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W  E: B WTMHEIEEGE Clematis hexapetala Y 57K 47 A 2 SR ABE TR (1) S R PR AT IR JRAE F BRI R BLAL . 33
WHEBRAE, BREK (10mgkg) . JIIAKRE (20 gkg) AFMMARLGEMR. T, SiflE (5. 100 20g/kg) H, FH8 K.
25T AW S AT TS DU e KRR PR B B AR IR BE 5 U5 I Y Nat-KF - = % IR B (adenosine triphosphatase,ATPase)
M R B3k K 11 (angiotensinII, AnglD. FiFIJR#EE (antidiuretic hormone, ADH). P&[#fH (aldosterone, ALD).
Flk# (atrial natriuretic peptide, ANP) /KF; KA AR KL (hematoxylin-cosin, HE) JLaiis 5 iHLURME . K
JH W) 245 22 38 2 G e A [Tk 4 S Vi A s 20 PR PR B i, B BRI R-BR I WA EL/EH (protein-protein interaction, PPT) P4%, Xf
DB AT R AR (gene ontology, GO) Thfe S #iIE R 5L H #1453 (Kyoto encyclopedia of genes and genomes,
KEGG) @& H T X% B o R O 88 ST 40 F- X 253810, R A gRT-PCR. Western blotting il & filk 2H 237K i 18
H (aquaporin, AQP) /ABEEZNIRTF (cyclic adenosine monophosphate, cAMP) [FRBEIRTE RN o455 8 (cAMP-response
element binding protein, CREB) EEHHCERE R EARIE, ER N TCMSP Ed e Hh 45 5E i Bk 2635 7 Pt pl 43
354 AN ki, A GeneCards. OMIM %dfs i v fifif th 17 1531 MBI AHCHERR, A2 B4 A1 133 A~ PPI /3T #75 BiT 5 4N
DEEERST HART IR R N BV & 2 (prostaglandin-endoperoxide synthase 2, PTGS2). ' EIREKAESZ (K Bl (adrenergic
receptor pl, ADRB1). i & ALYIEKIETEYIIIE 21K o (peroxisome proliferator-activated receptor a, PPARA). M XiKE
I1 1 #4324k (angiotensin II receptor type 1, AGTR1) #1 PPARG. KEGG il & 570 #1 & I cAMP 38 B 7045 ] 8k 2k 3% A fR i
FEP A EERIME R SIS R R, A B BRAGE B2 B K BUR E AR P Naty C. KK (P<0.05. 0.01), &
F &K Ca?*/KF (P<<0.05), MTHEHNT NaCl fHEME; A k2635 B2 R R i - ADH. Ang 11 il ALD /KF (P<
0.05. 0.01), FE#EH Na*-K-ATPase i& K ANP /KF (P<<0.05. 0.01), MIifi#iil's & - & %Kik & -BE W EH R 58 (renin-
angiotensin-aldosterone system, RAAS) ¥ e A19k 435 B Z 0 H] AQP/CAMP/CREB 18 s AH G KL K Fll i 1 R 1& (P<<0.05.
0.01, 0.001). Z5i€ 1Bk n] el i #i /K F4f K B AQP/CAMP/CREB i, A% S M A A R A AT o

KRR MRRIERERE; FIR; B R-E S5k RK-EER RS AQP/CAMP/CREB @ is; RAIEHE; FHURR; wHEESHT
FESES: R2855 YRR : A XEMRHE: 0253 - 2670(2026)07 - 2569 - 14

DOI: 10.7501/.issn.0253-2670.2026.07.013

Effect of Clematis hexapetala on water metabolism in saline-loaded rats based on
renin-angiotensin-aldosterone system and AQP/cAMP/CREB pathway
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School of Pharmacy, Chengdu University of Traditional Chinese Medicine, Chinese Medicine Germplasm Resources Innovation

and Effective Uses Key Laboratory of Sichuan Province, Chengdu 611137, China

Abstract: Objective To investigate the acute and chronic diuretic effects and diuretic mechanisms of Clematis hexapetala in a saline-
loaded rat model. Methods Model group, furosemide (10 mg/kg) group, C. armandii (20 g/kg) group, C. hexapetala low-, medium-
and high-dose (5, 10, 20 g/kg) groups, with eight rats in each group. Urine volume and electrolyte concentration in rats were measured

after acute and long-term drug intervention. The activity of Na*-K*-triphosphatase (ATPase) and levels of angiotensin II (Ang II),
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antidiuretic hormone (ADH), aldosterone (ALD), atrial natriuretic peptide (ANP) in serum were measured. Hematoxylin-eosin (HE)
staining was used to observe pathological changes in renal tissue. Network pharmacology was used to screen the active ingredients and
diuretic targets of C. hexapetala, a protein-protein interaction (PPI) network was constructed to perform gene ontology (GO) functional
and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis on core targets. Molecular docking validation
was performed on the core components and targets, QRT-PCR and Western blotting were used to detect the expressions of genes and
proteins related to aquaporin (AQP)/cyclic adenosine monophosphate (cAMP)/cAMP response element binding protein (CREB)
pathway in renal tissue. Results A total of seven active compounds and 354 potential drug targets were identified for C. hexapetala
from TCMSP database. A total of 1 531 disease-related targets were screened from GeneCards and OMIM databases, including 133
intersecting targets. PPI analysis revealed that the top 5 core targets were prostaglandin-endoperoxide synthase 2 (PTGS2), adrenergic
receptor B1 (ADRBI), peroxisome proliferator-activated receptor o (PPARA), angiotensin II receptor type 1 (AGTR1) and PPARG.
KEGG pathway enrichment analysis revealed that cAMP pathway played an important role in the process of diuresis in C. hexapetala.
Animal experiment results showed that C. hexapetala significantly increased urine output and Na*, CI-, K* levels in urine of rats (P <
0.05, 0.01), significantly reduced Ca®" level (P < 0.05), thereby increasing NaCl excretion. C. hexapetala significantly reduced the
levels of ADH, Ang II and ALD in serum of rats (P < 0.05, 0.01), significantly increased Na*-K*-ATPase activity and ANP level (P <
0.05, 0.01), thereby inhibiting the activation of renin-angiotensin-aldosterone system (RAAS). C. hexapetala significantly inhibited
the expressions of genes and proteins related to AQP/cAMP/CREB pathway (P < 0.05, 0.01, 0.001). Conclusion C. hexapetala may
exert acute and long-term diuretic effects by inhibiting AQP/cAMP/CREB pathway in saline loaded rats.
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oleanolic acid; hederagenin
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N WP25082501. WP25072412, Jii 243 %1 =98%)
T B DY )R 4 v A AR R RCR BR A W] ®RALE
XA (AL DSTDL007201, Jfi & 3 40=98%)

T H AR AR R RIERARHE AR AR BRIEK (i
5 2312065, 20 mg/ v ) W H LIRS %2 3 AR 2k
HIRAT: Nats Ky CI'. Ca2 iR & (L5505
N 20240319, 20240123, 20240123, 20240716)

B0 & e i A TR ST Nat-K - =5 IR
iR 7 i (adenosine triphosphatase, ATPase). Il %
5K 2 I (angiotensin II, Ang 1) /(s 5 Ik & (atrial
natriuretic peptide, ANP). i H| /R & (antidiuretic
hormone, ADH). [E&[&fH (aldosterone, ALD)

ELISA {5 & (itt'5 7377y WKI146LTH1487.

WKO02LT423238 WKO1LT427970 N

WKO036PX69791. WK028J8R8708) ¥4I [ 14 [
DI E DR R A IR A W] /KETE & H
1 Caquaporin 1, AQP1). AQP2. AQP3 Fiifk (iit
54 A N H661760011 «  H650109010

H660117003) T B B 422 A MR A R A A

R IR (cyclic adenosine monophosphate ,

CAMP) . PR R N o 45 & E (cAMP-
response element binding protein, CREB). L% %
iK% 11 %24 1 (angiotensin Il receptor 1, AGTR1)
Pk (L5 43 518 P26JUOL . P25JUSP. P28MY2P)
e B RCER IERE A HE AR A IR TR A A B ANES
“FIBEIE (epithelial sodium channel, ENAC) Hifk.
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W R /R EMRH AR AR s — B RN
H R AUk (PAGE) B PRIE S| & XA & (s
03931600) 4 Ii% F & H (bovine serum albumin,
BSA, #it'5 A8020) W H AL KK FFHLA MR
UNEIP
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A]); ReadMax1200 BUGIRIS A K EEFR X (i
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RM2016 ZURHEEYI il (i gRkRAES B IR A F]D;
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F]D; TG16-WS Bl Eidt B0l GBI RGN GR
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SEEG EANARIT R B BR AT D CFX96 B2t &
PCR fi il &% ¢ ( 3% [ BIO-RAD & # ) ;
TouchImagerpro i Jr Ak 2= K UEAX ( Bilg 5
FROCHBEARFRAFD.

2 Rk

2.1 SMREEEENERBA%REERIYFE
ERNEE

211 XSRS OGRS R ALE
FREF B, FHURBE R, H 70% B B e R
UEFrE 0.254 mg/mL. HH#EH 20 1.232 mg/mL.
FEIIRIR 4.190 mg/mL X IR I 2005 R 25 L
XHIE LI 4 % 1 mL, B 12 mL &4, H 70%H
BESEZE, $RE1, BTSRG0T R SV

2.1.2 PRSI IR A R R I 07
BMAR 1.0 g, KN 70%FEE 25 mL, FRER
&, @A 45min, AH, MNERKRE, Y, #
B, 022 pm MALIEBE, B AR AR .
2.1.3 itk MicroPulite® XPtC g a4 (250
mmX4.6mm, 5um), FENFN 0.05%mEHR K E R
(A) -2 (B), BEEEBEML: 0~12min, 15.0% B;
12~29 min, 15.0%~36.0% B; 29~41 min, 36.0%~
68.0% B; 41~52 min, 68.0%~85.0% B; 52~60
min, 85.0%~15.0% B. ¥ K 210 nm; iR
30 C; {AFE 1.0 mL/min; HEFEE 10 pL.
214 FEIE SKHAREE LSS % IMoL
WERHEAT B A, RIHAMRE (FRikfli 262
AT, eSO E IR T RAVKTH . W
FHETEIG. SFHERSE.

2.2 FHISCIESYAR. BERAH

221 GRS BUSHEIERZE T 100 g,
hn 10 &K 60 min, i 60 min, JEL;
N 10 58K, E 60 min, JEIL; & 2 Wk
W, RGBSR EIRE N 1.0 gmL (DUEZ5ET) %
o TR 4 N ACESEE) . WRFEK Atk Hil AR 10
mg/mL H)TREK

222 SERIPRECE: 28 Paltinean ZFUSI 7%
HILMEN. KEGEN SR 1, 228A25K 18h
&, ig AEFERK (25 mL/kg) U7, WedE 2h IR
HUR it 40% K Ffar KB, BEATL 3 A AL A
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WRIEK (10 mgkg) 4. JIIKIE (20 g/kg) AR
RIRRENG. F =mAE (5. 10, 20 ghkg) 4,
48 Ho MRIEK. JIIAEERA RAFHFI R R0,
PR )N A @ FIIR ZERAE N BHPE X IR 2 . B 25 254 ig
AR Z4) (10 mL/kg), AL ig SEARFRM A3 £R
Ko ¥R KRETRWES, 75 01EL 2] 30 min
e, WEESH KR 1~6h JR&E, FHlESH KR
PRI pH AE AR
223 KRR S8 Yang US540
DB B . K BRIE R SE 1, 25 AR%EK 18h J5,
ig ZEFEIK (25 mL/kg) U7, {E5h¥ik A K T4,
W 2 h IR, BURE I 40% 7K A i K B
BEAL 7 AR PRZEK (10 mg/kg) 4. JIRHE
(20 g/kg) HARBHAIERE IR, H. mflE (5. 10,
20 g/kg) M, T 8 H . KehZidH ig MBZ5%) (10
mL/kg), A ig AR AERERK, 1R/d, &
G2y 7 do HEEORRUE TACHIEH, WA
B MEEMYUKERL, B HIESHKRIRE
BAEERSE, KR ip 1% /KA ABRRIEALIE, Y
MERATE AFE 2R, M+ 4 C. 2500 r/min &0 15
min, & ILE, F-80 CLRAF,
23 KRKE. BERRENNE

SR FH %0 5 5 0 2 PR i, $E ELIS A 43t 6 136 B
FoE PR Na*y K. Cl Ca' 7k F.
2.4 KRIEE KRG

B “2.2.37 TUR LY, 4%H8 ELISA {75 & i 8
FH3 52 3% ' Na*-K*-ATPase 1% £ &% AngIl. ADH.
ALD. ANP /K.,
25 BHRELAKRZ-FZ (hematoxylin-eosin,
HE) 3t

B “2237 UL, HUKAEBE KR DL
TR IR, BEJSH 10% 22 e R Ak (pH
7) [EE 24 he ZHHBE L BEN KRN — FORIE B AL B,
HIEAMIEYI R, HE Jett, SRPfiie i,
7t CaseViewer F /4 H WS KR E IERETEAS o
2.6 MIEZIBFFDFRHESHT
2.6.1 Mk 4R S PR R A S B S IR @
TCMSP %4 %, LL O R A A H E Coral
bioavailability, OB) =30%#H12244: (drug-likeness,
DL) =0.18 Jiifiiftntk, FRIUH AP LR 5 P AR
5% o M PubChem H{HE FE i & B 73 1 = 1) 4K
SMILES Ff3 A\ Swiss Target Prediction £#fz 7, ¥
Y E N “Homo sapiens”, MEZBR{E >1 DLFGN

AR 2 T 1 1 PR AH DG
2.6.2 AL ANIGE  LL “diuretic” YA,
JHit GeneCards. OMIM ¥ FEUSCEEAH OCHE 5, 7E
ICEEA b, R S — P AT A TR G
Score BB AR ZAE i SHIREL R Z D] i H
UniProt 4 FE i 45 F AT hRaE AL, IR 552 IR #E AR
PAFRAS A JRAH SCHERR o
2.6.3 PPIHIELEMIPHr ] Venny ELE 4G
1M R ESETE VT SR A B, IF
Py =5 A A 25 - 8 S HE R R AC % String £
I EEREAT 5307 AR 2R 5 E 9 “ Homo sapiens”,
HEBEREN>040, sriras RalE e E ok
KHFR. #H— LM Cytoscape 3.9.1 A H 1
CytoNCA #fiff, 1HET A8 6 MathzE: s
LaJ¥ (betweenness centrality, BC). K% &0 RE
( closeness centrality, CC ). J&H 0 (degree
centrality, DC). Jm#F¥&EEZ (local average
connectivity based method, LAC). R %% .0 &
( network centrality , NC ) . 5§ {iE [ & H 0 P
(eigenvector centrality, EC), 2|15 %! PPI (2%,
AN SE BB =, RIS R s RO 2
2.6.4 GO Wit} KEGG B &M g4
REEH S N Metascape V-5, £+ OFFICIAL_
GENE_SYMBOL, Homo saplens, Gene List 2524,
JE I #E E 1 Gene Functional Classification Zggit
17 GO IREMT KEGG g = &b, P P<<0.05 1
RTRHERRAE,  FEAE BT s AT R AL AL 2
2.6.5 4r X £ TCMSP Bdla FE T 8% 0o
) MOL2 #% 3%, 3@ 1T Open Babel 3.1.1 41t PDB
¥ 30. M PDB ##f % (http://www.rcsb.org) F3K1G
2O BE U R E SR S5 1, FIH PyMOL 82K
15 B SR IR A7 A PDB #%30. &M AutoDock
Tools HRAF X% 0o il 733 A T 1 B8 Ay L e PR AH A B 5
AREE, WO HE RTINS A3, £ 2UL PDBQT
¥ F A\ AutoDock Vina HiEAT 4315 2.
2.7 qRT-PCR #0 KR BB R EFE R
42237 U HZ, H 5 NEBERE R 5T e
Fe RGBS RNA FEA EC cDNA, it
17 qRT-PCR 73#fr, SI¥F A W3 1. LA B-actin HH
2, RH 27 MR BRI ARG R IR &
2.8 Western blotting #0K R B EfHX EHRIA
B “2.237 BUREAZL, NN RIPA 2L
WIS, R BCA & e &iR&E
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Table 1 Primer sequences

HH LWEEIMITE (5°-3) THEEIMTE (5°-3°)
AQPI CACCTGCTGGCCATTGACTA TGGTTTGAGAAGTTGCGGGT
AQP2 GCCACCTCCTTGGGATCTATTT GGGGAACAGCAGGTAGTTGT
AQP3 AGATGCTCCACATCCGCTAC AACCACAGCCGAACATCACA
AQP4 AAACCCCAGAAGACAGCACC GGGAGGTCCACACTTACAGC
AQP6 TTGCTTCCATGGACAGTCGG CAGCCAGTGAAGTAGATCCCA
AQP7 GAGGGTAGGACACAAGGTCCA TAGCTGCCAAGCCTTTCTCC
cAMP AGGACCCAGATACTCCCAA TCCCCATACACTGCTTCAC
CREB GAGCAGACAACCAGCAGAG GTTACAGTGGGAGCAGATGAC
AGTRI ATGTGGACTGAACCGACTTT TGGCTTTGCTTTGTCTTGT
ENAC TGTCCTTGTATGGGGTCAA CCTTTCCCTTCTCATTCTCA
Na*-K*-ATPase AGCAGGGAATGAAGAACAAG AGTAGGGGAAGGCACAGAA
B-actin GATGACGATATCGCTGCGCTC GTCAGGATGCCTCTCTTGCT

EEAWRE EARENEA 10% T R Bm-H A ) 3

MR I Bk, ¥4 PVDF I, I 5%BSA T
FEA 1h, 450N AQP1 (1 :2000). AQP2
(1:1000). AQP3(1:1000). AGTRI (1 :1000)-
ENAC (1 :1000). Na"™-K*-ATPase (1 : 1 000)-
cAMP (1 : 1000). CREB (1 : 1000) il B-actin (1 :
3000) fifk, 4 CHFEER; Peik/s, I HRP #5
WPt (1:50000, FiRFE 1 h; Heiks,
AN ECL 2R AAA R 5, 11H ImageLab #f4id
1758 BT,
29 ZItFES

K H GraphPad Prism 6 AT Gt #r, 2
FLLX £ s Km. KHHHEET 251 (ANOVA)
Al Tukey’s 656 b 45 2420 1] 2 5
3 #R
3.1 REARKERBUIM S i

K FH i 2850 1 v 6o A Ak 28 S SR ) R
BB AT 00, il 1 Fs . DAXTHRR T i
WREENREALER (X0, IEIFNMALIR (V), 2R
2R, 75 20 2Pk 213 77 F2 53 A RAGHTE Y=1.43
X+5.054, R?=0.998, ZMEVEHN 0.015~2.200
mg/mL; WHEBEHEIC Y=4.062 X+3.781, R*=
0.999, ZMEVEEA 0.015~2.200 mg/mL; FFEURES
Y=8.15X+2.598, R2=0.998, £It:7LilH AN 0.015~
2.200 mg/mL. R ER, WESGERIY 5
RALHF T 502.3 pg/mL # % B B0 35.7 pg/mL
FEIRER 49.1 pg/mL o R 24 0 4 LU A5l 46 5 28
PAEZG R s, M k2 & 42 By & RAL K 1
1.256 0 mg/g. % #1200 0.089 3 mg/g. IR
2 0.122 8 mg/g.

1

R N I

0 5 10 15 20 25 30 35 40 45 50 55 60
t/min

2 3

0 5 10 15 20 25 30 35 40 45 50 55 60
t/min
L-RANEE: 2-FHURIR; 3-HAEMHEHIT.
1-clematoside; 2-oleanolic acid; 3-hederagenin.
E1 REEMBRRE (A) MBEAKKERRY B) 1
HPLC it
Fig.1 HPLC chromatograms of mixed reference standard

solution (A) and C. hexapetala extract (B)

3.2 MHRAIBFRTFIHELER

3.2.1  MRRIBREETER oy« A R s R R PR A DG
B AKCEE JEIT TCMSP %04 P Rl S A ]k 28 5
WEYERGY 7 Rl RBRESSE, LI 354 MR
M. JBIT Drugbank. GeneCards £# L3k 5 57
PRASCHIZELE 1 531 Ao 1 Bl o #E 5 SR JRAH O
FE AT SR JE 3R AT 133 MEEEE S (18] 2-A).



e 2574 « PER 2026£4 8 B57% BT Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 7

454 AE/(kI mol ™)

E -6.590
FHURER
-7.252
1A B
1l B8 == 7.917
(79.8%) [k
0 BRI A
-8.576
TSR
-9.238
2 P B2 4
-9.900

o
5 80
2
= 60 bt
g BT A-AGTRI B
E 40 -
.2
£ 20 . -
v 0 neuroactive ligand-receptor interaction « []
[=} L OH Qo o3 1
BPLT525455 zE3Esasizy rEEEzoscze pathways in cancer ¢
cZ£g88282 22282 E8.888 g . T
§a§§§§g §%§ Séié;aa%‘é g}é% EEEEEEE &E"?—z calcium signaling pathway - 8
5.8 o &8 @ HEEZ8 £ e
En.‘a ég R &g& g2 ﬂ)ﬁgggg ii@:ﬁffi’i; cAMP signaling pathway | .
s 2.2 [ =R-R% 0L =882 ‘35S 22=>2o . . . P -
EE8 'g?) E 53 E e g 2 % é 2e 3 223 > gg a9 E = chemical carcinogenesis-receptor activation - ® P
=85 s g 89 =823 =5 QST N . .
?05)'§< SE-S %&;E‘) 3 B g%g 83 5 £2825 hormone signaling 1 ™ 16
i géé E% a° = £ 2g° E 23 §§§ ¢GMP-PKG signaling pathway | " 12
3 = £ X 22 2 ‘a0 ag . . .
2eBEES E.Q O By 5 55883 athways of neurodegeneration-multiple diseases «
=5 9= g <5 =1 3 @3 & &
88 es= DR=] =t PN .
8 g,& 8 = é = % S ;% 22 human cytomegalovirus infection - 8 8
2.2 o o = S 8 . L .
3 g‘*g% 5 e E &l gbi‘-; oS %&E’ adrenergic signaling in cardiomyocytes - . E 4
2 2 £92 . .
%‘ = £2 8 Sz E ) g{g 2g Coronavirus disease-COVID-19. & o
= = ‘A - . . . . . . . ¥
¢ EP E 2% ] AGE-RAGE signaling pathway in diabetic complications - * H
g ¥g = = <
-5 o B =Ea = . I .
;L; g s ?:‘) 5 E g sphingolipid signaling pathway ' 815
= &) .
& E§ o = & proteoglycans in cancer . ' 820
E2 oz = L .
© s 2 .S lipid and atherosclerosis - . 25
on = =
oL 9 'z = L M
5o 2 g E gap junction - ' 30
> -
}E =S E HIF-1 signaling pathway . .
@ .
22 ’:0 serotonergic synapse - .
g MAPK signaling pathway ;
E Alzheimer disease . 5
;
<
Z 5 10 15
[a)]

enrichment factor
AL R B-PPI 4%, C- “Zi¥)-pisr-#E 57 M4%: D-GO TiRt 5 KEGG i@ &0 E-7r X4 G R i Bl F-ORB I T X042
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A-Venn diagram of drug-disease; B-PPI network; C-“drug-component-target” network; D-GO function and KEGG pathway enrichment analysis; E-

heatmap of molecular docking scores; F-schematic diagram of key molecular docking poses.
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Fig. 2 Results of network pharmacology and molecular docking
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3.2.2 HRABRAIETE LR - PR A OGHE 10 PPL
ot RRETERCT SRR ACERE SR String
Ff, TECPPLI TSV il S, T\ Cytoscape
3.9.1 BAF (132 MR 1250 2D, AAEEE
Centiscape H (BC>144.59, CC>0.003 7, DC>
18.939) H4g ik 1 L 73 - H] JRAH S kU AH LA FH X 2%
(29 A1 AL, 244 5630, WK 2-B. R4 EIE R
18 1, WEEAEHEA T 5 S SRR R IFAZ O FE A
SN ET AR R A ) &8 2 (prostaglandin-
endoperoxide synthase 2, PTGS2). ' LR R AEZ /A
B1 (adrenergic receptor pl, ADRBL1). % LYyl
A 18 B W) 035 %2 8 o ( peroxisome proliferator-
activated receptor o, PPARA). I K5k & 111 FZ
{&  (angiotensin II receptor type 1, AGTR1) Al
PPARG.

323 “W-Rr-BE R IR A
IRIUPIAZOHE S, SN Excel R4 A1 2 37 AH FAF B
K%, 18H] Cytoscape 3.9.1 #BA-M 5 “ Z3W-H 5y -
BURL” W% (B 2-C), JEA 137 M1, 303 253
324 GO Uit E&EST GO B&E ki
21t #2 (biological process, BP). 4ilfig 7 (cellular
component, CC) F14rFJjf¢ (molecular function,
MF) ] {5 EERT 10 A2 2% H #E TR, WK 2-D.
ITEE RN GO TR E S, 1E BP EREW
T XN AME S o TR SN R . G EH

BRI AN T ARG 51 2B EA R CC T
SR, JBE. AP B, MF WRELE SR B
PRgie . [FEEAS S5 .
3.2.5 KEGG @ E £ WP EHAT 20 %55
%, Wkl 2-D R, KEGG & H5FIJRAH I8
%53 ) R 22 R FE A ER T8 (mitogen-activated
protein kinase, MAPK) {55 1@ . B FIRREEE S
155 . AR 2 F (cyclic guanosine monophosphate
cGMP) -EHE ¥l G (protein kinase G, PKG) 155
RS cAMP 5 5B R 51EF5%.
32.6 TR BiZO R 50 Rt
T as:, SR 2-E. F, 8EEH AL B
Eor . B-#r M. GRERE. FEUORRS5Z 0 A
PTGS2. ADRBI. PPARA. AGTRI. PPARG fJ&;
& B8 ) /N T =5.0 kcal/mol (1 kcal/mol = 4.182
kJ/moD), RIIZ LB S5z 08 A RIFINSS &
e, HpFFHURIR S AGTRI. BT 5 TNF. £
LR A 5 PPARA. BRAFERT A 5 AGTRI
gl
3.3 HREISREEIT KRR KA
420G 1~6 h IESHINE & 2H K R R & &
HIE (Na*s K\ CI'y Ca®") [ikEE. %k 2~6
Fiw, SERAIE, 4255 1~6h PRIEKA R E
RERM (P<0.01), Z5%)5 4 h JIAE LI
BREE B AR 2 B E > (P<0.05), 445

F£2 HEASKEENAR 1~6h [RERENE (X+s,n=8)
Table 2 Effect of C. hexapetala on 1—6 h urinary volume in rats (X £ s,n=38)

Y] pillE=v] JRE/(mL kg ")

” (g'kg™ 1h 2h 4h 5h 6h
(i) — 43242.01 9.17+3.12 13.04+1.41 13.24+1.52 14.43+1.82 15.23+2.51
Rk ZEK 0.010 10.83%£5.32"™  23.4246.04™ 27.57£2.11"  30.02+1.53* 30.82+£1.53"  31.13+£1.21™
JIAIE 20 6.0313.12 12.27+4.02 15.93£3.61 18.12+1.11" 18.91£1.61 20.02+1.31
FRAgE 5 47114.11 9.31+4.11 14.72+3.41 18.08+1.32" 1952+1.22  21.14%+1.44

10 4544281 11.08£4.19 14.17+£3.42 18.04+1.72" 2036+1.32" 22.18+1.42*
20 4.93+332 9.56+4.17 1444+4.11 18.83+1.71" 21.2441.11" 24.06+1.53"

SRR LS *P<0.05 P<0.01 **P<0.001, FE[F.
*P<0.05 P<0.01 " P<0.001 vs model group, same as below tables.

*®3  MREIBREEXT KRELE 6 h FRi% Na' 7K FRIFNE (X+s,n=8)

Table 3 Effect of C. hexapetala on Na* level in urine of rats over six consecutive hours (Xt s, n=8)

s 5/ Na/(mmol-L™")
- (g'kg™) lh 2h 3h 4h 5h 6h
ot — 146.07+8.14 151.67+5.06 143.274+9.91  148.09+528 14498+3.51 119.16+3.08
ek 0.010 223.69+12.32** 213.27+6.94"™ 22524+8.04" 23831+836™ 228.20+2.66" 235.98+3.74™
JIAIE 20 161.01+5.18 170.49+13.32 179.82+11.03" 188.22+1.76" 137.51+7.92" 151.67+6.81"
Fi A1k 2k 3 5 152.13+1.76 169.87+1.44 147.16+3.08 162.56+2.98 127.24+836  117.29+4.52
10 174.224+4.96" 159.61+3.96° 166.91+4.74" 153.69+4.84 139.69+584  126.62+4.08

20 182.47+5.52° 181.84+3.42"

180.29+1.98"

178.11+9.46™ 175.93+4.62° 174.69+2.86"
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F 4 BHAREENKRIELS 6 h IRiRP KKERZM (X+s,n=8)
Table 4 Effect of C. hexapetala on K* level in urine of rats over six consecutive hours (X + s, n=28)
o 7l &/ K*/(mmol-L™")
(g'kg™) lh 2h 3h 4h 5h 6h
e — 126.94+6.71 125.83+5.57 1214441026 129.04+296 127.81+7.83  135.77+£3.27
R ZEK 0.010 199.41+£7.81" 191.58+13.41** 204.80+6.45** 209.72+7.88* 204.61+£9.62" 190.28+4.91"
JIAIE 20 151.43+£9.92* 136.09+8.43 157.82£539% 173.244+9.02* 135.94+825 153.49+11.71
UEIZIEZR2C S 138.06+8.55 125.76+5.63  123.5142.27  129.9849.01  138.63+3.11  141.47+1.24
10 151.97+5.99* 135754884  139.23+871 141.39+11.84 133.75+4.33  146.53+14.84
20 152.14+14.41* 150.61 £1.47"  152.66+2.06"° 154.42+7.96" 154.17+526" 164.96+6.71"
x5 MEARLENKREL 6 h FRikd CIKFHFM (X+s,n=8)
Table 5 Effect of C. hexapetala on CI” level in urine of rats over six consecutive hours (X £ s, n=38)
5 7/ Cl/(mmol-L 1)
(g'kg™) 1h 2h 3h 4h 5h 6h
o] — 99.84+10.87 89.33+6.25  99.62+3.17  86.61£9.61  105.21%8.73 89.81+3.41
R ZEK 0.010 169.25+7.36" 156.54+6.63" 164.54+6.26™ 163.09£9.62"" 167.18%+7.71"* 173.924+6.93"
JI A 20 11025+9.14  110.17+5.16 108.61+544  107.80+10.32° 112.53+11.83 107.57+4.66"
3 1 2 5 5 103.49+4.02  109.53+4.79 106.03+2.78  10534+3.85 112.73+4.27 113.81+7.24"
10 117.58+731  120.06+4.38" 114.56+7.76" 122.54+6.42" 115.47+6.73  122.37+4.03"
20 136.9314.45** 128.59+3.03" 129.02+5.18" 140.04+6.61"" 141.294+822"" 127.84+8.79*
F 6 HRHASEENTRRIEL 6 h FRIRTF Ca?KEMENM (Xts,n=28)
Table 6 Effect of C. hexapetala on Ca** level in urine of rats over six consecutive hours (X + s, n=8)
b= Ca?"/(mmol-L™")
2H 35
(g'kg™) lh 2h 3h 4h 5h 6h
it — 0.89+0.12 0.86+0.14 0.85+0.15 0.84+0.12 0.97+0.15 0.87+0.17
R ZE K 0.010 1.36+0.09"  1.34+0.16" 1.36+021"™ 1.4940.15" 1.3740.15" 1.5940.16™
JAE 20 0.8140.12 0.704+0.13 0.734+0.13 0.774+0.17 0.83+0.11 0.84+0.16
R 1k 263 5 0.82+0.21 0.88+0.37 0.93+0.13 0.87+0.06 1.01+0.05 0.9610.18
10 0.77%0.17 0.78+0.18 0.75+0.09 0.84+0.12 0.83+0.13 0.83+0.13
20 0.66+0.18°  0.66+0.14°  0.65+0.16° 0.66+0.18"  0.724+0.12°  0.65+0.16"
4~6 h ML ES . mAE4 (102 20 mg/kg) 25 6 d, BERWIE: S ZH KSR PR B ARV AR R

JREBZERI (P<0.05. 0.01). b, SHRAHL
8, MRBSESFEA IR Nats K. CIK P
SBEFETFE (P<0.05. 0.01), Ca?/KFTERL (P<

. W 7~11 iR,

KAMMRRIBRLE D . mAEH KRR ER

EREMALEL, 1~6d R

E8m

(P<<0.05. 0.01). ItAb, SR LA, WAkt

0.05), SFRANRIERIEH —. S AR K BRI F Naty K CIAKFRZEH 5
3.4 HREISREERT KR CEAFI R0 (P<<0.05+ 0.01), Ca? /K&K (P<0.05), 5

JLR A

AT AR R Ak 2R 3 K AR R A
=7

MR ZEARAE ] — 2.

BAKEKENARELE 6d RENEM (X+s,n=8)

Table 7 Effect of C. hexapetala on urinary volume in rats over six consecutive days (X s, n=28)

s o/ JRE/(mL-kg™")
(g'kg™) 1d 2d 3d 4d 5d 6d
(i) — 1.3240.23 1.3640.43 1.5940.27 1.4340.39 1.58+0.32 1.761+0.24
R gEK 0.010 4224043  3.57+043"  3.17£0.13"  3.28+0.16"  335+£023*  4.11+051"
JIA & 20 2.85+027" 2.66+£028"  2.31+045" 2414046 2.8940.17"  2.3940.41
R 8k 2835 5 2.74+039"  2.69+042*  2.11+0.43 2234027 2.43+0.28" 2.33+0.18
10 296+032™  248+£022"  22540.25" 2.45+0.23" 2.65+£0.11"  2.54+047"
20 3.104£0.24™ 2924049  2.614£040"  2.754+0.15" 2824021  2.63+021"
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8 IREARKELEN KRIELL 6 d FRIEH NatZKFRIEM (X+s,n=8)
Table 8 Effect of C. hexapetala on Na™ level in rats over six consecutive days (X = s, n =8)
o =/ Na*/(mmol-L™)
(g'kg™) 1d 2d 3d 4d 5d 6d
Y — 146.074+8.14  151.67+5.06 143274991  148.094+579  144.98+3.52 119.16%3.08
S FN 0.010 223.694232* 21327+6.94" 2252448.04™ 238311836™ 228.22+2.66" 235.9843.74*
JIA I8 20 161.024+5.18" 170494332  179.82+11.03 188224176  137.51+£7.92 151.67+6.82
i Bk 28 3% 5 152.13+£1.76  169.87+2.44" 147.16+3.08 162.56+12.98* 127.24+836 117.29+14.52
10 174224496  159.62+3.96" 166.91+14.74" 153.691+4.84* 139.69+5.84 126.62+14.08
20 182.4745.53*  181.84+3.42" 180.294+1.98" 178.114£935" 175.93+4.62" 174.69+2.86"
F9 WMEASKENKRIEL 6 d FRRF KKFRENME (X£s,n=8)
Table 9 Effect of C. hexapetala on K* level in rats over six consecutive days (X £ s, n =8)
] 7| &/ K*/(mmol-L ™)
(g'kg™) 1d 2d 3d 4d 5d 6d
T —  104.43%+1437 77.75+10.04 100.11+12.51 96.43+16.65 107.72+8.71 96.50+2.48
R ZEK 0.010 167.21+14.72" 134.63+3.03** 145.724+2.38" 166.19+13.91" 165.83+11.09* 169.91+1.23*
JIAIE 20 145.73+14.42 103.52+18.81 109.23+7.76 124.54+13.85 127.37+£16.83 129.36+12.71
T A1k £k 3 5 146.75+15.18" 100.89+833  110.63£2.51  120.424+10.13  141.11£2.94"  142.17+14.12°
10 119.22410.19" 115.24+13.35" 119.63£2.57 12924+11.43 137.47+£1227° 139.63+5.16"
20 147.25+5.46" 121.96+14.69" 124.884+16.32" 145824639 151.62+5.63" 145.88+9.39*
FT 10 FREISKEEIT KFRIELSE 6 d FRi CIKFERIFM (X+s,n=8)
Table 10 Effect of C. hexapetala on CI” level in rats over six consecutive days (X s, n =8)
1) Fiilh=] CI/(mmol-L™)
(g'kg™) 1d 2d 3d 4d 5d 6d
e — 93.79+6.75 92.44+3.95 95534537 774611195 113.394+5.70 98.50+12.82
R ZEK 0.010 183.23+£12.19* 181.07+11.69" 187.05£2.69" 220.74+16.11" 199.98+2.72" 223.07+18.49™*
JIAIE 20 137.16+6.44° 108.26+14.29 100.58+19.80 141.52+14.53*" 124.34+1591 125.03+£22.43
8k 2k 3% 5 130.68+18.03" 119.06+26.44 118.194+4.89 127.85+8.85" 134.96+293  125.35+12.16
10 136.194£25.78" 13221+£5.71"  126.52+7.81% 138.92+14.39" 150.5319.44" 143.49+7.24"
20 144.65+2.82"" 143.83+6.23" 1453712998 14425+7.88" 160.87+12.57" 152.46+12.19"
=11 BHAKREETARIZEL 6 d FRIRF Ca?7KEMEN (X+s,n=8)
Table 11 Effect of C. hexapetala on Ca** level in urine of rats over six consecutive days (X + s, n=8)
Y] bl Ca?"/(mmol-L™)
(g'kg™ 1d 2d 3d 4d 5d 6d
iRt — 1.25+0.87 1.21£0.07 1.07£0.06 1.14+0.11 1.37£0.12 1.1840.14
BRIEK 0.010  2.28+027"  2.02%0.19"  1.94+024"  234+021"  2.03%£0.14"  2.38+0.18"
JIAR I8 20 1.50%+0.03 1.35+0.21 1.154+0.16 1.0940.17 1.30+0.24 1.0940.17
K A8k 235 5 1.55+0.10 1.41£0.16 1.35+0.12 1.48+0.16 1.56+0.11 1.39+£0.23
10 1.24+0.15 1.17£0.02 1.22+0.16 1.27+0.14 1.37£0.12 1.22+0.13
20 0.98+0.03" 0.96+0.08" 0.99+0.11" 1.13£0.07 1.09+0.18" 1.05+0.11%

3.5

BRI EE KR ILEF Na'-K'-ATPase &

FUMYE ' Nat-K -ATPase WEPER ANP 7K-F 2 & T+

%1 Ang II. ADH. ALD. ANP 7KF8I50

N IR SO A1k 3 S A 3 4 ) U B
W W B R - R R TR R - B B R 4 Crenin-
angiotensin-aldosterone system, RAAS) KIEF|JRIE
H, RH ELISA £l K ER L& H Na*-K'-ATPase %
PE & Angll. ADH. ALD. ANP /K°F, 455an# 12
Pros, SEHLE, MRIBRZGED . SfEA R

& (P<<0.05. 0.01), ADH. ALD. Ang /K&
PR (P<<0.05. 0.01); fRHAIERZEALH &4 ALD.
Ang IVK T B FEK (P<<0.01); WiZEKA Nat-K'-
ATPase 7P & F+ & (P<<0.01), ADH. ALD 7K
BE K (P<0.05.0.01); JI|AJEZ Na*-K*-ATPase
MR ZE TR (P<0.05), ALD. Ang IIK ViR &%
fiX (P<<0.01); HRRIEREIEILHIEH ALD. Ang I
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£ 12 BEKEET KRB Na-K*-ATPase ;5451 Ang II. ADH. ALD. ANP 7kF

=g (X+s,n=8)

Table 12 Effect of C. hexapetala on activity of Na*™-K*-ATPase and levels Ang II, ADH, ALD, ANP in serum of rats
(Xts,n=398)

A FIEAgkg!) ADH/(ngmL™") ALD/(pg'mL™") Angll/(pgmL™") ANP/(pg'mL') Na"-K'-ATPase/(U-mL™)
e — 15.59+3.02 124.06+17.08  233.46+42.44  106.21+16.86 87.55+8.67
RRIEK 0.010  11.63£1.46™ 107.04+16.51" 222.07£39.59 99.64+14.53 171.38+11.11*
JIA# 20 18.09+2.52 91.724£9.73™  157.11£39.44" 102.794+19.25 126.32+8.27"

il zikzRE 5 5 14.48+3.34 96.07+18.57* 102.17£31.91** 112.55+15.46 92.36+7.47
10 12.7742.25" 92.834+13.38"  80.66+31.42" 123.45+17.61" 121.23+691"
20 12.2441.94" 90.524+12.26™  57.60+£11.35™ 132.32+13.97" 141294572

KPS K (P<<0.01). LA_E-45RE WML F8 Lk
HEREIIH] RAAS R ANP, MWk ZEK AN BE FAM
R KB ADH AT ALD 7K
3.6 HREIKGEN KR BREFSFNEN

Wi 3 fiios, R K BRI B /INER S5 A4 T BT
YHARFEIN . ZERTERE, AT ILERGH) 28 1 0 IR i,
PR RHIRE, TR SR EAR L. SRORAIA L, Bk
FERLFNN AR IBHAEAE R I RE A MR, 20 HE
BIZEEL, MK EAEETE . MRk &7 2 o
JR5EHE, BN ERETE 13~16 1, B/NEREL
MEREET R BIREEEY S BNEERERY
Sk % 30~35 um, ERETEAHM, b 40
BIEHE. HFEF, MR 2ABEE R, e

&3

MEAREEN KR B IHARREZLHFN HE &)

PEF T R MRIEE <1 A, BB e,
R HBUE N IRAT M AR B N R I A . 3R
MR R L S B IE TG R AR, e A PR ALdT
3.7 REASKKEN KR BELHLE AQP/cAMP/CREB
18 % AR L B E SRk RIS M

PR 2 3 2 TN S5 RN, AR BkER T e
I E FHF AMP/CREB J #% & 5 F| JRAE H - K qRT-
PCR &l %20 K BB IE AQP/cAMP/CREB I8 4
KEERFIE, 500K 4 Pon, SHEBALE, %
R RB AL AQPI. AQP2. AQP3. AQP4.
AQP6.AQP7 Na*-K*-ATPase. ENaCAGTRI . cAMP
Al CREB mRNA FKIL/KFH4 52 K (P<<0.05.
0.01).

Fig.3 Effect of C. hexapetala on pathological changes of kidney tissue in rats (HE staining)
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Fig. 4 Effect of C. hexapetala on mRNA expressions of AQPI1, AQP2, AQP3, AQP4, AQP6, AQP7, Na*-K*-ATPase, ENaC,
AGTRI1, cAMP and CREB in kidney tissue of rats (X £ s, n=28)

3.8 MEIKKEMN KR BEHLE AQP/cAMP/CREB
Gy E PSS = v Al

K H Western blotting #& I % 44 K B & JIE
AQP/cAMP/CREB i B AH G B I 3RIL, 45 K&l 5
Fiim, SEERH IR, MRk 2 i B A KR
121 AQP1. AQP2. AQP3. AGTRI1. Na*-K'-
ATPase. ENaC. cAMP 1 CREB & & ik /K T &
PR (P<0.05+ 0.01); A R 2R3 7 &= 2H K R
B 2H41 AQP2. AQP3. AGTRI. Na*-K*-ATPase fll
cAMP £ HRKIAK TR E K (P<0.05. 0.01);
[ B 28 S5 AR R 2 4 K R 4140 AQP2. AQP3.
AGTRI1 1 cAMP £ [ 315 7K 7 2 Z B (P<<0.05.
0.01. 0.001); BRIEKANKEHL AQP1. AQP2
FEARBKTFEERK (P<0.01); JIIAEA KR

EJ 11X

B4 AQP2. AGTRI. cAMP & HRIE/KT B
FEAIK (P<<0.05+ 0.01). 3R HHAR 4k 2835 8 it 4 1)
AQP/cAMP/CREB i i KR JRVEH -
4 g

MR R R A R A 2 i Fh e —, — B
E R RIR I E 2y, 5 1 T RIB S .
UbAh, BARHE H A 245 58 75 R PR 245 v B A i A1k 2k
M, WA TR KM IR, B RTEk
Z BN A Ak 28 R PR A RV TE 4y T AL
A ARIE . AR FLs R, SEAALLE, 76
SRR INAYT T, AR S Y T LA R
BEINR RIR R PREFIIE N EAS T2 g0 R Rk 22
KIGIT 3, R TR, Rl
R Ak 2 3 e 7 B 2
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