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Effect of tanshinone A on MMP-2 and iNOS expression and free radical release in hippocampus of rat

Alzheimer’s disease model
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[Abstract] Objective To investigate the influence of tanshinone [I A on learning and memory ability, expression of
inducible nitric oxide synthase (iNOS), matrix metalloproteinase || (MMP-2) and release of free radicals in the hippocampus of
rat Alzheimer’s disease (AD) model, and to explore the related mechanism. Methods Rat AD models were established by
direct B-amyloid protein (AB) injection method. For tanshinone [[ A (Tan [[ A) intervention test, the learning and memory
ability of the AD rats were observed. the expressions of iNOS, MMP-2 at gene and protein levels were determined and their
correlation were analyzed, and the release of free radical in the hippocampus region of AD rats was quantified. Results The
expressions of iNOS and MMP-2 in the hippocampus region of AD rats were significantly higher than that in the control group
(P<C0.05), and the expressions of iNOS and MMP-2 were positively correlated at both mRNA and protein levels (P<Z0. 05).
Meanwhile, nitric oxide (NO), ONOO and reactive oxygen species (ROS) release in the hippocampus of AD rats were
significantly higher than those in the control rats (P<C0.05). The learning and memory ability was obviously decreased in AD
model rats. Tan ]I A intervention (50 mg/kg) significantly reduced the AD-induced release of NO, ONOO , and ROS, and
expression of iNOS (P<C0. 05) and MMP-2 protein (P<C0. 01) in the hippocampus region; it also greatly improved the learning
and memory ability of AD model rats. Conclusion Tan [[ A can effectively alleviated the AD symptoms, possibly by inhibiting
AD-induced iNOS and MMP-2 expressions, reducing toxic free radical, and suppressing oxidative injury in AD rats.
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RIS R K 1 Y M 2B 1 (-amyloid. AR)
PLAR G| ) & 4E BT (senile plaques) FI A o & tau &
FBE R 1k T 5 501 B 1) B 28 £F 4 98 45 (neurofibril-
lary tangles, NFT)™', {HH R i 4 52 4 1 B H. 4
B GBIE Y. fE AD BiiR 259 J7 i 1L 5t
2 B AR R 22 53 7 /R TR R L2 AR /N 55
MURRE 25 P 34, G TR X AD g AL T
AN T 1) T 0 5 43 1 VR BRSSO o A TEAE e 25 h
ik AD ARBHA Y =AW A XK, S
fiil (tanshinone [I A, Tan [l A)&MNH 25123 (Sal-
via miltiorrhiza bunge) F1 42 B4 55 15 2] ) — F g
Ve R A A, C )Tz N TR D e L D
RSO LA RGP R BTG . 3l W52 50 I 2 i
AERH AR 4 AD A K BUIK P9 I 880 BE &R 58, 2035 AD
FE AR H AR FA AL 4 5 i — 2 5T

WAL RY], 3538 — S LA & M (inducible
nitric oxide synthase.iNOS) 5 AR Y #f £ 8 1 % V)
K, B4 8 B 1B (matrix metalloproteinas-
ess MMPs) A 2y — 25 ] [ figk 4 i 0 56 5 28 11 19 B AR
SO PR P DD 2 L AT e KA 4 i Ah B BT CECMD)
J 53 T 5 W LK e/ B S A, T2 2 5 2 R A
L ) A 3/ Bk AR L AR SO0 KA R R b Kk
FEAEH . MMPs 257 AD. A4 &% (Parkinson
disease, PD) S Z Ml & RGYR B KA K it 72
Horp MMP-2 Al i 398 95 52 i Ap A 5RO 19 8 T
BRI AD BAFEIRN AR AR, HiE
PG 2 fb g o AD Wtz —", H
il 5 AD % UIARSC B WA L INOS & MMP-2 £
B RMEAE AD KA R R K2R 7 g e H
WFFE 1 AT 18 .

AWFTER I AR & HEST LT AD K RALH,
JEIn Tan 11 A #E B #7249 T H0LE , W% Tan (I
A X AD #ER B 27 2T 042 BE ) it S N 355 3 R i
H H S S0 40 BT HX INOS K& MMP-2 4 P K
AR R M LIRS, 381 Tan 11 A
X AD Biia i 43 7 HLH

1 #MBITE

1.1 %£%®%4 Sprague-Dawley(SD) K ,8~12
WY R TR 200 ~250 g, MEHESS 2L W [ DS
JR-dL (SIPPR/BK) 52 55 3l 1) A BR 2> v L 5255 5 )
ATFEVFATIES i SCXK (7)) 2009-0016 . ff ¥ A 1E
SR SYXK(J1)2009-0014, A5 fE B R 1a] 5%, 15
20~24°C B 65% ~80% .,

1.2 EZZXAAMNE MMP-2 & iNOS £ 5w
G A 32 [H Cayman 23wl SCK A 1 ¢ 200 6 B

W, —28 RNA 207 & (TRIzol I &)W A
%[ Promega A ] AB. Tan [I ACZERE > 99%) )
Hofts A= AR50 ¥ 08 [ 35 [ Sigma-aldrich AR, &
W I 52 ) £ A 2 [ Bio-Rad A #, 1 MEA (re-
active nitrogen species, RNS) H Hi 2 [ £ $§ — & Ak &
(nitric oxide, NO) M i3 & A 2% A B F (ONOO ) ] #l
TP S (ROS) A6 38 57 & ¥ 1 11 26 [ Invitrogen 2%
Al 4 H3) Morris K3l 5 BB A BR
NFIATE, SpectraMax M5 I Z I HERFLAKS I R 58
h 2€ E Molecular Devices(MD) 2 & 4 7=, B W 5k
Ji L kA R € [ Bio-Rad 23 7477,

1.3 AD#h#EEREs SRk &
12Ty RE B A5 sh A L . B SD A BRL, B8 i 78 8100 g/L
17K A S (0. 35 g/ke) BRI, [ 28 T 1l 37 AR 22 7 4%
e SR TRER 25 B I B R R L Sk TR E A b0 1, B R i
8 KB 7 A7 B L RIS 3.0 mm, 12k A7 il
2.0 mm &b, fCE T A A 06 2% TR E R A 2. 8 mm,
T D G 2 A R A8 HE A 10wl AR, BB 4L 5 min LA f#
T ST 7 1 8, 5 g e . A B IR O T
AR RUITF S &R Uw &6 0., BT
AR LH A R A R K

1.4 SBsHoralislRiR LB KRS
IEE X R AD BERIA A Tan [ A T4, HH
15 B, BRI £ 24 h )5 LA Tan [T AGHE T E KD
FRLA 50 mg/keg FIEWER , IEH 4 & AD BAI4] K
LA S BORIMME B L4k 15 d. R4S R 5 &3
Bl LA SIURE R 75 AR B L BROR BROBUN ¥ 5, FH vk A= 3
ERIKIF VL .-70°C LR AE L K I T N INOS & MMP-2
ERIUE S p & AR B SV X =3

1.5 Morris K g4T A F 0 £ S MESCERS ik
HEAT Morris KK EAT B2l E . HFHRKH T ARJE
%510 RIFEAPEAT Morris KB NR, LA A2 3R K B
MATK AT 4R TF € S & i 75 B[] 52 Sy a0k ki v AR
Wi, #HKREAE 1 min WK EF 6 90 5k 3L 52 Br ik
WK AR 1 min (AR K BTG 00EH AT 5]
FEIHER 20 s, HGREERIICE N 1 min,

1.6 KA#EDLAINOS Z MMP-2 £ B & iké) RT-
PCR #m i TRIzol ¥ # B4 2 K FUBT & 1 5
28 RNAL T HEEH RT-PCR &1, iNOS,
MMP-2 K % GAPDH %K 15149 K& PCR 724
BRI 1,

1.7 KA HEDL A INOS & MMP-2 & & & ik 4 #
A ST SRR (3 MO T H R
WA, —HA R INOS & MMP-2(1 = 200 i
B .37°CHEE 1 h, —Hih HRP-IgG. =M F 1 h.
NBT &, 55 A 0.5 mol/L EDTA & 15, ic
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Tab 1 Primers and PCR product of two target genes

Gene Primer(5'-3") prodii/lR( bp)
iNOS
Sense CCC TTC CGA AGT TTC TGG CAG 441
Anti-sense ~ GGC TGT CAG AGC CTC GTG GCT
MMP-2
Sense GGA GAG ACT ATC AAG ATA GT 512
Anti-sense ATG GTC AGT AGA CTT TTA CA
GAPDH
Sense GTG TAG TCT ACT GGC GTC TT 266
Anti-sense TCT TCT GAG TGG CAG TGA TC
L8 XABLNFFHEMAMANEN KLY

KBTI D AT A ) 38 B0 B B o7 B R AT
AEEESENE. Bt NO.ONOO K& ROS il &
Y92 B Sk Oy i 4 IR0 S B R U I AT R A

®2 BAXRKEE

DA S 19 5206 (FL) B¢ 58 AWl D8 550 HAH X T
Xof HECZH B BME (V00 3Ros R BRI S R A H R
i,

1.9 Zitgam HmPYL v+ £IRKRH SPSS
12. 0 JAFHEAT 431, 4L 18] o35SR O 22 43, P LE
B SNK ;40 X WF 58 R FH Spearman AH G717,
P<0.05 WERAGIFE L,

2 &5 B

2.1 XRATAFAEMNER KA KE Morris Kk
B M UAT LR R LK 2, XA K AD BRI
1457 257 30k s v AR 300 34 H O 45 L B AD B2 5 )
HEZH HE P 2 20k s 08 FR 30 B 2 4E K (P <C0. 05 3k P<<
0.01) L5, 5% B4 AH L 42, AD BRI 41 K R
TR R AW Wk A8, I Tan [ A T FlZH M SE
Bidsk i 1 RAADIFIR S AD B AL 2 LA 0k ik v
AR A B S 46 7 (P<<0. 05)

ki B K HA B BE A2

Tab 2 Comparison of escape latencies of rats in three groups in water maze

(n=15,7=%s,¢/min)

Group d1 d2 d 3
Control 22.43410. 38 10.56+5. 39 12.87+6.77
AD model 44, 564+15.72" 34.56419.88" * 27.98+11.64"
Tan [ A intervention 29.88413.274 21. 31409, 4284 15.65+8.81 A4
AD: Alzheimer’s disease. * P<C0.05, ** P<C0.01 ws control group; & P<C0.05, &4 P<C0.01 vs AD model group

2.2 Tan Il A% AD # %8 X & L A INOS &
MMP-2 A BB & @ Ak ®a AR L KRG
Py INOS K MMP-2 JE K 3238 19 RT-PCR £ I 19
HLPK S SR LI 1A R 3, AD AR FUE D Py MMP-
2 M iNOS K& K9 L UK 251 56 2 BT 8 7 0 B 4
(P<C0.05),1MM% Tan [ A T WUEIT G B4 3 K 1)
HL Pk 2% a7 Jo BE B8 AD A5 A 41 ) By B 3 R (P<
0.01),iNOS K& MMP-2 & H 3 ik i £ I 45 5 (&
1B, 3) £, AD AL 41 K R 5 N iNOS K&
MMP-2 [ 338 B BB 8 B R (P<<0. 05), T4
Tan [ A THIRITIE .5 AD BERIA A L. K BRUE
B INOS K MMP-2 1 & [ &5 K 7B 2 T
(iNOS, P<<0.05; MMP-2, P<<0.01),

2.3 INOS 5 MMP-2 &L 6940 %E5H K H K
B SN INOS Kk 2 5 H X i MMP-2 335 & i
T Spearman S48 — K 3 AH GV 3 B, T 1 R ik
1E mRNA /KPR35 8 32 B A G (mRNA, r=
0.891,P<C0.05; & [ ,r=0. 914, P<0.05),

MMP-2—

iNOS—

GAPDH—

A

1 2 3

1 2 3
svro— - —
INOS — [— - | —

GAPDH— B

B 1 MMP-2 % iNOS £ E# RT-PCR &l (A) &
EBREWNEGNELN (B)
Differentially expressed MMP-2 and iNOS genes (A)

and proteins (B) identified by RT-PCR and

Fig 1

Western blotting analysis, respectively
1. Control group; 2: AD model group; 3: Tan [[ A intervention

group
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£33 Tan [ AXMESHAXARED N INOS K MMP-2 ERAREARIEN I
Tab 3 Effects of Tan [ A on gene and protein expression of iNOS and MMP-2 in three groups

(n=15.x=%5)
Gene expression Protein expression
Group - ;
iNOS MMP-2 iNOS MMP-2

Control 0.43+0.03 0.56+0. 05 0.33£0.02 0.4640.03
AD model 0.88+0.12" 0.927+0.10" 0.73740.09" 0.7740.08"
Tan [ A intervention 0.66+0,.03 &4 0.624+0.09 &4 0.5240.04 & 0.5240.05 &4
* P<<0. 05 ws control group; £ P<0.05, £4 P<C0.01 vs AD model group

2.4 Tan ] AMKXRAELABKARLALTHY
o AD KR B S N R NOL ONOO K ROS
AR ER N M Tan 1A T HUN =3 500 1
GERLLZ A, S5 IL, AD BRI ZH K U SN 3 A

AHZEMNEEEX ALY B (P<0.05),Tan I
A THES AD BRI A AH L, KRGS N 3 Fl A B
Ry & B S R I (NO, P<<0. 05; ONOO ; P <<
0.01;ROS,P<<0.05),

®4 Tan [ AXKRIED AN NO.ONOO & ROS 183 iR B 1 % 1
Tab 4  Effect of Tan I A on release of induced NO, ONOO™ and ROS concentrations in 3 groups

(n=15,7%s5, %)

Group NO ONOO ROS
Control 100£0 100£0 100£0
AD model 165.32422. 35" 215.44+£33.25" 209.511£36.8"

Tan [ A intervention 124.58423. 554

174.114+12. 32 &4 161. 87423, 544

* P<C0. 05 ws control group; & P<C0.05, £4P<C0.01 vs AD model group

3 @

AD 2 Z HZ 51 W R 2% FEALHI X B
Z BRI« 2 F S5 B SR 7 T AR 2 4% Bl i
ik AD i 3L [R)5E #% , & AD B BB R TR 1 3G
. AR FERIG R BTN 1 3 B AD W 3R A 5
PR — A R R A, O LR T NFT Al &R
e 2 78 % A0 PR AR AL R RAE IR . AR M & B
YW RS2 1 43 F LIS . AR o AR T 5
TR T E RS AD BH E WD LR w4
JRETRWEEME, AD BEERN KL AR BIM
WERL, SBUA N &8 B IR BB R R A s,
MMPs & 152 H BT FE Al h R i 5 A i %
PIMC ) G iz —2 ., AR as RRY,
AR TES kBTS2 1 AD BR K B E h MMP-2 25
P 22 A 55 1F %t BB 41 3 = . TR s 00 2% 31 AD AR R
MR =L T N R, R MMP-2 Ry —
Fir AR AR IR 7 CEE B 1 L 7 AD P B B e AT i
HEMAEYFIRE, W AER AD F 2 Wi & 2 5
TFhrEwz—,

UEAE SR A R BB B 5 A Sk R A
AD &% RE I & B — S . AR N IE
WA TFAELEE MY B o™ A 505 B 10 8l 24557 i ] 9%
B AD 51 &1 AR IKBEUTRA A R FrdTak ™, it

WS4 ONOO 2 40 i 9 48016 BE g 5 5 14 306 1
R A H A T B AR OREE B s PR s
iS4 T5 30 , 51 A R BT | B 48 1 45 o A Ak B =X s g, 41
il 2 0 A e R E AR W 2R T EE L XS ONOO
ATRERLN Z PP M BB R A T, ARG
RFW AR LT L B AD BUALK BB 5 ik
SRIE ONOO K& ROS & it A1 v . [
IR E] AD K BL2% 2T id 12 BE 1 A R T B, 26 B 4R
25T AD B, & AD JE R — A~ &
ZHZE, ONOO Al 5 ROS #t— W [EAEH ., 5] &
— Z A Tl R B H ROS AT AE S 41 g N &
BLRIEE G, B PTK, Ras, MAPK %1 it 17 £
WA G S AR

NO SZE I ol f h R g iz —,
TEMLN I NOS fifb ™= 4=, NOS A 3 Fim A, pf 22
A NOS(nNOS) FEAATE T ol Z 4L, N J2 7 NOS
(eNOS) FEAATE T 14 N B2 . 75 % 8 NOSGINOS)
FEAFAE T R 00 R/ i A i, Ak B
NOS H nNOS # eNOS 4l A% . — 3% X g A R 2544
A NOS(eNOS) , HA% PR Ca®" /CaM (B8 £ ) 5
7T 7 e 55 B Bl 0 25 AR L INOS AT 9175 5
WL RSB NO, HiG M AR K Ca®' /CaM, 3 Fil
NOS 7€ il 20 21 19 2= 9 2% ) B8 A [\, nNOS Al
eNOS P24 1 NO HA M A9 oige . 1m iNOS =4
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