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Fourteen plant phenols of five structural groups (flavones, flavonols, flavan-3-ol, isoflavones, and
phenylpropanoids) demonstrated concentration-dependent inhibitory or modulatory effects in a fibroblast
cell culture model. The most potent inhibitory activity in this investigation was exhibited by apigenin
(4), with flavone (1), chrysin (2), and genistein (9) being of somewhat lesser potency. These findings help
to provide a better understanding of the action of these plant phenols in inflammatory/immune responses.

Phenolic substances from plants have a wide spectrum
of biological activities, including activities in various cell
culture models (e.g., lymphocytes, human umbilical vein
endothelial cells, and osteoclasts).1 =3 Fibroblasts have been
used as a standard cell line for many cell biological studies.
A member of the connective-tissue cell family, fibroblasts
are responsible for the synthesis and metabolism of most
connective-tissue components and also play an active role
in the body’s general inflammatory/immune responses.
During inflammation, fibroblasts are key cells in granula-
tion tissue and scar formation.4~¢ Furthermore, there are
strong interactions between components of the immune
system and fibroblasts. Specifically, certain cytokines (IL-
1, IL-6, TNF) not only activate B-cells, T-cells, and NK-
cells and facilitate the proliferation of plasma cells but also
stimulate the proliferation of fibroblasts.>~7 So, modulation
of the immune response and inflammatory processes ap-
pears to overlap.®

In this paper, we describe the activities exhibited in a
fibroblast cell culture model of 14 plant phenols represent-
ing flavones [flavone (1), chrysin (2), baicalein (3), and
apigenin (4)], flavonols [quercetin (5), rutin (6), and quer-
citrin (7)], a flavan-3-ol [catechin (8)], isoflavones [genistein
(9) and biochanin A (10)], and phenylpropanoids [trans-
cinnamic acid (11), caffeic acid (12), 3,4-dimethoxycinnamic
acid (13), and chlorogenic acid (14)]. We are not aware of
any literature in which plant phenols have been screened
previously for their effects on fibroblast cell cultures.

The inhibitory effects of compounds 1—14 on fibroblast
growth and viability were concentration-dependent (Table
1). Only apigenin (4) showed significant inhibition of
fibroblast growth at all tested concentrations (0.01—2100 ug/
mL) (0.0001 < p < 0.05). Flavone (1), chrysin (2), and
genistein (9) were significantly cytotoxic in the concentra-
tion range 1—-100 ug/mL (0.0001 < p < 0.04). Baicalein (3),
quercetin (5), catechin (8), biochanin A (10), trans-cinnamic
acid (11), caffeic acid (12), and 3,4-dimethoxycinnamic acid
(13) demonstrated significant cell growth inhibition in the
concentration range 10—100 xg/mL (0.0001 < p < 0.05),
while chlorogenic acid (14) and quercitrin (7) significantly
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suppressed cell growth only at the highest concentration
used (100 u«g/mL) (0.0002 < p < 0.01). Rutin (6) did not
inhibit significantly cell growth up to 100 ug/mL (p < 0.13).

The inhibition of fibroblast growth by plant phenols
evaluated in this study correlated with a decrease in cell
viability. Pearson’s correlations between cell yields and
viability were in the range 0.869—0.981 (Table 1). On the
basis of Student’s t-tests for evaluation of differences among
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Table 1. Inhibitory Effects of Compounds 1-14 in a Fibroblast
Cell Culture?

compound inhibitory effect
flavone (1) 287.1 4+ 57.4° (0.961°)
chrysin (2) 248.2 + 42.2 (0.955)
baicalein (3) 342.3 £+ 31.8 (0.968)
apigenin (4) 141.4 + 28.3 (0.869)
quercetin (5) 217.0 + 21.7 (0.969)

rutin (6)

quercitrin (7)

catechin (8)

genistein (9)

biochanin A (10)

trans-cinnamic acid (11)

caffeic acid (12)
3,4-dimethoxycinnamic acid (13)
chlorogenic acid (14)

>164.0 (0.912)
>223.0 (0.988)
>344.0 (0.961)
183.9 =+ 36.8 (0.962)
219.5 + 11.2 (0.981)
671.4 =+ 60.4 (0.998)
553.8 & 52.0 (0.988)
>480.3 (0.976)
>280.0 (0.927)

a Data are expressed as mean + SE of eight experiments. P 1Cs
value (uM). ¢ Correlation between fibroblast yield and viability.

the ICgg values, the order of decreasing inhibition potency
of the plant phenols was found tobe: 4 =9 > 5 =10 > 2
=1> 3> 12 > 11. It was not possible to determine the
1Cso values for compounds 6—8, 13, and 14 because their
effects did not exceed 50% of fibroblast growth inhibition.

Our results suggest that phenylpropanoids were less
cytotoxic for the fibroblast cell culture than the flavones,
isoflavones, and flavonols. Quercetin (5) was a strong
fibroblast growth inhibitor, while its corresponding glyco-
sides 6 and 7 did not possess this activity. Hydroxylation
at position C-4' enhanced the inhibition activity of the
flavone derivatives, while the presence of an unsubstituted
hydroxyl group at position C-4’ enhanced cytotoxicity of the
isoflavone derivatives. Hydroxylation at C-3 and C-4
increased the inhibition activity of the phenylpropanoids;
methoxylation at C-3 and C-4 decreased activity in this
compound class.

Five compounds representing the flavonols (5—7), an
isoflavone (9), and a phenylpropanoid (14), along with their
inhibitory effects on fibroblast growth at high concentra-
tions, also demonstrated stimulation of cell growth at lower
concentrations. Quercetin (5), genistein (9), and chlorogenic
acid (14) exhibited stimulatory effects (22.8—5.3%) at the
concentration levels 0.01—-0.1 xg/mL (0.002 < p < 0.049),
with quercitrin (7) showing stimulation of cell growth
(18.2—4.9%) (0.01 < p < 0.05) in the concentration range
0.01—1.0 ug/mL. Rutin (6) stimulated cell proliferation at
the concentrations of 0.01—10 ug/mL (0.0001 < p < 0.05)
and demonstrated maximum activity (30.4%) at a concen-
tration of 0.1 ug/mL. The positive control (epidermal growth
factor; EGF) showed 70% stimulation of fibroblast growth
(p < 0.0001) at the same concentration (0.1 ug/mL). The
flavonol glycosides displayed their stimulation properties
in relatively wider concentration ranges than the corre-
sponding aglycon. The effects of these compounds (5—7, 9,
and 14) differ from the action of nonsteroid antiinflamma-
tory drugs and glucocorticoids, which suppress fibroblast
growth at all concentrations and do not show stimulatory
effects.>6

Not all results obtained from cultivated fibroblasts can
be applied to cells in vivo. However, fibroblasts show many
morphological and biochemical similarities in vitro and in
vivo, suggesting that there are also functional analogies
between them.* We have explored these analogies to make
the following speculations. Of interest to humans is that
the average diet in Europe and North America contains
approximately 1 g/day of flavonoids® and only a few
milligrams of isoflavones.1® The diet in East Asia, on the
other hand, is enriched with isoflavones, indicating a daily
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intake up to 100 mg.1® On the basis of this information,
we assume that in a normal human diet the maximum
achievable concentration (on a body weight basis of 70 kg)
is 14.3 ug/mL for flavonoids and 1.4 ug/mL for isoflavones.
Our data showed that the ICsy values of flavonoids and
isoflavones for the fibroblast model are in the range 38.2—
99.8 ug/mL, values that are not likely to be reached in the
human under normal circumstances. Therefore, this study
suggests that normal intake of flavonoids and isoflavones
will not affect fibroblast growth. However, with pharma-
cological intervention using a specific plant phenol a higher
concentration could be reached?! at which fibroblast prolif-
eration may be suppressed.

The data collected in this study may be considered to be
consistent with previous findings in the scientific literature.
Rutin (6) was active in the treatment of inflammation or
defective T-lymphocyte function,* chlorogenic acid (14)
demonstrated the protection of gastric mucosa against
irritation,'2 and catechin (8) was effective for the treatment
of osteoarthritis.’® In addition, it has been reported that
certain plant phenols are suitable for the treatment of
burns.!* Inhibitory and modulatory effects of plant phenols
on fibroblast growth might be beneficial for the treatment
of skin injuries in general, because most of the pathology
in wound healing is due to either insufficient or excessive
fibroblast activities.* Our findings also may be important
for a better understanding of the action of plant phenols
in the inflammatory/immune responses.

Experimental Section

Test Compounds. Compounds 1—14 were obtained from
Sigma Chemical Co. (St. Louis, MO).

Assay Materials. Low glucose Dulbecco’s modified Eagle’s
medium (DMEM) with 4.0 mM I-glutamine and 110 mg/L of
sodium pyruvate, Dulbecco’s phosphate buffered saline (DPBS)
without calcium or magnesium, calf serum, and gentamicin
were obtained from GIBCO (Gaithersburg, MD). The trypsin-
EDTA solution, amphotericin B, penicillin-streptomycin, epi-
dermal growth factor (EGF), nigrosin, and poly(ethylene glycol)
400 (PEG 400) were obtained from Sigma. A hemocytometer
was used for the counting of cells. The 25 mL flasks having a
0.2 um vented cap and 96-well Microtest 111 tissue culture
plates were obtained from Becton-Dickinson Labware (Frank-
lin Lakes, NJ).

Fibroblast Cell Culture Assay. A cell culture of ATCC
CCL-163, BALB/3T3 clone A31 fibroblasts (BALB/c, embryo,
mouse) was cultivated according to a published procedure'®
in DMEM medium supplemented with 10% calf serum plus
amphotericin B (2.5 ug/mL), penicillin (100 units/mL), and
streptomycin (100 ug/mL). Cells were grown in the flasks in a
CO; incubator supplied with 10% CO, and 90% humid air at
37 °C. Flasks were seeded with 3 x 10° cells/flask. Medium
renewal was carried out two times a week until confluence
was reached. Cells were subcultured once in 7—10 days using
0.25% trypsin—EDTA for the harvesting of cells. The protocols
used in this investigation were in accordance with published
procedures,?% with minor modifications.

The plant phenols (1—14) used in this study were dissolved
initially in PEG 400 in order to obtain 1% stock solutions
(freshly prepared for each assay); each was then diluted with
cell culture medium. The test compounds and a positive control
(EGF) were tested in the 0.01—-100 ug/mL concentration range.
Cell growth in a medium containing PEG 400 at its maximum
concentration of 1% was 100% as compared with cell growth
in a control medium (p < 0.92). Cell suspensions (1 x 10* cells/
well) in log phase were added to each well of 96-well plates.
Cells were placed in 0.2 mL of the medium containing the test
compounds for 48 h and incubated in a CO, incubator at
37 °C; the medium was then removed, the cells washed with
DPBS, and the medium replaced. Cells were grown for an
additional 24 h. Counts of cells and determinations of cell
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viability were conducted by microscopic observation after a
total of 72 h of cultivation. Cell yield was calculated using the
mean amount of cells per well as a function of the amount in
control, which was defined as 100%. Viability of cells was
determined using a nigrosin assay according to Kaltenbach
et al.'” Viability was calculated as the percentage of unstained
cells.

Statistical Analysis. The MINITAB Statistical Software'®
was used for analysis of results. Data were analyzed using
Pearson’s correlation and Student’s t-test to evaluate signifi-
cant differences. The ICso values were calculated by a simple
linear regression in the range of 20—80% inhibition of cell
growth.
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