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Abstract: Constipation is a prevalent ailment which might significantly impact the quality of people's life and
rise some associated deseases risks. In this study, a chronic constipation mouse model was established using
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loperamide hydrochloride. Mice were gavaged an Angelica sinensis Cistanche Fiber Compound, comprised of
Dang Gui [Angelica sinensis (Oliv.) Diels], Rou Cong Rong (Cistanche deserticola Y.C.Ma), wheat fiber, and low-
molecular-weight xylan at high dosage (3.6 g-kg™, 30 times the recommended human dose) and low dosage (0.6 g-kg’,
5 times the recommended human dose) for 14 days. The study assessed the therapeutic efficacy of the compound
by observing fecal morphology, measuring water content, and conducting small intestine motility experiments.
Furthermore, enzyme-linked immunosorbent assays (ELISA) were conducted to evaluate the serum levels of
gastrointestinal hormones including motilin (MTL), gastrin (GAS), the inflammatory factors interleukin-14 (IL-15)
and tumor necrosis factor-a (TNF-a). Histopathological examination with H&E staining was employed to evaluate
colonic tissue damage. Additionally, Western blot and immunohistochemistry experiments were conducted to
examine the expression levels of aquaporin-3 (AQP3) and c-Kit in the colon. The results indicated that the Angelica
sinensis Cistanche Fiber Compound could improve fecal morphology, increase fecal water content, enhance small
intestinal transit rates in mice. Additionally, there was a significant elevation in the serum levels of gastrointestinal
hormones and a notable reduction in the levels of inflammatory factors. The improvement in colonic
histopathological damage was accompanied by a marked decrease in the expression of the colonic water channel
protein AQP3 and a significant increase in c-Kit expression. These results collectively suggested the presence of a
dose-response relationship. These findings indicate that the Angelica sinensis Cistanche Fiber Compound
effectively alleviates constipation in mice. Its action is associated with the regulation of colonic water channel
protein AQP3 and c-Kit expression, along with the modulation of serum inflammatory factors and gastrointestinal
hormones. This experiment was approved by the Animal Experiment Ethics Committee of Jinan University.

Key words: constipation; intestinal lubrication and constipation relief; functional food; colon; traditional

Chinese medicine

R — P LB B IiE DA, EFEFN (>60%)
ERA R 3 18.9%!Y, H. Lo R SR AT AL T v, ke
AUk 2 68 R SRS I B/ I S A AL 55, 5 B B A
ANERE P e AL, H B A SN E B s O
EPRRENAE, TRE AETE R R R N
P T S8 R, A R4 B U0 Il PR T 280 AR F 9T
HRASE P PR 2 VR PRI 21 4 527 | PR S 20 N 22 27
2 AR SRACHE I 1] 1 8, e r PROACRE AT 2 VAR Dl (5
o FE 0 R v R 2, LA R R i T e S R ) 2
SR, R It A ] 24 [R] U AR 7 R v 24, Tk AT L
X A L IR B RBOR o AN Y S AT
TRIAT I IR R 2T 4, T et T i s AN HECE, AR N
69T (R BY 2510, (R TAHE A& — Fh DI RE T SEHE, 7T A
T P R, AT SR 35 T B, 84 A A5 e 3 R,
VUBRER &, AR AS NG o A TE B R 1Tl 12 25 3 A ACRR
21 Y 52 5 W AR A /N B 24 28, I IR LT e A
HLi]

MR5R®E
SCIREN4 o2 i IR AR (specific pathogen free,

SPF) I B /INER 40 R, 4~5 JEE, 1T 46 5 4l
P S5 Z W+ R A IR A |, VA HIE S SCXK ()
2021-0011, ¥& 85 36 & 22 + 2 °C, & & 50% = 10%,
120/12 W B . SLETT 5 MR 5 & sh i

AN PR A BN 5 3R B R K S s ) SE 18 B2 B

Sttt
AN A A £ 4 57 R DL U L AR

BAKE KRS . TR BESTER (HEX
52.95%), BT E M 5N E LAY ARRAVERS, & H.
215 (Hk*5 230404CP108) A AR ZE (415 230303CP109)
B0 T A6 3B 25 A IR 43\, Aar 56 145 A o 24 )
2020 AF pie—#; AR EEARENS B 1L AR E 6 AR
WA FRA ], 15 20210829026, #5475 & GB/T35545;
AN A R YR E A B T 4E ] (J. Rettenmaier & Séhne
GmbH + Co KG), #it 5 07501230126, LA 60 kg & A
ih, IH AL 452 7 NARHESE &8 7.118 g-d”,
Hrp N YN 3.5 g d!, S E TR NI
P S /N2 2 4 AR SRR B = 2121322 (KA & LA
AEZjh) . LAARHERE R &= 30 5 m A=A, ANk
A7 R S 5 MR R4, 258 3.6 #10.6 gkg'-d”,
FA 2K e ) VR B, TR AT A

HmERF HERIEIR T % (loperamide, LOP),
A : KL E SRS IR T % 2 mg, 12 K0/8%, 7= ftt 5
MIJ3102, I T V4 22 ¥ Ak il 256 PR A 7] MUk iR 55 b
FR (RI7), kS B S MRSV LR 5 mg, 24 1/
7 Al 25220603, T & DURR I 256 IR A | g
PEB Y, A 200 H # t0 ok K, 5 A805337, T |
U 22 v MR AE ARG A B A 7D 5 BT R AR AR R, A



- 1240 - 242224 Acta Pharmaceutica Sinica 2024, 59(5): 1238-1244

AR, 5 A108975, T LRI T AR B
PRA T

TR LBE (REER A FAF, 64-17-5); i iR
e (i s MR AR 3 A7 IR A B, A6295-500g);
Tris-Base (FD2010). 5xloading buffer (FD002). £ -actin
LAk (FD0060). = Ht & — $it (FDROO7). = $i bl — Bt
(FDM007)- ECL & i 5] & (FD8020) ¥4 H it N 3
B AE W) RH A BR 2 7] ; RIPA R (L3 = RAEY
RIHEATBR A 7], PO013B); 4% % % H % (Biosharp A 7,
BL539A); s 447 & (LA PR AEME R RO A
R 2 7], KGOS60); AL BE H 2 (bicinchoninic acid,
BCA) & A & &R 7 & (Thermo Fisher Scientific 24 &,
SLZ60212); H 3 % (motilin, MTL). & # 2 (gastrin,
GAS) A J 48 3E l F 1 /v % 18 (interleukin-18, IL-18).
Jib 988 2R ZE K] ¥ o (tumor necrosis factor- a, TNF- )
ELISA W7l & ( LM B AR A R A A,
YJ201829.YJ037432.YJ002095.YJ301814); /KiE i& &
1 3 (aquaporin 3, AQP3) Hi /A (Affinity 24 7], AF5222);
c-KitHif& (Cell Signaling Technology A 7], 3074S).

;KA (35 E Millipore 2 &), Milli Q);
HF K °F (4 [E Sartorius 2 7], BS224S); HL T 431 K
- (TR B A T, FA2204N); = A R 55O
ML (18 [E Sigma 2 @, 3K15); B #r 4% (35 E Thermo 2
&, Multiskan Mk 3); /1 8% Y 5 HL (42 [E Leica 2 &,
RM2255); fHik & @i (Ll —HBH AR A A,
TU-100C); 4= H 2 Ff 5 POE i B A (LS RHECA
PR A &), IXFSTPRP-24); MLk AL (AL 5N — =R
A WA 7, DYY-6C); 4 & i 5 (Precipoint 2
Precipoint M8); ft.2% K6 g R4t (LG REERIHH A
PR 2\ 7], Tanon 5200).

SRFIFRBIAESL 40 HUNRUE MM TR S K
S5, BENL A B P 6 R 2 (control) AR ZH (LOP). &
75 KA #) 4H (LOP+PF-H . LOP+PFE-L). {12 %f
84 (K% R 5= Vb 6 B, LOP+MOS). %t H E 49~
10 B, 3% (97 14 of A 2H LAtk & 2 B 45 T 10 mg-kg™' 1
PRV R T J g S /) BRAE R L, B M A B 5 i
aiK. 14~15HEhm KA EH D HEBZ
3.6 F1 0.6 g-kg", PHPE T B 4H 3 B M R 5L 70 0 )
5mg-kg', BT R AR AL 0] R E B A Aok, %
BRERY 14 R

NERZSTZEE MR ALY TR SIE
F /N BRIEACR S ZEE MR, B AR E 3 IR &
WA AR, EHAEHIE 3T 108 14K, WEER
WL/ BRI B AT 3~4 iz, ST ED PR R A0 SR R, R ML
T RIS T E, RIS S KR FEEEKE

(%) = (MR E-T )L EX100%.

INEAIEFEINREROME S 25 SCRU YA COR (R £
IHAER S0 510 J5 1% (2023 4ERR)) B SR ) S48 5 1%, 78
RIRGYjJa, SHNRERAEEK 16 h, BAH F 7
e~ JER TR 2 2R B P o R ZELE 15 4 T AR RV R TR
B (10 mg-kg™), BAMEX R BEH &5 T 5 E A K.
0.5 h J5 5 75 i AR 7B 4L R0 B o HE 2H 40 ) 25 T A
IV 52 R AE T (3.6 g'kg £ 0.6 gkg ' S mg-kg) [ 5
(5 5% BIE P 3Ry + 10% B 33240 B4 %), BH 1 o e A
FERIZH S5 B BV REE . 0.5 h i 7 BB S50 HE kb SESh 4,
TN KBRSy KR TH S SRt
R o= BIHEIKSE (em) /MR KIE (cm) X100%.

#3035 & MTL.GAS . TNF-a. IL-167KE /)
fR AR BREX UM, 4 °C 3 500 r-min™ 250> 10 min, B L JZ 1f.
A, % M BLISA 55 &0 I 5E /N B L3 1 MTL . GAS Al
TNF-a IL-187KF-o

H&E #MEEFARRIBT L BN RE5 A&
P ER K e JE TE 4% 2 R W [E 52, 24 h G H LA
U, K B, H&E Ye iy, 788 2 B N W82 45
HLPRE AR .

REALNFERNEH AL AQP3, c-Kit B
B WS HDNREGHAL AT, Bk, Kk, PR
&5, BT IR A, 2% Ll 2 L3S 3, 59 )
I\ AQP3. c-Kit Fi Ak 4 °CH¥ & ik 7%, B R £k 2% ph il
(phosphate buffered saline, PBS) 1%t 5 minx3 X, ¥ /il
AR =41, 37 °CH¥ & 1 h, PBS 9% 5 minx3 X, 3,3-—
SR AR (diaminobenzidine, DAB) & {1, 7518 /K i
WRHAT HARRE Y, B CRERLK, ZH KB,
PEAS e B, F BB N4, R Image J 3K A4 X)
SERAT T

Western blot ;%46 45 A% 4B 22 AQP3 7 c-Kit FI 5%
B 10 mg AN R A 2VE TN 150 plL &
1% & [ g0 1) 771) 1) RIPA 22 10 15 00 85 b, FH DRl
WS A A7 4 2R 51 3K, e 50 3 A AR IR 25 0 AL A
10 000 r-min™ &0 10 min, B _FiE, @i BCA & H
EREENEEAKREE, 5 EFEMRES EAZ
P, A FEA 30 ng & H A, 3E47 SDS-PAGE HLIK,
MR L, B IS FH 5% I G @K% = 45 B 1 1.5 h, TBST
M3, — B THAK L4 CE LR EEH, H
TBST B 2l ph e 3k, 9 =R E L h /5 HH
TBST #¥% 3 Ik, ECL AL kG TARM A T 26, & H
b RN RAR RGO T 552, K Image J A5 45
RIAT W

BT E ARSI P B T S YR
P E + brvEE R F IR . K GraphPad Prism 9.5.0



R VRS A AR T4 A2 T 1 M A 2 2 B L R R © 1241 -

XTS5 HOHE AT 25 B, ZH ) LU R H B R B R
J5 253 Mt (one way ANOVA or two way ANOVA); 411
Z 5 Gt U, SR B B3V (least-signifi-
cant difference, LSD) 347 4H.[8] ) P 5 L 3%, LA P < 0.05
NEFRAGI R o

FHR
1 SHEPBREARRSHEEMERK

T AR 18] % 2H /N BRVR R OE R G, AR B
BER (P>0.05, B 1A). 83 K5 KB4 /N R
BRI, 5O, ME S H/NREE3.7.10. 14 KIEfH
PR, B AR AT 7] S A AR Y 20 /N BR S A R R BROIR, T
A IO b e BRSNS, I i 3 A I (1] 4 K 328
INE, 457 507 @ R E B R TS IR
Y BT & A, HL25 2 75 7R s A A syl o R 20 35 oK B0
JETEIL A .

A B . it
1004 o 000
454 © Control = & s
o LOP S *xE
40 2 L olo
£ % § © LOP+PF-H & =
= 35 £ °
Sh é o LOP+PF-L 2 o
2301 § g 5 S =
" o LOP+MOS =
) < (o
2 25 £
/M b7
20+ gé
EEEREEE IR S S b
QNS 3 Yy o
Time/day Qo“‘é VS
§ & &K
VRN

Figure 1 The compound improves intestinal motility in mice. A:
Changes of body weight of mice; B: Effect of compound on intestinal
transit rate. n = 8, x £ 5. P < 0.001 vs control group; “P < 0.05,
#ip < 0.001 vs LOP group. LOP: Loperamide, 10 mg-kg"; PF-H:
Angelica sinensis Cistanche Fiber Compound-high dose, 3.6 g-kg™;
PF-L: Angelica sinensis Cistanche Fiber Compound-low dose,
0.6 g-'kg"'; MOS: Mosapride, 5 mg-kg”
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Figure 2 The compound improved the levels of inflammatory
factors and gastrointestinal hormones in serum of mice. A: Motilin
(MTL); B: Gastrin (GAS); C: Tumor necrosis factor-a (TNF-a); D:
Interleukin-15 (IL-18). n =8, x £ 5. "
#P<0.01,"P<0.001 vs LOP group

P < 0.001 vs control group;
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Figure3 The compound alleviates the damage of colon pathological
tissue. H&E staining of colon of mice in different treatment
groups. The blue arrows represent the intestinal glands. Scale bars,
100 pm
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Figure 4 The compound decreased the expression level of

aquaporin 3 (AQP3). A: Western blot and quantification of AQP3
protein expression level in colon of mice; B: Immunohistochemistry
and quantification of AQP3 protein expression in colon of mice.
The brown areas are positive. 7 = 6, ¥ £ 5. Scale bars, 100 um. P <
0.001 vs control group; ““P < 0.001 vs LOP group
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Figure 5 The compound increased the expression level of c-Kit
in the colon of mice. A: Western blot and quantification of c-Kit
expression level in colon of mice; B: Immunohistochemistry and
quantification of c-Kit expression in colon of mice. The brown
areas are positive. n = 6, x = s. Scale bars, 100 um."P < 0.05, P <
0.01 vs control group; “P < 0.05, P < 0.001 vs LOP group
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