fead For this investugation
rechoical geade Endosllon (91.06%) was used aind browght
from Agrochemical Industries Limited Guntur, AP. India,
Pesticide column 250 mm length and 4.8 mm diameter
samples filiered through PALL life sciences filter paper 0.45
mic. Membrane 13 mm diameter size. Prepamtion of sample
solution: We huve taken the effected organs form pesticide

induced fish into beiling test tube and added the pure Hexane
(AR) then boiled, After heated fish absorbed pesticide settied
at inside of the test wwbe walls, and then removed the fish
organ from the est wbe bottom and again added hexane for
dissolving the pesticide o the test wbe wally, This sample
solution is used for the behavioml study of pesticide induced
fish by using HPLC amlysis. Amalysis of Endosulfan by
HPLC Concentrations of Endosttltan in the test medinm was
confirmeed by High-performance  ligud  chromatography
(HPLC) and this method descrbed by Me Johuson®. The
HPLC aonlysis was opercidmed by using a UV desector with a
mobile phase Mohile phase consisting of acetomtrile (2004)
water (20%), and methanol (60%) then o though a CIS
column with a fow rase of 1.0 ml unute and then analyzed
the peaks of Endosulfan in sample solutions.

Table 1. Concentration of Endosulfan pesticide observed

in fish organs.
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RESULTS AND DISCUSSION

Proteins are primary importance of the living world and oaly
because of their peculiar biological specificity among various
types and these are resporsible for many metabolic changes in
wial fish organs. These proteins are main energy sources o
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play an importaat role in the maintenance of blood glucose6
(Fig 2). 1t &= the most fundamental biochemical constituent
present abondantly in the body of fish and this result presented
m Table 1. The insignificant alteration of proteins at the end of
45 hours and it was observed in the tissues sugpesting that the
fish tend W resist the sadden stress for shorter duration7. Later
with renses of tune the decreases of proteist coment. The
sipuficant and maximum depletion was observed m the head
and aunimim 0 smscle. However, uxreases of consumer
concentration of the pestucide decreases the prolein m lssves
of the fish Labeo Rokit the prescat analysis colocides with
the reported data that Gie protein content w muische and liver$-
12. Formanion of Amino Acds Afier coosuming of the
pesticide, proteins weve degraded and 10 form aoino acids,
then change the sequence of amuno ackds from ongisal
sequence 1 the isopropy] alcobol medivn. In this chapter, we
cay report e meastnog of anwpo acid guantity afler
degradation of peoteins i fish body by applying fhe
chlorpyrifos pesticide In this research work afler the
consumed the pesticides, protemns are degraded and to form
amino acuds, then change the sequence of amno acids from
ongmal sequence i the (sopropyl cobol medium 1o thus
paper we have report the measuriag of amino ackds quantity
after degradation of prossins in fish body by applying the
Endosulfan pesticide 1o fish. These results are shown in Table

-

Table 2. Endesulfan pesticide effect ou fish body
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Tryptophan amuno acid s pot affected m protem degradation
at low conceptrations. Bum Tyrosne wvalwe. Leocine 15
degraded w1 all concentraticn of Endosulfan pesucide. These
results are shown in figuued.
APPLICATIONS
Due w0 the formation of anuno acids by degrmdation of
proteins with concenation of pesticide the bebavioral and
mewphological changes oceur in  the  freshwater fish
LabeoRokita
CONCLUSIONS
The present study proved that the Endosulfan is lughly roxic
and detnimental urpact on the behavioral responses of Labeo
Robita at sub level concentration and any alteratzons caused by
the pesicide may lead © vananons of ol proteins m fish
body. Therefore, the amount of Endosulfan pesticde in the
aquatic svstems should be momitored then control the usage
pesticide becanse the decreasing oumia valent valve and
mortality of fisk The hissopatholopical changes i certam vital
tiasues like bead, gill. liver. muscle and digestive syssem in the
fish Labco Rohita exposed 1o sub lethal and lethal
comentmtions of Chlorpyrifos, Cyperuethnn and Easdosultun
were studied. Endostlfan caused highly marked pachological
chaages ia the gill thun liver and digestive system. Endoesulfan
alse caused profound pathological changes woder chronic
exposures 0 liver tissues of the fish Labeo Roluta All these
choages wdicare the heparoma toxic nature of Endosultan
Savoe Endosnlfan 15 an Chlocinated Hydrocarbon compound, 1
15 1150 POISOns.
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The present invention generally relates to drug delivery applications. More specifically, the
inveation relates to composition and method for the preparation of nanoparticles with controlled
release properties for drug delivery applications,

The field of drug delivery has witnessed significant advancements aimed at enhancing therapeutic
efficacy and patient compliance, One promising approach involves the use of nanoparticles as
carriers for controlled release of therapeutic agents. These nanoparticles provide numerous
benefits, such as improved drug stability, targeted delivery, and prolonged release kinetics.

Traditionzl drug delivery systems often suffer from limitations such as rapid drug degradation,
non-specific distribution, and msufficient drug concentrations at the desired site of action. To
overcome these challenges, researchers have explored the use of biocompatible polymers 1o
encapsulate therapeutic agents within nancparticles, This approach offers several advantages,
including protection of the drug from enzymatic degradation, controlled release kinetics, and
enhanced bioavailability.

Poly{lacticco-glycolic acid) (PLGA) is a commonly employed biocompatible polymer in
nanoparticle-based drug delivery systems. PLGA possesses desirable properties, such as
biodegrdability, biocompatibility, and tunable release kinetics. By adjusting the ratio of lactic
acid and glycolic acid units in the polymer, the degradation rate and release profile of encapsulated
drugs can be precisely controlled.



would offer precise control over the release Kinetics, enable tsrgeted delivery to specific cells or
tssues, and improve therapeutic outcomes.

In light of these considerations, the present invention provides a novel composition and method
for the preparation of nanoparticles with controlled release properties. The invention addresses the
limitations of existing drug delivery systems, offering an innovative approach to optimize drug
delivery for various applications, including oml, intravenous, transdermal, and inhalation routes.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1: Schematic diagram of the pulse-heat acrosol reactor (PHAR) system used for synthesis of
nanoparticle matrices with controlled properties comprised a pulse-heating zone followed by a
perforated diluter and an isoaxial sampler. The key variables in aerosol reactor design were
maintaining laminar flow of the aerosol and minimizing particle losses by diffusion and
sedimentation and provision for imposing pulse-heat with alternate heating and quenching by
dilution air.

F1G. 2: Number particle size distributions of nanoparticle acrosol lipid matrices synthesized using
stearic acid in cyclohexane solutions at gas temperature of 298 K and 383 K (pulse), of varying
concentrations, (a) 0.0]1 mg-em-3, (b) 0.1 mgem=3, (¢) | mg-cm=3 and (d) 10 mg-em=3,
measured using scanning mobility particle sizer. The mobility diameters ranged from 47-183 nm
with a unimodal distribution and geometric standard deviation of 1.5-1.8.

DETAILED DESCRIPTION OF THE INVENTION

The present invention discloses a composition and method for the peeparation of nanoparticles
with controlled release properties for drug delivery applications. The composition comprises
biccompatble polymer matrix nanoparticles encapsulating therapeutic agents, while the method
involves a series of steps to achieve efficient and targeted drug delivery.



centrifugation, liltration, or dialysis, ensuring the production of high-quality nanoparticles suitable
for drug delivery applications.

In addition tw the core steps, the method can also involve optional modifications to the surface of
the nanoparticles. This can be achieved by attaching targeting ligands to enhance the specificity of
drug delivery. Targeting ligands can include antibodies, peptides, aptamers, or other molecules
that recognize specific receptors or markers expressed on target cells or tissues.

The resulting nanoparticles exhibit controlled release properties, allowing for sustained drug
delivery over a predetermined petiod of time. The release kinetics can be precisely controlled by
adjusting the properties of the polymer matrix, including its molecular weight, composition, and
degradation rate. The composition and method provide versatility in tailoring the release profile to
match the therapeuatic needs of different drugs and diseases.

The nanoparticles prepared using this composition and method can be formulated into a drug
delivery system by incorporating them into a pharmaceutically acceptable camer. Such camiers
can include gels, creams, or injectable formulations, depending on the intended route of
administration and desired application.

The following specific example is not intended to be limitive but only illustrative.

FIG. 1, a prototype pulse-heat acrosol reactor (PHAR) was designed and fabricated for control of
particle properties through aerosol dynamics. The pulse-heating zone has an internal diameter and
heated length of 38 mm and 80 mm, respectively. The aerosol flow rate was fixed at 3 L'min-|,
with a flow Reynolds number of 109 and a pulse time of one second. Stokes number for atomized
droplets (mean diameter 300 nm) flowing in the reactor is in the order of 10~5, mplying that
droplets follow gas streamiines and do not undergo impaction. Evaporating droplets flowing zlong
with the gas streamlines are expected to undergo negligible drop breakup, intermal solute
circulation/motion and asymmetric solute concentration distribution. Thus the droplet evaporation
process ss expected to be uniform leading to isotropic partick properties, In the prototype PHAR,
heating was provided to the pulse-heat zone to attain a gas temperature of (low and high 3831 K)
using heating tape of 250 W. Gas tempemture in the pulse-heat zone was measured using &
platinum resistance temperature detector (RTD, PT100) interfaced with a digital controller. The
magnitude of temperature was fixed based on the required evaporation rate to produce particles of



proteins, peptides, nucleic acids, vaccines, antibiotics) for treatment of vanous diseases and
disorders

Example Illustrating the Disclosure

Experiments were done 10 produce stearic acid nanoparticles, in PHAR, with controlled size and
morphology at varying evaporation rates. The pulse-heat aerosol reactor (PHAR) system used to
study effect of pulse-heat on synthesis of nanoparticle matrices (FIG. 4) comprises of a collision-
type air jet atomizer. The atomization device could also comprise of any device based on
ultrasonic, clectro spray, evaporation-condensation or FEAG principle of acrosol generation. The
PHAR 1s designed with a pulse-heat zone, wherein a heat pulse of controlled temperature (heating
clement) and duration (flowrate of gas) is applied o the droplet acrosol to control the rate of
evaporation. A perforated-wall scrosol diluter is provided to quench the temperature and aerosol
dynamics mechanisms immediately after the pulse-heating. A scanning mobility particle sizer was
placed downstream for measurement of mobility diameter. Any other nanoparticle size distribution
measurement device including, ELPI, hypersonic impactor can be used in-lieu of or in addition to
the SMPS. The standard upstream pressure of the atomizer was 35 psig. The solution, of lipid in a
selected organic solvent (stearic acid in cyclohexane of varying concentrations, 0.01 mg-cm—3,
0.1 mg:em=3, | mg:em—3 and 10 mg-cm—3), was fed with a syringe pump at a flow rate of (.6
mL/min, The resulting atomized droplets were suspended in a nitrogen flow through the PHAR,
where droplet evaporation at a controlled rate, followed by quenching of acrosol dynamics was
used 1o produce nanoparticles with controlled size, morphology and crystallinity.

Stearic acid nanoparticle matrices of mobility diameters of 47-183 nm, with a unimodal size
distribution of geometric standard deviations (GSD) (1.5-1.8), were obtained in PHAR by fixing
the gas temperatures, at 298 K and 383 K (pulse), to obtain the varying evaporation rates. For a
given concentration, stearic acid nanoparticles of smaller mobility diameters were synthesized at
lower evaporation rates, while nanoparticles with larger mobility diameters were synthesized at
higher evaporation rates. The differcnces in the mean mobility diameters of steanic acid
nanoparticles synthesized at higher evaporation mtes, using lasger concentrations (1 mg-em —3
and 10 mg-cm—3), were statistically significant (at the 95% confidence level: P=0.002, by t-test)
than those synthesized at lower evaporation rates (Table 1). TEM images of nanoparticle matrices
(F1G. 3 a), synthesized at 298 K using stearic acid in cyclohexane solution of 10 mg cm—3, showed

9



IOVE CLAIM.

2.

A composttion for drug delivery comprising:
» Nanoparticles comprising a biocompatible polymer matrix; and

o A therapeutic agent encapsulated within said nanoparticles.

The composition of claim 1, wherein said biocompatible polymer matrix comprises poly
(lactic-co-glycolic acid) (PLGA).

. The composition of claim |, wherein said therapeutic agent 15 selected from the group

consisting of small molecules, proteins, peptides, nucleic acids, and combinations thereof.

A method for preparing nanoparticles with controlled release properties, comprising the
steps of: a. Dissolving a biocompatible polymer in an organic solvent to form a palymer
solution; b. Adding a therapeutic agent to said polymer solution to form a drug-polymer
solution; ¢. Emulsifving said drug-polymer solution in an aqueous phase to form an
emulsion; d. Removing the organic solvent from said emulsion to obtain nanoparticles with
controlled release properties; and ¢, Collecting and purifying said nanoparticles.

The method of claim 4, wherein said organic solvent is selected from the group consisting
of dichloromethane, chloroform, ethyl acetate, and combinations thereof.

The method of claim 4, wherein said aqueous phase comprises a surfactant to stabilize the
cmulsion,

The method of claim 4, further comprising the step of modifying the surface of said
nanoparticles with a targeting ligand.

I



ABSTRACT

The present invention relates to a composition and method for the preparation of nanoparticies
with controlled release properties for drug delivery applications. The composition comprises
biocompatible polymer matrix nanoparticles encapsulating therapeutic agents, prowviding a
platform for efficient and 1argeted drug delivery. The biocompatible polymer matrix, such as poly
{lactic-co-glycolic acid) (PLGA), ensures biocompatibility and controlled release of the
therspeutic agents. The therapeutic agents can include small molecules, proteins, peptides, nucleic
acids, or combinations thercof. The method involves dissolving the biocampatible polymer in an
organic solvent to form a polymer solution, followed by adding the therapeutic agent 1o obtain a
drug-polymer solution. This solution is then emulsified in an aqueous phase, forming an emulsion,
Subsequently, the organic solvent is removed from the emulsion, resulting in the formation of
nanoparticles with controlled release properties. The nanoparticles are collected, purified, and
optionally modified with targeting ligands for enhanced specificity.

13
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(37) Abstroct

7. ABSTRACT The invention partams 10 the syntheses and characterization of a chitosan stabilized Fe3O4 nagnetic nenocomposite,
This nanocomposite combines the magnenc properties of Fe3Od nmoparticles with the biocampatibility and stahality of chitosan. The
svndhesis involves conting Fe304 manoparticles with chitesan, crosslinking with glutaraidehyvde, and thorough characserization using
techmigues such as TEM, XRD. FTIR, and TGA The resulting nanocomposite exhibits a core-shell structure with a chitosan shell,
making it switable for 2 broad spectrum of applications. It finds wtility in drug delivery, senving & a magnetic resonance 1maging
(MRI) contrast agent, and as an efficient 100l for enviroamental remediation by separating potiusants from flud media. The
panocomposite's advantages inchude brocompatibality, stabhity, and sersunlity. Experimental results confirm its polential for diverss
applications, such us controlled drug delivery and envirommental Cleanup.
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confidentiality for persomal information, and measures

10 prevent data loss.
Abstract—Clowd computing b a highly popular
technology  knows  for i1 cost-effectiveness,
rellabiliry, rapid access, fexibllity, and scalability 11 Virted .

for computer operations. The IT Industyy has
witnessed sigaificant growth In coud computing
adoption. However, IT srganizations have ralsed

concerns regarding security in doud computing due
to the outsourcing of esseatial services to thind
parties, making it challenging to maintain data
security and confidentiality. This paper affers
Insights into secarity threats associated with doud
compating and suggests patential counfermemsnres.

Keywords—Clowd Computing, Security, Threats,
(‘-Mnlhltv

Introduction

Cloud compunng offers & mge of comguting sesvices,
including servers, storage, dalabases, ncmrkmg.
software, and analytics, delivered over the intemaet It
fuactions as a nework for soang and shanng
resowrces. In the cloud, you pay only for the services
you mse such as stomge on 4 pay-asyou-go basis,
reducing opernting costs and lmproving orgasizational
efficiency. In cloud enviromments multple virtual
nuchines can coexis! on the same physcal server
infrastructure

he maun coocerns of many Il orgamzations revolve
wound arcas like exiemal data storage, rehiance m the
public internet. limited control, nmiti-tenancy. and
integration with intermal secunty svstems.  Cloud
computing differs from outdated technologies due toits
vast scale and complete distribution and visaalization of
resources. To ensure security m the cloud, it is crocial
1o implement mechanisny like robust authennicazion,

Cloud conputing relies on virmalization, where
varions virtual machines can operate with different
operaling systems mand run multple applicatons
while sharing a single underlyiog physical compuser.
This approach prevents clowd vendors from the
burden of providing individual physical resources 1o
ench customer. Instead, f enabies efficiant resource
wtilization in the ¢clond, making virnalization o suan
choice,

Fig 1. Hyper Cycle for Cloud Security, 2020,

1.2 Types of Clond Environments:

Public. Privare, Hybrd and Commumnity clonds,
Public Cloud: A public cloud is standard mrodel
which providers make several resousces, such as
applications and storage, avalable to the public
Public clond services may be free or nol.
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Privair Cloxt A poivale clond refess 10 clond
computing resources used exclusively by a single
business or organization, A private clowd can be
physically locared on the ¢ 's on-site data
center. Some companies pay to service
provaders 10 host their privete clound. A private cloud
12 one it which the services and infrastructure are
mmmninined on a privide network (5]

Hybind Cloud: Hyhrid cloud s a combvontion of both
public and private cloud that provides aod comtrols
some resontrces internally and has some thers tor
public use,

Community Cloud: The cloud mirsstrocture s
shared suwmg organuaations that shaee the sanx
coocemns such o The mission. security requirement
and policy. It may own by moce organgzation and it
exists on premises or even ol fpremises.

Threlated work

2.1 Types of Clond Services:
Most cloud computing services fall nto three broad
calegories: Infrastructure as A service (InaS)
Flatform: as a service (ParS). snd Software as »
m:s..s;.
Infostructure ns n Service (IsaS). This 15 the
mnd-mnul category of clotd compuiing services
1288 allows yvou 1o Jease IT infrastrocture. inchading
servers, virmal machines (VMs), storage. networks.
and operating svsteom, from a cloud provider. You
pay [0 THese resOnrces on A usage basis.
2. Platferin =3 4 Service (PaaS) PaaS is u clond
computing service (hat offers an  oo-demand
environmen! for developing. testing, and
mansging soffware applications B simpiifies the
developaumt process by hawadimy the wsicriyug
nfrostacmire, inchuding servers, storage. norworks,
mad databmes, allowing developers o focns on
creating websiies and mobide apps.
3. Software as a Szivice (SanS): Seas i» s metiod of
delivering software applicaons via the lwermet
where users access und pay for the software, they use
on-demand In the SaaS model, the cloud ptmndtt
1osts snd pnsges both the software application and
ins undedying infrastcne. This includes tagks like
softwnre updates and security pwiches Users cun
connect to the application through a web browser on
varnous devices [5)
In the SanS modul. the respossibility for security
primarily falls on the cloud provider becnuse of the
high level of imegration and limited customer
control. In contrast. the PaaS mode! offers more
exteribility snd greater conwol 1o the customer [1].

2.2 Issues in Service Models:
Seftware as A Service Security Issues (SaaS):

Clients relying on service providers onuiss trest them
10 implenvent adegquite security measures. The
provider's responsibility nchades cnsuring  that
mmltiple users cannot access each other's data, which
Is cncinl for user data privacy. Therefore. ir's
essentiol for users to venfy that appropeiste security
measures are in place. However, puamniesing the
availabiliy of the applicarion when needed can be
challenging

SaaS  software wveodors have two  conunon

deplovimers options. They may host the application
on their privive servers or utilize a third-party cloud

Platform-as a-Senvice Secarity Issucs (Pans): In
the PaxS envirotment, dam must be accessed,
wodified and stored. Tlus means data will regquire
decryption and re-encryption, thus ingoducg Key
management issnes. Encrvption challenges are far
from: the anly security ssve with PaaS.
Infrastruciure.as- a-Sesvice (IaaS)  Security
Isnes: S provides a pool of resources such &s
servers, stornge, petworks, and other compering
resourees (o the form of virtmlized systems. which
are accessad through the Intemed [4). Users me
entitied to mun any softvware with full control end
usnageanent on the resources allocated to them
ms.wmhwebcwmlmlb
compared 10 the other models as long there 13 0o
scurity bole i the virtual machize nwtor, They
control the software maoning In their virtual
machines, and they are respoasible 1o configure
secunty policies comectly

Globel Ooud Computing Market

22 S P E S O E SN e AR EE

Fig. 2 Globtwl Cloud CAMAGting Market

23 Common Security Threats in Clond Computing:

Heve are descviptions of vavdous cybersecurity
threats tn clowd computing:
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: — Yia e
1F & third party fails (o maintain the Datn access issue s mmnly
Third-party | proper covesuge and an uncoversd related 10 security  policies
Relationships | event or situation occurs,  your Data Access Risk m&mmm
s i emplovess are not gi noess
Allymdeingnyg\.ohm-e 10 cemaln amount of dati.
:y:s?memz:m'; Ideutity thefi i3 the sct of a
Mal icions becaches  of  damege to o | iy °“"‘““3 information
Code systemn. Maliciots  ende  is  an "’3'“) someone clse
Injection ation threat  that . ry to linod such
cannot be efficientty coamolled by foentity Theft Ldom a5 full  same,
conventional  mnfivius  sofwase maiden nome. nddrese. date of
alone. birth. socil secunily mumber,
passwords, phone number, e-
Insccure Giving permissions 1o the wall, and credit Cand muntess.
permissions | unsuthenticared & nusithoszed =
Cloud ornces compeumise All data flow over the nerwork
& m;v.y s needs to be secured in order 10
= . prevent leskige of sensitive
Table 2. Types of possible siacks in PaaS Network Security | information. This imvolves the
= use of strong network waffic
Thrests Description encryprion such as
SSL und TLS for security
Duta i the cloud o exposed to R .
Diite Yisaks. | the same threats while it is being An unauthonzed user tnes to
- traesferred, stored, audited of sccess the confidentinl dats 1
processed. the  dumbase by injecting
malicious code i to w stundard
Account of User or an SQL code. This can be rafuced
Orgamization i hijacked by SQL Ipection | o7 Gging sutomatic genermied
A Hacker/Anacker gains access o SQL code. Aud does not allow
Hijncking & user's credentil. Then the memu
hocker s nllauhaify 10 database 0 access the peivare
perform naabonzed data,
Activities.
Phishing” refers to an astempe 10
. Possible covert channels in the wteal  semsitive inforomtion,
e L R I O W
resources with Vs Fhisking card numbers, bank  accows
information or other impostant
Denial of ulunvipegmdc:uwmh data in oeder 10 utitize or sell the
WAm‘xemmvﬁhblc.
Table 1 Typesorpmsmhaummmﬂ
Lm" Iy’aofpoa‘lelns 2 Malware Injection: In this miack, malicious actors

mlom)mwwncmmmmmom
cloud. They crease thesr own malicions service modules
of virmual machioe lsstances, uying to make them
appear as valid services. [ successiul, legitimate users
we redirected w0 the maliclous service, allowing the
mracker’s code 1o execute.

1. Account Hijacking: Account or service hijacking is
type of wdentity theft thars on the rise. Attackers nim 1o
deceive end users by taking control of thelr sccounts or
seIVices.
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3 Denial of Service (DaS) Amacks Dos amacks we
almed W making 8 webste or perwork resource
unsvailable. Amackers flood the targer with a large
number of pockets in @ short e, overwhelming the
host and ceusing it 1o ignore legitumate requests.

4. Daia Breach: Data dtweaches volve mouthorized
scoess, thell, oruse of data. Soch breaches have becoue
increasmgply commom  and  can have  severe

consequences

£ Mae-inabe-Middle (MITM) Anmack: In MITM
anacks. imruders infercee or modi fy messages berwvern
tWo emtities that befieve they are communicating
durectly. This exploit often relies oo network packet
spiffing and can compromsse the security of
transactions and dats transfers

6 Side Channel Attacks: Attackers try to plice a
malicious virtual machine on the same host na the target,
uung side channe! sttacks 10 decodde ciphernext mad
calculate encryption keys, Sirong firewnd! systems can
help prevent tus.

7. Malicious Imider. Malicious insiders are individuals
withun s orgenization  who isfentionally misiise
confidential data  for personal  galn  potentaly
compronMting the orgarizanon’s lwegrity, Privilege
planning and cecurity anditing can mirtigare this risk.

8. Insecure APL Poorly cesigned user mtesfaces (Uls)
sad AFls can provide hackers with ecusy access 10
sensitive dara,  leading o significant  feocial.
reputntional, and business losses.

These threats mnderscore the mmportance of robust
security measures and  poactices 0 protecs  clood
computng environments and the data they contain.

Proposed work
31 Measures for Major Thrests in Cloud
Compuring
Here are some key security practices for muntening
securnity i a cloud saviroament:

1 Upso-Date Inrusion Detection System: Eoploy an
wtrpuion detection system that can identify uninsunl
network taflic and provide early wamings based on
credentials and behavioral patterns. This system acts as
wy wluon for potential security Lreaches. Blocking [P
addresses that wre the source of wn attack am help
mitigate threats

25ckct a Reliable Cloud Provider, Chioose o repuitable
nnd roarworthy cloud service provider thar prioritizes
sccunity and compliance.

3 Parchmg and Updanting: Kewp software nnd systems
up o date by promptly spplving secwurity patches and
updates as they becomie available Thiz helps protect
ugaiust known vulnersbuliues.

d.Dam  Encrypton: Implement robust encryption
mechanisms to safeguard dam both ot rest and during
vansit. Clood encryption involves tansiomuing data
iming mathematical algorithms to conceal o from
wmanthorized access

$.User Behavior Moastionng: Contuoualy monitor the
behavior of users with access 1o the cloisd environment
Mointain control over encryptioa processes nid
segregate duties, and redrnict acces 10 miniinare
potentinl risks.

6.Proper  Password Mamgement: Eaoforce  strong
paasword practices incliuding  regular
pasword changes and the nse of complex. mique
praswords.

T Access Restrictions: Resiricr access 10 clond services
w0 awthorized usors only  Teplemsent  owndt-factor
suthentrcatson (MFA) svitens, such as smant cards,
one-lime passwords (OTT), and phone authentication,
10 enlumnce secirity.

8.Use of First-Class APls: Pay wttenton 10 abnommal
actuvities and conduct reguiar audits. Implement stong
protection mensures (10 secure APl endpownts, o Uese
ere often tugeted by attackers

By following these securiry bess practices,
vrgamzaions can enbapce e secucity of their cloud
environments and reduce the risk of dote bresches sod
wnanthorized access

B Tl — e vy

a“n -

Fig 3. Possibility of Threat after

Imnlementing Security Measures,

IV, Conclinlon & Muturc work

The use of clood compuring bas become the narm for
businesises 35 well as people in society, Trs growth has
been scen muinly 1 the past decade aad will coutume
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10 evolve. As rapid growth in cloud computing era the

security for peivate data is also essential, should be | TRYeASS '-P"fl' o B
PR e Low-1) | gebefore | after
This paper surveyed the key security 1ssues of Cloud Measures | Measures
Computing being faced foday and the and | Malicious | 2 63 20
oppormuties that it brings for busimess community . | Inuider
msmwchmnﬂyndwhl:alydoud S P T T
computing security-related issues are, and discussed : =
daa security and privacy prolection issues associted | Demalof 1 15 5
@c computing across ail stages of data life cycle. MS""‘”“ 3 T =

ty in
By this paper we know various threass i he clood | Hypervisor
computing and some measires are proposed (o reduce nsecwe | 2 38 8
the nisks and threats in cloud computing The cload sull -~ ~+ 2 »;,i— -
has much W improve on with security and eas¢ of aw‘:‘n . .
integration. bul cloud computing will continue 10 grow ey
and advance the ability 1o share and store datn in the SQL 2 34 10
clalogicll worla ideatity | 2 0 ]
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