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Enhancement of Organ Regeneration in Animal Models
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ABSTRACT Adult stem cells play an important role in the regeneration of damaged organs. Attempts have already been
made to enhance stem cell production by cytokines, in order to increase the improvement of cardiac functions after myocardial
infarction. In our present study we investigated the possibility whether instead of cytokine injection dietary stimulation of
stem cell production accelerates the organ regeneration in animals. A dietary supplement, Olimpiq® StemXCell (Crystal
Institute Ltd., Eger, Hungary), containing plant extracts (previously proved to increase the number of circulating CD34 ™ cells)
was consumed in human equivalent doses by the experimental animals. In the first experiment carbon tetrachloride was
applied to CBA/Ca mice, to induce liver damage, and liver weights between StemXCell-fed and control animals were
compared 10 days after the treatment. In the second model experimental diabetes was induced in F344 rats by alloxan. Blood
sugar levels were measured for 5 weeks in the control and StemXCell-fed groups. The third part of the study investigated the
effect of StemXCell on cardiac functions. Eight weeks after causing a myocardial infarction in Wistar rats by isoproterenol,
left ventricular ejection fraction was determined as a functional parameter of myocardial regeneration. In all three animal
models StemXCell consumption statistically significantly improved the organ regeneration (relative liver weights, 4.78 +
0.06g/100 g vs. 4.97 £0.07 g/100 g; blood sugar levels at week 5, 16 + 1.30 mmol /L vs. 10.2 +0.92 mmol/L; ejection frac-
tion, 57.5 £2.23 vs. 68.2+4.94; controls vs. treated animals, respectively). Our study confirms the hypothesis that dietary
enhancement of stem cell production may protect against organ injuries and helps in the regeneration.
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INTRODUCTION

DURING RECENT YEARS a huge development has been
achieved in the field of stem cell research. Adult stem
cells have been shown to be able to transdifferentiate into
cell types of different other lineages." This discovery cir-
cumvented the ethical issues concerning the application of
embryonic stem cells. In the framework of regenerative
medicine, however, most of the research has been focused on
tissue and/or organ engineering, by using stem cells of
different origin.>*

In contrast to these techniques, there is a possible alter-
native method to utilize adult stem cells in tissue and organ
regeneration. Numbers of circulating stem cells can be in-
creased by different methods, and this stem cell induction

tain cytokines like granulocyte colony-stimulating factor
(G-CSF) or stem cell factor have been used to temporarily
increase the number of circulating stem cells by mobilizing
them from the bone marrow. Originally, this method was
developed to replace the bone marrow biopsy—a painful
way of collecting stem cells for bone marrow transplanta-
tion. Recently, however, promising results have been
published on the beneficial effect of G-CSF- or stem cell
factor-induced increase in the number of circulating stem
cells (or progenitor cells) in mice’ or in human patients with
myocardial infarction.® It is not fully clear what mechanisms
play a role in the background of the found functional im-
provements, but several theories have been worked out
to explain the role of bone marrow cells in the cardiac
repair.”~® Cytokine-induced stem cell mobilization has been

may be associated with health benefits. Traditionally, cer-
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found to be beneficial in other diseases or conditions as well
(e.g., kidney failure,'” bone fracture,'! cerebral ischemia,'?
and various neurological diseases'?).

Bone marrow stem cells have been found to differenti-
ate into several cell types like cardiac muscle cells,'*"”
neurons,'® liver cells,'” etc. Regeneration of the pancreas



600 KISS ET AL.

and formation of beta-cells after local or systemic applica-
tion of stem cells is also under extensive investigation.!'8

Modulation of stem cell properties or number of stem
cells is not a new idea; several authors have hypothesized
such mechanisms in the background of the effect of diet on
aging or carcinogenesis.'® ' Recently, Jensen et al.** pro-
vided evidence that stem cells can be mobilized from bone
marrow by consumption of Aphanizomenon flos-aquae (blue-
green algae) extract, and they hypothesized that chronic
dietary stimulation of stem cell production could help in the
prevention of degenerative diseases.

In our previous experiments we tested the effect of a
complex mixture (Olimpiq® StemXCell [Crystal Institute
Ltd., Eger, Hungary], a dietary supplement) on the con-
centration of circulating stem cells, and it was found to
statistically significantly increase the number of circulating
CD34™" cells.23 In the present study we investigated whether
this increased stem cell number is associated with any
functional improvements in conditions associated with in-
jury of internal organs. Three animal models were selected
for the study: a chemically induced liver damage model, a
myocardial infarction model, and an experimental diabetes
model.

MATERIALS AND METHODS

In the first model, 12-week-old CBA/Ca mice (12 ani-
mals per group) received an intraperitoneal 0.1 mL/kg of
body weight CCly injection, diluted in corn oil. On the same
day, the experimental group received Olimpiq StemXCell-
containing diet, whereas controls were fed with standard lab
chow. Olimpiq StemXCell is a complex plant-based mix-
ture, sold as a dietary supplement, containing A. flos-aquae
(blue-green algae), chlorophyll, Cimicifuga racemosa
(black cohosh), fucoidan (as brown algae extract), Gano-
derma lucidum, hempseed (Cannabis sativa L.), C. sativa L.
sprout, Lyceum barbarum fruit, and corn silk. For the
Olimpiq StemXCell concentration, the human body weight
equivalent amount was used, based on the recommendation
of its developer and producer company (500 mg/day for a
70-kg adult, which is a 7.14 mg/kg/day dose calculated for
each mouse based on the actual weight). On day 10 after the
CCl, treatment the animals were overnarcotized, and liver
weights were measured and expressed as a percentage of
body weight.

To study the effect of Olimpiq StemXCell on cardiac
functions, Wistar rats were treated with isoproterenol, in
order to induce acute myocardial infarction. The dose of the
chemical was 120 mg/kg of body weight, as determined in
preliminary experiments. For a 10-day period prior to the
isoproterenol treatment animals in the experimental group
received Olimpiq StemXCell; the dose was calculated on a
human equivalent basis as described for the mice. After the
isoproterenol injection the Olimpiq StemXCell treatment
was not continued; the animals in both the experimental and
control groups received standard rodent lab chow. Eight
weeks after the treatment, ejection fraction was determined
by ultrasound investigation (model VEVO 770, Visualsonic,

Toronto, ON, Canada) as a parameter of left ventricular
systolic function. Ejection fraction was calculated according
to the standard formula: (end diastolic volume — end systolic
volume)/end diastolic volume.

In order to evaluate the pancreatic regeneration, an ex-
perimental diabetes model was used. Twelve F344 rats per
group received 125 mg/kg of body weight alloxan subcu-
taneously. On the same day one group was switched
to Olimpiq StemXCell-containing diet (containing the
StemXCell at the same concentration as for the liver re-
generation model), whereas the controls received standard
rodent diet. Blood sugar levels were determined immedi-
ately before the treatment and weekly for the next 5 con-
secutive weeks (Accu-Chek® Active automatic blood
glucose meter [Roche, Darmstadt, Germany]; the blood
droplet was collected by tail vein puncture) and compared
between StemXCell-fed and control animals.

All the comparisons were done by Student’s ¢ test, and
level of statistical significance was P < .05.

The animals were kept in standard laboratory conditions,
with a 12-hour light/dark cycle, and received water ad
libitum.

RESULTS

In the liver damage model the relative liver weights of the
experimental and control animals are shown in Figure 1.
StemXCell treatment led to an increased liver weight com-
pared to the control. The difference was statistically sig-
nificant (P = .0462). The results indicate an accelerated liver
regeneration after the chemical liver damage.

The cardiovascular tests showed a favorable effect of
StemXCell treatment, as well (Fig. 2). The left ventricular
ejection fraction of the StemXCell-treated animals was
68.2£7.04 (mean =+ SE), whereas in the control group it
was only 57.5411.04. The difference was statistically
significant (P = .0383).

The blood sugar levels of the StemXCell-treated and
control animals are shown in Figure 3. Before the treatment
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FIG. 1. Relative liver weights in CBA/Ca mice (12 animals per
group) after Olimpiq StemXCell consumption.
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FIG. 2. Ejection fraction in Wistar rats as a parameter of heart
function (five rats in the control group and 10 animals in the
StemXCell group), 8 weeks after Olimpiq StemXCell treatment.

there was no significant difference between the two groups.
After the alloxan injection, the blood sugar levels went up,
signaling damage to the pancreas. The increase was statis-
tically significantly higher in the control group than among
the StemXCell-treated animals (P < .05, except for week 2).
After a transitory decrease in the second week, the blood
sugar level was 10.24+0.92mmol/L in the experimental
group, whereas at week 5 it reached 16.0+ 1.30 mmol/L
among the controls.

DISCUSSION

Our results indicated a faster, more efficient regeneration
in the animal models studied after a stem cell production-
enhancing treatment. The selected animal models are stan-
dard experimental procedures, used in numerous studies, to
measure the regeneration (as indicated by the liver weight at
the liver damage model) or functional improvement (as

measured by left ventricular function or blood sugar levels
at the other two models) of the organs studied. The mea-
sured parameters of our healthy control animals were similar
to the values found by others (relative mouse liver weights,
4.3-5.9g/100 g;:*** blood glucose levels, 4.4-5.7 mmol/
L?%27). The ejection fraction, which is between 73 and 75
for normal rats,z&29 was 57.5 in our rats in a postinfarctional
status. The common point in the different models was the
organ injury and the natural recovery from the caused
damage. This recovery was accelerated by the tested prod-
uct. Because this product in earlier experiments was proved
to statistically si§niﬁcantly increase the number of circu-
lating stem cells,” it can be hypothesized that the increased
number of stem cells (and/or possibly the increased efficacy
of the homing and differentiation) contributed to the faster
recovery from the organ failures.

Concerning the application of stem cells in myocardial
infarction, most of the studies used stem cell injections,
intravenously, by intracoronary infusion or directly into the
heart muscle.3%-31 These treatments lead to an improved
recovery, generally also associated with a faster neoangio-
genesis. Our cardiovascular model, followed a different
strategy, similar to the earlier-mentioned studies,”® where
patients with myocardial infarction were treated with
G-CSF to mobilize stem cells, and it resulted in a faster and
better recovery of the cardiac functions. Instead of G-CSF,
the stem cell mobilization in our studies was done through
the diet, by consumption of a plant-based mixture. Based on
our results, this is a promising way to increase the regen-
erative capacity of the organism, as it was demonstrated not
only in the cardiovascular model, but also in our other two
models. There is an intensive research to explore the exact
mechanisms of how stem cell injections or an increased
number of circulating stem cells exerts its beneficial bio-
logical effects. The most probable explanation is the simple
transdifferentiation model, when the different adult stem
cells (mesenchymal, bone marrow, etc.) are differentiated
into heart muscle cells.!> However, others found an im-
proved ventricular function without newly formed heart
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FIG. 3. Blood sugar levels in F344 rats (12

animals per group) after Olimpiq StemXCell
consumption. *P < .05.
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muscle cells,® or cell fusion is also a possible alternative
explanation.’

The pancreas is also a frequently used target organ in stem
cell studies.*>” In this case, probably the most important
mechanism is not the differentiation of stem cells into beta-
cells, but that these cells rather provide an optimal envi-
ronment for beta-cell regeneration and proliferation by
producing endogenous factors (e.g., hepatocyte growth
factor, which was proved to enhance beta-cell regeneration)
or providing the necessary local milieu, like a cellular net-
work for optimal cell—cell contact.*® In this case the newly
homed stem cells do not differentiate into beta-cells, but
rather—as catalyzers—contribute to the formation of sev-
eral such cells. It means that a moderate increase in stem cell
numbers might lead to a more intensive functional im-
provement.

Our simplest model was the liver damage model, which is
based on the liver weight as a marker of regeneration. In this
frequently used animal model, after the application of the
hepatotoxic chemical compound, the liver weights imme-
diately decrease and subsequently slowly begin to increase,
parallel with the regeneration of the hepatic tissue. Mea-
suring the liver weight alone does not differentiate between
different types of regeneration (e.g., regeneration of liver
cells or fibroblast proliferation), but the model is usually
used as a first and rapid method to evaluate the possible
regeneration-enhancing effect, as we used it in our study.
Differentiation of stem cells to hepatocytes has already been
extensively investigated, both in vitro and in vivo.32-38:39
These studies confirmed the hypothesis that adult stem cells
can be differentiated into hepatocytes. Investigations on
liver failure demonstrated the protective effect of stem cell
therapy.*®*! Our results are in accordance with these ex-
periments and supported our initial hypothesis that dietary
enhancement of adult stem cell production may increase the
regenerative potential of several organs.

Nutrition is a well-known, important risk factor for sev-
eral chronic noninfectious diseases (e.g., cancer, coronary
heart disease, atherosclerosis, diabetes, etc.) and plays a role
in the aging as well. Several components of the diet have
been identified in this relation as a risk factor or protective
agent. However, it is a relatively recent hypothesis that
nutritional factors may change the production or function of
stem cells.?***?* According to this hypothesis partially stem
cell-related mechanisms may be responsible for the disease
preventive effect of certain dietary compounds. Our pres-
ent study seems to confirm this theory because Olimpiq
StemXCell was composed from plants used in alternative
medicine and traditional Indian or Oriental medicine. The
separately applied individual components also increased the
concentration of circulating CD34™" cells, but this effect was
expressed even more when they were combined with each
other.”® These and other elements of herbal medicine have
been extensively scientifically investigated in recent years,
and several phytochemicals were identified with preventive
or curative effect. L. barbarum fruit, for example, is an
element of traditional Chinese medicine,**™*> and among
others a general anti-aging effect is attributed to its con-

sumption. This observation is in accordance with the finding
that it increases the concentration of stem cells and pro-
genitor cells,” which may contribute to the better regener-
ative capacity of the organs. Similarly, concerning the other
components of Olimpiq StemXCell, there are numerous
articles exploring their cellular or molecular effects.**~>*
Our studies might add a new mode of action to these
effects—namely, the increased organ and tissue regenera-
tion caused by an enhanced production or release of stem
cells. The accelerated regeneration found in our models may
be caused through several different mechanisms, and stem
cell induction is only one of them. Further investigations are
required to explore and exactly describe how and to what
extent the stem cell-related mechanisms participate in the
regenerative processes.

The importance of circulating stem cells or progenitor
cells in the healing and regeneration processes of the human
organism has been studied in the recent years.ssf63 Werner
et al.>® found that patients with coronary artery disease who
had a higher baseline level of circulating endothelial pro-
genitor cells were at lower risk for fatal outcome than pa-
tients with a lower concentration of CD34 " cells. In a study
of Hill et al.’’ the concentration of progenitor cells was
found to be in good correlation with the Framingham risk
score, further confirming the significance of their role as risk
indicators. The level of circulating endothelial progenitor
cells was also found to show an association with the survival
in acute lung injuries.”® All these studies underline the im-
portance of the stem cell pool in tissue and organ regener-
ation.

Our present study confirms the possibility that stem cell
mobilization or stem cell production enhancement through
dietary means is a realistic possibility to achieve health ben-
efits. Based on the results of our acute or subacute experi-
ments, it also seems very reasonable that chronic, moderate
stimulation of stem cell production will result in similar
effects and might be preventive against several chronic
degenerative diseases, in accordance with the experience of
traditional herbal medicine. To demonstrate this, beside our
ongoing chronic experiments, further large-scale studies
must be performed in this field.
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