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Effect of early malnutrition on up-regulation of activation of microglia

in adult SD rat hippocampal
Chen Xuan,Wang Yonghong,Zhou Yongli ,Wang Xiaolin

(Department of Neurology,The First Affiliated Hospital of Chongging Medical University)
[ Abstract)Objective ; To investigate the effect of early malnutrition on the activation of microglia in the hippocampus of adult rats.
Methods ; Early malnutrition model was established in SD rat,and all rats were given supplement of n—3-polyunsaturated fatty acid
(n3-PUFA) after lactation. Weight of newborn rats was measured. The ability of learning and memory of offspring rats were assayed
by Morris water maze and the fear conditioning. Real-time quantitative PCR and Western blot were used to assay the expression of
microglia M1 markers such as inducible nitric oxide synthase (iNOS),cyclooxygenase—2(COX-2) in the hippocampus. The expres—
sions of microglia marker Ionized calcium binding adapter molecule~1(IBA-1) in the hippocampus were detected by immunohis—
tochemistry. Results ; The early malnutrition group was born with lower birth weight(P=0.000). After postnatal 90 days,the ability of
learning and memory was reduced ;the expression of iNOS was increased both in mRNA (P=0.002) and protein (P=0.015) ;the ex-
pression of IBA-1 was increased (P=0.047). Supplementation of n3-PUFA could reduce M1 type conversion and the activation of
microglia. Conclusion ;Early malnutrition may lead to up—regulation of activation of microglia and increasing of M1 phenotypic trans—
formation in adult offspring, which may be related to the occurrence of neuroinflammation in hippocampus of adulthood.
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3% A BE I BR (n-3—polyunsaturated fatty acid,
n3-PUFA) T, it R B FRA R BT LI
/INBE 440 L 1 A K S AT X AR 3 4 8 R G 7= AR
#m, |

1 HREFE

1.1 ##

L1l ZhYRRRMET SHH TERRERKZELZRNY
RIS 8 RABRE A B RS20 % SPF 4 SD 2
B, BEALAT B N B E 52 R B 4H (early malnutrition, EM ) FIXF
M 4H (control,CTL) , 41 4 H HAERFTERKER K%L
B 3h¥rh.C SPF &3 55 (1E1R (20 £ 2) €12 h/12 h BAREAZ
), EM AKXFRA CoupspBIKEE L, TH 14 4d
BFRETHR, B E . E14-E21 24 12 g/d,E21-P6 7 22
g/d,P7-P13 3% 27~31 g/d,P14-P21 4 35~40 g/d,CTL 4HIEH
&, BREFYEIAEREENTRO X)) UES R F
FURZLME, 78 21 B e RS RER, RIERTE T
n3-PUFA T3, EM M85 EM-n3-PUFA #3540 (EM-n3)
F1 EM-IE % 4 & 26 (EM~normal diet, EM—ND); CTL £ B&#L
433 CTL-n3-PUFA M40 (CTL-n3) fil CTL-IE ¥k &4
(CTL-normal diet,CTL-ND), &4 10 R, AFEREB H
#), EM-n3 Z#1 CTL-n3 HIERAERTHISET T, B 21 dii2
TEFPRL R 4% (& 1% n3-PUFA) #M5E 1 4~ AU, B
YiEs  ERER TS LR, S B R 18%. 08
B 4% K& Y 60% METRER, FHRFEERE
Bk LI B2 BT E KT T

112 FERF HFEEEH I (EE Nordic Naturals A ).
RNAiso plus & RNA 2B ( H 4% TaKaRa 24 7] ) B A A
WILE & PCR Mix AIfeklk k62 & PCR HURW (R M
ed YR BRA R St IBA-1 BT EEDLIR S iNOS
LRMEAR RPL COX-2 £ DA (FEE Abcam A1),
BCA BERENE RN EMBE ECL k¥ 26N & (TH
B REYEARHRIT) EP R [eGHRP, G A b AR
#&# DAB BERMAE (LR PR EYEARRRAH) .
B HRBURAN & (BRI AR EERERAT),
12 Fik

1.2.1 Morris KEEXE FREFEE 3 A BT Morris
KR E LIRS S iE1Z 88 7, IESNSEERET 1 d 347 BURA
KBTI FK B BIFEK 2 min PIEN ERIFE,
LA BCERNYB, OREN ALK, L8 4 K4, 8K
FERAFIM 4 MRE ST K, 3 5 d,i85% 60 s HRE
R A K T A & Rt [E] GBI ) . @Z RS
5 0 1, EFE FRAEE USRS EHEE T, IE
F 60 s NIFBKBLE SR AU & R BRIE ShET ],
122 SZEBESE FERT 3 ARHTHRTIESEK
i, SLBRT 1 d BT R AR R LR E SR LUE M K
BN, LI H 3 MBI R, O 8 1 X BT
AR A58, BN 120 s /5, A F 75 S HIE (85 dB.2 800 Hz)
20 s, A HRIEMERSE 2 s 8F 0.5 mA BRI B T,

HHE 4, AW 110 s, iC R E] (%) R RS, ©F
FRMRNNERE 58 2 KB RE TR S5 560 s, RET
TR, O SRR B R AR R, O F BRI
B.58 3 R VPR AST & GAFEER 120 /5, 4 FHSH
#(85 dB.2 800 Hz)20 s, S 4 W&, FH 110 s, iC FuEiiat
[ FERE VB, B RAF RS R I 5 75% S AR B 15
TRAGERE  UBRRESRT BB RO w, LB
¥ B B Freeze Frame &5 (_ FHERRERA R ITRAOHT,

123 qRT-PCR & 43I TFAFR 21 B 3 A Rl
iNOS,COX-2 BIFRiA, RH 10%K & & B (0.35 mL/100 g J§
Fes v g ) R BT B, BT Sk vk _E B 4 1 100 mg, SJ S5 1%
8 RNAiso Plus i 7 13 B 45 2 BU S RNA, ThermoNanoDrop
2000/2000c {8 266 E T RNA 1B, 5% F cDNA
FPOLE R PCR AL RN U0 Bk, B AR E 3
AEE P& 95 CTHZH 5 min,95 CEH 10 5,60 °C
BRI 34 s, R 40 MEIR, 518 A TR,
BlYIRFFIE 1,

*®1 3|MFH
Tab.1 Primer sequences
HE 5| #1551
iNOS iF X &% . CTCAGCAGCATCCACGCCAAGAA

R &% . CCTCGAAGGTGAGTTGAACAAGGAG

COX-2 IE 4% : TACAACAACTCCATCCTCCTTG
& X 4% : TTCATCTCTCTGCTCTGGTCAA
B-actin IE X %% . CCCATCTATGAGGGTTACGC

R &% : TTTAATGTCACGCACGATTTC

1.2.4 Western blot #I¥% 5 iNOS,COX-2 FIAKF  4+5)
B 21 BAF0 3 HEdFRIEDALS 100 mg, I EMARE
WRBUERS , A BCA R EEEWE, WA 1/4 BAKM
B 5x_ERESE i 95 C/AKIE 10 min, T SDS-PAGE Bk,
PVDF A8 1 h, S%RASTMEA 1 h; 45080 A—3T iNOS,
COX-2 ZFREHLE (1:1 000) & B-actin L& (1:1 000),4 °C
WEE R, TBST BEBE; fin A HRP ARi2H =3 (1:5 000)37 C
SE 1 h,TBST YERE 4 Y ECL RN & B A, #H Quantity
One B IE R FH Y EE,
125 HEAAHC) B D IBA-1 RiEKFE 2FF
B 21 B0 3 A e, RA 10%K & & (0.35 mL/100g
M ST ) BRERT R, By P B 2 .0, 565 A PBS 1 4%
ZRPEBEREDL, BURNAESR 45 K P BEBBENRE,
4 CHRGHTAEEE W, fEEalRHsP %8
HAVEE] F RS K MR G E , IR EIE T 3%
H202 37 CH%BHE 15 min, LE M 37 CEE 30 min 50
—HL(IBA-1,1:500)4 CiFR ;37 CEE 1 h, =41 37 CHE
30 min, EEI AT TR 37 CBE 30 min, DAB BAET
WL, AR REREERIE Bk B BT i iE
#h . A PBS AR —HAENEREXT IR , 8 RAT B 3 9k
A BEED CAl X1 CA3 X WMEF, B2 Image Pro
Plus 6.0 %4430 % FA 454 R 19 R 6% BB (10D SUM),
13 #%hitFFk v
KA SPSS 19.0 ¥4, BT BUE LB £ IRHEZE (v £5)
FR, BEH AT IESWM T 2 HRR, ATE EAERE
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AT S RO e, P B) LR R B A S AR A ¢ 10, B4
] bR B R R 2240 W, 5 25 S i 4L 1B B R EL Bk A
LSD-: K36 , 7 2 A 55t R FH Tamhane’s T2 85 5, #HK
# a=0.05, #iitERF Graphpad Prism 5 AL H],

2 & B

2.1 FRAREREK

MATREEEERBERITEER, NF2 HiR.
HAEEE 1K EM A7 R CTL A7 BRIk m &AM Ly
[(5.29 £0.97) g vs. (6.97 £0.76) g,t=-5.814,P=0.000]; 3
TR HF[(11.15 £3.20) g vs. (16.75 £2.17) g,:=-5.994,P=
0.000]% 14R5[(16.67 £5.05) g vs. (31.36 £5.41) g,
t=—8.332,P=0.000]; 5 21 KH[(23.02+5.17) g vs. (52.92
6.63) g,t=—14.778, P=0.000],

#2 FRUEFEREILE(g,n=36)
Tab.2 Comparison of postnatal weight of newborn rats(g,n=36)

28 51 FTLIX ELIEX #14x Hoax
CTL{#H 697+0.76 1675+2.17 3136+541 52.92+6.63
EMZH 5292097 11.15£320 1667+505 23.02+5.17
t & -5.814 -5.994 -8.332 -14.778
P{E 0.000 ©0.000 0.000 0.000

2.2 Mormis Rk T L%

Kakuh 6528 F1 CTL-ND #HAH 1L, EM-ND 247 Bk
BERRIIZESS 4 K[(21.47 £ 14.10) s vs. (10.77 £6.57) s,P=
0.028].%5 5 K[(17.15 + 8.75) s vs. (10.28 +4.79) s, P=0.027]
B B I ; F1 EM-ND ZHAH L, EM—n3 7% 1 K[(34.19 +
15.12) s vs. (47.33 £ 8.86) s, P=0.034JF1%5 5 K[(9.37 £+4.97) s
vs. (17.15 £ 8.75) s, P=0.01JN|BY B3/, W3% 3, EIHERL
¥, CTL-ND #1 EM-ND £ .CTL-n3 4l EM-n3 H{ ¥ &
SRRESEHEA 1K (18.18 £3.01) 5.(1427 £271) 5. (21.19 £
4.26) s.(19.27 £ 3.46) s, EM-ND 41 CTL-ND # Atk X4
225 B (P=0.089) ,EM-n3 ZH0 &) ) £ F EM-ND % (P=
0.034),, ZF SIKE L, CTL-ND 4H .EM-ND 4 . CTL-n3 4
M EM-n3 458 8K E 45518 2.60 +0.54,1.20 £ 0.83,
3.00 £ 0.71.2.40 + 1.14 EM-ND 41 CTL-ND ZHAf b E5ci
HER(P=0.097),

23 BEFBBRER

B BB , CTL-ND 25 .EM-ND #H .CTL-n3 410
EM-n3 Z4EE#HE] (% )43 818 (026 +£0.15)%.(0.12 £ 0.11) %,
(0.66 +0.16)% . (0.32 + 0.08)%, HH EM-n3 4% EM-ND
ZH B BIEK (P=0.037), il EM-ND #H#1 CTL-ND £H4H Lt T4
H B (P0.110), A EHISEMEIREIF, CTL-ND 41 EM-ND
28 CTL-n3 £HF1 EM-n3 ZHEEREE] (%) 5514 (066 £0.16)% |
(0.62 1 0.16)%. (0.83 = 0.08)%.(0.72 + 0.09) %, FA ML
¥R (F=2.167,P=0.138) , 1A 1 FiR,

10 po7ssadebiliw ] 1 FE RS
~08 T ' ~08
g g
= 06 = 0.
g 0.4 g 0.4
o 0.2 » 0.2

0.0 0

CTL-ND EM-ND CTL-n3 EM-n3 CTL-ND EM-ND CTL-n3 EM-n3
a:EM-ND £ 5 EM-n3 4 th48, P=0.037
1 HRBRENE( %)
Fig.1 Freezing time of fear conditioning( % )
24 qRT-PCR

NE 2 Bz, 21 BsE EM 45 CTL 4 ChELL 1.0 K
JE)INOS, COX-2 [) mRNA ZEiAMAE, H A iNOS AENf kA&
3 0.40 £ 0.10, B Gt %8 X (¢=-3.777,P=0.019), 3 A
B, EM-ND 4% CTL-ND 4 (CyH4k 1.0 7KF)iNOS #J mRNA
FIkH L HXTFIXE N (549 £2.81,P=0.002) ; EM-ND £
JREF EM-n3 B B 3% 5, MXT RER N (6.45 £3.30,P=
0.002) ,COX-2 FE& A [RIR KIS IT 2 E 7 (F=2.536,P=
0.122),

| o «+=-CTL-ND
20 8

o 21 e o8 EM-ND
15 7 CTL-n3
- B ™ EM-n3

o
3

iNOS,COX-2 mRNA %%
.Q —
[=] =]

iNOS,COX-2

iNOS COX-2 iNOS COX-2
A.21 H i iNOS.COX-2 Y B. 3 A i iNOS.COX-2 i
mRNA AIX} kK F mRNA HIX} %K

a: 5 CTL 44 L4, P=0.019;b: 55 CTL-ND 4 b %, P=0.002;
c: 5 EM-n3 41 b, P<0.002
B2 {F@ INOS.COX-2 mRNA FikkFE
Fig.2 Expression of iNOS and COX-2 mRNA in filial rats

%3 HEkEHAMENILEE(s,n=20)

Tab.3 Comparison of escape latency in each group( s,n=20 )

251 FTIXR LR ®IX AR N
CTL-ND#4 50.50 £7.17 2334 £21.83 16.84 + 14.86 10.77 + 6.57 10.28 + 4.79
EM-ND#H 4733 £ 8.86 2473+ 19.71 2331 £16.62 21.47 + 14.10° 17.15+8.75
CTL-n3% 38.10 + 14.25 17.02 £ 18.07 14.76 + 7.07 9.58 + 6.08 7.80 +4.53
EM-n3# 34.19 +15.12° 2638 +21.33 19.30 £ 15.00 15.80 £10.78 9.37 +4.97¢

F1E 3.169 0.813 1.400 5.962 9.422

PfE 0.029 0.491 0.249 0.001 0.000

¥ :a, 5RIBTB: CTL-ND 41 Ho#, P=0.028;b: S5 RIAT B CTL-ND £ H3, P=0.027 ;¢ 5 R]EF B EM-ND 28 038, P=0.034;d : 5 FIBY Bt EM-ND £

3, P=0.01
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2.5 Western blot #] # % iNOS,COX-2 #) & ik

wmE 3, [ 4 fis,21 BT, EM 4% 5 iNOS Axt 3
IREET CTL 4, AXT % EE A 0.67 £0.32 vs. 0.84 £0.10,
(B GE 1247 X (1=0.877,P=0.430) ,COX-2 & 1.02 £ 0.21 vs.
1.21 £0.02, IR TG i3 2 F (1=1.586,P=0.251) , 3 H kA,
CTL-ND #H .EM-ND 4 .CTL-n3 £l EM-n3 41 # iNOS #H
SR EE(E 54 0.89 £0.09.1.19 £0.11,1.03 +0.02.0.87 +
0.04, H:# EM-ND 41 iNOS 35 B & F HAth 3 40, EM-ND
ZHF1 CTL-ND 40 4H kb P=0.015.EM-ND £ #l EM-n3 414 tb
P=0.013;3 A # B CTL-ND 44 .EM-ND 4 .CTL-n3 £ 1
EM-n3 #1 /) COX-2 AHXT 2 BE(E 5514 0.92 +0.04.,0.88 +
0.02.0.86 + 0.23,0.76 + 0.02, £ 4 R LGt 112425 7 (F=0.714,
P=0.593),

CTL EM

: .
R
pwcin QD G D > G e

3 21 BiRfFR INOS.COX-2 ERRIXKFE
Fig.3 Expression of iNOS and COX-2 protein
in postnatal 21d rats

it -

T

A.CTLAH¥ED CA1 X B.EM 4igH CA1 X

i

CTL-ND EM-ND CTL-n3 EM-n3

:
cox- ) D GNP NP Gup =0 "= e
- NP P P W WP O G W

4 3 Af{FHR INOS.COX-2 ERRIAKF
Fig.4 Expression of INOS and COX-2 protein in 3 months

old rats

2.6 THC #m %3 IBA-1 #9RE

& 5 s, 21 B et EM %5 CA1 [XF1 CA3 X/
JBE R A (B iBih ) 2 T CTL 41 ; K34 10D SUM,
CA1 X EM 4 L. CTL 4134 2633.25 + 638.10 vs. 1487.83 +
500.12 (¢=3.334,P=0.009) ,CA3 X} 1581.46 + 370.84 vs.
1145.56 + 387.68, R TGt E X (¢=1.902,P= 0.090), 3
A8+, EM-ND £ 55 CA1 [XFll CA3 [X/IMB Fi 40 fa =ik B
B %2 F CTL-ND 4 ,EM-ND #H CA1 X F1 CA3 X 10D
SUM 43518 1 800.70 + 859.20.1 463.98 +496.29, CTL-ND £1
AR5 105881 +244.30.652.16 + 468.06, Hh CA1 K EA 4
P25 U (1=2.320, P=0.047) , 10/ 6 fiA~, EM-n3 4 CAl X
1 CA3 X Axfa Bk N4 EM-ND 20 B &8/ , H CA1 X f
CA3 X ¥ # 10D SUM 4+ %Il & 835.72 +195.66.691.70 +
150.22, 5 EM-ND ZH4H I, CA1 X ¢=3.097,P=0.015;CA3 X
t=4.213,P=0.003, & 7 Fi7R,

D

= VRO

C.CTL 45 CA3 X

.

D.EM 4185 CA3 X

5 21 BIFRIED IBA-1 Ri%(200x)

|

Fig.5 Expression of IBA-1 in the hippocampus of postnatal 21d rats(200 x )

BB "

.‘._\"f‘ e A R

: D g e X

—

A.CTL-ND H¥#% 5 CAl X

L 5 f et

s . 7
4 Ll

—res £ ———

B. EM-ND 4% CAl1 X C.CTL-n3 4H¥#5 CA1 X  D.EM-n3 4185 CAl X

E6 3 AFRED CA1 X IBA-1 Rik(200x)
Fig.6 Expression of IBA-1 in the hippocampus CA1 of 3 months old rats(200 x )

(S s R ! ———

A. CTL-ND ¥ CA3X ~ B.EM-ND 4% CA3 X C.CTL-n3 4¥# 5 CA3X  D.EM-n3 4iEH CA3 X

7 3 BRFRIED CA3 X IBA-1 #iX(200x)
Fig.7 Expression of IBA-1 in the hippocampus CA3 of 3 months old rats(200 x )
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3 i #

LB R AR B A’
EEVEHERANRSIYER SRR,
WAL RIF AT . Morris 7K 2K B S2 0 A7 B 0uE
S5 o A 37 5 AR WU AR R IS R S G 5
R S IEIZEE ) . AL E LT A S vk
BiF TR ERABEMNAERERNSHAESED
RIS CIZ 88 T %,

£ AD ZIRMREENL S 20, BN R4
Jf Rl o A AR T RETE I AR, FRilad M2 AU
& ARV R RAE RN, T REE TR & B, M4/ N R
B B B RS BT S R A ML R EGR AR RIS
M2 KRB R HHI0D, T BE R A e RE B F A
£, e MM BA-1 &/ RS
Hbr& Y, RBUNE AR RIES , HE/NR R 41
MUBGE BT R Rk, TEARBIIE R, AR
BIEFRA R KRG DAL/ MR M1 Blir
iNOS FRIA R T X R4, Gy AL 7T I IBA-1 ##68
URL B B3R IE , /N BE T 40 B A 38 K | 43 3 1) A e
& , R B /INBE B4R e B B TR AL I E AR M1 BUEEAL
.,

ZARRAIE TR M S R EE A R4, H
R AIERARILP R R G, BEWRIEAE
HAEGIRMEML BAMERELT HEETIZ
128 I EEAER . Madore 25095 /N BB LA B
Z n3-PUFA £330 R4 R T RIEETER
7, Rl B AR /N BE BT 40 A 2R 2 A i AR FIR RAE R T
FIBWIHEIN, Ji FFUNE T B S0 88 & B n3-PUFA fE
W20 LPS 755 1 /)N BE 5 40 3 BE U TS , DT 48 it bf
ZME, AHFTFHIE n3-PUFA HI5F BB 2H K B,
FEEEITAFEZRPRIEE RS BAFFEN

R, WUE T HMEE I ISR, TEd

n3-PUFA TR EHBRERHERAR KBKE
b iNOS Rk B B T B IBA-1 5 E50h R K5 B
S /N B 4 M R A/ | SRR D, BB n3-
PUFA 25T /MERAMTELKEH TR, BT
FHVEFA BT S B/NE B 4n M R M1 B R
1k,

oHh AR AR P, 21 BN BHERRN

B B D447 iNOS . COX -2 9 mRNA Fik (g T4t
BH ERACSERB S/ MEAREREEST
XTRRAH, IWERRHARHERARBYIARIEDH
LA BEFHARAL T —Fp RS B R A, R/ B 48
MG KR B RRB TR S HFERNE M2
B, BEEFR AR R, B2 A /N R 4 B B
1 M1 BUEEALEIRE DN, Scheffel 0L K247
AT 0 d BRI/ R4 A = Y, A1 3]
M1 REIEFE RIBHXTE D, BT M2 2R R,
X — B G e LA 3R R B /0B R 40
MRBEA R T RER— B MR ER A 88
BIATR,

g BT A R E R A B AT SRS AT
BB HEL# S ICI2 88 ) T, R 8UE DALV
JBE SR A A IS ALK 2 8 R M1 BUE L £ TR
5 AD RIFHIRIENFA —E R R, [HEX/MEE
MHTEKTF LRZERESHAEWERIELR
HEAH R B ST RE A AR A RIS AR | LA &k
M RIHE A BB E 4 F K T /N B 4
MR BB AE H— 45 25 W iE o 8 e A PR AR )
REXHWEMET BYKRAREEMS S5Mes
RIES B, REH— SR,

2 £ X W
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HMGBUFEH BEhE O UL 3/ B e i 3838 B S AR P P52

BExE, LA N K
(EREMRERBE—ERSSERR & EEESM, EK  400016)
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