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The effects of aerobic exercise and spirulina supplement on learning and memory
function in hippocampus of type 2 diabetes rats and its mechanism

ZHU Hong-zhu " ,ZHU Mei-ju

School of PE & Sports Science , Jinggangshan University , Jian 343009 , China

Abstract ; Using the rat model of type 2 diabetes and the methods of Tunnel dyeing and Western blot, this study aimed to in-
vestigate effects of aerobic exercise plus spirulina supplement( SP) on learning and memory function, ERK/CREB signaling
pathway and cleaved caspase-3 expression in hippocampus of type 2 diabetes rats. The model rats were randomly divided into
diabetes model group(DM) ,diabetes exercise group( DE) , diabetes SP group ( DS) and diabetes exercise SP group ( DES) ,
additionally provided control group(C) without any intervention( 10 rats each group). Learning and memory and the hippo-
campus cells apoptosis rates were observed. The expressions of p-ERK, p-CREB, ERK, CREB and cleaved caspase-3 were
tested;at the same time, changes of blood glucose and serum insulin, and so on were examined in the end of the
experiment. Results ; Compared with group DM, blood glucose and serum insulin levels of the intervention groups decreased
significantly (P <0. 05 or P <0.01) ,the escape latencies of the groups were shortened and the numbers plateau crossing in-
creased( P <0.05 or P <0.01). The cells apoptosis rate and cleaved caspase-3 expression of the rats decreased significantly
(P<0.05 or P<0.01) ,the levels of P-ERK/ERK,P-CREB/CREB in the groups increased obviously( P <0.01). The im-
provement of the above indicators was more obvious in group DES than that in group DE and DS. These results suggested that
aerobic exercise and SP could reduce blood glucose and improve learning and memory of type 2 diabetes rats,and the neuro-

protective effect of exercise combined with SP was better than those in exercise and SP alone. The mechanism is related to the
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up-regulation of ERK/CREB signaling pathway,and down-regulation of cleaved caspase-3 expression then further inhibit hip-

pocampus cell apoptosis for type 2 diabetes rats.

Key words : diabetes mellitus ;learning and memory ; aerobic exercise ; spirulina ; ERK/CREB signaling pathway ; cell apoptosis
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PR NSRS R B M ZH RS K BL OGTT k46
JE 130,60 120 min (14 JUE AR 82 A0 100 3R & 2R /K P34
BT, 2R H BFEME(P <0.01), WE 1 s,
S ALET C 2R M ZHASE 70 R B A A 0 1 43 )

BEM(P <0.01), [FIEFSEEG ALK R 21
Z PR RMPRE IR R B I 5 B R A
PR OO, KR UE 1T 8B Z SR B
BoR, BREHED2 ~3 K,

H6.01 £0.64 F119.98 £2. 15, 4 [1] e 55 22 7 S )

®1 WAKR OCTT /5 MAEREHT (x+5,n=6)
Table 1  Changes of blood glucose after OGTT in the groups of rats(x £s,n =6) ( mmol/L)

A5 25 OGTT J5 30 min OGTT J7 60 min OGTT J& 120 min
Group Fasting blood glucose 30 min after OGTT 60 min after OGTT 120 min after OGTT
C 6.1+0.59 7.82+1.11 7.30 +£0.90 6.50 0. 67
M 9.20+3.37" 21.88 £5.55* " 17.83 £+4.65* " 15.58 +£3.99 "~

5 CAIXb R AT e, * P <0.05, " " P<0.01, T,
Note : Compared with the same time of group C, * P <0.05, " * P <0.01. The same below.

F2 WAXR OCTT FMBEEEKFHEM (v £5,n=6)
Table 2 Changes of serum insulin after OGTT in the groups of rats(x +s,n=6) (mIU/L)

ZH 5] SRS E OGTT J5 30min OGTT J5 60min OGTT J5 120min
Group Fasting insulin 30 min after OGTT 60 min after OGTT 120 min after OGTT
17.24 £3.51 18.28 +4.67 18.25 £3.34 17.57 £2.24
M 24.97 £3.23 " 27.95 +4.23* " 30.79 +4.20" " 29.94 +£3.43* "

S - 2.2 EHRBEEMAKREE. MBEREFMRSESR
b SRR

HI% 3 s, 5 C 41AH EL, DM 4L BRI g i3 3%
ARV B ETw, THAR IR TRE(P <0.01) 515
DM 41K H, DE DS | DES 41 # i 5% 11 £ 2246 0 i
PR AR (P <0.05 3 P <0.01) , HARH A 3
kg A0 R F V2R R AW (P >0.05), 5 DE,
DS ZHAH G, DES 25 i) ifi 4% 115 & 2% 7K ~F- ] 8 3 A1

the two groups( group C:n =10, group M:n =40) (P <0.05), BICMBREL G855 T C 4l (P <
e e 0.01) ; F i [ 5 3K IR 5 - € 41(P >0.05)
5 CH4l#, * " P <0.01, Note:Compare with group C, * * P

001 AR E A B (RS AR R B (P > 0. 05)
#3 ARTHERE. MAE NS ZAFEHEWL (25,0 =10)

Table 3 Changes of fasting weight,blood glucose and serum insulin of rats among groups(; +s,n=10)

< 2051 Group M

MUBEEL
Blood glucose value(mmol/L)
)

B 1 SEARREXRDERER
T (CH:n=10,M £H:n =40)
Fig. 1  Changes of blood glucose of rats in

251 T ik LIRSS
Group Weight(g) Blood glucose ( mmol/L) Serum insulin( mIU/L)
C 420.47 +22.98 5.88 +0. 89 17.43 +4.69
DM 348.84 +£23.96 " * 27.35+4.25" " 35.83+7.52" "
DE 354.40 £33.12* 22.18 £4.59 ** 26.97 £6.55"*
DS 360.58 +28.20 " * 21.52 +4.38* ** 27.28 +6.31**
DES 362.81 £28.62* 16.22 £3.36 " *#a¥ 19.62 +5. 00%4*

5 CUIMEL, " P<0.05,"* P <0.01;5 DM 414t " P <0.05,% P <0.01; 5 DE 414 Lk, “ P <0.05,%4 P <0.01; 5 DS 4Lk, ™ P <
0.05,%%P<0.01, T,

Note : Compared with group C, * P <0.05, * * P <0. 01 ; Compared with group DM ,*P <0. 05 ,* P <0. 01 ; Compared with group DE,* P <0.05,224 P <
0. 01 ; Compared with group DS, P <0. 05, P <0. 01. The same below.



Vol. 33

AUEATEE A48 BB A R EHEE TR AN X 2 BRI K B2 2T T AL B M) B AL

1849

2.3 B RBHEENKRITAFEHZM

HI 4 FIE 2 o, SEHe Al 5 20 K Bk sk v IR
W e B OB 2 R (P >0.05) 52
B)e, 5 C AR, DM 21 K bt v AR S B (i 2 4
(P<0.01), 77l 5 B> (P <0.01); H DM
HAYAT R E L I C AL, EAERR 2 H AP
a, EEngA N E. 5 DM 4L, DE, DS,
DES 25 1y ik ¥ 75 (R 1] 43 4 6 (P < 0.05 = P <

F4 KRREBBABPNFHETES

0.01), ?ﬁ_‘"é‘?}*{%ﬂ(ﬁjib[}(F <0.05 o P <

0.01) s HAT A2 ik L DM ZH i B, 803 o e I H
bpf, BEUELA MRy T, 5 DE.DS 4

FHLE, DES 21 ik i e AR U ] e 4 4 (P < 0. 05 ) , 55
A5 R EH 2 (P <0.05) o FARREHA
[F)Re R I8 S, C H L 20 32, DM 21 L i
G F, Hop s R 2 DL A A0 .

KRBT (v 25,0 =10)

Table 4 Changes of learning and memory functions among groups before and after experiment(; +s,n=10)

AR f T T AL fE TS
o Before the experiment After the experiment
2053
Group HEREVE PRI RO 5 U HEREVE R ST 5 O
Escape latency Numbers of plateau Escape latency Numbers of plateau
(s) crossing (s) crossing
C 21.02 £3.98 3.80 £0.45 10. 67 £2. 31 8.83+1.65
DM 20.40 £4. 11 4.01 £0. 64 18.95£3.52" " 4,78 £0.44"
DE 19.69 £4. 89 3.94 £0.82 14.90 +3.82*# 6.02+0.77 " **
DS 19.97 £5. 16 4.12 £0.51 14.72 £3.35*# 6.12+0.54"**
DES 20.35 £5.94 4.24 £0.95 10. 82 £2. 64##4% 7.57 £1.07 *#a*
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Fig.2  The typical swimming track of rats in the groups
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Note; The blue circles are the hidden platforms; The blue squares are

the starting points; The red squares are the end points.

2.4 EHREFENARSEOHEZTATENS
g

B 3, s ud R R W 24 sl M /Y DNA,
ORI, 5 C 4UAH L, DM 411 DE DS,
DES #4110 2H ¥ 5 4 25 0 41 it 9 1= 2R 35 B I 45 o
(P<0.01);5 DM A LL, T Fi 4% 2H 40 A 05 1= %3

A R AIR (P < 0. 01) ; HoHr DL DES 4B AL A I 4
PHIET DE 411 DS 41(P <0.05, L& 4) .
2.5 BEHREBREENAREIALEXESEE
EARENEIE

HE 5 225 ) L, £ K BRI S 414U ERK Al
CREB S il 25%, 5 C 4AHk, DM 4K
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Fig. 3 The results of Tunel staining in the hippocampus of rats in the groups
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Fig. 4 Changes of cell apoptosis rate of rats in

hippocampal among groups ( xts,n= 6)

1§ 2 21 p-ERK/ERK , p-CREB/CREB 7K -1 B 1
TRE(P <0.05 8 P <0.01),cleaved caspase-3 Fik

TR 2 8 (P <0.01), 5 DM ZHAH Ik, DE. DS,
DES 4 p-ERK/ERK .p-CREB/CREB ¥ B i 5 Jii1 ( P
<0.01), cleaved caspase-3 ik & FFEAL (P <
0.05 5% P <0.01). 5 DE.DS 414k, DES 411 p-
ERK/ERK . p-CREB/CREB 7K - # i & 3 fin (P <
0.05) ,cleaved caspase-3 #& [ B /> (P <0.01)
3 WitE&%R

1l A AT £ 00 ( OGTT) J2& H A PEM AL
PR B A bR e, (] Bt 2 I R IEA JB & B 4 i 2
RE S JBE 5 2 BURE R 7 . AWESE 2 R Hou
ST XS IR IRVESR MK BUAT OGTT 145,
B BRI 0 v TR 5 2R M, R WK
B L SR i 2 A7 450 B 5 AT, FRIRCA4 STZ
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%5 ARBDAAHXESEREATIAE (xts,n=3)

Table 5  Expressions of related signaling pathway proteins in hippocampal of rats among groups(; ts,n=3)

2H 31| Group p-ERK/ERK p-CREB/CREB Cleaved caspase-3
C 1.418 +0.234 1.415 0. 162 0.080 0. 010
DM 0.491 £0.054 " * 1.044 +0.091* 1.103 0. 193 * *
DE 0.910 +0. 080 * ** 1.914 +£0.348 " ** 0.902 +0. 090 * **
DS 0.917 +0.072 * ** 1.762 £0. 114 *#24 0.838 +0.035* **
DES 1. 138 +£0. 079 * 4% 2.219 £0. 081 * *##a* 0. 135 £0. 014%#4 8%

PEREMERR LS B A, 1 RS R K R E k. £
£ L PRI H AT 5 RS 00 10 7 A TR o
W, R 0 A TR, KBRS, 17 3hR
RADRAS, 208 FRRNSTIG A, 2 RO FR AR A B
A7 H1Y B0 25 LA 2 M 5 2 ML 1) TR DRARAF , Fe
2 FEUE PRI A BUREARN L S o T S 4] el 4
7 BRI 65 25 K T v 14 D DR T R 5 A B Y
W 05 2 S B U/ T B A KR RS, BLAARA
By Ihid 20 AT S . 8 JEIA AR B RE RS A1
R BRI 112 5 22 KT , (B X 28 S0 S 1 5., i A
T A5 HUEE B RE RIS IRk U BRI 2
AR I UL A A ) RO, IR
AT 5 5 TR PO E AR TR 14 T e

WFSEIESE, B RS I STZ 5 G- 1o 8 b s i 0
K TE 2 S0 A2 Bt Morris 7K 28 B 6 00 45
SRR RE SR, AR ST & 14 e W 2 TR B B
IR NI =R SR vAC S L O L AN R N 0
F—3 . ST AESE, RS AT 5 40 U
T2, ABWFSE R, 53 IRAL L4, & A B
T P TR R 2 S R e R S B
W LR T o Y S a2 RS
Bl VR AR T K 2 T 15 YRR S
FEWDBE PR ST 10 HE 1 1 B 530 Ty 25 e 1
TRV S, A RIS B U AN i I T B
MY 8 JEBAE G, R LI T A0 U TR
D, 2 S0 D AR B B , WK IR s
BT PO TH AN T, SR PR R 2 T T2
PR, X AT BE S5 L B A o

UTAESR , W2 RGP 5 S 15 S sk 52
S Z W BF5E © R A B I F e k. ERK )
ZAMAE KR 2 R G, TE MR T BOIRAR BT B
o4 X IR AT 3 Rk, 52 ST I B A G
CREB J&— i HL A5 6 35 6 R 5 SOl B B I 26 1
Jii,CREB & ERK i %/ F #5550 T2 —, I

AR ERK 3 5 8% FiF CREB A&k, I8 15 28 fi T
PEPE, B3 R 2 T e A2 RE Y 4R N ERKY/
CREB {553l 5 7E P 42 K 252 21 iCAZ 5B ) A5 fih ]
SRR AR R TR F S T
PEIRAF M BRI 1 7 20, AR S R B, 5t
HRZH Fhst , AU R p-ERK/ERK . p-CREB/CREB 7K
-2 Y AR, B, M PR e IR R S T 5 R
ERK/CREB {55 i, fAAMGIZEN)E, BEIKR
p-ERK/ERK . p-CREB/CREB 7K 3B i 30, $2 /R 18
iz g i ERK/CREB {55 KB, B
AT B I, AT RIE F R — R
T E RN 28 S fil A A e (AR 2 B2 O R . K
] (45 44Uz S BE S AIE E ERK  CREB %59 B A2 41
SR R, IR BB B I 2 on N a4 ek
e LI ROCR . WY R BT, CREB KA TTH
AL T AW R F/ R R R 2 e i T
ERK CREB {55 il # 25 11 K3k b8 254 40 40 i 54
ToRORE O g R AR T A B AR /R . ERK
{55 112 A RE & 22 Al 5 58 fih ] 98 14175 1y L [R]A1L
e A R B 1 3 (cysteinyl aspartate spe-
cific proteinase-3 , caspase-3 ) &2l i I T A K sh s Al
KEEPAT o7, s AL 2 A i Fe Fy v e o vh A i 4R
24— EERY . ASE s A s s A
18 ERK/CREB 15 5, 18, /0 i 16 8 T B ( cleaved
caspase-3 ) Fik, IR T A A VR . e bt
TN AS S50 257 T (A 46002 3l AT e o B AR AR, |
% ERK/CREB 15 518 %, 18 /b cleaved caspase-3 3
kSR ST ToRE ) (R E T B 2T
2, T B 1S58 R A S 14 4 ]2 ] 5id 14 g
iR . HETA & ERK/CREB 55 54 iz g hit
BEDRG 2% 21 ic A2 k58 L. ERK/CREB {5 54
SR BTHE D A0 TR0 T R B B G E R e 2
Jicte I E R HLE Z —

WETHE R HAT R W DU A Z R I RE , BFR
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21 tHhag NSRBI, B ETF 2 [ 506 18 e B
B TR, TR T A I 2 S
s (IO PR s e IR 55 ) B9 BT iR . TR WS R
I, SRS B R ICAZ T BriC I s e 2 R R
F L, HALE 5 H3E in nNOS /9 3k, 1] GSK-38 &
FIRYZRIE, M5 o AB, L, B I TTAR S RS A R BRI A
ST RE R A O T A 6 MU O 3 IR
FRAILIARE 2102 5 T A ARG 45 TG o R e e e 5 3 ik
Wi 1% 52 0 ERK/ CREB {5 518 [ ok 05 B4 il
PRIGR B2 2001, HRTHFFRE AN TS 28
ENTENMTYING - el 2 Wi 5L R N e
JiCAZ BT AR (RIS IR RO R 5% 28 5 & R R 1
ERK/CREB {55 ¥ . 1, cleaved caspase-3 Fl1Zf|
R R R A 1 VI Y o e B VAT B
SRR NS B 52 45098 5 20 M D) B 14 2B W) A VE T
A G, HHLHEA] BB 2 3l ok 1 5 7 B ERK/CREB {5
S I DA R TS B AT R B i
R A b S (brain-derived neurotrophic factor,
BDNF) {55, ltst iz sl 55 1R K B 5 451 03 (9 1
o MR #2278 3% 7 ( BDNF) 5 H 32 {K (tyro-
sine kinase receptor B, TrkB) & &, 7] L3 53 i 15
ERK k155 CREB (93#0% I 7~ A #5211 CREB {5
= 35E BDNF/TrkB 1) ERK/CREB {25 A #) T
heg )R g™ o AE app/psl /NEIRF ST h
RIL,B VEM AL HK P3G iR 8 T CREB (9%
W2t , #20fE S BDNF i 511 TekB 3 8RR 16 T 4,
i ERK 3% 1) CREB FkFEAE ™, 251k g
TCRETT IR o 1R 5E B RE W 2 I 7% ERK CREB 4
M AT IS RBE T 1, — e TR I
AR T, 33X T R BT R BURE IR 2¢ 2d ie A B
Bk PR AV AL 2 —
WhotiE—L R B, B Sk A IR e R 8 J e IR
o KR 2T ICACBIGE ISR L T B — 1 A 48z 3
SR , 2R WAz Sl MR e Ik EL AT D[R] 4 25 A
Mo 1837 A 2507 1A S8 BAT B4R ]
A, AU SRS ] Y s SO 56 iz 3h
WA B P IR 20 1E 2 BRI R $E 28
PEFM—E S HURIRFTS 0, 8 ShIZ e e ik &
411y p-ERK/ERK . p-CREB/CREB 7K - 5. 2 75 -
— A A E B SR HERE 4, cleaved caspase-3 ik i
FREAC, A TR R, $R B SRS IR e
kb 7o vl fg i o g — 20 P0E ERK/CREB {5 5 &4,
PR S0 I G 1 ERK FT CREB (935 £k, A &%

O T 7 A L T, T 25 42 5 IR , e P R
B iR IR VE T . XA T RE RIS 3N A
R E B ERR R 2 S IO R BB A
EFRANTEA T BE LA A DR A DG A 2R A T e
a5 AL R IE AR

HAF UL R AT ) DES 41 19k 5 R K
SRS BT (2 8 J) © BEAK A 28 1R H K-, T
HC oA BE A B SR R G BT 3 R TR K
VAR BE DR A — bR S 1 AR | 45 Bl AR
THREBEAS RETEAT B 14 IRF 8] P FE i AR 52 30 1 RS
ERT DIME 52 A2 400 14 e 5% A0 RO DD RE , (1 JB 5% 2R 73 b i
TIEH o A2 AU PR 8 T K R R A A
SRzl , [RGB P AR e A8 Y Ah AT

HI AT D FEASE I S5 0F T, A 4 B PR g

PEREA R B, i 2 BB R B2 012,
15 SR IR i 7 22 A S Y S g RO, TR
2l 1 A7 4Rz Bl AR e o, L S O BT 5
ERK/CREB {55,787 cleaved caspase-3 ik, —5E
TR A 1, R 45 S p T R T A G
ERK/CREB {5 5 & 124 7] fe 1l h A %61z 3 Fl IR Jig
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