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Carrageenan is a high molecular weight, 
long-chain polymer of sulfated galactose units 
that can be extracted from matrine plants. 
Carrageenan has recently been shown to sup- 
press the delayed hypersensitivity reactions 
of sensitized guinea pigs ( l ) ,  inhibit the 
complement system (2, 3 ) ,  damage macro- 
phages in vitro (4) and in vivo ( 5 ) ,  and 
induce kinin formation in rat plasma (6). 

In  ithis paper we show that carrageenan 
activates Hageman factor (factor XII) in 
human plasma, and thus promotes blood co- 
agulation, induces vascular permeability, and 
liberates kinin ( 7 ) .  At higher concentrations 
it also acts as an anticoagulant, as reported 
previously (8) .  

Materials and Methods. Carrageenan was 
kindly supplied by Marine Colloids, Inc., 
Springfield, New Jersey as Seakem 21. The 
powder was dissolved in hot saline prior to 
use, using a double boiler technique. 

Human platelet-deficient plasma was pre- 
pared in silicone coated plastic equipment. 
Venous blood was drawn into 30-ml plas- 
tic syringes, mixed with 0.1 vol of 0.13 M 
sodium citrate pH 5.0 in 40-ml Lusteroid 
tubes and centrifuged 30 min a t  700g at  1". 
Plasma was then tsansferred to thick-walled 
silicone coated Servall centrifuge tubes and 
centrifuged at 30,OOOg for 30 min. Plasma 
aliquots were then transferred to plastic, sili- 
cone coated containers and stored in the fro- 
zen state until use. 

PTA-def icient, Christmas f ac tor-deficien t, 
and Hageman factor-deficient plasma was 
kindly provided by Dr. Oscar D. Ratnoff. 

Barbital-saline buffer and DeJalon s o h -  

1 Supported by USPHS Grant No. AM01005 and in 
part by 5 R)  1 AM07841-06. 

tion was prepared as described elsewhere (9, 
10). Soybean trypsin inhibitor (SBTI) 
( Worthington) was freshly prepared in barbi- 
tal-saline buffer at desired concentrations. 0- 
Phenanthroline (Fisher) was prepared in 
barbital-saline buffer (2.5 x M )  and 
stored at  4" for less than 2 weeks. Hexadi- 
methrene bromide (Polybrene, Abbott Labo- 
ratories) was similarly prepared and stored. 
Anti-Hageman factor globulin was prepared 
as described previously (1 1) and kindly pro- 
vided by Dr. Oscar D. Ratnoff. 

Vascular permeability enhancing activity 
was assessed by calculating the mean diame- 
ter (mm) of the blue spot developed after 
intradermal injection of 0.1 ml of test materi- 
al into 'each of 4 guinea pigs pretreated with 
Pontamine sky blue ( 1 1, 1 2  ) . 

Recalcified clotting time of platelet- 
deficient plasma was measured in 10 X 
75-mm polystyrene test tubes (Falcon) in 
duplicate as previously described ( 13). 

Development of kinin activity in plasma 
was measured by methods previously des- 
cribed ( 14), using the isolated rat uterus. 

Results. I .  The  e jec t  of carrageenan on 
blood clotting. Carrageenan had a dual, dose- 
dependent effect on the recalcified clotting 
time of normal human plasma. Anticoagulant 
activity was seen at  concentrations greater 
than mg/ml, whereas procoagulant ac- 
tivity was seen at  lower concentrations. Max- 
imum procoagulation was seen a t  3.3 x 
mg/ml, a t  which level the recalcifiied clotting 
time was reduced to approximately 5 of the 
control (Table I). 

When plasma deficient in Hageman factor 
was used, prolonged clotting times were again 
notred at  high concentrations (Table 11) and 
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TABLE I. Thc Effect of Carrageenan on the Re- 
calcified Clotting Time of Normal Human Platelet- 

1)eficien t Plasma. 

Test substance 
Clotting time 

(min> 

Buffer 
Carrageenana 3.3 

(mg/ml) 3.3 x 10-1 
3.3 x 10-2 
3.3 x 10-3 
3.3 x 10-4 
3.3 x 10-5 
3.3 x 10" 
3.3 x lo-' 
3.3 x 10-8 

28.5 
> 75.0 
> 75.0 
> 75.0 
34.0 
22.7 
12.0 
17.0 
20.5 
22.7 

a Final concentrations in a total volume of 0.3 ml 
containing 0.1 ml of plasma and 0.1 ml of CaCl,. 

only slight decrease in the recalcified clot- 
ting time was seen at lower concentrations. 
No clot-promoting activity was seen in cow 
plasma deficient in PTA, or in human plasma 
deficient in Christmas factor. 

When hexadimethrene bromide ( 2  x 10-1 
and 5 x mg/ml) was added to normal 
human plasma, the procoagulant effect of car- 
rageenan was blocked. This effect was less 
apparent a t  a concentration of 2 X 
m g m l  (Table 111). 

I I .  The eBect of carrageenan on permeabil- 
ity enhancing activity in plasma. Incubation 
of carrageenan (3.3 x mg/ml) with 
normal human plasma led to the development 
of permeability enhancing activity (Table 
IV).  This effect was prevented by the prior 
addition of SBTI (Table IV) to normal plas- 
ma, and was not obtained when Hageman 
factor-deficient plasma was used. The intra- 
dermal injection of carrageenan (3.3 x 10-l) 
alone did not lead to increased vasculalr per- 
meab i My. 

I I I .  The efect of carrageenan on kinin 
formation. Incubation of carrageenan (3.3 X 
10-l) with normal human plasma led to 
activation of the kinin system, as measured 
by smooth muscle contraction in the rat 
uterus assay system (Table V) ,  This result 
was abolished by addition of SBTI to 'the 
incubation mixture. 
, When carrageenan was incubated with 

Hageman factor-deficient plasma, kinin activ- 
ity did not develop. When normal human 
plasma was preincubated with anti-Hageman 
factor globulin, and carrageenan (3.3 )( 10-1 
mg/ml) later added, the development of kin- 
in activity was suppressed, with only % of 
the control contraction attained. 

Discussion. It has been shown that activa- 
tion of Hageman factor in normal human 
plasma results in accelerated blood clotting, 
and in the development of bath kinin and 
vascular permeability enhancing activity as 
well (7). In  the present paper we confirmed 
previous reports that carrageenan has antico- 
agulant (8) and kinin-lreleasing activities 
(6).  I n  addition, we showed that carrageenan 
can also act as a procoagulant and can bring 
about enhanced vascular permeability. 

We feel that these latter three effects are 
the result of the activation of Hageman fac- 
tor by carrageenan. They develop in normal 
plasma, but fail to develop in Hageman fac- 
tor-deficien t plasma. SBTI and hexadimeth- 
rene bromide are known to interfere with the 
consequences of Hageman factor activation 
(Ref. 7 ) .  Thus, the suppression of the pro- 
coagulant, kinin releasing, and vascular per- 
meability enhancing activities in normal plas- 
ma of carrageenan by these materials (Tables 
III-V) and the inhibition of kinin activation 
by anti-Hageman factor globulin (Table V) 
are consistent with this interpretation. 

Carrageenan has several other interesting 
biological effects as well. It inhibits the com- 
plement system, by interfering with the ca- 
pacity of C'1 to become bound to sensitized 

TABLE 11. The Effect of Carrageenan on the Re- 
calcified Clotting Time of Hageman Factor-Defici- 

ent Human Platelet-Deficient Plasma. 

Test substance 
Clotting time 

~~~ 

Buffer 69.0, 72.0 
Carrageenan" 3.3 X 10-1 >120.0, 115.0 

(mg/ml) 3.3 X lo" 40.5, 51.5 
3.3 x 10-6 31.0, 42.0 
3.3 x 10" 38.0, 43.0 
3.3 x 10-7 54.0, 49.5 
3.3 x 10" 48.5, 46.5 

~ 

a Final concentrations. 
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TABLE I1 I. Tlic Effect of Hexadimethrene Bromide on the Clot-Promoting Activity of Carrageenan. 

Mixture 

Recalcified clotting 
time of normal 
plasma" (min) 

Buffer + normal plasma 24, 26 
11,11 

Hexadimcthrene (5 X mg/ml) + normal plasma 85,85 
85, 85 

(1.25 X mg/ml) + normal plasma 50, 52 
+ carrageenan (2.5 X mg/ml) + normal plasma 50, 52 

(5 X lo9  mg/ml) + normal plasma 31, 31 
+ carrageenan (2.5 x mg/ml) + normal plasma 23, 25 

Carrageenan (2.5 X loL4 mg/ml) + normal plasma 

+ carrageenan (2.5 x lo-' mg/ml) + normal plasma 

' I n  a tot,al volume of 0.4 ml, containing 0.1 ml of each reagent plus sufficient buffer to make up to 
final volume. Concentrations indicated are final in volume used. 

erythrocytes ( 3 ) .  It also is an immunogen, 
causing the formation of precipitating anti- 
bodies in rabbits ( 1 5 ) ,  and in a growth stim- 
ulant for connective tissue (16).  

Of what biological significance may these 
properties of carrageenan be? Davies showed 
no alteration in the susceptibility of car- 
rageenan-treated animals to anaphylsxis, al- 
though a significant decrease in serum com- 
plement levels were observed ( 2 ) .  I t  has been 
demonsitrated previously that administration 
of carrageenan to tuberculin-sensitive guinea 
pigs results in a dose-dependent suppression 
of delayed hypersensitivity which was not 
correlated with ant i-complemen t ary or xn ti- 
coagulant activity (1). I t  was suggested that 
the suppressed delay hypersensitivity reac- 
tions resulted from the toxic effect of car- 
rageenan on macrophages ( 1 ). 

Current immunologic theory explains the 
evolution of a delayed hypersensi tivilty reac- 
tion as a two-step process ( 1 7 ) .  The first 
event is the interaction between antigen and 
specifically sensitized small lymphocytes. 
This interaction may lead to release of che- 
motactic and other humoral factors which 
bring about local vascular changes, and an 
accumulation of macrophages. After a period 
of hours, the typical delayed, or tuberculin- 
type reaction, is observed (18). 

The inhibition of delayed hypersensitivity 
reactions by carrageenan may be due to a 
direct toxic action of this compound on ma- 
crophages (1, 5 ) .  Ilt may be, however, that its 
ability to activate the clotting, kinin, inter- 
related systems via its effect on Hageman 
factor may be responsible, at least in part, 
for this inhibitory action. Kellermeyer and 

TABLE IV. The Effect of Carrageenan on Permeability Enhancing Activity of Human Plasma. 

Permeability 
Mixture tested" activity (mm) 

Normal plasma + buffer 2.4 
+ carrageenan(3.3 X 10-1 mg/ml) 7.0 

Hageman factor-deficient plasma + buffer 
+ carrageenan (3.3 X 10-1 mg/nil) 

1.9 
2.0 

Normal plasma + soybean trypsin inhibitor (0.25 mg/ml) 1.9 
1.2 

1.3 

+ carrageenan (3.3 X 10-1 mg/ml) + soybean brypsin inhibitor" (0.25 mg/ml) 

Carrageenan (3.3 X 10-1 mg/nil) + buffer 

a Concentrations are for final volume. 
* These numbers represent the average diameter of the blue spot developed after intradermal inocu- 

lation of 0.1 ml of test material into each of four guinea pigs preinjectccl with Pontamine sky blue. 
Soybean trypsiri inhibitor added prior to carrageenan. 
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TABLE V. The Effect of Carrageenan on Kinin Activity Forniation in Human Plasma. 

Mixture tested 
Kinin releasing 

activity a 

Normal plasma + buffer + plienantliroline 
+ carrageenan (3.3 x lo-' nig/nil) + plienniithroline 

Hageman factor-deficient plasma + ctlrragcriian (3.3 X lo-' n:g/nil) + ~~l i c i in~~ th ro l ine  

Normal plasnia + soybean trypsin inhibitor + plienantliroline + carr:igcei1an 

Nornial plasma + nnti-H:igcm:in factor globulinb + plirnantliroli~ie + carrageenan 

Nornial plasma + buffer + plienanthroline + carrageenan (3 .3  X lo-' nig/ml) 

0 + 
0 

0 
(3.3 x 10-'mg/ml) 

(3.3 X 10-1 nig/ml) 
?h 

+ 
~ ~ ~ ~~ ~~ 

" + = ninsinial coiltraction; 0 = 110 contraction; y{ reprewits n contraction 67% less than maximal. 
Normal phsnia incubated with antiserum at 37" for  3 l ir ;  cnrrageeiian ildded for 15 min, then mix- 

ture was tested. 

Warren recently found that the granuloma 
response to schistosome ova is inhibited when 
mice are pretreated with ellagic acid (an 
activator of Hageman factor) (13, 19). This 
granuloma model has many characteristics of 
a delayed hypersensitivity reaction (20). The 
suppression of two varieties of delayed hy- 
persensitivity by materials which activate 
Hageman factor suggests the possibility that 
one of the Hageman factor-dependent se- 
quences may play a role in delayed hypersen- 
sitivity reactions. Intravenous injection of el- 
lagic acid resulted in kinin formation and 
kininogen depletion in rats ( 2 1 ) .  I t  thus 
seems possible that the effects of carrageenan 
and ellagic acid in delayed hypersensitivity 
reactions may in part be explained by a con- 
sumptive depletion of these factors. Further 
studies along these lines are now in progress. 

We wish to thank Dr. Oscar D. Ratnoff for his 
helpful suggestions and supply of certain materials 
used in these studies. 
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