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Cyanidin—3- O-glucoside attenuates early brain injury after subarachnoid hemorrhage in adult mice through PKA/CREB
signaling pathway
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[Abstract] Objective To study the effect of cyanidin—3— O- glucoside (C3G) on early brain injury (EBI) after subarachnoid
hemorrhage (SAH) in adult mice. Methods Seventy—two male C57 mice were randomly divided into 6 groups, including sham operation
group, SAH group, vehicle group, low—dose C3G group (10 mg/kg), medium—dose C3G group (20 mg/kg), and high—dose C3G group (30
mg/kg), with 12 mice in each. Twenty—four hours after SAH, the neurological function was assessed by Garcia score and balance beam
score. The content of reactive oxygen species (ROS) and malondialdehyde (MDA) in the peripheral blood were detected and then the
whole brain tissue was separated for the detection of SAH grade and brain water content in 6 mice of each group. The ratio of GSH/GSSG
in the peripheral blood was detected and then the brain tissues were separated for detection of the expression of PKA, p—PKA, CREB, p—
CREB and GCLC in the other 6 mice of each group. Results Compared with the sham operation group, the Garcia and balance bean
scores and the ratio of GSH/GSSG significantly decreased, and the content of brain water, the SAH grade, the contents of ROS and MDA
in the peripheral blood and the expression levels of ~PKA and p—CREB and GCLC significantly increased in SAH group (P<0.05). C3G
significantly increased the Garcia and balance bean scores and the ratio of GSH/GSSG, and significantly decreased the SAH grade, the
brain water content, the contents of ROS and MDA in the peripheral blood and the expression levels of p—~PKA, p~CREB and GCLC in
adult mice after SAH. Conclusions C3G can improve the EBI in adult mice after SAH, which may be related to the inhibition of PKA/
CREB signaling and down-regulation of GCLC expression, and subsequent inhibition of oxidative stress damage.

[Key words] Subarachnoid hemorrhage; Cyanidin—3—-0-glucoside; Early brain injury; PKA/CREB signaling pathway; Adult mice

kBT H L (subarachnoid hemorrhage,

doi:10.13798/1.issn.1009—~153X.2022.04.011 SAH) 22055 B ZR 555 B 1A PN S A2 |, S R
BRI H - [ A AR ERE4 (81971133) 53k 50% , M I 5 5 30 6 451 453 (early brain injury,

fi e tio0te R AR CRIHRIC RIS ppry b g g ol 20, 4L SOR EBI A9
(B 5= ok A AR M ] TR S 5= R IR ) 5 110121 PEFH, Hp 57 | i 4 G A3 U &
BRI ATFIE B (3T ) TR AL 0L AR HR U

EETEH R EPR, E-mail : langguobiao6708@163.com SR N 3 B AR 2T T, 5 SAH AR IR AN



oGRS MR 45 202245 4 A 5527 85548 Chin J Clin Neurosurg, April 2022, Vol. 27, No. 4

-279-

UG B OER, YEdRIE , cAMP/PKA {55 58 i 15 =
50 S AR R 3 A A R 0 B 2E 2 S RE S g 5 R
BAL REHR, N E R, HRAPLEMl iR EE
FHS R %35 K - 3-0- % % B (Cyanidin—-3-0-
glucoside, C3G ) J& 2k 458 3 5 G v d i DL i) — 7
P aE , C3G T ket P B 405 EL A DR A/
1M H., C3G BE 11t cAMP/PKA {5 518 B& 410 i 4816 1
B, A SCERT C3G %/ U SAH J EBI (1520
K PKA/CREB {5538 e Hh I VE R

1 RIERH=®

1.1 £Bahmham 72 2 4~6 kL A H 28~32
o G TG RAEE 57 RIKAAEWA BRA R, L5 3
AR IE S SCXK (11)2020-0001], BEHL Y J9 4% T
AR SAHYL A AR5 (10 mg/kg) C3G 41 . h
i (20 mgrkg) C3G 41 557 i (30 mg/kg ) C3G 4.
1.2 SAH A A &1 4 N FH 250 5y Jok 28 o ik il 1 /N B
SAH AR i s v 5 198 B2 e 2 ARk /N U
SR AE H U] 1T, 43 B 20 35 B ik 35 N B ik - 35
Hhshlbk o Je A SRSk SN sk, Z25FLE4 N sl ki
iR o FE SR B kAT AR B EAK 1.5 em B
£ 0.625 mm [ JE B4k, FTIF 8N B ik , 6 JE e 2k
N HEHE LY 10 mm J5 , B 850N B0 ks 52 38 3 ik
43 BT Y Willis 1, 23 52 s 23 18, /N BRI 77
oAy SR B SR LR, S5 LA s Bk , T
Bk, 25010, F AR TRIBEEAE (B
SR I

1.3 #4hF AR SAHJS 30 min, I EVES C36,
W BE 43591 10,2030 mg/kg!™™ ", V) 4H T S 25 1A
FRA LN K . SAH J5 24 h, 4T Garcia A7 A 52
55 AR5, AL BENLI 6 H/N B E i 2E 1 7 4R
(reactive oxygen species, ROS) Fl A % (Malondial-
dehyde, MDA ) 7 gt 6 I , P B 5 4% o 20 4L 17
SAH H il PF43 , 37 BPFR A AR /K 7 i 5 R 4
6 SLHUAME M 730 JE AL A I IORD S A A 7 e
JK HEAE (GSH/GSSG) A I, 156 35 b HE R H i 2 2t
AT S PEEI LA I

1.4 Garcia ¥4 F& SCHR[1 21438 st A 734, B4y
2~154% Ay BB S R M A D) RE AT . 5, SR
INBAESE T H RIS SN 5 min, PR RE I TETE 51 (0
53)  ATE S AU A E A (143 AT S A4 il e
T I LT 34(24) AT 8 He k8 F P04~
N2 (353 ) s FoUR B DU R sl 22 A R, — s
ETES (0 53) , — B B G 3 (1 43) , — AL

TRIE Bh 248 (243 ) , SUNXTAR , 55 SAH Fif A TG I 18 25
B35 ) 5 55 =, P R B SR DU G sh 22 A X ke
— M AR TE G 3l AR TE AR (043 ) , — Ml B A 42 634
TGS AN (143, B 1E 3l L b ) — Mg 55 (2
53) WA ISR TG S FE AR XS FR 5 SAH BTG B 25 57
(343) ;55 04, LB TC I RE 1 , ANBEZEE (1 43 ) , — ]
FAARFE S5 (253 ) IR RE T IE . 5 SAH FiJC A W 22
S (343 ) 5 55 0, Ml — ) B¢ 4 52 343, JE RO (1
O3, —M S REREES (243, AU KR (343) o

1.5 FH#ARE®IES BOPE AR, SC5mHT /N BAE
WAL A B 10 s, SR 5 /0N BROBCFE R A Hp
6], WLEE 40 s B Bl 0 - O~1 43, AT RE 3l k% 5 2
I3, R 8022 em HAZ R B 2 /025 55347, B shilad 22
em HAFEE 2025 55441, B3AFE Mk 25 s WET—
AR B FoPA ;548,25 s N BIA P4l

1.6 ik 5 S MESCHR1 2138 7 k01T o
PR o W IR AR 6 B, AR BOAR IS 1 58 B B0 oy
R 0~3 90 A TCMBES , 1 G/ i e, 2 2%
Sy RE M e AR Bh kTR, 3 GO R I B N Y
JRAE Sk SAH AN F 25 7S AN AL 2
F1:0~7 43 M2 H IfiL, 8~12 43 Jy b BE H i, 13~18 K
R, HEBRTES/NT 8 43 1R /IN R B v B A
2 R I/ BRE A SAH A

1.7 FREZEAMNBEREE ARG 24 h BN
A HE/INER UL ZURREE (R ) , £ 100 C R HET 2
MG E A TSR (TE) . M KE=(RE-T
)R FEX100%.

1.8 48 f2 ROS A= MDA &2 4 B R IM4T R
B/ BUIR BR & ik 1L, 4 °CF 10 000 %%/min 250> 10
min, JHEBULTE R . ROS 7] & MDA 57 &
e FRUEIT A3 Tl 22 ROS FTMDA .

1.9 GSH/GSSG rAB AR M 4 FHFR1E GSH/GSSG 251
AR R P TR AR -

1.10 %7z 67 ik &AM /)N ERUNE S04 B J BCHS it i) i
ZHEL, Kl PKA .CREB.GCLC .p-PKA .p-CREB %3k
Ko St SIS J5 in A RIPA 243, 28 11 il
0ot SRR P ot O o) %1, 75 AL 30 min J5 ,4 C'H
12 000 % /min £ > 10 min, B _F 35 W% A0 fd
BCA 12U &b A7 £, el 28 1 B RE AR A 7 HL UK 43
S5 RS R PVDF I, BSA B 5 , b F—Pi A —
YU E , 10 BeyoECL &G WG ATHE Y . B-actin
NS i Image J 3T K BEAE 537 o

111 %3t 5 547 i FH GraphPad Prism v9.0 4 i#F
PG AT s TR TR DL wes e, SR FHBAIR E Ty



—280—

Hh I R A 20 MR A4 2022 4F 4 A 5527 555 4] Chin J Clin Neurosurg, April 2022, Vol. 27, No. 4

2251013 P<0.05 /s 225 BAT G418 3o
& R

=A

2.1 C3G*T R SAH B A 27k 69 %k HEFAR
ZHAH Y , SAH 4H Garcia P43 F1F- 15 A 5256 PF- 43 47 BH
R (P<0.05; & 1) 5 C3G BA I 34111 Garcia TE43 Fil
A AR S B 43 (P<0.055 81 1), H DA 7l €3G 1E
B i (P<0.05; 181 1) o IRIIL, £ 20 me/kg A fx
AT R 25

2.2 C3G AR SAH G fla & K Ao i dn 5 17 9 69 %
o ST ARAAA L, SAH ZH ik & K B B S L
I PE5T I 4 5 (P<0.055 1812) . C3G W S 4% ik
Bk B MR PR (P<0.05; & 2) o

2.3 C3G /) R SAH J& 5 ] dn AL 52 3% = 4 69 %) ofa
H5RF AR LR, SAH 4151 # 1. ROS . MDA 5 = #
T3 55 (P<0.05; 18 3) , T GSH/GSSG H B B i [ 11

2

Garcaifst (#)

ak
@

10 T T T
'SP S
% o *ﬁ-&.&a@y‘?f

)P

&

FARTEFS ()

°,‘9‘§& S 5 F 5
R ,@"?b

B 1 C3G 35 SAH &G Ab 42 5 f 69 % v
S FRemp i, P<0.05;: 5 SAH 4848 2 1A bb, # P<0.05

o‘b

e
H

s
2

BdkE (%)
e
2

e
]
w

LS

<@

B2 C3G3t & SAH G a4 K2 Fo b fn 2 1F 5 09 %5 v

LiBF Kmtn gAML, * P<0.05; 5 SAH 2848 B AL, # P<0.05

54 * * 25 1.5
] 4. ] * - 4
£ £ o 5
E 3 g 15 i O
g 24 _tlf % 1.0 = § - - -
E 14 é 0.5+ %

& . -
g4 Q@ & d& 0.0 &; 0.0 r

p-PKA[mm e

WEAE Lol melR GG

B3 C3G 3y B SAH J& 91 B dn AAL B = 44 49 % v
LB F K g {Erk, * P<0.05; 5 SAH 4848 B {A bk, # P<0.05

40kDa  P-CREB

BERE SAME  mEE cacm

BERE  SaMEm  RME ="

B-Tubulin | 55kDa B-Tubulin 55kDa B-Actin F . — |d3kDa

15 1.5

3 B

x ®
1 - = 1 ¥

: . ; 3

? [ o - E os i L

Ol Lo ‘.
FreS FALS

BEAE  seds  mmE  ciom BEAN  sem  wmm  ciom B 4 C3G 2 /s S SAH s 48 42 PKA/

PKA 40kDa  CREB 42KDa  Cppp = 2 3 5k 45 2k

1 8 AL, # P<0.05

-3 -

#

-

i LR

:




oGRS MR 45 202245 4 A 5527 85548 Chin J Clin Neurosurg, April 2022, Vol. 27, No. 4

-281-

(P<0.05;&13) . C3G i FEARAR A 1 ROS MDA 7
i (P<0.05; & 3) , B 2 34 il GSH/GSSG e (P<
0.05;183).

2.4 C3G 3t/ B SAH s 28 22 PKA/CREB 13 5 i 9% 8
%k S5 F AR, SAH 41 p-PKA . p-CREB Fl
GCLC & 35 7K - Bt B A1 (P<0.05; 81 4) , 1] PKA .
CREB FKik7K-F-ICH] A8k (P>0.05; K1 4) . C3G ]
S SAH J5 ki 4H 24X p—PKA . p-CREB ., GCLC %3k
JKAF(P<0.05; B 4) , i % PKA . CREB 2k 7K - JC
B (P>0.05;K4),

34 i

ASCE R R, C3G A B £ 0 PKA {5538
B, R AL N R 7, 25 /N B SAH S EBL, EBI
SAH JF 72 h W &AM — R SR BN, 2 SAH AL
T B R EBL A HL A 5 06 P05 vy |
TMARTE B L B8 TR s 24t 2 | I ot i
IR L RAE AN AR AL B 2 N L o 4 A 2 1 g o
4 JL[AZ 5 SAH JG i IAET -, e A U REREmR" . 4
AR A 475 2 H o Z S B ML, &5 72 h N, BT
AL D BRI A P 2RI I, 5O
70 2 DI AE O

P AR B BT 4 A0 I Sy i 245906 Bl 1
TR E AL ISR . C3G SR AE T Z M hdse UL
— BT EAR PR A B, C3G AT LA AR AR A 57
)4 28 0 ) S AR I DA 1, S 2 v A LS ) e
AT, WFSE KB C3G AT BE S i A ok
& GSH A AEHT EAN J fh 28 AR 4P PR 7 €36
W AT e HAL A S P ER . B9 C36
FEAEFE pHAE N ANRRE , T LB R A R LAS R A
A BT, 3K P AP A ) ER BB 1] H.0, 175 T (1)
LRI T BE A% A DNA A Befk ; Hok, C3G B Wik
Ja , B A BN - R, C3G IPE IR T
BHABY AT, AL ZER BN, /N SAH 5
Jii K B ), A0 & 1 ROS A1 MDA 5545 B S 38
ZLTIRE™ T AZ A0 5 T C3G B IR Ak K A, B4R ROS
HIMDA 7K, 349 GSH . p—PKA il p-CREB, GSH £
B SR GCLC I B, X% C3G Al fig 2
A L G PKA G %, IR GCLC, fid i GSH A& B, 8
Uk R CANR C I N &L Al (EIEE IS

WF TR, Do A B A ) A8 A0 0 3, P OR SAH
J& EBI™, SAH G AEM MR AR 3 2 — A A 412k
H B & 274 ROS, 2k R Rt 242 o ROS 1 4E
B, NIRHEDT A IR R G052 2], ST 2

TR, WFL s GSH A PT E Ak 2 GE 7 4i it B
TR PR AR A A R i AR T, cAMP/PKA {5 538
BT LU HE GSH B2 . €3G B A2 1 PKA W iR
b, T2 2 CREB BE Rk , 175 5 GCLC ik , i i
GSH M4 R, B P A AL E R,

ABGE A AR Z AL . 7E SAH AL HIVE
HUNEIY SAH P43 FF A — 3, X P RE 2352 M0 /N B
S IARbR, HATHC RPN PR AR . LAk EBI
() & AU 3 B2 4% iR 4E JRAE S I 5 22 i 3
J W7, AR AR 5 1) i A 22 P B A A, 7
B BN Z R 2Z B 1 SO o ARSEBG AU X C3G X T
ROS #1 MDA #9722 b #4754k , GSH/GSSG . p-PKA,
p—CREB F1 GCLC ()34 Jin E AR 478 T C3G ml BRI AE
JHIE % 5 C3G J2 1 5 H B K R AE e AR TR T
AERE . R, C3G %t T EBI 2 W] & 5 4E I 1Y 8
T B — R .

A2, C3G BENR AR /N SAH J5 EBI, BiesE /N B
22 itie , HALHH B8 2 WS PKA {5 5 #% , 1A
GCLC 3k , il Ak R B I, DA T 9 40 S Ak 1 %
it

(&% 30Hk)

[1] Rass V, Helbok R. Early brain injury after poor— grade
subarachnoid hemorrhage [J]. Curr Neurol Neurosci Rep,
2019, 19(10): 78.

[2] Kamp MA, Steiger HJ, van Lieshout JH. Experimental
aneurysmal subarachnoid hemorrhage: tiding over [J]. Transl
Stroke Res, 2020, 11(1): 1-3.

[3] Matsukawa T, Villareal MO, Motojima H, et al. Increasing
cAMP levels of preadipocytes by cyanidin— 3— glucoside
treatment induces the formation of beige phenotypes in
3T3-L1 adipocytes [J]. J Nutr Biochem, 2017, 40: 77-85.

[4] Hu X, Yan J, Huang L, et al. INT-777 attenuates NLRP3—
ASC  inflammasome— mediated neuroinflammation via
TGRS5/cAMP/PKA signaling pathway after subarachnoid
hemorrhage in rats [J]. Brain Behav Immun, 2021, 91: 587-
600.

[5] Zhang J, Wang B, Zhao B, et al. Blueberry anthocyanin
alleviate perfluorooctanoic acid-induced toxicity in plana—
rian (Dugesia japonica) by regulating oxidative stress
biomarkers, ATP contents, DNA methylation and mRNA
expression [J]. Environ Pollut, 2019, 245: 957-964.

[6] Chen S, Zhou H, Zhang G, et al. Anthocyanin from myrica



—282—

F I R AP 2 MR R 2022 4F 4 A 5527 855 4] Chin J Clin Neurosurg, April 2022, Vol. 27, No. 4

rubra ameliorated d- galactose— induced memory impair—
ment, oxidative stress, and neuroinflammation in adult rats
[J1. J Agric Food Chem, 2019, 67(11): 3140-3149.

[7] Bagchi D, Sen CK, Bagchi M, et al. Anti-angiogenic, anti—
oxidant, and anti—carcinogenic properties of a novel antho—
cyanin—rich berry extract formula [J]. Biochemistry (Mosc),
2004, 69(1): 75-80.

[8] Cui HX, Chen JH, Li JW, et al. Protection of anthocyanin
from myrica rubra against cerebral ischemia— reperfusion
injury via modulation of the TLR4/NF-kappaB and NLRP3
pathways [J]. Molecules, 2018, 23(7): 1788.

[9] Muroi C, Fujioka M, Marbacher S, et al. Mouse model of
subarachnoid hemorrhage: technical note on the filament
perforation model [J]. Acta Neurochir Suppl, 2015, 120:
315-320.

[10] Di Giacomo C, Acquaviva R, Santangelo R, et al. Effect of
treatment with cyanidin— 3— O— beta— D— glucoside on rat
ischemic/reperfusion brain damage [J]. Evid Based Comple—
ment Alternat Med, 2012, 2012: 285750.

[11] Contrera JF, Matthews EJ, Kruhlak NL, et al. Estimating the
safe starting dose in phase | clinical trials and no observed
effect level based on QSAR modeling of the human maxi-
mum recommended daily dose [J]. Regul Toxicol Pharmacol,
2004, 40(3): 185-206.

[12] Sugawara T, Ayer R, Jadhav V, et al. A new grading system
evaluating bleeding scale in filament perforation subarach—
noid hemorrhage rat model [J]. J Neurosci Methods, 2008,
167(2): 327-334.

[13] Shao A, Lin D, Wang L, et al. Oxidative stress at the cross—
roads of aging, stroke and depression [J]. Aging Dis, 2020,
11(6): 1537-1566.

[14] Rashid K, Wachira FN, Nyabuga JN, et al. Kenyan purple
tea anthocyanins ability to cross the blood brain barrier and

reinforce brain antioxidant capacity in mice [J]. Nutr

Neurosci, 2014, 17(4): 178-185.

[15] Im SE, Nam TG, Lee H, et al. Anthocyanins in the ripe
fruits of Rubus coreanus Miquel and their protective effect
on neuronal PC—~12 cells [J]. Food Chem, 2013, 139(1-4):
604-610.

[16] Kelsey N, Hulick W, Winter A, et al. Neuroprotective
effects of anthocyanins on apoptosis induced by mitochon—
drial oxidative stress [J]. Nutr Neurosci, 2011, 14(6): 249-
259.

[17] Hassimotto NM, Lajolo FM. Antioxidant status in rats after
long—term intake of anthocyanins and ellagitannins from
blackberries [J]. J Sci Food Agric, 2011, 91(3): 523-531.

[18] Williams CM, E1 MM, Vauzour D, et al. Blueberry—induced
changes in spatial working memory correlate with changes
in hippocampal CREB phosphorylation and brain— derived
neurotrophic factor (BDNF) levels [J]. Free Radic Biol Med,
2008, 45(3): 295-305.

[19] JAAZR, Eha b, B S, 2. EF S5 ORJE N IR BUR O 58T J
HH L A7 B O (D v e PR 22 SR
2021,26(7):531-536.

[20] Fumoto T, Naraoka M, Katagai T, et al. The role of oxidative
stress in microvascular disturbances after experimental
subarachnoid hemorrhage [J]. Transl Stroke Res, 2019, 10
(6): 684-694.

[21] Zhu W, Jia Q, Wang Y, et al. The anthocyanin cyanidin—3-
O-Dbeta—glucoside, a flavonoid, increases hepatic glutathi—
one synthesis and protects hepatocytes against reactive
oxygen species during hyperglycemia: involvement of a
cAMP-PKA-dependent signaling pathway [J]. Free Radic
Biol Med, 2012, 52(2): 314-327.

[22] XUMEPK , St PRgge. Sk ST e b LS SR AE S, OIS i
(3. e R 2SR, 2018, 23(9) :636-638.

(2021-12-13 Wit , 2022-03-24 & [1])



