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Abstract: To explore the antidiarrheal effect of different polarity extracts from Saposhnikovia divaricata in diarrhea rats and
their regulatory roles on colonic expression of different aquaporin ( AQP) subtypes,80 SD rats were randomly divided into
normal group,model group, diphenoxylate group, petroleum ether fraction of S. divaricata group,ethyl acetate fraction group,n-
butanol fraction group, aqueous fraction group, and total extracts group, with 10 rats in each group. Except for the normal
group, all the other groups were given senna leaf decoction for 7 days. From the 8th day,rats in each group were given senna
leaves in the morning and corresponding drugs in the afternoon for 7 days. The rats in the normal group and model group were
given an equal volume of 2% Tween-80 solution. The feces of rats was observed, the electrolyte contents and the levels of di-
amine oxidase (DAO) ,tumor necrosis factor-a (TNF-a) ,and Na " -K " -ATPase in the serum were detected. Hematoxylin-eo-

sin (HE) staining was applied to observe the pathomorphological changes of colon. The expression of different AQP subtypes
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was analysed by Western blot. The results showed that the petroleum ether fraction,n-butanol fraction and total extract of S.

divaricata reduced the diarrhea index of rats,increased the contents of Na® and K* in serum and the activity of Na* -K " -AT-

Pase in colon,reduced DAO and TNF-@ in serum,improved colonic mucosal damage ,and upregulated the protein expression

of AQP-3,AQP-4 and AQP-8 in colon. The petroleum ether fraction of S. divaricata downregulated the protein expression level

of AQP-9 in colon. Conclusion could be achieved that S. divaricata has obvious antidiarrheal effects,the petroleum ether frac-

tion of S. divaricata and n-butanol fraction may well be the active sites for antidiarrhea,and they have different regulatory roles

on different AQP subtypes in colon.
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LR/AMEUNH AR R A, BRIER AN J5ih. 25250 o il iad (B XA ik 2 | B T e
HR BIER SR MZEEE, BA TADCEMI RAEZ 36 AR AR USRS R R FR TS R
s, A AR, GRS S RGLUREIE  ARIEREENGE , M7 X 2 1R £ R 2 1K RA7 4R B
T5REIE 100% , RAEH BN BIE , WRSE I, ATHE - RBUR A MR SIRE AR (£ 1) .
x1 FEMNEEHRREFEREZN (v 5,0 = 10)
Table 1  Body weight of rats in each group at different time(x +s,n = 10)

A JFi i Body weight(g)

25531 # 4 Dose
Group (g/kg) TERRTT L 2T wmedE
Before model Before administration After administration

1E# 20 Nor - 198.70 £5.36 209.90 +6. 06 221.60 +6.57
FEHIZH Mod - 201.30 +5.45 193.40 +4.87" 190.30 +5.26"
25 R4 Dip 5.0 199.60 +5.43 191.20 +5.06* 198.50 +5.57%**
BT PEF 5.0 200.50 +4.92 192.70 5. 32" 196.80 +5.88%*
R LT EAF 5.0 196.90 +5.61 191.80 +5.64% 190.70 +5.21%
iE TR NBF 5.0 199.10 +4.85 193.50 +4.93* 197.50 £5.74* *
KA AF 5.0 200.30 £5.30 192.20 £5.36" 191.30 £5.11*
SR TE 5.0 198.90 +5.53 192.90 +5.17% 197.30 +5.45%~~

WS IEWAE P < 0.05,%P < 0.01; SR LA, *P < 0.05,**P < 0.01; F[d,
Note ; Compared with normal,*P < 0.05,™ P < 0.01 ;Compared with model, * P < 0.05,** P < 0.01;The same below.

3.2 EEEH SRR SRR TS 48 B R (P < 0.05 5 P
HIEH AR B, 25 255045 4R U TS 5 %L < 0.01) , B XL TR £ g AL 2H AN K AL 20 R B
BFEHE (P < 0.01), SR ILE, A28 7 Kg BISTEEOCSEI 2R (R 2) .
WS ITIR A (B XA Tl B R 2 IE T B L AR
R2 TRMEZEAXBRMETELS (v +5,n = 10)

Table 2  Diarrhea index of rats in each group at different time(; +s,n = 10)

W& 5455 Diarrhea index

20 51 5+ Dose
Group (g/’kg) G HEhE
Before administration After administration

1EH 4 Nor - 0.00 £0.00 0.00 £0.00
FEIZH Mod - 1.17 +0.28% 1.37 +0.39%
75 iE R Dip 5.0 1.22 £0.32* 0.63 +0.33"**
AR PEF 5.0 1.19 +0.29% 0.91 £0. 48"~
LR L EEHAL EAF 5.0 1.14 £0.31™ 1.32 +0.35"
1E T EEER {7 NBF 5.0 1.23 £0.23* 0.83 +0.44% =+
JKFRAL AF 5.0 1.16 £0.28" 1.27 +£0.39*
SIRE TE 5.0 1.21 £0.27* 0.78 £0.41%~~

3.3 BIRAREREEAITIETE X RIMEB#ERN CIVRFEEWI AR (P < 0.05 8¢ P < 0.01), B XUIE
=AU TR AN AR U 20K Rl Y R Na  Fn KT R

SIER KB A, B K UL b Nat . BRGNP < 0.05 5L P < 0.01) , B XA i fit
K*Fl CIYRE R ERAE(P < 0.05 5 P < 0.01),  #RZH K BUMIE T Na* W EF (P < 0.05) (WL
SRR A, b 2SI BR A K By b Na ™ K Fn 3).
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F3 BHRASE AR R X R TS ok BRI B FR AR R BB (x +5,n = 10)

Table 3 Effects of different polarity extracts of S. divaricata on serum electrolytes in diarrhea rats(; +s,n = 10)

A5 FiE Dose Na* K* cr

Group (g/kg) (mmol/L) (mmol/L) (mmol/L)
141 Nor - 143.46 +4.62 7.41 £0.67 101.97 +3.86
HEAIZH Mod - 128.64 +5.10% 5.87 £0.76% 98.28 +3.59%
HIFITRA Dip 5.0 141.35 +4.49*~ 7.28 +0.59* * 101.58 £3.60 *
AL PEF 5.0 133.87 +5.03 " 6.41 +0.68 99.43 +3.54
LR BRI AL EAF 5.0 129.68 £5.31 5.98+0.73 98.78 +3.73
1E TRERRAL NBF 5.0 136.29 +4.87 " * 6.68 £0.78* 99.86 +3.68
KA AF 5.0 130.34 £5.16 6.13 £0.74 98.78 £3.72
SR TE 5.0 139.72 +4.83* * 7.16 £0.70* * 100.81 +3.83

3.4 BFRUA B 4R 1% EB AL 3 BE 7B K B DAO, TNF-a
F0 Na*-K* -ATPase BJEZMm

SIEH R A, AR 2 K B o DAO Al
TNF-a 7KV-32 2 T+, 25 i 4 40 Na®-K ™ -ATPase
TEPEREMR (P < 0.01), SRR L3, b o5 i I
ZH B AIE T B AL £ A R B A K BRI T

DAO FlI TNF-o /KB A, 25 2k Na® -K " -
ATPase JEHEHIM(P < 0.05 5% P < 0.01) , B XA
THIRE AR 2H R BRI H TNF-o 35 522 B 020, 445
ZH4H Na* -K " -ATPase JEHEFHE (P < 0.05) (UL
#4),

£4 BRARRREZAI T AR DAO TNF- 1 Na* -K * -ATPase (IS0 (x +5,n = 10)
Table 4  Effects of different polarity extracts of S. divaricata on the levels of DAO, TNF-a

and Na*-K* -ATPase in diarrhea rats (x = s,n = 10)

70 ] FI4 Dose DAO TNF-o Na*-K* -ATPase

Group (g/'kg) (U/L) (pg/mL) (U/mg)
1E% 40 Nor - 32.43 £4.35 117.26 +16.48 3.67 £0.44
METIZ] Mod - 41.16 £5. 19" 165.73 +18.25% 2.88 +0.35%
MR IR TRZ Dip 5.0 33.47 +4.47% " 137.35 £17.84" 3.53+0.45" "
kR, PEF 5.0 38.31+4.86 148.21 +18.46 " 3.26 £0.41*
2R ZBEHAL EAF 5.0 40.83 +5.05 156.32 £20.11 2.95+0.35
1E T B3R NBF 5.0 36.27 +4.67* 134.82 £17.97 " * 3.38+0.39"
KA AF 5.0 39.87 +4.95 153.95 £19.05 2.91 £0.36
SAREY TE 5.0 34.44 +4.43* " 127.29 £18.53* * 3.47£0.42% "

3.5 BAXREMARREFE

IEH AR RS RN L B 250 IR, AR RS
BT R LI BN e A MR SE i | 18145 J2 AT
ZEG5, BT JEOR DU e e s MR 20 R S b
REA, YRR EIR, s, 2mkas
JARAE IS 3 DX IR L Bz IR AU RS %, mT AL 9 A 4 it 952
18 s SRR AL By KA Qi AR5 2 L T T W AR A 4
ISP 20 K BRE5 I B L e B A HE R
7, R NIR T, BT A R R 23

B A\ TR £ i #5227 S 2 5 TR 2 g A A
BEA A HGE (DA 1)
3.6 BARUA[E)HRE BR AL X BE IS K R 45 Bg R S [ T2
B AQP RiZHIRZ I

S IEH 2 U, BRI R A 2 4L AQP-3
AQP-4 I AQP-8 fyHE H # AW i/ (P < 0.01),
AQP-9 FRTCW] AL . ST AL LA, i J5 v IR
A B KA IO 2 AE T AR AL 2 S SR 2
KRG AAHL AQP-3  AQP-4 I AQP-8 2 [ A
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(P < 0.05 8 P < 0.01), o5 vrilE 4L AT KA
TR A2 R B A5 AQP-9 Rk W R I A (P <

0.058 P < 0.01)(WK2.%5),

1 BHEXKREHARREERE(HE, x200)
Fig. 1  Pathomorphology of colonic tissue in rats of each group (HE, x200)
A IEHR 2 B AT C SR BRZL ;D - A BRI AL s £ SRR CBRFABALLE ; F: IE T BB AL 2 G /K FRALLE s H: S 2 ; N IR). Note:
A:Nor;B:Mod;C:Dip;D:PEF;E:EAF;F:NBF;G:AF;F.TE;The same below.

£5  BRURERIEIEITAR AQP-3,AQP4 AQP-8 &1 AQP9 FILHMHM (v +5,n = 10)
Table 5  Effects of different polarity extracts of S. divaricata on the expressions of AQP-3,
AQP-4,AQP-8 and AQP-9 in rats(x +s,n = 10)

é?j' i) %'é%l?g ‘;se AQP-3 AQP4 AQP-8 AQP9
IE# 20 Nor - 0.45 +0.11 0.510.12 0.56 +0.13 0.41 +£0.10
HERIZH Mod - 0.19 £0.07* 0.22 +0.06" 0.28 +0.06™ 0.39 +0.11
Hb ISR Dip 5.0 0.41£0.10*" 0.39£0.11** 0.44+0.10"~ 0.22+0.09 "~
A AL PEF 5.0 0.27 £0.08 " 0.30 £0.08 " 0.37£0.07"* 0.28+0.10"
LR CBREL EAF 5.0 0.22 +0.06 0.23 £0.07 0.28 +0.08 0.42£0.13
IE T BB AL NBF 5.0 0.31+0.09** 0.34+0.09** 0.41+0.11** 0.41 £0.11
KL AF 5.0 0.23 +0.07 0.20 +0.06 0.26 £0.08 0.40 0. 14
MR TE 5.0 0.39%0.11** 0.44+0.10* * 0.45+0.11** 0.43 0. 12

AQP-3 S o - —————

AQP-4'--—?- PR — --

R R —————
7" = )

AQP-9 Wt S v - — - — —
pactin. N - - €D S @ @
A B C D E F G H

2 KRS AQP-3,AQP-4 AQP-8 Fa
AQP-9 HIRIKER
Fig.2  The expressions of AQP-3,AQP4,
AQP-8 and AQP-9 in colon of rats
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Wi, 25 2545 SRS, b OS VR TR 4L | 57 XA Tk ik s 157 41
TE T A 4 A U 2 R A o F A i R 2
RN, B VS 5 B ARG, 2 H Bl LA R i) L TE AR
FH A BRSO IE T BB A7 AT BE = H R VS 1A RGH
o

JE Y5 B % R ML 5T 2% BRESC IR 2 3000 IR TR
AL, 400 P ATP $% 46K cAMP, £5 7 Na*-K* -
ATPase 7 PE B AIG, 42 1 B 26 B2 40 Bl b K* 3
Na ™ | ClUZE3E AZ0ME P, (41 o K SR AE, B s vk
S RIS RS, SBCRMFETL" . DAO
TEAEAE T IAE B 1 B 20 it vp 1 B e T PR i 4
i P, 224 i 28 B 400 B 37 3 B DAO B A I, 3K
1L DAO 3WEPEFH &, R DAO 4 36 4 vl sz ke Jizg i
BRI RS SR B R B e AR S
V5 & A ZE R A7 B35 475 , 0 20 i K T 200 Jf 4 7
b A2k TNF-a 9 & BRI R, TNF-a 3 — 25 fi i0F
SN R F (40 TL-1 IL-6 55 ) 43k, Jin =6 fizs B RS 473
FOLK M FE ML BB AT B
T S A0 I V5 K B TE H Na ™ K™ A CL ik B B
B FEAIE, DAO il TNF-o /KT, 45 i 41 404 Na* -
K" -ATPase 7514 [, fi BUE 524 Bon 45 I B R %2
P, ML B RE T B 4L A B 2
FLSAREC 40 K BT o Na™ (K™ T CLv R[]
FERE Tt 57, DAO Fll TNF-a 7K - FEAK, 25 i 41 81
Na " -K " -ATPase 7P M1, 52 45 19 45 7 26 B A A [F)
TR A6 5 it , 2 I 197 XA T B A L TF T Bz
FUR LI PT A & 2 101 0 i 18 266 R, P16 F i o 25
Lo

o T R AL B B A KR AR A R, DA
SRR A F T 5 2 B T B A 5 AR s N A

R 25 IAEFSE K BREE W% 7K i OS2 AQP A
FRB B BB BB FE . AQP TE A IE (1)
S H R P B T X K A W 4k 5 | e K
Ko BB S 2, 5 2 8 Ok i % U A
S A ETE & B A A 13 SR (AQPO
~AQP12) Rk THpilE A 11 Fp 8 EZAERH A
AQP3 4 8 F19, AQP3 J& T HA HHXF BER: A% 41 il
RUKIEEE L bR T K AAMA T DL is Hl R &,
9T & B AQP3 i i AT s 5 1 A8 =2 8] 8 7K
SIS T B FE A kR AQPA T A T4
Ji b Bz 240 B 1 R RS S B, A A v B A R M 1) K
MR, HA e iz K i RE 7, S HoAtbk s i
B EBENE 3 ~ 4 5 e K oy Tz
) figy T8 18] R, 76 9 Ak &R 40 b i 2 AR 1R
AQP8 145 i 435 T Fh B Ui b Jz 4, 2 545
XF7K A3 (A EE A, FERE TS HAs S5 i 368 B B B AR, L
25l AQPS F K 1A MR , 28 & K bR 5 AQPY
RANZ: 5 25 i K A, 1 ELAA m] A RN 43I T
R4 i B BRI T A, SRR 0 & A A L AR
SEE R VS BR K R 45 1 AQP3 (4 8 ik T,
AQP9 JeH ARk, Ui AQP X iz 1 PN 7K 1) i W 1
BAHREE L, HRIR R R ETSIE R 5 5
filh s Hb S5V B L BI XA T RS 67 L 1 T B A AL R
B ] 42 5 18 75 K R4S i 4141 AQP-3, AQP4 FiI
AQP-8 [ 3238 ; (HAS TE B B2, Ho IS0 TR A1 7 AL
MBS AT K SRS s R AQP-9 AR, i B XL
BRI AQP9 TG BH S 52 ), I 87 XL A S A
PEATREEE T AQP9 WS H £k, L ibgs LRV p;
I A I EEER AL | 1E T BB A8 1T RE 38 o I 42 45 1
AQP (R B IETSVEH, B kA 5 1 T B
T SR R 2 (i AQP 4 AT 2 5,

Zx BTk, B B B4 r B TSR, Hk 51k
FHTFTRE 5 $2 %5 Na*-K* -ATPase 7 ¥ | & & 3 5 5
15 AT I AQP FakAa I, A i k457 A AE T
BB SR B AR T B 16 PR A, H =3 X0 g 1 AN (] S
AR AQP FRIKHA 7 AFEAIR AQP J#EHL
AR B R HAS RIS PR FR AL 6T AQP 2 S5 i #4511
P A FEE— 05T

1 Schiller LR. Evaluation of chronic diarrhea and irritable bow-
el syndrome with diarthea in adults in the era of precision

medicine[ J]. Am J Gastroenterol ,2018 ,113 ;:660-669.

2  Zhang Y, Quan SY,Zeng LN, et al. Evidence-based evalua-



Vol. 33

TR RIS - B AN TR P 48 (06 JREYS A Bl ) L VB A TR Z 1 A R B AQP oyl 2

1355

tion of global existed diarrhea guidelines of children [ ]J].
Chin Pharm( WP [E 25 ) ,2018,29:1109-1116.

Camilleri M, Carlson P, Chedid V,et al. Aquaporin expres-
sion in colonic mucosal biopsies from irritable bowel syn-
drome with diarrhea[ J]. Clin Transl Gastroenterol ,2019,10
(4) :e00019.

Ikarashi N, Kon R,Sugiyama K. Aquaporins in the colon as a
new therapeutic target in diarrhea and constipation[ J ]. Int J
Mol Sci,2016,17 :1172.

Tang YY, Lv GH. Mechanism research of wind medicine in
the treatment of diarrhoea[ J]. Clin J Tradit Chin Med( A7 [E
lmPRZ%k) ,2019,31.1612-1615.

Zhou NH, Lv SS, Qiao ZW, et al. Experimental researeh on
the antidiarrheal effeet of Jianpi Zhixiening granules [ J].
Word J Integr Tradit Chin West Med ( tH 7t i 7 £ 25 & 4
) ,2016,11.190-195.

Li ZH, Wang J, Cai RL. Progress in research on correlation
between dampness disease and aquaporin[ J]. J Integr Med
(HhPYEESS & 74) ,2011,9(1) :5-10.

Pan X,Hu CJ,Geng YY et al. Research on building method
of spleen kidney Yang deficieney diarrhea rats model [ J].
China J Chin Mater Med ( 77 [E H1 25 2% 7% ) , 2014, 39 . 4658-
4663.

Pongkorpsakol P, Yimnual C,Chatsudthipong Vet al. Cellu-
lar mechanisms underlying the inhibitory effect of flufenamic

acid on chloride secretion in human intestinal epithelial cells

B A TR NS ERTNFERZER AR R

ERERMXFHZER

|

AEXEXFEGHFESIERR

AR X EXFHATH

10

11

12

14

15

[J].J Pharmacol Sci,2017,134 :93-100.

Liu F. Influence of bifid triple viable capsules on intestinal
flora and intestinal mucosal barrier function of patients with
post-operation diarrhea after colostomy[ J]. Chin J Microecol
(PEMAESFEZER) ,2017,29.814-817.

Biao YN, Zhang NB, Zhang MQ, et al. Effects of Plantago
asiatica L. on inflammatory cytokines and expressions of
AQP8 gene and protein in colon tissue of diarrhea rats[J].
Nat Prod Res Dev (K™ #)#F55 571 %) ,2020,32:665-
671.

Chen WF,Song LJ,Zhao WC. Research progress of aquapor-
ins in diarrhea[ J]. Med Recapit ( B 2% 2 348 ) , 2018, 24 .
1041-1046.

Ikarashi N, Kon R, lizasa T, et al. Inhibition of aquaporin-3
water channel in the colon induces diarrhea[ J ]. Biol Pharm
Bull,2012,35.:957-962.

Yde J, Keely S, Wu Q, et al. Characterization of AQPs in
mouse ,rat,and human colon and their selective regulation by
bile acids[ J]. Front Nutr,2016,3 :46.

Escudero-Hernandez C,Miinch A, Jstvik AE et al. The wa-
ter channel aquaporin 8 is a critical regulator of intestinal
fluid homeostasis in collagenous colitis[ J |. J Crohns Colitis,
2020,14.:962-973.

Cao YX,He Y, Wei C, et al. Aquaporins alteration profiles
revealed different actions of senna,sennosides,and sennoside

A in diarthea-rats[ J]. Int J Mol Sci,2018,19(10) :3210.

1511





