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Effects of Juzen-taiho-to in reducing
the side effects of cisplatin

Kiyosht SUGIYAMA
School of Pharinaceutical Sciences, University ol Shizuoka
(Accepied January 31, 1996.)
Abstract

The effects of oral treatment with Kampo formulations on the toxicity caused by 7.p. administra-
tion of 3.0 mg/kg/day of cisplatin (CDDP) 9 times (on days 3,4,5.6,7,8,10,11 and 12) were examined in ddY
mice which inoculated s.c. with sarcoma 180 cells on day 1. Co-treatment with 1.7 g/kg/day (10 fold
the usual daily dose) of a water extract of Juzen taiho to (Shi-Quan Da-Bu Tang, 1-4x AX4liih) once a
day 12 times (on days 3.4,5.6,7,8,10,11,12,13,14 and 15) prevented the nephrotoxicity, bone marrow
toxicity, hepatic toxicity and gastrointestinal toxicity of CDDP without reducing the antitumor activity
of CDDP.

Juzen-taiho-to consists of 10 herbs. Effects of these herbs on the CDDI-induced toxicity were
examined. Angelicae radix (Dang Gui, Toki) showed the strongest protective cffect on the toxicity
among the ingredients without reducing the antitumor activity of CDDP. Bioassay directed fractiona-
tion of a water extract of Angelicae radix resulted in isolation of a constituent having protective effects
on the nephrotoxicity : sodium L-malate was found to exhibit protective effects on the nephrotoxicity
(EDs, ; 0.17 mg/kg/day, p.o.), without reducing the antitumor activity of CDDP. The content of sodium
malate was determined by HPLC: 2.33 96 in Angelicae radix and 0.98 9 in Juzen taiho to. From these
contents and their activity, sodium malate seems to be an important constituent in the protective action
of Angelicae radix and Juzen -tatho to.

The pharmacokinetics of platinum (Pt) have been studied in the combined administration of CDDP
and sodium malate. The administration of CDDP in combination with sodium malate selectively reduced
renal accumulation of Pt and prolonged the half-life of non-protein-bound Pt in plasma. A derivative
diamminoplatinum(Il) malate (DPPM), which seems to be formed in the body following the administration
of CDDP and sodium malate, had an antitumor effect and marrow toxicity comparable to those of
CDDP but had no nephrotoxicity. This derivative was also detected in blood, using HPLC. These results
suggest that sodium malate, an ingredient of Juzen-taiho-to, binds to a portion of the administered
CDDP in the body, to vield DPM with less nephrotoxicity. Sodium malate seems to selectively reduce
the renal toxicity of CDDP in this way.

Key words Juzen taiho to, cisplatin, nephrotoxicity, sodium malate, carboplatin, Anglicae radix,
diamminoplatinum (1I) malate.

such as testicular, ovarian, bladder and uterine canr

Introduction cers.”” This drug has a serious disadvantage, how-

ever, in that it is associated with strong side effects

Cisplatin (CDDP, Fig. 1) is a platinum (I’t) com- such as renal toxicity, vomiting and nausea. " These
plex discovered incidentally by Rosenberg ¢f «l in side effects limit continuous treatment with this
1965." It has a broad spectrum antitumor effect and agent. In an attempt to reduce these side effects, large
has often been used to treat various solid type cancers, amounts of intravenous fluids and/or diuretics are
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Fig. 1 Structures of antitumor platinum compounds.

often used in combination with cisplatin, but these
measures have not yielded satisfactory results.””

The present study was undertaken to search for
Kampo medicines which would reduce the side effects
of CDDP through systematic study of the efficacy,
active mgredients, mechanisms of action and roles of
combinations of herbs.
I. Animal model and efficacy assessment
1. Establishment of animal model

In clinical application of CDDP, patients were
given from 10 to 50 mg/m*/day of CDDP twice or
more times.” ' Acute toxicity of this drug can be
reduced considerably by using large amounts of intra-
venous fluids and/or diuretics. However, its subacute
t()xicit_\'!] has not been reduced with satisfactorily and
has become a serious problem. Thus, we attempted to
establish a mouse model for the study of the subacute
toxicity of CDDP.

Fig. 2 shows the model we established. The ddY
mice with implanted Sarcoma 180 (5-180) were daily

given a dose of CDDP (3 mg/kg/day) for 9 consecutive
days. Biochemical and histopathological studies of
these animals revealed symptoms resembling those
121

T Of

- 13 .
markers of nephrotoxicity, =~ the blood urea nitrogen

clinically known as toxic effects of CDDP.

(BUN) and creatinine levels showed a 4-fold and a 2-
fold increase over the normal levels, respectively, and
urinary volume decreased by 42 94. Of the markers of
marrow toxicity.m the white blood cell count (WBC),
the platelet count (PLT), the relative spleen weight
and the relative thymus weight decreased to 29, 27, 60
and 24 9% of their normal levels, respectively. Of the
markers of hepatic toxicity, sGOT and sGPT rose to
approximately 3 times and 5 times the normal level,
In addition, the body weight and the
9% of the
normal level, respectively. The stomach weight (in-

respectively.

food consumption decreased to 65 9% and 3

cluding the weight of gastric contents) increased to 4
. 1i
times the normal level.

2. Efficacy assessment of Kampo formulations
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Assay

Experimental design for examining the effect of Kampo medicines on CDDP induced

Five week old, male, ddY mice (average weight, 30 ) were used (n 10). Mice were inoculated
with sarcoma 180 (S 180) cells in the left thigh s.c. on day 1. On day 17, blood was collected
from the inferior vena cava. and biochemical data were measured. CDDP ; ¢is diamminedichlor-

oplatinum (1.
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Table I Prescription and experimental dose of Kampo formulations.

Kampo formulation Dase® Prescription (g)

- taiho-t Angelicae Radix(3), Hoelen(3). Glyveyrrhizae Radix(2), Ginseng Radix(3),

: lrl/iuj\ ﬁ;;?,)() 1.7 Astragali Radix(3), Cinnamomi Cortex(3), Cnidii Rhizoma(3). Rehmanniae Radix(3).
LA Paeoniae Radix(3), Atractylodis Rhizoma(3)

Toki shakuyaku san 14 Angelicae Radix(3), Hoelen(d), Atractylodis Rhizoma(4), Paeoniae Radix(4),

(Vb RO ' Cnidii Rhizoma(3), Alismatis Rhizoma(4)

Hochu -ekki-t Angelicae Radix(3), Glycyrrhizae Radix(2), Ginseng Radix(4), Astragali Radix(i)

hu-ekki-to L . . . . .

(:T ILIL ) 3 1.4 Zingiberis Rhizoma(l), Zizyphi Fructus(2), Bupleuri Radix(1), Atractylodis Rhizoma(4),
6 Aurantii Nobilis Pericarpium(2), Cimicifugae Rhizoma(l)

Hachimi jio gan 11 Hoelen(3), Cinnamomi Cortex(1), Rehmanniae Radix(5), Dioscoreae Rhizoma(3),

[ R HIL B ALY i Alismatis Rhizoma(3), Moutan Cortex(3), Aconiti Tuber(1), Corni Fructus(3)
. . Hoelen(d), Glyveyrrhizae Radix(1), Ginseng Radix(4), Atractylodis Rhizoma(4),

Rikkunshi-to e L . N e . ,

Jrn 0.8 Zingiberis Rhizoma(l), Aurantii Nobilis Pericarpium(2),

(AL 05 Zizvphi Fructus(2), Pinelliae Tuber()

Chorei to 0.8 Hoelen(3), Polyporus(3), Alismatis Rhizoma(3), Talcum(3),

U3t i) ) Asini Gelatinum(3)

Gorel san 05 Hoelen(5), Polyporus(5). Alismatis Rhizoma(6), Cinnamomi Cortex(3), Atractyvlodis
(IR Yivel - Rhizoma()

Ryo kei-jutsu kan t \'
,\()p\ill I]Iu st R o 0.3 Ioelen(6), Glyceyvrrhizae Radix(2), Cinnamomi Cortex(4), Atractylodis Rhizoma(:})
SRl

Boi hukm'\'o to 01 Hoelen(3), Glyeyrrhizae Radix(2), Cinnamomi Cortex(3), Astragali Radix(h),
CBl L (47 . Sinomeni Caulis et Rhizoma(5)

301 ogi-to Lo Glyevrrhizae Radix(2), Astragali Radix(5), Atractylodis Rhizoma(3). Zizyphi
(B UL o & ’ Fructus(3), Zingiberis Rhizoma(3), Sinomeni Caulis et Rhizoma(3)

Shimbu to 0.4 Hoelen(d), Atractylodis Rhizoma(3)., Paeoniae Radix(3), Zingiberis Rhizomal(3).
i) ' Aconiti Tuber(1)

Fach experimental dose for animal was calculated on the basis of each yield of the water extract of Kampo formula-

tions. a) Ten times the usual clinical dose (g/kg/day)

Because serious toxic effects of CDDP occur in
the kidneys, marrow and gastrointestinal organs, we

selected those Kampo formulation  known to be
effective on the urinary system or to have tonifying
effects and assessed the effects of these formulations
(Table 1).

Fig. 3 shows the results of oral treatment with
each formulation at 10 times the usual daily dose.
Each formulation was prepared by extraction in hot
water and subsequent freeze-dryving. The BUN, a
marker of nephrotoxicity, showed an approximately 4
fold increase after treatment with CDDP alone,
compared to the control level. This indicates the onset
of severe renal disorder. When CDDP was administer-
ed in combination with Juzen-taiho-to (Shi-Quan Da-
Bu Tang, -4 Afiliiv), Toki-shakuyaku san (Dang-
Gui-Shao-Yao-San, 14/ #4%), Hochu-ekki to (Bu-
Zhong Yi Qi Tang, flith 5% i), Hachimi-jio-gan

{Ba-Wei-Di-Huang-Wan, /AU 1), Chorei-to (Zhu
Ling-Tang, 3 %5 4%), Gorei-san (Wu-Ling-San, [i.557%0),
Ryo kei-jutsu- kan-to (Ling- Gui-Shu-Gan-Tang. ¥
HolL 1T or Boi-bukuryo-to (Fang-Yi-Fu-Ling -
Tang, B\ (%45 %), the increase in BUN over the
control level was prevented almost completely. The
effect of these Kampo formulations in reducing the
nephrotoxicity of CDDP was comparable to that of
furosemids, a frequently used diuretic.”"

The antitumor effect of CDDP was slightly in-
creased by the combined use of tonifying Kampo
formulations (Juzen-taiho-to, Toki-shakuyaku-san,
Hochu-ekki-to), while it was reduced by the com-
bined use of Kampo formulations acting on the uri-
nary system (Chorei-to, Gorei-san, Ryo-kei-jutsu-
kan -to, Boi-bukuryo-to). Furosemide reduced the
antitumor effect of CDDP more markedly. These

results suggest that the mechanism of reducing the
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BUN (mg/d}) Tumor weight (g)
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Fig. 3 Effects of Kampo formulations on toxicity and antitumor effect of CDDP.
Experimental protocol is shown in Fig. 2. Kampo formulations (10 times the usual daily dose /day )
or furosemide (20 mg/kg/dav) was administered p.o. to mice once a day 30 min before CDDI /.p.
injection. Each value is the mean= S.E.(n-10). Significant difference from the control group, ### : p
<0001, Signifficant difference from the CDDI alone group, * @ p <005, #=: p<T0.01, =xx ; p<0.001.

toxicity of CDDP differs between tonifying Kampo to reduce the toxicity of CDDP by some other mecha-

formulation and Kampo formulation acting on the nisms.

urinary system. The latter type of Kampo formula- I1. Effects of Juzen-taiho to in reducing the tox-

tions seem to reduce the toxicity of CDDP by promot- icity of CDDP

ing the urinary elimination of CDDP through its diur- Fig. 4 shows the dose response curve of Juzen

etic acti(m,]“ similar to the mechanism of the action of taiho to. Oral treatment with Juzen-taiho -to (freeze-

furosemide.' " Tonifying Kampo formulations seem dried extracts) at a dose level of 1.7 g/kg/day (10
8
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Fig. 4 Relationship berween the dose of Juzen taiho to and its effect in reducing the toxicity of CDDD.
Juzen taiho to (017, 0.85, 1.7 and 3.1 g/kg/day) was administered p.o. to mice once a day 12 times.
Each result is the mean=S.E. (n:10). Significant difference from the Juzen taiho to alone group, ## :
p< 001, #2£ : p<0.001. Significant difference from the CDDP alone group. = @ p <005, »*x : p <0001,
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Table 1II TPathological changes'in kidneys (HE Staining).

Pathological changes Groups : Normal CDhDP CDDP - JTT JTT
(Animal No): (n-9) (n=8) (n=9) (n 9)
Grade: — + + ~-- - & = - - = + -- I
Cortex
tubular degeneration/necrosis 2.7 0 0 01 4 3 72 0 0 9 0 0 0
tubular dilation/cast formation: 35 10 0o 0 5 3 6 0 3 0 8 1 0 0
changes of glomerulus: 9 0 0 0 8 0 0 0 9 0 0 0 9 0 0 0
Medulla
degenertation of IHenle's loop : 9 0 0 0 70 1 0 9 0 0 0 9 0 0 0
tubular dilation/cast formation : T2 0 0 4 2 1 1 8 1 0 0 9 0 0 0
Interstitium
edema : 9 0 0 0 6 0 2 0 9 0 0 0 9 0 00
cell increase 9 0 0 0 8 0 0 0 30 6 0 42 3 0

Experimental protocol is shown in Fig. 2. Mice were sacrificed on day 17. Kidneys were removed, weighed. and
processed for light microscopy. by routine histology.

-+ negative or within the borderline of normal variation, * : slightly positive, = : positive, + - strongly
positive.

times the usual daily dose) resulted in approximately
normal BUN (a marker of nephrotoxicity), WBC (a
marker of marrow toxicity) and body weight. The

other markers of toxicity were also improved mark-

edly by treatment with Juzen-taiho-to at a daily dose |_I |_|
. i 3.0 mgrkg/d
more than 10 times the usual dose. The antitumor _ :
effect of CDDP was not affected by this Kampo for- e CDOPaone Y
Y

mulation at any dose. — (DPPeuznEhoo 1

4.5 mg/kg/d

Table II shows histopathological changes of the O T

o o e ,~ ) > . o i 1001 T
kidneys. Treatment with CDDP alone resulted in 7.5 mgkgid
moderate to severe degeneration and necrosis of the
renal cortex and tubules, accompanied by ureteral

dilation and cast formation in a relative narrow area.

Survival rate (%)
=
|
|

These changes are identical to those reported clinicak o

ly.H‘ " When CDDP was combined with Juzen -taiho-

to, these changes were prevented almost completely.

1
. - . . 9.0 mg/kg/d Y 12.0 merkg/d
Fig. 5 shows the effects of Juzen-taiho-to in i
reducing the toxicity of CDDP administered in higher
doses. When mice were treated daily with 3.0 mg/kg

of CDDP, their death was first noted on the 19 th day,

10 15 20 25

and the survival rate on the 25 th day was 60 9. When Time (day) Time (day)

the same dose of CDDP was combined with Juzen-

taiho-to at a daily dose level 20 times the usual dose, Fig. 5 Effect of Juzen taiho to on lethal toxicity of CDDP.
all mice were alive on the 25 th day. When the dose of Juzen taitho to (3.4 g/kg/day) was administered p.o. to
. R . _ . . mice inoculated with S 180 cells 30 min before CDDP
CDDP was increased to 4.5 mg/kg/day, while keeping (3.0 12.0 mg/kg/day, 7p.) injection once a day during the

experimental period. All mice which received CDDP alone
at doses of 4.5, 6.0, 7.5, 9.0 and 12.0 died within 15,12,11.
alive on the 25 th day. When the CDDP dose level was 7 and 6 days after the initial CDDP injection, respectively.
All mice that received Juzen-taiho to and 3.0 and 1.5 mg
/kg/day of CDDP were alive 25 days after the initial
were alive on the 25 th day. At a CDDP dose level over CDDP injection.

the Juzen-taiho-to dose unchanged, all mice were

further increased to 6.0 mg/kg/day, 50 9% of mice

31
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7.5 mg/kg/day, the combined use of Juzen-taiho-to different days after the inoculation of S-180 cells.
did not prolong the survival period of animals any Nephrotoxicity of CDDP appeared on the 8th day.
more. The daily dose 3.0 mg/kg is close to the maxi- Marrow toxicity began to be noted immediately after
mum clinical dose used for continuous CDDI? therapy. the start of treatment. Weight loss began on the 8 th
Juzen-taiho-to was found to be capable of reducing day. When CDDP was combined with Juzen-taiho-to,
the toxicity of CDDP even when the CDDP dose is no change in BUN, WBC or body weight was seen at
twice the maximum clinical dose. any point of assessment during the treatment period,

Fig. 6 shows the effects of Juzen -taiho-to on suggesting that Juzen-taiho-to prevents the toxic

100+ 40
6
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c% 40 S * E
m ] ETS :
3 25,
20 XX
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0 T T ] 0 T T 1 20 T T 1
2 7 12 17 2 7 12 17 2 7 12 17
Time (day)

—8— Control —@— CDDPalone —&— CDDP+Juzen-taiho-to

Fig. 6 Time course of effect of Juzen taiho to on CDDP-induced toxicity.
Juzen taiho to (1.7 g/kg/day, p.o.) and CDDP (3.0 mg/kg/day, i.p.) were administered to mice
with § 180 cells once a day. Each value is the mean =S E. (n-10). Significant difference from the
control group, * 1 p<0.05, == p<0.01, =*+ : p<0.001.

BUN (mg/dl)
0 20 40 60 80 100

Control

CDDP alone

CDDP+Juzen-taiho-to ( 1 h after )

CDDP+Juzen-taiho-to ( 3 h after )

Fig. 7 Relationship between the timing of Juzen-taiho to treatment and its effect in reducing the
toxicity of CDDP.
Juzen taiho to (1.7 g/kg/day, p.o.) was administered to mice with S-180 cells after (1 h or 3h) or
simultaneously with or prior to (3h, 1 h or 30 min) CDDP treatment. Each value is the mean=S.E.
(n-10).
Significant difference from the CDDP alone group, = : p <0.05, #++: p <0.001. Significant difference
form the control group. ### : p<0.001.
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effects of CDDP.

Fig. 7 shows the relationship between the timing
of Juzen-taiho to treatment and its effect in reducing
the toxicity of CDDP. When this Kampo formulation
was administered simultaneously with or prior to
CDDP treatment, the toxicity of CDDP was reduced.
However, when the Kampo formulation was adminis-
tered after CDDP treatment, the toxicity almost
remained unchanged. The antitumor effect of CDDP
was not affected by Juzen-taiho-to irrespective of the
timing of its administration (data not shown).

Fig. 8 shows the effects of Juzen-taiho -to in
reducing the myelosuppression of carboplatin (Fig. 1),

RBC ( x 105/mm?)
0 2 4 6 8

] Il 1 i ]

Control h

CDDP alone

1996) 33

a derivative of CDDP with reduced nephrotoxicity.
Marrow toxicity, which limits the dose levels of carbo-
platinf“ “"'was reduced by the combined use of Juzen-
taiho-to at a daily dose 10 times the usual dose, while
the antitumor effect of carboplatin was not affected
by this Kampo formulation. The other toxic effects of
carboplatin were also reduced markedly by Juzen
taiho-to.””

We have undertaken a comparative study of the
effect of Juzen—taiho-to and some other drugs on the
CDDP toxicity. Furosemide (a diuretic) and sodium
thiosulfate (a neutralizing agent)m;' reduced both the
toxicity and antitumor effect of CDDP. Metalloth-

WBC (% 10%mm3)
0 2 4 6 8

1 Il | 1

Control

CDDP alone

CBDCA alone

CBDCAHJTT

iy

+ CBDCA alone
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Fig. 8 Effect of Juzen-taiho to (JTT) on CBDCA - induced myelosuppression.

JTT (1.7 g/kg/day x 12) was administered p.o. to mice inoculated with S-180 cells 30 min before
CBDCA (15 mg/kg/day) .p. injection 9 times. All parameters were determined on day 17. Each
value is the mean=8S.E. (n-10). Significant difference from the control group, *++ : p<0.001.
Significant difference from the CBDCA alone group, ## : p<0.01, ### . p<0.001. BMC : bone
marrow cells,
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jonein inducers zinc chloride” and bismuth subnitra-
te,% an antioxidant vitamin E " and lysosome mem-
brane stabilizers fosfomycin " and urinastain
reduced the toxicity of CDDP less markedly than
Juzen-taiho-to (data not shown).

Fig. 9 shows the effects of Juzen-taiho-to on P388
cells. The average survival period for the untreated
control (8 days) was not prolonged by treatment with

Juzen-taiho-to alone (at a daily dose 10 times the

No. of mice
W
.

Juzen-taiho-to alone

T T T
20 30 40 50 60

Days after Inoculation of P388

Fig. 9 Effect of Juzen- taiho to on lethal toxicity of CDDP
in BDEF, mice inoculated with P388 cells.

2388 cells (10¢ cells/mouse) were inoculated s.c. on day 1.
Juzen taiho to (1.7 ¢/kg/day. p.o.) and/or CDDP (3.0 mg/
ke/dayv, .p.) was administered to BDF, mice once a day (n

6).

usual dose), while it was prolonged up to 22 days by
treatment with CDDP alone. Treatment with a combi-
nation of CDDP and Juzen-taiho-to further prolonged
the survival period to 33 days. Since the survival
period was not prolonged by Juzen-taiho-to alone, the
prolonged survival period following the combined use
of CDDP and Juzen-taiho-to seems to be attributable
to the reduction of the side effects of CDDP by the use
of Juzen-taiho- to.

These results suggest that Juzen-taiho-to pre-
vents the toxic effects of CDDP, and that this Kampo
formulation is expected to exert the most favorable
effects when it i1s administered at a daily dose more
than 10 times the usual dose simultaneously with or
prior to CDDP treatment.

IT1. Analysis of active ingredients

Juzen-taiho to is composed of 10 herbs. Fig. 10
shows the effects of each of these herbs (freeze dried
extracts) in reducing the nephrotoxicity of CDDP.
Angelicae radix (Toki), Ginseng (Ninjin) and Hoelen
(Bukuryo) reduced the nephrotoxicity, and the effect
was comparable to that of Juzen-taiho-to when these

herbs were administered in amounts equal to those

BUN (mg/dl)
0 30 60 S0 120
. I S

Control [ " h I
CDDP alone 1 g
CDDP + Juzen-taiho-to

+ Angelicae radix T k%

+ Ginseng radix s e B

+ Hoelen Hokck

+ Glycyrrhizae radix o

+ Astragali radix
+ Cinnamomi cortex
+ Cnidin rhizoma
+ Paeoniae radix

7
T

+ Atractylodis rhizoma prZz2z2zzz27722 722772723 —

+ Rehmanniae radix

A A A A A A Ao A AT s

Fig. 10 Effects of ingredients of Juzen tatho to on CDDP induced nephrotoxicity.

All samples tested were administered p.o. to mice at a dose of 10 times the usual daily dose 30 min
before CDDP (3 mg/kg/day. i.p.) injection. The control group was treated with water (p.0.) and
saline (7.p.). S 180 cells were inoculated s.c. on day 1 and nephrotoxicity was determined on day 17.
[ach value is the mean=S.E. (n 10). Significant difference from the control group, ### : p < 0.001.
Significant difference from the CDDP alone group, =+ © p<<0.01, *++ : p<0.001.

Experimental dose @ Juzen taiho to ;1.7 g/kg/d. Angelicae radix ; 165 mg/kg/d, Ginseng radix ; 167
mg/kg/d. Rehmanniae radix : 242 mg/kg/d. Astragali radix ; 128 mg/kg/d, Glveyrrhizae radix ; 87

myg/kg/d. Atractvlodis rhizoma: 175 mg/kg/d. Cnidii rhizoma ; 123 mg/kg/d. Paeconiace radix; 93

b

me/kg/d. Cinnamomi cortex ; 28 mg/kg/d, and Hoelen; 7 mg/kg/d.
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contained in the Juzen-taiho -to. We made a general
assessment of the effects of individual herbs in reduc-
ing marrow, hepatic and gastrointestinal toxicity and
of their antitumor effects. This assessment revealed
that Toki plays a more significant role than any other
herb of Juzen-taiho-to in reducing the toxicity of
CDDP (data not shown).

Fig. 11 shows the procedure to isolate an active
constituent from Toki. Using various methods of
isolation, we obtained pure sodium malate (5.2 mg,
Fig. 12) from 2 kg of Toki, with a recovery of 0.0003

Angelicae radix (2 kg)
1) extraction with hot H.O
2) lyophilization

H.O extract (632 g)
l partition with BuOH 11O

1
BuOH Iag'm‘ (31.6 ) 11O layver (588 ¢)
silica gel ce. (1: MeOH. 2 H.O)

N ]
MeOII eluate (22.3 g) H,0 eluate (3.2 ¢)

Ultrafiltration

| I
LMIT (1.6 ¢) HAIF (14g)
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Fig. 11 Isolation procedure for sodium L - malate from
Angelicae Radix. Isolation was performed. guided by
BUN measurements in mice. The vield of each fraction
obtained from 2 kg of Angelicae Radix is designated in
parentheses. LMFEF and IIMF indicate low - molecular
weight fraction (MW < 10,000) and high- molecular-weight
fraction (MW > 10,000}, respectively.
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Fig. 12 Structure of sodium 1. malate.
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When sodium malate (p.0.) and CDDDP (i.p.) with
a molar ratio over 0.5: 1 was used, the renal, hepatic
and gastrointestinal toxicity of CDDP were suppres-
sed almost completely, without affecting the
antitumor effect of CDDP. The effect of sodium
malete in reducing the renal, hepatic and gastrointesti-
nal toxicity was comparable to that of Juzen-taiho-
to, while its effect in reducing the marrow toxicity of
CDDP was weaker (Fig. 13). These results combined
with the results of quantitative analysis of sodium
malate contained in Juzen- tatho-to (0.98%), as deter-
mined using high performance liquid chromatography
(ITPLC) indicate that sodium malate plays an impor-
tant role for Juzen-taiho-to to reduce nephrotoxicity
of CDDP.

Ikehara and Yamada e/ «l” found that the un-
saturated fatty acids, contained in Juzen-taiho -to,

BUN (mg/dl)
0 20 40 60 80 100
I I I I |
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CDDP alone 1+
CDDP +SM (1:0.125) L2777 7727A4— * #
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(1:1) V2777777
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(1:05) QL7207 +#
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SM alone : l — ‘
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CDDP + SM (1:0.125) 777 #
(1:025) Zz77— #
(1:05) ¥ZZzz— #
(1:1) ZZZZza—+*

Fig. 13 Effect of sodium malate on CDDP induced toxicity
and antitumor effect.
Sodium malate (SM, p.o.) and CDDP (7.p.) with a molar
ratio over 0.125 1 : 1 were administered to mice with
inoculated S- 180 cells. Each value is the mean+S.E. (n
10). Significant difference from the SM alone group. 4 : p
<0.05. Significant difference from the CDDP alone group,
* 0 H<0.03.
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stimulate the proliferation of marrow stem cells. We
also demoestrated that a macromolecule (polysac-
charide with molecular weight over 5000), contained in
Juzen-taiho-to, promoted the proliferation of marrow
stem cells (CFU -meg and CFU-GM), and that this
substance originates from Atractylodis rhizoma (Bya-
kujutsu) or Atractylodis lanceae rhizoma (Sojutsu).
Therefore, the effect of Juzen-taiho-to in reducing the
marrow toxicity of CDDP involves these substances
rather than sodium malate.
IV. Mechanism of suppression of nephrotoxicity by
Juzen -taiho-to

It is thought that the toxic actions of CDDP on
cells undergoing rapid mitosis (7.¢.. the antitumor
effects. marrow toxicity, ¢fc. of CDDP) are induced by
the binding of CDDP to DNA through cross-linking to
the N 7 positions of the adjacent guaninesfv;I ' The
toxic actions of CDDP on the cells of the kidney and
some other organs, however, cannot be fully explained
by its binding to DNA and involve many unresolved
questions. CDDP in blood is eliminated via the glomer-
uwlus and the proximal tubule. At the same time, CDDP
can be reabsorbed into blood from the proximal
tubule. Enzymes in the proximal tubule, exposed to
high concetrations of CDDP, lose their activity
through binding to CDDP. Inactivation of ATPase."

. . . |
glutathione and its related enzymatic systems,

Kidney
P<0.05

154

Concentration of Pt
( u g/wet tissue g )

0.5 24

cvtochrome P-450, "and Na' dependent transport
systems,” cle. can lead to the necrosis of cells, leading
to severe renal damage."

Some derivatives of CDDP with reduced ne-
phrotoxicity have been used clinically, including car-
boplatin. These derivatives have a lower potential to

20,07 49

bind to protein, compared to CDDP.” Taking
note of the finding that sodium malate, an active
ingredient of Juzen-taiho-to, is a dicarboxylic acid
which resembles the ligand of carboplatin, we
assumed that sodium malate binds to CDDP in vivo to
yield a less toxic derivative of CDDP. To test the
validity of this assumption, we conducted two experi-
ments. First, we analyzed the pharmacokinetics of Pt
following the combined administration of CDDP and
sodium malate. This experiment revealed that the
administration of CDDP in combination with sodium
malate relectively reduced renal accumulation of Pt
(Fig. 14) and prolonged the half-life of non-protein
bound Pt (Fig. 15). These kinetics of Pt were similar to
those of carboplatin (data not shown). We subsequent-
ly synthesized a derivative of CDDP, diammino-
platinum (II) malate (DPM, Fig. Dot
be formed in the body following the administration of

which seems to
CDDP and sodium malate, and assessed its effects.

DPM had an antitumor effect and a marrow toxicity
comparable to those of CDDP but had no nephrotox-

Tumor

[] CDDPalone

3 CDDP + Sodium malate

N
104 % P<0.05 2

0.5 24

Time after administration of CDDP (h)

Fig. 14 Accumulation of Pt in kidnevs and tumor 30 min or 24 h after administration of CDDP.
S 180 cells (10° cells/mouse) were inoculated s.c. to ddY mice on day 1. On day 14, sodium malate
(14.8 mg/kg) was administered to the mice 30 min prior to CDDP (12.5 mg/kg) treatment. The
concentration of Pt was detected by use of an inductively coupled plasma spectrometer (ICP)Sciko
SPS 1200A). Each value is the mean= S0 (n 10).
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—— CDDF alone

—@— CDDP + Sodium malate

0.173

0.05 - T T T
0 0.5 1 1.5 2

Time after administration of CDDP (h)

Concentration of Pt (ppm)

Fig. 15 Filterable Pt levels in plasma of mice after treat-
ment with CDDP and/or sodium malate.
S-180 cells (109 cells/mouse) were inoculated s.c. to ddY
mice on day 1. On day 14, sodium malate (14.8 mg/kg)
was administered to the mice 30 min prior to CDDP (12.5
mg/kg) treatment. Five, 30, 60 and 120 min after, blood
was collected, and plasma was ultrafiltered through
Centricon 10 (Amicon Co., Ltd.). Pt was measured by a
SPS 1200A. Significant difference from the CDDP alone
group, *: p<0.05.

icity (Fig. 16). This derivative was also detected in
blood, using HPLC.

These results suggest that sodium malate, an
ingredient of Juzen taiho-to, binds to a portion of the
administered CDDP in the body, to yield DPM with
less nephrotoxicity. Sodium malate seems to selective-
Iy reduce the renal toxicity of CDDP in this way.

V. Role played by herbs constituting Juzen-taiho
to

1996) 37

Following the isolation of sodium malate, an
active ingredient of Juzen-taiho-to involved in reduc-
ing the renal toxicity of CDDP, we examined the role
played by various herbs contained in this Kampo
formulation, using sodium malate as an index. The
usual daily dose of Juzen -taiho - to (freeze - dried

extracts) contained 79.5 mg (0.98 9) of sodium malate.

Table III Contents of sodium malate in Juzen taiho to

and its ingredients.

Clinical dose . L
© Content of Sodium malate

{Ilerbs)

(g) (mg) (%)
Juzen taiho to 29 79.5 (.98
Angelicae radix 3 23.1 2.33
Ginseng radix 3 14.8 1.34
Rehmanniae radix } 10.7 0.74
Astragali radix 3 9.2 1.20
Glyceyrrhizae radix 2 6.0 0.77
Atractylodis rhizoma 3 6.0 0.381
Cnidii rhizoma 3 4.8 0.16
Paeoniae radix 3 4.5 (.81
Cinnamomi cortex 3 1.1 0.67
Hoelen 3 0.3 0.79

Contents of sodium malate in Kampo medicines were deter-
mined by HPLC : column ; TSK ODS 80 Ts (1.6 X 250 mm).

column temp. ; 40°C, eluent ; 0.05\M K11LPO,/0.053 PO, (1 :
1), flow rate ; .5 ml/min, detection ; UV 210 nm, injection ;
10 21 (30 mg/ml). Retention time of sodium malate was 8.2
min.

BUN Platelet S-180
1004 : 14+ 100
90 < -
* I~ 12_ 90
80 ,,.‘E § 80
~ 70 g 10+ 70
kel .\ ~ =
o @ VA S £
E 50| = 8 50-
— =
Z 40+ - 6 Q -
& o g 40
D 30 S 4 £ 304
20 = & 20
24
10 - N 104
0 T T T T 1 0 T T T T 1 0 ™
0 2 4 6 8 10 0 2 4 (¢ 8 10 0 '.]Z 411 é 8 10
Dose ( # mol/kg/day ) Dose ( « mol/kg/day ) Dose ( «#mol/kg/day )
—6— CDDP —— Diamminoplatium(Il) malate
Fig. 16 Toxicity and antitumor effect of diamminoplatinum (II) malate. S 180 cells (10° cells/

mouse) were inoculated s.¢. in the left thigh on day 1. Diamminoplatinum (II) malate (2.4,6,8 and
10 gmol/kg/day) and CDDP (6.8 and 10 gmol/kg/day) were administered 7.p. on days 3.4.5,6,7.

810,11 and 12. BUN. platelet count and tumor weight were measured on day 17.

Each vale is

the mean-£S.E. (n-10). Significant difference from the control group, = : p <0.05.
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Of all herbs (freeze - dried extracts) which are
contained in Juzen-taiho to, Toki was found to be
more active than any other herb and it contained
larger amounts of sodium malate (23.1 mg, 2.33 %) as
compared to the other herbs. The amounts of sodium
malate contained in the other herbs were also consid-
crably high (Table III).

Fig. 17 shows the roles played by individual herbs
in the expression of the effects of Juzen taiho to, as
assessed on the basis of the amount of sodium malate
contained and the degree of reduction in nephrotox-
icity. The actual measurement of the effect of Juzen-
taiho-to in reducing renal toxicity was about 1/4 of its
theoretical magnitude and did not correlate with the
amount of sodium malate contained (79.5 mg). On the
other hand, the actual magnitude of this effect of Toki
was approximately equal to its theoretical magnitude
and correlated well with the amount of sodium malate
contained (23.1 mg). Rehmanniae radix (Jukujio)
reduced renal toxicity only very slightly although it
contained large amounts of sodium malate (10.7 mg).
When the activity of Juzen -taiho-to was assessed
after Jukujio was removed from this formulation, the
actual activity agreed with the theoretical activity.
The other herbs showed a good correlation between
activity and the amount of sodium malate contained,
resembling the relationship seen for Toki. These
results indicate that sodium malate is the most
important ingredient involved in the activity of Juzen-
tatho-to, and that Jukujio, another ingredient of this

ED so mg/kg/day )
0 100 200 300
1 I

| L

400 500

N — 1

Juzen-taiho-to

Angelicae radix Theoretical

[] Actual measurement
Rehmanniae radix ]

Juzen-taiho-to
- Rehmanniae radix

Fig. 17 Comparison of the experimental ED;, with calcu-

lated EDs, of Kampo formulation on CDDP induced ne-
phrotoxicity.
Experimental protocol is shown in Fig. 2. Theoretical
EDs, was calculated on the basis of the amount of sodium
malate contained and the degree of reduction in ne-
phrotoxicity (BUN).

% Inhibition

Juzen-taiho-to
Toki-shakuyaku-san
Toki-shigyaku-san
Tsu-do-san

Ryutan-shakan-to

Fig. 18 Effects of Kampo formulations contained a similar
amount of Angelicae radix (Toki) on CDDP induced
nephrotoxicity.

Experimental protocol is shown in Fig. 2. Kampo formu-
lations were administered p.o. to mice at a dose of 10
times the usual daily dose. BUN was measured onday 17.

Kampo formulation, markedly suppresses the action
of sodium malate.

Each Kampo formulation is composed of various
herbs and its effects are derived from the mixture of
these herbs. So far as the effect of Juzen-taiho-to in
reducing the renal toxicity of CDDP is concerned,
Toki can be regarded as playing a major role and
Jukujio controls the action of Toki. The addition of
the actions of the other herbs to the actions of these
two leads to the manifestation of the overall effects of
Juzen tatho-to. These elaborate interactions among
defferent herbs are a characteristic of Kampo formu-
lations. Fig. 18 shows the data yielded by our recent
study, in which the effect in reducing nephrotoxicity
was compared among 5 different Kampo formula-
tions, each of which contained a similar amount of
Toki. The effect differed among different formula-
tions ; that is, nephrotoxicity was reduced less by
formulations indicated for “excess syndrome”. This
suggests that the toxicity of CDDI pertains to “defi-
cient syndrome”, and provides a key to clarifying why
the same herb is used in different Kampo formulations

with defferent indications.
Conclusion
In Kampo medicine, Qi (40), blood and water are

understood to be essential components of the bhody,
indispensable for life. Individuals are healthy when
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these three components perform their functions well.
Illness causes dysfunction of these components.
Kampo medicine treats diseases by causing these 3
components to resume their functions and eliminating
the cause of diseases. This is called the “Fu Zheng-Qu
Xie (FRIE#FR)” rule.

Qu Xie (#:%F) means elimination of pathogenic
factors. This concept is close to the concept of treat-
ment used in Western medicine. Fu Zheng (FKIE)
means resumption of the proper functioning of Qi,
blood and water, and is the most important concept in
Kampo medicine. Western medicine has also concepts
corresponding to Fu Zheng, but these concepts are not
so clearly defined and are not supported by the actual
methods used. The author believe that if the concept
of Fu Zheng is incorporated into Western medicine,
we may be able to make up for the weak points that
exist in the present forms of medicine and achieve
satisfactory therapeutic effects.

We had studied the Kampo formulations used for
the purpose of Fu Zheng (i.e., tonifying Kampo formu-
lations) to provide scientific evidences to the concept
Fu Zheng and to translate the concept into scientific
terms. To these ends, we have conducted systematic
studies, including the extablishment of animal models,
evaluations of efficacy, analyses of active ingredients,
clarification of the mechanisms of action, and ana-
lyses of the roles played by constituent herbs.”” ** The
present study of Juzen-taiho-to was conducted within
this framework. The present study revealed that the
effect of Juzen-taiho-to in reducing the toxicity of
CDDP is not attributable to any single ingredient or
herb but is due to composite actions of nephrotoxicity-
reducing substances (carboxylic acids such as sodium
malate), substances controlling the actions of these
substances, and substances promoting hemopoiesis
(polysaccharides). Present study suggests the possibil-
ity of new applications of Kampo formulations and
provided scientific evidences for the efficacy of
Kampo formulations.
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