December 30, 2020

et W

\/f harmacologyOnLine

Archives ¢ 2020 ¢ vol.3 * 444-452

NMR spectroscopy and antioxidant activity of flavanones and flavones isolated

from Chromolaena tacotana (Klatt) R.M. King & H. Rob.
Torrenegra-Guerrero R. D.'; Bautista-Bautista L.'; Rodriguez- Mayusa J. and Méndez-Callejas G.
M. ¥

" Grupo de Investigacién en Productos Naturales de la Universidad de Ciencias Aplicadas y Ambientales, 222
Street # 55-37. Bogotd- Colombia. 111166.
? Grupode Investigaciones Biomédicas y Genética Aplicada GIBGA. Universidad de Ciencias Aplicadas y
Ambientales, 222 Street # 55-37. Bogotd- Colombia. 111166
"gmendez@udca.edu.co

Abstract

Chromolaena tacotana is considered as a source of flavonoids. Here we examined the content and
antioxidant properties of flavones and flavanones from the leaves of the plant. Four flavonoids,
including (Cta) 5, 4' dihydroxy-7-methoxy flavanone, (Ctb) 3,5,3'-trihydroxy-7,4'-dimethoxyflavone;
(Ctc), 3,4'-dihydroxy -5,7- dimethoxyflavanone; and (Ctd) 4'-hydroxy-5,7-dimethoxyflavanone, were
isolated from leaves extracts, were identified by their NMR spectroscopic data, and then free radical
scavenging activities of the flavonoids were assessed against DPPH. The antioxidant activity for the
flavanone Ctb was the highest even compared to that of quercetin, with IC50 of 6.27 pyg/mL and 8.67
ug/mL respectively. The flavanones Cta, Ctc and Ctd presented a lowest activity against free radicals as
expected according to their molecular substituents and the position within the structure. Data
obtained from this study support the ethnomedicinal use of the leaves of C tacotana for an antioxidant
purpose.

Key words: Chromolaena tacotana, flavanones, flavones, Free radical scavenging activity.

http://pharmacologyonline.silae.it
ISSN: 1827-8620




PhOL Torrenegra-Guerrero, et al.

445 (pag 444-452)

Introduction

Flavonoids are a large group of natural
polyphenolic compounds with biological properties
that are structure dependent [1,2]. These
compounds are well known as active ingredients in
multiple plant sources, both food and medicinal for
their beneficial effects on human health [3].

Several flavonoids are antioxidants, it depends
upon the configuration, substitution, total number
of hydroxyl groups between others that influence
radical scavenging and metal ion chelation ability [1].

Chromolaena genus has been considered as a
source of flavonoids with potential medicinal in
prevention and treatment of chronic diseases
associated with oxidative stress [4-7], however, the
specific medicinal properties of Chromolaena
tacotana, commonly called “sanalotodo” are not
completely studied. Ch. tacotana is a species
recognized by the content of flavonoids as 3,5,4'-
tryhidroxy -7- methoxy flavone, 3,5,8- trihydroxy -7,4
'-dimethoxy  flavone, 5,4'-  dihydroxy -7-
methoxyflavanonol, and 5,7,3 ', 4' - tetrahydroxy- 3-
methoxyflavone, this latter flavonoid with the best
response in antioxidant activity with an IC50 of 2.51
mg/L by DPPH and 2.13 mg/L by ABTS assay, and all
of them with cytotoxic activity against breast cancer
MDA-MB-231 cells [5,8].

The aim of the present study is to continue
investigating aerial parts for C tacotana, to isolate
and identify flavonoids not reported before and to
examine their antioxidant activity.

Methods

Plant material and flavonoids isolation: The C
tacotana plant was collected from Villa de Leyva,
Boyaca, Colombia and taxonomy identification was
performed by National Herbarium as COL595376.

The chemicals used for isolation were Merck's
analytical reagents. 794 g of dried and ground
leaves were subjected to Soxhlet extraction with
dichloromethane (DC) CH2Cl2 to remove the
content of fats and chlorophylls, next 134 g from
that total extract named (DC-El) was flocculated
with methanol (MeOH): water (1:1), and after, the
aqueous portion was extracted with CH2Cl2 and
concentrated in vacuum. This second
dichloromethane extract was named (DC-Ell) and it

was used to obtain the flavonoids. 20 g from DC-ElI
were separated by column chromatography with
Silica gel (40-60 um) and RP18 (20-40 um), the
flavonoids were isolated using a mixture of CHCI3:
MeOH in a ratio of 9.8: 0.2 for Cta and Ctb and
crystallization was performed with nHexane. The
compounds Ctc y Ctd were isolated by RP18
chromatography with MeOH: H20 (7:3) and with
MeOH respectively, and their crystallization were
carried out with MeOH.

Identification (see table 1) was carried out by
means of UV (nm) spectra taken on a Jenway 6405
UV-VIS spectrophotometer with displacement
reagents (AcONa, MeONa and H3BO3). Mono and
two-dimensional tH NMR and 13C NMR spectra
taken on a Bruker 300MHz spectrophotometer.

Antioxidant activity: The antioxidant activity of
the flavonoids was evaluated using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay as previously described
[9] with some modifications. The absorbance was
measured at 515 nm in a Thermo Scientific 4001/4
spectrophotometer after 10 min of reaction
between the samples Cta-Ctd or DC-Ell and the 0.8
mM DPPH methanolic solution (1:5), all of them
prepared to different dilutions in series in a range of
5 to 500 pg/mL The mixture 80% methanol: DPPH
methanolic solution was used as the control. The
test was performed by triplicate. The free radical
scavenging effect was established for each dilution
and the 1C50 values for substances were calculated
by using the corresponding linear regression
equations.

Results and Discussion

Flavonoids Isolated from the Leaves of C
tacotana: Four uncommon flavonoids were isolated
from the leaves of C. tacotana and described as
follow:

5,4 -dihydroxy -7 -methoxy flavanone (Cta):
White solid, eluted in the fractions with CHCI3:
MeOH 9.8: 0.2, Rf 0.57; crystallized from nHexane,
Mp 145 °C, soluble in CHCI3. UV nm in MeOH: 285;
plus AcONa: 285 confirms OH substituted at C7 plus
MeONa 295, 365 and plus AICI3 confirms OH free in
C5. From 1H NMR spectral data (see table 1),
appears that the compound is a flavanone (signals
at 2.36, 3.09 and 5.34 ppm) with a methoxyl group
at C7 and one ring B with OH in para position.
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13C JMOD NMR data match with these reported
before for the compound 5,4 -dihydroxy -7 -
methoxy flavanone [4].

3,5,3'-trihydroxy-7,4'-dimethoxyflavone (Ctb):
Yellow powder slightly soluble in Me2CO, soluble in
DMSO, melting point of 231 to 232 °C, Rf of 0.58
(silica gel, CHCI3: MeOH 9.5: 0.5) reveals yellow spot
with NH3 vapours. The UV nm: MeOH 256; 376; plus
MeONa 275; 437 (OH in C3, not in 4'); plus AcONa
256; 376 (not free OH in C7) plus HBO3 256; 374 (not
two OH in ortho); plus AICI3 270; 424 (OH in C5
and/or @3), plus AICI3 plus HCl 270; 425 (confirms OH
in Cs5 and/or C3). According 1H and 13C NMR spectral
data (see table 1), the compound is a flavone with
two methoxyl groups, one at C7 and one ring B with
two carbon atoms oxygenated and confirm OH in
(5. The spectroscopic data match with those
reported in the literature for the compound with a
molecular formula Ci17H1407 termed as 3,5,3'-
trihydroxy-7,4'-dimethoxyflavone, also known as
Ombuin (Fig 1), [10-12].

3,4'-dihydroxy-5,7-dimethoxyflavanone (Cte):
White solid crystallized from MeOH, melting point
217 °C, soluble in acetone and DMSO. UV nm data in
MeOH 290 (0.772); plus AcONa 290 (0.772) not free
OH in C7; plus MeONa 290 (0.760), 360 (0.317);
other UV spectra equal to the original with MeOH.
1H NMR (see table 1) and the 13C NMR (see table 1
and, supplementary table 1). These data indicate
that the compound is a flavanone with OH free in (3
(signal at 72.90 ppm 13C NMR) two methoxy groups
in ring A and ring B substituted in para (signals at
7.31and 6.79 ppm in the 1H NMR) (Fig 2).

4'-hydroxy-5,7-dimethoxyflavanone (Ctd):
Crystalline solids from MeOH, Mp 180-181°C, Rf 0.38
(Si-gel in CHCI3: MeOH 9.8: 0.2), soluble in acetone
UV nm: 283 (0,655), sh 315 (0,192): plus MeONa 285
(0,558); sh 320 (0,208), 400 (0,239) OH in ring B;
plus AcONa, plus H3BO3, plus AICI3 do not present
changes, spectra equal to that of the compound
with MeOH, indicates that there is no free OH in C5,
C7 nor in ortho position in rings A and B. 1H NMR
data (see table 1) analysis indicates that the
compound is a flavanone (CH2 45.3, OCH 78.95
ppm) with two methoxy groups in ring A (55.17 and
55.25 ppm) and an OH in ring B in position para (6.92
and 7.41 ppm), which is confirmed with the study of
the connectivity’s shown in the 2D NMR spectra (Fig

3), whose summary data are shown in the
supplementary table 2.

Free radical scavenging by DPPH. Between
flavonoids evaluated, the flavone Ctb was the most
antioxidant compound with the IC50 value of 6.15
ug/mL, even than quercetin used as a positive
control (Fig 4) which is in accordance with the
presence of OH in C3 of the flavonols [13,14]. The
other flavanones presented the lowest inhibition of
free radicals as expected (see table 2), according
their structures (Fig 5).

Conclusion

In addition to the flavonoids already determined
from leaves of Chromolaena tacotana, another four,
but uncommon flavonoids (Cta) 5,4’- dihydroxy-7-
methoxy flavanone, (Ctb) 3,5,3'-trihydroxy-7,4'-
dimethoxyflavone;  (Ctc), 3,4'-dihydroxy -5,7-
dimethoxyflavanone; (Ctd) 4'-hydroxy-5,7-
dimethoxyflavanone were now isolated and
identified spectroscopically. The flavonoid Ctb
showed the major antioxidant activity with IC50 6.27
ug/mL, better even than quercetin. The production
of this large number of flavonoids and their
structural variety advocate the species Chromolaena
tacotana as a plant with good potential for studies
of anticancer activity and support the
ethnomedicinal use for protecting against cellular
damage by oxidative stress.
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Table 1: UV nm, 1H NMR and 13C NMR spectral data for the flavonoids.

Compound UV nm 1tH NMR 13C NMR Supplementary
data
54’ - In MeOH:285;  1H NMR 300Mz, CDCI3, 13C JMOD NMR, 75 N/A
dihydroxy — plus AcONa: dppm: 2.36 m(H), 3.09 Mz, 8 ppm (phase):
7 -methoxy 285, plus m(H), 3.61s (3H), CH30  43.33 (), 55.65, 79.13,
flavanone MeONa 295, 5.34 m(H), 6.04 (d, 3 94.40, 95.15,103.27(-),
(Cta) 365, and plus Hz), 6.07(d, 3 Hz) 115.62,126.12,130.68 (-
AlCI3. 6.90(d, 7 Hz)7.34(d,7 ), 156.26 (?),163.03 (),
Hz)12.05 s OH C5. 164.26 (-), 168.15(-),
196.23 ().
3,5,3- In MeOH256;  1H NMR 300 Mz, (DMSO 13CNMR, 75 Mz, N/A
trihydroxy- 376; plus de), 3 ppm (#H), (m, (DMSO dé6),  ppm:
7,4'- MeONa 275; JHz) 3.83(CH30),3.835  56.01 (CH30); 56.41
dimethoxyfl 437 plus AcONa (CH30),6.30 (1H),(d,2  (CH30);92.28; 97.89;
avone (Ctb) 256; 376, plus  Hz), 6.66 (1 H),(d, 2Hz), 104.39;112.08;115.03;
HBO3256;374;  7.07(1H), (d, 8.8 Hz), 120.38;123.66;136.81;
plus AlCI3270;  7.65(d, 8.8 Hz),7.68,(1  146.49;147.13;149.86;
424, plus AlCI3 H), 12.05 156.50; 160.70;165.36;
plus HCl 270; 176.41(C=0).
425
34" In MeOH 290 1H NMR (300 MHz, 13CNMR (75 MHz, For 1tHNMR and
dihydroxy- (0.772); plus DMSO0) 69.58 (s,1 H), DMSO) &190.89; 13CNMR
57- AcONa 290 7.31(d, 8.4 Hz,2H), 6.79  166.12;164.35; 162.05;  additional data
dimethoxyfl (0,772) ,plus (d, 8.4 Hz,2 H), 6.27 - 158.12;129.87; 128.13;  see
avanone MeONa 290 6.14(m, 2H),5.31(d, 4.7  115.32;103.94;93.96,  Supplementary
(Ctc) (0.760),360 Hz, 1H),5.01(d, 114 Hz, 93.38; 82.95; 72.90;  table 1
(0.317); other 1H), 4.38 (dd, 11.4, 4.7 56.39; 56.23
U.V spectra Hz, 1H), 3.80 (s, 3H),
equaltothe 3.39 (s, 3H)
original with
MeOH.
4'-hydroxy- In acetone 283 1H NMR (300 MHz, 13CNMR (75 MHz, For tHNMR and
5,7- (0,655), sh 315 Acetone) 8ppm (#H)  Acetone) dppm (type  13CNMR
dimethoxyfl (0,192): plus (m) 8.66s, (1H) (s); of carbon):187.63 additional data
avanone MeONa 285 7.41(2CH) (d J= 8.5 Hz) (=0),165.74 (=Q), see
(ctd) (0,558); sh 320  6.92 (2CH) (d J= 8.5Hz);  165.74(=C), 164.96  Supplementary
(0,208),400  6.19(CH)(d2.1 Hz); 616 (=0),162.29(=0), table 2
(0,239); plus (CH) (d2.1 Hz); 5.42 157.71(=C),130.25
AcONa, plus  (CH)(ddJ=13.0 Hz,2.9 (=0),128.04 (=CH),
H3BO3, plus Hz); 3.86 (3 H),(s);3.83 115.22 (=CH), 105.71
AlCI3donot (3 H),(s)3.01(CH) (dd (=0), 93.47 (=CH),
present J=16.3 Hz and 13.0 Hz); 92.60 (=CH), 78.95
changes, 2.60 (dd J=16.3Hzand  (=CH), 55.25(CH3),
spectraequal 2.9 Hz). 55.17 (CH3), 45.30
to that of the (CH2).

compound with

MeOH
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Table 2: The IC,, values for antioxidant activity, equation of the line and comrelation coefficient of the isolated
flavonoids from DC-Ell from leaves of C. tacotana.

FLAVONOID/EXTRACT EQUATION R? IC, 1/IC,
Quercetine y =5.7566X + 16.75 0.948 8.670 0.115
DC-Ell Y = 0.9493X + 23.777 0.8725  30.380 0.033
Ctb y =3.7515X + 33.798 0.9732 6.272 0.159
Cta NA >500 .eeennn..
Ctc NA >500  eveeenns
Ctd NA >500 .eeeenn..

Figure 1. Molecular structure of the compound (Ctb), 3,5,3'-trihydroxy-7,4'-dimethoxyflavone with carbon and
hydrogen assignment.
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b)

Figure 2. a) Molecular structure of 3,4'-dihydroxy-5,7-dimethoxyflavanone (Ctc) with the assignment for H and C
in NMR spectra.  b). Structure of the flavanone displaying the orientation of the rings was determined by X-ray
diffraction analysis. Data collection, cell refinement, and data reduction: MSC/AFC6S diffractometer control
software (Molecular Structure Corp., The Woodlands, TX). Program used to solve structure: SHELXS97; program
used to refine structure: SHELXL97; molecular graphics: SHELXTL-PC (G.M Sheldrick, Institute of Inorganic
Chemistry Gottingen, Germany).

Figure 3. a) Molecular structure of 4'-hydroxy-5,7-dimethoxyflavanone with the assignment for H and Cin NMR
spectra. b) H-C connectivity’s observed in the 2D NMR spectrumfor (Ctd)
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Figure 4. The ICy, values of flavonoids, extractand positive control through the DPPH assay. Ctb resulted in the
flavonoid with the highest antioxidant activity. Analysis and graphic made in GraphPad Prism 6.0 software

Ctc Ctd

Figure 5. Molecular structures of the five flavonoids isolated from leaves of Chromolaena tacotana. Cta: 5, 4'
dihydroxy-7-methoxy flavanone, Ctb: 3,5,3'-trihydroxy-7,4'-dimethoxyflavone; Ctc: 3,4'-dihydroxy -5,7-
dimethoxyflavanone; and Ctd: 4'-hydroxy-5,7-dimethoxyflavanone.

Drawn with the MedChem Designer 5.0 program.
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Supplementary Table 1. Data summary of the 'HNMR, BCNMR, HMQC and HMBC spectra of the Ctc flavonoid,
where the main direct (H-C) and long-distance (H-C-C-C-X) correlations are observed, the assignments of the Cand
H of the compound are also shown.

POSICION 5 APT HMQC &'H- §C HMBC -8'H- §"C... (ppm)
“C(ppm) (ppm)

C-2 72.90 (-)OCH  4.35-72.90 4.35-190.88;128.13;82.95
3 82.95 (-)OCH  4.98-82.95 4,98-190.88;129.86;72.90
C-4 190.88 (+)C=0
C5 162.05 (+)=C-0
C-6 93.38 (-)=CH  6.27-93.38 6.27-166.12,162.05;103.94;93.96
C-7 166.12 (+)=CO
Cc-8 93.96 (-)=CH  6,14-93.96 6.14-164.96;103.94;93.38
C-9 158.12 (+)=C-O
C-10 103.94 (+)=C
c-r 128.13 (+)=C
c-2’ 129.86 (-)=CH  7.31-129.86 7.31-158.12;128.13;82.95
c-3 115.32 (-)=CH  6.91-15.32 6.91-158.12;128.13;115.32
c-4 164.96 (+)=C-0
(€ 115.32 (-)=CH  6.91-115.32 6.91-158.12;128.13;115.32
c-6’ 129.86 (-)=CH  7.31-129.86 7.31-158.12;128.13;82.95
C5-OCH3 56.23 () OCH; 3.83-56.23 3.83-166.121
C7-OCH3 56.39 (-)OCH; 3,86-56,39 3.86-162.05

Supplementary Table 2. Data of the NMR spectra for the Ctd compound, the assignments of the Cand the
connectivity’s obtained in the HMQC and HMBC spectra are shown.

CARBON 5 APT HMQC &'H- §3¢C HMBC -8'H- §°C (ppm)
NUMBER BC(ppm) (ppm)

C-2 78.95 (-)CH 5.40-78.95 5.40-128.03;187.63

C-3 45.30 (+)CH,  45.30-2.60-3.01 2.60,3.01-78.95;187.36;105.71

C-4 187.63 (+)C

-5 162.29 (+)C 3.83-162.29

c-6 93.47 (-)CH 6.16-93.47 6.16-105.72;92.60

C-7 165.74 (+)C 3.86-165.84; 92.60

Cc-8 92.60 (-)CH 6.19-93.47;105.71;187.63

C-9 157.71 (+)C

c-10 105.71 (+)C

c-r 130.25 (+)C

-2’ 128.03 (-)CH 7.39-78.95;128.03

c-3 115.23 (-)CH 6.91-115.23 6.91-128.03;115.23

c-4 164.96 (+)C

5 115.23 (-)CH

c-6’ 128.03 (-)CH 7.39-128.03

C5-OCH3 55.17 (+)CH;  3.83-55.17 3.83-162.29

C7-OCH3 55.25 (+) CH, 3.86-165.84
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