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EIBIZMKR A X SR ME X R AQP3 B FE & B 1K K 2

TTHE B Rk-0 L AEWLE FLE #LAER
BRI TR 0500173 WL B2 B 41K 050200

7’

USRS I IR T3 0k s iR LA K BRUL AR LA S 45 I 2 4 UKGE I 3 (AQP3) Ik Y m , R AT
FIBLH . H 60 HUENE SD R BRBEAL > A28 2 AEEIZE e flofte T % R 2H R T5 0 R 7 s o G g SR AT
R 25 i At v S ) sl W R e Y [ I 25 AR B 25 3R 9T o HE S B UG, R R BLIL T B TG TG
HDL-C LDL-C 5 & 97484k, iz H] RT-PCR J7 A5 00 17 R A5 I 4120 AQP3 BE N A5 OL , iz I AE 4L AL Al West-
ern Blot J7 kAl TR FREE AL AQP3 B HAYFRIANTOL . A5 R /R B2 K R AR TG TC \EDL-C (14 3% 1
L&l rh AQP3 LN AR W] T, HDL-C 55 2 K. #3R ALK R i TG TC (EDL-C 135 &
LA In 40 AQP3 JEPH 3 1 A FA B MIK, HDL-C 5 5 TH5 o &7 P15 W IR J5 %] i i HLAE DR BRI AT R 4
A PE T, Hol i BRI AQP3 LD R YRk, LAY A WA, BH L8R 38 1) A2 10 AL BREUR N 3R
A RE e HAR YT R IR MUAE Y 3 T AL 2 —

KRR PTG INUR TS 5 AR ILAE ; KB I 1 35 SEIRAFAE

hE 52 S R285.5 XEKFRIRAG : A DOI:10. 16333/j.1001-6880. 2017. 10. 007

Effects of Modified Rhizoma Alismatis Decoction on
Expression of AQP3 in Rats with Hyperlipidemia

WANG Ya-fen' ,HAN Xue’ ,ZHANG Yi-xin’*, DUAN Si-ming’, HAO Lei’, WANG Xi*,LIU Chen-xu’
" Hebei Medical University’, Shijiazhuang 050017 , China ;* Hebei University
of Traditional Chinese Medicine';Shijiazhuang 050200, China

Abstract: To discuss the mechanism of modified Rhizoma Alismatis Decoction on prevention and treatment of hyper-
lipemia, through investigating hepatic expressions of AQP3 in rats with hyperlipemia. 60 Male Sprague-Dawley rats were
randomly divided into 6 groups: Control group, Model control group, Simvastatin control group, High-dose of modified
Rhizoma Alismatis Decoction group, Middle-dose of modified Rhizoma Alismatis Decoction group, Low-dose of modified
Rhizoma Alismatis Decoction group. Rats in control group were fed with ordinary forage, and the others were fed with
high-fat forage. At the samé time, each treatment group was administrated with appropriate drug. Then TC, TG, HDL-C
and LDL-C of serum were detected ,the genetic expression of AQP3 in colon tissue were detected with RT-PCR and the
protein expression of AQP3 in colon tissue were detected with immunohistochemical means and Western Blot after 5
weeks. In the model control group,the content of TG,TC,LDL-C in serum and the expression of AQP3 in colon tissue
were significantly elevated ,while the content of HDL-C was significantly reduced. After treatment, the contents of TG,
TC,LDL-C and the expression of AQP3 in every treatment groups were reduced, while the contents of HDL-C were ele-
vated.-Modified Rhizoma Alismatis decoction had a satisfying effect on regulating the blood lipid. Increasing the genetic
and protein expression of AQP3 in colon tissue,regulating the water fluid metabolism, preventing the formation of sputum
and removing the pathogenic factors could be viewed as mechanisms of modified Rhizoma Alismatis Decoction concerning
prevention and treatment of hyperlipemia.

Key words: modified Rhizoma Alismatis decoction ; hyperlipidemia; AQP3 ; experimental research

7 I ML 4E (Hyperlipidemia, HLP) Jyilm R WE) LA—FhaR iR B 2 05 150 , S AR AT
SR SKAE AL e Lo MG R S5 14 A B

HIER000310  HEEER 2000710 DA U2 AT 10 2GR
BT H LA PR 25 BB B A HORBT TR (201 50030 ) 5 JFUUEN N , 3 N R .
TTHE A 5 e B2 3 A BFFEI H (QN2015251) FEN R iz SRR AR, 20 I Dk R HE 32 2 ke

# WEVES Tel:86-311-89926308 ; E-mail : hbzyx123@ 163. com ML 7K ( Aquaporin, AQPs) & 7E #L {4k
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KA R F AR I B s S, AQPs Y
SR S W T SR Y KIBAE R, HLP 1y % 2
S5 AQPs B IK WA O, FETS IR J5 iR 97
HLP JE i i P8 1% AQPs YR IR AL I, H Al i AR
DA IE . PRI K EHT, Rl =k
w2 B SOK 2 B S RE A 2 S BUKIRIE R, i
ARIFSLEHIE TGS T IS R 5 % HLP R B i
Jig e S 2L AQP3 JEIN i H Rk BN , LY
PG HLP A4 PR S A P AL

1 51

1.1 XIEzh¥

H T A0 28 S50 Zh ) v B L kR e 3 T
SD KE 60 H, &5 160 ~ 180 g, ¥ iF Al k5 :
SCXK ( 3£)2013-1-003 ,
1.2 XIHAY

PSR T B4 A% - 375 50 gL FIAR 20 g o
10 g(J 4 —J7 il 2548 BN W) A 7= 14 v 2 Ty 5
7, 7 A2 43 5 £ 5073461 5063421 ,505037T, )
H LR H 100 °C ZE18 K T3, B H) G i
e FARMIT A (A2 E R, &S,
380150701 , [E 2557 : H20093007 ) , LA 1 0. 5% &
FH L2 2 R AR B P o), A i
1.3 ZIHKF

TC.TG . —Hr il *EHT % . SP9001 L5 & & DAB
BRI A A P SR e AR AR A A,
HDL-C \LDL-C 171 & W B A 0 1 A W BOR A IR
5] B RNA 2 IBGA ) DNA A i & . PCR 2
NAKZ (DNA FRUEN B Takara /A ], —3HT AQP3 4
Pt 1G Z 5 BEHIIARIA 19518 bioworld A F] .,
1.4 SCIR{UER

Humalyzer2000 2= sl 4= 4k 53 B (48 [ 23 50
8 EDWPE9600 1 PCR 38U (3£ E P E A H]) (i
A KA (A s — AR A R A A (41
BHHAL IO E A A BRTTAT A F]) JUVP SRR
1RG0 (Thermo 2AH]) P THE IR S ( H A AT-
TO 23w ) 2840 AT UL 43 % 56 B 31 ( 3€ [ MILTON
ROY A H]) R B4 R Qo I TR DL R A S il 1
AIRAF)

2 KWHIE

2.1 LWHAE5EE
$5 60 H SD K FE v MM FE— e, # R E 4y

JRIENIBEAL S R 6 41, 741 10 H B IE 5 4 iR
2H AR YT X R ZH (R RR X R4 ) TS ek Ty
e AR A R TRk L R R A o BR
1 2H PR3 3 DR A A, HE A 45 A X MR A v g ]
B (R 1. 5% J&i0 10% JEEREN 0.5% %
AR 88% , HTRIALA SEE B RO T o
2.2 HBHBHE

MRS 1 H S, 14 21 S5 A5 R IR %K
FARYT AARE IR BE 2 5l A T 24 b IR 4
H HZ5FI 405100 29.56 14,78 7739 o/ke Sf &4
H1.89 mg/kg, B H HE B K HA R 1
mL/100 g 715, I Z57R 75 T .
2.3 HARE

25555 SR AY, KA & 24 h, RIS 3l ik
BRI, o6 ILARE 285 0 43 8 A A o AR el 3 U
JIE IS5, SeBGE 24 R/ I 2L RS i a1 27, 857
TR AR, DL U8 AQP3 L AQP3 mR-
NA [k , FRIGE 24 /N ) 4 ZUR 5 1 20 2Lk
T 4% Z R P ESR T E , DL s g
2.4 WNFE
2.4.1 ik AALIR AR

Bk B i, = i # & 30 min J5,4 °C 3000
rpm .0 10 min R ME E T EP &, HE A 3h
A4S BT AR Il TG\ TC \(HDL-C \LDL-C (¥ & &
Ak
2.4.2 AR FIK

JHEH 20 R K , A s 3, 22 D) fr, HE 4%
e N ST S IE S FA0k
2.4.3 SRR LE L4 AQP3 # kA

LA LY R, 5 A K, B R 2% vh i (0. 01
M PBS pH 7. 4) i ¥k, 3% H,0, #i %6 T # 20
min, PBS #& i PE,0. 01 M M52 2% vl (pH 6. 0) 34
B NPURE S 30 min (92 C) , i TR &, PBS
W N L SE s TARWRCE A, 37 CIRFETR &
PIBEE 30 min, W 25 245 L3 , 6 ISt SRS AQP3
Pl 4 CYKAHIEE 1 5%, PBS W Uk, W m —Ht T
YR, %75 30 min, PBS W5 BE , N =41 TAEW (SP
) %8 30 min, PBS 5V, DAB & €A, S 5E N I
M, PBS Fe 5 vt , 0k 6 . XL /40 R A R
FH HPIAS-1000 {55 7 0 B R £ BRI 52 0BT R 58,
100 x FLEF T 435K 0) A 0L 8 ASHLEF , I & -2 5% i
EAE P 5T o
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2.4.4 RT-PCR #ml 2 % 28 22 AQP3mRNA #3 %
ik

H-70 CHRAFIEE A 140 100 mg, A #] 1 mL
Trizol F-yK b 2)3% 4R BUE RNA , 48300 B -
s HOVR B AL, R KR DU L S B . JH 4% RNA
WHER 1 g/ pL, B H S 5k cDNA, AQP3 |
21 4. 5'-CACCCCATAAAAGCCCCCTT -3'; T % 5]
#).5'-AAACTTGGTCCCTTGCCCTT 37, ¥ B =iy B
By 304 bp, B-actin S FF5 0 BiF:S -
CCA AGGCCA ACCGCGAGA AGATGA C -3', Fiff#:
5-AGGGTACATGGTGGT GGCGCCAGAC -3', =
YR B Bk 587 bp, RUNMAKR R K- f Tag DNA 5§
G ANTPs | F A Juoeh R0 0 LAk 3R] s 1 2 o
WS RN P, BN WES AR, PCR ¥ R
S AR 94 °C 30 5,38 56 °C ,30 s, ZEffi 72
C,30 5,30 ME, 55 1A 10 min, g 74T
WAEAFRARY 1Y) 6 pl T 1% 15 GV %Y
BTN A B 5 FL VK, L DNA Marker ( DL2000 ) £
RbRMES ARG, IR R SR, IR OB E
i, LA B-actin # 1EAE AH X 143 B, BU(E LA W & 2 AR
MO EE B LB RN o
2.4.5 Western Blot =45 £ 2045 AQP 3 & & k&
%

IR BRLZ5 I 41 40 24 100 mg, T BUBTFES, 2K I %%
F£E] 900 pL &4 1 mmol/L PMSFE [RIPA Hi:
SRS R IR AT, S 2L A 5 4 %G, 12000

rpm E5.0 15 min, W FIE, #4780 & = A9IE
E A WAYELUG , 28 SDS-PAGE BRI HL UK 73 85, 4%
JE¥ER E) PVDF 55 1, 5% 1) NG W5 8 1 P41, — it 4
CHFF LR, PBST Y 3 Ik, —HiEiRMEF 1.5 h,
PBST JEEE 3 ¥k, & 800, X KA B 52, ] Tanon
Gis FRAFAHE 5 5 I WOE BE (B I F 43 B &b
2.5 FitF4AE

K H SPSS 21.0 Geit B A Ak B, B0H0e 1 44
B ARiER (= 5) TR, R E R Ir 2007, Wi
P LSD A 86, Ll P <0.05 o 25 3 G it &
e

3 SKEHER

3.1 FiBiHNARRT XL MAEX R A5 55 0m
5IE# A, A K R TCL TG,
LDL-C {2 W1 F+ 55 (P <0.01) ,HDL-C &
BT (P <0.01 5 P <0.05) . 259 T 5, %
24540 TG (TC (LDL-C 1y 7 ft ¥ 55 5 78 24 B AR,
HDL-C Fr 7t (P <0.01 5 P <0.05) ; 5% 18
AR LL , v 70 ik 20 100 4% U6 A5 T B 8 A2 Ak (P >
0.05) ,H K 5 41 TG . TC ,LDL-C ) & & T} &,
HDL-C & HFEK(P <0.01 8% P <0.05) ; 57N
WKy 4% 51 £ 2H =2 ) LA, v fl s 4 TG TC LDL-C
AT AR B4 (P <0.01 5 P <0.05),
HDL-C & it b MR 4L (P <0.05) ; S5 IR
HAHLL, R TC S =PER(P <0.05) , K 1,

F 1o FAKRME TG TCHDL-C,LDL-C SR ( x =s,n=10)
Table 1 .The content of TG, TC,LDL-C and HDL-C in serum of rats ( X+ s,n=10)

RS

2H 5 S TG TC LDL-C HDL-C
Group ose (mmol/L) (mmol/L) (mmol/L) (mmol/L)
(mg/kg)
25 144 Normal - 0.860 £0.0914% 0.994 +0. 13244 0.641 £0.08344 1.032£0.1174%
FERIZ] Model - 2.183 +0.204 2.013 +0.250 1.267 £0.087 0.731 £0.085
%t B2t Control 1.89  1.153 +0.144%% 1.154 £0.1454% 0.775 +0.08344 0.955 +0. 10044

K F#E2H Low-dose 7390 1.505 +0. 14500 AA <

4] Middle-dose 14780  1.428 +0. 1312044 = =

R High-dose 29560  1.205 +0. 13942

1.566 £0.1402244 « 0 (0 964 £0.088 2444 * =
1.358 0. 169244 «

1.164 +0.19744

0.749 0.071 244 =
0.900 +0.099 /A A4 =+ « 0.757 £0.072°AA *

0.787 £0.0574% 0.904 +0. 11524

T SR AL 2 P <0.05 , 24P <0.01; 5XHRATHAL: 4 P <0.05,44 P <0.01; Al AL H 4% * P <0.05, " * P <0.01; 5l g4l ke

.9 P<0.05,00P<0.01,

Note ;: Vs Model Group: P <0.05 ,2*P <0.01;Vs Control Group:4 P <0.05,44P <0.01;Vs High-dose Group: * P <0.05, * * P <0.01; Vs Middle-

dose Group:=P <0.05,559P <0.01.
3.2 EFEiHhek 7 xS A8 M iE X RAFHE R RER
SENRIE

TEH AR BT 200 i A HE 51 8 5 A LI S

FEI 58 Fp L o S IR A, I L SE A5 A IR, JOAR
i R AR o R 2 K SO A HE SR L, HL
P BRI 17 , 200 A e B s O B, AT 1M 52 7
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LA Xof 2L JE-200 235 T AT, B O PO S Dk 20>
JHF i 52 5 i K Ao sk, (R A R IR AL S AR
PRSI T T RGR) i R R 2 25 HES

AT, 073 o A [ A Dl T 1t 208 25 T IR
JERA A s 2 . W L

1 =AA(]) MRBHE(2) JBE(3) RFIEAH(4) FFEH) REFIEH(6) KRFFALMAEREML( x200)
Fig. 1 Morphological changes of liver tissue in rats from normal group (1) ,model group (2),control group (3),low-dose group

(4) ,middle-dose group (5) and high-dose group’ (6) (~%200)

3.3 Fi5Zmuk7s >t S BE M AE K R4S g E A
AQP3mRNA RiXHI M

RERIZE R B 1 AQP3mRNA B 2 1K H IE
I (P <0.01) ;4 2541 AQP3ImRNA | 3R A1y
TR (P <0. 01 ) 5 A o rp 7l i LA T %)
MRZH (P <0.01) , iR 54 205 %o IR 4 L B e 4 i
FRSL(P >0.05) s Al ALK T rp R RZL(P <
0.01) , il AL RF A R A (P <0.01) , WLFK 2,
2,

34 FEZMEKANSEMLEKXREHALA S
AQP3 ERRIZHIF N
3.4.1 B Ay kb & s AQP3
9 F RO

AEH AL PH A e e i AR X A D 2 ok 1R
ZH I BRGE 1 - 1z 240 T ) 4 B A | 400 PR3 R T b
Y PH PR FIRARRT R £, I (IR G g N 20 D i
FRIPERE . XTI MR A PR e &R
H P 240 L 8 208 I A (0 AR BE AU B AT, 2 8 40 T

£2 BAXRERASDS AQP3 B AQP3mRNA FiATLEILLE (« +5,n=6)
Table 2 The expression of AQP3 and AQP3mRNA in colon tissue of rats ( X x s,n=6)

25 Flir
Group Dose (mg/kg)

T R

Average optical density

AQP3mRNA/B-actin AQP3/B-actin

25 140 Normal - 0.133 £0.015%%

FEHIZH Model - 0.477 £0.023
X HE4H Control 1.89 0.374 £0.025%4
&I 2H Low-dose 7390 0.263 £0.02522A4 = =D
rh3i)H 4 Middle-dose 14780 0.233 +0.025°40 44« »
I 4H High-dose 29560 0.168 +0.024 4244

0.241 £0.015%4

0.485 +0.025

0.453 £0.01844
0.442 +0.01344 * =00
0.387 £0.0094 4 A4 = =
0.307 £0.0112444

0.326 £0.04244
0.944 +0. 052

0.798 £0.076%4
0.782 +0.05444 * =00
0.627 £0. 1004444 = =
0.502 £0.0852244

T SR A 2P <0.05 24P <0.01; 5% AL A AP <0.05,44 P <0.01; 5 &R EALE . * P <0.05," * P <0.01; 5 h 4L

#%.0P<0.05,509P<0.01,

Note; Vs Model Group; P <0.05 ,%%P <0.01;Vs Control Group: 4P <0.05,44 P <0.01; Vs High-dose Group: * P <0.05,* * P <0.01 ; Vs Middle-

dose Group; P <0.05,79P <0.01.
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100bp e
250bp

o
1oUbp
1000bp .

2000bp gy

S em -
23

4 5 6

AQP3mRNA

2000bp

B2 =AA(1) RBHE(2) JBA(3) RFEAH(4) AFFEH(S) REFI2H(6) KREFHHEL S AQP3ImRNA KRk
Fig. 2 Expression of AQP3mRNA among normal group (1) ,model group (2) ,control group (3) ,low-dose group (4), middle-dose

group (5) and high-dose group (6)

P A K R A 7 AQP3 (Y F A B IE W 4L Tt
(P <0.01) ;% JH 2521 AQP3 fy 3 IA K IK T Y

FL(P <0.01) ;o 25 AL F X R (P

<0.01) ; = Al AR T R G 4L (P <0.01) 5 vh
R TARFI AL (P <0.05) , Ik 2,14 3,

B3 =H4A(1) REA(2)IRA) KFANEA4) PREHS) REFEH(6) KREMAR/S AQP3 EHHIRIX

(SP, x400)

Fig. 3  Expression of AQP3 among normal group (1) ,model group (2) ,control group (3) ,low-dose group (4) ,middle-dose group

(5) and high-dose group (6) (SP, x400)

3.4.27 5 J8 Western Blot 7 3 4 | 25 B 48 2% P
AQP3 ¢y F A H L

RN BRI KBRS b AQP3 i R ik &
IERAHTHE (P <0.01) ;& 1254 AQP3 (RIAHAE T
FERIZH (P/<0.01) s Horpr iy PRI TR AR (P <
0.01) , MifIFI 2 5% FRZEAH L ICge 1275 L (P >0.
05) ; Al AR T AEGR R 2H (P <0.01) , H ) &
AR TR =L (P <0.01) WK 2, K 4,

4 itig

R BEAE TP O v I ILAE ™ 0 44, Hh I R 3

I ARAE L T TSR 5, AT A T R L A
LI e PR 220 o I =CRRAE A1 IR S L I B
T BH TR B A BELUIE L B e BH JCHIE S5 6 ik 2
TUBHAY o N N A5 (1 & A 2 2 i Tk
EYUHLARTY Al g B H IR A A B 1 B3l L a3
RR 55, BUfd iz DI RE T B, THIE R e B, 7K
1R IBR , BRI BV B IR, A ML ZE JE IfL
BRI K o e T MR 57 7 (Y 32 2 A A o
Bill, IR AR At iz , % vk P A O JHG R B BIL A L T T
B FA RO . A0 AR T IR M K
B P4 LT Pt QOB A T AT 78 A B, DR ML s A 5 5
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4 ZHA() MERAQ2) HRA(3) EFNEAL(4) AHFEHS) REFEH(6) KRLEMHAHAR T AQP3 EAMKIL
Fig. 4 Expression of AQP3 among normal group (1) ,model group (2) ,control group (3) ,low-dose group (4) ,middle-dose group

(5) and high-dose group (6)

0 U I L T K S B S R, LA o
BRVURL, 3878 T I 15 Ak X i AR 8k A e 42 4
FITY o B R 7 R A 4 B WS ) T 37 14 4
Fik 0 A I B, 7 R B K AR K I
L AL , AR IR A K, AR 25 U
BhIZ Ak, SUREEL R 80, T 0 L i i T 3 e e,
YEFIIR , =25 R, WK R IE , AR AS T, Hh 2201 v
W (ESZ T 22 Ty 6 U L SRy L 7 300 I ik
PR
JKE T8 3 11 (AQPs ) B F iy 1k 3k % B 13 AN
1, AQPO ~ 12 FE7E T AR ZANHABEIH S 5
HUARI A BARIH . Horh AQP3  AQP4 7E4% i 41411
FIREE LD LN R K S W T
2 11 Kz A0 HE S B08F , %o 20 D 5 sk —
A TR, DR IH B 40 3 kR 1 45 gk K 2
WA R AR T KGE I T 1 1E A SR R 1
PSR 18 B — 26 3R 1, B st Hb 4% 3B A1k i K 2
F RN TR A, AR BT T AQPs 4%
BI7VA 28 1 LA F0 4% T8 5 A B A ST ol VR 42245 i
AQPs B3k , 5 K B R 36 T Ak 2R S 4T
AL, R AR S5 R IR IR S 28R B4 1 7K
B S5 AQP3 Ak it i R uel /b i 484, &2 7
JLZS IETS R T gt i AQP3 ik, Hilmk
3 WM B ) 3 RS % 3558820 B R K e TG LA AT
ZEN SRR T 5 P S A0 A 45 S 06 WL e R
e P A KBRS  BE B L F M AQP3 ik 3
T, DA B2 45 g e 7K T R s o 758,
A5 U B % ke 36 AU IR S PR L RE T ) AQP3 3%
i DGR K A i S AR s e
TRV 3 PR B 92 P 45 W 46 R R T 240 AQP3 %
PR, B AL IR T2 5 28 RO L 9
FIBLLEFENAF AR
T G L PR AL 6 B2 9 0 ) 2 B, WL K
PRI SR T 5 LA T B DRI TR 45 ke 52, SR K
XK BITR IR AT 200, ThEE | R K
T 2 UL, SRR KL Tk F 45 i T IO S Y

DIRER A 2 FEUKBACHII R, B 48 1 i
DIRE AT e KA B ZE L, B T8 18 45 B
Pret i bR o R I i WS IR 25 i 4L 2L AQPs
IR SR i 24 S A 5 Bt i g LAE B9 4 AL
il FA AL GE rh B B A BACHRST B9 3R, A 2
— BT RIS R0 R SE I 45 2R SR I, B R A K R
TG TC \LDL-C '} 5y HDL-C FFAR, $5 75 v i i 45
BURE My o AT ML NG AEAE 5206 B [ I, 45 i 2 1
AQP3 FLIAN R A A 5, UESE T LA 57 7 5 4
PB4 AQP3 (192238 HAT M1 5GPk, IEJE I O AQP3
IR PRI o3 M BE B iy Jes (4 % 32, B fidik
MRS 5 BRAS ML, BT W IR IMAE A9 At . 8RS
VINRTIAG Y7 BB LR B R AR, U 4 i 1
ARPEN , 25 A AQP3 SN R H YAt ] i
W53 , 1 A 235 P 2H 2R DR T R Al 38 S 0P A i £
REFRNGEE, B 1k TR B YR A . TS
I 758 5 IR AQP3 (33K, LAY K AR,
FHL LB P38 A 25 B, R RO R 2R, R T IK B AT i
AR Y H B, AT BE 2% 076 97 80 IR IILAE ) 705 Bl
il 2 — MHHRZ R AR5 15 @A FfE AL
AT E— TR

S 30k
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