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Abstract
Extracts from a diverse range of plants have been shown to possess immunomodulatory properties.

Caltha palustris L. (Ranunculaceae) is a plant widely known and distributed in Europe, Asia and North
America. The extracts from Caltha palustris have been used in traditional Canadian and Asian medi-
cine to treat arthritis rheumatism, gonorrhea and a variety of skin diseases. The effects of polysaccha-
ride fraction C from Caltha palustris L. extract (0.1, 1 and 10 mg/kg) on the total number of lympho-
cytes in the thymus, spleen and mesenteric lymph nodes and the percentage and the absolute number
of T cells (CD4–CD8–, CD4+CD8+, CD4+, CD8+) in the thymus and T cells (CD3+, CD4+, CD8+) and
B (CD19+) lymphocytes in the spleen and mesenteric lymph nodes in mice were studied. The investi-
gated substance was administered intraperitoneally once or five times to mice. The measurements were
determined twice: on days 1 and 3 after last administration of fraction C. It was found that five times
administration of fraction C from Caltha palustris L. extract significantly increased the absolute count
and the percentage of CD4+ thymic cells irrespective of the dose applied. Moreover, five exposures to
fraction C (1 and 0.1 mg/kg) increased percentage of CD4+ splenocytes. Multiple administration of
examined fraction C increased the B lymphocyte population (CD19+ cells) in spleen and mesenteric
lymph nodes. The results of the study showed that fraction C from Caltha palustris extract is able to
change the percentage and absolute number of T and B lymphocytes in lymphatic organs. The effect of
the examined substance depends on the number of consecutive doses applied.
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Introduction
Natural products have been shown to be an excellent

and reliable source for the development of new drugs [1].
A large number of plant extracts used in traditional medi-
cine have been shown to possess nonspecific immunomod-
ulating activities [2]. Thus, they can be an alternative source
of bioactive agents of medical significance. Remedies
derived from Echinacea sp. might serve as an example.
They have been widely used as commercial formulations,
but their immunomodulatory properties are still under inves-
tigation [3].

Caltha palustris L. (Ranunculaceae) is a plant widely
known and distributed in Europe, Asia and North Ameri-
ca. The extracts obtained from Caltha palustris have been
used in traditional medicine: it has been used to treat arthri-
tis [4] leprosy, rheumatism, gonorrhea [5], and a variety of
skin lesions [6]. Some studies demonstrated that water
extract of Caltha palustris presents slight oncostatic activ-
ity against some mice tumors (Sarcoma S-180, Ehrlich car-
cinoma) [7]. Isolation of the polysaccharide fractions of
tested plant and their chemical and physical properties were
described [8].Also, some of their biological effects were
studied in vitro [9]. It was demonstrated that fraction C
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stimulated both lymphocyte and the granulocyte activation,
whereas it did not exert the effect on the proliferation of
human leukemic cell cultures. Fraction C from Caltha
palustris L. extract enhanced in vitro proliferative activity
of PHA-induced human lymphocyte, and elevated the gran-
ulocytes H2O2 production and release in the cultures with-
out the addition of PHA.

This study examined the Caltha palustris polysaccha-
rides fraction C in in vivo tests. Specifically, the im-
munomodulatory effect on T cell subsets in thymus and T
and B lymphocytes in the spleen and mesenteric lymph
nodes were examined and characterized.

Material and methods

Plant material and preparation of polysaccharide
fraction

The plant material was collected near Trzebnica (West
Poland). The dried, powdered material (1000 g) was extract-
ed with methanol (5L) for 48 h and afterwards, the solution
was discarded. After evaporation of the dissolvent, the resid-
ual herb was extracted with distilled water to obtain water
extract (A) and residue. Then, the residue was extracted
with 0.1 M NaOH to obtain extract B and another resi-
due which was extracted with 5% CH3COOH to obtain
extract C. Extract C was reduced in vacuo to 2L without
heating. Next, it was centrifuged and the supernatant was
treated with TCA and then with acetone. Fraction C,
obtained from 5% CH3COOH extract tested positive for
saccharides in reaction with phenol reagent [10] and was
found to contain polysaccharides of molecular weight 3,6
× 104 Da and 2.5 ×104 Da (Biogel-P10 – gel permeation
chromatography). Total sugar content (39%) was determined
as anhydroglucose after Dubois et al. [10], uronic acids
(4.8%) by the Blumenkrantz method [11]. Investigated frac-
tion also contained a significant quantity of ash –24%.

A stock solution of the plant extract fraction was pre-
pared ex tempore by dissolving 2 mg of fraction C in phos-
phate-buffered saline solution (PBS, Institute of Immunol-
ogy and Experimental Therapy, Wrocław, Poland).

Animals

The studies were conducted on male and female Balb/c
mice (8-10 weeks of age), each weighing 20-22 g. The mice
were obtained from a breeding laboratory at the Medical
University, Wrocław, Poland. The animals were fed a com-
mercial granulated food and water ad libidum and kept
under the conventional conditions. The Local Ethics Com-
mittee approved the studies (No. 22/2008).

Drugs and treatment

The solution of fraction C from Caltha palustris extract
at doses of 10, 1, and 0.1 mg/kg, was administered intraperi-

toneally, once or five times at 24 h intervals. The volume
of each dose was 0.2 ml/mouse. The trials in control group
were conducted in parallel. The mice in the control group
were treated with phosphate buffered saline – PBS
(0.2 ml/mouse). Each control and experimental group con-
sisted of seven mice.

Measurements

The following measurements were taken:
• the total number of thymocytes, splenocytes and lym-

phocytes of the mesenteric lymph nodes,
• the weight ratio of the thymus, spleen, mesenteric lymph

nodes calculated according to the following formula:
weight of organ (g)/body weight of mouse (g) × 100,

• the percentage and count of CD subsets (CD4–CD8–,
CD4+ CD8+, CD4+, CD8+ in thymus, CD19+, CD3+,
CD4+, CD8+ in spleen and mesenteric lymph nodes).

The measurements were determined at two time points:
24 (day 1) and 72 h (day 3) after last administration of frac-
tion C from Caltha palustris extract.

Assay of thymocyte, splenocyte and lymphocyte
of mesenteric lymph node subpopulations

The mice were anesthetized with halothane, (Narcotan,
Zentiva, Prague, Czech Republic), and killed by cervical
dislocation 24 and 72 h after last administration of fraction
C from Caltha palustris extract. Thymus, spleens and
mesenteric lymph nodes were removed and placed in dis-
posable Petri dishes containing sterile, ice-cold PBS.
The suspended cells were removed from the lymphatic
organs by gentle passage through a nylon mesh and then
centrifuged (2250 × g, 15 min, 4oC) on a layer of Ficoll
400 (Pharmacia, Fiene Chemicals AB, Sweden)/Uro-
polinum 75% (diatrizoate sodium and meglumine diatri-
zoate; Polpharma, Poland) in a 1 : 3 ratio at a density of
1.071. After centrifugation, the cells were collected from
the interphase and washed twice (375 × g, 8 min, 4oC) with
PBS supplemented with 1% bovine serum albumin (BSA,
Sigma, USA) at 4oC. After the second wash, the cells were
resuspended in PBS with 1% BSA at 1 × 107 cells/ml. The
viability of each cell suspension, as determined by trypan
blue dye exclusion, was 90-95%. The cells were resus-
pended in 100 µl PBS solution containing 1% BSA. The
thymocytes, splenocytes and lymphocytes of mesenteric
lymph nodes were stained with the monoclonal antibodies:
Rat Anti Mouse CD4 : FITC/CD8 : RPE dual color reagent
(Serotec, Kidlington UK), at the dilutions recommended by
the manufacturer. The splenocytes and the lymphocytes of
the mesenteric lymph nodes were also stained with the anti-
bodies: Rat Anti Mouse CD19 : FITC/CD3 : RPE dual col-
or reagent (Serotec, Kidlington. UK), according to the man-
ufacturer’s instruction.

Cells were incubated at 4oC for 30 min and then washed
3 times with ice-cold PBS. Fluorescence was analyzed using
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a flow cytometer (FACS Calibur; Becton Dickinson, Ger-
many). Lymphocyte marker distribution was analyzed using
the Cell Quest 3.1f software.

Statistical analysis

The data obtained in the study were analyzed statisti-
cally using a t-test. The differences were considered sig-
nificant at p < 0.05.

Results
As can be seen in Table 1, a single administration of

fraction C from Caltha palustris extract at all three doses
(0.1 mg/kg, 1 mg/kg, 10 mg/kg), on day 1 after injection,
temporarily but significantly decreased the percentage and
the absolute count of mature CD8+ thymic cells. Whereas
3 days after a single administration, the significant increase
of the percentage of the CD8+ cells in thymus at the doses
of 10 and 0.1 mg/kg was found (Table 1). Further, 1 day
after the administration of a single dose of 10 mg/kg, the
decrease of the total number of thymocytes was observed.
It was followed by the decrease of absolute count of imma-
ture CD4+ CD8+ thymocytes (double-positive cells).

As can be seen in Table 1, five times administration of
fraction C from Caltha palustris extract increased signifi-
cantly the absolute count and the percentage of CD4+

thymic cells, irrespective of the dose applied. Additional-
ly, the increase of total number of thymocytes was observed
on day 1 after the last administration of five injections at
doses 1 and 0.1 mg/kg of fraction C.

No changes in the absolute count and the percentage of
immature CD4– CD8– (double-negative cells) thymocytes
were observed.

Single administration of fraction C from Caltha palus-
tris extract at a dose of 10 mg/kg increased the percentage
and absolute count of CD3+ (Pan-T cells), which corre-
sponded with a decreased percentage of the CD8+ lympho-
cytes in the spleen (Table 2).

However, five exposures to fraction C (1 and 0.1 mg/kg)
increased percentage of CD4+ splenocytes, as can be seen
in Table 2. Multiple administration of examined fraction C
at the doses of 0.1 and 10 mg/kg increased the percentage
of CD19+ (B lymphocytes) in the spleen but a single admin-
istration did not exert such influence.

As can be seen in Table 3, five times administration of
fraction C from Caltha palustris extract at all doses under
investigation augmented the absolute count and the per-
centage of CD19+ (B lymphocytes) in the mesenteric lymph
nodes. The strongest stimulating effect on B lymphocytes
of mesenteric lymph nodes was observed after five injec-
tions of fraction C at a dose of 0.1 mg/kg. A decrease in
the percentage of CD4+ and CD3+ lymphocytes at all dos-
es and in the percentage of CD8+ at the doses of 1 and
10 mg/kg was also demonstrated (Table 3). However, after
3 days from last administration of the fraction C at the dose

of 1 mg/kg, the increase in the percentage and in the absolute
count of CD3+ mesenteric lymphocytes, with an accompa-
nying decrease in B lymphocytes, was found (Table 3).

Discussion
Polysaccharide compounds in other plants (such as

Solanum nigrum, Opilia celtidifolia, Potentilla anserina)
have been reported to have immunomodulating activities
[12-14]. In the present study, we confirmed these proper-
ties also in polysaccharide fraction C of Caltha palustris.

The number and ratio of two main lymphocyte T sub-
sets (CD4+ cells-T helpers, and CD8+ cells-T cytotox-
ic/suppressors) have been recognized as the most mean-
ingful parameters for evaluating the balanced state of
immunomodulation and homeostatic responses of the intrin-
sic immune system [15]. CD4+ T cells recognize antigens
presented by the major histocompatibility complex class II
(MHC II) proteins and mediate both cellular immune
responses through Th1 cells and humoral immune respons-
es through Th2 cells. The recognition of antigens present-
ed by MHC I molecules and mediation of cellular immune
responses through cytotoxic T cells are the domain of CD8+

cells.
In the present study, the increase of the CD4+ lympho-

cyte population (thymus, spleen) after administrating frac-
tion C from Caltha palustris extract was reported. This effect
was similar to the results reported by Wu et al. [16], who
investigated the traditional Chinese medicine, Chi-Shie-
Shuang-Bu-An-Shen-Tang (CST). The oral administration
of sterilized CST for 3 weeks caused an increase in the pop-
ulation of CD4+ T cells in spleen. The authors suggest that
probably polysaccharide component was responsible for this
activity. According to tha data obtained in this study, the
increase in CD4+ population may be potentially benefitial,
especially in the states of CD4+ lymphopenia. Such condi-
tions may result from systemic diseases, i.e. systemic lupus
erythrematosus [17] or action of drugs, i.e. cyclophos-
phamide [18], and may increase the risk of infection.

CD4+ and CD8+ are also two subpopulations which,
in peripheral blood, play a crucial role in adult host defense
toward cancer [19]. Li et al. [12] demonstrated the protec-
tive effect of fraction 1a of polysaccharides, isolated from
Solanum nigrum Linne (SNL-P1a), on thymus in tumor-
bearing mice. They studied the profile of CD4+ and CD8+

in PBMC (peripheral blood mononuclear cell) and showed
that treatment with SNL-P1a following tumor implantation
caused a significant increase in the number of CD4+ T-lym-
phocyte and a decrease in the number of CD8+ T-lympho-
cyte in peripheral blood of tumor-bearing mice.

In our study, a significant decrease in the number of sin-
gle-positive CD8+ thymocytes after administration of frac-
tion C from Caltha palustris extract was found.

Our study showed that multiple administration of exam-
ined fraction C increased the CD19+ B– lymphocyte

Influence of polysaccharide fraction C isolated from Caltha palustris L. on T and B lymphocyte subsets in mice
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Table 1. Percentage, absolute count of thymocytes subpopulations, total number of thymocytes and weight ratio of thymus in
mice treated once and five times with fraction C of Caltha palustris extract. The mean values (n = 7) and standard deviations
are presented

Index Day Control Fraction C of Caltha palustris extract

1 × 10 mg/kg 1 × 1 mg/kg 1 × 0.1 mg/kg

Thymocytes

Weight ratio of thymus 1 0.207 ±0.035 0.244 ±0.065 0.202 ±0.055 0.220 ±0.080

3 0.226 ±0.058 0.168 ±0.047* 0.202 ±0.022 0.203 ±0.056

The total number 1 40.86 ±6.25 35.34 ±4.81* 36.51 ±6.01 38.03 ±7.93

3 28.94 ±10.15 22.03 ±6.47 19.03 ±2.97* 24.94 ±5.65

CD4–CD8– (%) 1 3.34 ±1.26 3.46 ±1.84 2.60 ±0.20 2.75 ±1.05

(× 106) 1.39 ±0.61 1.23 ±0.70 0.95 ±0.20 1.06 ±0.48

(%) 3 3.19 ±1.09 3.92 ±0.79 4.44 ±1.76 8.81 ±4.00*

(× 106) 0.84 ±0.16 0.86 ±0.30 0.82 ±0.30 2.12 ±0.75*

CD4+CD8+ (%) 1 82.79 ±1.98 79.24 ±8.54 84.30 ±1.22 83.51 ±1.23

(× 106) 33.77 ±4.89 27.88 ±4.24* 30.76 ±4.98 31.74 ±6.58

(%) 3 68.99 ±22.01 75.19 ±2.29 76.18 ±2.91 72.37 ±3.43

(× 106) 19.53 ±9.70 16.54 ±4.88 14.50 ±2.34 18.12 ±4.39

CD4+ (%) 1 11.36 ±1.28 11.72 ±2.10 10.84 ±1.09 11.68 ±0.78

(× 106) 4.66 ±0.94 4.13 ±0.86 3.98 ±0.88 4.45 ±1.05

(%) 3 16.55 ±2.35 17.30 ±1.25 16.26 ±1.81 15.63 ±1.25

(× 106) 4.65 ±1.36 3.83 ±1.18 3.11 ±0.68* 3.92 ±1.01

CD8+ (%) 1 2.50 ±0.27 2.08 ±0.18* 2.25 ±0.18* 2.06 ±0.33*

(× 106) 1.03 ±0.23 0.74 ±0.13* 0.82 ±0.12* 0.78 ±0.18*

(%) 3 2.70 ±0.54 3.64 ±0.62* 3.13 ±0.87 3.18 ±0.47*

(× 106) 0.74 ±0.15 0.81 ±0.30 0.60 ±0.24 0.79 ±0.16

Control 5 × 10 mg/kg 5 × 1 mg/kg 5 × 0.1 mg/kg

Weight ratio of thymus 1 0.230 ±0.044 0.232 ±0.042 0.245 ±0.042 0.242 ±0.052

3 0.238 ±0.038 0.212 ±0.032 0.193 ±0.042* 0.224 ±0.048

The total number 1 35.60 ±6.84 38.57 ±6.95 42.14 ±3.46* 43.89 ±6.32*

3 35.00 ±3.01 37.77 ±8.48 35.03 ±4.65 31.49 ±4.77

CD4–CD8– (%) 1 10.92 ±16.83 3.80 ±1.82 2.77 ±0.49 2.39 ±0.50

(× 106) 3.47 ±4.98 1.40 ±0.53 1.17 ±0.27 1.04 ±0.21

(%) 3 2.34 ±1.99 2.81 ±2.18 3.56 ±1.32 2.74 ±1.97

(× 106) 0.84 ±0.75 1.13 ±1.04 1.28 ±0.60 0.62 ±0.16

CD4+CD8+ (%) 1 72.75 ±15.29 78.38 ±1.67 79.52 ±1.94 79.82 ±0.98

(× 106) 26.24 ±8.33 30.29 ±5.86 33.46 ±2.06* 35.03 ±5.13*

(%) 3 77.54 ±10.87 78.64 ±1.05 79.30 ±2.20 79.25 ±3.15

(× 106) 26.93 ±2.85 29.69 ±6.69 27.79 ±3.90 24.95 ±3.97

CD4+ (%) 1 13.56 ±3.36 15.34 ±0.89 15.49 ±1.57 15.65 ±0.59

(× 106) 4.92 ±1.86 5.92 ±1.14 6.57 ±1.19* 6.87 ±1.00*

(%) 3 13.96 ±1.91 17.37 ±0.69* 14.86 ±1.57 16.05 ±1.94*

(× 106) 4.93 ±1.02 6.56 ±1.47* 5.17 ±0.60 5.04 ±0.98

CD8+ (%) 1 2.63 ±0.25 2.49 ±0.46 2.18 ±0.27* 2.15 ±0.49*

(× 106) 0.93 ±0.15 0.96 ±0.24 0.92 ±0.17 0.95 ±0.26

(%) 3 2.33 ±0.59 2.04 ±0.34 2.28 ±0.63 1.96 ±0.39

(× 106) 0.82 ±0.22 0.77 ±0.23 0.79 ±0.21 0.62 ±0.18*

*p < 0.05 as compared to the control group
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Table 2. Percentage, absolute count of splenocytes subpopulations, total number of splenocytes and weight ratio of spleen in
mice treated once and five times with fraction C of Caltha palustris extract. The mean values (n = 7) and standard deviations
are presented

Index Day Control Fraction C of Caltha palustris extract

1 × 10 mg/kg 1 × 1 mg/kg 1 × 0.1 mg/kg

Splenocytes

Weight ratio of spleen 1 0.589 ±0.124 0.626 ±0.067 0.642 ±0.100 0.584 ±0.123

3 0.547 ±0.063 0.623 ±0.106 0.642 ±0.187 0.636 ±0.104*

The total number 1 58.91 ±11.10 62.26 ±5.69 60.71 ±7.21 59.29 ±8.38

3 63.37 ±8.42 63.97 ±9.85 61.40 ±10.25 55.83 ±6.49*

CD3+ (%) 1 33.36 ±3.60 38.27 ±1.87* 37.26 ±5.76 35.99 ±5.07

(× 106) 18.42 ±3.86 23.86 ±2.80* 22.61 ±4.36* 21.52 ±5.30

(%) 3 33.52 ±4.40 37.57 ±5.35 30.34 ±6.38 33.01 ±3.32

(× 106) 21.05 ±2.81 24.46 ±7.08 19.04 ±7.05 18.27 ±1.31

CD4+ (%) 1 26.20 ±3.50 27.88 ±3.91 29.39 ±2.13* 26.67 ±2.70

(× 106) 15.64 ±4.63 17.31 ±2.75 17.84 ±2.41 15.89 ±3.23

(%) 3 27.77 ±3.00 27.68 ±3.36 24.47 ±4.91 24.13 ±3.07*

(× 106) 17.49 ±2.25 17.92 ±4.50 15.24 ±4.88 13.37 ±1.54*

CD8+ (%) 1 7.15 ±1.39 5.14 ±0.87* 6.58 ±1.65 6.10 ±1.76

(× 106) 4.26 ±1.41 3.19 ±0.60 4.04 ±1.28 3.68 ±1.45

(%) 3 7.04 ±1.45 8.10 ±1.71 5.84 ±2.22 7.13 ±0.95

(× 106) 4.43 ±1.06 5.31 ±1.78 3.74 ±2.08 3.94 ±0.36

CD19+ (%) 1 53.61 ±3.43 50.61 ±2.88 51.36 ±3.19 55.03 ±4.94

(× 106) 31.31 ±4.56 31.45 ±2.65 31.13 ±3.66 32.40 ±3.32

(%) 3 55.97 ±4.29 52.71 ±5.91 57.61 ±6.50 56.60 ±5.58

(× 106) 35.62 ±6.65 33.28 ±2.66 34.98 ±4.28 31.89 ±6.49

Control 5 × 10 mg/kg 5 × 1 mg/kg 5 × 0.1 mg/kg

Weight ratio of spleen 1 0.714 ±0.225 0.843 ±0.124 0.765 ±0.122 0.679 ±0.069

3 0.628 ±0.163 0.779 ±0.073* 0.597 ±0.115 0.626 ±0.112

The total number 1 71.14 ±6.65 69.71 ±9.33 67.20 ±10.07 65.94 ±10.81

3 64.66 ±6.26 67.11 ±8.50 62.23 ±7.48 63.63 ±5.55

CD3+ (%) 1 33.92 ±3.55 31.07 ±3.63 32.91 ±3.70 33.23 ±3.18

(× 106) 24.30 ±4.60 21.54 ±2.91* 22.10 ±4.26 21.73 ±3.01

(%) 3 34.86 ±4.05 36.96 ±2.40 35.33 ±3.57 41.79 ±1.54*

(× 106) 22.63 ±4.12 24.87 ±4.06 21.87 ±2.34 27.13 ±1.45*

CD4+ (%) 1 24.61 ±2.37 23.31 ±3.29 28.40 ±3.57* 30.60 ±4.78*

(× 106) 17.60 ±3.14 16.14 ±2.30 19.13 ±4.32 19.84 ±2.27

(%6) 3 24.61 ±2.95 27.37 ±1.48 24.32 ±3.29 29.75 ±2.18*

(× 106) 15.94 ±2.71 18.37 ±2.52 15.09 ±2.45 19.26 ±0.80*

CD8+ (%) 1 5.76 ±1.55 3.98 ±1.09* 4.86 ±0.60 5.05 ±0.91

(× 106) 4.12 ±1.29 2.76 ±0.80 3.25 ±0.53 3.35 ±0.93

(%) 3 5.55 ±0.90 5.85 ±0.69 5.27 ±1.22 7.90 ±0.74*

(× 106) 3.61 ±0.83 3.93 ±0.70 3.24 ±0.63 5.12 ±0.42*

CD19+ (%) 1 53.51 ±4.18 58.36 ±3.98* 55.18 ±5.03 55.73 ±4.74*

(× 106) 37.95 ±3.30 21.54 ±2.91 37.07 ±6.42 37.45 ±6.34

(%) 3 59.42 ±3.92 57.38 ±2.62 59.44 ±4.09 52.91 ±1.62*

(× 106) 38.31 ±3.08 38.43 ±4.37 37.12 ±6.08 34.44 ±3.30*

*p < 0.05 as compared to the control group
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Table 3. Percentage, absolute count of mesenteric lymph node cells subpopulations, total number of mesenteric lymph node
cells and weight ratio of lymph nodes in mice treated once and five times with fraction C of Caltha palustris extract. The mean
values (n = 7) and standard deviations are presented

Index Day Control Fraction C of Caltha palustris extract

1 × 10 mg/kg 1 × 1 mg/kg 1 × 0.1 mg/kg

Mesenteric lymph node cells

Weight ratio of mesenteric 1 0.445 ±0.085 0.526 ±0.063* 0.501 ±0.043 0.564 ±0.089*
lymph node 3 0.483 ±0.084 0.467 ±0.061 0.537 ±0.063 0.428 ±0.178

The total number 1 38.69 ±7.72 32.51 ±5.64 24.94 ±6.71* 36.14 ±7.92

3 37.20 ±6.72 33.49 ±4.13 36.31 ±3.66 32.46 ±5.95

CD3+ (%) 1 49.91 ±7.99 50.39 ±3.23 58.24 ±4.36* 50.47 ±4.99

(× 106) 17.43 ±3.13 16.44 ±3.31 13.50 ±3.79* 18.00 ±3.42

(%) 3 51.36 ±4.57 51.15 ±1.15 44.51 ±7.49* 49.60 ±6.08

(× 106) 19.14 ±4.07 17.12 ±2.08 16.11 ±2.88 16.32 ±4.63

CD4+ (%) 1 44.70 ±3.80 41.43 ±9.09 45.17 ±2.33 40.07 ±3.17*

(× 106) 17.42 ±4.47 12.58 ±3.57* 11.35 ±3.54* 14.38 ±3.03

(%) 3 43.15 ±5.52 43.03 ±1.26 38.75 ±6.50 40.61 ±4.13

(× 106) 16.14 ±4.12 14.43 ±1.98 14.01 ±2.41 13.28 ±3.33

CD8+ (%) 1 9.43 ±2.84 7.47 ±2.41 13.14 ±3.08* 10.82 ±2.81

(× 106) 3.75 ±1.61 2.43 ±0.91* 3.31 ±1.20 3.81 ±1.08

(%) 3 7.95 ±2.58 8.28 ±1.18 5.26 ±0.80* 6.71 ±1.12

(× 106) 2.99 ±1.22 2.79 ±0.64 1.90 ±0.31* 2.21 ±0.71

CD19+ (%) 1 41.02 ±8.06 43.54 ±3.66 37.07 ±4.65 45.77 ±5.29

(× 106) 15.58 ±2.88 14.13 ±2.51 9.03 ±1.66* 16.78 ±4.77

(%) 3 44.21 ±7.09 45.56 ±1.86 52.22 ±7.63* 46.13 ±5.91

(× 106) 16.33 ±3.45 15.27 ±2.16 19.03 ±3.60 14.75 ±1.93

Control 5 × 10 mg/kg 5 × 1 mg/kg 5 × 0.1 mg/kg

Weight ratio of mesenteric 1 0.564 ±0.094 0.573 ±0.107 0.544 ±0.064 0.683 ±0.230
lymph node 3 0.599 ±0.101 0.547 ±0.097 0.544 ±0.081 0.572 ±0.042

The total number 1 37.69 ±6.25 41.26 ±4.96 42.54 ±5.04 36.77 ±8.80

3 38.66 ±6.36 38.06 ±5.01 38.40 ±3.09 35.11 ±4.64

CD3+ (%) 1 55.13 ±2.87 49.92 ±4.41* 44.68 ±5.78* 44.92 ±6.24*

(× 107) 20.74 ±3.36 20.71 ±3.78 18.79 ±1.20 16.46 ±4.55*

(%) 3 45.39 ±4.87 45.41 ±4.88 59.42 ±14.62* 50.44 ±5.74

(× 107) 17.70 ±4.05 17.29 ±3.05 22.90 ±6.18* 17.85 ±4.01

CD4+ (%) 1 47.51 ±1.96 44.19 ±3.32* 40.63 ±3.14* 39.72 ±5.60*

(× 107) 17.89 ±3.00 18.29 ±2.91 17.18 ±1.17 14.56 ±4.11

(%) 3 38.88 ±2.81 38.41 ±3.15 45.10 ±5.28* 41.97 ±3.73

(× 107) 16.00 ±2.28 14.59 ±2.05 17.35 ±2.67 14.83 ±3.00

CD8+ (%) 1 7.34 ±1.76 5.31 ±0.72 5.42 ±1.03* 6.14 ±1.59

(× 107) 2.76 ±0.78 2.18 ±0.33 2.28 ±0.32 2.23 ±0.64

(%) 3 5.69 ±2.11 4.83 ±1.61 11.04 ±7.30 7.32 ±1.46

(× 107) 1.92 ±0.66 1.86 ±0.76 2.61 ±0.51* 2.60 ±0.77

CD19+ (%) 1 41.23 ±3.14 46.88 ±4.13* 50.27 ±6.55* 50.32 ±6.95*

(× 107) 15.57 ±3.09 19.23 ±1.85* 21.63 ±5.35* 18.59 ±5.26

(%) 3 52.23 ±5.11 52.77 ±5.09 37.79 ±15.80* 47.00 ±5.88

(× 107) 20.02 ±2.63 20.08 ±3.41 14.43 ±5.97* 16.36 ±1.95*

*p < 0.05 as compared to the control group
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population. Stimulating activity of other polysaccharide
extracts was demonstrated in the studies on polysaccharide
isolated from the radix of Platycodon grandiflorum (PG)
[20]. Platycodon grandiflorum was found to markedly
increase polyclonal IgM antibody production and the pro-
liferation of B cells. Moreover, the intraperitoneal admin-
istration of PG in mice immunized by using T-dependent
antigen, sheep red blood cells (SRBCs), resulted in
increased IgM antibody production in B cells.

The present study demonstrated that fraction C from
Caltha palustris extract can change the percentage and
absolute number of T cell subsets in thymus, and T and B
lymphocytes in the spleen and mesenteric lymph nodes. The
effect of the examined substance depended on the number
of consecutive doses applied. However, more experiments
should be carried out to explain the detailed mechanism that
induced the immunomodulatory activity.

References
1. Newman DJ, Cragg GM (2007): Natural products as sources

of new drugs over the last 25 years. J Nat Prod 70: 461-477.
2. Choi EM, Koo JK, Hwang JK (2004): Immune cell stimulat-

ing activity of mucopolyssacharide isolated from yam
(Dioscorea batatasi). J Ethnopharmacol 91: 1-6.

3. Skopińska-Różewska E, Wasiutyński A, Sommer E, et al.
(2011): Modulatory effect of Echinacea pallida on cellular
immunity and angiogenesis in mice. Cent Eur J Immunol 36:
18-23.

4. Kim H, Song MJ (2011): Analysis and recordings of orally
transmitted knowledge about medicinal plants in the southern
montanious region of Korea. J Ethnopharmacol 134: 676-693.

5. Sharma N, Sharma VK, Seo SY (2005): Screening of some
medicinal plants for anti-lipase activity. J Ethnopharmacol 97:
453-456.

6. Turner NJ (1984): Counter-irritant and other medicinal uses of
plants in ranunculaceae by native peoples in british columbia
and neighbouring areas. J Ethnopharmacol 11: 181-201.

7. Sokoloff B, Saelhof CC, Fujisawa M, et al. (1962): A critical
study on the oncostatic factor present in Caltha palustris.
Growth 26: 71-75.

8. Kuduk-Jaworska J, Rułko F, Gąsiorowski K (1993): Search-
ing for imunologically active polysaccharides. I preliminary
investigations of polysaccharide fractions isolated from Caltha
palustris L. Herba Polonica 39: 103-112.

9. Gąsiorowski K, Brokos B, Kuduk-Jaworska J, Rułko F (1994):
Searching for imunologically active polysaccharides. Part II.
Boiological activity of polysaccharides fractions isolated from
Caltha palustris L. Herba Polonica 40: 180-187.

10. Dubois M, Gilles DA, Hamilton JK, et al. (1956): Colorimet-
ric method for the determination of sugars and related sub-
stances. Anal Chem 28: 350-356.

11. Blumenkrantz N, Asboe-Hansen G (1973): New method for
quantitative determination of uronic acids. Anal Biochem 54:
484-489.

12. Li J, Li Q, Peng Y, et al. (2010): Protective effects of fraction
1a of polysaccharides isolated from Solanum nigrum Linne on
thymus in tumor-bearing mice. J Ethnopharmacol 129: 350-
356.

13. Togola A, Inngjerdingen M, Diallo D, et al. (2008): Polysac-
charides with complement fixing and macrophage stimulation

activity from Opilia celtidifolia, isolation and partial charac-
terization. J Ethnopharmacol 115: 423-431.

14. Chen JR, Yang ZQ, Hu TJ, et al. (2010): Immunomodulatory
activity in vitro and in vivo of polysaccharide from Potentilla
anserina. Fitoterapia 81: 1117-1124.

15. Dhur A, Galan P, Preziosi P, Hercberg S (1991): Lymphocyte
subpopulations in the thymus, lymph nodes and spleen of iron-
deficient and rehabilitated mice. J Nutr 121: 1418-1424.

16. Wu CA, Wu JJ, Tsai MJ, Chen RY (2007): Immunomodulato-
ry effects of a traditional Chinese medicine, Chi-Shie-Shuang-
Bu-An-Shen-Tang, on BALB/c mice. J Ethnopharmacol 113:
300-305.

17. Ferreira S, Vasconcelos J, Marinho A, et al. (2009): CD4 lym-
phocytopenia in systemic lupus erythematosus. Acta Reuma-
tol Port 34: 200-206.

18. Gergely P (1999): Drug-induced lymphopenia: focus on CD4+

and CD8+ cells. Drug Saf 21: 91-100.
19. Shiku H (2003): Importance of CD4+ helper T-cells in antitu-

mor immunity. International J Hematol 77: 435-438.
20. Han SB, Park SH, Lee KH, et al. (2001): Polysaccharide iso-

lated from the radix of Platycodon grandiflorum selectively
activates B cells and macrophages but not T cells. Int Im-
munopharmacol 11: 1969-1978.

Influence of polysaccharide fraction C isolated from Caltha palustris L. on T and B lymphocyte subsets in mice


