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Sulphuric Esters of Polysaccharides as 
Activators of a Bradykinin-forming System 

in Plasma 
PREVIOUS work l has shown that intravenous injection of 
aga.r, a na.turally occurring sulphuric ester of polygalac
tose, leads to an appreciable reduction in bradykininogen 
concentration as well as to a significant increase of 
p-tosylarginine methyl ester (TAMe) esterase activity in 
the plasma of the rat. Other results in~icate that, bes!des 
agar, synthetic sulphuric esters of certam polysacchandes 
are potent activators of the bradykinin forming system in 
rat or hwnan plasma in vitro. In the experiments demon
strating this activity, 0·2 per cent oxalated plasma ~as 
collected, avoiding contact with glass, and treated with 
1 mg/m!. of B-hydroxy quinoline (BHQ), an inhibitor of 
enzymes which destroy bradykinin'. Kinin formed was 
assayed on isolated, atropinized guinea-pig ileum whl~h 
had been treated with antihistamine, using synthetIC 
bradykinin as the standard. Powdered cellulose, glycogen 
from shellfish, inulin, soluble starch and agar were added 
to rat plasma, either as such, or after conversion to water 
soluble sulphuric esters by treatment with chlor08ulphon~c 
acid in pyridine". The effects of carrageenin, a sulphuI'lc 
PRter of polygalactose, extracted from Irish moss, as well as 
of heparin, were also examined. When incubated. at 
37° C with rat plasma, all sulphuric ester polysacchandes 
caused stimulation of smooth muscle equivalent to, on 
average, 1·0 {J-g of bradykinin/m!. The active m.aterial 
formed had the characteristics of bradykinin; It was 
rapidly destroyed by plasma in the absence. of ~HQ, as 
well as by chymotrypsin. Maximum actnratlOn was 
reached 1 min after the addition of 10- 4 or 10-' g of cellu
lose sulphate to 1 ml. of plasma (Fig. 1). Larger concen-
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}<'ill 1 Effect of concentraUon (w 'v) of cellulose sulpha.te on the formaUon 
. . of bradykinin In oxalated rat plasma. 
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Fig 2 Activation of TAMe esterase in human plasma i!y cellulose 
sulPhate and glass powder. (EsterolyUc activity was determmed by the 
method of Brown'.) e, Cellulose sulphate, 1 mg/ru!.; 0, glass powder. 

500 rug/mi. 

trations (10-3 g/ml.) of this activator were less effective 
during the early phase of the incubation, which suggests 
an inhibitory effect of excess sulphopolysaccharide on 
bradykinin production. Ten parts by weight of hexadi· 
methrine bromide, previously shown to inhibit kinin 
formation', inactivated one part of cellulose sulphate. 
None of the non-sulphated, native polysaccharides induced 
kinin formation; heparin, a sulphated derivative of poly
glucosamine and glucuronic acid, previously shown' to 
be an activator of certain kinin-forming agents, was much 
less active than the other suiphopolysaccharides examined. 
The amounts of bradykinin formed by optimal concentra
tions of cellulose sulphate in rat plasma were the same as 
those resulting from the exposure of plasma to powde~ed 
glass6 • Either treatment led to a c~mpara~le depletIOn 
of plasma. kinin precursor, so that pre-mcubatlO~ ofplas~a 
with glass in the absence of BHQ, followed by IllCUbatl~n 
with cellulose sulphate and quinoline, did not result m 
kinin activity while, reciprocally, prc-incubation of plasma 
with cellulose sulphate in the absence of BHQ, rendered 
it unresponsive to subsequent actiyation with glass in the 
presence of BHQ. 

The bradykinin.forming activities of cellulose sulphate, 
of agar and of heparin were also tested on oxalated human 
plasma. Their efficiency was approxi~atelr tho s~e as 
those obtained in rat plasma, heparlll bemg agam the 
least active of the series. . 

Kinin formation by polysaccharide sulphates n~ay m· 
valve activation of a proteolytic process. This w~s 
indicated by rosults showing that (a) soy-bean t~"ypsm. 
inhibitor (40 {J-g/ml. of plasma) prevented the actIOn of 
every active polysaccharide tested, and (b) TAMe esterase 
activity in human plasma was markedly: ~nhan~ by 
cellulose snlphate (Fig. 2). Maximum activity. obtamed 
after 1 min of incubation, was significantly decreased after 
12 min. The nature of this inactivating effect is unknown 
but deserves further investigation. For compariso~l, 
Fig. 2 shows that an equivalent amount of esterolY~lc 
activity was present in plas~a incubated for 3 mm, 
either with glass powder or With collulose sulphate. 

Polysaccharide sulphuric esters are prepared tUldel' 
comparatively mild conditions ~hich do n?t cause changes 
in structure other tha.n the mtroductlOn of fmlphate 
substituents at hydroxyl groups'. This fact, as well as 
the high activity of this class of compo~nds, .may ma.ke 
them useful tools in the study of the relatlOr;tshlp bet,ween 
structure and activity as well as of chemiCal details of 
the kinin·forming process. These compounds, ~y. deCI~as
ing brady kininogen stores in vivo, c?uld, in addltlo~, ,YIeld 
information about t,he participatIOn of bradyklOlll 1ft 

certain physiological or pathological processes'. . 
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Polyprenols of Wood and Leaf Tissue of the 
Silver Birch, Betula verrucosa 

GREEN leaves of Aesoulus hippooastanum and of .Pious 
ela8tious contain mixtures of castaprenol·lO, -11, -12 and 
-13 and ficaprenol-lO, -11, -12 and -13 respectively!'·' The 
wood of the~() plants contains no polyprenoiR, but that of 
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