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Neuroprotective and mechanistic study of GJ-4 on okadaic acid-
induced memory impairment in mice

YANG Yang®, SHENG Chan-juan’, ZANG Cai-xia, SHANG Jun-mei, BAO Xiu-qi, ZHANG Dan’

(State Key Laboratory of Bioactive Substance and Function of Natural Medicines, Institute of Materia Medica, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: GJ-4 is crocin enrichments extracted from Gardenia jasminoides J. Ellis, and our previous studies
have shown that GJ-4 significantly improved learning and memory impairment induced by Af in mice. Herein, a
memory deficit model was developed by injecting okadaic acid (OA) into the lateral ventricle of mice, and the
neuroprotection and underlying mechanism of GJ-4 on neuronal injury caused by Tau hyperphosphorylation were
investigated. The Animal Care & Welfare Committee, Institute of Materia Medica, CAMS & PUMC has approved
all procedures (No. 00000318). GJ-4 at different doses was intragastric administration to mice for 16 days.
Step-down test and Morris water maze test showed that GJ-4 could significantly improve OA-induced memory
impairment in mice, and reduced the loss of Nissl bodies in the hippocampus of mice. GJ-4 could also decrease the
phosphorylation level of Tau protein at Ser396, Thr231 and Ser404 via increasing protein phosphatase 2A (PP2A)
activity and inhibiting glycogen synthase kinase-3f (GSK-3f) activity. Besides, further researches indicated that
GJ-4 could inhibit the level of oxidative stress in the brain of OA mice, reduce neuronal apoptosis and inhibit the
neuroinflammation mediated by activation of astrocytes in the hippocampus of mice, and eventually achieve its
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effects in improving learning and memory impairment in mice. According to these findings, we anticipated that GJ-4

might be a potential therapeutic drug for Alzheimer's disease.

Key words: Alzheimer disease; GJ-4; Tau protein; okadaic acid; neuroinflammation
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Figure 1 Major peaks in the crocin-rich fraction identified in HPLC-ELSD at 440 nm
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Figure 2 Experimental procedure. Mice were microinjected with OA on day 1 and administered with GJ-4/donepezil on day 3 for 16 days,

and sacrificed on day 19. Mice were tested by step-down test on day 10 and Morris water maze test for 8 days from 11" to 18™ day. OA:

Okadaic acid
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Table 1 Experiment related primer sequences™. GFAP: Glial

fibrillary acidic protein; IL: Interleukin; COX2: Cyclooxygenase-2

Gene Primer sequence
GFAP Forward 5'-TCCTGGAACAGCAAAACAAG -3’
Reverse 5-CAGCCTCAGGTTGGTTCAT-3'

IL-6 Forward 5-CTGCAAGAGACTTCCATCCAG-3’
Reverse 5'-AGTGGTATAGACAGGTCTGTTGG-3'
IL-10 Forward 5-GAATTCCCTGGGAGAGAAGC-3

Reverse 5-TTCTCACAGGGGAGAAATCG-3'
Forward 5'-GAAGTGGGGGTTTAGGATCATC-3
Reverse 5-CCTTTCACTTTCGGATAACCA-3
Caspase 9 Forward 5'-AGCCAGATGCTGTCCCATAC-3’
Reverse 5-CAGGAGACAAAACCTGGGAA-3'
Caspase 3 Forward 5'-CCACTCCCAGTCATTCCTTTAGTG-3’
Reverse 5'-ATGGACAACAACGAAACCTCCGTG-3'
Forward 5'-TTCCCGTTCAGCTCTGGG-3'
Reverse 5'-CCCTGCATCCACTGGTGC-3'

COX-2

GAPDH

EH R IEENIESEIE (Western blot) 14 RIPA 21
(1<, b A T A9 TRE B 4 A BR A 71, €500005):
B AR FR WA 7 (100%, bt B E R A R A A,
P1260): & (A B 11 71 (50%, TargetMol 23 7], C0001) =
97:1:2 B LA e 1) 2H 2R AV, 44 1 pL 2H 2R 2 v 2R
fift 1 mg ZH 23 L AR, 75 DK 254 T S R B
HZ . SRJEHEAT Western blot, H 10% B+ = f= I 6 R
By TR T 7 T M g g LUK (SDS-PAGE) 43 85 28 iR, 5
&= A% F 045 um K w9 4 & IR (PVDE,
Millipore 24 7, IPVH00010) F . Il A p-Tau (Ser396-
Thr231.Ser404) (I % 2= v WA PR A 7], AP0163
AP0053+ AP1378). Tau (Cell Signaling Technology 2
Hl, 43894), & [ 1 2 B 2A (protein phosphatase 2A,
PP2A, Cell Signaling Technology ‘A 7], 43894).p-PP2A
(Tyr307, Becton, Dickinson and Company, 610555). H#
JR 45 B -3 (glycogen synthase kinase-38, GSK-3,
PO 28 5 AR A BRA ), A2081)p-GSK-38 (50
IR 7 E YA BR A 7, AP0039). cleaved-caspase 3
(Cell Signaling Technology A 7, 43894). 15 ‘T 4! — %4k
% & B8 (inducible nitric oxide synthase , iNOS , Abcam
AT, abl78945) —Hi 4 CHERIFE . AR5 5H M
HRP I 9l =R 2 he Weid 5 & 6 i
LAS4000 1k 2% K N R4t (GE A &) BT, F Gel-Pro
A 53 B 2% T K

FITFESH LI 45 R SPSS19.0 #AT Si it o
Mo AT 9% 290 £ LLIAME + FRifER (mean + SEM)
TR, HRSLWHAE L LAE £ brdEZR (f+5) Ron.
A [F] 25 1 1 22 S LU AR H B DRL R 7 22 23 AT (one-way
ANOVA), #R J5 Fil LSD-SNK £ 5. A P < 0.05 £/~ %
RAERgFE L.

¢
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ARSI T GI-4 45 2555 7 RIF AR AT Bk & % > Al
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50 F1 100 mg-kg" 1677 J& /1> BBk R ~F & 18 AR 51 B
REK, B R CECE 2 kb, BB — T B RN K
% (FEI3A.B).
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FLAT SE 56, 5 16 K 3E4T Morris 7K 2K 25 4% 1) 48 R 52 46 .
SRR IR, 158 ST SEIS A, BE A I SR R E K
BRI /N R 5 8 T AR/ RAH LR 2)°F & iR R
WAL, 55 7 RV L B B AE K, 2 3T 87 H B
;45 T GI-4 1677 J5 /N AR 207 & 0B R 45 82, 5 )
eIz fe /1158 (I 3C D). fE55 8 R AIIR R L,
FRARY ZH /N BT IR 2T 5 FR e ) B 5 S K, 27 T B 1
PR 2 kD, GI-4 2557 & 41/ R AR 27 & 178 R 1
FIVZE RS B P R B0 ) 2 R A4 A b 4 R 32
50 f1100 mg-kg" GI-4 /R % 2 id 1268 ) B 1 =,
25 T PHPEZ 2 RURSS 5 /N RAK 2 & P AR 2 3%
g HL2F 8B AR R R 1 B s 2 48 = (B 3ELF).
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J DA I #1280 T B i 22 P 485 1) B T 4 4 05 T
SHEBEEMYRMIS . ALK R KGR J7
%, SN e IR TS S EH, LAV G4
NS WA TR ER . 45 R BoR, MK =
S OA JG/NRIF D CAI I CA3 X B RiA K EFE ., B
I/MEAR /N, TEH TSN (B 4A.B), CAL FICA3
X B 4 24 i i R ) S 25 PR AIG (B14C. D). 3ESE 16 K4
T GJ-4 100 mg-kg' )&, /NS CA1FICA3 X Jg KA
LR BIED, TR E (K 4AB), BH 14 J i
AR (2 3 1 0 (&1 4C.D), 417 GI-4 BE S /> OA FiF
FEW /N BRI DA T .

3 GJ-4ilEAD NRED Tau ZEA T ERER L RS
PP2A JEMHHIHI GSK-38 BYBUE

S SZ 363 7E Western blot £/ 5 5§ Tau B H
BRI K, & BN i =2 33 5 OA 5 AD #5814 /) B i
T Tau 25 [ Ser396. Thr23 1. Ser404 7. s i 2 . /K V- 5



© 3632 -

224t Acta Pharmaceutica Sinica 2023, 58(12): 3628-3636

>
[353
=3
=1

Ak

N
I3
S

o
S

##

Latency /

v
=]

%

> SN
%&,& o & RO I
&
9 GJ-4/mg-kg!
C Sham OA Donepezil
1 1 =S 1 1
N F \ 4
7)) &R0 /ﬁ“’
\o
[ '
12.5 mgkg' 25 mg- kg 50 mg: kg 100 mg kg’
1 oo 1 11 1
/\ \ /
\/ "
m v 111 v on v
GJ-4

H#H#

60

a N

g
5
b=1
=
o
o
=)
2
7]
2
5}
=]
=]
>
%)
=
2
<
—

LS
GJ-4/mg-kg"!

Ny
&

oo}

Latency to find the platform

Number of errors

[N]

o

o

IS

4
9@\

PP

<
%

GJ-4/mg kg

-o- Sham

-= OA

-4 Donepezil

—— GJ-4 (12.5 mg-kg")
GJ-4 (25 mg-kg")

8 -5 GJ-4(50mgkg")

-8 GJ-4 (100 mg-kg™")

é"

‘2 3.0

2

S 25

E

3 2.0 7
a1 %
210 %
é 0.5 é
LS T P S

< GJ-4/mg-kg"!

Figure 3 GJ-4 improved learning and memory deficits in OA-injected Alzheimer's disease (AD) mice. A: Latency of step-down test; B:

Number of errors of step-down test; C: Representative paths to find the platform in Morris water maze test; D: Latency of mice to find the

platform in Morris water maze test; E: Latency of mice to cross the platform in Morris water maze test; F: Number of platform crossing in

Morris water maze test. n = 20, mean = SEM. P < 0.01,”"P < 0.001 vs sham operated mice; P < 0.05, P < 0.01 vs OA-injected mice
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GJ-4 attenuated neuronal injury induced by OA
injection in mice. A, B: Nissl staining in CA1 (A) and CA3 (B) of
hippocampus (40x); C, D: Statistical analysis of Nissl staining in
the hippocampus of CAl (C) and CA3 (D) in mice. n = 4, x £ s.
P < 0.001 vs sham operated mice; P < 0.05 vs OA-injected

mice. GJ-4: 100 mg-kg!
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GSK-3f 1M AR Tau 25 [ B ER 1L K-
4 GJ-440%) OA FrE AD /)RR BX R RO E 1L REUR B2
)i 2 95 5 OA AT 5 /) BUF PR I B8 4R A R R
N7, e 5T I S8 A BB B fig 7 ) MDA R & iR N Bt
SRR E R IE BR T GSH 1 & & b S AL B SOD
P 14 AT e R AL AR S I K S, A ST 3 ek
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Figure 5 Effects of GJ-4 on the phosphorylation of Tau, PP2A and GSK-3f in the hippocampus of OA-injected mice. A: Representative

images of p-Tau (Thr231), p-Tau (Ser396), p-Tau (Ser404) and Tau in hippocampus; B-D: Statistical analysis of p-Tau (Thr231, B), p-Tau

(Ser396, C), p-Tau (Ser404, D) expression; E: Representative images of p-PP2A (Tyr307) and PP2A in hippocampus; F: Statistical analysis

of p-PP2A (Tyr307) expression; G: Representative images of p-GSK-38 (Ser9) and GSK-3 in hippocampus; H: Statistical analysis of
p-GSK-3p (Ser9) expression. n = 4, x £ 5. "P < 0.05, P < 0.01 vs sham operated mice; P < 0.05, "P < 0.01 vs OA-injected mice. GJ-4:
100 mg-kg". PP2A: Protein phosphatase 2A; GSK-3f: Glycogen synthase kinase-34
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Figure 6 GJ-4 attenuated oxidative stress in the cortex and hippocampus of OA-injected mice. A: The content of MDA; B: The content of

GSH; C: The activity of T-SOD. n = 12, x £ 5. "P < 0.05,”"P < 0.01

,"P < 0.001 vs sham operated mice; P < 0.05,"P < 0.01 vs OA-injected

mice. GJ-4: 100 mg-kg'. MDA: Malondialdehyde; GSH: Glutathione; SOD: Superoxide dismutase
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Figure 7 Effects of GJ-4 on caspase 3 and caspase 9 mRNA expression and cleaved-caspase 3 protein expression in the hippocampus of

mice. A: Caspase 3 mRNA expression; B: Caspase 9 mRNA expression; C: Representative images of cleaved-caspase 3 in hippocampus; D:

Statistical analysis of cleaved-caspase 3 expression. n = 4, x = 5. "P < 0.05, P < 0.001 vs sham operated mice; P < 0.05 vs OA-injected

mice. GJ-4: 100 mg kg
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Figure 8 GJ-4 suppressed neuroinflammation in the hippocampus of OA-injected mice. A, B: Representative images of GFAP positive

cells in CA1 (A) and CA3 (B) of hippocampus (40x); C, D: Statistical analysis of GFAP positive cells [CA1 (C) and CA3 (D)]; E-H: GFAP

(E), IL-6 (F), IL-10 (G), and COX-2 (H) mRNA expression; I: Representative images of iNOS in hippocampus; J: Statistical analysis of

iNOS expression. n =4, x £ 5. "P < 0.05,"P < 0.01, ™P < 0.001 vs sham operated mice; P < 0.05,”P < 0.01,

mice. GJ-4: 100 mg-kg!
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