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ABSTRACT

Introduction: Microplastic and nanoplastic pollution has been one of the most important

environmental issues in the last decade and has always posed an increasing threat to human

and animal health. The use of plastics has gradually increased as they have become nec- i

essary in every industry due to their numerous properties such as stability, hardness, and

affordability. It is predicted that 33 billion tons of plastic waste will be generated world-

wide by 2050. The presence of micro- and nanoscale plastic residues in aquatic, terrestrial,

and marine habitats is of particular concern. In addition to their inherent toxicity, plastics

act as carriers and spreaders of diseases, infectious agents, and environmental pollutants

in living organisms. Exposure to microplastics and nanoplastics leads to oxidative stress,

cytotoxicity, DNA damage, inflammation, immune responses, neurotoxicity, and metabol- i

ic disorders, which ultimately affect the digestive, immune, respiratory, reproductive, and

nervous systems. Over the past decade, particular attention has been paid to the effects of

nanoplastics on the peripheral and central nervous systems, as these systems are the most Keywords:
sensitive to plastic particles. Conclusion: Currently, there is no comprehensive overview of

the neurotoxic effects across various studies involving living organisms or cell cultures ex- i 1. Oxidative Stress
posed to different types of particles, shapes, sizes, concentrations, and durations. The risks : 2. Plastics
associated with neurotoxicity from exposure to micro- and nanoplastics are significant. { 3. Inflammation

*Corresponding Author: Hamid Reza Moradi

Email: irmoradi@shirazu.ac.ir

|


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

VFY 50l oyl ojlons qeailes 0,90

& T

G 0 9 o olas! s Codlw p AL g 5w g Siauudl b Ol 51

oI5 stliloae o T b yaas O e g8l w0 Loy e

Ol el 5l olKils ¢ St el 0aSzils csly pole 05,5

Sl eolizile S o sodbasl ol olEtsls coltile S amly o5 ,5LaS ouSiils o oS spals 09,57

VEY STV by

:allio eleSls!
VEY 3TV E s Sl VEAY LTV el o

0411_7

<

e s H ot 3] S Sl Sl San Syl ot
0,8l 00 Blles ¢ oyl s (gl 0ais 138 saag o)lgon 5 005 Sl a4 a0
dg eab iy (9o Cagd g (S os lnly aile Ll saaie sloa (Shag Joeds 4y Sl
Jw L5 aS 058 o0 (S Sl 00D (659,00 (Smio o )0 g a8l oldl g 8
5 S 1,55 5] S s a3 (o oo 4 bl Sy 5 o Jla TT Y40

:5 P 4‘5>T 6Lﬁom) B 5_'L| 9 9)Ju.a 6L®0)‘..\." B L_fi"‘_“)’l" 6LQ.AJL0_..~ u_»‘ S9—>9
foanS ;e g 8L lgieay aome o oo d (ol = odle .ol ol o

3,5 B S e Jee 00y Slog g0 4 o uome slmoan VT g Seie Jalse 9 Lacs,los
U [P N SV CTUO NV K VO 1 WSSOV SR TG GURIW I P ENE VORI FPYC VDR SPOR
F ot ;o Sl 0 g S plie P ae Coew (el Fl (oLl DNA
Pl oo 3l a5 J e A s b ot (9500l (2155
P b Clasl g (69) o Sl g SISl 69, 7 Slofmg A AL LIS A o
oo 55 yadte [ Seiwdly Oly3 Ly agzlge 10 o piaces (Pl (le—iedy (655 0

HsoalS slaojly:

JUCIRVON 1 BRCON
o Sadly -Y

v

Ja_ufo u‘)_b .0)‘\.\_3 S9—>9 U5L‘L~A c\_et.‘>‘9.n duu\.\.a 9 Lacdale B I VT le_Qo)L\J‘


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

VY 50l o)loz o)l iled 0,90

[l

S o ol 3 15T e elyal Uy Sltiial 5 sy
L bsye oloord olye 0008 jg ot a4y ;xie a5
2 =855,18 00 se—d oo Gl oy o S
ol I Sadlygili g leSiiidlyg Sre (6
gl ool DNA sl o Jolns Coans cgSlas]
Coly 5o g o Sdplie Pzl as Coo (o]
Spt—s (Sisdgigenl (cB)ls5 Gapi s
S e e s e o S
G5y = losmg dzrgh B35 Ams ;0 (V4) a3 e
5 s olasl s (59, LS 5L 2l )
aglgn 58 0 i (Sl Glyieds 555 o
PAPSTR U [ RGN [P WS U SO WE-) PR P
Elgls Sy @i g 4 )b 3 9 )0 (Jsd b Lo
Sl g Se 9 LSl L agzlse Lo e
Plael g cedlo g5, = 1) Ll sl Lol
2° 5= 9 (N ViVe) eaij Slog2g0 (655 50 5 (h—me
35S e gy o (N Vitro) Jolw i8S )l o

VAV Jw jo 055 i Js-bo o (Jloyep 555 oLinlS
Olsl—3 (S slpallyy alox 5l ola Sogll Lo
G5 )15 gl ol 9 08 e | Ll g s 4zl
Sl 5 e Slojlows a4 05 Lo wgilidl (Sog T |
S Laos 63‘99_17 Sl eawlie 31 umy ol (YY) 0
Gl Koo Sosdl aS any oo aze S sl a0 g o
AVY) asl asls Laaiss slay o g ym bl ue ol
as o) 5l es S eoliiwl s an S sladll;
g Sl 00D Joad oz (ame cngy )l SO
& Sy e gl oz Dl das bl sl Lnes
riesST sla 3o sl jo Jds 4 (VF-YR) 055 o
aald (755 Olste a G5 Gl )0 2l 5 (S
SBbsk JoBrs g egran SIS 5 il ks S B
by oSl oo e del o9 oo Sl
Lilr o o eSidlg; walie Lo eSidh g
odal (2l y0 S5 phlabins 5 Ol lse 00 5 OB e
0,y b 3l 1) 955 Cdigi e e 50 g NeBios
Lo 4 Sy Sl 55 oyl i ool e
45 elpiannsST sl asd 2l s locs; sl
g 8 g i Ay M Wi g0 i o ]
by slice b gleoanVl plw Qdz cols 0
@la Sy L (Seidly SY¥game (F4) ws)lo pa |,
s e P =l ) el (S (05 Yo plss 0o
B 9 )l ln 50 Bale g o)l soladl L
YY) Sloass Joows glaz maw ;0 0,05, SYsam
ader Grolial Jodo a Leas 4 Sadly (Sogdl (Y

doddo

U R FYE WLV { FP] P PN WOSW P W e B éoy]
g 039 =l aas (o ) Bl s St
ul_ulj.»_’> 9 ULM..." u_oy-w L.S‘)—' DJ_».‘TJS Lsd_nxe‘) o)‘g_o.lb
uo‘9_> J_Jb a h.iu—u})’l) oﬁ)lf (\—V) Sl 03—
G980 S ;2 50 g 4Bl Gl g0 A by
)_..u‘)....: )\b s.i..._..u)'{a C_u)y ‘\ "((b~ Jl_..u )‘ (f) u_..ul 00—y
G shmme S Al e S w0 4 (e
U’“_‘LA"" ——90 9 S ob)J ol_>u‘ ‘;bs_” Czu B
5 oS dlyg S al s Sty Sz S sk
é‘a_a Lkg.i..._..u){.’ AT P .‘a_or.o o LQ‘S...._MJ)LyL»
A golajo,wiy, lalie aS o in oot L
5,5 0y oS azm U e s |, Lol .lassls ol an
oy Wy abox 5l oy (Sos slaana pled o
= ULQ.».QDD (\Y") 05_...4 aslsl u_:.a) b)l_.f...u a L;..._HA)L'
4 S o Ll gl (LA (Sogdl g leSdlyg S (s,
Sladss ol g cowl ails gaclal ol g addle , S
ool 3,50 Sutadly gLt yary ;31 A Syl 4y dmgs
18 GUSI- ) ‘bﬁLQ.o)l_..m_: u_v)m)_vlf)o)_.al? Jl_‘> )
L = ) asi"‘—“’y‘ )LA_;.L; 9 oAty .>|3_a )’\ > Q_;.\
polas Limlislan g o)l aslsl laoxe )0 jedis &g
tag Sen o) b L ]3) a gl lacSat s Sae
15 U l)3) il sleSet bl s 5 (tarks & s
o]y opdle (19) 0S o S (ptagili Vv v jl a8
Sy 1) (i ) Sy 4y (o 90
Saloy 4y 5 0S5 oo Jo il
S 03_04 Libp.._m.....uﬁsl a4 (s J_Kbékso o)l_‘>‘ ‘;...._....»)L
)‘ ‘;_' (\Y‘) S 0.59_” |) 6;‘..\4 o)_..?.)) LJLL..A 9
9 ‘-;L..o ‘(5‘] 6L¢aoli._w.‘) o 3_>l) 9 5)_1».0 GLQ,Q)‘JJ‘
5 Ol jo o2 ul_.)j o=l Bmas (VOY) cul oL o
zge a3les S andas Ll (ml 5las Ul o o
st‘é = - — 05)'l$ 4_;0)5 A_Q‘?’@_A)Lu u‘)_]a:>
iicn g 8L lame an Jaome jo Lgdl « Siidl i
GLL:.?LA LSL@GJ.QY—‘ 9 @5_¢LC J_a‘5.c 9 l_QLS)LQ.u IRUESLY
rg...n.._m.a c\_et.'>|9.o (\/\) J_...SLSA J_Q.c o..\_§)‘ u‘é5_‘>3.n a4

R



http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

VFY 50l oyl ojlons qeailes 0,90

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

“0 ol
M
39 Sty OY g aze S yob 80 g ol B, as
4 bl (o re jo 28,5 1,8 5 0o gz L den (55>
Sl il iz e (o adl> aan jgax o
S 0 S Mg S do o A 51 i (FA)
Sy ilozle o sile Sl slac e glg |
A.A}‘Lol_S u_z.l C)Lo‘ ‘u)LoL‘B &9& ‘M}.\J Lg)'l_.w)j)l.)
3o Seimadlg Koo (o5l 4y Sl (S w53 Bt 3
5 LS 9,500 & lge (B -0Y) S SeS S
Jaloe 5t cow pglace j5b a4y S o lacSoudl il
il S8 Ded e E) () 5 Gt iined
%) et aile) (55,585 slmegeds 5 Ol Gl ol
slocdlbs Jols sy Jolse (OY) cul (5,5l g
Sliles g Sz slop,s Loas o) SLs
(OF) sl G2 g ol aiy ;) o Pl g (g,la>

N RPN SR TINE VO W
@ 0,205 53 Sl dsS polw 1wl (0 03,55
Gk 5l ol oo lap Lol 5 wig—2 Jiie 0l o
ls 30 utli 5d 5 ol 5 (2l f 0y iy Sos ]
&= O0) a5 B (S BlS o se s
Ol 5 By g9 0 aLox jl Ladiss |
WS oo By an |y S il 5 S D g Ko
@I.L\_é 0 )} 3O ubians ol L i s B0 (OF)
209 D)l ol o Ll el ay o
Shatlgion S Wy—bioe gedse Lo ol
03,5 jome B)lyS oiws i bg lasl 3k
J—ie 500 slacdl ey 92 (B, 5 Gkl
3 oledl 059 4 005y Slog g0 aBly 10 .(BY) We—i
S ol g glataal ey (Aol oly 4w 30k
e 3 =88 B (V) S oe ) B o o
s 33 4y Slaen |y e o 5 Sl S
el S e e e
S lid slye e Ly aoSi bl g Koo s
b Sl S Ay (g i 5 (531 ,3 Jdo
Lo g Lo a5 T s Ly Ly wilooss oo T
el ot ooy T 4yl Ly 4yl (slaci il o
Gyae Jolds Lol i e ol aly (OA-F+) o230 &,
loagaly |y oS dlg S 45 El _ylapandlS|
G090 (FV) 09-d oo S 35 slandss Jlanl olag

o B, as 00

! Herpetofauna

J—do a4 S (S ¥y ame g Lol ad0
ol G S Ll il ey S
Sb e o Lag 3 (Sl sladll; ST aiiwa
Ngd Jiiie 092 el 590 d Eel (- See g 2o o
2 =85 89 2 590 3l e '-“’5-“—“’31’ (YY)
St e o Lot 5 Soied Syl 5 ymae
Oly—ieds Voaxo 4S5 (6, 5 SzsS wlakd 4 |) Lyl
o il oads aslis SeiM il Seiwdb 9,500
ailey BL clalagme 45 b Jlus aiilyi o 45 wiS oo
iy Sy slaall) sgmg 3l gla s ;5 (FF)
05l ;5SS wlakd ply e a S Sy S ol
e 2l SlaptnnssS] )3 Wig B oo iy a5t Lo
35 s Slslllae , 5ST (FO-TY) cl ooy 3 155
Sl a5 Lol i as 5 e oSt bl oo
03ga—o ;O Sl Slalad S oo oo loid
SeiedMgil leie as a5 magil Voo 5l e o5lal
Fiar g @l e 53 ol (S g S e Sl
3 90 50 S (YA YY) wg—b JSas Lgludl (o
Sl Bl 5 S bl Koo (g Sy
i ol Ll weasl oo 7 lae Lol Codlas
oaj}'._.j )5_b asas ‘jl_.b}‘o.ab (F) aun od._;f‘).i
bl plo—edr 5 W93 oo ddgs S (lyeay
b bl ol 9 e iy 5 e il (St bl
J=ig g VL85 sl (o oo bl (o L]
(s Bllasl s a4y bl Ly (Y FY) alls
b olo) Cmgamme (ol Clw aiie (o5 JBo
(55 Pl (go Ay pg 8 0y 0 g Ewl oo S

‘o)L)._:‘ ke LQM)LB)K.\A @L‘A"‘“" 9 ‘SLJH
Syl s ol yl Lol ) coalp g s
o Sl Sam (ol s 5 GSeied sLm s
S g oo Slan 5T B 5 Gl (F)) el
G S R
Slncilia 5 S Dyl 5 K ls Ko s i,
P =855 8 g sl el b ) Sl
ool ! (gl oo o Jgi Ma ol cla oDl 4,50
slaY5 o pls oleo lgcay puiine Lo pulius o8
gl slacSn Sy S’ L 5 e (s pach
ST FS g (S99 S 5 i e d w ]y
AYOEY-FY) 5, 5 gumaid 585 Sl Slakad

J—do 4 Looee leSo Mgl ¢ a9,


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

VY 50l o)loz o)l iled 0,90

e y=—e ML Ee

099, (5"”"“’5" M_‘BL: ) L_Q)bj;lﬁ h_wy )5-"“‘“’;[3 A._a.ul)
D 5 5 Bl el oy Scan s Jalisal slo ol
9 sy Gy 033, e 1 JE
YN+ ol g9y ikt Slalllas ;5 «) g S
G—egSee ¥r Lo 5 egilli Vo) (B0 S92 o (—eg Se
Yooz 99,9 ‘éJ._.o‘ 6L_®Jm (V/\) Camanl 00 0010 uL_w)
s 039 3 M slaJolw idig Lo b LSO
W e-0) Sl olyd as el i b w0
S5 A B g wig b oo ol JUS 55wy 50 (eg S
8l o 5] o) sl gy ez (YR) dias o
L0551 5) Jslns sl (glyl Ly Losi¥1 oyl a5
Sloplail  Slnle yo slooilsh ol s lacSi sl o
Ao oo laid 4 S Wleas slulis ol oo e lize
J-ie (g3 (90,5 s 4 (S felsm elpe G sk
sy asle Slacdl Ly Laplil o clys 5 5t
AN eSS oy ez Loapladl 500 g gy 00,

5555 8 e 5l 5 Sl Sl g Ly
olid Ge=S el aul il olis! Sl 6l
5 st iz by 53 5 (g5l Slogrge
Slaed 5,50 40 (g e SlLedbla > Sl _wpy 3se
1S Gl ogdll mas Caaw g jre A 00l o lg )3
o=l e 33 8,5 8 0 sy SzsS gsi-“-“’y’_
oo u.)‘ 9 QHGA (—asc Coomn u:_?-}.o l_mco.qu
AY) 058 (mac sl an pmie Lslys J._)|5.:‘54
Iy ol sl s ol o b So gl (V5
S5 ST g 0 S ;36 Ll g 00,5 S 2
500 e jlaS Ll as g slallly e s g
sl Jege Lo danlin Jb8 ojlosil s ay &l,34 50
RIS PN DU RN SN
S md 0 g 00,5 dgai Jolw slaShlulas w5
e ge dzel 0 g auS oloul Pl b Jslo
=g Loy sl ;5 5 Jsl

prpea——

Sy gl (8 e o L) (5855158 Jsime )
hd el L glalase cul glainl 5 b 5l
Cwl gran Ol g I Lidas g ;o 3 lae Sy
=B )8 B L 0ed oo il b sliizul gy oxie a5
3 Glee D3 5o Geiis Goyb 5l )8 18wl o
Gdre 055 B3 L gkl Zlaal 5l L5 00y ST (slan
(FY) 020 F, ood St OMold sloasas jllga o
e V0 390 55 (s Jlp ISl s o o
9,500 V31 S SHU s 8L o SO L ge
s 43 L5 020 o 03l g oslasl ol yd a4 s
G Ol G sl s )3 5 03,5 354 (S g 55
‘é_\_w}: ‘yl—AJ ‘dl—u.w‘ 9 é—l’ — ej)l.c (;f—;’?) J.:s_w
Sty 5 ,Se (2 ymre yo i85 8 Koo ol S
) beSeiadlyg oo ol (b o0 50 85 )38
bl s pa—az 0 (YACPYPA) oo uoliél
Y gl Cewg sl dls o 1) el sloay i
o2y L ol3T G slmancl cousl s Jolis gl
J—do a s .(PA-VY) wloo i 4 blol g mwdS 5 0l
Caaly ol g S g Son (olondisSo b oly2
Y das dga dn jls Gy ol 0 D360 LA 4 S
00 olsllas & o B 5l (YY) sl ool 58
o Ay gy (3 b 5l S ol 390 Lo
YY) Wl ils Jaiome 1) el o so5—0e (50,5
5 L Siwdlyg S (oo 5 8,5 8 5l ey (VA
(e slool, L slicul cads 3 ,b 5l bS5
a5 ddxin glaplal L Lacdl o 4 Jobow J=lo po
Gl Jol olyd Jols Cd (V0) by
o0l uJ}_iJ}cj.u LgL_buum): L_: 0l w_Ja_u )l_.w...»
d._.ul)ﬁ (Vf)@u_uxl) e);) \Si_’)ﬁ"?"" c_«.ubﬁb)_il.o&
5 e S 9 0,0 LT commr 0l 51 (S5 bLS)
L oo 305 590 Ly S ol ¢ b S udlb 9,500
S osl Gladlae (VO) cewl LLI I jo J 2o &l )3 slass
55=masS 1 Ly jomgail Lgdl SzsS o3lul bl 4y
oSty 9,50 lim D3z (e e Wl o0


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

VFY 50l oyl ojlons qeailes 0,90

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

“0 ol
e e
sl e (S g) yosil Ve ool L 5
Reac-) ROS o Jgv iol38l g sdlocnST o il bl i
5 Fol—w a5 > 5 350 e B4 «(tive Oxygen Species
Ot (izmen (W) w0 F cds (Jolw Coonn 5
SH-) Sl Logioudlg, g5 slo Jolows 45 il ouis 00ls
gl O o3lasl L oy pliwl Lo L agzlse 0 (SYSY
93,5 ek Coos Sl czge (S 53L)
—as ol sl sl ool L glaslas ;5 .(AY)
G Lo ag>lee o invitro la e ;o (ANS1) Ll
ools s (LS gib) 1 agil Yo o3l L oy il
DNA sl o Jols oyl cguslonST oyl a5 ol
5 95,5 Ll aslsio 5 2l 5 gl a5 Sl
iy b S slag)len 5 (8L el A ;e
s w4 >3 B sloaidl (V) 053 ac
Sl Ko il Ly i 5o 5 Koo S 2]
b o G lize Jolow slwos, o bSa sl 4

ol s 00,51 V Jgo> 10 omac slaJolw in vitro

a0 lgl oo @ lie s w3,k 5l LS 6
31990y ydatizme 5 gl oS oy cw s CNS
oSy gl 1y el (oogoe 95 (3,5 5k
Jomtt iy 5 S5k s Sl A oo
slaiel jo e ay g e Jold pgd s 0 sS
Sl an Ta iy 1o S dmis 5l aS Gl ac Slxaiws
Sl oo S il (ealed )0 0S (o0 yo—e 2lag
Gleasls ay goud ,iiie om0y bl 5 ,b 3l
g 9 M2 (oS 5 2lag (P9 50 98 s e
(ANCAR) Sy e Bl A Je—nST| Ll 5o )b )
Lo ool as (Sl sl oy a8 iulos] oo
Sy s e oud slonl (B Jemiliy) (o )l
4 a gl ol bl o g (abg o slogye L)
g ;o 1) (b [ algiee S gil Gl o
aglae () Wil Olgdl cezgo mo ,osi sl ie
LG9 eslSgd omae HT22 glo Jolow celu Y¥
5 (Sl i) g San ) ool Ly bl L

emas Jolo s byl o oSl gl 5 boSiawdl 5,5 Coons =Y Jguar

a4zlge loj ok Sudly 03l g g9
bl Lagntlig )5 sl shos
@n o 3l o) ¥ (8-nm) g, pled
el T3) Ol b SH-SYSY)
ROS sy 5
. o ) [ (g sSia V) bl by e sla sl
@ s el YE )
N (egdli Vo) bl b (HT22) g oalS g
omas &LﬁJjJ...J \_,,_J_a 0dd} )|._“‘_,:_:_-.a u,...MS Cu )....3 31 ol |.L"> el ugL‘hLJB'L“
@A oS g gy plp 30 sl (6 placa] 5 ¥ (rmegdli Vo) el e
Dl g o laS bl gl e 23 glacay ool
S o oGl o) ] (e Ty L]
A% OFE e o el FAL TF et otk T98G (¢ jim ola ol 80,

ol L

Gregii V) ol L

g lslo oles 5 el o Sles Pls!
3 e i ook e gl aals
@) i g stadsle Lo
PP 5 e 2ol s e
el S5 5 ST 0b, 5 JulSS

g T3l ot oy plasl L
(gl 1+ ) Sl

e 5,28 slaaisls )|
(hESCs)

e (e 2l
ok o
v DRA .. Jisk
sl 5 et s sl
s 35 (slag o 5 (5T o]

(egli Vo) pled L (WNS1) gl crae g0l sla sl

(b el g 3 LSl 3525
ROS s dgr sl
NE-) B LIS glazn |25l (s Jlab
(kB
(A (INF-0) 0 j3a5 55,5 (slo)ySla i 595V
HhCMEC/D3 (el Joku s,
b okt LS4 (Soua Ll POl
hCMEC/D3 el Jslu

o e ubigad 83, sla Jobs

(egli B-) oy plid Ly
A8 ook hCMEC/D3

2 Cribriform plate


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

VY 50l o)loz o)l iled 0,90

JaiS oLl el oS wdlisil 4§ aio S o155
o0t Ll 5l oyl e 4y alo 5,68 oY 50
g o 3l ! 5lsS il o 5T c b 28
oS b S Mys e Ly alio jo (V1Y)
s Soramw 53 Syl WSl (56,5698 (gmas Coows
SRAE SN NI I NE SIS
Aib ()3 olasl) (S8 el jo Dol o 4
Lo Olydg b da S wdh g Ko Ly dslin jo oyl pliy
Sie =S Slow any Sy [ ISe e S o5l
Sllae o L alis 5 00T
s LAV 5 gl Elalllae e 4o o0 alol
Gl oy Lo ol 005 55 pate Ll Sloasl
L) oSl S oS bl agrlye 5o
oo LSl Glpl g ale glg sl yo (alisee slaojlail
90 Pl G sl jo D ol a s el
S = S9> dw Gl 4 @b ol g Wt ee
WS o My 3985 5 pez e SBl o 5 5 Ly
3l gy e g0 lsllas o (VMYF-VYY)
9 LogyY 5o lSiiwdl g S g LSt gl agge
Ol as cruloasd ools lis Galizee Ll i 090

SENUI

asile calizee 3,k 5l sy d comw g oo YT &l)S
Sois Lgsl 33 5 cmas Laldl 0 5 00d Lix il
AU gl 65 6 35 08 oaiy] Sl
il sl 1y ean VT (I L agalse sla,Sal, g o 5
oals s in vivo Slallas 51 g )l lawgi a5 )5 lailen
g0 Lb&».»_w)byb 9 LDLS..\.»_MJ)L:SJX».A | 00y
Al ‘M_alfw L e)_)544 ‘od._i)’ u|¢5_>9,c )_a.o el
50 b oo oz g oa b Loule> (3o 08 5 L ladks
G50l 0 Pty S5 > adiay roie Sl S
u_wl 0 d_.o)'{D- ‘5\_.4: le"bdﬁl—“’ 9 M K9y =

leoa¥T an cos Ll 0 (6535 po (ol i
ol s (i 0y 90 (0 05mg A (e
=l 50 iyl Gl s ol ] Wbl
2 L SEM5,Se (o yme jo i85 1,8 VYl o
—as sloonins Jlaul jlge 4y jonie 0y oo 2l
g.s_:)...'y d_H.A‘M‘ cu_..u}')Lo ‘u_..al.vjé il el

S 9 9 (e S| (e 25l

L..._....:‘ ua_l..m ?._.a_c le_caomo Jl_n...'\ u_..a)‘ IOEED)
u_u)Ju Syg—0 4o LS’LC)UO‘ ‘)_|) ‘.)9_.:4‘59 oolaz_wl s
oo i) 1) og il a e ae SyjnsS
Ot 3l (S S=dsS —as i (V0))
o )_v.o o oS gJ_n.\.at.u (—asc dLaoma JLQ..."
OV V) ols i g ylalign ki yo sliul S s
e JUED 50 orelS w351 Sy 5l S Ll
31 odsS il Sl ol A S S e S,
o— 6LQL..M.C SS9y — ‘) ‘5._.4:; L_SLQOMO JLQ..."
)+ 0) 0 ol yltiabl o a8 5 e
& am oo wlg oo il dsS Jeal Jlgee
29 —as sloagmbon 0 ol Jeil o 5l i
S rdsS sleods S o Sl iy ot Jlsd e
(V) 05l (Sl o Dle gloilan e lyd )0 9 09
b gy o Lo cdh 8 oo lalllan
azlsn y il oo ol o sk il S il
odidlis a5 05, 5 o szl b So Mg oo L

)_i.LoL)_Hag_dLv #@L@M)’Lﬁjs.uou_" ‘).vl.u
Matts son la_wg 4 285 Oy o 4 sl Ll iy
e 5 )8, Ol ss 5 (Sdslsdee slais lrials



http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

C"./. VT 5ol e oot on3s )9

e slasbo 5 olasl o Gl (slmpm! Sl Lilato 5 s ) oSyl 5 oSty Sn 355 05l (518 spmns 5 e = 19005

o, -

&
bwgd ;.......u}b ol 5J1
if ‘1 /\ L&-'S:SMBM;JJ‘TS:

f e N
t/u.L-.zn 219 olge

Y
"iﬁr ¥

&
DNA M‘ ""‘"
SJslu ROS 153ty S8 o LSl s K
)H%Ti {[\ i .;..‘ l-QS-n-\-d)L’s.lb

385 @ ,b 5l e 42 09,9

invivo b o eac sl sl 5 lac! 1o M sib 5 baSawdly s ,Se Coas =Y Jgu

ap=>lge pla) Cioe St ojlail g £95

Lasodl il ol gS s Sla Ths as ails omae d
. " . . Ay ol Sl o
[ T B Lt | ICELE Ry I I L SLI, TP RS a ¥ BAIB/c ige
y (J—‘B"L' Yo 5\ .
Lo g
Lol it oyl e S L e
EPRS roama ol s
e pRe 4 Sa)s 3 LS 50 ul By e B
(1%) ROS alss 2l5il 5 Jals r..dy._,_,___.,d ot e S ey Y o C5TBL/6 T ;5 fse
(NF-KB) B LIS (slaion 5551 ol Jlni I
(TNF-0) O ;3095 55,5 cla,osls zoiyi
S al8 o bl L
SARY eas DBl )3 mem g shhe Fem e ) S50 el ® Voo g pegySee Ve T | Kunming oli sl e
(s
ROS adss lydl el 3o 4y anly
EonS g ]
L i e Sl
u-.r“:?*usr-"‘s LR LR e e syd o lps Jabo jloe L 0. .78) Q;—.‘L-Jtﬁ-l -
(YY) ST AL S o ihal Al A e e T ] eIl AT i &
(oagds V= + Caenorhabditis elegans
Crealyga malS 5 (g 0T s
St 3 gl ST Gy o R g el anBly lidl L
et _s_"a)
p— S s Jd e e ) ol b Jasd &M
ok ST .
A Snans 3 3ailihenST o yidd Ll s (LA (o3 ,5e Oreochromis niloticus
sy Lo sl DNA (oo ¥e) ol S
F2m 9 A (S - ¥ s L
0w ’ . ol i © ok Rlay,85 G
ROS slg gulyil (yegils Danio rerio
S Gl e e G 3l (sae e e L
= L 5
Oy sabiad] sl Tl o sl SN caels AF oS v e i i
. . . Dicentrarchus labrax
5 s 28l 5 s
- Slagn g bl L wedge clam oo
vy e e L ] cell YF 92 s = g
(FegSee Fee)en) Donax trunculus
e Sl st e e Byl a e v A0) onbd b kil gale 4,8
. TR LM LB . L.
Lg e gl il Tl 3 5 o] oLl ( ez, S Clarias gariepinus



http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

VY 50l o)loz o)l iled 0,90

(s 6)L_'L"3) uy)’l.a)l 9 (e—as od..ﬁﬁ J._.\.LZJ LgL.e(qJLxﬁ
5 F9Nge Slalllas g2y (ol Lo deB o0 (S5 >
5 Bp—ilSe S50 6l 0552 ol 5o 6 i Job
Slsllas Bl sl Jw o a S|, > el s ol
e—as sl g olasl plw 69, 1 S350
A aio) ol j0 el pladl lalllas iy .l ouds
loSeidlys S L Yo slojon L oo olssS agzlse
S Jlo> ol a3 o0 bSa Dl
0y—a)9y su;o_il.) A_P‘}A 3o o.\_':)’ Q‘$9_>5.A 9 ul—m."
5 cwbio S0 a3 Ll Ly ol ol 0 g
Lo g ol adeinn [l ay o) a0 lgy oo
S SeeS Clead! piis 9 Layg,g jo el gils

1. Gu L, Ozbakkaloglu T. Use of recycled
plastics in  concrete: A critical  review.
Waste Management. 2016; 51: 19-42.

2. Andrady AL. Microplastics in the marine environment.
Marine Pollution Bulletin. 2011; 62(8): 1596-605.

3. Browne MA, Crump P, Niven SJ, Teuten E, Tonkin
A, Galloway T, et al. Accumulation of microplastic on
shorelines woldwide: sources and sinks. Environmental
science & technology. 2011; 45(21): 9175-9.

4. Birley AW. Plastics materials: properties and
applications: Springer Science & Business Media; 2012.

5. Eleftheriadou M, Pyrgiotakis G, Demokritou P.
Nanotechnology to the rescue: using nano-enabled
approaches in microbiological food safety and quality.
Current opinion in biotechnology. 2017; 44: 87-93.

6. Ranjan S, Dasgupta N, Chakraborty AR,
Melvin Samuel S, Ramalingam C, Shanker R,
et al. Nanoscience and nanotechnologies in food
industries:  opportunities and research  trends.
Journal of nanoparticle research. 2014; 16: 1-23.

7. North EJ, Halden RU. Plastics and
environmental health: the road ahead. Reviews
on environmental health. 2013; 28(1): 1-8.

8. Lebreton L, Andrady A. Future scenarios of
global plastic waste generation and disposal.
Palgrave ~ Communications.  2019;  5(1):  1-11.

9. Dris R, Gasperi J, Mirande C, Mandin C, Guerrouache
M, Langlois V, et al. A first overview of textile
fibers, including microplastics, in indoor and outdoor
environments. Environmentalpollution.2017;221:453-8.

10. Napper IE, Bakir A, Rowland SJ, Thompson

S 35 Az

Sl (Siodly oo VT @ld Ly pglas g ailys) agrlse
mh o slmejlul Ly St adly &b il ik
5 SlSE 55 g 4 Sl 50 9l 9 S
S92glsd 5 i) 5 2l slalazme gls il o ol o
S oSt Sl il g bt bl g e oyl il 4zl
G924 Sy (> g il el a sl i lie 5, b
oo slaBl b o 53 (89,5 3k sl g aib ool
Co—y 9 398 655 o 5 e Sloasl g wile
0ds; Ologg0 (59, alizes Slalllas jo S lay
0 el s L3 gl EiS L e byl 40 5 g
oo g0 LS gl g LaSidl See 9924

TP IV W [ RN S S
S 52105 5 5255 L sl s3] S ROS

&lw

RC.  Characterisation, quantity and  sorptive
properties of microplastics extracted from cosmetics.
Marine pollution bulletin. 2015; 99(1-2): 178-85.

11. Duis K, Coors A. Microplastics in the aquatic
and terrestrial environment: sources (with a specific
focus on personal care products), fate and effects.
Environmental Sciences Europe. 2016; 28(1): 1-25.

12. Li Y, Liu Z, Yang Y, Jiang Q, Wu D, Huang Y,
et al. Effects of nanoplastics on energy metabolism in
the oriental river prawn (Macrobrachium nipponense).
Environmental  Pollution. 2021; 268: 115890.

13. Galloway TS. Micro-and nano-plastics and human
health. Marine anthropogenic litter. 2015: 343-66.

14. Yin K, Wang Y, Zhao H, Wang D, Guo M, Mu
M, et al. A comparative review of microplastics
and nanoplastics: Toxicity hazards on digestive,
reproductive and nervous system. Science of
the total environment. 2021; 774: 145758.

15. Bergmann M, Gutow L, Klages M. Marine
anthropogenic  litter:  Springer ~ Nature;  2015.

16. Priist M, Meijer J, Westerink RH. The plastic
brain: neurotoxicity of micro-and nanoplastics.
Particle and fibre toxicology. 2020; 17(1): 1-16.

17. Martin-Folgar R, Gonzalez-Caballero MC, Torres-
Ruiz M, Canas-Portilla Al, de Alba Gonzalez M, Liste
I, et al. Molecular effects of polystyrene nanoplastics on
humanneural stem cells. Plos one. 2024; 19(1): €0295816.

18. Gholamhosseini A, Zeidi A, Banaee M, Ostovari
M, Bagheri S. Investigating the effects of micro and
nano plastics on tissue damage in aquatic organisms.
Journal of Animal Environment. 2022; 14(3): 305-16.


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

VFY 50l oyl ojlons qeailes 0,90

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

“0 ol
M
19. Prata JC, da Costa JP, Lopes I, Duarte AC, Rocha-
Santos T. Environmental exposure to microplastics:

An overview on possible human health -effects.
Science of The Total Environment. 2020; 702: 134455.

20. Sangkham S, Faikhaw O, Munkong N,
Sakunkoo P, Arunlertaree C, Chavali M, et al. A
review on microplastics and nanoplastics in the
environment: Their occurrence, exposure routes,
toxic studies, and potential effects on human health.
Marine Pollution Bulletin. 2022; 181: 113832.

21.  Schenker MS. Saving a Dying Sea--
The London Convention on Ocean Dumping.
Cornell International Law Journal. 1973; 7: 32.

22. Lanctot LR. Marine Pollution: A Critique of Present
and Proposed International Agreements and Institutions-
-A  Suggested Global Oceans’ Environmental
Regime. Hastings Law Journal. 1972; 24: 67.

23. Alimba CG, Faggio C. Microplastics in the marine
environment: Current trends in environmental pollution
and mechanisms of toxicological profile. Environmental
Toxicology and Pharmacology. 2019; 68: 61-74.

24. Guzzetti E, Sureda A, Tejada S, Faggio C.
Microplastic in marine organism: Environmental
and toxicological effects. Environmental
Toxicology and Pharmacology. 2018; 64: 164-71.

25. Kontrick AV. Microplastics and human health: Our
great future to think about now. Springer; 2018. p. 117-9.

26. Lin L, Zuo L-Z, Peng J-P, Cai L-Q, Fok L,
Yan Y, et al. Occurrence and distribution of
microplastics in an urban river: A case study in the
Pearl River along Guangzhou City, China. Science
of The Total Environment. 2018; 644: 375-81.

27. Prata JC, Reis V, da Costa JP, Mouneyrac
C, Duarte AC, Rocha-Santos T. Contamination
issues as a challenge in quality control and quality
assurance in  microplastics  analytics.  Journal
of Hazardous Materials. 2021; 403: 123660.

28. Proki¢ MD, Gavrilovic BR, Radovanovi¢ TB,
Gavri¢ JP, Petrovi¢ TG, Despotovi¢ SG, et al. Studying
microplastics: Lessons from evaluated literature on
animal model organisms and experimental approaches.
Journal of Hazardous Materials. 2021; 414: 125476.

29. Sruthy S, Ramasamy EV. Microplastic pollution
in Vembanad Lake, Kerala, India: The first report
of microplastics in lake and estuarine sediments in
India. Environmental Pollution. 2017; 222: 315-22.

30. Biswas S, Bagchi D, Ghosh D. The effects of
(micro and Nano) plastics on the human body: nervous
system, respiratory system, digestive system, placental
barrier, skin, and excretory system. Assessing the
Effects of Emerging Plastics on the Environment

and Public Health: IGI Global; 2022. p. 148-71.

31. Rios Mendoza LM, Balcer M. Microplastics
in  freshwater environments: A  review of
quantification  assessment. TrAC  Trends in
Analytical Chemistry. 2019; 113: 402-8.

32. Revel M, Chatel A, Mouneyrac C. Micro(nano)
plastics: A threat to human health? Current Opinion
in Environmental Science & Health. 2018; 1: 17-23.

33. Rist S, Carney Almroth B, Hartmann NB, Karlsson
TM. A critical perspective on early communications
concerning human health aspects of microplastics.
Science of The Total Environment. 2018; 626: 720-6.

34. Rose PK, Yadav S, Kataria N, Khoo KS.
Microplastics and nanoplastics in the terrestrial
food chain: Uptake, translocation, trophic transfer,
ecotoxicology, and human health risk. TrAC
Trends in Analytical Chemistry. 2023: 117249.

35. Colton JB, Burns BR, Knapp, Frederick D. Plastic
Particles in Surface Waters of the Northwestern
Atlantic.  Science.  1974;  185(4150):  491-7.

36. Moore CJ. Synthetic polymers in the marine
environment: A rapidly increasing, long-term threat.
Environmental Research. 2008; 108(2): 131-9.

37. Coézar A, Echevarria F, Gonzalez-Gordillo JI,
Irigoien X, Ubeda B, Hernandez-Le6n S, et al. Plastic
debris in the open ocean. Proceedings of the National
Academy of Sciences. 2014; 111(28): 10239-44.

38. Revel M, Chatel A, Mouneyrac C. Micro (nano)
plastics: a threat to human health? Current Opinion
in Environmental Science & Health. 2018; 1: 17-23.

39. Banikazemi Z, Farshadi M, Rajabi A, Homayoonfal
M, Sharifi N, Chaleshtori RS. Nanoplastics:
Focus on the role of microRNAs and long non-
coding RNAs. Chemosphere. 2022; 308: 136299.

40. Galloway T. Micro-and nano-plastics and human
health. Marine Anthropogenic Litter, 343-366. 2015.

41. Wright SL, Thompson RC, Galloway TS. The
physical impacts of microplastics on marine organisms:
a review. Environmental pollution. 2013; 178: 483-92.

42. Kik K, Bukowska B, Sicinska P. Polystyrene
nanoparticles: Sources, occurrence in the environment,
distributionintissues,accumulationandtoxicity to various
organisms. Environmental Pollution. 2020; 262: 114297.

43. Anderson JC, Park BJ, Palace VP. Microplastics
in aquatic environments: Implications for Canadian
ecosystems. Environmental Pollution. 2016; 218: 269-80.
44,  Cole M,

Lindeque P, Halsband C,

I


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

VY 50l o)loz o)l iled 0,90

é;s_)_c ;4,_—“—3—@

Galloway TS. Microplastics as contaminants
in the marine environment: A review. Marine
Pollution  Bulletin. ~ 2011;  62(12):  2588-97.

45. Ryan PG, Moore CJ, Van Francker JA,
Moloney CL. Monitoring the abundance of plastic
debris in the marine environment. Philosophical
Transactions of the Royal Society B: Biological
Sciences. 2009; 364(1526): 1999-2012.

46. Thompson RC. Microplastics in the marine
environment: sources, consequences and solutions.
Marine  anthropogenic  litter.  2015:  185-200.

47. Thompson RC, Olsen Y, Mitchell RP, Davis
A, Rowland SJ, John AW, et al. Lost at sea: where
is all the plastic? Science. 2004; 304(5672): 838.

48. Zhu X, Wang C, Duan X, Liang B, Xu EG, Huang
Z. Micro-and nanoplastics: A new cardiovascular risk
factor? Environment international. 2023; 171: 107662.

49. Karbalaei S, Hanachi P, Walker TR, Cole M.
Occurrence, sources, human health impacts and
mitigation of microplastic pollution. Environmental
science and pollution research. 2018; 25: 36046-63.

50. Corradini F, Meza P, Eguiluz R, Casado

F, Huerta-Lwanga E, Geissen V. Evidence
of microplastic accumulation in  agricultural
soils from sewage sludge disposal. Science

of the total environment. 2019; 671: 411-20.

51. Horton AA, Walton A, Spurgeon DJ, Lahive E,
Svendsen C. Microplastics in freshwater and terrestrial
environments: Evaluating the current understanding to
identify theknowledge gapsand futureresearch priorities.
Science of the total environment. 2017; 586: 127-41.

52. Weithmann N, Moller JN, Loder MG, Piehl
S, Laforsch C, Freitag R. Organic fertilizer as
a vehicle for the entry of microplastic into the
environment. Science advances. 2018; 4(4): eaap8060.

53.RenZ,GuiX, XuX,ZhaoL,QiuH,CaoX.Microplastics
in the soil-groundwater environment: aging, migration,
and co-transport of contaminants—a critical review.
Journal of Hazardous Materials. 2021; 419: 126455.

54. Zhao S, Zhang Z, Chen L, Cui Q, Cui Y, Song
D, et al. Review on migration, transformation
and ecological impacts of microplastics in soil.
Applied Soil Ecology. 2022; 176: 104486.

55. Bradney L, Wijesekara H, Palansooriya KN,
Obadamudalige N, Bolan NS, Ok YS, et al. Particulate
plastics as a vector for toxic trace-clement uptake by
aquatic and terrestrial organisms and human health
risk. Environment International. 2019; 131: 104937.

56. Wang W, Do ATN, Kwon J-H. Ecotoxicological

effects of micro- and nanoplastics on terrestrial
food web from plants to human beings. Science
of The Total Environment. 2022; 834: 155333.

57. Huang D, Chen H, Shen M, Tao J, Chen S, Yin L,
et al. Recent advances on the transport of microplastics/
nanoplastics in abiotic and biotic compartments.
Journal of Hazardous Materials. 2022; 438: 129515.

58. Rochman CM, Tahir A, Williams SL, Baxa DV, Lam
R, MillerJT, etal. Anthropogenic debrisinseafood: Plastic
debris and fibers from textiles in fish and bivalves sold for
human consumption. Scientific reports. 2015; 5(1): 1-10.

59. Smith M, Love DC,
Neff RA. Microplastics in seafood and the
implications for human health. Current
environmental health reports. 2018; 5: 375-86.

Rochman CM,

60. Van Cauwenberghe L, Janssen CR. Microplastics
in bivalves cultured for human consumption.
Environmental  pollution.  2014;  193:  65-70.

61. Miller ME, Hamann M, Kroon FJ. Bioaccumulation
and biomagnification of microplastics in marine
organisms: A review and meta-analysis of
current data. PloS one. 2020; 15(10): e¢0240792.

62.StapletonP. Toxicologicalconsiderationsofnano-sized
plastics. AIMS environmental science. 2019; 6(5): 367.

63.LehnerR, Weder C, Petri-Fink A, Rothen-Rutishauser
B. Emergence of nanoplastic in the environment and
possible impact on human health. Environmental

science & technology. 2019; 53(4): 1748-65.
64. Gehr P, Bachofen M, Weibel ER. The
normal human lung: ultrastructure and
morphometric  estimation of diffusion capacity.
Respiration  Physiology. 1978; 32(2): 121-40.

65.Rothen-Rutishauser B, Blank F, Miihlfeld C, GehrP.In
vitromodels ofthe human epithelial airway barrier to study
the toxic potential of particulate matter. Expert opinion
on drug metabolism & toxicology. 2008; 4(8): 1075-89.

66. Tondro G, Darvishi MH, Sahab-Negah S,
Rajabzadeh G, Mohammadi A, Khaksar Z, et al
Comparative Effects of Curcumin Nano-Niosomes and
Free Curcumin on Apoptosis, Intracellular ROS, and
STAT3/NF-«kB Signaling Pathway in A549 Lung Cancer
Cells. Journal of Veterinary Research. 2024; 79: 157-65.

67. Fendall LS, Sewell MA. Contributing to marine
pollution by washing your face: microplastics in facial
cleansers. Marine pollution bulletin. 2009; 58(8): 1225-8.

68. Hernandez LM, Yousefi N, Tufenkji N. Are there
nanoplasticsinyourpersonalcareproducts? Environmental
Science & Technology Letters. 2017; 4(7): 280-5.


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

VFY 50l oyl ojlons qeailes 0,90

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

“0 e d
M
69. Adibmoradi M, Moradi H, Hesari A, Adibmoradi

G. Study of histomorphometric changes in adult
rats skin following injection of PRP and PPP. 2016.

70. Bouwstra J, Pilgram G, Gooris G, Koerten H, Ponec
M. New aspects of the skin barrier organization. Skin
PharmacologyandPhysiology.2001; 14(Suppl. 1):52-62.

71. Moradi H, Morovvati H, Adibmoradi M,
Najafzadeh Varzi H. The Effect of Wheat Sprout
extract on skin injury following injection of lead
Acetate in rat. Armaghane danesh. 2017; 22(2): 161-75.

72. Schneider M, Stracke F, Hansen S, Schaefer UF.
Nanoparticles and their interactions with the dermal
barrier. Dermato-endocrinology. 2009; 1(4): 197-206.

73. Sykes EA, Dai Q, Tsoi KM, Hwang DM,
Chan WC. Nanoparticle exposure in animals can
be visualized in the skin and analysed via skin
biopsy. Nature communications. 2014; 5(1): 3796.

74. Tondro G, Rajabzade G, Mohammadi A, Moradi H,
Sahab Negah S. Anti-Inflammatory Effects of Nano-
CurcuminonaGlioblastoma Cell Line. The Neuroscience
Journal of Shefaye Khatam. 2022; 10(3): 48-56.

75. Thubagere A, Reinhard BM. Nanoparticle-
Induced Apoptosis Propagates through Hydrogen-
Peroxide-Mediated  Bystander Killing:  Insights
from a Human Intestinal Epithelium In Vitro
Model. ACS Nano Journal. 2010; 4(7): 3611-22.

76. Yoo J-W, Doshi N, Mitragotri S. Adaptive micro
and nanoparticles: Temporal control over -carrier
properties to facilitate drug delivery. Advanced
Drug Delivery Reviews. 2011; 63(14): 1247-56.

77. Gratton SEA, Ropp PA, Pohlhaus PD, Luft JC,
Madden VJ, Napier ME, etal. The effect of particle design
on cellular internalization pathways. Proceedings of the
National Academy of Sciences. 2008; 105(33): 11613-8.

78. Hussain N, Jaitley V, Florence AT. Recent advances
in the understanding of uptake of microparticulates
across the gastrointestinal lymphatics. Advanced
Drug Delivery Reviews. 2001; 50(1): 107-42.

79. Volkheimer G. Hematogenous dissemination of
ingested polyvinyl chloride particles. Annals of the
New York Academy of Sciences. 1975; 246: 164-71.

80. Chojnacka K, Mikulewicz M. Bioaccumulation. In:
Wexler P, editor. Encyclopedia of Toxicology (Third
Edition). Oxford: Academic Press; 2014. p. 456-60.

81.Feng Y, TuC,LiR, WuD, Yang J, Xia Y, et al. A
systematic review of the impacts of exposure to micro-
and nano-plastics on human tissue accumulation and
health. Eco-Environment & Health. 2023; 2(4): 195-207.

82. Moradi HR, Hajali V, Khaksar Z, Vafaee

F, Forouzanfar F, Negah SS. The next step of
neurogenesis in the context of Alzheimer’s disease.
Molecular Biology Reports. 2021; 48(7): 5647-60.

83. Czajka M, Sawicki K, Sikorska K, Popek S,
Kruszewski M, Kapka-Skrzypczak L. Toxicity of
titanium dioxide nanoparticles in central nervous
system. Toxicology in vitro. 2015; 29(5): 1042-52.

84. Hajali V, Moradi HR, Sahab Negah S.
Neurotransmitters Play as a Key Role in Adult
Neurogenesis. The Neuroscience Journal
of  Shefaye  Khatam. 2018; 6(4): 61-74.

85. Matysiak M, Kapka-Skrzypczak L, Brzoska K,
Gutleb AC, Kruszewski M. Proteomic approach to
nanotoxicity. Journal of Proteomics. 2016; 137: 35-44.

86. Moradi HR, Taherianfard M, Rashidi M, Javid
Z, Hesami SA. Protective Effects of Wheat Sprout on
Acrylamide Toxicity in the Hippocampus Structure and
Spatial Learning and Memory of Rat. The Neuroscience
Journal of Shefaye Khatam. 2023; 11(2): 10-9.

87. Xie Y, Wang Y, Zhang T, Ren G, Yang Z. Effects of
nanoparticle zinc oxide on spatial cognition and synaptic
plasticity in mice with depressive-like behaviors.
Journal of biomedical science. 2012; 19(1): 1-11.

88. Facciola A, Visalli G, La Maestra S, Ceccarelli M,
D’Aleo F, Nunnari G, et al. Carbon nanotubes and central
nervous system: Environmental risks, toxicological
aspects and future perspectives. Environmental
Toxicology and Pharmacology. 2019; 65: 23-30.

89. Zia S, Islam Aqib A, Muneer A, Fatima M,
Atta K, Kausar T, et al. Insights into nanoparticles-
induced neurotoxicity and cope up strategies.
Frontiers in Neuroscience. 2023; 17: 1127460.

90. Cho W-S, Duffin R, Thielbeer F, Bradley M, Megson
IL, MacNee W, et al. Zeta Potential and Solubility to
Toxic Ions as Mechanisms of Lung Inflammation
Caused by Metal/Metal Oxide Nanoparticles.
Toxicological Sciences. 2012; 126(2): 469-77.

91. Liu S, Li Y, Shang L, Yin J, Qian Z, Chen C,
et al. Size-dependent neurotoxicity of micro-and
nanoplastics in flowing condition based on an in vitro
microfluidic study. Chemosphere. 2022; 303: 135280.

92. Ban M, Shimoda R, Chen J. Investigation of
nanoplastic  cytotoxicity using SH-SYSY human
neuroblastoma cells and polystyrene nanoparticles.
Toxicology In  Vitro.  2021; 76:  105225.

93. Jung B-K, Han S-W, Park S-H, Bae J-S, Choi
J, Ryu K-Y. Neurotoxic potential of polystyrene
nanoplastics in primary cells originating from

mouse brain. Neurotoxicology. 2020; 81: 189-96. N====

=
Sanchis

94. Schirinzi GF, Pérez-Pomeda 1,


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

VY 50l o)loz o)l iled 0,90

Sosy—= dlza

J, Rossini C, Farré M, Barcelo D. Cytotoxic
effects of commonly used nanomaterials and
microplastics on cerebral and epithelial human
cells. Environmental Research. 2017; 159: 579-87.

95. Chen S, Chen Y, Gao Y, Han B, Wang T,
Dong H, et al. Toxic effects and mechanisms of

nanoplastics on embryonic brain development
using  brain  organoids model. Science of
The Total Environment. 2023; 904: 166913.

96. Shan S, Zhang Y, Zhao H, Zeng T, Zhao X.
Polystyrene nanoplastics penetrate across the blood-
brain barrier and induce activation of microglia in
the brain of mice. Chemosphere. 2022; 298: 134261.

97. Khaksar Z, Morovvati H, Moradi HR, Sahab
Negah S. The Role of Extracellular Matrix in
Myelination and  Oligodendrogenesis  of  the
Central Nervous System. The Neuroscience
Journal of Shefaye Khatam. 2019; 7(2): 66-82.

98. Rice D, Barone Jr S. Critical periods of vulnerability
for the developing nervous system: evidence
from humans and animal models. Environmental
health perspectives. 2000; 108(suppl 3): 511-33.

99. Sahab Negah S, Khaksar Z, Mohammad Sadeghi S,
Erfanimajd N, Modarres Mousavi M, Aligholi H, et al.
Effect of nettle root extract on histometrical parameters
of cerebral and cerebellar cortices in rat following
administration of testosterone. The Neuroscience
Journal of Shefaye Khatam. 2015; 3(1): 71-8.

100. Sarasamma S, Audira G, Siregar P, Malhotra N, Lai
Y-H,LiangS-T,etal. Nanoplastics causeneurobehavioral
impairments, reproductive and oxidative damages, and
biomarker responses in zebrafish: throwing up alarms
of wide spread health risk of exposure. International
journal of molecular sciences. 2020; 21(4): 1410.

101. Barboza LGA, Vieira LR, Branco V, Figueiredo
N, Carvalho F, Carvalho C, et al. Microplastics cause
neurotoxicity, oxidative damage and energy-related
changes and interact with the bioaccumulation of
mercury in the European seabass, Dicentrarchus labrax
(Linnaeus, 1758). Aquatic Toxicology.2018; 195:49-57.

102. Perry E, Walker M, Grace J, Perry R. Acetylcholine
in mind: a neurotransmitter correlate of consciousness?
Trends in Neurosciences. 1999; 22(6): 273-80.

103. Cavalcante SFdA, Simas AB, Barcellos
MC, de Oliveira VG, Sousa RB, Cabral PAdM,
et al. Acetylcholinesterase: the “Hub” for
neurodegenerative diseases and chemical weapons
convention. Biomolecules. 2020; 10(3): 414.

104. Morovvati H, Khaksar Z, Sheibani MT, Anbara
H, Kafiabad MA, Moradi HR. Effect of aspartame
on histological and histometrical structure of
prostate gland in adult mice. Qom University of

Medical Sciences Journal. 2019; 12(12): 14-27.
105. Morovvati H, Moradi H, Biabani M. Effect of
Hydroalcoholic Extract of Wheat Sprout On Histology
and Histometry Structure of Rat’s Prostate Exposed to

Lead. Iranian South Medical Journal. 2018;20(6): 540-52.

106. Pearson-Smith JN, Pate] M. Antioxidantdrug therapy
as a neuroprotective countermeasure of nerve agent
toxicity. Neurobiology of Disease. 2020; 133: 104457.

107. Avio CG, Gorbi S, Milan M, Benedetti M,
Fattorini D, d’Errico G, et al. Pollutants bioavailability
and toxicological risk from microplastics to marine
mussels. Environmental Pollution. 2015; 198: 211-22.

108. Luis LG, Ferreira P, Fonte E, Oliveira M,
Guilhermino L. Does the presence of microplastics
influence the acute toxicity of chromium(VI) to
early juveniles of the common goby (Pomatoschistus
microps)? A study with juveniles from two wild estuarine
populations. Aquatic Toxicology. 2015; 164: 163-74.

109. Oliveira M, Ribeiro A, Hylland K, Guilhermino
L. Single and combined effects of microplastics
and pyrene on juveniles (0+ group) of the
common goby Pomatoschistus microps (Teleostei,
Gobiidae). Ecological Indicators. 2013; 34: 641-7.

110. Oliveira P, Barboza LGA, Branco V, Figueiredo N,
Carvalho C, Guilhermino L. Effects of microplastics and
mercury in the freshwater bivalve Corbicula fluminea
(Miiller, 1774): Filtration rate, biochemical biomarkers
and  mercury  bioconcentration.  Ecotoxicology
and Environmental Safety. 2018; 164: 155-63.

111.MirandaT, VieiraLR, Guilhermino L. Neurotoxicity,
behavior, and lethal effects of cadmium, microplastics,
and their mixtures on Pomatoschistus microps juveniles
from two wild populations exposed under laboratory
conditions—implications to environmental and human
risk assessment. International Journal of Environmental
Research and Public Health. 2019; 16(16): 2857.

112. Mattsson K, Johnson EV, Malmendal A,
Linse S, Hansson L-A, Cedervall T. Brain damage
and behavioural disorders in fish induced by
plastic nanoparticles delivered through the food
chain. Scientific Reports. 2017; 7(1): 11452.

113. Chen Q, Gundlach M, Yang S, Jiang J, Velki
M, Yin D, et al. Quantitative investigation of the
mechanisms of microplastics and nanoplastics
toward zebrafish larvae locomotor activity. Science
of The Total Environment. 2017; 584-585: 1022-31.

114. Ding J, Huang Y, Liu S, Zhang S, Zou H,
Wang Z, et al. Toxicological effects of nano-
and micro-polystyrene plastics on red tilapia: are
larger plastic particles more harmless? Journal
of hazardous materials. 2020; 396: 122693.


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-31 ]

[ DOI: 10.61186/shefa.12.4.97 ]

VFY 50l oyl ojlons qeailes 0,90

“0 e d
M
115. Ding J, Zhang S, Razanajatovo RM, Zou H,
Zhu W. Accumulation, tissue distribution, and
biochemical effects of polystyrene microplastics

in the freshwater fish red tilapia (Oreochromis
niloticus). Environmental pollution. 2018; 238: 1-9.

116. Geiser M, Rothen-Rutishauser B, Kapp N, Schiirch
S, Kreyling W, Schulz H, et al. Ultrafine particles cross
cellular membranes by nonphagocytic mechanisms
in lungs and in cultured cells. Environmental
health  perspectives.  2005;  113(11):  1555-60.

117. Sékmen TO, Sulukan E, Tiirkoglu M, Baran A,
Ozkaraca M, Ceyhun SB. Polystyrene nanoplastics
(20 nm) are able to bioaccumulate and cause oxidative
DNA damages in the brain tissue of zebrafish embryo
(Danio rerio). Neurotoxicology. 2020; 77: 51-9.

118. Pitt JA, Kozal JS, Jayasundara N, Massarsky
A, Trevisan R, Geitner N, et al. Uptake,

tissue distribution, and toxicity of polystyrene
nanoparticles in  developing zebrafish (Danio
rerio). Aquatic Toxicology. 2018; 194: 185-94.

119. Skjolding LM, Asmonaité G, Jelck RI, Andresen
TL, Selck H, Baun A, et al. An assessment of the
importance of exposure routes to the uptake and
internal localisation of fluorescent nanoparticles
in zebrafish (Danio rerio), using light sheet
microscopy. Nanotoxicology. 2017; 11(3): 351-9.

120. Liu X, Zhao Y, Dou J, Hou Q, Cheng J, Jiang
X. Bioeffects of inhaled nanoplastics on neurons and
alteration of animal behaviors through deposition
in the brain. Nano Letters. 2022; 22(3): 1091-9.

121. Yang ZS, Bai YL, Jin CH, Jun N, Zhang R,
Yuan G, et al. Evidence on Invasion of Blood,
Adipose Tissues, Nervous System and Reproductive
System of Mice After a Single Oral Exposure:
Nanoplastics versus Microplastics. Biomedical and
Environmental Sciences. 2022; 35(11): 1025-37.

122. Liu Q, Chen C, Li M, Ke J, Huang Y, Bian Y, et al.
Neurodevelopmental toxicity of polystyrene nanoplastics
in Caenorhabditis elegans and the regulating effect of
presenilin. ACS Omega Journal. 2020; 5(51): 33170-7.

123. Tlili S, Jemai D, Brinis S, Regaya 1. Microplastics
mixture exposure at environmentally relevant conditions
induce oxidative stress and neurotoxicity in the wedge
clam Donax trunculus. Chemosphere. 2020; 258: 127344,

124. Theanacho SC, Odo GE. Neurotoxicity,
oxidative stress biomarkers and haematological
responses in African catfish (Clarias gariepinus)
exposed to polyvinyl chloride microparticles.
Comparative Biochemistry and Physiology Part C:
Toxicology & Pharmacology. 2020; 232: 108741.


http://dx.doi.org/10.61186/shefa.12.4.97
https://shefayekhatam.ir/article-1-2533-fa.html
http://www.tcpdf.org

