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[ Abstract)
in the APP™/PS1*® mouse model of Alzheimer’ s disease (AD). Methods

Objective To investigate the effect of cyaniding-3-glucoside (Cy3G) on glucose and lipid metabolism
Seven-month-old APP™/PS1*® ( PAP)
mice were randomly divided into model group (PAP), Cy3G treatment group (PAPCy, 5 mg/kg/d) and negative-control
group (nPAP). In addition, age-matched and normal wild-type of C57BL/6]J mice were selected and divided into vehicle
group (WT), Cy3G intervention group (WTCy, 5 mg/kg/d). Each group containing 12 mice, with equal number of male
and female mice. After 8-week Cy3G supplementation, microPET/CT was used to measure cerebral glucose metabolism rate
of mice in each group. Biochemical methods were used to detect the liver / kidney function as well as indicators associated
with lipid metabolism. After weighting brain tissue, the brain coefficient was tested and pathological examination was used
to observe tissues changes. Transmission electron microscope was used to observe neuropathological amyloid plaques
deposition. Western- blot was used to determine protein levels of AKT and JNK. Results Compared with the WT group,
PAP mice had low levels of "F-FDG uptake rates, especially in the regions of the frontal lobe and hippocampus
accompanied by the decreased brain coefficient and amyloid plaques deposition in hippocampus. And levels of aspartate
transaminase ( AST) and lactic dehydrogenase (LDH) were also increased in PAP mice, but lipid metabolism index was
relatively normal. In addition, the expression of JNK was decreased and AKT was increased in mice of PAP. However, in
the PAPCy group, "F-FDG uptake rates were obviously increased in the regions of the frontal lobe and hippocampus
compared with those in the PAP mice. And the reduction of brain atrophy and amyloid plaques deposition, normal lipid
metabolism and no obvious liver/kidney toxicity were also observed. Cy3G also could reverse the changes of JNK and AKT
protein. Conclusions Cy3G can improve glucose metabolism disorders instead of lipid metabolism, inhibit the senile
plaques deposition in hippocampus and regulate insulin resistance and inflammatory reaction associated with JNK/AKT

pathway. Thus, Cy3G has a good safety profile and may be used as an ideal alternative to traditional disease-modifying

treatments against AD.
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L5 TT
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0.0
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= gnF TR it B5
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T
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Cilyy
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iy
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lobe

et + 5 @
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B+ 5

Temporal

1 (A) Cy3G X} PAP /NEUR A ROT PISF-34 45 ST 42 B F-FDG A48 I0CR (% ID/g) RYFE
5 WT 4118, °P < 0.05,P < 0.01;5 PAP 4 [L4%,
"P < 0.05,""P < 0.01;(B)#40/NEURAIE XS WI MicroPET/CT 5214,
Bl 1 Cy3G X PAP /INEUI A A AR A 52 (n = 3)
Note. (A) Comparison of ' F-FDG uptake rates in the ROI of mice brains after Cy3G

supplementation for 8 weeks (n =3; closely age-matched). Compared with WT group,

“P < 0.05, “P < 0.01; Compared with PAP group, P < 0.05,"P < 0.01.

(B) MicroPET/CT imaging of mice after Cy3G supplementation for 8 weeks.

Fig.1 Effects of Cy3G on cerebral glucose metabolism in PAP mice.
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/NP F-FDG £ R AL, 1 PAPCy 2 /)N BRI A fr

G it
2.2 Cy3G xf PAP /IR I A 48 B BB AR 151 B =2 i
GBI 1 P, 5 WT AR, PAP 4/ Blif
THH AST #1 LDH KV R E HH i (P < 0.05), 1M
LDL REH Tt (H2: RR W2, 5 PAP 414H
L, PAPCy 41 1M1 3% LDH /K- ZFER (P < 0.05),
BEAN, 3G o ALT ZKSF-AE 25 2 /0N BR324 0 J 8 ik 2
5o $27n  PAP /N BAFAE ST E ThBe s, E IR A
WHAHXT IEH 5 Cy3G T 10 4% 2 /N BRJC B S 1) B 43
1, 7 HABAR EH

Fz 1 AR/ R A AT
Tab.1 Blood biochemical tests among groups of mice

20
(;E” J ALT(U/L) AST(U/L) LDH(U/L) TG ( mmol/L) HDL( mmol/L) LDL( mmol/L)

Toup

WT 59.7 £13.8 136.0 +23.2 711.3 +122.1 0. 807 +0. 204 1.31 £0.229 0. 308 0. 060
WTCy 60.4 7.5 137.9 +29. 4" 720. 3 +323. 40P 0.810 +0. 176 1.35£0.173 0. 304 +0. 056
PAP 64.7+22.31 178.1 £53.9 = 1337.9 +104. 32 0.848 +0.192 T 1.12 £0.206 | 0.332+0.075 1
nPAP 53.9 £14.3 144.4 +20.7" 1105. 0 £291. 8*2b 0.818 +0.254 1.34 +0.248 0.312 +0. 037
PAPCy 56.6 £15.6 149.5 +21. 4 1115.9 £204. 722 0.781 +0. 088 1.23 £0.389 0.301 +0. 039

W5 W4 EHE,*P < 0.05,“P < 0.01,*P < 0.001;5 PAP 4% ,"P < 0.05,"*P < 0.01,"*P < 0.001,
Note. Compared with WT group, *P < 0.05, ®*P < 0.01, “*P < 0.001; Compared with PAP group, P < 0.05, P < 0.01, " P < 0.001.

2.3 Cy3G xt PAP /MR I R B I R R 1B 5
TRy

M REEAIR W (22) , 5 WT AR, PAP 4]
NN R BRI, 2R BEASIHFE (P <
0.001) ;5 PAP ZHAH H, PAPCy #H/)N BUIN 2 B0 %
T, EZREASIEE (P < 0.01), HE §+f1
SEULRUA | 4% 4N BRI 2H 20 BRURG A oR LB g
W ARG S ZEA RN e (E 2) .

F2  AHME/NEUGRE
Tab.2 Body weight and brain index among groups of mice
2551 i
Group Brain
WT 0.0213 = 0.0022
WTCy 0.0207 = 0.0004 "
PAP 0.0158 = 0.0022 **
nPAP 0.0204 + 0.0013 *
PAPCy 0.0186 = 0.0021 *

W5 WT4HE,*P < 0.05,°P < 0.01,*®P < 0.001;55 PAP 4
H# PP < 0.05,"*P < 0.01,**"P < 0.001,

Note. Compared with PAP group, *P < 0.05, “P < 0.01, **P <
0.001; Compared with PAP group, *P < 0.05, **P < 0.01, ""PP <
0.001.

2.4 Cy3G xf PAP /MNRIEDZEBTE KA N
RIS AR TTRUE LAY AR B AD Y 2%
PRAFEZ — 38 3 35 59 L 50 WA [m] Ak 3 2 /) B
T P AR B AR U O, B 3 s, BE AR /N R
(B35 WT 40 f1 WTCy 2H) K [R) &5 BH 4 X B 4i

(nPAP) 1 B YA DA B AEBREIE A, J] 16 437 8 2R
TREEFIIE R ;1 AD BERL/NEL(PAP 4) /NERUE S h
AR B BAEBE DR, FLRE BBl A R R —
LAY FWE/NMA, 1T PAPCy 41708 BRI 5 ip B4R BEDL
UG P
2.5 Cy3G Xt PAP /MNRANZHZR JNK #1 AKT & H
E3rN: Al

ZERLANPE 4 TR INK 8 1 BB S RAE RN,
5 WT 4itt, PAP 4 INK 3 K B EREAIR, 2257
HAE G ¥ B X (P < 0.01); 5 PAP 4 H It,
PAPCy 2 INK FEH & T, 2 7 B A G 8 X
(P <0.05), AKT 2T RS RMMWEN, 5
WT Fl WTCy ZAH LG, PAP 20 AKT % [ 7K F .35 T+
L EREAGIHE (P < 0.05) ;5 PAP 41#
Lt PAPCy ZH AKT 28 H /K1 & B, 22 57 A 48
B (P <0.01),

3 it

BA[JR 2% 163 R 9% ( Alzheimer’ s disease, AD)AEN
ST b DL — Fh S AR TR AR, 78 T [ AR AL
WE#IT 600 J7,60 2 AHEH AD 1 B R 3%
~5% JFBEE N O IR B R FIH a2
i 5 B I 22 o AR S R RN IR TR YT AD
F14) = S 245 2 L P 410 ) 5] I BB DR AR IR
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B2 MiZHSUGEREK A ( x40 ,bar =100 wm,n =6)

Fig.2 Pathological examination on tissue of mice.

PAPCy#4

B3 @ T X AR B B LR 2 2L A 4 (A x 600, bar =5 pm;B: x3000,bar =1 um;n =3)
Fig.3 Representative electron microscopy of senile plaques surrounded by dystrophic

neuritis and autophagic vacuoles in hippocampus of each group
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A WT4

WTCyH

PAP# nPAP# PAPCy#H

JNK
46/54x10°
60x10°

T W

GADPH

ALK
Relative protein expressions
& 8 8

[
b
=)

0.00

a
b
} b
bb bb
¥

JNK/GADPH

AKT/GADPH

uWT mWTCy =mPAP =nnPAP mPAPCy

T (A) AR INK R AKT 2 RIB 44 5 (B) INK Al AKT 28 FURIS KB HT4 R 5 WT ALILE, P < 0.05,P < 0.01;
5 PAPALILE, P < 0.05,"P < 0.01,
4 Cy3G Xf PAP /ML INK Al AKT 25 HRIKBIRIR (n =3)
Note. (A) The immunoreactive bands ( JNK, 46/54 kDa; AKT, 60 kDa) were detected using chemiluminescence reagents. (B) The relative

density of the detected bands was measured and calculated by an automatic chemiluminescence imaging analysis system
Compared with PAP group, *P < 0.05, ®P < 0.01; Compared with PAP group,”P < 0.05, P < 0.01.
Fig.4 Effect of Cy3G on the expression of JNK and AKT in different groups.
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PEFRTRSE | B o3 A O, JF HLBE 3 5 A 1l 193 12
(AJLZETR ) |, 3% 7T RE 2 HAE A v 2 2 AR N 55
BRI IR o —Fh ] e S, 76 1 AR T 2R e
o g TE A D R R 3 K A AT R Y
FEHC 3 (Cy) 24 A i Fleschhut ™! fF 98t B2 48
WSS, Wi WA B A TR K i Cy3G BYRE T, RINKE:
Cy3G /K fi# % Cy A1 PA 1 J& 44 o] B AR R 414U
HoP AL FEAZR 0 b, 3 il A AR I 45
AR RE AT R PEH Cy3G T 100 18] 4% 4 /N BRURF
VI BRI I 55 57 PAP /N BURE 7 T
B OIRE AL, RN AR XS IR 1 Cy3G TRy
& d/INR IS TE BT 1 I B0, OF HBR ARSI R
R Jia 5612 BF5E & BR, 76 IR 107 41 2080 BT Ik
Cy3G 7] fub R ATC AR 28 1 1) JF 240 B v Bl o ve 32, G
O ST A B B AR R BOR R T R R 25, 4%
7N TEARFSE H Cy3G AT REXT AD /N BUREA 1y T &
FEE LA e AR AR R o A RO W,
XA B SR PR S X AN TR, Jia 5502 25 T 4 ML /K
- ERBIESE, A B 5T I AR ARG I, Ry i —
AT Cy3 G AL I8 15 Ml 7 A A AU e AD AT
REALI , 75 Cy3G T-Hubifa) AT 1 fili R EO0T 45
Grifs it BT SR By IX R I, A B A R e
S (BJE PAP /N U AR BV ), 4275, AD B
RUINEURTRE L T Bk 2247 , [ I g 5 AT L4 31 32

SEBEVLAL; AN FE Cy3G Y PAP /) B H: N 25 45 it 4
ARG BAEBE TR A T & ik . 456 LRI
FEACHIZEBL A 1B 00, I S 58 BRI 4 7 AKT/
INK #1281k, B iR 8 SOk &, f T 2 4% 51
il 1 = 2% KL K ( APP™/PS14% /TAU ) AD #5817\ i,
4 AJa, MBI XTI DI BE AT AD AH 5C fing J 2 AR
AISER e B R NG 7 B0 1 45 18] 2% ) BE
5 AKT {5518 B 2 A8 4 ¢, 5100 ] 22 tau 25 1
FRAL RN 9 e, T INK A8 B2 Ak /K S Tt i ml
DI EURE 85 R Z -1 (IRS-1, %6 307 Y225
) B Ak, i AKT IR ik, 2F i 20k 5 R 4K
Pi'? . Shih 2R HE—IESE, Cy3G K il A5 51
Tl 53 1) i e (] Ak BN A P 24 88 HepG2 4L )
—J7TH Cy3G it HACE ¥ Cy (cyanidin ) 38 13
P 40 M AME 5 I 5 I8 ( ERK) 1 INK {5 S B%, &
FEHUEACAVE R s O — 5 T, 9 5 ] R4 D[R] A5, 417
filf H,0, 175 5 19 A5 A8 AH OC 3L I 19 R 38 KF T
P& ROS A B FN 41 I ) 0/ 1, 22 A B AR DL B =
FIFEEPE, BEAh, AR RESIAE INK 15 575 0 I 1)
AR, S EOE DA 2o P ARBFIT & L PAP
/NEURRZH 2 AKT 2 3R K P Bl INK 8 &
KK, T Cy3G 1R W % T E & H K
M8 4k, $E78 Cy3G A B & X AKT/JNK 3 #% 19
PEATHET R T AD /0N BN R 5 R AT R AE R
W20 Al g R Cy3G T AD /) BRI % 45
BEAC 2T 0 S A

25 FRTIR, Cy3G 38 AD AR 2454 7 T HL
AT i 55 L A il i 2 A O, 8 IR 5 2R IR RN 2%
fRAIE RV AT 5, I Cy3G n] fig B AT W7 i 15 &
HERGR ATEE
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