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We studied the effects of low-esterified pectin, calcium pectate, and alginate on the
development of transplanted Ehrlich adenocarcinoma and Lewis pulmonary carcinoma
and on the efficiency of cyclophosphamide treatment in mice.
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Cytostatics are the main drugs for the treatment of
oncological patients. The majority of antiblastic
drugs produce toxic effect on actively regenerating
cell systems, which limits their effective use. There-
fore, the search for new means increasing selective
effect of cytostatics is a pressing problem in tumor
chemotherapy.

A variety of pharmacological properties of pec-
tins suggest them as a potential source of new drugs:
these compounds reduce the levels of serum cho-
lesterol and LDL [6] and intensity of endogenous
intoxication syndrome, bind heavy metals, stimu-
late excretion of bile acids [2], exhibit antimutage-
nic activity, inhibit proliferation of malignant cells
[9], and regulate functional activity of the immune
system [1].

We studied the effects of non-starch polysac-
charides (low-esterified pectin, calcium pectate,
and alginate) on the development of Ehrlich
adenocarcinoma (EAC) and Lewis pulmonary car-
cinoma (3LL) in mice and on the efficiency of
cyclophosphamide treatment of animals with
these tumors.

MATERIALS AND METHODS

The study was carried out on 145 outbred mice and
170 female certified C57Bl/6 mice from Laboratory
of Experimental Biosimulation, Institute of Phar-
macology. EAC was transplanted intraperitoneally
in a dose of 7.5×106 cells in 0.2 ml saline. Solid
3LL was transplanted intramuscularly as tumor tis-
sue homogenate (5×106 tumor cells in 0.1 ml sa-
line) [3]. Low-esterified pectin was prepared by
alkaline de-esterification of commercial highly es-
terified citrus pectin (Copenhagen Pectin A/S, Lille
Skensved). Calcium alginate (77.3% alginic acids,
72.5 mg/g calcium; mol. weight 403 kDa; experi-
mental series I), low-esterified pectin (69.0% an-
hydrogalacturonic acid, 1.2% esterification; mol.
weight 39.3 kDa, ion exchange capacity 3.92 mg-
eqv/g; experimental series II), and calcium pectate
(67.3% anhydrogalacturonic acid, less than 1.2% es-
terification; 38 mg/g calcium; mol. weight 39.3 kDa;
experimental series III), were dissolved in distilled
water and administered into the stomach through a
tube in doses of 50 and 100 mg/kg to mice with
EAC daily for 7 days (first dose 24 h after trans-
plantation) and to animals with 3LL for 12 days
(first dose on day 7 of tumor development). Accor-
ding to published data, 50-250 mg/kg are affective
doses for non-starch polysaccharides [4,5].
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Cyclophosphamide was injected in a single dose
of 150 mg/kg to mice with EAC 72 h after trans-
plantation and in a single dose of 125 mg/kg to
mice with 3LL on day 13 of tumor development.
Controls were injected with solvents. On day 3 after
cytostatic injection, peripheral blood leukocytes
were quantified in mice with EAC. The animals
were sacrificed by cervical dislocation. The volume
of tumor cells in mice with EAC was evaluated
after 5-min centrifugation of ascitic fluid in a gra-
duated tube at 3000 rpm; in mice with 3LL the
weight of the first tumor node, number of meta-
stases per animal, mean area of metastases, percent
of tumor growth inhibition, incidence of metasta-
ses, and metastasis inhibition index were estimated

[1,7,10]. The significance of results was evaluated
using nonparametrical Mann—Whitney and exact
Fisher’s tests [3,7].

RESULTS

Cyclophosphamide injected to female mice with
EAC promoted a significant (1.7-2.5 times) decrea-
se in the volume of tumor cells in ascitic fluid in
comparison with untreated animals. Isolated treat-
ment with calcium alginate or pectate inhibited tu-
mor growth only in a dose of 100 mg/kg: tumor
cell volume decreased significantly 1.3 and 1.9
times, respectively, in comparison with the control
(Table 1). Low-esterified pectin did not modify the

TABLE 1. Effects of Non-Starch Polysaccharides on the Development of EAC in Outbred Mice and Efficiency of Cyclo-
phosphamide Treatment

Calcium alginate (series I)

control (n=10) — 17.78±1.42 1.03±0.06 —

cyclophosphamide (n=10) 150 mg/kg/72 h (1)x 2.75±0.19* 0.42±0.07* 59

Ca alginate�50 (n=10) 50 mg/kg/24 h (7) 18.30±0.64 0.86±0.09 17

cyclophosphamide+Ca alginate�50 (n=10) 150 mg/kg/72 h (1) 3.28±0.29 0.62±0.08** 40

50 mg/kg/24 h (7)

Ca alginate�100 (n=10) 100 mg/kg/24 h (7) 18.52±0.77 0.82±0.08* 20

cyclophosphamide+Ca alginate�100 (n=10) 150 mg/kg/72 h (1) 3.35±0.31 0.79±0.07** 23

100 mg/kg/24 h (7)

Calcium pectate (series II)

control (n=5) — 58.63±7.99 1.20±0.09 —

cyclophosphamide (n=7) 150 mg/kg/72 ч (1) 16.20±2.22* 0.70±0.14* 42

Ca pectate�50 (n=7) 50 mg/kg/24 h (7) 81.73±6.04 0.89±0.11 26

cyclophosphamide+Ca pectate�50 (n=9) 150 mg/kg/72 h (1) 6.92±1.30** 0.67±0.17 44

50 mg/kg/24 h (7)

Ca pectate�100 (n=7) 100 mg/kg/24 h (7) 78.57±5.30 0.63±0.17* 48

cyclophosphamide+Ca pectate�100 (n=7) 150 mg/kg/72 h (1) 7.23±0.91** 0.63±0.14 48

100 mg/kg/24 h (7)

Low�esterified pectin (series III)

control (n=5) — 58.63±7.99 1.20±0.09 —

cyclophosphamide (n=7) 150 mg/kg/72 h (1) 16.20±2.22* 0.70±0.14* 42

pectin�50 (n=7) 50 mg/kg/24 h (7) 74.73±13.92 1.30±0.12 +8

cyclophosphamide+pectin�50 (n=8) 150 mg/kg/72 h (1) 10.18±2.22** 0.85±0.24 29

50 mg/kg/24 h (7)

pectin�100 (n=8) 100 mg/kg/24 h (7) 90.73±3.04* 1.26±0.16 +5

cyclophosphamide+pectin�100 (n=8) 150 mg/kg/72 h (1) 8.67±2.7** 0.41±0.06** 66

100 mg/kg/24 h (7)

Note. Here and in Table 2: n: number of animals. xIn parentheses: number of injections. p<0.05 vs. *control, **cyclophosphamide group.

Group
Tumor
growth

inhibition, %

Tumor cell
volume (ml;

X±m)

Leukocyte
count (g/liter;

X±m)
Dose/interval
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growth of EAC, but being administered in a dose
of 100 mg/kg in combination with the cytostatic
improved treatment efficiency: the volume of tumor
cells decreased 1.7 times (p<0.05) in comparison with
animals injected with the antiblastic drug alone. On
the other hand, the use of calcium pectate in com-
bined therapy did not modulate the antitumor effect
of the cytostatic, while calcium alginate abolished the
effect of cyclophosphamide on the tumor.

The content of leukocytes in the peripheral blood
of mice with EAC treated with low-esterified pectin
(100 mg/kg) was 1.5 times higher (p<0.01) than in
controls (Table 1). The growth of EAC in mice (ex-
perimental series II and III) was associated with
pronounced leukocytosis: the content of white blood
cells reached 58.63±7.99 g/liter on day 7 after trans-
plantation. Chemotherapy 3.6-fold decreased the
leukocyte count (p<0.01) in comparison with the
control. Combined treatment with cyclophospha-
mide and calcium pectate or low-esterified pectin
promoted decrease this parameter to values ob-
served in intact animals (7-8 g/liter).

Cyclophosphamide inhibited tumor dissemina-
tion in all experiments on C57Bl/6 females with
3LL and inhibited the growth of the main tumor
node in experimental series II and III.

Monotherapy with low-esterified pectin and
calcium pectate in a dose of 100 mg/kg significant-
ly decreased the weight of the main tumor node,
but did not inhibit dissemination of 3LL tumor.
Treatment with calcium alginate in the same dose
increased the number of metastases in the lungs in
comparison with the control (Table 2).

Cyclophosphamide treatment caused no statis-
tically significant decrease in the number of ani-
mals with metastatic involvement of the lung tissue
(series II and III), while addition of calcium pectate
(50 mg/kg) and low-esterified pectin (50 and 100
mg/kg) to the treatment protocol led to a significant
reduction in the incidence of metastases in com-
parison with controls, with a trend to a decrease in
the number and area of metastatic nodes. Similar
effects were observed after treatment with a com-
bination including calcium alginate (50 mg/kg): the
number and area of metastases decreased by 2.3
and 5.8 times, respectively. The incidence of 3LL
metastases in this group was minimum (56%, Table
2). The highest index of inhibition of the metastatic
process was observed in animals receiving cyclo-
phosphamide with calcium pectate (50 mg/kg), cal-
cium alginate, and low-esterified pectin.

Thus, calcium alginate and pectate used alone
in a high dose (100 mg/kg) inhibited tumor growth
in mice with EAC, but did not modulate the anti-
tumor effect of cyclophosphamide. Low-esterified

pectin alone did not modify the development of
this tumor, but used in a dose of 100 mg/kg in
combination with the cytostatic stimulated its anti-
blastic effect. Monotherapy with low-esterified pec-
tin and calcium pectate in a dose of 100 mg/kg
inhibited the growth of the main tumor node in
animals with metastasizing 3LL. Combined treat-
ment with cyclophosphamide and calcium pectate
(50 mg/kg) and low-esterified pectin (in both do-
ses) reduced the number of animals with metasta-
ses in the lungs in which the cytostatic failed to
reduce the incidence of metastases. Combination of
the cytostatic with calcium alginate (50 mg/kg)
decreased the area of metastatic involvement, the
incidence of metastases was minimum.

Calcium alginate and pectate produced a sig-
nificant inhibitory effect on the growth of the pri-
mary tumor node only in a dose of 100 mg/kg. The
same dose of these compounds potentiated the anti-
tumor effect of the cytostatic. On the other hand,
both doses of non-starch polysaccharides increased
the antimetastatic activity of cyclophosphamide.

Presumably, the capacity of non-starch poly-
saccharides to inhibit the growth of transplanted
tumors or potentiate the effect of cytostatic therapy
is mediated through the function of galectin-3, which
promotes migration and morphogenesis of endo-
thelial cells, vascularization, and angiogenesis [8,
10]. Pectins can directly block adhesion of gale-
ctin-3 and tumor endothelial cell receptors. This
interaction is confirmed by reduction of the number
of tumor-associated blood vessels under the effect
of some pectins [10]. High antimutagenic activity
of pectins was demonstrated in experiments with
nitroaromatic compounds [11]. Hence, our findings
are in line with published data on the capacity of
pectins to inhibit the growth of primary tumor node
and metastases in induced and transplanted tumors
[11]. The status of the blood clotting system plays
an important role in the dissemination process.
Non-starch polysaccharides due to their anticoa-
gulant effects normalize enhanced blood clotting,
thus reducing the intensity of metastatic process.
An important factor in the mechanism of antimeta-
static effect is pectin capacity to reduce cholesterol
and plasma fibrinogen content, which results in
modification of the qualitative characteristics of
fibrin network, becoming more permeable and prone
to lysis. The increase in the efficiency of cytostatic
therapy under the effect of non-starch polysaccha-
rides observed in our study is presumably mediated
through immune system activation in animals with
tumors [1].

The study was supported by the Far-Eastern
Division of Russian Academy of Sciences and Sibe-
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