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In Vivo Assessment of the Antioxidant and Macular Pigment Improvement
Effects of Marigold Flower Ethanol Extract against Blue
Light-Induced Damage in Experimental Rats
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Prasad Chettayil Padmanabhan?, Vadiraj Gururaj Bharadwaj?, and Bineesh Earanimose®
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ABSTRACT This study examined the modulatory effects of a marigold flower ethanol extract (MFE) on the anti-
oxidant enzymes and macular pigments in the macula and serum of Sprague-Dawley rats. Thirty animals, divided
into five groups of six animals each, were used in this research. The animals in Groups 1 and 2 were the normal
and diseased control group. The MFE was administered to groups 3, 4, and 5 (low, medium, and high) at doses
of 2.57 mg/kg, 5.15 mg/kg, and 10.3 mg/kg body weight, respectively. After pre-treatment, blue light-induced retinal
damage in rats was induced by irradiating blue light (10,000 lux) with the vehicle and MFE for two weeks in all
groups instead of the normal control. After treatment, blood was taken for histopathological analysis. The clinical
symptoms were observed throughout the study, and there was no mortality. The treatment groups and animals induced
with blue light (the pathological control group) did not exhibit significant changes in feed intake and body weight.
Regarding the biochemical parameters, the groups given the MFE showed significant improvement in the total anti-
oxidant capacity, superoxide dismudase, catalase, and glutathione peroxidase activities. The plasma lipofuscin concen-
tration decreased significantly, and the lutein and zeaxanthin concentrations increased. In addition the central macular
thickness and retinal cell layer thickness reached normal levels. The MFE has dose-dependent antioxidant activity
that offer macular protection against the effects of blue-light.
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715N e @ ¥EFA AR N-retinyl-N-retinylidene
ethanolamine(A2E)(Hammond &, 2014; Ueda &, 2016;
Wu &, 2010)3% o] dej o& fdue 54 FAHE9
Q) iz Qla otshettt. bl AT V) s el &2
3 gt awAdo] ke = o= WH &AM
AZAPE R Qla] Aol doju} Fxe= AHE =
st 91gst A3 o 2 (Van Soest 5, 1999), =W A&
100,000 3 oF 1.63~1.64H o2 & A dcHHwang 5,
2022).

FHAT Aol S EFS 7R E| o] =T} FH-g A
F& DA B, Lol T it k!

g e o B4 o7 Aoty o]l 231 JtHFernandez-
Albarral =, 2020; Jia 5, 2017; Ma &, 2016; Sepahi &
2021; Wilson ‘&, 2021). 4= o] F54d 3} 4ks} iEfﬂL
2HE E‘.iﬁ}-‘: catalase(CAT), superoxide dismutase
(SOD) ¥ glutathione peroxidase(GSH-Px)¢} 22 a4k
3} aa4et FHQl, Aokztd, HlErTl C, ¥ e E9f &S
SABIA S A -3 =07 X3} (Zarbin, 2004), &Y
oluf 22 Y ROSE A|AsI:= 589 % 3H4k3ls(total an-
tioxidant capacity, T-AOC)& X3} A2 w5 583}
13]-(Bartosz 2003).

a} = Z(Tagetes erecta)S FH|AZ X|o}pEle] 7}
FE2EAH FEY 5 shelttlia 5, 2017). Tagetes
= ditH o w miEzEety B, &
gk el A B IEA THR R QL A AlAIA o' AulE
. Tagetes FE&52 T2 3+, &9, Zﬂ/‘}@r g ’\Lﬂ A
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o X ;H b3l o] x] g2 g4
A A Gupta, 2014; Park
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o] F=4 F£4 & E(marigold flower extract, MFE)
Z E ¥ (Tagetes erecta)s THOZE
F=ste] At 4 AA s £ sfutebr]f-oF Edete] Az
gk Zlo g FE AP} Xobzel vl& 5:1(FE] 200 mg/g,
Aol El 40 mg/g)= ET3E Y5 = Ingex Botanicals
Pvt., Ltd. Z5-¥ Alet3ket

8~10F% 2] 4% Sprague-Dawley rat& KCC BIO-
LABS Pvt Lidolld T8 s 4 2 ol 77k B3}
A2 E F83] Tl Al&E(chow diet) XA 01E &
olate] AP (LE 22£3°C, AT HE 30~70%)0l A
AFFElith Bt S SUE 2o ® ARSI MY
LA okﬁit}(ch BIO-LABS Pvt., Ltd. 5% H3: 2066/
PO/RcBiBt-S/Bt-1L/19/CPCSEA). ¥ <1+ Radiant Re-
search Services Pvt., Ltd.9] 71¥ SE82] 193 (JAEC)
oA s, =AY FA D T 91d3]e] A
wel A THCCSEA 55 W3 1803/PO/RcBi/S/
2015/CCSEA). EH3¥, S5 Holv a8 oA A
FoALe} A A YAl R ES s3I

2 AEd AHgE FE QL AolxE

ol Wt ASE WH EFEolH, Dulbecco’s phos-
phate buffer saline, g2, Egd€olr]l, LEA}, oM E
YEZ-L2 Merck Life Science Pvt., Ltd. Oﬂ A Fhske] AL
&3kt 2 2 EQAFS Qualigens Pvt., Ltd.olA <43}
gor, 25 A WY AEZ Q= Loba Chemi Pvt.,
Ltd.ol A T4 38ke] AR+ T Davidson &4 A=l Al
¥ E‘”tﬂ 3= 9} W24 SD Fine Chem Ltd.o1A4 ¢
3} a1, o §-2-2 RCP Distilleries Pvt., Ltd.olA 43}
"}%OWQ‘ZP.

2 Sigma Aldrich %

d A =, 30vE e FES FAY=E 6vtely 57
o] Fo7 Yo G1(HAT, 0.5% carboxy methyl

cellulose(CMC) 10 mL/kg), G2(h =+, 4t &4 #-at
+0.5% CMC 10 mL/kg), G3(As=A &<, Wat &4 12
+2.57 mg/kg BW MFE), G4(F & =A187, B2 &4 &
¥+ 5.15 mg/kg BW MFE), G5(aLs A8, dut &4
F3+10.3 mg/kg BW MFE)Z, 79 &<t A FoI3513ich
o] %, 27 Al E A A Fod ek 7 A A4(10,000 lux,
SPI-24124003, HATCO Ind)& FA}sto] wut &4 &
Lo}"ﬂt} MFEx 43 A} 30 Aol Folatqit. A4

< a7l 19H 1AIRF 52 2AFSF3 AL, AL 5t 9F
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ZH|QI, X|OIRHEl 2|:=LAl aigr o SHAtSt S A

FH I Aotdw o s A 8k7] e B
223 7 WES AHESHAT gl A A
ZZ 100 mgS phosphate buffer saline 2 mLel] ¥
71(RQ-127 A/D, Remi Sales&Engineering Ltd.)E A}
ko] 2,000 rpm, 2~4°Coll A #&3}sk & 3,835X g0l A
10~1583F dAEelete] Z5 S s €4 AE2
TA A FZ9 (solid phase extraction) S A28} | %3}
F AZe g ES A A

lo,
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ko 1o oX
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A}, s = E5ES AAS]
Ao & =o| X} (Baekd Emil, 1993), 8% A= 500 pL

}jj_'; AL

o ofAEYEZe] 0.1% EFAF 1,500 uLE HE=Z vlo]=
ZHFE(Eppendorf)el] ¥l 287F X3k & 1,254X gol| A
S5EzF AAEE st i N o FE|Q1 Aot 7}
7F 5 mgs FE3| AF mlL W ks Ya,
e 2 mLE 7}3to] 2271(2KR112428, Life-
Care Equipments Pvt., Ltd)2 £35S &35 & Heks
2 Agste] Az 4F S99 AHIsiA 43
MilliQ water(Direct-Q®3, Merck)Z 1,000 mL H] Al %
713 Elodolyl 5 mLE Yo UG Jo g FuE A

2 QB EQAS R pH 4,008 FAste] Azt &
S 892 FA o) ALEEH7] Holl et B A o A
High Performance Liquid Chromatography(HPLC; 2696
PDA detector, Waters Co.)S AF&3} 2 HPLC #4]
Z7AL Table 13 #t).

T-AOCS} 3H4k3} @42l SOD, CAT, GSH-Px &4,
S 3F A (lipofucin) 3-8 ELISA kit(BT Lab)S o]-&a}o]
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Table 1. HPLC condition for lutein and zeaxanthin analysis

Lutein and zeaxanthin

Instrument HPLC (2696 PDA detector)
Column C18 (150X4.6 mm, 5 pm)
Injection volume 10 uL
Column oven temp. Ambient
Flow rate 0.5 mL/min

Mobile phase 0.5% triethylamine : acetonitrile (70:30)

sto] =AW srA WskE Wrhetglvh. A g a o] v
Ml7+Z2% FE-SEM(Zeiss FESEM SIGMA VP 360, Zeiss
Sigma)g AHg&3te] SA 3T H T FREF7(cen-
tral macular thickness)®} 943 Al 5 (retinal epi-
thelial cell layer) FAE AXEo](Zeiss software
(Edax-INCANE &8l SA38H3lar, @9l el A vlo]
ARV E R HEE
SHEAM

Graph-Pad Prism Software(ver 5.01)& A}&-3}o A
= AR AR, 9 83 | vlolentAE &I BE
HlolE 2 frelE /X0.052 Aete] Faagt, BE 2
I W EFEHAR e, AFSHA S Turkey's
testE AR&3ste] dlxwd AlET He] fFon)g ApolE &
M=

s 2l
3 2polE ol ATh AFS WERFHGD)H BE AT
(G3, G4, G5) 7+ FoA A #Fel= gl thH(Table 2). A=
AHFF w3k RG22 H RE AFT(G3, G4, G5) I
o] Al Aol fiAtHTable 3).

F9lolH, &4
o T2 R &4 47|17 mEH o] B Beatty 5,

%, 2000). CAT, SOD, GSH-Px9} #& 34ts}
B WA G T A et FEEA o] Higk 4bst ~Ed
2 4 &8 9k d 254 ol th(Frank 5, 1999;
Tokarz &, 2013). & AFo|A = T-AOC =2 &4ts)
F42l SOD, CAT, GSH-Px9] &4S =43} tHTable
4). 3AFo] 2AE e g vagls wf Hgol
A T-AOC9] o] fFolHom 743819 a1(7X0.0001),
SOD, CAT, GSH-Px9] A% fo7d o= 7Hastedth(X

o 1
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Table 2. Effect of marigold flower ethanol extract on animal body weights (unit: g)
Group Week 0 Week 1 Week 2 Week 3 Week 4 Week 5
Gl 212.77£1.53 216.25+1.96™ 222.2442.23" 227.02+2.02" 231.69+1.99° 238.00+1.75
G2 216.07+1.20 219.69+1.32 226.73+1.57 231.40+1.37 235.41+1.28 238.4842.55
G3 218.33+1.60 221.67+1.55 227.3842.35 232.47+2.44 236.09+2.60 242.07+3.00
G4 216.57+2.19 220.45+2.05 228.03+1.08 233.39+1.51 238.04+1.37 243.50+1.46
G5 213.98+1.82 218.19+2.38 225.06+2.61 229.75+2.48 234.60+2.55 239.8543.31

All results were expressed as the meantstandard deviation (n=6).
Statistical significances are compared between pathological control (G2) versus other groups (G1, G3, G4, & G5) ("P<0.05, “P<0.001).
G1: normal control (0.5% CMC), G2: pathological control (blue light induced + 0.5% CMC), G3: treatment low dose (blue light
induced +2.57 mg/kg bw/d MFE), G4: treatment medium dose (blue light induced +5.15 mg/kg bw/d MFE), GS5: treatment high
dose (blue light induced+10.3 mg/kg bw/d MFE).
CMC: carboxy methyl cellulose, MFE: marigold flower extract.

Table 3. Effect of the marigold flower ethanol extract on animal feed consumption (unit: g)
Groups Week 1 Week 2 Week 3 Week 4 Week 5
Gl 110.26+4.58 102.6946.11 103.16+3.54" 109.30+6.65 107.74+5.60
G2 116.24+8.66 108.59+5.27 114.04+9.54 105.66+4.08 108.39+6.88
G3 115.47+8.89 111.16+12.54 118.51+4.83 107.73+4.41 103.01+£8.93
G4 118.76+5.55 116.94+13.23 110.54+6.36 105.69+8.14 108.60+4.61
G5 115.89+10.04 118.21+£15.93 118.89+8.27 112.6445.64 106.31+10.82

All results were expressed as the meantstandard deviation (n=6).
Statistical significances are compared between pathological control (G2) versus other groups (Gl, G3, G4, & G5) ('P<0.05).

G1: normal control (0.5% CMC), G2: pathological control (blue light induced + 0.5% CMC), G3: treatment low dose (blue light
induced +2.57 mg/kg bw/d MFE), G4: treatment medium dose (blue light induced +5.15 mg/kg bw/d MFE), GS5: treatment high
dose (blue light induced +10.3 mg/kg bw/d MFE).
CMC: carboxy methyl cellulose, MFE: marigold flower extract.

0.0001). MFEZ 7593k A1 &GS, G4, G5) Bl A
T-AOC, SOD, CAT, GSH-Px &4 o] thzx thH] F<] 4
o8 Z7FsttHX0.001). LEEAFH(GH)Y A =z
o thH] T-AOC 29.14%, CAT 38.20%, SOD 46.52%,

GSH-Px 57.82% &7t +< &1 & A & A
ZA 3= Sahin 5(2023)3 Sahin 5(2019) 23
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Table 4. Effect of the marigold flower ethanol extract on biomarker parameter

Groups T-AOC (mM) SOD (ng/mL) Catalase (ng/mL) GSH-Px (ng/mL) Lipofuscin (ng/mL)
Gl 1.171£0.10™ 8.36+1.03"" 164.81+8.89™" 87.59+2.55™" 3.4440.70""
G2 0.929+0.04 5.00+1.03 85.55+8.75 33.98+5.28 6.84+0.94
G3 1.148+0.07" 6.64+0.68" 87.13£12.53 44.33+3.72°" 5.74+1.01
G4 1.155+0.08"" 7.26+0.33"" 112.68+4.83™" 53.29243.12"" 5.07+0.56""

G5 1.311£0.13™ 9.35+0.76"" 138.4243.94™ 78.43+4.60™" 3.56+0.53"""

All results were expressed as the meantstandard deviation (n=6).
Statistical significances are compared between pathological control (G2) versus other groups (G1, G3, G4, & G5) (*P<0.001,

sk

P<0.0001).

G1: normal control (0.5% CMC), G2: pathological control (blue light induced +0.5% CMC), G3: treatment low dose (blue light
induced +2.57 mg/kg bw/d MFE), G4: treatment medium dose (blue light induced +5.15 mg/kg bw/d MFE), GS5: treatment high
dose (blue light induced+10.3 mg/kg bw/d MFE).
T-AOC: total antioxidant capacity, SOD: superoxide dismutase, GSH-Px: glutathione peroxidase, CMC: carboxy methyl cellulose,
MFE: marigold flower extract.
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Table 5. Effect of marigold flower ethanol extract on lutein and zeaxanthin concentration from macula and plasma by HPLC
(unit: ng/mL)

G Lutein concentration Zeaxanthin concentration

Troups
up Macula Plasma Macula Plasma
Gl 2,754.83+14.68™" 2,261.50+19.98™ 1,154.00+48.10"" -
G2 -0 - - -
G3 - - - -
G4 - - - -
G5 2,560.50+14.28"" 2,551.33+15.29™ 1,655.67+18.05" -

All results were expressed as the meantstandard deviation (n=6).

Statistical significances are compared between pathological control (G2) versus other groups (G1, G3, G4, & G5) ("P<0.0001).
G1: normal control (0.5% CMC), G2: pathological control (blue light induced+0.5% CMC), G3: treatment low dose (blue light
induced +2.57 mg/kg bw/d MFE), G4: treatment medium dose (blue light induced +5.15 mg/kg bw/d MFE), GS5: treatment high
dose (blue light induced +10.3 mg/kg bw/d MFE).

CMC: carboxy methyl cellulose, MFE: marigold flower extract.

YLutein and zeaxanthin levels in macula and plasma were found to be below limit of quantification (BLOQ) in G2, G3, G4 groups.
Zeaxanthin levels in plasma were found to be BLOQ in all groups.

&b 4 arob L 2E|Ql X|O}EEl s Table 6. Effect of marigold flower ethanol extract on central
sk Ao =g ARl 2ol RolEll Wute] m'flcular thickness (CMT) gnd retinal epithelial cell lz!yer (RECL)
G T o o as Sgro o thickness (unit: um; converted from pixel values)
3 1 = = kol O 35 =1

e HleHeR Fa% 43S IvMa 5, 2012). Groups CMT RECL thickness

% od:,loﬂ }\1 Uo]—g}—‘o/] ‘?‘Eﬂ?_jq' X] o]’ﬂ'% ‘}Il%% EH&E(Gz), Gl 36850:|:742*** 26717i4115***

A SEEAYT(GS, G4) & AdTolM = HEdA v G2 122.00+8.75 109.80+15.56

o2 Yeh} 3tS 243 4 gt Table 5). A5 EA & T G3 143.75+10.33 124.83+10.57

G4 210.17+12.61°" 142.50+21.85
= o) AT (o] sk *%
AAFL3l O ALEL == b

#01(740.0001) B3t A oz vebgth o) All results were expressed as the meantstandard deviation (n=6).

g AdE AP ER Y Tt AU FEHIQL, XoldE A% Statistical significances are compared between pathological con-

FEE FEE A0l Wol A Yrh Egomye e Y () W other groups (G, 63, G4, & 63) (P00

HEahal ko] QA Tled] Ees & T US HoR G1: normal control (0.5% CMC), G2: pathological control (blue

NS=R=hu light induced +0.5% CMC), G3: treatment low dose (blue light

induced +2.57 mg/kg bw/d MFE), G4: treatment medium dose
~ (blue light induced +5.15 mg/kg bw/d MFE), GS5: treatment

ZEHa|shy 24 high dose (blue light induced+10.3 mg/kg bw/d MFE).

Y EFANL -3 7 ola] el aakwle] AT} g% CMC: carboxy methyl cellulose, MFE: marigold flower extract.

FAL FGR FRGHES vehllo] Pk Y £ FAA

7]aL gubd Ao 7)o 3tk (Rozanowsk 5, 1998). 3 2] £ 3 EAH H(Fig. 2). o9} &2 A7Z MFE Fo A, &

FAe FA 3 Faksk= e Ul v @S (outer nuclear stz Qe s g2 JES sk B &4

layer, ONL)®| F&A4 &4 2 APES f=3ko] ONL % & Hosto] Wute] 7t ofye} A WS A

T As Aoz duH

ko] F77) 728 4 91THShin 5, 2023). 2 7ol A
Anj

QAR A Se] WS e de) uhals
sgwle] WAl TS HEE 9413} FE-SEME E95ke] %7} e o

sklith FE-SEM ¥ A3 JAg s = Qe vz

A ek ) fE=FA Y (lipofuscin granule)] thEF =34 T A4 AR ALY W, d3s T, 5, A
o] A nt, Ay} A HT(G3~GH)NA &= TR &, AFE F 2k 7))ol A FAIge] g wE
th FA] A4 RS I AATHFig. 1). =3 1 = B ouRke] oE] Al Aa), gHwA So] fud
SAHT(GE)S FAl g FA e WA A 2 FA 7L o Atk 53] AL gk gl okt Abs) &4 glol
Za ] fe)H oz F7se (7X0.001) Bt ol HEFA FH o2 A3 Wute] WglE FubAg o R o]of
L33 th(Table 6). H&E @48 53 W 249 32 2 ok FHQIH Aopwl e Fhto] HZ o] gHakalA)
A A A, ko] ONLe| A7 xS 4 o] 24 ol a7t e ez dEA vk B AT
gFobs o, Al HTH(G3~GE)S & Uin] T4 3S 8 w2H 2 AolHE S e vt I T4 &
N F AN F-AFEAFATS 4T 59 ONL + B2 HAFo g Qe wukwiAdoe] by Ao A A F
AZS Yeho] MFESY] Fol= &3 oJ&7H o7 ONLe F7 gol, xlolztel =33 @213} & 4(SOD, CAT, GSH-Px)
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WD = 4.3 mm Mag= 200KX Time:12:20:41 Mag= 200KX
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RS Dacds

Fig. 1. Effect of marigold flower ethanol extract on eye histopathology by field emission scanning electron microscope (FE-SEM).
G1, G2, G4: ultrastructure RPE retinal layer, FE-SEM images obtained as indicated, black arrows point to some lipofuscin granules,
scale bar=10 um; G3, G5: retinal RPE region, FE-SEM images obtained as indicated black arrows point to some lipofuscin granules,
scale bar=10 pm. RPE: retinal pigment epithelium.

G5

Fig. 2. Effect of marigold flower ethanol extract on eye histopathology by H and E staining. G1: central macular layer thickness-normal
(100 X)), black scale bar=50 microns (um); G2: central macular layer congestion with oedematous-mild 2+ (100 X), black scale
bar=50 pum; G3: central macular layer thickness-normal (100 X), black scale bar=50 pm; G4: central macular layer thickness-normal
(100 X), black scale bar=50 um; GS5: central macular layer thickness-normal (100), black scale bar=50 um. RGC: retinal ganglion
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