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Toxoplasma gondii in vitro

Abstract Article Info

Introduction: Pyrimethamine and sulfadiazine are selective medica-
tions for toxoplasmosis, but some side effects hinder their consumption.
Increasing the use of nanoparticles in biological studies and showing
the beneficial effects of manganese nanoparticles on fungi and bacteria,
as well as the lack of sufficient knowledge on its anti-Toxoplasma im-
pacts, was the motivation for the design of this study. Manganese can
provoke cell apoptosis by increasing the activation of the FRXO%a-Bim/
PUMA mRNA and caspase-3 pathway. The objective of this study was
to investigate the efficacy of manganese oxide nanoparticles (Mn*0?
NPs) against Toxoplasma gondii (T. gondii) in vitro.

Methods: To assess the anti-Toxoplasma activity of Mn203 NPs, the
light microscopic observation was applied to evaluate the number of
residual parasites in each well. Then, the MTT method was used to
specify the toxic effect of Mn>O*® NPs on T. gondii toxicity. Finally, the
potential apoptosis of T. gondii by Mn203 NPs was investigated by
flow cytometry assay

Results: The IC50 value of Mn*>O® NPs against T. gondii tachyzoite was
105 pg/ml. There was also no significant toxic effect of Mn?O* NPs on
macrophages due to the high percentage of surviving macrophages at
the desired concentration for treatment. The findings of the flow cytom-
etry revealed that about 40% of tachyzoites were caused to apoptosis
with Mn?0O°® NPs.

Conclusion: Mn’0O° NPs have a beneficial effect on T. gondii tachyzoite
in vitro and could be regarded as a candidate for the treatment of this
infection.

Keywords: Toxoplasma gondii, Mn20?* NPs, MTT, In vitro

Authors:

Pooya Tavakoli'

Amir KarimiPour Saryazdi'”
Ali Dalir Ghaffari'"
Mohammad Barati’

Yeganeh KarimiPour Saryazdi?

Affiliations *Corresponding authors:
1 . Department of Parasitology, Faculty of Medical 1. Dr. Ali Dalir Ghaffari, Department of Parasitol-
Sciences, Tarbiat Modares University, Tehran, Iran. ogy, Faculty of Medical Sciences, Tarbiat Modares

University, Tehran, Iran. Tel: +98-9336464141,

2 .Infectious Diseases Research Center, AJA University

E-mail: ali.dalirghafari@yahoo.com

of Medical Sciences, Tehran, Iran.

2. Dr. Amir KarimiPourSaryazdi, Department of

3 .Faculty of medicine, Tehran medical science, Islam-

Parasitology, Faculty of Medical Sciences, Tar-

ic Azad university, Tehran, Tran. biat Modares University, Tehran, Iran. Tel: +98-

9195539415, E-mail: amirkarimipour49@gmail.com


http://dx.doi.org/10.29252/npwjm.8.29.6
http://npwjm.ajaums.ac.ir/article-1-691-fa.html

[ Downloaded from npwjm.ajaums.ac.ir on 2026-06-06 ]

[ DOI: 10.29252/npwjm.8.29.6 ]

ISSN: 2645-3940 10.29252/npwjm.8.29.6 03T oy

o9 399 Bl a5 (SWigF Lwdygus ol (59 3 WS 30 0,596 I (b )

alio wledb| WS>

EFls L e S coisie sl (5l glag)ls iballa 5 selies ; 1dmaiBe

#0500 3 oS el S g Ll Sl edlitl )3 cpguzme csl (il (B lpe (S 092 o
# olac s e g Lag,B 0 55 0,390 ;590 ol )5l lsl g (—SO5edgm liniog 5 cly3e530 5 ealisul

Tl demme Gl i ol o MignSs s 15T 0Ly (B LMl 35 LS > dns S,

3 rgt porsS Sy o MRNA gL Jlb (231 sl 1 il e 338im ol 08 & dlan ] o
adlbae oyl S LAl Jobow jengl = jLwls oLl g FOXOva-Bim/PUMA

09 kel ) (60565 LMy 5 ade LT 5iSie ly3osl (it Bl (o p Baa L

Gl 0 ploal 5

LSl ol (s g ©ldesb olewdguS s s clad (b Helaie 4 2y g
MTT gl 5l cysizmon A o3liil (555 o589 Sa 5| Sl ;)3 0alasdl
3555 lomwMyguS 95 Cngs (ST 69y 2 LS 55500 03950 Coin y 31 n g
9y s L] 380 3956 gy (5568 laaoMguS 5 o latn 5ol b o3li

85 8 (bl dye—e s yregulwgls

L3S 5 (sLnas) o Sb Jlin ;o LSl jiKin lpy W IC, Ja o 1L nazily
YL aop g L JSb an aagi b (paiomes i (bl ) e 259500 V10
Fiters B o pSleglond Gl a5 3)90 cLale )3 0asle 0 5185 Sl sl Jslw
P¥ e 90 LAl )il 5 (g regalungl () aomii i onliie 5L Sle (59, 053530

el (63565 LooMyguS§ sLacuss (ST )3 Sougy]

wlacwgs —SB goy o yI90 g )l hb WL ST iSie l)3g 5k 1 g g A
LS_;L’)') ..\_:J.:Kgg_: L)‘?_‘& 4 ..\_3194@9 039 LS_JLJ9)_’ Ja)l)_w Bel ‘5.\_}; la_m)'t}wfy
Dy a5 ) La gy Sl ol el

OB W g (Slojlw (Sl

al et cmpto s olStily (S pole oSl bt IS5 09,8 . )

ol ol e (S psle oSl ( se slasilon Sliios S 5o ¥

Al ol s oDl BT oKl ¢ ya5 (S pole oliily o Kb g oasiiily . Y

I O eyt Sy oKD o S pole 1Sl cpulid JSH 05,8 it s (o o Jsians odivasi) N
ATFEFEFVFY 1ol oleus

ali.dalirghafari@yahoo.com : !

Ol Ol e Canry oSl ( (S5 pole 0aSily (ol JS3l 095 c635 w0 9 (so2)5 el (Ui ot g) Y
FANRDOTAFN: yolos 0l

amirkarimipour49@gmail.com: .|


http://dx.doi.org/10.29252/npwjm.8.29.6
http://npwjm.ajaums.ac.ir/article-1-691-fa.html

[ Downloaded from npwjm.ajaums.ac.ir on 2026-06-06 ]

[ DOI: 10.29252/npwjm.8.29.6 ]

S Glgmin 1S 5 (6548 0,395 il s oyl ) dodbo

any L (b)) (alilefl bl 53 oS 5 4
A2lg g jgeodhguS sl e 3 S8yl 4 (B, Sl A
Scd ity 4l (3o (ol jl Bas (Sl gl
Ol S99 At (sl el jlesliiul 3 (So5sm

il jpe—wygus s 5

S5 oo,
seluS1 5550 0,390 dud

US Research Nanomaterial uL_usl ;Kie 0,346
Sbslpl dlas 956 lelSiy 8, g (Houston, USA
9 Ve M ojlasl el (39— 5955 Sk Lo (0lnhbae—iv)
o3lis (eil s olod b (gl 3 ZAANY Los s
4538 oldlbs ,» EDS g SEM, XRD (LajJul 4 les I
13 )36 daiglefl plas ploel el (1) sl oais asl))
o8 5 olil Uy (PBS) syl 5l JLoy 80 V- mL
M/ cile Ly Syl Jolome Sy U5 2 05T, S
Sl (oylanl Gli8l gl aiomen 0,5 4 iSe Ae e mL
sy Il S5 ok sl Sl md /0 8 Jols J5bre
o aslal ol g ) S Sl S sloml g yb 1 Loy

b o lowd (B9, b Cangy (ST (2L

B 9 = 2l K0 0)39530 (AS A 31 (s sl
FO B Voo Yoo Fev clble Vil 60565 lawdliguS's5 G
30,3956 g JX | ol @yglmme gl &IV pg/mL 4 \Y,0
Sy yn )0 Cewgj (ST ol b eolawl asls A5 e,
St YD g5 F coslS jlae e Jolw 5xV+° Jolae
Jas5 2 3 bl Uy Ul sy lge 5 ool o Bl Sy
5 IS 0955 (lhm D (s 2 635 P55 See 9
Y b ws plod g 40,8 odlatwl oy roliog g o 5bolew
s ol )y S5

5895 1 MTT (9051 (2l
b 5l Ve L Kaly pn 5 asBlis ygmy el aw
s A a8l FBS 7+ o cols RPMISY. s
0,595 il (sLacdale yo i 13 VY e 4 Lanjlig Sl
6 =S T yemam 3 YY) sl bl Ly (6y95LeSTl 5o
580 035 il oo s L b 3l S (4]
Lo VY h el 5l o D9 (o p Lan3lag Sl 4 LS
MTT Jgdoo Yo PL gosis z)L8 Sals ;o 1339590 ciS
L aabl (0,8 dy oSSl JETR S| g A 03958l S als y a4y

Jogdowe Voo pL Sals o ay SO0 Lo (5 e 3, S

sbacl il gyl Jslow J51 IS0l S 0565 LoMiguS 5
Eons oy yimin chd a8 00T o Gl 4 LusleS ol aul,
ASbe o5 095 Ulge Sl o)l 5l 3 (IS cgie
L axgs Lo 3 slays S )5 pogasy (Sogll (ol (V)
(Y) sl od b sanl o Z Yo—Fe o390 > £ b liue
S )S Aot 9 S ppe)S bl )3 joawMiguS s 3)lg o
538 b ) S Jdine 48 il 018 o3l i g il I
DS oo Ll ol (S 5 5239 ) (ot U ()
L) (S ol g 4 (6390 LS jgoasMyguS g5 i
oo Gl (el sl Ly Jgl a0 ol 1 o JLs o
09 el A 386 01,81 3 Vg ase Cgie )05 095
Col 3 Son Gt o iasl (a @ gl ol 8l o e wl cadle
20 F) 298 S § (o (ras B)lg A yoxie
Omelion s oS 5 ejgeMiguS 5 layd (5 50 Sl S
el g ai il ol5ilon Jas Sy 48 el opslolys
o=l Jbs ol L g e Sdgh sl siwg 5> NS
Sl adox | (g S8 (b po)ls— b ol
Al (i sl brial g Glyiwl jse 06y s
o MiguS s Cotlas g 1S90 lsyd 4y (aliwd 1 (F)
SS9 4l |y Sfolsm @lge Sl yome (Ul 48T ()
=l Pllss Gl Bl b pls e 4 )
O L sl oY cdomti )3 gl (o yid )3 join Al
O 38 g 638y 32 35505 5 jpomsoMyguS 55 diuge Sy e
(V) S (gilmaings j 39250 (Slop> Lol

Gy Blaal )3 556 (55118l oslil ay (o3l ey Jolos
oS cl gl Sl S L35S (S 9 3 0529 (S
slwd,S0g) 5l lodas i s 0558 s il e ly3g 5L
a (VemA) il cabise Lo g low 4inoj ,d ol ey
s Lol syt oly s 9 936 Sz ojlisl Sl
39— (S=biy slad s > 3l 4 iis jle ol 1Sy
SasS SLad eyl s ogde (V)) 3,5 o,y 5 (gl
9 o ye slaliie 515 aad e ojlsl Lol amy ol 3956
@35 coioman (VV) g gy JiSly dn yoxie g 03,
sl (e Cwdse S g Wpb e Lol 3 a i
Objee Bl 13 (63355 bomodlyguS 5 oS’ (213 )], 5 i
s aS o, 3 g M b o Sle (o518 lyde L (V) 54— Lo
sbadld plow 5 (ST as ol (g0 4d Cpols
id oyl slacdld 5 (bl lee adex |
)39 i s (W-VF) AIa5,5 5 5y g 30
o o ASS ass Jalge g an Ll U5 050 ccly (5516
(M) 2555 558 () 219 GoemwdlyguS 5 Sl )3 05



http://dx.doi.org/10.29252/npwjm.8.29.6
http://npwjm.ajaums.ac.ir/article-1-691-fa.html

[ Downloaded from npwjm.ajaums.ac.ir on 2026-06-06 ]

[ DOI: 10.29252/npwjm.8.29.6 ]

400 pg/mi

200 pg/mi

100 pg/mi

50 pug/ml

25 pg/ml

12.5 yg/ml
6.25 ug/mi
Sulfadiazine
Pyrimethamine
Control

N
o
1

o
1

N Vv S
Concentrations of Mn,0; NPs

Numbers of tachyzoite
&
i BED 0NN

15 b8 55550 03516 L oads ey T LonidligmS 55 slasy oS olaws Jloms Gyl 5 eSles =1 o Loy JS

S 05,5 L i

macrophages viability percentage

% Viability

400 200 100

Concentrations of Mn203 Nanoparticles

50 25 174 6.25 Control

VY 5o suluS] 5380 0,350 calise slo cdalé jpas 10 50555 Lol g 35 (o Cong) S L oo po =Y o loud JSi


http://dx.doi.org/10.29252/npwjm.8.29.6
http://npwjm.ajaums.ac.ir/article-1-691-fa.html

[ Downloaded from npwjm.ajaums.ac.ir on 2026-06-06 ]

[ DOI: 10.29252/npwjm.8.29.6 ]

i Jlo /AR i[5y )3 Sy 9 bty olihad

Q1 Q2
5.68 204

PerCR-CyS5a

Q3
19.2

FITC-A

1Q1 Q2
0.020 0.030

PorCP-Cy5-5-A
»

09,5 Consly Can) oy el VF Slany (53sS Loy g8 5 (slonsss (S 50 F 0lies 3 5933 ] (ot =T 0sled S0

(a8l agzlae 09 )F o oo g J 2S5

oylocis JSi p3 cesS VY h ecsdS jlun LS 55K 03950
oiealS L cccwliy i jlas jg bailen ool aad ool LS Y
9y 2l 35500 0)3556 (SaniS g co 5l Glie Sl cilale
Aol il leadsi Aoy g ol dlwlS Lajley Sl
J= o e 153090 (Slaps lacdale )y simen

s odalie Sy

S ogiluogld
ssate oy o 00ltl (g agtalusglé Sl el g 4Bl St
pg/mL ccble U coygj (S oygloe V¥ h ccisls 5l as
5 Sg,SS ¢ b sla Jolw do)d ST 5 iSie 0)3450 Ve -
09,5 33 9 /YA 9+/+¥ QXY b5 dny S 09,5 )3 SSgig

(1 s JSC3)

5 345 4ot 9 Sy

IS 5 el ) g oS ey e
S 3 3,8 AsSHYE R o5 ¥ sy L] 0 0,593
g S S8 4y Saly a3 01be 3 sLncanys
oSl ghil > a Sl (85 )15 )3 Ly A (2 ()9
d baye leMbl gy £xV+0 Lacug; (SU sl o0, S
IC, Jude .ol ond odls plis Y ojlais JSi 3 Saly
IFh b et led 4y ang L nlas] S 035 ik
A dwlxe Vo0 pg/mL

03901yt (sLmilig Slo (Slooksj o yilog Sl MTT L)
VY h sl o s 15 0)3950 Calisee clacdale

oS3 Ly Sials yn 6550 i e 5 45 43lsl DMSO
P ) U_:l.s))l L&’J}L_w U_SLOO.\J)'

S oy lugld

I lacng; (U el joml Gliwe (wyp c
VXV 2 alaws e ol plosl gl s eolaiwl (g ptogilwgld
pngl cclale U wlast 535850 03950 & yglome ;o gy (ST
EVET elod )3 (9,5 ansSSI YYDl ae asi el 5,8 Y- mL
A asslsl ol as ;8L 0. pl sl S Jodlygwd 3-b
alspo 3.3 )S )8 A (69, VO MIN e 4 Ladiges g
L Ladges PI gannexin v o pL o, aslol 5l s 4n
LAJ)? )I)_9 u’_’b))‘ D)0 Lg).myl_w}lﬁ oK )‘ oalaiwl

aazdly

C95 ST ool o8 jlowd

3 LS| jiSie 03956 (AU s e lad (bl s
odsle (8L clacusg; (STl 0,5 asSI VY h g 5 o
2L () 695 D55 g e S8 A Sy o
Lacug; (S olies (0,5 asoSSl glayl o a Sl 8 )5, s
Y ojles JSi 0 Saly pady by e leMbl gy £xY 40
L L8] 35500 0,556 TCO- Jhiia sl ou o3l L
awbw Vo pug/mL &Y h b o ie gl sasasg

R

By SLMTT (b))
Glises clacdale > o351 4 clnjliy Sle | leossj i)


http://dx.doi.org/10.29252/npwjm.8.29.6
http://npwjm.ajaums.ac.ir/article-1-691-fa.html

[ Downloaded from npwjm.ajaums.ac.ir on 2026-06-06 ]

[ DOI: 10.29252/npwjm.8.29.6 ]

AR

5 albicans, Aspegillus niger, Curvulata lunata
$o)b Glgsm Jo3UsSsls L aunlin > Trichophyton simii
aS b ul_»u g LSy L)—" C_sL.: 9 R u_:l.,))1 .))‘..\Jl.’i_w‘
g 5550 009506 L odd Gy 0lS oS B as kb
‘u_)lfl.u (YY) J._.w‘.)uﬁ J)‘..\:L_.wl 69)‘.) 9 odlw L)—"AK)9§ )_:I )‘
s Conols o] ol zols g it Glidss L golke
el 0wy L3 58 @lyda il )8 a5 (LS
sl @l3g sl ol sl Gded 7ol dg ang L Sk |
b el Setml sy Gl Syegulgl
YW h ol s ool ] (o0 568 b wMiguS s cLacus;
RE/ & yolma 13 VF clod 3 Lacusg; (ST 23,5 a sl
dyg—0 (§ yrogislwgld 4ot LS 3 iKie cily3956 51 Ve - mL
) s s ylie ;dlo o A b5 S i)
S Gladsd o oomed D LS |y Lacw ) (ST 40 jo-us]
Gl ol j3 5 5Kie joal sloul 4 S a5yl 05 g 30 (6,500
S il o yusls ins gliwly 3 900, S bl Ko
)9_..,9_»1 sl el .\.»Iyu.o )_S.m as sl uLu») Sllas O—.’.‘
42 9 5 oo b ) a oo a dily ©jgan Jglw
Bim and ,Se_is jiolil 5o,k 5 Ll ool b 5 o0
Ul o 50 L yloyd a8 cwl ooy (Lis 00 (glaallas
9 et sy y ST 0 ¥l L il el
oiealoil el i ogde (VF) Abl (5 (190 5 (5 gt brlpd
o 2 58S 8 ) ey e Tl JUs slayg)s
g Lo (1) atloo Al (ot B 5oy 5 S
G55 305 laadloguS 5 g ST (s 2 5
Slaslon aodlee )3 lde b 5T sl Jlow )5 gg—oome )
Sl ulas! 5550 @lde U IC, e a8 0l L
=) e 2S5y V00 (3565 LeuDlyguS'si (slns)
=Kie @lydesl as ol s (gytegnlwgld mols b dwlow
395> ¢ (PCD) Jglows 0ais (s )80l S0 el uLuS)
sotasel s 0395 Ly 4l agelse slacngs (Sb I 7¥-
u.}Lo—wM.s}wfy =) )_s‘ 0ol Cwd L C_:Lu u»l_w‘).s IR
"\—’Iﬂ’g_s“" LS )_S,uo 0)39_:Lv ‘u-’l)JLJ 9 A odnlin ‘_s_’}Ua.o
2y 41y 8 angi 5y50 0a ] wlalllas )3 Loy 18l e 4

Slas jatailan .l o odly LS Y ojlai JSd o ciS
SIS g o 33T e Jledale Gl L sl S0
doyd g o b Al wlS Lajldy Sl 59y L wST 5o 0,095
oy slachals > o iomen b Gl (Sleoss;
s odnlide (orgh 1B G (lie 153094
sl Gl awloe (gl Sl 35 )3 (g tegulwglé
S 0l (6 yrogtluogld 51 b g 4Bl jog] il 59,5
elale Ly ey (ST @ yglome YE D o sdS jlae o laie o,
o (sl ol Aoy 8] 5 S0 0,55 56 V- pg/mL
5o [+¥ QU i a8 09,5 0 Sigugl § Sig)SS
9 O/FA OFIV oy dy 0)0950 Ly a8l agales 09,5 13 4 /YA
¥ oyloms JS3) il YRS

4S 2o ablid (S lyie s Lo DhguS s 0jg )l
EMane Jl (o 503, 15 |y gl oz ppw S
Omeolion p adox 1 (lag)ls (V) 295 lomis plae (il
= sl 3)9— jgewMguS'y losy> (sli— cnjbolWy—
e el Umgyls ol Ly lays o Js oyl Ly o3y S o
255 = 9> Comlus Sl ader Sl o295 3)90 (>
Ol 3 b i 9y pm i Syl g gl e
$9 32 HLaS] 580 0,396 (pledlyguS 55 s 13T sl
S bl Ghe) S8 9595 LomwMiguS 5 g (ST
Ay LS 580 0)0506 &yglome j3 ai8)S )l 8 clacas;
Vo pugML e an IC, 5 et S @po gy95 oSy S
bl 5 0,055l IS5 s 5 eaimd s a8 b Jols
oo Sl e Sl Lancngs (ST 00 o 3l 50
Cs 315895 ke sl Jobow (59 093936 (Hais] Cpos 151
LajligSle Sleots; oy ds dngs Ly g ais odlar W MTT
el sl oy oo Sl pie w336yl (sLmclale
A ase e L8g Sl

e 9 Ao 4inej ol 2 aalllas gl y ol 4l
lS1 5 Sie 3y b 5 03l ol dtrj 5 _otoltio d_dllas
=l el oa i plodl (g sS bewMguS'ys S )
55 Lo MyguSs5 (slacung) (—SU 4 a0 i
@ lise glaclle oyl wsl ;S @l b 4y o
$9) = 485 9o Cliiod ol oAbl oo ol
Sl (ol Sla Sy widlS ) il lag—uslS)lg See
elallan )3 el ol 4 S, L s LaS] 5 iSie ol)3e b
@b plodl (bl (ladss o el ol ) 48
L8] 5 (9359) 995 98 gldlinl Jllie )3 (g Se 3> 51
P VY) il o g s logis il L dinlde 3 (o MS
04 Camll (0lS 58 (o2 )B 2 b s (S adlas
Candida «Jos | 5,55 65w ¥ 4o p ;350 03530 L


http://dx.doi.org/10.29252/npwjm.8.29.6
http://npwjm.ajaums.ac.ir/article-1-691-fa.html

[ Downloaded from npwjm.ajaums.ac.ir on 2026-06-06 ]

[ DOI: 10.29252/npwjm.8.29.6 ]

i Jlo /AR i[5y )3 Sy 9 bty olihad

\Y

M, Ustundag CB, Kaya C, Kaya F, et al. An-
tileishmanial effect of silver nanoparticles and
their enhanced antiparasitic activity under ultra-
violet light. International journal of Nanomedi-
cine. 2011;6:2705.

11- Adeyemi OS, Whiteley CG. Interaction of
nanoparticles with arginine kinase from Trypa-
nosoma brucei: kinetic and mechanistic evalua-
tion. International journal of biological macro-
molecules. 2013;62:450-6.

12- Adeyemi OS, Faniyan TO. Antioxidant sta-
tus of rats administered silver nanoparticles oral-
ly. Journal of Taibah University Medical Scienc-
es. 2014;9(3):182-6.

13- Adeyemi OS, Sulaiman FA. Evaluation of
metal nanoparticles for drug delivery systems.
Journal of biomedical research. 2015;29(2):145.
14- MubarakAli D, Thajuddin N, Jeganathan K,
Gunasekaran M. Plant extract mediated synthe-
sis of silver and gold nanoparticles and its anti-
bacterial activity against clinically isolated path-
ogens. Colloids and Surfaces B: Biointerfaces.
2011;85(2):360-5.

15- Venkataraju JL, Sharath R, Chandraprabha
M, Neelufar E, Hazra A, Patra M. Synthesis,
characterization and evaluation of antimicrobial
activity of zinc oxide nanoparticles. Journal of
Biochemical Technology. 2014;3(5):151-4.
16- Das S, Bhattacharya A, Debnath N, Datta A,
Goswami A. Nanoparticle-induced morphologi-
cal transition of Bombyx mori nucleopolyhedro-
virus: a novel method to treat silkworm grasserie
disease. Applied microbiology and biotechnolo-
gy. 2013;97(13):6019-30.

17- Rahul S, Chandrashekhar P, Hemant B, Bi-
pinchandra S, Mouray E, Grellier P, et al. In vit-
ro antiparasitic activity of microbial pigments
and their combination with phytosynthesized
metal nanoparticles. Parasitology international.
2015;64(5):353-6.

18- Bhardwaj R, Saudagar P, Dubey VK. Na-

&l
1- Robert-Gangneux F, Dardé M-L. Epidemiolo-
gy of and diagnostic strategies for toxoplasmosis.
Clinical microbiology reviews. 2012;25(2):264-
96.
2- Dubey JP. The history of Toxoplasma gon-
dii—the first 100 years. Journal of Eukaryotic
Microbiology. 2008;55(6.467-75:(
3- Foroutan-Rad M, Khademvatan S, Majidiani
H, Aryamand S, Rahim F, Malehi AS. Seroprev-
alence of Toxoplasma gondii in the Iranian preg-
nant women: a systematic review and meta-anal-
ysis. Acta tropica. 2016;158:160-9.
4- Ghaffari AD, Dalimi A. Molecular Identifica-
tion of Toxoplasma gondii in the Native Slaugh-
tered Cattle of Tehran Province, Iran. Journal of
food quality and hazards control. 2019.
5- Ghaffari AD, Dalimi A, Ghaffarifar F,
Pirestani M. Structural predication and anti-
genic analysis of ROP16 protein utilizing im-
munoinformatics methods in order to identifi-
cation of a vaccine against Toxoplasma gondii:
An in silico approach. Microbial Pathogenesis.
2020;142:104079.
6- Kim J-O, Jung S-S, Kim S-Y, Kim TY, Shin
D-W, Lee J-H, et al. Inhibition of Lewis lung car-
cinoma growth by Toxoplasma gondii through
induction of Thl immune responses and inhibi-
tion of angiogenesis. Journal of Korean medical
science. 2007;22(Suppl):S38-S46.
7- Briones E, Colino CI, Lanao JM. Delivery
systems to increase the selectivity of antibiotics
in phagocytic cells. Journal of Controlled Re-
lease. 2008;125(3):210-27.
8- Curtis A, Wilkinson C. Nantotechniques and
approaches in biotechnology. TRENDS in Bio-
technology. 2001;19(3):97-101.
9- Debbage P. Targeted drugs and nanomedi-
cine: present and future. Current pharmaceutical
design. 2009;15(2):153-72.
10- Allahverdiyev AM, Abamor ES, Bagirova


http://dx.doi.org/10.29252/npwjm.8.29.6
http://npwjm.ajaums.ac.ir/article-1-691-fa.html

[ Downloaded from npwjm.ajaums.ac.ir on 2026-06-06 ]

[ DOI: 10.29252/npwjm.8.29.6 ]

\Y

nobiosciences: a contemporary approach in an-
tiparasitic drugs. Molecular and Cellular Phar-
macology. 2012;4(3):97-103.

19- Tavakoli P, Ghaffarifar F, Delavari H, Shah-
pari N. Efficacy of manganese oxide (Mn203)
nanoparticles against Leishmania major in vitro
and in vivo. Journal of Trace Elements in Medi-
cine and Biology. 2019.

20- Assolini JP, Concato VM, Gongalves MD,
Carloto ACM, Conchon-Costa I, Pavanelli WR,
et al. Nanomedicine advances in toxoplasmosis:
diagnostic, treatment, and vaccine applications.
Parasitology research. 2017;116(6):1603-15.
21- Kamran U, Bhatti HN, Igbal M, Jamil S, Za-
hid M. Biogenic synthesis, characterization and
investigation of photocatalytic and antimicrobial
activity of manganese nanoparticles synthesized
from Cinnamomum verum bark extract. Journal
of Molecular Structure. 2019;1179:532-9.

22- Jayandran M, Haneefa MM, Balasubrama-
nian V. Green synthesis and characterization of
Manganese nanoparticles using natural plant ex-
tracts and its evaluation of antimicrobial activity.
J Appl Pharm Sci. 2015;5(12):105-10.

23- Zhao X, Liu Y, Zhu G, Liang Y, Liu B, Wu
Y, et al. SIRT1 downregulation mediated Man-
ganese-induced neuronal apoptosis through acti-
vation of FOXO3a-Bim/PUMA axis. Science of
The Total Environment. 2019;646:1047-55.
24- Jiang J, Ma X, Wu Q, Qian W, Wang N, Shi
S, et al. Upregulation of mitochondrial protease
HtrA2/Omi contributes to manganese-induced
neuronal apoptosis in rat brain striatum. Neuro-
science. 2014;268:169-79.

25- Liu X, Yang J, Lu C, Jiang S, Nie X, Han
J, et al. Downregulation of Mfn2 participates in
manganese-induced neuronal apoptosis in rat
striatum and PC12 cells. Neurochemistry inter-
national. 2017;108:40-51.


http://dx.doi.org/10.29252/npwjm.8.29.6
http://npwjm.ajaums.ac.ir/article-1-691-fa.html
http://www.tcpdf.org

