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widespread in many countries. It has the third larg-
est distribution amongst the Aloe genus. Its natural 
habitat usually consists of mountainous areas but 
can vary and A. arborescens is one of only a few spe-
cies of aloe that is found growing from sea level up 
to the tops of mountains. 

A. vera is used mainly as a skin treatment, pro-
moted as a moisturizer and anti-irritant, present in 
many hygiene and cosmetic products. A. arbores-
cens is used for pharmaceutical purposes mainly. 
Oral ingestion of A. vera succus is potentially toxic 
(high amount of anthracene glycosides). Isolated 
from leaves the colorless substance (Aloe gel) con-
taining polysaccharides is used for the treatment 
of thermal and radiation burns, inflammatory skin 
disorders, and for improve wound healing [4, 5, 9]. 
A randomized, comparative double-blinded 8-week 
study of patients with psoriasis revealed that the ef-
fect of A. vera cream was similar to that of a cream 
with a steroid [10]. 

Summary

Introduction: AAES is a powdered form of Biostymina, herbal medicinal product of Phytopharm Klęka S.A., a water 
extract of Aloe arborescens Mill. leaves. Aloe arborescens Mill. (woody aloe, tree-like aloe) is known to have several tra-
ditional medicinal properties including anti-inflammatory, immunomodulatory, antiviral and antimicrobial activity. 
Objective: The aim of this work was to study the in vivo effect of AAES on cellular (leukocyte-induced 
cutaneous angiogenesis, LIA test, and proliferative response to PHA) and humoral (anti-SRBC antibody 
response)immunity in mice. 
Methods: Balb/c mice were fed AAES from 0.5 to 75 mg/kg body mass for seven days before grafting their 
splenocytes intradermally to F1 (Balb/cxC3H) recipients (LIA test). Neovascular reaction was evaluated 72 h 
later in dissection microscope. Spleen cell cultures were incubated with 0.5, 1 and 2 µg/ml of PHA. After 48 
h of incubation, tritiated thymidine was added. After further 24 h, cells were harvested (Skatron) and incor-
poration of tritiated thymidine was measured using Beta-scintillation counter. Balb/c mice were fed for 7 
days with AAES, then immunized intraperitoneally with 5% SRBC suspension and 7 days later the antibody 
response was measured with hemagglutination test. 
Results: Neovascular reaction was significantly higher in groups grafted with splenocytes collected from 
all AAES fed donors than from the controls. The proliferation of splenocytes taken from mice fed AAES 
at doses ranging from 0.5 mg/kg to 7.5 mg/kg was stimulated in all cultures. Suppression of proliferation 
was observed in cell cultures derived from mice fed with higher doses of AAES. Stimulation of anti-SRBC 
antibody production was seen in mice fed both 2.5 and 7.5 mg/kg dose of AAES. 
Conclusion: Powdered form of Biostymina (AAES) might be useful in the treatment of patients with ischae-
mia of tissues and organs (myocardial infarction, stroke, necrosis) and in deficiency in the production of 
immune cells and growth factors (infections, chronic wound healing, ulceration and bone fusion).

Key words: Aloe arborescens water extract, mice, splenocytes, angiogenesis (LIA test), cell prolifera-
tion (PHA), antibody production

Słowa kluczowe: wyciąg wodny z Aloe arborescens, myszy, splenocyty, angiogeneza (test LIA), pro-
liferacja komórek (PHA), produkcja przeciwciał

INTRODUCTION

Aloe arborescens Miller (woody aloe, also known 
as tree-like aloe, Krantz aloe or Kidachi aloe), and 
Aloe barbadensis Miller (Aloe vera), both belonging 
to the Aloe genus, Asphodelaceae (Liliaceae, Xan-
thorrhoeaceae) family, are perennial plants native 
to Africa with traditionally grounded therapeutic 
properties, including facilitation of the wound heal-
ing process, anti-inflammatory, antiviral  and anti-
microbial activity. Nowadays, these properties have 
been confirmed in many studies conducted in ex-
perimental and clinical conditions, both in vitro and 
in vivo on various species of animals [1-9]. A. genus 
comprises about 400 species, native to Africa. A. ar-
borescens is one of the main species of A. used in 
traditional medicine. A. arborescens is indigenous to 
southern Africa, the Arabian Peninsula, and many 
islands of the Western Indian Ocean. However, it ac-
tually grows in a variety of climates and its crops are 
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composition of many compounds. The content of 
phenolic compounds reached a maximum on the 5th 
day of the experiment, of organic acids on the 10th 
day, of carbohydrate components on 15th day. Cold 
stress longer than 5–10 days increased biostimu-
lating activity of the raw material, evaluated using 
yeast test. 

Using Filatov’s experience, in 1949 professor Jan 
Muszyński developed a product containing biologi-
cally active ingredients obtained from the leaves of 
tree-like aloe, that was introduced as a medicinal 
product to treatment under the name Biostymina in 
1956 in Poland.  The raw material for the production 
of medicines Bioaron C® and Biostymina is obtained 
from Phytopharm Klęka S.A. own greenhouse cul-
tivations. Greenhouse cultivation allows maintain-
ing the genetic homogeneity of the raw material and 
prevents the creation of interspecific hybrids, which 
allows to maintain constant chemical composition 
of the obtained extracts [33]. 

Phytochemical studies on composition of A. ar-
borescens leaves revealed the presence of a number 
of components, from which the highest activity is 
demonstrated by glycoproteins (lectins) and poly-
saccharides [33, 34]. They are the main biologically 
active substances of A. arborescens, responsible for 
the majority of its therapeutic and immunotropic 
effects. Water-soluble and alkaline-soluble poly-
saccharides from A. arborescens leaves enhanced 
lymphocyte transformation and phagocytosis [18]. 
However, many publications indicate that the chem-
ical compounds present in the A. arborescens leaf act 
synergistically and that no single component of the 
extract is in itself responsible for the action of the 
plant raw material. In order to discover the activity 
and prove the effectiveness of preparations based on 
A. arborescens and its components, numerous bio-
logical, pharmacological and clinical studies have 
been carried out so far in many research centers 
around the world. All of them are valuable evidence 
that the use of A. arborescens extract in medicine as 
an immunomodulator is right. It should be empha-
sized, that opposite to typical anthraquinone aloe, 
such as A. vera and A. ferox, the therapeutic activity 
of A. arborescens products does not depend on the 
content of anthraquinones, because A. arborescens 
has low content of them [3].

The aim of our present study was to evaluate 
the in vivo effect of desiccated form of Biostymina, 
AAES, on the ex-vivo leukocyte-induced angiogen-
esis, lymphocyte proliferation and anti-SRBC hu-
moral response in mice.

Although less characterised than A. vera, A. ar-
borescens is known to be richer in phytotherapeutic 
properties. In mice and rats, Beppu et al. observed 
antidiabetic effects of administration of A. arbore-
scens components, connected with antioxidant ac-
tivity which could protect islets of Langerhans, and 
with an inhibitory influence on glucose absorption 
in the jejunum [11]. In rats with alloxan-induced 
diabetes, Mogale et al. presented that A. arborescens 
aqueous gel extract influenced the activity of hepatic 
enzymes and blood concentration of triglycerides, 
glucose and insulin [12]. 

In our previous papers for the first time it was 
shown that A. vera and A. arborescens extracts sup-
pressed tumour angiogenesis in mice experiments 
[13, 14, 32].

Lissoni et al. in patients with metastatic cancer 
suggest that A. arborescens may be successfully as-
sociated with chemotherapy to increase its efficacy 
in tumor regression rate and survival time [15]. 

Immunomodulatory properties of plants of Aloe 
genus (strongly expressed for A. arborescens) were 
discovered in 20th century [16-24]. In 1935 in Odes-
sa, W. P. Filatov used tree-like aloe as an inhibitor 
of corneal transplants rejection [25]. According to 
Filatov’s “tissue therapy”, highly active immunologi-
cal factors arise in the tissues of aloe as a result of 
biochemical reactions under the influence of cold 
and darkness. Particularly young tissues separated 
from the plant are capable to produce such “biogen-
ic stimulants”. When such tissues are incorporated 
into a foreign organism, they show strong thera-
peutic and stimulatory activity by strengthening the 
cellular mechanisms and physiological functions of 
its body. In the case of pathological changes, they 
increase the regeneration of organs and accelerate 
the effectiveness of disorders treatment. Since then, 
some experimental and clinical trials have been 
conducted in which the immunotherapeutic value 
of A. arborescens extracts, including Biostymina, has 
been presented. In the following years, numerous 
studies of immunotropic, anti-inflammatory, anti-
viral and antimicrobial activity of Biostymina and 
other A. arborescens extracts were carried out in ani-
mals and humans [1-4, 26-34]. As a result, it allows 
to conclude that the use of these drugs is safe in dif-
ferent groups of patients and also can be potentially 
used in patients who, due to use of cytostatic drugs, 
have some immunological impairment.

The change of chemical composition of A. arbo-
rescens by biostimulation (cold stress) was studied 
by Olennikov et al [35]. They observed that this 
procedure over 5-10 days affected the quantitative 
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MATERIAL AND METHODS 

Plant material

Aqueous extract from fresh leaves of A. arborescens 
(Biostymina, Phytopharm Klęka S.A.) in desic-
cated form (AAES)was prepared from the leaves 
of 2.5-3-year-old plants, cultivated, collected and 
identified in greenhouse and laboratories of Phy-
topharm Klęka S.A. Specification of quality re-
quirements for A. arborescens leaves is kept in the 
Quality Assurance Department of Phytopharm 
Klęka S.A. After collection, the leaves were stored 
for several days in cooling conditions. The techno-
logical process is confidential. Generally, you can 
designate production stages such as: crumbling, 
extraction, maceration, filtration, densification, 
pasteurization. For experiments, extract was dis-
solved in distilled water. According to the manu-
facturer’s specifications, Biostymina was free of 
pathogenic bacteria; aloenin A (marker of activity) 
was present at minimum levels of 2 mg%, aloin and 
aloe-emodin (anthra-compounds) were present at 
maximum levels of 1.32 mg% and 1.10 mg%, re-
spectively [36]. 

AAES was administered to the 5 experimental  
groups of 6 Balb/c mice each, for 7 days, orally, by 
Eppendorff pipette, in 0.5, 2.5, 7.5, 25 and 75 mg/kg 
body mass, adjusted to 100 µl with water. Mice from 
the control group received 100 µl of water. 

Animals, feeding, and housing

The study was performed on 108 inbred female 
Balb/c mice (20–22 g of body mass, 7–8 week-old) 
and on 36 (Balb/c x C3H) F1 hybrids of both sexes 
(5–6-week-old) delivered from National Institute of 
Hygiene and from Oncology Center, Warsaw, Po-
land. During experiments, animals were handled 
according to the Polish ethical regulations concern-
ing the wellness of laboratory animals (Polish Na-
tional Institute of Health and NIH standards). All 
experiments were accepted and conducted accord-
ing to ethical guidance of the Local Ethical Commit-
tee (42/N). Mice were housed up to 6 per cage and 
maintained under conventional conditions (room 
temperature 22.5–23.0°C, relative humidity 50–70%, 
12 h day/night cycle) with free access to standard 
rodent diet and water.

Preparation of splenocyte suspension was per-
formed according to previously described in [20, 
37, 38] with some minor modifications. Briefly, 
mice were fed with AAES and controls were retro-
orbitally bled (3.6% chloral hydrate, Sigma) and eu-
thanized (Morbital-pentobarbital 400 mg/kg, BIO-
WET, Puławy, Poland). Spleens were aseptically dis-
sected and spleen cells suspension prepared, as de-
scribed previously [20, 37]. Spleen leukocytes were 
isolated from aseptically dissected organ (stainless 
sieve and cotton gauze, Histopaque 1077) rinsed 
twice and resuspended in Parker culture medium 
(TC 199, BIOMED, Lublin, Poland) for LIA test, or 
in RPMI 1640 (BIOMED, Lublin, Poland) for cell 
culture experiments. 

Leukocyte-induced angiogenesis (LIA)

Cell suspensions were pooled within a group and 
0.05 ml samples, containing 5x105 spleen cells, each 
grafted intradermally into narcotized (chloral hy-
drate) F1 recipients, cells from each pool into 6 re-
cipient mice (3–4 injections per mouse).

After 3 days, graft recipients were sacrificed 
(Morbital) and  on the inner skin surface newly-
formed blood vessels were counted in dissection 
microscope [38]. 

Cell culture study

Mitogen-induced (PHA) splenocytes proliferation 
assay was performed as previously described [20]. 
Briefly, spleen cell cultures (in 12-16 repetitions)
with PHA(0, 0.5, 1 and 2 µg/ml) were incubated at 
37oC for 48 h, then (3HTdR, 0.2 mCi/ml, specific 
act. 2 Ci/mM) was added, 24 h later cells were har-
vested (Skatron) and incorporation of tritiated thy-
midine measured using Beta-scintillation counter 
(Rack Beta 1218, LKB Wallac). The arithmetic mean 
of quadruplicate count was calculated and expressed 
as counts per minute (CPM).

Study of antibody production (hemagglutination 
test) was performed as previously described [20]. 
Briefly, Balb/c mice fed for 7 days with AAES, then 
immunized with 5% SRBC, bled 7 days later. The 
hemagglutination titers of sera were established and 
reciprocal log titers of antibodies were calculated. 
Indices of stimulation (IS) were calculated dividing 
log titers of experimental sera by mean log titer of 
corresponding control group.
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Figure 1

 The effect of feeding Balb/c mice with AAES for 7 days on the ability of their spleen cells to induce local GVH reaction in the skin 
of (Balb/c x C3H)F1 hybrids (leukocyte-induced angiogenesis, LIA test). Data are presented as a mean number of newly-formed 
blood vessels. *p<0.05; **p<0.01; ***p<0.001

Statistical analysis

Bartlett’s test for equal variances, one- way ANOVA 
and Tukey Multiple Comparison Post Test, two-way 
ANOVA and Bonferoni post-test (GraphPadPrism 
5.01software, San Diego, CA). Differences were con-
sidered statistically significant at p<0.05.

RESULTS 

In the present paper we show for the first time the 
in vivo modulatory effect of desiccated form of 
Biostymina, AAES, on the ex-vivo leukocyte-in-
duced angiogenesis (LIA), lymphocyte proliferation 
and antibody production in mice.

LIA test was performed according to Sidky and 
Auerbach with some modifications [38]. In this test 
grafted Balb/c cells recognize foreign C3H histo-
compatibility antigens and produce many immuno-
logical mediators including angiomodulatory fac-
tors (immunological angiogenesis). The number of 
newly-formed blood vessels is the measure of donor 
cells ability to release pro-angiogenic mediators in 
this model of local graft-versus-host reaction.

The results obtained for the mice grafted with 
spleen cells derived from AAES – fed donors are pre-
sented in the figure 1 as a mean number of newly-
formed blood vessels ± standard error of the mean 
(SEM). In this experimental design, stimulatory ef-
fect was present in all groups of mice injected intra-
dermally with splenocytes deriving from remedy- fed 
donors, as compare to the recipients of cells from dis-
tilled water-fed mice. The highest stimulatory effect 
was observed in the group grafted with cells obtained 
from Balb/c mice fed 25 mg/kg of body mass daily. 

The proliferation of splenocytes taken from mice 
fed for 7 days AAES at doses ranging from 0.5 mg/kg 
to 7.5 mg/kg was stimulated in all cultures. Suppres-
sion was observed in cell cultures derived from mice 
fed with higher doses of AAES (fig. 2).

AAES stimulated the production of anti-SRBC 
antibodies in groups of mice fed 2.5 and 7.5 mg/kg 
body mass (fig. 3). Higher doses were not tested.

DISCUSSION

The angiogenesis is a physiological process in which 
endothelial cells over-proliferate and form new blood 
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Figure 2

The effect of feeding Balb/c mice with AAES for 7 days on the response of their spleen cells to PHA in in vitro cell culture 
(incorporation of 3 H thymidine). Data are expressed as the mean cpm stimulation/inhibition indices, calculated in relation to the 
parallel control groups. *p<0.05; **p<0.01; ***p<0.001 (Bonferroni post-test, comparison to control group)

Figure 3

The effect of feeding Balb/c mice with AAES for 7 days on the serum level of anti-SRBC antibodies evaluated 7 days after i. p. 
immunization. Data are expressed as the mean antibody titer stimulation indices, calculated in relation to the parallel control groups
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vessels. There is a major group of compounds and 
more complicated systems which may initiate and 
prolong formation of new vessels in organism. One 
of them is the immune system where stimulation of 
immune-competent cells causes the production of 
cytokines, chemokines or growth factors which ac-
celerate the angiogenesis. The immunostimulatory 
activity of Biostymina as well as other extracts from 
A. arborescens has been confirmed by many authors, 
however, their relationships with angiogenesis are 
still poor-known. It is known that Biostymina af-
fects both innate and adaptive components of im-
mune system. The first tests assessing rabbits cellu-
lar and humoral immune response after Biostymina 
administration (innate immunity) were performed 
by Kucharska in 1980 [28]. The studies have shown 
that administration i. m. of liquid extract from fresh 
leaves of tree-like aloe caused initially (for 3 doses) 
increases the granulocytes phagocytic capacity in 
animals. Also Kołacz et al. [30] showed an increased 
activity of neutrophils after the administration of 
this drug. Similar trend was showed for components 
of adaptive immunity. Białas-Chromiec et al. con-
firmed that Biostymina in fluid form increased the 
migration ability of mouse splenocytes and produc-
tion of anti-SRBC antibodies [32]. It also affected 
the number and activity of B lymphocytes [28]. 
Biostymina research conducted by Furowicz et al. 
[29] on calves suffering from bronchopneumonia, 
subjected to liquid extract from fresh leaves of tree-
like aloe, Biostymina, revealed that supplementa-
tion was effective in the treatment and prevention of 
bronchopneumonia and showed greater resistance 
to infection of lower respiratory tract with the virus, 
as well as increased the weight gain. 

This study presents for the first time the in vivo 
stimulatory effect of A. arborescens leaves desiccated 
extract (Biostymina) on the leukocyte-induced cu-
taneous angiogenesis in mice. We observed signifi-
cant stimulatory effect in all groups of mice injected 
intradermally with splenocytes deriving from reme-
dy-fed donors, as compared to the recipients of cells 
from distilled water-fed mice. The highest stimulato-
ry effect was observed in the group grafted with cells 
obtained from Balb/c mice fed AAES 25 mg /kg of 
body mass daily. These results are in agreement with 
our previous studies [32] showing stimulated an-
giogenic activity of human leukocytes isolated from 
the blood of healthy people and patients with oral 
infections after the treatment with Biostymina fluid. 
On the other hand, our other studies revealed dif-
ferent inhibitory effect of A. vera and A. arborescens 

fluid extracts on angiogenesis induced in mice skin 
after grafting of animal or human tumour cells [13, 
14, 32]. Moreover, A. vera gel administered to mice 
of the parental strain for a longer time (14-21 days) 
caused the development in their spleens of a popula-
tion of cells actively inhibiting the LIA reaction [38]. 

It corresponds with finding of Kucharska that 
administration i. m. of liquid extract from fresh 
leaves of tree-like aloe caused initially (for 3 dos-
es) to animals increases granulocytes phagocytic 
capacity and then, further administration reduced 
it. This confirms the regularity of most immuno-
modulators, because repeated administration for 
a long time is pointless and may lead to a reduc-
tion in the effectiveness of the cellular immune 
system. Findings of study performed in rats by 
Halder et al. suggest that high doses of A. vera can 
modulate immune response by augmenting hu-
moral immunity and decrease the cell-mediated 
immunity [39]. In present study we also observed 
lower proliferative activity (both spontaneous and 
PHA-induced) in cell cultures obtained from ani-
mals fed high doses of AAES, than from the con-
trol mice spleens.

In the rat model of wound healing, Atiba et al. 
showed that A. vera oral administration accelerates 
acute radiation-delayed wound healing by stimulat-
ing the transforming growth factor-ß and fibroblast 
growth factor (bFGF) production [40]. It corre-
sponds with our previous papers reporting the role 
of various cytokines and growth factors produced 
by immunologically competent cells, in cutaneous 
angiogenesis (LIA test). The most important role 
in this model of immunological angiogenesis play 
bFGF, IL-18 and vascular endothelial growth factor 
(VEGF) [41-43]. 

Recently, partly indirect (through VEGF induc-
tion) role of interleukin 1 cytokine family in angio-
genesis was described by Fahey and Doyle [44]. 

Wahedi et al. studied the effect of aloesin from 
A. vera on skin wound healing in mice. Aloesin is 
a phenolic component of the outer pulp region be-
low the leaf epidermis. Its belongs to phytochemical 
group known as chromones, and is known as com-
monly found aloe leaf constituent. Aloesin posi-
tively regulated the release of cytokines and growth 
factors (IL-1β, IL-6, TGF-β1 and TNFα) from mac-
rophages (RAW264.7) and enhanced angiogenesis 
in endothelial cells. Authors conclude, that aloesin 
ameliorates each phase of the wound healing pro-
cess, including inflammation, proliferation and re-
modeling [45, 46].
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CONCLUSIONS

Our paper shows that powdered form of Biostymina 
(AAES) in vivo stimulated angiogenic and prolifera-
tive potential of splenic leukocytes and enhanced an-
tibody production in mice. These facts may be im-
portant for the treatment of patients with ischaemia 
of tissues and organs (myocardial infarction, stroke, 
necrosis) as well as in other pathological conditions 
correlated with impairment od humoral and cellular 
immune response in which a deficiency in the pro-
duction of immune cells and growth factors (infec-
tions, chronic wound healing, ulceration and bone 
fusion) is noted.
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