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Study on colonic H, S-producing enzyme CSE and colonic motility in diabetes mellitus "
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[Abstract] Objective To investigate the relationsheep between colonic H,S-producing enzyme cystathionine-y-lyase (CSE)
and colonic motility in a rat model of diabetes mellitus(DM). Methods To obtained diabetic rat models.all rats were injected intra-
peritoneally (ip) 1% streptozotocin (STZ,65 mg/kg) ,type 1 diabetes model was established, nornmol conditions were observed pe-
riodically. Ten days after treatment, production of colonic longitudinal smooth muscle strips,organ bath recordings were used to test
the colonic motility ;immunofluorescence and double immunofluorescence lableling method were performed to detect the distribution
of CSE; Western blot were performed on rat colonic samples devoid of mucosa and submucosa to detect the expression of CSE. Re-
sults DM rats decreased the colonic motility(P<C0. 05) ; CSE was strongly expressed in the cytosols of the circular and longitudinal
smooth muscle cells and the nucleus of the myenteric plexus neurons; CSE distributed in myenteric neurons in the nucleus of rat, but
the proportion of MP had no difference (P=>0. 05) ;DM rats increased the expression of CSE in the colon devoid of mucosa and sub-
mucosa( P<C0. 05). Conclusion The decrease of colonic motility in diabetic rat may be associated with the increased production of

H, S-producing enzyme CSE.

[Key words| hydrogen sulfide;diabetes mellitus;cystathionine-y-lyase;colonic motility

AR RREAEWHAIY L M &G T HEARLA
(H, S) = Az HBA &P 50 A5 P 1 WL 0 LS8 P RO A £ 47 L3
B A s TR A RO . IR H S E 2

% Z 4 (enteric nervous system, ENS) W5 45 | 3 45 ILTE & 2% i
A% Cajal [8] 5T 4 B 48 LI 3 X AL UM A B =% L Hp &L 5
T AR {HOR R 5E 4 R B DM 3h 1 5 H AL I PR R

ilk-p-4 B (cystathionine-g-synthase, CBS) il B i B-y- 54
f i (CSE) A A p ™ . am4F K & B Ho S % i 4k 3l ) IR e %
B VE A MR R B HL S Bl B a g st 4k
V5T AL AT 303 K BT LA SR L & v W g 30 il sk 7
VR BEARAED T s R s A /N BB R S BT 5 X Wistar KRB
A BN 55 T 7 Y LN A 7 A T B A R 5 32 B A IR T b 4
TC LR 24 T M Bl 48 5T T 5 43 PR A T A DL A% 1 ko 4 T
e,

B PR 995 (DMD 8 7 8 71 GR J& DM B B Rz —, L
AN DM 45 5 gl 0y B 6 09 HL w15 B 3 i 20 A8 |

Bk Z A RGHIT TBL.
AWFFEIE A 1 A DM &AL Gl ik € 45 W 8h 1 (85 H. S
B CSE 4345 R F k45 528 R 5 W I H.S 5 DM KR

W IR MR,

1 MBS

1.1 #e

L1130 e P Wistar & BL. SPF %% . A & & 200 ~

250 g, W B TP RN AR S ) L g P B W) A P RTIE S
SCXK #E 2014-0002 , 5 56 H & ) PE A 5 1 J4 . A 42 1 £ K i
A,

*» EEWB:EHRAK/R¥IESTRIIH 81460111 ;7 ¥4 A AR # 3 4 7T Bh T H (2014GXNSFAAL18166) 5 | Pyt % A A X T AE T 3 Sl i3

(72012408,

P B A E AR (1988 —) . BE il . 328 Y 9 i 3 B 5

& {E#E , E-mail : liuyl1009 @ sina. com,



1464

1.1.2 FEAMNE5MNE P EMBKYLGEE ACCU-CHEK-
rPerforma 23 7)) 5 i) B 3BT L %€ )6 B BE (Olympus) ; 5K Jy
et JRM6240 3@ iE A {55 R A AL FE R 58 (BB ) 5
STZ(F£E Sigma 2 H) 5/ ALK B Hu(HuC/HuD) B 5 B 4t
fk (& Invitrogen 23 #)) 5 G 5t K B CSE 2458 B 4L { (Ab-
cam) ; FITC #Ric 1l 24 /M Bl IgG(H+ L) . TRITC #3711l 2E 47t
o IgG(H+L) bt P2 S ALY H ARG R AFD

1.2 gk
1.2.1 SZIRAr4 K 17 DM BRI/ SPF %Pk Wistar

KR 20 H.40 8 DM 24 (n=10) F X 4 (n=10), DM %!
9 B SOk 1 07 3k BE AT DM A K RS B R 280K 12 h R R
o, — R TE S STZ 65 mg/kg s % BR 4L 7 4[] 46 )
FRERR EE W (pH 4.2~4.5), 72 h JF B &R M. W 2 d ify
BER T 8% T16. 7 mmol/L 3y 8 B2 . 5 BR A/ T°16. 7
mmol/L 3 . MbJ5 FALSEHET 1 d 7 U0 & 14, [) B D & 44 5T
MR R R VROK B TR 5 R RO O e S B . T
255 10 R#FATH — 25505,

1.2.2 &P ALA&m & R A Rk gmic s KR
10 % 7K & 48 (3 mL/kg) JBR B i 1B B 2 em 945 s
(BRI E 2 cm) P18 L% 48 S HE 8 1 Wi 4 7 3 ) S
MRC17 . e 4a o B2 LAk 2 1 1m0 B Carea un-der the curve,
AUC) £m . geit s il AUC 12 5 .

1.2.3  fpe A bilin s CSE WA K EUH 10%k
A5 (3 mL/ke) RS o 3 BB W 2 em 25 bR A 2
1 cm, 7€ Kreb WP Ui B 459 )5 VR T 1020 1 22 o 4 R
ThARE E 2 24 b He w0 28 41 Ak A5 TR E AT K L3 W R 0
YR PR R MR RGO, A A i o T
W5 2 L WL SE B R B CSE Huifuk By 1+ 250, WA
CSE 7£ Jij i BE (1 53 11

1204 BUHE HuE o8 o e (4 WSR3 o 45 % MP th CSE ) 43
o KRB 10% K &40 (3 mL/kg) BRERG , T 3 g BFE 1]
B2 em —BK 1.5 cm W45 E T K Kreb . 2 1
Liu %557 B G35 7067 147 WILTE] 4 28 M &2 2 B 7R (whole-
mount) il & X ATEMEE . /N RIL KB Ho 8 515 50 B BT AR
B 12 100, Fedt KB CSE Z s BEHLIR Mk & 1 2 200, 1L 3
i/ FITC HURMBE R 1+ 100, 1 i TRITC Hi 7k ik fE
g 1200, FTA S RAE ZH b SRR R . SO0 BB
TR, LBt Hu BUiRVE A #h & oohn &4 BoR & 4o, &
HKBREDLGI 1000 MM 4T, 715 CSE MM 45T i 4
WA I E .

1.2.5 Western blot I ik i 45 M (R BR BB LR )2
CSE 235 K B 10 %K & S (3 mL/kg) BRI - 3 B
Wl 2 om 9 — B2 1.5 om (251 20 20 (= b I 1 6 T
TR 1 g T —80 WK P47 & H - % M Western blot Jy ik i#
FTEETBURE 1 LUk I B B AT BRI R B PR R
CSE Z mipediihuk s CSE 1: 1000, RABMEOKEMHS
P K B (B 1 LB PR g A X R B R A T A Rk i 22 5.
1.3 ZGiitsgab s ] SPSS 18. 0 #b 847 73 M. HdE LA ==+
s FN 2 TR) LU B SR P M 7 R A ¢ R 30, B2 22 AT B A2 6 R 3R
FH Spearman A8 X434, P<<0. 05 HZE R A G2 E L.

FTRES 201654 A% 45 5% 114

2 % ES

2.1 — IS DM EERIEE S & T fE R B A% B B o
=2 — DR 5% AL L . DM 41 K U 213 . &
T Al ot 2 R AR . DM K R s ] s Tk A
KELL(33.30£2. 23) nmol/L ws. (4. 76 £0. 28) nmol/L, P<<
0.057; 4b %€ fif DM 21 K B4 B & B B 8 F B8 41 K R
[(218.548.6)g vs. (295.7+18.3)g,P<C0.05].DM H & H
KRB R KA R B L T 5 41 [ (8. 00£0. 32) WK wvs. (5.00=E
0.65) ¥, P<<0.05]. ik & MoK & R & R MG 4N £ 57
LG it E X (P>0.05),

2.2 WIHKBE W NA A R st DM 4 KRR
i 45 i AT DL B R MW i AUC AR T 4 B [(8. 0%
0.72)g/min ws. (12. 67+0. 32)g/min, P<C0.05], W& 1,

A 4 B AT LI B 265 B AUC HEIE 1A
B 1 KBRE®HEBANTINS B LKA E

2.3 WA KR W CSE v i TEWA KRR BHAL p,
CSE e\ A7 WA IR TE WL 20 B %) Jf 2% L WL 1)+ 5 e 48 e A% b i
Tk WA 2,

A:X‘Jﬂﬂﬁgﬂ§B:DM éﬂa
2 WAKRRE®RZEREBEANLEE(X200)

2.4 PIHKBOES S MP o CSE 434l 76 A K BUI 45
Jr L 2, CSE e JLIA) #2876 40 i 4% 43 A5 5 LT il 28 DA it 42
TCIEZS A WL B 75 4k, DM 41 CSE BH ¥4 bl 25 76 19 b 4] %5 %o B
225 R TGt 5 L[99, 000, 45) % ws. (99.00£0.57) %,
P>0.05)7, WK 3,

2.5 WA KRBT CSE (U RX (EREEEAFKT 2
J5) Western blot 45 % i 7/n , DM 4 K R 45 CSE i F£ k5 E
5 (P<<0. 05), WL 4.,

2.6 PR E W3 IBE Y CSE £k 12486 Spearman
KM WA KRB kA 5 CSE 3£ 35 48 1k i 11 4 56
(r=—0.782,P<0.05) , ;WM & FE A&, WWHE 5.



FREZ 2016 54 A% 45 5% 1140

1465

A X IR LRI A 2295 5 B X IR AL MP Hr CSE 43415 5 C % B4 CSE BH A% 1 28 50 o L) 4 22755 Ay EE 49 5 D DM 21 L) #2275 E: DM 2 MP

CSE 73413 3 F: DM 21 CSE FH Y 28 70 o5 JIL Il 4 22 ST 1) HE 9]

B3 FMAEKXRIEmE R MP WERZR S (X200)

o xRE
10 == DM
H8A DMe @ 0.8
***** — o —
0.0
A B

A:Western blot 2 4 45717 : B: Wi4ll CSE JKJ¥ {5 p-actin K {H K
AT
4 WA CSEEER(ZRFERFETE)NRIE

0.5

6.0 8.0 10.0 12.0 14.0 16.0
HATAN R FR

5 CSE RiZ5HYITA R &£ Spearman
XS TE = E

3 it

AWFFE T Sedor 1 B DM R AR DM 4k R I 2
The A E =2 — 2 WifE BBtk B T ERN.
Xof 3 v 45 B 2l 0 3 AT PEANY L 45 R R DM AR R4S B AT
LY AUC B RAR T %5 IR ZH L LD B 45 R 32 B DM 2 K B o 45
[ 8 73988 o H DM 41K BN AT i 4 L 22 15 00 - AT RE 45 s I
i 5 A 1 3 3 45 i ¥ 1 3l 0 B PR O

HAT O 2 0E 52 HoS m] Lhm il i 8 s . A #F 5t & 8
Na LS ¥ B (ORI 0 1] 5 & 44 18 iz JUL 18 2% L W4 - NaHS 34 410

il B BE N 2 22 ol RS E 1 IK ROR R B TR B M 4 5 Gal-
lego ¢ B BIFSE k7 NaHS e B AR5 400 15 /S 5L 25 W 0 25 s
N HNK B 25 133 35 Gil S50 2 B H. S 30 ) K U485 W e ok
B Bl 5 UL N R A A L XN S R AT R 5 L S A AT
R A 0 A K BRLAs M ER LR AL Wi g T . R &
B DM KL 3h 77 08 55 [ BF CBS 3% 3k 3 £, 42 % Py 15 74
H, S m] fig X DM K K15l i ) 7 B 30 il 7 1 i H, S % DM
KEES W 3 J1 098 20 WA SE 38 . CSE J& CBS 4153 #h—Fh ik
P OH.S B4 MEETT . 3 AF Sk & PR [ R E 3h ) s 18 21 21

B WY HeS 4 il CSE 8 CBS 43 fi™ %), g #F 5t &
IS T T R LA 2L Rl 7= 2 H S, [l i i CSE Fi1 CBS 41 il 51
Ja s Ho S 77 A4 2 S0 WAt . BT R AR
e WAk CSE 78 K B85 1Y 43 il e ik . R CSE fE W4l K
FOAT LR BRI L AR M 53 o 5 2235 I HL Ik 78 L IR] #2850 40
K oA TITIE 52 K B 45 A CSE 43 4ii s #E 1 Western blot
ZER R DM A 45 1 (K BB S B 5 R J2) CSE Rk 3 T
X B 2H L AT 4R 7 CSE 38 2 0] fig J: DM 45 s 3l J7 08 55 A9 i 1R
Z— AR T ACSE G 1 R BR A L BE BT 1 CSE F 8 0k B T
JULZT 38 J2: JUL[F] 4o 228 DA G A 1] 1. NS A 5 6 R 8 A
JUL TR Ao 2 DA R B T A Bl o W L R AR BRR S T Ak T
BE DAY AR, L b 2 F AT LR S T UL IAD 4 JUL ] 2 A %
M s JrE 4 EE A MY . AR AR B R, KRGS
/s MP 45 CSE 43 i » H. CSE FHPE 2 3k 99% . iX 5 3¢ ik A
AR TR S T R PR PR H. S R REAE S — Fh b2
FEVAT B MiEsh A, 5L bR BBl Kk B MP o CSE i R J6 22
St AAHERR MP i CSE 25 (14834 L8 51 #2 1 25 1 3l ) FR A% 5
G AL SRR T LI R 2 N L 25 [ A L2 R CSE 43
fii o BREEA B8 & BU . K B4 I 1 Wi WL i v 7= A HL, ST,
R Lok YE, Ho S vl fB1E I — R AE S 4TS E
B F IR . AR ST A Bk YE JE IR S LR A S b 4 T
M H, S AR 24 SRS M EFL. CSE £k 59



1466
A7 LR A B B R G L 3 — 2B R CSE ik 151k 7 & 3h
1 REAR .
g/? F%Lv HZJFJiBI*J{}? i HOSA}J_‘Z%%’EL .ﬂﬁl!}‘i‘%ﬁ—\‘

H, S = A Z W] G J& DM 45 i 3l J s i st Rl 2 — .
2% 30k

[1] Huang Q. Sparatore A, Del Soldato P, et al. Hydrogen
sulfide releasing aspirin, ACS14, attenuates high glucose-
induced increased methylglyoxal and oxidative stress in
cultured vascular smooth muscle cells[]J]. PLoS One,
2014,9(6) :e97315.

[2] Olas B. Hydrogen sulfide in hemostasis: Friend or foe?
[J7. Chem Biol Interact,2014,217(1) ;49-56.

[3] Gil V.Gallego D,Jimenez M. Effects of inhibitors of Hy-
drogen sulphide synthesis on rat colonic motility[ J]. Br ]
Pharmacol,2011,164(2b) :485-498.

LA Wb 05 . i fh &0 et R Al o B 5 38 20 1 52 o B AL T
WF5ELD]. B r - 1R K27, 2000.

(5] X0Bi. 2 Wi 5w 55 SRR 1L R &% KCATP) il i %)
R RN 1 IO 25 W i s g IR LT 0L O A o g
% .2015,31(4) :725-731.

[6] Gallego D,Clavé P,Donovan J,et al. The gaseous media-
tor, Hydrogen sulphide,inhibits in vitro motor patterns in
the human, rat and mouse colon and jejunum[]J]. Neuro-
gastroenterol Motil,2008,20(12):1306-1316.

(7] R, fr b 00 KR4S I 7 18 UL 40 M fr) &F 5K 76 FR Je Bl o)
BIBFFR D], Kt R EFR R, 2008,

(8] sk, oAb S0 % K B e I 5 98 3 )5 el i e &4 3% 1 0
o h 2 i R E T CD]. b - 38 452 K%, 2011,

L9 AN A TR) A A e B IR s K BR 45 % 3l 1 W 8 [ D . 22 M
MR, 2013,

[10] W5, S0 ¥ 150K 5 BRI IH AN R B H M A EM &
Ly fig B VT o 8 Dy Re s LT 1. 8 i 4%, 2006, 11
(8):484-487.

[11] Schicho R,Krueger D, Zeller F,et al. Hydrogen sulfide is
a novel prosecretory neuromodulator in the guinea-pig
and human colon[ J]. Gastroenterology, 2006, 131 (5):
1542-1552.

C12] s ki b B o e DA, M PR K BB T 3 L 40 e o =
YLE IS e S I -G S WP =N A Il R L e 7 N F 3
& ,2005,9(3):114-115,117.

L3 Atk B B . 2 - 45 0l DR 265 W 3 1 B i B Cajal 7]
B 2 B A0 T 4 PR 0 A A L R 1 5 3R T B[ ].
H 2. 2008,13(4) :200-204.

FTRES 201654 A% 45 5% 114

C14] Aotk 80, B 5 55 W PRV 45 W 3 0 e i 5 LR 5 1
WE AR )] TR R 2 ,2003,29(9) :641-644.

[15] P FRACTH. WA T T BRATF 18 L 1 i 303K 15 0 R s 2 B 1
S R[] R4 AR LA ,2010,18(15) :1616-1619.

[16] SKE %, 75 75 == BRI . 1 TR e g K R ASE 70 11 42 N7
B g [J]. B2 4538 ,2013,19(2) 1 335-337.

[17] Liu Y.Luo H,Liang C,et al. Actions of Hydrogen sulfide
and ATP-sensitive Potassium channels on colonic hyper-
motility in a rat model of chronic stress[J]. PLoS One,
2013,8(2) :e55853.

[18] Gil V,Parsons S, Gallego D, et al. Effects of Hydrogen
ulphide on motility patterns in the rat colon[J]. Br J
Pharmacol,2013,169(1) :34-50.

[19] Kasparek MS, Linden DR, Farrugia GA. Hydrogen sulfide
modulates contractile function in rat jejunum[]J]. J Surg
Res,2012,175(2) .234-242.

[20] Nagao M,Duenes JA,Sarr MG. Role of Hydrogen sulfide
as a gasotransmitter in modulating contractile activity of
circular muscle of rat jejunum[J]. J Gastrointest Surg,
2012,16(2) :334-343.

[21] A, 2 BI5 0 7 %8 R K SR Cajal 18] 5T 40 0 L B 4 22
RGN CBS iysgmi[D]. A0 2 BIPE B R 2, 2014

[227] Linden DR, Sha L, Mazzone A, et al. Production of the
gaseous signal molecule Hydrogen sulfide in mouse tis-
sues[JJ. ] Neurochem,2008,106(4) :1577-1585.

[23] Martin GR, Mcknight GW, Dicay MS, et al. Hydrogen
sulphide synthesis in the rat and mouse gastrointestinal
tract[ ] ]. Digestive Liver Dis,2010,42(2):103-109.

[24] Hansen MB. The enteric nervous system II: Gastrointesti-
nal functions[ ] ]. Pharmacol Toxicol, 2003, 92 (6): 249-
257.

[25] Hennig B, Diener M. Actions of Hydrogen sulphide on ion
transport across rat distal colon[J]. Br J Pharmacol,
2009,158(5):1263-1275.

[26] Schicho R,Krueger D, Zeller F,et al. Hydrogen sulfide is
a novel prosecretory neuromodulator in the guinea-pig
and human colon[ J]. Gastroenterology, 2006, 131 (5):
1542-1552.

[27] Lu W,Li J,Gong LP,et al. H;S modulates duodenal mo-
tility in male rats via activating TRPV1 and KATP chan-
nels[J7. Br ] Pharmacol,2014,171(6) :1534-1550.

(iR H 3 :2015-12-10 &[] H 19 :2016-02-09)

%HE’JjZTfrE%%

}
2 SRR B B D 2 R R Y
i
% fr A B A 36D T AR AT X SR B AR

SRS RITE

— BRI TR RS W o B IR KME NG IR EE
M AT REFRGE U0 SO P AF . DS AR R B BILAIRE TIT 3R A5 R A DUREAS O 2R At Ll 3 48 T 4 W (2 Bl

~o~; o~



