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Abstract
Deoxycorticosterone acetate (DOCA) is an agent commonly used to induce hypertension in animals.

Hypertension was induced by a tri-weekly subcutaneous DOCA injection of (15mg/kg) and 1%NaCl in drinking flu-
ids in uninephrectomized rats. SD rats from Crea Co., Ltd. Japan which had not undergone the uninephrectomized
operation were treated with DOCA and salt resulting in hypertension and renal injury. However, DOCA/salt could
not induce hypertension in Wistar rats from SLC Co., Ltd. Japan without the uninephrectomized operation. Both
strains of rats (SD and Wistar) were used in this research.

In this study, the effects of Gorei-san (Wu-Ling-San) analogue, Sairei-to (Chai-Ling-Tang) and furosemide on
DOCA-salt hypertensive rats were examined. Systolic blood pressure measured by a tail cuff was lower after the
chronic administration of Gorei-san analogue than in untreated DOCA-salt rats. In addition, the enlargement of the
kidney in the Gorei-san group was significantly inhibited. Furthermore, the amount of abnormal urine protein de-
tected in the DOCA control group decreased. The blood pressure significantly decreased in the furosemide treated
rats, but the renal injury was exacerbated.

Under DOCA treatment, TBW (total body water) and CPV(circulating plasma volume) increased subsequent to
renal sodium and water retention. In accordance to the increase in CPV, blood pressure rose in parallel. In the
Gorei-san analogue group, TBW and CPV were lower. Gorei-san may inhibit hypertension in order to control the so-
dium retention and a subsequent volume expansion by means of plasma expansion and increased extra cellular fluid
volume.

The present study demonstrated that consecutive treatment using Gorei-san was effective in DOCA hypertensive

rats.
Key words DOCA, Gorei-san (Wu-Ling-San) F25#H, Sairei-to (Chai-Ling-Tang) %3545,
Abbreviations CPV, circulating plasma volume; DOCA, deoxycorticosterone acetate; TBW, total body water.
acetate (DOCA) & &IE/K %= fFREEG4 % &, BHEIm
& = JEIE & 3E L, EEAIRMEROTMKEA 2, o1
EEELELFRIE L1, 20 DOCA-salt 7 » i3
Sy MICHLE a2V F 34 F D deoxycorticosterone HEOBHESMT® 7 VvEME LT, SERIT «- BEE

*To whom correspondence should be addressed. e-mail : maeda@med .kindai.ac.jp

NI | -El ectronic Library Service



Medi cal and Pharnaceutical Society for WAKAN- YAKU

Effects of Gorei-san or Sairei-to on DOCA rat 75

WEEROBREICEHEIN TV A, DOCA-salt 5 v b ic
BIABUHSMEORIEA # =X & LT, BEICER
ENfeF bV LA v EKRBRFICEREL, 512
DOCA 25952 itk + b ) v ADOFHIEMAD
Hamsh, BEREEELELTLEDEEIONT VS,
BEHED [RKAL JPEEED [RIRAL &, R
FRIFA DS TEDIPFTE LV, EERNDOKDH
HPRH2FEST ZIEHODH 2 2 Ehibh - TV BESID,
DT, EERNORBIOKE G REREAE L TR
Pt 2 FRBN & 3RS > TV 3B,

4E, o DOCA-salt 5 » b & BHEME £ 7 L&
MELTRHWADTIREL, EERRNOKS & RARBRE
WETNVESRL, EHOFKEIAEEZH B LU %D
HH D [HEEE | #1%5 L cBoffHERET L, &
FofEgic, MUk E L CORRE LS % ILEKT 2 H
Hie, v—7RRE T7o€ V] OFfIc2WT b
bR TR L, kb 2ERPEONIOTHRES 2,

KBRAE

(1) EBRHY

T8E D SD kM S v + (Je:iSD, BAZ L 7)) B&
O Wistar 525 » b (Sle:Wistar, HRAT Xz 1 —)
Z, FE22BTIC, BESE5% OfEET 1B T
fE LicobEBRICH L, KEBXUfEE (CE-2(H
Ko7 7)) REHBERS

(2) ERAEYSLIUEYIRSHE

OARF#MA T (Gorei-san analogue ; Wu-Ling-San
analogue) . iRiE (Ze-Xie, Alisma orientale JUZEPCZUK,
thiE - PU)IEEE) « ¥R (Gui-Pi, Cinnamomum cassia
BLumE, H[E « JAFEEHEE) « 7k% (Fu-Ling, Poria cocos
Worr, H1H -« EFEHE) - 45 (Zhu-Ling, Polyporus
umbellatus FrRIiEs, HE « {LEEE) « (9L (Bai-Zhu,
Atractylodes japonica KoibzuMI et. KITAMURA, FH -
EMREE) OBMK (BAKMASES B &) % 1:1:1:
li1oFRTRMLL (8 VERAE40~70g/H)o &
[FIEER IV 7o S B oA SRR, BHEBKTHYV
SNTWBE LD ERE B, THEHEHIE L,

@%7% % (Sairei-to ; Chai-Ling-Tang) : 4&#f (Chai-
Hu, Bupleurum falcatum LINNE, B[E - BL&EE) 7.0
g # 4 (Huang-Qin, Scutellaria baicalensis GEORGI,
HhE b EEE) 3.0 g - & (Ban-Xia, Pinellia ternata
BREITENBACH, W « HB&AE) 50g » 43 (Sheng-
Jiang, Zingiber officinale RoscoE, H1H « ZEFFEFE) 1.0
g * AZ (Ren-Shen, Panax ginseng C.A. MEYER, F1H -
BHREITEE) 3.0g - K&E (Da-Zao, Zizyphus jujuba

MILLER var. inermis REHDER, thE - A& E) 3.0g +
HE (Gan-Cao, Glycyrrhiza uralensis FisHER, 1/ -
WEEHE) 2.0 g « AL (Bai-Zhu, Atractylodes japon-
ica KoipzuMli et. KITAMURA, H[E - BibE ) 4.5g
k% (Fu-Ling, Poria cocos WoLF, fE « ZEEGEFE) 4.5
g * ¥4 (Zhu-Ling, Polyporus umbellatus FRIES, HE «
BRpaH EE)45g « IRE (Ze-Xie, Alisma orientale
JuzepczUuk, T - W) EE)6.0g » HFE (Gui-Pi,
Cinnamomum cassia BLUME, FE « [RREE) 3.0g %
~fERAL, 10f5BOKEMNA T IR S & b
L, R+ 2 KE LD (NET70g (& VEAR/
H) taxxy (B &) 2RV,

®7 v+ 1 F (furosemide) : 7 o £ 3 F (Sigma,
USA) OFKRZR W,

@Deoxycorticosterone acetate (DOCA) : Deoxycor-
ticosterone acetate (Sigma, USA) DJEER A\ 7,

O-G ik BEWAET (K 2.4g/kg rat/H) RUL%
58 (K 2.4g/kgerat/H) B 4% DEET, 7o€ I F
(39 120mg/kgerat/H) X 0.2% D EN & T HEEB K &5k
CE-2(HAZ v 7) iwiRhml, ThZThEREYIcHH
s 7, DOCA BABMAEKNICHBES S &,
15 mg/kg %# 3 BIFFRNESIC L O S L,

3) EB®AE

SDRBLUY Wistar 55 v b2 &4 5 8Ich, &1
BEEEEXEE GIL), & 2813 DOCA HIhiE 58 (9
PL), % 383 DOCA « A EEHHHEE5E (9IL),
55 41113 DOCA - 455 HRS5 8 OU©), Eo83R
DOCA - 7ot 3 FOFRRGEE OIE) & L1, EEBM
IR L O XBRDE 1 L5 28IC D>V T CE-2 AR
, OBt >VLTHRA DR S EE 2 RERAK T e
F CTHHERS 0, EREGL D 7TAM, SEHEEO
HE5Z, SHEHT HOLLEBRBGB 2EB LD, 5 2~5
BT 13 DOCA ZRIAIMICRS L, [ERHCEbKE LT
1% Bk x* HHERsY, F 1 HOEETHEEICE
DOCA Ofb 0 IcEHAIEKERERS L, ke
LT 1% &aEKEe OmEN s &0, EBREEKLSEAH, T
55 DOCA #BEMig% THREOFKRIIKEL —F 1
R CRAMBR L, SEREET- 1,

4) AEBEESLUHE

EERFAGIE L 0 1 MOMEE T, KEEME, LK
DRPE (tail-cuff £, UR-5000, @ = F&UERR) 21T
i, @ERIRE Yy — Ui TUMREAR R, fokE, R
HEMEL 2, /2, EBREHETHAHBORPEASES
Kingsbury-Clark & TRIFE L, [EECAEENBKSE
(total body water, TBW), fEERIMTE T (circulating
plasma volume, CPV) OHIEEIT » 2o T v b BIRE

NI | -El ectronic Library Service



Medi cal and Pharnaceutical Society for WAKAN- YAKU

76 J. Trad. Med. (Vol.20 No.2 2003)

o, BBEAECHICHELTEEREAEL, BRE
DFER (%) 2EH LT

RAZEOEOAE (Kingsbury Clark i&) : #EIR 1.0
ml & 2 k4 Y F VB (3g/dD) 3.0 ml %iEF L1057
R E %, SEtEEr (OD660 nm, U-2000 Spectropho-
tometer, A BI{ERT) THRIEL, BEERKOMBELHER
BEErEH LI,

EHERBKkSE (TBW) ORIE @ EK (D0) %= 1.0
ml/100g BW BEEANEF I L 5L, B5%07H
oIt D0 B % S ILEEE (FT-NMR JNM-EX
270, HAET) TEBL, DOOHFREL VLT OR
T35y MEE 100g 720 © TBW (mD) K7,

.
D20 5 &(mD % 100
Mz D20 B (%)
TBW (ml/100g BW)= %100
5 v MEE(g)

EEMmMHEE (CPV) ORE 1 02% =NV R T —
(EB) 0B AR /KEK % AKEL00g 729 0.10ml % 1
BHENEBEL, BENRICERIML T GLBEA & LT
YRR, SEEL It o EB &% SR EE R
(OD620 nm, U-2000 Spectrophotometer, H 3L & AERT)
THIE Lt, EBOFREL VL FOKTS » HMEE 100
g H1-0 D CPV (ml) ERD 7,

EB /51 & (ml) X Standard OD

Sample OD
CPV (ml/100g BW)= X 100
5y MEE(g)

(5) HETREBHE
FhZhoERICBVT, ERBLGBHOKMOBE
EREL, Fisher O ZEEIMEH & U Wilcoxon © 2
MitREE BV, BRELZSBLTE LIS

wm R

1. HREYMOEFEARICELITEERES, £¥i5,
7o+ FOER

SD%35 v rOEEEWNBE CIERKR TR T2AILE
LT, DOCA B 5B CIIERMIG S BEE
LeEBICRL IIEFO>HFELVIEKFEEZEI L THE
L, ERETHOEGERIIT8% &7 »7, DOCA -
7o+ 3 FEABRSETIRERBMES 4, THEBIKRX
1S HoMERICE L WEKIFE R LTRT L, £
B THEOEERIZET% &>, LL DOCA - L
BMEHFHAKRESEB LU DOCA « EFGURKRSE
TRETHIEED S, EBRETREI TRHAEFL 7o

—7%, Wistar %7 v b3, £FIEBRKTHE TEREL
7= (Fig. Do
2. BREZX(L

SD% 5 v MicBWT, DOCA BRERBEHL Y 7 o
I MBI L AKERDSE L, ERPEDEEL
TIEME (p<0.01) %2R L7, DOCA « HEHE L B H
BEHEB LU DOCA - EXEHHAKRESH CRIEEMR
BLEOMIcEZRDIL -1z,

—7, Wistar 5 » bicBWLWTE, 7043 FRE
L ARERDERSA ONEPEBRETRED - 12
(Fig. 2)o

wH, MPHK v b ELIC, ERARGO 1S
DEAREZ, SHMICERIDUI -1,

3. mEZIt

SD %5 v MBI AUUEHME &, EERBALS 5 8H,
T4bhb DOCA#HSLER L v, DOCA BikE5H T
EEWBEICH~EFRLZ EF (p<0.01) HREDLHE
ER TH & Tl L5 L7248, DOCA » RS EZE SR
BERBLIUDOCA. 7o+ 3 FHEHEBERTE, M@
FEo FRsimE (p<0.01) Ehtc, DOCA « £EZEH
HSE<cRr, SAFCERLMELEME»ED SN

(2) SD ® 0

Normal

100

DOCA (Control)
100 BN

DOCA+Gorei—san

100

DOCA+Sairei-to
100

0
DOCA+furosemide
100

(b) Wistar

Normal

0

100

DOCA (Control) :
100 22

DOCA+Gorei-san

100 £

DOCA+Sairei-to
100

DOCA+urosemide 0
100

0 2 4 6 8
Treatment periods (weeks)

Fig. 1 Effects of the administration of normal, DOCA (control), DOCA

+ Gorei-san analogue, DOCA + Sairei-to or DOCA + furosemide on
the survival ratio of SD rats (a) or Wistar rats (b) during experimental
periods.

These represent the average of life-span after the start of experiment
consisting of normal, control, Gorei-san, Sairei-to or furosemide.
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Fig. 2 Changes of body weights of SD rats (a) or Wistar rats (b) given
with normal (), DOCA (control,®), DOCA+Gorei-san (O), DOCA
+ Sairei-to (A) or DOCA + furosemide ([_).
Values are mean = S.E. *p<0.05, **p<0.01: Significantly different
from the control of SD rats.
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Fig. 4 Changes of pulse of SD rats (a) or Wistar rats (b) given with nor-
mal (), DOCA (control,®), DOCA + Gorei-san (O), DOCA +
Sairei-to (/A\) or DOCA + furosemide ([JJ).

Values are mean = S.E. *p<0.05, **p<0.01: Significantly different
from the control of each rat group.
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Fig. 3 Changes of systolic blood pressures of SD rats (a) or Wistar rats

(b) given with normal (H), DOCA (control, @), DOCA + Gorei-san
(O), DOCA+Sairei-to (/\) or DOCA + furosemide ([]).

Values are mean = S.E. *p<0.05, **p<0.01: Significantly different
from the control of each rat group.
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Fig. 5 Changes of urine volumes of SD rats (a) or Wistar rats (b) given

with normal (), DOCA (control,®), DOCA + Gorei-san (O), DOCA
+ Sairei-to (/) or DOCA + furosemide ([JJ).

Values are mean * S.E. *p<0.05,**p<0.01: Significantly different
from the control of each rat group.
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Fig. 6 Effects of normal ([_]), DOCA (control, @ ), DOCA+Gorei-san
([-]), DOCA+Sairei-to () or DOCA + furosemide ({ifj) treatments
on the total body water contents of SD or Wistar rats.

Values are mean & S.E. *p<0.05, **p<0.01: Significantly different
from the normal group of each group.
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7z (Fig. 6)o
7. fERMmEEE (CPV)
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B LU Wistar 27 » b3 DOCA B 58 <1,
EESBEICHNERSEMARD NI, T O
DOCA#5ic & SD% 5 » + T3 0.9ml/100g BW (p
<0.01), Wistar %7 » b+ T3 0.5ml/100g BW (p
<0.05) Fo& A4 DO EEXBE L O CPVEEEML
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U DOCA « £EE0FHE 5 g, DOCA &5 CPV
OEIMOMEMER ZRL, 7o+ 3 FEEEH T
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Fig. 7 Effects of normal ([_]), DOCA (control, B ), DOCA+Gorei-san
(£+1), DOCA+Sairei-to (g ) or DOCA + furosemide (fii]) treatments
on the circulating plasma volumes of SD or Wistar rats.

Values are mean = S.E. *p<0.05, **p<0.01: Significantly different
from the normal group of each group.
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Table I The % of wet weights of various organs in the groups of SD and Wistar rats.
Group Brain Liver Kidney Heart Spleen Adrenal ! Thymus
(%) (%) (%) (%) (%) (%) | (%)

SD Normal 0.38370.023 | 3.254%0.059" | 0.300%0.013" | 0.2540.012° | 0.182%0.011° | 0.005410.0002 | 0.05470.012
Control 0.37310.004 | 3.751%0.130 | 0.603+0.042 | 0.356£0.014 | 0.284£0.014 | 0.0062F0.0005 | 0.058+0.005
Gorei-san 0.37920.011 | 3.419%£0.087 | 0.513+0.028* | 0.341+0.009 | 0.237+0.013* | 0.00560.0003 | 0.078£0.013
Sairei-to 0.4001+0.012 | 3.5480.094 | 0.557£0.015 | 0.357£0.012 | 0.283£0.022 | 0.006810.0004 | 0.062*0.011
Furosemide | 0.426+0.007 | 3.992+0.262 | 0.83620.073* | 0.38710.022 | 0.308 +0.038 | 0.0082F0.0014* | 0.054+0.010

Wistar  Normal 0518+0013 | 3.074£0.092 | 0.329770.005 | 0.25670.006* | 0.189+0.006" | 0.0067+0.0003 | 0.078=-0.004
Control 0.5461£0.009 | 3.3360.030 | 0.3920.012 | 0.31810.007 | 0.282£0.008 | 0.0069£0.0005 | 0.0847%0.005
Gorei-san 0.5860.013 | 3.241%0.119 | 0.427%0.014 | 0.315+0.004 | 0.29210.008 | 0.0072+0.0003 | 0.079%0.002
Sairei-to 0.568+£0.012 | 3.3351£0.053 | 0.4080.015 | 0.315%0.006 | 0.274£0.009 | 0.00670.0002 | 0.103%0.009
Furosemide | 0.564%0.031 | 3.267%0.039 | 0.506%0.021° | 0.337%0.009 | 0.293*+0.016 | 0.00740.0004 | 0.068=0.004

All values are expressed as the mean = S.E. a : p<0.05, b: p<0.01 : Significantly different from the control of each rat group.
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Fig. 8 Effects of normal ([_]), DOCA (control, [l ), DOCA+Gorei-san

(F5]), DOCA+Sairei-to () or DOCA + furosemide (fiz]) treatments
on urine proteins of SD or Wistar rats.

Values are mean £ S.E. *p<0.05, **p<0.01: Significantly different
from the control of SD rats.
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B EERBEORSEEIE FA/BEE L, BB, 55
TH+20t VEHBR T0g/BETH B30T, EBRHYIC
3= F 2H| 24g/kgerat/H&E %= fEHREFI U B HER
I, Bl L TOREHOE N ERHERIHHEIZXD
TH5EH7T, 20~80g/HEREHOSEIH - 72h
e B & [EIRRIC 2.4g/kgerat/ H DS & L 1,

SEOEBRTIE, BRI LTHDOSDHZT v FEEA
T2y —tO Wistar 25 v bE2HW, 59 DR
R & 5 DOCA-salt DM D E W % LEIRETS L 72,
Z DFER, WERDOCA-salt B SIME € 7 v E# O 1E#
I 1XODOCA &5, @ftkikE LT NaCliAKE5 2 5
&, QR BB IKEAmITIEMMNBESINT
WD A3, SDRI v FAEHWKES, QOUEAITS
C &7 < DOCA-salt §IMAEAFIEL oo TD T &1,
SMEEFMERD D DERFENSEEE L, F1,
BT L 2 ERBY~ORBEISBETEE L0
HRTHHETHA EEDON S,

EhHTRbE b L, BABAOEEREGPEY I
THORIGHDOEVWATERL, (1= EDHEEST ML
CIERT B, SEIERICHVWISDRS » MiE, &b
EERHNEKENEZVRETHS B0, KBEOMEIEA
BT ENTEE, Thiextl, EERNKOTEEH KAEE
bORKFIERG L1c & CAREDOREN B ST,
EREBY O 120045 L RBBEETREB VW, &
DERED LS CHYORKIT L - THRAEDRIEZ B
VIOBERENREIL A &L, EHEOE A K
ERCTRITT AV 2 EREY O RKOERICE
BEUEENPVLETHEEELONS,

BEHEOHRE L L CHRED 7o 3 FEHW N
DOCA #5ic X 21ME LF & IHI L7 b oD, DOCA
BN S EIC 517 5 TBW 2 CPV O¥in4 & & 1c
XE/cy, ERBEDCRTHNRESIHT 25L, HESHL
REEEREZRLIZ, COERLD, DOCA-salt &
FZ v b, MEEFEEHEHT 27220 TIRIREOREK
DUNSTY, EENDOKIEP KOS HIKELIEFE(LT
ZLEDHEMEIVEBETCHLEEZ LN,

SD% 3 v Mgk i 5 DOCA B 5 8 & DOCA -
7ot I FFRBREHOERPHTORTRAL L TR,
BRoOEE, REAORK, BEKEERENEETHS
LD, BREkLBbDEEILSNS, —F, DOCA -
AEHMEHHRREHEB LU DOCA « X EHRAKRSE
B, ERUMDORTHIES <, TBW 2 \ik
CPV icxts 2 EHEALIER, IRbhEQRORKLING, &
HBOBRORER E o ZOEMHEMNED b, %
ZERIABHENERBOEFI TH B I b 5T,
HEEANOKODHLHEBICRETIERHIAFIHER I

RiEd, DOCABSIKL3MELLFOMEER bW 3
PHTH T KETNVEMICHT 2 AEMELESED
FHOZER, BICEFRILFFIE L IFROEVWE T TR
154, EZBOoRICEE N ABELAORKEEDIE
APREhcOBMKS OMEERESBEEREL TS &
Hboh s, HED L I AE 4 OBRHIESED/ER 4R
DOHEBEMEHIZ DO TR AR ENE L, & 5155850
WETH G,

SIME R & CRZEh 2 @A BARIES 3 Meths
RAEVESIMEE AR S » b (SHRSP) &, Na o #
RBEICLY TBW 2 CPV S BOERMES » +
(WKY) ik~ BEICEB%RT, <O SHRSP %4£H4
RS PRFICEELZEZLLTVWEKkEBEEFTNVLAL
L, AZBEHAHES L& 5, TBW & CPV RIE
WALL s, M ERMBIERPAED T X 3 TED
WEMFAREETRB O AR THE L, —F
SHRSP ik B+ B L1254, EEHoBSIcL o
EEROGER S L CEGBRIE NI &%, L
SO FRE L TWVWE, TNODREREL D ASHOME
HELT, BREHRELY, HEORBCBEOHEEL
EEICHE L 20 WE T ZEHRZ L, AEKER
BEWCE D —BHIC B E A2 &k LEERKON % E
HLT a@zicky, DLTRFKEZD LDEEFELIC
BrbOEBEHOH B SN B,

BIEL0 3, 5y boNAEy —AEEEEALERE
5L AVP OWTTHEIC & 0 ZRIREZ 2L, ¥,
5y —VIIEAET S E AVP UMETFIC X D BFRICHK
BH, EEEOREICLD VWTFNOBAKBVWTHIEE
{CERDBRED SN ERE L TW B, FiElOIK AL DEER
BRIzBWVWTH, AEH#E, SHRSP O AVP @ %
ETFs4, WicmbOEMRER LE Y (ANP) 218
TR, FLAERO DOCA-salt 5 v MiTBWT D,
M#F AVP e 215180 2 Eh o, AEE, %55
® DOCA-salt 5 v b4 2FME, VKT - T
BRRIA O OIERERIEL, AVPP ANP L ED
TV EVROMIMAET Y PO —LF BT EIC KD AEEE
AL & B 2 afgEtE R & rs,

—%, EEEKT » MIBVLT, ASHEMEES T,
CPV #¥nx €39 5L, BEricsLT/koEBHE%E
ZAb S & B HEEMNBIS L TV AARE bRl h 3,

PromBE Lo, #EFOFPKEIZ DOCA & SiMmE
EFNEYD L O ICHEEPIKRHEE S BRI L,
BUMELHETEELDEEIONS,
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