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Natural Polysaccharide Carrageenan Inhibits
Toxic Effect of Gram-Negative Bacterial Endotoxins

I. M. Ermak, A. O. Barabanova, T. A. Kukarskikh,
T. E. Solovyova, R. N. Bogdanovich, A. M. Polyakova*,

O. P. Astrina*, and V. V. Maleyev*

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 141, No. 2, pp. 191-193, February, 2006

Original article submitted January 24, 2005

The protective effect of polysaccharide carrageenan on the damaging effect of endo-
toxins of gram-negative bacteria was studied in vivo and in vitro. Carrageenan increased
mouse resistance to the toxic effect of LPS. The degree of protection depended on
polysaccharide concentration and administration time and route. Pretreatment of donor
platelets with carrageenan reduced their aggregation activity caused by cooperative effect

of LPS and ADP.
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Endotoxins, or LPS, are among the main compo-
nents of cell wall in gram-negative bacteria; relea-
sed into the body, they cause a series of acute phy-
siological reactions: fever, dysmetabolism, disse-
minated intravascular coagulation; in high doses
they cause tissue necrosis, severe intoxication, and
death [9]. The search for substances improving body
resistance to bacteria and toxins released by them
is an important problem. Such cationic compounds
as lysozyme [8] and polymyxin [7] neutralize endo-
toxins by forming macromolecular complexes with
them. We previously showed that chitosan, a natu-
ral polysaccharide, forms stable complexes with
endotoxins, thus appreciably reducing their toxicity
[1] and modifying biological properties of LPS [2].
Here we studied the possibility of using polysac-
charide carrageenan for this purpose. Carrageenans
are Chondrus armatus sulfated galactanes contai-
ning D-galactose residues and its derivatives; they
are widely used as thickening agents and stabilizers
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in foodstuffs [5]. Intensive studies showed that
carrageenans can be regarded not only as foodstuff
ingredients, but also as the drugs. For example, the
search for anticoagulants, antiviral, antitumorous,
and immunomodulating agents among these sub-
stances proved to be a promising trend of research
[12]. Pharmacological activity of carrageenans is
dose-dependent and depends on the type or struc-
ture of polysaccharide [5,12].

We studied the protective effect of carrageenan
against LPS toxicity in vivo and its effect on donor
platelet aggregation in vitro.

MATERIALS AND METHODS

Carrageenans (k- and A-types) from Chondrus ar-
matus (Gigartinaceae) were described previously
[13]. LPS preparations from E. coli 055:B5 and S.
typhimurium (Sigma) were used in the study.

In vivo experiments on evaluation of carragee-
nan protection from toxic LPS were carried out on
outbred and CBA mice (20 g) in 10 groups of ani-
mals, 6 per group. Carrageenan was injected intra-
peritoneally in a dose of 100-200 ug/mouse 7 days
or 24 h before or simultaneously with the injection
of endotoxin in doses of 0.25-2.00 pg/mouse. The
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animals were observed for 20 days. The protective
effect of carrageenan was evaluated by mouse sur-
vival and mean life span estimated by the formula
[11]. LPS toxicity was evaluated by its intraperito-
neal injection with galactosamine [10].

Parameters of hemostasis were determined in
the donor citrate plasma before and after 30-min
incubation with carrageenan using the Tekhnolo-
giya-standart test systems.

In vitro experiments on evaluation of donor
platelet aggregation under the effects of LPS and
carrageenans were carried out as described pre-
viously [3]. Platelet aggregation activity was stu-
died using standard ADP inductor (2x10—> M) on
an AP-2110 aggregometer (SOLAR). The degree of
irreversible aggregation of platelets induced by
ADP alone served as the control (100% aggrega-
tion). In control experiments normal saline was
added to platelet-rich plasma instead of the test
substances. The results were statistically processed
using Student’s ¢ test.

RESULTS

We studied the possibility of reducing the toxic
effect of LPS with carrageenans in experimental
animals. Carrageenans were isolated and characte-
rized as described previously [13]. E. coli 055:B5
and S. typhimurium LPS served as endotoxins. Car-
rageenan in a dose of 100-200 pg/animal was injec-
ted subcutaneously and intraperitoneally: simulta-
neously with, 24 h and 7 days before injection of
LPS. Carrageenan exhibited a protective effect in
all cases: mouse survival and mean life span in-
creased compared to those in the control group.
The degree of protection depended on the duration
of carrageenan exposure and its concentration. The
best protective effect was observed in mice pre-
treated with K-carrageenan in a dose of 200 ug/
mouse (Fig. 1). The mortality was lower after in-
traperitoneal injection of carrageenan to random-
bred animals 7 days before LPS injection and after
simultaneous injection of LPS and carrageenan than
after injection of carrageenan in the same doses
24 h before LPS. LPS toxicity estimated from ex-
perimental data decreased more than 2-fold after

TABLE 1. LPS Toxicity with and without Carrageenan
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1.0 0.5 0.25  0.015
LPS concentration, jig/mouse

0.006

Fig. 1. Relationship between the number of survivors and LPS
concentration after treatment with LPS (light bars) and LPS+car-
rageenan (dark bars).

pretreatment with carrageenan (Table 1). A similar
protective effect of carrageenan was observed in
mice infected by P. aeruginosa and E. coli [6]. The
mechanism of host resistance to endotoxin, indu-
ced by carrageenan, can be due to immunomodu-
lating effect of polysaccharide, which was demon-
strated for different carrageenans [12], and to endo-
toxin detoxication at the expense of shielding its
toxoform group by carrageenan. The latter hypo-
thesis is supported by LD, values for LPS+carra-
geenan mixture (Table 1).

Platelets are one of the main cell objects of the
primary pathogenic effect of LPS [3]. Evaluation of
the effect of polysaccharide on parameters of hemo-
stasis showed that x-carrageenan in a concentration
of 100 pg/ml inhibited (by 3.48 times) spontaneous
platelet aggregation, prolonged (by 3.05 times) acti-
vated partial thromboplastin time, prothrombin time
(by 1.4 times), and thrombin time (by 1.49 times)
and significantly stimulated activity of AT-III (by
7.88 times), a potent natural inhibitor of clotting,
in comparison with samples without carrageenan.
The effects of two carrageenan types (x and A) in
a dose of 100 pg/ml on aggregation activity of
donor platelets (native and under conditions of to-
xemia) were studied in vitro. Platelet aggregation
was evaluated in the presence of the test polysac-

LPS LD, ug/mouse

Animal LPS LDy, (carrageenan injected LPS LD,, ug/mouse
nimals +

Jug/mouse 7 days before) (LPS+carrageenan)
CBA mice 04 0.8
Random-bred albino mice 0.65 1.9 1.3
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charides alone and in combination with standard
inductor of aggregation (ADP). Preincubation of
both carrageenans with platelets for 3 min significant-
ly decreased ADP-induced aggregation: by 37.8 and
33.7% (p<0.05) under the effects of k- and A-carra-
geenans, respectively.

In series II we studied platelet protection from
the damaging effects of endotoxin; S. typhimurium
and E. coli LPS. Addition of S. typhimurium LPS
to plasma (200 pug/ml) caused 7.4% platelet aggre-
gation (p<0.05). Subsequent addition of ADP indu-
ced more potent platelet aggregation (109.5%; p<0.05).
Preliminary addition of carrageenan (300 pg/ml) to
platelet-rich plasma reduced platelet aggregation to
80.8% (p<0.05). Preincubation (3 min) of platelets
with carrageenan reduced ADP-induced platelet
aggregation by 15% in the presence of E. coli LPS.
Alimentary toxinfection is known to be associated
with disseminated intravascular coagulation syn-
drome with significant damage to platelets. The
effect of carrageenan on platelets from patients with
alimentary toxinfection was therefore studied. Ad-
dition of S. typhimurium LPS to patient platelet-rich
plasma induced significant cell activation (to 14.2%)
compared to that in donor plasma. Subsequent ad-
dition of ADP increased platelet aggregation to
133.3%. Pretreatment with carrageenan (before LPS
and ADP) inhibited the stimulatory effect of LPS
and practically abolished it. Platelet aggregation in
this case was 103.4%, which attests to a protective
effect of carrageenan on platelets.

Hence, carrageenan can be used for decreasing
the toxic effect of LPS. This opens prospects for
practical use of carrageenans for reducing toxemia
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associated with the development of infectious pro-
cesses caused by gram-negative bacteria, and in
emergency, in cases with threatened intoxication.
The study was carried out within the framework
of fundamental studies of the Presidium of Russian
Academy of Sciences “Molecular and Cellular Bio-
logy” and “Fundamental Sciences for Medicine”.

REFERENCES

1. V. N. Davydova, I. M. Ermak, V. I. Gorbach, et al., Biokhimiya,
65, No. 9, 1278-1287 (2000).

2. I. M. Ermak, V. N. Davydova, V. I. Gorbach, et al., Byull. Eksp.
Biol. Med., 137, No. 4, 430-433 (2004).

3. V. L. Pokrovskii, V. V. Bulychev, and K. D. Lomazova, Ibid.,
No. 3, 8-10 (1982).

4. K. Brandenburg, J. Andra, M. Muller, et al., Carbohydr. Res.,
338, 2477-2489 (2003).

5.J. S. Craigie, Cell Wall, Eds. K. M. Cole, R. G. Sheath, Cam-
bridge (1990), pp. 221-257.

6. J. Jackson and H. Kropp, J. Endotox. Res., 3, No. 3, 201-218
(1998).

7. D. L. Kellog, T. A. Lazaron, V. Wasiluk, and K. R. Dunn,
Shock, 15, 124-129 (2001).

8. T. Kurasawa, K. Takada, N. Ohno, and T. Yadomae, FEMS
Immunol. Med. Microbiol., 13, No. 4, 293-301 (1996).

9. H. Nikaido, Microbiol. Mol. Biol. Rev., 67, No. 3, 593-656
(2003).

10. A. Nonotny, Basic Exercises in Immunochemistry, Berlin
(1979), pp. 30-304.

11. W. Wu, F. Horne, and C. Williams, J. Immunol., 107, No. 1,
1545-1562 (1971).

12. I. M. Yermak and Yu. S. Khotimchenko, Recent Advances in
Marine Biotechnology, Eds. M. Fingerman, R. Nagabhushanam,
Enfield (2003), pp. 205-255.

13.1 M. Yermak, Y. N. Kim, E. A. Titlyanov, et al., J. Appl.
Phycol., 11, 41-48 (1999).




