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Abstract
AIM: To explore the feasibility of using in vivo
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cerebral microdialysis and high performance
liquid chromatography (HPLC) to determine
the contents of glutamate (Glu), glycine (Gly),
y-aminobutyric acid (y-GABA) and taurine
(Tau), and to observe the protein expression of
y-aminobutyric acid receptor A (GABA,al) in
irritable bowel syndrome with diarrhea (IBS-D)
and irritable bowel syndrome with constipation
(IBS-C) to investigate the preliminary pathogen-
esis of these two subtypes.

METHODS: Using in vitro relative recovery and
in vivo relative loss ratio as monitoring indica-
tors, the feasibility of using cerebral microdialy-
sis and HPLC to determine the contents of Glu,
Gly, Tau and y-GABA was first explored. IBS-C
was induced by cold water administration and
IBS-D by folium sennae combined with restraint.
Cerebral microdialysis and HPLC were then
used to determine the contents of Glu, Gly, Tau
and y-GABA in the rat brain. Western blot was
used to detect the expression of GABA,al pro-
tein in brain tissue.

RESULTS: In vivo cerebral microdialysis and
HPLC were feasible for determining the contents
of Glu and y-GABA; the in vitro relative recovery
rates were 21.6% and 24.5%, respectively; in vivo
relative loss rates were 41.8% and 32.5%. Com-
pared with rats in the normal group, the ratio
of Glu/y-GABA in the IBS-C and IBS-D groups
significantly increased (P < 0.05). GABA,al pro-
tein expression in both IBS-C and IBS-D groups
were significantly higher than that in the normal
group (P < 0.05). In addition, GABAal protein
expression in the IBS-D group was significantly
higher than that in the IBS-C group (P < 0.05).

CONCLUSION: The pathogenesis of IBS-C and
IBS-D may be related with Glu/y-GABA ratio
and GABA ,al in the brain.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.
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BB K5 By SR AE AT -5 RUR A8 &3 (high
performance liquid chromatography, HPLC)
%M T SRR (glutamate, Glu). H &8
(glycine, Gly) y-& & T 8 (y-aminobutyric acid,
y-GABA). ZF#t#i(taurine, Tau)&2 49 7 47
W, 8L 25 B ik 42 A4 [irritable bowel
syndrome (IBS) with constipation, IBS-C]#= 275
= 5R W 5 i 4 A-4£(IBS with diarrhea, IBS-D)
X AU 4R P SR R KA R S B Ay
A& T B 2R A(y-aminobutyric acid receptor
A, GABA , al)& a8 & A H 0, ¥t
IBS-C. IBS-D#j 3t & Jm AU

Tk VAR SN AR 3 Ok & fe iR A AE 2R K R
A # BI54F, 2 M Glu. Gly. TauF=y-GABA
I By SR AGE AT RAE T AT, B LR A SRR
M ETESIHTT ik, RIBKAKMEF ki ZIBS-C
HpRER, FBrHE R LSRR SRS
IBS-Dah A AL, FHAa ] &-20 X R A "R 52
K Ab 22 4, KA Western blotik ] & &
0 K R84 P GABA o1 & & 09 R A L.

R WA MEHN-HPLCETA T A
Glu. y-GABA# 48l T, 1k 8t =ik &
SR H21.6% 24.5%, K A AR K o
AL AA1.8%. 32.5%; 5 EFAK A4,
IBS-C#.4=1BS-D28 X & s A Glu/y-GABAL
{3 B 515 (P<0.05), GABA ,al &8 &
ik B %3 (P<0.05); 5IBS-CZ K R b4,
IBS-DA X i AWGABA \al /4B G £i4 2
#3 Hm(P<0.05).

58 IBS-C. IBS-D#I L 9% 7T st X5 i I >4
AR Glufe 4] R ILBRy-GABAS 2 LA
GABA, o1& & Rk BH *, G2 A,
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ZARIE P A A 5 ik 47 A4k (irritable bowel
syndrome, IBS) ¥ &9 Ak, AIEL75 £ 588 5 4
A-4E(IBS with diarrhea, IBS-D). &5t £ 5% 5
% 4% 4-4£(IBS with constipation, IBS-C)B: & X & fis
20 22 52 A (glutamate)/y-& & T BA (y-aminobutyric
acid, -GABA)& B FGABA yol %K & & R ik
B XIS, BT T - i A 51BSH) ML AL
4); HGABA ol Z4h% & &k £IBS-D¥F 754
IBS-CE A2, 487 7 fu-Mih 5 51BS-C. IBS-D
R IAHUH 0 2 S,
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W G &5 A Ak (irritable bowel syndrome, IBS)/&
— Tl il PR 5 A HE AL ER) A8 1R D BE R AL,
B Z AT AR RERE IR ) T 75 2% U A AR AL S
FRAE i R 32 BRI 70 9 RS 2 3 8 5
S E(BS with diarrhea, IBS-D). {3 S Mg
S ¥4 EE(ABS with constipation, IBS-C). &5
HRAAE ¥ A (mixed IBS, IBS-M)FIA & B4 Ji7 5 3%
£E 41 (unsubtyped IBS, IBS-U), 1 LLIBS-C.
IBS-DH A W,

Hui A%, K%K (glutamate,
Glu). K& &M (aspartic acid, Asp)E et
b i, H& MR (glycine, Gly). y-&3E TR
(y-aminobutyric acid, y-GABA). i#ili%(taurine,
Tauv) /2 MHIPERIZIE 5T, H 51BSHIA IR HLEIAF
TE—EMRR. ;-GABATE WA RGN HE
MR8 R, Bidy-GABAZIAGABA 4.
GABA,. GABASERIEEZEIMER". &
R L A S T 2 B, B IR S A 42 8 T A
IBS-DIFA R B A — & R FE, g En
FH 5 e OB E i g AT A i o3 At (2125
1E, MR IR Gk IE R R I 2048 T AEIBS P
AMIERUIBS-C. IBS-DA H Al BEALA, 24
il 1 2233 i y-GABAYEIBS-C IBS-DH1RIA
AL ANTE 2. AT FUALESLIBS-Cy IBS-DA B
RS, 82 A Ao Al 8 1B S K BRI ZH 23 Hh 2 Ak
PRI 4238 T & &, JFKH] Western blotiZ s il
GABA K FRIEAZMN, IR @ IR A
BFAEIBS-C IBS-DAJi 1 (AL AL
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1 SRRT5A

1.1 #4 SPFSDAKER, MEHEAFR, & H) M
rhE 2G5 KB g, [SCXK(#)2013-0020].
BN I B IE AT M R R 2 R — MR
B Bt S 56 2 P Hh O BE B B ) S 56 v it AT
[SYXK(#)2013-0092], tA7%iEF22 ‘C+3 C, i
FE55%-75%, HARGIEE, e Segshvfs F
3RIZNZF NE KR, Glus Gly. y-GABA.,
Taubr i, 46/99.99%, 4B —HEE. B-3i
F . TRIzolZE ¥ NSigmas 777 fh; Bt
GABA o IR FLEHUA(SE EMillipore A wl); B
WLah & A e P4 (5 [ Santa Cruz/A A); B
AR S AL B AR AL ) S BT 3 (B 5 A2 i A P
RARAT); PEE(HPLCY:, KiEIUAE LB+
BHEEBR AW, HAlX7R13 85 4k, MD-1001
OEEN . R . MBIRET I EBASA
A]; Agilent 11007 GA A = 0B R4, MK
10 A BREBERR BB A T AT B L VKA . v
¥k F(BIO-RAD A )45,

1.2 7%

1.2.1 Sy afe kiR ey i 5 K SDA R BENL
4y NIBS-C4H. IBS-DAMIER A, HH20H. &
G ARTI H AT AR ST SRR, SR AV 4t A R A
JSL0: 2 ST IBS-D K R A, 2225 SCHR[11], SR H
VKK HE BR L IBS-C R BB A, IE% AAET
AT R HE. M4 Bristol 3& 4 43 AR /3o B A ik 47
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WA, PLFEIRR7r>670 3 9 DB S-D K RS
A, DTS5 5r <343 38 N LN TBS-CoK FR AL,
1.2.2 BB HARAT B8 AL TG, b
HUBUR IIBS-C IBS-DREAY KA 10H, 1E%#
KIS K, MR KA & EE0.4 gke), FIH=
O 37 AR i 7 A G A BT R A T
B 5™ AP=-5.8, L= 5.0, H="-3.0).
FARIGRRIKET d, HERRREF B E BT
1.23 kG meghnrxnEi. &
2 SCHR[OTHC iV & 2 B R R #E (G lus Gly.
Taufly-GABAW & 73 71 °80.1006+ 0.1013.
0.1005. 0.1003 mg/mL) &% 4B — H % (o-Phthal-
aldehyde, OPA)TA= 7, [FV2: il 25 b v i 25

1.2.4 #EARAT O RSN el ol 2 S oS BT
WEFET1 1100 1:20. 1 50MBEHIES R
FEMARAEIR W R, A32 C AN T A (138 mol/L
NaCl, 11 mmol/L Na,HCO,, 5 mmol/L KCI, 1
mmol/L CaCl,, 1 mmol/L MgCl,, 1 mmol/L Na-
PHO,, pH 7.4)LL1 pL/minffU#EBER, 420 mindi
BEVIR, WUER TR, 7 25 W P IR WSO, R
REMUB S 2 SCHR[9] LA i RORUH (i A
M5 I E, 12 A FRR = Ciaysae/ Coneaiom VT HAE
VAR CIT g

1.2.5 #EATIRATR A Bk Fagml 2 BUEH A
K, K EREHE AT B &3 K R A 5 fix X
(B, AANTRERLAL.0 pL/miniiti g T 1.5 h,

ELAF LR
B BB

BB AP 2 AR

iR R A 9Tl 5
GABA,al %tk 5
A e JIL ) A
A EW* &. Sab-
batini¥iE £ §
R T B AT
227, M dk i
fe# P GABA, %
HigalFea LA
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L.
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SE VRERBE T2 =P (] 2RIESEE(ug/mL)
Glu Y = 193.56X+5.6532 0.99997 0.0503-10.06
Gly Y = 298.82X+11.9073 0.99986 0.0506-10.13
Tau Y =221.08X+3.3768 0.99991 0.0502-10.05
y—GABA Y = 189.33X+8.1744 0.99993 0.0501-10.03
Glu: B&R%; Gly: HEBE; Tau: HFHEES; v-GABA: -2 & J &,
{EEREN B B H K E IEH, SRR #1010, 1FHGABA, ol H HIFRIA.

1:200 10 50 REIMR & AR Mbr I BAE R
FERIR, P15 hiE, 20 miniUER 1R, YUERS
AR, 275 STHR[91 LA O i RIOHBUAH £ 1% 72
KR H Glufly-GABAKE, #% A ARL =
(Cpertusate=Caatysate)/ Cpertusare T 1A P AE R 451 2K 6.
1.2.6 IBS-C. IBS-DE E% X R i N E L8R 4%
Al S TIEBA R G5, 2. 4. 6. 8.
12, 16+ 20, 30, 40RHLEAKRIR, TH—
(8] 76 AT ) ER 9 3K BR PR 2 i DR N i ks
FrEREr, FIN T E R LA1.0 pL/mindit 3 HE R, ~F
#51.5 hJg FF 46 ke, 5530 minfeBE 1K, SR
BRI, AR e 5O R € 3 v A W B YA
Gluflly-GABAK L, SR J5 4 A4 A A 0T 40 2k 2
THE T 2 2 A SEBRGluly-G AB AR 8 (Caype
i = Cupgi/RL). DAL & & WM ALER, LU EE
RECHMEALR, HIE 2R, WEEH 5 HT1BS-C.
IBS-DANIE K BRI A 2 LR & A b 72 .
1.2.7 Western blot;x#-mIBS-C. IBS-D& E% K
B ANGABA ol &Y £ik: TIEMEREHL6
K, S HIEUE R KRR IBS-C. IBS-DELR K
H 5 HBEHEALBE, 43 B il 21, JFT-80 °C
REA A BUBRSHZZ4100 mg, IINEAR
R mL, UK AR, mE 015 min, 3R
AL E AL, FKH = Fn] TE(bicincho-
nininc acid, BCA)ENE & AWKE. €&/, K
FH 5% 48 I A 12% 53 B IR BEAT W4 A1 03 85, I
HE T R % L M(polyvinylidene fluoride,
PVDF)E _F(0.06 AEYi, 60 min), I)55%/0 A5
A E iR R % 2-3 h, BUEPVDFRE, i A —4t
(GABA,alR 1 :3000), 4 Cid% I E. TBSTH
T EFE V6 min, I HLCHMRES ZARIL I bl
F1gG 1 :2000) = IRE 1 h, HTBSTH &%
JHPE6 min. bR, E B TR
Fr. B S, FQuantityone 4 K A L&
ANRE S 2% K BEAE B4k, DABILANEE A N AR,

=R=7
NN
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2 $R
2.1 MafiE AT -3 20k A8 &3 (high performance
liquid chromatography, HPLC)#% 3 & 545 )
JE3RAFIBS-CHA K16, IBS-DARR20H, 1E
W20 . NS BT IR B R TE R R
T, 1. FRAEdhZe s Rank . R 1A,
Glu. Gly. Taufly-GABARIZEX R R IT.
2.2 MEMIRAT R sh e Fam w2 T4,
Gly AN Tau P33 B X407 BT BR4ET IR AR G (BT W 22
KRR (P<0.05), TGlufly-GAB AR Xt
THOZ AT BRI 1B W02 52 I 3 /N (P>0.05),
JRi BB S BT B AR AT T G lufly-G AB A i 41
ZUREURE.
2.3 MEMNKAKRAB K Fegm g BRI
HI, Gluflly-GAB AR JEE 44 P FH X 451 2 SR A
SN, BT TR OE BT LR E. HGlu
HMly-G AB AR N AH XS 45 2 F 42 IEER L2 70 A
41.8%- 32.5%.
2.4 IBS-C. IBS-DA& E% X R 1 &K 8% 4
= R WE2A, B. &R KM, S5IEF AR,
IBS-C. IBS-DZH K HIGlufly-GABAT &1
BT, RGBS 28 16 K 7o 47 1A 3| WA,
HIBSH A > 8| Gluflly-GABA S &% 7 L4t
TR, Wi O BRI, OO e PR
BEBR G Lun H i M S B iRy -G AB A LLAE A S
5, G mE2C. HE2CT LUE H, Mg R
YRFBFEAOR, HIEHH KR LE, 1BS-CA.
IBS-DZH K Ui 9 Glu/y-G AB A LU AR 34 55 25 1% T
B1(P<0.05). i 45 3520 d /2 44, IBS-C. IBS-D
KR Glu/y-GAB A FU AR 3538 81 ) 1E 5 7K Pk
5, SR E R ] B IR A
2.5 IBS-C. IBS-DZ E% K A5 AGABA ol &
B A&k B3R A, 5IEE AR R LR, 1BS-C4L
FIIBS-DALK N NGABA ol & A F X I3 1
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s FIMEXI TR i .
B 1: 10RR 1: 20080 1: 500
Glu 21.686 +0.513 21.656 + 1.267 21.628+2.478 0.002 0.9976
Gly 16.974 +0.638 14.640 £ 1.370 12.494 +1.102 21.254 0.0001
Tau 26.328 + 1.301 24.030 + 1.465 19.874 +£0.982 33.403 0.0000
y—GABA 24.564 +0.676 24.494 +£1.072 24.418 +0.962 0.032 0.9689
Glu: BR8%; Gly: HEB8; Tau: SEHEES; v-GABA: y-2 & J .
s Lr AN PR P B
1: 10 RR 1: 2000 1: 50%RR
Glu 41.708 £0.410 41.880+1.423 41.9380 + 0.986 0.163 0.8517
y—-GABA 32.542 +0.891 32.694 + 1.386 32.8380+0.170 0.115 0.8924

Glu: BRER; y-GABA y-2E TR

TH(P<0.05); 5IBS-CAH KR L%, 1BS-DA K i
1% A GABA o1 £ [ 314 Wi 25 38 0 (P<0.05).

3 17ie
KRB IR SRAT IR AR, KO B R
SIBSH H AR R, IBSIH & 1A & i
T D Wah. N EEAFIARUIEER. M
BT 51 G P R IR KT R AR, TG R i Y
Glu. y-GABA5Taw/K P A4, iy 1 4 41
WTF % RS, 515 % RNk R+ E ).

06 008 AT P 200 T 9, A e e o
PR T I0 AM R85, AH LU i 212350 2T & HERR T
R fik m SR R TS ) 42 328 O PR R D, S AN R R
LS S B BRI B BT IR B R A
B3/, TEBNITE BERAS T HURE, HERR T RRIEXT 2
PIARHE . A 2 A S5 I R (R, B S R A
LT BDIRAS. BhAh, MiHOE AR L BA 4
I E) SUBORE, AR S TR TR, T BT,
SIS S AR SR A

H AT 7SR B K N y-GABA 5 Glufs H % 1)
YR 28 AR BT 9 SR FH I s A 5 R SR 4 Jii 4
AT, R FH ¢ 6 e AU B R AG I A G Lu
y-GABA &, RIGluflly-GABA/KFHH L,
ANBE S WG IS H AR DY A m ] o5 A0 5, R
PAGlu/y-GABAEAE AT 5E AR A B il (1 i
bR, SRR IE R A K RARLG, 1BS-C4LA R
HIBS-DA KRG HHLHGluy-GABAE I
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ETFE. WA -G AB A RS 3k B ) Ho At
o 22 3 S AT R HE TR B i as B AR L
IBS-CHI I 1& 8 /1 2 B F#AR, 1B S-Di it iz
™Y, 2 R R B B IR, 45 A
ASLIGAE R, HEMGlusy-GABAR) L 2k 4, {5
13N TE R 22 Th e B AR B RES, M7 K IBS K
Joa PRI

GABA 2 Zy-GABA=F 2R N
BH—F, T2 TEMME RS, 55T
TR0 K0 R Jo rp Y, A s e 8 e 2 A 1 T
RYEEBAEF, ) RE G 5 0 2 RRS p 25 L
UNIARAE . SRHR . HERE . R S U A 5P,
e A TS S T s IE, AR Y 9 B Rk
55y-GABATEH T2k 12k 6e. HAE STk iE,
GABA ZRBLRRER AT, A B, &
. BRI, B Tae. HAIFEIZ
%, GABA yol 45 B AL FA 5th G %5 D)
% 2P Moloney2 " 7t K IGABA 32 1A %
5 R RERL 53 55 BT 5 S0 P9 IDE BBUR A T i WL,
HAHLHE 5 GABAGSZ AR5 P00 S A 9% Sabbatini
SRR S B R T AT S A T, T A A 4
MIAZ A GABA AR R ol Flo2 W7 57 44 22 7 3%
ik ARSI DA TR I, GABA ol £
FhOEAYIBSH R IA ¥ F+ 1, FF HAEIBS-DH
TR RIBS-CH A B AL H, $27RGABA ol 3244
TEANFE BIBS 1) A0 Al g LA B B E .

HEIAAIBSIE T “Jafis” Jams, 5k W

mi:A2E
B K I, IBS-C.
IBS-DX & A
AW AY &R
Glu/y-GABAA &
F2GABA a1 %4k
Fa¥yREia,
# *Glu/y-GABA
4 FfGABA,al
ZRE G TRA
AP A IBS 8
M RALE, A
B4 M ok 08 Y
IBS-C. IBS-D#%
AT AP AYIEYE.
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2 A A 016 - B o3 . ~—
AR —— IBS—C41 — IBS—C41
(irritable bowel . 0.14 - —a IBS-D%H —a IBS-D%H
syndrome, IBS): i:’ﬁ . 0.28 +
eaEgE 2 4 W 04 |
RS LA 2 g0 | o
UL S &
3R Ao KAZ K = 0.08 |- 0.20
W k2§ Wik R S

\ o o 0.06 ! ! ! ! ! ! ! ] 0.16 ! ! ! ! ! ! ! ]
BAAEACTE 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
0 42 A AE. t/d t/d

C 35 —— IBS-C%
—— IBS-D#

30 L —— FHH
<<
o)
<C
P25+
3
[C] iy

2.0 - W

1.5 1 1 1 1 1 1 1 |

0 5 10 15 20 25 30 35 40
t/d
B 2 IBS-C. IBS-DRIEFEHBRFEMPGIu, y-GABASETIVERL. A: y—GABAIKNS EALHELE; B: INNGIu S B2 b
2% C: IINGlu/y—GABAZSLRRZE. 1BS—C: [EREING Zi e S 1E; 1BS-D: IEI5HIS 2 Er AAE; Glu: A% FR; y-GABA: y—51
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