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Introduction

Staphylococcus

staphylococcus aureus (MRSA) is responsible for many

aureus:

infections.

Abstract

Objective: Unfortunately, infectious diseases are still one of the most important health problems around the
world. The resistance of pathogenic bacteria to several drugs is an important and growing problem in the
treatment of infectious diseases and hospital infections. It seems necessary to identify new compounds that
have inhibitory or lethal effects on this bacterium. That's why we decided antimicrobial efficacy. The newly
synthesized compound (2-methyl-1,3-dioxo-',11',2',3',5',6',7'a,7-octahydrospiro] inden-'2,3-pyrrolizidine 2-
carboxylate (5) on Staphylococcus aureus and Escherichia coli bacteria.

Methods: At first, synthesized of methyl'2-methyl-1,3-dioxo-1',1',2',3',5',6', 7',7'a, -octahydrospiro] inden-
'2,3-pyrrolizidine 2- Carboxylate was prepared by green chemistry method and with the help of microwave
in one pot. Microbial culture media containing control bacteria of Staphylococcus aureus and Escherichia
coli were prepared and concentrations of 70 to 110 Landa of the above compound were added to the samples.
The antimicrobial property of the samples was determined after 3 days using the disk diffusion method and
broth micro dilution method was determined, as well as the minimum inhibitory concentration and bacterial
lethality of the samples.

Results: The minimum inhibitory concentration and bacterial lethality in the above combination against the
same standard strain of Escherichia coli bacteria was obtained at the rate of 12.5 pg/mL. The minimum
inhibitory and lethal concentration of methyl methacrylate compound against the standard strain of
Staphylococcus aureus bacteria was 12.5 and 25 pg/mL, respectively.

Conclusion: The use of the above combination was effective in controlling and inhibiting the tested bacteria.

staphylococcus is resistant to betalactam antibiotics (such as

methicillin-resistant Penicillin, Nafcillin, Oxacillin) and Cephalosporins such that

these antibiotics have no effect in treating infections related

This type of golden to this factor. The prevalence of MRSA is especially higher in
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hospitals, patient care centers, patients with open wounds,
patients with implanted materials (prosthesis) and patients
with weak immune system [1].

S. aureus is a gram positive and facultative anaerobic
coccus and is the most important species in the genus
staphylococcus in terms of medicine. Staphylococcus aureus
is one of the most prosperous pathogenic bacteria. Due to the
production of golden pigment staphyloxanthine, this
bacterium generates golden colonies. This pigment
participates in pathogenicity since it acts as an antioxidant
and protects the bacteria against oxygen free radicals. Oxygen
free radicals are generated by the immune system of the host
(white globules) to kill bacteria [2-5].

Escherichia coli as a strong urinary infection agents, has
relatively high resistance to different antibiotics such as third
generation fluoroquinolones and cephalosporines. Also
known as E. coli, this bacterium is a gram-negative bacillus
and belongs to enterobacteriaceae which is widely present in
the intestine of warm-blooded animals. Most E. coli strains
are harmless but some serotypes such as Oi57:H7 can cause
food poisoning and diarrhea. These harmless strains are a
part of normal flora of intestine. They contribute to vitamin
K2 production and prevent the placement of pathogenic
bacteria in the intestine. These bacteria account for 0.1% of
the total flora in the intestine. The most common cause of
urinary system infection is this bacterium which accounts for
90% of urinary infections in young women. The clinical
symptoms of this infection are frequent urination, dusyria,
blood in urine and pus in urine. This bacterium has three
enzymes whose genes are placed close to each other and are
expressed by one regulating section [4-6].

Asef et al. (2018) investigated the efficiency of 1-(5-((1H-
pyrazol-1-  yl)  methyl)-2-aryl-1,3,4-oxadiazol-3(2H)-yl)
ethanone. The results showed that the efficiency of this
compound in preventing the growth of three species of §.
aureus, E. coli and pseudomonas aeruginosa at 0.61mg/mL
concentration was higher than control antibiotics
ciprofloxacin and tetracycline [7].

Hiashi et al. (2021) studied the reciprocal bonding of Pd
in methyl iodide with carboxylate (C11) for the synthesis of
acetic acid and its active esters, i.e. the acetylation of small,
medium and large C11 molecules. The combination of Pd
attached to methyl iodide and its esters, due to the presence
of methyl iodide, can easily diffract different positrons and

therefore, can act as an exchanging agent in the transferring

ewly Synthesized Derivative...

of high-energy particles to microorganisms and in turn, their
death [8]. Isidine and indenic alkaloids in urine have
important biological and pharmaceutical as well as
antibacterial, antifungal and anticancer properties. More
than seven thousand such compounds have been verified.
Spiro cyclic oxindoles are valuable kinetic reaction
intermediates which form main units of many
pharmaceuticals and alkaloids [9]. Due to a variety of
biological antibacterial, antimicrobial, antifungal, antiviral,
and local anesthetic properties, these compounds have
attracted the attention of several chemists [10]. Therefore,
various synthetic pathways have been devised for their
synthesis [11, 12]. Bipolar cycloaddition reaction is an
efficient method for the synthesis of 5-memnered
heterocycles and Spiro heterocycles such as pirrolidines,
pirrazolydines, pyrrolizidines which are commonly present
in natural products and biologically active compounds.
Despite several methods for their synthesis, production of
new Spiro heterocycles is still very popular and great effort
has been devoted to their synthesis in several research works
[13-15].

The new compound methyl 2'-Methyl-1,3-dioxo-
1,1'2',3,5,6',7',7a"-octahydrospiro[indene-2,3'-
pyrrolizidine]-2 carboxylate, which is produced via a one pot
and spacioselective reaction as a single diastromer with high
purity [15]. Heterocycles containing several rings with one
spiro center and four chiral centers are produced. Presence of
indene and pyrrolizidine cyclic systems intensify the
possibility of pharmaceutical properties in these compounds.
This compound was synthesized as a single diastromer with
high purity and this paves the way for the investigation of
their microbiological properties [16].

Application of new synthetic compounds and evaluation
of their efficiency are research hot topics and deserve to be
extensively investigated. The aim of this research was to
investigate and evaluate the new synthetic methyl 2'-Methyl-
1,3-dioxo-1,1',2',3,5',6',7,7a"-octahydrospiro[indene-2,3'-
pyrrolizidine]-2 carboxylate (5) on S. aureus and E. coli

bacteria.

Synthesis of new compounds (5):

44 | Plant Biotechnology Persa Volume 5, Issue 2, 2023
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In the beginning of the preparation of methyl 2-methyl-
1,3'-dioxo-1,1,2',5',3,6,7',7'a octahydrospiro[indene-2,3-
pyrrolozodone] 2- carboxylate was synthesized as follows: in
a 50cc round bottom vessel, a mixture of ninhydrin (0.178g,
1mM), proline (0.115g, ImM) and methyl metacrylate
(0.086g, 1mM) in pure ethanol was prepared and put in
microwave for 2 minutes. The reaction took place by emitting
CO; gas. Reaction process and its completion was explored
with chromatography technique, after the completion of the
reaction, the solvent was discarded under vacuum and yellow

crystals were extracted from the mixture (Fig. 1).

Preparation of microbial suspension:

To do so, 24-h pure bacterial cultivation was applied.
About 3 or 4 bacterial colonies were taken and dissolved in
sterile physiological serum in a tube and for the homogeneity
of the suspension, vortex was performed. Then, using a
spectrophotometer, initial bacterial concentration in the
suspension was set at to be 1.5x10®° CFU/mL. Then, final
bacterial concentration of 5x10° CFU/mL was prepared from
the initial suspension for broth micro dilution tests. Optical
absorption of 0.08-0.13 in the suspension at wavelength 625
nm indicated bacterial concentration of 1.5x10® CFU/mL in
the suspension.

leaves were crushed in natural conditions in dry shade and
then crushed. To prepare the extract, 40 g of dry plant powder
was placed in half-liter Erlenmeyer flakes containing 200 mL
of 96% ethanol.

The contents of the Erlenmeyer flask were mixed at room
temperature for 24 hours with a shaker (130 rpm) and then
filtered through Whatman 2 paper. The solvent was separated
from the extract by a rotary apparatus using a vacuum pump
(distillation in vacuum). The weighted extracts were then

dissolved in DMSO solvent.

Preparation of Moller-Hinton broth:
Using the information provided in on the container of the
cultivation medium, the amount of required powder was
calculated and weighted using a digital scale and dissolved in
the required amount of water. Then, the mixture was heated
on flame and autoclaved after being divided into test tubes.
After autoclave, the tubes were cooled and stored in fridge for

later use.

Preparation of Moller-Hinton agar
(MHA) cultivation medium:

Using the information provided in on the container of the
cultivation medium, the amount of required powder was
calculated and weighted using a digital scale and dissolved in
the required amount of water in a clean round bottom vessel.
Then, the mixture was heated on flame and the mixture vessel
was put in autoclave for sterilization. After autoclave, the
tubes were cooled (in room temperature to maximum
temperature of 50°C) and placed in disposable sterilized
plates (this was done beside the flame under hood). After

setting, plates were stored in fridge for later use.

Investigation of antimicrobial activities
Preparation of minimum inhibitory
concentration (MIC)

MIC is defined as the minimum concentration of an
antimicrobial material which can hinder microbial growth
under laboratory conditions. This test was performed
according to broth microdilution approach and based on
CLSI protocols (16, 17). To do so, first, in 100 ul Moller-
Hinton broth (MHB), serial dilutions of methyl 2"-methyl-
1,3-dioxo -1,1'2',3,5',6',7',7a"-octahydrospiro [indene-2,3"-
pyrrolizidine]-2 carboxylate in the concentration range of
0.19 to 25 pg and control antibiotics in the concentration
range of 0.03 to 200 pg were prepared in a 96-cell microplate.
100 pl prefabricated bacterial suspension with 5x10° CFU/ml
was added to each of the cells and incubated for 24 h at 37°C.
Then, using a microplate spectrophotometry (Epoch- BioTek
Co., Winooski, VT, USA), based on the light absorption of
the suspension at wavelength 625 nm, MIC of the newly
synthesized compound and antibiotics were determined. For
this test, sterile and bacteria-free MHB was applied as
negative control and MHB containing bacteria was adopted
as positive control. In this research, vencomicine and
gentamicine antibiotics were applied for staphylococcus
aureus and E. coli, respectively, as control to compare with

test results.
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Determination of minimum bactericidal
concentration (MBC)

MBC is defined as the minimum concentration of an
antibacterial compound which can kill 99.99% of th bacteria.
MBC of methyl 2'-methyl-1,3-dioxo-1,1'2',3,5,6',7',7a'-
octahydrospiro[indene-2,3'"-pyrrolizidine]-2 carboxylate and
antibiotics were determined based on CLSI protocol. To
perform these tests, 10 pL of each cells prepared based on
MIC approach were cultivated in MHA medium and
incubated at 37°C for 24 h. then, the colonies were counted
after 18-24 h.

Yellow prism (EtOH), 88-91% yield, m.p. 111-112 °C. 1H
NMR (CDCI3, 500 MHz) § 1.67 (3H, s, CH3), 1.68-1.78 (1H,
m, 7'-CH), 1.83-1.93 (1H, m, 7'-CH), 1.94-2.03 (2H, m, 6'-
CH2), 2.06 (1H, dd, J = 6.2, 12.2 Hz, 1-CH), 2.43-2.48 (1H,
m, 1'-CH), 2.71-2.76 (2H, m, 5-CH2), 3.29 (3H, s, OCH3),
3.95-4.04 (1H, m, 7a'a-H), 7.83-7.92 (3H, m, ArH), 8.01-8.03
(1H, m, ArH). 13C NMR (CDCI3, 125 MHz) § 14.26 (CH3),
29.21, 31.21, 33.65, 48.84, 51.91 (OCH3), 55.17, 68.35
(Cspiro), 74.12 (CH-N), 122.12, 12391, 13624 (4CH,
aromatic), 142.17, 142.22 (2Cipso, aromatic), 171.29, 203.40,
204.71 (3C=0). IR (vmax/cm-1, KBr) 1680, 1584 (2C=0). MS
(m/e, %) 313 (M+, 75), 254 (M+-CO2Me, 30), 212 (254-
C3H6, 100), Anal. calcd for C1I8H19NO4 (313.348): C, 68.99;
H, 6.11; N, 4.47; O, 20.42%. Found: C, 68.98; H, 6.16; N, 4.48;
0, 20.42%.

Antimicrobial activity results

MIC and MBC of methyl metacrylate against standard
strain of E. coli bacterium were the same which was found to
be 12.5 pg/mL.

Corresponding values against E. coli were 3.2 and 6.4
ug/L, respectively.

MIC and MBC of methyl metacrylate against standard
strain of staphylococcus aureus were 12.5 and 25 pg/mlL,
respectively. MIC

and MBC values for vancomycine antibiotic against
staphylococcus aureus were both 0.2 pg/ml (Tables 1, 2 and
3).

Discussion
It could be understood from the antimicrobial activity of

methyl metacrylate on the two grams negative and gram

Newly Synthesized Derivative...

Results

In this research, methyl 2'-methyl-1,3-dioxo-
1,1'2',3,5,6',7',7a"-octahydrospiro[indene-2,3'-

pyrrolizidine]-2' carboxylate was synthesized in a one pot
procedure. This compound was obtained through one pot
reaction of ninhydrine (1), proline amino acid (2) and
estermethyl metacrylic acid (3). The structures of the
obtained compounds were verified using spectroscopy (IR,
13CNMR, 1HNMR) and elemental analysis (Figs. 2 and 3).

Spectral data of compound (5) are provided below.

positive bacteria E. coli and S. aureus that this compound at
constant concentration of 12.5 pg/mL prevented the growth
of both bacteria. Although methyl metacrylate MBC in gram
negative bacterium E. coli at the same concentration as MIC,
this compound at higher concentrations could kill gram
positive bacterium staphylococcus aureus. In other words, to
kill gram positive bacteria such as staphylococcus aureus,
higher concentrations of methyl metacrylate is required. The
reason for this was in the structural differences of cell wall in
the two-gram positive and gram-negative bacteria. It seems
that penetration of methyl metacrylate into cell wall and its
later attachment to target position is easier in a gram-negative
bacterium than a gram-positive bacterium with a thicker
peptydoglycane wall which could provide physical resistance
to the penetration of methyl metacrylate. Anyway, further
research is required to understand in more detail the
mechanism of transportation through bacterial cell wall,
attachment position and bacterial growth inhibition
mechanism of methyl metacrylate. Another important issue
which could be understood from the action mechanism of
methyl metacrylate against E. coli is that this compound could
completely kill the bacterial at concentration of up to 12.5
pl/mL while at lower concentrations (6.25 pg/mL) bacterial
growth, like positive control, occurred completely. For
staphylococcus aureus bacterium, unlike E. coli, at
concentrations of lower than MIC, bacterial growth occurred

at mild slope.

Conclusion
This indicated that the antibacterial concentration of
methyl metacrylate in gram negative bacteria occurred with a

dose-dependent procedure while for gram positive
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staphylococcus aureus bacterium, this effect seemed to be
more dependent on attachment position of methyl

metacrylate in the bacterium.

Abbreviation
MHB: Miiller-Hinton nutrient medium
MIC: minimum inhibitory concentration

MBC: minimum inhibitory concentration

Conflict of interest
None of the authors have any conflict of interest to

declare.

Abbreviation
MHB: Miiller-Hinton nutrient medium
MIC: minimum inhibitory concentration

MBC: minimum inhibitory concentration

Conflict of interest
None of the authors have any conflict of interest to

declare.

Consent for publications

All authors approved the final manuscript for publication.

Availability of data and material

Data are available on request from the authors.

Funding/Support

This paper was extracted from the PhD thesis of the second author
which was verified by the research board of Pharmaceutical Faculty
of Urmia University of medical Sciences and is acknowledged
hereby.( http://ethics.research.ac.ir/IR.UMSU.REC.1400.363)

References
1. Mohammadrezaei Khorramabadi R, Mandal SK,
Bose A, Mondal P. Investigating the antimicrobial
effect of Loranthus europeaus leaf hydroalcoholic
extract against methicillin-resistant
Staphylococcus aureus. Journal of Biochemicals
and Phytomedicine. 2022; 1(1): 17-20. doi:

10.34172/jbp.2022.4.

Consent for publications

All authors approved the final manuscript for publication.

Availability of data and material

Data are available on request from the authors.

Funding/Support

This paper was extracted from the PhD thesis of the
second author which was verified by the research board of
Pharmaceutical Faculty of Urmia University of medical
Sciences and is acknowledged hereby(
http://ethics.research.ac.ir/IR.UMSU.REC.1400.363).

2. Khan ST, Ahmad J, Ahamed M, Musarrat J, Al-
Khedhairy AA. Zinc oxide and titanium dioxide
nanoparticles induce oxidative stress, inhibit
growth, and attenuate biofilm formation activity of
Streptococcus  mitis. ] Biol Inorg Chem.
2016;21(3):295-303. doi:10.1007/s00775-015-
1327-x.

3. Rose T, Verbeken G, Vos DD, Merabishvili M,
Vaneechoutte M, Lavigne R, et al. Experimental
phage therapy of burn wound infection: difficult
first steps. Int ] Burns Trauma. 2014;4(2):66-73.

4. Hsueh PR, Hoban DJ, Carmeli Y, Chen SY,
Desikan S, Alejandria M, et al. Consensus review
of the epidemiology and appropriate antimicrobial
therapy of complicated urinary tract infections in
Asia-Pacific region. J Infect. 2011;63(2):23-114.
doi:10.1016/j.jinf.2011.03.026.

5. Juneja VK, Dwivedi HP, Yan X. Novel natural food
antimicrobials. Annu Rev Food Sci Technol.
2013;3:381-403. doi:10.1146/annurev-food-
022811-101241.

6. Centers for Disease Control and Prevention.
Escherichia coli. CDC National Center for
Emerging and Zoonotic Infectious Diseases. 2012.
Available from: https://www.cdc.gov/ecoli/.

7. Kamal A, Ramakrishna G, Raju P, Rao AV,
Viswanath A, Nayak VL. Synthesis and anticancer
activity of oxindole derived imidazo[1,5-
a]pyrazines. Eur ] Med Chem. 2011;46(6):2427-
2435. doi:10.1016/j.ejmech.2011.03.015.

Plant Biotechnology Persa Volume 5, Issue 2, 2023 | 47


https://www.cdc.gov/ecoli/
http://dx.doi.org/10.61186/pbp.6.1.43
https://pbp.medilam.ac.ir/article-1-212-en.html

[ Downloaded from pbp.medilam.ac.ir on 2026-01-28 ]

[ DOI: 10.61186/pbp.6.1.43 ]

10.

11.

12.

13.

14.

15.

Doi H, Goto M, Sato Y. Pd0-Mediated cross-
coupling of [11C]Methyl iodide with carboxysilane
for synthesis of [11C]Acetic acid and its active
esters: 11C-acetylation of small, medium, and large
molecules. Eur ] Org Chem. 2021;29(6):3970-3979.
doi:10.1002/ejoc.202100347.

Sevir S, Genc M, Gur S, Koca M. The synthesis and
antimicrobial activity of some new methyl N-
arylthiocarbamates, dimethyl N-
aryldithiocarbonimidates
imidazolines. Eur ] Med Chem. 2005;40(2):687-
693. d0i:10.1016/j.ejmech.2004.10.008.

Asif M, Alghamdi S, Alshaeri S, Kamal M.

and 2-arylamino-2-

Synthesis of some new 1-(5-((1H-pyrazol-1-
yl)methyl)-2-aryl-1,3,4-oxadiazol-3(2H)-yl)
ethanone derivatives and study their antimicrobial
activity. Res 2018;14(6):1202-1210.
do0i:10.21203/rs.3.rs-60680/v1.

Dandia A, Laxkar A, Singh R

multicomponent domino reaction on water: highly

Square.

New

diastereoselective synthesis of Spiro[indoline-3,4'-
pyrazolo[3,4-b]pyridines] catalyzed by NaCL
Tetrahedron Lett. 2012;53:3012-3017.
doi:10.1016/j.tetlet.2012.03.014.

Girgis AS. Regioselective synthesis of dispiro[1H-
indene-2,3'"-pyrrolidine-2',3"-[3H]indole]-
1,2"(1"H)-diones  of
properties. Eur ] Med Chem. 2009;44(1):91-100.
doi:10.1016/j.ejmech.2008.02.004.

Yin D, DuE, Yuan J, Gao ], Wang Y, Aggrey SE, et

potential  anti-tumor

al. Supplemental thymol and carvacrol increases
ileum Lactobacillus population and reduces the
effect of necrotic enteritis caused by Clostridium
perfringens in chickens. Sci Rep. 2017;7(1):7334.
doi:10.1038/s41598-017-07836-8.

Masteli¢ J, Jerkovi¢ I, Blazevi¢ I, Poljak-Blazi M,
Borovi¢ S, Ivanci¢-Bale I, et al. Comparative study
on the antioxidant and biological activities of
carvacrol, thymol, and eugenol derivatives. ] Agric
Food Chem. 2008;56(11):3989-3996.
doi:10.1021/jf073159.

Sharifi-Rad M, Varoni EM, Iriti M, Martorell M,
Setzer WN, Del Mar Contreras M, et al. Carvacrol

and human health: a comprehensive review.

s of Newly Synthesized Derivative...

16.

17.

Phytother Res.
doi:10.1002/ptr.6104.

2018;32(9):1675-1687.

Hall GS. Bailey & Scott’s diagnostic microbiology,
13th edn. American Society for Clinical Pathology;
2013.

Clinical and Laboratory Standards Institute. CLSI
document M07-A9. Wayne, PA: CLSL; 2021.

48 | Plant Biotechnology Persa VVolume 5, Issue 2, 2023


http://dx.doi.org/10.61186/pbp.6.1.43
https://pbp.medilam.ac.ir/article-1-212-en.html
http://www.tcpdf.org

