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Effect of Forsythionin A on Gastrointestinal Motility Disorders in Mice
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[ Abstract] Objective: To observe the effect of forsythiaside A on gastrointestinal motility disorder
induced by chemotherapy in mice, and explore the mechanism of forsythiaside A regulating gastrointestinal
motility. Method: The 60 KM mice were randomly divided into normal group, model group, metoclopramide
group (5 mg-kg') and forsythiaside A low, medium and high-dose groups (30, 60, 120 mg-kg'), 10 for each
group, which include half male and half female. The above dose was given once a day for 4 consecutive days,
which the intragastric volume was 10 mL-kg"'. One hour after 1™ day administration, equal volume of saline was
intraperitoneally injected to the normal group, 2 mg-kg"' cisplatin was intraperitoneally injected to the other

groups with daily for 4 consecutive days. Observing the effects of forsythiaside A on gastric emptying and small
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intestinal propulsion on mice models, serum gastrin (GAS) and somatostatin (SS), motilin (MTL), vasoactive
intestinal peptide (VIP) levels were examined by enzyme-linked immunosorbent assay (ELISA). Activities of
acetylcholinesterase (AChE) and total nitric oxide synthase (tNOS) in gastric antrum and ileum were detected
by ELISA. The expression of AChE and inducible nitric oxide synthase (iNOS) in gastric antrum and ileum were
detected by Western blot. Result: Compared with normal group, the gastric retention rate and small intestinal
propulsion rate of the model group were significantly increased (P<0.01), serum levels of MTL, GAS, SS and
VIP, the AChE activity in the homogenate of ileum in the model group were significantly reduced (P<0.05,
P<0.01), while the tNOS activities in gastric antrum and ileum were significantly increased (P<0.05, P<0.01).
Protein expression of AChE in gastric antrum and ileum were significantly decreased (P<0.05) , and the
expression level of iNOS protein was significantly increased in the model group (P<0.05). Compared with model
group, different doses of forsythiaside A can reduce the gastric residual rate and small intestinal propulsion rate
of mice to varying degrees. Meanwhile forsythiaside A can increase the serum levels of MTL, GAS, SS, and
VIP, and the AChE activity and protein expression levels in gastric antrum and ileum tissues were also
increased, while tNOS activity and iNOS protein expression were decreased in gastric antrum and ileum
(P<0.05, P<0.01). Conclusion: Forsythiaside A can significantly ameliorate the delayed gastric emptying and
small intestine hyperfunction induced by cisplatin in mice. Its mechanism to ameliorate gastrointestinal
dysfunction caused by chemotherapy is related to the regulation of gastrointestinal AChE and NOS activity in
gastric antrum and ileum and the regulation of gastrointestinal hormone levels.
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190702) ; 4R (Ri%E X A HEARARA A, #MS
JO601A) 5 5 AL B4 T S M (1L AR S5 B 250k A FR 2> 7],
fit5 1B19102103) ;/INEL H 2 2 (MTL ) i 15 f 928 T
BRI 5 (ELISA )35 & (R I E N 2 B A BRA |
Hit5 GR2020-06) ; /N B MW 2 (GAS) , /MR AE K4
F(SS),/INELIM A 1% P I (VIP) ELISA i 1) & (X
DALY TRA R A E L #5505 T28018126,
T21018127,T22018128) ; & — A kL & & B (tNOS)
A &, AChE i 7 & , S8 1 (TP) 77 & (R 5t i
WA TR E 5T BT, i S 4 il Sl 20200612,
20200619,20200615) ; AChE Hp #A (Jb 5018 5 2 4= W)
ARG RAF LS bs-2511R) ;i F B — AL A S
it (iNOS) i A (25 E CST A w45 131208) ; BRAR
ot Ak B (HRP) A5 i 1l 2Bt SR S 22 BR 4K 1 (Ig) G,
B -3-W R A S (GAPDH) B ik ( B iE 2 &= R
W EARA RS A L5 53 5102 A0208,AG019) .
1.3 U#F  TCL-16M % & 5 & 3 8 7R B0 L (K
YDA O AL AR A BR 23 7] ) s BioTek Eon % 13
B EE I M BRI AERAF);
T2602S % 58 40 0] UL 43 % B AR (AR BHU AR AL %
A BR 2 7)) ; Mini-PROTEAN Tetra System % Hi, Jk
PR VKA R e A (6 A AR A W) ) s H203-H 7Y 4
JE@ v (R ol AR R B BRA R ) TS-1 BB 4
FE IR (U6 17 T FLAR DL IR A28 1 38 A B2 7)) 5 Mini
Chem 610 % 2 {8 7 4k 2% % 5 AR AN (b 3 28 5 4
WEHEARAR)

2 Fik

2.0 P [ERE TR H AT R R WY R AT 4R R N
10 g I T 28 187K 250 mL 1, J5 I A BEAE W5 #5316 g,
S g, JEN 8 g, I MER 2 g, T L 5 M 05 1k 2 TR
G300 mL, & 4 °C oK A v, AT IR B &
il

22 SRR RER S BRI 0 S T
N BGE B PER 3R 5 d R BEMLAY N 6 41 IE H 41
T ASS 70 2 | Y AR G0 i 2 B SRR AR P L
Rz, 2 10 1, MERE A . WA RS e
4R S0 e S mg- kg, HE SRR AT A K P s R A
I3 0 E BT A 30,60, 120 mg-kg', 44 25 7]
2% CHk[16-17] /N REE 4 257 B A B
10 mL kg, 1F % 21 S A5 0 2 i 25 2 R R AR OK |, 4
H1,#E2:4d. #EBESE 1 X1 hG, BRIE® 418 i
T A A5 o A FRER UK A, LA 2% 20 1 g ORI M 1 S I
F12 mg-kg', iS4 d, @ AT B W R AR/ R
BEAY L SR FH P [ A SRR A D /) GRS 4% BE 32 A

AN HE R R RS BRI RS IR Al e,
5% B SR AN 1 2 SR 2 B 8, 5 A A S 56
SEILAH B U AR S AR ) T
23 WM HIRGAE EEAKEKISh, TH 4
RUWEEH2Z5 1 h 5, B IE #4108 e v 5 A Rk,
A& CH I IS TE SPIRAA L 15 min J5 4% 20 0E B SRR B
0.8 mL/H o 20 min J& P 4 AR BR B, % 78 CE
2h,4°C,3 500 r-min”' &> 15 min, B .0F44 6.2 cm
Oy B IMLTE L -80 CCUKAA AT, & F o Wi )5 , 57 B 1)
HUE AN 0 AR R R SN R . 5 BT L
S AN, W AHAR R - 80 CCUKAR R A7 75 H o
2.4 WEHR bR 5 E
2.4.1  5E E AR R AN SR UL R
ANEUE FUNG FREUE 4 i B ORSO B R BT,
BENEYEREE KT R ESE, B ek
B B O O A [R5 I ] &
RS ORN R =R =E L N 7y L S S g N ey |
B ek XM E R KBEHNES. 5 HE
B BB MONA R B R R =E NAEW (g)/E 5
P A % AR 0.8(g)x100% . /N iz 4 7 R =2 [#]
P8 AE /N B 9 A BEBE B (em) /N B 4 K (em) x
100% .,
2.4.2 ELISA Kzl /) B M7 B W # % MTL, GAS,
SS, VIP /K ™ 4% ¢ BE ELTSA 57 & Ui W 45 ik 47
AR K 1% MTL, GAS,SS, VIP % & .
2.4.3 ELISA K /N 5L 52 #1101 fi7 2H 23 v AChE Al
tINOS BTG M 20 il PR IBGE £ 15 52 | Il i 20 41, 4% o
TR 129 fin AT A A BRER UK R R T R AR 10% 14
TR B L 40513, 4 °C L2 500 r-min™ 2.0 10 min,
BOEAR 6.2 em, U BV ARFIN o ™A% e BT &
Ui B A5 HE AT A, DA E €6 3 0 41 2140 3K AChE
FINOS (135 1 .
2.4.4 1 H P ENIE ¥ (Western blot) & il /) B B
% 1 [0 Jizp 40 41 vh AChE ATINOS 25 H £ ik R BUN
B SEME AL EN,BCAIRF ST HEME R,
Jin SDS-PAGE # [ EAEZE vl (5%) m A8 Pk )5 L &8
LUK PR LA, 5% MR W K = i A 2 h, TBST Uk
W 3G . HI TBST #i B — 4, AChE (1: 1 000) ,
iNOS(1:500), GAPDH(1:1 000),4 °CHE KW &
o MAZH(1:1000), 2 EMEE 1 h, %M, ECL
B fh2E RS RAR AT IR R A R A Image T 5K
P3R4 2Rl IR BEAHL
2.5 Sits4r#r R FH GraphPad Prism 8.0 4t i1 %k
PE BEAT BOUE 20 BT, BUHE LA X £ s R, R ] One-way
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ANOVA 37 48 1150 1, P<0.05 &R 22 5 H 42 i1 2
=9

3 £R

3. XU i SOk T B A /N B HEZS RN i i
S UCGEER 5 IE R 4L R SR AL BLUE BR
R E N (P<0.01) ; SBIAIA LA 35 MR 17 A
Hh 7R e 2 R PR GRS e 4 R R R I R AIK (P<
0.05) ; iEFMR T AP R E 41 5 H A S el b5,
Z S TG S, R SHER AT A b 5 S X I 4
JIT S5k Y7 B A /N R HE A B AR AR S B R
G VR R s B AH Y o 5 E R A H A AR A /N R
/N HEE AR N (P<0.01) 5 SRR 20 LA, 3%
Fig AR e AR B RS e AN W o
U] FEAK (P<0.05,P<0.01) 5 TR 11 A & 77 i
XoF AN BRI 0T 2F 0 AR S Y AR S A
JH 9 BE AR S, b ) py R R T AR S
W1,

3.2 R T SOtk AR AN BRI T B B R K OF
B2 5 OE 4 b A, AL 20 /) BRI v MTL,

F1 EABRTEAWNIRMAABAUTERNRBHTSRANGHEHRNY
fi (x+s,n=10)

Table 1  Effect of forsythiaside A on gastric empty and small

intestinal propulsion in cisplatin-treated mice (x+s,n=10) %
4151 il /g k! EE 3RS UN7E (ST
1EH 64.03+4.11 56.07£2.33
i 93.86+6.38?  73.18+2.67?
AL S 0.005 73.9943.06°  61.22+2.529
R A 0.03 90.69+3.78 61.93+2.41%
0.06 76.15+5.07% 58.28+2.89%
0.12 89.20+4.14 60.31+2.40%

5 1E W 4 F K DP<0.05,2P<0.01; 5 45 8 4 H &8 D P<0.05,
DP<0.01(F2~4F).

GAS, VIP, SS 7K V- B i B Ik (P<0.05, P<0.01); 5
BB 2 Lh 85, 3% S R T A IR) 6 4/ BRI GAS 7K
S B B2 TE E (P<0.05) , Ho] 4L/ BLUIL 3 MTL,
GAS, VIP /K- B & T+ 55 (P<0.05) , % 7B AR 1 A = 71
24/ BUIM 7 MTL, GAS, VIP, SS /K 34 B & 7
(P<0.05,P<0.01), W32,

x2 ERABRFANIEMBLTERNRDEERHRAKFENZE (f£5,n=10)

Table 2 Effect of forsythiaside A on serum gastrointestinal hormone levels in cisplatin-treated mice (x+s,n=10) ng-L7!
21 5 Fl /g kg MTL GAS VIP SS
EH 367.78+15.12 10.36+0.53 63.38+2.14 52.48+3.70
F 308.30+8.60" 6.65+0.47? 50.98+2.32D 34.38+3.25D
AR S e 0.005 372.63+13.48% 9.82+0.80% 63.87+2.94% 47.42+4.89
MR A 0.03 328.78+15.78 9.86+0.70% 59.05+1.64 44.99+4.27
0.06 370.94+13.34% 9.50+0.71% 63.94+4.46% 47.07+£2.69
0.12 365.37+18.87% 10.06+1.16% 64.05+2.939 54.39+5.259

3.3 R T BAk 7 A A /N B S R IR Bl 4 2 e
AChE i PEFIINOS il PEAY 2 5 1E 5 41 Lh e, 12
AU /N B L e ACHE 3 1 32 & B AIR (P<0.01) , 15 58
AR ENOS I 1P 2 B & 7 5 (P<0.05,P<0.01) ;5

BEAZH P, ¥ IR AT A = ) i 4L/ BRI Hh AChE
5 PE B T 5 (P<0.05) , rp e R 2 D BLUE S
tNOS {ifi P4 35 W] i B AR (P<0.05) , i 7 4 2H /N Bl [l
HINOS I 1 i EREAR(P<0.01) . WL#E 3.

R3 ERAET ANIRAABATEENREEMEFALAH AChE FHE INOSFEH R (i+s5,2=10)
Table 3 Effect of forsythiaside A on AChE activity and tNOS activity in gastric antrum and ileum of cisplatin-treated mice (x+s,7=10)

AChE/U-mg tNOS/ U-mg
4157 /g kg
EES Ey7] S my7]

154 0.624+0.015 0.706+0.053 1.091+0.061 1.543+0.063
8 0.565+0.017 0.517+0.0182 1.499+0.074? 1.769+0.051"
P 4R SR i 0.005 0.575+0.027 0.602+0.027 1.135+0.092% 1.672+0.037
EER T A 0.03 0.536+0.017 0.540+0.023 1.266+0.054 1.678+0.051

0.06 0.599+0.054 0.578+0.047 1.231+0.071% 1.644+0.058

0.12 0.589+0.016 0.658+0.021% 1.223+0.050% 1.520+0.062%
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3.4 XF AR T B4k T AR R N B SR RN IR g 4 2
AChE Il iNOS 2 [ R K2 W 5 1E % 4 H g, #%
AU /N B 55 A0 (] i 41 20k AChE & 14 %35 K
] 5 KA (P<0.05) , iINOS 8 [1 7% ik 7K -2 9 W F 25
(P<0.05); SHIAIA] H AR, iE R AT R Rl = 4l
/N ELUE 52 AChE 8 F1 3R 38 7K 3 B 7 & (P<
0.05,P<0.01), /&l &t 20 /N ERL W1 i AChE & 1 3R ik
KB TR (P<0.05) , G i AR 4L/ BLUE S P
INOS 45 1 £ 3k 7K 7 W] i B AIK (P<0.05, P<0.01) I
L A 2 BRI R INOS 2B 1 3 A K SF 24 1
AR (P<0.05). LK 1,2,3%4.

o R O S -

GAPDH WS WS S S S — 37 kDa
A B c D E F
ALTEHR 2 B2 C. T 40 S8 e 4 5 D. % 8T 1 A (K77 i 45 E.
BT A h R 2 FLZE SR A o R 2 (B 2 1))
1 IRSAPT BT BN R B EH A AChE 1 iNOS EH R i%
Fa ik
Fig. 1 Electrophoresis of AChE and iNOS protein expression in

gastric antrum tissue of cisplatin-treated mice

et i ™
oo R

GAPDH | s S S S S S 37 kD2

A B C D E F
2 IRSAETE LT B/ NR O AL B AChE MINOS BB R X
i3
Fig. 2 Electrophoresis of AChE and iNOS protein expression in

ileum tissue of cisplatin-treated mice
4 it

IR J2 e IR i 8 FH B9 B0 b R Ak )7 25 2 —  (H
FCRIE AR, W] 3 B0 H W B @) S0 A0 K |

T4 ERBEHEANNRBEEMEGAL S AChE FIINOSEHRIE

B JEIR AT WESE R B IR T 38 2o B K ACh
S S ECE HEs AR, ACh 2 B i —
ol B (1 4 T b 2 T, EEAEH T M 24k, 5
i A LA A R s B Ak, e A — R R f
S Ca N UL, T 51 ST W LI 4 A HE
G Eh20 ACh 2 BR TR AE f 20  J, HLPE RO B E
e 5 W R N AChE K fif . DFFE 3R B, ACh & 4t iy 1
IS AChE 36 ¥ (% T & 522 15 AH ¢ o PRk, 3 3 G
AChE {if ¥ 19 48 4k ] 8] $% J2 Wt ACh & i (1 42
e, —HAE(NO) M4t Ra bR E
B R AR AR B BE B2 43 6 14— b 0 o 2
NO 3 o /5 F1 T °F UL 20 MY 55 R BF Ak il , 1 20
JIEL PN A Tl 2 R A Y e B, Ca™ Y BB T L A o
B L, T 51 S B i sh s . AR E R
L, NO 1A 7] 38 1 $10 l ACh BEAL , &7 5K -1 L, 21
il E B i s NOS J& A B NO Y 5 it B i il
F 5y R a5t A — S AL A S B (cNOS) #lINOS, —
BN INOS. cNOS F B 7 A BUIR A T & 15
FH,INOS &= ZE e i IR & F &A™ . K
NOS i 1 n] LA fa] $2 52 i NO /K-, W58 % P, ACh
B > NO B 2 24k yT S 808 Wiz sh Ui g
I i () LB 2 — 207

B ES S5ME 8 W%z sh, &8 s
FMEEHRE., BHEENFRRL, Kb MTL
GAS J& T 244 M g Ik, nT {2 i B Mig 8. MTL &
22 A~ B R 41 B 2 K, B2 )i 3 8 W A AT L
ML A (MMC) T AH , i3 b 38 iz 8l 42 F
Hezs o GAS HAT il 38 B e o Wb, 02 i 8 M 26 RS 1
A A i Wi is sh AR PSP, VIP AT SS I F
il 4 i B BK A2 H B a2 Bl U8 T rp 3 R 0 ] Ak
J O SS RE i 0 Ak R 0T LR A G D AN HE
25 0 B AR Y S S AE Y. VIP & — R
il AR B b R 2 AR G RE p 2 3k T, X I I Bh

Y80 (x+s,n=10)

Table 4 Effect of forsythiaside A on protein expression of AChE and iNOS in gastric antrum and ileum of mice (x+s,n=10)

AChE/GAPDH iNOS/GAPDH
21 51 /g kg!
EES N7 e my7]
1554 0.349+0.027 0.373+0.031 0.070+0.024 0.060+0.009
8 0.176+0.045" 0.246+0.002" 0.158+0.022" 0.137+0.027"
4R SE ie 0.005 0.256+0.029 0.334+0.026 0.086+0.016 0.093+0.017
EFIBE T A 0.03 0.278+0.065 0.251+0.023 0.076+0.010% 0.060+0.017%
0.06 0.379+0.028% 0.285+0.025 0.139+0.021 0.044+0.015%
0.12 0.390+0.020% 0.356+0.034% 0.054+0.012% 0.053+0.014%
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I P R VR, AT LB R 4 B BROE LA i
il R R AR e A g K Ay R g
i bR R AN i s R kR ALY

TR A2 Y AIF S E S 8 R L T ok ek
YEF V8 E B sh e s AR A 2
B EBIE Y2 — . AFE K, E ST
A T HI ] AChE i 1 , fff ACh S TF . AL
T 1A 5 Sl L, Ak SR F /N R 22 Uk S 4
09 75 vk g ST AT 8 2 0 R /D BROBE Y 38 Ao A )
AChE Al NOS i 1% DL e B W i Z KV, 910 3508 1
HEREE AT AV E M sh S AL I i — 20 B i
AP UEE B BB T SRR, E
T A T LA G A 5 B0 Ay B AL /N B HE
25 9 2% A0 /)N i HE 2 0T HE L U6 I I LT A XA
B iz sh it oA B UCEEH AR S50 8 0
2 5] 3% R A T T A RN BUE SR R IR g o
ACHE {5 1, &l 3 P AR AL /N BUNOS 5 M, 26 B 453
fis 1 A X1k 97 /N BB 5 AChE 36 P 1 NOS 15 1 A
I AR, RT3 a2 2 ACh B BT, M NO
B 1, DT B3 AT 1 W Bl ) BEAS  AS SE5 []
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