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Abstract : [Objective] To investigate the effect on life extension and the mechanism of ferulic acid in Caenorhabditis
elegans. [Methods] We used C. elegans as an anti—aging model, and different concentrations of ferulic acid (0, 1, 10, 50
mmol/L.) were given to explore its regulatory effects on the lifespan, anti-stress ability, and lipofuscin level ofC. elegans.
And we used qPCR to screen senescence related genes, and DAF-2 (DR1572) and DAF-16 (CFI1038) mutants were
used to investigate the potential mechanism of ferulic acid.[Results] Compared with the blank control group, ferulic acid
significantly extended the lifespan of C. elegans and increased its antioxidant and thermal stress (P<<0.001) , inhibited the
accumulation of lipofuscin related to aging (P < 0.001) , and did not affect its fertility and body shape (P>0.05) . After
feeding nematode in the 50 mmol/L ferulic acid group, mRNA expression levels of DAF-2, Aki—2 and AGE—1 genes were
down-regulated (P<0.05) , mRNA expression levels of DAF—16 genes were up-regulated (P<<0.05) and the expression

levels of its downstream target genes sod—3, cil—1, clk=2 and dod—17 were activated (P<0.05). After 50 mmol/L ferulic
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acid treatment, the proportion of daf-16 : : GFP in the nematode cell nucleus increased from (5.3+1.5) % to (28+3) %.
The lifespan of DAF-2 (DR1572) and DAF-16 (CFI1038) mutant nematodes was not significantly extended after treat-

ment with 50 mmol/L, ferulic acid (P>0.05).[Conclusions] Ferulic acid can promote the nuclear localization of daf~16

through insulin /IGF signaling pathway, improve the stress resisting ability of the organism, and prolong the lifespan of

nematode.
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Table 1 Real-time quantitative PCR primers for C. elegans aging—related genes

Genes Forward primer 5’ -3’ Reverse Primer 5”3’
Act—1 TCGGTATGGGACAGAAGGAC CATCCCAGTTGGTGACGATA
Daf-2 TGAAAGCGAAGCAGCGAGAAGG CGTCCGAACTTCCGCATCACTC
Akt=2 CACCACAATACGCCCCACACTC AGGACCTCGCGCCACTATAGC
Daf-16 CGGGAGAGAGGGACACGCTTC ACGGAATTGCTCAGCCACCATG
Sod—3 GGCTAAGGATGGTGGAGAAC ACAGGTGGCGATCTTCAAG

Clk-1 GCACATACTGCTGCTTCTCG TCATTCCATCGTGTTCTACTCC
Cil-2 ACACGGACACGCATTACCA TTCCTCCAAACAGCCACC

Age—1 CGCCACGGCAACATCCTCAG

GGCTGCTCAATCGCCAACTCC
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A: Effect of ferulic acid on lifespan in a wide range of concentra-
tions; B: Effects of ferulic acid on lifespan in a small range of concen-
trations; 1) means P<<0.05 vs. control ; 2) means P<<0.001 vs. con-
trol by LSD—test after ANOVA.
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Fig.1 Lifespan curve of C. elegans
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Table2 Effects of ferulic acid on lifespan of C. elegans

Groups Starting Valid Mean lifes-
number  number pan/days
Control 480 467 12.89+0.2
FA(1 mmol/L) 480 470 14.49+0.21"
FA(10 mmol/L) 480 462 15.410.11"
FA(50 mmol/L) 480 464 17.01+0.13"
F 271.482
P <0.001

Y P<0.001 vs. control by LSD—test after ANOV A
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A Effect of ferulic acid on the survival of nematodes at 37 °C thermal
shock; B: Effects of ferulic acid on survival of nematodes under oxida-
tive stress; 1) means P<<0.001 vs. control by LSD—test after ANOVA.
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Fig.2 Effectsofferulic acid on stress resistance of C. elegans
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Table 3 The stress resistance of ferulic

acid in C. elegans

Mean lifes- Mean lifes-

Starting  Valid  pan after  pan after
Groups o
number number Thermal  oxidative
shock/h stress/h
Control 150 150  6.81+£0.13 4.16+0.16

FA(1 mmol/L) 150 150  7.29+0.13 4.68+0.33
FA(10mmol/L) 150 150 7.68+0.55" 4.85+0.34”
FA(50 mmol/L) 150 150  8.35+0.43Y 5.14+0.24"
F 9.825 6.571

P 0.005 0.015

D P=0.019 vs. control ; ¥ P=0.016 vs. control; ¥P=0.001 vs.
control ; ¥P=0.003 vs. control by LSD—test after ANOVA.
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28.3% (P=0.008 .P<0.001)
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—_ )

(=]
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A control; B: FA(1 mmol/L); C: FA(10 mmol/L); D: FA(50 mmol/L) ; E: Ferulic acid had no significant effect on the body length.
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Fig.3 Effects of ferulic acid on body length of C. elegans
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A: control; B: FA(1 mmol/LL); C: FA(10 mmol/L) ; D: FA(50 mmol/L) ; E: Relative lipofuscin accumulation, n=3/group, F=20.75, P<0.001.

DP=0.008 vs. control ; ¥P<0.001 vs. control by LSD—test after ANOVA.
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Fig.4 Effects of ferulic acid on the lipofuscin accumulation of C. elegans
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A control; B: FA(1 mmol/LL) ; C: FA(10 mmol/L); D: FA(50

mmol/L) ; Different concentrations of ferulic acid had no significant ef-
fect on the fecundity of C. elegans compared with the control group. n=
3/group, F=0.345,P=0.794 after ANOVA
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Fig.5 Effects of ferulic acid on the total breeding popula-

tion of C. elegans
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n=3/group. V1=32.73, P <0.001 vs. control; t=7.02, P=0.002 vs.
control; ¥1=3.21, P=0.033 vs. control; ¥1=7.046, P=0.002 vs. control by
independent (—test.
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Fig.6 Effects of ferulic acid on expression
of senescence related genes
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A:Ferulic acid had no significant effect on the lifespan of daf-2 mutant
nematode (DR1572) ; B:Ferulic acid had no significant effect on the
lifespan of daf—16 mutant nematode (CF1038).
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Fig.7 Effect of ferulic acid on the lifespan

of mutant Nematodes
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Table 4 Effect of RE on the lifespan of daf-2
(DR1572) mutants and daf—16 (CF1038) mutants C.

elegans

Mean lifespan/days

Starting  Valid daf=-2 daf-16
Groups ’

number number (DR1572) (CFI1038)

mutants mutants

Control 150 150  19.38+0.62 13.39+1.27
FA(50 mmol/L) 150 150 19.35+0.82 13.57+1.31
13 0.045 0.174
P 0.966 0.870

The mean lifespan between the control group and FA-treated

group were compared with independent (—zest.

AT 55 0N BT 2 H i) 2 i AN BT M DAF-
16 (R 8 L X F RS R B s B R E 2, A
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Fig.8 Effects of ferulic acid on nuclear translocation of DAF-16
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