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The increase in vascular permeability induced by dextran in rat skin is inhibited by
the simultaneous intradermal administration of glucose and certain other sugars (Beraldo,
Dias Da Silva & Lemos Fernandes, 1962). These sugars also prevent the local vascular
changes produced by other polysaccharides (Poyser & West, 1965 ; Harris, Luscombe &
Poyser, 1967) and inhibit the release of histamine in vitro by dextran from tissue mast
cells (Goth, 1961 ; Beraldo et al., 1962 ; Dias Da Silva & Lemos Fernandes, 1965). In
the present paper, an attempt has been made to determine the structural and stereospecific
requirements of sugars for activity as antagonists of the dextran response. The
mechanism of inhibition by these carbohydrates has also been investigated.

METHODS

Inhibition by sugars and other agents of the vascular response to dextran in rat skin was studied
using the method of Poyser & West (1965). Each antagonist was dissolved in dextran (1 mg/ml.)
and injected intradermally, in volumes of 0.1 ml., into the shaved ventral abdominal skin of male
hooded Lister rats (body weight about 200 g). Each rat received eight to ten intradermal injections
immediately after the intravenous injection of azovan blue dye (7 mg/kg). Thirty minutes later the
rats were Killed, and the reaction to each injection was assessed by measuring the mean diameter of
the blue area on the inner surface of the skin. The response given by dextran (100 ug) in the
presence of each sugar or other agent was then expressed as a percentage of that found in its
absence. From the log dose/inhibition curves, doses producing 50% inhibition (termed the ID50
values) were obtained. Each value shown in the tables is the mean and standard error of three
experiments, each using at least three rats.

The dextran used was Intradex (Glaxo) with an average molecular weight of 140,000. Sugars and
other substances tested as antagonists included B-p-glucose, L-glucose, n-acetyl-p-glucosamine,
methyl-8-D-glucopyranoside, 3-O-methyl-D-glucose, 2:3:4:6-tetra-O-methyl-D-glucose, D-tagatose,
p-lyxose, D-glyceraldehyde (syrup), glycoaldehyde, cyclohexane-1:2-diol (cis/trans mixture) and
cyclohexane-1:4-diol (cis) which were purchased from Koch-Light Laboratories Ltd. p-Talose,
p-erythrose, and cyclohexane-1:3-diol (cis/trans mixture) were obtained from K. & K. Laboratories,
Inc., Plainview, New York, US.A. L-Xylose, 6-deoxy-L-mannose (L-Thamnose), galactitol (dulcitol),
trehalose, maltose, cellobiose, lactose and raffinose were purchased from Thomas Kerfoot & Co. Ltd.

* Present address: British Industrial Biological Research Association, Woodmansterne Road,
Carshalton, Surrey.



220 R. H. POYSER and G. B. WEST

Cyclohexane-1:2-diol (zrans) and cyclohexane-1:4-diol (cis/trans mixture) were obtained from the
Aldrich Chemical Co., Inc., Milwaukee, Wisconsin, U.S.A. Isomaltose was kindly supplied by
Dr. C. R. Ricketts, of the M.R.C. Industrial Injuries and Burns Research Unit, Birmingham. All
other sugars and substances tested were purchased from British Drug Houses Ltd.

RESULTS
Inhibition by glucose and its derivatives

The B-form of D-glucose and the L-isomer were as effective as the more common
a-D-isomer in antagonizing the vascular response to dextran in rat skin (see Table 1).
Furthermore, the ID50 values for these isomers were not significantly different
(P<<0.05) from those of 2-deoxy-D-glucose and n-acetyl-D-glucosamine. Whereas the
a- and B-methyl glucosides were also as effective as D-glucose, 3-O-methyl-D-glucose and
2:3:4:6-tetra-O-methyl-D-glucose were much less active.

TABLE 1

INHIBITION BY GLUCOSE AND ITS DERIVATIVES OF THE INCREASE IN VASCULAR
PERMEABILITY IN RAT SKIN PRODUCED BY DEXTRAN (100 pg)

The antagonist and dextran were injected simultaneously into the skin. Inhibition was measured as the
dose required to produce 50%; reduction in response. ID50 values are the means and standard errors of
three experiments. Inhibitory activities are also expressed relative to a-D-glucose (assigned a value of 100).

1D50 value ID50 value Relative
Glucose derivative (1) (p-moles) molar activity
a-D-Glucose 183424 1:02+0-13 100
B-D-Glucose 166+13 0-924-0-07 111
L-Glucose 167+ 2 0-9340-01 110
2-Deoxy-D-glucose 172416 1-05+£0-10 97
N-Acetyl-D-glucosamine 186413 0-844-0-06 121
Methyl-a-D-glucopyranoside 198411 1-024-0-06 100
Methyl-B-p-glucopyranoside 173+ 3 0-8940-02 115
3-0-Methyl-p-glucose 1,233 +59 6-3540-30 16
2 :3 :4 :6-Tetra-O-methyl-p-glucose 2,600+ 76 11-00+0-32 9

Inhibition by other monosaccharides

The relative activities of other monosaccharides as inhibitors of the dextran response
are shown in Table 2. It was not possible to determine the ID50 value for D-talose
because only a small amount of this agent was available, but it was, like D-galactose,
much less active as an inhibitor than were the other hexoses tested. In the pentose group,
D-ribose and L-arabinose had only weak inhibitory actions. D-Erythrose, a tetrose, was
much less active than D-glucose.

The ID50 value for 2-deoxy-D-ribose was similar to that of the parent sugar but
6-deoxy-L-mannose was much less effective than D-mannose.

Inhibition by sugar alcohols and cyclohexanols

The sugar alcohols of D-glucose and D-mannose—namely sorbitol and D-mannitol,
respectively—had much less inhibitory action than their corresponding sugars (see Table
3). Galactitol (dulcitol), however, had an activity similar to that of its corresponding
sugar, D-galactose, and the inhibitory effect of erythritol (a tetritol) was not significantly
different (P<<0.05) from that of its parent sugar, D-erythose. Although myo-inositol, a
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TABLE 2

INHIBITION BY DIFFERENT MONOSACCHARIDES OF THE INCREASE IN VASCULAR
PERMEABILITY IN RAT SKIN PRODUCED BY DEXTRAN (100 ng)

The antagonist and dextran were injected simultaneously into the skin. Inhibition was measured as the
dose required to produce 509, reduction in response. ID50 values are the means and standard errors of
three experiments. Inhibitory activities are also expressed relative to a-D-glucose (assigned a value of 100).

IDS0 value IDS0 value Relative
Monosaccharide (ug) (u-moles) molar activity
D-Glucose 183424 1-02+0-13 100
D-Mannose 155+ 3 0-864-0-02 119
D-Galactose 1,0434-35 5794019 . 18
D-Talose >500 >2-78 <37
p-Fructose 158414 0-88+0-08 116
L-Sorbose 185423 1-03+0-13 99
D-Tagatose 317+ 7 1-76 +0-04 58
p-Ribose 1,086-+47 7-234+0-31 14
D-Arabinose 168+ 9 1-124+0-06 91
L-Arabinose 554+ 60 3-6940-40 28
D-Xylose 173+ 9 1-154-0-06 89
L-Xylose 167+12 1-114-0-08 92
D-Lyxose 282+ 4 1-88+0-03 54
D-Erythrose 461423 3-8440-19 27
6-Deoxy-L-mannose (L-Rhamnose) 2,817+44 17-204-0-27 6
2-Deoxy-D-ribose 1,0804-49 8:054-0-37 13
TABLE 3

INHIBITION BY SUGAR ALCOHOLS AND CYCLOHEXANOLS OF THE INCREASE IN VAS-
CULAR PERMEABILITY IN RAT SKIN PRODUCED BY DEXTRAN (100 ug)

The antagonist and dextran were injected simultaneously into the skin. Inhibition was measured as the
dose required to produce 50% reduction in response. ID50 values are the means and standard errors of
three experiments. Inhibitory activities are also expressed relative to a-D-glucose (assigned a value of 100).

ID50 value ID50 value Relative
Alcohol (ug) (u-moles) molar activity

p-Glucitol (Sorbitol) 605+ 50 3-3240-28 31
D-Mannitol 2,833+317 15-604+-1-74 7
Galactitol (Dulcitol) 1,015+ 24 5-574+0-13 18
Erythritol 476+ 20 3:90+0-16 26
myo-Inositol 158+ 4 0-88+0-02 116
Cyclohexane-1: 2-diol (cis/trans

mixture) 307+ 13 2:65+0-11 38
Cyclohexane-1 : 2-diol (trans) 280+ 6 2:414+0-05 42
Cyclohexane-1: 3-diol (cis/trans

mixture) 1,373+ 26 11-804-0-22 9 .
Cyclohexane-1 : 4-diol (cis) 1,397+ 29 12-00+£0-25 9
Cyclohexane-1: 4-diol (cis/trans

mixture) 1,607+ 72 13-80+0-62 7

cyclohexanehexol, was as effective as D-glucose, all the cyclohexanediols tested were less
active as inhibitors of the dextran response, although the 1:2-diols were more effective
than the 1:3- and 1:4-diols.

Inhibition by trioses and related substances

DL-Glyceraldehyde was as active as a-D-glucose on a weight basis but only half as
active on a molar basis (see Table 4). The D-isomer of glyceraldehyde was much less
effective than the racemate, and dihydroxyacetone (the other triose tested) was even
weaker as an inhibitor of the dextran response. When the glyceraldehyde structure was
modified to yield other aldehydes, alcohols and ketones, greatly reduced inhibitory
activities were found (see Table 4).
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TABLE 4

INHIBITION BY TRIOSES AND RELATED SUBSTANCES OF THE INCREASE IN VASCULAR
PERMEABILITY IN RAT SKIN PRODUCED BY DEXTRAN (100 ug)

The antagonist and dextran were injected simultaneously into the skin. Inhibition was measured as the
dose required to produce 50%; reduction in response. /D50 values are the means and standard errors of
three experiments. Inhibitory activities are also expressed relative to a-D-glucose (assigned a value of 100).

ID50 value 1D50 value Relative
Triose or other substance (pg) (pu-moles) molar activity
pL-Glyceraldehyde 1944+ 36 2:24-0-40 46
D-Glyceraldehyde (syrup) 660+ 40 7-3+0-44 14
Dihydroxyacetone 1,973+ 39 21-940-44 5
Glycerol 1,197+ 74 13-04-0-80 8
Propane-1 : 3-diol 1,490+ 74 19-64+0-97 5
Propane-1: 2-diol 1,583+ 33 20-8+0-44 5
n-Propyl alcohol 9784102 16:3+1:70 6
iso-Propyl alcohol 930+101 15-54+1-68 7
Acetone 2,017+159 34-7+2-74 3
Ethylene glycol 1,490+ 59 24-04+0-94 4
Glycolaldehyde 9434113 15-64-1-88 7
Ethyl alcohol 2,073+ 59 45-0+-1-29 2

Inhibition by disaccharides and trisaccharides

The glucose disaccharides were about as active as glucose on a weight basis but nearly
twice as effective on a molar basis (see Table 5). Turanose, containing glucose and
fructose, was about as active as the diglucoses, but sucrose, which also consists of glucose
and fructose, was less active. Disaccharides containing glucose and galactose were also

TABLE §

INHIBITION BY DISACCHARIDES AND TRISACCHARIDES OF THE INCREASE IN VASCULAR
PERMEABILITY IN RAT SKIN PRODUCED BY DEXTRAN (100 ug)

The antagonist and dextran were injected simultaneously into the skin. Inhibition was measured as the
dose required to produce 509 reduction in response. /D50 values are the means and standard errors of
three experiments. Inhibitory activities are also expressed relative to a-D-glucose (assigned a value of 100).

ID50 value ID50 value Relative
Di- or trisaccharide (ug) (p-moles) molar activity

Trehalose (a-D-glucopyranosyl-a-D-

glucopyranoside) 1844+ 12 0-54+0-03 189
Maltose (4-0-a-D-glucopyranosyl-p-

glucose) 2414+ 42 0-70+0-12 146
Isomaltose (6-O-a-D-glucopyranosyl-bp-

glucose) 200+ 6 0-59+0-02 173
Cellobiose (4-0-B-pD-glucopyranosyl-p-

ucose 193+ 3 0-574-0-01 179

Gentiobiose (6-0-B-D-glucopyranosyl-p-

glucose) 1934+ 3 0-5740-01 179
Turanose (3-0-a-D-glucopyranosyl-p-

fructose) 218+ 12 0-644-0-03 159
Sucrose (a-D-glucopyranosyl-B-p-

fructofuranoside 4724+ 15 1-384+-0-04 74
Lactose (4-0-B-p-galactopyranosyl-p-

glucose) 1,5334+101 4-48+0-30 23
Melibiose (6-0-a-D-galactopyranosyl-D-

glucose) 4004- 58 1-174+0-17 87

Melezitose (O-a-D-glucopyranosyl-

(1: 3)-0-B-p-fructofuranosyl-(2: 1)-

a-D-glucopyranoside) 7124 15 1-414+0-03 72
Raffinose (0-a-D-galactopyranosyl-

(1: 6)-0-a-D-glucopyranosyl-(1: 2)-

B-p-fructofuranoside) 8154+ 28 1-624-0:06 63
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TABLE 6

ACTIVITIES OF MONOSACCHARIDES AS ANTAGONISTS OF THE VASCULAR RESPONSE
IN RAT SKIN PRODUCED BY DEXTRAN (100 pg)

The values quoted are the molar inhibitory activities relative to a-D-glucose (assigned a value of 100).

Inhibitory activities of sugars which Inhibitory activities of sugars which
possess the p-threo-type of configura- lack! the D-threo-type of configura-
tion in a cyclic form tion
a-D-Glucose 100 D-Galactose 18
B-D-Glucose 111 p-Talose <37
L-Glucose 110
2-Deoxy-D-glucose 97
r-Acetyl-p-glucosamine 121
D-Mannose 119 6-Deoxy-L-mannose : 6
D-Fructose 116
L-Sorbose 99
D-Tagatose 58
D-Xylose 89 D-Ribose 14
L-Xylose 92 2-Deoxy-D-ribose 13
D-Arabinose 91 L-Arabinose 28
D-Lyxose 54 D-Erythrose 27

less active than the diglucoses; lactose, in particular, was only 23% as active as
a-D-glucose on a molar basis. The two trisaccharides, melezitose and raffinose, were
both slightly less effective than glucose on a molar basis.

DISCUSSION

The results of the present work with antagonists of dextran throw light on the sugges-
tion made by Poyser & West (1965) that the receptor for polysaccharides in rat skin may
be stereospecific. Monosaccharides most active as inhibitors contain the D-threo-type of
structure in their cyclic form as can be seen from the results in Table 6.

c_ i He
\\C_C;/
4 \

HO H

This structure seemed to confer on the monosaccharide maximum affinity for the
receptor site. The simple tetrose, D-erythrose, lacks this type of structure and is much
less effective than D-glucose. We have been unable to obtain the other aldotetrose,
D-threose, but it would be expected that this would be more active than D-erythrose.
Studies with cyclohexanediols indicate that, for compounds containing a 6-membered ring,
two hydroxyl groups on adjacent carbon atoms are essential for inhibitory activity.

In p-glucose, the D-threo-configuration occurs at positions 3 and 4:

CHa2OH
H o
H
OH H
HO\j3_ 2

H

H.OH

Studies with derivatives of this sugar reveal that free hydroxyl groups at positions 3 and
4 are essential for a potent inhibitory effect. The glycosidic hydroxyl group at position
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1 and the hydroxyl group at position 2 seem to be less important because - and B-methyl
glucosides and 2-deoxy-D-glucose are all as active as D-glucose. Some pentoses such as

xylose are also as effective as D-glucose, so it seems that the CH;OH group at position 5
is also dispensable.

The acyclic sugar alcohols have low activities as antagonists of the dextran response,
and this suggests that the ring form of a sugar is important for inhibitory activity. The
oxygen in the ring is not essential, however, because myo-inositol, a cyclohexanehexol
with a configuration similar to that of D-glucose, is as effective as D-glucose as an
inhibitor. DL-Glyceraldehyde, like the sugar alcohols, is an acyclic structure but two
molecules of this triose may combine to form a cyclic dimer (Wohl, 1898 ; Wohl &
Neuberg, 1900 ; Baer & Fischer, 1943). Each mole of this cyclic dimer seems to have
the same inhibitory activity as a mole of D-glucose. The D-isomer of glyceraldehyde is
less active than the racemate but it may be that the combination of two molecules of this
isomer does not form the required configuration for a potent antagonist. Glycoaldehyde
and dihydroxyacetone also form cyclic dimers (Fenton & Jackson, 1899 ; Summerbell &

Rochen, 1941) but these structures are weak antagonists and have no more activity than
other simple alcohols and ketones.

The inhibitory activity of a disaccharide seems to depend on the activities of its
constituent monosaccharide units. Galactose is a weak inhibitor of the dextran response
and disaccharides containing this sugar—lactose and melibiose—are less effective than
those composed only of glucose. The inhibitory activity of lactose per mole is similar to
that of D-galactose and this may result from the absence of a free hydroxyl group on
carbon 4 of the glucose constituent. The important hydroxyl groups at positions 3 and

4 of the glucose in melibiose are not involved in the linkage and this disaccharide is more
active than lactose as an antagonist.

In the diglucoses, each monosaccharide constituent seems to retain its individual
inhibitory activity. The type of linkage seems unimportant though in maltose and
cellobiose the hydroxyl group in position 4 of one glucose unit is involved. It may be
that in these disaccharides the second glucose unit combines with a receptor and so
results in the first mentioned unit covering an adjacent site.

p-Glucose and D-fructose are both equiactive as inhibitors and turanose, which
contains both these sugars, is a potent antagonist of the dextran response. Sucrose and
the two trisaccharides, melezitose and raffinose, are less effective than turanose but this
may be because the fructose in these sugars is present in the furanose form. This five-
membered ring form of a sugar may have a lower affinity for the receptor than has the
six-membered pyranose ring.

Regarding the mechanism of inhibition by glucose and other sugars of the dextran
response in rat skin, it seems that factors concerning metabolism are unimportant because
some of the sugars which are very active as inhibitors are not usually utilized whereas
others are metabolized by the mammalian cell. Goth (1961) suggested that the receptor
for dextran in rat mast cells was identical with some structure or carrier involved in
sugar transport. In the present work, however, the structural requirements of sugars for
antagonism of the dextran response do not correspond with those of any known transport
system. The systems investigated include the penetration of sugars into muscle cells
(Battaglia & Randle, 1959, 1960) and human erythrocytes (LeFevre & Marshall, 1958),
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and active transport in the intestine (Cori, 1925; Crane, 1960; Rosenberg, 1961 ;
Wilbrandt & Rosenberg, 1961). Some of the sugars which increase the potential or
support fluid transfer across the intestinal wall (Barry, Dikstein, Matthews, Smyth &
Wright, 1964) also differ from those which are potent antagonists of the dextran response.

Penetration into the cell and utilization therefore seem unimportant for inhibition and
it may be that glucose and other sugars compete with polysaccharides for receptor sites
at, or close to, the exterior of the cellular membrane. These receptor sites may be
present on some form of tissue-bound antibody, for Kabat (1957) has shown that
different sugars exhibit different activities in inhibiting the precipitation reaction between
dextran and human anti-dextran serum. The structural specificity varies with antibodies
prepared to different dextrans (see Kabat & Mayer, 1964) and it is therefore of little value
to compare the structural requirements observed in the present work with those of
different dextran-anti-dextran systems as studied by Kabat and his various co-workers. No
antibody to dextran has yet been found in the rat but Kabat & Mayer (1964) indicate that
inhibition tests may be useful for studying the combination of antigen with antibody when
no visible reaction occurs. Results with sugars as antagonists in the present study
therefore suggest that there may be an antibody to polysaccharides in the skin of rats
sensitive to these carbohydrate polymers.

Kabat (1954, 1956, 1957, 1960), Schlossman & Kabat (1962) and Kabat & Mayer (1964)
observed that the size of the combining sites on antibodies to different dextrans, or om
different antibodies to the same dextran, were complementary to different multiples of
the glucose unit. When the combining site was directed against several glucose units,
then the linkage was more important for combination than the stereochemistry of each
sugar residue. Conversely, if the combining site was directed against a small number of
monosaccharide units, then the stereochemistry of each sugar residue became of more
importance. The receptor involved in the present work shows no specificity to a
particular type of linkage and this suggests that the combining sites for sugars and
polysaccharides in rat skin are complementary to a single monosaccharide unit.

SUMMARY

1. Different sugars have different activities as antagonists of the vascular response to
dextran in rat skin.

2. Monosaccharides most active as inhibitors contain the D-threo-type of structure in
their cyclic forms.

H H
C C
N
4 \
HO H

3. The six-membered ring structure of a sugar also seems to be a requisite for a potent
antagonist, although the oxygen in the ring is probably not essential for combination with
the dextran receptor because myo-inositol (a cyclohexanehexol) is as effective as D-glucose.

4. The inhibitory activity of a disaccharide depends on the activities of its constituent
monosaccharide units ; the type of linkage between the units, however, is not so important.
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5. Inhibition by sugars probably does not involve metabolism or transport into cells.
An antibody to polysaccharides may therefore exist in the skin of rats sensitive to carbo-
hydrate polymers.
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