VBB LNEF S AT ML (13) -a-D-Z VI HEHDA VKT T AFNIEOFH
NIEID A VER D A F LSO RN T 1

FUBERE AL EZXF I AFME (1-3) -a-D-ZNHVFOANKX Y AF VRO HE T
ZFhoHNEFR Y AFNALZBERORENBEHICOVT
o3 e 13 I 2 AR, N s B o

B Y F XYY ¥ T Agrocybe cylindracealt X =7 ¥ 7" ¥ o Amanita muscaria?» & 5 72HIR(13)- o -D- 7V

# ¥ (AG-ALK UFAM-APP)D # )UK % ¥ & F L AL EIK(AG-AL-CMS, AG-AL-CMIK ' AM-APP-CM)H O 77 )L K %
UAF VKOS, WONZENS AN EF T A F VLS HEEORIEREERIIZ DWW TR 5o

a-D-7 )V #H ¥ (AG-ALK UFAM-APP)I3 < 7 1281 % Sarcoma 180 BIAEH 123+ LIvA SHUEBEH 2R & v

M, FOHNEF L AFMALHEEE REMEDAG-AL-CMS X 'AM-APP-CM, ¥ 7 F » kD AG-AL-CMI) (35{% 7
PUEBEED D H Tz,

ANEF L A F IVALHEEIK(AG-AL-CMS, AG-AL-CMIK. FAM-APP-CM) I D 71 )V R ¥ 2 A F IV B DB L &
MBI ADPHE L HEIC Lo THRESN, ZOHEEINEANFEF L A FNIEOL FOF 2T F VI

DRTCIZ & » THEET 5 FOF o 2 F MEESHEDONKRG R, R OZDNKGEHOEIILT £ F AL L > THRS
NBTNY =L 7 +5— b NIZ1,2-ethylene-D-glucose FEARNDGC-MSTFHTIZ & o THirbil b, ZibDiEfRE
EANEXFY AF VLU= -a-D- 7N E(1-3)-3-D-F N5 > & OB TEHBN oM/ 88 — > 2R L7

INSANEF L AF VLT L H 2 AG-AL-CMS, AG-AL-CMILK (FAM-APP-CM) D %% SR AR B 13 R 35 S 2 12
FELHREHET LI AEE~Y 07 7 =V HO GG S vz,

a7 a7 7 — JDEGEANEX T AF VLA —3)-a -D-7 N A P2 5#%50% D L OB EE
BDHENTe HVEFL AFIULA>3)-a-D-Z VA VHIEA—8—F F 2 N7 =F v, —FRLaE %K, EHBEERH 15
DFERERE, 7V — AEBERROBEARA T 7 5 —EEREFIIBV T VRS O A F VLEHIR1—3)- 3-D-7
VA ACMPS)E D b7 2707 7= VI T ARBWIEHREEZ R L, INOHNKEF LA FMUla-D-7 V7 Y HIL
<Y AMIFH I BV CESRAER FOFESRH SN E05, CORTFOFEGFEIT AV KRF L AF VAL 3-D-7
HoDOBELDLEFNDLDTH S, AG-AL-CMS, AG-AL-CMIK IFAM-APP-CM D8N R 8 HEEIZCMPSD £ 1L & [a]
FEOMEMPEDO LT,

Tk DEEIZHE L72CMPS & 2 A b A ¥ v CHGHROPUIEEEEICHT 2RFRZIEIILT, SOV EF Y
X FNAL(—=3)- a -D-7 N P HITEWEE L AT LB L &5 FHEE L TOFAMEFEREN L,

BOVHE - S, (1-3)-a -D-Z IV H >, HVEF Y AF U PUEREER, v 707 7 — 2, Al

a)  IERERKFHAFEE a) Laboratory of Hygienic Chemistry,
I Ef =S TH6 -1 Gifu Pharmaceutical University,
6-1, Mitahora-higashi 5-chome, Gifu 502, Japan
b) IR EAALEERENZERT b) Gifu Prefectural Health and Environment Research Center

EEdE—fm4 THG6—3 6-3, Noishiki 4-chome, Gifu 500, Japan
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Distribution of Carboxymethyl Groups in Carboxymethylated (1 3)- a -D-Glucans and
Immunomodulating Activities of Their Carboxymethylated Polysaccharides

SHIGEO UKAF”, ISAO YOSHIDA”, TAaDASHI KIHO”

Abstract : This review deals with the distribution of carboxymethyl groups in the carboxymethylated
derivatives(AG-AL-CMS, AG-AL-CMI and AM-APP-CM) of linear (1—3)- « -D-glucans(AG-AL and AM-
APP) from Agrocybe cylindracea and Amanita muscaria, and also the immunomodulating activities of their
carboxymethylated polysaccharides.

These carboxymethylated derivatives(water-soluble AG-AL-CMS and AM-APP-CM, gelatinous AG-AL-
CMI) possessed potent antitumor activity against the solid form of Sarcoma 180 in mice, although the native D-
glucans(AG-AL and AM-APP) had little effect on the tumor.

The degree and location of the substitution of the carboxymethyl groups in the carboxymethylated
derivatives(AG-AL-CMS, AG-AL-CMI and AM-APP-CM) were determined by our previously developed
method. The procedure involves the reduction of the carboxymethyl groups to hydroxyethyl groups, hydrolysis
of the resulting hydroxyethyl polysaccharide and GC-MS analysis of the hydrolysate as the alditol acetates and
1,2-ethylene-D-glucose derivatives. These substituents exhibited a characteristic distribution pattern between
carboxymethylated (1—3)- « -D-glucan and (1—3)- 3 -D-glucan.

Immunomodulating activities of the carboxymethylated glucans(AG-AL-CMS, AG-AL-CMI and AM-APP-
CM) were evaluated with murine peritoneal macrophages playing an important role in tumor immunity. The
ratio of macrophages in peritoneal exudate cells increased more than 50% after the administration of the
carboxymethylated (1—3)- a -D-glucans. The carboxymethylated (1-+3)- « -D-glucans indicated higher
potentiating activities for macrophages than carboxymethylated linear (1—3)- 3 -D-glucan(CMPS) in the
potency of products of superoxide anion, nitric oxide, tumor necrosis factor, the amount of glucose
consumption, and the activation of acid phosphatase. The carboxymethylated « -D-glucans are found to induce
the tumor regressing factor in mouse serum, although the ability of the induction of this factor is weaker than
that of the carboxymethylated 3 -D-glucan. The reticuloendothelial system-potentiating activation of AG-AL-
CMS, AG-AL-CMI and AM-APP-CM was similar to that of CMPS.

We suggest from our work on the antitumor activity of the conjugate of mitomycin C with CMPS that the

carboxymethylated (1—3)- « -D-glucans could also be a useful polymer for a carrier in a drug delivery system.

Keyphrases : polysaccharide, (1—3)- a -D-glucan, carboxymethyl group, antitumor effect, macrophage,

immunomodulator

B EE bR TV DX ) afrSiEA OSHEESEEE SN, £ OHERR S DOARED 3 (1>6)71K
(1=3)-3-D-ZVH rTHAIEFHLPIZENZ, TG 3-D-7 VI YHOHIESEIER I ROHIER & 3R
20, EEM S 5 EIERRE E e (B TEORERBIRIGICA DL D TH L Z L2 RTREOKREN
ENTWBY, BIL, 3-D-7 VA YEOHEEEHEIEEL, ~ 707 7=V, FF250vF 5 M, 5 —#



TEBEBEANVREF L AF VL (1-3) -a-D-F VB EHOHLEX L XF L EOS4i
CIZENS A NVEF D A F NS EEORERTTER IOV T 3

i & o 72 RES I 203 B MG E IR 2 A 2 MR B O BIE 13 0 AR ORI L 2 b 0T
HEEhTwa?Y,

BUEBRRIZ BV TER S TV 2H8IHHIE, & U TTRMRE, BUHERE, (LEsESch s, Lo L, win
bREAIRL I3 B R RAS SRS, BRI T AR O & BRI B 2 KA RMEA L > Twh, 22 TE
WAROU B ORET & (3D 2 MIEFES —D O L LTRBEIN TV, BEIZBHICL) 7T LLE -2
SRISNY, BHEREOBRTICE VBT 22 LRI CHMONTEY, ThS5DOHMED—D E L TI19804 12
KENFERFFERT 123\ THEA S L 7zimmunomodulator 3 % V> i3 biological response modifier(BRM) & 9 A 32
REMDPFHEIN TV DL, BIEDHPETEL Y FF 0923 V71450 Evasd 2 afisko g (1—6)57lk01—~
3)-3-D-7 71 Y SBRME L THIZE S, B 75 B OB OB Mo BURa Al s L 6 L TR &
NTwnab,

7, IR 3)-B-D-Z 0V YHEOER % S HICHERT A 72010, BRE (DU KRF I RAFUEY v Fax
TFVHE" BREIEY % L) OBAY R, @3 7 RREBALRORICIEIZ L R Y T v — LY, HEFEREOE A
PUBYEAME W2 IE<A b4 0 C) OEAY R ERALN TV,

—HRICE IR —3)-B-D- 7V h VHEEAKICHBENETH Y, AV EF L AFNEOE A I BILO D124 H
LNETH %, Bl 2 (FAlcaligenes faecalisDFEET HEBHIKRA—3)-3-D-Z NV H > DRBEEO—H VEF L 2 F 0
(LLF, O— VA FL XF N E2ANKRF L X5V E0ET) ALHFEAR (CMPS @ RRHZES 1% (%)) (3Sarcoma 180
XY B YRS R RIE R AR LY, EOERIESIEAEIRIE L ) L & L ABESHEH KT (Tumor regressing
factorTRRNIZ L 5 2 E DV ME SN T Vb, TAAYRETTOANEF S A FUALTIE, HNVEF T X F LT
AREPUALEREOKEBEIENGEATRETH 0, e OMEBICERELEAT LI L3NETH L, L L, EskMtE
BRAAZELZL o TEBREVPRZLANVEF T A FIVLFEERERARL, 205 OBEEET ICOVWTOREN L
ENTHYY, BMWELHESRE OBICEMENH 2 EEZ LN TWD, [EE, HILEF Y A F N EOGHE
L biEmEs, mRESE, BXUREE 2 EDBITONED, Zho Ol TIERE Ll TEd, B
MEOHFRITHE SN2, Lo L, Ml —iEHARE L W) 0 S, AN KRE D A F VALEEARO 34 7 3k 0 f
QREPOEETH L, —, TNETIIX / 2, L HEESN72(13)- « -D-7 V5V HHIZIZ(1—4) 7 E DML
EHAZEL LD R IV I-AUNOERELEL LD AFRA L TH VU= DAL D L AEESIOH
BURA—3)-a -D- 7N A v DAFAEIE R Y769, S O IHBEBEMICET AR R s Tuiwy,

AT, EFLOMEERLIIYFF VI RUORST v 7 7 X 0B o E#IKU—>3)-a -D-Z V5 »
AG-ALK UAM-APPD ¥ 7 A28 1F % Sarcoma 180(24F 3 2 HUAEBS &) - F NI L6 771 LV K % & 2 L 258 4k1L
2 & B HURES R RO MRS I OV REMN, v 2 17 7 — D B SER R R RS 2own
Tk 5b, 72, EROHWRELIALAEE IV EE S A F VSO DV EX L A F VOG54 L BEEORE
EY AT 5o

1. YFFIUR5FEGALYEONIEHER(A—=3)-a-D-FILH AG-ALRUZDAHILKEF S X FILLFHEEKD
MEBEEIRIZONT

Y F ¥V ¥ 7 (Agrocybe cylindracea (Fr.) Maire)ld, A7 %, [EHT- B ##H, 4 %+ ¥ 7 Fl(Bolbitiaceae) |2 /& T 5
AHF 3T, FYRIPLOPFHEROR SR D 2 CABMICOENRZY / aTh 0, BIFESE L THED
MHFTELLEZON TV, $70, ¥/ IR EYBEIrZETN TV L 2 L oA L LTYEH
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ENTwb, —Jf, HER EIE TN L SRR UIESEM, PuelgMAEVER, MpEFRE T 2 & oA BE £ 7R
FTIEMMESNTVEY, BAE, bPETEL Y FF "RV 7 450 Lnszd ) afisko g(1—6)73 51
—3)- 3-D-7 V7 ¥ A"BRM & L TH%E S, MOHUREH R OREHRAEE L0 L BB TEHBEomBIcft s
Wwa,

VFXFTY sy TEROLSHERIIET A58, T ETICEES IIBOUKIIBE S & h B 50— R0~
OFEE @ ATZ(1=3)- 3-D-7 VA Y AG-HNI R U U6 A TNV I — A5k, o7 b —2ARKE L HAZA—
D-BAEEDITNA—R, 7A—A, HTF7 F—AR5LEALNT OEFEAG-AL-HN2AMAERE TEM 2 RT 2 & 2 #
HFLT&Z s LaL, 7huh ) mtilsiCl$ 2783 irb i Tk vy,

ZIT, ALY X<V 8 5 FEEROBARDS % KEEF ) 7 LKEEMT BB OERED 7 V7)) il
HE 572 515 5 NS HE AG-ALO Y EL AR & AL I ONCHUEBEA ™ (22w Tk 2, 72,
WEAL L PSR O ®E % 0O E LASHAG-ALE BV EF 2 A F MEL A ORI OV THET 5,

BB RERBIG CALEE SN/ X~V %4 (Agrocybe cylindracea (Fr.) Maire) T-FEH % FET+H 4 X L,
0.9% 351> MU A BUK RS % RERF N ) A2 TR, 205 E 2 BEQR T TOAELRYEF LYY
LIFAET, 1M KERILF b)Y 20KEW 2 Tl L, 20RO KNSR S £ 0 bgiEe Loy »
(AG-AL)%0.37% DINETIF/2o AG-ALIZZEE 2 E LT, ZOHMEZBEMIKINETH Y, | MEEOKELT IV
AVIETETH 5,

7 A58 (TOYOPEARL HW-65, VABEHE & IM NaOH)IZ B W T —M &5 L, B 150 F213£560,000 & H#
E SN2 AG-ALDALFHEZIX, X FIMALGHOMR LD, ZEDI3EE L2V T ) - ARMEBOIER
TRWMD I NI T ) — ADHFAEIREN, 134G L2/ VAT ) - AREP LR AEHEIRT VA > TH -
720 AG-ALDT /<% —BLANTILFESEE ([ @ 1o+195° (c=0.50, IM NaOHNA IEDEWETH ), T RAXRZ b hb
925cm™{Ztype 19, 850cm’iZtype 2DMRINAFED LN o« R TH A Z LM R ENTz, T/, "C—NMRAXZ bV
(IM NaOD)%»* 5 AG-ALD 7 / < — 8B D ¥ 7" F ) 103.90ppmid E 844K 8- 7V 51 ~ curdlan @ 106.19ppm 12 L~ T 57k
BN H &, INEPTIEIZ & Y RO 7ZAG-ALOC-Hih v 7)) v 7 EHAH 1673 HzTH - 722 & £ ) AG-ALD 7 )
D—AIER B THL I EVXFINT, SETIIRBLREPOHBES N1 >3)-o-D- 7V VHHIL, 14
WEEBEATVEHDY R, TED/IEVA>3)-a-D-FNH Yy (LEDOTY /) —A, F0—-RA%EL)" HTH
BESNTVDH, AG-ALD & ) 213G ORAEEGEDOKEV a -7 N v OFNIHE Y726, BEREVA
RTHhb,

AG-ALIZddYRHEME~ 7 22 TH#4#E L 72Sarcoma 180 BUREH 12483 A PR S iABR (MES RS MH24FE #5005 1
H 1m0 BBEFENTES) 12BWT, ARIEIEBEO S NEh o 72205, AG-ALDERG 71V R F 2 A F VALFHEIKAG-
AL-CMS K UFAG-AL-CMHZ 5-8F TS BaRE & Hoi U C, IEBFHAHAIHI R A H60% LA L CHE L EPRED LN, JilE
BANROFEBR/RE N7 (Table 1)g TDZ EIFEHRAEIEASNL I EIZE D, 5 THDEVIEHTHOKERE
DHESN, 5FHAG-ALL Db T v ¥ L@ REELI), KEWEPHE L0 THL EHEBSNL, Zhid7
VARF D AFVEPMBKOB S 2155, KEVOUERVERBEDOHLEIZL LD THLEEZLNL, 1,
(173)-a-D-Z VA > DHNEF T XFMLIIESHEN D TORATH 5,



HEEEAIVEF S AFIUAL (1 >3) -a-D-Z LI HEDOHINEXL XA FLEDOSHA
KIZENS F KK D A F AL RO GIZRETER IOV T

Table 1. Antitumor Activity of AG-AL, AG-AL-CMS, and AG-AL-CMI against Sarcoma 180
Dose Mean tumor wt. Inhibition  Complete
Sample
(mg/kg/d x 10) +S.D. (g) ratio(%)  regression
Exp-1
AG-AL 1 4.99 +£2.13 6.0 0/6
10 3.66 +0.21 31.1 0/6
20 6.25 +4.04 -17.7 0/6
ps 9 10 111 £1260 79.1 2/6
Control - 531 +3.55 - 0/6
Exp-2
AG-AL-CMS 1 1.98 + 1.73 © 78.3 0/6
10 238+295¢ 74.0 0/6
20 1.08+1.05%9 88.2 0/6
Control - 9.14 + 439 - 0/6
Exp-3
AG-AL-CMI 1 1.49 + 1359 62.8 1/6
10 1.29 +0.99 % 67.8 6
20 0.95+0.11 % 76.3 0/6
cmps 10 0331050 ¢ 91.8 /6
Control = 4.00 £ 2.36 - o6

a) Curdlan type (1—>3)-f-D-glucan from Alcaligenes faecalis var. myxogenes IFO 13140. b) Significant
difference from the control, p<0.05, ¢) p<0.01, d) p<0.005. ¢) Carboxymethylation product of PS.

2. RZF TR FEGELVES NAEH#HIK1—3)-a-D-FILH CAM-APPRUZ D ALK F L 4 FIL{LFHEE

DHEEHRICONT

NZF ¥ 7% % (Amanita muscaria (Fr.) Hooker)l&, 7 > 7° % 7 ¥ (Amanitaceae) B+ 5 ¥/ 2 ThH Y, hilp@En—
WA TIIRBEETICL, HLEEF L THhLEMIIEN TS, R2TF V79 F TEEOESRHEICET 0%
&, SNETEXFEELDT VA Y N E 52 & OPUEEIER % 43 2 KEM g 1—6)53 K (1—3)- 3-D-7 )V ~ AM-
ASNIZDOWTHEEN TV L IZTER WY, 22T, R=F 78 7 FEEO 7 VA ) E S & 0 ks AM
-ASN% FRBERR 22 U 7 5070 S 13 72 KR A S HEAM-APPIZ & H L, 2 OAb2athit & R L 0o s e Bk 0N, #655
VAR F D X F VALSHEAM-APP-CM D HUIE I & B 12DV Tk 2,

EEA IR O 2 5 B I TIRILL 72X = F » 7% % (Amanita muscaria (Fr.) Hooker) 72K % §1¢0 L i
B L721%, 0.9% AL b U 7 20KEW, BOKR OS5 % KEET b U 7 LOKEWRIC TIEKIM, ZO%KiE % 8 EZ50T
TARFAARTEF M) T LALEIET, 1M AKBRIEF M) 7 A KEHE BT, dfis, &SR 75 AM-ANS % B 22
L, KB VEE 5> D0.5M KEEILF b U 28I X D 7L F » (AM-APP) % 0.08% DUUE T 7=, # O Bk 47 15 5
BAKIZABETH Y, 04AMEBEDKBRIL T VA VIZHETH 5,

7V 5 8 3(TOYOPEARL HW-65, I #EH © 0.5M NaOH)IZ B\ TH— & 8 L, & w3451 813 4942,000C &
2720 AM-APPOALFMEIEIL, A FIMALGHT ORI, EEDOI13EE L/ VAT ) — ARUMEOIERIT
KD TN AL T )~ ADFENRBE SN, 133G LV T ) - AREP LMD EBEIRI VA v TH B S
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ENIRENTZ AM-APPD T / < —BEL[A)E, SLEEXE ([a o +160° (c=0.11, 0.4M NaOH) D IED & WMETH Y, I R
AT IV %25922-933cm ! 12 type 10, 845cm™ iltype 2a) o #E S IZE T LBIPATEO S, a EETHAH Z EDATR S
N7ze £7:°C—NMRZAXZ b IWDMSO-d)7 5 7 /7 — 58I > 7 F IV A599.62ppm 12 &, F 72, INEPTH:C
EDKRD7ZC-HA vy 7)) v T EEH168.4 HzTdh - 72 Z & £ ) AM-APPDglucopyranose¥k 513 o BLIM Td 5 Z & AT
FTHEEIN, BB, AM-APPIEY ;< v ¥ Y I DAG-AL & [@E, EHIK(1—3)-a-D-Z V3 > ThY, AG-AL
(/& 1560,000) &1 bIKGTEM@2,0000DZHTH 5,

AG-AL & [a]££(ZAM-APP® Sarcoma 1801233 2 HLRESTEH IXRR0 O L 5 - 7275, AM-APPOER: 71 VR F 2 X
F VAL ERAM-APP-CMIZddY B HEE ~ ™7 A D Sarcoma 18012343 5 HilE R AER D45 £, B HIIETIHI R A #60%
DETHELREPRO LN, % 1. AG-AL-CMS & NAG-AL-CMID B4 & AR IS HUEB A R ORIV EBE SN2

(Table 2)o

Table 2. Antitumor Activity of AM-APP and AM-APP-CM against Sarcoma 180

Sample Dose Mean tumor wt. Inhibition
(n=7) (mg/kg/d x 10) +S.D. (g) ratio (%)
Exp-1
AM-APP % 1 7.95+2.33 41
10 10.74 + 4.73 20
Control - 13.47+5.13
Exp-2
AM-APP-CM b) 1 23811869 58
10 1.07 + 0.60 ¢ 81
cMmps ©) 10 0.59 + 0.61 ¢ %
Control - 5.60 £ 0.61

a) Water-insoluble polysaccharide of the alkaline extract from Amanita muscaria.
b) Carboxymethylated product of AM-APP. ) Carboxymethylated (1—3)-8-D-glucan.
Significantly different from the control, d) p<0.01, e) p<0.001.

3. (EREBHANAF Y A FNEFEEDHILEF S A FNEDOR T EBREICONT

YF¥=TY s rRUNZT > 757 &0 BEEL 72 EHIRA—3)- « -D-7 )V 7 » AG-AL KX FAM-APP D 7K B 2 (2 H
THICANEF D AFNVELZEAT LS LI DHIEEMRPERT LI EPHLNE 2D, AVEF L AFIVE
DEANEHIEHHEL OBEWEIRIE SN D, 2N, DUVEF S AFVEOBRME & 454, iF O B HE O
B, PUIEIZE 7V 7 & ORE — G L WO BRSO ERLHETH 5,

INIT, ANERD AFNEORREL LT, ALHEEE, SRR, BAMEE FI12 X 2 BREOHIE T
Wb DAHT, BIREDFAIE T 5 MG 2V,

EEHOHPHRELOMEY IZL BEBIRU—=3)-a-D-Z VI > DA NVEF Y A F VLFHEIKAG-AL-CMS, AG-
AL-CMIK FAM-APP-CM®D # VR ¥ 3 A F )LD BIRALE & 545 L O BHE™ [2oWTHh~R 5B,

AN ERF L A F VAL HEAG-AL-CMS, AG-AL-CMIKX 'AM-APP-CMH D A1 VR F ¥ X F VI L KistEA VR Y
A 3 F(1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride)% It & &, fi\ > T4M HCUZ CTpH 7.0% #E4F L 7



PEBEEAINEE D AFIUE (1 23) -a-D-Z VA EOHNVEF Y 2 FLIEDHH
VIEID B EF YA F AL IEED IR R 2o\ 7

MOHNaBH, TEILL, E FOF LD FVHE)ZREICHFE L2, 20 FOF L T FNMEEHEEIASEL TR
B EEIEVWEILT v F VLR ITw, T 7 — s L L THRE 21T > 720 #DEEE % Chart LIRS,

R'N=C=NR" o NaBH,
™
OCH,COOH | OCH,COC OCH,CH,0H | ,
R=H or CH,COOH O NHR' |n R2=H or CH,CH,0H
:g:tgm R!'=Hor CH2C00('I= NR' AG-AL-CMS-R
s A
OR? OR? OR?
Ro-| o o RO-[ o CHoA
HCOR?
Ol OH ]
H 0 b OH Ac o AcOCH
3
" OR? 1) NaBH HFOR
H o] aBH, 0. HCOAc
OR? 2) Ac,0, Pyridine OR? EH20R3
o) 0
) OH o ) OAc ~o
o\) 0\)
R*=Ac or CH,CH,0Ac
Chart 1
- - CH,0Ac
or CoA
H
0 Poe
AcOCH
oO—+— ——————  ceeeeaee-d R LT T PP
— 333 HCOCH,CH;0Ac 261
HOOCCH,0 HCORe
H
L o n CH,0Ac
CH,0Ac
H(IZOAc
L AOCH
333 HCOCH,CH,0Ac 305
OH n H'COAC ............. 117
— - CH20CH2CH20AC
n CHzoAC
18.9 ; HCOCH2CH20AC
AcOCH 333
Oo—+— — B e e
— HICOCHZCHZOAC 261
HOOCCH,0 HCOAC
OCH,COOH |p |
CH,0Ac

Chart 2
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A=EG LTV H DTN — AFRIED 2N DKEEREB ANV EXF L AF VSR T E D001, 2
ORABFERR Y 1 MEORBESEARI G ON, FORBHFEARDOTAARY MV TN LR T 7 7 4
v hmiz261,33305B0 b, F72, 2, AV R4, 6 (MHSROBABRBER T F L Fdum/z 189, 261, 333 K U117,
305, 33307 5 7 X 2 FE— 7O 57 (Chart 2)o (13)-a-7 NV H VTl FOL—T7 VEIHERIHA DD
D, 2, 4, 6 KBRS ENENANVRF D XAFMALSIN TS, (123)- -7V v Tld, 2 MKBRAEICE R
NELDRBFELEL BT, SO LI, (123)-3-F VA DI )3 — AFRIED 2 MAKBEEIIHREETH 5~
Dy 7 AORBIZAELTBYY , HARF D A FALOE, BERAIEA SIS VO TEZV e L #E L,
— 15, (1=3)-a- TN H I RO H & > T b EOEE” 2350, (TN OKEERIZH BRSNS E2
bils,

FNENDHINAEF L AFVIED I & EIRE % Hat L7oAER L D, AG-AL-CMS, AG-AL-CMIX (FAM-APP-CM
D 6 MLEIAD L D E1H34%, 29%, 49% L AEH AR SN, MSHEOKEROHEDBER O —D LHEE L7z, 6
AT EF VI LY BER IR >3)-a-7 2T A3KICE ET, BT 2 F M bRIEKICEREETH L Z LA
WHENTVDEY ZE05, 6 AKBERICEREINEA SRS I LIZE NG THH D VI35 THOKEREHHE
EN, FTHTEDTNA L ENS T T L@ RS I, KEWESE L0 THL EHGE L, THiEA NV
RE L AFNEPUMPEROB & 2555, KEMEOLER PEREEDYULIZLZ D THLEEZ LN L,
AG-AL* 5 13AG-AL-CMS & (FAG-AL-CMI® 2 FEHIDFEARD T 5 72 D23 LT, AM-APPA* 5 IZAM-APP-CM
DHHHG S NIz DL, AM-APPAAG-ALIZHAR TG FR&TH U, £72AM-APP-CMD —EIRATIZ 6 fL12%  Bift
ENTBY, 4, 6 (EFARLED LN 2L D, AM-APPIZ I VERF ¥ A FIVENBER I N T, TR
KBEWD L DDHRHIHELENIZOTIE B DL % 2 515 (Table 3, Table 4),

Table 3. GC and GC-MS of p-Glucose Derivatives from the Hydrolysate of Reduced O-(Carboxymethyl)-D-Glucans

Sugar derivatives a Prominent fragment (m/z) Percentage of total
(as acetate) CMPS AG-AL-CMS AG-AL-CMI AM-APP-CM

1 12-O-etn-a-0-Gf 43 73 127 170 187 273 1.4 0.9 0.5

2 12-Oetn-a-0-Gp 43 73 86 157 170 199 230 272 7.3 5.0 3.1

3 p-G-ol 43 73 145 217 289 361 375 44.2 39.1 41.6 33.8

4 12-0-etn-B->-Gp 43 73 86 157 170 199 230 272 1.2 1.8 3.8

5 12:0-ctn-6-O-he-a->-Gf 437387127187 1.4 2.6 8.9

6 1,2-O-etn-6-O-he-p-Gp 43 73 86 157 170 199 259316 2.9 2.0 52

7 6-O-he-G-ol 43 87 117 170375 29.5 14.8 9.3 20.4

8 2-O-he-G-ol 43 73 87 189 375 405 9.8 7.6 7.7

9 4-O-he-G-ol 43 87 145 261 333 375 12.7 73 9.7 2.5

10 1,2-O-etn-4-O-he-p-Gp 4373 115145173 245275317 4.7

11 1,2-O-etn-6-O-he-p-Gp 43 73 86 157 170 199 259316 5.5 10.1 3.9

12 4,6-O-dihe-G 4373 87 117 305333 419 13.6 2.7

13 2,4-O-dihe-G 4373 87 189 261 333 375 ' 06b) a6 b 79 b)
DS (Degree of substitution) 0.80 0.82 0.95

a) etn=ethylene, he=hydroxyethyl, dihe=dihydroethyl, Gf=glucofuranose, Gp=glucopyranose, G-ol=glucitol.
b) Overlapping peak with 2,6-O-dihe-pD-G-ol
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Table 4.  Location of Carboxymethyl Groups on a Glucose Unit

Gle. 2.cM-G¥Y  4-CM-G 6-CM-G  4,6diCM-G 24-diCM-G 26-diCM-G psP)
CMPS 442 . 12.7 29.5 13.6 - - 0.68
AG-AL-CMS 39.1 19.7 7.3 14.8 - -~ 9.69 9.8 0.80
AG-AL-CM1 41.6 15.4 9.7 9.3 - 47, 4.6° 14.8 0.82
AM-APP-CM 33.6 15.1 2.5 20.4 2.7 -, 779 18.0 095

a) CM=carboxymethyl, diCM=dicarboxymethyl, G=glucose
b) Degree of substitution per glucose
¢) Mixture of 2,4-diCM-G and 2,6-diCM-G

4. HIEKEX D XFIEBEEHIR(—3)-a-D-FIH > DORBEREERICOVT

B, bHRETEL FF "RV 7 1450 sz 3-(1>6) 35 (1—3)- 3-D-7 0V 71 » AAE R T FEIE 12
RIS ST b, ZhOHUEGIER & #2001 —>3)- 2-D- 7V 7 IS REGMIRZ 3 U T g &tz
RETY HIEEEHORBICEZESHABEOH G RBE IR TWDEY, F/2, Th50451E0—3)-3-D-7 b
B B RIEF MR SASEORE &, BARICE T 2B E It EFAERPRE SR TS, v7 07
7= VEGRERIBOTEELMBETH Y, 13)-3-D-ZVH VHIZL-T, A v 5 —04 %2 — 1 LEEEER
FOEILTFA NI AV EFET LY, LHL, (1=3)-a-D-7IVH » DILZEHEORIERMEEIZ OV TIZFRZ
S TR,

INETI, VFFIV ST RUNZT 278 796 ZNENHEEIR(—3)- o -D-7 )V /1  AG-AL, AM-APP % Hi
BEL, ZOHNVKRF D AFVALFEER(AG-AL-CMS, AG-AL-CMIX (FAM-APP-CM)IZHUEB RN R "HEBRT 5 2 &
ERRT A LRI, FNODOHNVEF L AFNEDOSMEBHRE IZOVWTEHLMII LD T, 2NoiiERE S
HNEFX S AF VAL(1>3)- a -D-Z N Y EORBERGERY 12OV TR 5B,

4-1. MR LFRVEME
4-1-1 E&RVHT &

7V 58 (TOYOPEARL HW-65)12 8V TO.IM NaClZ & & L TH W84, AG-AL-CMS, AG-AL-CMI, AM-
APP-CM®D 53513 £ 1L £11390,000, 730,000, 84,000 & i S 7z —J7, 1 M AKER{LF b U 7 ARG 2 H V7235
&3, % 4 155,000, 320,000, 100,000 & F i & 172, AG-AL (Mw=560,000) D7 VHRF T 2 F VAL HEILK 4
2L ED ST EDEVDE Uze AM-APP(Mw=42,000)D5 513, W TFROEE D 3T - ENWEIlHEO N, 2D
ZEREEHIZ O W TIEIAH TH 5 0%, AG-ALHERDFFERII S 2O ARHE (BAHESE) 2L Twbsb0L
HEENG,
4-12 T2 TN & B E R

AG-AL-CMS & AG-AL-CMIE B RIEE = AT 5(1—3)- 3-D-7 IV 51 (PS)D 10023 LT, Mz s E A
#7170, AM-APP & AM-APP-CMI3#J20T& - 72 Z & #* 5 AG-AL-CMS & AG-AL-CMII 77 F- D — A e ki A L
TWB I EDRBEND, —77, AM-APP-CMIZTC D ZHEAM-APP & (T [EAR A HOGIEE AR 2 & 2 5 @k
BEIRELTVW RV DL B b, 72, CMPSOMIHILIHREIIBTH ), BkifEZRELTWE DL b
N5,

AG-AL-CMS & AG-AL-CMIIZH M~ TV A U HIZBWTH TEDORIVBIZE SN, 7= ¥ 7TV — |2 X B
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JEEET0% R L, 2D Z EH 5, AG-AL-CMS, AG-AL-CMID 73§D —#RIIPS K UNCMPS D & 5 e @ K& A L
TWa ZEDREENTZ, AM-APP-CMIZ DWW T, 55 F 8 R UMM SOEME O ELIZA ST, PSEUCMPSIZ I
NTHMEAEEPR N EhLFREELAL TV EVnb oL Bbh b,
4-2. EERHEERTF(TRF)OFHH
AR, JHRE~ Y 22, A BONIEB LAY #5725 L, BHICEBEMESZMIIRIT 25 L 0 BIRAR W

AN TOZ L, MEROPIZMILOERLE VI EZHTEFEHALEVSDOTH 7225 BT 5 1, ZOH
B ML o O E #5384 K - (Tumor regressing factor:TRF)IZ X 2 b D ERE L, HilEESEAIZ L 2EARBROBEE
L7 7—AMRAT T TCHLEREL TS

YFHFTY Y THRDAG-ALRORZT ¥ 78 FHEDAM-APPDO 1V K ¥ ¥ A FUALIZ X > TH O - HilE
WAV EF T A F VLS HEDOTRFFERR L BT O O E I VB L, ZOHEEEEEE L) O
& LCRLZ(Fig.1)o CMPSIZIEOXTIREEL L THW 2o DR, AG-AL-CMS, AG-AL-CMI, AM-APP-CMD 54
(ERTIREE & BB LT, BESEHINE I3 £ A40%, 39%, 64% 1284 L, CMPST 5-BE & Ll L T 2 -3 f5REECTH - 72,
7o, M BRI IR & B LT, 2 EICs L, CMPSTRG-EED 245 X ) L FhEROE AR bk, Th
5 DOFEEIE, CMPSOTRFFEIFME L 1) 1358 { VA%, AG-AL-CMS, AG-AL-CMI, AM-APP-CM7%STRF:5 &5 % &
LTWwbZEaRLTWA,
4-3. h—RK> 775 X8k

MEEED A — K 7 )T 5 > AfH15.34minlZxf L T, AG-AL-CMS D35 41311.94min, AG-AL-CMI1310.59min, AM-
APP-CMI310.99minTd ) ZNENHEL A — K 2077 MEPE LN, FOMEIICMPSOE & 1ZIZFEEETH
- 72 (Fig.2)o

B, BV RF 2 A F IV FEEKIE, ZymosanlE & Tl 70 WS, MR ERRE O TUEDTRD & 7z,
4-4. PERES H#BE3(Peritoneal exudate cells:PEC)IC R 1T § 828

ANKE L A FVACE DO ERENT 512 X ZPECR UM ¢ DRI RIFTHBIZOWTHRE L7z, SHERG#
HHIZIZ, M ¢ KN UPECOEUIXIREE & e~ AL, 6 HH, 1 0 HBIZH MK % /R L7 (Fig.3)o

ZDEN, ANEF Y AFIALSHER G2 X DPECIZIE KL, M ¢ OPECIZH T 2 E &2 INT 2 2 L2 & 2
Lotz
4-5. JI 33— XHEEE

Mg PEMHIL S D & AADZHD I AN F—ATPR, XY b— R ) VBN B 2 G EAER LTS
NADPHOEADIZHIZ, F N A= AHFKEIZHE I NS, £ T, FEM ¢ IZHT 57 0T - AHBREIZOWT
Bt L 7o

WM ZANEF T AFNAEHELZ GOEERRPTTHEL, 24, 2ERZICERRPO )V a— REEHIE
L72o ZD#ERE, AG-AL-CMSIRINEE, AG-AL-CMERNNEE, AM-APP-CMiRINEED 77V 3 — AR, T CTHIEEE
IZHARTEWEZ R L 72 (Fig4)o

COMRDPSE, ANKX L AF Ml a-(1>DNT NI 2 HM ¢ ZEFGEHILL TWBE I LR SR,
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00 Zymosan }—< *x

% 107

ki

~ CMPS }~ *x

=

aJ

ot AG-AL-CMS I, s

S 54

-

8 AG-AL-CMI |—< *

AM-APP-CM '——1 X%
04 T ) — T 1
Conrol  CMPS AGAL  AGAL  ANEAPP 0 5 10 15 20 (min)

Fig. 1.

Changes in Cellular Composition of Solid Sarcoma 180
Tumors Induced by Sera of Mice Bearing Sarcoma 180
with Injection of Carboxymethylated Glucans

S-180 O PmN Ed Macrophage F4 Lymphocyte

Fig. 2. Clearance Rate of Carbon (t 12, min)

Polysaccharide (50 mg/kg) was injected i.p. 48 h before the i.v. injection
of carbon solution. The value expresses the mean + S.E. from four samples.

Significant difference from the control, * p<0.05, ** p<0.001.

Control

After 3 days

CMPS
AG-AL-CMS -

AG-AL-CMI =

AM-APP-CM

After 6 days

CMPS

AG-AL-CMS

AG-AL-CMI [z

AM-APP-CM

After 10 days

CMPS

AG-AL-CMS [z

AG-AL-CMI =

AM-APP-CM

Fig. 3.

Number of cells (x10 6/ mouse)

Changes in the Numbers of Peritoneal Exudate Cells
and Macrophages from Mice Treated with Carboxymethylated

Glucans Administration

[Jmacrophages [Z3 peritoneal exudate cells

Significant from the control,* p<0.05, ** p<0.01, *** p<0.005, **** p<0.001
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0O 24h 72h

*
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*

*
*
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’—1#**

Glucose consumption (%)
¢

Control  LPS  CMPS  AG-AL AG-AL AM-APP
10mg/l 100mg/l -CMS -CMI  -CM
Fig. 4. 100mg/l 100mg/l 100mg/l

Effect of Carboxymethylated Glucans on Glucose
Consumption by Resident Macrophages

Significant difference from the control, * p<0.05, ** p<0.01,
¥ p<0.005, **** p<0.001.

4-6. M7+ X772 —tiEM

SRS L DVBONIMED, 54 VS~ LBED DO THLMU T + A7 7 ¥ —EiftE% JIE L 72 (Fig.5)

CMPSHGHEZ, MR L ZIZRFDO 7+ A7 7 ¥ —BIER LR L2, AVEF I X F Wb a-(13)-F N H »
HGHEL -5 DEH AR L7,

4-7. —BMLERNOELRERU R —/IN—4 %L KT 24 2 (0:)EEHE

NOIZ, BEZMIRED I b a > FY) THRR, I 2 DB TRERDcomplex [ R0, KU T BAKOBEZTH S
aconitase | Z{EH L THFDOEMZHET 5>, F 77, ribonucleotide reductase  RiEHEIL L, DNAGB Z HET A%, %
BRI E D HBONIM ¢ 96 DNOEARER, 7)) — ARUR % H W Tl L 72(Fig.6)o

LPSTETE FTld, 2 TOHNVERF 3 2 F MUFEREE G- HEIINOD EAEDTRD bz,

O, FEE e A NBTIR TG % H W CHlllE L 72(Fig.7)o Phorbol myristate acetate(PMAYD H I Db 5 ¢, HILKFx
AFME a- TN H v FERE GBI b TV —F b T VY 7 ANBTRIGEER A L, O EEREA KT L 2 L8
RENTZ, CMPSTX GBI BRER I, NBTIRICRER A L, O BEEATR S 7z,

HVKF L AF WAL a-(123) 7N I 5 HEIZCMPS & 2 IZF% D, #NLL EONBTEICHRED D 0, O, FEERED SR
BimRanr:,

4-8. EBIRFEEF(TNFHRMEDOFERLR

ML S N 72M ¢ OIEBHI I3 2B EHEIC DOV THRET L 72 (Fig.8).

AG-AL-CMS K I’ AG-AL-CMI% 5- B Tld, LPSTFFE T C, CMPSIX 5 BEDIZIT 2 5 0EMEA R L72e — K, LPSDIE
FAE T T IETEIERD 5N h o 725 AM-APP-CMIXG-BE TIILPSOFHIZ A b 6 $VEHIIERO b b o 72,
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13

15
*
10
i
3
[=))
2
2
Sa

Control Zymosan CMPS AG-AL

S0mg/kg 10mghkg -CMS -CMI  -CM
Fig. 5. 10mg/kg 10mg/kg 10mg/kg
Effect of Carboxymethylated Glucans on Lysosomal
Acid Phosphatase Activity in Macrophages

Significant difference from the control, * p<0.05, ** p<0.005,
*¥% 50,001

254
O Lps-
20
E
[Te} 154
=
=
2
o~
@] -
g 10
el
&
o
zZ
24 72 24 72 24 T2 24 72 24 T2(h)
Control CMPS AG-AL AG-AL AM-APP
. -CMS -CMI -CM
Fig. 6.

Effect of Nitric Oxide Production in Macrophages
from Mice Treated with Carboxymethylated Glucans

Each sample (10 mg/kg) was administered to 5 mice. Macrophages were
incubated in the presence or absence of LPS. The concentration of nitric

oxide in the supernatant of the culture medium was estimated by the
absorbance at 570 nm with NaNO2 as a standard.

The value expresses the mean + S.E. from five samples.
Significant defference from the control, * p<0.01,** p<0.005, *** p<0.001.
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O PMA-

154 E3 PMA+

Absorbance at 660nm

0.5+

XX

L

Control  CMPS AG-AL  AG-AL AM-APP
Fig. 7. CMS -CMI  CM

Effect of NBT Reduction in Macrophages Treated with
Carboxymethylated Glucans

Each sample was administered i.p. injection into 3 to S mice. Macrophages were incubated
with NBT in the presence or absence of PMA. Formazan produced by reduction of NBT
was dissolved in dimethyl sulfoxide containing 1 M KOH and the absorbance was measured
at 660 nm. The value represents the mean + S.E. from 3 to 5 samples. Significant difference
from the control, * p<0.05, ** p<0.01, *** p<0.001.

[ LPS- « *
LPS+

Growth inhibition (%)
8
i

204

-

Control CMPS AG-AL AG-AL AM-APP
-CMS -CMI -CM

Fig. 8. In Vitro Cytotoxicity against L929 of Medium
Prepared by Cultivating Macrophages Treated with
Carboxymethylated Glucans

Macrophages from mice administered Corynebacterium parrvum and each sample were
incubated in the presence or absence of LPS for 24 h. The cytotoxic activity of the
supernatant from the culture medium was assayed using L929 cells. Results were
represented as the percentage of the proliferation of cell growth inhibited. The value
expressed the mean + S.E. from four samples.

Significant difference from the control, *p<0.001.
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4-9. INF

GFFEREEROKEREDL S, AG-AL (Mw=560,000) HIED 7 VR F ¥ A FVALS#EIZ0.1M NaClH Tl 1 M &
BEALT b U7 ZKIEHH L ) B4 25 EDOSFEDEVAE L 72, AM-APP (Mw=42,000) O34, Wiho
BEDIFZ—EDENIEONS, TOZ L, FEMICOWTIIAH T 2%, AG-ALR KO8 KILf] & A0 7k
i (EAHE) 2L TwabnE#ERING,

T TN X B ENERE P E EERDME R 5, AG-AL-CMS & AG-AL-CMIZ 5 F D —EB DB K& 2 47 L
TWVb I EHRKEENTZ, AM-APP-CMIZTED ZHEAM-APPE 1T L A L ZBEL L W2 &, RO ESREE ARV & &
PomEmIEEIIE LTV AV D ERbN S,

TRFFEAER DGR L 1), AG-AL-CMS, AG-AL-CMI, AM-APP-CM 3, X ERBE &t U C RS AIH H54940-60% |2
PLCMPSHFREE L TEDORIRIL 2-3ERETH o720 —F, dFh BRI FREE & I U THy2.5-40% 1288
L, CMPSIZ G- BEIC BT A H & L 0 SUFPEROBINDFED Sz, 2D ki3, CMPSOTRFZEEIH I LS < v
7%, AG-AL-CMS, AG-AL-CMI, AM-APP-CMIZTRFFHEEMEZ A L TW A 2 E AR Sz,

H=RL 20T 7 ARBOHERDPS, HIVEFR L AT VALFEROE G, Zymosanl & Tld 7\, 8RN Sk
BED TLHEATED H 7z,

ANKRF L AFIALEE R IENENIES§ 5 2 & T, PECIZHE AL, M ¢ ODPECIZXT 2 B & OHMIEM A R S 7z,

A=K7 VT T2 AR, 703 AWEE, 71V — LEERIENE, NOFEARE, 0, PEAERE, L9291 xH ¥ 2 Ml
GEMRBIZBVT, VKX AT ML a-(1>3) 7N DI, AVRE L A FUAL3-(1=3) TV H > &b
bEPo7e —H, TREFERIIE D - 720 ZDOIEDS, HVEF I AF ML a-(1=DNTIVH T, ANEF D X
FIUALR-(A1=3) TN A I D EME 2 L VIEMILL T b L Bbhs, ZO3HDOHLEXY X F AL « -(1—3)
7 W7~ (AG-AL-CMS, AG-AL-CMI, J. IFAM-APP-CM) DOHUBEBAEH S BUL, ST 12X DM ¢ A5EHIL s
T HEEMAMEDOBH Y AT LARHCHH Y 27 2 DFEHILIC L5200 THLEEZ 5N B, —F, AG-AL
HED AN ARF 2 A FVALEEK L AM-APPHRD 7 VK F ¥ A FUALFEEROEDS BIE s 7z, BlL, TRES
ERTER 7OV 3 — ATHERE, O FEARE, L929I4 T S Ml EMAEBRIC B A M ¢ i1 L, AG-ALH KD FFEkD
T, 74V — LEBERETE R UNOREEREIZ DV Tid, AM-APPHIK D FHEk D J AS g Wk BB 5 N7,

DEXYFE2Y Yy RURZT 278 r i G EBEIRA—=3)-« -D-7 0V H v 2 FNFREBEL, (123)-«-D- 7L H
CHOBEHEDKBIEND AN EF IV AFNVEOEANIZLYVEFONLTRG IV RF T 2 F VALSHEHIEBIER O
RBGBOOLN, 5T, FOHNEF L A FNVIEOMBI o -(1>3)KE 3-(1=3)K L DR TIEANE IZHED
HbHIEFELRBNTHERI, WVEF L RAFNALA—3)- o -D-7 IV 7 2 EOFUESER 1318 LM Ao s
PEREMIRIZ L A DTH DL I E 2 L 720

THFETICRHSNZE L WHUESER 2 RSB IIRA L 30—6)0IE(1—3)- 3-D-7 V51 > R (1—3)- 3 -D-
TNHHETH D, (123)-a-D-ZT VA VEHDOAIVEF L AF ML o TRBEBRFNRICERNT 2HE LT
MEEEVED RO H N2 LS, 4k, SOIENHESHSRELBOTEREL RET 52050 TH Y, ZO5EIC
BUAMAED—BOMERNFLINL, T/, BEIZFK 4 2585 L7222 9% 7 5 4 Dglucuronoxylomannan® , CMPS*™' |
ANKELAFNALL VT 450 b b= A2y CHGROTIEEHEME I ET 205 L OBIZBWT, 2h
LANEKF L AFNVALA3)-a -D- TN YHIZEDZE AT LB AEFFHKE L TCOGHMESTIES R
%o



16 =N S N T vol. 45

5| F3CEk

1) G. Chihara, Y.Y. Maeda, J. Hamuro, T. Sasaki, F. Fukuoka, Nature, 222, 687-688 (1969).

2) FRILHHACHE, PR VR, S EALERIE R, 26, 208-224 (1981); Y.Y. Maeda, G. Chihara, Int. J. Cancer,
11, 153-161 (1973); 1. Suzuki, T. Itani, N. Ohno, S. Oikawa, K. Sato, T. Miyazaki, T. Yadomae, J.
Pharmacobio-Dyn., 8, 217-226 (1985).

3) dL o, DREE L RAY IR, EREE T, IRESFEHE, /NG, B3R, 9 & (LSRR, 8, 944-966
(1981 IS, i, AA I, VDREEF, IRSRFEHE, (BOBHE -, /NI, ibid., 12, 366-
378 (1985).

4) K. Okamura, M. Suzuki, T. Chihara, A. Fujikawa, T. Fukuda, S. Goto, K. Ichinohe, S. Jimi, T.
Kasamatsu, N. Kawai, K. Mizoguchi, S. Mori, H. Nakano, K. Noda, K. Sekiba, K. Suzuki, T. Suzuki, K.
Takahashi, K. Takeuchi, S. Takeuchi, A. Yajima, N. Ogawa, Cancer, 58, 865-872 (1986); K. Okumura,
M. Suzuki, T. Chihara, A. Fujikawa, T. Fukuda, S. Goto, K. Ichinohe, S. Jimi, T. Kasamatsu, N. Kawai,
K. Mizoguchi, T. Mori, H. Nakano, K. Noda, K. Sekiba, K. Suzuki, T. Suzuki, K. Takahashi, K.
Takeuchi, S. Takeuchi, A. Yajima, N. Ogawa, Biotherapy, 1, 103-107 (1989).

5a) T. Sasaki, N. Abiko, K. Nitta, N. Takasuka, Y. Sugino, Eur. J. Cancer, 15, 211-215 (1979); J. Hamuro,
Y. Yamashita, Y. Ohsaka, Y.Y. Maeda, G. Chihara, Nature, 233, 486-487 (1971); N. Ohno, K. Kurachi,
T. Yadomae, Chem. Pharm. Bull., 36, 1016-1025 (1988); T. Kiho, M. Ito, I. Yoshida, K. Nagai, T. Hara,
S. Ukai, ibid., 37, 2770-2772 (1989).

b) J. Hamuro, M. Rollinghoff, H. Wagner, Cancer Res., 38, 3080-3085 (1978).

¢c) T. Kojima, K. Tabata, A. Hirata, I. Sugawara, Agr. Biol. Chem., 50, 1635-1636 (1986); A.F. Cirelli, J.A.
Covian, N. Ohno, Y. Adachi, T. Yadomae, Carbohydr. Res., 190, 329-337 (1989).

6) G. Chihara, J. Hamuro, Y.Y. Maeda, Y. Arai, F. Fukuoka, Narure, 225, 943-944 (1970); K. Ito, N.
Ohno, I. Suzuki, K. Sato, S. Oikawa, T. Yadomae, Chem. Pharm. Bull., 33, 4950-4956 (1985); Y.
Adachi, N. Ohno, M. Ohsawa, K. Sato, S. Oikawa, T. Yadomae, Chem. Pharm. Bull., 37, 1838-1843
(1989).

7) K. Matsuzaki, I. Yamamoto, T. Sato, R. Oshima, Macromol. Chem., 187, 317-324 (1986).

8a) K. Nagai, J. Tanaka, T. Kiho, S. Ukai, Chem. Pharm. Bull., 40, 986-989 (1992).

b) S. Usui, K. Murashima, M. Sakai, T. Kiho, S. Ukai, Biol. Pharm. Bull., 17, 1165-1170 (1994).

9) T. Kunimoto, H. Baba, K. Nitta, J. Biol. Resp. Mod., 5, 160-167 (1986); H. Baba, T. Kunimoto, /nt. J.
Immunopharmac., 8, 569-572 (1986); T. Kunimoto, H. Baba, K. Nitta, J. Biol. Resp. Mod., 5, 225-235
(1986); BIUCRZ, H3Hahil, $iHRIS, Biotherapy, 2, 292-298 (1988); BLRZ, HiiAu%, HiHA
%, Human Cell, 3, 124-130 (1990); BOCEZ, H55A0E, HrEAIG & EARHEA 1. L vd A b
IA Y (GE_EBR) . 755, 5ER, pp.65-82 (1990).

10) R.W. Eyler, E.D. Klug, F. Diephuis, Anal. Chem., 19, 24-27 (1947); 1. Sakurada, J. Soc. Chem. Jpn.,
31, 19 (1938); A.Z. Conner, R W. Eyler, Anal. Chem., 22, 1129-1132 (1950); C.V. Francis, ibid., 25,
941-943 (1953); S. Mukhopadhyay, B.Ch. Mitra, S.R. Palit, ibid., 45, 1775-1176 (1973); H.C. Black Jr.,
ibid., 23, 1792-1795 (1951).



PUEBEANRF L AFNI (1-3) -a-D-Z VI HDOH VKXY AFLFEOHA
CIZFNS BV EF L A F VLS RO RIERTVERIZOWT 17

11) S.A. Barker, T.R. Carrington, J. Chem. Soc., 3588-3593 (1953); A.W. Dox, R.E. Niedig, J. Biol.
Chem., 235, 19 (1914); F. Fukuoka, M. Nakanishi, S. Shibata, Y. Nishikawa, T. Takeda, M. Tanaka,
Gann, 59, 421-432 (1968); R.B. Duff, J. Chem. Soc., 3, 2592-2594 (1952); K. Imai, T. Kikuta, M.
Kobayashi, K. Matsuda, Agric. Biol. Chem., 41, 1339-1346 (1977); B.J. Ralph, V.J.Bender, Chem. Ind.,
pp-1181 (1965); J.G.H. Wessels, D.R. Kreger, R. Marchant, B.A. Regensburg, O.M.H. De Vries,
Biochim. Biophys. Acta, 273, 346-358 (1972).

12a) T. Kiho, I. Yoshida, K. Nagai, S. Ukai C. Hara, Carbohydr. Res., 189, 273-279 (1989).

b) T.Kiho, I. Yoshida, M. Katsuragawa, M. Sakushima, S.Ukai, Biol. Pharm. Bull., 17, 1460-1462 (1994).

13) I Yoshida, T. Kiho, S. Usui, M. Sakushima, S. Ukai, ibid., 19, 114-121 (1996).

14a) S. Ukai, I. Yoshida, A. Honda, K. Nagai, T. Kiho, Carbohydr. Res., 224, 201-208 (1992).

b) S. Ukai, A. Honda, K. Nagai, T. Kiho, J. Chromatogr., 513, 338-343 (1990).

15) WAL, “SHEORE & AERENT | BIEENE, (1990); KE &, JIIEIELMHE, ¥ 301t
FHALE | ERME Y Y —, (1992).

16) T.Kiho, S. Sobue, S. Ukai, Carbohydr. Res., 251, 81-87 (1994).

17) T.Kiho, M. Katsuragawa, K. Nagai, S. Ukai, Carbohydr. Res., 224, 237-243 (1992).

18) T.L.Bluhm, A. Sarco, Can. J. Chem., 55,293-299 (1977).

19) D.A. Rees, W.E. Scott, J. Chem. Soc.(B), 469-479 (1971).

20) S. Ukai, T. Kiho, C. Hara, I. Kuruma, Y. Tanaka, J. Pharmaco-Dyn., 6, 983-990 (1983); S. Ukai, C.
Hara, T. Kiho, K. Hirose, Chem. Pharm. Bull., 28, 2647-2653 (1980).

21) T. Sasaki, N. Takasuka, G. Chihara, Y.Y. Maeda, Jpn. J. Cancer Res. (Gann), 67, 191-195 (1976); H.
Saito, T. Ohki, N. Takasuka, T. Sasaki, Carbohydr. Res., 58, 293-305 (1977).

22) M.A. Chirigos, A. Bartocci, E. Read, “Progress in Cancer Research and Therapy. Vol 19 : Mediation of
Cellular Immunity in Cancer by Immune Modifiers.” eds. M.A. Chirigos, M. Mitchell, M.J.
Mastrangelo, Ravan Press, 1981, pp.77-81.

23) TR, $E5E, 108, 171-186 (1988).

24) F. Rossi, D. Remeo, P. Patriarca, J. Reticuloendothel. Soc., 12, 127-149 (1972); F. Rossi, P. Bellavite,
G. Berton, P. Dri, G. Zabucchi, “Biochemistry and Function of Phagocytes” eds. F. Rossi and P.
Patriarca, Plenum Press, New York, 1982, pp.283-322.

25) 1. Stadler, R.D. Curran, J.B. Ochoa, B.G. Harbrecht, R.A. Hoffman, R.L. Simmons, T.R. Biller, Arch.
Surg., 126, 186-191 (1991); J. Preilschifter, Eur. J. Pharmacol., 195, 179 (1991); C. Nathan, FASEB J.,
6, 3051-3064 (1992).

26) N.S. Kwon, D.J. Stuehr, C.F. Nathan, J. Exp. Med., 174, 761-767 (1991).

27) BEEETR, WAL, KIS, KT OE, #EE, 112, 663-668 (1992).



