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Bioassay-guided isolation of antioxidant agents with analgesic
properties from flowers of Tagetes patula

Shaheen Faizi, Ahsana Dar, Humaira Siddiqi, Sabira Naqvi, Aneela Naz, Samina Bano and Lubna

International Center for Chemical and Biological Sciences, H.E.]. Research Institute of Chemistry, University of Karachi,

Karachi-75270, Pakistan

Abstract
Context: Tagetes patula L. is one of the French marigold group of the Asteraceae family. It is recognized in folklore for
its medicinal and pesticidal properties.

Objective: In search of more effective, but non-toxic compounds with antioxidative potential led to the bioassay
guided isolation studies on the extracts of T. patula.

Materials and methods: The bioassay on Tagetes patula flowers were carried out guided by in vitro antioxidant
activity using DPPH assay. A minor but proven plant constituent methyl protocatechuate (1) was isolated by column
chromatography, while patuletin (2) and patulitrin (3) obtained in bulk by employing solvent partition of methanol
extract. Derivatization of patuletin into benzoyl, cinnamoyl and methyl was conducted to establish the structure
activity relationship (SAR). Analgesic activity of compound 2 was evaluated using acetic acid-induced writhing test
and hot-plate test in mice. The toxicity of methanol extract and compound 2 were also determined.

Results: Polar extracts, fractions and phases demonstrated better antioxidant activity. The synthetic methyl
protocatechuate (1) showed IC,  value of 2.8+0.2ug/mL, whereas patuletin (2) (IC,;=4.3£0.25 ug/mL) was
comparable to quercetin and rutin but significantly better than patulitrin (3) (IC,;=10.17£1.16 pug/mL). Toxicity
test for the methanol extract and compound 2 did not elicit any behavioral changes or cause mortality in mice.
Compound 2 also demonstrated mild analgesic property.

Discussion and conclusion: These findings demonstrate that the plant polar extracts and fractions possess significant

antioxidant property with non-toxic effect. Compound 1 is a genuine plant constituent of T. patula.

Keywords: Analgesic, antioxidant, patuletin, patuletin derivatives

Introduction

Tagetes patula L., locally known as “jafri, a member
of the French marigold group of the Asteraceae (or
Compositae) family, is native of Mexico and other
warmer parts of America (Chadha, 1976) and an orna-
mental plant across the globe. It is recognized in folklore
for its medicinal properties to treat colic, constipation,
diarrhea, stomach ailments, as well as rheumatism and
as eye lotions (Chadha, 1976). Furthermore, the plant,
especially the flowers, has been known to possess anti-
microbial, antiseptic, blood purifying, diuretic, fly repel-
lent (Chadha, 1976), hepatoprotective (Vasilenko et al.,
1990), pesticidal, and nematicidal properties (Vasudevan

et al., 1997). Many chemical constituents have been iso-
lated from different parts of this plant (Tarpo & Cucu,
1961; Koloshina et al.,, 1978; Vasudevan et al., 1997;
Garg et al., 1999; Faizi & Naz, 2002; Szarka et al., 2008),
those exhibiting biological activities include flavonoids
and their glycosides (Koloshina et al., 1978; Vasudevan
et al., 1997; Faizi et al., 2008), steroids and triterpenes
(Kasprzyk & Kozierowska, 1966; Vasudevan et al., 1997),
polyacetylene (Vasudevan et al., 1997), and xanthophyll
and helenien with beneficial effect in certain function-
ing of the retina (Tarpo & Cucu, 1961; Garg et al., 1999),
while its thiophene constituents possess nematicidal and
insecticidal activities (Vasudevan et al., 1997). Moreover,

Address for Correspondence: Dr. Shaheen Faizi, International Center for Chemical and Biological Sciences, H.E.J. Research institute of
Chemistry, University of Karachi, Karachi-75270, Pakistan. E-mail: shaheenfaizi@hotmail.com

(Received 17 May 2010; revised 15 July 2010; accepted 07 September 2010)


mailto:shaheenfaizi@hotmail.com
http://informahealthcare.com/doi/abs/10.3109/13880209.2010.523006

phenol carboxylic acids, flavonoids and carotenoids
have previously been reported to be present in Tagetae
(Vasudevan et al., 1997; Garg et al., 1999; Mashkovaka
et al., 2003); the latter two are the major classes of pig-
ments in the plant. Carotenoid pigments from T. patula
are used in food coloring (Vasudevan et al., 1997), and
extracts containing flavonoids from T. patula have
recently been reported as a potential dye for cotton and
wool yarn (Guinot et al., 2008).

Phenolic compounds including flavonoids and
phenolic acids and their esters are common plant con-
stituents that are known for antioxidant activities and
may prevent cancer, cardiovascular and other diseases
associated with free radicals. The radical scavenging
abilities of these compounds depend greatly on the
number and arrangement of phenolic hydroxyl groups
(Rice-Evans et al., 1996). More than 8000 different fla-
vonoids have been reported that are ubiquitously found
in plants, notably in the pigments of barks, flowers,
leaves, rinds, and seeds. In general, they are a group
of plant polyphenols, having diverse pharmacological
effects such as antiallergic, anticancer, anti-HIV, anti-
inflammatory, antioxidant, antitumor, and antiviral
activities (Wang et al., 1989; Narayana et al., 2001; Tang
et al., 2003; Lameira et al., 2006; Kale et al., 2008; Arroo
et al., 2009). Indeed, fruits, vegetables and popular
beverages such as wine, tea, and coffee, are the main
dietary sources of flavonoids (Narayana et al., 2001;
Andersen & Markham, 2006). Thus, antioxidant activity
of flavonoids has attracted much attention as a pos-
sible dietary preventive therapy against many ailments
including cardiovascular and neurodegenerative dis-
eases (Narayana et al., 2001; Crozier et al., 2009). The
antioxidative properties of flavonoids play an important
role in the stability of food products as well as in the
antioxidative defense mechanism of biological systems
(Andersen & Markham, 2006). Additionally, it has been
postulated that flavonoids exert beneficial effects on
human normal cells at relatively low concentrations,
whereas their toxic effects were evident at higher con-
centrations (Matsuo et al., 2005).

In the search of more effective but non-toxic com-
pounds with antioxidative potential led to the bioassay
guided isolation studies on the extracts of T. patula, which
culminated in the evidence of methyl protocatechuate
(1) as a genuine plant metabolite (Figure 1) and a simple
and efficient process for the isolation of rare flavonoid,
patuletin (6-methoxy quercetin) (2) (Figure 2), and its
glucoside, patulitrin (3) (Figure 2) (Vasudevan et al, 1997;
Garg et al., 1999; Park et al., 2000). Patuletin was found
to be the antioxidant principle of the plant. In addition,
derivatization of patuletin including benzoylation, cin-
namoylation, and methylation was conducted in order to
examine the structure activity relationship (SAR) of patu-
letin and its derivatives. Moreover, the antioxidant and
analgesic activities of the extracts, fractions and isolated
phenolic compounds along with the toxicity of patuletin
were also determined.

© 2011 Informa Healthcare USA, Inc.
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Materials and methods

General methods

UV (in MeOH) spectra were recorded on a Hitachi
U-3200; 1. (log € in nm), IR spectra (in CHCL,) FTIR-
8900 (Shimadzu, Japan), v__ in cm™, the EI-MS and
HR-EIMS spectra on a MAT 312 (Finnigan, Germany)
and JMS HX-110 spectrometer (Jeol, Japan). The 'H and
3C NMR spectra were run on Bruker AV-300, AV- 400
and AV-500 instruments (Bruker-Biospin, Germany)
operating at 300, 400 and 500 MHz, and 75, 100 and
125MHz, respectively. The GC-MS system was oper-
ated on a JSM 600H (Jeol, Japan) with Agilent 6890N
USA (EI mode; ionization potential, 70eV; column
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Figure 1. Methyl protocatechuate (1) and diacetyl, methyl
protocatechuate (1a).
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Figure 2. Patuletin (2), its derivatives (2a-2d) and patulitrin.
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DS-6 (0.32mmx30 m); column temperature 50°-250°C
(rate of temperature increases 5°C/min), carrier gas He,
flow rate 1.8 mL/min, split ratio 1:30). GC was run on a
17-A-Shimadzu (FID mode, column: fused silica capil-
lary column SPB-5 (30 m x 0.53 mm x 0.5 pm, Spelco, San
Quirino PN, Italy), carrier N, ). The chemical shifts (3) and
coupling constant (J) were shown in ppm and Hz. Silica
gel HF 60,,, was used for vacuum liquid chromatography
(VLC). Silica gel 9385 was used for flash column chro-
matography (FCC). All the chemicals and solvents used
were of analytical grade.

Plant material

Flowers of T. patula were collected during 2000 and 2003
from Karachi University Campus, identified by Rubina
Dawar of the Department of Botany, University of Karachi,
and a voucher specimen (no. 67280) was deposited in the
herbarium.

Animals and reagents

NMRI mice (22-28g) were obtained from the animal
house facility of the International Center for Chemical
and Biological Sciences, University of Karachi, Karachi,
Pakistan. Animals were housed ten per cage under stan-
dard environmental conditions with 12h light and dark
period, having free access to food and water. Ethical prin-
ciples established in 1979 for the use oflaboratory animals
at the service of mankind Lyon, France were followed
and the work was approval by the institutional animal
use committee.. Aspirin (Reckitt and Colman, Karachi,
Pakistan), 1,1-diphenyl-2-picryl-hydrazyl (DPPH), acetic
acid, quercetin, rutin, and all other reagents used were
of analytical grade (Sigma Chemicals, St. Louis, MO).
For the analgesic in vivo assays, the samples were dis-
solved in DMSO (10%). For derivatization, acetic anhy-
dride, benzoic anhydride, cinnamoyl chloride, dimethyl
sulfate and protocatechuic acid were purchased from
Merck (Hohenbrunn, Germany), and potassium carbon-
ate (K,CO,) was obtained from BDH Chemicals, Poole,
England.

Bioassay guided isolation of methyl protocatechuate
(1) and flavonoids (2) and (3)

The fresh, uncrushed, orange red flowers of 1. patula
(491 g) were extracted twice with petroleum ether (PE)
affording P. E extract (JFPE) and then by methanol, at
room temperature (Scheme 1). After in vacuo concentra-
tion of combined methanol extracts (JFM), an insoluble
matter settled down which was filtered, furnishing the
powdery matter (JFMI), and filtrate. The filtrate was
freed of the solvent in vacuo and the residue obtained
was treated with methanol, furnishing methanol soluble
(JFMM) and insoluble (JEMMI) fractions. These three
fractions (JFMI, JFMM and JFMMI) showed one major
spot of patuletin (2) on Thin Layer Chromatography
(TLC), while JFMI also displayed an additional minor
component, i.e., methyl protocatechuate (1). All the
fractions were pooled together (17.68g) and subjected

to vacuum liquid chromatography (silica gel HF 60254,
PE, EtOAc, MeOH, H,0) affording 27 fractions. Two dif-
ferent sets of fractions, i.e., 7c and 7d, and 8 to 12 were
collected and combined accordingly to provide JFM7c,
and JFM8-12 fractions, respectively. The spectral stud-
ies revealed their structures as methyl protocatechuate
(1) (Figure 1) (Miyazawa et al., 2003), and patuletin (2)
(Figure 2) (Faizi et al., 2010), respectively (Scheme 1).

In order to prove that methyl protocatechuate (1) is
a genuine constituent of the plant and not an artifact,
the T. patula flowers (9.072kg) were extracted sequen-
tially with petroleum ether, dichloromethane (DC),
ethyl acetate (EtOAc), methanol (MeOH), acetone and
acetone:water (7:3) (Scheme 2). The EtOAc extract,
showed deposition of yellow powder on concentration,
after few days at room temperature. It was separated
by filtration and washed with P.E. (three-times) fol-
lowed by DC (twice) affording P.E (U-JF-EA-P) and DC
(U-JF-EA-DC) soluble fractions. The DC fractions were
pooled together on the basis of TLC profile and then
subjected to flash column chromatography (silica gel
9385, PE, PE:CHCI,, EtOAc:CHCI,, EtOAc) affording
845 fractions. The fraction no. 301 (PE:CHCI,, 5.75:4.25)
showed a single spot on TLC (Rf: 0.47, silica gel 60F,_,
CHC13:MeOH, 9:1), the spectral studies revealed its
structure as methyl protocatechuate (1) (Figure 1)
which was further confirmed by preparation of 3,4-
diacetyl derivative (1a) (Figure 1) (Williams, 1965;
Parmar et al., 1997).

In order to obtain bulk quantities of patuletin for
the preparation of its derivatives, the dried orange red
flowers of T. patula (181g) were extracted twice with
methanol (Scheme 3). The combined methanol extract
was concentrated in vacuo and kept overnight at room
temperature, affording a brownish insoluble matter (JFR)
that turned black on exposure to light and air. This was
separated by filtration. The filtrate on evaporation of the
solvent furnished a residue (JF, 17 g) that was partitioned
between distilled water and PE, the aqueous phase was
extracted successively with chloroform (three times),
ethyl acetate (six times) and butanol (three times). Each
phase (PE, CHCI,, EtOAc and BuOH) was washed with
water, dried over anhydrous sodium sulfate and evapo-
rated under reduced pressure that provided respective
residues, JF-P, JF-C, JF-EA and JF-BuOH. Since, the first
three EtOAc phases (JFEA-1-3) showed a single spot
on TLC they were pooled resulting in a fraction JF-EA1
(1.2g) which was identified as patuletin (compound 2,
0.55%). The remaining three EtOAc phases and water
washings of all the six EtOAc phases appeared similar on
TLC; therefore, they were combined to yield the fraction
JF-EA2 (0.27 g), spectral studies elucidated it as patulitrin
(compound 3, 0.11%) (Scheme 3). It has also been pre-
viously isolated from T. patula (Vasudevan et al., 1997;
Garg et al., 1999; Park et al., 2000). The TLC of the first
butanol phase (JF-BuOH]1) also contained compound 3
while the next (JF-BuOH2) demonstrated a different TLC
profile. The aqueous phase was freeze dried to JF-aq. The

Pharmaceutical Biology
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Fresh flowers (491g)

1) P.E x2
2) Filtered
Extract Marc-1
Evap. in vacuo 1) MeOH X2
2) Filtered
Residue l i
(JFPE) Extract Marc-2
(JFM) (Discarded)
1) Concentrated in vacuo
2) Filtered
Insoluble Filterate
(JEMI)
Minor (1) lEvap. in vacuo
Major (2) Residue
MeOH
Soluble Insoluble
. (JFMM)
Evap. in vacuo .
(Crude Patuletin)
Residue
(JFMM)
mixed
VLC (P.E., EtOAc, McOH, H,0)
(P.: EtOACc) (P.E.: EtOACc)
(6:4) (5:5 to 2:8)
Y
(JFM7c) (JFM8-12) )
Patuletin Other fractions

Methyl protocatechuate (crude)

M

)

Scheme 1. Bioassay guided isolation of antioxidant principles (1) and (2) from flowers of T patula.

initial PE phase (JF-P) showed a prominent spot on TLC
that was separated through PTLC (silica gel HF 60,_, P.E.)
and identified through spectral studies as o-terthienyl
(compound 4) (Figure 3).

Methyl protocatechuate (compound 1)

Methyl protocatechuate (1) (Figure 1) was prepared
using conventional methods (5% methanolic HCI)
(Miyazawa et al., 2003). Electron impact mass spec-
trometry (EI-MS) (70 ev) m/z (relint.): M* 168 (63),
137 (100), 109 (34); High-resolution EI-MS (HR-EIMS):
M+ 168.0423 which is in accord with the molecular for-
mula of C H O, calc. 168.0420; 137.0239 with a fragment

8 84

C.H,0,, calc. 137.0243; 109.0290 with a fragment C.H.O

572

calc. 109.0291. 'H-NMR (300 MHz, C,D,0): & 3.79 (s,

© 2011 Informa Healthcare USA, Inc.

3H, COOCH,), & 7.49 (d, J=2.1 Hz, 1H, H-2), & 6.88 (d,
J=8.4 Hz, 1H, H-5), & 7.43 (dd, J=2.1, 8.4 Hz, 1H, H-6),
8.42 (br. s, 2-OH) disappeared upon D,O shake; *C-NMR
(100MHz, C,D,0): & 51.86 (OCH,), 6 167.06 (C=0), b
122.87 (C-1), 5 117.4 (C-2), 8 145.57 (C-3), 8 150.72 (C-4),
§ 115. 76 (C-5), & 123.31 (C-6).

3,4-Diacetyl, methyl protocatechuate (compound 1a)

Methyl protocatechuate (0.0026g) was treated with
acetic anhydride (1 mL) at room temperature for 3 days.
The reaction mixture on workup afforded a product,
which showed a single spot on TLC (Rf=0.50, silica gel
60F,,,, P. E: EtOAc, 7:3). Spectroscopic studies (EIMS,
Ultraviolet (UV), Infrared (IR), Proton nulear magnetic
resonance 'H-NMR, two-dimentional nulear magnetic
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Jafri Flowers (9.072 kg)

1) P.E x2
2) Filtered
Extract Marc
U-JFP 1) Dichloromethane
2) Filtered
Extract Marc
U-JF-DC 1) Ethyl acetate
2) Filtered
Extract Marc
U-JF-E.A
1) MeOH
1) Concentrated at room temp. 2; Fiﬁged
2) Filtered i i
l Filtered Marc
Filtrate U-JFM 1) Acetone x 3
U-JF-EA-F Insoluble 2) Filtered
Filtered Marc
1) PE. x3 U-JF Ace
2) Dicloromethane x 2
3) Filtered
\J
P.E. fraction Dicloromethane fraction Insoluble
U-JF-EA-F U-JF-EA-DC (1-2) U-JF-EA-DC-I
FCC
845 fractions
i i P.E.:CHCl, l
5.75:4.25
(U-DC-)  (U-DC-301) (U-DC-845)

Methyl protocatechuate (1)

Scheme 2. Isolation of antioxidant principle (1) from flowers of T. patula.

resonance (2D-NMR) confirmed its structure as 3, 4-di-
acetyl, methyl protocatechuate (1a) (Figure 1). C ,H,,0,,
EI-MS (70ev) m/z (rel. int.): M* 252 (4.28), 221 (2.45), 210
(26.44), 168 (100), 149 (1.88), 137 (1.62), 109 (7.48), 79
(7.29); IR (CHCL) A 2922, 2852, 1775, 1729, 1202, 1370;
UV(MeOH) Amax (log €) 207, 227, 226, 286; 'H-NMR
(300MHz, C,D,0): & 3.89 (s, 3H,-COOCH,), 2.3 (s, 6H,
2-0COCH,), $7.84 (d, J=2.1 Hz, 1H, H-2), 6 7.38 (d, /=8.4
Hz, 1H, H-5),  7.92 (dd, J=8.4, 2.1 Hz, 1H, H-6). “C-NMR
(75MHz, C,D,0): & 129.28 (C-1); 8 125.55 (C-2); & 143.31
(C-3); & 147.22 (C-4); & 124.68 (C-5); & 128.38 (C-6); ester
group: 0 166.03 (C=0); 6 52.66 (-OCH,); acetyl groups: 0
168.52, 168.82 [2(-C=0)]; 4 20.43, 20.43 [2(-COCH,)].

3,3%,4’,7-Tetramethyl patuletin (2a) and 3,3",4’,5,7-
pentamethyl patuletin (compound 2b)

The derivatives were prepared as described by Wang
et al. (1989). '"H-NMR (400 MHz), CDCL,,: 6 6.48 (s, 1H,
H-8), & 7.68 (d, /=2.02 Hz, 1H, H-2), & 6.97 (d, J=8.6

Hz, 1H, H-5"), 8 7.71 (dd, J=2.02 Hz, 8.6 Hz, 1H, H-6"), §
3.84 (s, 3H, 6-OCH3), 5 3.9 (s, 3H, 3-OCH,), 6 3.94 (s, 3H,
3-OCH,), § 3.95 (s, 3H, 4-OCH,), 5 3.96 (s, 3H, 7-OCH,),
8 12.58 (s, 5-OH) (disappeared upon D,O addition).

3,3%,4’,7-Tetrabenzoyl patuletin (2c) and 3,37,4",7-
tetracinnamoyl patuletin (compound 2d)

The derivatives were prepared using method described
earlier (Faizi et al., 2008; 2010).

DPPH free radical scavenging assay

This method is based on the scavenging property of stable
DPPH free radicals (Mensor et al., 2001). Reaction mix-
ture containing extracts, fractions and pure compounds
in methanol (2-500 pg/mL) and DPPH ethanolic solution
(300 pM) were left at room temperature for a period of
30 min. Absorbance was measured at 517 nm on a UV-VIS
spectrophotometer (Shimadzu UV-2200) and percentage
inhibition of DPPH free radical after sample treatment

Pharmaceutical Biology
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Dried Flowers (181 g)

1) MeOH x 2
2) Filtered

v v

Extract Marc

1) Concentrated
in vacuo
2) Filtered

v

Filtrate Insoluble residue
Evap. (JFR)
in vacuo
Residue
(JF, 17 g)
1) H,O
2) PE. x3
P.E.-phase Ag-phase
1) H,O x3
2) Nast4 ) ‘ CHC|3 x3
JF-P JF-Paq Ag-phase CHC14 phase
(3.33g) 1) H,0
PTLC ‘1) EtOAc x3 _ ‘ 2) NaZSO_4
o vy Y
o-Terthienyl EtOAc-phase Ag-phase  JF-C JF-C aq
(4) 1) H,0 x3 (0.319)
2) Nay,SO,
+ EtOAc x3
(JF-EA1) JF-EA1-3 aq
(1.2 9) EtOAc-phase Ag-phase
Patuletin Freez 1) H,0 ‘ BUOH
(2) dried 2) Na2804 u
Residue EtOAc-phases  JF- EA4 -6aq  Bu- o|—| phase Ag-phase
’ | 4-6 Freez dried
- Residue r‘j ¢—‘E$ x2
l mixed
JF-BuOH1 JF-BUOH1 aq Bu-OH phase Ag-phase
(JF-EA 2)
(0.27 g) Freez
Patulitrin (3) dried
H20 Residue
(JF-aq)

JF-BuOH2 JF-BuOH2 aq

Scheme 3. Bioassay-guided isolation of antioxidant principles (2) and (3) from flowers of T. patula.

was calculated. The IC_, values obtained graphically rep-
resents the concentration of sample required to scavenge
50% of free radicals.

Acetic acid-induced writhing in mice

The writhing test was performed on albino mice (Koster
et al., 1959). Animals (22-28g) were treated with vehicle

© 2011 Informa Healthcare USA, Inc.

(10% DMSO, 10 mL/kg) or methanol extract (100 mg/ kg)
or pure compound patuletin (0.0033-10 mg/kg) or stan-
dard drug aspirin (10-100mg/kg) intraperitoneally.
After 30 min, acetic acid (0.9% acetic acid in saline) was
administered i.p. (10mL/kg) and the number of writhes
was noted for a period of 20 min. The number of writhes
in each treated group was compared with the control
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AR\ /A

S S S

Figure 3. o-Terthienyl (4).

(DMSO-treated) group and percentage inhibition of
writhes calculated.

Hot-plate test

The hot-plate was employed to determine the latency of
responses (licking of the paw or jumping) as described
earlier (Eddy & Leimbach, 1953). Mice (22-28g) were
placed on a metal plate heated to a temperature of 50 +
0.05°C. The mice were treated either with DMSO (10%,
10mL/kg, control) or methanol extract (100 mg/kg) or
pure compound patuletin (10mg/kg) intraperitone-
ally. The response time was noted at 0, 30, 60, 90 and
120 min.

Toxicity test

The acute toxic effect was determined using albino mice
(22-28g) of either sex treated with methanol extract (1
and 2 g/kg) and patuletin (50 and 100 mg/kg) intraperi-
toneally. Behavioral changes and mortality, if any were
observed for 7 days.

Statistical analysis

The results are represented as mean + standard error of
mean. The difference between control and test samples
were estimated by one-way analysis of variance and con-
sidered significant when p <0.05 as compared to control.

Results and discussion

The methanol extract (JEM) derived from T. patula flowers
exhibited antioxidant activity (IC_=39.67+1.33 ug/mL)
that was significantly greater than the JFPE (IC, =>>200)
(Table 1) and was fractionated further into insoluble part
(JEMI), methanol soluble fraction (JFMM) and methanol
insoluble fraction (JFMMI) (Scheme 1). All three fractions
exhibited one major spot of patuletin (2), whereas JFMI
also contained methyl protocatechuate (1) as a minor
spot that was confirmed on TLC chromatogram. JFMI
demonstrated significant antioxidant activity with IC,
value of 7.2+ 0.3 pg/mL, which was nine times lower than
the JEMM (IC, =64.67 +2.9 ug/mL) and it may be related
to the presence of 1, which was absent in the other two
fractions of the series. On the basis of TLC profile these
fractions were combined and subjected to vacuum liquid
chromatography that afforded methyl protocatechuate
(JFM7c) (1) and JFM 8-12 fractions, containing pure pat-
uletin (6-methoxy quercetin, 2). The corresponding IC,
values for antioxidant activity of 1 and 2 were 13.17+2.6
pg/mL and 4.3+0.25 pg/mL (Table 2). Since, JEM7c was

Table 1. 1C, values of antioxidant activity of different extracts
and fractions from T. patula flowers following different extraction
schemes using DPPH assay.

Samples IC_, (ug/mL)
Scheme 1

Extracts

JFPE >>200
JFM 39.67+1.33
Fractions

JEMM 64.67+2.9
JFMI 7.2+0.3
Scheme-3

Extract

JE 28.0+3.74
Phases

JF-P >>100
JE-C 55.67+3.38
JF-BuOH2 9.03+£0.08
JE-aq >>100

Scheme 1, extracts, petroleum ether (JFPE) and methanol (JFEM);
fractions, methanol soluble fraction (JFMM) and methanol
insoluble fraction (JEMI) of JEM. Scheme 3, extract, direct
methanol extract of flowers (JF); phases of JE, petroleum ether
(JF-P), chloroform (JF-C), butanol (JE-BuOH2), and aqueous
(JF-aq). Values represents means + SE (n=3). IC, = 50%
inhibitory concentration of antioxidant activity.

not obtained in sufficient quantities to be chromato-
graphed for the purification of compound 1, therefore,
it was prepared from the authentic protocatechuic acid.
The synthetic methyl protocatechuate displayed IC
value of 2.8+0.2 ug/mlL, as opposed to 13.17+2.6 pg/mL
observed in our natural product (JFM7c), as shown in
Scheme 1 and Table 2. This discrepancy of ~10 fold in IC_
values between them could probably be related to the
impurities or to the presence of minor interfering com-
pounds, i.e., terpenoids and steroids residing in JFM7C
and probably masking its antioxidant potential. In the
literature, substantial antioxidant activity of compound
1 in lipid peroxidative thiobarbituric acid (TBA) assay
(Tsuda et al., 1994) and its mechanism of free radical
scavenging properties in DPPH assay (Saito et al., 2004;
Saito & Kawabata, 2005) has been previously reported
without any mention of its IC_, values.

Protocatechuic acid has been isolated earlier from
T. patula (Mashkovaka et al., 2003) and it might have been
esterified in our Scheme 1, during the extraction process
with methanol. To confirm this possibility Scheme 2 was
designed for reisolation of 1 from the flowers without
using methanol as a solvent. The structure of 1 obtained,
was confirmed through preparation of derivative, diac-
etate (1a), thereby confirming that 1 is present in the
plant and is not an artifact. The diacetate (1a) has been
reported previously (Williams, 1965; Parmar et al., 1997).

Another prominent antioxidant was a major fla-
vonoid, patuletin (2) which was not in sufficient quan-
tities; therefore for its isolation in larger quantities a
different approach was employed (Scheme 3) in which
conventional chromatographic methods were excluded.
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Table 2. Antioxidant activity of 1, 2, 3, quercetin and rutin using DPPH assay.

Doses (pg/mL)
Samples 2 3 4 5 10 20 25 IC,, (pug/mL)
Quercetin 36.87+3.01 49.4+1.71 62.42+1.28 76.2+0.48 77.67+0.4 ND ND 3.0+£0.15
Rutin 22.66+0.84 30.26+0.91 38.45+1.66 46.11+2.56 85.07+1.15 86.0+0.63 ND 5.56+0.23
Methyl protocatechuate
Natural product (JFM7c) (1) 11.26+1.71 ND ND 23.32+4.49 43.18+10.06 67.26+5.75 79.13+3.78 13.17+2.6™**
Synthetic (1) 35.03+2.24 54.55+4.32 75.46+5.13 90.08+2.01 93.99+2.55 ND ND 2.8+0.2
Patuletin (2) 28.64+1.76 37.90£1.92 47.50%+2.28 66.84+8.00 85.47+1.63 ND ND 4.3+£0.25
Patulitrin (3) 11.50+2.47 ND ND 28.14+1.28 51.92+4.67 75.1+1.84 86.7+0.6 10.17+1.16"*

Values represent means + SE (n=3); IC, =50% inhibitory concentration of antioxidant activity; ‘p < 0.05, “p < 0.01, ““p < 0.005) as
compared to rutin; “p < 0.05, “p < 0.01, ***p < 0.005 as compared to quercetin; ND =not done.

The dried, orange red flowers of T. patula were extracted
with methanol (JF) directly, and its antioxidant prop-
erty was found to be dose-dependent with an IC_ value
of 28.0+3.74 pg/mL. In comparison with the methanol
extract JEM (Scheme 1), the JF demonstrated 1.4 times
better antioxidant activity (Table 1). This is probably due
to direct methanolic extraction from flowers displaying
better antioxidant activity which apparently was lost
after the defatting procedure with PE. Upon bioassay-
directed fractionation of JF five phases of different
polarities were obtained. The non-polar PE phase (JF-P)
containing o-terthienyl as a major component (Faizi
et al., 2008), failed to elicit considerable antioxidant
activity; however, it was slightly better than JFPE which
was obtained by the direct extraction of the flowers with
petroleum ether (Table 1). The other components of JF-P
were long chain hydrocarbons, long chain fatty acids
and their methyl esters, and an aromatic acid. Likewise,
JEPE were constituted of long chain fatty acids and
their methyl esters, sterols, vitamins (tocopherols) and
terpenoids, as characterized by GC/GC-MS analysis. It
has been reported that fatty acids and tocopherols are
antioxidative phytochemicals (Kirmizigiil et al., 2007; Li
et al., 2007) and may be accountable for the antioxidant
activity. The other non-polar phase, chloroform phase
(JE-C) displayed the antioxidant activity with an IC,
value of 55.67+3.38 pg/mL (Table 1), and consisted of
triterpenes, acetylenes and flavonoid as identified by the
TLC profile. On the other hand, the intermediate polar
phases, JE-EA1 and JF-EA2 consisted of pure patuletin
(2) and patulitrin (3), respectively, exhibited promising
antioxidant activity with former being significantly (2.5
times) more potent. Patuletin has been isolated from the
capitula of T. patula (Garg et al., 1999) and it has also been
reported earlier from the aerial parts of . mendocina as
DPPH radical scavenger (Schmeda-Hirschmann et al.,
2004). Previously, patuletin (2) and patulitrin (3) have
been reported to have similar antioxidant activity with an
IC,_, value of about 9.0 pg/mL (Park et al., 2000). This dif-
ference in the IC_ values could be related to the solvent
employed to solubilize the samples, or the presence of
impurities in partially purified compound. Additionally,
the reactivity of the DPPH radical itself has been reported
to be affected by solvents and the time of incubation with
DPPH (Saito et al., 2004).

© 2011 Informa Healthcare USA, Inc.

Yet another intermediate polar phase, JF-BuOH2 con-
taining patulitrin (3) and other flavonoid glucosides, dis-
played IC, values (9.03+0.08 pg/mL) comparable to that
of purified compound 3 and similar to JEMI (Tables 1
and 2). Polar fractions of the plant extracts (i.e., ethyl
acetate and butanol) have been linked with antioxidant
activity (Mensor ef al., 2001). In the current investiga-
tion, polar extracts (JEM and JF), a fraction (JFMI) and
a polar phase (JF-BuOH2) demonstrated maximum anti-
oxidant activity, as shown in Table 1, whereas the most
polar aqueous phase (JF-aq) containing predominantly
glycosidic compounds was devoid of antioxidant prop-
erty, thereby strengthening the contention that polar
compounds harboring phenolic compounds are better
antioxidants.

With respect to the structure-activity relationship
(SAR) for the antioxidant activity it was observed that
the differences among flavonoids i.e. patuletin (2), quer-
cetin and rutin are not significant (Table 2). These three
flavonoids are structurally similar, with the exception of
the methoxy group present at C-6 position (patuletin)
(Figure 2) and glycosylation at 3-OH (rutin) (Figure 4).
On the other hand, a significant decline in activity of
patulitrin (compound 3) as compared to compound 2
is possibly due to the glycosidation at 7-OH (Figure 4,
Table 2). Therefore, it may be postulated that the glycosy-
lation of potential ~-OH group in flavonoids accounts for
lower antioxidant activities, whereas the methoxy group
at C-6 position does not interfere with this activity. Based
on antioxidant IC, values of phenolic compounds from
this plant in comparison with standards used, antioxi-
dant potency order appears to be methyl protocatechuate
(1) =patuletin (2)=quercetin=rutin > patulitrin (3). All
these phenolic compounds possess catechol structure
which has been established to be necessary for antioxi-
dant activity (Rice-Evans et al., 1996).

The flavonoid-bearing methoxy group demonstrates
other pharmacological activities; for example patuletin,
a methoxy flavonol, has antispasmodic (Narayana et al.,
2001), cholagogic (Koloshina et al., 1978), and hypoten-
sive effects (Narayana et al., 2001) and its glycosides pos-
sess anticataract activity (Rosler et al., 1984). The other
methoxy flavones also possess a wide spectrum of bio-
logical properties, including antihepatotoxic (Kiso et al.,
1982), cytotoxic (Diaz et al., 2003), antiproliferative (Tang
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Figure 4. Flavonol (quercetin) and its glycoside (rutin).

Table 3. Effect of patuletin and aspirin on acetic acid-induced
writhing test in mice.

% Inhibition of
Treatment Dose (mg/kg) writhes IC,, (mg/kg)
Patuletin (2) 0.0033 47.14 0.143
0.0332 39.73
0.332 65.78
3.22 60.0
10 36.58
Aspirin 10 37.1 18.2
20 53.0
30 68.5
50 72.0
100 80.02

Number of writhes in control animals (0.9% acetic acid,
10mL/ kg) =59.4+4.98. Number of mice per dose =3-5. Test
substances were administered intraperitoneally before the
administration of acetic acid.

et al., 2003; Jahaniani et al., 2005) and antimicrobial
(Wang et al., 1989).

The derivatives of patuletin, i.e., tetra- and
penta-methylated patuletin 2a and 2b (Wang et al., 1989)
and tetrabenzoyl and tetracinnamoyl patuletin 2c and 2d
(Faizi et al., 2008; 2010), that are known compounds were
also prepared, and evaluated for antioxidant activity. All
these compounds failed to exhibit antioxidant activity
up to 500 pg/mL. This lack of antioxidant activity may be
related to the substitution of all potential -OH groups with
either methyl or benzoyl or cinnamoyl groups. However,
further SAR study for patuletin and its derivatives (as
mono, di, tri, tetra and penta substituted derivatives) will
be important before reaching any conclusion.

Analgesic activity was evaluated chemically (using the
acetic acid-induced writhing test), and thermally (using
the hot-plate test in mice) that determines the peripheral
and central nervous system mediated analgesicresponses,
respectively. In the preliminary experiment, the extract
was tested at 100 mg/kg and it showed reduction (about
34%) in the number of writhes, whereas, compound 2
tested at five doses ranging from 0.0033-10.0 mg/kg dem-
onstrated greater reduction (66%) at 0.33 mg/kg (Table 3).
The IC,, of compound 2 was 130 times lower than

aspirin suggesting that it is a potent analgesic compound.
However, in the case of hot-plate experiments neither
extract nor patuletin demonstrated analgesic effect, indi-
cating that the analgesic properties residing in T. patula
and its pure compound act at the peripheral system and
independent of the central nervous system.

Furthermore, intraperitoneal administration of meth-
anol extract (JF) at 2g/kg and pure compound patuletin
(2) at 100 mg/kg did not elicit any behavioral changes or
cause mortality in mice, indicating that it is non-toxic.

Conclusion

In conclusion, polar extracts, fractions and methyl pro-
tocatechuate (1), patuletin (2) and patulitrin (3) isolated
from T. patula flowers possess significant antioxidant
property. Compound 1 was derived as a native constitu-
ent of the flowers and not an artifact, and when syntheti-
cally prepared demonstrated marked antioxidant activity.
Flavonoids 2 and 3 were isolated in substantial amounts
by simple solvent-solvent extraction method with exclu-
sion of chromatographic techniques, and 2 was found to
be non-toxic, having analgesic property.
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