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Effect of Salviae Radix herb-acupuncture on rabbits with
Hg-induced acute renal failure

Lim, Chun-Woo - Seo, Jung-Chul - Youn, Hyoun-Min - Jang, Kyung-Jeon
Song, Choon-Ho - Ahn, Chang-Beohm

Deptartment of Acupuncture & Moxibustion, College of Oriental Medicine, Dong Eui University

Objectives ; This study was undertaken to determine if Salviae Radix herb-acupuncture (SRA) exerts
protective effect against alterations in membrane transport function in rabbits with mercury chloride
(Hg)-induced acute renal failure.

Methods and Results ; The administration of Hg at a subcutaneous single dose of 10 mg/kg caused a
reduction in GFR to 9.4% of the basal value and an increase in fractional Nat+ excretion to 10-fold, indicating
generation of acute renal failure. When animals were acupunctured with 0.5 m¢ of SRA extract (0.1%) in both
sides of Shinsu(BL23) for 7 days pri.. to Hg administration, such changes were significantly attenuated. The
fractional excretion of glucose and phosphate was increased to approximately 132-fold and 7-fold, respectively,
in rabbits treated with Hg alone, but the fractional excretion of glucose was increased to 26-fold and that of
phosphate was not different from the basal value in SRA-pretreated rabbits. Uptakes of glucose and phosphate
in purified isolated brush-border membrane and Na'-K'-ATPase activity in microsomal fraction were inhibited
in rabbits treated with Hg alone, suggesting that impairment in proximal reabsorption of glucose and phosphate
is resulted from a direct damage of membrane transport carriers and disruption of the normal Na' gradient.

Conclusions ; Such changes were prevented by SRA. Uptakes of organic ions, PAH and TEA, in renal
cortical slices were inhibited by the administration of Hg, which was prevented by SRA. Pretreatment of an
antioxidant DPPD attenuated the increase in the fractional excretion of glucose and phosphate induced by the
administration of Hg.
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Keaol (FAY BWS metabolic cageolr 29
7 EE F A% KR 6VIRIE IHOE 39 244
RS mEE Rt & Bo E#{E(Basa) &
T8 ¥ HgCL® 1B KETEH(Q0 mg/ke body
wt.) ] ZHBTEE FRE KRREHLZ, 7
d F< 0.1%8 HAZEEE 0.5mE Fill BRI
FFESS o AT § HgCl8 1E & TS (10me/
kg body wt.) 3t FIBEHENFCE T

MRS MRS K@l dsA &% KR 6
nlgl & 18oR sl 2447 Kol miks iRExste]
% B [FHEfEBasal)E 78 ¥ HgCl® 1M &
T4t (10mg/kg body wt.)dle] SMBFA2E F]
sto] KB|EHOZ, KHIEA 24417+ o] DPPD
(0.5g/kg in corn oil) & KA A3t DPPD
EENOZ TRIA

3) Ke m#&e] o

24N 7 [RE HgClz A F 24413004 4843
Abolol &SI, mES FRY A Wikl &
Eetgdoh BERE K mield &% creatinine
Lab., glucose(latron Lab.,
Japan), phosphate”, 1283 Na'(Frame phot -
ometer, Beckman)g& HIESSITE. MERGIGAR
(GFR)& creatinine clearance® FE3R L Na'
o PR AubAQ Ko HEHUC

(Iatron Japan),

4) BREBETAS ok

SHEAMAK 0.5mE Ml BRA EAR EF
HIER (Control) 3 KBRREH, FEREN KR
e RHANY F ZuiE HEE sy
140mM NaCl, 10mM KCl 281 1.5mM CaCls
E AT SEM RHAKE L0 AHEL H
Bkl BEWAA nES HNE BRE3S. Stadie
—Riggs microtomel.2 SHAl AE BREBEYR
(0.4~0.5m) € 130mM KCl, 1.5mM CaCls, 5mM

Na acetate 181 20mM Tris/HCl (pH 7.8)&
TAY 422 A Cross— Taggart &H#&l
fri sl Tt

5) Na'-K'-ATPase &t BIE

BRsEAN 2HEY  microsomal fraction®]
ATPase &#2 3mM ATP (sigma) & BHER &
A3 WA 2 microsomes HESN= T ATP7L
mASREY WY EEARS WEstd RrEst
Aok # ATPase iE#2S 100mM Na®, 20mM
K*, 3mM Mg®*, 2mM ethylenediaminetetra -
acetic acid(EDTA) 28] 40mM imidazole
(PH7.HZ HRE RSN mestdc. Mg
—-ATPase iE#S & ATPase EHEE WESH:E B
wUAA K& BAst thal ImM ouabaingd #ipn
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Na'-K'-ATPase #E#o2 sttt 37CHA i
#% 5% ¥ microsomal fraction® FHMmdtd K
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6) BBMV(Brush—border membrane vesicles)
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BBMV: Percoll-gradient® o] &8 et
The Mg” -iRREE R O MESHA H#st
Aot 2#¥ Vesicles® Vesicle buffere] &AHE
BEE 6ng/mE BRAA ~-70CAN ALY o7t
A EsAt BEES 7y —globuling FECE
AHg3te] Bradford 202 WiEstATh
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M ["“C]-D-glucose E& ¥PE &HH i)
(1:1022 #®&¥ membrane vesicle T&HK) -l
mst RES JRAEIRT 17 T KR ¥
100uE H3lq FReel sl 3¢ gAR
milipore filter (HAWP, 0.45mm pore size)Z %8|
A BEREECNA FA MENAT WERS EEHO
gt gz} F— BROZ olFold 5me
mHY BIEBKoR st 1.0mS methox -
yethanol®l ##3l9th. 10m< scintillation coc -
ktailS % F vesicleso] Bk¥ HstEES
liquid scintillation spectrometry(Packard T -
ricarb 300C)& ®REsFT}. plasma membraned)
BHEERS] EHRM #E8E 0.1% deoxycholate
S} ot EREES AFY ERBRIAM BER3
o WEsATt.

8) g

{%C]-D-glucose, %P, ['*C]-PAH 18z
[C1-TEAX Amersham International(Ame -
rsham, UK)#t2% €, DPPD¥ Aldrich Chemical
(Milwaukee, WDitZ 5 BASIIT TE R#ES
< iR R k&Y A EAsIIG

9) #atmeE

RBAES THECEERES JeERYoH, £
HiERY AEHES Student's t—testE FIMslA
RESIG L, patol 0.059UY o HER o=
AE3S .

m. Ag Az

1. $ORSRARS B
ABREEHS HRIOHEAK] EFEEY 9.4%=
FE¥sA ®MAa91(0.1141£0.02 vs. 1.209£0.1
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26 ¢/day/kg for the basal period), FHEREREE
9 HRMNARS EHEY 42.3%2(0.49%0.13
vs. 1.261£0.09 0/day/kg for the basal period)
KBEER v)s MERIEARS] BVt FES
Al Bk}t (Fig. 1).
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Fig. 1. Changes in glomerular filtration rate (GFR) 24 hr
following administration of mercury chloride {Hg) in rabbits
with or without Salviae Radix - herb—acupuncture (SRA).

Nephrotoxicity was induced by subcutaneous adm -
inistration of Hg (a single dose of 10mg/kg) and SRA
[0.5ml of 0.1% SRA extract inboth sides of Shinsu (BL23)]
was performed for 7 days before Hg injection.

Data are mean*S.E. of six experiments.

+ 1 p<0.05 compared with the respective basal value.

# © p€0.05 compared with Hg alone.

2. BHERENAM Na* #HEE L Bl 4
o WML

Na' £ Hits%e AREEHIAN 089+
0.55%014 8.93+1.26%% #EmmstRdovl, FTEHE
gl 1 WhfEEEsl 1.0110.64%404 3.94
10.98%2 ABEEH] vls Ho®Re] Bt
HESA Batth(Fig. 2).
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Fig. 3, Changes in fractional excretion of glucose 24 hr

10} [ Basal followingadministration of mercury chloride (Hg) in rabbits
M +Hg with or without Salviae Radix herb—acupuncture (SRA).
st Experimental conditions were of the same as in Fig. 1.
— Data are mean=S.E. of six experiments.
35 6 L « 1 p€0.05 compared with the respective basal value.
2 +# # 1 p<0.05 compared with Hg alone.
w
w 4r
: Bl BEMRTT B HtARAE Yelt
2t o Bse] i SRS ABREERAN AY
: == . | TUEZ BMASIOH27.93607 vs. 395+
' . 0.98% for the basal period), BRI
SRA +SRA P

E#ES) B899 tH(5.54£1.49 vs. 4.0810.25%

. for the basal period) (Fig. 4).
Fig. 2. Changes in fractional excretion of Na® 24 hr

followingadministration of mercury chioride (Hg) in rabbits
with orwithout Salviae Radix herb—ac - upuncture (SRA).

Experimental conditions were of the same as in Fig. 1. 1 . [ Basal
Data are mean=*S.E. of six experiments. 30k . .+Hg
* 1 p<0.05 compared with the respective basal value. §
# : p<0.05 compared with Hg alone. ‘é B
£ 0
KREBEHAN WEE T PEHRE 11,92 -
+1.33%2 F#ME(0.0920.05%) ¢ 132458 & w ol )
SHAXT, FEEEHE 286t087%2 EHE -
(0.11£0.09%) 8] 26f52 KEEER vl H 5t ' I-‘--—
7R FES BV A (Fig. 3). 0
-SRA +SRA
Fig. 4. Changes in fractional excretion of phosphate 24
1 -
5 * E‘B_;;al hr following administration of mercury chloride (Hg) in
12} rabbits with orwithout Salviae Radix herb—acupuncture

(SRA).
Experimental conditions were of the same as in Fig. 1.
Data are mean*S.E. of six experiments.

6 + : p<0.05 compared with the respective basal value.
i o # © p<0.05 compared with Hg alone.
0 -— 3. BBMVOIA HitosEst Bl Ry

-SRA SRA ko) BEREY WEBBY ol EENA
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ASMMO| SUWTE KE WAFENO DiXl= B

B Ao REH AN ARRER E
HHEH Contro) o} BREHEIN 2#$ BBMV
oA BEREY #Rel RKE BEsil

AEREY BkE FEHBRS 250.40112.09
pmole/mg/min, KBREHS 155.80£7.78 pmole
/mg/min, FHEFEEBANAE 184.3026.40 pmole/
mg/minZ Vet FIEEERC] KBEEN vl
FESA BwsdcHFig. 5).
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ce _|
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Fig. 5. Changes in glucose uptake by brush~ border
membranevesicies (BBMV} 24 hr following administration of
mercurychloride  (Hg) in rabbits with or without Salviae
Radix herb—acupuncture (SRA}. .

Animals were treated with Hg and SRA as described in
Fig. 1. Membrane vesicles were loaded with a buffer
containing 100mM mannitol, 100mM KCl and 20mM
Hepes/Tris (pH 7.5) and were incubated in a buffer
containing 50uM [14C]-D-glucose, 100mM mannitol, 100
mM NaCl and 20mM Hepes/Tris (pH 7.5) for 1min at 257T.

Data are mean£$.E. of six experiments.

* . p<0.05 compared with the control.

# 1 p<0.05 compared with Hg alone.

VA2 #e) Rk GA BEEERC] Ag
BRENROERESA R®Mmstdch FEHBHN &%
el Bk 155.40%6.45 pmole/mg/min®]il, Xk
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BREHINE 110.20£6.09 pmole/mg/min®) 11,
18PN E.145.9027.36 pmole/mg/min©] Y
t(Fig. 6). o
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Fig. 6. Changes in phosphate uptake by brush~ border
membranevesicles (BBMV) 24 hr following administration of
mercurychioride (Hg) in rabbits with or without Salviae
Radixherb—acupuncture (SRA).

Animals were treated with Hg and SRA as described in
Fig. 1. Membranevesicles were loaded with a buffer co -
ntaining 100mM mannitol, 100mMKC! and 20mM Hepes/
Tris (pH 7.5) and were incubated in a buffercontaining 50
4M 32P, 100mM mannitol, 100mM NaCl and 20mM
Hepes/Tris (pH 7.5) for 1 min at 25T.

Data are mean*S.E. of six experiments.

* 1.p<0.05 compared with the control.

# . p<0.05 compared with Hg alone.

4. Microsomal fractionOlAf Na*—K*—AT
Pase?| &t

k3Ro] Na'~pump®} i§ttol 3 BB S BRA3
7l A8 AERE 24N F BREEANN RET
microsomeolX Na'~K'~ATPased) &EHe HE
it S

ERHBIY Na'-K'-ATPase iE# 26.85
£3.24pM Pi/mg/hr, KBREH AME 11.02%
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1.88 M Pi/mg/hr, FISEERINE 17.99£1.92
M Pi/mg/hr2 FEHEHERI & Na'-K'
~ATPase &#2 KT/} FIP#EHEH] AREEN
of vls} HEA Bt (Fig. 7).
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Fig. 7. Changes in Na'-K'-ATPase activity in renal
microsomal fraction 24hr following administration of
mercury chloride(Hg) in rabbits with or without Salviae
Radixherb—acupuncture (SRA).

Animals were treated with Hg and SRA as described in
Fig. 1.

Data are meantS.E. of six experiments.

* © p€0.05 compared with the control.

# . p<0.05 compared with Hg alone.

5. BRERYFOIA PAHS TEAS BBEML

In vitroolA SERERES) MEHEBS FE
9% 4H{ay BEE BREBWHIA 7150
29  PAH(p—aminohippurate) &} #7]%0]2<l
TEA (tetraethylammonium) 2] %E BlIE S}

FHEEE gHdMe PAHY F4 SMie
14.96%0.55, KEMEBEMIM = 55210388 #l
fE o, FEgERAMNT 98310688 AR
EER) v|8) HESHA #ms ot (Fig. 8).
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Control Hg H

Fig. 8. Changes in PAH uptake by renal cortical slices
24 hr foliowing administration of mercury chioride (Hg)
inrabbits with or without Salviae Radix herb—ac - upun -
cture{SRA).

Animals were treated with Hg and SRA as described in
Fig. 1

Data are meanES.E. of six experiments.

*» . p<0.05 compared with the control.

#  p<0.05 compared with Hg alone.

H&% @7t TEAY BelME debgd. iE
FHBE Yol TEA %k S/Mite 17.93%
0.54, KR|ERAME 8.4310.442 HHEANL
U, AEgEEHAMAE 13.0910.752 KBEEH
&) HE3HA Em=EAcHFig. 9).
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Fig. 9. Changes in TEA uptake by renal cortical slices
24 hr following administration of mercury chloride (Hg) in
rabbitswith or without Salviae Radix herb—acupuncture
(SRA).

Animals were treated with Hg and SRA as described in
Fig. 1.

Data are meantS.E. of six experiments.

* 1 p<0.05 compared with the control.

# 1 p<0.05 compared with Hg alone.

6. MEMLAIS BR

BEES £ SRS KERERIME 0.0
5+0.02%04 5.93+0.76%% ®msdoy DP
PDEERS 0.082£0.06%04 1.15£0.77%% &
st KERER] vls] HHE Bt HE
874 B AL (Fig. 10), BRI #ise] £
ety R KBEERIME 2.091£0.56%4 1
5.28+3.23%2 #mst e DPPDRERS 3.25%
0.55%°14 6.27+1.12%2 #mslel KiEREHI
vl8] Pt @t FESA B =N Fig.
11).

8t [ Basal
* B +Hg
£ 6
“Il.J «#
2 -
0 ‘
-DPPD +DPPD

Fig. 10. Changes in fractional excretion of glucose 24
hr followingadministration of mercury chioride (Hg) and in
DPPD -pretreated: rabbits.

Nephrotoxicity was induced by subcutaneous adm -
inistration of Hg (a single dose of 10 mg/kg) and DPPD

118

(0.5 g/kg, i.p.) was pretreated 24 hr
administration of Hg.
Data are meantS.E. of six experiments.
* 1 p<0.05 compared with the respective basal value.
# : p<0.05 compared with Hg alone.

before the

20 +  [JBasal

B +Hg

15

FEpnosphate (%)
s

-DPPD +DPPD

Fig. 11. Changes in fractional excretion of phosphate
24 hr tollowing administration of mercury chioride (Hg) and
inDPPD—pretreated rabbits.

Nephrotoxicity was induced by subcutanecus adm -
inistration of Hg (asingle dose of 10 mg/kg) and DPPD (0.5
g/kg, i.p.) was pretreated 24 hr before the adm - inistration

of Hg.

Data are mean=®S.E. of six experiments.

+ © p<0.05 compared with the respective basal value.
# . p€0.05 compared with Hg alone.

V.3 3

agEeoly BWe %KY Aoz BN XHS
ol2m'® & g K % H —B& 53 Ui ¥
o e BRECY. 1en B EEMES
KE - RS- Ao 59 AARKeE BES:
EERBE, EREEE KBRS 5 —HEY BERS
wwag?,



- The Journal of Korean Acupuncture & Moxibustion Society Vol. 18. No. 2. Apr. 2001.

AnEr2Y) FRS 34 nHend A3 BE
# WHE Y Ao HEE £ Aon, BRA
mEksRs Bnkgs] B2 3WE] ARiENa
go] KT EHo R FRAHEC] ALK &
Bes koe EMES Faks 9 A 97 K
HEBE At BR ZR 9 ERE i
U REo| 3% 1~20014 A$E AP me
R# EHZBUN)Y creatinined] Z#ME bHO=
Agd & 9ont® kol AR KBS 2
0~50%, AHH KE 3$ 60~70% ol2u
ol A 2097 WA Fa YT,

aEao ZNBAEL Bk, METH, MEFR
&, 28, RIA 5 He SetEHEl, HAM
&, FUAHS, SmitH 5o £AY kol & F
AL BEARIZE AEE, HERRE WPERE
So| 22 mEAsT AP,

B Smase] R kigdtl WS
BN BT A, B 3 BXRY B2e
2 Ao B RIER EAS R EWIEM
< F Af8] Beee ARy, REKES A&
NA ERE BHREEE BEREY —RoE, ot
BHEBEIS &R, BT, PR T Sk 3o B
HATORA e f4o] M2, Hidiol MHEs
AT o] FisAM HEsEe Re BIEE
5 glol Be @A - WU TE D Qo

B BERO &3 54 EAOE WEH, #
mE, mEste] ORF, DS, G, BHQe Hirtsta,
FHSL tanshinone, cryptotanshinone, hydrox -
ytanshinone, methyltanshinonate, miltirone, tas -
hinol, salviol, vitamin A, E §°] 9109, {&m#EF,
EOEH, Hil, AFm 5o %Eol N LEE, A
B, T, RS, mAR T, BE, BmEE A
%%, B, TR 59 kel ERE £ o0

AEEEd A8 Frze &7 59 E¥ ARl
of g FHEEEHES) REMMS} K+ creatinine B

MEel pn, M aldosterone®} atrial nat -
riuretic peptide®] MEES] M BE, &% 59
AR HARE BnEe ¥ FBER] FEY
mERE TR e ®E, #° 59 ABR
Aol vIXE B2 5ol Jon, &E #Y 52
F1E%Ho] rhabdomyolysise] ¢ ZHELEE
prikahe #E7 Avkn @Estm, 0 5ol ft
o) Bl o3 BRW LEREAN K%
o BBHIEE LTS &E3A

B&(BL23) = BR HRAZ R L
A 2~3 EM ffs 1 5ol ESH e
RE HESE ROt A WEER, KRl &
AR, BEF BKLEK BEBEEZ THES BE
B, Bk, B8 KE BB PR BEXKL €6,
BT, AKTE, 1, BE, B RE & Ehsae
o RHoE WY FRE thadg N,

KR HRARS SHWHEE FREC B
HET2Y BEk DU H%S] AMBEHAR, ER
MREe bgdael i@ KBS wES FFET
Hrsol 9o, At ARHES TRMRE B
of & BEM WEE FRAIW MRS vEZ
caobe] Hse M Hlol £THAFHT. o
A KBEE 3 EMMERES] BRKS oan
< H3HA HEmach

ojAb] HEEE wgoR K HRAM: ABER
o] HmHE s FFE AUFErR uHe
YES BA] AW FEY BRBL23) HED
frol FHEBES WiTS ¥ Pl HgCl® A
o AMETEE FHL HRBEAERS L, B
MREAA Na', HE 2 #me fetske] @
{t, BBMVelAN #&RD #R Rk =
{t,microsomal fraction®l4]¥) Na'—K'-ATPase
o &t Wb, BREEGANM f7lolL B E
1k, FigEmel o8 HEW T Bme] Ptk B
1t 5& WES ik widstsich
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RN SHRTE XE WARECH DX = W

€ HRelM HeCldl & FiEs (10mg/ke) & ¥
Br2Y HF4E Jehie HRiEaxe] BEd
A9 Na'd prttn®e) #me JozH(Fig. 1,
2). E¥ KBRE: HEES AR HsRy
BEs #meE YeEhdH(Fig. 3, 4). HEEIL &
B ENMARENN BRKHBE o] ARELS
ol o ERMRES ERY Hlol B’EWNEE
et

FEED AR EMMREANANY Rk RE
£ BBMVel BitRslol 9lm, Na'fkfitt &itol
MRA®, 1o FEEY sl Rk BoE
brush—border membrane®] #&i&#89} basolateral
membrane®] Na'-pump #E#S) EEMQ HBE
BET £ Aok A&z £ A%l BBMVelA Y
e B Bk Na'-K'-ATPase i&#ol
KE@Eel s BEEs) HEFHgo] Jebdth(Fig.
5~7). BBMVelA 9] #&kEs #i#e Rl B+
el M el BEET #Rse &idlE <A B
TE BEE(turnover rate)d] BWAelA B4 €
4 o)ty =& Na'—K'-ATPase &t e
Na'tk7rtt &iRfise] FEEH Na'o) REEES
doA HWAES BRE B E Eidt

HRE RV PAHS TEAS EMES X
REE AT FES BOAATDFig 8, 9). ol
AHEE7L basolateral membranel*] PAHS}
TEAS] BBHETE BT HAMREAN &
710129 NS BAANDE REkdct ol il
# ARZ Preuss” 5ol FolA EAE(24ng/ke)
o AEEs F 2AZ ojulel BREEETAAA
PAHS TEAS Rik7t A EE @Ed o Aot

E e A, AEgEc] KBCE FHE KR
o B WAKEF} MRYE MEMEE FE
A BWPAN7NE A2 Jeiktth FIERENS KR

EERC vld AR HREEARS #RAN

I, Na'9 PHESRE B4t =8 SaEs
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ol BhitE Biel] oi¥ SBEES BHIERR
+ brush—border membraneslA2l | BHHEY
Wty #iet Na'-pump i&E# EHRE AT
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