(oke) aalilad

\l
1\ AY=8Y . 0 1Y 5l oF o)loud camo 3l Jlo

/, \
"M ,lu.?
Jt—‘dw wls

JICQ1) Hlao 9 Adgighl (I S Ol sm LSl caly » (K915 9 K 5l
(Hyoscyamus niger L.) gty obs™ sbew ydils s DPPH

' canSo 00il " yg9 cyme dod T golie ibuan < il pl Lo yule (6 ol (yboas y99 4

U‘)"' ‘U‘)‘éf G‘SAM.M)‘ JU oKisls LuLﬂ...Q?Us ﬁ}l&b‘s «GMJL..MJ ) °5)§\
U‘JJ‘ «OLi.ab v.OLSwL) A>|5 LsA)Lu‘ .)U oKiilo cd.)l.: ﬁ}lﬁ ool LGAA)LM Sy Ds;Y
Orl 5 (6398 5 linios psle &l dLiad lga olSiings, ™

iranbakhsh@iau.ac.ir :(LslSs e o)

VO oyl 1gbpd f)l VN oloje tedlyo )
DOI: 10.30495/jdb.2022.1964486.1323 https:// dorl.net/dor/20.1001.1.2008692.1402.15.4.10.4

ko o plie 5 Jshor (GaSGalsl sl olS (slaplisl i) (55 Ll oo Liad Jaoms s 25 51 (G 0l 40 51,55 Se
(S 5 P00 b 5 J5sSen Ly Ol s V0 5 Y O Ole w4 S5 See S0 Lol s 5 )05 36
a5 i S 5 i ST LS5 s 5 i A S S sl b a5 e Sl
ol ,Sy S o als olis o 238 3 w390 (Hyoscyamus niger L.) C..J\,.b olS Cuwyails ;> DPPH JIGsl,
Sals 51 HLis (6l sae SO dall 4 Cond S 5 5 055 Sy &S Il 53 5 S 155558 g azalyy Jsb il Comse
Al gy Jelw 05 (G953l g 3 U RS w500 3 aS Il 53 s s 0aST, Jshe ples 2 oS5, slad o anwlis
J5sSTs s adaline dalss 5 Sl 5 e 355 V0 Sled 53 e sl Al 5 g uite bajless 53 o IS8 5 (6 iSye sl
el 4y Cond (291,55 S sled i DPPH JISGsl, Hlge llind 5 055520 ¢ IS 18 0lis e S 051,55 Sen 3l
LBl 5o sl S5 S S ol Ll (56 i 5 (Joho et sy o Bty (P < 0.05) 515 gLid (5l sne B

A 51T 55 sl

Ll ‘@j}g\ g;.g.w)ji:a cc_j\‘).b cd}‘;j)i:a :L‘bcjlsdu,lf

Wl alyy dob adlr N 2250 e (e 231,5) 4o

slaplul De s e DLk 4 sl Ul olalS
Akl Y] das o 13 S0 Coa |y 4 sl 5 ol das o 3 30 Cos | olS sl 5 Ay a5 Jaes la, 55
Cld i el Sall 5 ksl el &35 ygiam a3 Sl (Samu )bl e 3 adl

LY 26,5 e 3 sl 56 o 5 ol 5T gla 5T Wil g elaly QLS s bl 5 4l Al S



002 5 (6 ol o> y92 405 | (gl yds ol (slocams il 50 DPPH JIG01) 5o 5 9uigigdls (JS5 Jd (w0 )lis Lol 3 idy 1 31,53 50 136 AY

OSTy b 5mST ST SISty 5 sl 28Ty 55 (T
Ysoms 5S) Jb ISl [N] wpi o5
6%.3;\ DY dmas e 513 36 Cosi ) ol g e
Azt ROS uss flis 53 (25wt gl SlnST 2T
JolS L 5Tl Jos 0 805 Jlge lapimew S L Lol
L;Laﬁ;ﬂ Sl G (oS L ol plas Sllas s 8
LS W 4 56 sl plie plime Ll o ¢ 1] ST
SLdgs s G0 ol ) LS Rl
4 pmie L A5 aSepl g b b e Gl ST 5T
(SemSI AT slac e cal (3 b 5l 1555 2 ROS us
ROS .WJs Bl Bl5 e Gemen 5 ol bl ) ROS -
o (sl slacdalie pl A 3 lans 506 VY] Wl
L5513 9 5mST Jlad G dISaly ol 3 olS 5l SB35 sags
IVF] diten ISl ol g 4 526 1
0550 s Ceyils )55 Koo S0 L LI )
56 Ly andllas ol 3 Ol Sl 48 K Oy e
Slalllae 2 opdle A3l po oS a3 5 A2 2 (2l
(I3 S5 Ol oSS Gy Son SeST L ol Ll b
b gl ,als DPPH W) Jlee < Jlad 5 L5008

W3S B 2050

g, 9 olse

291,55, 5o Jlesl 5 gl dy ol kS

«\s 5l (Hyoscyamus niger L.) zdlhds oS slasd,
2 e b Soslper ol 53 (355 0wl )
Sode o Lays 1l g iedis S dd 51K €7C slos
38 3 ey A 0305 1 ek o MSgn 5> adds Vo
0Lk »2 S Sstedlo DoV LI L aids Y-V S 4
3 A esls 5B TN 0 Sl gl 3 2BV Dke 4 Ly
2 bl s pland ol Shie ST GG ek e
Ll 53 eds CiS V0] Sl 5 Kdlyse S laes
2385 S Jlas S 55 )0 5 VY e 4 AL
5 Dok GLdUT G laails s 235 )3

lodis poluarsl w3l Sis gl g S ALS Gladsl
L] dmen b w4 50

0y il ge gad 5 Ay (S35 Bl o sl Ss See A
0y s gzge oV wdler Sl () (535 53 IS 36
5 Loh izl 1 5S5NG a3 0y g se 5 358 50 Jlas)
SlasiS 5l ol 5o Ll Sl o adls bl Liab
(oS8 Sem e 5l L Ll 36 0 3 o 51 i 2Ll
b A5 sl s bl slaghies «lile)) cladnls
I3 Gamgs Js 4y 5 LS o gy g o) Slagge (S
Sladss cpl ol ool 5 $50550 Garws (wlidlan)
) Sy 3 by DS > 5 s sbo S (sl
53 oS S Jlesl Gl il o gliad Sl 3 b )
(2lias glaandn oSS i (g3l S¥gs I Liad
53,8 oo onliil _gliad LIy ool 5 ey sloeslsals
[o]

il YL Sl 5a pliab Slides ) @ a5 b
CalydS fb o Al 3 ey Sl )
o 338 e esliul 3l S5 S Js! gl (Clinostat)
L5 Al oo (Sobas 4 5 (Sokms 35 ((Sobar S gl (sols ol
Sl Ysons bleioe (55 adlr s o] A
S 5 akds s VY P L S Slidkes
¥ 355 om o3lind 4k y 55 Y0¥+ 51 (55 sladhe

o3l 5l 4 slate 5,150l S (H. nigen) pendlydy ol S
S ol e s Lol bl ol 53 ol 0 s
Wle 3 5 3 A ol Ao ol s [F] 5
SlS5 sl oS ol asb slacdale [V
B G JSIT 8 DL sl 53 ST S 5 s JSTT
a3 SIS gl dadgg gt da b dadsslsily s
[P dsls LolSIplesS 5 LSS dady S
SIS DLS5 piam s 4 idhds olS 255l ol
U gt 5 SLSH [Flowd a3 JSIT L8
Gl oSt oS g Sa0ssT e sl Jla
Sl oSl ST (2S5 53 9 Wit 30 95S] 5 JouS
Olyear O o9 [V 0] 45,5 o HoOy alS' e J5
o) S Sl e wle Gl eSS Lle



AD

1FeY sl oF o )lods o0 3l o (0855 wlidd Conny j oode dolilias

VY moe dsb o ol Cslas o CBIS 5l Ll L]
o Slp 2kl Glge 4 bl S 40 8 S gl
ool bojlias IS 15 (G5 (23, S 4 )kl oot
A Sl oS S 05y S el SIS Dolre 5 s

Ire]

b ol (st 55N (sl grome ot

S5 Ol 4 5 5 A5 Ol 6 S ell g
D9 BIS ppin T s K55 gy 31 O 3 5 A o3l
A 4, 0 S 453550 Ol (5SS 2yl
VeV v o )oY sl b ol (sl sloes Tt
ab gy yo 2 Ikl poeie 5 ags Jplie 55 (s, Jgloes 31 0/Y 5
S b Jote olias dgloes 31 2 s S s 1035
ke 2 oo G5 BN WIS psite T glons 2 s
CbodS 5l e bl bl mleil g 5o Ve G Sl
Fo30 YN0 5o sb 5o GUIles 535 (Kb s Cele S
e Sk e L2 CBlE Al el s

INT L 28 s o508 53 s

DPPH JISs!, g ulad
eS| T b e s (61 Jsldie sla o, 5 SS
Ciltses (slag i) ol 03 45 S DPPH s coluas
Dles o 310 ads Ko YooY o0 N0 V0 0, 00, 0) o)liass
3D s oS5 DPPH 5 sl Cilises slagos L 5 a2lls
o3l 3kl Ol 4 ol S sl 35 5 (Jplie ojluas
oLl ol o a5l OV 3 adds Yo iS5l (Ul
Jse 2 b olas ;3 DPPH JSs)) Hlge s Colg 5o i

23,5 b )

ST Ity Hlee o ys = (Ac-As) | Acx100
Gyed o 5 JRS Qo e AS 5 Ac daly cpl
SHI3L Loy 00 ol 4 ICs) olye [YY] dzea

.[Y¥] 4% ;s DPPH

e kLl 56T

ol glS oKiws Slasein
S35 G5 3 e (Sl ¥ elad ) Ghos (63 55,0 00 Lady
S 51 S oSens A a3l S5 (S5 Sl yelS
L oolSKaws [VP] s eslimad iledl el (sl SiSTLL
2 Celo slag ie g 3 (@) Y TP i o Cs s
L (e300 ) 5,5 o oils a3 S 3a, ) Sode g 40
3 35S St 5b e deloes g-2m60)" 10’ dslas
aloms s sl gad 13 FIV TV g6 S e ho 3l S
P ol IS ol (55 (574 4 SRaladT b o 55 [WV] s
Aals @305 Ol (3 g0 g0 4 03 (5 4w 5 Abv el
Y£Y0 OC olos Jarl i v =) e s (655 Jol o e S

Al 38 DOV o sby 5

-Lil) ‘5\Au,a>'\.i- dw)ﬁ
500 o J5Ssen Job cazaly; Jsb Jold ul) gl s
3 S 6 Sl S pails K 39

TEM 5 81 Ky ;S0 (61 L g (g5 Lwoslo]
S L3S IR s s araly; S el )
AL 2l oo 103 Jalis 3 mSU1 Sy S g
s Slind 3l 2 e VIO 5 e T 2 e Y Y%
0 adged Sl 3 ey Sl YY 55 (PH V) J¥50 +/00
b sy Concd 31 oy VAT 2 Lol (T & Slid 3L s e
G (Ve B Y ) bl b b ged psnend 5 Slind 3L
Pl olse 4 LlaST Gy 5o 03l HIE 3l e 3 S
i g3 s 3 S Doy (6, SIB yy SSTL L)
(LO) Sl & 5 (DALl bl b 5 odd (6,5 5
SR Sen py bsas 0LL 53 A S (g5l Ky

-Jvad)‘-’x*&‘}w)ﬂ

gl oS b el yoes ot
353 o = (b sy el ol S B (glgims (6 S 310
Vot & Dppe sl bl SIS sl
VIA cdops ¥ oo Sl S 2 e ¥ el ojlas )5 SCe
P Ly P I VN P VI PR Y- S R



OLan 5 5 ol lara> 194 ey | (gadl s oS glaams il ;0 DPPH JIS501, 5o 9 ardigighls (IS i olmo i Lol iy 0 (051,519,500 5ol A7

Shoeslimul boaraly, pu s SIS
TEM i 501 S

G T aals s 5o 358 0 a0 )3 oS (6 shailen
o3 S gy Jsban L (555 cadlm Cugar 5 analls slaails
S0 FCs il gbaals 35, T 2 s)Ss S sles 5o Lol
(Fa-Td JS8) 35 0iST Joku S 5o

SIS 590T s Ss S Jas

B ARE BIPARI-TE IS

)'J)h}\/ ‘TﬁjﬁjﬁﬁjwwcﬁjdeWJmhﬁ)vdﬁ
350V e (B) el 5 (251,85 ,550 500 ¥ oo (@) MS S oo 5

dals 5 sl S Koo 5, Ve Sless (€) cals 5 5l S5 S

sl TEM s Ko b iy Vo sbadshes (s 2 52

S s el g el el IS8 s ool
e 53 GudSpe ol i sdalie sl S5 S
dals gladshe 55 aysb 4 23l A (2l S5 S

osb & GoAS e A Il 5 sde £ 5SSl (5 e Sl

LSl 5 Jshos TEM 55 (6lads 55 3l (6515 S ) o

L Lgﬂfo)"..\}l Jﬁbﬂ) J\Jﬁ‘ f}’L’) sy d:})

Sl gz
Graphpad prism 9 153l ¢ 5 5l eslizal L Laesls 5 DLl 4
awslis s ANOVA sl jls 50T 5 eslinad b 5 A el
ezl a5 ONE-WAY ANOVA 35T s, Sl
S ealimal b ajlosas 23,5 513 Jdos 5 4525 3550 Ao 0

ey g 1S

C’b"

C)ails |55S gt g araly; Jsb

araiy) dsb ($olasne sk 02in 555 50 (slSH So sles

SN ol Ve 5y 3 Ll Ceal eols 181 J55Seen

O JK2) (P<0.05) 2 odaline dali b 5515 ae
aralyy dald wsed 3 A edalin ¥ IS 3 a5 ) ghilen

Sl dl)y Vb Covn 4y J5555008 5 ol Coonn

Slezr o (ol gt 05 JS5S5p 5 axaly) slasd 4iged

LY JK8) asls wb ) Cilises

oy ils Ll ER oY)
)LQ.; K Jals O szbg;.*‘ M| K 9 J? Oh9 s
(P<0.05) .25 edalie

(A) (B)
5 6
A
= s
§ ¢ — £
2 ;
8 ]
3 £
€1 2
7
0 . . 0
&
«8‘? «9" Qo‘# th‘# b"e ¢ b‘? b‘?
& / & » e:\ \a"\ ® ®
¢ & ¢ ¥ &

(A) .1 ,S5,850 555Vt 5V Jleds 55 J55S58 5 araday dsb ) K5
53 J55S5n Jsb (B) ¢ 51,85 SCn 95 V0 5V les s el s
smean £ SD &y suo a5 baosls ¢ 5l S5 SKon 59510 5V Y Hles
(Pvalue< 0.05) 4 o315 5L S50 3las



AY

1FeX ol oF oylad 0 il Jlo (955 cwlidd Gy j cale doliliad

0las DPPH JSGsly Jlge Ol 2 (23189, 36 o) 2
Sals als 4y ol 39,V 5 ¥ slayas 55 95 Ko e ol

S gae sl BN o Ll Clls JxS b (ol sme

4 Cows DPPH JSl) jlge Ol 35 AARISTISERREY

(fe JS2) (P0.05) Sl Lol 55,V 5 Y s 5 J 8

@ Sy Sl Lol a6, Se3lll ey Ko 1 AD Lanssie
A Il Sl 53 VY 51,85 S sl s Sk b
(rh 5 ¥ S8 wl sdalin ey S /P YY (5 0S8 s
Dl 53 s s, K PIAAL Dapd= dalds s ataa oyl
53 i o)) LS sdalive ey Ko F/0YY 25l S5 Se
Sy n odalle JSCo 55 a8 jshailen A 5 SsS 55V oles
Led oSy Johow pled 53 5 035 S8 dals s b fiST,
Sy JsSly SS sl sk 305 V (20155 S Sles 55 Ll
(VF 5 ¥h JS2) Sl 5550

8 S S 3V sl (S Son o) 2
5 o555 el T 4S5 dals wsad 3 oS 315 5La dal
Sob sl S5 Se e Cod sladghe L3 Ll Cud S
Sl (Y0 5 Y JSK) Ll oy s 5 55k andly 5T
2 olll g sae VWV wi;l.:a ogy Voo dalls js g uS e
9> L (5, Sl s, Sen +IOR) :Sols sk 4 (S
3 GoASye sde V¢ 3d 5> (sl S5 e slad 534S S
10 5les 53 050 0, Kn 2PV dawsgin 4 (658 5n 2 o3l
5 ¥ K2 ad sdaline pline (650850 I 5 K5 55,
o GGl dzn 5855 55815 O Slads 503 3 (Y]
Jsbes Glao)lS a4y (5, S e 5 oamsDly 9T 4T o 31
(P15 Y] JKa) Lk ol

Lacwyails JIDPPH 5 JS' |3 (a5 5 5M ol oyt
Glaanswls 53 L3gsMe Ol (385 Se 30 o)
S VsV Y Sl o gD lie sls oLis H. niger oS
R f‘ V 3y 53 Z3h (ol e SRl dall 4 s
Olme Doy Vo 3l dm cdd edaline dall 4 Cos A5
200V Nt Shed (ol QLIS Sl 55, Ve Cad A5 55D

(Ya JS&) (p<0.05) Cllns 392 5 )ls sme sl

Ves V) sl S S sbyles Cod IS 1 Gl
lasles o andl (il (gl e sl dals 4 S (s
odalive | ol5ae 53 (Gol3 sme ijrﬁgwjj)\/j\”
b JK2) (p<0.05) sls 5las ol aals 4 Cod Ll A
(¥



OlSed g (6 ol (o> 551 4y | (gl iy oS (glocems il ;0 DPPH 1S40, jln 9 aadgighld (IS Jid lmo )i bl oty 1 (19159500 i AA

&

-

s 3l 858 53 GlalS das e LS Liab 55 Sliglesl
4 G el S G5y S o JalST )y 55 (S5 545
63 i oS i) 5 JSCa 55 Lol 55l 3l olS oo
s gl aes wpn YT 25 sl
35 CaulydS 55 olS gads) slaaty; 315 QLS e s30T
Al dald (ladised a4y Comd (600 L) Shmy a5 S
LYF] ol 0t S 55 Ko pplies Jaws gl ol [YO]
53 0kl odallie i 35 )18 Slialel] saen 3 4 S
s 65 s o 0L L 25585081 (Sodoly ey JS
53 4l Ay OS5 oS Sl i gla S8 5 Laojlsl
2348 b e b el (iluand 385 Soe 53 L Liab
Laplil 53 uo,e Aoy 5 sl il el Job lll ()l
335 0> F23LS8 S e Gedo l 5 [YV] 235 e s
ol> Rl L) 35S 5m 5 arales Jsb ol sme ysb 4 i
S BLIG ooy sl (slaal s )3 4l i) S oo
4 S lakade B Ol (da s CaulpidS jles
g 03 ) s sl S w55 [YA] 2341 wall
Al Ay adlr g DY 5S4l
@il Cagr S s 4 (2555 S Dless 53 S s
Y JS8) sl amaly s 5 35S smd Ay 5> Sad]

o Sdshe g oo RPN IPEASRST
S Ak olgly 5 Y] sn oS Al Sl oo
S5 sk poigmy e ol e 4 LS
W3l o o658 5 (Jshw a5 ey S (5155 S
dRNA %3ls e slaiSs ch.ml e LYa] wsb
Sl o S15 5 Slavs NOPAG4 Sylsan jldie gl (5 b
Sk pl 3L S et o ladshe 0> 2 b
lasls b mls cpl [N] Col s Sl JtalS Sl
Csllan gy 3T b sl 315 5 Oligle T 51 0 odalins
Cs s b BLS 5wt Cld S T 5 48 550
b ad (5, So3lil ol Sladlas 53 [Y4] 5 Jsho 25
o3l 39, V sled o sl glAS Hle s il e 3 eslawl
A2l ) 3 Slapmy ST 5SS dall 4 ol s
S e

333Vt Rl SaSea e

Sl esliial b s (Sl jails 25 Slitll b Y S

Vol (6-h) wsls 5 55,7 s (a-d) TEM (S S

b G (M=) cals 5 55,00 Sl (i) sl 5 55,
0L 395 V0 5V sless 5353 1y (554 e T 2B 5 el 5T oSt
K, S 3 59, ¥ dals (B) e, T aals Sl aes h (@) cdas e
Sl (d) Gy Y (1,80 Koo Sled S36 anss 3 (€) g xS
Vdale Sl aas o (@) ¢ s AN Sis Soo 5505 ¥ (sl S5 S
(3N Sy S 25355 V el ged gz LT 31 s (D) 55
Sgas s sl 5 gben (0) G5V 5185 e o S5 s o2 ()
St o () ¢ S Ky oo 5 59,5 V (3l S5 ,500 sles
s Sao 25 55 V0 el 505 05381 31 Jbes () 95 Ve als
N (1) au Ve sl S5 e Slass S aas o (K) g xS
(M) ¢ 5 7SN S5 Sem 25 555V + 251,89 S o @905 5350T
Slas (P) a5Vt L (0) 55 V (51,55 S0 e (0) 5y, V s

BISAN

Flavonold (ug g-1 DW)
Phenol (mg g-1 DW)

DPPH (%)
e 8 8 8 B8

o (€) DPPH JGsl5 s 5 (b) S |5 (@) 43550 pliee & IS
Do 4 el il olS slacns; @l 55 2 51,55 S Jlas 36
(Pvalue< 0.05) 1& o315 5L 41,SS 4w J3lu> ;> mean + SD



AQ

1FeY sl oF o )lods o0 3l o (0855 wlidd Conny j oode dolilias

LS r P CanlgidS o pme 53 SLS Sladshe S5k
OB S L anolie 5 ) 5 GelSS et B Ol
b bdel sl Ll mslSs S cplily b
Do 2 ssS5,Sen S 3y5e 5 Lo s Y] das il
Ve sV sl e slled o o sl plis S s
O 528 Sk Al S 8 Gl Al 4 Sl B
25,503 &5t Jb GLICsly ol 53 olS 5l SB35 pags
S andlas cpl 5o [VF] e UGl ool e a0 3B 15
ORIl A8 olie sy Ve 5V 53 26155 S sles
Jes Lo p5mS) Jb gadSsl, A L il
ROS (3L ofien b 4l (ralidl 43559 Ol (251,55,
ISl Jles Oliee 2 bS5 36 o 255 )l
Corpe JAS 4 Camd )55 Ses e o> olis DPPH
Uil (P<0.03) 15 DPPH JIS0s), les clbes il
L LU s WIS e Sl 5T el (gl s
N AR 4 INCAETP K PSP RGP PR VA P I KW gt
s Sl I 2SS S e

03 0l 53 Ly 3L (550 (Sl S slis (6 5

tasle

[1] Baldwin KL, Strohm AK, Masson CI;H.
Gravity Sensing and signal Transduction
in Vascular Plant Primary Roots. Am. J.
Bot., 2013; 100(1): 126-142.

[2] Millar K, Johnson C, Edelmann R, Kiss J.
An Endogenous Growth Pattern of Roots
is Revealed in Seedlings Grown in
Microgravity. Astrobiology, 2011; 11(8):
787-797.

[3] Claassen D, Spooner B. Impact of Altered
Gravity on Aspects of Ceel Biology. Int.
Rev. Cytol., 1994; 156: 301-373.

[4] Kordyum EL, Chapman DK. Plants and
Microgravity: Patterns of Microgravity
Effects at the Cellular and Molecular
Levels. Cytology and Genetics, 2017
51(2):108-116.

[5] Smith MS, China’s Space Program: An
Overview, Library of Congressional
Research Service, 2005.

[6] Begum AS. Bioactive Non-Alkaloidal
Secondary Metabolites of Linn. Seeds: A

Sladshe 53 oS Sl S els
93505, 0 algdl alyy Gadsh ol fisb amb 5 ot o
4 Cand 355 S S (508 e )l &S sls ol
315 QLS Rl b S5 (oSG 5o o 5 3L RalS 28
oy e Sbdse 03 plydSe Coner [T
Sl Sl sy 2555 aygy ¥ slaazalS
b e (055 Bhos (oS ol Dslits L3 (6,08 500
L o odod Cordie 5 0SS 4 Dbl A s s S
oo Sk 53 (S sme S Ll s ol Ol
ol 0l o> ol b alie 55 (251,85 S o 4l
S ladsha (GodSse JS& 53 55 ool 5o [Y)]
300V oked 53 (oS sl Lk dha>Me gl S5 S
Shed o Lol sl plis malS (T a3l 5 bl dals 4 s
B e 3l Al el 5 5l sl G, Ve
23 ooyl el LSS s (giluand sl S5 e
o plaal Bl ol LS e sdol] 4o, il
S PSS il SR LSS Sod el s
Ol Sodke b B 53 Dk 45 Sl ks 5 endDly 5T
WS S adlae cpl 5o IFY] 3y aslSsSer Jesd
o 53 Ll 5,88 i Aals Comd 95V les L3 ol 5T
FAb 5 S oDl sl a0 Aals 4 S 5 V0
Oldlas . Cansl 03,5 D31 1y aidS Slidas 45 Al odaline
2 LSy g Sl g (20l S5 S sles ol LS
o 5ol 53 [TF Y] Gl e aiite sladle
s OLLS bl dald 4 Sl 595V 5V Dl > J55STs
215 S o W plie 231 513 05 s g
SapleST 5T ol a5 55 Sl ROS bl s &
M DLSE e G sk 5 T s ey
S LS 3 anb Djseo 4 45 s 4 50 G e
Wilg e SLSS ol s JeSaodes lers S isd o
g4y S Jame JBGsh 03585 05emSt @ L 03sds
3 Sloder Sladllas [¥O] dras GLL JWSGly gl 28T
Ab o ob gl Sl gbadde s 2 OLSes
Greml A SIS AT B Ol )5 S



IS8 5 5 300l lor 138 8 | (gl ol (slos ot 10 DPPH JiSso1, o 5 igisM S i3 o 5 Lalyd ok 5t 25)553,500 530 i

Review. Res. J. Seed Sci., 2010; 3(4):
210-217.

[7] Begum S, et al. Study of Anti-
Inflammatory. Analgesic and Antipyretic
Activities of Seeds of Hyoscyamus Niger
and Isolation of a New Coumarinolignan.
Fitoterapia, 2010; 81(3): 178-184.

[8] Sengupa T, et al. Antiparkinsonian Effects
of Aqueous Methanolic Extract of
Hyoscyamus Niger seeds result from its
Monoamine Oxidase Inhibitory and
Hydroxyle Radical Scavenging Potency.
Neurochem. Res., 2011; 36(1): 177-186.

[9] Bahmanzadegan JA, Sefidkon F, Sonboli
A. Determination of Hyoscyamus and
Scopolamine in Four Hyoscyamus species
from  Iran.  Iranian  Journal  of
Pharmaceutical Research(lJPR), 2009; 8:
65-70.

[10]Ducic T, Maksimovic V, Raditic K.
Oxalate Oxidase and Non-Enzymatic
Compounds of the Antioxidative System
in Young Serbian Spruce Plants Exposed
to Cadmium Stress. Arch. Biol. Sci., 2008;
60(1): 67-76.

[11] Aboul- Enein HY, et al. Effects of
Phenolic Compounds on Reactive Oxygen
Species. Biomolecules, 2007; 86(3): 222-
230.

[12] Soleimani M, Ghanati F, Hajebrahimi Z.
The Role of Phenolic Compounds in
Growth  Improvement of  Cultured
Tobacco Cell After Exposure to 2-D
Clinorotation. Iran J. Plant Physiol., 2019;
9(4): 2921- 2929.

[13] Agati G, Tattini M. Multiple Functional
Roles of Flavonoids in Photoprotection.
New Phytol., 2010; 186(4): 786-793.

[14]Das K, Roychoudhury A, Reactive
Oxygen Species (ROS) and Response of
Antioxidants as ROS-Scavengers During
Environmental Stress in Plants. Front.
Environ. Sci., 2014; 2:53.

[15] Classic Murashige T, Skoog F. A Revised
Medium for Rapid growth and Bioassay
with Tobacco Tissue Cultures. Physiol.
Plant, 1962; 15:473-497.

[16] Hassanpour H, Ghanbarzade M. Induction
of Cell Division and Antioxidative
Enzyme  Activity of  Matricaria
Chamomilla L. Cell Line under Clino-
Rotation. Plant Cell, Tissue and Organ
Culture (PCTOC), 2021; p: 1-10.

[17]Krauss H, Bostian C, Raab F, Teacher’s
Guide to Plant Experiments in
Microgravity, New York: United Nation,
2013.

[18]Jauneau A, Cabin-Flaman A, Morvan C,
Pariot C, Ripoll C, Theillier M.
Polysaccharide Distribution in the
Cellular Junctions of Immature Fibre Cells
of Flax Seedlings. Histochem. J., 1994;
26(3): 226-232.

[19] Summer MJ. Epoxy Resins for Light and
Transmission Electron Microscopy, in
Plant Microtechniques and Protocols,
2015; Springer. P: 83-101.

[20]Conde E, Cadahia E, Garcia- Vallejo.
HPLC Analysis of Flavonoids and
Phenolic Acid and Aldehydes In
Eucalyptus spp. Chromatographia. 1995;
41(11): 657-660.

[21]Chang CC, Yang MH, Wen HM, Chern
JC. Estimation of Total Flavonoid Content
in Propolis by Two Complementary
Colorimetric Methods. J. Food Drud
Anal., 2002; 10(3).

[22] Shimada K, Fujikava K, Nakamura Y,
Nakamura T. Antioxidative Properties of
Xanthan on the Autoxidation of Soybean
Oil in Cyclodextrin Emulsion. J. Agric.
Food Chem., 1992; 40(6): 945-948.

[23] Von Sonntag C, Free Radical Reactions of
Carbohydrates as Studied by Radiation
Techniques, in Advances in Carbohydrate
Chemistry and Biochemistry, 1980,
Elsevier, 7-77.

[24] Link BM, Busse JS, Stankovic B. Seed-to-
Seed growth and Development of
Arabidopsis in Microgravity.
Astrobiology, 2014. 14(10): 866-875.

[25] Boucheron-Dubuisson E, et al. Functional
Alterations of Root Meristematic Cell of
Arabidopsis Thaliana Induced by A
Simulated Microgravity. Environment. J.
Plant Physiol., 2016. 207: 30-41.

[26] Matia I, et al. Plant Cell Proliferation and
Growth are Altered by Microgravity
Conditions in Spaceflight. J. Plant
Physiol., 2010. 167(3): 184- 193.

[27]Hoson  T. Plant  Growth  and
Morphogenesis under Different Gravity
Conditions. Relevance to Plant Life in
Space Life., 2014. 4(2): 205-216.

[28] Pozhvanov GE, Sharova E, Medvedev S.
Microgravity Modelling by Two-Axial



a0

1FeY sl oF o )lods o0 3l o (0855 wlidd Conny j oode dolilias

Clinorotation  Leads to  Scattered
Organisation ~ of  Cytoskeleton in
Arabidopsis Seedlings. Funct Plant Biol.,
2021. 48(10): 1062-1073.

[29]Medina FJ, Herranz R. Microgravity
Environment Uncouples Cell Growth and
Cell Proliferation in Root Meristematic
Cell: the Mediator Role of Auxin Plant
Signal. Behave., 2010. 5(2): 176-179.

[30] Sobol M, et al. Clinorotation Influences
rDNA and NopAZ100 Location in Nucleoli.
Adv. Space Res., 2005. 36(7): 1254-1262.

[31]Bryov V. Clinorotation Affects the
Ultrastructure of Pea Root Mitochondria.
Microgravity Sci. Technol., 2011. 23(2):
215-219.

[32]Romanchuk S. Ultrastruccture of the
Statocytes and Cell of the Distal
Elongation Zone of Arabidopsis Thaliana

under the Conditions of Clinorotation.
Cytol. Genet., 2010. 44(6): 329-333.

[33] Kordyum EL. Effect of Altered Gravity on
Plant Cell Processes: Results of Recent
Space and Clinostatic Experiments. Adv.
Space Res., 1994. 14(8): 77-85.

[34] Laurinavicius R, et al. In Vitro Plant Cell
Growth in Microgravity and on Clinostat.
Adv. Space Res., 1994. 14(8):87-96.

[35] Michalak A. Phenolic Compounds and
Their Antioxidant Activity in Plants
Growing under Heavy Metal Stress. Pol. J.
Envirn. Stud., 2006. 15(4).

[36] Halimeh H. Antioxidant Metabolism and
Oxidative Damage in Anthemis Gilanica
Cell Line under Fast Clinorotation. Plant
Cell, Tissue and Organ Culture (PCTOC),
2022: 1-11.



Journal of Developmental Biology 9
Vol. 15, No. 4, Autumn 2023

Effect of Microgravity on growth, Ultrastructure, phenol, flavonoid and
DPPH radical in Seedlings inhibition of Hyoscyamus niger L.

Pourhabibian R.}, Iranbakhsh A."", Ebadi M., Hassanpour H.?, Hekmat A.*

! Department of Biology, Faculty of Basic Sciences, Islamic Azad University, Science and Research Branch,
Tehran, Iran.

2 Department of Biology, Damghan Branch, Islamic Azad University, Semnan, Iran.

3 Aerospace Research Institute, Ministry of Science Research and Technology, Tehran, Iran.

* (Corresponding author): iranbakhsh@iau.ac.ir
DOI: 10.30495/jdb.2022.1964486.1323 https:// dorl.net/dor/20.1001.1.2008692.1402.15.4.10.4

Received: July.2022 Accepted: September 2022

Abstract

Microgravity is one of the environmental stresses in space that effects on the structure of
cellular organelles and metabolites in plant. In the present research, the effect of microgravity
in times 3, 7 and 10 days on root and hypocotyl growth rate, fresh and dry weight, cell and
organelles ultrastructure with Transmission Electron microscope (TEM) and some
antioxidative capacity ( phenol, flavonoid and inhibition of DPPH radicals) were investigated
in henbane (Hyoscyamus niger L.) seedling. The results showed that microgravity led to
increase root and hypocotyle length as compared to control. Amydons were spread throughout
the cell in microgravity treatment, while in control samples, they were deposited on the cell
wall in the direction of gravity. Mitochondria were variable in shape and number. The
endoplasmic reticulum in 10-day treatment was more voluminous and longer than the control.
Also, the vacuole was observed more voluminous as compared to control. Total phenol,
flavonoid, and inhibition of DPPH radicals increased significantly (P < 0.05). It seems,
cellular changes and secondary metabolism induced under microgravity are related to
oxidative stress.
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