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Research of mechanism of nobiletin improving slow transit constipation in rats by
downregulating DRD2 based on the AMPK/eNOS signaling pathway
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(NO) 7K, FHTEE 1 5 B 3le 325 A 00 it 2 T Ak 25 11 e ( AMIPKC) / | J 78— 44k
AAH(eNOS) 55 MEEHIRE KT, &R A4 BRAFK . P &ilE
SCu 26 B A K B AR i D (35.24 £ 5.25)% , (24.76 = 3.47)% |
(28.38 +2.77)%  (32.76 +3.49)% H1(33.32 + 4.34) % ; 3 (H 57 5 9 K
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FIRERTEG I 2 R AE S EE L (P <0.05,P <0.01,P <0.001),
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(P>0.05) , 8 AP R St e Al AT 5 2250 0w, 25 Al BRI AH v i S o
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Abstract; Objective
nobiletin ( NOB) on slow transit constipation ( STC) in rats through

To investigate the effects and mechanism of
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dopamine receptor D2 ( DRD2). Methods
group, experimental — L, M ,H group, AAV9 — NC group and AAV9 — DRD2 group, with 10 rats in each group. STC

A total of 70 SD rats were randomly divided into blank group, model

model was established with 15 mg - kg ™' compound diphenoxylate by intragastric administration except in blank group.
In experimental — L, M, H group, 0.1,0.2,0.4 g -+ kg”' NOB was administered intragastricly. On the basis of
experimental — M group, AAV9 — NC group and AAV9 — DRD2 group were given AAV9 — NC and AAV9 — DRD2
100 pL, respectively. Weight and fecal indexes of rats were detected. The expression levels of DRD2 was detected by
quantitative real time polymerase chain reaction. Vasoactive intestinal peptide ( VIP) and nitric oxide (NO) levels
were detected by enzyme — linked immunosorbent assay. Levels of AMP — activated protein kinase ( AMPK) /endothelial
The fecal
water content in blank, model, and experimental — ., M, H groups were (35.24 +5.25)% ,(24.76 +3.47)% ,
(28.38 +2.77)%, (32.76 + 3.49)% and (33.32 + 4.34)% , respectively; the fecal quantity were
(53.20£5.25), (42.40+4.55), (47.10 = 5.36), (49.50 = 5.10) and (50.10 £ 5.04 ) grains,

respectively. Compared model group with blank group, and compared experimental — L.,

nitric oxide synthase (eNOS) signaling pathway related proteins were detected by Western blot. Results

—M, -H groups with model
group, the above indicators showed statistically significant differences (P <0.05, P <0.01, P <0.001). The relative
expression levels of DRD2 mRNA in blank, model and experimental — L, M, H groups were 1.00 =+ 0.12,
2.95+0.47, 2.73£0.49, 2.17 £0.35 and 2.08 = 0.32, respectively. The relative expression levels of DRD2
mRNA in the experimental — M and experimental — H groups were significantly lower than those in the model group (all
P <0.001), with no significant difference between the two groups (P >0.05); therefore, experimental — M was
selected for subsequent experiments. The VIP levels of blank group, model group, experimental — M group, AAV9 —
NC group and AAV9 — DRD2 group were (43.15 £4.52), (64.42 +7.64), (51.68 £5.37), (49.25 +4.44) and
(56.84 £6.41) ng - L™, respectively; NO levels were (6.84 +0.71), (11.68 +1.37), (9.28 +0.93),
(9.35+0.97) and (10.45 £1.03) pmol - L™, respectively; the relative expression levels of AMPK protein were
1.00 £0. 15, 2.42 +£0.34, 1.68 +0. 17, 1.55 £0. 18 and 1. 94 +0. 21, respectively; the relative expression levels of
eNOS protein were 1. 00 £0. 11, 3. 18 £0. 35, 2.28 £0. 23, 2.35 +0.27 and 2.95 +0. 33, respectively. Compared
model group with blank group, compared experimental — M group with model group, and compared AAV9 — DRD2
group with AAV9 — NC group, the above indicators all showed statistically significant differences (all P <0.05).
Conclusion NOB can improve STC in rats, possibly by down — regulating DRD2 expression, regulating VIP and NO
levels, and inhibiting the AMPK/eNOS signaling pathway.

Key words: nobiletin;

slow transit constipation; dopamine receptor D2; AMP - activated protein kinase/

endothelial nitric oxide synthase; vasoactive intestinal peptide
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Zym5iAF  NOB, HA%:5 mg, i i =97% , it
5 :MKCX1446 , 2 [# Sigma - Aldrich 2\ & 477 & J7
ST VTR  BUAK - B S SRR M 5 VA TG 2. 5 mg R Bl
Feih 25 pg, #ib 5. 220501, HE ofE SC 5 H 2 o
H4502008 , ] 74 {o] 7= 24\l A7 BR 3¢ 41 24 \) 42 75 SYBR
Green One — Step S I 5 i 2 5% 5% 5 4 Tl 4 =0 5 hif
( quantitative real time polymerase chain reaction,
qRT - PCR) X &, Bl & RAEWBAB A R
HAETE s HAKE — 41 (hematoxylin — eosin, HE ) 4t {6,
R, 1L T U BRI S AR M R BR A B A2 7 5 1l 4
1514 i Bk ( vasoactive intestinal peptide, VIP) 57 &1,
it XUAE B B A PR 2 B AR 7 — S AR A (nitrie
oxide ,NO) 1200 & , PG A= PR R A W A7 5 4
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FIAAVO - DRD2 ¥yl FIEIUE A R A A A=,
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i s CX33 B ikdss, H 7K Olypmus 23 5] 72 i ;EnVision Nexus
PR, Fii e AR s (3 ) AR w17 o
2 XWHE
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IR A o 5 2 I [ B 20 7K B B 24 h Sk
B s
2.2 HMHBERHGFHE

R IR 60 R B BENL 72 9 EL R 6 4.
BERIAH AR, Py ) B S 5 4L AAV9 — NC 4 Al
AAV9 - DRD24L, #4110 H, 553k 10 HIEH KEAER
252, NOB Sgis T — F AR, T i st e ok 2 fi 25
W, 0. 9% A FEh KA RS, LA BLIEE, T 4 ClbLk
AL 24 b ARG SC IR 20 7E AR R L I, B K

5

SRR 0. 1 g - kg™' NOB FIEHEH 1K, LA 2
i

%
14 ;v 7] St S5 6 2 A6 A R0 20 Btk b B K A3 ] 4
0.2 g - kg™ NOB FI i H 1 K, EL425 14 d; =7
TG 4 A BRI LR A KA BRI 0.4 g - kg™
NOB & #E H 1 IR, #2452 14 d; AAV9 - NC 417
g SO 2 S T BR R 48 T R i ik S AAVO - NC
100 WL, 547 14 d; AAV9 — DRD2 4 7 H 1) i S i 41
Al b BR R 4 T R R KT 95 AAV9 - DRD2
(1x10" v. g )100 wL, FEZE 14 d; %3 [ 21 MR R 4
BHEERM 0. 9% F AL (sodium chloride solution,
NaCl) , 5 1 K, %4 14 d,
2.3 WMAREREMEFEER"

FELRZHINEE 0.6 .10 14 K, 43 0441k B 4
Fi AT o G2 AE R R T 4R
WL 24 h Fe RS LRI SR ISR R SRk 2
R MO . R B REAS A 60°C T 4548 Y
W 12 h FER A TR S K, S KE =
(& - TE)/J8E x100% ,

2.4 gRT - PCR % # | DRD2, AMPK #
eNOS mRNA Fixk 7k !

B K A I REA, AT TRIzol 355 3 25 5
RNA, HUE RNA 1 pg 00 % 565 & 5 licDNA |
Iy, WBH B - actin, 1 2744 i1 H 4 mRNA
X Fik 7K, DRD2 | ii%:5" — GGCCACACTGGTA-
ATGCCGTGG -3', Fiffi:5 - TGCTGATGGCACACAG-
GTTCAGG -3';AMPKal [Jif:5' - AGCCCACCTGAT-
TCTTTTCTT -3, F¥i#:5" - GCCATTTTGCTTTCCTTA-
CAC -3";AMPK o2 [{if:5" = TGGTGTTATCTTGTAT-
GCTCT -3', Fif#:5' - TCATGCTCTCTTATGTCTTTG —
3';eNOS Fii#:5" - TGGTCAACTATTTCCTGTCCCCG —
3", Fi%: 5 — TTGTCGCCTTCACTCGCTTCG - 3/
B —actin [ Ji: 5" - CCTTCCTGGGCATGGAGTC - 3,
Fiif:5" - TGATCTTCATTGTGCTGGGTG -3,

2.5 HE %1% AR REER"

JIRIFALSE R BRIFHLEE I TP B2 1 om A ZUREAR,
ZET A BEER K R4, LB B T 4% Z R
W A2 24 b, B S SEAT OB A0 AL L A
YR ik sk fa et FHIRAORS PG 4T Y s e o,
Yot 5 Y R Wik GBI B R AR, S OB
TBE T X GUR S A TULES , IR 4R AH I 1 s 2L 141 15
RN S
2.6 EREXGIERHXIE (enzyme —linked immunosorbent
assay, ELISA ) £l VIP #1 NO 7k [

WK B 40 25 W 21 2L 00F 5 50 3, 50 3 DA
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8 000 r - min ' E > 10 min, B F1E R, ¥4 ELISA
PR G B A3 A5 BRASI VIP F1 NO 7K,
2.7 EAREITFEKN AMPK/eNOS {5 5 i i 16
*EQKE™

W KB4 as s KRR %
1.2 x10% v« min ™" B0 b S, U 4B BT R & T
FHIRGR G0 8 1 B A 7 s A, B o 2 R
PEATHLIK A3 85, B IS o8 s I . MR T 5% i

BUBERT , FIR N R E M 2 h, FInAR RS K

—Pi, 754 CHEMTWE IR WRH, FHYE G EE
3G MAZSEZ R NIFE 2 h, @it b otk ik
1755 , B Jo FH Tmage J 3R 28 11 457 B 0K B (L 3F
TR
3 GitEsemE

AH5E ] SPSS 24. 0 B AT BB I e vt A, 4
BIES TR OR « x5 3R, 24110 Ui R 22
S3AT(ANOVA) K556, E— 5 W LA T LSD — ¢ K5

# X
1 NOB 3§ STC KR FREFFEEIEIRAIRM0
528 A PO, BRI ZH R BLER 6,10 Al 14 K14
JoRE 2 X 2 AR s S R A LA, AR P L ) S

R FUARBABERLE (2 £5)

Table 1 Comparison of body weight of rats in each group (x +s)

R BUEE 6,10 A1 14 KBy & i 5 ¥ 8 3 18
(¥ P<0.001), H5MEZEIENK, R 1, 504
Fed, BAUZ R RSV T L Sk RS 4k
HHRERAN(P <0.05,P <0.001) ; BRAK ] & 5550
AR R ZEME T EI, SEIIA AL, b & L5
21 R B 28 0 T 5 DA B AR v e R S I 2 KRR Y
FEMENRE | EK R ZEME R 1 B (P <0. 05,
P<0.01,P<0.001), .32,
2 NOB 3} STC X R&FHL H DRD2 Rk B0
25 4L B R 2 RN IR, H. R B SE g A
DRD2 mRNA A %F & 38 /K F 43 51 & 1.00 + 0.12,
2.95+0.47 2.73 £0.49 2.17 0. 35 F12.08 £0. 32,
575 AL AR B, BRI A R SRS I 4121 DRD2 mRNA
FHXF IR AKOF ik 2 T (P < 0.001) 5 BRI AR L,
W R SR ALK B I 4121 H DRD2 mRNA i %f
FIRAOE 1 i FFEAR (B P <0.001) 5 5% & 52 5%
AUAH L, R SRR 4 K FRZS A 4141 DRD2 mRNA
FEXT IR 7K 15 i 2 AR (3 P <0.01) 5 o | il
THAZHER TS L EZF XRITEE X
(P>0.05) , Scik F v ) i S0 20 A 7 fE 2 5500
3 NOB g3z DRD2 3t STC K R4 7 A ARIE S
=AU

2 LI 18 G O BB B S e

Weight(g)

Group n

0 days 6 days 10 days 14 days
Blank 10 215.62 +£3.32 222.83 £3.09 226.24 +4.35 233.25 +3.28
Model 10 214.48 +4. 08 201.64 £3.17* " * 200.76 £3.47" ¢ 200.48 £4.08" " *
Experimental — L 10 215.04 £3.56 208. 43 +3. 41" 209. 53 +3. 15%# 210. 04 +3. 56*#
Experimental — M 10 214.76 +£3.98 216. 53 +3, 57##HE&& 222. 33 +3, 3pHH& 224,76 + 3, 9gH#H&&s
Experimental — H 10 214.57 £3.27 221.32 £3, [4##&&AA 226.32 £4, 44#HE8&A 228.57 £3, 27#H&&A

Blank group:0.9% NaCl; Model group: 15 mg - kg ™' compound diphenoxylate + 0. 9% NaCl; Experimental — L, M, H group: 15 mg - kg
diphenoxylate +0. 1.,0.2.0.4 g - kg~' NOB; Compared with blank group, *

compound

**P <0.001; Compared with model group, **P <0.001; Compared with

experimental — L group, Y¥¥P <0.001; Compared with experimental — M group, 4P <0.05, 44 P <0.01.

R2 FARMEMIEIRA L (2 £5)

Table 2 Comparison of fecal and fecal indexes of rats in each group(x +s)

Group Wet weight(g) Dry weight(g) Water content( % ) Fecal quantity ( grains)
Blank 7.62 £0.92 4.93 £0.79 35.24 £5.25 53.20 £5.25
Model 5.73+0.78* " * 4.31£0.47* 24.76 £3.47%** 42.40 £4.55%**
Experimental — L. 6.53 0. 66" 4.68 £0.51 28.38 +2. 77" 47.10 +5. 36"
Experimental — M 7.12 £0. 72%# 4.79 £0.50* 32.76 £ 3. 49#H&& 49.50 +5. 10"
Experimental — H 7.24 £0. 74%# 4.82 £0.49* 33.32 4, 34#H& 50. 10 = 5. 04*

Dose and n refer to table 1; Compared with blank group, * P <0.05,
Compared with experimental — L group, P <0.05, P <0.01.

*** P <0.001; Compared with model group, *P <0.05, #P <0.01, P <0.001;



668

v T R 25 PR gk R

W42 55 2026 4F 3 T (A 451 1)

YHIHES 2 55 3557 5 M T 28 AL, B RV 45 i AL 4R
SEFZEEL  WUZ B SR A He, rpofl 2 S a0 A1k
SR 45 1 2 2 45 ) 3 VT A 5 5 b ) R S 0 2H A T
AAV9 — NC 4 K &5 W 21 20 9% ¥ A {0 R B &2 5
5 AAV9 — NCHIAH L, AAVY — DRD2 4 K fl4k 4l 4!
SR ZETL , RN, WA 1
4 NOB 3= DRD2 3t STC KR4 7 AL VIP Fn
NO 7k F 20

HauEPAMLI, BRI K REE a4 iy vIP
I NO 7K 34 4 2 Jt i3 (35 P <0.001) 5 5HEAY2H
AL, H v S 56 21 K B4 i 41 23 b iy VIP Al NO
KP4 FEAR (P <0.01,P <0.001) ; 5 j] &
SEEHAH B, AAVO — NC 4 KR S5 a1 4L iy VIP
FINO KEFEG T2 L 2R LG8 L (8
P>0.05); 5 AAV9 — NC £ # It., AAV9 — DRD2
KB a8 d il VIP f1 NO /K3 0 2 T 5
(P<0.05,P<0.01), L33,
5 NOB 3t STC AR 7HL% th AMPK/eNOS EH
£ 30y &b

525 AR L BRI R BRZS I 2 i) AMPK
eNOS mRNA Fl £ [ A XF 36 K 3 B #F 7 &
(P <0.001) ; SHAILAR EL , Ho 3R] S0 56 41K B4
I ) AMPK (eNOS mRNA Fl& AR X ik K

B 2 BRI (P <0.001) 5 5 v 55 o 5 56 4 AH L,
AAV9 - NCZL K R&5 A 49 1) AMPK ,eNOS mRNA
R FAEX R P G E 2R s E
X (¥ P >0.05); 5 AAVO — NC 4 #{ I,
AAVO -DRD2 4 K Bl %45 W 40 24 ) AMPK,
eNOS mRNAFI# 1 A0 XF 2 35 7K F- 1 8 3 Fh i (1
P<0.001), L34 fIE 2,

R3S BGE I H b i 8 1 Ik (VIP) A — % AL &
(NO) KPR L (x £5)
Table 3 Comparision of vasoactive intestinal peptide ( VIP) and

nitric oxide (NO) levels of rats in each group (x *s)

Group n VIP(ng - L7") NO( pmol - L")
Blank 10 43.15+4.52 6.84 +0.71
Model 10 64.42x7.64***  11.68+1.37%*"*
Experimental — M 10 51.68 +5.37%* 9.28 +0.93"
AAV9 —NC 10 49.25 +4.44 9.35 +0.97
AAV9 - DRD2 10 56.84 £6.4144 10.45 +1. 032

Dose of blank, model and experimental — M groups refer to table 1;
AAV9 — NC group:15 mg + kg~! compound diphenoxylate +0.2 g - kg ™!
NOB + AAV9 - NC 100 pL;AAV9 — DRD2 group:15 mg - kg ="' compound
diphenoxylate + 0.2 g + kg=' NOB + AAV9 — DRD2 (1 x 10" v. g )
100 wL; Compared with blank group, ***P < 0.001; Compared with
model group, P < 0.01, ™ P <0.001; Compared with AAV9 — NC
group, 2P <0.05, 24P <0.0l.

R4 BARREHHL PTG R IR AMPK) (B SR A E(eNOS) mRNA FIEE ARG RIB K P I HER (v +5)

Table 4 Comparison of mRNA and protein relative expression levels of AMP — activated protein kinase ( AMPK) and endothelial nitric

oxide synthase (eNOS) in colon tissues of rats in all groups (x £s)

mRNA Protein

Group

AMPK eNOS AMPK eNOS
Blank 1.00 +0.13 1.00 +0. 14 1.00 +0. 15 1.00 +0. 11
Model 2.38+0.36*** 3.13+0.34% "~ 2.42+0.34*** 3.18+0.35***
Experimental - M 1.54 £0. 16™* 1.65 0. 18 1.68 £0. 177 2.28 £0. 237
AAV9 - NC 1.61 +0.17 1.68 +0.21 1.55+0.18 2.35+0.27
AAV9 - DRD2 1.95£0.20444 2,15 +0.224448 1.94 £0.21444 2.95£0.33444

Compared with blank group, *** P <0.001; Compared with model group, **P <0. 001 ; Compared with AAV9 — NC group,“** P <0. 001.

=

1 JRANS — YLD (HE) e (054000 25 20 R SRS i 41 2 B

Figure 1

SHE (% 100)
Histopathological features of colon tissue in each group of rats by hematoxylin — eosin (HE) staining ( x 100)

1 Blank group; 2: Model group; 3: Experimental — M group; 4: AAV9 - NC group; 5: AAV9 — DRD2 group.
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1 2 3 4 5

AMPK e D G Samms A | D2

140 kDa

GNOS | e (i S Smn D

pacin | - W —

B2 HE SRR AR A 4 AMPK Fil eNOS
X R IE K
Figure 2

AMPK and eNOS protein relative expression levels in
colon tissues of rats in each group detected by Western blot

1. Blank group; 2: Model group; 3. Experimental — M group; 4:
AAV9 — NC group; 5: AAV9 — DRD2 group.

oo

STC BUATIG AR 1z N FH AL A 25036 97 7 3%
S AETE 2 J7 T RBR, — 7 10 AT RE 5| & 25 0 52 1 B AR
WS RLAE 2GR BRI, 53— 7 T 5 T8 AR M 5 ]
RIS, B IR PRI T RO e H R & R, X gk
) R AR R AR R . MR T g F 2y
Wy, v 1 2 T I 1 22 20 4 W ) 4 S5 B0 1 D R )
SO R R TR AR S B AN AN 2 B A 1) 3 A 3
SR HLE AR P 0 A2 8 T % B A A
P IE 2R IH ARSI REAE X ) JH T B IR K57
LK 7, BRI S Y R R R 4
NOB 3 1 V4% 45 1 JULHEL 35 20 e b 22388 e 5, 7T AT
WA STC H7 Zly y JsB HEE SR . ABFR &
B, R NOB &b 35 A BUA S B3 . 41,
rh L e R e S I 2H K BRI A T E Y BN, 3 A
AR B A 0 T /KR R (5 i B
ifF5E4e R, NOB REA% e 5 K B STC, i — 2543 #r ik
7N, NOB AU 1 K ER M 1E N2 B HE W, i 2540
AT 205 g 0 B R, 3 A K R X AT RE
55 HAE Y 38 K 43 WU AT 43 I B T e 5. BB Ab,
NOB 4 H 21583 STC K BRI 7 T th %
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