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Table 1- The geographic information of E. parviflorum ecotypes collected from natural habitats of IRAN
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Figure 1- Complete structure of Epilobium parviflorum (A) Plant ecotype of EPP16 (B), An opened flower with showy pistil
(C) (photo by the author)

Lo BT 5l oslazl L (V Jods) olpml 53 (omads oKiing) V5 |
S 8 5o o apnS] (51 b (6503l g Sy tosid
oo MBS )18 oS g 45 g (wyp y90 S g
MY/Y e cslaiels ;3 ons LT C3oS1 VS (5 (TFL) S asgigMs
=l 5l (Sl asls—, IS) EPPS ssST (6l VY/AR DW
mMY/g L Ly paw jl pYL 120 VWY gl b By5 ool
Ol @l 3l (8w daiie) EPP10 (ST (6l YY/5¥ DW
¥V b)) a8 e L e jl YL 520 WYY gyl po
A5 0 (89) whosigud Lo wyy ;o (Y++1) Hevesi Toth
(E. parviflorum Schreb., E. roseum Schreb., E. cjla
, tetragonum L., E. montanum L., E. angustifolium L)
MY/ o ooy 3 1) IS adgioMb (s5ime (50 )1l
65 0 oy TFL (l5se o 5V g 3505 )55 (MY-5/2 DW)
=l 1.(8) 1,5 e E. parviflorum 455 ¢ly aslllas cod
3= YL 5 ol dn g BB 131 30 b dusllis 13 550
(E. parviflorum) (glase Laleay sla cuisST o |, TFL 50
ohug oo LS p3] B0 )3 5eSde g5 L auslie 1)
St (500 s oS (oS dnie) EPPLO (s pogea 5
2) $lag aledy Ao 1 ol odnline ply ¥ agas) TFL oYL
wileay lacessSl ) TRL polie fyiomed il oo (5,55l
g slacuisST 3 oad ssalie palie b duwslio o lpl slasg
mg/g DW (4o slaiels p3 a5 s 51,0 E. angustifolium 445

Db e dlan Mo LB 55 ((IWY) Cawl 0dds 5158 Vo /Y=AY/Y

(ACY) u:ul:u.‘.n‘,.‘.’\.ai S 30 (5 180 Hlu
ol 01> gy 31yl PH g, 5l oolil b cyliwgs] (cgime
A plool aly w8 L (Y4Y) o) Ken 5 Uleberg by
Y10 1l PH 5 (Voo +/+¥) Vs PH L o3lizl 390 sl 3l
Sl mod 9 (KCI) mrly 1255 b e (Y90 /Y)
a5 (HCL) 3500 3,05 b a3l PH .o, (C2HaNaOy)
G5y s Soilal ey 3l Jglore )3 ladiges pls ojlac 3,8
Ver LdY: ()9 oo Jobo > yiegidy iSeusl b 0l (liee g 03
(lab- ja; 150V ey g ,She olSiws | odlaiwl b iogil yiogil
b eS8 g (6,803l system multiskan MS, finland)
2555 AT =l 25 e s 2 plogil (sgie g o0

V) )5 dolre s o3l (59 £S5 9

Sotel Jalad g asjas

XLSTAT 2007.6 l3-dlp 15 j) Liroogs sal (ysss g
ol sailge 4 435 (g (Stumed Copd g A odlital
B Bl ey adaly (s i e iy plx]
OgyS) 45 (28l (2 9 byd g | gyl b Sluus]
03,5 )15 (R) e oy o g 05 plox]

odd &yglze> (E. parviflorum) clag aless cuigs V8



Frd st T o b Blad 31 ol slaisy Ghle st s 551 (5,800

2000 - mTFL ®@&aTPH OACY
F
: £ < 1600 A
den
) ° Q -
259
3 5= 1200 1
458 g B
=S g 800 -
N o
1&g
= % 400 -
'_
0 [1 1 il D wh -| [
Q\ Qﬂ/ Qﬂ‘) Qb& Q,6 Q/‘O Qoo Qo’ \Q \\ \’\, \") \b& \':'} \‘0 \(\
FF I FT I T FT I LT L
Gl gy Gl s glo oS
E. parviflorum ecotypes

(EPP) E. parviflorum g cuwisST j3 (ACY) cpiluwaiil (sgie 9 (TPH) JS L8 gm0 (TFL) JS auigigMd (ggime —Y JSWd
Figure 2- Total flavonoid content (TFL), Total phenolic content (TPH) and Anthocyanin content (ACY) in ecotypes (n=16) of
E. parviflorum (EPP)

slacasss] ) aagggh o (Jb OluS 5 (999 YL (59) 2 Sl
EPP10 555105 4 |l (E. parviflorum gl ale sy
a5l oS abl S50 £ )Kls diges b duslis jo (K deui)
slacidalio | s muie 03w cpl LS D)l (g in ldllas
Slog ale sy slacuwssST o TFL 4 cud TPH (gl cpiin
)L_.u.u )L\m R rbl?o] L.JL‘L».DU u»l.w‘); (\c) _\*St;o A gf 1) ul))‘
P YL b polie g5 3 b Wiley 0 TFL & cnd TPH (YL
9 oo 4 Sl a8 (0) wil lpl gy ile s lacssS]
- dl_cau_..o951 P TPH ol ds e iomen 2, Oi Oy
oMo B8 Sl (8) (5515510 (sl il 2 3905 | Auglio 3
E. 4565 jl cuman Ve (—wyp » TPH jlod0 0 3L s
A oDy phe (29yld sladisS 3l (S aS (s angustifolium
aS (V) 40,8 5,35 V0+=Y++ mg/g DW yule il o ale
olsse 4 olpl E. parviflorum glacwisST (byxe p does ol
SNsod (g (ot S5 g 4o 3l e (2>
(r=0.7, sl L JS a3gigMd g JS" |8 (glgivee oo (oYL

(¥ Jsi>) .P=0.002, n=16)

i sl sl (TPH) U8 I 0lS 5 ol

lasald )3 534 (TFL) Jlade plyp OF U FF dg0s j0 (sldig sl
51 (S ass- 1) EPP5 CusesT (sl YV/EY mglg DW oy
L Ly o 1 5YL e VEVY glisyl b By oloulydl wls
elaiy) ) (K aestix>) EPP10 5651 (¢ly VY&V mg/g DW
PLosl i 3 () JS5) 3,5 € > w51 5VL 20 WYY
(E. parviflorum Schreb., E. roseum caliswo 4355 8 (54, o
Schreb., E. tetragonum L., E. montanum L., E.
MQ/g (e slaiely » TPH Jluds (5,5l 5> angustifolium L)
e 4585 lae ol 3 A4S S 515 YFA-YYY DW
mg/g ) TPH (sgiee opyiin b 4565 plu 4 Cand slaigy ale
U gunod 45 () 555 L)l (TFL jlade ply ¥Y 5405) (VYA DW
= o=l ¢l e e s sl cusgST > (TPH) polie s
Ol b o (TFL) Jlade ,olp Y L5 FF sgas j> a5 sl
Jdslse 3l gl (LS slac il ) laadgighs 5 b cluS 5
Aile (Sepe Jelse Sl ol I oo ol e b (S
5 Lol )lg S0 Ly (Sl il o e laome (slayial)ly
Lwly ol 5o ((VF 9 & &) 5y cadiste Ll 5l b (glacuwl
Bl il 8l ead s Gl aS Wl eoly lis (eddxte ladss
2 St (5l i SggMe (Vb geow b iy lyglo 4l
e Jolgs oS35 Jalgs @ 1V 5 1+ ) el b))



\vaaq )Ab Y b)w J¥ .\b ‘(6})51-35 GL"’ 9 P}L;) ‘;’L&b F’l" 4.1).‘;» ‘p\ N

JS aigighd (595 «(N=16) (E. parviflorum) (sl digy 8le s gL cudsST 45 (oalonigind OluS 5 (G9io0 [t (SNiwmod oo =Y Jgoa
(ACY) cywilmwgii] gz 9 (AOX) (slamwST 5T Cud b (TPH) JS' i ggie (TFL)
Table 2- The correlation coefficient between the content of phytochemicals in Epilobium parviflorum ecotypes (n=16), Total
flavonoid content (TFL), Total phenolic content (TPH), Antioxidant capacity (AOX) and Anthocyanin content (ACY)

1 yuiio JS Agigdd Js g Olwgii] Ol 5l
Variables (TFL) (TPH) (ACY) (AOX)
J5 asgs¥ (TFL) 1 *0.705 -0.051 0.733
Js gz (TPH) 0.705 1 -0.057 0.713
asless! (ACY) -0.051 -0.057 1 -0.362
s sl (AOX) 0.733 0.713 -0.362 1

35,03 (0= 0.05) gaw )3 yao b (o)l ine glds ol jasudio yolde #
*Values in bold are different from 0 with a significance level alpha=0.05

ay/de mM/g DW gSTa s o Ly ys o 1 5YL g0 VFYY glas)
SEpYL s WYY gl o (& deuis) EPP10 oS (4l

SssT o (AOX) laps| (T sge oy p @b

(Y JSE) ol s byd e L (B Oqub,si 2y 51 (b axlé-,JS) EPPS CuisST (sl
100 1
g 80 A
(@2}
9 2
3 § 60 1
28
3: 8 40 -
g
h=]
8
= 20 A
C
<
0 o
D D D DXL LR N
ST ST ST FTTTETS TS
Gl S e s gla s
E. parviflorum ecotypes

(EPP) E. parviflorum g cuigS1ys (AOX)  SliwunST T Cudyb - JSWS
Figure 3- Antioxidant capacity (AOX) in ecotypes (n=16) of E. parviflorum (EPP)

(VY 930 & ) Cuol 0 03l s b i3 5 laaSesoM 51 YL
b e 35yl ) odalie gulS b gused &S

o Sl ile 2o e ) (ACY) flwgsl ko

L (olgkcsall) EPP12 oSt (6ly YV/VO mg/g DW  f8las

Y4-/aY mg/g DW piSlas o Ly yd adaws 51 5YL e VAGY gl

3 5L me Wo e i) Ly (pligs— 2l EPPLL s8] ol

(r=0.71, TPH L AOX (gm0 oy 45 3l L lnusl,

(r=0.73, P=0.001, TFL L AOX s ;s 4 P=0.002, n=16)
Joaz) cnl J18 5 6yl dime 5 e (Siwor 5 b3yl N=16)
sl M (5l 5 IS 2553536 (S b ggime VL (Y
5 (F 5 ¥ JSCS) 2055 sanlie (S dair) EPP10 oS
ccbale 4 Shusl ol (Vb cubils 5 dilie gla )y @b



POV it (T b o Blod 31 oyl sy, bl st sl 55T (5,800

ok 5 3o 3 FYINY Slais 4 Jol ddlgo phus 48" 50,8 dnoi
‘) £9d d._nJ?n .\_;..\.915 )I).B +[AOA 9 <INED o /YYA w).ap L i)y
e 53 5 YU s (f US5) o S5+ JAAA gy L ACY
slacwsSt.cuib slewbsid Caw ¥ o )b gxe bl ¢ gl
Vo . ud e Lol gl adlge bl zasg 4 E. parviflorum
S5 ol e S A5 oo Sl sl oS Jeld <isS]
0l 03l L5 (PCL) Jgl Juol ddlgo b Stsors S sl> 1B
4l 5815 (o oyl 5 &S wizily AOX 9 TPH ¢TFL lawgs
dodir (pgy (e doiler (IS (Gl S Ol ol
81 (1> 0.6) cto  Siuwad (gl oL 550 ¢
(> 0.6) o (Stumod 3 (ly B g prie pulS oo oz

sl (PCL) Jgl ol adlgo b

ACY o tund e (Siumod o (Y JSW5) 299 jusio byd prdowe
Lo pwlwgsl (Y Jods) 30,5 oanlise TPH 3 TFL AOX L
M 0 atld Sl sl cdls b ol s L (ACY)
2 (W) sl Koo slacdled I Ay gtue Cusl (S &S
s TPH 5o o (od (Siaad 48] JLej (g9 (gladllas
M AOX 3 ACY o alaly a S Jls jo i 4555 AOX
Gl 4y 0ad osaliie a o ool JWd & 5 Cuwl 03y iz
5 S edled 5 ol s 5 o ibiusgis] 1 e Jgib oS g
Wb oo pol> 3855 Ao Al 5o 4 (W) Wages AST  Slas]
ACY )|yt sl sl bl )y TPH g a3 g0 Ui 5
il oluS 5 ejn Job oluS g oS bl I cpiomen A5b o
Jo-8 e a8l 48 39 oyl cpl by 28k o g
ol a8 wsb ansh Sl ol cud b (il 8l b abinse ol
Cowl 0 sl i opl LS (g9; 0ud ploul Glalllas )5 4ol
wlhorignd Can ¥ Lol lhadge 4 4355 5l ol ls

ACY

AIashtar-Kahnan:

Manbar-shahin dej

1 Alamout-Station
[ ]

Khan chi-Tarom chaharmahal
[ ]

P> 9 Jol adlge
(FL and F2: 87.87 %)

TPH
Heyran (tele kabin)
[ J

iz abad Sangan springs
[ ]

Shabil &

Kaleybar-ghale Ali abad-shirin abad

-1 | babak °

{ ]
Alamout-Avan Dam a’sh 3

-3 -2 -1 0

(F1: 62.13 %)

befor tonnel)
[ ]
Ayneroom sprin
Yl p .g AOX
Kelardasht-rodbarak

1 2 3 4 5
Jol adys

«(E. parviflorum) glaigs ilean sbeuisST ke 15 £t oaids L ol sailge Julo o 41350 31 o3lisw] b (gan 95 S —€ JKUS

(AOX) (silamST 5T Cudyb 9 (ACY) (yilomwgi]

e TPH) JS 8 (ggiomo (TFL) S asigighlé (g5ione

Figure 4- The two-dimensional plot obtained by principle component analysis illustrating the variation among E. parviflorum
ecotypes, Total flavonoid content (TFL), Total phenolic content (TPH), Anthocyanin content (ACY) and Antioxidant capacity

(AOX)



AR 5l ¥ 0)laid FF il ((55)9LiS @lio 3 poke) Ll pole wrpis FAY

(R2=0.14)
100 +
[ ]
90 + °
z
g 80 +
T E
— >
by 107
3 3
o
™E 60
=]
8
£ 50+ .
40 : : : —
30 32 34 36 38 40
il (o)
Latitude
100 o (R2=004)
[ ]
) 90 T °
3
(=2}
T,;\ % 80 + .
nE 0
3 S
18
N E 60
=)
38
g 50 + o ° .
40 1 - ; |
0 1000 2000 3000
by g 5l gl
Altitude (m. asl)

o2 5< b (E. parviflorum) gl &gy ilesy s cuigST (AOX) olammST (5T Casd b o BLS1 ygmm Sy 41325 51 Juols 15905 —0 JSUi5

(B) by mhaww 31 gls )1 5 (A) 2Ll 2>
Figure 5- The regression analysis of relationship between antioxidant capacities of the E. parviflorum ecotypes with latitude
(A) and altitudes above sea level (B)

5 ol ol (E. parviflorum) ol asgy aled o cuigS1VE lo gl o lgl) ool il (ilaly Jolid ST ¥ Lo
9y ot domid (M (s ol lS Al s oS 0l 0ald Lt (PCZ) p9d ol adlge Ly (I‘> 0.5) SNausod
Lo g TPH TFL ©LuS 5 (sgime jl 3bl joje ¢ douis Smad gy gall g il Jle oyl 5l a8 asily ACY lawgys

G315 )81 oS sl o Iy sllas SlaST T bl G Oy D ite (Sie (0lsl) gall 5 (Ll 5 Cute



FAY it (T o o Blod 31 oyl sy, bl st sl 55T (5,800,

E. slacsgslas ol ol pls .ais ¢l parviflorum
Jlads gyl (EPP10 K 558l 039 4s) ol parviflorum
Lol & Cuns gllas 5 YL AOX i lo s TPH TFL
whb lacssSt 181 s joSie asgS jd sas 4l LS
4 3o AOX cdyls s TPH TFL alosMe |18 goixe
adllls (1ol gols widlce ()15 9 5l (B g STy lelis)]
sl ol E. parviflorum la cussSt oy 50 a8 s o i
Sl Sl o &S 01> 059 (sladlansMo LB £ dslllan 350 laio
g 0dlaiwl 3)90 oy p)5 Cblis 5 (2ol sladsl (sl

255 )8 oy

d)‘}i*":w’

Tk o)led) 595 hgld 5 o iSdmggy | coles ot |l
g o 3 et pbul e o Coles bl & (AY-TFAYY
S59eiSS g pode oKl awlidcun j 008ty 51.00)5 o Sl
S ol el j) it plsl Slies 059 wald cax 59

.J);&

b g aidbioe 051 9 50l (B 5 0S5 Clelis)] 4 3laie
oS placsssl g ail oo jydl Clelis)l 4 bgje g8 S
laesiss] 55 5 5l (PCL) Jgl Lol dilgo by Lite | Stusan
et 151 55,035 (PCL) gl ool dilgo b Stausod ot &S
sl o ) el

plosl AOX (gg=me (slaodls (555 (ygeySy il 9 o
Ly oo §1 elisy) Ly AOX bl s byl g 5 45
15,55 sdnliie (R?=0.14) o Ldlss (o, b 55 4 (R?=0.04)
adlas coos slaciss] p AOX bbb (S)le 4 (0 JS)
dlces (Ul (5)e 9 by gaw Sl ] 5l Sl

(S 35 4o
odlazwl b 1) AOX cod,bs oS cunl (gladdllas (gl aioss oy
sl E. parviflorum 4545 (n = 16) aslBus slacssstjl

ol E. parviflorum _as,S o9 obesdsid ol 2bj))
LL5,l AOX o TPH TFL (45 3l ol ubos gulis . o

B9 pm 6y imo bLI gd )l 3659 (61 Gxe e
E. Gy by aaw jl gV glas)l L AOX cud)ls s TPH TFL

&l

09. Polyphenol composition and antioxidant capacity of Epilobium

1-  Arredondo M., Blasina F., Echeverry C., Morquio A., Ferreira M., and et al. 2004. Cytoprotection by Achyrocline

Saturgi%iges (Lam) DC and some of its main flavonoids against oxidative stress. Journal of Ethnopharmacology
1:13-20.

2- Baert N., Kim J., Karonen M., and Salminen J.P. 2017. Inter-population and inter-organ distribution of the main
polyphenolic compounds of Epilobium angustifolium. Phytochemistry 134: 54-63.

3-  Blumthaler M., Ambach W., and Ellinger R. 1997. Increase in solar UV radiation with altitude. Journal of
photochemistry and Photobiology B: Biology 39: 130-134.

4-  Granica S., Piwowarski J.P., Czerwinska M.E., and Kiss A.K. 2014. Phytochemistry, pharmacology and
tgrzgitional uses of different Epilobium species (Onagraceae): a review. Journal of Ethnopharmacology 156: 316-

5-  Hevesi Toth B. 2009. Phytochemical and in vitro biological evaluation of potentially active compounds in
Epilobium species. Thesis of doctoral (Ph. D8 dissertation. Semmelweis University, Budapest.

6- Hevesi Téth B., Blazics B., and Kéry A. 2
species. Journal of Pharmaceutical and Biomedical Analysis 49: 26-31.

7- Jaakola L., Maatta-Riihinen K., Karenlami:)i S., and Hohtola A. 2004. Activation of flavonoid biosynthesis by
solar radiation in bilberry (Vaccinium myrtillus L.) leaves. Planta 218: 721-728.

8- Kiss A, Kowalski J., and Melzig M.F. 2004. Compounds from Epilobium angustifolium inhibit the specific
metallopeptidases ACE, NEP and APN. Planta Medica 70: 919-923.

9-  Karner C. 2003 .Alpine plant life: functional plant ecology of high mountain ecosystems; with 47 tables. Springer
Science & Business Media.

10- Markham K.R., Ryan K.G., Bloor S.J., and Mitchell K.A. 1998. An increase in the luteolin: apigenin ratio in
Marchantia polymorpha on UV-B enhancement. Phytochemistry 48: 791-794.

11- Miguel M.G. 2011. Anthocyanins: antioxidant and/or anti-inflammatory activities. Journal of applied
pharmaceutical Science 1: 7-15.

12- Monschein M., Jaindl K., Buzimki¢ S., and Bucar F. 2015. Content of phenolic compounds in wild populations of
Epilobium angustifolium growing at different altitudes. Pharmaceutical Biology 53: 1576-1582.

13- Rohloff J., Uleberg E., Nes A., Krogstad T., Nestby R., and Martinussen I. 2015. Nutritional composition of
bilberries (Vaccinium myrtillus L.) from forest fields in Norway—Effects of geographic origin, climate, fertilization
and soil properties. Journal of Applied Botany and Food Quality 88: 274-289.

14- Seiﬁler D.S. 2012. Plant secondary metabolism. Springer Science & Business Media.

15- Shikov A.N., Poltanov E.A., Dorman H.D., Makarov V.G., Tikhonov V.P., and Hiltunen R. 2006. Chemical

composition and in vitro antioxidant evaluation of commercial water-soluble willow herb (Epilobium



1FA9 5l ¥ o led PP ule (65l 2obuo g pole) SLEl pole 4 pii YVY

16-

17-
18-

19-

21-

angustifolium L.) extracts. Journal of Agricultural and Food Chemistry 54: 3617-3624.

Shikov A.N., Poltanov E.A., Dorman H.J.D., Makarov V.G., Tikhonov V.P., and Hiltunen R. 2006. Chemical
Composition and in Vitro Antioxidant Evaluation of Commercial Water-Soluble Willow Herb (Epilobium
angustifolium L.? Extracts. Journal of Agricultural and Food Chemistry 54: 3617-3624.

Spitaler R., Schlorhaufer P.D., Ellmerer E.P., Merfort I., Bortenschlager S., et al. 2006. Altitudinal variation of
secondary metabolite profiles in flowering heads of Arnica montana cv. ARBO. Phytochemistry 67: 409-417.
Steenkamp V., Gouws M., Gulumian M., Elgorashi E., and Van Staden J. 2006. Studies on antibacterial, anti-
inflammatory and antioxidant activity of herbal remedies used in the treatment of benign prostatic hyperplasia and
prostatitis. Journal of Ethnopharmacology 103: 71-75.

Treben M. 1984. Health through God’s pharmacy, advice and experiences with medicinal herbs. Wilhelm
Ennsthaler, Steyr, Austria.

Uleberg E., Rohloff J., Jaakola L., Trost K., Junttila O., et al. 2012. Effects of temperature and photoperiod on
yield and chemical composition of northern and southern clones of bilberry (Vaccinium myrtillus L.). Journal of
Agricultural and Food Chemistry 60: 10406-10414. o o ] )

Wojdyto A., Oszmianski J., and Czemerys R. 2007. Antioxidant activity and phenolic compounds in 32 selected
herbs. Food Chemistry 105: 940-949.



Journal of Horticultural Science (53,3U5 gbio 5 pote) (SLbl pole & 1ld

Vol. 34, No.3, Fall 2020, P. 405-416 =z, FeB-F17 o ITAR Sl F oo FF sl
ISSN: 2008 - 4730 LA Yerh - FYY 4l

Screening of Antioxidant Capacity of Epilobium parviflorum Ecotypes Grown in
Iran

M. Mohammadi Bazargani'”
Received: 09-04-2019
Accepted: 30-06-2020

Introduction: The phytochemical and biological properties of medicinal plants depend on the climatic
conditions of the area under development, the growth stage, genetic factors and other factors. Therefore the study
of the wild flora in the geographical areas with different climatic conditions is important. It has been proved that
the extract of Epilobium has high antioxidant capacity, which is associated with a high concentration of
flavonoids content. Studies on five species of Epilobium genus (E. parviflorum schreb., E. roseum schreb., E.
tetragonum L., E. montanum L., E. angustifolium L.), had shown that E. parviflorum had the highest antioxidant
capacity among studied species. The occurrence of E. parviflorum in wide range of altitudinal zones in Iran
makes it as ideal species to study the variation of antioxidant capacity among ecotypes. The present study aims
to screen Epilobium parviflorum ecotypes (n=16) of Iran in terms of antioxidant capacity (AOX).

Materials and Methods: Total phenol content (TPH), Total flavonoid (TFL), antioxidant capacity (AOX)
and anthocyanin content (ACY) were measured by Folin- Ciocalteu, flavonoid-aluminum chloride (AICI3),
Ferric reducing antioxidant power (FRAP) and the differential PH methods, respectively. Regression analysis
was used for studying the relationships between antioxidant capacity, altitude and latitude. The Pearson
correlation coefficient was used to determine whether there is a linear relationship between variables.

Results and Discussion: There was a high correlation between total phenol content and total flavonoid in
ecotypes (r = 0.7, P =0.002, n = 16). There was a positive and significant correlation between AOX content with
TPH (r = 0.71, P = 0.002, n = 16) and also between AOX with TFL (r = 0.73, P = 0.001, n = 16). According to
several studies, high antioxidant capacity has been attributed to high concentrations of flavonoids and phenols,
which is consistent with the results observed in this study. The results also showed that the lIranian E.
parviflorum ecotypes had considerably TFL, TPH and AOX content as compare to previous reports on E.
parviflorum (in other country) and also other Epilobium species. Principal component analysis showed that the
two main components explained 87.87% total variation. The high contribution of the two first components
suggested a considerable correlation between three phytochemical traits, the contribution of the first component
alone was 62.13% and the portion of the second component was 25.74%. In the first component, TFL, TPH and
AOX were with coefficients of 0.78, 0.77 and 0.88, respectively. The high contribution of the two first
components had a significant relationship between three phytochemical traits. The ecotypes of E. parviflorum
were clearly separated based on the first principal component. Ten ecotypes had a correlation with the first main
component (PC1) shown by TFL, TPH and AOX. Among them six ecotypes had a positive correlation (r> 0.6)
and 4 ecotypes had a negative correlation (r> 0.6) with the first main component (PC1). Thus, out of the 16
ecotypes of E. parviflorum in Iran, six ecotypes including EPP3, EPP6, EPP8, EPP10, EPP13 and EPP9 had the
desired content of TFL, TPH and subsequently antioxidant capacity, most of which belonged to the Zagros and
crossroad of Zagros and Alborz mountains. The ecotypes that did not have the desired content of TFL, TPH and
AOX (negative correlation with the first main component, PC1) mostly belong to the Alborz Mountains. The
highest levels of TPH, TFL and AOX capacity were observed for the Sangan ecotype with values of 1761, 32.64
mg/g DW and 93.50 mM/g DW, respectively, and the lowest was observed in Kaleybar ecotype. Out of 16
ecotypes, 6 ecotypes had the desired content of TFL, TPH, and subsequently AOX, most of which belonged to
the Zagros and crossroad of Zagros and Alborz Mountains. Regression analysis showed no relation between
AOX capacity with altitude (R? = 0.04) and also with latitude (R? = 0.14).

Conclusion: This research is the first study that screens AOX capacity by including multiple ecotypes (n=16)
from E. parviflorum species to evaluate intra ecotypes phytochemical variation for E. parviflorum. We found
positive and significant correlation between TFL, TPH and AOX. We did not find any significant correlation
between TFL, TPH content and AOX capacity of E. parviflorum with altitude above sea. Our results also
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showed Iranian E. parviflorum ecotypes (especially Sangan ecotype, EPP10) have considerably TFL, TPH and
AOX capacity compared to previous reports. The results of this study indicate that there is a remarkable
variation among Iranian E. parviflorum ecotypes for the studied traits, which can be used to carry out breeding
programs and protection of germplasm.

Keywords: Altitude, Antioxidant, E. parviflorum, Flavonoid, Latitude, Phenolic acid, Phytochemical
variation



