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Curcumin alleviates functional gastric emptying disorder in mice
through acetylcholine pathway*

Yan-ting Liu, Jing Yu, Hong-wei Wang, Xiao-ling Yu
(Department of Physiology and Pathophysiology, School of Basic Medicine, Qingdao University,
Qingdao, Shandong 266021, China)

Abstract: Objective To explore whether curcumin can alleviate gastric emptying disorder through
acetylcholine pathway. Methods The mouse model of functional gastric emptying disorder was made by L-arginine
(precursor of NO) and Atropine (blocker of acetylcholine receptor). A total of 54 healthy male Kunming mice were
randomly divided into six groups including a control group, a curcumin group, a L-arginine group, an Atropine
group, a curcumin+L-arginine group, and a curcumin+Atropine group. There were 9 mice in each group. Curcumin
mixed suspension was intragastrically administrated for a total period of 15 d. L-arginine mixed suspension was
given additionally through intragastric administration from the 11th day for a total period of 5 d. Atropine mixture
was intraperitoneally injected once 40 min before measurement of gastric emptying rate. The other groups were
administrated with the same way as the controls. Results Compared with the control group, the gastric emptying rate

of mice decreased both in the L-arginine group and the Atropine group (P < 0.05), while the relative mRNA quantity
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and protein expression of acetylcholinesterase (AchE) and the activity of AchE also decreased (P < 0.05). Compared

with the L-arginine group, the gastric emptying rate in the curcumin+L-arginine group increased (P < 0.05), and

the relative mRNA quantity, protein expression and the activity of AchE also increased (P < 0.05). Compared with

the Atropine group, the gastric emptying rate increased in the curcumin+Atropine group (P < 0.05), and the relative

mRNA quantity, protein expression and the activity of AchE also increased (P < 0.05). There was no significant

difference in above indexes between the curcumin group and the control group (P > 0.05). Conclusions Curcumin

can alleviate the functional gastric emptying disorder through affecting the release of acetylcholine in mouse model

made by exogenous NO and Atropine.

Keywords: curcumin; acetylcholinesterase; nitric oxide; gastric emptying; dysfunction

Z W % (Curcumin, Cur ) J2 MR W) 228 1)
WRZErR B ORI —Fh Z 25, 1A —Fh Rk
& OV A AR A, SR A R R
ERAGR . PR, PUEl . PRS2 A AR
I ARSI FHMRI R, 2R R B
HMIEME—S A NO,  LLRBTHE 5 3 /N B i
RER AR AT W B E . PP B2
2 U S WENRAK ( Acetylcholine, Ach ) Bl
TR LA T S50 S s i . 32 B Al Dl g
PE S 2 AT 2 A IE A Ach 3 A2 KB BGEE
BEE— L AfIA . P Ach BRI T HE A £ T IE 87
( Acetylcholinesterase, AchE ) 7K fift i IHA AN & 1%, Fr
DAASBIFSE 3 3 A /) Bl 1 2H 2 Lt 7 a7 A 75 2
AchE 1577, IS Ach BYREECEL o

1 RS

1.1 K5 EZKH

fe e EL BRI M /N 54 H, (R 20 ~ 22 ¢, 1
LR A B s 2 B0 A B ) A o0 S 58 sl )
., BWE (L 99.9%), ThR &£k AR (1-
KR ) W 35 [ Sigma—Aldrich 2], BTG 5 13 5
T A R 2 S AT R I A BRZA ], AchE 251
W R R R Y TREFSE T, RNA $EBURH &
W4 F S Omega 23 A, 30 7 S RIS ) 20 1 2R
it e S5z 107 3k 7 & A ) AR R R F
AchE. GADPH 5149 A TAEYAA RA Rl ITTHE
A, B g B EH AR 43R I 1 95 [ Sigma 23],
AchE ( Cat.NO.bs=2511R ). B —actin HA (Cat.NO.bs—
0061R ) 1 [ 1 [E Bioss A H], ZWER Y 5% it /34L
BB RS T TR T FHR B Ry 25 o/ L TRER I, L A5 %
PR AT N 5 5% S5t 438500 TR e 75 Y T i v J3E
250 o/L MYTR B . PTG il 5 AR JER VK TE B 0.075 ¢/L
WA

1.2 FYHESIE

ANBGE R PSR |G, BENLAY R RG] . 2
R4, L- a4, Ffeidl . EHE +L- AR
REH ., ZWE +PTHEMIREA, ttodl, H4l9 H,
XTHRAL . - RS 2R 41, BT 4B 5 4 45 7 v G I
B, 10/d, 02ml/ ¥k, $E15d, BWHRA, LHE +
(L-FER ) BAdl. L8R + FIERIREAHA T2
HZ (200 me/kg) IRBWAEE, 1 /d, 02 ml/ ¥, 1
15d. B S 11 KHn, L- K2Rl 2R « L-
KRR ) AL I F 02 ml L- W& (2 gke) 1B
BWEE, 1/, 02ml/ K, H5d, BFFEAA, 2k
F + PG A A AT/ BUI & HE4S AT 40 min 85
HEGBTHES (0.5 me/kg ) TRAW 1 K. HARH LS T4%
SIS TROE B S A R K I R T S R X
1.3 BHEZEMKN

TERKHEBEEHG, F4/NRESE 24 W IF A K
K, ALBE/NERET 20 min B, 4350457 0.8 ml 80% Jiit
SIE I TR B RRE 1 o A B8 /IS RO s i)
SEFLBE T IEOAEA TS, VIECE IR R, RS
TR ENAEY, FRRERECE SR, A RS R
BHEE R (%) =1- (B2 - B%5E ) /0.8 ml
TR T x 100%.
1.4 BHALRA AchE i&FH RN

A3 BIEAS AN BT 5 212, el A 20
AU B 109% AT B LV A3, TR S 0 5 B
I AR IR AchE 350 & UL B TR, R
IO 445 B S 4 e 26 S €5 1) S B G B 31 96 FLR, (i
4= H SRRSO FE K 412 nm B TR E(E, 4R
Je AR B2 S A U TR AH U515 AchE T 7.
1.5 SEMRAEEERAHEHERNXEHL AchE
mRNA 4

B 98T 80 °C UK A 1Y 4% 21 B 4121 50 mg, HI



R BREE 2 Ak

5 28 &

T J A 4l Ak 7 U3 O 412000 L RNA, 3l #5 5 Al
¢DNA, F LightMix® 357 & #E17 L 28O0 /B A
fifi 5% [ i (qQRT-PCR ), LL GAPDHE N NS, i
%9 £ 95°C 3 min, 95°C 10s, 60°C 20s, 72°C 30s,
40 MR, BEFEACR 34, THE O CHE.
SR 270 3T mRNA AH XS 35 . AchE 1E [7] 5]
Y . 5'-ACCTGCTTCTCCCACACCT-3', K514 « 5'-
GGTTCCCACTCGGTAGTTCA-3'; &R GAPDH JL[A
E[ 514« 5'-CGGAGTCAACGGATTTGGTCGTAT-3',
K514 : 5'-AGCCTTCTCCATGGTGGTGAAGAC-3'",

1.6 Western blot ;£#&illl AchE

PRI /N BUE 418U 81T SDS-PAGE #E i
HLVk i, HFEE PVDF B 1. B3840 PVDF I
B AR W b LABH I E 5 22 AR R S 45 G 5 PBST 3
U 3 U5 A AchE BRI E 1 h (37°C) 5 FHFIRTT
VR WE P05 YEIKZJSTE PVDF B LN DAB
RICHEW, TEEESA UGt R b g, AR5
SIMT AT IREE(E, IR S5AHR B —actin B HCBE (A HLEL S
FIFIXHE
1.7 Sit=FH*®

Bl TR SPSS 17.0 et 5k, THE ORIy
o+ frEZE (xxs) R, ZUIARARHNE )
2200, SRS IEAS M HI 255 &A%, 4
) P PP LR P ¢ K66, P <0.05 N E A G H% 5 X,

2 #R

21 ZEHEZEYWL- BEBREIBN/NRBEHZIER
K AchE By220

XA A, L- KSRl B HEs R R
(t=4.684, P=0.000 ), AchE mRNA . AchE #1353k &%
AchE 3% ¥R/ (1 =7.250. 6.626 F14.933, ¥ p=
0.000) ; 5 L- KiZRA b, ZWE + (L- F=R )
BeAA/ NS i s (1=3.153, P =0.003 ), AchE
mRNA \AchE % [17635 M AchE 3 ¥ 7HE (1 =4.165.
3.718 F12.936,P =0.000.0.001 1 0.007 ); Z# % +(L-
FERR ) BCA 455 AL ik Lk datn2s 7 gt it2#
(P >0.05), T84 53 R LR Fikes
PREF G2 L (P>0.05), WL 1 FFE,
22 ZHEZEXWNMIEGABN/NRBHZESRK
AchE By

2 2 FIBFHAI AT L, SX AL oA, BfdE A2
Hezs AR (1 =6.855, P =0.000), H AchE mRNA .

AchE ik I AchE 7% J1 ¥R (1 =6.559, 5.454
F14.094, #1P=0.000); STFCAA LA, LEER +
BRI AR IG5 2 1 HEZS R ek (1=6.398, P=0.000), H:

F1 ZEZYWL- BEBRABHNREHS
& AchE 550

(n=9, )_Cis)

AchE mRNA  AchE % /3 /

21571 BHEE R %
ik (u/mg)
X e 2R 68.94+1096 1.00+020 0.78+0.13
LR 62.00+13.84 0.89+020 0.70 +0.16
L- KR4l 4143+13.78 047+0.09 0.50+0.11
Ll F + (L-A5ER )
) 60.32+11.54 0.80+0.22  0.69£0.19
AU
F18 8.440 18.348 6.395
PAH 0.000 0.000 0.002
F2o ZEZEXWMIERAEMN/DMRBHEE
B AchE B9 (n=9, x=s)
AchE mRNA AchE % 7 /
2157 BHE= 2 % ‘
ik (u/mg)
X HR 2L 68.94+1096 1.00+0.15 0.77+0.14
LR 62.00£13.84 093020 0.74+0.18
[TE 3777+8.12 0.58+0.12  0.49+0.15
FIE + PHEABESH 63.75+£9.08 0.82+0.19 0.72+0.10
F1H 14.539 18.348 7.241
PH 0.000 0.000 0.001
1 2 3 4 5 6
AchE QD G e w— e -3 )
B —actin MEEEEG. G N S S 2 <D
1.4
1.2 _L T 2)
=10 i
ol )
I 038 1
4 1)
_TE 0.6 I
o 04
2 02
<
<
0.0 T T T '
1 2 3 4 5 6
Lo WFREA; 2. BWEM; 3. FHEM4AL; 4. ZEE + FIHE

A 5 L- RRR; 6: FE + (L- &R ) Ba4l; 1)
SxPIRAIELES, P <0.05; 2) SRFLAALIES, P <0.05; 3) 51~
FEERA LT, P<0.05

ME HENRBALRT AchE ZEHFRIE



5 28 4]

UL, AF - 8B RUEE /N B RETE B AFZS R T

AchE mRNA | AchE H 135K AchE i& S5 TH& (1=
3.204. 2.978 F13.827, P=0.005. 0.010 1 0.003), I
WHEPR AR E IR, (H5XRA B ERC
TGt (P>0.05), RHZERH 5% A
W aREbR R G A L (P >0.05),
3 g

L & TR R BTG i 25 7T 3 Jl oy e 5 i i sl e
fifo Hoh LR &R & NO Fifk, 7ERNP— AL A
AW (nitricoxide synthase, NOS ) ARG NO, NO
SRR 2R S, T 1
S BEGEE , R4 N Ca” R Ca™ /b,
NIt 8 BB L, I S i s, B
N NO AT M Ach (BT AA 5t S 2 ILAA) £
FH S BAIFESLAE A MBRGEAZ AABE IR BEAS BT Ach 5
AR AZIRSE A, DI & W T LbA I, RS T P i
SRR, T & % sl Ffs . 5 i R
AU shE i ¥ 5 Ach A5, Ach 1E 5 I 02445 P
b, M ERMBEUS, 5 M IRIRAESZ IR &,
Wl G A" SR C 45 A0 d A s A,
S IN—RINHEN, 54 Ca™ B, 51
SEW LR e 5 RRRAZ PR ZE A JE AR S ARG 37 1A 2
A1 Ach T BE AchE 7K i BUIBAR AN £, B8 1 [l 2] 4
ZARRVE AN Ach I JERE, ASBFFE R B3 &
S92 3 G R P B i A5 21 AchE BTG 77, AT
Bt Ach FURSICR . 45 B8, 76 L- MM APTHE 5
LT REME B HE s AR, LU AchE 1E 1 BRI
I H mRNA FIE R FRAE TR, BLBHANEYE NO
BTG R B HEZS AR S Ach BEBOSAD A K. 45
TRBRMEE G DL E NS NO FIFTHE & Ty B
HEZsBERS, JfH AchE A93% S mRNA DLAGE 3Rk
Prig s, v E A RemE il Ach Beilcs
B

LR EVR P Qa3 B 2120 Ach B B A i
ANEHE . AR = DIAEE W FENVE 3 B B b
fivh, ZEEFE TN EUE 4140 NOS AYTE P M s b
NO fyp=rE ¥, SR IH] NO P24 (/e A HA 5T
R AR BB UE " WnET Tk, NO AT LAFI ] Ach
ARSI AL ™, PN L- R msia v, 3%
R I AE A PP B 414 NO = AESE N Ach B
Ji, MNIEGE B HEZS , X T RRE 2R R R IEEHIIHL
iz —o FERTHLAEARIp, BT E M Ach B

TR N EARMLH AT RS, (AR LR Z R
Rl Ach DL K AchE [WRIFGEA 28HRIE . AR 22
H R MR BT R R AR A B H IR & AchE 36,
AT LASSER R AN ZE 5 [ A A U PR g oot 4 A i 7= 2 1)
NI RERERT . 228 R R B/ BRI  AchE
(A3 7 35 B O LR IR AR b Y R
HERBUZHEZ Ach BERL, BORSCER B - JEMFEE R
5 T JRAE IV I B BT 2K 1 R R ML) =2 — ™

25 FRRR, EANEME NO FIBTHE & i i P R )
et H HE A BEAR AR R T, 2RI RE T R0 Ach
(RO A /N BRI B R, XA ok 2 E 0 B
AT RE RIS SR AL, . R B A2 PR ) i 2
FERIZIN, SIS T $ i 22 5 RISk B G ¢
B ARE AR —E A RIS .

& & 3 #f:

[11 FENG T, WEI Y, LEE R J, et al. Liposomal curcumin and its
application in cancer[J]. International Journal of Nanomedicine,
2017, 12(1): 6027-6044.

HUSSAIN Z, THU H E, AMJAD M W, et al. Exploring recent

developments to improve antioxidant, anti-inflammatory and

(2]

antimicrobial efficacy of curcumin: A review of new trends
and future perspectives[J]. Materials Science & Engineering C
Materials for Biological Applications, 2017, 77(1): 1316-1326.
PNEEBS . 22085 FE i A £ BRNEAH 2 AR At A 5 RS /)N
R R (D] 755 - T K% 2016.

YU J, XU W H, SUN W, et al. Curcumin alleviates the functional
gastrointestinal disorders of mice in vivo[J]. Journal of Medicinal
Food, 2017, 20(12): 1176-1183.

VIEIRA A B, COELHO L P, INSUELA D B, et al. Mangiferin
prevents guinea pig tracheal contraction via activation of the nitric
oxide-cyclic GMP pathway[J]. PLoS One, 2013, 8(8): €71759-
71770.

ISLAM M Z, VAN D C, SHIRAISHI M, et al. Methylmercury

affects cerebrovascular reactivity to angiotensin II and

[3]

(4]

(5]

acetylcholine via rho-kinase and nitric oxide pathways in mice[J].
Life Sciences, 2016, 147(2): 30-38.
WOLTERS V, KRASEL C, BROCKMANN J, et al. Influence

of gap on the dynamics of m3-acetylcholine receptor-g-protein-

(71

coupled receptor kinase 2 interaction[J]. Molecular Pharmacology,
2015, 87(1): 9-17.

SONG X, ZHAO C, DAI C, et al. Suppression of the increasing
level of acetylcholine-stimulated intracellular Ca™ in guinea pig
airway smooth muscle cells by mabuterol[J]. Biomedical Reports,
2015, 3(6): 778-786.

TRERT , XML, Fh— , 4 . 2B B GRS
— AL E A OCHE: [0]. IR R A% | 2017, 27(5): 24-27.
[10] PURWAR B, SHRIVASTAVA A, ARORA N, et al. Effects of

(]

.11.



R BREE 2 Ak

5 28 &

[11]

[12]

[13]

curcumin on the gastric emptying of albino rats[J]. Indian Journal
of Physiology & Pharmacology, 2012, 56(56): 168-173.

ZHU W, SU J, LIU J, et al. The involvement of neuronal nitric
oxide synthase in the anti-epileptic action of curcumin on
pentylenetetrazol-kindled rats[J]. Biomed Mater Eng, 2015,
26(s1): S841-S850.

HRYHORENKO L M, WOSKOWSKA Z, FOX-THRELKELD J
A. Nitric oxide (NO) inhibits release of acetylcholine from nerves
of isolated circular muscle of the canine ileum: relationship to
motility and release of nitric oxide[J]. Journal of Pharmacology &
Experimental Therapeutics, 1994, 271(2): 918-926.

KHURANA S, JAIN S, MEDIRATTA P K, et al. Protective role
of curcumin on colchicine-induced cognitive dysfunction and
oxidative stress in rats[J]. Human & Experimental Toxicology,
2012, 31(7): 686-697.

[14] ABU-TAWEEL G M. Effects of curcumin on the social behavior,

[15]

(16]

12 -

blood composition, reproductive hormones in plasma and brain
acetylcholinesterase in cadmium intoxicated mice[J]. Saudi
Journal of Biological Sciences, 2016, 23(2): 219-228.

LIU Z J, L1 Z H, LIU L, et al. Curcumin attenuates beta-amyloid-
induced neuroinflammation via activation of peroxisome
proliferator-activated receptor-gamma function in a rat model of
alzheimer’s disease[J]. Frontiers in Pharmacology, 2016, 7(1):
261-273.

KURNIAWANSYAH F, QUACHIE L, MAMMUCARI R, et al.
Improving the dissolution properties of curcumin using dense gas
antisolvent technology[J]. International Journal of Pharmaceutics,
2017, 521(1): 239-248.

(SKVUGE 2l )



