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Effects of flavonoids on glutathione and glutathione-related enzymes
in cisplatin-treated L1210 leukemia cells”
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Connections between the ability of quercetin (Qu) and galangin (Ga) to differentially modulate cis-Pt-induced apoptosis
and their effects on glutathione system of murine L1210 leukemia cells were studied. The results showed that total
glutathione (GSHLt) level is increased significantly (~123% of control level), both in cells treated with 10 M Qu and in
cells treated with 4 uM cis-Pt and 10 uM Qu in combination. 10 uM Ga had no effect on GSHt content. Activities of
glutathione S-transferase (GST) and glutathione reductase (GR) were not changed significantly when 10 uM flavonoids
were used. Significant inhibition of GR activity was observed when flavonoids were used in concentrations higher than 25
uM. The presented data indicate that Qu change the redox state of the cells that is implicated in regulation of apoptosis, due
to its ability to increase the GSHt level, and thus may potentiate cis-Pt-induced apoptosis of L1210 cells.
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The flavonoids are members of a class of natural com-
pounds that recently has been the subject of considerable
scientific and therapeutic interest. They have a variety of
biological activities, such as anti-allergic, anti-inflamma-
tory, anti-oxidative, free radical scavenging, anti-mutagenic
activities and may act as inductors of detoxication enzymes
[8, 27]. They inhibit several kinases, promote cell cycle ar-
rest [1, 19, 22] and induce apoptosis [13, 29].

Previous studies showed that alterations in intracellular
thiol content regulation and redox state may have signifi-
cant and widespread effects on many cellular activities, in-
cluding cell signalizations leading to apoptosis [26]. Because
in our previous studies we found that some flavonoids are
potent inducers and modulators of apoptosis (Qu enhanced
and Ga reduced cis-Pt-induced apoptosis) [5, 6] and some
flavonoids may interfere with glutathione [11] and glu-
tathione-related enzymes [17, 20], in this work we intended
to look if total glutathione (GSHt) level and changes in
glutathione-related enzyme (glutathione S-transferase
(GST) and glutathione reductase (GR)) activities are con-
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nected with observed effects of flavonoids on cis-Pt-induced
apoptosis in murine L1210 leukemia cells.

Material and methods

Chemicals. Cisplatin (cis-Pt) was obtained from Lachema
(Brno, CZ) as solution for injection. Flavonoids (quercetin
(Qu) and galangin (Ga)) were purchased from Sigma Che-
mical Co. (St. Louis, MO, USA) and dissolved in dimethyl
sulphoxide (DMSO, Sigma). The stock solutions of flavo-
noids (0.1 M) were stored at —20 "C. The final concentration
of DMSO in the medium was <0.02% and did not affect cell
growth [7].

Cell culture and treatment. Murine leukemia cell line
L1210 was obtained from the American Type Culture Col-
lection (Rockville, MD, USA). Cells were maintained in
RPMI 1640 medium supplemented with 10% heat-inacti-
vated fetal calf serum (Grand Island Biological Co., Grand
Island, NY, USA), 100 U/ml penicillin G, 100 pg/ml strep-
tomycin and 2 mM L-glutamine (Sebac, Germany) in an
atmosphere of 5% CO, in humidified air at 37 °C. The cells
were treated with 10 uM flavonoids and 4 uM cis-Pt, or with
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their combinations for 24 h. In all experi- 150
ments the exponentially growing cells 125
were used. -
Determination of total glutathione s 100
(GSHt) content. Total cellular glutathione 8 75 |
(GSHt) was quantified using the glu- =
tathione reductase-DTNB recycling assay, E S0
modified for 96-well microtiter plates [28]. 25
Cells were washed with PBS (4 °C) and N

lysed by freezing and thawing in 150 ul of
10 mM HCI. Proteins were precipitated by
adding 30 ul of 6.5% SSA. After 10 min,
tubes were centrifuged (15 min, 2000 g, 4
°C) and supernatants were stored at —20
°C. 40 pl of the supernatant was mixed with
80 ul of PBS (200 mM, pH 7.5, supplemen-
ted with 2 mM EDTA) and 20 ul of 5,5-dithio-bis-(2-nitro-
benzoic acid) (0.4 mM) was added. The plate was kept 5 min
at room temperature. Following incubation, 10 ul of
NADPH (0.2 mM) and 20 ul of GR (8.5 IU/ml) were added.
The increase of absorbance at 410 nm was monitored for 10
min and used to determine the amount of GSHt content in
the sample by comparison to a reference curve generated
with known amounts of GSH. GSHt levels were normalized
for protein content (nmol/mg).

GR activity assay. Glutathione reductase (GR) activity
was determined by monitoring the oxidation of NADPH at
340 nm [4]. The assay mixture contained 0.1 M PBS (pH
7.15),1 mM EDTA, 50 uM NADPH, 1 mM GSSG and 50—
100 ul of cell lysate. GR activity was calculated as nmol of
NADPH oxidised/min/mg protein using a molar extinction
coefficient g349 = 6.22 mM .em™.

GST activity assays. Glutathione S-transferase (GST) ac-
tivity was determined according to the method of HasiG and
JakoBy [12]. Cells were washed with PBS (4 °C) and lysed by
freezing and thawing in 150 ul of H,O. Tubes were centri-
fuged for 15 min at 10 000 g and 4 °C. GST activity of cell
lysate was determined by measuring activity towards the
GST substrate 1-chloro-2,4-dinitrobenzene (CDNB) by fol-
lowing the rate of increase of absorbance at 340 nm. The
assay mixture contained 0.1 M PBS (pH 6.5), 0.4 mM GSH,
and 0.2 mM CDNB and 50-100 ul of cell lysate. The &34 of
DNPSG is 9.6 mM™.cm™. GST activity was expressed as
nmol of CDNB conjugated with GSH/min/mg protein.

Results

Effects of flavonoids on GSHt level of cis-Pt-treated cells.
To determine GSHt concentration changes in L1210 cells
treated with combination of 10 uM flavonoid and 4 uM cis-
Pt, cells were plated at 0.5x10° cells/ml and analyzed for
GSHLt. After 24 h, cis-Pt alone decreased level of GSHt to
83.1% of GSHt content of control cells. Among tested flavo-

control

Ga Qu cis-Pt cis-Pt+Ga  cis-Pt+Qu

Figure 1. Effects of flavonoids (10 ;M) and cis-Pt (4 M) on total glutathione (GSHt) level in L1210
cells treated for 24 h. The bars represent the mean value + S.D. from three separate experiments.
GSHt content in control cells was 50.89 + 1.34 nmol/mg protein.

" p<0.05 as compared with control.

— 60

§ ! ek
| -

%

= |

: |

£ 20

= _

= [

=

- 0.

Qu (NADPH)  Ga (NADPH)

Figure 2. Effects of flavonoids (25 M) on activity of GR in cell lysate of
untreated L1210 cells. The bars represent the mean value + S.D. from three
separate experiments. Activity of GR without inhibitors was 6.04 +0.09
nmol/min/mg protein.

** p<0.005 as compared with control.

noids only Quincreased the level of GSHt to 122.4% of GSHt
of untreated cells. Cis-Pt alone decreased the level of GSHt,
however combinational treatment of cells with Qu and cis-Pt
led to increase of GSHt to the level of GSHt of Qu alone
(125.1% of control level) (Fig. 1). Ga alone or in combination
with cis-Pt did not affect the GSHt level. Content of oxidized
glutathione (GSSG) increased in cells treated with Qu alone
or in cells treated with Qu and cis-Pt in combination, but this
effect was not significant (data not shown).

Effects of flavonoids on GR activity of L1210 cells. The
above mentioned results show that there is increase in GSHt
contentin cells treated with Qu alone or in cells treated with
Qu and cis-Pt in combination. Although there were no sig-
nificant changes in GSSG contents, we looked if flavonoids
may affect the activity of GR of L1210 cells. We found that
GR activity was not significantly changed even during treat-
ment of cells with 10 uM flavonoids and cis-Pt (data not
shown). Inhibition of GR activity by the flavonoids was
observed (experiments done with lysate of untreated
L1210 cells) when flavonoids were used in concentrations
higher than 25 uM. 25 uM Qu had significant effect on ac-
tivity of GR (>40% of inhibition of GR activity), when
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control cells was 1.47 + 0.04 nmol/min/mg protein.
" p<0.05 as compared with control.

comparing with Ga that only slightly inhibited GR activity
(~13% of inhibition of GR activity) (Fig. 2).

Effects of flavonoids on GST activity of cis-Pt-treated
cells. Previous studies have suggested that cells response
to stress (e.g. chemotherapy) by induction of detoxification
enzymes [16, 21]. Thus we looked for the activity of GST of
the treated cells. We found that activity of this enzyme is
significantly increased (>230% of GST activity of untreated
cells) in cells treated with cis-Pt alone. Flavonoids alone or
in combinations with cis-Pt did not significantly increased/
decreased the activity of GST as compared with cis-Pt-trea-
ted cells (Fig. 3).

Discussion

Several studies were focused on how glutathione changes
(its concentration and/or an oxidation to its disulfide
(GSSG)) are connected to expression of detoxification en-
zymes, to impairs of cell proliferation, and to apoptosis [2,
14,15, 24].

In the light of our previous findings that flavonoids may
differentially affect therapeutic efficacy of cis-Pt due to
changes in apoptosis, in present work we looked if GSHt
and GSH-related enzymes are connected to flavonoid effects
on cis-Pt-induced apoptosis [5, 6]. It has been shown that
GSH concentration undergoes an initial decrease followed
by an increase in response to agents that induce GST [23].
Our studies have shown that the activity of GST in cis-Pt-
treated cells that undergo apoptosis is increased. Tested fla-
vonoids alone or in combination with cis-Pt did not signifi-
cantly influence activity of GST (see Fig. 3). To inhibit the
GST activity by flavonoids, they must be used in concentra-
tion 10-fold higher than that used in our experiments [30].
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Figure 3. Effects of flavonoids (10 xM) and cis-Pt (4 xM) on activity of GST in L1210 cells treated for
24 h. The bars represent the mean value + S.D. from three separate experiments. Activity of GST in

On the other hand, we found that the
GSHt concentration is increased both in
cells treated with Qu and in cells treated
with cis-Pt and Qu in combination (see
Fig. 1). In the latter treated cells (Qu +
cis-Pt) the apoptosis was significantly in-
creased [6]. Ga treatment had no effect
on GSHt concentration and additionally
it decreased the apoptosis of cis-Pt-treated
cells [5, 6]. These findings suggest that oxi-
dative stress may play an important role in
flavonoid (Qu) effects on cis-Pt-induced
apoptosis. During interaction of cis-Pt with
DNA, the radicals (O*") are generated and
activity of oxidative stress response factors
is increased. Thus oxidative stress may be
involved in regulation of apoptosis [18].
Additionally, Qu was found to act as dual
agent, it can act as anti-oxidant or pro-oxi-
dant and it can induce or down regulate the expression of
pS3, caspase-3, c-myc and K-ras, as well [3, 29]. Our results,
supported even by studies of SHACTER et al [25], indicate that
Qu acts as pro-oxidant (increase the GSHt level). FERNANDES
and Cotter showed that redox environment (GSH/GSSG)
may be the final determinant for the execution of apoptosis.
Apoptosis may occur with moderate but lethal oxidative
stimuli, whereas necrosis would result from severe oxidative
challenges [10]. Redox state of the GSH is regulated mainly
through availability of precursors for GSH synthesis and by
activity of GCS and GR. GR is NADPH-dependent reduc-
tase and some flavonoids may inhibit GR activity (ICs, for
Quis 73.2 uM) [31]. We found that to inhibit significantly the
activity of GR (GR pre-incubated with NADPH), it is
needed to apply the Qu in concentrations higher than 25
uM (see Fig. 2). Activity of GR in cells treated with 10 uM
flavonoids and 4 uM cis-Pt was not inhibited significantly.
GSSG level was not increased in thus treated cells (data not
shown). ELriorT et al suggested the role of ROS in inhibition
of GR (type IV from baker’s yeast) but SOD did not block
the inhibitory effect of Qu [9]. Analysis of enzyme kinetics
showed, that pre-incubation of yeast GR with NADPH (>50
uM) enhanced the inhibitory activity of Qu but kinetic para-
meters did not show for an uncompetitive inhibition (unpub-
lished data).

In summary, the present data indicate the possible invol-
vement of antioxidant/oxidant activity of Qu (effect on
GSHet level) in its ability to potentiate cis-Pt-induced apop-
tosis. At present, the exact mechanisms through which Qu
and Ga potentiate or reduce cis-Pt-induced apoptosis are
not fully understood due to multi-target effects of flavo-
noids but possible implication of flavonoids in therapy of
cancer is perspective, as these drugs are able to modulate
the redox state of the cell and thus may regulate the impor-
tant cellular processes, e.g. apoptosis.
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