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Abstract: Objective To study the protective effect of genipin derivatives against sodium nitroprusside-induced PC12 cells
damage and its mechanisms. Methods PC12 cells were treated with 62.5 — 1 000 pmol/L sodium nitroprusside for 24 h to
evaluate damage, then pre-treated by genipin derivatives for 2 h. Effect of genipin derivatives on cell survival rate of sodium
nitroprusside-induced PC12 cells was evaluated by MTT assay. Morphological changes of PC12 cells were observed by Hoechst
33258 nuclear and DCFH-DA staining. ROS and MDA production levels were measured using commercial assay kits. Meantime, the
expression of anti-oxidant enzyme gene was determined by RT-PCR. Results Compared with the control group, cell survival rate of
sodium nitroprusside-induced PC12 cells decreased in a dose-dependent manner at the dose of 750 pmol/L. Compounds 4 and 5§ with

concentration of 10 umol/L significantly decreased the cell apoptosis rate induced by sodium nitroprusside (P < 0.05 and 0.01). Hoechst
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staining showed that compounds 4 and 5 could significantly decrease the apoptosis of PC12 cells. The level of oxidative stress in

PC12 cells were induced by sodium nitroprusside. Compounds 4 and 5 could effectively reduce ROS and MDA levels, and promote

the mRNA expression of anti-oxidant enzyme genes GCLC, GPX, and CAT, but it showed no significant effect on mRNA levels of

HO-1 and MnSOD. Conclusion Genipin derivatives can inhibit level of oxidative stress damage in PC12 cells induced by sodium

nitroprusside, which may be related to the change of mRNA expression of anti-oxidant enzyme GCLC, CAT, GPX gene.
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Fig. 1 Structure of genipin and its derivatives
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2.4 DCFH-DA EMNAMAEMSESR (ROS) KFE

WAL FRLF 1 48 LA M5 F7 41 DCFH-DA 200
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#000.5 uL K Taq M 1 uL, /K478 % 20 pLo

*1 MENKBIMASERESIYFT
Table 1 Primer sequences of antioxidant genes and internal

control

HH ek 2l

GCLC  kjif: 5-TCAAAGGCCTCTAAGCCAGA-3’
Ff: 5°-AGATCTCCGTGTCGATGGTC-3’
MnSOD  _Ljff: 5°-CTCCCTGACCTGCCT TACGACT-3
it 5°-AAGCGACCTTGCTCCTTATTG -3°
CAT F¥#: 5-GAGGCAGTGTACTGC AAGTTCC-3
Ff: 5>-GGGACAGTTCACAGGTAACTGC-3’
GPX ¥ff: 5>-TCCACCGTGTATGCCTTCTCC-3’
Fiif: 5°-CCTGCTGTATCTGCG CACTGGA-3
HO-1 ¥ 5>-AGCATGTCC CAGGATTTGTC-3’
Fif: 5°- ACCAGCAGCTCAGGATGAGT -3
RPL-19  Ljif: 5-ATCGCCAATGCCAACTCT-3'
N 5'-GAGAATCCGCTTGTTTTTGAA-3'
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W1 SPSS 16.0 #cft, X &% M 34T Ge vl
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IEEAK; M5 500 umol/L I, FFUh BIRfhs i

P, HRAETER N (754+6.7) % (P<0.05); M
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2 FHLWY PCI2 MBERYIRGIER ( x£s, n=6)
Table 2 Damage effects of sodium nitroprusside on PC12
cells ( X5, n = 6)

*3 REFETEMMHEL NG S PC12 AEGFERH
g ( X+s, n=6)
Table 3 Effect of genipin derivatives on cell survival rate

of sodium nitroprusside-induced PC12 cells ( XS,

F4/(umol- L) A NATFHE /%
0 (KD 100.0+4.2
62.5 101.2+9.9
125 93.3+7.1
250 88.443.1
500 75.4+6.7"
750 59.8+2.7"
1000 367177

SRR TP<0.05 “P<0.01

*P<0.05 P <0.01 vs control group
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G 1. 20 3 AEFTRT I R B S e N 38 e
WA YER TS 4. 576 3 umol/L IRFET,
T 0] i 5 55 3 1 0 A 47 LA I R A e A
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DA. MDA il 71 & 3 ol K AR - Ab BE L A5
Yy 4. 5 AL 5 AT FAC BRI LR 41 Y ROS.
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n=o6)
A5 FHE/(umol-L ™) A A5 1%
Xof — 100.0+5.7
ki) — 57.6+2.5™
tEY1 0.3 60.8+3.6
1 62.0+5.8
3 69.4+53
10 67.1+53
30 68.3+3.4
&Y 2 0.3 67.6+1.8
1 69.1+3.9
3 68.2+2.8
10 652+1.4
30 65.8+7.2
EY 3 0.3 60.7£4.0
1 69.5+3.2
3 652+3.5
10 69.8+4.3
30 62.7+4.0
&Y 4 0.3 63.5£0.9
1 66.5+0.6
3 727+12"
10 85.7+1.5"
30 823+2.1"
&Y S 0.3 64.4+1.9
1 65.0+1.6
3 79.3+2.2"
10 89.14+2.1"
30 73.6+3.3

TR RALE: TP<0.01; HEAIIE: "P<0.05 "P<0.01
#p <0.01 vs control group; "P<0.05 P <0.01 vs model group

HW) 4. 5 TAREE S RE 2 IR IS S 1Y PC12
LN ROS /K, 2 HA G X (P<0.05.
0.01).

AN[FI AL FEZH 40 e Ny MDA 7K 284k 150 5 ROS
Ffho HX IR LLEL, BIALAIAN M MDA /K
Xof FEZH IR 3.82 %, 1T 10 umol/L L5 4. 5 FilAb 3
RE 0 5 PRSI 405 S 10 PC12 418y MDA /K1
(P<<0.05. 0.01), W% 4.
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X e

Hochest 4 {0411

%A Hochest JL o i
454 5 10 pmol- L™

EIRE NS Hochest 4 {f4(1#
44 410 pmol-L™!

E1 PC12 ARSI (Hoechst )
Fig.1 Morphological changes of PC12 cells (Hoechst staining)

® 4 mEEFITEMMHLNIESA PC12 HAEAN ROS.
MDA KFEM ( x£s, n=6)
Table 4 Effect of genipin derivatives on levels of ROS and
MDA in sodium nitroprusside-induced PC12 cells

( X£s,n=6)
Al I/ (umol- L™ ROS/% MDA/%
xif — 100.0+7.8 100.0+£13.5
A — 195.04+13.5"  382.7+28.1"
&Y 4 3 165.0+8.3 237.9%17.17
10 13234+53" 128.1420.0"
e s 3 135.0+£12.5"  224.4+163"
10 1243472 104.6+14.6"

GaBALLLE: "P<0.01; SERAILLE: "P<0.05 “P<0.01
#p <0.01 vs control group; P<0.05 P <0.01 vs model group

35 EERFTEYFSNECERERFZRIE

il 455 S 1 ROS. MDA /K F- Tt Al fig L5 41
My E S PUAE L E A K. thE 4. 5
XF ROS. MDA 45 £ I n] fie 8 ok 18 45 4 i 04
ER KRS, ST RT-PCR VAL 4510
IV BOAH DG BE DR 7K P B AR A R AR AR AHOCAE T, 45 R L
Kl 2. % 5. a5 RN, N T GCLC. GPX,
HO-1 1] mRNA FKik/K-, FEICT CAT ) mRNA

FiEIKF (P<0.05); 10 pmol/L tL&5H 4. 5 B
BINAY 485 S 1 GPX mRNA F£ik (P<<0.05),
{5 30 pmol/L tL&54) 4. 5 W A GPX mRNA #
ik TEFSE&AE N EIEE— 2T+ GCLC mRNA %Kik
K5 34k 30 pmol/L 459 4. 5 TiAbEE B B 52T+
BERYEA NI K CAT mRNA £k /KF (P<0.05).
B2y AN TG HO-1 mRNA Rk K P

R, RN, (LAY 4. 5 AbER41ERT PCI2 41
L) MnSOD mRNA K IE K- J6 W 2 521

GCLC
GPX
HO-1
MnSOD
CAT

RPL-19

X AR 10 30 10 30

WEW 4/ (umol L™ &5 umol L™

2 REFTEYIX PC12 ARt S LB E FE RiARIF2 M0
Fig. 2 Effects of genipin derivatives on antioxidant expression

in sodium nitroprusside-induced PC12 cells

%5 FREMTEVHWE MBS PCI12 MARHGNELEEERRIZKEHEIE ( Xts, n=6)

Table 5 Effects of genipin derivatives on antioxidant expression levels in sodium nitroprusside-induced PC12 cells ( Xs,n= 6)

25 4/ (umol-L™") GCLC GPX HO-1 MnSOD CAT
PGt — 1.0£0.0 1.040.2 1.040.2 1.040.2 1.00.0
R — 1.54+0.17 2.6+0.17 1.7+0.2° 0.840.1 0.6%0.17
ety 4 10 1.540.1 3.540.1" 1.840.1 0.80.0 0.7£0.2
30 294+0.1° 0.7£0.2° 1.84+0.2 0.940.1 1.940.1"
a5 10 2.840.2 34402 1.840.2 0.80.0 0.740.0
30 3.840.2° 0.7£0.0° 1.840.1 0.840.1 1.64+0.17

L AL "P<0.05; SEMALILE: "P<0.05
#P <0.05 vs control group; P < 0.05 vs model group
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EH, X GPX mRNA FIA LT R 5 R, 78
Al 25461 N E1E— 22 T s GCLC mRNA K&K F-.
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HUAEALEF GPX. GCLC. CAT mRNA [543 MK
YU ah 5 3 ARG AR T, iz AEH AT RE S AL
RN BT AEALEE R L. U ROS B RS A 2%,

Sk

[1] Yamazaki M, Chiba K, Mohri T, et al. Activation of the
mitogen-activated protein kinase cascade through nitric
oxide synthesis as a mechanism of neuritogenic effect of
genipin in PC12h cells [J]. J Neurochem, 2001, 79(1): 45-54.

[2] Luo J, Wang R K, Huang Z, et al. Synthesis of stable
genipin derivatives and studies of their neuroprotective
activity in PC12 cells [J]. ChemMedChem, 2012, 7(9):
1661-1668.

[3] Wang R K, Yang J, Liao S F, et al. Stereoselective reduction
of 1-O-isopropyloxygenipin enhances its neuroprotective
activity in neuronal cells from apoptosis induced by
sodium nitroprusside [J]. ChemMedChem, 2014, 9(7):
1397-1401.

[4] 5K R, MUK, VERVE, SE. P TN AN i S AL R
YR 1E (7], 24, 2014, 4(37): 640-644.

[5] LiuJ Z, Wang A H, Li L L, et al. Oxidative stress
mediates hippocampal neuron death in rats after lithium-
pilocarpine-induced status epilepticus [J]. Seizure, 2010,
19(3): 165-172.

[6] Parker G C, Li X, Anguelov R A, et al. Survival motor
neuron protein regulates apoptosis in an in vitro model of
spinal muscular atrophy [J]. Neurotox Res, 2008, 13(1):
39-48.

[71 Zheng W H, Quirion R. Comparative signaling pathways
of insulin-like growth factor-1 and brain-derived neurotrophic
factor in hippocampal neurons and the role of the PI3
kinase pathway in cell survival [J]. J Neurochem, 2004,
89(4): 844-852.

[8] Jeong H S, Kim S W, Back K J, et al. Involvement of Ras
in survival responsiveness to nitric oxide toxicity in
pheochromocytoma cells [J]. J Neurooncol, 2002, 60(2):
97-107.

[9] LiC Q, Pang B, Kiziltepe T, et al. Nitric oxide promotes
survival of cerebral cortex neurons with simultaneous
addition of [Fe(II)(B-citryl-L-glutamate)] complex in primary
culture [J]. Chem Res Toxicol, 2006, 19(3): 399-406.

[10] Hamada-Kanazawa M, Narahara M, Takano M, et al.
Nitric oxide promotes survival of cerebral cortex neurons
with simultaneous addition of [Fe(I)(B-citryl-L-glutamate)]
complex in primary culture [J]. Biol Pharm Bull, 2013,
36(7): 1068-1079.



