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Catechin Derivatives from Parapiptadenia rigida with in Vitro Wound-Healing Properties
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Analysis of the ethanolic extract of the bark from Parapiptadenia rigida resulted in the isolation of the new catechin
derivatives 4’,3”-di-O-methylapocynin-D (10), 4’,3”-di-O-methylapocynin-B (11), epigallocatechin-3-O-ferulate (8), and
4’-O-methylepigallocatechin-3-O-ferulate (9) and the catechins 4’-O-methylepigallocatechin-3-0O-gallate (6) and 4’-O-
methylepicatechin-3-0O-gallate (7). These compounds, isolated for the first time from a natural source, are accompanied
by the five known catechins 4’-O-methylgallocatechin (1), 4’-O-methylepigallocatechin (2), 3’-O-methylepicatechin (3),
epigallocatechin-3-0O-gallate (4), and epicatechin-3-O-gallate (5). Compounds 5 and 7 displayed promising wound-
healing effects in a scratch assay. Some of the catechin derivatives showed inhibitory effects on NF-«xB DNA binding

and p38a MAPK activity.

Parapiptadenia rigida (Benth.) Brenan (Fabaceae), popularly
known in Brazil as “Angico-vermelho” (red Angico), is a perennial
shrub or tree native to South America.'~ Preparations from its bark
are used in traditional medicine because of its anti-inflammatory,
astringent, expectorant, antidiarrheic, antihemorrhagic, antimicro-
bial, and wound-healing properties.®> > To date, the bark has been
known for its content of about 15% tannins, but a detailed analysis
has not been undertaken.? Bioguided fractionation of the ethanolic
extract led to the isolation of five known compounds (1—5)°~""
and six new O-methylated catechin derivatives (6—11). The isolated
compounds, except for 3, 9, and 10, as well as the ethanolic extract
of P. rigida were studied in cell-based assays for their wound-
healing properties using a scratch assay. Additionally, their anti-
inflammatory activity was investigated in the NF-«B electrophoretic
mobility shift (EMSA) and p38 MAPK assays.

Results and Discussion

Fractionation of the ethanolic bark extract from P. rigida afforded
five known catechin derivatives. On the basis of 1D and 2D NMR
('H, 3C, COSY, HSQC, HMBC), as well as MS (ESI, EI, CI)
analyses the compounds were identified as 4’-O-methylgallocatechin
(1),° 4-0O-methylepigallocatechin (2),” 3’-O-methylepicatechin (3),°
epigallocatechin-3-O-gallate (4),°'® and epicatechin-3-O-gallate
(5)."" The diastereomeric character of 1 and 2 was confirmed by
differences observed for H-2 as well as C-2 and C-3 in the 'H and
13C NMR spectra. Compound 1 (2,3-trans) showed a doublet for
H-2 (0y 4.58) and signals for C-2 at Oc 82.6 and for C-3 at Oc
68.7, while 2 exhibited a broad singlet (0y 4.81) for H-2 and upfield
shifts for C-2 (6¢c 79.7) and C-3 (Oc 67.4) characteristic of
2,3-cis-flavan-3-ols.'>!3

The 1D and 2D NMR data (‘H, 3C, COSY, HSQC, HMBC), the MS
(ESI, CL, HRESI), and optical rotation data of 6 were found to be identical
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with those of 4-O-methylepigallocatechin-3-O-gallate.'*'> The '"H NMR
data of 7 agreed well with those reported for 4’-O-methylepicat-
echin-3-O-gallate.'® However, its *C NMR and HRESI are
presented here for the first time. Compounds 6 and 7 have been
reported as products from chemical synthesis (6)'>'” and/or as a
biliary metabolite in rats (6, 7),'*'® but not as native natural
products.

The molecular formula of 8, which was obtained as a brownish
amorphous powder, was deduced as C5H»30,0 from the HRESIMS
ion at m/z 483.1286 [M + H]™. 'H and '>*C NMR data revealed the
presence of a flavan-3-ol derivative with a 3,5,7,3",4",5'-hexasub-
stitution pattern (Table 1). The 2,3-cis configuration was confirmed
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Table 1. '"H NMR (400 MHz) and *C NMR (100 MHz) Spectroscopic Data for Compounds 8 and 9 in Methanol-d, (d in ppm, J in

Hz)
8 9
position ¢, mult. Oy (J in Hz) HMBC* Oc, mult. Oy (J in Hz) HMBC“
2 78.5d 4.95, brs 3,9,2,6,1 76.8 d 4.99, brs 3,2,6, 1
3 69.8d 5.49, m 68.4d 55, m
4 26.7t B 2.85,dd (24, 17.4) 2,3,10 253t f2.86,dd (2.5, 17.3) 2,3,5,9,10
a 2.99, dd (4.5, 17.3) 9,10 a 3.0, dd (4.6, 17.3) 9,10
5 1579 s 156.5s
6 96.5d 5.99,d (2.3) 5,7,8,10 95.2d 5.99,d (2.3) 5,7,8,10
7 1579 s 156.5 s
8 95.8d 5.97,d (2.3) 6,7,9, 10 94.5d 5.98, d (2.3) 6,7,9, 10
9 157.1s 155.6 s
10 99.3s 9795
1’ 130.7 s 1344 s
2 106.8 d 6.54, s 2,1,3,4,6 105.7d 6.56, s 2,1,3, 4,6
3 146.7 s 150.0 s
4’ 133.8 s 1349 s
5 146.7 s 150.0 s
6 106.8d 6.54, s 2, 1,2, 4,5 105.7d 6.56, s 2, 1,2, 4,5
17 1279 s 1299 s
2" 111.7d 7.15,d (1.8) 374”7, 6", 7" 110.3d 7.17, d (1.85) 37,47, 6", 7"
3" 149.3 s 1479 s
4" 150.5 s 149.1 s
5" 116.3d 6.79, d (8.2) 17,37, 4" 1149d 6.79, d (8.20) 17,37, 4”7
6” 124.2d 7.04, dd (1.8, 8.2) 4”5”7, 7" 1229d 7.04, dd (1.85, 8.20) 27, 4", 5" 7"
7" 147.1d 7.51,d (15.9) 2”7, 6"”,8”,9” 145.8d 7.50, d (15.85) 27, 6", 8", 9"
8" 115.5d 6.30, d (15.9) 17,97 114.0d 6.3, d (15.85) 17,9”
9” 168.6 s 167.2 s
OMe-4" 59.5q 3.80, s 4’
OMe-3" 56.4q 3.87, s 3” 55.1q 3.88, s 3”

“HMBC correlations are from proton(s) stated to the indicated carbon.

by the presence of a broad singlet at dy 4.95 for H-2 and by the
upfield shift (Oc 78.5) of C-2. NMR and optical rotation data were
similar to those reported for epigallocatechin.'®'® However, the
H-3 multiplet showed a strong downfield shift (Oy 5.49) suggesting
a substitution with an acyl moiety at C-3. Additional aromatic ABX-
type set signals at oy 7.15 (H-2”, d, J = 1.8 Hz), 7.04 (H-6", dd,
J = 1.8, 8.2 Hz), and 6.79 (H-5”, d, J = 8.2 Hz) together with
mutually coupled trans-olefinic signals at oy 6.30 (d, J = 15.9 Hz)
and 7.51 (d, / = 15.9 Hz) were observed. A long-range correlation
between the methoxy group at Oy 3.87 (s) and C-3” (Oc 149.3)
revealed the occurrence of a ferulate moiety. Its C-3 location was
confirmed by a long-range correlation between the carboxylic
carbon at ¢ 168.6 and H-3. Thus, 8 was identified as a new
compound, epigallocatechin-3-O-ferulate.

The molecular formula of 9 was calculated as C,sH»40,9 from
the HRESIMS measurements, which exhibited an [M + H]" ion
at m/z 497.1442. The 'H and '3C NMR spectra were similar to those
of 8 except for the presence of an additional methoxy group, which
was located at C-4" (Table 1) due to a long-range correlation
between this carbon and the methoxy group. Hence, 9 was identified
as the new 4’-O-methylepigallocatechin-3-O-ferulate. Whereas the
3-O-caffeate, 3-O-coumarate, and 3-O-cinnamate of epigallocat-
echin had been isolated from leaves of Camellia sinensis,’® the
occurrence of a 3-O-feruloylcatechin derivative is reported here
for the first time. In general, esterification at C-3 in catechins has
rarely been found.

The molecular formula of compound 10, C,sH»O;0, was
concluded from its HREIMS, which showed an [M]" ion at m/z
496.1377. Analysis of the 'H and the '*C NMR spectra confirmed
10 to be a gallocatechin derivative, O-methylated at C-4” (see Table
2). The 2,3-trans configuration was established by the doublet of
H-2 at Oy 4.76 and the coupling constant (/o3 = 6.2 Hz) together
with the chemical shifts of C-2 and C-3 at dc 81.1 and 66.4,
respectively (Table 2). A trisubstitution of the A ring was deduced
from the occurrence of a one-proton aromatic singlet at oy 6.28,
indicating a substituent either at C-6 or at C-8. Resonances
attributable to mutually coupled benzylic methine (dy 4.55, brd)

and methylene signals (dy 2.96, dd, J = 2, 15.6; 3.08, dd, J = 6.8,
15.6) together with an aromatic 4”-hydroxy-3"-methoxy substitution
pattern (dy 6.55, dd; 6.71, d; 6.78, d; and 3.80, s) were also
observed. The additional occurrence of a carboxylic carbon signal
at ¢ 168.9 suggested the presence of a phenylpropanoid-substituted
4’-O-methylgallocatechin. A long-range correlation between the
benzylic methine (C-7”) and the ortho-protons of the disubstituted
aromatic ring system (H-2” and H-6") confirmed the occurrence
of a phenyldihydro-2(3H)-pyranone system. The '3C NMR chemical
shift of the A-ring methine at d¢ 98.3 was in accordance with those
of C-6 phenylpropanoid-substituted rather than those with C-8
phenylpropanoid-substituted catechins and epicatechins.?' 2 In the
latter case the C-6 chemical shift is more upfield and the C-10 shift
more downfield. Additional confirmation for a C-6 substitution was
obtained from long-range correlations between the methine proton
(H-7") at oy 4.55 and C-5, C-6, and C-7 at dc 150.5, 105.8, and
153.4, respectively (Table 2). The signal for H-8 was unequivocally
assigned at Oy 6.28 because of the observed long-range correlation
with C-9 at ¢ 154.1. The C-9 chemical shift was proven by a
long-range correlation with H-2 at oy 4.76. Thus, compound 10
was very similar to apocynin D isolated from leaves of Apocynum
venetum, but with additional O-methyl groups.”’ Finally, the
configuration of C-7” was determined by comparing CD data with
those of apocynin D' and a phenylpropanoid-substituted catechin
isolated from Castanopsis hystrix, which differed from apocynin
D by the missing hydroxy group at C-5".>* CD data (positive Cotton
effects (CEs) at 233 and 291 nm and a negative CE at 253 nm)
agreed well with a 2R,3S5,7”R configuration, the 7”R absolute
configuration also evident for the two above-mentioned flavan-3-
ols. According to the structural similarities, the new compound 10
was named 4’,3”-di-O-methylapocynin-D.

The ESIMS of compound 11 in the positive and negative modes
showed quasimolecular ions at m/z 497 [M + H]" and 495 [M —
H]™, respectively, consistent with the molecular formula CysH,40.
This was confirmed by its HREIMS, which showed an [M]" ion at
mlz 496.1370. Detailed 'H, '*C, and HMBC spectra suggested 11
to be a gallocatechin derivative similar to 10, but with differences
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Table 2. 'H (400 MHz) and '3C NMR (100 MHz) Spectroscopic Data of Compounds 10 and 11 in Methanol-d4 (6 in ppm, J in Hz)

10 11

position ¢, mult. Oy (J in Hz) HMBC* Oc, mult. Oy (J in Hz) HMBC“
2 81.1d 4.76, d (6.2) 3,4,9,2,6,1 83.1d 4.66, d (7.0) 3,4,9,2,6,1
3 66.4d 4.12, ddd (4.6, 6.2, 6.7) 68.2d 3.97, ddd (7.0, 7.6, 5.2)
4 255t f 2.66, dd (6.7, 16.5) 3,9,10 28.3 t p2.64, dd (7.6, 16.5) 3,10

a 2.90, dd (4.6, 16.5) 2,3,9, 10 a 2.89, dd (5.2, 16.5) 2,3,5,9,10
5 150.5 s 1569 s
6 105.8 s 96.4 d 6.24, s 5,7, 8,10
7 1534s 152.1s
8 98.3d 6.28, s 6,7,9, 10 105.8 s
9 154.1s 1529 s
10 989s 106.0 s
1 1349 s 136.1s
2 105.5d 6.42, s 2,1,3,4,6 107.4d 6.27, s 2,13, 4,6
3 150.3 s 151.5s
4’ 1349 s 136.5s
5 150.3 s 151.5s
6’ 105.5d 642, s 2,1,2,4,5 107.4d 6.27, s 2,1,2,4,5
1” 13345 1353 s
2" 110.3d 6.78, d (2.1) 37,47, 67,7 111.9d 6.74, d (1.6) 17,37, 47, 6", 7"
3” 147.6s 149.0 s
4 145.0s 146.3 s
57 1148d 671, d (8.1) 17, 3" 1163d  6.71,d(8.2) 17, 3"
6" 118.6d 6.55, dd (8.1, 2.1) 27, 47,7 1199d 6.53, dd (1.6, 8.2) 27,47, 7"
7" 33.9d 4.55, brd (2, 6.8) 5,6,7,17,2”, 6", 8", 9" 35.5d 4.45, brd (7.1) 8,7,9,17,2”, 6", 8,9"
8" 36.7t 2.96, dd (2, 15.6) 17,77, 9” 383t 2.85, brd (15.9) 8,9”

3.08, dd (6.8, 15.6) 6,9” 3.04, dd (7.1, 15.9) 17,77, 9"
9” 168.9 s 170.8 s
OMe-4" 59.3q 3.82,s 4’ 60.7 t 3.79, s 4’
OMe-3" 54.8q 3.80, s 3” 56.3 t 3.75,s 3”

“ HMBC correlations are from proton(s) stated to the indicated carbon.

in the chemical shifts for C-5, -6, -8, and -10. Thus, the signal for
C-6 was shifted upfield to dc 96.4, whereas those for C-5 (d¢ 156.9),
C-8 (Oc 105.8), and C-10 (dc 106) exhibited downfield shifts
compared to 10 (Table 2), suggesting the pyranone ring was bound
to C-8 and 7-OH of the flavan A ring. The signal for H-6 was
unambiguously assigned to the chemical shift at Oy 6.24, confirmed
by the long-range correlation with C-5 at d¢ 156.9. Additionally,
the chemical shift of C-5 was proven by a long-range correlation
with H-4a at Oy 2.89. Hence, compound 11 was the dimethyl ether
derivative of either apocynin-A or -B.?! To define the absolute
configuration of 11 at C-7”, a circular dichroism investigation was
undertaken. Taking into account that the relative configuration at
C-2 versus C-3 was elucidated as trans by the NMR measurements,
only four possible diastereomers (2R,3S,7”R, 2S,3R,7”S, 2R,3S,7"S,
and 25,3R,7”R) had to be considered. Comparison of the quantum
chemically predicted CD spectra of these possible diastereomers
with the experimental CD curve showed that only the spectrum
computed for the 2R,3S,7”R configuration had the same CEs
measured for 11, with positive CEs at 230 and 286 nm and a
negative CE around 250 nm (Figure 1, Figure 3S in the Supporting
Information). Hence, the absolute configuration at C-7” was
determined to be R. The measured Cotton effects also agreed with
those of apocynin B, which has a similar structure, but lacking the
O-methyl groups.?' Therefore, 11 was named 4’,3”-di-O-methyl-
apocynin-B, reported here for the first time.

All isolated compounds could be assigned to peaks in the HPLC
chromatogram obtained from the ethanolic extract of the bark from
P. rigida (Figure 2). Quantification of the main phenolics was
performed using a calibration curve with the respective isolated
compound. 4’-O-Methylgallocatechin (1) was the main phenolic
compound in the ethanolic extract (Figure 2).

As preparations from P. rigida are also used in traditional
medicine, the ethanolic extract and some of the main compounds,
ie.,1,2,4,5,6,7,8, and 11, were studied for their wound-healing
effects in a scratch assay and their anti-inflammatory activity in
the NF-kB EMSA and p38 MAPK assays.

The wound-healing properties of P. rigida were investigated by
measuring the influence on fibroblast migration to and proliferation
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Figure 1. Calculated and experimental CD curves of 2R,3S,7”R-
11.

into an artificial wounded monolayer using the scratch assay model
and Swiss 3T3 mouse fibroblasts.?* The majority of samples showed
enhanced cell numbers when concentrations of 1 and 10 uM were
studied, whereas 20 uM concentrations led mostly to a reduction
(see Figure 3, compounds 1, 4, 5, 6, 7, and 11). Compounds 5 and
7 were the most active ones at a 1 uM concentration, but showed
reduced activity at a concentration of 10 M. This decrease in
activity may be explained by the possible antiproliferative effect
at higher concentrations, as observed for 4 in keloid fibroblasts.
Studies provided evidence that the antiproliferative effect may be
due to inhibition of the STAT3-signaling pathway.>> Moreover, in
rat aortic smooth muscle cells the same compound was shown to
possess antiproliferative as well as antimigrating effects, which is
supposed to be partly Ras/JNK mediated.?® The ethanolic extract
increased cell numbers at 10 ug/mL to about 40%, whereas 50 ug/
mL showed an inhibitory effect. PDGF was used as a positive
control, where 2 ng/mL showed an average stimulating effect of
59.5%.
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Figure 2. HPLC chromatogram of the ethanolic extract from P. rigida at 10 mg extract/mL MeOH 30% (HPLC conditions: see Experimental
Section). Concentrations of the main compounds in the extract: 1: 8.04%, 2: 1.54%, 4: 1.94%, 5: 1.22%, 6: 1.04%, 7: 0.62%, 8: 1.25%.
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Figure 3. Effect of an ethanolic extract from the bark of P. rigida and isolated catechin derivatives (1, 2, 4, 5—8, 11) on the migratory and
proliferative activities of 3T3 Swiss fibroblasts in the scratch assay after 12 h of incubation (37 °C; 5% CO,). Positive control: PDGF (2
ng/mL); EtOH extract (EE) of P. rigida (10 and 50 ug/mL); and isolated compounds at 1, 10, and 20 uM, in parentheses concentration in
ug/mL: 1 [4’-O-methylgallocatechin (0.3; 3.2 and 6.4 ug/mL)]; 2 [4’-O-methylepigallocatechin (0.32; 3.2 and 6.4 ug/mL)]; 4 [epigallocatechin-
3-O-gallate (0.4; 4.5 and 9.2 ug/mL)]; 5 [epicatechin-3-O-gallate (0.4; 4.4; 8.8 ug/mL)]; 6 [4'-O-methylepigallocatechin-3-O-gallate (0.5;
4.7 and 9.4 ug/mL)]; 7 [4’-O-methylepicatechin-3-O-gallate (0.4; 4.6; 9.1 ug/mL)]; 8 [epigallocatechin-3-O-ferulate (0.5; 4.8 and 9.6 ug/
mL)]; 11 [4,3”-di-O-methylapocynin-B (0.5; 5.0 and 9.9 ug/mL)]. Data are expressed as % of cells that migrate and proliferate to the
wounded area compared to the blank control. Bars represent means = SEM of at least three experiments.

The complex pathophysiological process of wound-healing is an
interplay of several cellular and biochemical processes, including
the interaction of re-epithelialization, angiogenesis, granulation
tissue formation, and collagen deposition, but also of inflammation,
especially initially.?” As NF-«B is a central protein regulating the
transcription of many inflammatory and proinflammatory cytokines
and enzymes, the influence of the crude ethanolic extract and some
isolated compounds was evaluated for their effect on TNF-a-
induced NF-«B activation in Jurkat cells by the electrophoretic
mobility shift assay (EMSA). Except for 11, all compounds only
moderately impaired TNF-a-induced NF-«B after 24 h of incubation
(see Figure 1S in the Supporting Information). In general, concen-
trations of about 50 uM were necessary to induce 50% inhibition.
Compound 11 inhibited NF-«B at 10 and 20 uM concentrations,
whereas higher concentrations led to a decrease of NF-«B
inhibition (see Figure 4). Cytotoxicity studied in an MTT assay
was always below 11% (see Figure 2S in the Supporting
Information). The ethanolic extract (100 ug/mL) itself exhibited
an NF-«B inhibition of about 40%, but this concentration also
showed a cytotoxicity of 50%. Therefore, NF-«B inhibition is
most likely influenced by cytotoxic effects. Inhibition of NF-
kB DNA binding was already shown for epicatechin and catechin
as well as for a dimeric procyanidin in Jurkat cells.”® However,
the inhibitory effects seem to be rather unspecific, as these

compounds targeted the NF-«B pathway at multiple steps.
Epicatechin also impairs NF-«B DNA binding in Hodgkin’s
lymphoma cell lines at concentrations similar to those used in
our study. This inhibition was not associated with its antioxidant
activity, changes in p65 phosphorylation, or NF-«B nuclear
translocation, but was probably due to inhibition of NF-kB DNA
binding. Further results on cell viability do not exclude the
influence of cytotoxic effects.?’ Thus, as yet NF-«B inhibition
of catechin derivatives should not be overestimated.

The serine/threonine kinase p38a MAPK is also known to
play a central role in proinflammatory responses through its
involvement in the biosynthesis of proinflammatory cytokines,
such as IL-18 and TNF-o.**3! Therefore, compounds 2, 4, 5,
and 11 were investigated for their inhibitory effects on p38a
MAPK in an ELISA providing the following ICs, values: 2, 39.16
+ 3.92 uM; 4, 2.21 + 0.48 uM; 5, 1.47 + 0.36 uM; and 11,
50.80 + 4.81 uM. Our results confirm previous reports on p38a
MAPK inhibition by 4 and 5*>73* and increase our knowledge
on structural features that contribute to the inhibitory activity.
Thus, trihydroxylation of the B ring and esterfication by gallic
acid increased inhibition of p38a MAPK. Interestingly, introduc-
tion of an O-methyl group even led to a slightly increased
inhibition. Hence, the observed anti-inflammatory effects of
preparations from P. rigida observed in traditional medicine may
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Figure 4. NF-kB EMSA of nuclear extracts prepared from Jurkat
cells. Lane a: unstimulated control cells. Lane b: cells treated with
2.5 ng/mL rh-TNF-o.. Lanes c—f: cells pretreated for 24 h with 10,
20, 30, and 55 uM compound 11 and subsequently stimulated for
1 h with 2.5 ng/mL rh-TNF-o.. A: NF-«<B DNA complexes. O:
Nonspecific binding to the probe. ®: Unbound oligonucleotide.

partly be explained by their influence on NF-«B and phospho-
rylation of p38a MAPK.

In summary, this is the first phytochemical study of the bark of
P. rigida. We demonstrate that catechin derivatives may have
beneficial properties on the combinatorial effect during inflamma-
tory and re-epithelialization phases of the wound-repair process.
However, studies should also be performed to confirm these effects
on re-epithelialization in vivo. Recently, it has been demonstrated
that compound 4 showed a significant improvement in scar
formation in rats in terms of both collagen orientation and maturity
during the wound-healing process.*

Experimental Section

General Experimental Procedures. Optical rotations were measured
in MeOH at 20 °C on a Perkin-Elmer polarimeter, model 341. CD
spectra were measured on a Jasco J-715 spectropolarimeter, at 190—600
nm in MeOH. Infrared spectra were recorded on a Perkin-Elmer
Spectrun One FT-IR spectrometer with ATR sampling. NMR spectra
were recorded in methanol-d; on a Bruker DRX 400 MHz instrument
at 400 MHz ('H) and 100 MHz (*C). MS data were taken with the
following instruments: EI-MS, TSQ 700 mass spectrometer (Thermo
Fisher, Waltham, U.S.); ESI-MS, LCQ-Advantage mass spectrometer
(Thermo Fisher); HR-ESIMS, LTQ Orbitrap XL mass spectrometer
(Thermo Fisher); HR-EIMS, MAT-95XL double-focusing magnetic
field mass spectrometer (Thermo Fisher). MPLC was carried out with
Eurosil Bioselect 100, C-18 (20—45 um) and open-column chroma-
tography with Sephadex LH-20. Column fractions were monitored by
TLC (silica gel 60 F 254, Merck), and detection was done at 254 and
366 nm and with anisaldehyde—H,SO, and heating at 110 °C.
Analytical TLC was carried out with an Automatic TLC sampler
(CAMAG). HPLC analysis was performed on a Hewlett-Packard 1090
apparatus, using a Phenomenex Luna C-18 column (150 x 4.6 mm, 3
um), with mobile phases A (H,O—MeCN, 95:5) and B (MeOH—H,0,
95:5), both with 0.1% HCOOH: linear gradient starting with 5% of B,
increasing to 30% at 30 min, 50% at 45 min, and 100% from 50 to 55
min; re-equilibration of the column from 56 to 65 min, flow rate 0.5
mL/min, detection at A 275 nm; sample injection of 20 uL.

Plant Material. The bark from Parapiptadenia rigida (Benth.)
Brenan was collected from a natural habitat of the plants located on
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“Morro Cechela” in Santa Maria, Rio Grande do Sul, Brazil, in October
2007, and identified by Dr. Solon Jonas Longhi, Federal University of
Santa Maria. A voucher specimen was deposited at the herbarium of
the University, code SMDB 12309.

Extraction and Isolation. Air-dried and powdered bark (1.3 kg)
was extracted with EtOH using a Soxhlet apparatus. The crude EtOH
extract was concentrated under vacuum at 40 °C to yield 230.2 g of
extract, which was treated with MeOH at —20 °C, giving a soluble
part of 221.4 g after solvent removal. Initial fractionation of 6 g of the
EtOH extract was carried out using open-column liquid chromatography
on Sephadex LH-20 (60 x 6 cm) with MeOH and yielded 14 fractions.
Fractions 5a (154 mL), 9a (209 mL), 10a (341 mL), and 11a (215 mL)
were dried and subjected to additional MPLC on RP-18 silica gel (50
x 1.2 cm). Fraction 5a (586 mg) was chromatographed using mixtures
of MeOH—H,0 (30—100%, increase of 10% MeOH per 30 min) and
a flow rate of 0.8 mL/min, yielding 18 subfractions, from which
fractions 3 (52 mL) and 4 (39 mL) gave 1 (254 mg). Fractions 7 (42
mL) and 8 (28 mL), 11 (31 mL) and 12 (14 mL), and 13 (18 mL) and
14 (17 mL) were combined, dried, and rechromatographed under the
same conditions to give compounds 2 (fr. 2: 21 mL = 14.1 mg), 3 (fr.
2: 10.5 mL = 2 mg), and 11 (fr. 5: 19 mL = 2.8 mg), respectively.
Subfraction 3 (10.5 mL = 2 mg), which mainly contained 10, was
purified by analytical HPLC (conditions: see General Experimental
Procedures) and gave 10 (1.3 mg). Fraction 9a (301 mg) was
fractionated using a flow rate of 0.7 mL/min of MeOH—H,0 (15—45%
MeOH and increase of 5% per 20 min, 45—55% MeOH in 60 min,
55—100% MeOH and increase of 10% per 20 min) and afforded 6 (fr.
2:31.5 mL = 22.6 mg), 7 (fr. 4: 52.5 mL = 16.14 mg), and 9 (fr. 5:
42 mL = 6.63 mg). Compound 5 (fr. 4: 52.5 mL = 18.78 mg) was
isolated from fraction 10a (358 mg) with MeOH—H,O starting from
20% to 70% (increase of 5% MeOH per 30 min), at 0.7 mL/min flow
rate. Fraction 11a was subfractionated starting with H,O—MeOH:MeCN
(80:15:5) as the mobile phase and a flow rate of 0.8 mL/min, changing
to 60:30:10 after 60 min. Nine subfractions were obtained, from which
5 (17.5 mL) and 7 (73.5 mL) gave 4 (24.2 mg) and 8 (18.4 mg),
respectively.

Cell Culture. Jurkat T cells (ACC No 282) were maintained in RPMI
1640 medium supplemented with 10% fetal calf serum, 100 IU/mL
penicillin, and 100 ug/mL streptomycin (Gibco-BRL).

Swiss 3T3 albino mouse fibroblasts (Cell Line Service, Germany)
were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal calf serum, 100 IU/mL penicillin, and
100 ug/mL streptomycin and maintained at 37 °C in a humidified, 5%
CO, environment (Gibco-BRL).

NF-kB Electrophoretic Mobility Shift Assay. Jurkat T cells (3 x
10° cells/mL) were preincubated with the crude extract (50, 100 ug/
mL) and the isolated compounds (10, 20, 30, 55 uM) for 24 h and
subsequently stimulated for 1 h with rh-TNF-a at 2.5 ng/mL (R&D
Systems). Nuclear cell extracts were prepared as previously described.*®
NF-«B oligonucleotide (Promega) was labeled using [y-33P] dATP
(3000 Ci/mmol; Amersham). The specificity of the NF-«B-DNA
binding was assessed by competition with a 100-fold molar excess of
unlabeled oligonucleotide containing the consensus sequence for
NF-«B. The bands were quantified densitometrically using a Phospho-
Imager scan.

Scratch Assay. Wound-healing properties were evaluated in vitro
using Swiss 3T3 albino mouse fibroblasts and the scratch assay as
previously described.***” The crude extract was tested at 10 and 50
ug/mL and the isolated compounds at 1, 10, and 20 uM concentrations.
Platelet-derived growth factor (PDGF) at 2 ng/mL was used as a positive
control. A negative control containing only cells and 4 uL. of DMSO
was used as a reference to calculate the percentual rate of the increase
in cell number for each sample after 12 h incubation. The experiments
were performed, at least, in triplicate. The data were analyzed using
CellC software.®

P38a MAPK Assay. Experiments were carried out as described in
the literature.***” Detailed information is given in the Supporting
Information.

MTT Assay. Cytotoxic activity was studied using the MTT
colorimetric assay as previously described and modified to a 96-well
plate.®® Detailed information is given in the Supporting Information.

Computational Methods. Conformational analyses of the four
possible diastereomers of compound 11 were performed with
Gaussian03*" using the B3LYP/6-31G**! method. Subsequent single-
point energy calculations using RI-SCS-MP2/TZVP*? yielded two
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energetically relevant conformers for the 2R,3S,7”R and the 2S,3R,7”S
diastereomers and only one each for the 2R,3S,7”S and the 25,3R,7”R
configurations. For the TDB2PLYP/SV(P)** computations, COSMO**
(methanol) was used to include solvent effects. Single-point energy
and TD calculations were performed with ORCA.** The single CD
spectra predicted for the 2R,3S,7”R and the 25,3R,7”S configurations
were added up with Boltzmann weighting*® to give the calculated
overall CD spectrum (using the energies of the RI-SCS-MP2/TZVP//
B3LYP/6-31G* calculations). Boltzmann weighting, Gauss curve
generation (using a sigma value of 0.24 eV), and application of a UV
shift*® (24 nm) were done with SpecDis.47

Statistical Analysis. Statistical analyses were carried out using the
Origin Scientific Graphing and Analysis Software, version 7.0, or
Microsoft Office Excel 2007. Data are expressed as the mean = SEM.
Significant differences between the treated groups and the control were
determined by the one-way ANOVA, at a level of P < 0.01.

4’-0-Methylepigallocatechin-3-0-gallate (6): brownish, amorphous
powder; [a]*p =122 (¢ 2.0, MeOH); IR (neat) vy, 3351, 1687, 1604,
1514, 1447, 1311, 1193, 1141, 1097, 1031, 820, 765, 716 cm™;
HRESIMS m/z 473.1072 (calcd for Co3H,00;; + H, 473.1078); ESIMS
(negative mode) m/z 471 [M — H]™ (100); (positive mode) m/z 473
[M + HJ* (100), 303 (61); CIMS (NH3) m/z 473 [M + H]* (5), 407
(9), 391 (14), 321 (100), 303 (44), 277 (10), 233 (24), 182 (21), 153
(21), 139 (17), 127 (21).

4’-0-Methylepicatechin-3-O-gallate (7): brownish, amorphous
powder; [0]*’p —87 (¢ 1.0, MeOH); IR (neat) vy, 3220, 1605, 1514,
1447, 1141, 1033, 823, 763 cm™!; 3C NMR (methanol-d;, 100 MHz)
166.2 (C, CO), 156.5 (C, C-5, C-7, C-9), 147.2 (C, C-4"), 145.7 (C,
C-3%), 144.9 (C, C-3”, C-5”), 138.4 (C, C-4”), 131.3 (C, C-1"), 120.0
(C,C-17), 117.9 (CH, C-6"), 113.5 (CH, C-2"), 110.9 (CH, C-5"), 108.9
(CH, C-2”, C-6"), 98.0 (C, C-10), 95.3 (CH, C-6), 94.6 (CH, C-8),
77.1 (CH, C-2), 68.6 (CH, C-3), 59.5 (CH;, OCH3), 25.5 (CH,, C-4);
HRESIMS m/z 457.1129 (calcd for Co3H20010 + H, 457.1129); ESIMS
(negative mode) m/z 455 [M — H]™ (100).

Epigallocatechin-3-O-ferulate (8): brownish, amorphous powder;
[a]*’, =56 (¢ 0.5, MeOH); IR (neat) vy, 3365, 2839, 1686, 1604,
1514, 1449, 1266, 1144, 1032, 821 cm™'; 'H and '*C NMR (methanol-
dy, 100 MHz), see Table 1; HRESIMS m/z 483.1286 (calcd for
CysHp0y + H, 483.1286); ESIMS (positive mode) m/z 505 [M + Na]*
(55), 483.1 [M + HJ]T (14), 289 (9), 249 (16).

4’-0-Methylepigallocatechin-3-O-ferulate (9): brownish, amor-
phous powder; [0]*’p —125 (¢ 1.0, MeOH); IR (neat) vy, 3372, 1686,
1602, 1513, 1450, 1356, 1265, 1144, 1048, 825, 719 cm™!; 'H and 1*C
NMR (methanol-d,;, 100 MHz), see Table 1; HRESIMS m/z 497.1442
(calcd for CyeHas Oy + H, 497.1442); ESIMS (negative mode) m/z
495.2 [M — H]™ (100).

4',3”-Di-0-methylapocynin-D (10): brown, amorphous powder; CD
(MGOH) A8209 (_182), A€233 (+73), A8244 (0), A€253 (_24), A€27g
(0), A8291 (+08), A8300 (O), [(1]20[) —25 (C ]0, MGOH), IR (neat) Vmax
3384, 2920, 1741, 1605, 1514, 1442, 1269, 1123, 1054, 992, 827, 688
cm™!; 'H and '*C NMR (methanol-d,, 100 MHz), see Table 2; HREIMS
mlz 496.13770 (calcd for CysH4040, 496.136950); ESIMS (positive
mode) m/z 519 [M + Na]™, 497 [M + H]" (4), 457 (7), 399 (8), 327
(8); (negative mode) m/z 495 [M — H]™ (59), 371 (5), 303 (5).

4',3”-Di-0O-methylapocynin-B (11): brownish, amorphous powder;
CD (MCOH) A8205 (+70), Aé‘zzg (+12), A€247 (_21), ASzg(, (+07),
[a]®p +48 (c 0.85, MeOH); IR (neat) v 3212, 2923, 2852, 1602,
1515, 1447, 1112, 1053, 698 cm™'; 'H and '3C NMR (methanol-d,,
100 MHz), see Table 2; HREIMS m/z 496.136996 (calcd for CycH»401,
496.136950); EIMS m/z 496 [M]* (38), 315 (22), 300 (7), 286 (13),
273 (9), 243 (6), 191 (76), 182 (100), 167 (84), 153 (37), 139 (27),
124 (54), 109 (55), 81 (57); ESIMS (positive mode) m/z 519 [M +
Na]* (12), 497 [M+H]" (6); (negative mode) m/z 495 [M — H]~ (100);
465 (6), 371 (6); CIMS (NH3) m/z 497 [M + H]™ (64), 373 (22), 321
(26), 301 (96), 273 (7), 212 (8), 200 (18), 182 (17), 179 (14), 151
(30), 142 (15), 124 (100).
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