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ABSTRACT 

The anti-HIV effects ofmannopyranan sulfate (1) were investigated by using MT-4 cells, namely, an 

HTLV-I-carrying CD-4 positive cell-line, in vitro. Stereoregular (I +6)-r-D-mannopyranan, which had been 

synthesized by ring-opening polymerization of a 1,6-anhydromannose derivative, was sulfated with pipe- 

ridine-N-sulfonic acid to provide 1. N.m.r. analysis of I indicated that the reactivity ofhydroxyl groups was 

in the order, 3-OH > 2-OH > > 4-OH. Mannopyranan sulfate having degree of substitution (d.s.) of 

I. 19-1.83 effectively inhibited HIV-induced cytopathic effects at a concentration of ~3.3 pg/mL. The 

anticoagulant activity and the adsorption on concanavalin A of 1 indicated the possibility of selective 

binding of 1 having d.s. of I. 1991.83 to HIV-protein. 

INTRODUCTION 

Such natural sulfated polysaccharides as heparin and heparan sulfate, and such 

synthetic heparinoids as dextran sulfate show anticoagulant activity. We reported that 

sulfation of linear glycans, been synthesized by ring-opening polymerization of anhydro 

sugar derivatives, gave new heparinoids having high anticoagulant activity’. It was 

relatively easy to synthesize heparinoids with various proportions of sulfate groups’.3. 

Recently, it was reported that sulfated polysaccharides showed anti-HIV (human 

immunodeficiency virus = AIDS virus) effects. Lentinan sulfate2.4 and curdlan sul- 

fate5.6, prepared by sulfation of the natural polysaccharides, strongly inhibited HIV- 

induced cytopathic effects in vitro. Such sulfated synthetic linear pentofuranans as 

ribofuranan sulfate3.’ and xylofuranan sulfate’, also had anti-HIV activity. These 

sulfated polysaccharides showed a very low toxicity against MT-4 cell growth. 

* Presented at the 15th International Carbohydrate Symposium, Yokohama, Japan, August 12-17, 1990. 
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Fig. 1. “C-N.m.r. spectra of (A): (1+6)-a-D-mannopyranan, (B): I (d.s. 1.19), and (C): 1 (d.s. 1.97). 

sulfation of the 1 obtained was not much affected by reaction temperature but was 
governed by the amount of 2. When 2 of l-2 times the molar quantity of the hydroxyl 
groups was used, main-chain scission in the mannopyranan scarcely occurred, whereas 
the number-average molecular weight was decreased when 3 times as much 2 was used 
(no. 8 in Table I). The number of sulfate groups per sugar unit (= d.s.) as calculated 
from elemental analysis data was 0.9882.12, as shown in Table I, indicating that 
3&70% of the hydroxyl groups of the mannopyranan had been sulfated under these 
conditions. 

The 13C-n.m.r. spectra of 1 and OH-free mannopyranan are shown in Fig. 1. 
Assignments were performed by the ‘H-13C COSY method. In the spectrum of 1 of d.s. 

1.19 (Fig. 1 B), the resonance assignable to substituted C-4 carbon was almost negligible. 
On the other hand, in a polymer of higher d.s. (1.97) 11% of C-4 was substituted with 
sulfate groups, as shown in the ‘3C-n.m.r. spectrum (Fig. 1 C). The distribution of sulfate 

TABLE II 

Distribution of sulfate groups in the mannopyranan sulfate 

No. D.La Monosulfnted 

at C-2 

Monosulfated 

at C-3 

Disulfated at 

C-2 and C-3 

Sulfated 
at C-4 

2 1.19 0.04 0.34 0.40 0 
6 1.97 0.09 0.15 0.76 0.11 

’ Calculated based on elemental analysis. 
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Fig. 3. Effect of degree of sulfation of 1 (0) and ribofuranan sulfate (3)’ ( x ) on the anti-HIV activity 

It is well-known that such sulfated polysaccharides as heparin binds to blood 

proteins such as antithrombin III to inhibit coagulation of the blood. The effect of 

degree of sulfation on the anticoagulant activity of 1 is shown in Fig. 4. By analogy3 with 

33, 1 of higher d.s. showed higher anticoagulant activity. As may be seen from Table III, 

1 having degrees of sulfation of 1.19-1.83 showed the highest anti-HIV activity and 

relatively low anticoagulant activity, suggesting that I having certain levels of sulfation 

might slightly favor binding to AIDS virus protein over reacting with other plasma 

proteins. 

Adsorption of 1 on concanavalin A (ConAtSepharose was also investigated. 

More than 70% of 1 applied onto a conA-Sepharose column was not adsorbed and was 
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Fig. 4. Relationship between deree of sulfation on I and the anticoagulant activity. 
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Further investigations on conformational analysis between 1 and viral protein, 

and the effect of homogeneity and molecular weight of 1 should be done to clarify the 
interaction between sulfated polysaccharides and HIV-protein. 

EXPERIMENTAL 

~annopyra~a~ sulfate (1). - 1,6-Anhydro-2,3,4-t~-O-benzyl-~-~-m~nnopyra- 
nose was polymerized with PF, as catalyst to give a stereoregular benzylated (1 --&)-a-~- 
mannopyranan according to the precedure of Frechet and Schuerch’. The linear 
mannopyranan derivative was debenzyiated with Na in liquid NH, and the OH-free 
mannopyranan obtained was sulfated9 with piperidine-N-sulfonic acid (2) in Me,SO 
under various conditions, as shown in Table I. The mixture was made neutral by 

saturated NaHCO, solution in an ice bath, and poured into acetone. Then crude 

mannopyranan sulfate was separated by centrifugation, washed with acetone, and 
dialyzed overnight with running distilled water. The product 1 was freeze-dried from 
water, it was moisture sensitive and was stored at - 20’. 

Anti-HIP assay. I- The anti-HIV activity of 1 was analyzed by measuring the 

number of viable cells and the percentage of viral antigen-positive cells”. The anti-HIV 

activity of 1 was assayed in terms of the inhibition of HIV-induced cytopathic effects in 
MT-4 cells, a human CD&positive cell-line carrying HTLV-I. MT-4 cells and MT-4 
cells infected with HIV at a multiplicity of infection of 0,002 were adjusted to 3 x lo5 
cells/ml and cultured in the presence of various concentrations of the compounds. The 

effects of the compounds were monitored by counting the viable cells (identified by the 
Trypan Blue dye exclusion method) 3 and 6 days after infection. The inhibitory effect of 

1 was also investigated in an assay of the HIV-specific antigens. MT-4 cells infected with 
HIV at a multiplicity of infection of 0.002 were cultured in the presence of various 

concentration of 1. The inhibitory effect of 1 on the expression of HIV-specific antigen 
was determined by the indirect immunofluorescence (IF) method, using a seropositive 

anti-HIV human serum and an anti-human IgG conjugated with a fluorescent sub- 
stance. More than 500 celles were counted under a fluorescence microsco~ and the 
percentage of IF-positive cells was calculated 3 and 6 days after infection. 

Anticoagulant actitlity. - The anticoagulant activity of 1 was measured by use of 
bovine serum according to a modification of the United States Pharmacopoeia method 
as described previously’. Dextran sulfate (Meito Sangyo NC-1032) was used as a 
control. 

Adsorption on toncanavalin A-Sepharose. - An aqueous solution of I (0.2 
mg/mL, 2 mL) was applied to the concanavalin A-Sepharose (Sigma) column (1 mL). 

After washing with water (1 mL, twice), 1 was eluted by 0.51~1 NaCl (1 mL, twice). 
Washings and eluates were mixted with I mL of Toluidine Blue solution and the 
absorbance was measured at 5 16 nm. 

Measurements. - N.m.r. spectra of 1 were recorded on a JEOL GX-270 spec- 
trometer in DzO using sodium 4,4-dimethyl-Csilapentane-l-sulfonate as internal stan- 
dard. The num~r-average molecular weight of 1 was determined by gel-permeation 




