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Abstract

In this research, a comparison was made between
the concentration of secondary metabolites of
Hibiscus sabdariffa content in its leaves and
induced transgenic hairy roots. The levels of
anthocyanins and flavonoids and total phenol were
measured in both samples. In the next step,
polyphenols were measured by HPLC. The
concentration of catechin flavonoids in the
transgenic hairy root extract was 22.8 mg/g dry
matter which was several times higher than that of
0.9 mg/g in leaf extract of dry matter. The obtained
results clearly demonstrated that, the rate of
concentration of secondary metabolites during the
process of induction of transgenic hairy root was
increased. Then, the extracts of leaf and transgenic
hairy root samples at various concentrations of 0,
25, 50, 50, 100, 200, 400 mg / ml were added to
HepG2 liver cancer cell lines and the percentage of
cell survival was calculated by MTT method. The
cell survival rate in the sample treated with
transgenic hairy roots samples was less than the
leaf extract samples, which was most likely due to
the higher concentration of Catechin in the
transgenic  hairy roots extract. The best
concentrations of extracts of transgenic hairy root
extract showed that, the highest percentage of cell
apoptosis was 100 mg/ ml.

Keywords: Catechin, HepG2 cancer cells,
Hibiscus sabdariffa, HPLC, Secondary
metabolites, Transgenic hairy roots.

255 )Pl (Wl j (idgdy = (ools dlome
(FV-FF) VF) bl 050 9 Jar (ol «Jl osled oadjl Jlo

gy e
oslas 33 Bl Mgl Olwe (o)
ol du )l F (mge 4 9 p
» OT 8 9 Hibiscus sabdariffa
HepG2 v b pw sy Jsho

"o e ez T 4g001s (Suge | (o 4o
Ol O 5 ply oI sl ple 2aSTils (Al el S )

Ol s ply s sl ple saSCisls Ll Y

DRl O s ols sl o ke 2aSCills el ¥

OENNNE 22 pdy 5,6 = WA/ VTN il s 50)

LS 1

oS eslas 53 oprse e LS5 Lo sk 4 Jhagn ool 0
sl 0, o U 5 Hibiscus sabdariffa) 5 sl
s5man a5l G ple Olppe o Slawglis HepG2 o5y b o
el OF wi)l 5 pusn alu) olas 5 oS S il ojlae
55553 JS Jb 5 et 59 5 bagibn 5 Olse O 53 68 238
HPLC ofas b b b L o plsil (b o5 s (oSl
Oljpe a a5 diy g0l oplae 53 28 Uy 506 ClBlS Ol
VA e Bl iz &S A e S esle p S 0 S s YV/A
5om St wle by (Saelas g oS np S ke
Fioasl Sdple gl e 5 Gl g SR ekasols
s 4k Ml b 4l slacd e sl w ool
2 omse s (Sp gbaisel olas e A3l athlg
e SSke B 5 e Ao 00 YO Gho Cilohe slac kil
s dlsl Kilesl 53 HepG2 us Sl v clad e 4 2 e
O As aslee MTT sgsa bdsle OXleds; doyss
O Ak osbas b led Cow gladipel 5o badshe Okilee;
Sy Jsa ol Jlel 4 S 55 o5 Gl wised 5l S Sl
3 Al e sl el W5l 53 eSS L Ll
S Pyl 5 e aday 5 S Gl de Glaelas CblE oy e
Voo clale sl ol ) ad e (e S0 35abT a5V
g p ke e S e

Wl e bl (S sl Gl sely
b glacd e (esls HepG2 Sl v slad s

Email: mdadmehr@pnu.ac.ir  pesls (sige tJsime odius g %



Wb (el 0Ss 9 o (2le o Jol o)led wadjl Jlo ¢ 028 ()9l (oolidiCunsj (g - (ole dlxe ¥y

S oSS 05 pimwsST 0 & el lalS 4
Mo gls GlalS 5l (S &5 (85 gl olS
A g dlaSy ol jlass Yee gl Wil oo
s9bds 63950l 5 039 CE D g AxS D Cygody dlw
Wilo (6 e )Sdass 5 (S ppma)S (Bl )3 (lodyiuS
psgdl sl (g ey i
CulS Sy g 4o cpan YIdge Uiy (palid

(Wang et al., 2012) >4 .o

SeiSe Uil s > (b5 sl (Shgs o)
5 sl S L S 03,5 5l ol Sk
chale g g s (als clp g e oo
b > ddl oo 039 (goils SISy il g o5
&8 33,3 o powl le ol 4 sxiligs o)las
Naize Jojy )0 Dad o odlitnl dasly squw g )l
ezl 5 (SasSpy el oS ol sleady,
YS! loyy slpy e i b b
(Ismail et al., 2008) >4 0 odliiwl (g0S

Alysa b5 sl g8 ByedS ol
Spbse SBpas o JliE Rl Gy (29
.(Mckay, 2009)

oS ol e sl placdale § S
Sleggs OlSy awws | a5 adle alS
colow OIS ¢ uw ‘513- Jko L;"J& .)‘9.0 )0 9 0y
oSl 3l 3929 (B sl 5Kl g G oyt
il U85 sl gbaeg I S
Ol b e g 5 ol g 2l
(Mudgal et al., 2010) siws olie dlge
wle le ol SuS)ke eyl
5 Sldlae ) Sy sl Jshs 1) 5 2ligloyw
Yang et ) ool oas o3l L5 caliseo (sl yioloj]
al., 2004; Yang et al., 2011; Higdon et al.,
.(2009; Crespy et al., 2003

.

dod\0
b olod oS dgd 0 ateS JlalS 4 ogyb lals
Ok & WSl 5%e dlge sl ol ) et
Ol Wlen (e cale ol 95 b
mbas b wasl atib gl gee Sleys
bgjlon loy & o e slaplul el
Wl calisee JS3l 4 pgsb LS S S8
(DJJL»? cDJwtiP.) (D.J.ai}).)% b &wé- cbjlg Dlﬁf
o1isygl el 5 (LS lagds, oy
b ) e Ly paye Mo pd Al in &S 03505
Aoled oo oalaiwl yloyd (sly ooyl LS I i
Sojlas cols oainlg clogyls pylon S Ly
Cuoddy 2LS0lge 5l &S win LS5 L alS
Sloss (gjlwJre LS Sl 5 ollp b Siloss]
s> oblS (Tripathi & Tripathi, 2003)
togis 515 (b o aiilie oy sl
oo OlaSy cole > a9 odd My
Lo g obj o o 0l 5 ol i o (2 9105
oo plgisds g Ngdi oo Mg b ooladl )
Dy 305 b Sag38l 5 slie Sl o pB
laS 5l et 5 Syi 09,5 QLS (ioeen
S WS o Mo ) gl clacdplio pba JI
ol Gl plald dlde p (gdgae STy,
3 5eS) sl J¥ee 0js b Yoeme LS 5
Loy I Liw 98U 5 ditwd ((ysdbslS VO
Misi o2 joid g Lload olwlid 496 culglie
Mt (poyp g oML S ol
456 slcdgli (Caldentey & Inzé, 2004)
25 35yl Slld 2,8 35 ixkio (sloodygl 3 5
35 ‘Lfbé.o.«o chbL_iJ) ‘U’“”L")‘ cuyLo ‘9)‘3 W
Hgyse JBh opd g (Shdys 9 1Ae ke 2 gl
Sl by ey slooriS el g lagygeyen sile
Osmen g QUiBledS Lelge Gl 09y



vy w o Hibiscus sabdariffa o\3 &5y )5 yuge dduy 9 S pojlas 13 556l W5 e (w10 )Ken g (Sho

238 S5 Oyge 4 55l g pegS)HsS Sl
2SI Cd)S 3 )y n 09 bl s )
5 Logians S0l 93 50 0y (5l g eesS S 9
D P e
oLt ) B ol ;iS5 g A8y 5 (598 )l Lag)ls (]
5 sginsl Ll Sy a5 ol sl
Wt A 4S5 a5 ) atule oo bawy
Manikandan ) ui aswie DNA 455 ¢ (o515
(etal., 2012

Wy Copw Canb Sl 4 g
Yok gloj ©de g 039 WS 4l slacglie
ol (2915 dlge 5 45l scdplio Mg sl
095l 9 @y M Sln SIPeSSm bbby,
Sojee B 9wl slcdple
(Asghari et al., 2015)

5 @k ol ce 58 Rl o o Jlasl
Codgie &S Gl sl lacyplio Ay
4>y L .(Omidi & Farzin, 2013) k> a3l
ME dge g el Jseme gy Senl 4
calS Jold g bl 3 agl clacdgle
2 dlse ol el 5 bl upe e )je 5 Ll
s gaxite OMSEe b 0pes g (2lend lacdy,
olisul g 435 (oloj Bpo (£)j g (aee Ll
I Bn ol 3 pae ol S8 oy
I Fr o9 s piomen g oaiS g slaygiS
ol da0j¥ wdl o drlpe ClaS (29)h GlalS
L ojgyel hbiso ©pgre Sarel cng saisb)
Mo slesily ogy cpl 5l edelcwsa slacd i
Mo GlalS ool 5l (S > 29> el
Krumov et al., ) cuol a8l isli8l oo b
2009

Foe ey S olyisd Gmge laady, cuiS
o3 sl & (2L 4l slcdglie Wy
Sy Lg) (o0 B4 Wil xioy (J)
b eSSt daulpay ordudy g

B Fomb e 5l oolinl gl (yivxen
Jobw 0aBis50)aeliyy Spo b jenbl Wl anls )
Kumazoe et ) cuwl o o3ld lis 0158 gl
(al., 2013

(s uSll Glsied ppmen sl
saS ol da )9 sauScdadlbre «wlpdl Lo
(Kaszkin et al., 2004) 155’

Ay s b Gboesl (el sba
g Cuow ublS cledy lbyw &l Siy  Jolos
Lee et al., 1997; Shimizu ) xlai8 )3 )| )3 d> 55350
et al., 2008;Khan et al., 2009;Suganuma et
[(al.,2011; Bettuzzi et al., 2006

2 oxdeusS laJols 595 9 (Johw Cldllas )
» e sl claosslS Blin vitro cla iole]
o3 b Jshos 51 (g)lomm 5 jogal S g 13 slae
Nishikawa et al., 2006; ) cwl o
.(Yamauchi et al., 2009; Li et al., 2000

9 2 3w Sl 5288 b 500 adllas S
B an 2ge Wl g Glpw oo b (Y
oials cel oS b L sdslcunsa gls g <8,
plo ladolo b awlie p» Slbyw sl Jsho L,
S il Oypo ol 4 @B ol e 9 00
FIBa oxybojl 5eSgp )5S el esls
cel ol by &5 odd (gl jhud e
ssag] Sl dox )3 9 3500 NF-KB (gl Jleb
cel 1y AB31 dygepi) oy ook
(Ahmad et al., 2000) > o

Slismen in vivo sla il mls ¢ Jlscpl b
Nl o b & ad e ol olwlis
Oloyd (widu sl U abl Mbe jegas ol lgicay
(Sonoda et al., 2014) sa> Lul58l 1y ol

15 5 otlS b 12 DAl oy 5



Wb (el 0Ss 9 o (2le o Jol o)led wadjl Jlo ¢ 028 ()9l (oolidiCunsj (g - (ole dlxe ¥

Gology ploa > L g 2 a3lsl g I L
oS il ax,> A0 sl L WB14  Ja Memert
a2 olac e b o3l 3 celo g3 lp
J4e Heidolph (5l olSiws b s cow b,
o g el 3,5 Ol dayd AD (gled > ¥l
5 2h 328 Ubg) b esiladl slaojlas ud il
MolS" CoolSafe Jao ScanVac oKuws dluwgey
3 odlil loy b odelcwndd g g Ai Sis

W35 (S =Y glod b o

5 il g o ol g o Sl L)

b g pSeilul 5 sla gy G (] dluge Ak )y

i b
Folin-Ciocalteau _yig, o J§ (slo Ji L clale
Cygo o b (65050l (Kundu et al., 2018)
J> shate O il e ) 1y K odle p)5 /) oS
N Folin- cizy) Jolowo yid Juo +/0 L 9 005
A bglore JolS jebay 5 i adlsl ¥ Ciocalteau
Y Jsbe e S d 4By S )
VO (el g i byl g a3lsl )] 4 NaCO3 duo)yd
OSLo dabdl 3 g 00 035 w0 &) glite joboay el
Sl (glad kil g dged Jolee il il arsliS
Sl s | inglh V- 30 b > S
9 ) Bl (goxie g odd C yiagidg Sl
ol oyl i 1 s W J3 il
Al Dbl sl oo cilie zoaw 32)5
swe Cpl il odd ol ol Y IS KB
copd g Y=389.64X-14.341 Ls dble )

Al o R?=0.9483  Siusen

CXWPHAE

o 3 S5 slaggds gpSeslal (sl
odlawl 3,lkwl lgieas (1999) Zhishen et al.

@S o) QB Vb a5 e G2 2l Sy
hls by cpl sl (lglhé (o058 wllaiil
ol oMoy g 039 Siwgn 9 (S5 lub
slaay b Augli ,s Bl K5 uatl (slaa,
h asl clacdgbie jl 5V zokaw ol Jyane
g Olisa Gl byl 5l & WS e Ay
Cuonl b gl scdglie wy cln (ool
958 yem 50 Ay cublB (gl pioren )8 salal
o g Srodes Mg sl Wlgie g 0
Omidi ) 5,5 1,8 edlatwl 5y90 41556 slaculglio
oldlas 51 S 5 Je ¢l (& Farzin, 2013
21 gl chle Ll3#l ol e sadplol
Catharanthus roseus olS &isu)l,5 dge 4l
29 e gl 95 Ll dles 51 5,8 osaline L.
Srivastava et ) s cél il 515 g cpctas )5
(al., 2007

W)l se sbady, Gl )Xy s
Sphagneticola calendulacea (L.) Pruski )
S i ) ooy clle il el
O g9 sl Sg)b g el SojlegS —p g S
Ay ) o5y dex | bunggds clale )l
ool 0l olS 393 A Cumd Ayl dldge
.(Hanafy et al., 2016)

olas 3 Jie Sl lie haoh cnl 2
5 U 2y90 5 sl ol (g ady g S
lnoslas cpl (615 56 aaldl )3 g 88" )3 )
5 o Dy HepG2 Slopw sk s,
28,5 )5 )

by w3y 9 lg0
digod ‘_g)'lma.:loi
Omge Mayy Py b Sy s
P93y porySLo Sl b il byy 4 & aisyly
ladiges g ok SS9l 5D 3gr odd Ay
ViF e Cond 4 g (ilwoslel ) amy 03,5 0



Yo w o Hibiscus sabdariffa o\3 &5y )5 yuge dduy 9 S pojlas 13 556l W5 e (w10 )Ken g (Sho

oy 5 Y=673.06X+0.6751 L dslea (sl
Al o R7=0.9483  Siuuon

EReT]
Fuleki (bg) j1 IS (sloimibusgil Jlado o 4l
Vo ubay ol pd e oo odlaiwl (1968) & Francis
Or bl e p pSidee ) ojlias I i) e
e g 3980 bl ¥/0 9 VPH L 30y e
Cla OS] gd 0 LB iagl OYD 1) o
e ¥/ 5V pH Gl ogles j odelcanda

350
300
250
200

150

Concentration

100

50

-50

5 ko \ olae sl 1 sl o /0 Ll >
ods > st O i) e VYO L &Sl Lo
4 Joyd O NaNO; oo 5l g Sie VO caliily
s 9ySKee VO dddy £l a5 il byl
5 0045 a8lsl Jgle 4y oy Vo AICL.6H,0 Jgloro
SO g A plxl oebeSSl ABS> gy
T ko Y10 5 N5\ NaOH. Jgbro 3 il s
Aol ol Gls g 03,5 bglste g o adlsl jate
(570 b S35 el OV+ e Jobo 5 s I
gl cilize golaw )55 5 ol omal S
v Cpl ol o oy L Y SE o o il

o
[
o
0.4 0.5 0.6 0.7 0.8
Absorbance

b b cdale um gl SUB sl 5)likiol gla Jolowe caliso polaw 55,5 3| Jols gl S o Y JSU0

350

300

250

200

150

Concentration

100

50

Absorbance

i giaMs clale o (gly 5 lliwl sl Jole Calisie polaw 35,5 jl Juols ygmol plS iein Y JSUS



Wb (el 0Ss 9 o (2le o Jol o)led wadjl Jlo ¢ 028 ()9l (oolidiCunsj (g - (ole dlxe

CxSoilsl s e Jglie B M 4 (V/V) YAV
ol e asyd YO glod p» balS bl cov
PG ) eia B e o Cep
oyus UV slacal g il 95800 Yo g dads
Sy ololid Had b gregl Yoo B 20 ok
Lo gbodb 5 bjl ol awmlie » (e
oyl « Sy Cugr 2l (ly Dy Lalls clas il
2 3l ol b a5 nge adayg 455 Sl
3 osliwl a8l by 5l cdl malial 5kl
ol 0l o3l 0w JIS Ccons 3 S
235 905w WWe B Vel skl oyl cdale s3gixe
S5 aw b s, Sell ) i e
Excel s minitab )l3sle 5 3l eslatwl b zuli .0 plodl
2 P<e/ed MBI g0 e paws g A oy

140

Y5

HPLC 53 bawg (p25l5 (ol 5a0 comtd 9 (2 lwlbid
2 ot o ] o Ioly Hlee 3oyl pslS
)l by ez 1 (e slacsilon ) Sty
5 Joo (owMginw lig & dlos b o3l gl S50,
5 b0 s id sk B DNA & ] (13,5506
A 8550 by (Hlow Ceb DNA 45 53 |
Uy il jide JuSor sloog)S sl )8
bise ot 8 Ly s 2l
Knauer, ) Jao HPLC oiwd I eolewl L
UV-Vis ) 5l 83l & 45 (Berlin, Germany
DAD 2. one ) Js (photodiode-array
(P 6.1L) Jso LC iy o (langmuir, Knauer
osSxe B g el b L (gjlle
250%4.6 mm; Phenomenex, ) yioq,50 HODS3
Coms 4 ol Sl [T A M 0 plodl (USA

120 H
100 ‘
80/

60|

Absorbanc

40|

20|

o

40

Time[min]

(sl 02V Jgi o Lol oalul 45) 3L g5 Ve (ool Y JSCS

Sloss (glolis HPLC oKt lawgs a5 Jé b 3,k & Ve L?"L‘"‘ R de@

Compounds Peak Reten. Time [min] Amax
Phloroglucinol 1 4.833 280
Gallic acid 2 6.283 268
Protocatechuic acid 3 11.917 260
4-hydroxybenzoic acid 4 19.667 280
Catechin 5 24.067 280
Vanillic acid 6 28.017 260
Chlorogenic acid 7 29.817 280
Epicatechin 8 34.483 280
Eriodictyol-7-O 9 45.250 280
Naringin 10 53.183 280




AN w o Hibiscus sabdariffa o\3 &5y )5 yuge dduy 9 S pojlas 13 556l W5 e (w10 )Ken g (Sho

5 Moo )5 2 pS ke /100 55 e Sy p
2 pSube ol asy)ly ase adyy o ol i
QoS )l s Ay 9 U85 sk Sy
B @ dng b bl bl o P<e/+0 wi)ly (g)ly sxe
aex jl gl slacdglio MWgi dw) oo Hlaids sl
K i o plos] &5l 5 Al ge iy 53 b yliwgs]
OFee cunl yioS Lol ol 4 s ] clale
Ohey Bowluwss] den LSy Rl g il

sl ks

o9y & agl gbedgple w,p mW
HPLC g (g 509 ySyms!

9 Laoggde o b 3 L (cpSejlul g wyp b
dgge Ay 9 by b Sy dges bslugs]
blys @ dog b oS ol osel V Jgao > aisy )5
Gge5 (5 M 5 il g cutS Lulyd 5 lamg
b Slilllae > LS5 ol e Sl (Jlite palde
N HPLC (¢,80jlul cow YU Jhgy 3o ladiges
B bl 3y90 Vb by b W b g a3 )S
ojlods Sy &5 (0l lise B L o A8 )8
o3l it JuST l38le 5 (SaS b 5l
Sa ) ghaw g ey e glackle ) yodls
diged 0 pols clale 5 u 03ld Hlaged 4 adiges
e 4 Omge adyy el 0 (plS el Cunda,
P ol i g 038 by Rl e g3 S
Sy pS e I LD iy gl Sy diges
Omoe Aoy 50 ol (liwe & Syge 29 SUiS o2l
el Candey Sis ko p)5 4 p)S e YYIAE-/ND

& L3

Wby e cpues

cilisee OlyS 5 clale cps )l odelcanda cleMb
9 Wb sxpSeill oS oS e YOIFE S5 sl
NAY 35 a5l digge dday 5 odelcuwndd e
Sy ok B gli sy 0 oS e
S e Sglds Aol 5 (Sge ) 9 B b
@ odddl) zlo 4 dogi b Lol il o P<e/+0 i)l
o Jid b alox 5l 498 glacglio Mg sy o )l
ol cble & ja odd e 4yl diuge ady)
o bl Gl oo ol sl jiaS Lol olS & s
el 3i9nl) oSy ST &5 S oad plovl s
Canwl 0d 8 L 5l pasuiie sl clale )3l

o gigWs CAAIE ynt
s b cdale ol osel ¥ Jgas 55 a8 job o
Suibe pS p pSke YVINY 05 b S
2 e ke YIVY a5 dnge ady)y » ol ade
s Sy baggs clale olss b e p)S
S5 gyl e gl Azl dge ) g B
S 4 onddl) ol 4 asg b Lol il o P<¢/40
2 b8 der I 49l clacdglio sy s
o clle dx jp odd e Ayl dluge Ady,
O”-J u»lwl).g O‘?su" Lol ¢! )..of u’“"‘ olS & Cad
P393y porySlg S a5 €S (g oo oabplonl 3.8
0l iy gigMs | asuin Sl clale yili8l el

s

hww}.‘si "l'l’ o .
o bl Clale ¥ gty oadal) gols el

o8l (g0 sbrady) 9 Sy > gl glacdplic lgl Gl s Y Jgsa

Sample

Total polyphenol (Folin-
Ciocalteu method) mg/g

Total flavonoid (Jia method) Total anthocyanin (Fuleki

mg/g and Francis method) mg/g

Hibiscus sabdariffa leaf
Transgenic hairy roots

45.66%0.19
8.81%0.08

36.34+0.27 0.055+0.008
3.23£0.15 0.0040£0.0002




V) i 052 5 e ol sl olass qom2il Jlo (5 (gl (gmlibumss (singy - ole abno TA

IoaSin 2 e o ol b K,
sl JKool) Gyl by dles 5l peie (sl glow
5 Jobe edgiw lie 4 des L]
oyd Jokw U3 DNA 4 ol 3,530
Ol (5ylony &b DNA i 35k 5l 5 0l o0
sy JauS gy3um (sloog)S dlax (a8 o gl oo
ol 5 by sl sl Glls wal
35 A5l mge ddy) diged 4 by Sl o
dged oyl oesls YL chle owas L

il e

HO O

OH

\“\\
"

Ady) 9 b5 sl Sy o sl clals clis

P<e/ed )by (gl dre Cgles disu |5 pdge
ol p eAST 293 odalcund as sl e
Azl Alpge adyy ) 45l clacdyle clale
(P JS5) bt Lo b olS sl
e dlas 3 a4 edg (caweiaMd LS 5 diwd
5 5 s ot ol SIS G sl
Ol b sl Bl )l a2y A5 sl
ol 3 S eSS
oo b 51 48 it i Slga (sl asnT 5l

OH

OH

OH

ol Jslge sl £ UK

[mAY

20

i |

Absorbance
S

W
1

H H Catechin
‘ i f

0 20 40

Time[min]



v w o Hibiscus sabdariffa o\3 &5y )5 yuge dduy 9 S pojlas 13 556l W5 e (w10 )Ken g (Sho

40|
"

20|

Absorbance

1

o

T T
60 80

Time[min]

(Adlie 5815 KV ola iy 5o 0 o ) 355 sl oS (ign 4 o bae HPLC gl,Slag,s 1 IS

b siopasiSend olSias 1 odizal | Jols
@ rp b 2gdiee 650l Jiegll OV g0
Sy ojlac 3 b Joh yaileods; doyd sdelcunday
S0 4 pddon oS Voo Bl 3 25 sl
2 Loy AY/YYEL/YY 5l g asly (ool ials o)l
OVISEE A dyid oy pySiue B cdalé
o¥leosss Gials gy cpl g sl 0w dop
G sl Sy olas B I L sk
Sy e Sleodi; ol S o lay asbl
S e gl wu )l (iige Aoy 9 W85 Sl
Al o P<o/edy il

olac bl pd odelcuna @ls piocen
2 sl paleosss dops ol (L (ySse ady)
S Voo clale ) sl dinge ady) o)las
g aly (ool el o) S i dee
2 opSke 00 clale > sop SY/YYEL/YY
Noy cpl g Conol odwsy YEEFEYY & 2 Lo
iy B QRIS L ke pibiessy inls
DS oo Iy doldl iz )| 5 g0

—) S D9 e patule @l IS (wyp
adyy olas sk Sleoxs; ialS i
GF sl S oolas I S wsy)ly ange
b doho Guleosss (lime > Cglds pl 5 Ml oo

SLddhw (g9, baigas ol gojlas ow)p b
HepG2 S pw

adyyg by Sl Wges ojlas Bdod ol adbl
03) Sy cladole ) p wuly ange
crl 2 8,5 55 gpug cpl s 2)90 HepG2
ForgVer Voo e VO oo glacdale jl )y
alijy by Sl Gbdgdde nop)S e
HepG2 g5 Slojpw slasbo 4wl )5 aige
edlatwl b e Johw ybiloons; duopd g onds adls
e MTT (g (bl e (bj)l MTT
Cullad o sl obo yidn lp & Cunl ©)90
15 Ll L il ol ol sl ol oS gie
Clld & bgyje (Jad ©)p0d 0055 o Jsho dlass
0925l =9 & psesl nl Al ol (2b)aS see
CuSd 6 b g g d9die Do (PR
3-[4,5-dimethylthiazol-2-) pedsjl s Sad yad
& 5,y1]-2,5 diphenyl tetrazolium bromide)
ol o Sy b 25 Ol sl S5
s b o] ) i i Klin i o5
g NADH (pbpn sigilSys esles o
Oypo @by Sene bjljsues 9 NADPH
Ngdeo JSi5 oS Soileyg sy Jliw S 25 o0
) Jobre ()9 ol g wdl e (B> LB



Wb Gl 65 9 e 2l edgl ojlesd il Jlo (228 )9l (owliiCans ) (pimgh - (ol dloxe ¥

ofals bekle plo 4 s e 2 p)S e ol 3 ol YL bl |y ol oy 1) Gl
309 3 |y ek aileoss; hoyd j3 (6 it dpo & Goyie 5 5l elel ol =Y i
2> sk Sy b 5Ll Gl g, (s Voo cble i (ol 5 Oglite (slaclle oy

120 -+

100 -

Cell Viability (%)

80 A
60 -
40
20 I I
0
0 25 50 100 200 400

Concentration (mg/ml)

Uiy sl oS 5y diged s e 33 pS ke oo g Yoo New e ¥ (clacdale ) by Jobu (sl doy Y JSUS

120

100 -

0 l I I I . '
0 25 50 100 200 400

Concentration (mg/ml)

o]
o
L

Cell Viability (%)
S [ea]
o o

N
o
1

55 el oLS ise dduy diged sl e 3 p Sl Fee g Ve Ve e XD (ola il ) ba sk (gl doy A JSC



) w o Hibiscus sabdariffa o\3 &5y )5 yuge dduy 9 S pojlas 13 556l W5 e (w10 )Ken g (Sho

sl oS sl gl (S absdMe LB 4
Sy g cul 6P GomMite Sl Sl
Sub 5l Sl sl ool Sy g
9 gt ol b DNA gudlie Conidg lae
55 S5 slbmalSe Goyb 5l AsmiRNA L
29058 35468y (sloy) g A8 @l ) sk a2l 8
Mitra & Dash, 2018; Shankar ) .8 oo |,
(etal., 2016

b oy JB OIS w e 3529 ol L
Sy sl Gy Lo Cliixd de)
o piilS Sl s A5 31 LT aS ol pnd 23,15 3939
gy b Sl 5 ol 95 dlawgay 40 o JB1
Lyl lasd dgus 0wl ol slacdglis
039y yhb bawg (o5 > ol S lapyesls
dSzgh agl clcdplie 5 Xgde ojdplie
ol L& g ool @ gusly ol il e
oN B o Sl s Bl &S s ey gl
ol poede 3l i S 4l )b
sl lbyurs S Sheobs ol clallas
Sy 9 Joo gl 4 Cul (e
Cheng et al., ) 3.5l bag o odiipaas 20 L&
(2020

2 ool 3 Sdes sl yidn (ooyp lp
Slausle §| cymls Sy ub bl
LT Sl ponp b 1y oS dlasly b Gl juors
Nt U 2018 itans Glanl _ols sl JoSIge
agielejl Gk 5l e 9 gl Sty 3 L
Oldllae yide ouS Wl 1) Wl (6,135 51 in vivo
Sl 35290 05 )90 13 (5 U o plxl
clale poby i Al pl 0 bl cuol 039 jow
loady 5l odliwl b (55 sl )3 39290 (02518
520 2V o g 4l l3l Lol oadlal] g0
oy 15 &b 505 ool Cllllas (b (izeen
dged SIS s slasbo g5 2 o

S 5 4o § Sm
chle Juld#l Glye e gl guyp
dwge ddoy 0 |y agl clcdgle o laag I
oy cpl 00,8 sdalin i alS wisu )l
Singigds I (o &S (a8l Glise 0ad plxl
ady) 0 6P PSlsl 5 Glbp 15 e
kol ol 4 Cuns plp pan a5yl dinge
Sy 1y gy ol 5 el g )8 Ly il
0ol 2oy b agl clacdplio o34l cunda
3 ors glysinl oylac yizcen a8 0 a0 1y YU
Sbyw sldshe o) 2 085 sady) 5 S
mb & wS )3 bl 5,5 HepG2
U0y sl olS e dduy S e LS sdelcamsa
P Sxolas 4 Cus VL il 4 b
L el jo o8 cuib b Jolw Sy sl
Dol g oad pbdl (LE Cldles pls
P sl glpesls Sbywis clgl cldlae
Oy glopw dlex I lagloyw Sy @S
Shimizu et ) 18 by (Xiang ef al., 2016)
Adhami et al., ) Slwgy by 4 (al., 2015

(2007
38 550 0950 et yglate 4 ilosls L |,
SBT3 sl 2 d92se 08 Sl el 5
<9 Oyl odelcinsd b g 4,5 g |3
Il sl ol (LS) Seingl o
) b e 5 iS5 slacalld il (3 b
Cools Ity by Sy s she
Huang ef al., ) ol o3> ;jLis Ll Slas] ol
ol a8 Sy Cldlas  pien (2017
Goglaer 3 ol 3Slas 5 oo LB camd o0
O3Sl Jlb bS5 S o,
5 o Sy Gl ere 1B &5 Al
Lambert & Elias, ) 5,5 Sl o Jolw Ay aBo5

(2010



Wb (el 0Ss 9 o (2le o Jol o)led wadjl Jlo ¢ 028 ()9l (oolidiCunsj (g - (ole dlxe S

REFERENCES

Adhami, V.M.; Malik, A.; Zaman, N.;
Sarfaraz, S.; Siddiqui, [.A.; Syed, D.N.;
Afaq, F.; Pasha, F.S.; Saleem, M.
Mukhtar, H. (2007). Combined
inhibitory effects of green tea
polyphenols and selective
cyclooxygenase-2 inhibitors on the
growth of human prostate cancer cells
both in vitro and in vivo, Clinical
Cancer Research, 13: 1611-1619.

Ahmad, N.; Gupta, S.; Mukhtar, H. (2000).
Green tea polyphenol epigallocatechin-3-
gallate differentially modulates nuclear
factor kB in cancer cells versus normal
cells, Archives of biochemistry and
biophysics, 376: 338-346.

Bettuzzi, S.; Brausi, M.; Rizzi, F.;
Castagnetti, G.; Peracchia, G.; Corti, A.
(2006).Chemoprevention of human
prostate cancer by oral administration
of green tea catechins in volunteers
with high-grade prostate intraepithelial
neoplasia: a preliminary report from a
one-year  proof-of-principle  study,
Cancer Res., 66: 1234-1240.

Cheng, Z.; Zhang, Z.; Han, Y.; Wang, J.;
Wang, Y.; Chen, X.; Shao, Y.; Cheng,
Y.; Zhou, W.; Lu, X. (2020). A review
on anti-cancer effect of green tea
catechins, Journal of Functional Foods,
74:104172.

Crespy, V.; Williamson, G. (2004). A
review of the health effects of green tea
catechins in in vivo animal models, The
Journal of nutrition, 134: 3431S-3440S.

Fuleki, T.; Francis, F. (1968). Quantitative
methods for anthocyanins. 2.
Determination of total anthocyanin and
degradation index for cranberry juice,
Journal of food science, 33: 78-83.

Hanafy, M.; Matter, M.; Asker, M.; Rady,
M. (2016). Production of indole
alkaloids in hairy root cultures of
Catharanthus roseus L. and their
antimicrobial activity, South African
Journal of Botany, 105: 9-18.

Higdon, J.V.; Frei, B. (2003). Tea
catechins and polyphenols: health

effects, metabolism, and antioxidant
functions.

Huang, C.-Y.; Han, Z.; Li, H.; Xie, H.;
Zhu, S. (2017). Mechanism of EGCG
promoting apoptosis of MCF-7 cell line
in human breast cancer, Oncology
letters, 14: 3623-3627.

Ismail, A.; Ikram, E.H.K.; Nazri, H.S.M.;
(2008). Roselle (Hibiscus sabdariffa
L.) seeds-nutritional = composition,
protein quality and health benefits,
Food, 2: 1-16.

Kaszkin, M.; Beck, K.-F.; Eberhardt, W.;
Pfeilschifter, J. (2004). Unravelling
green tea's mechanisms of action: more
than meets the eye, Molecular
pharmacology, 65: 15-17.

Khan, N.; Adhami, V.M.; Mukhtar, H.
(2009). Green tea polyphenols in
chemoprevention of prostate cancer:
preclinical and clinical studies,
Nutrition and cancer, 61: 836-841.

Krumov, N.; Perner-Nochta, I.; Oder, S.;
Gotcheva, V.; Angelov, A.; Posten, C.
(2009). Production of inorganic
nanoparticles by  microorganisms,
Chemical Engineering & Technology:
Industrial Chemistry-Plant Equipment-
Process  Engineering-Biotechnology,
32:1026-1035.

Kumazoe, M.; Sugihara, K.; Tsukamoto,
S.; Huang, Y.; Tsurudome, Y.; Suzuki,
T.; Suemasu, Y.; Ueda, N.; Yamashita,
S.; Kim, Y. (2013). 67-kDa laminin
receptor increases cGMP to induce
cancer-selective apoptosis, The Journal
of clinical investigation, 123.

Kundu, S.; Salma, U.; Ali, M.N.; Hazra,
A.K.; Mandal, N. (2018). Development
of transgenic hairy roots and
augmentation of secondary metabolites
by precursor feeding in Sphagneticola
calendulacea (L.) Pruski, Industrial
Crops and Products, 121: 206-215.

Lambert, J.D.; Elias, R.J. (2010). The
antioxidant and pro-oxidant activities of
green tea polyphenols: a role in cancer
prevention, Archives of biochemistry
and biophysics, 501: 65-72.



¥y w o Hibiscus sabdariffa o\3 &5y )5 yuge dduy 9 S pojlas 13 556l W5 e (w10 )Ken g (Sho

Lee, IP; Kim, Y.H.; Kang, M.H,;
Roberts, C.; Shim, J.S.; Roh, J.K.
(1997). Chemopreventive effect of
green tea (Camellia sinensis) against
cigarette smoke-induced mutations
(SCE) in humans, Journal of Cellular
Biochemistry, 67: 68-75.

Li, H.C.; Yashiki, S.; Sonoda, J.; Lou, H.;
Ghosh, S.K.; Byrnes, J.J.; Lema, C.;
Fujiyoshi, T.; Karasuyama, M.;
Sonoda, S. (2000). Green tea
polyphenols induce apoptosis in vitro
in peripheral blood T lymphocytes of
adult  T-cell leukemia  patients,
Japanese journal of cancer research, 91:
34-40.

Manikandan, R.; Beulaja, M.; Arulvasu,
C.; Sellamuthu, S.; Dinesh, D.; Prabhu,
D.; Babu, G.; Vaseeharan, B.; Prabhu,
N. (2012). Synergistic anticancer
activity of curcumin and catechin: An
in vitro study using human cancer cell
lines, Microscopy research  and
technique, 75: 112-116.

Mckay, D.; (2009). Can hibiscus tea
lower blood pressure, AfroFood
Industry Hi-Tech, 20: 40-42.

Mitra, S.; Dash, R. (2018). Natural
products for the management and
prevention of breast cancer, Evidence-
Based Complementary and Alternative
Medicine, 2018.

Mudgal, V.; Madaan, N.; Mudgal, A,
Mishra, S. (2010). Dietary
polyphenols and human health, Asian
Journal of Biochemistry, 5: 154-162.

Nishikawa, T.; Nakajima, T.; Moriguchi,
M.; Jo, M.; Sekoguchi, S.; Ishii, M.;
Takashima, H.; Katagishi, T.; Kimura,
H.; Minami, M. (2006). A green tea
polyphenol, epigalocatechin-3-gallate,
induces apoptosis of  human
hepatocellular  carcinoma, possibly
through inhibition of Bcl-2 family
proteins, Journal of hepatology, 44:
1074-1082.

Oksman-Caldentey, K.-M.; Inzé, D.
(2004). Plant cell factories in the post-
genomic era: new ways to produce

designer secondary metabolites, Trends
in plant science; 9: 433-440.

Omid, M.; Farzin, N. (2013).
Biotechnology solutions to increase the
effectiveness of medicinal plants. New
genetics; 3: 220-209.

Shankar, E.; Kanwal, R.; Candamo, M.;
Gupta, S. (2016) Dietary phytochemicals
as epigenetic modifiers in cancer:
promise and challenges, in: Seminars in
cancer biology, Elsevier, , pp. 82-99.

Shimizu, M.; Fukutomi, Y.; Ninomiya,
M.; Nagura, K.; Kato, T.; Araki, H.;
Suganuma, M.; Fujiki, H.; Moriwaki,
H. (2008). Green tea extracts for the
prevention of metachronous colorectal
adenomas: a pilot study, Cancer
Epidemiology and Prevention
Biomarkers, 17: 3020-3025.

Shimizu, M.; Shirakami, Y.; Sakai, H.;
Kubota, M.; Kochi, T.; Ideta, T.;
Miyazaki, T.; Moriwaki, H. (2015).
Chemopreventive potential of green tea
catechins in hepatocellular carcinoma,
International Journal of Molecular
Sciences, 16: 6124-6139.

Sonoda, J.I.; Ikeda, R.; Baba, Y.; Narumi,
K.; Kawachi, A.; Tomishige, E.;
Nishihara, K.; Takeda, Y.; Yamada, K.;
Sato, K. (2014). Green tea catechin,
epigallocatechin-3-gallate, attenuates the
cell viability of human non-small-cell
lung cancer A549 cells via reducing
Bcel-xL  expression, Experimental and
Therapeutic Medicine, 8: 59-63.

Srivastava, S.; Srivastava, A.K. (2007).
Hairy root culture for mass-production
of high-value secondary metabolites,
Critical Reviews in Biotechnology, 27:
29-43.

Suganuma, M.; Saha, A.; Fuyjiki, H.
(2011). New cancer treatment strategy
using combination of green tea
catechins and anticancer drugs, Cancer
science, 102: 317-323.

Tripathi, L.; Tripathi, J.N. (2003). Role of
biotechnology in medicinal plants,
Tropical Journal of Pharmaceutical
Research; 2: 243-253.



V) i 052 5 e ol sl olass qom2il Jlo (5 (gl (gmlibumss (singy - ole abno i

Wang, M.L.; Morris, B.; Tonnis, B.;
Davis, J.; Pederson, G.A. (2012).
Assessment of oil content and fatty
acid composition variability in two
economically  important  Hibiscus
species, Journal of agricultural and
food chemistry; 60: 6620-6626.

Xiang, L. P.; Wang, A.; Ye, J. H.; Zheng,
X. Q.; Polito, C. A.; Lu, J. L.; Liang,
Y. R. (2016). Suppressive effects of
tea catechins on breast cancer.
Nutrients; 8: 1-15.

Yamauchi, R.; Sasaki, K.; Yoshida, K.
(2009). Identification of
epigallocatechin-3-gallate in green tea
polyphenols as a potent inducer of p53-
dependent apoptosis in the human lung

cancer cell line A549, Toxicology in
Vitro; 23: 834-839.

Yang, C.S.; Wang, H.; Li, G.X.; Yang, Z.;
Guan, F.; Jin, H. (2011). Cancer
prevention by tea: evidence from
laboratory studies, Pharmacological
Research; 64: 113-122.

Yang, C.S.; Wang, X.; Lu, G.; Picinich,
S.C. (2009). Cancer prevention by tea:
animal studies, molecular mechanisms
and human relevance, Nature Reviews
Cancer; 9: 429-439.

Zhishen, J.; Mengcheng, T.; Jianming, W.
(1999). The determination of flavonoid
contents in mulberry and their
scavenging effects on superoxide
radicals. Food chemistry; 64: 555-559.

COPYRIGHTS

© 2022 by the authors. Lisensee PNU, Tehran, Iran. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
i 4.0 International (CC BY4.0) (http:/creativecommons.org/licenses/by/4.0)




