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Effects of atmospheric particulate matters and high-fat and high-glucose diet on mRNA
expressions of CREB, BDNF, and ERK1/2 in cerebral cortex and hippocampus in male rats
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Abstract:

[Background] Both atmospheric particulate matter pollution and combined high-fat and high-
glucose diet are related to cognitive function and neurodegenerative diseases, but there are few
reports on the synergistic effect of the two factors.

[Objective] The study is conducted to investigate the effects of atmospheric particulate matters
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and combined high-fat and high-glucose diet on the mRNA expressions of cAMP-response element binding protein (CREB), brain derived
neurotrophic factor (BDNF), extracellular regulated protein kinases 1 (ERK1), and extracellular regulated protein kinases 2 (ERK2) in
cerebral cortex and hippocampus in male rats.

[Methods] A total of 48 male SD rats aged three weeks were randomly divided into four groups: control group (normal feed, no
atmospheric particulate matter exposure, CC group), high-fat and high-glucose diet group (high-fat and high-glucose feed, no atmospheric
particulate matter exposure, HC group), atmospheric particulate matter exposure group (normal feed, atmospheric particulate matter
exposure, CP group), and atmospheric particulate matter exposure plus high-fat and high-glucose diet group (high-fat and high-glucose
feed, atmospheric particulate matter exposure, HP group). In independent ventilation cages, the rats in the CP and HP groups inhaled air
containing atmospheric particulate matters, while the rats in the CC and HC groups inhaled air filtered by high efficiency filters (atmospheric
particulate matters with aerodynamic diameter >0.1 um were filtered out). Rats’ cognitive function was measured by open field test after
the three-month exposure. The mRNA expressions of CREB, BDNF, ERK1, and ERK2 in hippocampus and cerebral cortex were detected by
RT-qPCR. One-way ANOVA was used for comparison between groups, and factorial ANOVA was used for interaction effects.

[Results] The average number of grid crossings of rats in the CP group was 46.60+16.55, and the total distance and the number of grid
crossings of rats in the HP group were (163.174+32.54) m and 43.40+8.40, respectively, all lower than those in the CC group; the time spent
in the central grid in the HP group [(7.58+1.27) s] was higher than that in CC group (Ps<0.05). In cerebral cortex: the mRNA expression
levels of CREB and ERK2 in the HC group, CREB and ERK2 in the CP group, as well as CREB, ERK1, ERK2, and BDNF in the HP group were all
lower than those in the CC group (P<0.05); the mRNA expression levels of CREB and BDNF in the HP group were lower than those in the
HC group (P<0.05); the mRNA expression levels of CREB, ERK1, and BDNF in the HP group were lower than those in the CP group (P<0.05).
In hippocampus: the mRNA expression levels of ERK2 in the HC group, CREB and ERK2 in the CP group, as well as the four genes in the HP
group were all lower than those in the CC group (P<0.05); the mRNA expression levels of the four genes in the HP group were lower than
those in the HC group (P<0.05); the mRNA expression levels of ERK1 and BDNF in the HP group were lower than those in the CP group (P<
0.05). The results of factorial ANOVA showed that there was no interaction between atmospheric particulate matter and combined high-
fat and high-glucose diet on the total distance, the number of grid crossings, the time spent in the central grid, and the mRNA expression
levels of CREB in cerebral cortex and hippocampus in male rats (Ps>0.05).

[Conclusion] Particulate matters at certain levels and combined high-fat and high-glucose diet may separately reduce the mRNA
expressions of CREB, BDNF, ERK1, and ERK2 in cerebral cortex and hippocampus in male rats, but the synergistic effects of the two factor
have not been observed.

Keywords: ambient particulate matter; high-fat and high-glucose diet; cognitive function; cAMP-response element binding protein; brain
derived neurotrophic factor; extracellular regulated protein kinases 1; extracellular regulated protein kinases 2
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SEHZKBEZIMANTRIY (PMyo) F 40K 1)
(PM,s) A& R IAENNAERSS W BT ESE AN
MEERBS S REPM, s BEBE X", s LI
RI|KAASER B IR XIARIIEE=E R REMm,
BRI AEERTINES. FIIFICIZPEREFER 7,
B BR B N o 45 & & B (cAMP-response
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BNERNMASERASI ¥ HEE Invitrogen 2 T
B o LCI6 32 BY 2% ¥ E &2 PCR X (1 = Roche) , BR-
HOL-1210 TR B E /MY (R EERR®E), KR
MBS EE RS (BEKF Tecniplast) , B 793 ke
(LBMREERKEEBRAR), @REES O (E
Eppendorf) , Versa Max Y & 42 & B n X (2 EH
Molecular Devices) o
1.2 ERERHEZE
121 KRWEI594E 3 AREERSDEM AR 48
R, ENMRT LA, RAEREVIOR4H, 2595
RA (BBIRBIRST, TEEBRSIITHY, BIFACC
H). sEEREEA (GESRIEER, THEEX
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Hp—E Ivc A RIRN SRS IEEFRE, FERT
SHENFKSBHYBEZA (CPHIHPA) NENE
27 (NBRBEM). RN, BEMRZEZN PM,s
PMuRESEREAR—H, ERAFTRRERXDE
MK E BRI 80%~90%. CPRIHPLAKRR 24h £ HEE K
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TR (B|oIAQFEBER 0.1 um RS PR #T
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XTERAR) o 240, XTHRRBIEZ A PM,s M PMyo iR EE LY
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EREMBEAR, Bk, X EDBAREHEMESAH
47, -80°C 17 % Fo Trizol A 32 EXRNA, 13 5 RNA
HIRE2FNKE, B K Doeo/Daso ELIETE 1.8~2.0 2 18], IR
EVER R BRI M ETE S, DNAERIERE KR
®RIAFZH A BIEIE, 2xSYBRGreen ¥ X FI &
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ZM N9 CIZE M 10minf5, T 95°C, 10s ; BN
60°C, 155 ; #EfH 72°C, 105, 40 NMEH. 272 %1t
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HEA 5145 =K E (bp)

CREB 1E[A : 5’-CTGAGGAGCTTGTACCACCG-3’ 205
K&[A : 5-GGGCAGCTGCTAAGGTT-3'

BDNF 1E[A : 5’-ACAGCCAGATACTAGAGCAGGGA-3’ 74
218 : 5’-TCCACTTAGCCTCCACAGGG-3’

ERK1 1E[A : 5-GGCCCCCTAACAAGAACAGAC-3’ 223
218 : 5’CACTCAGGTCAAGGGGAGATC-3’

ERK2 1EM : 5-AGGGAACCGTAGCCTCATCT-3 106
28 : 5’-ACCTGTGGTACAGGCATTCG-3’

B-actin 1E[A : 5'-CCGCGAGTACAACCTTCTTG-3’ 115

28 : 5'-CCCATACCCACCATCACACC-3’

1.3 #itFESH

KFSPSS 17.0 XX #IBHITRIT DM, &R
A x+s Tomo LHBILLIR KB REA R E D (One-way
ANOVA), fHB)FLLE | B ETT, KA LDt
1TEEER 5 B EARTT, K Dunnett’s T3 7%, ASFHL
MEEREERAEREFEREEFRAXABNRALSE
DHAIE. HIRHE a=0.05,

2 HR

2.1 RSEFHIRE
REHREBERAXRSTAYRENE 1R

o I HFHTTo0d, XA K PM,s I PMy, 3K

E—ERFE S ug/m?, BEMBRTHE2NEEHT

FEE R PMyo F PM,s R BE BRAE LASN, UMY K E
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2.2 KRIAMIHEERIZ K

5cciAgtt, HP AKX BAESh B2 R L, cp
(AN HP LR R B REUR L, HP AR RIERRX(E
BES[EIE 0 (39 P<0.05), K2, KSFHMES
eI B F 2.2 (F=0.001, P=0.997). EEIENX
¥ (F=4.094, P=0.050). H R X ;& &f BY [8] (F=0.007,
P=0.935) UM R FEER EEA.

57\
-~

®2 KR HEEPLERE. BRRBAMPRXEEHEE

(x+s, n=12)
AR (SIESEAR,  ppie (m)  BERE R PREEEE (5
ey
cc (- -) 210.06+43.24 59.10+13.01 3.00£3.97
HC (+, -) 193.38+49.85 49.60+15.09 4.70+4.56
cP (-, +) 180.70£56.02 46.60+16.55° 6.115.87
HP (+, +) 163.17432.54°  43.40+8.40° 7.58+1.27°

[E] a: 5cc4A#8LL, P<0.05,

2.3 CREB. BDNF. ERK1 #1 ERK2 mRNA B9 RX
231 KM FE SccAEER, HCAAFMCPH KR
A BY B [ £H 25 AR CREB. ERK2 BY mRNA 7K SF [# (X, HP
%H CREB. ERK1. ERK2 1 BDNF H9 mRNA 7K F B& 1 (P<
0.05) ; 5 HCLALLER, HP 4HA R ARN AT FR4A4R A CREB.
BDNF FJ mRNA 7K FB&1E (P<0.05) ; 5 cPEELER, HP
28 CREB. ERK1. BDNF fJ mRNA 7K P& 1K (P<0.05), I
R3 KEFHYMESESEIEXNFARERF
CREB (F=22.277, P=0.454). ERK1 (F=4.013, P=0.058).
ERK2 (F=0.030, P=0.864) LAz BDNF (F=66.713, P=0.524)
IR EER B ER.

232 BESHEY ScchbiR, HCARBANED
2H23 R ERK2 BY mRNA 7K B, CP4H CREB. ERK2 HY
MRNA 7K &1, HP 2B CREB. ERK1. ERK2 A1 BDNF BY
mRNA 7K T P& 1K (39 P<0.05) ; 5 HCAHLL R, HP4E
A B KBS 4H 40 A CREB. ERK1. ERK2 1 BDNF BY
mRNA 7K F[ZE (P<0.05) ; 5 cPAALLER, HP 4H ERK1
A BDNF B mRNA 7K F £ K (P<0.05), &K 3. KN
TR S SIESEIRE XSS AR CREB (F=0.227,
P=0.635). ERK1 (F=3.226, P=0.076). ERK2 (F=2.582,
P=0.112) LA X BDNF (F=3.650, P=0.059) M9 %Mty R
GEEXEER.

K3 KRKRER. B5HE CREB. ERK1. ERK2 #1 BDNF B mRNA 7KF (xts, n=12)

AT (S KRIRZ BT BEHR

TRE, FHIY) CREB ERK1 ERK2 BDNF CREB ERK1 ERK2 BDNF
cc (- -) 1.1740.08 1.00£0.19 1.260.39 1.0240.09 0.99£0.10 1.05:0.26 1.020.09 1.02+0.08
HC (+, -) 1.060.16° 0.94£0.14 1.0120.27° 1.020.12 0.95£0.11 1.03£0.32 0.960.06° 1.03:0.11
P (-, +) 0.79£0.11% 0.9740.13 1.0240.28° 0.99£0.07 0.89£0.12° 1.04£0.25 0.910.05% 0.98£0.09
HP (+, +) 0.68£0.07* 0.86£0.14* 0.910.25° 0.9240.10%* 0.87+0.04% 0.80£0.27° 0.880.04% 0.9240.09%*

[GE] a: 5cc4B#BLl, P<0.05 ; b : 5 HCAAMELL, P<0.05 ; ¢ : 5 cp4HMELL, P<0.05,
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