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Abstract

Background: Growing antibiotic resistance is a global concern for the treatment of shigellosis.
The development of efflux pumps such as the AcrAB-TolC pump has increased antibiotic re-
sistance in Shigella flexneri strains. The aim of this study was to produce IgY against the recom-
binant immunogen TolC and evaluate the binding of the antibody to the recombinant immunogen
Materials and Methods: A construct containing immunogen regions of TolC protein was de-
signed and synthesized; then, the recombinant plasmid pET28a-tolC was transferred to £ coli
BL21 (DE3) competent cells. Expression of the recombinant protein in £ col/i was induced with

1 mM IPTG. The recombinant protein was purified using affinity chromatography by Nickel-Ni- Keywords:

I . . . . . . . Shigella fl i
trilotriacetic acid (Ni-NTA) resin and evaluated by western blotting. Leghorn chickens were im- il

Efflux pump
munized with 200 micrograms of the recombinant protein. IgY was purified using PEG precipita- TolC
tion, and the antibody titer was determined in immunized chicken’s serum and egg yolk by ELISA Recombinant protein
IgY

method compared to the control group.

Results: Recombinant protein TolC was expressed with a molecular weight of 40 kDa and an
expression yield of 10 mg/I of the culture media. The IgY concentration was determined to be 9
mg/ml of egg yolk. The antibody titer in serum against the recombinant protein after the third
immunization was 1: 6400 (P<0.05). In the ELISA method, at least seven nanograms of antibody
reacted with the recombinant protein.

Conclusion: Antibodies against TolC recombinant immunogen can be investigated as a source

of passive immunity in the disease caused by Shigella flexneri.
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Fig 1. The results of the B-cell linear epitope analysis of TolC amino acid sequence were obtained using different algo-
rithms, which showed that the region between amino acids 40 and 335 had the highest epitope activity (highlighted in
the charts within the red box)
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Fig 2. Examination of conformational epitopes in the TolC protein. (A) The tertiary structure of the TolC protein from
Shigella flexneri predicted, (B) conformational epitopes predicted by the DiscoTope server were identified in three re-
gions: 90-76, 300-280, and 330-310. (C) Epitope predictions from the ElliPro server, C1 corresponding to a region
around amino acid 101 having a highly antigenic epitope, and C2 as the strongest conformational epitope located
in the zone around amino acids 93-93
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Fig 3.A) Investigation of recombinant plasmid transformation into E. coli on a selective culture medium containing
kanamycin antibiotics. Plate 1: Cell sample containing the recombinant plasmid, Plate 2: Cell sample without the re-
combinant plasmid (negative control). Fig 3-B): Investigation of recombinant protein expression at 25°C and 37°C. Col-
umn 1: Non-induced at 37°C (negative control), Column 2: Induced expression at 37°C for 4 hours, Column 3: Non-in-
duced at 25°C (negative control), Column 4: Induced expression at 25°C for 4 hours, M: Protein marker (Sinaclon)
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Fig 4. Purification of recombinant rTolC protein with imidazole elution and validation of purified protein by Western
blotting. (A) rTolC purification: Column 1: Bacterial sample before passing through the column, Column 2: flow trough
sample from Nickel column, Column 3: sample wash with 5 mM imidazole, Column 4: sample wash with 10 mM imid-
azole, Column 5: Protein elution with 100 mM imidazole, Column 5: Protein elution with 250 mM imidazole, M: Protein

marker (Sinaclon). (B) rTolC Western blotting: Column 1: Purified protein (from Column 4 in section A), Column 2:

Commercial BSA protein as a negative control, M: Protein marker (Sinaclon).
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Fig 5. Measurement of anti-rTolC antibody titers in the sera of test chickens (a) and control chickens (b). The first
blood sample was taken before the start of vaccination with the immunogen (negative control), and subsequent blood
samples were collected one week after each dose.
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mately 150 kDa (lane 1), (B) ELISA results of purified
antibodies with recombinant rTolC protein.

6 Iran South Med J 2024; 27(2): 123-137 [Open Access Policy]

OF SS9 Exo (035 035 51 (BT gl
029> pliae & yo 035 635 5LILT eSS jI
Sa0l ST G J5 699 2 39989381 51 eslitianl b Lol
5l edliel g0 53 aS dd LS )y oyl b el
PO 9 7o 0jg b igp a=hd 9> (JeUlghle P
9 S 0)323) 93 0313 LS axl)S @ &S gillagls
Y 390 )00 5D g 3950 0303wl (LSBT Suw
0323 gdlld gliS 1Be (Jlg= )d 1L o JUlglye
0 s (63LGHT pljue 0354 (I -#USd) 390
GLGHT 2 asolone 0,S5luo 3 Tyds o 035 ) |1
0 0T 5l @Seb v ocddle B cuwdlys oxi palls
oSy b 1S gloére 1GYL amnlio )3 1) caiS)ig)

(o -7 JS) AS (olwbid uisineyuc 15Vl

B www.ismj.bpums.ac.ir


http://dx.doi.org/10.61186/ismj.27.2.123
http://ismj.bpums.ac.ir/article-1-2011-en.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-04 ]

[ DOI: 10.61186/ismj.27.2.123 ]

Pl )15 g 315y /¥ o)ladd /pian g Caww Jwo

(EIVTS b /\WFE

S 0a9R G2hb L g 03)5 © il Sile)gallan
ey aslllae )3 (1) Slosaziw (ige )3 1) o GljGiad
Wb ale Sl 22355 Ginging e 38 ohSes o
(Rbeady S8 Clwogad w)p I pw GPw
ool Sy ol 0895 S0 plgie @ ToIC (4539,
ol)Kao g (Koronakis) (umSbg)sS wlellhe (YY) 2
2 e glodbgn olw ) S Cawl 031> lins
2B Ry jI ToICuSgy Ecoli (5,50
US04 yikiw g 0393 35,5 FepA g OmpF .OmpA
J ohSe g Gy (V) 3l )lE el @i
onaly8l g S (Lo Cuddge b aiiules | TolC X9y
S 050 o liolel (hge )3 1) o adeasbsnT s
Lo G90 wiellas plas .(1A) 233)5 (L8)20 (g punSls
293 0jgigaal LB lgie 4 ToIC (uiSg,0 il

9 (PY 9 1) pwgSeo (iglgimSly Vo uyp U jd Lo
docaay (S Wlisde sloiady (bl Giasuw
O 5l S0 pleieas 1y AcrAB-TolC (.55gy
ol agllhas )3 (VF g Yo dA) @3)S Olxil (528590
G390 9 Glnad SRy sl 13l TOIC iy
ol 9 j3 390 Suile)gailgn (slo)lil bwgs g
S. flexneri ;I TolC a5 sy Hliv gl .c8)S )8
cBls g Wad (coasgS ow > AOAB22PEAS
Bl lgicas TOIC jI 5L (gjlwcpadl a5 393 o
Wi 51 s 9 it 53 Slgie ilez omSls
Craw &5 1ibbse JUIS S JSib @ (55,5 gy ToIC

6 Iran South Med J 2024; 27(2): 123-137. [Open Access Policy]

.'.:’

9 Wiy Rolgz )3 WSuds 2le Jlgul (Sgae Jolge
331 paeg Sye 5 (ylan (VLT (5355 )3 pogaiy
Wod bowgs (gl )3y oaluo Ao J8las Yl (IF)
(\a) J.Jsulb.n u99 LDUT )l ).QJ )l)_tb Yoo 45 8340 b.\sJT
oSly ladd (rizad 9 SSgnBT Croglio (ilisl
oadd Cuel M L;L(bdjsf ale L;).K.wu.J 9 0oy sl
Pl (g lay ol JyiS Hokie 4 (630 wiellas a5 Cawl
(539 isisel (R Gle )> (WY g 17) 394
i 8)20 )3 Y 45 2)5 glind gl puiSyn
Sleisny pusly VBB plgic 4 Wikwd Hbjre el
980 ol O oy (W OBl 1Y Mg 50

(WA) 36bs0 auwlio
23 5ogee Caolan (g 303g5 S SSgnBT Cuoglio
Gog)ldy b Sowin el &5 Cwl Glogz Huwlhw
Crpuwslo deax I 39de 39290 (SWgwHT
9o WluS)y5 oS Cawl ACTA-ACTB-TOIC ailocloaay
SHSL S oo @ lopw 9 LSSenHT des i)
GEb 9 3515 (29)1> Coglio )5 ljuuy Lk g) ¢yl )
Canglio Cucl g 63,5 <SS jb (6)85b pludgun JuSis @
olallae )3 sl (Yo g 1) Ngde (o)L i
TolC oleo b )95~Lo u.xfu9).) ==>)B oo )'I (§dA=io
g (Leow) of .cuwl oxd odlasiwl (Hileoyd Slaal b
9 2 oves=o (owlbuwSly wlellbs L )5
olgie @ 1) ouiSen @l (©ywsld Wb (sl ouidyn
009y as Ajlo.))S bs)m Owa Cauwlbo LB
B ohKar g Guug (M) Mibse ol jI GSHToIC

Olallbe cabie BB glyie & 1) gu¥sn

®www.ismj.bpums.ac.ir


http://dx.doi.org/10.61186/ismj.27.2.123
http://ismj.bpums.ac.ir/article-1-2011-en.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-04 ]

[ DOI: 10.61186/ismj.27.2.123 ]

WO/ (g punSld JSais (6yi5L dude €y (63LDT Augs

OhSes g Sl Graw

OiSgp dade 1gY (oL BT (glagllao (> Ll oad
& yopx3 63)5 53 TOIC g StxB «paD Jolis yailS uSyigd
0355 (2Ulg3 (ybgo )d A 631> (L Cale )d S sadb g5
Wais (6y35L 1 1o LDS0 b azlge j3 (gauoyd Vo (Silo
@ ToIC (yuiigy S (glasllao )3 (WY) )5 1y (gyunsls
U canilgs S ab o3latiwl o g )3 (puSlg 2,0 (lgic
Uiy @ Cums Gz 8 1) juog Syo 20y Fo
o3 el (s yRge e aSil Piage o> ielS JyiS
INVitro )3 diwilgs 03TOIC 36 (63LBT (gol= oS
25 a8l ojleg,Sle Jawgi |y E. COli (6yiSL joiaungSle
L 8jyle y3 TOIC 16 (EILLHT (g3el)lS sXBY (Hlis S

(MP) 2oL (535

S Az
GEr0 (LGET W95 Cz o9k gl pol> adllae
Slgidiny imgiy 2l @elsl )3 a5 ol ToIC (859 36
034095 JUolS by (sloedbHT (5)l35)5) a5 sgib 50
polie (slodigw )3 iaay (uSWI (Gjlohis p od

33,5 )y SWgu 0T 4

919,38 9 polaw

Ouuz plol ol oLl (Jlo slocoles I dluoginsn
233,50 (19,38 koo ol plasl gz

&l slas

Ll 03460 (o B 3ung) gl gl o)lel dgSaue

USRe )> &5 3)S LIl pigsal plgie @)
19.(F0) 38 S22 |y o 9 0992 ljue (heal il
0 Sginl 21g) Sleyedilgigenl (slo)ll SaS @
slopide Jold plad a5 03)S Gopinn ) pS9R
5 (- C1 Jsii) 390 Ly wlonio g3 jl 3lo (glaSin
Ol a2y Jolo gy |y oaiion ol | Fe0 ausl
sl Gpb jl ToIC g waled j> @3)S
9 Il piggml Gl S plgie 4 Suile)gailgn
2 3 (g5lwdiagy 2Ly Hhie ) cunlio Lo ¢l
QYL Sl gl b rToIC (g gols asllke
Jio @ @) odlel g Leuss Ni-NTA (jgiw SaS

235 Epe Sl
e b awglio )3 Epo @5 03 1 (3LHT gl
Ere 025 03)) il dlaz jl cuwnl (RUlje (gl Ulgy>
ABLe fgigad adde (1GY) (LD (931 plie (sol=
e 1 ) Kaw g (Shin) ¢pli wliadss @b (YV g 7'F)
Ero o .l 1GY ©)Sho /A (591> €0 035 50 035 )1
035y (lae Fooo Jsleo S 3185 e @23 Yo Jus >
/5 Loy 3g5 (20155 03d padl €y yo 14 2o
oslaiul (59,b I (PA) cawohyls 1) Jo 53 1gY 05 lue
Joloe 1 lww alde 03l g3 (SIGYI (Sl)e
WSyl SfanSeigyl juls )lsS slogs)lan
o g, (1) (Enterotoxigenic Escherichia coli)
9ol wbgegagw g (Vo) (Rotaviruses) (silwdl

OIS 8990 Hobas (V1) (Pseudomonas aeruginosa)

References

1.Levine MM, Kotloff KL, Barry EM & et al. Clinical
trials of Shigella vaccines: two steps forward and
one step back on a long, hard road. Nat Rev Mi-
crobiol 2007; 5(7): 540-53. 10.1038/nrmicro1662

6 Iran South Med J 2024; 27(2): 123-137 [Open Access Policy]

2.Lampel KA, Formal SB and Maurelli AT. A Brief
History of Shigella. EcoSal Plus 2018; 8(1).
10.1128%2Fecosalplus.ESP-0006-2017

3.Gentle A, Ashton PM, Dallman TJ & et al. Evalua-
tion of Molecular Methods for Serotyping Shigella

B www.ismj.bpums.ac.ir


https://doi.org/10.1038/nrmicro1662
https://doi.org/10.1128%2Fecosalplus.ESP-0006-2017
http://dx.doi.org/10.61186/ismj.27.2.123
http://ismj.bpums.ac.ir/article-1-2011-en.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-04 ]

[ DOI: 10.61186/ismj.27.2.123 ]

1Fol” 115 g 315,5 /Y o)ladd /s ¢ Gy Jo

(EIVeS b /\We

flexneri. J Clin Microbiol 2016; 54(6): 1456-61.
10.1128/jcm.03386-15

4 Hosangadi, D, WHO consultation on ETEC and
Shigella burden of disease, Geneva, 6-7th April
2017: Meeting report. Vaccine 2019; 37(50):
7381-90. 10.1016/j.vaccine.2017.10.011

5.Qiu Sh, Wang Y, Li P & et al. Multidrug-resistant
atypical variants of Shigella flexneri in China.
Emerg Infect Dis 2013; 19(7): 1147-50.
10.3201%2Feid1907.111221

6.Taneja N & Mewara A. Shigellosis: Epidemiology
in India. Indian J Med Res 2016; 143(5): 565-76.
https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC4989829/

7 Hassan, K A, et al. Homologs of the Acinetobacter
baumannii Acel transporter represent a new fam-
ily of bacterial multidrug efflux systems. mBio
2015; 6(1): e01982-14. 10.1128/mbio.01982-14

8.Blanco P, ernando-Amado S, Reales-Calderon JA
& et al. Bacterial Multidrug Efflux Pumps: Much
More Than Antibiotic Resistance Determinants.
Microorganisms 2016; 4(1): 14. 10.3390/microor-
ganisms4010014

9.Alav |, Kobylka J, Kuth MS & et al. Structure, As-
sembly, and Function of Tripartite Efflux and Type
1 Secretion Systems in Gram-Negative Bacteria.
Chem  Rev  2021; 121(9):  5479-5596.
https://doi.org/10.1021/acs.chemrev.1c00055

10.Klemperer F. Ueber natirliche Immunitat und
ihre Verwerthung fiir die Immunisirungstherapie.
Archiv fiir experimentelle pathologie und pharma-
kologie 1893; 31: 356-382. 10.1007/BF01832882

11.Pereira EPV, van Tilburg MF, Florean EOPT & et
al. Egg yolk antibodies (IgY) and their applications
in human and veterinary health: A review. Int Im-
munopharmacol 2019; 73: 293-303. 10.1016/j.in-
timp.2019.05.015

12.He F. Laemmli-SDS-PAGE. bio-protocol 2011;
1(11). https://bio-protocol.org/pdf/Bio-proto-
col80.pdf

13.Kielkopf CL, Bauer W, Urbatsch IL. Bradford As-
say for Determining Protein Concentration. Cold
Spring Harb Protoc 2020; 2020(4): 102269.
10.1101/pdb.prot102269

14 Ahmed SF, Riddle MS, Wierzba TF & et al. Epide-
miology and genetic characterization of Shigella

6 Iran South Med J 2024; 27(2): 123-137. [Open Access Policy]

flexneri strains isolated from three paediatric pop-
ulations in Egypt (2000-2004). Epidemiol Infect
2006; 134(6): 1237-48.
10.1017/s095026880600642x

15.Jolly-Ryan J. Ebolamania and Equal Protection
of Health Care Workers Under Rational Basis with
Bite Review. WVLR 2017, 120(2): 575-627.
https://researchreposi-
tory.wvu.edu/wvlr/vol120/iss2/8/

16.Ali Nor BSh, Menza NCh, Musyoki AB. Multidrug-
resistant shigellosis among children aged below
five years with diarrhea at Banadir Hospital in
Mogadishu, Somalia. canad J infect dis med mi-
crobiol 2021; 2021(7): 6630272.
10.1155/2021/6630272

17.Ebrahimi A A, Ebrahimi S, Aghouli M. Survey of
resistance rate of Shigella species isolated from
children with diarrhea Fasa, Summer, 1383. Iran
South Med J 2009; 12(3): 225-230. (Persian)
http://ismj.bpums.ac.ir/article-1-195-fa.html

18.Veisi R, Nazarian Sh, Fathi J & et al. Expression
and purification of TolC as a recombinant protein
vaccine against Shigella flexneri and evaluation of
immunogenic response in mice. Microbial Patho-
genesis 2024, 188: 1065309,
10.1016/j.micpath.2024.106539

19.Soto SM. Role of efflux pumps in the antibiotic
resistance of bacteria embedded in a biofilm. Vir-
ulence 2013; 4(3): 2239,
https://doi.org/10.4161%2Fviru.23724

20.Coluccia, M., et al., Role of the MDR efflux pump
AcrAB in epithelial cell invasion by Shigella
flexneri.  Biomolecules 2023;  13(5):  823.
10.3390/biom13050823

21.Leow CY, Kazi A, Hisyam Ismail CM & et al. Re-
verse vaccinology approach for the identification
and characterization of outer membrane proteins
of Shigella flexneri as potential cellular-and anti-
body-dependent vaccine candidates. Clin Exp
Vaccine Res 2020; 9(1): 15-25.
10.7774%2Fcevr.2020.9.1.15

22 Baseer S, Ahmad S, Ranaghan KE & et al. To-
wards a peptide-based vaccine against Shigella
sonnei: A subtractive reverse vaccinology based
approach. Biologicals 2017; 50: 87-99.
10.1016/j.biologicals.2017.08.004

®www.ismj.bpums.ac.ir


https://doi.org/10.1128/jcm.03386-15
https://doi.org/10.1016/j.vaccine.2017.10.011
https://doi.org/10.3201%2Feid1907.111221
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4989829/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4989829/
https://doi.org/10.1128/mbio.01982-14
https://doi.org/10.3390/microorganisms4010014
https://doi.org/10.3390/microorganisms4010014
https://doi.org/10.1021/acs.chemrev.1c00055
https://doi.org/10.1007/BF01832882
https://doi.org/10.1016/j.intimp.2019.05.015
https://doi.org/10.1016/j.intimp.2019.05.015
https://bio-protocol.org/pdf/Bio-protocol80.pdf
https://bio-protocol.org/pdf/Bio-protocol80.pdf
https://doi.org/10.1101/pdb.prot102269
https://doi.org/10.1017/s095026880600642x
https://researchrepository.wvu.edu/wvlr
https://researchrepository.wvu.edu/wvlr/vol120/iss2/8/
https://researchrepository.wvu.edu/wvlr/vol120/iss2/8/
https://onlinelibrary.wiley.com/authored-by/Musyoki/Abednego+Moki
https://doi.org/10.1155/2021/6630272
http://ismj.bpums.ac.ir/article-1-195-fa.html
https://doi.org/10.1016/j.micpath.2024.106539
https://doi.org/10.4161%2Fviru.23724
https://doi.org/10.3390/biom13050823
https://doi.org/10.7774%2Fcevr.2020.9.1.15
https://doi.org/10.1016/j.biologicals.2017.08.004
http://dx.doi.org/10.61186/ismj.27.2.123
http://ismj.bpums.ac.ir/article-1-2011-en.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-04 ]

[ DOI: 10.61186/ismj.27.2.123 ]

WV/ (6 panSIs JSudb (655U dule (€50 (630 (BT ag3

0l g Sl orew

23.Koronakis V. TolC — the bacterial exit duct for
proteins and drugs. FEBS Lett 2003; 555(1): 66-
71.10.1016/s0014-5793(03)01125-6

24 .Jennison AV, Ragib R, Verma NK. Immunopro-
teome analysis of soluble and membrane proteins
of Shigella flexneri 2457T. World J Gastroenterol
2006; 12(47): 6683-88.
10.3748%2Fwjg.v12.i41.6683

25.Costa T, Felisberto-Rodrigues C, Meir A & et al.
Secretion systems in Gram-negative bacteria:
structural and mechanistic insights. Nat Rev Mi-
crobiol  2015; 13(6): 343-359. 10.1038/nrmi-
cro3456

26.Li X, Nakano T, Sunwoo HH & et al. Effects of
egg and yolk weights on yolk antibody (IgY) pro-
duction in laying chickens. Poult Sci 1998; 77(2):
266-270. 10.1093/ps/77.2.266

27 Verdoliva A, Basile G, Fassina G. Affinity purifica-
tion of immunoglobulins from chicken egg yolk
using a new synthetic ligand. J Chromatogr B Bi-
omed Sci 2000; 749(2): 233-42. 10.1016/s0378-
4347(00)00426-6

28.Shin JH, Yang M, Nam SW & et al. Use of egg
yolk-derived immunoglobulin as an alternative to
antibiotic treatment for control of Helicobacter py-
lori infection. Clin Diagn Lab Immunol 2002; 9(5):
10671-6. 10.1128%2FCDLI.9.5.1061-1066.2002

29 Marquardt RR, Jin LZ, Kim JW & et al. Passive
protective effect of egg-yolk antibodies against

6 Iran South Med J 2024; 27(2): 123-137 [Open Access Policy]

enterotoxigenic Escherichia coli K88+ infection in
neonatal and early-weaned piglets. FEMS Immu-
nol Med Microbiol 1999; 23(4). 283-8.
10.1111/}.1574-695x.1999.tb01249 x

30.Sarker SA, Casswall TH, Juneja LR & et al. Ran-
domized, placebo-controlled, clinical trial of hy-
perimmunized chicken egg yolk immunoglobulin
in children with rotavirus diarrhea. J Pediatr Gas-
troenterol Nutr 2007; 32(1): 19-25. https://pub-
med.ncbi.nlm.nih.gov/11176319/

31.Sugita-Konishi Y, Shibata K, Yun SS & et al. Im-
mune functions of immunoglobulin VY isolated
from egg yolk of hens immunized with various in-
fectious bacteria. Biosci Biotechnol Biochem
1996; 60(5): 886-8. 10.1271/bbb.60.886

32.Hadi N, Nazarian S, Rouhi S & et al. Production
of egg yolk antibody (IgY) against a chimeric pro-
tein containing IpaD, StxB, and TolC antigens from
Shigella: An investigation of its prophylactic ef-
fects against Shiga toxin (Stx) and Shigella dys-
enteriae in vitro and in vivo. Heliyon 2024; 10(4):
€26361. 10.1016/j.heliyon.2024.e26361

33.Silva TO, Costa LVS, L Chagas do Nascimento &
et al. The Escherichia coli TolC efflux pump pro-
tein is immunogenic and elicits protective anti-
bodies. BioRxiv 2023: qiae201.
10.1101/2023.10.09.559948

®www.ismj.bpums.ac.ir


https://doi.org/10.1016/s0014-5793\(03\)01125-6
https://doi.org/10.3748%2Fwjg.v12.i41.6683
https://doi.org/10.1038/nrmicro3456
https://doi.org/10.1038/nrmicro3456
https://doi.org/10.1093/ps/77.2.266
https://doi.org/10.1016/s0378-4347\(00\)00426-6
https://doi.org/10.1016/s0378-4347\(00\)00426-6
https://doi.org/10.1128%2FCDLI.9.5.1061-1066.2002
https://doi.org/10.1111/j.1574-695x.1999.tb01249.x
https://pubmed.ncbi.nlm.nih.gov/11176319/
https://pubmed.ncbi.nlm.nih.gov/11176319/
https://doi.org/10.1271/bbb.60.886
https://doi.org/10.1016/j.heliyon.2024.e26361
https://doi.org/10.1101/2023.10.09.559948
http://dx.doi.org/10.61186/ismj.27.2.123
http://ismj.bpums.ac.ir/article-1-2011-en.html
http://www.tcpdf.org

