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Three different cultivars of marigold flowers (Tagetes patula L.) (marigold orange, marigold yellow,
and marigold red) were analyzed for the lutein ester contents, and the in vitro antioxidative activities
of the flower extracts were compared. The total antioxidant capacity, reducing power, hydroxyl,
DPPH, and ABTS'" radical scavenging activities, iron chelation capacity, and inhibition of lipid
peroxidation in a linoleic acid emulsion system were measured. Iron-mediated Fenton reaction was
carried out to evaluate the protective effect of leutin against DNA damage. The marigold orange
(MGO) variety contains the maximum amount of lutein. It also had the highest DPPH radical
scavenging activity and ABTS radical scavenging activity, with an ECgy value of 0.344 mg/mL.
It was also the most effective against lipid peroxidation and hydroxyl radical scavenging activities.
The MGO extract has the maximum reducing power. Hepatic cell damage in iron-mediated Fenton
reaction caused by free radicals was reduced by the marigold extracts. Marigold flowers of Indian
variety can be effectively utilized to produce lutein ester, which can be used as a food supplement or
as an accessible source of natural antioxidants.
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INTRODUCTION

Tagetes sp., a genus of herbs commonly known as marigold, is
a member of the Compositae family, native to Mexico and other
warmer parts of America and naturalized elsewhere in the tropics
and subtropics. A number of members of the genus Tagetes, such
as T. patula (French marigold), T. lucida (Mexican marigold),
T. erecta (African marigold), and T. minuta (muster-John-Henry),
have been reported to be therapeutically useful throughout the
world (7). In India T. patula L. is cultivated, and the flowers are
generally of three varieties, yellow, orange, and red in color, and
contain several pigments, which appear to vary with the source of
material.

Lutein (C4Hs605), that is, 3,3'-dihydroxy-f-carotene, is a
yellow plant pigment of the carotenoid family, occurring in all
green plants and also in many flower petals. Lutein occurs natu-
rally in the acylated form as lutein esters, which are more stable
against heat and UV light (2). Crude marigold flower extract is
mainly used as an ingredient for poultry feed for coloration of
chicken skin and yolk (3). The health-promoting functions of
natural extracts are dependent on several natural components
such as phenols, and flavonoids having multiple biological func-
tions. The beneficial effects are mainly related to their antioxidant
activity, which protects the human body from free radicals and
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decreases the incidence of many chronic diseases (4—6). These
findings have demanded natural marigold extracts as the source
of lutein esters or lutein for application in various pharmaceutical
products. Lietal. (7) analyzed 11 Chinese cultivars of marigold to
determine their major phytochemical contents and antioxidant
activities. Different cultivars of marigold showed marked varia-
tion in total phenols and flavonoids, as well as antioxidant and
radical scavenging activities.

Lutein is more effective than carotene in inhibiting the auto-
xidation of cellular lipids and protecting against oxidant-induced
cell damage. Lutein and zeaxanthin are the only two carotenoids
that accumulate at high levels in the human retina, particularly
the macular region (8, 9). Epidemiological studies have shown
that serum levels of lutein concentration seem to be safe and are
associated with a low risk for developing cardiovascular diseases,
several types of cancers, cataracts, etc. (/0). Marigold flower
petals are used as a natural coloring agent in food and as a
medicine important for inflammatory diseases (/1), cardiovas-
cular disorder (/2), stroke, and UV radiation induced skin
damage (13).

In our previous experiment we have extracted the lutein ester
from the marigold flowers of three different cultivars, that is,
marigold orange (MGO), marigold yellow (MGY), and marigold
red (MGR), determined the fatty acid composition, and prepared
modified lutein ester by enzymatic methods (/4). The orange
variety of marigold flower showed maximum lutein ester content
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Figure 1. HPLC chromatogram of lutein standard and marigold lutein.

at about 154.96 mg/g of extract by using methanol. In the present
study, we have prepared extracts from marigold flowers of
different cultivars of Indian origin and investigated the in vitro
antioxidant activity of different extracts through DPPH free
radical scavenging activity, hydroxyl radical scavenging activity,
ABTS"" cation scavenging activity, reducing power, inhibition of
lipid peroxidation, total antioxidant capacity (TAC) assay, and
iron-mediated Fenton reaction.

MATERIALS AND METHODS

Chemicals. DPPH and ABTS"" were purchased from Sigma Aldrich
Chemical Co.; ascorbic acid, trichloroacetic acid (TCA), and ferric
chloride (anhydrous) were supplied by E. Merck, India, Limited. Potas-
sium persulfate, Folin—Ciocalteu’s phenol reagent, gallic acid, potassium
ferricyanide, and ethylenediaminetetraacetic acid disodium salt (EDTA)
were purchased from SRL (Sisco Research Laboratary, Mumbai, India).

Plant Material. The flower samples of three cultivars of 7. patula L.
(marigold) were collected from a Kolkata (India) flower market. The
species was identified at the Department of Botany, University of
Calcutta, and the petals were separated, sun-dried, powdered, and stored
in a refrigerator at —20 °C for further studies.

Extraction. The fine powder of the petals of MGO, MGY, MGR
(about 50 g) was extracted with methanol in a Soxhlet apparatus indepen-
dently. The extraction was carried out under dark condition by covering
the Soxhlet apparatus with a black cloth along with the condenser. The
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extract was filtered and concentrated to dryness in a rotary evaporator
under reduced pressure at 40 °C and stored in an amber color container at
—20 °C for further study.

UV and HPLC Analysis. The lutein content of the extracts was
determined by a UV—vis spectroscopic method (Shimadzu UV-1700,
Tokyo, Japan) (15) taking the specific absorption coefficient A} %, of 2550
at 445 nm. The lutein present in the extract was also confirmed by
separation in a HPLC method (/6). About 1 g of extract was taken in a
50 mL RB flask, mixed with 20 mL of 15% KOH in ethanol (90%), and
stirred at 60 °C for 1 h under N,. The saponification mixture was then
diluted with water (1:1, v/v) and partitioned against hexane three times.
The combined hexane was dried over anhydrous sodium sulfate and
evaporated to dryness under vacuum.The stock solution was prepared by
dissolving sample in a minimum quantity of chloroform and then diluted
with methanol up to 10 mL. The 100 L of resulting mixture was injected
into Waters HPLC system. Separation was done in a 4.6 x 250 mm
Ultrasphere C;g reversed phase column. The mobile phase was acetoni-
trile/methanol/ethyl acetate (9:1:2). The flow rate was 1.5 mL/min. The
eluents were continuously monitored in a UV detector at 447 nm. Peak
identification was based on the retention time in comparison with standard
lutein (Sigma Chemical Co.). The chromatogram is shown in Figure 1.

Determination of Total Antioxidant Capacity. The total antioxi-
dant capacities of the different types of marigold flower extracts were
measured with a TAC assay kit (Bio Vision, catalog no. K 274-100) by
following the method of Miller et al. (17).
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Determination of 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Radi-
cal Scavenging Activity. The DPPH radical scavenging activity of the
samples at different concentrations (10—50 ug) was measured according to
the method of Singh et al. (/8).

Determination of Hydroxyl Radical Scavenging Activity. The
hydroxyl radical scavenging activity at various concentrations (1—5 mg)
was determined according to the method described by Shyamala et al. (/9).

Determination of 2,2-Azinobis(3-ethylbenzothiazoline-6-sulfonic
acid) Radical Cation (ABTS ") Scavenging Activity. The ABTS'™
radical cation scavenging activity was determined according to the method
of Reet al. (20). Briefly, 5.0 mL of 7mM ABTS was reacted with 88.0 uL
of 140 mM potassium persulfate overnight in the dark to yield the ABTS"™
radical cation. Prior to use in the assay the ABTS™" was diluted with 50%
ethanol for an initial absorbance of 0.7 at 734 nm with temperature control
set at 30 °C. Free radical scavenging activity was assayed by mixing 2.0 mL
of diluted ABTS"" with 20 uL of test antioxidant and monitoring the
change in absorbance every minute until a steady state was achieved.
The antioxidant capacity of test compounds was expressed as ECs, the
concentration necessary for 50% reduction of ABTS".

Determination of Reducing Power. The reducing powers of different
types of marigold flower petal were determined according to the method of
Oyaizu (21). Different amounts of extracts (10—50 ug) in 1 mL of distilled
water were mixed with phosphate buffer (2.5 mL, 0.2 M/L, pH 6.6) and
potassium ferricyanide (2.5 mL, 1%).The mixture was incubated at 50 °C
for 20 min, and 2.5 mL of 10% TCA was added to the mixture; 2.5 mL of
this solution was mixed with distilled water (2.5 mL) and FeCl; (0.5 mL,
0.1%), and the absorbance was measured at 700 nm. Increased absorbance
of the reaction mixture indicated increased reducing power.

Determination of Inhibition of Lipid Peroxidation in a Linoleic
Acid Emulsion System. The ferric thiocyanate method (22) was used to
determine the inhibition of lipid peroxidation. A linoleic acid emulsion
(0.02 M) was prepared with linoleic acid (0.28 mg) and Tween 20 (0.28 mg)
in phosphate buffer at pH 7.4 (50 mL, 0.05 M). A reaction solution
containing extracts (0.2 mL, 0.1 mg/mL), linoleic acid emulsion (2.5 mL),
and phosphate buffer (2.3 mL, 0.2 M, pH 7.0) was placed in a screw-cap
vial and mixed with a vortex mixer. The reaction mixture was incubated at
37 °C in the dark, and the degree of oxidation was measured by the
thiocyanate method. To 0.1 mL of the reaction mixture were added 4.7 mL
of 75% ethanol and 0.1 mL of 30% ammonium thiocyanate. After 3 min,
0.1 mL of 0.02 M FeCl, in 3.5% HCI was added, and the absorbance was
measured at 500 nm every 24 h for 96 h. The absorbance was plotted
against time with positive control values with o-tocopherol and BHA.

Iron-Mediated Fenton Reaction (23). The liver tissues are homo-
genized using iron—EDTA and incubated for 45 min at room temperature
with 50 uL of 0.3% H,O, and 50 uL of different concentrations of
marigold flower petal extracts in reaction tubes. The reaction was then
stopped by adding 100 uL of iron—EDTA solution. An aliquot of the
reaction mixture was taken on a frosted glass slide, stained with ethidium
bromide (EtBr), and observed under fluorescence microscope. Different
concentrations of marigold flower petal extracts were shown to prevent cell
damage induced by free radicals compared with the control.

Statistical Analysis. Data were expressed as mean =+ standard error
mean of three measurements. One-way ANOVA was computed using
Origin software. The level of significant difference was at p <0.05.

RESULTS AND DISCUSSION

The influence of cultivar on lutein ester content is distinct. The
yield of extract was 51.4 £ 0.72% in methanol. The lutein ester
content in the flowers of MGO was 152.23 £ 0.45 mg/g of extract
followed by MGR (44.82 £+ 0.51) and MGY (21.22 + 0.54).
Similar observations were reported in our previous experi-
ment (/4). For the production of lutein from flowers the MGO
variety was more appropriate than the other varieties due to its
high lutein ester content.

DPPH Radical Scavenging Activity. DPPH is a stable free
radical, which has been accepted as a tool for estimating free
radical scavenging activity of natural extracts (22). DPPH free
radical scavenging activities of the marigold flower petal extracts
atvarious concentrations (10—50 ug/mL) are depicted in Figure 2.
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Figure 2. DPPH free radical scavenging activity of the marigold extracts
(values are presented as mean + SEM, n = 3). MGO, marigold orange;
MGY, marigold yellow; MGR, marigold red.

MGO had strong radical scavenging activity (49.92% at 50 ug/mL
concentration) compared to the other varieties, that is, MGR
(36.17%) and MGY (30.02%), at the same concentration.
Although it was low in comparison with the positive control
ascorbic acid, which was 92.33% at 50 ug/mL, it was still higher
than the reported values of Li et al. (7). They have also observed
the highest DPPH radical scavenging activity in methanolic
extract rather than ethyl acetate and n-hexane extracts of different
cultivars of marigold flowers at China. A dose—response relation-
ship was found in DPPH radical scavenging activity: the activity
increased with an increase in concentration of each individual
extract and was in the order MGO > MGR > MGY. There is
significant difference in the free radical scavenging activities
among the extracts (p < 0.05). This may be due to the difference
of lutein ester content among the extracts.

Hydroxyl Radical Scavenging Activity. Figure 3 shows that the
hydroxyl radical scavenging activity of the extracts increased with
increasing concentration of the extracts from 1 to 5 mg/mL. Of
the extracts, MGO exhibited the highest activity of 44.16% at
5 mg/mL concentration followed by MGR (33.49%) and MGY
(31.66%). The hydroxyl radical is an extremely reactive free
radical formed in biological systems and has been implicated as
a highly damaging species in free radical pathology, capable of
damaging almost every molecule found in living cells. Among the
oxygen radicals, the hydroxyl radical is the most reactive and
induces severe damage to adjacent biomolecules (24). These
radicals have the capacity to join the nucleosides in DNA and
cause strand breakage, which contributes to carcinogenesis,
mutagenesis, and cytotoxicity (25). In addition, these species are
considered to be rapid initiators of the lipid peroxidation process
due to abstraction of hydrogen atom from unsaturated fatty
acid (26). The ability of methanol extracts of marigold flowers
to quench hydroxyl radicals seems to directly relate with the
prevention of lipid peroxidation, and the extracts seem to be good
scavengers of ROS, thus reducing the rate of chain reaction.
Among the methanolic extracts of marigold flowers significant
difference (p < 0.05) has been observed in hydroxyl radical
scavenging activities. At concentrations of 1—5 mg/mL, hydroxyl
radical scavenging activity of marigold extracts followed the
order MGO > MGR > MGY.

ABTS " Radical Cation Scavenging Activity. The ABTS **
radical scavenging property reflects the ability of an antioxidant
species to donate electrons and hydrogen atoms to inactivate
these radical species (27, 28). The extracts of marigold flowers
showed significant antioxidant activities through their ability to
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Figure 3. Hydroxyl radical scavenging activity of marigold extracts (values
are presented as mean + SEM, n = 3). MGO, marigold orange; MGY,
marigold yellow; MGR, marigold red.

Table 1. ABTS"" Radical Scavenging Activity of Different Marigold Extracts

extract ABTS™" EC 5,7 (mg/mL)
marigold orange (MGO) 0.344+£0.119
marigold yellow (MGY) 0.401 £0.142
marigold red (MGR) 0.378 £0.125
ascorbic acid 0.025+0.012

4Values are mean & SEM, n = 3.

scavenge the ABTS"™ radical cation. The ECs, (mg/mL concentra-
tion of antioxidant required to quench 50% of the stable free
radical) values of the extracts are reported in Table 1 in comparison
with ascorbic acid as positive control. The ECs, values of MGO,
MGY, and MGR are 0.344 &+ 0.119, 0.401 £ 0.142, and 0.378 £
0.125, respectively, which is much higher than that of ascorbic acid
(0.025 # 0.012). The higher value of ECs in the case of marigold
extracts was mainly due to the raw nature of the extracts in
comparison with ascorbic acid, which was about 99% pure.

Reducing Power. The antioxidant effect exponentially increases
as a function of the development of the reducing power, indicat-
ing that the antioxidant properties are concomitant with the
development of reducing power (/5). Okuda et al. (29) have
reported that the reducing power of tannins from medicinal
plants prevents liver injury by inhibiting the formation of lipid
peroxides. Figure 4 shows the dose—response curve for the
reducing powers of the marigold flower extracts in comparison
with ascorbic acid and gallic acid. The reducing power of MGO
extract increases from 0.3062 at 10 ug/mL to 0.4976 at 50 ug/mL.
The MGY and MGR extracts also show good reducing power in
comparison with MGO at different concentrations. The reducing
powers of positive controls gallic acid (0.5779 at 50 ug/mL) and
ascorbic acid (0.6902 at 50 ug/mL) are also comparable with that
of the marigold extracts.

Inhibition of Lipid Peroxidation in Linoleic Acid Emulsion
System by Ferric Thiocyanate (FTC) Method. The FTC method
measures the amount of peroxides in the beginning of the lipid
peroxidation, when ferric ion was formed upon reaction of per-
oxide with ferrous chloride. The ferric ion will then unite with
ammonium thiocyanate, producing ferric thiocayanide, a red
substance. The darker the color, the higher will be the absor-
bance (30). The absorbance data of linoleic acid peroxidation,
determined by FTC method, after the addition of 1 mg/mL of the
marigold extracts with positive control a-tocopherol and BHA
are plotted in Figure 5. Each extract showed strong antioxi-
dant activity in protecting the linoleic acid from oxidation at
0.1 mg/mL concentration as compared to control (p <0.05) and
significantly prolonged the induction period of autoxidation The
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Figure 4. Reducing power of the marigold extracts (values are presented
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Figure 5. Inhibition of lipid peroxidation in linoleic acid emulsion system by
FTC method of marigold extracts (values are presented as mean + SEM,
n=3). MGO, marigold orange; MGY, marigold yellow; MGR, marigold red.

Table 2. Total Antioxidant Capacity (TAC) of Marigold Extracts®
Trolox equivalent antioxidant activity

extract (mmol of Trolox/g of extract)
MGO 1.91+£0.02
MGY 0.91+0.03
MGR 1.75 +£0.02

2Values are presented as mean + SEM, n = 3). MGO, marigold orange; MGY,
marigold yellow; MGR, marigold red.

percentage of inhibition of linoleic acid peroxidation by the MGO
extract was comparable with that of BHA during the 96 h of
experiment and significantly higher (p < 0.05) than that of the
other standard antioxidant, a-tocopherol. The extracts of mari-
gold flowers can be effectively utilized in various food emulsion
systems to protect the unsaturated fatty acids efficiently.

Total Antioxidant Capacity (TAC) Assay. A Trolox-based assay
was described, which allows one to compare the TAC of different
serum specimens by assessing the ability of one or more anti-
oxidants in the serum to quench a limiting and fixed quality of
oxidant (37). Trolox is an a-tocopherol analogue with enhanced
water solubility. This assay could be applied to the extracts of
different plant foods to determine the total antioxidant status.
Table 2 shows that the methanolic extract of MGO had the
highest TAC activity (1.91 £ 0.02 mmol of Trolox/g of extract),
followed by the MGY extract (0.91 £ 0.03 mmol of Trolox/g of
extract) and the MGR extract (1.75 £ 0.02 mmol of Trolox/g
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Figure 6. Fenton reaction on hepatic cells of rats: (a) normal cell (control); (b) treated with H,O,; (¢) treated with H,O, in the presence of marigold extract
MGO (inverted research microscope, LEICA DMIL HC, Wetzlar, Germany; camera, Canon Power Shot S 70, 28 mm wide-angle zoom, 7.1 mpx).

of extract). The TAC of MGO was significantly higher than that
of MGR and MGY extracts (p < 0.05). Our results illustrate that
lutein in the form of lutein ester present in different types of
marigold flower extracts should be responsible for the effective
antioxidant properties.

Iron-Mediated Fenton Reaction. A number of studies have
shown that metal ions induce their toxic effects primarily through
their ability to produce ROS. Iron is the most abundant transition
metal in biological systems. Fe*™ has been found to react with
H,O, to produce the extremely reactive hydroxyl radical, that is,
the Fenton reaction. The hydroxyl radical can induce several
classes of DNA damage (23, 32, 33). Increasing evidence has
accumulated over the past few years on the involvement of free
radical reaction in the genesis of liver cell damage. O, may react
with hydrogen, so forming hydrogen peroxide, the generator
of the powerful OH ~ free radical, in the presence of Fe’" and
H>0, (33). From that point of view Figure 6c¢ clearly shows the
protective effect of MGO extract against liver cell damage in-
duced by H,0,, compared with positive control, that is, untreated
liver cell (Figure 6a) and negative control (Figure 6b). The basic
nature of the Fenton oxidant(s) is still undefined, so that OH may
be regarded as a symbol representing the stoichiometric equiva-
lent of the univalent oxidation agents produced by Fenton
reaction. However, it is clear that whatever the oxidant, hydro-
xylation and hydrogen abstractions are the two most common
modifications of organic substrates by Fenton reaction (23, 34).

Conclusion. The antioxidant activity of lutein has been linked
to reduced risks for many chronic diseases including cancer,
cardiovascular disease, and age-related macular degeneration.
Although the antioxidant activity found in an in vitro experiment
is indicative of only potential health benefit, these results remain
important as the first step of screening the antioxidant activity
of Indian marigold flowers. It can be concluded that marigold
flower extracts can be used as a food supplement or as an accessi-
ble source of natural antioxidants with consequent health bene-
fits. Further scientific work in our laboratory is in progress to
ensure the medicinal properties of this plant in vivo correlated
with its antioxidant activity.
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