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Studies of the dietary phytoestrogen biochanin A on cell proliferation of the cultured estrogen responsive cells
human breast carcinoma MCF-7 showed that biochanin A exhibits biphasic regulation on MCF-7 cells. At
concentrations of less than 3@/mL, cells respond to biochanin A by increasing cell growth and de novo DNA
synthesis. The addition of biochanin A at concentrations of greater thamgd®L significantly inhibited cell

growth and DNA synthesis in a dose-dependent fashion, resulting ingwa@ie of 40ug/mL. The reversibility

of these inhibitory effects by biochanin A appears also to be concentration dependent. Cells previously treated
with high concentrations>60 png/mL) of biochanin A did not regain normal growth after treatment ceased.
Biochanin A was cytostatic at low concentratiors4Q pg/mL) and cytotoxic at higher concentrations. Upon
exposure to 10Qug/mL of biochanin A, cell morphology was severely altered, cell volume decreased, and
condensation of cell components was clearly noticeable. In addition, biochanin A damaged cell membranes by
increasing membrane permeability. These results suggest possible molecular and cellular mechanisms of the
action of dietary phytoestrogens on estrogen target cell§]. Nutr. Biochem. 10:510-517, 199@) Elsevier
Science Inc. 1999. All rights reserved.
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Introduction observed in sheep grazing in clover pastureoflavonoids
. . . . have also been implicated in bovine infertilfty.
Detrimental substances present in forage for grazing rumr- -, estrogenic activity of isoflavonoids has been inves-
nants have caused concern because of potentially deleterl—igated in biological assays such as the uterine weight
ous effects on the animals. Phytoestrogenic substances thgf, . aqe of sheep or ra Clinical and epidemiologic data
occurs in high concentrations (up to 5% dry matter (DM)) in 55 ingicate an association between the dietary consump-
clover, especiallyTrifolium subterraneum(subterranean tion of soybeans, which contain large amounts of phy-
clover) and closely related species amd pratense(red  y,6q0gens, and protection from hormone-dependent dis-
cIover),. have begn proposed to.have an important mfluenceease in humar®.Veterinary studies suggest that these
on ruminant fertility? Isoflavonoids are a group of natural compounds may also be involved in hormone-dependent
plant substances that share structural similarity to naturaldisease in sheep and captive cheefaMsand in develop-
animal estrogens, such as estradiol, and exhibit affinity for mental toxicity in rats and mick*3Reports on the effects

2 .
the estrogen receptor (ER)! These compounds have been equol, a metabolite of formononetin responsible for
considered to be responsible for the depression of fertility reproductive disturbances in sheep and rats, are conflict-
ing.2*15The meaning of these variable results is difficult to
discern in the absence of more detailed cellular studies on
the phytoestrogens.
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OH kept below 1% (vol/vol), which caused no measurable effects on
CH3 cell growth or cell morphology. At the end of incubation period,
OH O OCH3 WST-1 reagent was added to determine the number of viable cells
in each well according to the manufacturer’s instructions. This
‘ technique is based on the fact that tetrazolium salt WST-1 is
O cleaved to form formazan dye by the succinate-tetrazolium reduc-
HO 0 HO tase system, which belongs to the respiratory chain of the mito-
chondria and is active only in viable cells. Therefore, the amount
of formazan dye formed is directly correlated to the number of
Biochanin A 17B-Estradiol metabolically active cells in the culture. The formation of
formazan dye that exhibits absorbance at the wavelength of 450
Figure 1 Structures of biochanin A and 17B-estradiol, the natural nm was quantified using a scanning multiwell spectrophotometer
animal estrogen [enzyme-linked immunosorbent assay (ELISA) reader; Emax pre-
cision microplate reader, Molecular Devices, Sunnyvale, CA
USA]. The absorbance at 8, nm minus the absorbance ag4
we analyzed the estrogenic actions of biochanin A by using nm, which represent cellular background, was directly correlated
a cell line derived from human breast cancer cells (MCF-7) to the cell number. Each condition was represented in five separate
as the model system because most studies on the mechanisiie!ls per experiment and was repeated in at least four independent
of phytoestrogen regulation have been performed in similar CUltures:
breast cancer cell systems.

DNA synthesis determination

Materials and Methods The MCF-7 cells were grown, synchronized as described, and
Chemical seeded to 96-well culture plates at the density of 50" cells per
emicals well in phenol red-free DMEM containing 10% dextran/charcoal-
Biochanin A Eigure 1) was purchased from Sigma Chemical Co. Stripped FBS. After 24 hours, the medium was removed and fresh
(St. Louis, MO USA). The MCF-7 human breast cancer cell line medium containing biochanin A or DMSO was added to each well.
was obtained from the American Type Culture Collection (ATCC; Cells were incubated for various periods of time and the amounts
Rockville, MD USA). Phenol red-free Dulbecco’s modified Ea- ©Of de novo DNA synthesis in each well was measured by using the
gle’s medium (DMEM), Hank’s balanced salt solution (HBSS), BrdU DNA synthesis labeling kit according to the manufacturer’s
fetal bovine serum (FBS), and an antibiotic/antimycotic mix were instructions (Boehringer Mannheim Biochemicals). This assay is
purchased from GIBCO BRL (Gaithersburg, MD USA). A cell based on the detection of BrdU incorporated into the genomic
pro“feration kit (WST-_‘]_), a 5_br0m0_’ajeoxyuridine (Brdu) DNA of proliferating cells. Cells were labeled by the addition of
DNA synthesis labeling kit, and cell membrane permeability assay BrdU, which was incorporated in place of thymidine into the DNA
kit were purchased from Boehringer Mannheim Biochemicals ©f cycling cells. After removing the labeling medium, cells were
(Mannheim, Germany). The solution of biochanin A was prepared fixed and the DNA was denatured. Anti-BrdU-POD antibody, a

in dimethylsulfoxide (DMSO) and stored at20°C in the dark. monoclonal antibody from mouse-mouse hybrid cells (clone BMG
6H6, Fab fragments) against BrdU conjugated with peroxidase
Cell culture conditions (POD), was added and bound to the BrdU that was already

incorporated into the newly-synthesized cellular DNA. The immune
The MCF-7 cells, which a human breast cancer cell line that complexes were detected by the subsequent substrate reaction by
contains mainly ERx (the classical ER), were grown in phenol the addition of tetramethylbenzidine and the reaction product was
red-free DMEM containing a 1X antibiotic/antimycotic mix, 5mM  quantified by measuring the absorbance gt Aising an ELISA
N-(2-hydroxyethyl)piperazine-N2-ethanesulfonic  acid, and reader. Experiments were repeated at least twice and each condi-
0.37% sodium bicarbonaté.The medium was supplemented with  tion was represented in four separate wells per experiment.
either 10% FBS or 3X dextran/charcoal-stripped FB&ultures
were maintained at 37°C in a humidified atmosphere of 95%

air/5% carbon dioxide and fed every 2 days. Cell morphology
. . Cells were cultured in DMEM containing 10% FBS and synchro-
Proliferation assays nized as described above. An aliquot ok510° cells was seeded

Cells were cultured in phenol red-free DMEM supplemented with INto each well of six-well culture plates. After 24 hours of growth,
10% FBS until 80 to 90% confluence was reached and the medium Piochanin A was added to each well to 1@@/mL for an

was changed to DMEM without serum for an additional 24 hours additional 4 days. Cglls that remained attacheq to the plate ;urface
to synchronize cells to the 85, phase of the cell cycle. The cells  Were then washed with phosphate buffered saline (PBS) twice and
were removed from the culture flasks with 0.05% trypsin and 3 Photographed with a Leitz Orthoplan microscope (Wetzlar, Ger-
mM EDTA in HBSS, collected by centrifugation at 560g for 3 many). Cells that became detached and floated in the medium were
minutes, and the number of cells per milliliter was determined by fécovered by centrifugation, washed with PBS, and applied to
the trypan blue dye exclusion method. Cells were seeded in cover.slldes using cytospin (Kubota 5800) to allow reattachment to
96-well culture plates in phenol red-free DMEM containing 10% the slide surface before they were viewed and photographed.

3X dextran/charcoal-stripped FBS at 10,000 cells per well for the
experiments. After a 24-hour preculture period to ensure attach-
ment, the medium was removed and fresh phenol red-free medium
supplemented with 10% dextran/charcoal-stripped FBS alone or Synchronized MCF-7 cells were grown and treated with biochanin
with the preestablished concentrations of biochanin A was added. A as described. The culture supernatant was collected cell-free and
DMSO, at the same dilution, was added in parallel cultures as a incubated with the substrate mixture. The lactate dehydrogenase
control. Final concentrations of DMSO in the culture medium were (LDH) activity in the supernatant was determined with a coupled

Cell membrane permeability assay
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enzymatic reaction whereby the tetrazolium salt was reduced to
formazan dye that was measured by an ELISA reader.

Statistical analysis

Data were analyzed by the method of least-squares analysis of
variance using the GLM procedufégor a completely random-
ized design with biochanin A concentration as the treatment
factor!® Treatment means were compared by the orthogonal
contrast with the comparisons of each individual biochanin A
concentration versus control blank.

Results
Biochanin A effects on MCF-7 cell proliferation

To study the kinetics of inhibition in cell proliferation, cell
cultures were exposed to 0.1 to 1@@/mL of biochanin A

in medium containing 10% charcoal stripped FBS for 1 to 4
days Figure 2. Biochanin A produced a reproducible
biphasic response in the cell proliferation of MCF-7 cells.
At concentrations of less than 1dy/mL, cell proliferation
was stimulated by biochanin A-{gure 2A). Cell prolifer-
ation was significantly enhanced (< 0.0001) in MCF-7
cells treated with J.g/mL of biochanin A to approximately
123% that of controls. At the lowest concentration tested
(0.1 pg/mL), biochanin A induced a 19% growth increase
(P < 0.005) compared with DMSO-treated control cells.
When concentrations were higher than 8§/mL, biocha-
nin A exhibited inhibitory activity in the cell proliferation of
MCF-7 cells in a dose-dependent fashiéiglre 2A). The
MCF-7 cell proliferation was inhibited approximately 50%
at 40p.g/mL and 78% at 10Q.g/mL, which was the highest
concentration of biochanin A tested. The inhibitory effects
of biochanin on MCF-7 cell proliferation were clearly
observed after the first day of administratidfigure 2B).

No further noticeable inhibition by biochanin A on cell
proliferation was detected following an additional incuba-
tion period of 4 days.

Biochanin A altered DNA synthesis in MCF-7 cells

The effects of biochanin A on cell proliferation may have
been caused by regulating the cell cycle progression at the
G;-S phase. Therefore we examined the de novo DNA
synthesis that occurred only during the S phase in MCF-7
cells treated with biochanin AF{gure 3. Biochanin A
significantly influenced DNA synthesis at all concentrations

>
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Figure 2 Effects of biochanin A on the proliferation of MCF-7 cells. (A)
MCF-7 cells were treated with biochanin A for 2 days at the concentra-

tested Eigure 3A. Biochanin A exhibited a similar biphasic  tions indicated or (B) for 0 to 4 days at preestablished concentrations.
response in DNA synthesis as observed in the cell prolifer- The values (mean * SD) with ** and *** indicate significant difference

ation described above. DNA synthesis increased after treat-(P < 0.005) and very significant difference (P < 0.0001), respectively,
ment of biochanin A at low concentrations. An increase of compared with the dimethylsulfoxide-treated cells (O wg/mL of biocha-

280% in DNA synthesis was observed at a concentration of
5 pg/mL. At 20 pg/mL, DNA synthesis in MCF-7 cells

declined to 47% after being treated with biochanin A for 4 in MCF-7 cells was severely blocked to approximately 10%
days. At 40 ug/mL, only residual DNA synthesis (4%) that in control cells by biochanin A at concentrations of 60
remained after exposure for 4 days. At concentrations and 100wg/mL even after only 1 day of treatment. We did
greater than 4@ug/mL, no measurable DNA synthesis was not detect further inhibition when the cells were exposed to
present when cells were treated with biochanin A. An biochanin A for an additional 2 to 4 days. The concentration
analysis of the changes in DNA synthesis from day 1 of of 20 wg/mL inhibited DNA synthesis to a lesser extent. To
biochanin A treatment in conjunction with the kinetics of further analyze the inhibitory effects of biochanin A at the
biochanin A inhibitory effects on DNA synthesis revealed a early time points, MCF-7 cells were treated with biochanin
correlation to cell proliferationRigure 3B. DNA synthesis A for 7 to 55 hours and the amount of de novo DNA
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Figure 3 Regulation of DNA synthesis by biochanin A in MCF-7 cells.
Cultured cells were treated with biochanin A at the concentrations

indicated for (A) 4 days or (B) the period of time indicated, and the DNA
synthesis was determined. Values are means + SD.

synthesis was determined (data not shown). Aj@0mL,

significant inhibition in DNA synthesis was evident after

cells had been treated with the compound for 7 hours.

Reversibility of the effects of biochanin A on MCF-7

cell proliferation and DNA synthesis
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Figure 4 Reversibility in the inhibitory effect of biochanin A on cell
proliferation and DNA synthesis in MCF-7 cells. Exponentially growing
MCEF-7 cells were treated with biochanin A at various concentrations for
48 hours. At the end of the incubation, biochanin A-containing medium
was removed and cells were washed with fresh Dulbecco’s modified
Eagle’s medium (DMEM) three times to remove any residual biochanin
A. Fresh phenol red-free DMEM medium supplemented with 10%
charcoal-stripped fetal bovine serum was added and (A) cell growth and
(B) DNA synthesis were measured after cells were allowed to grow for O
to 4 days. Values are means = SD.

drug (Figure 4A. In contrast, at 6Qug/mL, MCF-7 cells
failed to resume normal growth after the compound was
removed for 2 days, although slight regrowth was occasion-

To ascertain the reversibility of the effect of biochanin A, ally observed after 3 days of drug removal. Analysis of the
cells were incubated with various concentrations of biocha- de novo DNA synthesis was done on cells treated with
nin A for 48 hours and the compound was removed biochanin A Figure 4B. At 60 and 100wg/mL biochanin

thereafter Figure 4). At concentrations below 4Q.g/mL,

A concentrations, DNA synthesis did not return to normal

cells were able to showed regrowth after removal of the compared with that of control cells for the period of time
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Figure 5 Cell morphology of biochanin A-treated cells. (A) Control
MCEF-7 cells that are attached to the surface of culture plates after being
treated with dimethylsulfoxide in parallel and photographed for pur-
poses of comparison. (B) After incubation with 100 w.g/mL of biochanin
A for 4 days, MCF-7 cells that were detached from the culture flask
surface and became floated in the medium due to treatment were
centrifugated, washed with phosphate buffered saline, reattached to
the glass coverslip, and photographed. The bar below the photographs
indicates a length for 50 pm.

examined. At 100ug/mL, DNA synthesis was barely
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Figure 6 Cell membrane permeability of MCF-7 cells treated with
biochanin A. MCF-7 cells were exposed to biochanin A at concentra-
tions of 20, 80, or 100 pwg/mL and incubated for 2, 12, or 24 hours.
Lactate dehydrogenase (LDH) activity in the cell supernatant, which
correlates with cell permeability, was determined as described in Ma-
terials and methods. The permeability of MCF-7 cells treated with
dimethylsulfoxide for the same period of time was designated 100%.
Values are means = SD.

caused by the treatment were allowed to reattach to the
cover slide surface, the cell morphology of the floating cells
(Figure 5B was compared with that of DMSO-treated
control cells that remained attached to the culture plates
(Figure 5A). A number of morphologic changes were
clearly observed in the floating cells. All floating cells had
became rounded, contained altered cellular material organi-
zation, and probably had lost integrity. They were not viable
as determined by trypan blue dye exclusion assay. Although
it appears that these cells underwent apoptosis, the loss of
the nuclear membranes and the formation of apoptotic
bodies, which are characteristics of apoptosis, were not
easily identified due to the resolution of our assdyg(re

5B). Cells that remained attached to the flask surface after
biochanin A treatment also exhibited altered cell morphol-
ogy, although to a lesser extent compared with that of
floating cells. They appeared to lose some cellular volume,
but condensation of the cellular components were not as
severe as that in cells that were found floating (data not

measurable, even when the compound had been removedghown). We did not observe similar morphologic changes in
for 4 days. Therefore, the inhibition of DNA synthesis at the DMSO-treated control cells-igure 5A).

high doses of biochanin A was irreversible. At ga/mL,

DNA synthesis was reversible after biochanin A was re- Biochanin A affects cell membrane permeability

moved.

Biochanin A treatment affects cell morphology

The morphology of MCF-7 cells treated with biochanin A
was examined microscopicallyFigure 5. Upon exposure
to biochanin A for 4 days at 10@Qug/mL, a significant

To analyze the possible effects of biochanin A on cell
morphology, we examined cell membrane permeability
(Figure 6). This was measured by the amount of LDH
released from the cells. The LDH is a cytoplasmic enzyme
that is rapidly released into the cell culture supernatant upon
changes in membrane permeability. Thus, an increase in the

portion of the cells became detached from the culture flasks number of cells with damaged membrane results in in-
and floated in the medium, although the percentage of creased LDH enzyme activity in the culture supernatant.

floating cells was very low when the chemical was admin-

istered for only 1 day. After the cells floating in the medium
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After 12 hours of biochanin A treatment, the cell membrane
began to show damage as indicated. At 31a§mL, bio-
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chanin A was able to increase the cell membrane perme-the synthesis with an I§ value of 37.7uM. Zava and
ability to 157% that of control cells upon exposure to the Duwe?® showed stimulation of DNA content to 150 to 400%
chemical for 24 hours. The biochanin A-induced damage in at 0.001 to 1QuM of genistein and inhibition at 1Q.M. At

the membrane of MCF-7 cells appears to be dose dependentthe concentration range of 0.6 to Quy/mL, Welshons et
Changes in the cell membrane permeability reached aal2’found that the growth of MCF-7 cells as determined by
plateau at a 12 hours’ incubation with biochanin A. At high DNA content was stimulated by phytoestrogen. Other re-

concentrations of biochanin A (80 and 100g/mL), ports have shown stimulation of protein content by daidzein
changes in the cell membrane permeability were more at the concentration of 0.8g/mL.28
obvious than those at low concentrations (&§YmL). The IG;, values of 40u.g/mL observed in our studies is

within the range reported previously. In MCF-7 cells, the
IC5, for biochanin A for DNA synthesis was reported to be
approximately 13.g/mL.2° The IC,, for genistein for cell
We have reported the cellular and molecular effects of the growth was 10pg/mL in MDA-468 cells?® Other phy-
phytoestrogen biochanin A on estrogen-responsive MCF-7 toestrogens also showed similar range ofg@alues; the
cells. Results show that biochanin A differentially influ- ICgyvalue for genistein in MCF-7 cells was }¢/mL and
ences cell proliferation and DNA synthesis in MCF-7 cells. the IG, value for daidzein has been reported to be 45
At low concentrations <10 pg/mL), cell proliferation and  pg/mL.2>2° Singhal et af® showed an Ig, value of 18
DNA synthesis were stimulated by the treatment of biocha- wg/mL for quercetin in MDA-486 cells. Although it has
nin A, whereas these events were inhibited by higher been argued that the concentrations of phytoestrogen re-
concentrations. The extent to which DNA synthesis was quired to inhibit cell growth in vitro far exceed the highest
affected by biochanin A appears to be more profound than plasma concentration of phytoestrogens that can be
that of cell proliferation. This apparent discrepancy may be achieved in vivo €3 wpg/mL), little is know about the
due to the fact that cells were not completely synchronized bioavailable concentrations of phytoestrogens in mammary
as expected. Higashi and Ogaw&raeported that the  epithelium tissues after consumption of a soy-rich dtet>
phytoestrogen daidzein is involved in the regulation gf G Whether normal mammary epithelium tissues and ER pos-
phase initiation in the cell cycle. Flavopiridol, a flavone itive cancer cells such as MCF-7 cells could potentially
derivative, also was shown to induce a block at thefase concentrate phytoestrogens through ER binding, cellular
in the cell cycle?! Biochanin A also may affect the cell retention, or type Il estrogen-binding sites remain currently
cycle at the same point and influence only cells starting to unknown3# In addition, the plasma concentration of phy-
enter the G-S phase in the cell cycle. In our assay, cells that toestrogens was determined in humans. The concentration
were previously synchronized at thg-G, phase may have  of phytoestrogens in the plasma of ruminants who con-
started to enter the cell cycle at different rates after a sumed phytoestrogen-rich diet in a much larger amount and
24-hour preculture was performed to ensure attachment.greater percentage than humans may be significantly higher
Because DNA synthesis assays detect only newly-synthe-than 3pg/mL.
sized DNA that occurs in cells entering the S phase and cell The full potency of the compound in the proliferation
proliferation assays measure viable cells in all phases of theinhibition was achieved after exposure to the chemical for
cell cycle (i.e., G, S, G,, and M), the effects of biochanin  only 1 day. No noticeable further inhibition was evident.
A would likely be more evident for DNA synthesis. Our The inhibitory kinetics of biochanin A in cell proliferation
observation also suggests that cell membrane damages iwere also present in DNA synthesis and cell membrane
MCEF-7 cells were produced by biochanin A. Cell membrane permeability. The irreversibility of biochanin A treatment at
permeability was altered such that cell morphology had high concentrations may be correlated with infertility in
clearly changed. Perhaps the most striking features of theseanimals that have been grazing estrogenic plants for long
changes was the loss of cell shape and condensation of thgeriods. This was the case in studies of sheep grazing
cellular components. These morphologic changes suggesestrogenic pastures:*¢ Removal of these animals from the
that apoptosis may be one of the means induced by phytoestrogen-containing clover pastures did not reverse
biochanin A to cause cell death. Analyzed with flow their progressively declining fertility. Our studies showed
cytometric techniques, Morris et &.reported recently that  that cells did appear to recover from the influence of
genistein was capable of inducing apoptosis in human biochanin A at low concentrations. This may explain the
lymphoblastoid cells. results reported by Morley and associatééyho observed

In our study, the concentrations of biochanin A10 the recovery of temporary infertility in ewes grazing in
pg/mL), which acted similarly to estrogen and stimulated highly estrogenic pastures after they had been transferred to
the cell proliferation of target cells in vitro, is within the a nonestrogenic diet. Temporarily infertility was found in
reported in vivo range (0.3—38g/mL) of circulating levels ewes grazing highly estrogenic pastures at the time of
of phytoestrogen found in human consuming a soy-rich mating and their fertility was recovered within a few weeks
diet2324 Our results confirm and expand on the results of after the ewes were transferred to nonestrogenic pasture.
recently reported investigations during the course of this Although no visible changes were induced in the ewes, a
study. The biphasic effects reported in this study are similar substantial reduction (up to 20%) in the number of ewes
to those observed by Wang and KurZeihey showed the  lambing often occurred, implying that the phytoestrogen-
effects of phytoestrogens on DNA synthesis in MCF-7 cells induced damage could occur without obvious morphologic
to be variable and concentration dependent. Biochanin A changes.
enhanced the DNA synthesis at 0.1 to @l and inhibited The observation of the biphasic effects of biochanin A in

Discussion
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estrogen target cells is intriguing. In a natural setting, 8
phytoestrogens function in plants as defensive com-
pounds3® Perhaps they also serve as endogenous regulators
of growth in determining pubertal onsets to optimize indi-
vidual life histories in species-specific environmetitsA
previous report showed that concentrations of phytoestro-
gens increased in response to plant stressors such as,
mechanical injury, ultraviolet light, freezing, drought, or
fungal infestatior’® Animals that consume phytoestrogen- 11
containing plants may exhibit suppressed reproduction due
to the increased concentration of phytoestrogens. Thus, the
presence of high concentrations of phytoestrogen could
serve as clues to poor conditions for reproduction. Leopold
et al?® observed that phytoestrogen concentrations in the
food plants eaten by California quail increased during 13
drought and subsequently suppressed reproduction. This
response helps quails avoid reproducing in years in which
vegetative growth is poor and offspring have a low proba-
bility of survival. The observed inhibition in cell prolifera- 15
tion of estrogen target cells that are exposed to high
concentrations of biochanin A may have a correlation to
such phenomena. In addition, the biphasic response in cell;4
proliferation suggests that the biological actions of plant
estrogens may be mediated through multiple pathways 17
depending on the concentration of biochanin A. Previous
studies have demonstrated the many mechanisms of phy-18
toestrogen such as inhibition of tyrosine kinases, protein
kinase C, and DNA topoisomerase*t.**Recently, phy- 19
toestrogens also have been shown to induce apoptosis in
culture cells and the reproductive tract of female fat¥ 20
The possible involvement afmyg a proto-oncogene prod-
uct in these pathways, also may be worthy of consideration 1
because the effects of an antiestrogen compound on estro-
gen-independent cells were mediated throagiycover-
expressiorf® Further investigations are necessary to clarify

. . 22
the mechanisms responsible for these effects.

9
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