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Effects of Taekunyukmijiwhang-tang on Blood Pressure and Renal
function in NO-dependent Hypertensive Rats

Eun Jin Sohn, Dae Gill Kang, Suk Yeon Noh, An Sook Lee,
Ming Hao Yin, Mi Kyung Moon, Young Gab Yun', Ho Sub Lee*

Department of Herbal Resources, Professional Graduate School of Oriental Medicine, I' Colleage Oriental Medicine university

The persent study examined the effects of Taekunyukmijiwhang-tang (TY) on blood pressure and renal function
in nitric oxide (NO)-dependent hypertensive rats. A phamacological inhibition of nitric oxide synthase (NOS) for 4-6
weeks produces renal vasoconstriction, renal dysfunction, and progressive severe hypertension. Treatment of rats with
NG-Nitro-L-arginie methylester (L-NAME) (100 mg/L, 6 weeks), which is a nonspecific NOS inhibitor, cause a sustained
increase in systolic blood pressure (SBP), along with the decrease in expression of ecNOS in the kidney and thoracic
aorta. The expression of Na, K-ATPase a1 subunit in the kidney was also reduced in the L-NAME induced
hypertensive rats group. The renal functional parameters including urine osmolality (Uosm), creatinine clearance (Ccr),
which is an index of glomerular filtration (GFR) were decreased in rat with L-NAME induced hypertension. while
solute-free water reabsoption (TcHO) was unchanged in all experimenstal group. However, the group combined
treated with TY and L-NAME did not develop hypertension and expression of ecNOS in the aorta was restored. The
expression of Na*, K*-ATPase al subunit in the kidney was markedly restored in L-NAME-induced hypertension rats
by administration of TY along with the restoration of urinary volume (UV) and sodium excretion (UNaV), whiie Na’,
K'-ATPase B1 subunit was not altered. These results suggest that TY attenuates an increase in SBP in the L-NAME
induced hypertenéion and restores partially renal function, which seems to be caused by up-regulation of expression
of Na*, K’-ATPase a1 subunit in the kidney and ecNOS in thoracic aorta.
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BEARMEERC] A E4EY NEUNWA Y gotw Ha7isd nixE FY

ek AFMZL BAERS BDEZ S SHBWE, HLEX
B, FREEY, HEESE, HRERN0) AL BAERS =
T BRARA EBEESE ASERS MEADE A
B Sol O, BIRT £ RAK, PR, XE, BE 50 1
BF 5 ARBSTMY. gge gxg g3 Al uiet 285
™ of7]olE TIFSH QIANEC] B3], @ 29 F8ol g8e
FE QOIE9] AtiEel ZEo) ToIFkL YL, FT SH0
A1} $RO HNFS LS AAEY BTFHS TRUS K A
) Bolo] 2 HulE SAEY Jo] TE RIZOoF A5
A, H4E, U234, ¥EF, g 28, AR, SUEss o
2 A7lo) A2 e 8 4 JUrFY. EHQ FTolg 2
ZIQ1 ABIEANOP W § & A2 FT ElMZolA
Hore ZASKE £33 AAEA QAlE 0] YTt T WM E
A8} AAE ZNHOE AKsH= €T 0] QXY Rrlohgl,
A ©7) 2Ue 2E5KE F8 QAR LAMCE”. E§F A5} &

o AZl 286l 4 B8R, ARl 6ikE, renind] 24], &
9 wid 58 8 sk= A2E LA’ Amanz 52 1F

o HHollA 43l AT dAE L AFY 70l REFHOE
AdAECie A 2t I8 418 A4 3 84 oA
Al NG-Nitro-L-Arginine methylesther (L-NAME)E +Z Wl
BojghH A €3 £5, 4 7159 o4 S @A TEYol ¢
A5 gt o] AEAlE NO-JEH T8 MiAjoli] B
A geo] detdst §E BESIL IEIIFE 7FH] 9
gl det 2ol 5Q¢ JE8E dhe AFVIsY HER 83
ol FWFE ATt

G L

1 &
1) 4HEE
AY BES AF0l o 200-250 g@! 4 Sprague-Dawley

WA (MEl Z, 4L )8 B 18 AISE §%0
HA] 79159 metabolic cagedl] AZAIY] & UEo AP
HEL 572 E o] 8GINLE HEE FoolA &2 o
o, B4k wiAol] BESu|AE HEYY 200 ng/kg/dayS TS
HED, L-NAME RojZ Tgeg /st I8 Wi,
L-NAMEZ Z8Ug Fust 5 35 2| BiFSuixgE 100 ng
/kgE FOIBt WA (L-NAME/TY-1 dose), 200 mg/kgS F
S WA (L-NAME/TY-2 dose)Z 74 GIHTE EThAn ME
olxgl 4glA A MEE dASle TEYE Fakshs L-NAME
100 g2 E 12Ei0) 34481 12 mg/ke/dayS A SIRCL
2) Y9 AZ

7t Evkadel YEsSnAgE 58 27 260 gt S/
1250 M E BZ717t GRIE 44 ERA T B 5 12087 71
ST 800 mt F&E FHAE 3000 rpmF 3027 A4 2
3l ge Hgag 24 ARSI BxE REEE 35 mg/nd
(1 dose), 70 mg/mé(2 dose)yzs T2 Eol 50 F oie) 100 mg/ke
(TY-1 dose), 200 mg/kg(TY-2 dose}¥ 21&Tol AF £ 3IACL
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Table 1. Prescription of Taekunyukmijiwhang-tang

ot o g o % 3 EHg)
EH A} Alismatis Plantagoaquticae Rhizoma 160
X Rehmanniae Glotinosae Conquitae Radix 80
A Dioscoreae Qppositae Radix 80
AeR Cornus Officinalis 80
ELEE Poriea Cocos Sclerotium 60
SCHI Moutan Radicis Cortex 6.0
s g 520
3) Ak

WNE AIFEA 23 Holo 828 & U metabolic
cageol] @o] 1 F HZAR] £ HY S AZEGIICE 589 iR
717 ¢ 24 A7 Q& AFBIR O, HOIE, BE, caged ¥
4E 23 104]-114]0) AAIGIATE

4) AE

WAME scaffold€ ©HF5l0] 1 mMS) ethylenediamine
tetraacetic acid (EDTA)7} ZEE tubeol]l M S FAUTE AS
4 T, 1,000 golix] 1023} AAUEe) sl Eae el sied,
AE A7 EE BHSIATH

5) Al B ME

- Ayl AFE 3} bovine serum albumin, tetramethyl-
ethylenediamine (TEMED), glycerol, B-mercaptoethanol, glycine,
phenylmethylsufonyl floride (PMSF), tris (hydroxymethyl)
aminomethane (Tris) &2 Sigma (St. Louis, MO, USA) A& &,
polyacrylamide,  bis-polyacrylamide, = bromophenol  blue,
Tween-20 &2 Amresco (Solon, OH, USA) A Z-&, Non-fat milk
(NFM)= Difco (Spark, MD, USA) XMEE, Bradford Ajek2
Bio-Rad MIES AHSSINCE. of 4#ol AHE 3+ Na', K™-ATPase
ol thgl al3} $1 subunit A= Upstate Biotechnology (Lake
Placid, NY, USA) HEE, ecNOSS} iNOS &A= Transduction
Laboratories(Lexington, KY, USA) HMZ& AlR3ICl Horse
radish peroxide (HRP)-conjugated 2A} &A1= Amersham (Little
Chalfont, Buckinghamshire, UK) AZ& AFRSIKCE

2 g
1) @F creatinine W F3E 559 53

Q9 ALY creatinine Phillips E9) 9RO Z 2JJT
H (Spectronic 601, Miltonroy, USA)E o]&4] H& sl 1L, A3l
2 =5 = AE 247] (NOVA 4, Newton, MA, USA)E 0|8
A BB
2) 8AAF $2 NES (THO) 9 &7

g3 Q9 44RE BkE (Advanced
Instruments, Model 3900, Norwood, MA, USA)E O|&d &5
o & 2 41 o83l AlRIBIY¥CE

TcH,O = (Uosmol/Posm) - V T}, V = urine volume,

Uosm = urinary osmolality, Posm = plasma osmolality.
3) Y9 &8 ,

WAQ) g} SWolx Eele HEIUTE & wAE 37Co)
A] 20827} BIX)9 % wiA} IF ol &S, 2Ejoll pneumatic

osmometer



&2 - g - esdd - oleks - R - B0l - 88% - 018

sensorE F2A5}0] pneumatic pulse transducerdl@AS13 O,
0]Z sphygmomanometer preamplifierol ®Z3}lod polygraph
(Grass Model 7E, Quinicy, MA, USA) &0l 71E3l0 57) &
e FFarck
4) izl 2] W g7

WA E HEalo] /1A &R EsHe 2eld # 44 &
A0 e ARSE wirkAl 72Col BES) B3 U
E2 B W 2172} 250 mmol/L sucrose, 1 mmol/L EDTA, 0.1
mmol/L PMSF7} E&@ Tris-HCl §E89M(pH 76)0) W1
3,000 gollA] 38 FA3} SINct. FHSE E2H2 1,000 golA] 5
£, 10000 goiix] 1027 g4 AMEEBIA & =& Golglul,
3 & 2 AASIL & T FEED AUtk & Y ZEES
C}HA] 100,000 goil4l 1 &[7H BOF 11 A4 Re) si¥ct thid g
g2elsla Tl 5k 4 84 gRug FFEYQE o
Bradford 702 B sIXCh
5) Western blot £43

Western blot& THEZR AFolA THED] IR,
Na+K+-ATPase a1, 1 AHRQIA = 32 g9 A ZT} A& o]
8ol W71 E SKJrt. Thid blottingg sk ©lE A&
& Na+K+-ATPase al-subunito]] thdiilE 7%, Bl-subunitS
10%, ecNOSQ} INOSE 7% polyacrylamide resolving gelstt 5%
polyacrylamide stacking gel2 O] 20|71 Blg&d M7 |G E5HX]
(Mini-protean 3 cell, Bio-Rad, CA, USA)E 0|85l A718S
3l DR BRI EFE g blot moduleg 0]
25ld A7IQNESKY nitrocellulose membraned] §ZCl 0l
membraneg TrisZ 25T A1Q4(TBS)ol AL 2417HEQF TBS
ol &A1 5% FAY X 2FEA(NFM/TBS)oIA] blocking
31 2H, 2% NFM/TBSE Hzolil F&3} polyclonal anti-
Na’, K'-ATPase al, B1 subunit (1:5000)9} anti-ecNOSS}
anti-INOS (1:2500) X} FA SNollA] 44204 o AIRE S
W23 I8 tF2 membraneE 2% NFM/TBSoA} 2A17HS
¢} biotylated goat anti-mouse IgG (1:2,000)2} €14 incubation}
Frl AglE AE enhanced chemiluminescence® 0] &3k
QHlollAl Hyperfilm©E2 %=& A7 & dddsigtl. 242
image analyser (Imager III, Bioneer, Korea)& 0188k i
w3 g HI8IA
6) A Azej

AT VY RA8S 48 ZHUE Student's ttest}
one-way ANOVA test& 830 p 3ol 0.05 0)5le] 3 79
¢t Aol TABIRIL, HEAY EE2 mean:SE 2 YT

A2 3

1. gl vixle= g8

HZo 8 1, 2 3, 4, 5 65 & ZHF 1020:12,
116.0+1.9, 118.0:3.0, 119.0+1.9, 116.411.6, 118.8+1.3 mmHgZ &
& HEo] YUt F4 Mol BESTXBHE ©E Foigh
EZS UL 1, 2 3, 4, 5 65 ¥ 242} 107.0+1.2, 111.0+1.9,

1120112, 116.033, 111.03.3, 114.0+3.72 &t ¥ E0] RUck
L-NAME-§%& 189 ¥xFe) 8U4e 15 £ 1211437 mmHg
SF ATl vlsii RIS Y d&5S FEE 5+ A
(p<0.05), 2, 3, 4, 5, 65 F 717} 140.015.2, 140.6+3.8, 146.0+2.9,
1424136, 1420:34 mmHgE gglo] RASHH &3l
(p<0.05). L-NAME-F= N} WiXjol| 35F FRE| BTI0|X
28 (100 ng/ke/day)& FoI L-NAME/TY-1 $472 4, 5,6
Z & 7}z} 1325£2.7, 134.3+2.7, 132.0:24 mmHgE L-NAME
UE 2o agg Wil disld |osiA da Nt
(p<0.05). L-NAME-R &8¢l wiXo)] 35 ZRE] YFsu)X)
Y (200 mg/kg/day) L-NAME/TY-2 A2 E 4, 5, 65 & 2}
2} 135.0+1.6, 131.0+2.4, 1332412 mmHgZ4 L-NAME CI5%
o et ATl HlahA RS e 0] AAEe
At (Fig. 1, p<0.05).
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Fig. 1. Effect of the Tazekunyukmigiwhang-tang (TY) on systolic
blood pressure in different experimental groups in rats. Contro!,
control group: TY-2, TY administrated in the normal rats: L-NAME, L-NAME-treated
group:  L-NAME/TY-1 (1-dose, 100 mg/kg/day) and  L-NAME/TY-2 (2-dose, 200
mg/kg/day), TY was supplemented with L-NAME dunng the last 3 weeks *p(005
compared with control  #p<0.05 compared with L-NAME-treated group (n=6, each
experments).

2. AF %W AF )5 viijs 28
1) Bl ojxE Fet
A 717 B BE A 9iXTY ABHSE Ao WE
B712, 2t #19 fA xols Rolx] LUrt
2) QI 4% tjRs I

AY 717t 6F EQF L-NAME ©HE 5o L@Qt w39
2F UV)2 Zad vigld FaAsAl Zasiitt (p<0.05).
BTSN ©E R g2 47 Q39 xlojzt
R oM, L-NAME £ Tgel wiio] 355 Bl FIn|A8E
g EAl 2% L-ANME/TY-1 ®A3 3} L-ANME/TY-2 ¥4
9 Q2 L-NAME ti= £ 2t} |fo3t 571 2t
(Fig. 2).

85 453 skhe S gasnIgd o S o
3 BlaA] X017t ST L-NAME ©E S0 T8t Wiy
oA AFA =TIl {FU5H AiaHEE B 291,
L-ANME/TY-1 W23 L-ANME/TY-2 WiA{ZollkE 35
A BEHog 38 HAUr} (p<0.05, Fig. 2).
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Fig. 2. Effect of the Taekunyukmigiwhang-tang (TY) on urine
volume and osmolality in different experimental groups in rats.
“p(005 compared with control #p(Q05 compared wih L-NAME-treated group (n=§,
each expenments). Other legends are the same as 1 Fig. 1.

3) 2% WalE widdo) viAle EF

U7 B0 4T @F Na 4y (UNaV)2 @0l
gon, BFguXgEe BE Fo¢ xR HlnAl Ao)
7} G1%E). L-NAME 0] T8UmAT H4TFEE Q8 Na
WEY (UNavV)ol ZA FHUIL L-ANME/TY-1 @iiF
L-ANME/TY-2 $ixiZolAE ch] $Q8H4 38 88 Bart
(p<0.05, Fig. 3). 8% K i} (UKV)T} C1 miaE} (UCIV)e 2}
T FAUS Aozt YAt (Fig. 3).
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Fig. 3. Effect of the Taekunyukmigiwhang-tang (TY) on urinary
sodium, potasium and chloride excretion in different experimental
groups in ras. *p{005 compared with control #p(005 compared with L-NAME-
reated group (n=6, each experiments). Other legends are the same as in Fig. 1.

4) Creatinine A28 W S82-AMF +8 Mol vl

2} 2] wWiAMolAl creatinine A2 ZZSI 2 Hu,
L-NAME 50 D8I S oo BiTJn|A8Y d5 5o
B AR vlasis skl Z4asIHrh L-NAME ©5 &
of AEY WiF] AFINFEE SAl Foi% WAEE
L-ANME/TY-1 ®8237%} L-ANME/TY-2 WA} 7oA} L-NAME
Bo] Ty WA v aA) A5 SlE BT (Fig. 4). 8§
A-RNFEE NEFETH0)E S8 2 A3 2 2 Ro)
7} QAT (Fig. 4).

°]

2J

Ccr (mi/min/kg)

g
A

L-NAME L-NAME L-NAME
/TY-1 /TY-2

Cont

3

300 -
250
200 -
150
100

50

TCH20 (mi/min/kg)

Do

TY-2 L-NAME L-NAME L-NAME
JTY1 jTY-2

Fig. 4. Effect of the Taekunyukmigiwhang-tang (TY) on creatinine

clearance and free water reabsorption in different experimental

groups in rats. *p(005 compared with controk #p<005 compared with L-NAME-

treated group (n=6, each expariments). Other legends are the same as in Fig. 1.
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WAZT LANME/TY-2 HAZoME a7 o fdsm
318 3I%T) (Fig. 5). INOS 2@ 2 FU9} &loles RBIK ¢
At (Fig. 5).
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Fig. 5. Representative Western blots and densitomentric analyses
showing ecNOS and INOS expression in the thoracic aorta of
different experiment groups. Upper pannet 1, 2, 3 4 5 denole Confrol,
L-NAME, TY-2, L-NAME/TY-1, LNAME/TY-2 sequently. Lower graph © Control, contral
groups UNAME, L-NAME treated groups TY-2, TY-2 dose (200 mg/kg) adminstered
groups L-NAME/ATY-1, TY 1 dose (100 mg/kg! was supplemented with L-NAME during
the last 3 weeks L-NAME/TY-2, TY i dose (20 moskgl was supplemenied with
L-NAME durng the last 3 weeks: "p(0.05 compared wiih controh #p(005 compared wih
L-NAME-treated group (n=6, each expenments),

AUFolA eNOSY Tl &8 #dls L-NAMEE Foigh
IPY WAFolA ZaEigE, L-ANME/TY-1 wA2n
L-ANME/TY-2 #42oliE alsiA S=si%ct (Fig. 6). 4
) iINOS ch e {8 Rlol7t GIREY (Fig. 6).
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Fig. 6. Represeniative Western biots and densitometric analyses
showing ecNOS and INOS expression in the kidney of different
experiment groups. Other legends are the same as m Fig. 5 (n=6 each
experiments). * p(005 compared with controt
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Fig. 7. Representative Western blots and densitomentric analyses
showing Na+K+-ATPase ai-subunit and B1-subunit expression in
the kidney of different experiment groups. Other legends are the same as

in Fig. 5. "p(006 compared with controf groups #p<005 compared with L-NAME-Ureates
group {n=6. each experiments).
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Q& W UEE B Na’, K-ATPase a1 2HAS} p1 4
TAAQ e wE HElE £8% Al Na', K'-ATPase o &
DA Q) Tl U Mshe LNAMEE Foigh T Wil
A 7R B4 BUCHFg. 7). L-ANME/TY-1 @ixF3}
L-ANME/TY-2 ¥X120lA] ChA] B)&5h= dako] |8k L
ENTHFig. 7). Na', K'-ATPase B1 4RI A|9] W3H= 2t 7719
AT 2PIE B & UACKFig. 7).

Z

qg +F9 43 ol W 50 QI ol ¢
Z=ol £ dE 17y} S71gl wiel kdy) xjoet 7let @
A 28, 9 Y] vl Qs 18, Yy, AIXNES
B I 2 YE £71 Aol Ao} ABF O o)zt Ay
ol @3 Bo] AEF 1 Yri*M. Bp), THUS vlad 12
Fao]l M1 Y AAZAE Alol o]2XA LA HEA,
JUE, 4284, HEF, 4 &8, AR, s98s%s e
A7)l A7 £ae QEs ATP. ol olRE nEYe
ol EoioE TdE Bk o} FdS9l F Aol
7R B2 2oy £9) SIZ B3l YTk olET AEH uE
of I AE7F Hslojor & BQHo] Aok g xF2
55, g0l AXE ZEsL A7l mFd e Bxsim,
1 23 7138 o8] 7K ThE QAP EXlgitta geiA Ut
Y. xg e ¥R g Al uleh 28 = 22 4R
oA} MAEE 22 22X AL (NOYE WIlAE 9&
& ol¢ QX (EDRAZEMN S A8t 371 & AR w6
ch {1384 E Larginine @ ZRE] {884 gH 4 (NOS)oll
okl Y I A8l A4 FHEAE Y B AL E
B, 1 5 B/ N Eol FF REFA EBES ol
A7l 88k g3 uiFMEd A3 88 a4
(ecNOS, eNOS, NOS 1II)&= acetylcholineo] 2)3) &43}xlo} &
B2 ol ATIL YEIA UTH. E SR AISEA B &
ARE 858 A8EA Y F4F (iINOS, NOS I) =8 By
Aol Z48she AR UEIA UL Eetol BARIXIE &3t
I BT HACK?, ol Arsialat MEA9| guanylate cyclase
€ 843} A1A GMPY YHE F7IIA X3 JEAAE E3
FEe ol AFIA TP, JsAE w3 g 2 ohlel 4
A9 7158 £Esk: @ 598! QA} H7IT St Lahera
Y2 JslEa st a0 H] HEE ARAQ L-NAMEM 9
3 ArskEA MY EAE JAIBINE W WIHLE Qo] A
SHL 8F & siEd AFA ougo] 4TI B usIict
H-AEY AEY TUAT SR A BH Zdae ZEEQ
el A21E Y108 kA Bob'. weld o] AglolA o}
§3 ZU olgis 4skEAs §HE BlMYREoR Xptshe
L-NAMEE R2iglogn I3 84S FLsivch

EEAWHERES ARtERY T4N Zod, it
A BRE BECEI Nuolrl WA |uiXNFES BHNE,
HER FRBEAN BHRY SEEROY ESES NS

al

.89 -

2O1EY TEPUAY EA UF7IEA mXE g

IMERFIE, /\BRBRAEZ S 2EE0] A2t KR &9 /M
REpEl ol28 MEKECE NS $ESIUAM WiEKE
KRS, BriEis S8 BRIC 5l7) v Ao BRE
2 B, @Y% £, ZHIKE 58 NS fik BRER &
BN, SRR BBREN 8859 k™. suxge 5
SANBS WE B8, KHNE, SMENSIT ASE BEE
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