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ABSTRAC7 

An antitumor D-manno-D-glucan from Microellobosporia grisea, an actino- 

mycete, has a unique, tetrasaccharide repeating-unit structure, in that a single LX-D- 

mannosyl group is located at both O-3 and O-6 of every other p-~-(1 +4)-glucosyl 

residue. The mannoglucan was chemically modified, and tested for antitumor activi- 

ties against Ehrlich carcinoma and MM46 adenocarcinoma solid tumors in mice. 

Acid degradation decreased the antitumor activity, with increase in both the de- 

polymerization and the elimination of the D-mannosyl groups. Various derivatives, 

such as sulfated, phosphorylated, and stearoylated mannoglucans, showed a decrease 

In, or loss of, the activity. From these results, it is suggested that both the molecular 

size and the free hydroxyl groups of the D-mannosyl groups (present as side 

and susceptible to esterification) are responsible for the antitumor activity 

mannoglucan. 

chains 

of the 

INTRODUCTION 

Previous work”2 has shown that a water-soluble, extracellular polysaccharide 

from Microeflobosporia grisea exhibits potent antitumor activity’, and that it has a 

unique, tetrasaccharide, repeating-unit structure’ as follows. 

sc-D-Manp 

6 

+~)-P-D-G@-( 14)-fl-D-G+( I-+ 
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It was suggested that the I)-mannosyl groups present as side chams should play an 

Important role In the water solubility and antitumor activity of the mannoglucan 

(MG). In continuation of studies on MG, it was chemically modified. and the anti- 

tumor activities of its various derivatives were tested. This paper concerns its degrada- 

tion with acid. its esterificatlon (sulfation. phosphorylation, and stearo).lation ). and 

the antltumor activities of these esters 

C’llet?li~alpropcrtif~s of AlG derivatives. -- The conditions required for degrada- 

tion of MG (mol.wt. - 1 x IO’) to materials having molecular weights of - 30 x 104. 

10 x 104, and 3 x lo4 by acid hydrolysis were examined, and a correlation between 

the conditions of acid hydrolysis and the molecular weight was obtained, as shown in 

Fig. I. On the basis of the results, MC was degraded with 0. I M HCI for 4.0 and 7.5 h 

at 80 , and with 0.2~ HCI for 7.0 h. to yield DMG-I, DMG-2, and DMG-3 having 

molecular weights of 31 x 105, 9.8 x IO’, and 2.8 x 104. respectively. in agreement 

with the values expected. The elution profiles of these acid-degraded mannoglucans 

In gel-permeation chromatography (g.p.c.) on G4000 SW are shown in Fig. 2. 

Sugar analyses showed that MC. DMG-I, DMG-2, and DMG-3 consisted of 

o-glucose and o-mannose in the molar ratios of I. Id: I .OO. I. IS : 1 .OO. I .2X : I .OO. and 

1.48 : I .OO. respectively, indicating that partial elimination of r)-mannosyl groups 

located as side chains occurred in proportion to the intensity of the conditions of 

hydrolysis. together with depolymerization by cleavage of the main chain. The 

keg. I. C’orrelatlon between the condition, of acid hydrolysis and the molecular weight. [MG 
(20 mg) wab dissolved in I .O mL of 0. I M HCI (--~ -~ ) or 0.2M HCI ( e-~-F. and heated at 80‘ for 
the tunes indicated. After neutralization of the acid with 0. I M Na&‘O,s, the molecular weight< of the 
acid-degraded product5 were e\tlmated hy g.p.c. on G4000 SW, wng Jcxtran T-500. T-70. T-40, 

and T-IO a\ standard\ ] 
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Fig. 2. Gel-permeation chromatography of MG (A), DMG-1 (B), DMG-2 (C), and DMG-3 (D) 
on G4000 SW, with 0.1~ NaCl as the carrier (1 .O mL/min). [Arrows indicate the elution positions of 
the following standard dextrans: 1 (T-SO), 2 (T-70), 3 (T-40), and 4 (T-lo).] 

position of elimination for DMG-1 and DMG-2 was found by methylation analyses 
to be O-3 of doubly branched D-glucosyl residues, whereas DMG-3, the most de- 
graded of the three mannoglucans, additionally lost a trace of D-mannosyl groups at 
O-6 of the doubly branched D-glucosyl residues (see Table I). These results were 

TABLE I 

METHYLATION ANALYSES OF MG AND ITS ACID-DEGRADED MANNOGLUCANS 

0-Methylated sugar 
(as alditol acetate) 

Molar ratio 

MG” DMG-I 

Mode of 

DMG3 
linkage 

2,3,4,6-Man* 
2,3,6-Glc 

1.00 1.00 1.00 Manp-(1 --* 
0.50 0.54 0.70 +4)-Glcp-(l-+ 

1 
6 

2-Glc 0.47 0.43 0.34 +4)-Glcp-(l--t 
3 

2,3-Glc 
2,6-Glc 

aFrom ref. 2. *2,3,4,6-Man = 2,3,4,6-tetra-0.methyl-D-mannose, etc. cTrace. 

6 
0.00 0.09 0.26 +4)-Glcp-(I-+ 
0.00 trc 0.04 +4)-Glcp-(l -+ 

: 
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TABLE II 

(‘HI hll(‘\L PROPfR-I II S Ot h!G ,\\uI> II5 III-RIVATiVk\ 

MG and DMG-3 wrc s~~lfhted wtth vauous molar- ratio\ ofchlorosulfhnic aad 

to sugar r-odue. to ycld MG-SL and DMG-XL v.ith low degrws 01‘ substitution 

(d.s.), and MG-SH and DMG-3-SH \:lth 111gh ci.5. The sulfur contt‘nt~. nf DMG-3-SL 

and DMG-3-SH WL’K h~giler than thaw of MG-SI_ :and IllG-SI1. rc>pecti\clq. 

clesplte the fact that the same conditions were m~plqxi for the rcblwcti\,e \ulfntlon 

of MG and DMG-3 (see Table II). IIIS diffwcncc IS prolx~bl! due to :i ciwrcss~ in 

hterlc hindrance in DMG-3, huscd on the depi~l,lqni~ri7atic,n and rhc elimination 01 

I)-mannosyl groups, both of which occurred III DMG-3, aa aircady dc~cr~hed. 

Phoaphorylated manncqlucans (DMG-I-PL and DMG-I-PI-I ). anti O-stcaroyl 

derivative5 (DMG- I -STL and DMG- I -STH ) \vcrc obtained b) c~tcrllication of 

DMG-I. with varying of thu reaction conditions. DMG-i was also cstcrified uith 

stearoyl chloride and polyphosphorlc acid. to gicc O->tcaroyl-DMG-I phosphate 

(DMG- I -STL-PL ). The chemical properties of thcsc deri\ atlvcc are summarized 

in Table II. 

lntroductlon of these ~ubrtituent groups was confirmed by i.r. spectroscopy: 

the sulfated. phosphorylated. and steuroylated derivatives showed xbsorption bands. 

ascribed to thwr ester groups , ;it 13-N and 800 ~800. I !30 and 070. and I720 ~112 [, 
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respectively. The positions of introduction into MG and its acid-degraded manno- 

glucans were not established, but the D-mannosyl groups (located as side chains) 

appear to be much more susceptible to esterification than the o-glucosyl residues 

comprising their main chains, considering their complicated structures. 

Antitwmr activities of the MG derivatives. - The derivatives of MC thus 

obtained were tested for antitumor activities against Ehrlich carcinoma and MM46 

adenocarcinoma in mice. As shown in Table 111, DMG- I of the acid-degraded manno- 

glucans exhibited potent antitumor activity against Ehrlich carcinoma by i.p. ad- 

ministration at a dose of 10 mg/kg, comparable to that of the original mannoglucan 

MG. On the other hand, DMG-2 and DMG-3, which were of smaller molecular 

size, with a smaller number of D-mannosyl groups than DMG-1, showed a slightly 

decreased antitumor activity, compared with MG and DMG-I. In contrast to i.p. 

administration, oral administration of these degraded mannoglucans resulted in no 

effect on Ehrlich carcinoma, as MG had no effect (see Table III). As shown in 

Table IV, DMG-1 and DMG-2 showed almost the same antitumor activity (more 

potent than that of DMG-3) against MM46 adenocarcmoma by i.p. administration 

at a dose of 100 mg/kg, whereas the antitumor effect of the three was similar at a 

dose of 10 mg/kg. Thus, the antitumor activity of MG decreased with increased de- 

polymerization and elimination of D-mannosyl groups, caused by treatment with acid. 

MG sulfates (MC-SL and MC-SH) showed a moderately potent antitumor 

effect, less than that of MG, on MM46 adenocarcinoma by i.p. administration at a 

dose of 100 mg/kg, but had little effect at 10 mg/kg, as shown in Table V. On the 

other hand, DMG-3 sulfates (DMG-3-SL and DMG-3-SH) showed almost complete 

TABLE III 

EFFECT OF MC AND ITS ACID-DEGRADED MANNOGLUCANS ON EHRLICH CARCINOMA” 

Sample b Route Dose Tumor wightc 
(mgjkg Juys) (mean i se) 

(g) 

T/Cd 
f”,,) 

Complete 
wgressiotP 

MG 1.p. 10 /’ 10 0.17 $.O.lOJ 4.5 6/10 
DMC-I i.p. 10 Y IO 0.19 _10.08f 5.0 4110 
DMG-2 i.p. IO ~ 10 0.74 ti0.30f 19.4 4110 
DMC-3 i.p. 10 , 10 1.04 *0.31’ 27.2 l/IO 
Control 3.82 10.36 100 O/IO 
MG p.0. 100 : 17 2.88 +0.79 92.6 O/5 
DMG-I p.0. 100 y 17 2.38 kO.69 76.5 O/5 
DMG-2 p.0. 100 r 17 2.24 +0.71 72.0 O/5 
DMG-3 p.0. 100 ,. 17 2.17 xl.04 89.1 O/5 
Control 3.11 rto.17 100 O/5 

~_ ~__. 

UFemale ICR mice were inoculated S.C. with Ehrlich tumor cells (3 Y 10”) on day 0. bAdministered 
i.p. daily from day 1, or p.o. daily from day 1. cWeighed on day 30 (i.p.), or day 24 (p.0.). @Average 
tumor-weight of treated group/that of control group. cNo. of tumor-free mice/no. of mice tested. 
fsignificant difference from control group (p -iO,OOl). 



I-ABLE IV 

DMG-I 

DMG-2 

DMG-3 

C‘ontrol 

I (1 1.19 0.33’ 39. I 2.1 

100 0.18 0.09” 5.7 3 h 

IO I 14 0.1 1’1 40.5 0 7 
I ou 0.1 7 0 I4’J 5-l 36 
I (1 I .1x 0.35” 1% h I I 

I 00 0.77 0.0X’ 25. I 0 7 
3 05 0.45 IO0 1) 7 

TABLE v 

MG-SL. 

MCI-SH 

r)hIc-3-x 

I)MG-3-SH 

MC; 

C‘ontrol 

I 0 
I 00 

JO 

IO0 

I 0 
IO0 

IO 
IO0 

IO 
I 00 

1.32 

0.50 

I 50 

0.7’) 

I .57 

I .x3 

I -19 

2.1.5 

o..h 

0 34 

I .03 

0 36 
0.38’ 
0.11 
0.75 ’ 
0.3’) 
0.2x 
0.X 

0.4X 
0.321 
O.Xh 
0 I2 

loss of actlwty at doses of both IO and 100 mgkg (SW TabIt L;). whereah DMG-3 

signiticantly inhiblted the tumor growth at both dose levels (5~ fable IV). The 

administratlon of MC;-SH or DMG-3-SH at 100 mgi’kg canscd. in kst mice, a marhed 

hemorrhage. which rntlst he due to their strong antithrnmbln xtivitrzs: the s~~ifur~c 
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TABLE VI 

EFFECT OF DMG-1 DERIVATIVES ON EHRLICH CARCINOMAa 

____ 

Sample b Dose 

(mglkg) 

Tumor weightc 
(mean *se) 

fg) 

T/Cd 

I”/bi 

Complete 
regressione 

~~~ ~~__.___~ __ ~___~~ _______ 

DMG-l-PL 10 0.81 &0.29f 
100 0.48 10.27f 

DMG-l-PH 10 2.55 10.64 
100 2.25 ho.32 

DMG-I-STL 10 1.63 10.51 
100 1.77 10.39 

DMG-I-STH 10 3.58 *0.76 
100 2.07 50.37 

DMG-l-STL-PL 10 2.64 10.56 
100 1.84 10.49 

DMG-1 10 1.25 +0.53* 
100 0.34 10.22’ 

Control 2.77 ho.40 
_~____ -- ___~ 

29.2 116 
17.3 316 
92.1 O/6 
81.2 O/6 
58.8 013s 
63.9 016 

129 W 
74.7 O/6 
95.3 016 
66.4 ‘W 
45.1 l/6 
12.3 216 

100 o/14 

aFemale ICR mice were inoculated S.C. with Ehrlich tumor cells (3 x 106) on day 0. bAdministered 
i.p. twice, on days 12 and 17. CWeighed on day 30. dAverage tumor-weight of treated group/that of 
control group. eNo. of tumor-free mice/no. of mice tested. ‘Significant difference from control 
group (p < 0.01). BAccidental death. *p < 0.05. %p < 0.001. 

esters of high d.s. (MG-SH and DMG-3-SH) gave ID,, values of 0.1 and 0.2 pg/mL, 

respectively. 

Of the various derivatives of DMG-1, water-soluble DMG-l-PL (with a low 

d.s.) showed potent antitumor activity against Ehrlich carcinoma by i.p. administra- 

tion at doses of both 10 and 100 mg/kg, comparable to that of DMG-1, but water- 

soluble DMG-l-PH (with a high d.s.) and water-insoluble derivatives (DMG-I-STL 

and DMG-I-STH) lost most of the activity (see Table VI). Thus, introduction of 

sulfuric ester, phosphoric ester, or stearoyl groups resulted in decrease in, or loss of, 

antitumor activity in most cases. DMG-I-STL-PL, a water-insoluble derivative of 

DMG-1 that was both stearoylated and phosphorylated, showed no effect on the 

tumor, whereas introduction both of stearoyl and phosphoric ester groups into yeast 

mannan3, and both of palmitoyl and phosphoric ester groups into dextran4 have 

been reported to give derivatives having antitumor properties. 

These results suggest that molecular size, and free hydroxyl groups of D- 

mannosyl groups located as side chains, are important for the appearance of anti- 

tumor activity of the original mannoglucan and its acid-degraded products. 

EXPERIMENTAL 

Material. - The D-manno-D-glucan (MG) was prepared as described previ- 

ously’. 
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Analj,tical twtlzods. ---~ Periodate oxidation and mcthylatlon analysi:, were 

performed as described previously’. Sulfur and phosphorus contents were determined 

by the methods of Antonopoulos’ and Chcn ct L/I.“. I-especti\ cl,. Tllt2 co11 tl?nt 01” 

stearoyl group was determined by g.l.c_ after methanoiysls of II sample \\ith S”,, 

methanolic HCI, with heptadecanolc acid as the internal standard: g.1.c. ~a5 ~CI-- 

formed in a column (0.3 x 100 cm) of Unisole 3000 on Uniport C at 200 \vith a 

Hitachi model 163 chromatograph equipped filth a flume-innlr~~tlon detector. 

Molecular weight was estimated by gel-permeatlun chromatograph> (g.p.c.) with 

dextran T-500, T-70, T-40. and T-IO (Pharmacia Fine <*hem.) as .standards: the g.p.c. 

~\as conducted at 40’ in ;I column (7.5 y 600 mm) ot’G4OOO S\V with LI Togo Soda 

model X03A liquid chromatograph equipped with a ret’racti\&nde\ dctcctor, using 

0. I M NaCl as the carrier at a fo\v rate or I .O mL:min. Other anal>tlcal methods used 

in this tvork have been described’,2. 

ilc.idd~~~/.a~fatiun. ~--~ A solution of MC (50.0 g) in 0. lb1 HC’I (3.0 1.) M;IS heated 

for 4.0 h at 80’, cooled in an ice---water bath, made neutral with 5w NaOtl. and 

poured Into ethanol (6.0 L). The resulting precrpitatc W;LS collected hy ccntrlfugation. 

washed with ethanol, and dissolved in water (3.0 L ). The solution \las pasxcd through 

two columns (1.0 x 20 cm each) of Dowcx-I X-3 (Cl -) and Dower-50 N-7 (H * 1 

resin, concentrated to 3 L i~r WZL’Z~O. centrifuged to removL’ a trace ol‘insoluble material. 

and the acid-degraded product (DMG-I ) precipitated from the 5upernatant ilquol 

with ethanoi (6.0 L). DMG-I was collected by centrifugation, ~ashcd successivcl) 

with ethanol and acetone. and dried over P,O, i/z W~‘IIO (~~iclcl, -i-I.0 g ). 

Other acid-degraded mannogiucans, DMG-3 (-13.2 g), and DMG-3 (37.5 g). 

were prepared from MG (50.0 g) as just described. enccpt that MG N;IS heated tcith 

0. IM HCI for 7.5 h at 80’. and k+ith 0.2~ HCI for 7.0 h, for the prcparatlon ol‘DMG-7 

and DMG-3, respectively. 

SuIJbtion. -- MG and DMG-3 were sulfated with chlnrosulfonic ac’ld and 

pyridine7. To a solution of MG (17.0 g) in formamide (600 mL) \\a5 added a sulfating 

reagent prepared by dropping chlorosuifonic acid (3.9 mL). whde \ Igorously stirring, 

into pyridine (24 mL) below 0 -, and stirring was continued for 8 h at rc)om temprra- 

ture. The mixture was poured rnto methanol (4.5 L J at 0’ . and the product wau 

precipitated as the pyridimum salt. The precipitate was collected 1~1 filtration, \\ashed 

with methanol, and dissolved in uatcr (650 mL) at 0 ‘_ The pH of the .snlutiori W:L\ 

adjusted to -8 \vith sodium acetate. the suspension was centrlfugcd, and the rc- 

suiting sodium salt was precipitated with ethanol (3.5 L) from the supcrnatant liquor. 

Reprecipitation from ethanol, followed by drying over I’,Oi i/l I N~~I/o. gave 13.7 g 

of MG-SL. DMG-3 (13.0 g) in formamide (240 ml_) ~a5 sulfated as just described. 

to give DMG-3-SL (15.3 g). 

For preparations ol‘mannoglucan sulfates with high d.s. (MG-SH and DMG-3- 

SH) more-bigorous conditions for sutfation were used. MG (8.0 g) in formamide 

(400 mL) was sequentially sulfated with the reagent (CISO,H, ih.-l ml.: pyrd111~‘. 

8.0 mL) for 2.5 h at room temperature and then for 1 h at 45 On pourmg the 

mixture into methanol (J.0 L) at 0.. the product (pyrldinium \alt) \va\ precipitated 
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as a syrupy substance which was washed with methanol, and dissolved in water 

(550 mL) at 0”. The solution was made neutral with sodium acetate, centrifuged, 

and the supernatant liquor poured into ethanol (4.0 L). The resulting precipitate 

was collected by filtration, and dissolved in water (600 mL), and the solution was 

passed through a column (4.0 x 30 cm) of Dowex-50 X-2 (H+) resin at 5 O, to convert 

the salt into free acid form. The effluent and washing were combined, made neutral 

with 2M NaOH, concentrated to -400 mL, and poured into ethanol (4.0 L). The 

precipitate (sodium salt) was collected by filtration, and dried over P,O, in vucuo, 
to give M G-SH (12.7 g). DMG-3 (8.0 g) in formamide (160 mL) was sulfated under 

the conditions used for the preparation of MG-SH, to give DMG-3-SH (16.8 g). 

Phosphor~~lation. - DMG-1 was phosphorylated principally by the method of 

Whistler and Towle’. DMG-1 (2.0 g) was dissolved in formamide (100 mL), and 

tributylamine (10 mL) and polyphosphoric acid (5.0 g) were added to the clear 

solution. The mixture was stirred for 24 h at room temperature, and then poured 

into ethanol (600 mL). The resulting precipitate was collected by centrifugation, 

and dissolved in water (100 mL). The pH of the solution was adjusted to 10 with 2~ 

NaOH, and the solution was evaporated at 37” in vacua (to remove the liberated 

tributylamine), and dialyzed against de-ionized water. The nondialyzable suspension 

was concentrated to N 100 mL, and filtered, and sodium acetate (0.2 g) was added 

to the filtrate. DMG-I-PL, precipitated from the filtrate with ethanol (600 mL), 

was collected by centrifugation, washed with ethanol, and dried over P,O, in vacua 

(yield, 2.15 g). For the preparation of DMG-1 phosphate with high d.s. (DMG-l- 

PH), DMG-I (1.0 g) in formamide (50 mL) was phosphorylated for 4 h at 120” 

with tributylamine (10 mL) and polyphosphoric acid (5.0 g) to give DMG-I-PH 

(1.80 g). 

Stearoylation. - Stearoylation was conducted principally by the method of 

Hammerling and Westphal’. To a solution of DMG-1 (0.50 g) in N,N-dimethyl- 

formamide (DMF; 50 mL) at 70’ were added pyridine (1 .O mL) and stearoyl chloride 

(0.1 g) in DMF (1.0 mL). The mixture was stirred for 3 h at 50”, filtered, and the 

filtrate poured into ethanol (300 mL) containing sodium acetate-saturated methanol 

(1.0 mL). The resulting precipitate was collected by filtration, washed successively 

with ethanol, acetone, and ethyl ether, and dried over P,O, in vucuo, to give DMG-l- 

STL (0.55 g). 

For preparation of a stearoyl derivative with high d.s. (DMG-I-STH), DMG-1 

(0.50 g) in DMF (50 mL) was stearoylated for 3 h at 50” with pyridine (10 mL) and 

stearoyl chloride (1.0 g) in DMF (5.0 mL), to give DMG-1-STH (0.71 g). 

Stearoylation and phosphorylation. - Pyridine (1.0 mL) and stearoyl chloride 

(0.1 g) in DMF (1.0 mL) were added to DMG-1 (0.50 g) in DMF (50 mL), and the 

mixture was stirred for 3 h at room temperature. Tributylamine (5.0 mL) and poly- 

phosphoric acid (2.5 g) were added, and the mixture was heated for 2 h at 80”, and 

poured into ethanol (300 mL). The resulting precipitate was collected by centrifuga- 

tion, washed successively with water, 0.1~ HCl, water, 0.2~ sodium acetate, water, 



ethanol, acetone, and ethyl ether. and dried over P,O, in rrrcw. to g~\‘e DMG-I- 

STL-PL (0.38 g). 

~l.wci~~ 0J’nnfiticnwr oc,tirit_j,. ~ Antitumor activities of MG and Ith dcri\utive:s 

against Ehrlich carcinoma and MM36 adenocarcinoma solid tumor\ in mice were 

assayed as previously dcscrihed’. The tumor:, were Implanted X.C. into the right 

groin of mice. and the test samples, dissolved or strspended 11~ ph~sic~logical saline. 

were administered i.p., twice on days I1 and i7. or (iall\: i‘or IO d:ib\. \t:wting 2-I h 

after tumor implantation. 
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