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Summary

It has been shown that betulin, a plant constituent, inbibits the growth of various kinds
of tumor cells in witro, however, its inhihitory effects are limited in a tumor-inoculated
mouse model. To this limited effectiveness in vivo, we have assumed that its low water-
solubility may be one of crucial reasons and approached fo produce several kinds of
betulin derivatives with higher water-solubility, and examined the iz vivo anti-tumor ef-
fects. In this study, we developed 17 betulin derivatives with amino acids and examined
the anti-tumor effects in a tumor-burden mouse model. As a result, we identified that lysine
esterification brought about remarkable anti-tumor effect. Three lysine-esterified deriva-
tives, which are BD-10 with lysine at position 3 of betulin, BD-42 with lysine at position 28,
and BD-9 with lysine at positions both 3 and 28, exhibited over 80% inhibition in vitro.
Additionally, BD-9 showed much more potent anti-cell proliferative effect than betulin in
vitro. These resulis suggest that lysine-esterification may be promising strategy for im-
proving the water-solubility as well as the anti-tumor effect of betulin.

F—D— R A VR BRI AT YV

Key words : betulin derivative ; melanoma ; growth inhibition ; lysine

FLY CERAEY TR

BOTES, £OMRPEEREZRICIZL TN EHE

L7 —EHEE (~24EE) LB T TRIENSIET ofsE
@ (LIE) T2 EOERHELEDTERLY, 2ok
£, FHEERSORY Y vt B ETAEEEE R LAY,
RY Y VIREEMESTEH - o hs, RISRIEIRRIER o
WTIRBENREINTE ST, HLUWERBFICHET ()
AREEIE T B A REE S B S B A ST A TS LY,

—FT, NV YIRKCFEFEFCCOHETH AT
W, <7 RENTRE/EED O ORI~ OBT R

AZixhi, EE LC/MS/MSERWSIRrA G, BOK
BERIZAYY vREEENSEEAEFTIERT N &,
BIRACKRELTOMEFICRELAEBIT LIV &
CGEREET— ), EHiT, PABEYYZEFVZENT,
Ay vEEEACEERSE LTS, £oiBEEHRE
SOURBELMED SR ESEHOMILTERY,
ZDi¥h, HERCE T EWESEEES ICIE,
iz EEG P LS~ OB 1T A B R A B




Fed AHENRS T, NV vy ORKEEPEEE N B
HEFEELT, AN — MEE~NOERPT I VB
AN X 3 EBEESRESA T A5 W, #
N — MEL R Y UFRRTH W TSRS L, 8
ERHEEGELRIBD-23E R LA, &0, 73/
ALY ) VESKITEAHEZEL, BABHET
7 A EF ARG THESMEE MEBHEET L7z,

RERTTE

1. EREE

R BRI R L ERRsic EERE L
fo. VAT S FURIAEEIERSSH L DAL, X
w1 13 Extrasynthese &K O A L. RBRENOER
Tk, WENRGTAFLAARFY FERL THNE.
27 ST AESE, WTFN$0.19% Tween B0% 4
iU IR T-AE R (PRS) ICHRE L TSERIC M Lk,

2. MR Fa e

< U AB16F10EEEAEmEEE, 10% oMby &1k
B, 100 U/ml @<=, 01lmg/m OA+LT
P Yy RUSh MO 2-A VAT 1y ) — xR
RPMI-16403 ¢ iz THEFR, #iRE Uiz, ‘

3. BABHYY REFTNVERV-EE

< ZEEREAERN (B16F10) £ 2X10° {#,/0.05 ml
PBS irZg8L L, CH7BL/6 =7 % (84, HE, 8PU/#) I
<Y A 90,05 ml FOFEHME T ICER L7, kA4
HHAEEEZ 208, 51608FC101E, EEAR
BE Lz, ®ERCIEL (0.1% Tween 80% 4 1:PBS)
ARG ERE L G0ul/v o R), BEHRZ2HH 50
RESEITEICNEL, EritoBEEiL, EEXEEX
ek TR LK.

4. $BBasIEDFE

10% FBS % &t DMEM #2H: (GIBCO) TBI6F10#l
Ko 4X10* ff/ml 23988 L, 96 = L7 L— k (Corning)
HAY VMo AXI0PEAERE LA, Mgk v— b
R, LOWESBECENL, {1 vFa—-F—H
(87°C, 5% COz) T4BKHIEFE LA, 2 bu—Jlicid
VAFIANFF L FERBRICERM L, BEETH &
vz VDIEEHE, WST-1 (Wako) 4 5%41:10% FBS-
DMEM Hflcasife L, & 5104 BRIEEE L2, ERE450
nm i BV A WARESRIE Ui,

BARTHBHEI I AETNICEITAAYY LHEECHE
R _
BIGF10MEOE FEBEFVERNT, 73 JBEM
MU~ Y Vo EEEER ] THEO FUEELE R & tlgehidt U 7.
fHnUte7 3 /o X o EERRICRKERENT
BHod, VIVEFMUAAREESERY Y Eh &M {RhD
EHEEFTIHTRESED oz @Fig 1), VY VEL
M@z~ Y Y o038 LIZBD-10, 28L& Lk
BD-42, & 313, 3 RU28ft & Lic BD-9 O TR
I RENEEFD oY, NWTh 80% L ELOREE
THHRIE AR U (Fig 1.

BD-0ic 2T, $HEHFIO 5-7F uw S vl (5-FU),
YRTIF v, TLA A Y v OFEEE & E#E L
7z (Fig.2A). BD-9W, YRAF5F 2T uFdeas vy
OIMFZRIFT ERm T, b-FUL Y bW ILE
EHRLR L. e, EFEIMROWTH~NED A,
SERMOWITHSZETOREE, 2 b —ETR
1758 TH - 7Dzt LT, BD-9RSHTIRXI05HTS
D, Ho3ETEEL: (Fig. 2B), —HK, YR 73505
BNRTUVF AV ERBOZEEBTRELLELS, £
Bl TEEONEFED SNz Fig 2B kBT, 74
TV VRIVRBVATSFUEESTNB), o0
&b, BD-9DEGHREIVAISSF R T LA TA -
VOBMBIEEEML o, 5-FUREHTOH0%
HEFFAR (26H) SHRd 3 LALLM Rip T,

AR HEIERE TR 2 <00 U REEOINSER

AN VIT I BREMIT S Sk, HFRHEREE
EEAMERSh L ZEafEIshTn 3D, 2o T,
BD-9 DERBF OMEITE LT, RBRENTOBLISF10#
[EOEMERIc 52 28R L (Fig. 3), T ORKE,
BD-9 BB EF Uc R T HEERER L, 50%MHE .
BERLTZLMTH -, —A, NV vO50%H %R
FElZ, WEAERERE LA X 510130 MTH -7, chb
DI Ehs, BD-9 OFIREREEERERRY Y X0
B 5nITRENC &g - 1o,

E =

| FBIETH, YU OKEREUETE LI, ®
OHEEHROMER S Y, 71 BEMMLIZAY
U VEEEKITHEEAKL, Y REFVEALTE
WA LB Lic, 2ORKE, VY VEMNLEBE
Y TIERR SR ON S T EEE eI L, &




A B C 3

6000 8000 8000
b ,
~C—Gontrol (0.1% Tween 80) Control Batulin
- ~&—Betulin (150 nmol)
E ~~BD-10 (15 nmol) 6000 6000
‘—%4000 -
Py ~i~B8P-8 {15 nmol} ™
E L)
——BD-42 (15 nmol| :
§ {15 nme) 4000 4000 -
£ 2000
2 2000 2000
0 0 0 -
0 5 10 15 0 5 10 15
D E F
8000 r 8000 ¢ 8000
BD-% BD-42 a BD-10 ‘?
E s000 | i 6000 | 6000 | Hry~
- v
:E: ND)\ ’ -
2 4000 4000 ~ 4000 F
&
&
= 2000 2000 + 2000 .
[ Qs 0 l———o—»—o—i
0 5 10 15 0 10 0 10
Days after tumor inocutation Days after tumor inoculation Bays after tumor inoculation

Fig. 1 Effects of betulin and lysine-esterified betulin derivatives on the growth of B16 melanoma in mice.
Tumor cells were subcutaneously inoculated into mice on day 0. Betulin, BD-9, BD-10 or BD-42 was intratumorally
administered once daily until day 16 starting 2 days after tumeor inocnlation. Tumor volume was evaluated 2 or 3 times
in a week. (A) Data are expressed as mean == S.D. of 8 mice. (B-F) Tumor volume of each mouse.
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Fig. 2 Effects of BD-9 and cytotoxic drugs on the growth of B16 melanoma in mice.
Tumor cells were subcutaneously inoculated inmto mice on day 0. BD-9, bleomycin, 5-FU or cisplatin was
intratumorally administered once daily until day 16 starting 2 days after tumor inoculatiou. Tumor volume (A} and
survival tate {B) were evaluated. Data are expressed as mean & S.D. of § mice.
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Fig. 3 Effects of BD-9 on the in vitro proliferation of B16
melanoma cells.
Tumor cells were cultured in 10% FBS-medium containing
various concentrations of BD-9 for 48 h, After that, WST-1
solution was added into each well, and cells were incubated
for an additional 4 h. Absorbance of each well was meas-
ured at 450 nm. Data are expressed as mean = 8D, of trip-
licate wells.
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Pharmacokinetic Studies of Gallic Acid and Methyl Gallate in mice
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Summary

Gallic acid and methy] gallate are biologically active substances presented in peony and -
other plants. The absorption of those compounds on the mouse digestive tract was studied
using HPLC/PDA. Gallic acid was detected in mouse plasma at 30 min after oral admini-
stration of gallic acid (300 mg/kg). The concentration of gallic acid in glucuronidase-
treated mouse plasma and in untreated plasma were 14.2 pg/mL and 6.8 pg/mlL,
respectively. On the other hand, methyl gallate was not detected in mouse plasma but
detected in glucuronidase-treated mouse plasma at 30 min after oral administration of
methyl gallate (100 mg/kg). The concentration of methyi gallate in glucuronidase-treated
plasma was 13.8 pg/mL. These results suggest that gallic acid is presented as gailic acid
and its glucronide in mouse plasm after oral administration and that methyl gallate is pre-

sented as its glucronide in plasma.
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Fig. 1 Chemical structures of gallic acid and methyl gallate
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Tig. 2 UV spectra of gallic acid and methyl gallate
Gallic acid and methyl gallate were dissolved in water. UV
spectrum data was obtained by HPLC-PDA method.
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Fig. 3 HPLC chromatogram and UV specirum of the
plasma of gallic acid-administered mouse
Blood was collected 30 min after oral administration of
methyl gallate at 300 mg/kg. Symbol shows the retention
time of gallic acid (A).
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Fig. 4 Concentration of gallic acid in the mouse plasma
Blood was collected after oral administration of gallic acid
at 300 mg/kg. Error bars indicate the SE from the mean of
4-6 1nice.
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 Studies on the browning in Paeonia lactiflora

Takayuki MATSUNAGA and Takayuki TAMURA
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Summary

Browning in the root of Paeonia lactiflora is thought to result from the reaction of
polyphenol oxidase as one of causes. Firstly, the activity of polyphenol oxidase was as-.
sayed using the extract from the leaves of Paeonia lactiflora. The activity of this enzyme
was detected with 4-methylpyrocatechol, dopamine and gallic acid as substrate. It was
shown that the optimal pH is around 8.0 and the optimal temperature is around 30 degree
in this reaction. Furthermore, the alkalinic solution of gallic acid and catechin, both the en-
dogenous components in Paeonia lactiflora, was shown to discolor.

These results suggest that the browning in the root of Paeonia lactiflora is partly due to
the reactant of gallic ‘acid, catechin and so on, by polyphenol oxidase and aikalinity.

SR Vs s, WEML BT e —AAEVY—¥, BETFE, #FEY, W

Key words : Paeonia lactiflora, Browning, Polyphenol oxidase, Gallic acid, Catechin,
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Table 1 Activity of polyphenol oxidase in apple

Substrate Concentration (mM) Wave length (nm) AQOD/1min/mg protein
Chlorogenic acid 0.05 325 1.238
Dopamine 10 400 0416
4-Methylpyrocatechol 10

400 8.790

Each OD value shows the mean of 4-7 expetimennts.
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Fig. 1 Effect of reaction pH on the activity of polyphenol
oxidase from the leaf of Paeonia lactiflora with dopa-
mine as a substrate
Each absorbance shows the mean of 2 experiments. The pH
range of reaction mixture is pH6.5 to pH8.0 in 100mM
phosphate buffer and pH7.0 to pH9.0 in 100mM tris HCI
buffer.
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Fig. 2 Effect of reaction temperature on the activity of
polyphenol oxidase from the leaf of Paeconia lactiflora
with dopamine as a subsfrate
Each absorbance shows the mean of 2 experiments. The
reaction was assayed in the indicated temperature.
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Fig. 3 Changes of absorbance in catechin solution at vari-
ous pH
Each absorbance shows the mean of 2 experiments. Catechin
solution at various pH was incubated at 37°C in the dark.
Each absorbance was assayed at the indicated intervals.

Table 2 Activity of polyphenol oxidase in leaf of Paeonia lactiflora

Substrate Concentration (M) ‘Wave length (un) AOD/1min/mg protein
Gallic acid 10 400 0.388
Dopamine 10 400 0.108
4-Methylpyrocatechol 10 400 0.096

Each OD value shows the mean of 5-10 experiments.
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Fig. 4 Changes of absorbance in gallic acid solution at
various pH
Each absorbance shows the mean of 2 experiments, Gallic
acid solution at vadous pH was incubated at 37°C in the
dark, Bach absorbance was assayed at the indicated inter-
vals.
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Formulation Design of Chinese Herbal Extract Containing Chewable
Tablets by Dry Granulation Method

Hidemasa NAGAIL Isao MYOKAN, Hiroko ITO!, Takao SHIMATANI

!Teika Pharmaceutical Co., Lid.
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Summary

In order to investigate the manufacturing conditions of easily drinkable formulation based on
traditional Chinese medicinal extracts, we studied mainly the combination of additives in a modal
prescription hased on Yokukansan. As a result, by changing the kind and compesition ratio of the
additives constituting the dry granulated part (inner core), the combination of additives which
can be formulated and the mixing ratio thereof became clear. By further investigating using this
method, it is considered possible 1o develop a chewable tablet containing Chinese Herbal extract
which is easily drink.
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Key words : Chewable tablets ; Chinese herbal extract preparation ; Yokukansan
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Studies on improvement of the cultivation method of Angelica acutiloba Kitagawa
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Summary

In recent years, we estimated that black film mulch on ¢ultivation for Angelica acutiloba
Kitagawa {(conventional method of Toyama Prefecture) caused the death by the high tem-
perature injury. Therefore, for the purpose of establishing the new cultivation method with
the high survival rate, mulching materials which controlled a rise of soil temperature was
examined. As a result, the survival rate improved and yields increased by using white film
mulch (outside : white, inside : black) or the straw in comparison with black film mulch.
These results contribute to establishing the new cultivation method to obtain a stable yield

by prevention of the death by the high temperature injury.
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Key words © Angelica acutiloba Kitagawa, cultivation, mulch
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