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Effect of Antrodia cinnamomea on brain proteomics in stroke-prone spontaneously hypertensive rats
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[ Abstract]  Objective  To explore whether Antrodia cinnamomea can prolong the survival time of stroke-prone
spontaneously hypertensive rats, and to investigate the underlying mechanisms from the proteomics perspective. Methods A
total of 80 male stroke-prone spontaneously hypertensive rats were randomly divided into two groups (control group and
Antrodia cinnamomea treated group, n=140). The animals were intragastrically given Antrodia cinnamomea (150 mg/kg).
Then the death of the animals in the two groups was observed. Another 6 stroke-prone spontaneously hypertensive rats were
randomly divided into drug treatment group and control group. with the drug treatment group intragastrically given Antrodia
cinnamomea (150 mg/kg), and the brain proteomics were compared between the two groups 90 days later, with WKY rats used
as normal controls. The differentially expressed proteins before and after drug treatment were subjected to mass spectrometry
analysis, and the results of mass spectrometry analysis were further confirmed by Western blotting analysis. Results Antrodia
cinnamomea significantly prolonged the survival time of stroke-prone spontaneously hypertensive rats (P <C0. 05), and
proteomics results showed that Antrodia cinnamomea increased the expression of glutathione S-transferase (GST) and

superoxide dismutase (SOD), which were also confirmed by Western blotting analysis. Further study revealed that the total
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anti-oxidative capability (T-AOC) of the animals was increased (T-AOC: [66.48+16.17] U/g vs [124.75+28.43] U/g, P<<
0.05) , which was manifested by the increased activity of GST and SOD (GST. [40.3345.24] U/mg vs [70.5046.24] U/
mg, P<C0.05; SOD; [109.254+23.61] U/mg vs [192. 604+23.95] U/mg, P<C0. 05), and decreased level of malondialdehyde

([3.96+0. 45] nmol/mg vs [ 2. 0440. 31 ] nmol/mg, P<C0.05). Conclusion

Long-term treatment with Antrodia cinnamomea

can prolong the lifespan of stroke-prone spontaneously hypertensive rats, which might be related to the increased activity of anti-

oxidative enzymes and the decreased oxidative damage.
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Fig 1 Survival curves in stroke-prone spontaneously

hypertensive rats in two groups
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Fig 2 Proteomic analysis for differentially expressed proteins of the brain from SHRSPs
treated with Antrodia cinnamomea and confirmation by Western blotting analysis
A, B, C: Images of the brains in WKY rats, stroke-prone spontaneously hypertensive rats (SHRSPs-Con), and SHRSPs trea-
ted with Antrodia cinnamomea (SHRSPs-AC), respectively; D: Western blotting analysis of glutathione S-transferase (GST) and
superoxide dismutase (SOD) in brains of WKY rats, SHRSPs-Con and SHRSPs-AC; E: Normalized density of GST and SOD by
Western blotting analysis. * P<Z0. 05 vs SHRSPs-Con group. n=3, x=*s
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Tab 1

Effects of Antrodia cinnamomea on oxidative stress parameters in the brains

of stroke-prone spontaneously hypertensive rats (SHRSPs)

n=3, xts
Group GST » SOD . MDA . T*/\()Cﬁ]
zp/(U+mg 1) zp/(U e+ mg b myp/(nmol « mg— 1) zp/(Uesg b
WKY 76.5245.97" 148.59+17. 44~ 2.67+0.19" 102.25+18. 22"
SHRSPs-Control 40.33+5.24 109. 254+23. 61 3.96+0.45 66.48416.17
SHRSPs-Antrodia cinnamomea 70.5046. 24" 192.60423. 95" 2.0440.31" 124, 75428. 43"

GST: Glutathione S-transferase; SOD; Superoxide dismutase; MDA Malondialdehyde; T-AOC; Total antioxidative capabil-

ity. * P<C0. 05 vs SHRSPs-Control group
Cw o e B S % 9 0 B O L% 2
§ TE

KB H R R ] D 10 S A8 28 47, R AR R AE

FIAT UK & v o 3 25 BLAY il 1 450 2 R
TS AR NSRS 3 AL AN 1 AL B0k st R,
TATI A TR, | E A 150~200 J7 8 A%
R I 2 A R A R AR R T
AN TRI AR E B A 36 1 BEAE J7 , 20 S RE RAL 23l SR DU
At . R, X i A R R A o B AR
(77 35 » J2 B B X A b A B A 3R R AT 1 1 AT
T 5 A5 v iy 8 SR AR A R IR LS SHRSPs

9096 LA by & — b =l 5 AR 9 OF 23 i A b i o
B

TEABETE R, ATk AW 45 T SHRSPs 448
ZHEBIRYT T LASE A A A ], R B A R T
LA L IR A B RE . PRZREET A
B — BB B S 254, H AT T B 8k 5 AR
TE AR B i HL B R AR B R R A g A Y T
W, A A RN A 2 R S U =i R e s R



S5 1N RRAUAR  AF. AR X B A i 8 a5 4L 5 o AT

AT R BT R T L R AN S B E I = e A
fiEi# 1 caspase il Bax A5 (4 8 138 % 175 5 b 97 40
e v B8 T M T R N R R A
antrocin W AT LA i =l /)N 48 B il g 09 A= <, e i
JEWE 5 antrocin ] 7 JAK2/STATS3 id f% A
KL AN N R B B 22 0 4y T 38 fE DU
2 7 20 TR DI /0N B P9 B 4 RE S g L 36 I AR
Je—Fh B ZE AW FIE RN R M AR
KR P41 2 BESE K SHRSPs 1 A4 77 1 ], 32 W 4
L O Wl | WA SR 7 A R Ll = S DR A
N, FRATTRE S DU 2 T KR 442 2 5 SHRSPs
() I A R T 25 )5 SHRSPs (1 1 & H 8L B
PR EF G E LR R R R
(18 32 R AP 5RE T RE 5 Il R IR T SO

Mare Wilkins 7E 1995 4F & i T 8 [ 5 41 2% iX
— B AR AR YR AR R BK T W SE R A
S RRAE 28 T2 A R SR AS AR S A= i T Bl
PRAE Y 5T HE R, s A8 S AR 22 e HIL I B e D AR I 3
WA R R AR, EARBEE b, 3R A2 AR
)T B b8 7 IR 4R 2 W 5 SHRSPs fisi 21
LAEAFRNERERES . RRA 2 NEASMERER
R, 2o BT Rk % oA HLIA S 5 B e i R B
GST pi2 WHEF SOD, X 2 Fp & (1 E 4 A 1T ALIAST
AL FR G0 0 T B A R A3, OT BT T2 B AR R BT AL
A 1 S AL IO VB B & R . 8 T A% 24 1 T B
WL GST B BB i /N BUAE A 38 25 5 32 3 401k
W L B Rk GST W Bk 8 A= 4 1A i
d NIRRT SRR R D B S LY SOD 2
Jon e A RO LR L A AR B SR,
R v A e AR A T S B R BRI i =2 S A
e 5T, DR 2 e 5 o %2 BN AR BB i d B . A
ERL S5 T 22 Fh W 0 000 1 & AR Rk R R L
I HUE AL T TR AT A 5% A 0 I AR A A
FAE W KW T SHRSPs LAt &b 4EE & C A
YA R E 0] LA KRR K R 3 ki € S A
FEFC T AR () I 0 B8 7E — 2 72 BE 1 28 Mgk H 1l s 7y 3
X AT BE S R O VE T G BEAL R,
Ah, B E B AR IR A S S B E B gl O e
SHRSPs 9 Ifil 5 5 (14 480 Ak 1 38K SF- 2 4 350 837 B 1 7

R

PRI A5 D RES . R RS AW 04 A7 00 2 R A
WFFEALAIE 52 1 K 30 R 4 255 0T DA B AIG A vh iy & 2k
Y IR B A AR T RLVE S B R A R — R R
7R . TEASWF T P 3AT & B AR 2 IR S AT L) 1
8 SHRSPs i 2141 GST 1 SOD 3% 1k, nJ LI 4%
SR ML I Bt LAk BE 7 . el 2 S0k g 98 1 7 4 e R L O
I ZAERK T SHRSPs B 4E A7 ][], 20K 45 2R 1 2 )
RE B I 22 7 v R AR — B B 251

R AR 5% I A B ff 2 2 95 2 e 0 ] o g 43
RAET oA AR, JF BLZEA & iR Al i) SHR-
SPs Bk I B i 24 R AR A 2 02 45 BE ™ A= D IRl 4
I 5 A RO A e (1 ke A RE A 7 AR B R I AR P U I
ANV HE XA R IR AT — S RS SE  H Jr nl

4 FEEHR
J A A 3 7 AR SO 9 B AT AR 45 v 28
[Z % x #t]

[1] Okamoto K, Yamori Y, Nagaoka A. Establishment of
stroke-prone spontaneously hypertensive rats (SHR)
[1]. Circ Res,1974,34.1-143-1-145.

[2] Chen C,Venketasubramanian N,Gan R N, Lambert C,
Picard D, Chan B L, et al. Dangi Piantang Jiaonang
(DJ),a traditional Chinese medicine, in poststroke re-
covery[ ] ]. Stroke,2009,40:859-863.

[3] Wu B,Liu M. How to improve the quality of a clinical
trial on traditional Chinese medicine for stroke[ ] ].
Stroke,2009,40:e641-e642.

[4] Lee Y P,Chitsai W,Jan C,Rao Y K, Yang C R,Chen D
R.et al. Anticancer effects of eleven triterpenoids de-
rived from Antrodia camphorata [ ]J]. Anticancer Res,
2012,32.2727-2734.

[5] ChenY Y,Sheu M ]. Crude extracts of Antrodia cinna-
momea inhibit invasion and migration of human hepato-
cellular carcinoma cells[J]. FASEB J,2013,27:1105. 9.

[6] TsouH T,Yang H L,Hseu Y C. The anti-tumor activ-
ity of Antrodia camphorata in melanoma cells: modula-
tion of Wnt/p-catenin signaling[J]. FASEB J,2011,25.
979.19.

[7] Meng L M,Pai M H. Yeh S L. Polysaccharides from

extracts of Antrodia camphorata mycelia and fruiting



. 48 -

BOFEERF¥M 20144E 1 BB 35 B

(8]

(9]

[10]

[11]

[12]

[13]

[14]

bodies modulate inflammatory mediator expression in
mice with polymicrobial sepsis[ J]. Nutrition, 2012, 28
942-949.

Ando A, Mitsuma Y, Katano T.Ito S, Nishimura T,
Takahashi K. Proteomics analysis of cultured human
retinal vascular endothelial cells[ J]. Invest Ophthalmol
Vis Sci,2010,51.:1883.

Zhang X H,Lei H,Liu A J.Zou Y X,Shen F M,Su D
F. Increased oxidative stress is responsible for severer
cerebral infarction in stroke-prone spontaneously hy-
pertensive rats[ J ]. CNS Neurosci Ther,2011,17:590-
598.

Doyle K P, Simon R P, Stenzel-Poore M P. Mechanism
of ischemic brain damage [ J ]. Neuropharmacology,
2008,55:310-318.

Ferri C P,Schoenborn C,Kalra L, Acosta D, Guerra M,
Huang Y,et al. Prevalence of stroke and related burden
among older people living in Latin America, India and
Chinal[ J]. J Neurol Neurosurg Psychiatry, 2011, 82
1074-1082.

Fang X H, Kronmal R A, Li S C, Longstreth W T,
Cheng X M, Wang W Z, et al. Prevention of stroke in
urban China:a community-based intervention trial[ J].
Stroke,1999,30:495-501.

Chiuve S E. Rexrode K M, Spiegelman D. Logroscino
G, Manson ] E., Rimm E B. Primary prevention of
stroke by healthy lifestyle[ J]. Circulation, 2008, 118
947-954.

Yeh C T, Huang W C,Rao Y K, Ye M, Lee W H,
Wang L S,et al. A sesquiterpene lactone antrocin from
Antrodia camphorata negatively modulates JAK2/
STATS3 signaling via microRNA let-7c and induces ap-
optosis in lung cancer cells[ J]. Carcinogenesis, 2013,

34:2918-2928.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Blackburn A C, Matthaei K I,Lim C, Taylor M C,Cap-
pello J Y, Hayes J D, et al. Deficiency of glutathione
transferase zeta causes oxidative stress and activation of
antioxidant response pathways [ J]. Mol Pharmacol,
2006,69:650-657.
Burmeister C, Litersen K, Heinick A. Oxidative stress
in Caenorhabditis elegans : protective effects of the O-
mega class glutathione transferase (GSTO-1) []].
FASEB J.2008,22:343-354.
Lustgarten M S,Jang Y C,Liu Y,Muller F L, Qi W,
Steinhelper M, et al. Conditional knockout of Mn-SOD
targeted to type [l B skeletal muscle fibers increases
oxidative stress and is sufficient to alter aerobic exer-
cise capacity[ J]. Am J Physiol Cell Physiol,2009,297.
C1520-C1532.
Hamel E, Nicolakakis N, Aboulkassim T, Ongali B,
Tong X K. Oxidative stress and cerebrovascular dys-
function in mouse models of Alzheimer’s disease[ ] ].
Exp Physiol,2008,93:116-120.
Chen X, Touyz R M, Park ] B, Schiffrin E L. Antioxi-
dant effects of vitamins C and E are associated with al-
tered activation of vascular NADPH oxidase and super-
oxide dismutase in stroke-prone SHR[]J]. Hyperten-
sion,2001,38:606-611.
Negishi H, Xu J W, Ikeda K, Njelekela M, Nara Y,
Yamori Y. Black and green tea polyphenols attenuate
blood pressure increases in stroke-prone spontaneously
hypertensive rats[ J |. ] Nutr,2004,134:38-42.
Kokubo Y,Iso H, Saito I, Yamagishi K, Yatsuya H,
Ishihara J,et al. The impact of green tea and coffee con-
sumption on the reduced risk of stroke incidence in Jap-
anese population: The Japan Public Health Center-
Based Study Cohort[ J]. Stroke,2013,44:1369-1374.
[(AxHmE] T+ &



