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Protective effects of carnosic acid against aging in a premature cellular
senescence model and in a D-galactose induced mouse model
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Abstract: This study aimed to investigate the effect and possible mechanism of carnosic acid (CA) on delaying
aging. The effects of CA on senescence-related S-galactosidase (SA-f-Gal) activity and expressions of p53, p21
and pl6 were evaluated by an oxidative challenge induced premature 2BS cell senescence model. Meanwhile,
the animal experiment was approved by the Ethics Committee of Zhejiang Hospital. Male C57 BL/6J mice were
injected with 100 mg-kg™*-d* D-galactose (D-gal) for 8 weeks to establish an aging model in vivo, and CA at 5 and
10 mg-kg™*-d* were given ig administration at the same time. Morris water maze test was used to test the spatial
memory ability. Then the serum and tissue samples were collected for the detections of malondialdehyde (MDA),
total superoxide dismutase (T-SOD), interleukin-6 (IL-6), tumor necrosis factor a (TNFa) and advanced glycation
end products (AGEs) as well as the protein expression of p53, p21 and p16 in hippocampus of brain. The results
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showed that H,O, induced increment of SA-f-Gal activity (95%) was prevented by CA treatment (35%) and the
enhanced protein expressions of p53, p21 and p16 in H,0O, exposed 2BS cells were alleviated by CA treatment,
suggesting a potent protective role of CA against premature senescence induced by oxidative challenge. For in vivo
study, D-gal induced declined spatial memory ability was partly reversed by CA administration. Besides, the serum
and cerebral levels of MDA, IL-6, TNFa and AGEs were attenuated by CA treatment when compared to those in
model mice. And the protein expressions of p53, p21 and p16 in mice hippocampus were suppressed by CA in
D-gal treated mice. Taken together, our results showed that CA protects premature senescence induced by oxidative
stress and D-gal, which is related to its antioxidative, antiinflammatory roles and inhibition on non-enzymatic

glycosylation.
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Figure 1  Effect of carnosic acid (CA) on H,0, (200 umol-L™)
induced senescence-related f -galactosidase (SA-f-Gal) activity
in 32 PD (population doubling) 2BS fibroblasts. 2BS cells were
pre-treated by CA at indicated concentrations 2 h before exposure
to H,0, challenge (200 pmol-L* for 2 h) and with its presence for
SA-p-Gal staining test at 5™ day (100x). n = 3, X £ s. "P<0.01 vs
control group; #P<0.01 vs H,0, alone group
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Inhibitive role of CA on H,0, (200 umol-L™*) induced
increment of protein expression of senescence associated mole-
cules p53, p21 and p16 in 32 PD 2BS cells. N-acetyl-L-cysteine
(NAC) was used as a positive control for antioxidant. 2BS cells

Figure 2

were pre-treated by CA or NAC at indicated concentrations 2 h
before exposure to H,0, challenge (200 umol-L* for 2 h) and with
its presence until cells were harvested at 2 days after H,O, chal-
lenge. Relative protein expression levels were analyzed according
to the optical density for each ladder which was calculated by the
Image J software. n = 10, X * s. “P<0.01 vs control group; *P<
0.05, #P<0.01 vs H,0, group
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Figure 3  Effects of CA on the spatial memory in Morris water
maze of the D-galactose (D-gal)-induced aging model mice. D-gal
mice were treated with CA (ig) at doses of 5 and 10 mg-kg*-d* for
8 weeks. To all mice, the latency and numbers of crossing target
area within 2 minutes were measured at eighth week before mice
sacrificed. n = 10, x * s. "P<0.05 vs control group; *P<0.05 vs D-
gal group
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MDA & &4 i, 117 CA AT & 2 401 ] MDA & & 34
xR AL Eb e, AR AN SOD W /14 BT R %, CA
EF R W R T m s, 445 R, CAX E#
LAY/ B ORI P 5 FE MR /N A 9 IR IR ot Sk
KTPE R
5 CAXRIEREFHIF M

S IEE A, 522 AN B E A 4 209 (1)

Table 1 Effect of CA on the body weight and AGEs levels in D-galactose (D-gal, s.c.)-induced aging model mice. D-gal mice were treated

with saline or CA (ig) at doses of 5 and 10 mg-kg*-donce a day for 8 weeks. The body weight of each mouse was observed before and after

experiment. At the end of experiment, serum and brain tissues were collected for the detection of AGEs levels. AGEs: Advanced glycation

end products. n = 10, X £ s. “P<0.05, “P<0.01 vs group I; “P<0.05 vs group I

Body weight/g

Serum AGEs/ng-mL* Cerebral AGEs/ng-mg*

Post-treatment

Group Treatment/mg-kg*-d*
Pre-treatment
| Control 21.71+0.32
1 D-gal 100 21.89+0.22
1 D-gal + CA5 21.99+£0.27
I\ D-gal + CA 10 21.84 £0.17

23.90+0.94 128.01 +14.59 18.60 £16.79
24.16 +1.03 265.57 + 84.16™ 49.62 +20.7"
2499 +1.13 171.23 + 56.02* 29.81 + 12.45%
24.86 +0.77 145.49 + 88.71* 24.75 + 17.07%
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Figure 4 Effects of CA on T-SOD activity and MDA levels in
mouse serum and cerebral samples. D-gal mice were treated with
saline or CA (ig) at doses of 5 and 10 mg-kg™-d* for 8 weeks. At
the end of experiment, serum and brain tissues were collected for
the indicated detections. T-SOD: Total superoxide dismutase; MDA:
Malondialdehyde. n = 10, x = s. "P<0.05, “P<0.01 vs control
group; #P<0.01 vs D-gal group
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0] ML TNFoo ™ W AF AR WL G0 v 2% 22 57, 1 6) fisi 45
2 I TNFo 38 5 BA B B i 30 #14F B (P<0.05). A
EZ R (£ 2), CAX D-gal 5 3 13 & /1y B O
P F 5 A 222/ BRI 2O KPR R
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Figure 5 Effects CA on protein expression of p53, p21 and p16
in mouse hippocampus samples. D-gal mice were treated with
saline or CA (ig) at doses of 5 and 10 mg-kg™-d* for 8 weeks. At
the end of experiment, mouse hippocampus tissues were collected,
homogenized with liquid nitrogen and prepared for the Western
blot analysis. Representative images were acquired from three
repeated experiments. Relative protein expression levels were
analyzed according to the optical density for each ladder which
was calculated by the Image J software. n = 10, X = s. “P<0.01 vs
control group; #P<0.01 vs D-gal group
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Table 2 Effects of CA on inflammatory cytokines in D-gal treated mice. D-gal mice were treated with saline or CA (ig) at doses of 5 and

10 mg-kg*-d* for 8 weeks. At the end of experiment, serum and brain tissues were collected for the detection of IL-6 and TNFa levels. IL-6:

Interleukin 6; TNFa: Tumor necrosis factor a. n = 10, x £ s. "P<0.05, “P<0.01 vs group |; #P<0.05, *P<0.01 vs group ||

Group Treatment/mg-kg*-d* Serum IL-6/pg-mL"* Cerebral IL-6/pg-mg* Serum TNFa/pg-mL*  Cerebral TNFa/pg-mg*
| Control 103.90 £18.65 20.29 +10.72 137.08 + 27.31 25.00 + 10.53
1 D-gal 100 158.11 + 21.33" 47.04 +13.88™ 240.74 £ 78.32" 83.87 +24.37™
11 D-gal + CA5 119.30 + 23.09% 30.86 + 17.79 175.22 + 58.93 45.27 + 23.69*
v D-gal + CA 10 111.13 + 23.12% 25.94 +12.81% 173.20 +32.19 44.05 + 22.03*
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