1004 CHEMOTHERAPY DEC. 1984

I Sargassum fulvellum DT NV¥V/BRF+ + ) Y LED
MR & £ O/F FABE

BR=50 - NEILNA - R R - BRR—
LEAEREXBENHBIRE
* LRFFRAT

(Bf 59 £ 7 A 16 BRM)

BEWAL DS (Sargassum fulvellum) D BAREHH SHMBBMLIcTAL ¥ VB> Y Y4l
(4F : 29,000, M/G it : 2.84) D~ AW 5 HMBIEY M1z £ #R, Sarcoma-
180 3s X ¥* Ehrlich fXEEizx LT, 50mg/kg D# 45T ILS(Increase in life span) Aith
Fh, 141, 222% LuvPhiew LTHHERYRABH bR, EhHic, IMC MFHLTL,
12.5 ¥ XU 50 mg/kg D 5ET, ILS sixheh, 205%, 215% LiLELBEEAMBENBED
Bhi, L L, Meth-A & P388 icht LTRERBRVBH Ohish lco RICTA ¥ HF b
Y 9 AMEOE BRI RAIRIER Y F5 fodic, in vitro THM LT \5 HeLa # M iz 1,000
pg/ml OWEETIER X 7o, HMMHERIBD bRt 570 £ T invivo CTALE¥ VMY
F Y ¥ 435D biological response modifier & LTOERICOVTKRN Lio ¥ 71 ¥ ¢
VY AERRE Licw v AORER A EMER (PEC) DEEMIICHT5 fFAY A1, B,
100mg/kg 5 L 4 B#iz=7 AD PEC ## EL-4 {ifgd *H-thymidine ® D AL % F/~
el h, BIFELUAMYAREELROI I, ¥, Cytolytic FEL MBI, HHH LD
3H-uridine T3~ L= EL-4 fifaic PEC 2fEHI LA, avie—rADH2D H-
uridine @ release AL b, KRiIZ, 7L ¥ VBF b Y Y LD Interferon (IFN) e A/~
lcdic, v ARBIRCESS LTlihd IFN R¥RELI-L 5, 200mg/kg O # 5T, 1685
Mg B b B\ EEARBD LRI,

PAEDKRNG, TLX¥ VBT M) Y AEOHEREL, <2707, —COERE, RIVAL v
F—7 2 VOFBREFCLIIBENERC LIS L0 THS C LATREEIhi,

Rapfte, BREORAKDS (Sargassum ful-  FAFRICL DEWY TV, 7L BF I VA
vellum) » & OMKMHH A, Sarcoma-180 HH EH  Ex B

OMFERMET LY, ¥k, ToOMUHI =5/ Table 1 Chemical and physical properties of
—ARBELIBLHAEREO S ZESIL, TELTY R sodium alginate
YBEASUSETHHI LR E L, SORHER Uronic acid*! 56.8+0.6%
UrETHEBELY Y V" FRCX VBNLT, RESHE Neutral sugar*? 2.7+0.1%
DRERTAE VI )Y AETHBE LEHL I Nitrogen*> Not detected
L Ash 12.7+1.6%
-e M/G ratio*! 2.84+0.05
FRXTR, TA¥YEMF LYY AE D Sarcoma- Molecular weight*s 29,000:2,000
180 IR EFLN OB BEOBF T 2 EWE L, (2] (c=0.2 H.0) —-132+1°
HEBHROFABRFMET I EROBERIcO VW THRE *! The content was estimated by the method of
+3, BITTER and MuR® (standard : GalUA).
*? The content was estimated by anthrone-sulfuric
I. #E &EFZE acid reaction® (standard : Glc).
1. 7A¥vEF Y vaEon L *3 Nitrogen was estimated by elemental analysis.
.. Hh & *4 This ratio was estimated by the method of HAuG
1979 4£ 12 f, BABIRETRELYL, BEEDIZA and LARSEN®.
i8> Sargassum fulvellum X b BAhhH LY, 86h *5 Molecular weight was calculated from the in-

trinsic viscosity of the sample by using the formula
=Bk E, =2/ -AXAVCTHEL?, 3612 of DoNNAN and Rose”.
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DX LTHLERE, BN I UERLS
ik - THERERXTIRV:, M—THBZ LML
oo EOLEN, HEAERY Table 1 TR LI, 4F
ZOMD, KMy LIME (33,400) &HE~RTHPH0
RAEVE, ChIRERORKERN R LD LEL
bhdo

2. HEFEER

TA¥VERRF MY Y ARONIIREERBE, 187
OAAMBED =Y AR FAVT, UTOAY Y . —ATfF
totco Miie, Sarcoma-180 (ICR =% A1z 10° B%
p¥ABM), Ehrich carcinoma (ddY <= % A2 2.5%
10 EE BEABRD % AVCIEB M 24 MO, 4
BAKKIE B L 7A¥ VB> b Y v A % 100,
50, 25, 12.5mg/kg/day © ¥¥5- & COE i.p. #5 L
tzo 222U, 100mglkg B 5 CliBELABbA DT
BEEREYR LI, i, HBRCIEBRRAEKYES
L1

LEGRONMEE, =Y ADOEME (Increase in life
span: ILS) % M¥¥ (T) EX@E (C) DRHAHF
AE»HERATRD,

T=C x1000%)

ks, =9 ARTXUBERERGYAXKBRAS X
DAAMTEAL, 4 BMTHMAE LIcRICER LA,

3. HEBRMRIFAONE

#:% Hela MiBQic 74 ¥ VKR Y 7 AfE% 1,000
pg/ml & 500 pg/ml OMEET, 3 AMIEA S, MiaD
Ux LOHBBOBTLLBRE L1

4. = Ao Concanavalin A (Con A) i3

ARIEDEAL

ddY 6BIBHED =Y AR TAX VEET FY VY AE
EEES 5L, 3 BECHYREH LEMRL L, 10% FCS
%41 RPMI-1640 £zituc Ah Con A % 2pg/ml fn
%, 37°C T3 AMI5 % CO, hTHE# LI, Zhic *H-
thymidine % iz X Hic 8 REfIKEHE L, cell harvester
RTH T AF#HKLEED, &5% TCA THiL, Mia
HIR D AT aEE gy v F VY a VY
VA-RTREL, 2v be—ArHTHEIRTED
Lo

5 1) <7r7,—o0fREERAR

ddY 6ARM~ v AL, 7TAFVvEBF LIV A%
3.1, 12.5, 50, 100 mg/kg DHE R THBCHEL, 4
B lE@ i (PEC) ##& Hank's % AV T
BWML, METREBKT2E%RSK, 10% FCS x a8 C
RPMI-1640 1.5ml cMk# L7 =@ 0.1 ik 0.2
ml % 96 k<4 787 L— FicgEk 3well FHIEE,

37°C T lhr, 5% CO; THE X4l RV TLiNL i
TR BRI T RPMI-1640 #itik & = » b IR S IENT
ANRRY SEI%VHEL, C"hic EL-4 KBRS 0.2
ml (2x10* f&) % fnz 37°C T3 AMIERL, SRR T
6 B5MIAT 1= SH-TdR (1 uCi/ml) % fn % 7=o cell har-
vester [T, %Kiz~ Con A ORWEF LHEET
SH-TdR D#AQPIER h Ak M~

2) Cytolytic activity D JilE

Cytostatic activity JUED P4 & @iz LT PEC
@ Cytolytic activity % (LIH®D FE% A\ TW~T, Bl
B, H6h U *H-uridine 5 hiA ¥¢7: EL-4 g
& PEC % 37°C T 16 RM{EA S vk, BREMBRD
BAENER JUSE L Cytolytic ratio ¥k DETRD 1,

Cytolytic ratio (%)=(1—-T/C) x 100

ZIZTC TECR, ThEhy v IrifhElLicewy A
IV ERE~Y AnG B PEC ¥ fEAZ R D
cpm DATH 5, 'eds, DD, FEEOHS &
DI T % Corynebacterium parvum % B\ 1=,

6. IFN ZEiEiEDO HIE

Bt 5 Rk ddY <9 RORMIRC, 50, 100, ¥SNE mg/
kg ORBEEE LK, 1, 2, 3, 6 RMkicRML,
ZoMiKHhD IFN FEYFELOHENC BT JE
L7 IFN EHoRIEE, LARYAV, v vKfEEn
A1 A (VSV) 2HBBYALRELT, 77—
7 50% WY TITle 1 IFN {fii2, EREAYD -
T&b L1,

II. & R»

1. 7A¥vEr v )Y Ao ERHE

ESBRD BHbhic 3MD0 BHFIC M5 FRY,
Fig.1~3 iz ;R L #o Sarcoma-180 H/KEHRC *f L,
12.5, 25, 50, 100 mg/kg #& Cix ILS 2 £h £h
129, 76, 141, >253% LBAECREMNALRNT,
Ehrlich JEAEBC ¥ LTk, R HERCLT
ILS AxhEh, 50, 28, 222, 447 THH, REIHH
BB bht, IMC EHFics LTk, RAfLESEE
LT ILS A3 h£h, 205 53, >215, >215%
&, BMUVEHBERS A SR, LirL, Meth-A XU
P388 it LTREMBRILELBD O, 21,

2. HEERMRER

Dbt X 5 iEHSHROFABEL LT, ¥
HERARIERYNELORICDT, TAXVYRF I Y
siE% Hela MIBQCfEA SR TR, ZDO/FEHR, =2V
e =R, 7.89%x10° {i/plate TH DXL, 7
AE VBT Y v A% 1,000, 500 pg/ml O & RE TIE
F&+E, h¥h 7.83, 7.41x10° {@/plate &, fifa
Bz LA EEEA ALR T, ¥LMOHBBOBTIL X
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Fig.1 Antitumor effect of sodium slginate on Sarcoma-180 ascites tumor cells
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Days after tumor implantation (day)

Alginate was injected i.p. into ICR mice daily from days 1 to 9 after Sarcoma-180
tumor cells (1X10%) were inoculated i.p. into the mice. Injection of alginate at a dose '
of 100 mg/kg was carried out every other day from days 1 to 7 because the polysacchs-

ride showed toxicity against the mice used.
* Numbers in parenthesis indicate No. of cured mice in 60-day survivors.

Fig.2 Antitumor effect of sodium alginate on Ehrlich ascites tumor cells
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Days after tumor implantation (day)

Alginate was

injected i.p. into ddY mice daily from days 1 to 9 after Ehrlich tumor

cells (2.5%10%) were inoculated i.p. into the mice. Injection of alginate at a dose of 100
mg/kg was carried out every other day from days 1 to 5 because the polysaccharide sho-

wed toxicity against the mice used.

* Numbers in parenthesis indicate No. of cured mice in 60-day survivors.

bhd, BERARERAIZEDLhIch -1,

3. =y AEB#KD Con A x5 RKIEDELL

Fig.d @ RLIC X5, TA¥vBFrrYoaED
50, 100mg/kg #5 T~ ADOREFI LV 7+ vicw L
TRIGT 5 MO HMH B bhic,

4. Cytostatic fE

TAEVYERT L) T AED ZREY BELLEBA O
Cytostatic ratio % Fig.5 KR L7z, 100 mg/kg #¥ 5.

t%, EL-4 #ifa> Thymidine DM hiAZitiiE 100%
fEE i,

5. Cytolytic %%

TAE¥VERF b ) Y atEd 100, 200 mglkg #5 LI
& 20 Cytolytic ratio * Fig.6 1R L1, 200 mg/kg
#5Ti, C. parvum 8mglkg 5 LA LL, PEC
Navbe—nLOH2E0EREY R LY.

6. IFN Z&iE
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Fig.8 Antitumor effect of sodium alginate on IMC ascites tumor cells
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Days after tumor implantation (day)

Alginate was injected i.p. into CDF, mice daily from days 1 to 9 after IMC tumor cells

(1x%10*) were inoculated i.p. into the mice.

Injection of alginate at a dose of 100 mg/kg

was carried out every other day from days 1 to 9 because the polysaccharide showed toxi-

city against the mice used.

* Numbers in parenthesis indicate No. of cured mice in 60-day survivors.

Fig 4 Lymphocyte blast formation of spleen cells
from the mice treated with sodium alginate
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Spleen cells were incubated with 2 zg/ml of Con
A for 3days, and uptake of 3H-TdR was measu-
red.

vy ALY v Ikl Licgomigh o IFN titer
YRS LRy Fig.7 iRl B5EN
%k BIfE~>T, IFN titer 1@< eh, HKRHDHZ
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1. # =
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%0 Sarcoma-180 % X 7° Ehrlich /KBS LT
SHEEMENTS Hh, b, syngeneic 7RO
IMC carcinoma iz LT, 100mg/kg $#5T7EL
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Fig.5 Cytostatic activity of sodium alginate
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Periotoneal exudate cells (PEC) were collected
from mice on the fourth day after the injection
of each sample into the animals. The PEC were
incubated with EL-4 thymoma cells for 3days.
Then 3H-TdR (1 ¢Ci/ml) was added into the PEC-
EL-4 cells mixture, and incubation was further
continued for 6 hr. The whole PEC were sus-
pended into 1.5ml of medium and 0.1ml (D) or
0.2 mI(fll) of the suspension were used for cytos-
tatic studies (3 wells for each volume, 3 mice in
each group).

TAEVEL, vevBOBEAKT #VT7=FV
(polycarboxylate) & LCOHEY HL T\ 5, H5HE
O HVT=A VIR HEERY RT LR AR TE
pla DT 7 vIHEEH™ (polycarboxylate)
AELELHRIATVT, BB LTRVEIE =
Ry pAEAHLTWA, LichisT, —f D polycar-
boxylate THB 7L FvBOH Y7 =4 v E LTOHRER
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Fig. 6 Cytolytic activity of sodium alginate
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In four days after the injection of each sample
into mice, PEC from the animals were mixed with
3H-uridine-labeled EL-4 cells and incubated for 16
hr. The radioactivity of the labeled cells were

counted(3 wells for each mouse, 4 mice in a group).

Fig.7 IFN-inducing activity of sodium alginate
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Alginate was injected into female ddY mice i.v.
Interferon titer was measured periodically.
| Control, m 50, A 100, @ 200 mg/kg/day.
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EHRIE7 787 - COMBBMEFAY#EDS = LA
BREINRTV B, FETTAXYEF L ) v A55HE
CXBBEDRBECELELA & & 5, Bl
Con A 2RIt XV PEC o & #Man &S
MREEERSEED, S5HIIX IFN OofENRTDS
i, PEC h O FEMRIE KA ~2r07,—2
THOITAX VBT YV VAR~ 207 -0
AR EEL Y RIELT 2 LBbh5, ¥, IFN 0SE

CHEMOTHERAPY

DEC. 1984

TR EMIEM DT 7 B 7 » — O RN
ER NKRBORFBELLEENLISALATERIVELK
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ANTITUMOR ACTIVITY AND ITS MECHANISMS
OF SODIUM ALGINATE FROM THE BROWN SEAWEED
SARGASSUM FULVELLUM

Micuio Fujinara, Kankr Komivama*, Iwao Umezawa*
and Te¥fxazw Nacumo

Department of Biophysics, School of Hygienic Sciences, Kitasato University.
The Kitasato Institute*.

Sodium alginate was purified from the hot-water extract of the brown seaweed Sargassum fulvellum
by fractional precipitation with ethanol and gel-filtration, and the polysaccharide had a mol. wt. of
29,000 and molar ratio of mannuronic acid to guluronic acid of 2.84.

An antitumor activity of the alginate was investigated against various murine tumores, such as
Sarcoma-180 (ascitic type) and Ehrlich ascites carcinoma tumors as allogeneic ones, and IMC
carcinoma, Meth-A and leukemia P 388 tumors as syngeneic ones. The activities were evaluated by
the increase in life span (ILS). The alginate showed a considerable antitumor activity against
Sarcoma-180 and Ehrlich ascites carcinoma (ILS, 141 and 222%, respectively at a dose of 50 mg/kg).
The polysaccharide further showed more remarkable antitumor effect on IMC carcinoma (ILS, 205
and over 215% at a dose of 12.5 or 50 mg/kg, respectively). And administration of the polysaccharide
at a dose of 100 mg/kg gave ILS value of over 215% and all of mice tested survived for over 60
days. On the other hand, the alginate was found to be ineffective on Meth-A and P 388 tumors.

In order to clarify a mechanism of antitumor activity of the alginate, the effect of the alginate in
cytostatic activity of macrophages was first examined. The peritoneal exudate cells (PEC) from
mice, into which the alginate was injected, was found to inhibit uptake of *H-thymidine into
EL-4 cells. Almost complete inhibition of the uptake was shown at a dose of 100 mg/kg of the
sample. Next, the effect of the polysaccharide on cytolytic activity was investigated. The cytolytic
activity of the PEC from mice, which were treated with the alginate at a dose of 200 mg/kg, was
found to be two times as high as that of the untreated ones.

The polyuronide was also found to have IFN-inducing activity. The highest activity was shown
at 1hr. after treatment of mice with 200 mg/kg of the sample.

These results indicated that a mechanism of antitumor activity of the alginate may be host-mediated.



