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peripheral blood stem cells (pbsc) could contribute to tissue regeneration through the ability to form somatic cells. 
cd34 positivity is regarded as stem cell (sc) or endothelial progenitor cell (ep) marker. according to literature 
natural substances could increase the release of cd34 positive (cd34+) cells. in this study we investigated the basic 
rate of cd34+ cells in peripheral blood of cba/ca (H-2k haplotype) and BALB/c inbred mice by flow cytometry. 
then we treated the mice with a new mixture of medical herbs, and we measured the level of cd34+ cells at 1, 3, 6, 
18 and 24 hours after the treatment. a biological rhythm in the untreated blood was detected. moreover the used 
herbal compounds increased the number of cd34+ cells. 
   Although SC number is individually and highly variable in peripheral blood, the fluctuation could be used as 
a biomarker like the other compounds of peripheral blood in different aspects in risk assessment.

Keywords: cd34 positive cells, peripheral lymphocyte, mice, biomarker, fucoidan, regenerative medicine, 
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Haematopoietic stem cells (Hsc) are normal compounds of peripheral white blood cell 
fraction. on Hsc cd34 positivity (cd34+) is presented, which is regarded as stem cell (sc) 
or endothelial progenitor (ep) marker. the small, lymphocyte-like cd34+ cells may have the 
potential to differentiate into a range of tissue types (Gordon et al., 2006) such as ectodermal, 
mesodermal and endodermal cells. 

the application of embryonic blood derived sc is ethically questionable and usage of 
the umbilical cord as an alternative solution is limited. mobilization of bone marrow stem 
(bmsc) and progenitor cells (pc) could be induced by different cytokines, growth factors, 
etc. (moHLe & Kanz, 2007; Lemieux et al., 2009). this procedure is widely accepted in 
therapy for instance before bone marrow (bm) transplantation (Levesque et al., 2007). 
moreover, there are marine algae that could enhance the number of ep in a short time (1 h) 
after treatment, increasing regeneration or exhibiting chemopreventive effect as well (jensen 
et al., 2007; Boisson-vidaL et al., 2007). Based on these findings there are nutrients which are 
able to facilitate regeneration.
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peripheral blood stem cells (pbsc) are able to differentiate into hepatocytes and 
epithelial cells as well in different transplantation experiments (Grompe, 2003; aGunG et al., 
2006). the discovery of somatic sc caused a paradigm shift in preventive medicine and in 
so-called regenerative medicine (zipori, 2006). 

pbscs are able to increase damaged tissue regeneration (aGunG et al., 2006), probably 
they are useful in new ways of regenerative medicine, for example the possibility of 
mobilizing bmsc after myocardial infarction as a therapeutic tool (turan et al., 2007).

in our experiment we investigated the release of endogenous bone marrow (bm) derived 
sc. then we investigated the stimulating effect of a certain herbal mixture on sc release. we 
performed our experiments on two different strains of mice, cba/ca and balb/c.

the questions about the presence of certain rhythm in several species and alterations 
with herbal compounds, reproducibility and putative depletion of bm as well were 
investigated in this experimental study.

1. Materials and methods

cba/ca H-2k haplotype and also balb/c H-2k inbred mice strains we used for the 
experiments. 

all groups contained six female and six male mice (6–8 weeks old). their weights were 
20 ± 4 g. animals were kept under standard laboratory conditions at 12 h light/dark cycle, 
and received water ad libitum.

peripheral blood samples (0.1 ml) for the experiments were taken from tail vein (vena 
caudae) of mice. all legal permissions (no.: ba02/2000-24/2006) needed to perform this 
study were in our possession.

the cd34+ (fitc labelled monoclonal antibody, sm1603fx, acris, Hiddenhausen, 
Germany) cells in blood samples were determined by flow cytometry (with FITC labelled 
isotype control, 553988, bd pharmingen, budapest, Hungary) in peripheral lymphocyte 
population gated by forward and side scatter.

In the first experiment set we based a CBA/Ca mice group and checked the level of 
cd34+ cells at the beginning and 1, 3, 6, 18 and 24 h after the beginning of the experiment 
(fig. 1).

in an other set we treated mice with a complex, plant based mixture containing 
Aphanizomenon flos-aquae (blue-green algae), chlorophyll, Cimicifuga racemosa (black 
cohosh), fucoidan (as brown algae extract), Ganoderma lucidum, hempseed (Cannabis 
sativa l.), Cannabis sativa l. sprout, Lycium barbarum fruit and corn silk, with compounds 
(table 1) having a suspected effect on mobilization of bone marrow (bm) progenitors. 

mice got a single dose of mixture intraperitoneally (ip.) dissolved in 0.1 ml salsol a 
(teva pharmaceutical industries ltd. debrecen, Hungary). the amount of mixture was 
calculated from the recommended human dose (equivalent to 1 g (2 capsule)/day/70 kg). 
blood samples were taken right after the treatment and 1, 3, 6, 18 and 24 h after the treatment 
and cd34+ cells in peripheral lymphocyte population were detected (methods listed above).

student’s t-test was applied for calculating statistical significance (Fig. 2).
we did the same experiments also on balb/c mice groups. we used an untreated and a 

treated group, we took blood samples 1, 3, 6, 18 and 24 h after the beginning of the experiment. 
the amount of cd34+ cells in peripheral lymphocyte population are shown in fig. 3. 
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Fig. 1. the rate of cd34+ cells in peripheral lymphocyte population at 0, 1, 3, 6, 18 and 24 h in cba/ca mice, 
measured by flow cytometry

Table 1. compounds contained by natural mixture olimpiQ® stem x cell enHancer  
used for treating cba/ca and balb/c mice

1 capsule (mg)

amino acids:

 l-arginin  2.7 

 l-glutamin  3.9 

 l-asparagin  2.3 

polysaccharides 43 

likopin (carotinoid)  3.28 

fucose (brown seaweed exctract)  7.9 

actaea racemosa extract (2.5% triterpenoids)  10 

(The investigated natural compound is notified by authority (OLIMPIQ® stem x 
cell enHancer, oÉti not. numb.: 2162/2007, and producer also possesses iso 
9001:2000 and Haccp quality ensurance licence.) the extract was presented by crystal 
institute, eger, Grónay u. 12. eger, H-3300 Hungary.)



22 buJdosÓ et al.: increased cd34+ level bY Herbal compounds

Acta Alimentaria 41, 2012

 

 %

0

0.1

0.2

0.3

0.4

0.5

0 h 1 h 3 h 6 h 18 h 24 h

  

*

Fig. 2. the rate of cd34+cells in peripheral lymphocyte population 0, 1, 3, 6, 18 and 24 h after treatment in cba/
Ca mice, measured by flow cytometry. ±SDs are indicated on the bars (n=12; * P<0.05)
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Fig. 3. the rate of cd34+ cells in peripheral lymphocyte population 1, 3, 6, 18 and 24 h after treatment in balb/c 
mice, measured by flow cytometry. ±SDs are indicated on the bars  (n=12). : control; : treated
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2. Results and discussion

2.1. Results

the amount of cd34+ cells in peripheral lymphocyte population is not stable. 
in the untreated (control) cba/ca group we found four higher levels at (0, 1, 6, 18 h) 

and two major declines (at 3 and 24 h) (fig. 1). treating animals with the herbal mixture 
increased the cd34+ number in peripheral blood samples at all measured time points (fig. 2). 
difference is remarkable at the 3 and 24 h measurements (figs 1, 2).

at 1, 6 and 18 h cd34+ cells ratio elevation was observed in peripheral blood (fig. 1).
in an other experimental set a slight elevation and later one peak of cd34+ cells were 

observed in cba/ca mice after the treatment with the examined herbal mixture (fig. 2). the 
elevations occurred at 1 and 6 h, while the peak at 18 h after the treatment, comparing to the 
0 h measurements (measured right after the treatment) the elevation of the peak is significant 
(p>0.05) ±sds are indicated on the bars (fig. 2).

our data suggest that the herbal mixture increased the number of cd34+ haematopoietic 
cells in peripheral blood at all of the examined time points 1, 6, 18 and 24 h after the treatment, 
compared to 0 h (measured right after treatment).

parallel in another H-2k strain (balb/c inbred mice) two peaks were observed in the 
rate of cd34+ cells in peripheral lymphocyte population at 3 and 6 h after treatment (fig. 3). 
although (because of the small number of animals examined in this method) the standard 
deviation of mean was high (indicated on the bars) but our finding corresponds to other 
findings (Fig. 2), that in a 1 to 6 h period because of the treatment: the rate of CD34+ cells 
population is increased in peripheral lymphocyte population in both of the blood samples 
(fig. 2, fig. 3).

2.2. Discussion 

CD34+ SC ratio profile in peripheral blood of untreated mice showed a pattern, this might 
correspond with the data of smaaLand and co-workers (2002) who suggested a circadian 
rhythm of CD34+ levels. Measurements in two different mice strains underpin these findings 
as well.

slightly increased mobilization of bmsc or pc perhaps has advantageous tissue 
regeneration abilities without depleting the bm (aGunG et al., 2006). 

the investigated herbal mixture had a suspected effect on mobilization of bone marrow 
(bm) progenitors. our experiments elucidated the effect of this mixture on cd34+ bm 
progenitor cell mobilization and on circadian cd34+ cell release in animals, which correlates 
to the research of Lemieux and co-workers (2009) who revealed the fluctuation of CD133+/
CD34−, CD133+/CD34+ PC, CD133+/CD34+/VEGF-R2+ endothelial progenitor cell (EPC) 
numbers in female. They also revealed the correlation with circulating 17β-estradiol levels 
(17βE) (Lemieux et al., 2009). However, smaaLand and co-workers (2002) also reported a 
rhythm of proliferative activity of bm cells in 35 healthy males. in different mice strains the 
cd34+ ratio in peripheral blood changed the same way with the same pattern through time 
as a circadian rhythm.

a single treatment with the examined natural compounds enhanced cd34+ sc release 
in comparison to the control at several time points in two mice strains.

therefore we can suppose the enhancer effect performed by examined compound on the 
synthesis of cd34+ cells.
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according to these data we can conclude: cd34+ cells are excreted without treatment 
as well, usually to enable regenerative process, as needed. these results suggest, that certain 
food supplements or additives (containing fucoidan) with the capability of the mobilization 
of bm progenitor cells may provide enhanced regeneration (corresponding to data of irHimeH 
et al. 2007).

our data as summarized (figs 1, 2, 3) suggest that although rhythm and rate of cd34+ 
cells release in the examined series are partially different (and using low number of 
experimental animals with this method standard deviation is high) but its pattern in changes 
through time is nearly the same. we supposed, that cd34+ cells are released in an individual 
rhythm in each animal (those increasing standard deviation).

Moreover these findings (Fig. 2, 3) suggest that SC mobilization with phytochemical 
compounds as observed are universal and is not confined to one examined strains of mice.

these data are in general corresponding to the literature, cd34+ cells population 
number is fluctuating in peripheral blood individually but with a circadian rhythm (smaaLand 
et al., 2002; Lemieux et al., 2009).

determination of cd34+ cell number in peripheral blood is not practically used as a 
diagnostically valid biomarker. still the changes of it may correlate to in vivo procedures, e.g. 
regeneration caused by micro-sized injuries or chemical exposure and carcinogenic biological 
effects (dominantly in the bm). although sc number is highly varies among individuals, 
measuring the changes of release (like the other compounds of peripheral blood) could be 
used as biomarker in different aspects, e.g. in risk assessment. through self-control studies 
the bias, deriving from the fluctuating nature of BM SC release, could be decreased (smaaLand 
et al., 2002; Lemieux et al., 2009).

According to literature a large body of evidence is presented for the benefits of PBSC 
mobilization (by chemotherapeuticals) enhancing hematopoietic recovery after high-dose 
chemotherapy (Hdc) and methods (as e.g. leukopheresis and cytopheresis) are detailed for 
harvesting scs and their effectiveness are evaluated as well (soLá et al., 1999; BaLint et al., 
2008). the results of this study suggest that certain food supplements or additives are also 
able to mobilize sc, consequently enhance hematopoietic recovery after Hdc and making 
supportive therapies more successful (if the treatment have no tumour inducing effect and 
there are no diseases caused by bm stimulation). therefore we are planning to investigate the 
background and further benefits of this kind of SC mobilization and also possible changes of 
onco/suppressor gene expressions with a proven animal model (developed earlier by our 
research group) capable of detecting carcinogenic activity and exposure, as well (GyönGyi & 
somLyai, 2000; perjési et al., 2000; GyönGyi et al., 2001).

when safety is proven, therapeutical enhancing of regeneration might open a new 
horizon in medicine.

References

aGunG, m., oCHi, m., yanada, s., adaCHi, n., izuta, y., yamasaKi, t. & toda, K. (2006): mobilization of bone 
marrow-derived mesenchymal stem cells into the injured tissues after intraarticular injection and their 
contribution to tissue regeneration. Knee Surg. Sports Traumatol. Arthrosc., 14, 1307–1314.

Balint, B., ljuBenov, M., StaMatović, D., toDorović, M., Pavlović, M., oStojić, G., jocić, M. & trkuljić, M. 
(2008): Ispitivanje protokola prikupljanja matičnih ćelija za autolognu transplantataciju: velikovolumenska 
nasuprot konvencionalnoj citaferezi. (stem cell harvesting protocol research in autologous transplantation 
setting: large volume vs. conventional cytapheresis.) Vojnosanit Pregl., 7, 545–551.



25buJdosÓ et al.: increased cd34+ level bY Herbal compounds

Acta Alimentaria 41, 2012

Boisson-vidaL, C., zemani, F., CaLiGiuri, G., GaLy-Fauroux, i., CoLLieC-jouauLt, s., HeLLey, d. & FisCHer, a.m. 
(2007): neoangiogenesis induced by progenitor endothelial cells: effect of fucoidan from marine algae. 
Cardiovasc. Hematol. Agents Med. Chem., 5, 67–77.

Gordon, m.y., LeviCar, n., pai m., BaCHeLLier, p., dimaraKis, i., aL-aLLaF, F., m’Hamdi, H., tHaLji, t., WeLsH, 
j.p., marLey, s.B., davies, j., dazzi, F, mareLLi-BerG, F., tait, p., pLayFord, r., jiao, L., jensen, s., niCHoLLs, 
j.p., ayav, a., noHandani, m., FarzaneH, F., GaKen, j., dodGe, r., aLison, m., apperLey, j.F., LeCHLer, r. & 
HaBiB, n.a. (2006): characterization and clinical application of human cd34+ stem/progenitor cell 
populations mobilized into the blood by granulocyte colony-stimulating factor. Stem Cells, 24, 1822–1830.

Grompe, m. (2003): the role of bone marrow stem cells in liver regeneration. Semin Liver Dis. 23, 363–372. 
GyönGyi, z.  & somLyai, G. (2000): deuterium depletion can decrease the expression of c-myc Ha-ras and p53 gene 

in carcinogen-treated mice. In Vivo, 3, 437–439.
GyönGyi, z., emBer, i., Kiss, i. & varGa, C. (2001): changes in expression of onco- and suppressor gene in 

peripheral leukocytes as potential biomarkers of chemical carcinogenesis. Anticancer Res., 21, 3377–3380.
irHimeH, m.r., Fitton, j.H. & LoWentHaL, r.m. (2007): fucoidan ingestion increases the expression of cxcr4 on 

human cd34+ cells. Exp. Hematol., 35, 989–994.
jensen, G.s., Hart, a.n., zasKe, L.a., drapeau, C., Gupta, n., sCHaeFFer, d.j. & CruiCKsHanK, j.a. (2007): 

mobilization of human cd34+ cd133+ and cd34+ cd133(-) stem cells in vivo by consumption of an extract 
from Aphanizomenon flos-aquae-related to modulation of cxcr4 expression by an l-selectin ligand? 
Cardiovasc. Revasc. Med., 8, 189–202.

Lemieux, C., CLoutier, i. & tanGuay, j.F. (2009): Menstrual cycle influences endothelial progenitor cell regulation: 
a link to gender differences in vascular protection? Int. J. Cardiol., 136, 200–210.

Levesque, j.p., WinKLer, i.G., Larsen, s.r. & rasKo, j.e. (2007): mobilization of bone marrow-derived progenitors. 
in: kauser, k. & ZeiHer, a.-m. (eds) Handbook of experimental pharmacology. springer, berlin, Heidelberg, 
pp. 3–36. 

moHLe, r. & Kanz, L. (2007): Hematopoietic growth factors for hematopoietic stem cell mobilization and expansion. 
Semin. Hematol., 44, 193–202.

perjési, p., GyönGyi, z.  & Bayer, z. (2000): effect of E-2-(4’-methoxybenzylidene)-1-benzosuberone on the 
7,12-dimethylbenz[a]anthracene-induced onco/suppressor gene action in vivo ii: a 48-hour experiment. 
Anticancer Res., 20, 1839–1848.

smaaLand, r., sotHern, r.B., Laerum, o.d. & aBraHamsen, j.F. (2002): rhythms in human bone marrow and 
blood cells. Chronobiol. int., 19, 101–127.

soLá, C., maroto, p., saLazar, r., mesía, r., mendoza, L., Brunet, j., López-pousa, a., taBernero, j.m., 
montesinos, j., periCay, C., martínez, C., CanCeLas, j.a. & López-López, j.j. (1999): bone marrow 
transplantation: prognostic factors of peripheral blood stem cell mobilization with cyclophosphamide and 
filgrastim (r-metHuG-CSF): The CD34+ cell dose positively affects the time to hematopoietic recovery and 
supportive requirements after high-dose chemotherapy. Hematology, 4, 195–209.

turan, r.G., BreHm, m., KoesterinG, m., toBias, z., BartsCH, t., steiner, s., piCard, F., eBner, p., sCHannWeLL, 
c.M. & Strauer, B.e. (2007): Factors influencing spontaneous mobilization of CD34(+) and CD133(+) 
progenitor cells after myocardial infarction. Eur. J. clin. Invest., 37, 842–851.

zipori, d. (2006): the stem state: mesenchymal plasticity as a paradigm. Curr. Stem Cell Res. Ther., 1, 95–102. 


