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[Abstract] Objective; To evaluate the pharmacological effect of Alismatis Rhizoma (AR) and its

processed product on rats with edema of kidney Yin deficiency and explore the mechanism. Method: A total of
42 male SPF SD rats were randomized into normal group (equivalent volume of distilled water) , model group
(equivalent volume of distilled water) , positive medicine Liuwei Diguangwan group (1.4 g-kg"'), low- and
high-dose AR groups (1, 4 g-kg"', respectively), and low- and high-dose salt-processed AR (SAR) groups (1,
4 g-kg', respectively) , with six rats in each group. Adriamycin (tail vein injection) and thyroxine (gavage)
were used to induce edema of kidney Yin deficiency in rats except the normal group. The administration lasted 4
weeks for all the groups. After the last administration, histopathological changes of rat kidneys were observed
based on hematoxylin-eosin (HE) staining. Serum content of triiodothyronine (T,) , thyroxine (T,) , follicle-
stimulating hormone (FSH) , and testosterone (T) was determined by radioimmunoassay, and serum content of
creatinine (CREA) , urea (UREA) , cholesterol (CHOL) and triglyceride (TG) by automatic biochemical
analyser. The levels of gonadotropin-releasing hormone (GnRH) , cyclic adenosine monophosphate (cAMP) ,
and cyclic guanosine monophosphate (¢cGMP) in plasma were measured by enzyme-linked immunosorbent assay
(ELISA), and the expression of aquaporin( AQP)-1 and AQP-2 and the transcription of mRNA in kidney were
measured by immunohistochemistry and real-time fluorescent quantitative polymerase chain reaction (Real-time
PCR), respectively. Result; Compared with normal group, the rats in model group showed decrease in body
mass and urine volume (P<0.01), increase in water consumption (P<0.05) , infiltration of a large number of
inflammatory cells and fibrous tissue proliferation in the kidney, rise of the expression and transcript levels of
T,, T,, cAMP/cGMP, CREA, FSH, AQP-1, and AQP-2 (P<0.01) , the contents of CHOL and TG were
significantly increased ( P<0.05), and reduction in the levels of GnRH and T (P<0.01). Body mass increased in
both the low- and high- dose groups of AR and SAR compared with that in model group, with significant
differences between the low-dose AR group and the low-dose SAR group (P<0.01). Moreover, compared with
model group, low- and high-dose AR and SAR insignificantly increased the urine volume of rats, reduced the
inflammatory cells in kidney tissues, significantly decreased the levels of T,, cAMP/cGMP, UREA, CREA,
FSH, CHOL and TG in serum (P<0.05, P<0.01), and elevated the level of GnRH (P<0.01) , high-dose AR,
low- and high-dose SAR significantly lowered the transcription levels of AQP-1 and AQP-2 mRNA in the
kidneys of rats (P<0.01). Conclusion: Both AR and SAR alleviated the edema of kidney Yin deficiency in rats
by down-regulating the expression of AQP-1 and AQP-2 and correcting the hypothalamic-pituitary-gonadal
(HPG) axis disorder.

[Keywords] Alismatis Rhizoma (AR) ; salt-processed Alismatis Rhizoma (SAR) ; edema of kidney Yin
deficiency; diuresis; aquaporin(AQP); hypothalamic-pituitary-gonadal (HPG) axis
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H A A, %S 4 5] o8 B2017, B2018 ., B2002,
B2001) ; BH4L IR K R YL i (2R DL R A W RHEA R
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AQP-2 41 {& ( 3£ [ Affinity 24 A, %8 5 43 5 K
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B R R RS AT IR S DK BRI, 23] T B A &1 S5
FBCEEE o, # B 1 hJ5 T 4 °C .3 500 romin' g5 TePle! Sequenceprimers
15 min( 5.0 % 42 8 em) 15 50 1L 75 FALAE . R Tk i fFANs3) KB/
AQP-2 if GCCACCTCCTTGGGATCTAT 175

SR R K I P T3 T4 FSH . T & & & H 3h
Az Ak 43 7 AT % 1fi %5 o CREA \UREA .CHOL . TG
B 7 &t 5 & F ELISA Ml %€ 1l 7% *h GnRH, Il 3%
cAMP cGMP ) & .

243 BEMEAZME  RIMG R THOR R AL E
Ik, Az B AR K B IS A7 T 10% b B b E
SE L, R TR AR ZE LT (HE ) Y 032 W22 B s 3 A8
b, o AL VL R I B AQP-1 L AQP-2 ik i, /&
B 0 2% 5 T EUHE VR T -80 °CIRAE , T )5 4% Real-
time PCR Il & & JIE AQP-1 AQP-2 mRNA ik .
2.4.4 Real-time PCRAEZI  HUIE & B IE 4 200 A
I JB5 3 400 #5 , #%2 BB EASY spin Plus RNA 2 MUt 7] &
AT B AT B RNA 2 ok B 5 G i 7KK A
RNA 4 # % [7] — ¥k & , # ] TRUE script RT Master
Mix J % 5613 5] cDNA, 7 Real-time PCR {3 I & ]
AQP-1,AQP-2 mRNA /K, ¥ # 5 1 94 °C Hi AF
Pk 30 s394 °CAEPE 5 5,55 °CiB k 15 s, 72 °C 4E fif
10 s, 45 MEH . LLB-Wlah i 1 (B-actin) fE N NS
FE 2k H B mRNA YR A B, SLER T
M1 i A B R A YRR IR /A 5L 51y
L1,

x2 FEREMEHENEHEKMERXR -RIEFRHRIE (X+s,n=6)

T CTCTTGGTCGAGGGGAACAG

AQP-1 ¥ TCAGATCAGCATCCTCCGGG 139
T CACACCGTGAGCCAGGTCAT
B-actin | GTACTCTGTGTGGATCGGTGG 141

Fiif GCAGCTCAGTAACAGTCCG

2.5 GitFAHr S ECE Sk Origin 2021 £ 44
PTG b B D X + s BoR o 2B AR
B, R FH R 28 07 25 43 B, Je R AT IE S M T 25 5%
PG 6, K T0 [+ Bk R I A5 1k AN 22 550, A Tukey
K 56 K WA R B R E A O 2257 L
Kruskal-Wallis %% , P<0.05 J 22 A G it X,
3 &R

3.0 XPRE—BAgbR g IR A R, A
AR BT 5 R A 0 3 IR (P<0.01) , TRk & W]tk
B (P<0.05) , #F &&= (B2 5 LG F R
SRRV LR, FETE AIROR i 4 AR TS AIRR i A K
B B S 2 14 0 (P<0.01) , B TE AR | 5 7 28 Fnh
FETS AR L ) A ROk & B R > (P<0.05, P<
0.01) , K BUF & & FlI R B AR A Frdgm , (H 22 7 X4
IR WaR2,

Table 2 Effect of Alismatis Rhizome (AR) and salt-processed Alismatis Rhizome (SAR) on general indexes of rats with edema of kidney

Yin deficiency (EKYD) (X+s5,n=6)

215 F i /g k! R hE/g e /g RIK B /mL R B /mL
EH 4 412.75+13.21 29.56+1.86 16.83+4.07 32.00+5.87
[T 334.23+16.77% 19.55+2.19 29.17+7.81" 12.83+3.60”
N L # AL2 1.4 371.85+10.21% 26.71+2.35 17.83+4.02 28.33+6.83%
PSR a4 1 379.43+17.11% 25.70+1.84 12.33+5.61" 19.67+3.44
PEYS o 7] ik 41 4 336.37+12.13 21.93+1.66 17.00+4.47> 23.33+4.37
ER VRV I 4L 1 372.32+17.86" 26.03+0.04 12.33+8.19% 19.83+4.71
ERPRIE ) a2 4 332.02+16.42 21.80+0.78 13.50+6.98" 23.00+7.56
TS IE R A RV P<0.05,7P<0.01; 5B AH H Y P<0.05,% P<0.01(% 3-% 7))

32 XMARRRWT ACREMZW HIE®H4 I
A BERA KRR 14,28 d AY ACR 3 2 3% T & (P<
0.01), KWL 14 d J5 BORL & p oy 5 5B AL 2 LE
L4525 28 dJE 4545 25 4 ACR (1 I 3% B IR (P<
0.01), WK3.

3.3 XMRBREMEHAL N IEH 4K R E 48
SR IE R B NE HED B 5, R A R LA 1 4]

ZUR DL I 0 240 B 52 10 5 BT 20 K U L 245
S, KRB /NE AT ERTL, LR AR, AT LR
93 AE N M TR T B AT A 2 20 AR SRR A L A,
SR R ARSIV S LR R,
B A0 A e R 8 A A R g s 45 40 R
AT o H R S R R 2 R R R ) R 4
V21 2UA A 50T 20 M IR 8 AE AR I A s
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*®3 FEREMEHMAEINESHEKMER KR 14.28 d/REACRE

cGMP ¥ B & T} 15 (P<0.05, P<0.01) , 3 B 455 180 21 K

)

B (x+s,n=6)

BRUAR T B R IR A

SRR LR, PR AR A

Table 3 Effect of AR and SAR on ACR in urine for 14 and 28
days of rats with EKYD (x£5,7=6) g-mol”
25 Flt /g ke 14d 28 d

1EH 4l 108.99+48.26 83.45+26.73

H 70 20 236.52+24.16>  182.40+45.27%
75 B b B AL A 1.4 124.20+44.48Y 99.26+42.24%
TS AR 2 1 153.12£46.94"  88.46+20.52"
P e 2 4 117.85+43.99"  91.99+15.79"
SRR 1 127.23£64.38"  87.07£36.59"
RS ) Lk 2 4 141.98+37.83Y 85.32429.42Y

(P<0.05). WK 1.
34 X KB T,.T,. cAMP, cAMP/cGMP i 5 il
50F % 4 b B, AR R4 T, T,. cAMP ., cAMP/

ARSI R = AL T, & W BRI (P<0.05) , TS
K. EmFEAMEFER SR EAT, &5 E%
il (P<0.05,P<0.01) , PE{5 /5 ) 5t 240 F1 R V5 1R L&
F 2 cAMP 7 it ] 5 B 1K (P<0.05) , H & 4 2541
cAMP/cGMP #J i Z 18 /N(P<0.01) . WL 4,

3.5 XF K ELIM ¥ # UREA .CREA ,CHOL & TG HY
o 5 OE R A g, AR AR Bl Y o UREA
CREA i # J+ 15 (P<0.01) ; SR b, 376 i
FETE AR Lm0 o 20 2 g W 35 B IR UREA LCREA (197K
F(P<0.01) . 5 IE % 41 b %, B 41 K Bl CHOL .
TG & H ¥ B TH 5 (P<0.05) ; SRR 2 L, 1% T8
G e 700 o 21 RN R TS IR L R 4 41 CHOL 7 42 B
i & IK (P<0.05, P<0.01) , TG 7 & & & [ K (P<
0.01). LS5,

WA EH 4B R4 C S WL 25 ALZH ; D. 3R 15 IR 7).
B1 FEREMEE ST EHEEKMERXRS AR
Fig. 1

R4 EFERERHZIEHEKMERXERT, . T,.cAMP.cAMP/cGMP #J

F G
H A B PR ) A B AR PRGN B 4 5 G B RS A i 4
#0E (HE,x200)
Effect of AR and SAR on renal tissue of rats with EKYD (HE, x200)

Y0 (x+s,n=6)

Table 4 Effect of AR and SAR on T,, T,, cAMP and cAMP/cGMP in rats with EKYD (X+s,n=6)

21 51 Hl /g kg T,/g-mL" T,/ng-L" c¢AMP/nmol-L" cAMP/cGMP
EwA 0.38+0.13 61.99+16.25 116.79+24.14 8.38+2.39
FERLZH 0.68+0.13 90.42+6.68% 180.06+54.65" 33.15+4.28%
7N M M B LA 1.4 0.50+0.04 67.77+14.41% 117.82+33.24 15.12+5.93%
VTSR =4l 1 0.44+0.09" 67.82+12.85> 124.26+34.05 7.83+2.51%
VTS R L 4 0.48+0.05 59.75+8.04% 113.66+16.017 7.11+2.86"
RS A 1 0.42+0.05" 56.73+6.30" 110.14+45.307 12.88+5.78Y
R VRS ) A 4 0.53+0.05 63.27+5.81% 113.38+20.45Y 10.75+3.60"

3.6 X KB HPG i & AQP-1,AQP-2 3 ik (1) 5 I
5 IE R 20 i, B 20 K BRIV T GnRH LT /K

i AR (P<0.01) , FSH K- 2 & T+ 5 (P<0.01) ;5

PRV L35, 45 A 25 4 K B GnRH & /03 8 & TH =
. 46 -

(P<0.01),FSH 7 & it #F AR (P<0.01) , ¥ 15 & ] i

HRMILFEM SR EATHKFEHE LA (P<
0.05) . 5 IE % 41 b, A 20 K BRUE JIE AQP-1.
AQP-2 R ik it i 1 £ (P<0.01) ; SHIRI L] Lh 4%,
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x5 FIEREMEE &G EKMKER KR MFE P UREA.CREA.CHOL X TG K &1 (x+s,7=6)

Table 5 Effect of AR and SAR on UREA,CREA,CHOL and TG of rats with EKYD (x+s,n=6)

215 Fl /g ke UREA/mmol-L" CREA/pmol-L" CHOL/mmol-L" TG/mmol-L"

EH A 4.38+0.34 20.83+0.75 1.070.19 0.49+0.05
BRI 5.48+0.53" 24.33+1.03” 1.62+0.45" 0.64+0.10"
75 R b B LA 1.4 3.87£0.57Y 19.33+1.97% 1.07+0.36> 0.47+0.08"
PG AR 2 2 1 4.4240.35" 19.67+1.51% 0.85+0.18" 0.40+0.09"
15 e ) A 2R 4 4.130.52" 18.00+1.90" 0.82+0.17" 0.39+0.09"
RS AR = 4 1 4.3240.41" 18.33+1.21% 0.95+0.24" 0.39+0.05"
RS R Al 4 4.20+0.40" 18.67+2.25Y 1.02+0.27% 0.46+0.07"

PEVS AR v )t 4 R0 AR PR VE AR 5 ) i 4 AQP-1
5 A B /D (P<0.05,P<0.01) , AQP-2 1k it I ik

P, 22 5 BOF 403t 2% 2 L (P<0.05,P<0.01), W

F oA 2

NG

Fo FIEREME ST EKMIZE KR HPG H . AQP-1 . AQP-2 RiEHFM (F+s,n=6)
Table 6 Effect of AR and SAR on HPG axis, AQP-1 and AQP-2 in rats with EKYD (x+s,n=6)

2H 5 Fl /g ke GnRH/ng-L"! FSH/U-L" T/pg-L"! AQP-1 AQP-2

Ew A 174.48+27.40 1.08+0.14 3.68+1.26 0.118+0.006 0.117£0.009

A 2] 97.12+22.37% 3.05+0.30” 1.11+0.41> 0.153+0.008 0.155+0.010>
N R Hh B L2 1.4 179.19£23.53% 1.82+0.36" 4.01+1.33" 0.116£0.012* 0.132+0.015%
TS AR 2 1 209.42+42.71% 1.93+0.18" 2.47+0.52 0.120+0.007" 0.110+0.014"
TS a2 4 162.54+19.37Y 1.74+0.19" 2.99+0.77> 0.126+0.013" 0.123+0.004"
EURERCEilN ¢ 1 213.40+32.28" 1.78+0.35" 3.02+1.00 0.133+0.015> 0.134+0.014>
R VRS ) AL 4 179.81+32.59" 2.09+0.18" 3.09+0.87% 0.122+0.010" 0.113+0.007%

E
B2 FEREEGSEREKMREXREHEARAQP-1RIZMFMT (e, <200)
Fig.2 Effect of AR and SAR on AQP-1 expression in renal tissue of rats with EKYD (IHC,*200)

3.7 XK EUE IF AQP-1.AQP-2 mRNA % ik /K F
M SE 5 0 R AL LA A A 4 K RUE I AQP-1 .
AQP-2 mRNA % ik i % Tt (P<0.01) ; 5 HE A2 [
B, VR R ) AR R R TS AR L R R A 41 AQP-1
mRNA ik 8 2 F& K (P<0.01) , 4 41 AQP-2 mRNA
REKFPHEETH, Z5BA5% %8 X (P<
0.01), W7,
4 iTig

B 5 2R 1 I 7 ) 3 K BRI R K, R AR

F

G BN S HE B o I 42 3 452 Ty AT 4y
D9 DAY AR A A R RN TIE 4 AR
FL i 22 5 FHTT P A 6 AT AR g PR A R
FHAR U1 85 76 15 sl % 245 R AT T A8 F o Rk 0
1 B AR R AP R I O 3 e 9
NN NI TR A RN R (RS
B= B BT MR GRS A AR AT o BT AR A g B R
PERRE B AT R A VRGP B 2 24 2 B
GRS TR B R TR R i Ik
< 47 -
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E

B3 FEREESEIEREKMEEXRE AR AQP-2 RIZM M (4L, x200)
Fig.3 Effect of AR and SAR on AQP-2 expression in renal tissue of rats with EKYD (IHC, x200)

®7 EFEREMH &R EREKMERXREEAQP-1,AQP-2
mRNA FiAKFHFIG (F+5,1=6)

Table 7 Effect of AR and SAR on transcription levels of AQP-1
and AQP-2 mRNA in rats with EKYD (x+s,n=6)

21 51 /g k! AQP-1 AQP-2
EH A 1.00£0.40 1.13+0.20
H 700 2 3.33£0.74”  1.63+0.33%
N Hh B L2 1.4 221£0.16°  1.32+0.47Y
T I ) 4 2 1 2.88£0.66  0.64+0.20"
TS R 4L 4 1.77£0.93"  0.52+0.13"
ER VR V5 IG5 B 41 1 1.28+0.36"  0.25+0.09"
ERVEG fm ) H 4L 4 0.97+0.07"  0.36+0.129

TSP EE RN E HARR R N E A AT 2 &
B B R K bR TR 3% ik 2 3 AT T 5 B R K b
JiE ) B AR A2 IR AL ACR 5 IEH A
3 M 25 SR Ry s A T A A o, 50 E K R 24 h
PREE F1 L3, ACR AT I R JR 11 2 11 HE i 5 ) Bof i) 22
SRR R B | R A 1R 25, A AR e, AT R A
e B B 1 HE A 12

T, T, J2 HHUR % 200 60 4 30 1) — 2 24 5 L AR AR 188
R EREBMWEZRE ;cAMP cGMP & — X}
A LA 7 T SO B A 24 4 W BT, 6T AR i D e A TR
S RS HL AT B 4 8 AR Y SR T, LT,
cAMP . cAMP/cGMP F} 1= 1 BT AL A4 &b T 91 f AR 25 .
S A5 WoR B KRR I 4 4 F8 bR B OE H 4
B EIE, R KL THARRE, S EAT
U B TE B O R IR R A S T,
T,.cAMP,cGMP X &L A 2] 1IE/E 1, & B & 4r .
CREAE R AR AR 7= A 9 W, 2 i B /b sk
UE I 5 HE RSN . UREA J2 AR EE (AR A0 32 2
LR =Y, B S I B N ERUE i R AR, B
I bR 2R 0 B T R 5 i JLT RN R 2R T R b
NERUEIT T RE . ST L g, T W SR B 4 24

. 48 .

21 UREA .CREA Fl ACR F# A% , 3R WA PR TG B A il
A AR /N ER U AT B S R, — o AR b B
BRI E IR .

T P - - B O e - P A3 - R 2 T %
F1%) T L A R 43, R A 4 A N A RO B I 3 3 K
S 1 SF- i Mg Sk B BT HPG bl T 2 W
GnRH , fifi 7 1A B i FSH , 98 15 1P B3 % (T) Ay 20 16
) Bsf P 8 2% 0 AR R KR R i AT R R T .
GnRH .FSH FI T (%9 2 45 5 1755 76 B B g 7K i 455 A4
KR Bk 3R R 3 PR W R L, BAR R
LA GnRH Al T 7K B MK, FSH K- T+ 45 24 )5 W
0] R 3 BT R LA o T 3 R AR K
L A 0E HPG R ZE AL o W AE I AR PR R
B EER T, AT E A TS0 MG, RS
T FL G ] i o503 B T R K i ASE AR R B AT il O 3 ik
2] IF HPG B Z= ALY .

B I T HE e AL AR 1) A5 R 4 B R 1 K g I
A AR Y R BE RS B ;B K R
BT, BT Z B, MR F & & A KA AL,
117 7K 388 3 2 1 AE B KO A T R A AR
AQP-1 2k 2 J 30 /N8 3 M I R
REAR , AQP-2 J2 B JIEE 4R 5 45 AR 1 Bz 20 i o e o 22
14 7K T R, 7R B /NS MR A L T e bR G
FEVEFY . 3l R AQP-1.,AQP-2 &3k 1] i /b /K
W iz 5 RS, TR K M. B IE AQP-1 . AQP-2 &
ik Fl mRNA FREK LR Won , SRR L, 4%
YU E B AR T mRNA (33K, (i 8 1 # ik it
WIS T NE W E R RS R S A A K
B PR 184 o 1 245 SR AH B IE A AERE TS R HO M )
Yol 5 7K P R4 AR AR A AL AT e 5 A e E
AQP-1 . AQP-2 F [ ik A 3. XF b PEVS F 4k eV
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