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Abstract:

[ Objective | To investigate the effects of agitating and inhibiting mGluR1 on protein kinase C (PKC) and N-methyl-D-aspartate
receptor (NMDAR) expressions in rat adrenal-derived pheochromocytoma cells (PC12) induced by aluminum maltolate.

[ Methods | PC12 cells at logarithmic growth phase were divided into a control group (normal PC12), an agonist group (100 umol/L,
mGluR1 agonist), an inhibitor group (100 umol/L. mGluR1 inhibitor), an aluminum maltolate exposure group (200 wmol/L. aluminum
maltolate), an aluminum maltolate + agonist group (200 pmol/L. aluminum maltolate + 100 pmol/L. mGluR1 agonist), and an aluminum
maltolate + inhibitor group (200 pmol/L aluminum maltolate + 100 pmol/L. mGluR 1 inhibitor), and all groups were treated for 24 h.
The mRNA expression levels of PKC and subunits of NMDAR in PC12 were measured by real-time fluorescence quantitative PCR,
the protein expression levels of PKC and subunits of NMDAR by Western blot, and the PKC enzyme activity of PC12 by ELISA.

[ Results ] Compared with the control group, the mRNA expression levels of PKC, NMDARI, NMDAR2A, and NMDAR2B of
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the aluminum maltolate exposure group were decreased by 39%, 21%, 38%, and 26%, respectively (P <0.05), and the protein
expression levels decreased by 39%, 31%, 41%, and 46%, respectively (P <0.05). The NMDARI mRNA and protein expression
levels of the aluminum maltolate + inhibitor group were increased by 32% and 36%, respectively, compared with the aluminum
maltolate exposure group (P<0.05). The NMDAR2B mRNA expression levels of the aluminum maltolate + inhibitor group was
decreased by 46%, and the NMDAR2B protein expression levels of the aluminum maltolate + agonist group was increased by 95%,
compared with the aluminum maltolate exposure group (P<0.05). Compared with the control group, the PKC enzyme activity of the
aluminum maltolate exposure group decreased by 56%, while the PKC activity of the aluminum maltolate+agonist group was up-

regulated by 116% compared with the maltolate exposure group (P<0.05).

[ Conclusion | The PKC and subunits of NMDAR mRNA and protein expressions in PC12 cells are inhibited by aluminum
maltolate. Aluminum maltolate may regulate the NMDAR expression and the PCK enzyme activity via mGluR1. NMDART and

NMDAR2B play roles in the proposed regulation.
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FEORFEH AR K AW (S)-3, 5-dihydroxyphenylglycine
hydrate, DHPG ] FI( = )-o- F Bk -(4- 3R BL IR 2L ) 1
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1.3 %EF 3 E 2 PCR
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fluorescence 73t 36 1 22 FF 4 B RNA 9 411 B ) ok
J& {8 ReverTra Ace qPCR RT Master Mix AT I 5
152 cDNA 724, S s RO A5 : 65°C 5 min A8
Pk, 37 °C 15min, 50 °C Smin, 98 °C 5min; i I SYBR®
Green Realtime PCR Master Mix #4752 %% 5% ( RT )-PCR,
RT-PCR SN A5 (WA ): 95°C 60s, 1AMEFR; 95C
5s, 60°C 30s, 40MIEFR; 95°C 60s, 65°C 30s, 95°C 1s,
LI A3 A AL, S CHEE NS
SR GAPDHARL G, Mk 272 2@ A K+ & 41 PKC.
NMDARI . NMDAR2A . NMDAR2B mRNA (I ik i

*z1 5|9F5
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GAPDH AAACCCATCACCATCTTCCA  GTGGTTCACACCCATCACAA
PKC GCTAGCTGGGCAGCTTATGA CGCACACTTTGGGCTTGAAT
NMDARI GTCCAGCGTCTGGTTTGAGA  GTCCGCGCTTGTTGTCATAG
NMDAR2A GAACCCGCTAAACCTGGTGG CATGGTCGCCACTTAGGGTC
NMDAR2B GGGTCACGCAAAACCCTTTC  CCTTGTTTTTGACGCCCCTG
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1, K F BCA 81ty 2 25 4 2 1 2 908 22 [+
—HeFE , % E PKC Kinase Activity Kit 2351135 FHEXT 18

FZs IR, BB B S G B 15— 2, AR K
450 nm Kb WG RE A . F BRI TR s
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HEE X (P<0.05), W2,

£R2 BAPCI2HAMMNMDAR & T E mRNA Rixf

MA(x+s, n=3,2744)

215 NMDARI NMDAR2A NMDAR2B
25 X IR 1.00 + 0.00" 1.00 + 0.00* 1.00 +0.00"
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48% . 51%( P<0.05), T Y50 + 3 80 77 2 gL 4 + 30



- 1028 -

www.jeom.org I HIV L2~ (] Environ Occup Med ) 2018, 35(11)

il 20 A8 PKC 35 IR R A2 ZF M SR e s AR LL , 22 5%
BA GRS WE T,
A B ¢ D E F

PKC - e« e cu—

PR e e e e -

1.0
LA

o
)

o
o

IR LA ( PKG/GAPDH )
o o
(3] EEN

o
o

A B C D E F
2151
[ 1A: ZAMEL; B: HaH4; C. MEFNL,; D: ZFmps
FEH; B R+ %A P 2E+H AL+ 55X FB
BRFALE, P<0.05; a: 5% axt B4k, P<0.05,
E1 |4APCI24EPKC EBRIENHE

2.4 mGluR1 & 3h Fedp4) 2 443 PC12 28 i, NMDAR &
DI S a=F &N b AL

5 XF B2 A B, 2 EF W AR Yt B 41 NMDARI .
NMDAR2A . NMDAR2B & 1157051 F B 31% | 41% .
46%, 2 F A G T X (P<0.05), 54 25 B 48 e
B AR L, Ye4D + 30 770 21 NMDAR1 2 (1 % i5 F i
36%, YebR + B Eh 7 2 NMDAR2B & (136 F i 95%,

ERAGITFEX(P<0.05), WWE 2,

A B C D E F
ANMDART o .

NMDAR2A i a— g
NMDAR2B o o  m—

GADPD]l —— i e— ———

e

15 JAOB
. dc @b
- WEWF
*
8 10 4%%3 . 7
z bl
m a
s
-Qp?
Z 05 "
0.0 . m

NMDAR1 NMDAR2A NMDAR2B
[ JA: A EA,; B: S A4, C. M A4, D: & FBipsk
FU; B B+ AA; P 2R+ WH AL . EEFB
BRFHIE, P<0.05; a: 5= Gt B4 e, P<0.05,
E2 &ZEPCI2HMNMDAR &FEEE R B

2.5 mGluR1 #t 3 F= 3 4] 2 4 43 PC12 40 i PKC 8 7&
DR DAL
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i YL 75 4H B 200 pmol/L 751 i 2H A MU T 74 70%~80% ,
L2547 A B S 2 dE VR A AR T 5 R
PC12 20 A I WFERT 5, 22 2R W AR A Sl PC12 4H i 1)
FRYLEEN L 200 pmol/LVE N 22 2 B iR YLl it
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FEIRMPKC B, 1 mGluR1 X NMDAR 263k )5
YRR A PKC 12 S5 feitk— 2R A

S 30k

[ 1 INDAY CM, DREVER BD, SALIFOGLOU T, et al. Aluminium
interferes with hippocampal calcium signaling in a species-specific
manner[ J ].J Inorg Biochem, 2010, 104(9): 919-927.

[ 2 JPOLIZZI S, PIRA E, FERRARA M, et al. Neurotoxic effects
of aluminium among foundry workers and Alzheimer’s disease
[ J 1. Neurotoxicology, 2002, 23(6): 761-774.

[ 3]YUAN CY, WANG GS, LI YJ. Aluminum alters NMDA

receptor 1A and 2A/B expression on neonatal hippocampal

neurons in rats| J ]. J Biomed Sci, 2011, 18: 81.

[ 4 JTUZMEN M N, YUCEL N C, KALBURCU T, et al. Effects of
curcumin and tannic acid on the aluminum- and lead-induced
oxidative neurotoxicity and alterations in NMDA receptors[ 7.
Toxicol Mech Methods, 2015, 25(2): 120-127.

[ 5]0°CONNOR JJ, ROWAN MJ, ANWYL R. Tetanically
induced LTP involves a similar increase in the AMPA and
NMDA receptor components of the excitatory postsynaptic
current: investigations of the involvement of mGlu receptors
[ J ].J Neurosci, 1995, 15(3): 2013-2020.

[ 6 JHORAK M, PETRALIA RS, KANIAKOVA M, et al. ER
to synapse trafficking of NMDA receptors[ J ]. Front Cell
Neurosci, 2014, 8: 394.

[ 7 JBeEAMy, B, XK=, 55 . ARG YT PC12 4 i3
PEAERIELEC LY | O R 2, 2017, 44(1): 2024

[ 8 ISLOTKIN T A, SKAVICUS S, CARD J, et al. In vitro models
reveal differences in the developmental neurotoxicity of an
environmental polyeylic aromatic hydrocarbon mixture compared
to benzo|[ a ] pyrene: neuronotypic PC12 cells and embryonic
neural stem cells[ J ]. Toxicology, 2017, 377: 49-56.

[ 9 JJUNG IS, KIM HJ, NOH R, et al. Effects of extremely
low frequency magnetic fields on NGF induced neuronal
differentiation of PC12 cells[ J ]. Bioelectromagnetics, 2014,
35(7): 459-469.

[10]ZHANG J, CAL S, L1]J, et al. Neuroprotective effects of
theaflavins against oxidative stress-induced apoptosis in PC12
cells[ J ]. Neurochem Res, 2016, 41(12): 3364-3372.

[11]JRAO AM, HATCHER JF, DEMPSEY R J. Neuroprotection
by group I metabotropic glutamate receptor antagonists in
forebrain ischemia of gerbil[ J ]. Neurosci Lett, 2000, 293
(1): 14

[12]JTHOMAS LS, JANE DE, HARRIS JR, et al. Metabotropic
glutamate autoreceptors of the mGlu5 subtype positively
modulate neuronal glutamate release in the rat forebrain in
vitro[ J . Neuropharmacology, 2000, 39(9): 1554-1566.

[13]HUBER KM, SAWTELL NB, BEAR MF. Effects of
the metabotropic glutamate receptor antagonist MCPG on
phosphoinositide turnover and synaptic plasticity in visual
cortex[ J ]. J Neurosci, 1998, 18(1): 1-9.

[14]SUN XR, CHEN L, CHEN WF, et al. Electrophysiological
and behavioral effects of group Il metabotropic glutamate

receptors on pallidal neurons in normal and parkinsonian rats



- 1030 -

www.jeom.org I HIV L2~ (] Environ Occup Med ) 2018, 35(11)

[J]. Synapse, 2013, 67(12): 831-838.

[15] F . T 41 mGluRs /3 AB31-35 #2225 A FWLEE[ D .
K INPEEFRE, 2006.

[16 421 10, SR20ME, SAMEZR, % . PKCAERUAE K RUA 36 M
C- 27 Y175 J2 v K R R BE 58 1 5 S A AR5 b (/R LD .
R BA: BEZR A, 2005, 21(2): 252-255.

C17 JPNAT, eI, F e . 2 T A SRR kg B L) .
AR, 2002, 22(1): 45-47.

(18]I 2 . PKCIAFAAMBEZ IR iz PR o FHLHI BT
(D] Fnt: MstBERIRA, 2010.

[19]LI HB, JACKSON MF, YANG K, et al. Plasticity of
synaptic GluN receptors is required for the Src-dependent
induction of long-term potentiation at CA3-CA1 synapses[ J ].
Hippocampus, 2011, 21(10): 1053-1061.

[20]YANG K, TREPANIER C, SIDHU B, et al. Metaplasticity
gated through differential regulation of GluN2A versus GluN2B
receptors by Src family kinases[ J . EMBO J, 2012, 31(4):
805-816.

(21 ] F ki . AIRAKF-45 28 58 X AS R & & 1K L2 e 42 &%
mGlurl . NMDA SZ A& FKE A2 m [ D J. sl fErh R
2, 2008.

[22]GABRA BH, KESSLER FK, RITTER JK, et al. Decrease

in N-methyl-D-aspartic acid receptor-NR2B subunit levels by
intrathecal short-hairpin RNA blocks group I metabotropic
glutamate receptor-mediated hyperalgesia[ J |. J Pharmacol
Exp Ther, 2007, 322(1): 186-194.

[23 ]SKEBERDIS VA, LAN JY, OPITZ T, et al. mGluR1-
mediated potentiation of NMDA receptors involves a rise in
intracellular calcium and activation of protein kinase C[J ].
Neuropharmacology, 2001, 40(7): 856-865.

(24 JAEAR, 250, 9, 55 BObPESRE il T CGA R Y68
AR WE R Rkpsm L) ], spAes7 g DAL
Zeiki, 2017, 35(2): 85-90.

(25 J5¢2fi . PKC 42 NMDAR 7E 83 ZOR RUE T I 1240 405 9 2
FBLRIBTSEL D | A INPTEERERS:, 2016.

[26 %2, RHr, B, 4. NMDAR 76 W12 M e A 80K 2%
SCAZE RAERLY ] A A 3L T4, 2013, 29(7):
1007-1009.

[27 JKRIEGER P, HELLGREN-KOTALESKI J, KETTUNEN P, et
al. Interaction between metabotropic and ionotropic glutamate
receptors regulates neuronal network activity[ J ]. J Neurosci,
2000, 20( 14 ): 5382-5391.

(KrfmBHA: 2018-06-30; KA HH: 2018-09-28)
(BEsCHfh: VEUR; S BRIES; Bk BRAEIL)

(E232% 1024 1)

(26 14=BER:, 25308k, ARPRIE, 55 LA R TR X R
VB ATRAEL Y ] R EHLST, 2010, 37(6): 1769-1774.

[27]0FJik. 2016 4F 3G 17 B R &5 fitt & kRS A i
[ EB/OL].(2017-03-29 ) . http://www.shaanxi.gov.cn/jbyw/
ggig/tigh/fggh/74106.htm.

(28 1 0F-, GG, BT, 45 KA IR X 1 4 o 4 ) f
FRERKUSPEAN L) ], 38, 2015, 46(2): 502-508.

[29]U.S. EPA. Supplemental guidance for developing soil screening

levels for superfund sites| R ]. Washington, DC: EPA, 2002.

(30 [#f, VT I - FRIOF, EHEZE, 55 Rt A5 H ke

D EE 4 R T Y SRR A [ . SRR 2, 2016, 37
(7): 2453-2461.

(WrfmEHE: 2018-04-22; RAARAH: 2018-1029)

(SOl TEUL Sl TR, ROW: Ehe)



