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Anti-oxidative Effect of Salvia miltiorrhiza Bunge in
Caenorhabditis elegans
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Abstract — Methanol extract of Salvia miltiorrhiza Bunge (Labiatae) root was investigated to research the anti-oxidative activ-
ity, by using a Caenorhabditis elegans model system. The methanol extract of this plant showed significant DPPH radical scav-
enging and superoxide quenching activities. Ethyl acetate soluble fraction of the methanol extract that showed the most potent
DPPH radical scavenging and superoxide quenching activities. The ethyl acetate fraction was tested on its activities of super-
oxide dismutase (SOD), catalase, and oxidative stress tolerance in C. elegans. Furthermore, in order to see if regulation of
stress-response genes is responsible for the increased stress tolerance of the ethyl acetate fraction treated C. elegans, we checked
SOD-3 expression using a transgenic strain. Consequently, the ethyl acetate fraction of S. miltiorrhiza root increased the catalase
and SOD activities in a dose—dependent manner in C. elegans. Besides, the ethyl acetate fraction-treated CF1553 worms
showed higher SOD-3::GFP intensity than the non-treated ones.
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Fig. 1. DPPH radical scavenging effects of the methanol
extract and its fractions of Salvia miltiorrhiza.
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Fig. 2. Xanthine-originated superoxide quenching activities of
the methanol extract and its fractions of Salvia miltiorrhiza.
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Fig. 3. Effects of the ethyl acetate fraction of Salvia miltiorrhiza on the antioxidant enzyme activity of wildtype N2 nematodes. (A)
The enzymatic reaction of xanthine with xanthine oxidase was used to generate *O,- and the SOD activity was estimated spec-
trophotometrically through formazan formation by NBT reduction. SOD activity was expressed as a percentage of the scavenged
amount per control. (B) Catalase activity was calculated from the concentration of residual H,0,, as determined by a spectropho-
tometric method. Catalase activity was expressed in U/mg protein. Data are expressed as the mean + S.E.M. of three independent
experiments (N=3). Differences compared to the control were considered significant at **p<0.01 and ***p<0.001 by one-way

ANOVA.
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Fig. 4. Effect of the ethyl acetate fraction of Salvia miltior-
rhiza on the intracellular ROS accumulation of wild-type N2
nematodes. The worms were incubated with 50 uM juglone
for 2 h, and subsequently treated with the fluorescent probe
H2-DCF-DA. Intracellular ROS accumulation was quantified
spectrometrically at excitation 485nm and emission 535 nm.
Plates were read 30 min for 120 min.
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Fig. 5. Effect of the ethyl acetate fraction of Salvia miltior-
rhiza on the stress tolerance of wild-type N2 nematodes. For
the oxidative stress assays, worms were transferred to 96-well
plate containing 2 mM of juglone liquid culture, and then their
viability was scored. Statistical difference between the curves
was analyzed by log-rank test. All experiments were done in
triplicates.
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Table 1. Effect of ethyl acetate fraction of Salvia miltiorrhiza on the oxidative stress tolerance of C. elegans.

Stress Concentration Mean Maximum Change in mean Log-rank
condition lifespan (h) lifespan (h) lifespan (%) test
Control 16.0 £ 1.2 24 - -
2 mM
Tuelone 250 pg/mL 189 £ 1.1 26 18.4 *p<0.05
u;
& 500 pg/mL 21.8 + 1.1 31 36.4 **%p<0.001

Mean lifespan presented as mean + S.E.M data. Change in mean lifespan compared with control group (%). Statistical
significance of the difference between survival curves was determined by log-rank test using the Kaplan-Meier survival analysis.
Differences compared to the control were considered significant at *p<0.05 and ***p<0.001.
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Fig. 6. Effect of the ethyl acetate fraction of Salvia miltiorrhiza on the expression of SOD-3 was determined using transgenic nem-
atodes. Mean GFP intensity of CF1553 mutant was represented as mean + S.E.M. of values from 25 to 30 animals per each exper-
iment. The GFP intensity was quantified using image software by determining average pixel intensity. Images of SOD-3::GFP
expression of CF1553 worm in the presence or absence of the ethyl acetate fraction. Data are expressed as the mean + standard
deviation of three independent experiments (N=3). Differences compared to the control were considered significant at *p<0.05 and

***p<0.001 by one-way ANOVA.
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