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[ Abstract]  Objective To study the effect of intervention of probiotics on gastrointestinal function and expression

of AQP4 in rats during exhaustive exercise. Methods Forty male SD rats were randomly divided into quiet control group
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(NC), exercise control group ( ME), quiet medication group ( NCY) and exercise medication group ( MEY ). The
exercise control group and the exercise medication group were subjected to exhaustive training for 6 weeks: the running
speed was 19.3 m/min, the slope was 5°, the training was once a day, 6 d/week for 6 weeks. Probiotics in concentration
of 107 CFU/mL was gavaged 10. 0 mL/(kg/d) in the quiet medication group and exercise medication group. After 6 weeks
of exhaustive training, the activities of serum gastrointestinal hormones ghrelin, PYY, CCK, GLP -1, MTL and GAS were
measured. . The expression of AQP4 was detected by RT-PCR and western blot. Results The contents of serum ghrelin
and PYY were significantly higher in the ME group than those in the NC group (P < 0.01). The contents of intestinal
CCK, GLP -1, MTL and GAS in the ME group were significantly lower than those in the NC group (P < 0.01). The
serum ghrelin and PYY were lower in the NCY group than in the ME group (P < 0.01), while the contents of intestinal
CCK, GLP -1, MTL and GAS in the NCY group were higher than those in the ME group (P < 0.01). The serum ghrelin
in the MEY group was higher than that in the NC group (P < 0.05) and lower than that in the ME group (P < 0.01).
The PYY in the MEY group was lower than that in the ME group (P < 0.05). The serum CCK was lower in the MEY
group than that in the NC group (P < 0.05) and higher than that in the ME group (P < 0.05). The serum GLP -1,
MTL and GAS in the MEY group were higher than those in the ME group (P < 0.01). The expression of AQP4 mRNA and
protein in the gastrointestinal tissue of the ME group were lower than those in the NC group (P < 0.01 or P < 0.05). The
expression of AQP4 mRNA and protein in the NCY and MEY groups were higher than those in the ME group (P < 0. 01 or
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P < 0.05). Conclusions

Exhaustive exercise causes changes in gastrointestinal hormone levels and increase of AQP4

expression in rats. Probiotics may be involved in the gastrointestinal hormone secretion and water metabolic process.
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1.1 ###
1.1.1 SE8sh¥)

40 H SPF %% SD Mt A KL, 10 JEi#% , /&5 (250
+10) g, W4 H B AR B 2% B 525 s ) o0 [ SCXK
(H:)2013 —0001 ), ol 37 FI S 56 34 78 FE AR = 27 B

S B4 o0 B ERBE R AT [ SYXK () 2013 -
0001 ], alF= ] 45 7 K B A o 1) ek A 3k v ik
K (B E AR S 2= Be S e s o 4R L ) o iR 3R
BilRE 20 ~ 26°C ,{BE 60% + 5% , A AEY
FELRh Y FER (LHEFHS.
GLMC201703049) ,

1.1.2 25/

WFSEMPRL A 25 A= B AR ) (B 100 g 45 A2 A
o KBS AT 1.2 x 10" CFU | 5 I WLIEL T
1.9 x 10" CFU FE#MEEFFIG 3.2 x 10° CFU \FETR
FLFFHE 4.6 x 10° CFU 78 & ZLAF B A/ i 1) S SF Fof
3.0 x 10° CFU) , WF 5 /RIS A W AR B A
BN HE (15 :G20110198)

1.2 7%
12,1 sh¥ sy e 2is A v v i i

PR RBEHL S A % Fp 5t B 4L (NC) |, 32 sl % B]
4L (ME), % § 4 25 41 (NCY) , 18 3 45 25 41
(MEY) , sh¥pi& Bt 3% 3 d J5, 38 sh ) B4l
BENE A EATIE I 1 R BRI 30
min 2R FH &l B A EE 1R, Hh e i g 25 4R
iz s 2y 2l A HHE B BTG Y 25 45 R 10,0 mL /
(kg-d) , i gs AW E R 107 CFU/mL”), X &
HIERR G AR PR K, ESERS 256 JH,1 I/
H, B8 505625
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1.2.2  Shss 5 EbE

iz I A R Bedford 7 07 AT IR,
WEKRZNEEWEE A 19.3 m/min(76%
() VO, ZEf) , PRFR I 5R 2 00l Hodh i & 3
JEh 5 BRI 1 R, B 6 d, e i, J1i
TR o Sk R RO R AR b, 7 ' R O BE 4k 2k
53, 6 AW INGE ]G KRR E 24 h, 15
FrIH VR (M BE 20% ) #% 3 mL/kg I8 B 1 5 R 1%
Jei F ) A S K I S mL, B B O T,
2 h &, 423500 r/min 5.0 10 min (4°C) , B
T EP & H , ARiC, - 80°C vKAH TR, BUML G
TR A 5 R RN, Y O E AR B o
Oy, 20 1 ZEILES B 3 4y, SR 5 oK 1 A 3
K Ve =S IR T, A R A - 80°C
UK AR

1.2.3  KEWMEREHNE

SR B i 100 2 B M E Fe Ar , K RS
ghrelin (A K LR BEIL IR ) 3070 £ (5845 . hj-C1989) 5
PYY (& K ) 12050 & (125 . hj-C8241) ; CCK (/IH#E
Wi ) IR F & (595:C3558) GLP — 1 ( i 5 il b
FAEM) R & (5255 :C1402) ; MTL( B3R ) i)
(55 C1749) Al GAS(B W R ) il & (51 5.
C1748) ¥y e il T AE MR A BRA wl gt e
D7 A% e NG B O TR AT 0 S Sy g U
AL (IS . M1000, TeCAn, Hii 1) o
1.2.4 KELE WL AQP4 mRNA K& 1 KA1
7

(D) BIE

K AQP4 5 B-actin FEH B WL WLFE 1 (H
A T A D) .

®1 ST SY KA

Table 1 Primer sequence and amplification length

519 SIS - 37) P I (bp)
Primers Primer sequences(5’ - 37) Amplification length (bp)
IKEEEE -4 CAAACGGACTGATGTCACTGGCTC 429
AQP4 CTCTCCAGATTGGTCTTTCCCTT
WZHEH CCCATCTATGAGGGTTACGC 150
B-actin TTTAATGTCACGCACGATTTC

(2) AQP4 mRNA #5:3l]

5, BUE A4 100 mg 213, &4 4L
FE T b HE B Trizol U B 2 B S RNA; 2R J5 4%
Fermentas 23 7] 42 7 1 % 5 RT-PCR 12t 7] & 10 W
PIE ALK 5.5 pL RNA 58 cDNA, H 51
ZFEWR LN 10 min;42°C 45 min;95%C ,5 min;4%C,5
mi), B HL DNA 2.5 pL, F FiFsI ¥4 0.5
pl, 2B 77K 10 wL, PCR Master Mix 10 uL 747
PCR ¥ #5553t | B M AL 2355 5 45 R ¥ R . 95°C T A
P 3 min;95°C A8 45 5;55°C 1B & 30 s;40 ME,
T2CHEM S min, HcJa, W10 pL 7= T
1. 5% WIS HE HEEERC B AR L UK (110 V, 60 min) , H]
B 8i4% 2 5t ( Bioserss-1805 %l , BD ~Hl, £H))
SIHT R BEAE, FL LA R B I 4141 AQP4 /B-
actin JBFIR .

(3) Western blot ¥

R BB HZHZ4S 200 mg 28T AR I 58
PEYRSE B0 (10 000 rppm/min) 5 min B EIER, H
JAHZHZIS ] BCA YEIEWREE 22N 25 pL bR 22
10% 1) SDS-PAGE HLIK )5, #425 F1 54 #4 %2 PVDF JIE |-,
TEEHLIT 14 V,100 mA, FEE0 2 b 5, M, A
AQP4 B-Actin —HLd R, A —HiFE 1 h,ECL WA

FEG, FBER NG R G0 B 2040 AQP4 55 B-Actin
BRI EEFI T LLEZOR
1.3 SitEFRE

B HRIE ST SPSS 19. 0 BEAT AR B i
HRH (2 +5) PR, AN VBRI Z 5 LR AR
NZE 2000, 47T KR, P < 0.05 NERA
gt E X,

2 R

2.1 HABRMNEHARBEHHEZSEMILR

ME 2K FUMLTE ghrelin A1 PYY & &3 & F NC
ZH(P < 0.01),1f ME 4K RfiL#E CCK,GLP -1,
MTL £ GAS & IKT NC 41 (P < 0.01);NCY
ZHR B MLYE ghrelin PYY ¥IEF ME 41 (P < 0.01)
{H7% T NC 41, 1 CCK .GLP -1 MTL Al GAS &1
T MEZ (P < 0.01);MEY # K §UlLTE ghrelin
BT NCH (P < 0.05)TMAMLT ME 40 (P <
0.01) ;MEY #H K FUMTE PYY A& HRKT ME 4 (P
< 0.01); MEY 41 KRIM¥ CCK & &#LF NC 41
(P < 0.05)MiEF ME 4 (P < 0.05);MEY 41K
BUMYE GLP — 1 MTL Fl GAS & m T ME 41 (P
<0.01), WE2,
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®2 fAERXIEI RN EBMEEER L (2 £5, n=10, pg/mL)

Table 2 Comparison of effect of probiotics on the gastrointestinal hormones in the rats during exercise( x + s, n =10, pg/mL)

2151 L3S E IR IR ik i JEK JEE €S E=AIIR e = IN EEIES HWER
Groups Ghrelin PYY CCK GLP -1 MTL GAS
R NC 203.45 £9. 05 98.21 +1.04 167. 87 £1. 40 27.51 0. 49 279.35 2. 19 47.45 £2.15
B B% 2] ME 280.35 +6. 17" 113.24 £2. 05" 137.50 +1. 19" 21.33 0. 56" 239.31+1.18"  37.22+1.35"
LHHHZH NCY 210. 13 +5. 159 99.28 +2. 154 168. 80 + 1. 461 27.81 £0.41¢ 280.15 £1.14¢  48.17 +2. 261
B34 224 MEY 216.23 +£8.10*  100.13 = 1. 061 159.79 £1.51* 26.52 +0. 39¢ 269.32 £2.09¢  45.61 +2.18¢

.5 NCHHE ,“a” 7R P < 0.05,“b” /" P < 0.01;5 ME A4, “c”7R P < 0.05;“d" /R P < 0.01,

Note. Compared with the NC group, “a” means P < 0.05, “b” means P < 0.01. Compared with the ME group,
P < 0.01.

“

¢” means P < 0.05, “d” means

2.2 XRBFAELS AQP4 mRNA EKik

ME 20 KB E 4141 AQP4 mRNA FKIABKT
NC 4 (P < 0.01 5, P < 0.05);NCY KEHmd
241 AQP4 mRNA KiE¥ & T ME 41 (P < 0.01);
MEY 2H KBS 2040 AQP4 mRNA ik 5 T ME

MEY 20 KB B 44 AQP4 mRNA ik 5 NC 41t
WESRTTWEE, WE1 FE3,
2.3 KRBFELR AQP4 EARIE

ME 20K B 7 4H 40 AQP4 4K 1 26 A 4K T NC
ZH(P < 0.01),NCY 1 MEY 2H K KB mZH4 AQP4 75

H(P < 0.0l P < 0.05),{H{XT NC 41, Hr HEAE T ME 4H(P < 0.01), WLEI2 3,

NC ME NCY MEY Marker NC ME NCY MEY Marker

bp bp
700

700
600

600
200 500
AQP4(429) 400 AQP4(429) B I T 400
300 300

. 200 -

B-actin(150) -actin(150 e b 200
100 B-actin(150) 100

B 4141 Stomach tissue

R 2 Intestinal tissue

BE1 KHKEEBHHL AQP4 mRNA 774 ik &

Figure 1 Electrophoresis of AQP4 mRNA product in gastric and intestine tissues each group of rats

NC ME NCY MEY

1510 i

NC ME NCY MEY

2 HBAKREEBHAL AQP4 HHAFKIA

Figure 2 AQP4 protein expression in the stomach and intestinal tissues in each group of rats

R3I KEEBHL AQP4 KIERHE(x £5,n=10)

Table 3 Comparison of AQP4 expression in gastrointestinal tissue of the rats( x £s, n=10)

415 HKIBEE M -4 mRNA WK E T -4 mRNA  EKGEIEEN -4 HH MrKEER I -4 A
Groups Stomach AQP4 mRNA Intestinal AQP4 mRNA  Stomach AQP4 protein Intestinal AQP4 protein
L IRZL NC 1.32 0. 09 1.40 £0. 10 2.16 +0.18 1.96 0. 05
B EX IR ME 0.45 +0. 13" 0.91 +0. 06" 1.31 £0.15" 1.07 £0. 16"
LR 22 NCY 1.38 +0. 07" 1.45 0. 16" 2.19 0. 16 1.98 0. 131
B4 24 MEY 1.27 0. 10¢ 1.29 +0.21° 1.96 +0. 051 1.91 0. 161

.5 NCAHKHE, “a” /R P < 0.05,“b” 7" P < 0.01;5 ME 4 H#,“c” /" P < 0.05;“d”7R P < 0.01,
Note. Compared with the NC group, “a” means P < 0.05, “b” means P < 0.01. Compared with the ME group, “c” mens P < 0.05, “d” means P < 0.01.
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THiz s KRS WmIE R R BA EER R X,

W Wi % & ghrelin, PYY K. CCK,GLP -1,
MTL Fl GAS XFHLIA Y 15 i 1 3 15 BLAG o % i) A 1
FERT S Wa ZU T RS R B ghrelin B R
711 1B Dy g 57 W F1 AR FLIR I MEFR A D B, Ashby
ZEUSTR Sloth 25V HFSE R B, PYY S0 £ B VE
2 K, TERLIR N B 8 1 Rt ol 2 i B k=
FIE R/ % . CCK J& CCKRs 1 G & F11H Bk
ZRB IG5, EA VR I B DR A i & ak
ER™ ) GLP -1 J@ IR e ki R E, &
A A HE 2 0 i 3 A AR R FE 4R MTL
JEH 22 NEIERA M Z K, BRI E W5 1
Wi N S B I REA I GAS R EEAH
J B PR R 2R B 8 P i gl R R 4
W AEUEE PR F AR IR B
TETT R S e 8 e ik 5 g 18 D RE n R A A
PR W IE R 53 U6 RE S DR UE S 7 18 I A | T AN
HEMESE DUt E E i TR G IH o %
FERI, AR IS B RE % 32 5 K SIS ghrelin &5 £,
PEm R BRUH HEz R e SRy, AR AR
BT, B R 5 ALK ghrelin K7 F+ 5, PYY Al
GLP — 1 [ 25 Mg >)  BahsiA ke T
J5 E IR E ghrelin K F T, 10 PYY KA
ARS8 g AR XA e AT NI 4 FR
RS REE T AU, SCw 2 /4 B b iE Wi
# ghrelin PYY Fll GLP - 1 &g Fti, CCK &4 i
BEAG ., DR e = B AR LR TP g8 A
Ja R, BEBAIAN A WS RN EE MTL

1 GAS F i Bk & 21 1 H A /K-, TRk B 7
HAEREAMTHAILGIENRE, AR LA, 1
Y538 3 e K BT ghrelin A1 PYY &34 W& T,
X5 Martins 570 B 9% 25 5 — 35, $ 7R F1 9642 sl i
BILAA I S5 i) T FE = B o A 67 P A G, e
B HEZS b 7S R AR R VRS R I, R BRI
ghrelin Al PYY & & 15 T2 MALH 5z 5 24
He A — e 22 50 7R 3 nT BE R fh 1 25 AR TR
WA B i feiz sh b & A 55, B 1k B s T RE
L, W R, J195ia 3l JE KEUMTE CCK GLP
-1 MTL 1 GAS &t ¥ T2 %t B4, 1M CCK
JEIHEAA T M CCK &M FHEREE W
SYUAEL R R ML RE EEEFE IR, AR,
WIEF T GLP — 1 Fl MTL & 1 i F [k 5 54 6 1
SOV ST A R — 0, X ] B T 88 35 i AL
WNERELZ  GLP — 1 A1 MTL 433558 An , ik 1
W W oh 1 i HEAS RN RE R T FE , S o ke i B
05, GAS B T FEIX 7] & th F 15 R 43 W 1% 2 1l
RET AT AEAEAE — o YR R, T8 o b 72 45 2E TR
WG &I, K ERIMTE CCK GLP — 1 \MTL 1 GAS 7
WA T B R R B w R KO 3R
Nt RO RER R T E MR S M
FE B WA REHE T 1R #9784 iz
NEEAL, B W E R RIS A RFRARS
JGRIEE 1 - 4 (AQP4) J& /K 18 5 11 (AQP)
R K SR I KR 2 — , B RIA E
BAFAE T BERSE A 21 B e ks 8 ik
AP | G0 28 U8 Y5 A4l i i A AR B REDY
Hardin 25 BFF 58 48R, K BRI AR Hh 9 25 i 1t 40 0
5 AQP4 F5K T AQP4 2 5 1T 45 17 WA 1 73 Wb
I, WMBEE S B gE K B0, 6 sh ik R A R R
RZEH S AQP4 Rk T A K, MEHE R E
WY, E A AR M A R AE MR TS B, AQP4 Rk T
W, 8 I T 7K 1 R S0 /b 8 o e R Y i O 2
PR A SRR Wl AQP4 Kk T, B
R BRI, AR LB, D198 8 e KERUE
JHZHZ AQPA mRNA A8 [ 3% 35 K T 22 i v #R
4, $E KR 9 0 v 32 3l T g S EOR BRUE 4L
BT REZ BR B W38 0 15 SR S I S, T 5
B B KR AR G, 38 A b 7 A AR TR RS
KL, KB m 4 AQP4 mRNA FIZE 4 ik ¥ 4
TR AQP4 FRIRTE 25 A TR I AVE T R I n BB =
5T KRS SR, B T E BRI W, R
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