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ABSTRACT

A simple, precise, rapid and accurate reverse phase HPLC method was developed for the simultaneous
estimation of cobicistat and elvitegravir in the pharmaceutical dosage form. A column of ODS (250mm 4.6mm;
i.d and 5p particle size) was used along with the mobile phase comprising of 0.02M dipotassium hydrogen
orthophosphate buffer (pH adjusted to 3.3) and methanol in the ratio of 80:20 (v/v). The flow rate was
maintained at 1.0 ml/min and the effluents monitored at 254 nm. The retention time for cobicistat was found
to be 2.58 + 0.3 min and elvitegravir was 3.71 * 0.3 min. The detection concentration was linear over 125-750
pg/ml for cobicistat and 12.5-75 pg/ml for elvitegravir. Regression equations of cobicistat and elvitegravir were
found to be y = 25883x + 19711 and y = 27696x + 6046 respectively with regression co-efficient 0.999. The %
RSD for Intra and Inter day precision was < 2%. The accuracy of method was validated by recovery studies
and found to be significant within acceptable range 98-102%. The developed method was successfully validated
in accordance with ICH guidelines.
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INTRODUCTION

Cobicistat and Elvitegravir combined dosage
form is used for the treatment of HIV infection in
adult patients. Cobicistat is chemically as 1,3-
thiazol-5-ylmethyl  N-[(2R,5R)-5-[[(2S)-2-[[methyl

[(2propa2-yl-1, 3-thiazol-4-yl) methyl]
carbamoyl] amino]-4 morpholin-4-yl buta-noyl]
amino]-1, 6- diphenylhexan-2-yl] carbamate

which acts as an HIV integrase inhibitor 1/ 2,

Fig. 1: Chemical Structure Of Cobicistat

It has a molecular formula of C40H53N705S2
and a molecular weight of 776.0 g/mol Fig. 1. It

Elvitegravir  is  chemically  6-(3-chloro-2-
fluorobenzyl) -1- [(2S) -1-hydroxy-3-methyl butan

is a mechanism- based inhibitor of cytochrome
P450 3A (CYP3A) isoforms. Cobicistat does not
have any anti-HIV activity on its own. It is a new
pharmacokinetic  enhancer, metabolized by
CYP3A and especially used to increase
elvitegravir levels when administered.

-2- yl] -7-methoxy -4- oxo-1, 4 dihydro quinoline
-3- carboxylic acid. It has a molecular formula of
C23H23CIFNO5 and a molecular weight of
447.883 g/mol Fig. 2. Elvitegravir inhibits the
strand transfer activity of HIV-1 integrase
(integrase strand transfer inhibitor; INSTI), an
HIV-1 encoded enzyme that is required for viral
replication.
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Inhibition of integrase prevents the integration of
HIV-1 DNA into host genomic DNA, blocking the
formation of the HIV-1 provirus and propagation
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of the viral infection 3-3.

Fig. 2: Chemical Structure Of Elvitegravir

Various HPLC and HPTLC methods were reported
in the literature for the estimation of cobicistat

and elvitegravir individually 6-8, simultaneously

9-10 and other antiretroviral drugs 10-20 The
present method is novel and was successfully

validated in accordance with ICH guidelines 21,
The results of the study showed that the proposed
RP-HPLC method is wuseful for the routine
simultaneous determination of cobicistat and
elvitegravir in the pharmaceutical dosage form.

MATERIALS AND METHODS

Materials: Cobicistat and elvitegravir were
obtained as a gift sample from Hetero Drugs Lid.
Hyderabad. Methanol (Merck Specialities Private
Limited, India), potassium dihydrogen phosphate
and ortho- phosphoric acid (Rankem Lid., India)
used were of analytical grade. Commercially

available cobicistat tablets (TYBOST® 150mg)
and elvitegravir tablets (VITEKTA ®-150mg) were
procured from the local market.
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Instruments

Quantitative HPLC was performed on Waters
Alliance 2695 separations module is a high
performance liquid chromatographic system with
a quaternary, low-pressure mixing pump and
inline vacuum degassing powered with Empower-
2 Software. An ODC column of 250mm 4.6mm:
i.d and 5u particle size was used. PG Instruments
T60 with special bandwidth of 2 mm and 10 mm
and matched quartz was be used for UV
measurements.

Selection of UV Wavelength

The sensitivity of the method that uses UV-Visible
detector depends upon the proper selection of
wavelengths. An ideal wavelength is that gives
maximum absorbance and good response for
both the drugs to be detected.

Standard solutions of cobicistat and elvitegravir
were scanned in the UV range (200-400nm), and
the spectrums obtained were overlaid, and the
overlain  spectrum was recorded. From the
overlain spectrum, 254 nm was selected as the
detection wavelength for the present study Fig. 3.
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Fig. 3: Over Line Spectrum Of Cobicistat And Elvitegravir
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Preparation of Standard Solution

Accurately weighed and transferred 50 mg of
cobicistat and 5 mg of elvitegravir working
Standards into 10 ml clean dry volumetric flasks,
added 3/4 ml of diluent, sonicated for 5 min and
makeup to the final volume with diluents. 1 ml
each from the above two stock solutions was taken
into a 10 ml volumetric flask, made up to the
mark to obtain the final concentration of 500
ug/ml of cobicistat and 50 ug/ml of elvitegravir
respectively.

Preparation of Working Standard

Twenty tablets of cobicistat and two tablets of
elvitegravir were accurately weighed, the average
weight of tablets were found and crushed to a
fine powder. From the ftriturate of tablets, an
amount equivalent to 2500 mg of cobicistat and
250 mg of elvitegravir were weighed and
transferred into 100ml volumetric flask and make
up to the mark with diluent. The solution was
sonicated for 25 min and filtered through
Whatman filter paper no. 41. From both the
solutions pipette out

0.2 ml each, transfer into a 10 ml volumetric
flask, made up to the mark with diluent to obtain
final concentration of 500 ug/ml of cobicistat and
50 ug/ml of elvitegravir working standards.

Preparation of Mobile Phase

Prepare a mixture of 80 ml buffer and 20 ml
methanol, degas in an ultrasonic water bath for 5
min. Then this solution is filtered through 0.45 u
filter under vacuum filtration. The mobile phase is
used as diluent.

Preparation of Buffer (0.01 KH2PO4)

Accurately weigh 1.36 gm of Potassium di-
hydrogen orthophosphate in a 1000ml of
volumetric flask, add about 900 ml of Milli-Q
water and degas to sonicate. Finally, make up
the volume with water and pH adjusted to 3.3
with orthophosphoric acid solution.

Analytical Method Validation
The HPLC method was validated according to the
International Conference on Harmonization (ICH)

guidelines  (2005) 21 The following
characteristics were considered for validation:
specificity, linearity, range, accuracy, precision,
LOD, LOQ, and robustness.

The specificity was evaluated by comparing the
representative  chromatograms  of  samples
containing possible interfering substances and
samples containing cobicistat and elvitegravir.
Linearity was determined from the plot peak area
vs. concentration for the six concentrations of
cobicistat and elvitegravir. The regression
equation and regression coefficient were
calculated using least square methodology.
Precision is of two types: repeatability or intra-day
variability and intermediate precision or inter-day
variability. The intraday precession was testing for
six different solutions of cobicistat and elvitegravir
on the same day. Inter day precision tested by
analyzing solutions of both drugs six times on
different days. The results were reported as %
RSD.

The LOD and LOQ were determined from the
specific calibration curve obtained using six
standard solutions that were the closest to the
LOQ.

Robustness was evaluated by deliberately varying
the temperature of the analytical column, the flow
rate, and by using similar columns.

RESULTS AND DISCUSSION

System Suitability

The system suitability studies were evaluated by
comparing with standard chromatogram and by
obtaining the parameters retention time, column
efficiency, and tailing factor Table

All the system suitability parameters are within
range and satisfactory as per ICH guidelines Fig.

4,521,

Table 1: System Suitability Data

Property Cobicistat

Elvitegravir

Retention time (iR)

2.58 = 0.3 min

3.71 £ 0.3min

Theoretical plates (N)

6477 = 163.48

7979 = 163.48

Tailing factor (T)

0.86 £ 0.117

1.34 £ 0.117
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Fig. 4: Optimized Chromatogram Of Cobicistat And Elvitegravir Standards
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Fig. 5: Optimized Chromatogram Of Cobicistat And Elvitegravir Sample

Linearity

The linearity of an analytical procedure is its
ability (within a given range) to obtain test results
that are directly proportional to the concentration
of the analyte in the sample. A value of

correlation coefficient (r2) > 0.998 is considered
as the evidence of an acceptance of the data to
the regression line. Serial dilutions of cobicistat
(125-750 ug/ml) and elvitegravir (12.5-75

ug/ml) were injected into the column and
detected at a wavelength set at 254 nm Table 2.
The calibration curve was obtained by plotting the
concentration vs. peak area Fig. 6, 7.

Regression equation of cobicistat and elvitegravir
are found to be y = 25883x + 19711 and y =
27696x + 6046 respectively. The regression co-
efficient was 0.999.

Table 2: Calibration Data Of Cobicistat And Elvitegravir

S. Concentration Response Concentration of Elvitegravir | Response
no. | of Cobicistat (ug/ml) (ug/ml)

1 0 0 0 0

2 125 3481464 12.5 352868
3 250 6645306 25 689638
4 375 10066263 37.5 1052360
5 500 13408035 50 1405358
6 625 16372442 62.5 1753133
7 750 19348128 75 2059078
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Fig. 6: Calibration Curve Of Cobicistat (X-Axis = Concentration, Y-Axis = Peak Area)
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Fig. 7: Calibration Curve Of Elvitegravir (X-Axis = Concentration, Y-Axis = Peak Area)

Assay Studies

Six homogeneous samples of both samples and
standards were injected. The percentage assay of
the drugs in the formulation was estimated. The
average % assay was calculated and found to be
99.87% and 100.16% for  cobicistat and
elvitegravir respectively Fig. 8. The assay data
were tabulated in Table 3.

Assay % = AT/ AS x WS /DS x DT/ WT x P/

40 60 30

100 x Avg. Wt / Labelled Claim (LC) x 100
Where,

AT = average area counts of sample
preparation. AS = average area counts of
standard preparation. WS = Weight of working
standard taken in mg.

DS = Weight of sample taken in mg.

P = Percentage purity of working standard LC =
Label claim of a drug in mg/ml.

Table 3: Assay Data Cobicistat And Elvitegravir

S. no. Cobicistat % Assay Elvitegravir % Assay
1 99.24 100.13

2 100.61 99.55

3 99.61 100.92

4 100.53 99.50

5 100.16 100.54

6 99.07 100.31

Avg. 99.87 100.16

Std. Dev | 0.66 0.56

% RSD 0.66 0.56
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Fig. 8: Standard Assay Chromatogram Of Cobicistat And Elvitegravir

Table 4: Inter Day Precision Studies Of Cobicistat And Elvitegravir

S. no. Cobicistat Elvitegravir
(500 ug/ml) (50 pg/ml)
1 13541278 1387585
2 13515981 1412087
3 13030796 1353382
4 12991186 1350963
5 13056331 1357619
6 13087151 1362676
Mean 13203787 1370719
Std. Dev. 253708 24178.3
%RSD 1.92 1.76
Precision were performed at concentrations of and found

The precision of the method was determined by
repeatability (infraday precision) and intermediate
precision (interday precision) of both standard
and sample solutions. Precision was determined
in six replicates of the analyte on the same day
(intfra-day precision) and daily for 6 times over a
period of one week (inter-day precision). The
results were expressed as % RSD of the
measurements. The interday and intraday
precession studies of cobicistat and elvitegravir

within the acceptable limit.

Interday precision was performed with 24 h time
lag and the % RSD obtained for cobicistat and
elvitegravir were 1.92% and 1.76% Table 4.

Intraday Precision Studies (Repeatability)
Interday precision was performed and % RSD for
cobicistat and elvitegravir were found to be
0.66% and 0.56% respectively Table 5.

Table 5: Repeatability Results For Cobicistat And Elvitegravir

S. no. Cobicistat Elvitegravir
(500 ug/ml) (50 ug/ml)
1 13347448 1386574
2 13531146 1378592
3 13397408 1397495
4 13520404 1377842
5 13470132 1392342
6 13324749 1389042
Mean 13431881 1386981
Std. Dev 88258 7714.8
%RSD 0.66 0.56
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Recovery
Three different concentrations (50%, 100%,
150%) of cobicistat and elvitegravir were injected

in a triplicate manner and amount recovered,
and percentage recovery were tabulated in Table

6.

Table 6: Accuracy Results For Cobicistat And Elvitegravir

Sample Amount  added | Amount  Recovered | Recovery % RSD
(ug/ml) (ug/ml) (%)
250 250.70 100.28 0.11
Cobicistat | 500 499.78 99.96 0.24
750 749.4 99.92 0.43
Elvitegravir | 25 25.08 100.33 0.55
50 49.89 99.79 0.42
75 74.97 99.97 0.86

Limit of Detection (LOD) and Limit of
Quantification (LOQ)

LOD’s can be calculated based on the standard
deviation of the response (SD) and the slope of
the calibration curve (S) at levels approximating
the LOD according to the formula. The standard
deviation of the response can be determined

based on the standard deviation of the y-

intercepts of regression lines.

*LOD = 3.3 X /S

*LOQ = 10 X kS

Where;

p= the standard deviation of the response * S =

Slope of the calibration curve

LOD for Cobicistat and Elvitegravir were found to

be 2.51 ug/ml and 0.72 ug/ml respectively Table
7.

Table 7: Lod Results For Cobicistat And Elvitegravir

S.no Drug Conc. RT Area
name (ug/ml) (min) (uUV” sec)
1 Cobicistat 2.51 2.589 56211
2 Elvitegravir 0.72 3.732 5016
LOQ for cobicistat and elvitegravir were found to be
Limit of quantification of cobicistat and  7.62 ug/ml and 2.18 ug/ml respectively Table 8.

elvitegravir was calculated by method and LOQ

Table 8: Loq Results For Cobicistat And Elvitegravir

Drug Conc. (ug/ml) RT Area
S.no. | name (min) (IJV* sec)
1 Cobicistat 7.62 2.590 56211
2 Elvitegravir 2.18 3.733 5016
Robustness deliberate change in the Flow rate was made to

The robustness of an analytical procedure is a
measure of its capacity to remain unaffected by
small but deliberate variations in  method
parameters and provides an indication of its
reliability during normal usage.

For the determination of a method’s robustness,

evaluate the impact on the method. Small
deliberate changes in a method like Flow rate,
mobile phase ratio, and temperature are made
but there were no recognized changes in the

result and are within range as per ICH Guidelines
Table 9, 10.
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Table 9: Robustness Results For Cobicistat And Elvitegravir

S. no. Robustness condition Cobicistat %RSD Elvitegravir %RSD
1 Flow minus 0.3 0.0
2 Flow Plus 0.5 0.6
3 Mobile phase minus 0.0 0.1
4 Mobile phase Plus 0.3 0.2
5 Temperature minus 0.2 0.1
6 Temperature Plus 0.5 0.1
Table 10: Detection Characteristics Of Cobicistat And Elvitegravir
Parameters Cobicistat Elvitegravir
Calibration range (ug/ml) 125-750 ug/ml 12.5-75 ug/ml
Optimized wavelength 254nm 254nm
Retention time 2.58+0.3min 3.71£0.3 min
Regression equation (Y) y = 25883x + 19711 y = 27696x + 6046
Correlation coefficient (r2) 0.999 0.999
Precision (% RSD) 1.92% 1.76%
% Assay 99.87% 100.16%
Limit of Detection (ug/ml) 2.51 ug/ml 0.72 ug/ml
Limit of Quantitation | 7.62 ug/ml 2.18 ug/ml
(ug/ml)
CONCLUSION within a short analysis time.

From the typical chromatogram of drugs, it is
shown that the retention time for cobicistat is
2.58 min and elvitegravir is 3.7 1min. The mobile
phase comprises of 0.02M  di-potassium
hydrogen orthophosphate buffer (pH adjusted to
3.3) and methanol in the ratio of 80:20 (v/v). The
flow rate was 1.0 ml/min and the effluents were
monitored at 254 nm. Over 1.0 ml/min gradient
mode of separation, which was found to be most
suitable to obtain a peak well defined and free
from tailing.

In the present developed HPLC method, the
standard and sample preparation required less
time and no tedious extraction was involved. A

good linear relationship (r2=0.999) was
observed between the concentration range of
125-750 ug/ml for cobicistat and 12.5-75 ug/ml
for elvitegravir. Low values of standard deviation
are indicative of the high precision of the method.
The percentage assay of Cobicistat is 99.87%,
and Elvitegravir is 100.16%. The absence of
additional peaks in the chromatogram indicates
non-interference of the common excipients used
in the formulation. The limit of detection (LOD)
and limit of quantification (LOQ) for cobicistat
were found to be 2.51 ug/ml and 7.62 ug/ml; for
elvitegravir were 0.72 ug/ml and 2.18 ug/ml
respectively. This demonstrates that the developed
HPLC method is simple, linear, accurate, sensitive
and reproducible. Thus, the developed method
can be easily used for the routine quality control of
the pharmaceutical dosage form of the drugs
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ABSTRACT

Cancer is one of the leading diseases to cause death globally. Most of the synthetic drugs used to treat
cancer are having serious side effects. So, there is a need to develop the drugs which are used to treat cancer
with little side effects. This can lead to investigating the plant products having fewer side effects, for their
anti-cancer activity. The present investigation evaluated the in vitro toxicity of leaf extracts and fractions
of Spilanthes calva and Taxillus tomentosus in 5 totally different neoplastic cell cultures, like HeLa (cervical
cancer cells), HEK 293 (kidney cancer cells), MCF-7 (breast cancer cells), A549 (lung cancer cells) and Hep

Keywords: G2 (hepatic cancer cells) by 3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and
Cancer, lactate dehydrogenase (LDH) release assays. Among all the test extracts and fractions, petroleum ether
Cytotoxicity, and n-hexane fractions of S. calva, and ethyl acetate and n-hexane fractions of T. tomentosus have been
Cell line, shown maximal cytotoxic activities against all tested cell cultures. The IC50 values of SCPEF, SCNHF, and
Extract, TTEAF were found to be 41.79,42.26 and 41.01 pg/mL on HEK 293 cells, which were very close to standard
LDH drug PCTXL has been found to be 35.22 pg/mL on HEK 293 kidney cancer cells. The TTNHF IC50 value
DOI: was found to be 39.29 ug/mL which is comparable with the standard paclitaxel (PCTXL) 39.18 pg/mL

on A549 lung cancer cells.
10.25004/1JPSDR.2021.130610

To date, many plant-based compounds have been
identified that have anti-cancer properties, such as,
inhibition of cell proliferation and induction of apoptosis
which finally reduce the cancer risk. Furthermore, many
phytochemicals have been known that can inhibit tumor
progression via various mechanisms.!”%l Paclitaxel,
Vincristine and vinblastine are well-known examples
of derived from plants clinically useful anti-cancer

INTRODUCTION

Cancer is one of the most dangerous diseases found and
is the second reason for death worldwide characterized
by uncontrollable cellular growth.[Yl Therapies for cancer
malady embrace surgery, chemotherapy, radiation therapy,
and hormonal therapy have shown restricted success and
have some serious aspect effects. Thus, it'snecessary to use
different methodologies for the treatment of cancers.?!

The assumption that natural materials are safer than
artificial medication has a basis for the extraordinary
developmentin human exposure to natural medicines like
plants, phytotherapeutic agents, and phytopharmaceutical
products.[¥! Research has developed into assessing the
potential properties and uses of plant extracts for the
treatment of cancers In parallel, there is huge evidence
for the potential of plant-based products as inhibitors of
various stages of cancers.!>!

drugs. Free radical scavenging properties of different
plant extracts are also of great importance because
herbal compounds with free radical scavenging activity
can protect against different cancers./® Plant-derived
natural drug merchandise have received important
attention in recent years, thanks to their numerous
pharmacologicassets as well as cytotoxicand cancer chemo-
preventive effects. Therefore, knowing and assessing
the potentials of plant-derived bioactive compounds is
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very important for additional drug development.[!11Z]
Spilanthes calva belongs to the family Asteraceae, is an herb
having 60 cm in height. The plantis having high medicinal
values and is used for the treatment of various diseases.
This plant is having anti-ageing properties, antimicrobial
and antifungal activities, alleviates toothache and
dysentery, as well as enhances immunity. The plantleaves
stimulate salivation, which is due to containing an active
chemical spilanthol.'3 T. tomentosus is one of the plants
that belong to the family Loranthaceae. Recent studies
revealed that this plant have diverse pharmacological
activities, such as antidiabetic, hepatoprotective,
neuroprotective, cardioprotective, antistress, nootropic,
and anti-urolithiasis activities.!*>17]

In this research, we tend to assess the in vitro toxicity
of leaf extracts and fractions of S. calva and T. tomentosus
using five different cancer cell cultures, such as HeLa
(cervical cancer cells), (HEK 293) (Human embryonic
kidney cancer cells), MCF-7 (breast cancer cells), A549
(lung cancer cells) and Hep G2 (hepatic cancer cells) by
3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay and lactate dehydrogenase (LDH)
leakage assays.

MATERIALS AND METHODS

Chemicals

The fetal bovine serum, DMEM/RPMI 1640 culture
media, L-glutamine, penicillin-streptomycin antibiotic
solution, phosphate buffer saline (PBS), trypsin-EDTA, and
ascorbic acid were purchased from Himedia, India. MTT
was purchased from Sigma-Aldrich, Banglore, Karnataka,
India. LDH assay kit was acquired from Cayman Chemicals,
USA. All the neoplastic cell cultures were procured
from National Centre for Cell Sciences (NCCS), Pune,
Maharashtra, India.

Plant Collection, Extract Preparation and
Fractionation

The recent healthy, sickness-free leaves of S. calva and
T. tomentosus were collected from the hills of Tirumala,
Tirupati, India, and were authenticated by Dr. M. Madhava
Chetty, Department of Biological Sciences, Sri Venkateswara
University, Andhra Pradesh, India. The leaves of each plant
were shade dried for 2 weeks and ground into a rough
powder employing a grinder. The 100 g of powder of all
plantleaves were macerated for 24 hours with continuous
stirred in 500 mL of ethyl alcohol employing a shaker at
28°C. Then, the supernatant was recovered by filtration
through muslin cloth and Whatman paper.

Further, the filtrates were utterly dried by a rotary
vacuum evaporator. The solvents were evaporated to
dryness at room temperature to produce the ethanol
extracts of both plants. The ethanol extracts of S. calva
(SCEE) and T. tomentosus (TTEE) were subjected to
fractionation by partitioning the aqueous suspension
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of the drug with petroleum ether, ethyl acetate, and
n-hexane to get respective fractions such as petroleum
ether fraction (SCPEF and TTPEF), ethyl acetate fraction
(SCEAF and TTEAF), n-hexane (SCNHF and TTNHF) and
aqueous fraction (SCAF and TTAF). Further, the extract
and fractions were stored at -4°C until further use. Both
plants’ different concentrations of methanolic extract
and their fractions (10, 20, 40, 80, and 160 pg/mL) were
prepared in 1% DMSO for determining in vitro cytotoxicity.

Cell Culture and Treatment

HeLa, HEK 293, MCF-7, A549, and Hep G2 cells were
obtained from NCCS, Pune. These cells were used between
passages ten and fifteen. All these cells were fully grown
in culture media (RPMI 1640/DMEM) along with 10% fetal
bovine serum (FBS), 1% of L-glutamine, and 1% of the
penicillin-streptomycin antibiotic solution. The neoplastic
cells were planted at 2,50,000 cells/flask within the total
volume of 10 mL. After sufficient growth, all the cells were
trypsinized using trypsin-EDTA.

The cells were seeded in 96 well plates (Parsons, India)
atthe rate of 1.0 x 104 cells/100 pL. All the neoplastic cell
lines were maintained in a 5% CO, + 95% O, incubator
(WTC Binder, Germany) at a temperature of 37°C. The test
extracts and their fractions were prepared in 1% DMSO.
Various concentrations of test extracts, fractions, and
standard drug, paclitaxel (PCTXL) in the corresponding
culture medium were freshly ready and used for in vitro
cytotoxic activity.

In-vitro Cytotoxicity by MTT Assay

The impact of S. calva and T. tomentosus test extracts and
fractions on the cellular propagation and viability was
decided by using the MTT assay technique. For performing
this assay, the neoplastic cells were seeded in 96 well plates
and each well solvent/extract/fraction solution (0.1 mL,
in triplicate) in respected media was added.

This 96 well plate was subsequently incubated at
37 + 2°C for 48 h in a 5% CO, incubator and the MTT
(5 mg/mL) was added to all wells. Further, the 96 well
plate was another time incubated for 2 hours, and DMSO
(80 uL) was added to every well, the microtiter plate was
enveloped with aluminum foil to avoid the oxidation of
the MTT dye and the microtiter plate was kept on arotary
shaker (Remi equipment’s, India) for 2 hours. The resulting
absorbances were documented using the enzyme-linked
immunoassay (ELISA) reader (Anthos, Germany) at 562
nm.!*81% The absorbance produced by the test extracts and
fractions compared with the solvent control to calculate
the percent cytotoxicity.

LDH Leakage Assay

Lactate dehydrogenase is a soluble enzyme that contains
zinc and is situated in the cytosol of cells. This enzyme is
released/leaked into the surrounding culture medium
only upon cell death, may be used as a symbol of cell
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wall integrity, and therefore a measurement of cell
toxicity. For this assay, the cells were seeded in 96 well
microtiter plates at a density of 1.0 x 10* cells/well in100
uL of corresponding culture medium. 100 pL of growing
concentrations of test extracts/fractions/standard drug
were added to each well in triplicate. Subsequently, the
microtiter plate was incubated in a 5% CO, incubator at
37 + 2°C for 48 hours.?”) The supernatants of microtiter
plate continued shifted into new 96 well microtiter plates
and assayed giving to the producer’s protocol.

Statistical Analysis

The IC50 was calculated as soon as atleast 2 viability values
were beneath 50% of the control condition, utilizing the
GraphPadPrism software. The statistical analysis remained
performed employing one-way ANOVA subsequently
Bonferroni posttests. The data were represented as mean +
standard deviation (S.D.) of 3independent experiments. Test
significance was designated by *p <0.01 and ** p <0.001
compared to control.

RESULTS

MTT Assay

The in vitro toxicity of leaf extracts and fractions of S. calva
and T. tomentosus using different cancer cell cultures by
MTT assay were performed and calculated the IC50 values
were shown in Table 1. The percent cytotoxicity induced
by Spilanthes calva and T. tomentosus plant extracts
and fractions were shown in Figs. 1 and 2. The percent
cytotoxicity was increased in a dose-dependent manner
related to all tested cancer cell cultures for both plant
extracts and fractions tested.

LDH Leakage Assay

The cytotoxicity of S. calva and T. tomentosus using
different cancer cell cultures by LDH leakage assay were
performed and shown in Fig. 3 and 4, respectively. The
leakage of LDH is increased in a dose-dependent manner.

DISCUSSION

The plant-based most natural products efficiently induce
cytotoxicity in neoplastic cells are promising to play a
substantial role in managing and curing cancer. Various
reports showed several extracts, fractions, and isolates
derived from medicinal plants demonstrated their
anti-cancer activities.[?!! So, the present experiment
investigated the potential in vitro cytotoxicity induced by
the leaf extracts and fractions of S. calva and T. tomentosus
using different cancer cell cultures, such as HeLa (cervical
carcinoma cells), HEK 293 (Human embryonic kidney
carcinomas cells), MCF-7 (breast carcinoma cells), A549
(lung carcinoma cells) and Hep G2 (hepatic carcinoma cells)
by MTT and LDH leakage assays.

Our MTT assay study reveals that both plant extracts
and fractions were shown increased cytotoxic activity
in a dose-dependent manner. The SCPEF, SCNHF, TTEAF,
and TTNHF fractions have been shown to promise
cytotoxic activities in all the cell cultures tested. For S.
calva, petroleum ether and n-hexane fractions showed the
highest cytotoxic activities compared to other fractions
and ethanolic extract. Also, both SCPEF and SCNHF have
shown maximum cytotoxicactivity towards HEK 293 cells
so that these fractions have more cytotoxicity against
kidney cancer cells. For T. tomentosus, fractions of n-hexane
and ethyl acetate showed superior cytotoxic activities
compared to other factions.

TTEAF has been shown maximum cytotoxicity towards
HEK 293 cells, whereas TTNHF has been shown maximum
cytotoxic activity towards A549 cells. So that, TTEAF
has more cytotoxic activity against kidney cancer cells,
whereas TTNHF has more cytotoxicity againstlung cancer
cells. The IC50 values of SCPEF, SCNHF, and TTEAF were
found tobe 41.79,42.26 and 41.01 ug/mL on HEK 293 cells,
whichwereveryclosetostandarddrugPCTXLis35.22 ug/mL
on HEK 293 kidney cancer cells. The TTNHF IC50
value was 39.29 pg/mL, which is comparable with the

Table 1: IC50 values (ug/mL) of various extracts on different human cell cultures

IC50 values in different cell lines (ug/mL)

Plant extracts HeLa HEK 293 A549 MCF 7 Hep G2
SCEE 46.52 47.83 47.70 48.11 48.77
SCPEF 46.81 41.79 43.86 46.37 47.26
SCEAF 53.07 49.56 47.93 51.97 51.67
SCNHF 45.16 42.26 43.34 46.38 51.60
SCAF 50.18 52.27 56.26 48.85 48.52
TTEE 52.65 50.17 50.23 52.29 48.42
TTPEF 55.88 48.71 46.32 55.13 50.48
TTEAF 47.94 41.01 43.86 47.78 44.36
TTNHF 43.06 42.26 39.29 44.49 46.83
TTAF 54.56 54.30 59.73 51.56 49.66
PCTXL 40.84 35.22 39.18 41.04 39.94
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Fig. 1: Percent cytotoxicity measured by MTT assay on
(A) HeLa, (B) HEK 293, (C) A549, (D) MCF-7, and (E) Hep G2
carcinoma cells, after treatment with different extracts of Spilanthes
calva (10-160 pg/mL) for 48 h

standard PCTXL 39.18 pg/mL on A549 lung cancer
cells.

Effect of anti-cancer activity raised considered by
using MTT assay on HT- 29 cell lines of ethanolic extract
of Reissantia indica. Different quantities of plant extracts
and standard remained taken, and existing into cancer
cells remained recorded at 24 hours respectively. It
visibly showed U’s the dose needed for the inhibition of
cells. The utmost potent anti-cancer activity is shown
colon cancer cell line at the concentration of 1000 pg/mL
of R. indica extract on HT-29.1%] Dikamaliartane, a plant
product assessed for the cytotoxic activity by MTT assay
on HeLa and MCF 7 cell lines, and the study revealed
the potential for its cytotoxic activity against tested
cancer cell lines. These studies support our cytotoxic
activity results using MTT assay with various cell
cultures.

S. calva and T. tomentosus extracts and fractions upon
treatment with different cancer cell cultures revealed the
dose-dependent leakage of LDH from the cells leading to
cytotoxicity. As LDH is an enzyme present in the cytoplasm
in cells, can release into extracellular sites only after cell
membrane damage leading to cell mortality, an indication
of cytotoxicity.[18] Similar to cytotoxicity induced through
MTT assay, SCPEF, SCNHF, TTEAF, and TTNHF fractions
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Fig. 2: Percent cytotoxicity measured by MTT assay on
(A) HeLa, (B) HEK 293, (C) A549, (D) MCF-7, and (E) Hep G2
carcinoma cells, after treatment with different extracts of Taxillus
tomentosus (10-160 pg/mL) for 48 h.

have been shown increased leakage of LDH in all the cell
cultures tested. For S. calva, petroleum ether and n-hexane
fractions showed the highest LDH leakage, whereas, for
T. tomentosus, ethyl acetate and n-hexane fractions showed
superior LDH leakage, which was comparable to the
standard drug paclitaxel.

One of the studies investigated the in vitro cytotoxic
activity of methanol extracts of Morus alba, Eucalyptus
camaldulensis, Zataria multiflora and Cichorium intybus
against P19 embryonal cancer cells using various cytotoxic
assays like MTT, LDH leakage, etc. In this investigation,
Morus alba showed the highest cytotoxicity, whereas C.
intybus showed the least cytotoxicity.l?l Other studies
also revealed that the plant extracts and their fractions
have shown the in vitro toxicity against different types
of carcinoma cell lines using MTT and LDH leakage
assays!?223l supports our results. Upon treatment with
five different carcinoma cells, S. calva and T. tomentosus
extracts and fractions showed the potentin vitro cytotoxic
activities in a concentration-dependent manner. Among
all the test extracts and fractions, SCPEF, SCNHF, TTEAF,
and TTNHF fractions have been shown maximal cytotoxic
activities against tested cell cultures by using both MTT
and LDH assays. These fractions upon further research
may be useful for future drug candidates to treat cancer.
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Fig. 3: LDH leakage from (A) HeLa, (B) HEK 293, (C) A549, (D) MCF-
7 and (E) Hep G2 carcinoma cells, after treatment with different
extracts of Spilanthes calva (10-160 pug/mL) for 48 hours.
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ABSTRACT: Aceclofenac is classified as a BCS Class Il drug because of its low water solubility. Systemic adverse effects, such as
anticoagulant effects, have been described when SRP is taken orally. The goal of this study was to see how well a topical Niosomal gel
containing Aceclofenac (ACE) and Serratopeptidase (SRP) could deliver the drugs. Particle size, shape, entrapment efficiency, and in
vitro properties of Niosomal formulations produced using the thin film hydration process at varied cholesterol and Span 40 ratios were
studied.The average particle size of the Niosomal formulation was determined to be between 1 um - 2um. The entrapment efficiency of
the Niosomal formulations F2 (1:1:1) and F6 (1. 2: 1) of cholesterol and surfactant was 65 percent and 66.4 percent, respectively.
Niosomal formulation (F2 and F6) displayed high percentage of drug release after 12 hr. For the convenience of application, greater
stability, reduced aspect effects, greater affected person compliance, and the convenience of discontinuation on desire, there were
numerous advantages to deliver ACE through topical route. Therefore, topical therapy isn't most effective promising at the protection

and efficacy fronts however additionally at the financial fronts too. Niosomal gel had greater pores and skin penetration, according to

an in vitro study results.

Keywords: ACE; SRP; Topical Niosomal gel; Niosomal gel.

Introduction
Topical drug delivery systems include a large variety of
pharmaceutical dosage form like semisolids, liquid preparation,
sprays and solid powders. Most widely used semisolid
preparation for topical drug delivery includes gels, creams and
ointments [1]. Topical preparations are applied to the skin for
surface, local or systemic effects. In some cases, the base may
be used alone for its therapeutic properties, such as emollient,
soothing or protective action. Many topical preparations,
however, contain therapeutically active ingredients which is
dispersed or dissolved in the base. The combination of active
ingredients and base provides the opportunity for a wide range
of topical preparations, appropriate for many types of drug
delivery and therapy terms used to classify the bases of topical
preparations in which therapeutically active ingredients are
incorporated, may be based on their physical properties

(suspension) or on their intended use (liniments) or on their

11

composition  (hydrophilic creams)[2].Topical preparation
prevents the Gl-irritation; prevent the metabolism of drug in the
liver so as increase the bioavailability of the drug. Topical
preparations give its action directly at the site of action. It can
penetrate deeper into skin and hence give better absorption.
Topical application has no of advantages over the conventional

dosage forms [3].

The term ‘Gel’ was introduced in the late 1800 to name some
semisolid material according to their physiological
characteristics rather than molecular composition [5-6]. A gel is
a two-component, cross linked three-dimensional network
consisting of structural materials. The structural materials that
form the gel network can be composed of inorganic particles or
organic macromolecules, primarily polymers. U.S.P. defines
gels as a semisolid system consisting of dispersion made up of

either small inorganic particle or large organic molecule

All rights reserved by www.jidps.com



Paper Title: Design and Fabrication of Topical Niosomal Gel Containing Aceclofenac and Serratiopeptiase

enclosing and interpenetrated by liquid. Gels consist of two
phase system in which inorganic particles are not dissolved but
merely dispersed throughout the continuous phase and large
organic particles are dissolved in the continuous phase,

randomly coiled in the flexible chains [7]..

Vature Nature

of
Colloids

of
Solvent

Organic Inorganic

Gels gels Hydro Organo

gels Gels

Fig. 1 General Classification of Gelsl

Nonsteroidal anti-inflammatory drugs (NSAIDs)

NSAIDs are widely used throughout the world. Generally, they
are well tolerated, but the occurrence of sometimes life
threatening adverse events limits their use and results in
substantial morbidity, mortality and increasing health care cost
Bl To increase the effect-risk ratio of NSAIDs, topical
formulations have been developed. NSAIDs are medicines that
are widely used to relieve pain, reduce inflammation, and bring
down a high temperature . They are often used to relive
symptoms of headaches, painful periods, sprains and strains,

colds and flu, arthritis, and other causes of long - term pain (29,

Aceclofenac Sodium

Aceclofenac is an oral non-steroidal anti-inflammatory drug
(NSAID) with marked anti-inflammatory and analgesic
properties used to treat osteoarthritis, rheumatoid arthritis and
ankylosing spondylitis. Aceclofenac belongs to BCS Class Il as

it possesses poor aqueous solubility 231,

Serratopeptidase
Enzymes play an integral role in a biological world by offering
their potential as a biocatalyst . With their broad substrate
affinity and robust catalyst, activity enzyme has been used for
many decades in different areas including industries, agriculture,
research, and development[*>16l, Serratiopeptidase has a long

history in medicine and is widely used to combat various kinds
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of inflammation and inflammatory  disorders %],
Serratiopeptidase or serrapeptase is a protein (proteolytic)
enzyme isolated from the non-pathogenic
enterobacteria  Serratia  E15 found in  silkworms.
Serratiopeptidase often prescribed in various specialties like
surgery, orthopedics, otorhinolaryngology, gynecology and
dentistry for its anti-inflammatory, anti-endemic and analgesic
effects [81. A recent finding has suggested that serratiopeptidase
reduces capillary permeability induced by histamine,
bradykinin, and serotonin; breaks down abnormal exudates and
proteins; facilitates the absorption of decomposed products
through blood and lymphatics 19 Further, enzyme promotes
wound healing and repair and restores the skin temperature of
the inflamed area, burn or trauma to normal. The activity of
serratiopeptidase remains stable and offer more efficiency in
combination with the addition of metal ions like zinc and
manganese (%],

Rheumatoid arthritis (RA)

Rheumatoid Arthritis is an autoimmune, inflammatory disease
that causes pain, swelling, stiffness, and loss of function in
various joints (most commonly in the hands, wrists, and
knees). Patients can experience an acute worsening of their
symptoms—disease flare—but with early intervention and
appropriate treatment, symptoms can be ameliorated for a certain

duration [21-24],

Material and Method

Material

Aceclofenac was obtained as a gift sample from Welcure
Pharmaceuticals, Indore. Serratiopeptidase (SRP) was obtained
as a gift sample from Advanced Enzyme Technology, Thane,
India. Sorbitan monopalmitate (Span 40) was a gift sample from
Nikko Chemicals, India. Cholesterol was purchased from Loba
Chemicals Ltd, India. Other materials and solvents used were of

analytical grade.

Method

Niosomes were prepared by a thin film hydration method. The
accurately weighed amount of span 40 and CHO were dissolved
in 10 ml of the chloroform: methanol mixture (2:1) along with
Serratopeptidase (5mg) and Aceclofenac (5 mg) in a round

bottom flask (100ml) and the solvent was evaporated under
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reduced pressure at room temperature, rotated continuously until
the formation of thin lipid film. The formed film was hydrated
with 10ml of PBS (pH 7.4). The hydrated niosomes were
sonicated for 20 min using a bath sonicator to obtain niosomal
dispersion containing both free and untrapped drugs of varying
size. The unentrapped drug was extracted using centrifugation,
and the drug-loaded niosomes were kept at 2-8°C for future
analysis.

Compatibility Test

At a neutral pH, this study was carried out with specified
excipients. Carbopol 934 was chosen as the polymer. The
compatibility tests were all carried out at room temperature. The
polymer dispersion (0.5 percent w/v) was treated with an SRP
solution (1 percent w/v). The mixture was continually stirred
(with a Remi Overhead Stirrer) and kept at room temperature for
12 hours. Using the proteolytic test method, the proteolytic
activity of the mixture was evaluated at zero hour and after 12

hours.

Characterization of Niosomes

Microscopy & vesicle size analysis of Niosomes: Optical
microscopy with a resolution of 45X confirmed niosome vesicle
production. The dried thin layer of Niosomal suspension was
noticed after the prepared niosomal suspension was placed over
a slide and fastened over it. The niosomes were
microphotographed using digital cameras attached to the
microscope [25]. Ocular and stage micrometres were used to

measure the size of the vesicles [26].
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Fig.2 Showing microscopy image of drug loaded Niosomes.
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Entrapment Efficiency: Entrapment efficiency was determined
using micro-centrifuge RM-12CDX. Niosomal suspension was
centrifuged at 12000 rpm for 20 min. The wavelength of
maximal absorption was determined in the range of 200-600 nm.
At 375 nm, Aceclofenac's absorbance peaks. At 316 nm, the
Isoabsorptive point was found. Absorbance of the drug was
compared with the standard calibration curve and dilution factor
were also calculated 271 ;

% of drug encapsulated was calculated by following equation

EE% = [(Ct-Cf)/Ct)] x 100
Where,
Ct is the concentration of
total drugs
Ct s the unentrapped drug.

Tahle 1. Effect of Span 40 ; CHO ratio on percent entrapment efficiency and vesicle size.

+

Formulation Code ACE+SRP Vesicle Size Entrapment
(10mg):Span 40 : (um) Efficiency (%)
CHO: Composition
Ratio

Fi 1051 15£05 5823461
b LL1 2003 65.10+4.06
F 1151 1.6+0.1 37524216
ki 1105 16403 45654215
Fs LLLS 1805 38.64£3.21
Fs L2l 1.9+0.3 66.44+0.15
F7 1051 2107 51204421
F8 111 15408 49.75£1.23
F9 1151 18406 48.12£2.05
F10 1:1:05 2104 39.5444.15

Assessment of the physical stability of topical niosomal gel:
Physical stability study of the prepared topical niosomes gel was
carried out to observe the leaching out of drug from niosomes at
different temperature refrigerator condition (4+5°C) and at room
temperature (25+31°C). Niosomes were observed for drug

content respectively.
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Fig.3 Niosome Optimization in Relation to Vesicle Size (um) and Entrapment Efficiency
(%)

o

Table 2. Observation table of physical stahility of topical niosomes based gel with respect to
vesicle size & EE%.

R T; Ty
1 month 2 month 1 month 2 month
{Chart Arez fize 20403 20404 32204 | 40105

% Entrapment efficiency 6510406 [63.10+3.7 | 65.10+4.06 | 63.09+4.02

Fé Ty Tx
1 month 2 month 1 month 2 month
Vesicle size 19203 1.5.0202 19403 16202

% Entrapment efficiency 66442015 | 66.40:0.11 | 66442015 | 64.090.10

Where, T1=Refrigerator condition, T2 = Room temperature

Preparation of Gel Base

1gm of carbopol 934 were taken and dispersed into double
distilled water (80ml). This solution was stirred, at 800 rpm for

1 hour. 10ml of propylene glycol was added to this solution. This

mixture was neutralized by drop wise addition of 10% NaOH
solution, while mixing was continued until a transparent gel
appeared and finally volume was adjusted to 100ml. pH of the

gel base was adjusted to 6.5 [?8,

Physical Examination of Gel

The colour, homogeneity, consistency, spreadability, and phase
separation of the prepared Niosomal gel containing
Acecelofenac and Serratopeptidase were visually evaluated.
Each gel's pH was determined using a pH meter that had been

calibrated with standard buffer solutions at pH 4, 7, and 9 before
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each usage. At room temperature, the electrode was put into the

sample 10 minutes before the reading was taken.

Preparation of Aceclofenac and Serratopeptidase Gel

The prepared base gel was precisely weighed and added to the
Niosomal dispersion while stirring. By adding distilled water
drop by drop, the weight of the combination was adjusted up to
10 gm. The mixture was kept at room temperature for 2 hours
after completion of addition to allow it to hydrate to its

maximum capacity.

Measurement of viscosity: Viscosity measurements of
prepared topical Niosomal based gel were measured by
Brookfield viscometer using spindle no. 63 with the optimum
speed of 10rpm; viscosity was found to be 2890 cps.

Drug content: Accurately weighed equivalent to 10 mg of
topical Niosomal gel of ACE and SRP was taken in beaker and
added 20 mL of 0.01N HCI. This solution was mixed thoroughly
and filtered using Whatman filter paper no.1. Then 1.0 mL of
filtered solution was taken in 10 mL capacity of volumetric flask
and volume was made upto 10 mL with 0.01 N HCL. This
solution was analyzed using UV-Spectroscopy at Amax 251 nm.
Drug content of topical Niosomal based gel was found to be
7.82%.

Drug release study: Release study of prepared Niosomal gel
was determined by Franz diffusion cell which consisted PBS
(pH 7.4).1 mL of Niosomal gel were applied in a cellophane
membrane (1200 Daltons) of diameter 2.5 cm & observed at
different intervals of time [15]. Zero order, First order, Hixson’s
crowell, Higuchi, Krosmeyer peppas equations were applied to
in-vitro release results and correlation coefficient were found
[29].

Table 3. The Cumulative percentage release of Optimized formulations

#H
Time(hr) | % Release of topical niosomal | % Release of topical nipsomal gel
gel (F) (Eg)

030 425112 375112
1 12254045 12.10£12
2 16,7554 40 15514
4 473156 2673153
6 209+1.77 312012
§ 32.56=2.60 32404123
10 35455420 445215
12 402424 3954151
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Table 4. Ohservation table for release order of optimized formulation of F;

' Sn0 | Release order Equation rvalue
.| Zero order v=2.307x+ 19.988 0.7433
1. |Furst order y=-0.0104x+1.9063 0.8663
3. | Hixson gropell =0.1286x+4.5943 05609
4 | Higuchi = 10.395x+6.7999 08733
5 | Krosmeyer pepnas y=04722x41 1339 08730

Table 3 Observation table for release order of optimized formulation of F

SNo | Release order Equation r*value
1. | Zero order v=1.2763x+ 24.881 06382
2 | Fisst order y=-00108x+1 8773 08443
3. | Huxson gropell v=0.2385x+4 3181 09716
4| Higuchi 10477211227 (.8336
5. | Krosmever peppas y=0.4039x+1.2764 (.8876

-
///
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Time (Hour)

Fig. 4 In-vitro Drug Release Profile of Topical Niosomal Gel containing Aceclofenac and

Ex-vivo diffusion studies

Franz Diffusion cell was used to performed ex-vivo skin
permeation studies for entrapped niosomal gel formulations ().
The receptor compartment contained phosphate buffer (pH 5.8)
which was constantly stirred at 100 rpm with a small magnetic
stirrer and controlled temperature at 37 + 2 °C throughout the
experiment. The abdominal skin of male rats (weighing 200 g)
was taken for this study. The shaved rat skin was mounted with
the stratum corneum side facing upwards to the donor
compartment, and the subcutaneous side was in contact with the
receiver medium. The gel was placed into the donor
compartment and covered with paraffin film. The sample
aliquots from the receiver chamber were collected at 30 min 1,
2,3,4,5,6, 7, and 8 h respectively and analyzed by UV-VIS
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Spectroscopy at 221nm. The amount of drug permeated, drug
flux, and the permeation coefficients were calculated for
niosomes loaded gel formulations ().

In-vivo anti-inflammatory study

The animal study has been conducted as per the Animals
(Scientific Procedures) Act. All the animals used in research
work were cared for by trained, accountable staff, and housed in
proper facilities. Before the animal study, the animal approval
was obtained by IAEC (CPCSEA No. CPCSEA) Anti-
inflammatory study was performed by “Carrageenan induced rat
paw edema” model using 24 albino rats of either sex weighing
(100-150 g) and divided into 4 groups [shown in Table In all
groups, acute inflammation was induced by a sub-planter
injection of 0.1 mL of freshly prepared 1% suspension of
carrageenan in normal saline in the left hind paw of the rats. The
paw edema volume was measured using “Plethysmometer” at
every 15 min interval for 2 h after the injection of carrageenan.
The average paw edema volume of all the groups were

calculated and compared with that of control .

Table 3

Vartous anitmal groups used for im-vive anti-inflammatory study

Groups :t)imals of Description

1 b Served as normal or Untreated conirol group

) 6 Recerved stendard topical Gel‘ (A+S) equivalent to 720 pg/100 g (23
g of gel) of the Ibuprofen topically

3 b Received F2 loaded nipsomal gel formulation

4 b Received F6 loaded nipsomal gel formulation

The percent whibition of edema was calculated by using the following Equation 8:

Edema inhibition% = 1 — VtVc x 100

(Equation 8)

Where, Vt = Mean edema volume of test, Vc = Mean edema

volume of control.

Skin irritancy study
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The skin irritation test was performed on the healthy albino rat
(200 g) for the best formulation by applying niosomes loaded gel
formulation on the shaved portion of rat skin. The test was
performed primarily by examining the rat to notice any changes
after the application of the formulation. Then photographic
imaging of an exposed portion of rat skin was taken out before
and after subsequent application for 72 h that is after the study
period and these images were compared determining the

difference with the images taken before applying the formulation

Ex-vivo diffusion studies

The selected gels were evaluated for in-vitro skin permeation
studies. In-vitro drug release of niosomal gel formulations were
observed up to 8 h and showed a slow release pattern in all of
the three niosomal gel formulations as shown in table . An
inverse relationship was observed between the permeation rate
and the viscosity of the gel formulation. The data is graphically

represented in fig

Table
Results for Amount permeated. Drug flux, and Log permeability coefficient of the loaded
Niosomal gel formulations
#
Gl Amount of drug | Drug flux [Jss] | Log Permeability
. permeated[Q] (mg em )£ | (mg cm ? h1) + | Coefficient (Log Kp) +
Formulations D D D
R
1999134 1066 £1.82 0.5460.58
Fé
0 1.548=1.09 8236115 0433076
Figure

Cummulative amount of drug permeated
from the Niosomal gel formulations

- F
*F6

et of drg o rme sted (mez om 21

. . 10

Time (Mry)

Cumulative amount of Drug Permeation from all Ibuprofen loaded nigsomal gel system (F2,E().
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In-vivo anti-inflammatory activity

In-vivo anti-inflammatory activity was performed using the
“Carrageenan induced rat paw edema” model. Percentage
inhibition of inflammation in control and treated groups was
calculated for different formulations (Standard, F2, and F6) and
results were shown in FIG AND TABLE . Percentedema
inhibition was found maximum in both the niosomal gel
formulations (F2 and F6) as compared to the standard (marketed
plain gel) up to 2 h. Data significance was calculated for all
formulations (standard, and test (F2 and fs)) to control groups

and the test formulations (f2 and f6) were also compared.

Table 5

Percentage inhibition of the edema 1n albino rats

Time (min) | Control (%) | Standard (%) | £2 (%) | {4(%)
Basal - 0 0 0
30 - 6.2 28 317
45 - 8.0 35 846
60 - 144 52 125
75 - 157 716 |1332
90 - 16.89 93 1543
105 - 18.67 105 | 1797
120 - 21.0 127 | 18.66
Percent Edema Tnbibition in Rats
T
* e L
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Flg Comparison plots representing in-vivo studies: Percent edema Inhibition and anti-
inflammatory activity in animal groups for Ibuprofen loaded yipsomal gel system (F2 and F6).
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Skin-irritancy study

Based on the results obtained from the above studies, it has been
found that formulation F2 showed optimum results within the
desired range. Hence, formulation F2 was subjected to skin
irritancy study on animals (albino rat). Following 3 days
application of the niosome loaded gel; the results of the skin
irritation test indicated that the f6 gel did not cause any skin
reaction. It can be assured that Ibuprofen loaded noisome loaded
gel did not cause any skin irritation and can be used as topical

gel formulation.

Result and Discussion

Because of the higher drug entrapment efficiency and smaller
vesicle size, hand shaking was used to make Niosomes in the
current investigation. For the production of Niosomes, we chose
Spans (surfactants). The entrapment efficiency of Span 40 was
assessed using different molar ratios. F2 and F6 have improved
drug entrapment by 65.10 % and 66.44 % respectively. The
current study was conducted with the goal of overcoming issues
associated with the oral mode of administration, as well as
enhancing patient compliance by delivering sustained drug
release B3l.In the transdermal drug delivery system, the
solubility and chemical structure of the molecule are crucial. The
physical stability of Niosomes shows that at room temperature,
the medication leaches more readily, but that it is stable when
chilled. Because it prevents fusion, adding Niosomes to a gel
basis improves their stability.

After optimizing niosomes formulations; the best formulation
was transferred into the gel system. All the formulations were
shear thinning and exhibited pseudoplastic behavior. The flow
behavior of the formulations was shown to be non-Newtonian
pseudoplastic flow and thus said to have good rheological
properties. The spreadability of formulated gels was decreased
as the concentration of polymer increased. The values of
spreadability indicate that the gel is easily spreadable by the
small amount of shear. Ex-vivo diffusion study showed a linear
relationship between the cumulative amount permeated and
time, indicating zero-order permeation kinetics and the
permeation of Ibuprofen was based on diffusion-controlled

mechanism. The significantly low flux values of Ibuprofen were
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found in gels f, and f6 as compared to that of niosomes loaded
gels. The results showed decrease in drug permeation and drug
flux values with increased concentration of xxxxxxxxx that
suggestsmucilage have a good binding to the system and
therefore controlled the release of drug from the niosomal gel
system . The in-vivo results of test formulations (f2 and f6)
indicated high skin retention and enhanced penetration rates
within the skin. According to both ex-vivo and in-vivo studies f6
niosomal gel formulation showed better permeation and
effectiveness as compared to F2 niosomal gel formulation. This
probable reason may be due to higher skin retention and
deposition of the 2 niosomal gel formulation resulting in higher
partitioning of the drug into the rat paw which may be
responsible for its prolonged and enhanced anti-inflammatory
activity. Thus, formulation (f;) may help in improving the
therapeutic index and is also expected to minimize the side
effects due to selective build-up of drug concentration at the site
of action. Skin irritancy results indicated that the f2 gel did not

cause any skin reaction and can be used as gel formulation.

Conclusion
ACE displays high permeability to penetrate into synovial joints
where in patients with osteoarthritis and related conditions, the
loss of articular cartilage in the area causes joint pain,
tenderness, stiffness, crepitus, and local inflammation.
Aceclofenac is also reported to be effective in other painful
conditions such as dental and gynaecological conditions 1243,
Orally administered SRP has been reported to show systemic
side effects like anticoagulant effects and is conventionally
given in the form of enteric coated tablet formulations Topical
formulations of Aceclofenac and SRP would be useful to treat
local inflammations and may prove to be more effective
compared to non steroidal anti -inflammatory agents. Topical
gel can be clinically effective, safe, and cost-efficient treatment
compared to an oral formulation. NSAID’s having excellent
anti-inflammatory and analgesic activity but NSAID’s produces
undesirable serious adverse effects like GIT ulceration, liver and
kidney trouble especially in case of oral administration. In view
of adverse drug reaction associated with oral formulations, many

NSAID’s are increasingly administered by topical route.
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The developed formulation G, is a viable alternative to
conventional topical gels as it provides sustained delivery.
Moreover, the natural mucilage, used in the gel, possess anti-
inflammatory properties suggesting to exert a synergistic action
of niosomal gel system at the target site to improve overall
effect. Thus, it can be concluded that the niosomes loaded gel
can be a promising potential drug delivery system for topical
application to efficiently target local pains for prolonged periods
and to reduce the frequency of application of gels as compared
to conventional gels.
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Abstract

Using ethanol as a solvent, heterocyclic hexagonal rings for 2-amino-pyran derivatives (133-140) were
produced by reacting a mole of chalcones derivatives with a mole of malononitrile. Physical properties
such as melting point, colour, and molecular weight and spectroscopic measurements such as the
infrared spectrum, [IH-NMR], [13C-NMR] spectrum were used to confirm the accuracy of the prepared
compounds' compositions. The biological activity of various produced compounds was investigated in
two species of pathogenic bacteria, one of which is Gram-positive, Staphylococcus aureus, and the
other, Gram-negative, Escherichia coli. Chemical solutions for the two substances (125, 132) with
concentrations (0,01, 0.001, 0.0001) mg /ml were created using a solvent DMSO and Multer Hinton
Agar growth medium. The antibiotic Ciprofloxacin was utilized as a control sample for the diffusion
sensitivity test of the bacterial isolates used in the investigation. Using DPPH root and varied
concentrations, the impact of chemical (132) on the elimination of free radicals was also investigated.
Breast cancer cells were taken from Baghdad's Medical City and used to test the efficiency of several
produced chemicals against them. 200 pl of the prepared concentrations of the compounds produced for
the research (25, 50, 100, 200) g/ml were added to the pits at three concentrations, cytotoxicity tests
were conducted in three duplicates, and (IC50) values were computed. The cytotoxicity impact of the
compounds was evaluated and produced using MTT and solute solutions on breast cancer cells and the
ordinary cell line WRL68 for comparison.

Keywords 2-amino-pyran, staphylococcus aureus, escherichia coli, antioxidant activity, breast cancer.

Introduction

Pyrene or pyran is a heterocyclic, unsaturated organic compound consisting of six central atoms,
five of which are carbon atoms and one oxygen atom, and contains two double bonds. It has the
chemical formula C5HGO, and the molar mass is

82.10 g/mol [1]. Its common name is (IUPAC) 2H-Pyran, 4H-Pyran, and its other names are 2H-
Oxine and 4H-Oxine [2]. There are two isomers of pyran that differ in the location of the double
bonds. In 2H- pyran, the saturated carbon is in position 2 [3]. In contrast, in 4H-pyran, the saturated
carbon is in position 4. 4H- pyran was first isolated, prepared and distinguished in 1962 by the
pyrolysis of 2- acetoxy-3,4-dihydro-2H-pyran [4], and found to be very unstable, particularly in the
presence of air, 4H-pyran does not readily match the corresponding dihydropyran and beryllium ion,
which readily decomposes in an aqueous medium [5]. Although pyrenes themselves are of little
importance in chemistry, many of their derivatives are essential biological molecules [6], such as
pyranoflavonoids, and pyranones are also important derivatives, which are natural products, an
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example of which is coumarin [7]. As the term pyran is applied to its saturated ring analog, which is
more appropriately referred to as tetrahydropyran (oxane), in this context, monosaccharides
containing the six- membered ring system are known as pyranose [8]. Piran compounds are prepared
in many ways, including through a series of reactions as the response begins with propylene oxide,
which was converted directly through three steps to acetylene [9]. Then, heating gave chitin
dimethyl acetal diene, which regularly reacts with 2- chloro-1,4- naphthoquinone to form
anthraquinone, an aromatic compound, which reacts with sulfuric acid to produce lactone [10].
Bacteria are micro- organisms that can only be seen with a microscope. Bacteria are found
everywhere, in the air, in the water, in the human body, and inside the digestive canal and
respiratory system [11]. Bacteria may persist for many years, enduring all kinds of improper
circumstances including extreme heat or cold, as well as other severe environmental factors. When
the bacteria's environment improves, they shed the thick membrane and resume their prior activity
and vigor [12]. Staphylococcus aureus is a Gram-positive bacterium that has spherical germ cells
with a diameter of approximately 3 m, is extremely thick, immobile, non- sporulating, and ferments
sugars [13, 14]. Escherichia coli is a Gram-negative bacillus that thrives on ordinary culture medium
without the need of growth factors. These bacteria are killed by heating them to 60°C for 30
minutes. On MacConkey agar culture, this type of bacterium may thrive, and some strains of this
bacteria can produce capsules [15]. This bacterium is one of the most well- known forms of
intestinal bacteria in people and animals, and it causes bladder, urinary tract, meninges, and bile sac
infllmmation [16]. Cancer is a group of diseases characterized by the unrestricted growth and
division of cells in the body's tissues, as well as the ability of these cells to invade and destroy
neighboring tissues or spread to distant tissues via the blood or lymphatic system, which are the
characteristics of a malignant tumor. They differ from Benign's adenoma in that they have a distinct
development pattern, are unable to penetrate, and cannot metastasis. A benign tumor may become
cancerous in certain cases [17]. Cancer may strike anybody at any age, but the risk rises with age,
and it is one of the top causes of mortality in both industrialized and developing nations [18]. Breast
cancer is a kind of malignant tumor that affects the breast tissue and manifests itself in the ducts of
the tubes that transport milk to the nipple and milk glands [19]. It affects both men and women,
although the frequency in men is uncommon, with just one male injury for every 200 female injuries
[20]. Breast cancer is classed as invasive or non-invasive, depending on whether it is found in the
duct or the lobes [21]. Modifiable risk factors (such as alcoholic beverage intake) and fixed risk
factors (such as age and biological sex) are the two types of risk factors [22]. The greatest risk factor
for breast cancer is gender, since women are more likely than men to acquire it and the risk
increases with age [23].

Experimental

Material: All chemicals used in this work were purchased from Fluka, Aldrich, and BDH and used
without further purification.

Devices used: The melting points were measured using Electrothermal Melting Apparatus 9300. The
FT-IR spectra were captured using a Shimadzu FT-IR 8400S spectrophotometer with a scale of
(400-4000) cm-1 by KBr disc. DMSO-d6 as solvents were used to capture 1H-NMR and 13C-NMR
spectra on Bruker instruments running at 400 MHZ.

Preparation of 2-amino-pyran derivatives (133-140) [24]

In a round flask of 100 ml volume, 0.01 mole of the prepared chalcone derivatives (11-18) is
dissolved in 10 ml of ethanol. A solution of 0.01 mole of malononitrile dissolved in 10 ml of ethanol
is added, then 10 ml of ethanol is added. 10% sodium hydroxide solution, and the mixture rises for 6
hours with continuous stirring, then concentrates the solvent, cools the answer, and is added to
crushed ice. It is equalized by adding drops of concentrated hydrochloric acid HCl and noting the
product's precipitation. The precipitate is separated by filtering, washed with cold water, and
recrystallized methanol, and table (1) shows some physical properties of 2-amino-pyrene derivatives
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(125-132).

Table (1): Physical properties of 2-amino-pyran derivatives (133-140)

Comp. Molecular Formula/ M.Wt M.P. Yield
X R Color
No. g/mol ©c) (%)
5 F Cl C18H12FN20CI 326.76 rack 139-141 78
yellow
126 F Br C18H12N20FBr 371.21 Light brown 134-135 59
127 F CH3 C19H15N20F 306.34 Light brown 171-173 71
128 F OCH3 C19H15N202F 322.34 Yellow 185-187 63
129 Cl Cl C18H12N20CI2 34321 Brown 99-101 55
130 Cl Br C18H12N20CIBr 387.66 Light brown 159-160 60
131 cl CH3 C19H15N20CI 322.79 Light brown 157-158 66
132 Cl  OCH3 C19H15N202Cl 338.79 White 191-193 69

Biological activity study

This research employed two kinds of harmful bacteria, one of which is Gram- positive,
Staphylococcus aureus, and the other of which is Gram-negative, Escherichia coli; and these
microorganisms. It is essential in medicine because it is resistant to antibiotics. These bacteria were
collected from the Department of Life Sciences at the College of Education for Pure Sciences. The
culture medium was utilized as a form of Multer Hinton Agar, which is used to test the biological
activity of antibiotics and other chemicals. Chemicals have therapeutic potential. Chemical solutions
of (125, 132) were prepared in concentrations of (0,01, 0.001, 0.0001) mg/ml and using a solvent
Dimethyl sulfoxide to measure and determine the minimum inhibitory concentration (MIC)
(DMSO). The bacteria isolates used in the study were sensitivity tested using the diffusion method
in the nutrient medium Mueller- Hinton agar, which is a transparent food medium with a dark
yellow color that is useful in testing the sensitivity of microorganisms to antibiotics because it
contains casein and starch extracted from an animal infusion. It allows most bacteria and germs to
thrive. The medium was prepared and sterilized in an autoclave, then distributed in dishes, and
allowed to harden before making four small pits in each plate. It was then incubated for 48 hours at
37 degrees Celsius (24 hrs). The results were read the next day to show the sensitivity derivatives
used, which are dependent on the diameter of the inhibition visible in the dishes around the holes
used as the diameter of the inhibition increases. Inhibition refers to the rise in the biological activity
of the prepared compounds, as opposed to antibiotics' diameter of inhibition [25, 26].

Measuring the antioxidant activity of some compounds prepared ex vivo (DPPH inhibition
activity test)

DPPH root (2,2-Diphenyl-2-Picryl Hydrazyl) was used to evaluate natural oxidation's free radical
scavenging activity. At a concentration of 0.1 mM by dissolving 4 mg in 100 mL of methanol, then
3 mL of DPPH prepared solution was added to 1 ml of the prepared compounds of several
concentrations ranging from (25, 50, 100, 200) pg/mL, as well as Ascorbic acid prepared from
dilute

concentrations of (25, 50, 100, 200) pg/ml, left the mixture in the dark for 30 minutes, then read the
absorbance at a wavelength of 516 nm, and calculated the percentage of scavenging ability of the
prepared compounds DPPH for free radicals for each compound as well as for Ascorbic acid AA
[27], which represents the positive witness for comparison through the following equation:

1% = (Abco— Abcl) / Abco x 100

The standard solution was made by adding DPPH solution without ascorbic acid or extracts.
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Testing the cytotoxicity of 132 on breast cancer cells (MCF-7)

Cancer cells were obtained from the Medical City - Baghdad, and the cancer cells were preserved in
liquid nitrogen; they were perpetuated, grown, and tested at the Biotechnology Research Center at
Al-Nahrain University; and work began with steps:

First: The natural cell line WRL 68 Cell Line: The human liver cell line represents a thank similar to
hepatocytes and primary liver transplants. It has been proven that the cells secrete aloumin and
alpha-fetoprotein and express enzymes specific to the liver. Like alanine aminotransferase

Second: Solutions Used in Tissue Culture Technique: Several solutions used for cell culture were
prepared, namely: Antibiotic Solution (Streptomycin (1g/vial),
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Benzyl Penicillin, Sodium Bicarbonate Solution, Phosphate Buffer Saline (PBS), Trypsin Solution,
EDTA, Trypsin - EDTA

Third: Media: several media attended, namely: Roswell Park Memorial Institute - 1640 Medium
(RPMI), Serum-Free Medium, and Freezing Medium [28].

Breast Cancer Cell Growth (MCF-7): The freshener method was used to grow cancer cells as
follows

The tumor cells were thawed using a water bath at 37 0C. Then, the tumor cells were placed in a 25

cm?2 animal cell culture vessel (Falcon) containing culture medium (RPMI-1640) and 10% calf
serum. Then the culture vessels containing the cell suspension and mediumwere incubated in a 5%

CO2 incubator at 37 OC for 24 hours. After incubation, and when it was confirmed that there was
growth on the farmand that it was free from pollution, secondary farms were conducted for it. The
cells were examined using an inverted microscope to ensure their viability, freedom from
contamination, and growth to approximately 500000- 800000 cells/ml. Then the cells were
transferred to the growth booth, and the used culture medium was discarded. Cells were washed
using PBS solution and discarded, and the process was repeated twice for 10 minutes each time. A
sufficient amount of trypsin/EDTA enzyme solution was added to the cells and incubated for (30-
60) seconds at a temperature of 37 0C and monitored until they changed from a monolayer of cells
to single cells. Then, the enzyme was stopped by adding a new development medium containing
serum. Then the cells were collected in centrifugal tubes and placed in the apparatus at a speed of
2000 rpm for 10 minutes at room temperature to precipitate the cells and get rid of the trypsin and
the used medium. The filtrate was discarded, and the cells were suspended in a fresh medium
containing 10% serum [29]. The cell number was examined by taking a specific volume of the cell
suspension and adding to it the same volume of Trypan Blue dye to find out the number of cells and
their vitality percentage using a Haemocytometer chip, according to the equation:

C=Nx 104 x F/ml

The cell suspension was distributed in new containers and then incubated in a 5% CO2 incubator at

37 OC for 24 hours: Total Cell Count/ ml = Cell Count x dilution factor (Sample Volume) x 104.
MTT Cytotoxicity Assay

Cytotoxicity tests were performed in three replicates, and the (IC50) values were calculated. 3-(4,5
dimethylthiazol - 2-yl) 2,5-Diphenyl tetrazolium bromide (MW = 414), and solute solution [30]. The
manufacturer's instructions were followed as they prepared breast cancer cells as previously
mentioned, then placed the cell suspension at a concentration of (1 x 104 to 1 x 106) cells/ml in a
96-hole newspaper to a final volume of 200 ul of complete culture medium for each hole and the
plates were covered with sterile parafilm, gently stirred and incubated. After incubation, the medium
was removed, and 200 pl of the prepared concentrations of the studied compounds (25, 50, 100,
200) Og/ml were added to the pits at three pits for each engagement with the control sample and
incubated in a 5% incubator. CO2 at 37 OC for 24 hours. After exposure to the compounds under
study, ten ul of MTT solution was added to each hole; then, the plate was incubated in a 5% CO2

incubator at 37 OC for 4 hours. 100 pl of DMSO was added
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to each pit and set for 5 minutes. Then, the absorbance was read using an ELISA device at a
wavelength of 570 nm [31]. Statistical analysis was performed on the optical density readings to
calculate the 1C5Q.

Results and Discussion

The 2-amino-pyran derivatives (133-140) were prepared by reacting a mole of chalcone derivatives
with a mole of malononitrile and using ethanol as a solvent, as in the following equation:

¥
Q .
\ i N —————
o My
O } .\
[T, =h4] "‘“ x=F i1

R= 1, B, O H 040

Scheme (1): Route of prepared compounds (125-132)
Diagnosis of 2-amino-pyran derivatives (133-140)

The reaction to the 2-amino-pyran derivatives (133-140) was confirmed by observing the changes in
the physical properties of the melting point and the significant color difference. During
measurements of infrared (IR), (H-NMR), and (13C-NMR) spectra.

When studying the infrared (FT-IR) spectrum of 2-amino-pyrane derivatives (125- 132), two
absorption bands were observed at the frequency (3239-3270) cml, and (3176-3195) cm L due to
the stretching of the (NH2) bond, and the appearance of an absorption band at the frequency (3007-
3098) cmrl due to the extension of the aromatic (CH) bond, as well as the appearance of two

absorption bands at the frequency (2913-2997) cmrl and (2818-2891) cmrl, are due to the
stretching of the aliphatic (CH) bond, in addition to the appearance of an absorption band at the

frequency (2254-2264) cnrl due to the stretching of the (CN) bond, as well as the appearance of

two absorption bands at the frequency (1581-1599) cml and (1477-1499) cml were due to the
stretching of the aromatic (C=C) bond, and there was an absorption band at the frequency (1302-

1387) cml that was due to stretching (C-O) group bond, as shown in table (2), and these bundles
were close to what is found in the literature [32, 33].
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Table (2): Infrared absorption results (cm-1) 2-amino-pyran derivatives (133-140)

N | x| w NUH2 ADrgCr:) Eﬁgﬁ) (CUN) i(r(c;(.:) co Others
o T o [ e [ | e e |
e e [ s e v s
27 | F | cHs | S | som |23 | 2260| 2% | 1302 | O(CH) 1070
28 | F | ocHs | 330 | sor | 20t | 24| o |13 | O(CH) 1087
29 o | o | 3| sor |22 | 21| oo | e | oo 734
o o] = | w2 | = [ ST
B | o | cHa | oo | a8 | 202 | 261 oo | 139 | O(Ccl 769
2 | C | ocHs | o0 | s | 2% | 2se| | 138 | B(cc) 74

When studying the nuclear magnetic resonance spectrum of the proton for the compound (130), it
was observed that multiple signals appeared in the range (7.037-7.903) ppm attributed to the
aromatic ring protons, and the appearance of a binary signal in the position (6.864 and 6.872) part of
The ppmis attributed to the proton of the (CH) group of the double bond, the appearance of a binary
signal at the position (6.829 and 6.853) ppm is attributed to the proton of the (CH) group adjacent
to the benzene ring, and the appearance of a single signal at the site (3.406) ppm attributed to the
protonation of the (NH2) group, and the appearance of a signal at the site (2.502-2.512) ppm

attributed to the protons of the solvent (DMSO-d6) [34], and as in figure (3).

When studying the nuclear magnetic resonance spectrum of carbon for the compound (130), it was
observed that a signal appeared at the site (187.60) ppm attributed to the carbon of the carbonyl
group (C-O) far from the group (NH2). The appearance of a signal at the site (142.45) ppm was
attributed to the group carbon (CN), and the formation of a signal at the site (135.79) ppm was
attributed to the group carbon (=C-NH2), as well as the appearance of signals At the location
(127.37-134.66) ppm attributed to the carbons of the aromatic benzene ring, and the formation of a
signal at the site (126.85) ppm attributed to the carbon of the group (=CH) of the double bond in the
pyran ring, and a signal appeared at the site (121.81) ppm attributed to the carbon of the pyran ring
which is related to the benzene ring, and the appearance of signals at the range (39.19-41.23) ppm

attributed to the solvent carbonate (DMSO-d6) [35], and as in figure (4).
Biological activity of some prepared compounds

The study of the biological activity of the compounds prepared at certain concentrations showed that
most of these compounds contain antagonistic
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activity against the types of bacteria studied compared with the antibiotic (Ciprofloxacin), which is a
broad-based antibiotic, especially these two types of bacteria studied in addition to many types. It
also has an inhibitory diameter. It is great as it gives a high selectivity when studying the sensitivity
of bacteria to the prepared compounds since this antibiotic is used to treat many infections and
diseases such as infections of the urinary tract, especially those that occur as a result of infection
with colon bacteria and Staphylococcus aureus bacteria. It also treats simple cystitis in females
caused by bacteria Colon. It treats chronic bacterial prostatitis caused by colon bacteria and
Staphylococcus aureus and infections of the lower respiratory tract, sinusitis, arthritis, and bones. It
is also used to treat diarrhea caused by colon bacteria and effectively treat typhoid. Therefore, two
compounds of the compounds prepared in this research (125, 132) were studied on different types of
chromium-positive and negative bacteria, which recorded a global antagonistic activity against the
bacteria studied and compared with the mentioned antibiotic, it is possible to use this Compounds as
a treatment for the same infections and pathological conditions above after investigating the
biological pathway of these compounds, their side effects, and the amount of their accumulation in
animal tissues (0.01, 0.001, 0.0001) mg/ml where the inhibition diameter ranges between (10 mm
the lowest inhibition diameter, to 35 mm, the highest measured inhibition diameter) and the table
below shows the inhibitory activity of some of the prepared compounds [36], and as in table (3).

Table (3): The inhibitory activity of the two compounds (19, 116) in the growth of several
positive and negative bacteria (the diameter of inhibition is measured in mm)

Comp. No E. coil Staph.aur
0.0001 0.001 0.01 0.0001 0.001 0.01
125 18 23 29 10 17 21
132 16 24 36 15 19 26
Ciprofloxacin 18 25 27 10 15 20

Antioxidant Activity

The qualitative evaluation of the anti-oxidant activity of free radical scavenging is done by utilizing
the TLC method to determine the prepared compound (132) ability to reduce the oxidative stress,
besides studying the quantitative free radical scavenging activity. Any compound’s action is shown
when it changes the purple color of DPPH to yellow color, and the intensity of the spot color stated
the positive marker. The results indicate that the prepared compound (I132) has an excellent
scavenging ability. There is a change in color for yellow, and that is detected that (132) was a good
source of anti-oxidant, but with the least activity than ascorbic acid (as standard). It is clear from the
collected data that the free radical scavenging activity of the compound under search increased with
increasing concentration exhibiting; for that, the highest free radical scavenging percentage is given
with 200 pg\mL of with 80 %, and had the lowest percentage of 40% when 25 pg\mL. Also, this
search displays that 2-amino-pyran derivatives were a leading source of anti-oxidant, besides it has
an excellent free radical scavenging activity and functions as an anti-bacterial [37,38]. As shown in
figure (6).
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Results of the breast cancer cell cytotoxicity (MCF-7) test

The test results for compound (132) showed good inhibitory activity against (MCF-

7) breast cancer cells and normal cell line (HdFn). When calculating the IC50 of the compound
(132) against breast cancer cells was 161.4. Its value was 231.4 against normal cells. When
calculating 1C50, the results showed significant differences, P<0.0001, when treated with the
compound (132) for breast cancer cells and normal cells [39], as shown in figures (6, 7, and 8).
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Figure (5): Inhibition of compound (125) against Escherichia coli and inhibition of compound (132)
against Staphylococcus aureus
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Figure (6): Antioxidant activity for compound (132) and anticancer efficacy of MCF- 7 and HdFn
for compound (132)

Figure (7): Anticancer efficacy of control sample

Figure (8): Anticancer efficacy of compound (132)

Conclusions

Through spectroscopic and physical measurements, it was found that the accuracy and validity of
the prepared compounds. The biological activity study showed that the compounds had the effect of
inhibiting Gedo compared to the control sample. (132) compound gave the highest percentage of 35
mm against E. coli bacteria, and the two compounds gave the same percentage of inhibition of 26
mm against Staphylococcus aureus bacteria. The results indicate that the
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prepared compound (I132) has an excellent scavenging ability. That the free radical scavenging
activity of the compound under search increased with increasing concentration exhibiting; for that,
the highest free radical scavenging percentage is given with 200 pg\mL of with 80 %, and had the
lowest percentage of 40% when 25 pg\mL. The test results for compound (132) showed good
inhibitory activity against (MCF-7) breast cancer cells and normal cell line (HdFn). When
calculating the IC50 of the compound (132) against breast cancer cells was 183.4. Its value was
561.5 against normal cells. When calculating IC50, the results showed significant differences,
P<0.0001, when treated with the compound (I32) for breast cancer cells and normal cells.
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ABSTRACT

A simple, fast and reproducible reverse phase liquid chromatography (RP-HPLC) method was developed for the determination of Anagrelide
Hydrochloride in pharmaceutical dosage form. The method was developed Kromasil C18 column (150 x 4.6 mm; 5um) and a diode array detector
(Model 2996) was employed for the study Mobile phase: phosphate buffer (pH 2.5) - acetonitrile (75:25 v/v) with isocratic elution at a flow rate of 1
mL/min. System Suitability test were performed for the assurance of quality performance of method. The drug was subjected to accelerated degradation
for photolytic, hydrolytic, thermal, oxidative conditions. The retention time of Anagrelide Hydrochloride was found to be 4.8 min. The method was
validated for accuracy, precision, specificity, linearity, limit of detection, limit of quantitation and robustness as per ICH guidelines. All the parameters
were within limits. The proposed method gave good resolution of Anagrelide Hydrochloride and its degradation products. The developed method can
be used for the routine quality control analysis.

Keywords: RP-HPLC, Anagrelide, Validation, ICH.

1. INTRODUCTION

Anagrelide Hydrochloride [1] Monohydrate 6,7-dichloro-1H,2H,3H,5H-imidazolidino[2,1-b]quinazolin-2-one C10H7CI2N30. HCI.H20
Anagrelide HCI [2,3] inhibits phosphodiesterase 111 which is found in thrombocytes and cause that few analytical methods available for determination
of anagrelide [4-8] by RP-HPLC, LC-MS, UV spectrophotometry. The aim of the present work was the development of a RP-HPLC method for the
estimation of Anagrelide Hydrochloride in a pharmaceutical dosage form.

2. MATERIALS AND METHODS

A Waters Alliance liquid chromatography (Model 2695) equipped with a Kromasil C18 column (150 x 4.6 mm; 5um) and a diode array detector
(Model 2996) was employed for the study. Sample injections were done with an automatic injector. Empower2 software was used for data handling.
Solubility of the substances was enhanced by sonication on an ultrasonicator (Ultrasonics 3.51). Weighing of the substances in the experiments was
done on a Sartorius balance (Model CPA225D).

Drugs, chemicals and solvents:

A pure sample of anagrelide (99.4% purity) obtained from Aarey Drugs & Pharmaceuticals Ltd, Boisar, Maharashtra was used as the reference
standard. The commercial capsule formulation of anagrelide ,,Agrylin (1.0 mg)* manufactured by Shire Manufacturing Inc. was used in this study.
Potasium dihydrogen orthophosphate, orthophosphoric acid, sodium hydroxide, HPLC grade acetonitrile and methanol were purchased from Rankem
Fine Chemicals Ltd., Mumbai. HPLC grade water was prepared by using Millipore Milli-Q system.

Preparation of the buffer solution (pH 2.5):

6.8 g of potassium dihydrogen orthophosphate was transferred into a beaker containing 800 mL of water. The contents were mixed well and the volume
was made up to 1000 mL with water. The pH of the solution was adjusted to 2.5 with orthophosphoric acid. The solution was then filtered through a
0.45 membrane filter.
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Preparation of the mobile phase:

A mixture of the above phosphate buffer (pH2.5) and acetonitrile in the ratio of 75:25 v/v was prepared by mixing 750 mL of the buffer with 250 mL of
acetonitrile in a one liter flask. The contents were degassed in an ultrasonic bath for 5 min, and then filtered through a 0.45 p membrane filter. This
mixture was used as the mobile phase in the chromatography.

Stock and working standard solution of anagrelide:

About 10 mg of the reference sample of anagrelide was accurately weighed and transferred into a 10 mL volumetric flask. To this, 2.0 mL of 0.1N

Sodium hydroxide solution was added and sonicated for 5 minutes to dissolve the drug. The volume was made up with methanol and mixed well. This
solution was used as the stock solution.

The working standard solution was prepared by transferring 1.0 mL of the stock solution into a 10 mL volumetric flask and diluting to volume with the
diluent. This solution (100 pg/mL) was used as the working standard solution of anagrelide.

Preparation of the diluents:

A mixture of the phosphate buffer (pH 2.5) and acetonitrile in the ratio of 50:50 v/v was used as the diluent.

3. OPTIMIZATION OF CHROMATOGRAPHIC CONDITIONS AND METHOD DEVELOPMENT

After a number of trials a mixture of phosphate buffer (pH 2.5) and acetonitrile in 75:25 v/v ratio was selected as the mobile phase for separation
of anagrelide. The solvent was pumped at a flow rate of 1.0 mL/min. The injection volume was 10 pL and the column temperature was maintained at
25°C. The detector wavelength was set at 250 nm for monitoring the analytes. Prior to injection of the drug solution, the column was equilibrated for
atleast 20 min by pumping the mobile phase through it. Typical chromatogram of the working standard solution of anagrelide is shown in Fig. 2.2.

Table 1. Optimized chromatographic conditions of the proposed method

Stationary phase : Kromasil C18 (150 x 4.6 mm, 5 um)

Mobile phase : phosphate buffer (pH 2.5) - acetonitrile (75:25 v/v)
Flow rate : 1.0 mL/min

Column temperature : 25°C Injection

volume 210 uL

Detection wavelength 1250 nm

Run time : 8 min

The retention time (R;) obtained for anagrelide under the above optimized conditions was 4.818 min.
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Figure 1 A representative chromatogram of the working standard solution of anagrelide
3.1 VALIDATION OF THE PROPOSED METHOD

Linearity:

Solutions of anagrelide at different concentration levels including the working standard concentration were prepared in the diluent. Ten microlitres of
each concentration was injected three times into the HPLC system (n=3). The response was read at 250 nm and the corresponding chromatograms were
recorded. From these chromatograms, the mean peak areas at the different concentration levels were calculated and the linearity plot of the mean peak
areas over concentration was constructed.

Linearity data for anagrelide is presented in the Table 2. The corresponding plot for anagrelide is depicted in the Fig. 2.

Table 2 Linearity data for anagrelide

Concentration of anagrelide (ug/mL) Peak area Mean peak area

SD %RSD

612498
610962.3 1438.595

50 610743 0.23

609646

859785

70 860321 860698.3 1149.43 0.13

861989

1239846

1223570
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Figure 3.1. A representative chromatogram of 50 pg/mL concentration of anagrelide
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Figure 3. A representative chromatogram of 70 pg/mL concentration of anagrelide
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Figure 3. A representative chromatogram of 100 pg/mL concentration of anagrelide
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Figure 5. A representative chromatogram of 150 pg/mL concentration of anagrelide

Repeatability and intermediate precision were assessed by analyzing standard solutions of anagrelide on the same day (n=6) and on two consecutive
days respectively. The results of repeatability and intermediate precision studies are depicted in the Tables 2.4 and 2.5.

Table 3. Repeatability data

S. No.

Peak areas of anagrelide

1 1239846

2 1223570




International Journal of Research Publication and Reviews, Vol 3, Issue 7, pp 445-459, July 2022

3 1219789
4 1219985
5 1224567
6 1231256
Average 1226502
SD 7752.927
%RSD 0.63
Table 4. Intermediate precision data
Day Average peak areas of anagrelide (n=6)
1 1220080
2 1235106
Overall average 1227593
SD 10865.18
%RSD 0.88

Accuracy:

The accuracy of the method was determined by analyzing in triplicate known concentrations of the drug corresponding to 50, 100 and 150 % levels of

anagrelide (50, 100 and 150 pg/mL). The percent recovery was calculated. The results are incorporated in the Table 2.6.

Table 5. Recovery data of anagrelide

Concentration Peak Mean .
Recovery SD of recoveries % recovery
(ng/mL) area recovery
615394 50.00 100.00
50 614378 49.92 99.79 0.23 99.83
612591 49.77 99.54
1221473 99.24 99.24
100 1233651 100.23 100.20 0.94 100.23
1244693 101.13 101.13
1815748 147.53 98.35
150 1827314 148.47 08.47 0.47 98.98
1810526 147.10 98.07
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Limit of detection (LOD) and Limit of quantitation (LOQ)

LOD and LOQ were calculated by using residual standard deviation of the response and the slope of the regression line. The LOD and LOQ of
anagrelide were found to be 2.035 and 6.168 pg/mL respectively.

Robustness study:
The robustness of the method was determined as per ICH guidelines under three conditions i.e. flow rate, temperature and mobile phase composition.

The results obtained by deliberate variation in method conditions are summarized below.

Table 6. Robustness data

Chromatographic condition Val Retention time Tailing Number of theoretical
alue
(min) factor plates
0.9 5.648 1.15 4019
Flow rate (mL/min) 1.0(0) 4.818 112 4203
11 3.614 1.12 4377
23 4.420 1.14 4294
Temperature (°C) 25(0) 4.818 1.12 4325
27 4.265 111 4385
Mobile phase composition (Phosphate 76:24 4.991 114 4184
buffer : Acetonitrile (% v/v))
75:25(0) 4818 1.12 4357
74:26 4,729 1.13 4682

(O) — Optimised value.

Specificity of the proposed method:

The specificity of the method was evaluated with regard to interference due to presence of excipients in tablet formulation. The HPLC chromatograms
recorded for the drug matrix did not show any interfering peak within retention time ranges. Fig. 2.2 and 2.9 show the representative chromatograms
obtained from the analysis of anagrelide from working standard solution and the formulation sample solution. The figures show that the selected drug
was clearly separated.

System suitability:

For finding out system suitability, six replicates of the working standard sample were injected and the parameters like peak retention time, tailing

factor, number of theoretical plates (N) and HETP of the peak were generated. These results are shown in Table 2.8.

Table 7. System suitability parameters of the proposed method

S. No. Parameter Result

1 Retention time (min) 4.818
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2 Tailing factor 112
3 Theoretical plates 4357
4 HETP 0.03271

Estimation of the drug from capsule dosage forms:

The contents of five capsules of ““Agrylin™ were transferred into a 50 mL volumetric flask. To this, 30 mL of the diluent was added and sonicated for
25 min. Then the volume was made up with the diluent and the contents were mixed well to get a final concentration of 100 pg/mL. This mixture was
filtered through a 0.45u membrane filter (discarding the first few mL of the filtrate).This solution was then chromatographed six times and from the
chromatograms obtained, the average drug content in the formulation was calculated. A typical chromatogram obtained from the analysis of Agrylin
capsule is shown in the Fig. 6.
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Figure 6. A representative chromatogram of the capsule formulation of anagrelide

Method suitability:
Studies for recovery of anagrelide from its commercial capsule formulations (Agrylin) were carried out by the proposed method and the results are

shown in Table 2.9. The values obtained were found to be in good agreement with the labelled amounts. This confirms the suitability of the method for
the analysis of anagrelide in capsule dosage form.

Table 2.9 Recovery of the drug from the capsule dosage form Agrylin

Average Amount recovered (mg)
Drug Labelled amount (mg) (n=6) % Recovery

Anagrelide 1.0 0.99 99

4. APPLICABILITY OF THE METHOD FOR MONITORING FORCED DEGRADATION STUDIES ON THE
DRUG

In order to evaluate the stability of anagrelide and ability of the proposed method to separate anagrelide from its degradation products, anagrelide
was subjected to various stress conditions such as acidic condition (2N hydrochloric acid), alkaline condition (2N sodium hydroxide), dry heat
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condition (105 ° C for 6 hr), oxidation (20 % w/v of hydrogen peroxide), photolysis (exposure to ultraviolet radiation) and neutral degradation. The
chromatograms are presented in Fig.2.10 to 2.16. The results are summarized in Table 2.10 and Table 2.11.
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Fig.7. Chromatogram: Standard drug solution of anagrelide.
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Fig.8. Chromatogram : Acid degradation of anagrelide
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Fig.11. Chromatogram : Thermal degradation of anagrelide
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Fig.12. Chromatogram: Photolytic degradation of anagrelide
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Fig.13. Chromatogram: Neutral degradation of anagrelide
Table 8. Forced degradation data for anagrelide
S.No. Degradation Retention Area UspP uspP Purity Purity
time angle threshold
plate tailing
count
1. Acidic 4.538 1121328 6947 15 0.204 1.282
2. Basic 4.634 1135058 6895 14 0.088 0.289
3. Thermal 4.536 1174331 6249 15 0.181 0.369
4. Oxidative 4.449 1163107 6455 14 1.133 2.582
5. Photolytic 4.345 1216169 3426 15 0.128 0.585
6. Neutral 4532 1216729 6243 1.6 0.228 0.467
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7. Standard drug 4.595 1245618 6370 152 | e e
Table 9 Percentage of degradation of anagrelide
S.No. Degradation Studies % Degradation
1. Acidic 9.4
2. Basic 8.3
3. Thermal 5.1
4. Oxidative 6.0
5. Photolytic 1.7
6. Neutral 1.6
Table 10 A comparison chart of the proposed (current) method with the reported methods for determination of anagrelide
Flow Retention Linearity Run
Method Column Mobile phase
rate times range time
Kromasil C18 Phosphate buffer
(150 x (pH _ _2.5) and
Proposed acetonitrile  (75:25 1.0 4818 50-150 8 min
method 4.6 mm; vIv)
mL/min min. ng/mL
5_/m)
Agilent
Eclipse XDB
c18 phosphate buffer (ph
. . .
Kalaichelvi et al 4.0) and acetonitrile
column (150 (70:30 vIv) 1.0 5.8 min. 50-150 above
Imi 9 min
X 4.6 mm : 511) mL/min png/mL
Chromosil C18 methanol,
acetonitrile and
Venugopal et al column(250 water in the 1.0 20-120 10
mm x 4.6 mm; ratio 80:15:05(v/v) mL/min 4.46 min. pg/ml. min
5u).
phosphate
buffer
Sudhakar et al C18 Inertsil (250 methanol: 1.0 0.05-152 pg above
x4.6 acetonitrile ) ) 10
mL/min 8.376 min /ml.
mm ; 5u) (90:5:5, viviv) min
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XTerra .
acetonitrile and
symmetry -
Ramanjaneyulu c18 water (ph 3.0) in a 1.2 above
ratio of 40:60 v/v 10
(150%4.6 . .
etal’ mL/min 2.349 min. 5-30 pg/mL
mm; 5um) min
Kromasil C18 methanol:
(250mm x phosphate buffer above
(ph-3) in a ratio 10
Kakadiya et al 46 mm; of 70:30 v/v 1.0 9.46 min 10-50
5um) min
8 column mL/min pg/mL

5. DISCUSSION ON THE RESULTS AND CONCLUSION

The aim of the present study was to develop a precise, accurate and sensitive HPLC method for the analysis of anagrelide in bulk drug and in
pharmaceutical dosage forms. To analyse the component peaks, different combinations of mixtures of acetonitrile with phosphate buffer were tested as
mobile phase on a Kromasil C18 (150 x 4.6 mm; 5um) stationary phase. A binary mixture of acetonitrile and phosphate buffer (PH 2.5) in a proportion
of 25:75 v/v was proved to be the most suitable of all combinations since the chromatographic peaks were better defined and resolved and almost free
from tailing. The retention time obtained for anagrelide was 4.818 min. Each of the samples was injected six times and the same retention times were
observed in all cases. The peak areas of anagrelide were reproducible as indicated by low coefficient of variation. A good linear relationship (r=0.9991)
was observed between the concentration of anagrelide and the respective peak areas. The regression curve was constructed by linear regression fitting
and its mathematical expression was Y = 12421X - 9135 (where y gives peak area and x is the concentration of the drug). The regression characteristics
are given in Table 2.3. When anagrelide solution containing 100 p g /mL was analysed by the proposed method for finding out intra and inter- day
variations, low coefficient of variation was observed. High recovery values obtained from the different dosage forms by the proposed method
indicates the method is accurate. The absence of additional peaks indicates non- interference of common excipients used in the capsules.

The drug content in capsules was quantified using the proposed analytical method. The capsules were found to contain an average of 99.6 % of the
labeled amount of the drug. The low coefficient of variation indicates the reproducibility of the assay of anagrelide in dosage forms.

The deliberate changes in the method have not much affected the peak tailing, theoretical plates and the percent assay. This indicates that the present
method is robust. The lowest values of LOD and LOQ as obtained by the proposed method indicate the method is sensitive. The standard solution of
the drug was stable up to 24 hours as the difference in percent assay is within limit.

6. CONCLUSION

System suitability parameters were studied with six replicates standard solution of the drug and the calculated parameters are within the
acceptance criteria. The tailing factor, the number theoretical plates and HETP are in the acceptable limits.

Table 2.12 compares the present proposed method with the methods published earlier for anagrelide. An observation of the chart reveals some
advantages of the proposed method. A Kromasil C18 column was used for the study. The retention time obtained is less than many other methods. The

upper limit of quantitation is 150 png/mL which is higher than three of the methods mentioned. The run time is also very less.

Hence the author concludes that the proposed HPLC method is sensitive and reproducible for the analysis of anagrelide in pharmaceutical dosage forms
with short analysis time.

REFERENCES

[1] Hussar D A. New drugs of 1997. Journal of the American Pharmaceutical Association (Washington, D.C.: 1996), 1998, 38,155-95.

[2] Voglova J, Maisnar V, Beranek M and Chrobék L. Combination of imatinib and anagrelide in treatment of chronic myeloid leukemia in
blastic phase. i stvi, 2006, 52, 819- 22.

[3] Petro E Petrides. Anagrelide: What was new in 2004 and 2005 ? Seminars in Thrombosis and Hemostasi, 2006, 32, 399-408.

[4] Kalaichelvi R and Jayachandran E. Development and validation of a reversed- phase HPLC method for the determination of anagrelide in
capsule. International Journal of Pharmaceutical Chemistry, 2013, 3, 1-3.




International Journal of Research Publication and Reviews, Vol 3, Issue 7, pp 445-459, July 2022 459

[5] Venugopal V, Ramu G, Malleswara Rao N N V and Rambabu C. A new RP- HPLC method development for the estimation of an anti-
thrombocythemic agent anagrelide in pure and pharmaceutical formulations. Der Pharma Chemica, 2012, 4, 1716-22.

[6] Sudhakar S P, Khader A M A and Seetharamappa J. Development and validation of a stability-indicating RP-HPLC method for the
quantitative analysis of anagrelide hydrochloride. Scientia Pharmaceutica, 2012, 80, 567— 79.

[71 B. Ramu, Chandrul KK, Pandiyan PS, BioAnalytical Method Development of Repaglinide Drug Delivery Systems, Journal of Drug
Delivery and Therapeutics. 2019;9(6):140-142.

[8] Kakadiya D B and Gurmeet S C. Development and validation of stability indicating RP-HPLC method for the determination of anagrelide
hel in pharmaceutical formulation. International Journal of Pharmaceutical & Biological Archives, 2013, 4(2), 342 — 46.

[9] B. Ramu, Kaushal K. Chandrul, P. Shanmuga Pandiyan. Using 24 Factorial Designs optimization of Repaglinide Gastroretentive Drug
Delivery System. Research J. Pharm. and Tech. 2021; 14(2):725-729. doi: 10.5958/0974- 360X.2021.00126.8.

[10] Addanki Gopikrishna, B. Ramu, G. Srikanth, Dr. Bigala Rajkamal (2016). Formulation of isoniazide sustained release formulation by using
carbopol 934 P P. Int J App Pharm Sci Res. 1(2):60- 69. Doi: 10.21477/ijapsr.v1i2.10177.



International Journal of Research Publication and Reviews, Vol 3, no 9, pp1055-1066, September 2022

International Journal of Research Publication and Reviews
Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.IJRPR.COM

Synthesis, Characterization of New 3-Chloro- Azetidine-2-One and 1, 3-
Thiazinan-4-One Derivatives from Di Imines

1Gopi Swapna, ?Thejovathi. B, *Usha Kondla, *Vankudoth Kavitha

Avanthi Institute of Pharmaceutical Sciences

ABSTRACT

The study Included synthesis of some new Derivatives of (benzylideneamino)-3-chloro-4-phenylazetidin-2-one and 3-(3-chloro- 2-oxo-4-phenylazetidin-1-yl)-2-
phenyl-1,3-thiazinan-4-one by tow steps; The first include amino group of the di amino was condensed with different aromatic aldehydes in the presence of absolute
ethanol to give new Schiff bases derivatives [1- 3] respectively. The second step , the resulting imines derivatives [1 — 3] were reacted with chloro acetyl chloride
in presence of triethylamine in dry benzene by per cyclic reaction to give novel 3-(3-chloro-2-oxo-4-phenylazetidin-1-yl) derivatives (A;-As ) and reacted with 3-
mercapto propanoic acid with (Schiff-base) in dry benzene to givel,3-thiazinan-4-one derivative's(Z1- Zy) The composites prepared were described by melting point
.Most of these derivatives were confirmed by "FT-IR, IHNMR spectra.

Keywords---Schiff's bases, (benzylideneamino)-3-chloro-4- phenylazetidin-2-one, 3-(3-chloro-2-oxo-4-phenylazetidin-1-yl)-2- phenyl-1,3-thiazinan-4-
one

Introduction

Azetidine, a four-member heterocyclic ring system with (N) as a heteroatom, is the parent heterocyclic ring of azetidinone. The second position of 2-
azetidinone has a carbonyl group, which is one of the most prevalent heterocyclic rings found in many antibiotics [1].Although the ring of azetidinone
was known since (1907) but the realization of their chemistry began from (1947) only. These are presently used for chemotherapy of bacterial infections
[2-4]. Realization of their chemistry began from (1947) only. These are presently used for chemotherapy of bacterial infections [2-4]. ] cycloaddition,
also known as the Staudinger reaction, is a reaction between imine and ketene that is one of the most important and versatile techniques for the synthesis
of structurally diverse 2-azetidinone derivatives[5]. The Staudinger reaction is thermally or photochemically enhanced by utilizing acid chlorides in the
presence of (Et3N) triethylamine or a-diazoketones as ketene precursors[6]. Azetidinone is a four-membered cyclic that has been used as a useful building
block for the preparation of a variety of chemical compounds by utilizing the strain energy associated with it[7] . Sulfadiazine is a sulfonamide antibiotic
that is listed on the WHO's “List of Essential Medicines." It kills bacteria that cause infections by preventing the bacterial cell from producing folic acid,
and it's commonly used to treat “urinary tract infections" (UTIs) and burns[8,9]. The four-membered cyclic amide azetidinone, often known as "-lactam,"
is produced from 3-amino-propanoic acid [10,11]. Azetidine is the parent heterocyclic ring of azetidinone, which is a four-membered heterocyclic ring
system with (N) as the heteroatom. The second position of 2-azetidinone has a carbonyl group, which is one of the most prevalent heterocyclic rings
found in many antibiotics[10]. Although the ring of azetidinone has been known since 1907, its chemistry has only recently been discovered (1947)
Azetidine, a four- member heterocyclic ring system with (N) as a heteroatom, is the parent heterocyclic ring of azetidinone. The second position of 2-
azetidinone has a carbonyl group, which is one of the most prevalent heterocyclic rings found in many antibiotics[12]. Although the ring of azetidinone
has been known since 1907, the chemistry of the compound was finally discovered in 1947. These are currently being utilized to treat bacterial infections
[13-15]. Thiazinanones (six- membered heterocyclic) have not been extensively studied in the past, but they have important biological properties such as
immunopotentiating [16], anti- inflammatory [17], antimalarial [18], and antibacterial [19]. The current study additionally looked at how thiazolidinones
have been synthesized in recent years [19, 20]. The methods utilized in nonconventional sonochemistry were of great interest to the researchers [21, 22].
The research is the first to look at the thiazinanone ring's chemistry. Thus, using 2-picolylamine, aldehydes, and MercaptoPropanoic acid, the current
work produced 15 novel thiazinanones. The goal of this research is to look at the antioxidant properties of thiazolidinones [23] and novel thiazinanones
that have been synthesized in the past. N-bromo compounds are antibacterial, antifungal, and anti-HIV chemicals that have a bromine atom linked to
nitrogen [22-27]. The antibacterial activity of 2-(4-((1-aryl- 1H-1, 2, 3-triazol-4-yl)methoxy)phenyl)2-(2-oxoazetidin-1-yl) acetamide against different
G-positive (Staphylococcus aureus and Bacillus subtilis) acetates was investigated. The 2-(4-((1-aryl-1H-1, 2, 3-triazol-4-yl)methoxy)phenyl)2-(2-
oxoazetidin-1-yl) acetamide product was characterized and their antibacterial activities were evaluated against various G-positive (Staphylococcus aureus
and Bacillus subtilis) and G-negative (Pseudomonas aeruginosa and Escherichia coli) bacteria, using minimal inhibition concentration.[28].
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Steps of the theoretical study to estimate the biological effectiveness

In this study, the structural formulas of the prepared compounds were drawn using ChemDraw Professional 16.0 program. After that, the structural
formula was modified and the files were converted to mol format using Chem3D 16.0 program. In the next step, Discovery Studio 4.0 Client converted
the files to pdb. The last step, the files of the structural formulas were uploaded to the website www.dockthor.com to complete the process of molecular
docking of the compounds after specifying the email to which the results will be sent after the bond strength assessment is completed. After receiving
the results, they were included in Table No. (7).

Materials and Methods

Using the electro thermal 9300 melting point LTD, UK, the melting points were recorded and reported in degrees (0c). TLC was carried out on aluminum
and glass plates that were coated with a 0.25mm layer of silica gel (Fluka). lodine vapor was used to detect some of the derivatives. Fourier transform
infrared (SHIMADZU, 8400) spectrophotometer, Japan the prang 4000-600cm-1 FT-IR spectra The samples were put through their paces on a KBr disc.
The 13c and 1H-NMR spectra were measured in (ppm) units in DMSO-d6 as the solvent (Bruker- Ultra Shield 300 MHz Switzerland).

Synthesis of Schiff-bases [1-9]:

Mixture of diamines (0.01 mol) and the corresponding aldehydes (0.02mol) in ethanol (30ml) was treated with (3-5) drops glacial acetic acid and refluxed
for (5h). The reaction of mixture was cooled and filtered. The final compounds were purified by recrystallization from ethanol [29]. The physical properties
for these compounds are listed in table (): In the same way, the rest of Schiff's rules were prepared. (1-3)

Synthesis of Heterocyclic Compounds:-

Synthesis of 3-(3-chloro-2-oxo-4-phenylazetidin-1-yl) derivatives (A;-Ag). A mixture of Schiff bases (0.001mol) with (0.002 mol) of chloroacetyl
chloride in dry benzene (30ml) was added drop wise at room temperature. and (3-5) drops of triethyl amine .Content was stirred vigorously for 15 minutes
and refluxed for 8hrs. Mixture was cooled at room temperature, filtered, washed with ice-cooled water, dried and recrystallized from ethanol [30]. In the
same way, the rest of Schiff's rules were prepared. (1-8)Some of the physical properties and yield of compounds are listed in table ():

Synthesis of 1, 3-Thiazinane -6-one Derivatives (Z1-Z9)
"(0.01mole) of Schiff bases (A1-A9) with (0.01 mole, 1.085 g) of (3- Mercaptopropanoic acid) in (20 mL)" dry benzene and two drops of ZnClI2 , refluxed

for 6 hours, then the solvent was dissolved. After that, 100% ethanol was used to recrystallize the molded precipitate. The rest of Schiff's regulations were
prepared in the same way. (A1-A9) Table 1 shows the physical characteristics (3).

Results and Discussion

In this work, A number of diamines compounds which on condensation with various selected aromatic aldehydes in the presence of absolute ethanol and
few drops of glacial acetic acid formed Schiff bases derivatives [1 -9]. The spectral data respectively. and is illustrated in scheme 1. Of FT.IR of [1
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Scheme-(1): Mechanism of Imine formation
Table (1): values of FT-IR absorption bands for Schiff bases (1-9) measured in cm-
—
e
G A s
\N/ N
XX
IR
MH- 7> : NH;
G= L MH: o H oM — M H. @ >
MH ~ . ; ol ‘NI
X=0-OlL.P-NO2.P-CI.P-OIL.P-B3 r
Cod X G Molc. M.Wt m.p Yelid Colour
e Formul %
a
6 o-OH HaM o~ Cis6H1eN2O2 | 268.31 621-621 60 Yellow
2 P-NO2 | "M —~pn.| CieH14N4O4s | 326.31 184- 80 Golden
186
3 P-Br | "M~—>unu.| C16H14BroN | 394.11 150- 78 yellow
2 152
4 P-OH “’”\/\NH, Ci6H16N202 | 268,31 218- 73 white
220
5 P-Cl HoM .| C16H14Cl2N2 | 305.20 172- 70 brown
174
6 o-OH H:H—MH: | C1aH12N202 240 204- 69 white
206
7 P-Cl Holl——MH Ci14H;10Cl 277 212- 70 Yellow
aN2 214
8 P-NOq H:H——HNhk; C14H10N4O4 298 273- 74 Golden
275
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P—OH H;N_NHj

C14H12N2O2

240.26

272-
274

70

orange

10

P-NO;

C20H14N4O4

374

206-
208

75

Yellow

11

PCl

C20H14CI2N>

352

138-
140

74

Orange

Table (2): The chemical formula, molecular weights % yield, melting points, colours, of the azetidine compounds (A;-Ag)

Comp.No

Nomenclature

Structural formula

Molec. formuls

M.p. Co

Color

:Al

(E)-3-chloro-1-(4-({4-
chlorobenzylidene|ami
no|phenyl)-4-(4-
chlorophenyljazetidin-
2-one

C2zH1sN:z0Cl;

208-
210

Green

3R,4R)-3-chloro-1-(4-
(B)4-
nitrobenzylidenejamin
o|phenyl)-4-(4-
nitrophenyljazetidin-2-
one

Cz:zH1sN40OsCl

248-
246

yellow

(Z)-1-{acridin-9-yl)-4-
(4-{{acridin-9-
yliminojmethyljphenyl)
-3-chloroazetidin-2-

CseH2:NsOCl

yellow

one

(E})-3-chloro-1-{2-({4-
nitrobenzylidene)amin
o|phenyl)-4-(4-
nitrophenyljazetidin-2-

one

C2:H15N4OsCl

206-
204

orange

(Z)-3-chloro-1-(3-
hydroxyphenyl)-4-(4-
({(3-
hydroxyphenyl)imino)
methyl|phenyljazetidin

C2zH,7Nz0:Cl

211-
213

red

(S,E)-3-chloro-1-{4-((4-
hydroxybenzylideneja
minojphenyl)-4-(4-
hydroxyphenyl)-114-

LIS

Cz:H17Nz05Cl

220-
219

yellow

Az

azet-2{SHj-one
(Z)-3-chloro-1-(2-
hydroxyphenyl)-4-(2-
({(2-
hydroxyphenyljimino)
methyl|phenyljazetidin

Cz2zH17CINzO;

162-
160

orange

-2-one
(45)-3-chloro-1-(((Z)-4-
chlorobenzylidenejami
no)-4-(4-
chlorophenyljazetidin-

C1eH1:N2O:Cl

222-
218

vellow

2-one
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Ao

(E)-3-chloro-1-(2-((4-
nitrobenzylidene)amin
0)ethyl)-4-(4-
nitrophenyl)azetidin-2-
one

C16H11N20CI3

292-
290

orange

The four-membered B-lactam ring was introduced by the cycloaddition of [1 — 9] and chloroacetyl chloride in the presence of triethylamine catalyst to
give (benzylideneamino)-3-chloro-4-phenylazetidin-2-one [A; — Asg] . Title compounds [A; — Ag] shown IR bands at (1695 — 1799) cm-1 confirming the
formation of (C=0) B-lactam and appearance of the vibration between (702 — 784) cm-1 was due to the (C-Cl) p-lactam which was further substantiated
with the help of 1H-NMR data with the signals at 3 (5.09 — 5.16) shown the presence of (N-CH) B-lactam(4.8- 6.50),(5.93-5.95) , and signal was observed
for 8 ppm for (HC-CI) B-lactam (6.48- 6.50),(6.08-6.10)

y NH,

G=  wn o CE :
NH,

()@0

Scheme-2: Mechanism of 3-Chloro-Azetidine-2-One formation
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Table (4): Show the nomenclature, melting points, structural and molecular formula for compounds (Azo-Aus).

Comp.No

Nomenclature

Structural formula

Molec. formula

M.p. Co

Color

Ao

“1,1{1,4-
phenylene)bis(3-chloro-
4-(4-
chlorophenyljazetidin-2-
one)

C24H1eN20:Cls

212-210

An

(4S)-3-chloro-1-(4-
((2R,38)-3-chloro-2-{4-
nitrophenyl)-4-
oxoazetidin-1-yljphenyl)-
4-{4-
nitrophenyljazetidin-2-
one

CzaH1eNaOeClz

240-238

yellow

K

(3R.4S)-3-chloro-1-{2-
((28)-3-chloro-2-(4-
nitrophenyl)-4-
oxoazetidin-1-yljphenyl)-
4-(4-
nitrophenyljazetidin-2-
one

C2aH1eNaOeClz

222-220

orange

Az

(45)-1-{acridin-9-y1)-4-
(4-((2R,38)-1-(acridin-9-
vl}-3-chloro-4-
oxoazetidin-2-yljphenyl)-
3-chloroazetidin-2-one

Cs2H2aN.0:Clz

Dec.

yellow

Ara

-4,4(1,4-
phenvlene|bis(3-chloro-
1-(3-
hydroxyphenyl)azetidin-
2-one)

Cz¢H1sN20.C12

250-252

red

A

“4,4{1,1-
phenylene)bis(3-chloro-
1-(4-
hydroxyphenyl)azetidin-
2-one|

C2eH1eN20:Clz

226-224

brown

Ate.

-'3,3dichloro-4,4'-bis(4-
nitrophenyl)-[1,1"-
biazetidine]-2,2'-dione

C12H1aN20cClz

290-288

yellow
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IAL7 -'3,3dichloro-4,4'-bis(4- C18H12N202CIl4  [210-208 Light green
chlorophenyl)-[1,1'-  biazetidine]-ci o ‘,J‘ W
2,2'-dione : , -
P o cicl
I Cl
IA18 -'1,1(ethane-1,2- C24H16N406CI2  [222-220 orange
diyl)bis(3-chloro-4-(4- s
nitrophenyl)azetidin-2-
one) we=o
Table (5): Wave numbers in cm-1 of I.R spectrum for prepared compounds: (A;-Ag)
C-H (-CH-)
Comp. C-H aliphatic C=0 C=N v C=C ing C-N C-Cl Others
NO. arom. IAsym Sym. lactam
A1 3081 2991 — 1668 1612 1582 1485 1270 680 766 C-CI
A, 3081 2853 — 1670 1621 1593 1492 1265 648 1415,1339 C- NO;
Az 3100 2913 — 1670 1647 1586 1480 1263 679
As 3040 2884 — 1680 1635 1594 1511 1275 684 1446,1340 C- NO,,
As 3000 2950 — 1686 1686 1597 1505 1280 688 3594 O-H
As 3030 2922 — 1654 1654 1594 1463 1241 740 3237 O-H
A7 3068 2985 — 1675 1620 1609 1474 1234 734 3465 O-H
As 3052 2986 — 1670 1635 1605 1491 1278 748 1457,1320 C-
NO,
Ao 3046 2997 — 1660 1618 1590 1483 1285 708 780 C-CI
Comp. No. C-H C-H (-CHy-) C=0
arom. aliphatic lactam C=C ring C-N C-Cl Others
IAsym. Sym.
IA10 3102 2939 2848 1635 1597 151 1205 742 ,-NO2 Asy
4 1114,1114
A1 3053 2987 1670 1585 148 1271 681 740C-Cl
— 8
IA12 3082 2853 — 1688 1592 149 1190 683 1414,1338 C-NO agy.
3
IA13 3063 2933 — 1680 1590 148 1270 688 1435, 1347C-NO asy.
8
IA14 3136 2945 — 1648 1588 148 1265 755
0
A15 3165 2988 — 1684 1604 150 1236 717 3387 O-H
3
A16 3060 2945 — 1665 1590 147 1256 735 3457 O-H
0
AL7 3092 2990 — 1680 1601 147 1245 727 1430,1335 C-NO asy.
3
A18 3086 2956 — 1684 1590 151 1238 718 734C-Cl
3

Table (5): Wave numbers in cm-1 of I.R spectrum for prepared compounds: (Aso- Ass)
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Table (3): Show the nomenclature, melting points, structural and molecular formula for Compounds (Z;-Zo).

Comp.No

Z

Nomenclature

Structural formula

Mole. formula

Mp.

Color

(5)-3-4-(25.3R)-3-
chloro-2-(4-
chlorophenyl)-4-
oxoazetidin-1-
yljphenyl)-2-{4-

chlorophenyl)-1,3-
thiazinan-4-ote

Qiikrv

C2sHisN20:CL:3

208-210

yellow

(8]-3-{&-25 3R)-3-
chloro-2-(4-
nitrophenyl)-4-
oxoazetidin-1-
slpheny) 2-4-
mitrophenyl]-1,3-
thiazinan-4-one

CasHusle0ClS

248-246

vellow

[R)-3-|acridin-9-yl)-2-
|4-(12R, 35)-1-(acridin-
9-y1|-3-chloro-4-
oxoazetidin-2-
vliphenyl)-1,3-
thiazinan-4-one

CaaHz:Na04C18

.| yellow

[R]-3-[2-{[25,3R)-3-
chloro-2-(4-
nitrophenyl)-4-
oxoazetidin-1-
yljphenyl-2-{4-

nitrophenyl]-1,3-
thiazinan-4-one

CasHislNe0:Cl3

206-204

orang

|15)-2-(4-{|25)-3-chloro-
1-{3-hydroxyphenyl)-4-
oxpazetidin-2-
yljphenyl]-3-(3-
hydroxyphenyl)-1,3-

CasHalN:0.C1 3

211-213

red
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thiazinan-4-one

(((3R,4S)-3-chloro-1-(2-
((®)4+-
hydroxybenzylidenejam
ino)phenyl)-4-(4-
hydroxyphenyl)azetidin
-2-one

' 51/1 Is)
g G
[ N oﬁ J
' 1 ' 5
o N ", 0
; | Q
: o [}
' ’
y
o 4
s » 0
H

Ca25H21N204CIS

220-219

yellow

-3(1-((1S,3R)-3-chloro-
2-(4-hydroxyphenyl)-4-
oxoazetidin-1-
yljphenyl)-2-(4-
hydroxyphenyl)-1,3-

s ol
Ot S
18 SemoN—
Ho- Y e
thiazinan-4-one

Ci9H15NsOsCIS

162-160

orang

Zs -3(3-chloro-2-(4- NI T
nitrophenyl)-4- “,NO—Z?' i

oxoazetidin-1-yl)-2-(4- c wQ/
nitrophenyl)-1,3-
thiazinan-4-one

C19H15N202Clzs

222-218

yellow

-3(3-chloro-2-(4-
chlorophenyl)-4-
oxoazetidin-1-yl)-2-(4-
chlorophenyl)-1,3-
thiazinan-4-one

C21HisN4OsClS

292-290

orang

1,3-Thiazinan-6-one compounds [Z;-Zo] prepared by reaction of 3- mercaptopropanoic acid compound with [A;-Ag] by using dry benzene as a solvent
and ammonia. FT-IR spectrum showed bands at (3020 —3055) cm-1 for benzene ring, at (1640-1674) cm-1 for(C=0) lactone and lactam compounds, at

(1360- 1385) cm-1 for (C-N) and (1587-1592) cm-1 for (C=C) aromatic ring. and appearance of band at

- g

Scheme-2: Mechanism of 1,3-Thiazinan-6-one formation

(684-692) cm-1to C-S.
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Table (5): Wave numbers in cm-1 of I.R spectrum for prepared compounds: (Z;-Zo)

C-H (-CH2) ’v c=0
Comp. C-H aliphatic C=0 |lactam
N.O arom. lactam C=C ring C-N C-Cl C-S Others
JAsym. Sym.

Z1 3050 2978 2845 1650 6165  [1598 1478 (1265 740 682 755 =C-ClI

72 3065 2985 2875 1678 6120  [1589 1485 (1275 729 681 1430 =C-NO2 Asy.
1345 =C-NO2 sy.

73 3048 2965 2890 1666 6160 (1592 1465 (1255 735 692

Z 4 3044 2968 2838 1648 6122 (1587 1495 (1248 727 684 1432 =C-NO2 Asy.
1350 =C-NO2 sy

Z 5 3070 2976 2865 1645 6166  [1592 1475 (1269 718 695 3394 O-H

Z 6 3025 2985 2895 1635 6101  [1586 1468 (1238 708 682 3347 O-H

Z 7 3035 2980 2845 1670 6165 (1601 1488 (1285 735 697 3365 O-H

Z 8 3064 2990 2866 1665 6166  [1592 1487 (1278 740 685 1436 =C-NO2 Asy.
1340 =C-NO2 sy.

Z 9 3075 2946 2878 1652 6162 (1589 1478 (1257 738 678 743=C-Cl

Table (6): 1H-NMR Data of 3-Chloro-1-(Pyrimidin-2-Y1) Azetidin-2- One and thiazinan-4-One Compounds (As, As, Z1, Zs).

Comp. No. 8(CH2 Thiazine) ppm 4H,t| S(HC-CI) 8(CH-Aromatic) ppm|  3(HC-N) 5 (CH-S)
B-lactam nH,m lactam Ppm 1H,s
ppm 1H,s ppm 3H,m

Ay - d6.48-6.50 dd8.00-8.76 d.4.8-6.50 -

As - d6.08-6.10 m6.44-8.02 d5.93-5.95 -

Z; 1.72-1.74 5.60-5.56 7.26-7.98 4.06-4.07 6.79

Z, .48-2.61 5.45-5.47 6.38-7.58 5.30-5.32 6.79

Applied efficacy

It has been found from the results that we obtained from the compounds prepared in the laboratory as in the table (), which are expressed in the unit
(Kcal/mole), some of them have varying effectiveness,. Lung and chest cancer and with the anti-fungal, as well as with the bacteria E coli, Staphyll I, so
it can be considered in the future as good pharmaceutical medical compounds, especially that some of them have carcinogenic activity. it was effective
with all except with breast cancer Compound A,(it gave good efficacy with all except for E coli bacteria and compound A, ,As,Zs) gave good efficacy

with all, especially with breast cancer, but it did not give with anti-fungal type.

Table (7):- Represents the applied effectiveness of some prepared compounds with the values of some drugs
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Code Breast cancer Lung cancer Anti-Fungal E. coli Staphyll

A2 - -72116 -32113 - -

Ad -112746 -12643 -42064 - -62637

A8 -11.908 -7.022 - -8.505 -8.79

All - - - -42117 -62144

Al2 - -42311 - - -102411

Al4 -4271 - -12414 -12133

Al5 -32616 - -

Z1 -42111

Z4 -72633 -72163

Z8 -11211

Tamoxifen -112371

Fulvestrant -112441

Raloxifene -62443

Toremifene -112743

Gefitinib -42341

Erlotinib -4243

Terbinafine -42746

Fluconazole -12613

Miconazole -42166

Econazole -62316

Clotrimazole -42441

Cephalexin -72461

Trimethoprim -12661

Trimethoprim -62447

Cephalexin -12371
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ABSTRACT

The study Included synthesis of some new Derivatives of (benzylideneamino)-3-chloro-4-phenylazetidin-2-one and 3-(3-chloro- 2-oxo-4-phenylazetidin-1-yl)-2-
phenyl-1,3-thiazinan-4-one by tow steps; The first include amino group of the di amino was condensed with different aromatic aldehydes in the presence of absolute
ethanol to give new Schiff bases derivatives [1- 3] respectively. The second step , the resulting imines derivatives [1 — 3] were reacted with chloro acetyl chloride
in presence of triethylamine in dry benzene by per cyclic reaction to give novel 3-(3-chloro-2-oxo-4-phenylazetidin-1-yl) derivatives (A;-As ) and reacted with 3-
mercapto propanoic acid with (Schiff-base) in dry benzene to givel,3-thiazinan-4-one derivative's(Z1- Zy) The composites prepared were described by melting point
.Most of these derivatives were confirmed by "FT-IR, IHNMR spectra.

Keywords---Schiff's bases, (benzylideneamino)-3-chloro-4- phenylazetidin-2-one, 3-(3-chloro-2-oxo-4-phenylazetidin-1-yl)-2- phenyl-1,3-thiazinan-4-
one

Introduction

Azetidine, a four-member heterocyclic ring system with (N) as a heteroatom, is the parent heterocyclic ring of azetidinone. The second position of 2-
azetidinone has a carbonyl group, which is one of the most prevalent heterocyclic rings found in many antibiotics [1].Although the ring of azetidinone
was known since (1907) but the realization of their chemistry began from (1947) only. These are presently used for chemotherapy of bacterial infections
[2-4]. Realization of their chemistry began from (1947) only. These are presently used for chemotherapy of bacterial infections [2-4]. ] cycloaddition,
also known as the Staudinger reaction, is a reaction between imine and ketene that is one of the most important and versatile techniques for the synthesis
of structurally diverse 2-azetidinone derivatives[5]. The Staudinger reaction is thermally or photochemically enhanced by utilizing acid chlorides in the
presence of (Et3N) triethylamine or a-diazoketones as ketene precursors[6]. Azetidinone is a four-membered cyclic that has been used as a useful building
block for the preparation of a variety of chemical compounds by utilizing the strain energy associated with it[7] . Sulfadiazine is a sulfonamide antibiotic
that is listed on the WHO's “List of Essential Medicines." It kills bacteria that cause infections by preventing the bacterial cell from producing folic acid,
and it's commonly used to treat “urinary tract infections" (UTIs) and burns[8,9]. The four-membered cyclic amide azetidinone, often known as "-lactam,"
is produced from 3-amino-propanoic acid [10,11]. Azetidine is the parent heterocyclic ring of azetidinone, which is a four-membered heterocyclic ring
system with (N) as the heteroatom. The second position of 2-azetidinone has a carbonyl group, which is one of the most prevalent heterocyclic rings
found in many antibiotics[10]. Although the ring of azetidinone has been known since 1907, its chemistry has only recently been discovered (1947)
Azetidine, a four- member heterocyclic ring system with (N) as a heteroatom, is the parent heterocyclic ring of azetidinone. The second position of 2-
azetidinone has a carbonyl group, which is one of the most prevalent heterocyclic rings found in many antibiotics[12]. Although the ring of azetidinone
has been known since 1907, the chemistry of the compound was finally discovered in 1947. These are currently being utilized to treat bacterial infections
[13-15]. Thiazinanones (six- membered heterocyclic) have not been extensively studied in the past, but they have important biological properties such as
immunopotentiating [16], anti- inflammatory [17], antimalarial [18], and antibacterial [19]. The current study additionally looked at how thiazolidinones
have been synthesized in recent years [19, 20]. The methods utilized in nonconventional sonochemistry were of great interest to the researchers [21, 22].
The research is the first to look at the thiazinanone ring's chemistry. Thus, using 2-picolylamine, aldehydes, and MercaptoPropanoic acid, the current
work produced 15 novel thiazinanones. The goal of this research is to look at the antioxidant properties of thiazolidinones [23] and novel thiazinanones
that have been synthesized in the past. N-bromo compounds are antibacterial, antifungal, and anti-HIV chemicals that have a bromine atom linked to
nitrogen [22-27]. The antibacterial activity of 2-(4-((1-aryl- 1H-1, 2, 3-triazol-4-yl)methoxy)phenyl)2-(2-oxoazetidin-1-yl) acetamide against different
G-positive (Staphylococcus aureus and Bacillus subtilis) acetates was investigated. The 2-(4-((1-aryl-1H-1, 2, 3-triazol-4-yl)methoxy)phenyl)2-(2-
oxoazetidin-1-yl) acetamide product was characterized and their antibacterial activities were evaluated against various G-positive (Staphylococcus aureus
and Bacillus subtilis) and G-negative (Pseudomonas aeruginosa and Escherichia coli) bacteria, using minimal inhibition concentration.[28].
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Steps of the theoretical study to estimate the biological effectiveness

In this study, the structural formulas of the prepared compounds were drawn using ChemDraw Professional 16.0 program. After that, the structural
formula was modified and the files were converted to mol format using Chem3D 16.0 program. In the next step, Discovery Studio 4.0 Client converted
the files to pdb. The last step, the files of the structural formulas were uploaded to the website www.dockthor.com to complete the process of molecular
docking of the compounds after specifying the email to which the results will be sent after the bond strength assessment is completed. After receiving
the results, they were included in Table No. (7).

Materials and Methods

Using the electro thermal 9300 melting point LTD, UK, the melting points were recorded and reported in degrees (0c). TLC was carried out on aluminum
and glass plates that were coated with a 0.25mm layer of silica gel (Fluka). lodine vapor was used to detect some of the derivatives. Fourier transform
infrared (SHIMADZU, 8400) spectrophotometer, Japan the prang 4000-600cm-1 FT-IR spectra The samples were put through their paces on a KBr disc.
The 13c and 1H-NMR spectra were measured in (ppm) units in DMSO-d6 as the solvent (Bruker- Ultra Shield 300 MHz Switzerland).

Synthesis of Schiff-bases [1-9]:

Mixture of diamines (0.01 mol) and the corresponding aldehydes (0.02mol) in ethanol (30ml) was treated with (3-5) drops glacial acetic acid and refluxed
for (5h). The reaction of mixture was cooled and filtered. The final compounds were purified by recrystallization from ethanol [29]. The physical properties
for these compounds are listed in table (): In the same way, the rest of Schiff's rules were prepared. (1-3)

Synthesis of Heterocyclic Compounds:-

Synthesis of 3-(3-chloro-2-oxo-4-phenylazetidin-1-yl) derivatives (A;-Ag). A mixture of Schiff bases (0.001mol) with (0.002 mol) of chloroacetyl
chloride in dry benzene (30ml) was added drop wise at room temperature. and (3-5) drops of triethyl amine .Content was stirred vigorously for 15 minutes
and refluxed for 8hrs. Mixture was cooled at room temperature, filtered, washed with ice-cooled water, dried and recrystallized from ethanol [30]. In the
same way, the rest of Schiff's rules were prepared. (1-8)Some of the physical properties and yield of compounds are listed in table ():

Synthesis of 1, 3-Thiazinane -6-one Derivatives (Z1-Z9)
"(0.01mole) of Schiff bases (A1-A9) with (0.01 mole, 1.085 g) of (3- Mercaptopropanoic acid) in (20 mL)" dry benzene and two drops of ZnClI2 , refluxed

for 6 hours, then the solvent was dissolved. After that, 100% ethanol was used to recrystallize the molded precipitate. The rest of Schiff's regulations were
prepared in the same way. (A1-A9) Table 1 shows the physical characteristics (3).

Results and Discussion

In this work, A number of diamines compounds which on condensation with various selected aromatic aldehydes in the presence of absolute ethanol and
few drops of glacial acetic acid formed Schiff bases derivatives [1 -9]. The spectral data respectively. and is illustrated in scheme 1. Of FT.IR of [1

H
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Scheme-(1): Mechanism of Imine formation
Table (1): values of FT-IR absorption bands for Schiff bases (1-9) measured in cm-
—
e
G A s
\N/ N
XX
IR
MH- 7> : NH;
G= L MH: o H oM — M H. @ >
MH ~ . ; ol ‘NI
X=0-OlL.P-NO2.P-CI.P-OIL.P-B3 r
Cod X G Molc. M.Wt m.p Yelid Colour
e Formul %
a
6 o-OH HaM o~ Cis6H1eN2O2 | 268.31 621-621 60 Yellow
2 P-NO2 | "M —~pn.| CieH14N4O4s | 326.31 184- 80 Golden
186
3 P-Br | "M~—>unu.| C16H14BroN | 394.11 150- 78 yellow
2 152
4 P-OH “’”\/\NH, Ci6H16N202 | 268,31 218- 73 white
220
5 P-Cl HoM .| C16H14Cl2N2 | 305.20 172- 70 brown
174
6 o-OH H:H—MH: | C1aH12N202 240 204- 69 white
206
7 P-Cl Holl——MH Ci14H;10Cl 277 212- 70 Yellow
aN2 214
8 P-NOq H:H——HNhk; C14H10N4O4 298 273- 74 Golden
275
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P—OH H;N_NHj

C14H12N2O2

240.26

272-
274

70

orange

10

P-NO;

C20H14N4O4

374

206-
208

75

Yellow

11

PCl

C20H14CI2N>

352

138-
140

74

Orange

Table (2): The chemical formula, molecular weights % yield, melting points, colours, of the azetidine compounds (A;-Ag)

Comp.No

Nomenclature

Structural formula

Molec. formuls

M.p. Co

Color

:Al

(E)-3-chloro-1-(4-({4-
chlorobenzylidene|ami
no|phenyl)-4-(4-
chlorophenyljazetidin-
2-one

C2zH1sN:z0Cl;

208-
210

Green

3R,4R)-3-chloro-1-(4-
(B)4-
nitrobenzylidenejamin
o|phenyl)-4-(4-
nitrophenyljazetidin-2-
one

Cz:zH1sN40OsCl

248-
246

yellow

(Z)-1-{acridin-9-yl)-4-
(4-{{acridin-9-
yliminojmethyljphenyl)
-3-chloroazetidin-2-

CseH2:NsOCl

yellow

one

(E})-3-chloro-1-{2-({4-
nitrobenzylidene)amin
o|phenyl)-4-(4-
nitrophenyljazetidin-2-

one

C2:H15N4OsCl

206-
204

orange

(Z)-3-chloro-1-(3-
hydroxyphenyl)-4-(4-
({(3-
hydroxyphenyl)imino)
methyl|phenyljazetidin

C2zH,7Nz0:Cl

211-
213

red

(S,E)-3-chloro-1-{4-((4-
hydroxybenzylideneja
minojphenyl)-4-(4-
hydroxyphenyl)-114-

LIS

Cz:H17Nz05Cl

220-
219

yellow

Az

azet-2{SHj-one
(Z)-3-chloro-1-(2-
hydroxyphenyl)-4-(2-
({(2-
hydroxyphenyljimino)
methyl|phenyljazetidin

Cz2zH17CINzO;

162-
160

orange

-2-one
(45)-3-chloro-1-(((Z)-4-
chlorobenzylidenejami
no)-4-(4-
chlorophenyljazetidin-

C1eH1:N2O:Cl

222-
218

vellow

2-one
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Ao

(E)-3-chloro-1-(2-((4-
nitrobenzylidene)amin
0)ethyl)-4-(4-
nitrophenyl)azetidin-2-
one

C16H11N20CI3

292-
290

orange

The four-membered B-lactam ring was introduced by the cycloaddition of [1 — 9] and chloroacetyl chloride in the presence of triethylamine catalyst to
give (benzylideneamino)-3-chloro-4-phenylazetidin-2-one [A; — Asg] . Title compound