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ABStrAct

The present study analyzed the effects of Eleutherococcus senticosus (Rupr. et Maxim.) Maxim. ethanol extract on long-term 
(6-week) intoxication induced by intraperitoneal injections of 0.05 LD50 of cadmium chloride solution. The experiments were performed 
with white laboratory mice. Two groups of mice were injected with ethanol extract of E. senticosus: 0.05 LD50 and 0.10 LD50.  Cadmium 
concentrations were investigated in blood, kidney, liver, spleen, heart, and skeletal muscle by atomic absorption spectroscopy. Long-term 
injections of Eleutherococcus senticosus (Rupr. et Maxim.) Maxim. ethanol extract combined with CdCl2 led to significant increase of 
cadmium concentrations in the spleen, skeletal muscle, blood, kidney and liver of experimental mice. E. senticosus also decreased the 
mitotic activity of liver cells induced by cadmium.
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introduction

Cadmium has a diversity of toxic effects including 
teratogenicity, carcinogenicity, nephrotoxicity, reproduc-
tive and endocrine toxicity(2)

. Cadmium is a potent animal 
carcinogen(3) and has been recently upgraded to a human 
carcinogen by the International Agency for Research on 
Cancer(4). Cadmium induces oxidative stress in tissues 
by increasing lipid peroxidation (LPO) and by altering the 
antioxidant status in tissues. Metabolic transformations of 
Cd2+ are limited to its binding to the protein and nonprotein 
sulfhydryl groups, and various macromolecules, such as 
metallothionein, which is especially important in the kidney 
and liver(1,9). Eleutherococcus senticosus (Rupr. et Maxim.) 
Maxim. (ES) can modify cadmium effect and toxicity(6). The 
beneficial effects of ES derive from the capability to exert 
protective and/or inhibitory action against free radicals(7).  

Mechanisms of action for adaptogenic activity seem to 
fall into three categories: those that act to regulate the stress 

response via the neuro-endocrine HPA axis, those that act as 
antioxidants and those that either inhibit or enhance central 
nervous system (CNS) activity(5,8). ES supports the body’s 
stress response, immune system and endocrine system 
including the adrenal glands, spleen, liver and thymus 
gland(11). Its action in the body is due to its stimulation of the 
hypothalamic-pituitary axis to secrete adrenal corticotropic 
hormone (ACTH)(11,12,15). 

Our study investigated the effects of ES ethanol extract 
on the accumulation of Cd2+ in blood and in internal organs 
(liver, kidney, spleen , heart, and skeletal muscle) as well as 
on the mitotic activity of liver cells after the chronic intra-
peritoneal (i.p.) intoxication by Cd2+.

mAteriAlS And metHodS

I. Preparation of Extract from Root of ES

The extract from roots of ES was prepared in the 
factory “Valentis” (Lithuania) for the investigations. The raw 
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material of ES(8) was imported from Poland. One kilogram 
of the dried roots of ES was ground into 3 mm particles, 
and roots were evenly moistened with 1 L 40% aqueous 
ethanol (menstruum) and then placed in a closed vessel for 
24 h. The moistened roots were introduced into a percolator. 
The percolator was placed in position, and 1 L 40% aqueous 
ethanol was poured in to make a 1 : 2 extract. Percolation was 
underway at the flow speed of extraction of 0.2 mL/min for 24 
h. When the percolation was finished, the inert, fibrous part 
of ES was removed from the percolator and pressed and, 
the pressed liquid was then mixed with the percolate. The 1 
: 1 liquid extract was made by concentration. The resulted 
percolate was then filtered. One milliliter extract contained 
0.151 g of the dried root of ES.

II. Sample Collection

Experiments were carried out on 4 to 6-week-old 
outbred male white laboratory mice BALB/c weighing 20 to 
25 g. Intraperitoneal injections (i.p.) of CdCl2 and ES extract 
solutions were performed as follows. Experimental mice 
(10 mice in each group) were periodically injected i.p. for 
6 weeks (three times a week) with metal salts and ES extract 
solutions of two different concentrations in deionized water:

(I) 0.05 LD50 Cd2+ (corresponding to Cd2+ 0.16 mg/kg 
body mass).

(II) 0.05 LD50 ES (corresponding to ES ethanol extract 
(1 : 1) 3.65 mL/kg and dry extract - 0.55 g/kg body mass).

(III) 0.10 LD50 ES (corresponding  to ES ethanol extract 
7.3 mL/kg and dry extract - 1.07 g/kg body mass).

(IV) 0.05 LD50 Cd2+ and 0.05 LD50 ES.
(V) 0.05 LD50 Cd2+ and 0.10 LD50 ES.
For an ethanol extract of ES the intraperitoneal LD50  in 

mice was 14.5 mL/kg(13). 
For the fluid of CdCl2 the intraperitoneal LD50 in mice 

was 3.2 mg Cd/kg body mass. To determine the median 
lethal dose LD50 was calculated using the following formula: 
lgLD50 = lgDN – δ(∑Li y. where DN is the highest dose of the 
study substance administered to mice, δ is the logarithm of 
the ratio between the doses of the substance administered, 
and Li is the ratio between the number of dead mice and the 
number of mice used to determine the dose effect(10).

Control group mice were periodically injected i.p. with 
the same volume of saline solution. The mice were weighed 
weekly and decapitated after 6 weeks according to the rules 
defined by European Convention for the Protection of Verte-
brate Animals used for Experimental and other Scientific 
Purposes (License N. 0028).

III. Detection of Metals in Organs

The concentration of Cd2+ in whole blood and tissue 
specimens from liver and kidney were determined on 
electrothermal graphite furnace atomic absorption spec-
trophotometer-(Perkin-Elmer Zeeman/3030, Perkin-Elmer 
Life and Analytical Sciences, Inc., Wellesley, MA, USA). 
The venous blood was obtained using a single-use syringes 
with anticoagulant. Tissue specimens were dissolved with 
0.125 M NaOH at 90°C, and the digests were diluted till the 
appropriate volume with twice distilled water. The modified 
method, as decribed by Schlemmer, was employed for the 
analysis of heavy metals in biological samples(22).

IV. Histology

The samples from liver tissue were fixed in 10% 

table 1. Cd2+ concentration in blood and internal organs of mice

In organ
groups

Blood, µg/dL Liver, µg/g Kidney, µg/g Spleen, µg/g Heart, µg/g Muscle, µg/g 

Cd conc.
CI

Control group 0.0034 0.0203 0.2063 0.0041 0.0024 0.0008

0.0008 - 0.0154 0.0128 - 0.0319 0.1462 - 0.2909 0.0029 - 0.0057 0.0008 - 0.0065 0.0002 - 0.0031

ES 0.05 0.0015 0.0357 0.0791* 0.0045 0.0005 0.0008

0.0001 - 0.0144 0.0145 - 0.0876 0.0571 - 0.1093 0.0027 - 0.0073 0.0001 - 0.0020 0.00006 - 0.0113

ES 0.1 0.0089 0.0158 0.0968* 0.0045 0.0017 0.0052*

0.0053 - 0.01512 0.0060 - 0.0415 0.0747 - 0.1253 0.0025 - 0.0079 0.0008 - 0.0036 0.0016 - 0.0165

Cd+ES 0.05 4.1117 21.0553 38.5963 3.3781° 0.9380 0.2990

3.5431 - 4.7715 15.9478 - 27.7986 27.9029 - 53.3877 2.5056 - 4.5543 0.4827 - 1.8227 0.1281 - 0.6981

Cd+ES 0.1 2.8908 18.7878 42.4446 3.1325° 0.6674° 0.4531°

0.3639 - 3.6147 15.9262 - 22.1636 36.7341 - 49.0427 2.4192 - 4.0559 0.5205 - 0.8555 0.2720 - 0.7548

Cd 1.6788 13.1112 22.3965 1.9027 0.9809 0.2454

0.2812 - 10.0228 6.5151 - 26.3856 10.8839 - 46.0866 1.6063 - 2.2538 0.7298 - 1.3184 0.1957 - 0.3076
* indicates significant difference at p < 0.05 – compared to control group.
° indicates significant difference at p < 0.05 – compared to Cd group.
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neutral-buffered formalin for 48 h and then processed for 
routine paraffin embedding. Five-micron-thick sections 
were stained with hematoxylin and eosin. Histological 
slides were examined by light microscopy (objective 40×). 
For each specimen, the number of mitotic cells was counted 
in 10 randomly selected reference areas (0.04 mm2). Their 
histological images were taken using DP-11 Olympus Digital 
Camera (Olympus Corp., Tokyo, Japan). 

V. Statistical Processing

The Student’s t-test correction was used for comparison 
of geometric means of cadmium concentration. Nonpara-
metric Kruskal-Wallis and Mann-Whitney tests were applied 
for the evaluation of variation among mitotic cells in mice 
liver counts in different groups. Statistical significance was 
set at p ≤ 0.05.

reSultS And diScuSSion

I. Comparison of Cadmium Concentration in Blood, Kidney, 
Liver, Spleen, Heart, and Skeletal Muscle 

The concentration of Cd2+ in blood and internal organs 
of mice was evaluated after periodical i.p. injections with 
CdCl2 and two different ES concentrations during 6 weeks. 
Data of Cd2+ concentration in blood and organs of control 
group and exposed to ES mice are presented in Table 1. No 
significant difference in Cd2+ concentration in the organs 
was observed between the control and ES group. The concen-
tration of Cd2+ in the ethanol extract of ES was  0.343 µg /L.

It is of interest that periodical injection of CdCl2 together 
with ES during 6 weeks caused significant increase of Cd2+ 
concentration in the spleen and skeletal muscle as compared 
to Cd2+ group. The spleen of mice injected with Cd2++ES 0.05 
LD50 and Cd2++ES 0.10 LD50 contained higher (p < 0.001) 
Cd2+ than mice injected with CdCl2.

The metal concentration in skeletal muscle was signifi-
cantly higher (p < 0.02) only in Cd2++ES (0.10) group as 

compared to Cd2+ group.
Such increase was also expected in other organs, such 

as blood, kidney, and liver, but it was not as significant. Only 
Cd2+ concentration in the heart of mice in Cd2++ES (0.10) 
group was lower (p < 0.04) as compared to Cd2+ group.

II. Expression of the Mitotic Activity of Liver Cells 

The influence of ES on mitotic activity of mice liver 
cells has also been evaluated (Figure 1). The data showed, 
that ES extract of concentration 0.05 LD50 and 0.10 LD50 did 
not change the number of mitotic liver cells in comparison 
to the control group. Long term intoxication by cadmium 
led to significant increase of mitotic activity of liver cells 
as compared to the control group. The administration of 
ES together with cadmium decreased number of mitotic 
cells, which did not differ from the control. The number of 
mitotic cells was significantly smaller in mice injected with 
cadmium and ES 0.10 LD50 than that in mice injected with 
CdCl2 only (Figure 2).

Figure 1. Histology of mouse liver sections. The mice were injected 
i.p. with 0.05 LD50 of CdCl2 solution for 6 weeks. The arrow indicates 
mitotic liver cells. (Haematoxylin and eosin, original magnification 
× 40).

Figure 2. Number of mitotic liver cells of mice after CdCl2 (0.16 mg Cd/kg body mass), after ES (0.55 g ES dry extract/kg body mass); group 
Cd + 0.05 ES and after ES (1.07 g dry ES extract/kg body mass); group Cd + 0.10 ES injections. 
*  indicates significant difference at p < 0.05 compared to cadmium 6w group (administration of CdCl2 for 6 weeks alone). 
•  indicates significant difference at p < 0.05 compared to control, ES 0.05, ES 0.10 and Cd + ES 0.10.
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The results of this study showed that 6-week-long injec-
tions of ES ethanol extract of two different concentrations 
combined with CdCl2 led to significant increase of cadmium 
concentration in blood, liver, kidney, spleen and skeletal 
muscle. Once absorbed, the clearance of cadmium from 
the circulation and deposition into the tissue is rapid. Over 
50% of the body burden of cadmium is localized in liver and 
kidney(24,25). 

The accumulation of cadmium in these tissues may be 
due to their ability to produce large amounts of metallothio-
nein. Typically, the presence of metallothionein within cells 
will markedly decrease cadmium toxicity(9). In the present 
study we also noticed a positive shift in the mitotic index in 
the mice injected i.p. with CdCl2. Cd2+ induces apoptosis, 
mitotic activity of cells and also causes necrotic cell death 
in certain pathophysiological situations. That may be linked 
to the replenishment of liver cells, arising out of the toxic 
CdCl2 effect on chromosome components primarily made 
up of DNA and protein(25). It was observed oxidative stress 
intensification after cadmium administration defined as 
intensification of liver peroxidation of fats and liver gluta-
thione exhaustion. ES normalizes increased mitotic index 
of liver cells and protect liver protein synthesizing systems 
from cadmium toxicity in liver(23). 

Chemically, ES is typically either complex phenolics or 
tetracyclic triterpenoids/steroid. The phenolic compounds 
include phenylpropanoids and lignans, such as eleutherosid 
E(14,20). They are structurally similar to the catecholamines - 
the mediators of the sympathoadrenal system (SAS) involved 
in activation of the stress system in the early stages of stress 
response. The tetracyclic triterpenoids, such as eleutheroside 
A and, daucosterol, structurally resemble the corticosteroids 
that act as stress hormones involved in protective inactiva-
tion of the stress system(19,21). The inducement of glutathione 
and heat shock proteins by ES have been suggested(19,26-28). 
ES has protective effects on the activity of superoxide 
dismutase, catalase, glutathione peroxidase and, glutathione 
reductase as well the level of glutathione.  

Until now we have not been able to describe the precise 
mechanism of the presented phenomenon, i.e. the adminis-
tration of cadmium together with ES led to higher concen-
tration of cadmium in the internal organs and blood as 
compared to the intoxication by cadmium alone. The expla-
nation of this phenomenon requires more detailed investiga-
tion in order to reveal mechanisms responsible for this.

concluSionS

The long-term injections of ethanol extract of  ES 
combined with CdCl2 led to the significant increase of Cd2+ 
concentration in blood, liver, kidney, spleen and skeletal 
muscle of the experimental mice. ES decreased the mitotic 
activity of liver cells induced by Cd2+. 
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