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Abstract

Plants belonging to Rhodiola kirilowii species, members of Rhodiola genus and Crassulaceae
family, grow wildly in Tibet, Mongolia and China mountains and are traditionally used as adaptogens,
antidepressants and anti-inflammatory remedies. Nowadays, R. kirilowii is cultivated in some coun-
tries, also in Poland. In our previous papers we reported immuno- and angio-modulatory effects of
aqueous and hydro-alcoholic extracts of radix and rhizome of this plant in non-pregnant and pregnant
mice. The aim of the present study was to evaluate the effect of feeding pregnant and further lactating
mice these extracts on selected thymus function parameters in adult progeny. The counts of M-30+
apoptotic cells, in the thymuses obtained from progeny of mice fed during pregnancy and lactation
water or 50% water-alcoholic extract of Rhodiola kirilowii, were significantly lower (p<0.05) than
apoptotic cells counts observed in the control mice. No significant differences in the counts of
IL-7-positive cells in the thymuses obtained from progeny of the control mice and mothers treated
with water or hydro-alcohol extracts of Rhodiola kirilowii were observed.
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Introduction

Herbal remedies with immunotropic activity pro-
vide an alternative or complementation to conven-
tional therapy of infections during pregnancy. How-
ever, some of these remedies may show a negative

Correspondence to: S. Lewicki, e-mail: lewickis@gmail.com

influence on fetal organ development and function,
because they contain various potentially antian-
giogenic substances (Skopińska-Różewska et al. 2008
a,b,c, Zdanowski et al. 2012). The aim of the present
study was to evaluate the effect of feeding pregnant
and further lactating mice extracts of Rhodiola
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kirilowii, plant with immunostimulatory properties
(Wójcik et al. 2009a), on selected parameters of
thymus function in their adult progeny.

The thymus supports production of self-tolerant
T-cells with competent and regulatory functions, and
their migration to the peripheral blood circulation.
The thymus also contains other cells such as thymic
epithelial cells (TEC) and dendritic cells, and recipro-
cal interactions between these cells and thymocytes
play essential roles in thymic physiology. During
thymocyte and TEC differentiation multiple cellular
events occur, such as cell proliferation, survival and
apoptosis. In order for a thymocyte to differentiate
into a mature T lymphocyte it must go through several
maturational stages.

The thymus is divided into two main regions, the
peripheral cortex and a central medulla. Most T-cell de-
velopment takes place in the cortex, only mature
single-positive thymocytes are observed in the medulla.
After successful rearrangements of α-chains and ex-
pression of T-cell receptor in the cortex, α:β thymocytes
undergo further development determined by interac-
tions of their T-cell receptors with self-peptides pres-
ented by the MHC molecules on the thymic stroma.
CD4-CD8 double positive thymocytes, whose receptors
interact with self-peptide: self-MHC complexes, are
positively selected, and will mature into CD4 or CD8
single positive cells. T cells that react too strongly with
self-antigens are deleted in the thymus through the
negative selection, which takes place in the medullary
region of the thymus. All thymocytes which do not pass
through positive or negative selection undergo apoptosis
(Godfrey et al. 1993, Nishino et al. 2006).

Interleukin 7 is a 25 kDa glycoprotein produced
by stromal cells in the thymus and bone marrow. IL-7
promotes both survival and differentiation of imma-
ture double negative, and mature single positive
thymocytes. In the periphery, IL-7 regulates T cell
survival and function. IL-7 binds the IL-7 receptor
(IL-7R) which is expressed on many immune system
cells including double negative thymocytes
CD4-/CD8-, double positive thymocytes CD4+CD8+
and single positive CD4 or CD8 T cells (Morrissey et
al. 1994, von Freeden-Jeffry et al. 1997).

Materials and Methods

Preparation and chemical analysis
of Rhodiola extracts

The roots and rhizomes of Rhodiola kirilowii were
collected from field cultivations of the Institute of
Natural Fibers and Medicinal Plants (Poznań, Po-
land). The raw material was washed, cut into thick

slices, dried in natural conditions and next powdered.
Aqueous extracts: finely powdered roots were extrac-
ted two times with water (extraction was performed:
first – 2 hour and second -1 hour long, in the ratio raw
material/solvent 1/5), in the temperature of 40-45oC.
The supernatants were mixed together and after cen-
trifugation at 3000 rpm for 15 min were lyophilized.

Hydroalcoholic extracts: finely powdered roots
were extracted with ethanol/water solution (1/1, v/v, in
the ratio raw material/solvent 1/10) by the percolation
method. Then the percolates were lyophilized (pre-
ceded by the distilling off the ethanol in the tempera-
ture 40-45oC). Extracts were stored at – 70oC until
further use.

Chemical analysis of extracts was done as previ-
ously described (Lewicki et al. 2015). Total extract
polyphenols/flavonoids concentration (16.16 μg/mg
and 23.75 μg/mg in RKW and RKW-A, respectively)
was assayed by applying the HPLC system (Dionex)
equipped in the CoulArray electrochemical detector
(ESA Inc.)

Biological studies

Experiments were performed in adult 15 female
mice of BALB/c strain and in their offspring. For this
purpose, females, from the contact with males of the
same strain, up to the 28th day after giving birth, were
fed daily with aqueous (RKW group) or 50% hy-
dro-alcoholic (RKW-A group) extracts of R. kirilowii
(lyophilizates dissolved in distilled water), using the
daily dose of 20 mg/kg of b.m., which was pre-selected
as immunostimulatory during previous experiments.
The control group received distilled water. The sub-
stances were applied on a corn crisp and served to the
female in a petri dish. Three-four weeks after birth,
the offspring were weaned and divided into groups
according to sex (males and females separately). At
six weeks of age, 15 pups were weighed and sacrificed.
Thymuses from 9 females and 6 males, each from dif-
ferent mother, were collected and weighed. For mor-
phological evaluation, thymuses were fixed in the 4%
paraformaldehyde in PBS for 24h. 6 fm thick tissue
slides, previously prepared with the standard his-
tochemical paraffin method, were stained with hema-
toxylin- eosin.

All experiments were accepted and conducted ac-
cording to ethical guidance of the Local Bioethical
Committee (permission 73/2011). Mice were main-
tained under conventional conditions (room tempera-
ture 22.5-23.0oC, relative humidity 50-70%, 12h
day/night cycle) with free access to breeding rodent
feed (Labofeed H, Wytwórnia Pasz „Morawski”) and
water.
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Fig. 1. Apoptotic cell counts (M30-positive)/1000 cells (A) and typical photos of paraffin embedded slides (B) of thymuses
isolated from progeny of mothers fed water (RKW) or alcohol extract (RKW-A) from Rhodiola kirilowii. The nuclei in the slides
were counterstained with Harris haematoxylin (violet). → – examples of apoptotic cells (M30-positive, brown color). x400.

Immunohistochemical stainings

M30- and IL-7-positive cells were detected by im-
munohistochemical staining. Briefly, thymuses were
removed, fixed in 4% paraformaldehyde in PBS for
24h, then dehydrated and embedded in paraffin and
cut into 6-μm sections on a microtome. The sections
were further subjected to antigen retrieval in 0.1 M

citrate buffer (pH 6.0) for 10 min. M30 and IL-7 anti-
gens were detected with M30 CytoDEATH kit
(Roche, Indianapolis, IN, USA) and rabbit anti-IL-7
antibody (Abcam, Cambridge, Great Britain) using
EnVision + System-HRP (Dako) according to pro-
ducer’s protocol. Briefly, after 30 minutes of incuba-
tion with primary antibody diluted in 0.05 mol/L
Tris-HCl buffer, pH 7.2, 1% bovine serum albumin at
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Fig. 2. Interleukin-7 positive cells/1000 cells (A) and typical photos of paraffin embedded slides (B) of thymuses isolated from
progeny of mothers fed water (RKW) or alcohol extract (RKW-A) from Rhodiola kirilowii. Brown color – IL-7-positive cells. The
nuclei in the slides were counterstained with Harris haematoxylin (violet). x400.

room temperature, peroxidase labeled polymer con-
jugated was added for another 15 minutes. Sections
were developed with 3,3’-diaminobenzidine (DAB)
and counterstained with Harris’s hematoxylin solution
(Sigma Aldrich). The stained sections were dehy-
drated in graded series of ethanol followed by xylene

and mounted with DPX (Sigma Aldrich). The images
were captured with camera-equipped Zeiss Axio Im-
ager.M1 microscope using ZEN 2 software. Numbers
of IL-7-positive and M30-positive cells per each
thymus section were counted on 10 slides. The results
are showed as counts per 1000 cells.
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Statistical analysis

Statistical evaluation of the results obtained in the
control and experimental groups was done using
one-way ANOVA with Tukey post-test (in the case of
apoptotic cells) and with non-parametric
Kruskal-Wallis test for IL-7 positive cells (GraphPad
Software Inc. San Diego, USA).

Results

Histomorphological study

In the control group the thymus structure had spe-
cific features, common in mice. Numerous lobules
were separated with connective tissue septums and
had the cortex and the medulla. In the cortex, lym-
phocytes and lymphoblasts are predominant. In the
medulla, groups of large clear epithelial cells were ob-
serval. The vessels of the medulla were plethoric.

In the experimental groups no changes as com-
pared with the control were observed. The lobular
structure, and the ratio of the cortex and the medulla
did not differ from those found in the control. The
content of the epithelial cells was the same. No hyper-
plasia or atrophy of the thymus were detected.

Immunohistochemical study

Apoptotic cells (M30-positive cells) were observed
mainly in the cortex of the thymus, albeit single apo-
ptotic cells were also observed in the medulla. The
counts of apoptotic cells in the thymuses of mice
which mothers were treated with water (RKW) or hy-
dro-alcoholic (RKW-A) extracts of Rhodiola kirilowii
were significantly lower (p≤0.05) than apoptotic cells
counts observed in the control mice (Fig. 1).

Staining for IL-7 revealed positive cells as stromal
cells of both the cortex and medulla. No significant
differences for the counts of IL-7-positive cells in the
thymus between the control progeny and those de-
rived from mothers treated with water or alcohol ex-
tracts of Rhodiola kirilowii were observed (Fig. 2).

Discussion

In recent years, our studies have shown that ex-
tracts from plants belonging to Rhodiola species can
enhance various in vitro and in vivo parameters of
cellular immunity in mice, rats and pigs, which has
become a goal for research (Furmanowa et al. 1998,
Siwicki et al. 2007, 2012, Skopińska-Różewska et al.

2008d,e, 2009, 2010, 2011, 2012, Wójcik et al. 2008,
2009a,b,c, Bany et al. 2009, Hartwich 2010, Zdanowski
et al. 2014, Lewicki et al. 2015).

A study by Liu et al. (2015) showed that Rhodiola
rosea alcoholic extract markedly decreased the apo-
ptotic rate of thymus lymphocytes in 9 week old
BALB/c mice. The authors used Rhodiola rosea ex-
tract to treat BALB/c mice with induced sepsis. The
study revealed that compared to the sepsis group the
expression of pro-apoptotic proteins, Fas and FasL in
the treatment group was significantly decreased, while
the expression of anti-apoptotic Bcl-2 was increased.
This indicates that extracts of Rhodiola may exert
a positive effect, by protecting from infection- or
age-induced decrease in functioning of the thymus.

In order for a thymocyte to differentiate into
a mature T lymphocyte it must go through matura-
tional stages. The first stage is termed the
double-negative (DN) stage because thymocytes in
this stage lack the CD4 or CD8 co-receptors.
Double-negative thymocytes go through several stages
ending with successful β selection (expression of
a functional TCRβ chain and a pre-TCRα chain on
the cell surface). After successful β selection,
double-negative thymocytes must be able to respond
to cytokines released from thymic stromal cells in or-
der to survive and transit to the double-positive stage
(Godfrey et al. 1993, Nishino et al. 2006). IL-7 and the
ligand for CD117, stem cell factor (SCF) are crucial
for the survival of double-negative thymocytes (Mor-
rissey et al. 1994, von Freeden-Jeffrey et al. 1997).

IL-7 receptor (IL-7R) is expressed on DN
thymocytes. IL-7R signalling regulates B cell lym-
phoma 2 (Bcl-2) family members. The Bcl-2 family is
composed of pro-apoptotic (Bim, Bax, Bak, Bik,
Puma, Noxa, Bad, etc.) and anti-apoptotic (Bcl-2,
Bcl-xL, Bcl2-A1, Bcl-w, Mcl-1) proteins (Youle and
Strasser 2008). A balance of the Bcl-2 family members
is crucial in maintaining cell survival. Dysregulation of
the balance between anti- and proapoptotic proteins
may lead to apoptosis induction (excess of pro-apo-
ptotic proteins) or apoptosis suppression (up-regula-
tion of anti-apoptotic proteins). The link between
IL-7 signalling and the ratio in expression of individ-
ual Bcl-2 family members that promotes survival of
DN cells was shown (Peschon et al. 1994, Khaled et al.
1999). Loss of IL-7R signalling in DN cells caused
translocation of pro-apoptotic Bax to mitochondria,
leading to apoptotic cell death. Therefore, a balance
in expression of the Bcl-2 family members via IL-7R
signalling allows the double-negative population to go
to the further developmental stages.

After TCR α chain rearrangement, thymocytes
transit to the double-positive (DP) stage. Thè TCR
selection’ leads to a fate similarly dependent on the
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balance of pro- and anti-apoptotic members of the
Bcl-2 family. Binding avidity between self-peptide
MHC and a thymocyte TCR determines the outcome
of selection, where peptides with low-affinity and rela-
tively rare expression lead to positive selection and
the inhibition of apoptosis, while stronger signals
through the TCR result in negative selection (God-
frey et al. 1993, Nishino et al. 2006). Thymocytes,
which do not go through positive or negative selec-
tion, undergo apoptosis. The signalling mechanisms
that are responsible for the balance of pro- and
anti-apoptotic proteins during DP stage are still under
research, albeit much attention is focused on the role
of mitogen-activated protein kinases (MAPKs) and
their intracellular pathways (Daniels et al. 2006).

In rodents, the development of the thymus is not
finished until 4-5 weeks of age. Aging of the mouse
thymus starts from 12 weeks of age (Sempowski et al.
2002). The mice used in this study were 6 week old,
which means that their thymuses were fully developed.

Here, we found that progeny of mice treated with
Rhodiola kirilowii extracts showed significantly lower
total counts of apoptotic cells and that such treatment
of mothers had no significant influence upon IL-7 ex-
pression on progeny thymocytes. We can therefore
conclude that Rhodiola kirilowii extracts help to pre-
serve thymus function in progeny of the treated ani-
mals, which may be of relevance upon challenge with
infection.
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