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Effect of Hwangryunhaedok-tang on Blood Pressure
and Renal Functions in Spontaneously Hypertensive Rats

Kook Yoon-Bum
Department of Oriental Medical Prescription Sangji University

The present study designed to investigate whether hwangryunhaedok-tang show an
anti-hypertensive effect and elucidate its possible mechanism in spontaneously hypertensive
rats. The systolic blood pressures (SBP) were significantly decreased as an oral administration
of hwangryunhaedok-tang compared with their control group. The urine volume was significantly
increased by administration of hwangryunhaedok-tang but urinary sodium (UNaV), potassium
(UKV), chloride excretion (UCIV) were not remarkably affected. The urinary creatinine excretion
rate (UcrV) was significantly increased in rats administered with hwangryunhaedok-tang in
association with increase of creatinine clearance (Ccr). The urine osmolality (Uosmol) was
significantly decreased in SHR administered with hwangryunhaedok-tang without being changed
in solute-free water reabsorption ( TcH20). The expressions of Aquaporin 2 (AQP-2), 3 and «
1. A 1 subunits of Na,K-ATPase were determined by Western blot analysis to assess the role of
these proteins in association with changes of renal functions in SHR administered with
hwangryunhaedok-tang. The expression of AQP-2 and 3 protein was significantly down-
regulated in the kidney of SHR administered with hwangryunhaedok-tang compared with those in
control rats without being altered expression of « 1, 8 1 subunits of Na,K-ATPase. In the in vitro
assay, Angiotensin converting enzyme (ACE) was inhibited by hwangryunhaedok-tang in a
dose-dependent manner. Berberine and/or palmatine. which are well known as a main components
of hwangryunhaedok-tang, also have an ACE inhibitory effects in a dose-dependent manner.

Taken together, these results suggest that hwangryunhaedok-tang dowered blood pressure
through the increase of diuresis caused by down-regulation of water channels and the inhibition
of Angiotensin converting enzyme.
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I. ¥ &

BEEBRS &%, £8 &0 BFE THE S
#E Bi"Y HEEesd NS0E WHSIUCH,
EWY9 SEHEAMNE RAKES WES FHol
A1, £Rol o2 B Yakd £HY MR =
ERBS BES v Aok pEER e Y oA
T SRS #wart BRE(eH HRel o2 HE
WBES —f) HEKSE, REER RAEE Eod
BERE 785 —RAE ¥ BRA 9 BRd A
851 Jcth

BR B9 59 BHsH Q EEFHE 48EE
A #HEel XFSS
jateorrhizine, worenine %£9] alkaloidE0] Z8 &8
oy ol HiE fd fEF, MR BT fER, & F
H, g 59 i, s BE ER, 1 RE
fER =o] WA U, FFHS baicalin, wogonin,
baicalein, oroxylin-A, kobanebananine %] flavonoids
¢} B-sitosterol, campesterol, stigmasterol %9} steroid
BE B &80 ol #1 ohEER|AE: fEH,
HREE fEF =o] L8l o). #ES alkaloids2

M berberine, palmatine, jateorrhizine, magnoflorine,

berberine, coptisine, palmatine,

phellodendrine, norcoralydine, corexinine, guanidine,
condicine, menispermine & &SI UL, FHik:
YBEH obakunone, limonin & &HFSIL USH,
B -sitosterol, 7y -sitosterol, 7- dehydrostigmasterol &
9 steroids& &HFSIL ATt LR HEE FRIZ
= B BES MEHBIL, BWS o A, Mt
A0 fite ol YTk EF = crocin, iridoid %
&%} geniposide H9| glycosides 0] H& X =L
o] QUIL, B T, BIE 1ER, FIRSHRER,
S|EPER Zol LB Ut

BOES B BER RBOIZA H4E HE7L
=Y B, e, HE 5B, MEAE, KR 8%
SR, BE, BIEW 25 SHOE, £ 89 ERol®

Y UEN) mEmo) m@, LT, BE &9 6
ol Bain® BmMECE SMREL} g mE
PaolLt PAEOE QS HEEOE WME, LI
#, WEE, KIS NE K8 B0 891, 6HE
OF MM, WM MNE BR2, LR2 8T
w3 Baert® ¥ BMES ®EEN /e of
UL} 012 R§ ZIRIQ) ERTE SHE0] K, %K
B, Bl S 83 08 ERE K#MES BR
B REMUQ) Q) HE@BEC) BRI AST
W|MED T QT HEMBE 3 HRH BRI
ot 02 BESBERS ARN BB BEY B
BRNE s BR Bk B BT/ UES
#eES uh Uch

2 =% AR BNE AR HERERS
Ef O RES BR I+ STAHEQ BPO
7 M) WSS WEsIGT) SIXITE ofd #
EFEEEO) M BTl Ud #Ee oS FmEsio
& »QUt Aok we £ WwEoME REREE
o) MM [EFol tidl Hme Tt KIS Bl ¢
B0 HEN BIE GRS NEo niXE B8, 0
BO ol BES /ES ol BE Mo B,
BHO o) BES nxle AHAMY (Aquaporin)
T} NaK-ATPase® HHo| mIXlE B, X2
o] WmEFOl UIXE EES BEsld &I

0. BHE w8 3

1. RE& o

1) M8 5%

& ol (ATE HEE B o 180 g (8 iB)
HNTO ERMEIMMEER (spontaneously hypertensive
rat, SHR)E AE}F (24, BEH) HR §WZ=HE
BAS £ 18 ML HRE EEs BEALD & K
Boll EFISINAT.
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EeREEo B SOE HRS NE X BR ) We B8

2) K% #m

wEol RS HEmEBY gH2 #®V9 5
BEMR, o] KBGO, WE EXRASK BE
BAE @il @ARRAA BAS & HiRsle AR
BINL, 1859 AET HBS Ched 2ok

Prescription of Hwangryunhaedoktang

HEA B 2 & (@
#® o Coptidis Rhizoma 470
EHE Scutellariae Radix 470
# M Phellodendri Cortex 470
e T Gardeniae Fructus 470
#® &t 18.8
3) HE R e

& HEol A18% HEE bovine serum albumin,
TEMED, glycerol,
His-Hip- Leu,

B -mercaptoethanol,
Hip-Leu,

fluoride

glycine,
o-phthaldialdehyde,

(PMSF), tris
(hydroxymethyl) aminomethane (Tris) %2 Sigma it
(St. Louis, MO, USA) #®IFEES AIESIN,
polyacrylamide, bis-polyacrylamide, bromophenolblue,
tween-20 2 Amresco fit (Solon, OH, USA) 85
S FEsI9en, Non-fat milk (NFM)&E Difco jit
(Spark, MD, USA) 8 E FRSIE L, Bradford A
o}2 Biorad MRS AIBSMOH 19 AAER
HE HPES /& FEHSIACE

A BERol) HIAE aquaporin-22] polyclonal #Hif%
= Alomone it (Jerusalem, Israel) SRS FEAGKA
11, Na,K-ATPaseo] tigh o 13} A1 Hifi= UBI it
Ee {FASIEI, Horse reddish peroxide
(HRP)-conjugated 2{X 8 Amersham 55 (Little
Chalfont, Buckinghamshire, UK)E& #HsIST}

phenylmethylsulfonyl

2. 71 &
1) #igo) |/ U KR

HEMEE 188 g2 AREK 1,000 mt o &7
I FBS & RHIBE RESIH 120 HFE MASKA
T} 770 ml9) fHE FUBES 3,000 pm2E 30
b RS He MBHES RS ERSINCL
HRE WS 200 mgml BEE 2ol 50 #
el 0.8 gkg A BigEe] B RESKAC

2) % R

BHRE AFEA =3 Hold #EE & U
metabolic cageoll B 1 B HSA] & B
AELSITE. LBO) R HRS St 24 A1TH IR
&I oM, cosy 871, HOlE, BE, caged &
QA 104] - 11&)0] AAIEIACE

o &
rr s o rir

b

M

RS Ol AL RES] ERE scaffoldZ, B
gESld 1,000 U/ml®] heparin0] &M tubeoi 2
2 BT MRS HEEs) 9181 4 T, 1,000 gol
A 10 B2 BOOEE Sl MRe Tob EEREIA
B REINCL

4) 1S RE

IES FES ARY nel sikolA] MES B
EEIGTE € AEE 50 CTolAl 10 2f KBS &
B BT BTk, 1ol pneumatic sensors
B3] pneumatic pulse transducerol FZAZIHC
|, 6|& sphygmomanometer preamplifiero]] BESIO
polygraph (Grass Model 7E, Quinicy, MA, U.S.A)A}
ol 71Z31 WY MRS HESIRC).

5) R9] creatinine X H3HZ =L =X

RO M4FS) creatinineS Phillips & Y9 Hpko
B 4¥KEEEt ( Spectronic 200, B&L. Rochester,
USA)E ol83 EE JIFor, EFE BEc &
ey i (NOVA 4, Newton, MA, U.S.A)E 0]
281 Bl osmolarity= osmometer (3C2,
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Advanced Instruments, Needham Heights, MA,
US.A)E Sl BiEsiRich

6) BE-BH K5 BRYg (T'H0) o HiE

mEs R BE BES (3c2,
Advanced Instruments, Needham Heighter, U.S.A)S
o|8d] &3¢t & & Rg o83 HEIINC)

TH;0 = V(Uosmol/Posmol - 1), &, V

volume, Uosmol

osmometer

urine

urinary osmolality, Posmol

plasma osmolality.

7 BEESEY o8 X R

B#ol AT Rdld] ERE WSk ERES
D] 58S 2 K BFAX LY & A8A 7}
A 72 Coll RETICE REY BEHS 250 mmoll
sucrose, 1 mmol/L ethylenediaminetetraacetic acid
(EDTA), 0.1 mmol/L phenylmethylsulfonyl fluoride
(PMSF)7} Zghg Tris-HCl #EEBW (pH 7.6)0 &2
I 3,000 pmoliAl 33 HEBIT) BELE AR
1,000 gollA} 543, 10,000 goliA] 1087} H4 By
ol & zA dolglul, 3 =4 AAHSIL &
BB #MimT dett 8 Es mEme o)
100,000 goll4] 1A17F SOt FiEEcle MR W
9 Tl BEOET BEe BHEE SOl B
B BE- 4 ¥F UQRUE EMRwoZ 3
Bradford %702 FBIL SIXTH

8) Western blot 243

Western blot € ThHZAl2 AQP-2&= M ZH+ ¢l
242 15 pgS BRXBISIN L, NaK-ATPase)
! A1 /NERIRSE 30 4] AZE g o]
B FIKEIGIHT]. Western blotS 98Ky vl
A|EE& polyacrylamide resolving gel (aquaporin2
T 12.5%, NaK-ATPase= &% a l-subuniti= 8%,
A 1-subunit=  10%)z} 5% polyacrylamide stacking
gelZ O)FOJA) JEEEHR (Xcell I Mini-Cell,

o

1

oo =
Ol =
&

Novex)& O|E3l BRXEGIH /IZE HEs1S
k. EEES  blot module§ 0183l BREXENGIN
Nitrocellulose membrane o] #&ZC}. ©] membraneS
TrisZ &&CH Al (TBS)oll A 2417 E¢F TBS
ol 8alAl7] 5% fHanh iR AR (NFM/TBS)ol
A] blockingdlil, 2% NFM/TBSZ E7olA] &&E3
polyclonal anti-AQP 2 (Alomone, Israel; 1:750 £j&),
polyclonal anti-Na,K-ATPase ¢ 1 subunit, 81 subunit
(UBL; 1:5000 3]4) 9] IR 2l4 Sdolli] #igoli
RIZE Ot WIBAIZt: 1™ T2 membraneS 2%
NFM/TBSollA]  horse- reddish peroxidase (HRP)7} Z2
B goat anti-mouse IgG (1:2000)L} goat anti-rabbit
IgG (1:1,500)2} 8¥H 1A17XEQ} incubationdlE). 2
¥ SAE enhanced chemiluminescence W8 (ECL,
Amersham, Buckingghamshire, UK.)& sk =
ollA} hyperfilm (Amersham, Buckingghamshire, UK.)
of BH A7 & ASIMCE. BRY AL Image
analyzer (Imager III, Bioneer, Korea)E 0|88l BH
9 L& AEsidch

9) Angiotensin I SRS EBHE HiE

ACE ¥E#EEE Santos %'Y9] /18 2%E sl
OR7F Wielol ERASINTE 10 w9 MRS 5 mM
Hip-His-Leu (in 0.4 M sodium borate buffer)o] S
A= 490 9] assay bufferol] W&o 37 ToljA] 158
%t incubationBIt. 0] BISE AASG] A 1.2 ub
9] 0.34 N NaOHE 21 oj7lol 8% MBS £R
871 A1) 100 9] O-phthaldialdehyde EME &
o] & 411 102 Foj 3 N Hel 200 & 2o} ¥k&
S VIR & HJch 42004 3,000 pm OF 10
27 94 Bagld miAY Apigel His-Leug
excitation 365 nm, emission 495 & THAO)A]
spectrofluorometerZ EX I CE.

BRiE #hiRE His-Leug FASIY fERSIHCOH
Bt HEHS NRe VSA717] Ao NaOHE H

- A gojA ETSICh
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EEfERo au RN SRS B X Bl fl mA: S8

10) #at e

ERHES AN EE FRE students’ t-test
1} one-way ANOVA testE B3} p<0.05 Q1 8
HES ZRT AESIN I, HRES RES meant
SE.Z 3i3ch

. &5 &R

1. Mol NiAl= HE

HE AJZHEF 10 5855 (body weight, 239.91£7.2 g)
Ql BEY BILE BF (SHR)Y K#EH FHmES
168.8+3.1 mmHg®E olu] HMEO] = AV
o, BB AR £ 13E, 28, 38 B THmES &
% 174.0£3.7, 178.6+2.0, 186.4%3.2 mmHgE X}
EGINTH HEFBRES K BRN &1E 2
RO THMERES LB, 2B B¢ &% 1634L49,
166.0+£5.2 mmHg2 R ESS MRS #m
7t BESIA MHENSH (p<0.05), 3| Fols ¥
HEgo] 169.612. 724 #EHRI ¢l & 2RE 2
STt (p<0.01) (Fig 1).

2. R&gol nixl= £¥

HR MR B3 BnE 5RS RES 262+
2.5 mlkg/dayolR T 0.58, 138, 218, 3@ S R
|2 260%19, 234%14, 202+18, 27.6+12
mlkg/dayZ & 87} ATt HEFEHHRS FAT
BHE BFRS RES 058, LE 28, 38 S
37.0£4.0, 362%5.8, 32.8+24, 36.5%3.7 mlkg/day
2 HEgS REo) vls) EHN2Z WmeRtt (1
79} 3%, P<0.05, 0.559} 25; p<0.01) (Fig 2).

3. Water BalanceOl BIRlEs &8
B ) B BMmE PR water balance
= 64.2+5.7 mlkg/dayOIRQ il 0.5, 138, 28, 38

Z¢lol water balance= 67.0111.6, 58.0+4.2, 67.2
+62, 672149 mlkgday®Z Z #L7l AAc
HESHES S0 BE BH9 water balances
0.58, LA, 2B, 38 3¢l 61926, 40.5%6.0,
52.0+4.1, 40.5+2.9 mlkg/day2 ZRRRE0] W& B
A H&SA BOsI¥Tt (1FS 27, P<0.05, 357
p<0.01) (Fig 3).

4, R¥ BFHE SRt 0Ixle 2E

R A0 BB BOE QR R Na© B
{#EB(UNa' V)2 1.261£0.27 ¢ Eq/minkgoIQ L 0.5,
138, 2B, 38 S0l R Na' RS 130+
0.03, 1.38+0.29, 1.06+0.10, 133+0.13 4
Eg/minkgZ & #b7} Qich HEHBES 5
3 WM ER R Na' SEtES 0.58, 1H, 2
B, 38 S &% 1.23+0.20, 1.10£0.09, 0.85+
0.09, 1.39+0.15 xEqminkgE BRI TN
HES 2RV} fiet (Fig 9.

MR PRl BB BNE ARY R K Bt
B(UK'V)2 5.96+0.77 uEgminkg 0|1 0.58, 1
i, 28, 3B Sl R K &S 6.3210.66,
4.7610.29, 4.84+0.42, 5281025 xEqminkgE &
|7} Qi BERSES T K BFY
Rep K' BRMHES 0.5 38, 138, 28, 38 Sl
6.4410.79, 5.42+0.54, 5151025, 5221029 pu
EqminkgT #E# Hiusled 5&S 2271 Y
T} (Fig 5).

HAR WiRGol BN BME SR Ré CI St
BUCIV)E 9651127 4EgminkgolQ 1 058, 1
B, 2B, 38 S Reb CI HEHES 8.7512.03,
13.34+1.50, 14.74+1.04, 12.58+0.97 uEq/minkgS
& 87} Qijich KESHES Sod BN 5
O R CI HEES 0.5 38, 1E, 28, 338 5¢
oll 8.58+1.50, 11.95+097, 12.20+0.77, 10.63+0.81
¢EqminkgZ #f8aE0 vlnsle) &S 2871 @
ATt (Fig 6).
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5. R BEH BEO DIXls 28

HiE R0 RN BIE ARY Rbh BEH
R (Uosmol)= 1094.6+1054 mEqkg H00I 1
058, LE, 28, 38 S0 Rd BER BES
1102.8+198, 948.6+121, 127024112, 1180.0+1.5
mEqkg H.0F & #7} AUCh RERBEE =
o3 BIE ARY Kb BEE BES 058, 15,
28, 3 EQMl 687.7+101.0, 614.3+134.8, 775.0
+162.4, 747.01103.0 mEgkg H.02 a0 u)
A /HES BOE BT} (0.58S 138; p<0.05,
2iES} 338; p<0.01) (Fig 7).

6. Creatinine #EittE ¥ FHREIFEM O
Ae g
HE Aol BB BNE AB5Y Ré
creatinine HEME(UcrV)S 16.25+1.52 pg/min/kgd]
QI 0.58, 1B, 238, 358 S0 Rk creatinine B
MBS 16.63+1.03, 16.62£0.71, 20.00+0.75, 20.20
+0.87 we/minkg2 Z LI} RUC) BEFBES
23t BB EFES R creatinine PEMES 0.5
B, LA, 258, 3B S0kl 19.20%2.01, 18.75£1.00,
18.98+0.55, 25.25+1.50 »Eq/minkgZ 0.58, 13§,
28 5012 mERT Budld HES 287 9
e} 3B ABGH HmsIict (Fig 8).
3B % Creatinine HRFES RN BNE SR
7} 1.3910.04 miminkgo|U1L, HEFRBES BH
o BME BFRE 1.731£0.06mlminkg 0 F HESHA
MBIt (Fig 9).

7. BWHE-80 Ka Bkl OlRis g

B AZ 38 & BE-EHKS AREBES BH
® EmIE SE7F 45.019.0 pl/minkgOIY I,
BERS #HES BOE AFc 3711632 u
minkgCE HEMCE AES ZRE PoIX] /L
A Fpole @mE 290t (Fig 9).

13

o

8. HEBBH UXQHELI
EWEN DAl HE
ARBNOIA HESREBO] XU EHEER
B DRe BES RIES £R 5, 10, 50, 100,
200, 400, 800x¢/mlo] FEBEHEO BHE TolA ¢
ALHA BSEER EHEE HERY sl &%
100£0.0, 101.8+1.0, 97.4+2.9, 947+ 1.8, 882127,
549134, 38312.6%9] EHEE HUCE BE &K

FHOE BE SHEE MEBINCT (Fig 10).

HHREER

9. Berberine® palmatine®| ¢HXIQ
BN EEESE EMEO DRl

A FHOIAL berberineo] QHA| QEIAl EHREERIE
HEo Uikl BEE REs £R 05, 1, 5 10,
50, 100, 200 »g/mlQ} FEWHEBREO FHETAA QF
XN2WA BHRER BEEE BERD KB &5
102.0+0.52, 101.8+1.60, 929+131, 84.6+1.54,
36.3£2.07, 23.1£0.86, 9.6+0.86%2] EHES HY
OF BE KENCE BEXR BHEE N6
(Fig 11).

ESH AEBUNoIA palmatined] QA LA i
BRELEEN e EEE REs &R 05, 1, 5,
10, 50, 100, 200 pg/miQ] HHEBEBRY FE TolM
ORI 2HA WMEER BHET BEEY HEs &
% 102.6£1.76, 98.1+1.58, 92.8+1.30, 85.0+2.73,
351155, 7.3*1.51, 3.0+1.53%2) EHES 2
ST BB KEMOTE HE SBHEE MaBEKcH
(Fig 11).

10. X4 M (aquaporin 2)9 &3
ol BIRlE g

BEN BnE sEAA RESBEO] BRI

29 H Bgol B8 AT sk KD ML

AQP 29 #Fol mIXE BES 599 Z2Y HEY

B BN AR BRIAMY BHM BE 3= 10
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EummRe] BEY BLE AN 8 X BRK #il olXs 2

+0.06 Qo] B3| HESBES Fod HEY BEH
ojde 04120092 FEol AAERUCE (p<0.01)
(Fig 12).

11. Na . K-ATPase2 o1 % B19 %
Bol 0lxl= ¥

RN BIE SFdA HEEBEOl Bl
Na'e) Elol 23 QTS K= sodium AL
Na,K-ATPase o1 /NEff89] #Blol vkl &S
HiES 43 BE BHIE BF BRolAS A
¥E AT 101017 Qldl vl HESBERS 7o
8 BEY BRolME 1.06+£0.1308 BHHol Wals)
A @t (Fig 13). NaK-ATPase A1 /NERFRS)
BRo) MXc BEs 588 27 gEy "R B
B OBmolMe) BEw BE 8T 101003 Q)
213 HRMEES SO AR Bl 1.02x
004% WH V7t Xol7t YAt (Fig 14).

200 4

—o— SHR
o —0— SHR+HH
3
33180' *
BE *
& E *
2=
g
173
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140 7 - v v —t
0 1 2 3
Weeks

Fig 1. Effect of Hwangryunhaedok-tang (HH) on

systolic blood pressure in spontaneously
hypertensive rats. Values are meanLSE. There
were seven experiments in each groups.

*p<0.05, **p<0.01, compared with control.

—e— SHR
_ 504 —0— SHR+HH
)
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o
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Fig 2. Effect of Hwangryunhaedok-tang (HH) on
urinary flow rate in spontaneously hypertensive

rats. Values are meantSE. There were seven

experiments in each groups. *p<0.05,
**n<0.01, compared with control
~ 100 —e— SHR
) —o— SHR+HH
E 80 E
2
E 60! *
& * %
& 40!
]
23]
g 207
Q
= 04 r + v
0 1 2 3
Weeks

Fig 3. Effect of Hwangryunhaedok-tang (HH) on
water balance in spontaneously hypertensive
rats. Values are meantSE. There were seven
experiments in each groups. p<0.05, p<0.0l,

compared with control

- 119 -



Una V (mEg/min/kg)

27

—e— SHR
—0— SHR+HH

0 1 2 3
Weeks

Fig 4. Effect of Hwangryunhaedok-tang (HH) on

Uk V (uEg/min/kg)

urinary  potassium  excretion rate  in

spontaneously hypertensive rats. Values are

meantSE. There were seven experiments in

each groups.
—o— SHR
—0— SHR+HH
0 1 2 3
Weeks

Fig 5. Effect of Hwangryunhaedok-tang (HH) on

urinary  potassium  excretion rate  in

spontaneously hypertensive rats. Values are
mean+SE. There were seven experiments in

each groups.

U ¢tV (mEqg/min/kg)
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Fig 6. Effect of Hwangryunhaedok-tang (HH) on

U osmol (MEq/kg)

1600
1400 -
1200 {
1000 | *

chloride excretion rate in

urinary
spontaneously hypertensive rats. Values are
meant SE. There were seven experiments in

each groups.
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400
200 1
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Fig 7. Effect of Hwangryunhaedok-tang (HH) on

- 120 -

in

osmolality
rats. Values

urinary spontaneously
hypertensive are meantSE.

There were seven experiments in each

grbups. p<0.05, p<0.01, compared with

control
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Fig 8. Effect of Hwangryunhaedok-tang (HH) on
urinary  creatinine  excretion rate  in
spontaneously hypertensive rats. Values are
meant SE. There were seven experiments in
each groups. p<0.05, compared with control
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SHR SHR/HH
Fig 9. Effect of Hwangryunhaedok-tang (HH) on
g

creatinine clearance (A) and solute-free water
reabsorption in  spontaneously hypertensive
rats. Values are mean+SE. There were seven
experiments in each groups. p<0.05, compared

with control

ACE Activity (% vs. control)

Fig

ACE Activity (% vs Control)

ACE Activity (% vs Control)
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. Effect of Hwangryunhaedok-tang on plasma

angiotensin  converting enzyme  activity.

Values are mean*SE (n=3).
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)
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Effect of berberine and palmatine on plasma
angiotensin enzyme
Values are mean+SE (n=3).

converting activity.



SHR SHR/HH

53.2 kD ==

36.3 kD=

302 kD= B W e i s e

1.5 1

=

o
L
4

k%

Relative AQP-2 Expression
{Arbitrary Unit)
o
w

0.0

SHR SHR/HH

Fig 12. Representative Western blot of AQP 2 in the
kidney and its densitometric analysis in
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SHR administered with Hwangryunhaedok-
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Fig 13.

Representative Western blot of Na,K-ATPase
al-subunit in the kidney and its
densitometric analysis in SHR and SHR
administered with Hwangryunhaedok-tang
(SHR/HH). Each column represents meant
SEM of 6 experiments.
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Fig 14. Representative Western blot of Na,K-ATPase

Bl-subunit in the kidney and its
densitometric analysis in SHR and SHR
administered with Hwangryunhaedok-tang
(SHR/HH). Each column represents mean+
SEM of 6 experiments.
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Hemsgol giy BNE AR 1B 2 B i ke BE

BE BEfZAE FEC olEXle A LRE,
BOE, OEEE, MED, @R M, B12, sk
B % e @it 423 #He 48 4 Ao
BIES BNES o7 REol Wiy Atk
S IMEE (essential hypertension)3} YR B
(secondary hypertension)?] ¥ 7N Z2 H¥ESKEL &
Bt BNES 28 S8 92~9%%E X5k
Yorn B BEost olX] BMEE BRSk: E
St FRE 22D AW —R#E (primary) &
ReEitt (Idiopathic) BIIEOIZI LT JHt. Al &
RS #%W RES J85) X2 i WeRY 8
B, BEA UEE 0]% BEftt R, MM £0]
MEEES WHEAZIE WiBE MY Bl ¢
The @E, 121l Rt BER 5 TS B
ol YN Ay BOES B3 Brol A
BARCH SPIECks &l wet 4 @AY &%
B, BEAI0] BT #RBo st B4 FHEol o
g A28 gzan’

Xt BIES 11 RHEol He RR2 BXw
28004 i}xl‘é‘]-‘—‘- HEZ2 5% Fstol AUA] =
o B IRt BMRS FHRE Mk BE
St Bﬂ%%‘?_‘ﬂl B®Y BEnol J3 BNEE Bt B
Mozt St 710l &t Bk, 8 B, 8
BE BR, BREG BE %o RE0 =l & &
B EimER gekon) I Skl Hazo] gout
Al BBl SES M ##0] TAR RELE
renin-angiotensin-aldosterone %9 UL E A4Sl
B-nEl BOBRoE 23]

R SRS E TIE 583 REE NAH
Y F\Eo|L, AOWHR BF 72N BmE
71 AES RRge BiEoltt EiEi BB K
Bt ST A EF (primary aldosteronism)o|L} 4
fE#EBE (Cushing's syndrome)l} Z42 &t SHME
I RE BREESY 22 fiEY sl Utk tiE
AL BMES MTEMME SME, PHIRR et
i EE BTERH & BIME, estrogen BRIC

R £FE BNE So) Jtt BwERESME B
BolA [IBE BTAZIE AE BERLE o 0
B BTHEEE FIRE, #1 adrenalinf, [EHERH,
angiotensin EJAREE NGB, calcium FEEE HEHH
%2 HRsC”.

BERZME BNt REE BE 2Xs
RS, BEET, FRLT, BE, BE SR, i
o, Mg %9 gifgol Bok= ACE E S Ak &
NES BEsle Aot LES Ao 48 & Ue
ol BIES #N RES 5o BIRYE K3,
RS KRRl 5RR, BRARE, BKAM, Xut
KT, AEEC] A3 KR, BES WA, 8B
®, @& g & 47 Jct. I8l L, B B
Rt UEEH, B, B ko] @mold kE AT
BE Dol GBS WOCIL dI¥ct —WNCE 88
e HE, BE, IR ZF F2 EHE 2o,
ole Wi BRI i odled KTt ARSI
BEBES ERE A2 Ao, Hfidly Mol
HHSA VBRI, RifolE FE #oishL &ut
o] XM BE ®R %9 FHE JVEMEH, ol
KR frigEol wel BiFo) MiBEY 2 BEIE
£E KU Aol Yot

BiRole BEZEE PRERE, FEBIAL &
B#AS Yot A, BRE, AR $9 fRAI=
A, REHE, CERRE %9 BTAIE AEE
ERE + JL, BKZEE HERSE =&RL
B, MKAER BB BEZEE BEKES FAS)
= LEHARKRES, BRUKE, BREEE, BRZ
HE EBERH HAET SRERH BEZHZ
ANIRHEA, AR BEE IRERE 28 RiE
of wel BT HESBRS BARENSE 28
ke RERQ! BACE KEBERES BAREE
B, &, #in, BF 522 #Elo] om,
oA EFES MKE L#olA HolL, EHE2
FXKE Hfkollx] RO, HmME BAE THoA
B, |BFc =K KE BT HiEsly

at 2 oo
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EEmED IR WRY Faold 592
BEES O Mo B MW Bt #% ER
ol EEICH MES VL ' HEEEE M
Bio] thioacetamides BHECZ Q19 KRERol B
#HES gESlHon, ®72 EERBES WA
=R ul il RERES BiATIE At

£, #: HESBRN #% S5 Y &R
RERE ROl IS fER, M X & SF2HEY
& fER, BE e fER ol ee, e
Het Wigol oA EESBEBS TEME, FUe
HEMEEC) B KO W B3 okmER)
A mE BRI} ASS, & =V HEMmERol m
B BT 487} ASS &8 WS

SIXTE olx] HEMEES MM BT RS
3 RS HES BTN QAUCET B FHEIA
= BB SNE AFolA HE@ER mE BT
fEFAT} 11 #4880l ThS BIRE BiToITh

K FEoIA HRN BIE SR XERSERS
203 R UE ®TE [EC) BTV BIEsI
I EE RT PRS0 38 %7K NE BTV R
Hch o2 mE BT #@e vl sk
B M B MES EEeHs UuRo BE,
IR ME BT EES #E0) QXU @R
BRol S HRS BT KERERS BR
$ R 0.58 ®EE REO| WMBINL, X9 P&
(water balace)2 FASIFCM, UEE, ZE, HL
ol it o) AEFE EEIL Ut Creatinine
PRS2 E7IKE 847t QI 38 Sols mim
BIN oM, #EE WBES #5E/} El= creatinine
mRE (Cone 3 EW Emsidct. RES wme
B R BEE BES ROKI BHE-EB X
% Bl BASKE HES BYXIT el A
S T BEmOAY B2 469 H£E W
o) WEM 4O WS TESHS MBEIN TEA
WO MRS BFEOIL ABABE TEsiH MR

Here /AT YT, wEEEmiAg BBS R
ZEWS BRE B EREERY BEE BES R
), BR-BE WS (acid-base balance)9| W & A4
A BB ERM (ko) EES £EIS S0, renin
3 erythropoietin®) &I 22 RN BT WY
Bl gluconeogenesis®} 2+ H#ERol T AATIC)
B mmold] RY MRS MEE B8, MRE B
R, I2)1 RS S A BEES Bl oF
OJZIC}. A B R RES WNSIKAIL #EkiE B
o] MWHBIGAIY BRES HMES B} S
KAk

OIS BRE B MEM-ARE vE KEo
2 ES R AR UEE o9 it
FZ HRE MREESY Na' A (Na'-glucose
Na'-HCO;"  transporter,  Na'-CI'
co-transporter, Na', K, 2CI' transporter, etc.), MR
& £4659) Na* X (epithelial Na* channel), i
RED £ HEBEY Na'-K'-pump (Na
K-ATPase) %9| Bfiiol 95l wgacy> ®. 1
ZollAl NaK-ATPase:= B4l Na' & HRilrol
oA HiEAQ] &EHS SH= Na'-pumpolcht ¥
NaK-ATPase:= W& 26791 o] /NEMHS 2213
A A1 /NELzfR, 310l vy NERRE S A A
o NEREBE BRI AUEH®, 17 Bl B
oA Na'€ B Blishs SR8 /NEszgoty”.

NaK-ATPase ¥S¢EE7} B Na' B Buigol U
oA EES REIS 517] Mol NaK-ATPased] o
12 A1 /NBRHRS EEE BHRO MWMes SnE
€ HIES o] 7K RBAEN JojA SES &
e otk dAl E-AEY &EKN sNnE ZEQ)
Dahl-B. B2t HMEE BE  (Dahl-salt sensitive
hypertensive rat) % Milan BME 2Y, 8N &
mEE HE Zolld] NaK-ATPased] ol X 81 /N
B0 ERE BES EX DB s8R ARt
smEol QL EHE S mmo) AT

w3 Kang %)% NO-KER HME 2 ol

transporter,
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FusEEe] EY BLE ORo IR X BE Skl ol 28

Al NaK-ATPase®] HBAE Lol R BEET
HmRhe MEE ¢ ¥l Aok olFF —HY #TR
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S FgSl=n & #RoAE HEFBRO) Na'9
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RO BB ARZE BHE 5 Atk I BolA K
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Fme ©wiI 2 HTFE B EHEE
aquaporin (AQP)0|Z} SicPr ),

B aquaporin K5y SEERS] wHAE EHOIA 4
2 0189 oldE sIstk ) FUck AQP: B
gE ARt 9K ¥ £4648 Ko BENE TE
o R BEHS B BRols o 671X
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RED ngo 583511 As ASE Uvid U1
o= AQP 8, 100] F7IE HEIHAT ofd &
B o9 I OgEEE 9EA A f4ok 1 SdA
aquaporin 2= ADHo} 9J8lo] AF REES Ll 48
B Wl YoM ERQl ®EIS St} WA
aquaporin 29| WH B{rE TG ERO FREREC]
Hedl, XY REE, B ERE BRRYE B
BHt (A2, BREZ, REEHE, B 29 FHE
9314 aquaporin 29] BEO| BLILF®. TS0l
B #IE &Rol o3 AE-EFR snE 2d
¢! DOCA-# mMmEE ZeolAl aquaporin-28] #EA
T BRE SU7IA BNE ERS R AEN
FRES REESITke @71 YA,

X FEolA HEFHHS 7} aquaporing] 3
o) #KE Fol AR AUE VBN RAXNE &
Zo}7] Y6k aquaporin-29] ERE BE B(ILE 5
Ao &R aquaporin-29] HERC| FAWE M=
et wekd FEmganel 93 AR #Re ol
BT K5 BEES) BER Mslol SJdlod UERD &SR

Z BHEL o) MES BRTIT HHNSE B8
g URE REE Bt

318 BMMES AR #ERol Aol renin-
angiotensin® U1 EESH &#EHE ot Renin-
angiotensinfi = FZ B Hold B e M
ES R/ESIAT ol O, R, e S 2%
3 BT Afiche ASE UHIA I BEHO
|2 ST ATt Renin-angiotensinRE FEFicH=
BES 7 ZE EEc eEd @|ER
(Angiotensin converting enzyme, EC.3.4.1.15)Z
angiotensin 12 4 ¥E#0] U= angiotensin IIZ
@i A)7Ich Angiotensin 1= EE Ml {ERASIA
mees wEshH oM ME BNS WmAl7IaL
weld MBS EmAIZITE 5t BIR RREO Rk
oA GEAHES S WA BE R B
FPEEE FEHAA ARSEE EmsA 8o=2A m
BS ERANDEY  oKI2WAl @B ERS
kallikreinkinin systemoll & fEFISIH & 5t W
Q] bradykinin®] C-WE Sl ME HES M
HBOEM MRS WHMAIZICE?. QIIQHAl iR
MRS W OOH BRI Ze R AR Y o
# o AL Yok THEE AR QBRI EiRk
B HI%IH= angiotensin 119] &3} bradykinin®)
HE|E MEANA MBS BTAZ BNOS MES
ATt

HTEE captopril, enalepril, lisinopril & ternocapril
Zol A=Y FENCE MAHIL Jor B,
g OAE, LHEE, BRRYE BR, A2 B
9 wEHE gl FRZIL YTt RiE #EAAM T
ot mEEy 2 EHEWZERE X Bk
% MEKE BAIES) Aol e HE RS
BEIUCE F 502 @Ml Wol o18HE 27
B9 AFCERE XM WHRER KIS &
ol LAWK, #Er, S5 59 myEel X
SFIA BHREER 6 BHEY Sthe AS WSS
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BEeso)A mIED BER) AT YER A 657}
K& 50% methanolZ HEHFIA QMK QTN HHEE
# HEE BFKSH bl Art

£ EIEEY, Reunion 4%, go}zels}™, golu
217V Mol EaoHs B B mibmola o
AR BIER IHEE RRSIFTL HEEY
oAl HItHE OHXIQEIAl BB MHEIE tannin®”
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V. & W
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o

i3
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