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Abstract

In this study we investigated the superoxide radicals scavenging effect and xanthine oxidase inhibitory activity by magnesium
lithospermate B, which was originally isolated from the roots of Salvia miltiorrhiza (also named Danshen or Dansham), an
important herb in Oriental medicine. Superoxide radicals were generated both in B-NADH/PMS system and xanthine/
xanthine oxidase system. Magnesium lithospermate B significantly inhibited the reduction of NBT induced by superoxide
radicals with an IC5q of 29.8 pg/mL and 4.06 pg/mL respectively in the two systems. Further study suggested that magnesium
lithospermate B can directly inhibit xanthine oxidase and exhibits competitive inhibition. Magnesium lithospermate B was
also found to have the hypouricemic activity iz vivo against potassium oxonate-induced hyperuricaemia in mice. After oral
administration of magnesium lithospermate B at doses of 10, 20 and 30 mg/kg, there was a significant decrease in the serum
urate level when compared to the hyperuricemia control. In addition, magnesium lithospermate B significantly protected HL-
60 cells from superoxide radicals-induced apoptosis in the xanthine/ xanthine oxidase reactions. This study provided evidence
that magnesium lithospermate B exhibits direct superoxide radicals scavenging and xanthine oxidase inhibitory activity.

Keywords: Magnesium lithospermate B, superoxide radicals scavenging, xanthine oxidase, inhibition, hypouricemic effect,
apoptosis prevention

Introduction mitogenesis, mutagenesis and cell death. There is
evidence that several biological disorders, including
neurodegenerative diseases, immune dysfunction,
cancer, and inflammatory conditions, are related to
the increase of ROS  vivo [3].

The over-activity of xanthine oxidase can induce the

accumulation of uric acid and lead to hyperuricemia.

Xanthine oxidase catalyzes the oxidation of xanthine
and hypoxanthine to uric acid. During this reaction,
superoxide radicals are produced according to the
following equation [1,2]:

xanthine oxidase
Jh—————

Hypoxanthine xanthine The deposition of urate monohydrate crystals in joint
o and kidney results in gouty arthritis and uric acid

xanthine oxidase. . . — e . . .
+ Oy ————= Uricacid + O, (1) nephrotithiasis [4]. The increased risk of hyperur-

Superoxide radicals together with hydroxyl radicals
and hydrogen peroxide are called reactive oxygen
species (ROS). They can damage critical biomacro-
molecules and alter biological processes, including
signal transduction and gene expression, causing

icemia has been also associated with the development
of hypertension, hyperlipidemia, cancer, diabetes and
obesity [5].

The above suggests that a compound which can
scavenge superoxide radicals and inhibit xanthine
oxidase may have a beneficial effect in the treatment of
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Figure 1. The structure of Magnesium lithopermate B.

hyperuricemia, but also in the alleviation of inflam-
mation induced by gout and other diseases.

This study reports the inhibitory effect on xanthine
oxidase, as well as the superoxide radicals scavenging
activity and hypouricemic effects of magnesium
lithospermate B (MLB) (Figure 1), a component of
the root extract from Salvia miltiorrhiza.

Materials and methods
Materials

B-Nicotinamide adenine dinucleotide, reduced dipo-
tassium salt (NADH), phenazine methosulfate
(PMS), nitroblue tetrazolium chloride (NBT),
xanthine, superoxide dismutase (SOD), potassium
oxonate, and allopurinol were purchased from Sigma
Chemical Co. (St. Louis, MO, USA) and Annexin
V-FITC Apoptosis Kit was purchased from Jingmei
Bio Tech Co. Ltd (Shanghai, China). Xanthine
oxidase (XO) was purchased from Roche Co. Ltd.
(Shanghai, China) and other analytical reagents were
produced in China. Magnesium lithospermate B was
provided by professor Zhu (State Key Laboratory of
Drug Research, Institute of Materia Medica, Shang-
hai Institute for Biological Science, China).

Animals

Male ICR mice (26 ~ 30g) were purchased from
Laboratory Animal Center (Shanghai, China) and
maintained on a 12-h light/dark cycle in a tempera-
ture- and humidity-controlled room for 1 week prior
to the experiment. All procedures were carried out in
pursuance with Chinese legislation on the use and care
of laboratory animals and were approved by the
respective committees for animal experiments.

Evaluation of superoxide radicals scavenging activity
by nonenzymatic method

Superoxide radicals which were generated by the
NADH/PMS system were determined by a described

procedure [6—8]. The reaction mixtures in the simple
well consisted of B-NADH 156 uM, NBT 25 uM,
PMS 10 M and different concentrations of MLB
(10, 20, 30, 40 and 50 pg/mL) and dissolved in
distilled water. The reaction was conducted at room
temperature for 2min initiated by the addition of
PMS. The superoxide radicals were estimated by
the spectrophotometric measurement at 560 nm in
the reaction product of NBT. SOD was taken as the
positive control.

Evaluarion of superoxide radicals scavenging activity
by enzymatic system

Superoxide radicals were generated by the xanthine/
xanthine oxidase system following a described
procedure [9,10]. The superoxide radicals were
estimated by the spectrophotometric measurement
at 560nm of the reaction product of NBT. The
reaction mixture contained 80 mM sodium pyropho-
sphate buffer (pH 7.5), 120 mM xanthine, 0.1 U/mL
xanthine oxidase, 100 uM NBT and MLB (2.5, 5, 10,
15 20 pg/mL). The reaction was started by the
addition of xanthine oxidase. SOD was the positive
control.

In vitro xanthine oxidase inhibitory activity

The n vitro inhibitory activity was assayed spectro-
photometrically at 295 nm under aerobic condition
as described elsewhere [11,12]. The reaction
mixture contained 80mM sodium pyrophosphate
buffer (pH 7.5), 0.1 U/mL xanthine oxidase and
several concentrations of xanthine (60, 120, 180,
240 and 300 pM). The reaction was started by the
addition of xanthine oxidase and the formation of
uric acid was detected by the absorption increments at
295 nm. Allopurinol was the positive control. In order to
evaluate the type of inhibition using the Lineweaver-
Burk plot, MLB were assayed for xanthine oxidase
inhibitory activity at concentration of 0, 2, 4, 6 pg/mL
respectively.

Hypouricemic activity in vivo

Mice were divided into 6 groups each consisting of 10
animals. Group I served as the control, which
received normal saline. Group II served as hyperur-
icemic control, which received potassium oxonate
(300 mg/kg body weight, i.p.) as described elsewhere
[13,14]. Group III-V received MLB orally (10 mg/kg,
20mg/kg, 30mg/kg body weight, respectively).
Group VI received the reference drug allopurinol
orally (10 mg/kg body weight). Animals of groups
II ~ VI were injected potassium oxonate (300 mg/kg,
i.p.) 1h before the MLB and allopurinol adminis-
tration to increase the serum urate level. Blood was
obtained from the mice via tail tip cuts 1h after the
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MLB and allopurinol administration. Uric acid levels
were determined by the phosphotungstic acid
method.

Protection of HL-60 cells from superoxide radicals’ injury

The method was similar to the one described by Lin
et al. [15]. Briefly, human promyclocytic leukemic
HIL-60 cells were maintained in RPMI-1640 medium
supplemented with 10% PBS in a humidified
atmosphere of 5% CO, in air at 37°C 2 X 10°/mL
HI-60 cells were incubated with serum-free medium
and pretreated with or without MLB, then treated
with 120 wM xanthine and 0.1 U/mL xanthine oxidase
for 4 h. Detection of apoptosis by flow cytometry was
performed using the Annexin V-FITC/propiolium
iodide (PI) Apoptosis detection kit. The staining was
performed according to the producer’s manual.

Statistical analysis

All data were expressed as mean * standard error of
the mean (S.E.M) for each group. They were analyzed
for the significance of intergroup differences utilizing
two-tailed, paired Students’-tests and p < 0.05 was
considered as significant.

Results

Scavenging effect of MLB on superoxide radicals generated
by B-NADH/PMS system

We first measured the scavenging activity of MLB on
superoxide radicals generated by B-NADH/PMS
system. In this study, MLB showed a stronger
scavenging effect on superoxide radicals in a dose-
dependent manner with an ICsq of 29.8 pg/mL
(41.2 pmol/L) (Figure 2A).

Scavenging effect of MLB on superoxide radicals generated
by xanthine/xanthine oxidase system

MLB was also studied for its ability to scavenge
superoxide radicals generated by the =xanthine/x-
anthine oxidase system. The amount of generated
superoxide radicals was determined by measuring the
reduction of NBT. Under our experimental con-
ditions, MLB significantly inhibited the reduction of
NBT in a dose-dependent manner. ICs, was
4.06 pg/mL (5.62 pmol/L) (Figure 2B). The reduction
of NBTwas almost completely inhibited by SOD both in
B-NADH/PMS system and xanthine/xanthine oxidase
system.

Inhibition of the activity of xanthine oxidase by MLB

We found MLB could inhibit the reduction of NBT
both in B-NADH/PMS system and xanthine/xanthine
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Figure 2. Effect of MLB on (A) NBT reduction induced by
superoxide radicals generated in an NADH/PMS system (B) NBT
reduction induced by superoxide radicals generated in
xanthine/xanthine oxidase system and (C) xanthine oxidase
activity. Values show mean = S.ELM from four experiments
performed in triplicate.

oxidase system. The effect of MLB on the xanthine
oxidase activity must be examined, because an
inhibitory effect on the enzyme itself would also lead
to a decrease of NBT reduction. So we have to
determine the inhibitory effect on the xanthine
oxidase through the measurement of the formation
of uric acid.

MULB inhibited the formation of uric acid under the
assay condition with an ICsy of 5.2 pug/mL
(7.20 pmol/L) (Figure 2C).

To further characterize the binding region on
xanthine oxidase, Lineweaver-Burch double recipro-
cal plots were shown in Figure 3. MLB was exhibited
to be a competitive inhibitor of xanthine oxidase. The
Ki was 0.9484 (ug/mL) .
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Figure 3. Lineweaver-Burk plots of the inhibition of xanthine
oxidase by MLB. Enzyme activity was measured using 60, 120, 180,
240 and 300 pM of xanthine as a substrate. The data represented
the mean = SEM from four experiments performed in triplicate.

In vivo hypouricemic activity of MLB

Xanthine oxidase is a major target to decrease the uric
acid level i vivo. So we attempted to detect the in vivo
hypouricemic effect of MLB on potassium oxonate-
pretreated mice. The uric acid levels in non-hypour-
icemic, vehicle-treated mice were 1.505mg/dl. The
intraperitoneal injection of potassium oxonate mark-
edly increased the serum uric acid levels. The animals
treated with MLB showed a significant decrease in the
serum urate level (Figure 4).

Protection of HL-60 cells from superoxide radicals induced
apoprosis by MLB

The prevention of apoptosis of HL-60 cells induced
by superoxide radicals was analyzed. The superoxide
radicals were generated in the xanthine/xanthine
oxidase system. The HL-60 cells were treated with
xanthine and xanthine oxidase, and cell apoptosis was
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Figure 4. Effects of MLB on serum urate level of oxonate
hyperuricemia in mice. Values were mean = S.E.M (n = 10). **
P < 0.01 when compared with the hyperuricemic control. All drugs
were given orally except potassium oxonate which was injected i.p.
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Figure 5. Protective effect of MLB on HL-60 cells apoptosis
detected by Annexin V- PI. File001: Normal control cell; File002:
Cell apoptosis induced by superoxide radicals without MLB;
apoptosis rate is 62.16 * 5.84%; File003: Cell apoptosis induced by
superoxide radicals pretreated with 3 ng/mL MLB; apoptosis rate is
37.42 *+ 4.32%; File004: Cell apoptosis induced by superoxide
radicals pretreated with 6 pg/mL MLB; apoptosis rate is
15.44 * 1.87%.

62.16 + 5.84%. The cell apoptosis was significantly
prevented when cells were pretreated with 3.0,
6.0 png/mL. MLB (apoptosis rate is 37.42 += 4.32%
and 15.44%, respectively, p < 0.01 when compared
with the no-MLB group) (Figure 5). These results
suggested that MLLB was not only a potent inhibitor of
xanthine oxidase but also has a direct superoxide
radicals scavenging effect and was able to prevent
cell apoptosis induced by xanthine/xanthine oxidase
reaction.

Discussion

MILB is a caffecic acid tetramer and was a major
component of S. miltorrhiza (“Danshem” in Korean
and “Danshen” in Chinese), an important herb in
Oriental medicine, which has been used to treat
cardiovascular diseases. Previous studies demonstrated
MLB has many therapeutic effects including ameliorat-
ing renal cortical microperfusion in rats [16], inhibitory
activity on Na®",K"-ATPase [17], inhibition of aldose
reductase [18] and a hydroxyl radial-scavenging action
[19]. However, no report has been issued on the effects
of MLB on xanthine oxidase activity. In the present
study, we found MLB could prevent the reduction
of NBT both in the NAPH/PMS and the xanthine/
xanthine oxidase system. In the NAPH/PMS system,
I1Cs50 s 29.8 wg/mL. This result suggests that MLLB has a
direct scavenging effect on superoxide radicals. In the
xanthine/xanthine oxidase system, I1Csq is 4.06 pg/mL.
The ICs5 in xanthine/xanthine oxidase system is even
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lower than in the NAPH/PMS system. This result
suggests that the possible mechanism of inhibition
effect was through inhibiting the xanthine oxidase but
not directly superoxide radicals- scavenging action. So
we observed the inhibitory effect on xanthine oxidase by
MLB through measurement of the formation of uric
acid. The results suggested that MLB inhibited the
xanthine oxidase in a dose-dependent manner; the
enzyme dynamic results showed that it is a competitive
inhibitor of xanthine oxidase.

In vivo, xanthine and hypoxanthine are oxidized
into uric acid by the activity of xanthine oxidase. The
overproduction of uric acid can cause gout [20,21].
Therefore the inhibitor on xanthine oxidase can
decrease the uric acid level. Allopurinol is the most
common, and perhaps the only inhibitor of xanthine
oxidase being used in clinical practice, but allopurinol
has severe adverse effects on some patients, including
nephatitis, nephropathy and allergic reactions [22,23].
Thus, the development of new hypouricemic agents of
greater effectiveness and safety is highly warranted.
MLB not only inhibits the xanthine oxidase n wvitro,
but also has a hypouricemic effect on potassium
oxonate-pretreated mice. So we concluded that the
hypouricemic effect of MLB is mainly through
inhibiting the xanthine oxidase.

The occurrence ratio of gout increases as the living
standard increases. Nowadays the treatments of gout
in clinic are mainly by decreasing the serum uric acid
level and anti-inflammation. But none of the clinical
drugs has the two effects at the same time. Through
our study, we found MLB could not only decrease
uric level, but also directly eliminate superoxide
radicals. Since the superoxide radicals are important
factors in the inflammation, the therapeutic effect of
MLB in the gouty inflammation is worthy of further
studies.

In conclusion this study provides evidences that
MULB exhibits superoxide radicals scavenging activity,
xanthine oxidase inhibitory effect iz ovirro and
hypouricemic effect in vivo.
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