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Effects of a Chinese Traditional Medicine, Ssang Wha Tang, on the
Pharmacokinetics of Sulfobromophthalein in the Rats of Hepatic
Failure Induced by Carbon Tetrachloride
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College of Pharmacy, Seoul National University, Seoul 151, Korea

Abstract-Effects of Ssang Wha Tang (SWT), a blended Chinease traditional medicine, on the pharmac-
okinetics of sulfobromophthalein (BSP) in the rats of hepatic failure induced by carbon tetrachloride were
examined. The disposition of plasma BSP in carbon tetrachloride-treated rats (Group I) and in carbon
tetrachloride+SWT-treated rats (Group 1I) followed a three-compartment model, while those in control
group followed two-compartment model. GOT, GPT level and some pharmacokinetic parameters like plasma
clearance but except distribution volume (Vdss) recovered in Group II compared to Group I. Therefore,
SWT seemed to have an apparent restoring effect of hepatic function damaged by carbon tetrachloride
treatment. From the fact that Vdss of BSP in Group 1l was rather larger than that in Group I, the
replacement of BSP-plasma protein binding in Group II was considered as an one of the probable mech-
anisms. More intensive increase in BSP-free fraction (fp) in Group II than that in Group I might also
explain the increases of BSP clearance and Vdss in Group Il compared to Group I. Assuming no changes

in hepatic plasma flow(Q) in each group, hepatic intrinsic clearance(CLY,,) decreased in Group I did not

recovered not at all in Group II. Therefore SWT seemed not to have any restoring effect of true hepatic-
function to biotransform and excrete BSP, and the apparent restoring effect of SWT might be due only to
the replacement of BSP-plasma protein binding. Whether fp is actually higer in Group II than in Group [,
and Q is constant in each group are being examined in our laboratory. The changes of Q, which might
lead to another conculusions, also should be taken into consideration to clarify the apparent hepato-
restoring effect of SWT.
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Table I-Composition of crude drugs used to prep-
are Ssang Wha Tang, a Chinese tradition-
al medicine.*

Crude drug Weight(g)
F17%38 (Paeoniae Radiz) 9.37
B35 (Rehmanniae Rhizoma) 3.75
# X (Astragali Radiz) 3.75
% B (Angelicae gigantis Radiz) 3.75
i 2 (Cnidii Rhizoma) 3.75
¥ E(Cinnamomi Cortex) 2.80
H  #(Glycyrrhizae Radiz) 2.80

* Blended crude drugs were extracted with boiling
water for lhr and the final volume of the extr-
act was adjusted to 180ml. For more details, see
text.

Hynson, Westcott and Dunning
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Table II-Dose schedule.

\GE\\& 1 2 3 4 \5 6

1. CCL® DW< 4-CCl, DW DW DW DW+CCL DW
II. CCl,+SWT¥ SWT+CCl, SWT SWT SWT SWT+CCL SWT
III. Control DW+-olive oil DwW DW DwW DW +-olive oil DW

a) CCly solution was prepared by dissolving in equivalent volume of olive oil and injected intraperitone-
ally at a dose of 0.5ml/kg rat. ) SWT (Ssang Wha Tang) was prepared freshly as mentioned in text
and administered orally twice a day at a dose of 3ml/kg rat. ¢) DW which means distilled water was adm-
inistered orally in the same manner as group II. (3ml/kg rat).

HEES8Y WN2A—AIFEL CCLAYE, CCL+43 Y FoF, d&2F9 37o2 v
7 74 3uteld oz s} Table II9} 7ro] CClLA 2 F-2 CClLed (oliveo] 1: 12 412)% 1ml/
kg¥ 3 o3t 5dA F ul BRFAN A R FHE 6UAAA 647 5F 234 (o}H 104, A
4 64) FF5Gml/kg) & AFFA89t. COL+43g FofFL 5d3 CCLY & Iml/kgd 3
g 5dA F i BAFANe A FRE 6dAZA 647 55 234 (oFF 104, A 64])
#39 Gml/kg) & ATFAstAh. AEFE olive oilahg Iml/kgd R &3} 54 F o ¥
FAR s A FHE 6dAA 647 3F 234 (o}F 104, A 64) FF4Gmi/kg)E A
THA3H e A T 3] AFFA F 484 7to] AHF FL AHeA )

A5 W ratd] F5& AZ KOB TS 93 L9702 49AA FoAses gHe
183+ o

GOT-GPT&X —Reitman-Frankelt]'® o 2 24319 ch. ofe} o TdA ANFH o] wek A3
g g4 FEse A2 24 0.2mlE Y GOT =& GPT £HY 1mlE 3dto F8464
37°Cx GPT+ 3027k, GOTE 147 ¢ wheA7 F 244 ImlE 77 slats 2o 4
207t WA 3=t 0.4N-NaOHe 10mlE 7tste] & 42 o8 /45 d22 oo 374 505
nmol| A FFEE 243t AZMY karment}g] & ¢4l

HYS| HHFAT A2 647 CCLM A3l =& FH4EF Fo4F 5 48470 A3ty
+ W ratd W2 nHAZ F, #FS AEHE 59 L AYe] FTeloeal Fu (PE-50, Intram-
edic®, Clay Adams, U.S.A)=Z 7}s) g] (cathether) & AFql &t & 30804 wWxsle o}3 7} 3 &3
& 9 GOT-GPT &4 & o 0.8mlE gy FHoz Hg AHgct. S A 5o
1 W/V%H A %9 BSPY 2ml/kg(20mg/kg) & AHFAlstdch A2+ 1, 2, 3, 4, 5, 7, 10,
15% A2z, CCLA= T 2 CCL+43e £o4F2 1, 3, 5 7, 10, 15, 20, 30% 7Aooz
o o 0.3ml¥ ¢ HEF FHo ey A3tk d AHF Foll & heparingg (20 LU.)E 4
A FHel el dol dv FAE FE Aol "ol Gk A A T HAE L BEeA
rate] H&& A |FAAA FAH

S§Ee MF—THdA A2 FAE ¥EY rat 370 s AL YA G FY wyo
2 ratd vl A7 F dade] Zeldwe 32 (PE-10, Intramedic® Clay Adams, U.A.A)E, o
=7 el e PE-50FEZ Jtel e & AFIE ¥ 308 ol 4 WA st wFH s} JEHUL W Yol
At g BSPY 2ml/kg(20mg/kg) & AW FAlstg et Al F RS 10, 20, 30, 40, 50, 60,
80, 100, 120, 150, 180% ZH o= wiAd=le] Yo 2 25EF¢ Eodayl &7l HAstdr). o)
A% 259 P& 2FY 5L 12 2578 A9 9F FFoz Ly f4sgd. 8
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of udte] CCLF-o o] oA FdFuldaFe]l F24 (@<0.0DAA &3t o AaE 7
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o Fol e CCLAZ T vatd & FFdae] A4 (p<0.06) %A 3 &G H=E Aok 28
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Aol FEEE & F AR

BSPo| #EE 5E=50|—BSP 20mg/kge A9 F43 - BSPY #AF w530l i 2
gtzo] ZZEs Fig. 29 vk 28 ZoA EfS M-MULTIZ 2 281208 o] &3o fitting
3 Aot J2F(H)L 2-FHEAE mdd, CClL, A7 ([H) 2 CCL+%3le EdF
([He 3-FsEME vyd 14 & fittings ¢l v}

Fig. 22 H¥ CCLA & g Foz BB BSP2ALTE dzFod] ulg £94
Table III-Effect of Ssang Wha Tang on GOT, (<0.0D A RFojxH, CCL+#sg F
GPT in the rats treated with CCl,. Aol 93 £ALETs §94 (p<0.05) YA 3
D E58 skt e} Table f9 GOT-GPT

GOT?

b) .
‘ orT o Fig. 19 9304 A A9 sisix e
CCl, r30L.7+ 5.5+ i—245. 6+ 9.27 A3 T J2EF FL EH levelzrlx
l I A JEAA BAE R 273
COLASWT  420.3+17.60 F1e03ti0.90 o oo ARAA FAL XRA A23% 4
|| 11 3 B FAT Aelede A48 £94 (p<0.0D)
Control L108.0% 2.9 L 350+ 3.6- g 27b Fol A4+

a) Every data means mean+S.E. of three expe-
riments. 5) Karmen unit. *p<{0.05, **p<C0. 01

= 279 4% BSPY FEo]s} 2-2
GERE 2hz2 HAd% 9 wstd OCLA
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Fig. 1—Cumulative biliary excretion of BSP in
three groups of rats after intravenous adm
inistration of 20mg/kg rat. Each point 0 : TR 20 ' P
represents the mean+S.E. of three rats.

*x

Time { min )

(CD CCl,, (A) CCLASWT, (O) Co-
ntrol rats. * **Significantly (p<<0.01)
different from the control group. **Signi-
ficantly (p<0.05) different from the CCls-
treated group (Group I).

4%, CCLtastd Foojqs 3-F3eq

Fig. 2—Plasma disappearence curves of BSP after
intravenous administration(20mg/kg rat).
Each point represents the mean+S.E. of
three rats. Curves were calculated by M-
MULTI-program.’® Control group was
fitted to 2-compartment model and other
two groups were fitted to 3-compartment-

E gz fAdges Hot CCLAEC &) model. %
BSPe] #Au St A WL ¢ F 9 () CCL, (A) CCLASWT, (O Co-
ntrol rats. *, ¥*Significantly (p<{0.01)

Ack BSPE & K2 wAdsA ge FEd
Ao HH wFol & ojelg BSP Fej Y
WElE T2 3 5T dFoze wWiol
A3 T Bgse Aoz AAHAG F 43
g2 CClol A8 ZANE A=AE 3BAA FE Aoz Bevh Table § 5} Fig. 18] A7
ol &4 3 28 Fx fodxn AAdo

different from the control group from 5
min after injection. **Significantly (p<
0. 05) different from the CCli-treated group
(Group I) from 5 min after injection.’

UEETEH Ni2IHEI] WE—-Fie ftting¥ol vt 7 FoiAe] BSPY &2EA  slebd
g% 73 Table No) e gt CCLA ] o3 Vdss(BHAd £284), AUCEHFFE

TATF 9R), Kp@ 48 FHEdER L9 Mg £2445524F5) 4 Cls(2g Falojata)E
#2914 (p<0.0D A H3taln, VdssE 493 speb 52 CCLA- %3 Fod 93 94
(0<0.05) QA 2T ez FFRE ¢ F AR Vdssubd #4318 Foo] J3 279
B3 A% ol e 5ol AAE vEidn. IqE Ve < FolEMESY £4)E 37
A dstelA gkt 2AL MR 4% Setdg 3o Wk diAde 238 JFrle &
. qrAdE FEEXEZEA LR F3T I4uE AAEE 244 A g #Hsle QA= £
AH ey 2@ gk,

@ B2RgH Vdss2| Hst—CCLA =) o8 Vdsse §94 (0<0.00)JA F7Htg e olst
2o #AL CCL+A3 e FATAA oS dAse d=d 39 A9 2244 Frstg
ojs} L AH4 L & FAesleE, faid AUCYH CLs ¥ K, 28] GOT-GPT 2 dFud =%

Vol. 98, No. 4, 1984



&g -

AAE -

427 A4%

Table IV-Pharmacokinetic parameters calculated with a two or three compartment model
(BSP 20mg/kg I.V.). #

Parameters CCly CCl,+ SWT Control
A (pg/mD) 256.20 +43.25 200.64 +42.14 421.49 +13.00
B (ug/mD 292.05 =+45.79 356.56 +29.65 153.66 +24.70
P (ug/ml) 5740 4 535  30.00 + 3.32 —
a (min~Y) 0. 6043+ 0. 1808 0. 7579+ 0.5031 0. 5411+ 0.0374
8 (min-1) 0.2137-+ 0. 0104 * 0. 2488+ 0.0052 0. 1268+ 0.0148
z (min™?) 0.0329+ 0.0014 * 0.0299+ 0.0008 —
Ki; (min-?) 0. 0843+ 0. 0440 0. 0957 0.0273 0. 1419+ 0.0133
K1 (min1) 0. 4409 0.1424 0. 5901+ 0.1337 0. 2388+ 0.0345
K3 (min™?) 0.1011=% 0.0108 0. 1049+ 0. 0094 —
Ka (min™) 0. 0591+ 0. 0046 0. 0492+ 0.0020 —
Kio (min™?) 0. 1655+_07)(E **0_1—9(_5;54( 0. 0100 0.2901+ 0.0074
AUC (pg+min/ml) 3650.51 99, 40 2042. 32 +90.29 1982.61 +18.63
Ve (ml/kg) 33.12 + 1.49 33.56 =+ 0.60 34.82  0.91
Vdss (ml/min kg) 91.22 =+ 3.50 *108 %5 -+ 4.45 56.40 + 4.31
CLs (ml/kg/min)® 5.47 4 0.15 _**?é? + 0.21 10.09 =+ 0.09

a) Each group consists of 3 rats (280-£10g). Results are given as the mean+S.E. For A, B, P, «, g and =,
see text. For other parameters, see reference 20. b) The systemic clearance (CLs) was calculated by the
equation, CLs=Dose/AUC. *Significantly (p<(0.05) different each other and significantly (p<{0.01) different
from the control group. **Significantly (p<{0.02) different each other and significantly (p<{0.01) different
from the control group.

Sold e 48E B E d4o D e Folsieh
2 gA2 ARE YAE AelE BeI e AWe) AMsttz 4490

Vr

Vdss=Vp+ i M

d7lof Al Ve 82 #2A (real volume), Vi ##h(=extravascular space) 2] g4 o}n,
fo 2 i1 24 AR5 24 5o £AsE BSPY k& 4% (free fraction) & viebi .

CClell 9& A4d e Al S48 A A H &8 gzrue shit, Igad?o o
3t CClL b4 7-43) ol A= BSP9) 7hA o} Yk (hepatic cytoplasmic protein, Y fraction) s}
o] Aol oAt gt wEhA B Ao AR e AHox ZaHE
Aolx &g Aog A4, 28 ER CCL AT glojAe Vdsse Frte fp9 H712 &
AT F ool gtz A F CCLA = &) okrlg s ol BSPY F3 Ay
whi] 12,20 q] albumin®] Zio) A& A gA o] A st=| o} BSPe} albuminze] 2 go] Wolxl Az
fe7t T71E Aoz F35H

28} CCL+45Hg FolZol A Vissrt 254 g3 28 o4 298 A 453 3¢
o &3 albumine] B FAo] B F A= U] HEolety BAss] olHo}. 9 kstsd Table]
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st Fig. 14 & wsh 2o] #atge COlol 9% 244 E A%AA F2 37| AFoleh e
A HE g Fod 93 Vdsse] 7} A ozd:

R, 4B Fodol 8 29 albumingy sl5o) A¥Ye) HE YFF albuminyre] T
H(BSPY frE Z2AA & ADE BRM2E 3¢ 2 BSP-albuminiel Aol Folelrlol
oo A% (replacement) )& A4 42 4 AT 5 483 @ o] BSP-albuminfs] A gl
AGS o ook Fret) Aol Vdssrt 6% Zobetg e @ ARl ol9A Azsted Vesh
Vs $URA® (A7 459} Olsml/kg rat) % 2 TAAY Vdss AYAE DAl Ashod
g 72 A2, CCL AHZ, COL+r43a Fo214 47 0.012, 0.051 % 0.0692
2 gl AYE ¢ 4 eh(Table V). 22} BSP-albumins}s] AFE ARAAE Fdol 4
sgol 4§49 4¥dA, ohim A Folo] @ o9 UAA B4 9AF FEA £
Az 2 g4 E40l BSPY 44%EA oo AfAE d w24 Fe%eA gk
A, ARl g8 ZAEZ F Y BSPY Aol d2IdA Bdx Frishs]
A A7 69 BEE A% BT St onz A% #U¢ e HE Agolnz 4%
.

i o

Table V-Effect of fp increase on the CL;.: of BSP in each group when constant hepatic plasma
flow (Q) was assumed.?®

fo/fr fpsCL%ne CL%;,: Ratio?
Control 0.0129 (1) 14.63% (1) 1
CCl, (Group I) 0.051 (4.3) 6.58 (0.45) 0.10
CCLi+SWT (Group II) 0.069 (5.6) 8.27 (0.57) 0.10

a), e) Calculated from Eq. 2 on the assumption that hepatic plasma flow Q is constant at 32. 5ml/min/kg
rat? in all groups. 5) Calculated from f/d. Calculated on the assumption that fr dose not change in
each group. ¢) Calculated from Eq. 1 using V,=45, Vr=915ml/kg rat.?” d) Ratio of ¢ of Group I or II
to that of Control. ) Ratio of ¢ of Group I or II to that of Control.

Key: fp; free fraction of BSP in plasma, fr; free fraction of BSP in tissue, CLt;.; hepatic intrinsic
clearance of BSP in plasma.

® 2% E2|0j@tAe| Hs—Table WA A4 Fojzke CLsk CCl, FolFold #994
(0<0.0D QA FHEHRZ COL+48Y T FAAE H2TY ot 27 Eatgort 9
4 (p<0.0)UA H85Qch BSPY A% AREY 24L& 3¢ BF 2FNAdn o2
22 A4 2Peldat Tuz FEdoda CL'E Foi ddh 494 FTLEEd et

W fFEeolgdat dest e AWez vehd & ek

fp « CL"i,,

Cle=Cli=g g cih, "2

)

g7 A Qe 7S FHAshe AWE, CLh.& 29 EH F= o @ (intrinsic clearance) &
et &9 QoA Vdsse] W fp) Wsta A4t wked @4z F§ CClL
Ao 83 CLsg| 748}, CCL+43t7 FojAle] CLss &7 AE o] Wsltoz ART + 3
AE7HE A48 22 dd. & 7 FolA Qf 32.5ml/min/kg rat® 2 W3sl globx dhd
Table Vol 48] 2zt CLsgk-& QAo Wstey 7 ol A fp- CLhmgtg 78 & S I F
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d&2T, CCLAEF, CCL+43l8 2o FolA 22 14,63, 6.58 2 8.27ml/min/kgo] ddo}xth
(Table V).

0.051

addl Qe 2gel wem A b A2Tol ve A4 L( 0y ) 2 5.6
0. 069 e e os 6.58 N 27
( 0. 012’>7} Fstg e fe - CLY, 302 289 0. 45uﬂ( 163 ) 0. 57Hﬂ< 163 ) A

A#E A"t webdq CLh, & CCL Ag T3 CCLA#3lg Fd o Hzo] bz
0. 109 (z+ 7+ 0 45 0.45 o 0 57 A FHA)E A% o] fep(Table V). = Fre] WAF 2 )
AxHe] CCl 74?4°ﬂ «]611 7o 103 =2 Astsn], of 7% 43Es JE&5d d=
3 E5 A Uk FA5E Aol ojAAL glutathione S-transferase B¢l Yuiwlzl BSPzie
Ago] CCLAZ 8 Ast=Ecie P R4sA @ Z FmiE Q7 Wil ==t ¥
gatA vtz 7hg s, CClLA e 7o) 4] BSPY %%ailﬂﬂ/’* CLs7t Alstd A2 ¢4 A
B o] 718 zejsld AF CLhaot 9old vebd 449 Roldh = 43159 fifidl o
3l Clsr} 3l 55 d4& Q9 W3y, CCLA =) o4& Foja CLY,9 FEL zHsx g
e fp] F7HA.39 5. 6u)) o2 F¥35 AME 4 glglek(Table V).

o] 3 ©,@%& FIA 2Ad 2wl #43go] = BSP-albuminZ & 743 JgAA F5 &
42 oev FAXZ g A R il dss (CLh) & J8AA FE 5288 g8 Aoz 44
At

Ze v} g CCLEE rato A Q7 Astglds Ralt®s gong, #45es #He7]z
Zet B4 e daAdE Q 2 frel vAE GE 47 A Dot Aok 4
gt

to

# -]

COLA 2] W8 CCL+43g Fe1 79 GOT-GPT~} 2% (xsp5 4 (Table J)5 BSPe
& 2F Aol COLA Tl s 9ot CCOL+43E FTA 38 (EPE A Fig.
D, 1a11 CCLA 2 7o) 1 BSPS] CLss} 7-43+g 01} CCl+ 4348 5o Foj4 CLsy} 32 (=
A A Fig. Doz wol 43ge CCL, 240 JEAA FE A8o] dokz a5,
CCl 2485 #ohgo] HEAA F& AA¢ 2P v 323 2o

Az el vla] CCLA = Tol 4 Vdssrl 718 A 230l &% fo8) Z7h2 475, CClL+
43T FAFA ANt HBH £ LT Vs 9% Z/% AL, 49T FAAY
(2 A3hgFodo] 93 47 49 WA EAY LAF FE3D A4 £} B} =24 35
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