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Dehtran was modified by lntroductlon of palmiroyl and phosphate goups. 

The derivatives were anallzrd by sequeniial periodate olidntion-sodium borohydride 
reduction. Only one of these derivatives sho\\ed a significanr growth-inhibitory eflect 

when administered alone, while a second derivative showed. in combination therapy 

with an ineffective dose of hlitomycin C, a marbed synergistic effect. 

INTRODUCTION 

Polj sscchnridcs have been esterifed with high-molecular-tvcilht fatty acid 

chlorides’.‘. In the present study, a commercial dextran przpararion (mol. wt. 

-31,000) conskting of 93.7% of r-(1 +6)-linked D-glucose unit,; was esterified in 

formamide solution wilh pnlmitoyl chloride or polyphosphoric acid, or with both, 

IO give O-palmitoylde\trans, dextran phosphate, or O-palmitoyldc*xtran phosphates, 

rcspectl\cly. The structures of the compounds thar were water-soluble %ere determined 

by the Smith degradation procedure, and their antitumor activity was assayed with 

Sarcoma-180. ascitcs tumor-cells in mice. 

RESULTS ARD DISCUSSION 

The commercial de\tran preparation \\as esterified with ;ln increasiog pro- 

portion of palmiro>l chloride and a fixed proporrion of polyphosphoric acid LO give 

O-palmitoyldcWan pbosphatcj. For the synthesis of rhese derivatives, formamtde 

was preferred as the solvent, although N,N-dimethylformsmidc, in which this poly- 

saccharide dexlran is practically insoluble, has been used3m’. The modified products 

\bere isolated from each reaction mixture by the addition of methanol, and fractionated 

by dialysis against water, followed by preclprtation \\lth methanol. 

*This work HZ supponcd b) a Grant-In-Ald for Cancer Research rrom the hlmrslry of Health and 
Well’urc of Japan. 
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Three palmitoyldextran phosphates were obtained, designated as PalDP,. 
PalDP,, aod PalDPc. PalDP, is soluble in bvnrer and was purified by column 
chromatography 03 Sephadev G-100 and on DEAE-cellulose (AcO-) to give the 
corre~pooding purified fracrions. PalDP,-I and PalDP,-lI (FQ. I). Homogeneity of 
PalDP,-II was sho\bn by its ultracentrifugal pattern. which gave SzO 1.0. PalDP, and 
PalDP, were precipitated from a solution in hot formamide with methanol to give 
the corresponding purrfied fractions, PaiDPa- and PalDPc-I, insoluble in water and 
in most organic solvents (see Table I). AJI O-palmitoyldrxtran phosphates described 
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Fig. I. Elut~o~ profile of PaiDPA- ifom a colur~ (2 h-lx 57 cm) of DEAE-cellulo,e (AcO-). 
Elution WJS periormed at firs1 Hrth waler (660 ml) and then with n gradient system tanin from 
water to \I NaCI (wch 550 ml). Each irsctlon ~3s 6 ml/tube. Carbohydrate content determlned by 
the modrried hlolljch method at 550 nm ( -); phosphorus comcnt by the Allen-Nakzmurn 
method at 720 nm (- - -). 

TABLE I _ 

CHELUCAL COhlPOSKIlOh AND PROPERTIES OF DESTR\N DERIVAW 

Carbah vdratP 
(9;) 

PhosphatS 
Ob) 

Mb” 
f”)J 

Dextran 100.0 
PaIDPA- 76 8 
PaID,- 8.5.6 
DP-II 81.0 
PalDPJ 71.3 
PalDPcl 41.7 
Pa!D.-I 87.3 
PalDc-I 6223 

+I98 
19.0 0.6 -i 119 

0.6 + 169 
IS.3 + I27 
22. I 3.0 

7.3 47.8 
2.3 

35.9 

“Determined by the hlollsch procedure as moditied by Devor ‘. bDerermined 3s phosphorus by the 
method or Allen 3s modltied by Nakamura’. c Dercrmmed by g.l.c. u11l1 oleic asld as mrernal standard. 

‘In mater, c 1.0. 



here were found to consist of three components only, namely, carbohydrate, phos- 

phate, and fatty acid. 

Three CLpnlmitoyldeutrans (PaID,, PaID,. and PaID,) having various fatty 

acid contents and correspondtng to the U-palmltoyldeutran phosphate preparations. 

were prepared by treatment oi devtran with the same concentration of palmitoyl 

chloride as used in the prcparatlon of O-pslmitoyldextran phosphates. Only PaID, 

i\as soluble in cold water, but the other compounds were insoluble in most solvents, 

including water, and were purified by the same method as that used for the water- 

rnsoluble PnlDP preparations. 

The parent dextran was treated brith polyphosphoric acid under the same 

conditions as for the synthesis of O-palmitoyldextran phosphates in order to obtain 

dextran derivatives modified only by the introduction of phosphate groups. A dextran 

phosphate preparation containin g 81 O/b of carbohydrate and 15.3% of phosphate 

groups was obtained readily. The properties of O-palmitoyldeutrans and of a dextran 

phosphate are reported in Table I. 

The results of periodate ouidaGon and of the Smith degradation of PslDP,-II. 

DP-II, PaID,-I, and the native dexrran are reported in Table II. The last-named 

compound showed for the perrodate consumption and the productIon of formic acrd. 

TABLE It 

hL\XlhlUf.l CO%SLIIIPTIDY OF PERIODATE. PRODUCllON OF FORMIC ACID. A,XD MOLAR 

PROPORTION OF COhfPOUIvDS FORtlID I4 l-HE SMITH DEGRzXDATIO% OF DE_\l-iG,N DFWIbATIVES 

Perrodare o \rdurron Ratlo of 
- gh ccrol. er_, rhrrrol: SIMIIOI 

I@; corrsrrrrrcd” HCO, H prodrrLViorf’ produced rn 111s Swirl1 dtyrod~tlorr 

PalDP,-II 1.71 0.71 h9.7.1.7 8.5 

DP-II 1.70 0.69 90.‘. I .9 7.9 

PalD,-I 1.85 090 9-1 kl.7 5.9 

Dexlran I.89 091 92.6 I .6.;.8 

‘hlofe per mole oi anhydro-D-glucose unil 

values of I.39 and 0.91 mole/anhydro-D-glucose umt, respectively, relatively higher 

:han the values observed for the other derivatives. Thus, it is evident that more than 

90?6 of the D-glucose units of this dextrsn consist of (I -6)-linbcd residues. On the 

other hand, PalDP,-ri and DP-II gave relatively lower values of periodate uptake and 

release of formic acid than did the deutran preparation, indicating that the suhstitution 

with phosphate groups prevented an extensive oxidation of these modified poly- 

saccharides. The results of the Smith degradation of the native and modified devtrans 

were consistenr \+lth the results of the perioda:e o\ldabon; the amounts of glycerol 

detected in the degradation products of both PalDP,-II and DP-II were nearly equal 

to that deri,ded from rhc native dextran, thus suggesting that the substitution by 

phosphate groups occurred for the largest part at the C-2 position of (I +6)-linked 

D-glucopyranose residues. The release of nearly equal proportions of erythritol by 
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all degradation products indicates that the substitution at C-4 of D-glucopyranose 

residues by phosphare groups may be excluded. The proportions of periodate-resistant 

sugar residues of two dektran derivatives \\ere slightly higher than that of the native 

deutran. Thus, it may be assumed that a w-tail proportion of phospbate groups are 

also linked at C-3. The location of O-palmitoyl groups in PalDP,-II and PalD,-l 

b\as found to be at C-6 of the nonreducing, terminal D-glucopyranose residues, as 

I-O-palmitoyl~ycerol was detected in rhe product of the Smith de-gradation as thz 

sole pslmrtic acid det-ivatikc. 

One of the water-insoluble O-palmitoyldeutran phosphates, PalDP,. showed a 

sgmficanr growth-inhibition against sarcoma 180 ascrtes-tumor in mice, kvherras the 

purified, water-soluble PalDP,-II, exhibited only a borderline Inhibition when 

adrmnistersd alone (see Table 111). The latter compound, however, revealed a marked 

synergistic effect against the same tumor in combination therapy with hlitomycin C. 

TABLE III 
ZTNGLE AaD CO~lB1;hATlO~ CHEhlOTHER~P\ OF DLXTRAW DERIVATIVES AGAINST 

SARCOMA-ISO. ASCITES TlI’.IOR-CELLS BY TOTtL PtCKED-CELL VOLLn\IE METHOD 

Do& Inlllhrrron 

rurio (Oh) 

Vutnber of complere regress~orrsl 

roful number of mtcc 

PaIDP,-II 

PalDFcl 

P.IIDP~-II + hlvomyan C 

Pa’DP,-I + hllrom)sin C 

hlI,om)cl” c 

JMg,kpldsy x 5. 

I 17 0.’ I8 
20 21 Of18 

1 52 J/I2 
20 92 6’12 

I 
0.0 I 91 10’12 

I 
0.01 83 9111 

0 01 9 0 36 

showing an 83% resession of rumor by the total pached-cell volume method”. The 

observauon that all O-palmito>ldeutrans and dextran phosphates are practically 

inactive in the inhibitlon of this ascites tumor, eien in combination therapy, indicates 
the necessity for t.l~e existence of both fatty acid and phosphate groups to manifest 

antitumor activity. Thus, simple polpsaccharides without apparent brolo@cal activity. 

such as dextran, can be converted into derivatives displaying some antitumor acriblty. 

d~urrriu/s. - The devtran (mol. wt. 38.000) was a commercial product 

“dextran 40” of hleito Sangyo Co., Nagoya, Japan, and palmitoyl chloride was 

purchased from Tokyo Kasei Co., Tokyo, Japan and was 98% pure, as examined by 

g1.c. after its conversion to the corresponding methyl ester. 
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Geucral melhods. - Total carbohydrate and phosphorus contents were 

determined by the modified hlolisch6 and Allen-Nakamura methods’, respectively. 

The palmitoyl group content itas estimated by g.l.c., after methanolysis of the sample 

with 5% methanolic HCI, with oleic acid as the internal standard. Optical rolatioos 

were measured with an Applied Electric Automatic Polarimeter. Ultracentrifugal 

analysis was performed with a Hitachi UCA-6A ultracentrifuge at 60.000 r.p.m. 

G.1.c. was performed with a Shimsdzu GC-SAM chromatogaph. equipped with a 

flame-ionization detector. The products from the Smith degradation were analyzed 

as the 0-acetyl or 0-(trimethylsilyl) derivariVes on a column (4x 2.000 mm) of 3% 

ECNSS-hl on Gas Chrom Q (SO-IO0 mesh), at 100-310” (programmed iIt a rate of 

l”/min) or on a column (4 x I.500 mm) of IO o//o Silicone SE-30 on Gas Chrom Q 

(80-100 mesh), 100-300” (propmmed at a rate of 4;/min); Nd was the arrier gas 

at a Row rate’-’ ’ of 40-60 ml/min. 

0-Palmifo_vlde.vrran plrosphare. - Devtran (I g. dried in racuo for 24 h at I IO” 

in the presence of P,O,) was suspended iu anhydrous formamide (IO0 ml}, and the 

mixture was stirred in a water-bath at 70” until the polgsaccharide dissolved com- 

pletely (I h). .4nhydrous triethylamine (23 ml) and crystalline palmitoyl chloride 
(0.2 g; were added, and warming and stirring were continued for a funher 2 h. In 

other experiments, a larger amount of the acid chloride (0.5 and 5.0 g) Has added to 

give the corresponding products having a higher fatty acid conten:. After the cloud> 

reaction mixture had been cooled to 20”. polyphosphoric acid (5g) was added in cne 

portion, and the mixture was stirred for 24 b. The resultant, clear solution was diluted 

with methanol (400 ml) and, after 30 min, the precipitate formed was collected b> 

centrifugatlon. After being \%ashed twice with methanol,the precipitate was dissolved 

(or suspended) in water (200 ml). the pH adjusted to 9.0 irich aqueous 10% NaOH 

solution, and the solution (or suspension) dialyzed against running tap-water for 48 h. 

The nondialyzable fraction was concentrated to 50 ml irz rr?cuo at a temperature below 

JO”, and poured into methanol (100 ml). The precipitate was cotlected by ceotri- 

fugation and washed successively with me:hanol, berlzcne, and hcxane (100 ml each), 

and dried over P,O+ 

PtrriJica!ion of 0-palnrIroJYde_lrran phosphates. - A solution of PalDP, 

(100 mg) in water (5 ml) v& applied to a column (2.6x 89 cm) of Sephadex G-100 

(medium). Thz column was eluted with water, and each eluate (9 ml/tube) was assayed 
for the contents of carbohydrate and phosphorus. Eluates containing carbohydrate 

were combined, concentrated to a small volume in racuo. and the polysaccharide 

derivative was precipitated by the addition of a large volume of methanol. The 

precipitate was co!lected, washed with methanol by centrifugation, and dried k lacuo 

over P,05 (yield 98 mg). This fraction was designated as PalDP,-I. The clear solurion 

of PalDP,-I (50 mg) in Hater (5 ml) was applied to a column (2.6 x 57 cm) of DErLE- 

cellulose (AcO-). The column was first washed with water (670 ml) and eluted with a 

gradient from water to hI NaCl solution (I IO0 ml). Only one carbohydrate-containing 

component was eluted from the column at an NaCl concentration of 0.4-0.6hr. The 

elunte was concentrated and dialyzed, and the polysaccharide derivative wab recovered 
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by methanol precipitation, as desciibed for PaID !‘,-I (yield 40 mg). This fraction _ 

was designated as PalDP,-II. 

Purr~calion qf‘ PafDP, arrri PaIDPC 15~s precipifation. - Crude PalDP, (or 

PalDP,) (100 mg) was dissolved in formamlde (10 ml) by heating at I IO’. The 

solution was filtered and poured into methanol (IO vol.). The precipitate formed was 

collected by centrifu_eation. washed thoroughly hlth methanol. and dried over PzOs 

in LUCUO. This fraction \\a5 designated as PaIDP,-I (or PolDPc-I), and rhe yield \vaj 

96 mg (or S3 mg). 

0- Pall,liro~.f~e.rfrarr. - This derlvatlve war prepared by essentially the same 

method ai that described for the preparation of PalDP, but wirhout subsequent 

addition of polyphospboric acid and keeping for 24 h at room temperature. The 

proportions of palmitoyl chloride added liere the same as those for the preparation 

of PalDP. Three O-palmitoylde~trans (PaID,. PalD,. and PalDc) were obtained, and 

PaID, was sho\rn to be readily ivater-soluble. whereas the other two were sparingly 

soluble in water. .4 solution of PaID, \ias passed through a column of Eephadex 

G-100 under the same conditions as described for PalDP,\; only a slnplc peak 

(desigllated PaID,-I) containing a carbohydrate component was eluted. The other 

O-palmitogldeutrans (PalD, and PnlD,) \\ere purified by precipitation with for- 

mamide and methanol as described for PalDP, and PalDP,. and designated PalD,-I 

and PaID,-I. The chemical composirion of the purified PaIDs is given in Table 1. 

fkwutzpl~osphare. - To a solution ofdeutran (I g) in I:5 (v/v) triethylamine- 

formamide, polypbosphoric acid (5 g) ~9s added 1t-1 one portron. The mlkture was 

stirred until the poljphosphoric acid had dissolved. and the clear solution was kept 

for 24 hat room temperature. The solution was diluted with methanol (5 vol.), and the 

precipitate ~cas collected by centnfugarion. After being \\asbed througbly lvith 

methanol. it was dissolved IL-I ksater (IO0 ml). The pH of the solution was sdJusted to 

9.0 with 10% NaOH, and the solution was dialyzed against running tap-water over- 

night. Afler removal of a small amount of insoluble material by centrifugation, the 

devtran phosphate \vas recovered as a white precipitate by the addition of methanol 

(5 bol.). The precipitate Itas collected by centnfbgation, washed \\ith methanol, and 

dned o\er P,O, in z’acuo (yield 1.25 g). 

‘Psiodafe osiciafion ondSmrrlr dtzgradafton. - To a solution of destran derivative 

(200 rng) in 3% NaCl (S ml) was added 0.25~ sodium periodate (I5 ml). and the totaJ 

volume was completed to 25 ml \i~th ’ a 3% NaCI. The oxidation mixture was hept in 

the dark dl 15.’ and, at suirable rime inrenals for 23 b, the consumption of periodate 

and the production of formic acid were measured by the Fleury-Lange method” and 

by titration with 0.01 hf NaOH, re~poctl\ely. An excess amount of I,?-ethanediol \vas 

added to decompose the excess of periodate when the otidadon was complete, and 

the reaction mixture was dialyzed. The nondialyzable fraction was treated \sitb NaBH, 

in the usual way. After the escess of NaBH, had been destroyed by adjusting the pH 

IO 5 5 with acztk acid, the solution was heated Hith 0.5hl H2S04 for 6 h at 100”. The 

hydroiyzate was neutralized ii ILII BsCO,, filtered, and the filtrate evaporated to 

dryness. NO phosphorus could be detected in this residue, indicating that all phosphate 



goups had been hydrolyzed and rzmobed as insoluble Ba salt. H,B03 \\as removed 

by treatment with a cation-ewhange resin (Amberlite IR-120, Hf) follo\+cd bh 

repeated additions and evaporations of methanol at room temperature. 

Assa_v of anfirmizor acrrriry. - hlale ddY mice, five \\eeks old, were obtained 

from Shizuoka Animal Farm. Shizuoka (Japan). The antitumor activity against 

sarcoma-180, ascites tumor-cells \vas measured by the total packed-ccl! volume 

method ‘. 7 days after sarcoma-180 tumor cells (I x IO’?) had been inoculated intra- 

peritoneally. A combination therapy against sarcoma-180 cells in the ascites form 

\\as performed with the de\tran derivatl\es and hfitomlcin C (Kyowa Hakko Kogyo 

Co., Tokyo, Japan). hfitomjcln C (0.01 n-&kg/da)) was injected in!raperironeall] 

once daily for 5 days, I h after injection of the dextran drrilative (I mg/kg/day). 
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