[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

) el Ao
VEN Q\;’....aj ¥ oJLQ.i N 69

b= ISSN 2717-0632 (55 2SIV ISSN 2716-9804

. g - (. & B
SLLS LSS g S SIS S 2 2 09
S 4l ¢
Y (e e )
MNP S 5 e S Sl
[)lﬂl s)‘j...:: hl.<.f.;1> g;.»L.J: S u:v>u ‘)Lpt..w\—\
Ol Gl oy wlid gy (il ) ol )8 (g gmiils =Y
javadkarimi@shirazu.ac.ir
\\‘~Y/~Y‘/W’ u:vﬁu\.j @)U NYe /e AYY &:».3@‘)3 @)U

V=Y aen

ol

ety S G b 5 Al ol DLl Gisie slacsslan Oloys 53 oS s 5T 51 0350505 eslinl
SLSL G 5 St Vb )80l il I 53 5 eglis salial el 03,8 sl g e
Lo s 5 dosn 40 L0 Ly ol en, S sl 1 5 (S lagioa 81 51530 a3 5 5T
Laol Loy 5 ol LS slaatyy & St 5 Of Go b 5l b 5ba e Ol d b 5 adsl o) 50
st Dl S g ST as e (1A ) (655LS SV same A5 5 elS 5 Shae b 5 K53 e ol
oS Sl 5 500l (0555 e e S| o e ¢ kS G g8 o 51 ALS sladT S s,
Ll 5 e S el (05T Jled 5laks ) ROS ) 55 0lalS eSS o 21 LT 2 5l S S e sl
ol 5 0LS > S o3le S & e S e OT L 15 olS S| ST Glagtens ST 5 AL o
bsl ol oo S51olS Sk Sltl 5 Lad s 505 Sbo s ool 5 (oLt laded 005 AaST 355 00 0T &
ol

ol (0 5nST Il slads 5 (e OlenST 5T (S g 5T 1 g S b3l


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

"\f'\ C}t.w.dj ¥ GJL«‘:

Chl g S Sl LSS 5 S
2 LSl Hb b Ko sl s s
ol gl s Lol 51w, o eslizal 5 olalS
Sl el 218 Gble 1 ol o
Sl eslasl e gde (Ghimpeteanu et al. 2022)
Sl sl sl iy, Olyen LSS 5 5
Lol Sl sliwl (law IS 5 K0
oslaal RS &5 gl s (a\s Sl Olgea
Sl Ly S sl b s Jee ol 54
5 v b T 5l eslizal S 5 ol
sl Olgzr il 55 Jle 53 o5 Sle ek

.(Van et al. 2020) ..l

LS ol e golasl ol 4 S|

L3 Jbs Sh glagasl Olyes
- Uy oy e el Lol s eslaxad cel
Slr sl ol ol S5, sl
sy B 53 s LSl BT chle
Ol e .(Dutta et al. 2019) sl
UPe 3 r)‘.)\.a o3 S LIS Wlesls olis
N a5 LSS 50 o1 oS glachle
polis Slas,SL ol 4 e Llg o oIS
Gade OIS 5 sss Ol 5 bl s
ol (wzmen (Kyuchukova 2020) S sl
oslitel NV pams LT Gl S b
s s S Sadl g Ll opd
S A a8 S oblS s b sl
Wl e sk e sl o 4 LSSy

5 Dl oS s (gl Ol b g

NO 69 ‘d:“"‘lJ d;‘°‘-| 41;5.0"

oo

o35S b Sl b il

5w Dbl s Sisie S oSS Sl
S e el 333 e eslinal OLELE, s g
oy Jamme 53 S s T 51 ol 5 A
S ICHS K LR P PP IO
(Gangar and Patra 2023) cowl oad LO1
5355 Gk 5l adsl Sose 4 a8 LS g A
sems ssba (Lsdipo s lame 5o )0l
03 31 Ol (opizman L pd o o3linal 555 Olses
oslizal Y pame ol gl LSS50 ST @
BEZEVIRE p\,u ssba OLLS e s sl e
S s NS e U S ST slbckle
Mohan et ) 5 S Laly= Cde |, La&;}ﬁdﬂ
a5y 51 51 YL b slaclale (al. 2023
wlelid sy ol 5 b ST S
Liy s olela, s Sl Ll
Sl o e Olnbed ol 5 LSS 40 ol
R R R
podle LSS, ol (Bilal et al. 2020)
ssba (Sll glaciste Olys 5y Ol s
W s oK e Sl sl 00
Lgd o 2555 sk 5 8l cr‘b @t..p 43 A
2 edsilie Doy Aoy A0 Ul Ras g

.(Robles-Jimenez et al. 2021) 5 4.5 .o

spam s LSS Bl Sl G

G SIS camy b sy S s T

Olsme 3550 53 .l 63,50 Sy ly 6‘°-"-'%T)'5


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

LS S ST S S o B s S

oty 659 S a e L S S
b S s 51ty e 5 ol 5y S
shazel 5 sdes Hsba LS glacil &b
R U I T TR B R P
LIS o U G &S dae Ll
2 glerd oS5 Al S G edle
SLdsSse S sy sba 3,08 o U 0T pass
algy oo b ol la s 4 B S50
S s Npde mis Spo e s
e chle Lol Ll Sl slad 5S35
Dodgen et al. ) dwas Olis oS claais, o

(2015

L alS ciloe gbacsl Sl 5 o5y

@5 n P bt sl Shs
S o U ol b s S
s Sahnl gl o e sl
L bl Sl T s e 0d S
Jie ol Cwnd 4wl 5l S 1) ke
Lol Ll Lol 15 S spdse (Lsd e
S sl sy e sl hus
om0 LS B mis L 2w
S0 sl s 5 oS il 6Lmr\,ul
hooel e oS G3dmis n 0Ll Sl L
ahay 5> Sosmal sbl e Jle Olpe
Lok Sle st s o1y 0Ld e O 3 Ll e
Lol oo b sm 51 e opl L5 Jl oyl
S g 53 5 dedl axdls SN ady, A3,

bopm &1 ol s Clr gl oblS
L;“:\JJ« oﬂeu.)' b)‘_} 9 ol A_‘EJ&A Qb‘j:}
Chen et al. 2020; Gunathilaka et al. ) &35 .

(2023

Gidnrd Slmis 5 Ol OLLS s, s

NVgams L) LSS50 o1 51 20 alS
Cob LB LS ale g Sl Jols
Lasms 51 oo VT Gl gl aai S 51 = 5
S 2 e Sl s e ((oVLelS)
e 53 S pemen 5
ssdee 1y VLS LUy glas! ol
Aol slael, 5l S ey by Ol S
VS s oS el DL LS s ST 550
bles sens jsba LSS50 STl Lasis
Lgd aslsl el s g iy slde 5o L)l
03,50 S gl sl slaplhl ey, 1
ReT .(Rocha et al. 2021) tzes SL= 5l 5l
Gl b e S ol Ll s
il S ST st pes
WS o e oS e bl
Olsear Sl S5 a0 aleed sba Shs
b S ke oS ol pa oLS Jle
32 o0l ol Chls s &S Sl Sl S
31 .(Azanu et al. 2016) LS o oo,y AL
sba DLLS s b T peas K3 S b
ls (Sae o olS 52 s Sy 4 e


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journalofbiosafety.ir on 2026-07-11 ]

”\*'\ C)L:MJ' ¥ GJLQ.:' NO 092 c;;':.m-.a_j ;é’“‘.’.‘ AJP'U"

sl oS SSdnd 2 L bt S
555 MARL BU 05 doy e b 4 .S
P T B O F CRR e
Conte ) &S o J xS |, Arabidopsis thaliana

.(and Lloyd 2011

sleplil s olasl il b b 5 g
Panand Chu ) 555 Sew Je a5 iy,

& el s .(2017; Rocha et al. 2021

A sbdbe s LSS ST Jske0s)s

Human nutrition =

Feeding animals -

Absarbed
by plants
Animal waste

Adsorbed on clay Adsorted 1o i

minerals or soll organic matter e tian
mq-iu:idﬂ. % -
R ——
- metabolites [ .
Hun-ofl Leaching

\\ Adqquatic environment —/

(Rocha et al. 2021) Sk 5 o1 (sbapieem 551 5 S5 (BT 13 51 ol —Y S

Loddy 5as V0 5l e eSOl Sbess
AL edalive oS ladly 5o udSSLul 5 0s 58
.(Rydzynski et al. 2019)
5 e St S BT s ol
Sl 5 03,8 Colam by IS sy AT 3
J=25 5 s 50 5l s el Jalsl, dd s S
N laclile s Ll a S 5,5, 1s
23 sy BB S 6 w5 e S o
e e gih o33l JalS 5 by IS chls

.(Krupka et al. 2022) &L 4%

g
ch )LI‘._"'"J. 6l_hcﬁ.b.l.9 ).) C,\_w\ L}_L\.ﬁ
Ll sl axsls e 31 alys o bS5 1
J—” LSJ:"—““’}'U ol.<1_wbj_3 J—");J‘ J.:j..:: Wl
Tomar et al. ) Aas JalS |, s aslis
23 e bl S S lsee (2019
Syl b S BT S L))

J_:.Bj)lsj’;_.wjt_é.é ‘u:*-iL"‘JT &.}_ BL NG


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

LS S ST S S o B s S

o o35 o ) B8 oSS 4 e &S S
pdosmy At 0 5L b IS 4 et e s
SIS e STy ol ool Ay s
el b e iy 6 35 IS slacd 50
o U5t AL 555 gl e 3 S
SV s h e ol alg
Sy 5 08 Jds IS sl Ul @ o, 5
.(Hortensteiner and Krautler 2011) < —.|
IS g B S 5 s
SR N R U O JUMIRER P
o=l e S e e b e
L w58 Ol A3l adls 5105 baal s
LS anb Ad) a5 5 dad e RS
JLasl s Sl (Jle @l 3,08 e sl
Jlns Gl sS Al 4 e o S0l s
sy o slduSl el s ROS O3S
.(Sharma et al. 2012)
O 58 Ko Naldx) Koo ol 3550 3
in vivo sin vitro L;udziuﬂ (edslyss o
SLaE o 53 35,5505 4 alesls Ol
S sdoms o e OT b gl L35S
UG 54 o 03T A5 5 r 5 0
Ay oo B LSS glalis s 0
W15 oo Naldx |3 ool a3 S 51 3 Sboss
I STy 58 e 53 058 56 JLasl Jows o

(Tomar et al. 2019) 5 435 |z

oSt e Al e S T e
2 DL s 4 5058 by IS 55 HhOr
o 05 0L (Sesbos gl 5 PSIT
el il (55 sy 0 STl e el
ALS slad w55 050 duS1 s
oo Sl Bl 4 e Sl S
JU s ol 4 el a0 58 DT (55
Ol 4o Hill [2aSTy jlgs 3PS I & oS
Kaciene ) >33 &AU.J&J chle 4ang YL
.(et al. 2024; Krupka et al. 2022

3 p5 LOlss 355 5 Arabidopsis. thaliana >
S o 4S W}JT ols olis |, (DNA gyraze)
L b s ol S o LIS Lols> mobe
FE U IYCP IO R SUN IS RO | PR
Lolgs iSS anl b aS Wy s el IS
asS e Slee 1 (Lol es oo b ssledilen)
Nicotana SU:s ;Las (Krupka et al. 2022)
Losles loles & o s &1 L tabacum
() S 09 528) s o 513 ok
Heinhorst et ) i olS A g5 40 slge 4 e
.(al. 1985

Jbezm SIPAO pL s by S g 55 s
BRI CEyU U PURNCIU I W25 WS W PV EE
N5 5 dsd 0ad i (Jdo IS g 5
(Sl gz ol B S Lo 5 35 IS

i O Sl Gy s e ol LS, IS


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

RAR Z) Ol ¥ o kel VO 6,90 s ) d""“i‘ 41;5.0"

O ) Sl gla,las sLall Ly oS el
V) Sl 5 ST s G 3 o S e
S s s i D e S S
wlie (s oo Shals &5 ObLS s ) sy
5 b g s edala 3, Shes
B3 o L Gl B pSh A e
Lol 3l anils 5105 cowdlos IS 5 (S s
o3> ials 351, olS Slaest ol e b1 als
35b et silenSl o] 5 ROS moms 4 j2wis
Ans o SalS 1 o lS (gpmn b oLl oS

.(Gomes et al. 2020)

TETRACYCLINE

23 3 Sy O3 S 5 S DS el

D_ij,if; Y/ s VY o me 53 b Olals
S e dle cdd edalise Wl S Gl g
N e RSN BC NEPJIRY
Ol et a Gl S Sy o Jles
Dl (Il sl Al by e S LT 5555
o elaS Gli g e L )3 OLalS
JLasl S ad S8 S gdisl Slmrws
et Ll s 4 | (6 st 55 DY g
1ol S s T gl il oo S 55l

sl o303 OLES L a5LIA LU e s Al e

| chlorophylase

pheophytin a
|

chelating molecules

chlorophylla =/

chlorophyllide a

pheophorbide a o s

|

red chlorophyll RCC

catabolites

I "

fluorescent
ehloraphyll catabolites FCC

|

nenfl
cnirpnyt casbores NC C

(Krupka et al. 2022) - ISGlal s ezl 31 foee 5 Jd o IS g 50 e =Y K3

J_<3: slabln 5 o, bt ol
JUBl o i3 3 Shes 5 s mie (2L, S 5o
s Sl U e 1 (S e 05 Sl
‘Q_.L"LA)'T ;> .(Suarez-Rivero et al. 2023)

LIV el 5 I I oShaS o dSLl 5 S|

-
(o lo ST Al a5 T

Sl 5 (ST s LS S
N U s s ssba | b5 S o

Odos s e Lol 55 ge La&.:.?}.fv:J Aas e


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

LS S ST S S o B s S

et il glacdles 5 oesls 515 sb cou
San 50 ol s alS 1y 035 wds
L NADPH ; ATP aJs ials 5,k 5l el
5 bl S e s i 5 bl w5
.(Lea and Ireland, 1999) 5 3& sbel el S

Sl b b 5l ol S8 N Gl
I e Rt e G A
Ol a Sl gl sl 65 5 glaa e
Shanb il ops ol olals T ols s
S s S e, Sl e Sl dlesl b
bl als f):iy’] G 9 S a5 s,
o L dssse 50 o i Ol s sl
w55 5SS L it 5l Juol> NADH
Loy 5 S 55 p i gl s oy 2 oL
(aley @b 53) badnadly 53 b G lazily)
b o b5 i 4 FDX s NADPH a5 L
ssban el ot 4 p g sal (S5 Sl ey
Sl LGS 5 sl el S 5 b Sl edes
S5 ) SlabslS 5 el flS 5 550 00 5505
(Rocha et al. 2021) da>

S g e DN ST SLSLT (s s
S — (—d s D__fd@wo L3 +/VO)
L o by G ) VT ol b
(=S 4o slew| Anabaena azollae s ;S 4l
OB L O3 5 S e sl D3 1 (Sl

.Jjj‘)b\/dilijl_;‘;}f.:.;) S sip glac Ilas

S i sdalie (Il cpl b oesls L3 sbess
S LSl 0 s 1 sl s
(Guerra et al. 2016) <3 5
YO L5 0) SOl STs ol 5 yba
S ran 5 JB b G e 53 85 S
s 3ls fal s 1, 4. thaliana kw5 O35S
Bl Eals 1 oLS aid; 5 oIS s 3 Shes
S Cdlse (oS e slas Slas L S
s Saldsl 0T 1,03 S o sloml OLaLS (ol
slacdld ¢l - ATP W L (oo 5 bLS
oals .(Moullan et al. 2015) .2 ,ls o.‘)l_w
Lol o 0LalS )3 5 S ROS xS
sLonl Gl 48 (ol ol sdaline K o ol
S Sl s b e 55008 s ETC s I
ROS 75k J 8 s R S s
03,5 pad A3l 55 a5 50 OT cdile o oIS

(ﬂ.l e 6[_@"’ “.,4_..}15\)_._.,.5" \g.,\.._,..:._ T}

Al Jw sl le s 5 6,08 s
b el imad 5 sk sLis 5 L SO
Rocha et al. ) A S sl SalS 6 clanal
(2021
O39 5 ! g2lio

L OLaLS amw 5 5 Ay Ll oo 05555 3 50aS
ke e 511 03558 ObLS LS 5 5o
A8 e e el s ol b

|5 055 e palie A5 0 Ln K55 51


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journalofbiosafety.ir on 2026-07-11 ]

"y Ol ¥ o kel VO 6,90 Csm ) &.«3‘ 4.1.75.0"

4y 55 ol jen NADPH 5 ATP 505 o 2o
e e La S 8T JH10 5l
A CUR I Rt SRR R NS PRNE PRR

.(Rocha et al. 2021) ¢l sualis J{LE

JS cble fals 4 e 5055 a0 e Jals
g_,_]a.l&" 3 J:.MS S LA el.:f Q)\ 9 rﬁyi
L oad Hlag 0LalS L3 el slS 5 Ll ,I8

L el as cass sdaliie o uloS Jliy o

(Rocha et al. 2021) OLLS ;5 035 %0 ped ey kS = s gt S Glb s e ST Jse

Teotia ) 54 = L;\.x.:_.msld:ﬂ S et 05l
JXJJM 6[.%.:,.,1,.,4 ASJAK.'..A .(and Singh, 2014
Lix HROS 50 5 W5 e doles Al
L B e e 55IST RS S
Barzilai and Yamamoto, ) 335 . 1.0l s> 5
(2004
o S s OLLS wi sdalise (glasdlas 53
O00) GOl 5 o e 53 55, VY Ol
05 A5 SRl iz S 13 Gl s p S s
Aol QLS 1) 05 s s ST 5 ATy 5
SOD 2o plag sl el Laol 55 s S
Siall s Bl il 8 5lST 5 CAT
S a b eaalie A ST g5 Ol e ble

el s il e O sl dnST o sias OLAS

9251l 92000
G50 OLalS aan (gl g 5 iS
= S35 A Gl s ) ST e
Saed-Moucheshi et ) 1S o 4J 5 o ROS
b iS5 ROS U5 a4 5 L (al. 2014
=l em S Gl 1 SISt ST sl e
a5 sl Gl sen i 5 Lad iS50
S oLalS s SlanS| 5T sla e Lilesls
5 GPX (APX (CAT SOD sl o551 ¢lis
5 Sl Sl sl a5 8 plbs s
ROS 1y posdle .Conl ol |25 0,550 I8
03 Ll e ROS w g« cab iy Lol 5 s
Sl ets am e 4S5 A0k Gl i Ll s

ST 5 bIsSse (ol ks LG )


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

LS S ST S S o B s S

Wi s Ylanml 5 sl sla S
.(Pan and Chu 2016)
L oolel Gk 5l e o o8 oK
il o 51 OLalS s S syl I ass S
A S o O e S s (ST 5 e 2
L ol ¥ smmms Lok ol sl bl
Srebly Olgean 1) Sialsr Ol ol A
Sl b 2 slse sl e A L5 )
(Hillis et al. 2011) Jlas § La3 js  Sjal s
S s B s Sl sl al 5,5 o
s Ampicilin Ciprofloxacin Ofloxacin [Levo
JESVINICA IR pfalwa Vo cLle L Amoxicilin
OLd Sl dw s 3 g s JJ.LS oS
O A S b 5 e 20T ey 51
<l 51 .(Mukhtar et al. 2020) sls LS 1, LalS
s s LL 5L S3alr S se
Sl S5 ol e S e sl Ly
ol mede AL b e Siale glaanl
4S Cwl ROS. ol me ol pdiS se s
s cdiaen g 54l LT3 db )3 03sa
o S e Sl S a5 g Ol e
5 Sl Aol L le ALS sLalise,sn
3 ode Ol JES S S s es e
S ROS cble 15l yls 28 Sl
sdalie Sl adsl J>l e 55 Jgpene jsba

ﬂu}ul‘)}&“&.& o}ijﬁt_z \)—i) LJ)..:‘jA

CLalS ol el slacdle (550 o2 e
3l sleSt T ) S s
i sl 4 e sl (pI ROS e 2153
.(Rocha et al. 2021) 4
L LT WA P USRI - PR R
ke S 501 U Spirodela polirhiza s 31 oS
NCIEE ) U S DN RIS IS T S AN WP
s APX 5 CAT SOD o 5l gL _acJle
Wei ) Ll i)l alS Coen e (pizman

(et al. 2023

ol yl il g Jidle>
S 5 Ay i 1S e LS e ]
Sl b g ST 51 5 LIS ST olalS
g op ads sy S50 (e e 5 4l A
B L R
OLalS 5l = 5 5 s sbl Jale slalic
P 5 S5 (B 358 Ll 5 e 5l i
iy Lac s ST das ol o3l 5 s
iy b Dl ol LS Ty e s &l
Sl e S eSS s T clile U
Sk b Gob 5 b 8T 358 Jtals
el a3 els Jlesl o Sl 55 Leasls
s bdl Gl b S e clable Wd S 5
e o3 Sl b s pdd sl s Dl

i diee glad S0 Lo ataly 55 5 laas S


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

"\f'\ C}t.w.dj uf GJL«‘:’ N0 693 ‘L;;'“:J. d:«wj 41?5.6"

sl Glme 58 e A LB Glagml

5 Db s 3 ity 8l s Y
ol Slas Shacul 35 Sl Jsb
(Rajjou et al. 2012) 3535 so >9d e 3525
L1 oo Aol o) oo dile LSS 50 T 51 & 0
wioy dsb Bl s S L ) SV
Narciso et al. ) 3,135 Lo 5U amalS ) aul 5
(2023
5 s (s e Sl OV sl B
Laasly 5o OV 58 (gl ool (55,0 1O (6o
53 iy Jab Silssl 5l aS col age ile
Tjong et ) 4SS o Colem adsl s, 0,95 Jsb
S5 as s esls olas byl s .(al. 2022
;L:Jﬁd:j P e 5 b glaals 18, S
23 5 g8 el e LS e
o) b 5 s e oA s

S ge O Al J__axl

A A (G A

Gomes et al. ) 555 » ROS | Sis 21580 4

(2020

S 5 4o
s (038! Jles slaas 5) ROS W 55
5 olS 53 Camn e Sy n e S S
Sy d anlllas ol 53 508 QT@WT

LS o e | e LS Gl 5L 3, e 55
.(Bailly 2019)

Sl s Sl o cble e lus
sho e 0o HoOn 181 4 i (6508 g
S o e 5 S50 o 3 5 el
93 b8 g s S pomn Sl S ol pl
o=l s s Wl e s e Sl
sLS ;5 .(Rocha et al. 2021) 1iL H20r cble
S 5 slg i Ricciocarpus  natans
el el S Olpea o el S el
Hz0z » Ll el 5 A8 o Jas (5508 e
s u,':;“l.aﬂ »s (Gomes et al. 2018) 545 .o
Sialer Ll Sl SGLl B IS S s 3
sl Eely S s ST ol A2 S glasils
335 Slheas wl 6uﬁ)~j ol ys 5555
glachle 51 518 ROS poand 4y e il
A e T L L i
Cheong et al. ) c—sls o) J,gb el
.(2020

,;@)ujé\ﬂwdﬂl)pyﬁ;é
Gl asls OV g3 gl s cazealS Sl il J b
Rebeille et) el 5,55 2 LQJJMM Slpas
O5enSl Glads S W 5 Ay o b 4 .(al. 2006
eslie il e onl wlal 2te (ROS) Jlad
G s (S o ol 4xiLSI ROS 1 oS

e 4SS e Il 1 Ik as LS


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

LS S ST S S o B s S

b asdeanl s Jsde Gl lp Sl 3 551 meST e e (055580 e e (et
b@uﬂ)bdb‘)}uﬁlﬁuwbx\}:wf‘ GJLAZ_AA‘.,\_.;))JAQLS)‘JALW‘))JJ Lf)M\j}
J}.\ZO_;UJJ.,\i.,\;-Qm‘)ijLA@)A} c:ah_.th.ﬁc\_gu.@zj__:u.ng,._.w)JU

LS ialS e Ll e WSS ol

References &bo S yg8

Azanu D, Mortey C, Darko G, Weisser JJ, Styrishave B, Abaidoo RC. 2016. Uptake of antibiotics
from irrigation water by plants. Chemosphere. 157: 107-114.

Bailly C. 2019. The signalling role of ROS in the regulation of seed germination and dormancy.
Biochemical Journal. 476 (20): 3019-3032.

Barzilai A and Yamamoto K-I. 2004. DNA damage responses to oxidative stress. DNA repair. 3(8-9):
1109-1115.

Bilal M, Mehmood S, Rasheed T, Iqgbal HM. 2020. Antibiotics traces in the aquatic environment:
persistence and adverse environmental impact. Current Opinion in Environmental Science & Health. 13:
68-74.

Chen J, Sun R, Pan C, Sun Y, Mai B, Li QX. 2020. Antibiotics and food safety in aquaculture. Journal
of Agricultural and Food Chemistry. 68(43): 11908-11919.

Cheong MS, Yoon Y-E, Kim JW, Hong YK, Kim SC, Lee YB. 2020. Chlortetracycline inhibits seed
germination and seedling growth in Brassica campestris by disrupting H,O, signaling. Applied Biological
Chemistry. 63: 1-8.

Conte SS, Lloyd AM. 2011. Exploring multiple drug and herbicide resistance in plants—Spotlight on
transporter proteins. Plant science. 180(2): 196-203.

Dodgen LK, Ueda A, Wu X, Parker DR, Gan J. 2015. Effect of transpiration on plant accumulation
and translocation of PPCP/EDCs. Environmental Pollution. 198: 144-153.

Dutta T, Yadav S, Chatterjee A. 2019. Antibiotics as feed additives for livestock: Human health
concerns. Indian J. Anim. Health. 58(2): 121-136.

Gangar T and Patra S. 2023. Antibiotic persistence and its impact on the environment. 3 Biotech.
13(12): 401.

Ghimpeteanu OM, Pogurschi, EN, Popa, DC, Dragomir, N, Driagotoiu, T, Mihai, ODPetcu, CD.
2022. Antibiotic use in livestock and residues in food—A public health threat: A review. Foods, 11(10),
1430.

Gomes MP, de Brito JCM, Bicalho EM, Silva JG, de Fatima Gomides M, Garcia QS, Figueredo
CC. 2018. Ciprofloxacin vs. temperature: Antibiotic toxicity in the free-floating liverwort Ricciocarpus
natans from a climate change perspective. Chemosphere. 202: 410-419.

AR


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

"\f'\ bt«wﬂj uf GJL«‘:’ N0 693 s;;.m.}_j d;».;‘ 41?5.6"

Gomes MP, Rocha DC, de Brito JCM, Tavares DS, Marques RZ, Soffiatti P, Sant’ Anna-Santos BF.
2020. Emerging contaminants in water used for maize irrigation: Economic and food safety losses
associated with ciprofloxacin and glyphosate. Ecotoxicology and Environmental Safety. 196: 110549.

Guerra W, Silva-Caldeira PP, Terenzi H, Pereira-Maia EC. 2016. Impact of metal coordination on
the antibiotic and non-antibiotic activities of tetracycline-based drugs. Coordination Chemistry Reviews.
327: 188-199.

Gunathilaka ML, Bao S, Liu X, Li Y, Pan Y. 2023. Antibiotic pollution of planktonic ecosystems: a
review focused on community analysis and the causal chain linking individual-and community-level
responses. Environmental Science & Technology. 57(3): 1199-1213.

Heinhorst S, Cannon G, Weissbach A. 1985. Chloroplast DNA synthesis during the cell cycle in
cultured cells of Nicotiana tabacum: inhibition by nalidixic acid and hydroxyurea. Archives of
Biochemistry and Biophysics. 239(2): 475-479.

Hillis DG, Fletcher J, Solomon KR, Sibley PK. 2011. Effects of ten antibiotics on seed germination and
root elongation in three plant species. Archives of environmental contamination and toxicology. 60: 220-
232.

Hortensteiner S and Krautler B. 2011. Chlorophyll breakdown in higher plants. Biochimica et
Biophysica Acta (BBA)-Bioenergetics. 1807(8): 977-988.

Kaciene G, Diksaityte A, Januskaitiene I, Miskelyte D, Sujetoviené G, Dagiliuité R, Zaltauskaiteé J.
2024. Veterinary antibiotics differ in phytotoxicity on oilseed rape grown over a wide range of
concentrations. Chemosphere. 141977,

Krupka M, Piotrowicz-Cieslak Al, Michalczyk DJ. 2022. Effects of antibiotics on the photosynthetic
apparatus of plants. Journal of Plant Interactions. 17(1): 96-104.

Kyuchukova R. 2020. Antibiotic residues and human health hazard-review. Bulgarian Journal of
Agricultural Science. 26(3).

Lea PJ and Ireland RJ. 1999. Nitrogen metabolism in higher plants. Plant amino acids: biochemistry
and biotechnology. 1.

Mohan A, Bashir S, Mohan A, Kumar D, Kaur N. 2023. Occurrence and fate of antibiotics in manure.
In Manure Technology and Sustainable Development (pp. 321-339). Springer.

Moullan N, Mouchiroud L, Wang X, Ryu D, Williams EG, Mottis A, Jovaisaite V, Frochaux MV,
Quiros PM, Deplancke B. 2015. Tetracyclines disturb mitochondrial function across eukaryotic models:
a call for caution in biomedical research. Cell reports. 10(10): 1681-1691.

Mukhtar A, Manzoor M, Gul I, Zafar R, Jamil HI, Niazi AK, Ali MA, Park TJ, Arshad M. 2020.
Phytotoxicity of different antibiotics to rice and stress alleviation upon application of organic
amendments. Chemosphere. 258: 127353.

Narciso A, Barra Caracciolo A, De Carolis C. 2023. Overview of Direct and Indirect Effects of
Antibiotics on Terrestrial Organisms. Antibiotics. 12(9): 1471.

Pan M and Chu L. 2016. Phytotoxicity of veterinary antibiotics to seed germination and root elongation
of crops. Ecotoxicology and Environmental Safety. 126: 228-237.

Pan M and Chu L. 2017. Fate of antibiotics in soil and their uptake by edible crops. Science of the Total
Environment. 599: 500-512.

Rajjou L, Duval M, Gallardo K, Catusse J, Bally J, Job C, Job D. 2012. Seed germination and vigor.
Annual Review of Plant Biology. 63: 507-533.

Rebeille F, Ravanel S, Jabrin S, Douce R, Storozhenko S, Van Der Straeten D. 2006. Folates in
plants: biosynthesis, distribution, and enhancement. Physiologia Plantarum. 126(3): 330-342.

Robles-Jimenez LE, Aranda-Aguirre E, Castelan-Ortega OA, Shettino-Bermudez BS, Ortiz-Salinas
R, Miranda M, Li X, Angeles-Hernandez JC, Vargas-Bello-Pérez E, Gonzalez-Ronquillo M. 2021.

'Y


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

LS S ST S S o B s S

Worldwide traceability of antibiotic residues from livestock in wastewater and soil: A systematic review.
Animals. 12(1): 60.

Rocha DC, da Silva Rocha C, Tavares DS, de Morais Calado SL, Gomes MP. 2021. Veterinary
antibiotics and plant physiology: An overview. Science of The Total Environment. 767: 144902.

Rydzynski D, Piotrowicz-Cieslak A, Grajek H, Michalczyk D. 2019. Chlorophyll degradation by
tetracycline and cadmium in spinach (Spinacia oleracea L.) leaves. International Journal of
Environmental Science and Technology. 16: 6301-6314.

Saed-Moucheshi A, Shekoofa A, Pessarakli M. 2014. Reactive oxygen species (ROS) generation and
detoxifying in plants. Journal of Plant Nutrition. 37(10): 1573-1585.

Sharma P, Jha AB, Dubey RS, Pessarakli M. 2012. Reactive oxygen species, oxidative damage, and
antioxidative defense mechanism in plants under stressful conditions. Journal of Botany. 2012 (1).

Suarez-Rivero JM, L(')'pez-Pérez J, Muela-Zarzuela I, Pastor-Maldonado C, Cilleros-Holgado P,
Gomez-Fernandez D, Alvarez-Cérdoba M, Munuera-Cabeza M, Talaveréon-Rey M, Povea-Cabello
S. 2023. Neurodegeneration, mitochondria, and antibiotics. Metabolites. 13(3): 416.

Teotia S and Singh D. 2014. Oxidative stress in plants and its management. Approaches to plant stress
and their management. 227-253.

Tjong E, Dimri M, Mohiuddin SS. 2022. Biochemistry, tetrahydrofolate. In StatPearls [Internet].
StatPearls Publishing.

Tomar RS, Singh B, Jajoo A. 2019. Effects of organic pollutants on photosynthesis. Photosynthesis,
productivity and environmental stress. 1-26.

Van TTH, Yidana Z, Smooker PM, Coloe PJ. 2020. Antibiotic use in food animals worldwide, with a
focus on Africa: Pluses and minuses. Journal of Global Antimicrobial Resistance. 20: 170-177.

Wei H, Tang M, Xu X. 2023. Mechanism and influence factors of plant uptake, accumulation, transport,
metabolism pathways of pharmaceuticals and personal care products and their phytotoxicity: A review.
Science of the Total Environment. 164413.

'Y


https://journalofbiosafety.ir/article-1-485-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-11]

"\f'\ C}t.w.dj uf GJL«‘:’ N0 693 s;;.m.}_j d:«wj 41?5.6"

A Review of Some Effects of Antibiotics on Plants

Javad Karimi'* and Zeinab Jeihooni Nezhad?

1- Assistant Professor, Department of Biology, School of Science, Shiraz University, Shiraz, Iran.
2- MSc. Student, Department of Biology, School of Science, Shiraz University, Shiraz, Iran.

javadkarimi@shirazu.ac.ir
Abstract

The increasing use of antibiotics in the treatment of infectious diseases in humans, animals, fish, and
poultry has raised serious environmental concerns. The continuous and growing use, long-term
persistence, and inadequate removal of antibiotics have had impacts on soil and water ecosystems.
Approximately 50 to 90 percent of antibiotics and their metabolites are excreted initially, and these
substances naturally reach the roots of plants through water and soil, where they are absorbed by plants
and reduce their performance and agricultural productivity. Moreover, these substances may also have
harmful effects on humans. Antibiotics exert their effects on plant processes such as photosynthesis,
respiration, oxidative metabolism, nitrogen metabolism, germination, and plant establishment. One of the
consequences and effects of antibiotics on plants is the production of reactive oxygen species (ROS),
which can be toxic. If plant antioxidant systems fail to counteract them, it can lead to toxic symptoms and
damage to the plant. Oxidation of membrane lipids and damage to macromolecules and plant cell
structures are among these damages.
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