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Abstract

Disturbances of angiogenesis and oxidative stress can lead to many serious diseases such as cancer, 
diabetes or ischemic heart disease. Substances neutralizing oxidative stress are known as antioxidants. 
They can affect angiogenesis process also, and thus, they modulate therapy results. Antioxidants become 
more and more frequently used in order to maintain homeostasis of the organism and diminish the 
risk of disease. Herein, we introduce some antioxidant preparations of natural plant origin (Rhodiola, 
Aloe vera, Resveratrol, Echinacea, Plumbagin) and antioxidant supplements (Padma 28, Reumaherb, 
Resvega). Analyses of their angiogenic properties, their multidirectional molecular effect on angiogen-
esis as well as medical application are within the scope of this review. Most of presented preparations 
down regulate neovascularization. They can be safely administered to patients with abnormally high 
angiogenesis. Rhodiola modulates, and Echinacea, Aloe vera and Plumbagin inhibit tumour-related an-
giogenesis in vitro and in vivo (animal models). Resveratrol and Resvega reduce neovascularization in 
the eye and may be applicable in eye disorders. Padma 28 preparation exhibits angioregulatory activity, 
decreasing high angiogenesis of cancer cells and increasing physiological angiogenesis, therefore can 
be used in therapy of patients with various disturbances of angiogenesis. Antioxidant application in the 
case of angiogenesis-related diseases should take into consideration angiogenic status of the patient.
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Introduction
Oxidative stress reflects an imbalance between the sys-

temic manifestation of reactive oxygen species (ROS) and 
biological system’s ability to readily detoxify the reactive 
intermediates or to repair the resulting damage. Oxidative 
stress is thought to be involved in the development of e.g., 
cancer, Parkinson’s disease, Alzheimer’s disease, athero-
sclerosis, heart failure, myocardial infarction [1, 2]. How-
ever, short-term oxidative stress may also be important 
in prevention of aging by induction of a process named 
mitohormesis.

Angiogenesis, the process of new blood vessel forma-
tion, may contribute to pathogenesis of many severe diseases 
that characterized disturbances of angiogenesis e.g., cancer, 

stroke, ischemic heart disease, neurodegenerative diseases, 
atherosclerosis or hypertension. Contribution of these two 
processes in the development of severe civilization diseases 
implicates close relationship between them [1-5].

Substances neutralizing consequences of oxidative 
stress are known as antioxidants. Administered to the pa-
tients, they are able to restore disturbed human health in-
fluencing mainly redox status. Antioxidant defense system 
protects the cell from ROS toxicity and oxidative stress. 
Antioxidants can also affect angiogenesis and thus modu-
late therapy course and results. 

Patients’ and doctors’ interest in natural medicines that 
restore the homeostasis of organism is currenly evident. 
Therefore the knowledge of antioxidant angiogenic prop-
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erties and their clinical implication seem to be useful in 
medical practice.

Angiogenesis

Formation of new blood vessels from preexisting ones 
is known as angiogenesis. It is a part of both physiological 
and pathological processes. Angiogenesis is necessary for 
menstrual cycle, embriogenesis and wound healing. Dis-
turbances of this process can lead to serious diseases, char-
acterized by too high level of angiogenesis, such as cancer, 
psoriasis, endometriosis, rheumatoid arthritis, age-related 
macular degeneration (AMD), or too low level observed 
e.g., diabetes mellitus, stroke, ischemic heart disease, ath-
erosclerosis, hypertension or wound healing.

Angiogenesis is usually triggered by hypoxia. Hypox-
ic response is mediated through a family of hypoxia-in-
ducible factors (HIFs). The best studied protein is HIF1-α 
which stimulates secretion of vascular endothelial growth 
factor A (VEGF A) and its receptor, effectively promot-
ing angiogenesis. VEGF-A is the key member of a VEGF/
PDGF super family. VEGFs stimulate vascular permeabil-
ity and endothelial cell (EC) proliferation, migration, and 
survival. It was shown, that VEGFR2/KDR/Flk-1 receptor 
is the main and most important VEGFs receptor mediating 
almost all of the known cellular responses to VEGF [6, 7].

Various pro- and anti- angiogenic cytokines interplay 
during the process of angiogenesis. There is negative feed-
back regulation between PAI-1 and its potent activator 
TGF-beta in endothelial cells [8].

Angiogenesis process is normally controlled by an-
giogenesis inhibitors such as angiostatin, endostatin and 
thrombospondin, but also VEGFR1/Flt-1 receptor, often 
expressed as a soluble splice variant (sFlt-1) that neutral-
ize VEGF, inhibiting in such way process of angiogenesis. 
Besides, also pro-angiogenic factors (e.g. VEGF, fibroblast 
growth factor-1 (FGF-1, bFGF) play the regulatory func-
tion in neovascularization, activating endothelial cells and 
triggering this process. New vessels are formed by a series 
of complex morphological and biochemical events in vari-
ous stages. Activated EC secrete proteases, mainly matrix 
metalloproteinases (MMPs), responsible for the degrada-
tion of the base membrane and remodeling of the extracel-
lular matrix. This causes important changes in cell-adhe-
sion mechanisms, and leads to migration, and proliferation 
of endothelial cells, which results in the formation of en-
dothelial capillary tubes [9]. Stabilisation of a new cap-
illary is ensured by basement membrane formation and 
pericyte recrutation [4]. During this stage the function of 
platelet-derived growth factor (PDGF), a mitogen and che-
moattractant of pericytes, is arised. Tranforming growth 
factor (TGF-β) and FGF-1 plays a role in differentiation 
of these cells. Furthermore, growth factors known as a an-
giopoetins (Ang) regulate maturation and structure of new 

vessels. In angiogenesis related diseases balance between 
pro- and anti-angiogenic proteins is disturbed.

Knowledge concerning angiogenic properties of med-
ical preparations administered to the patients seems to be 
very important for therapy results.

ROS and angiogenesis relationship 

ROS and reactive nitrogen species (RNS), e.g. nitric 
oxide (NO), so called free radicals, are highly chemically 
reactive forms of oxygen that have the potential to injure 
different cells. The three major species are hydrogen per-
oxide, superoxide, and hydroxyl radicals. There are many 
enzymes in the cells that produce ROS as a byproduct of 
the main catalytic function e.g. cytochrome P450 reduc-
tase, nitric oxide synthases (NOSs), xanthine oxidase. 
However, generation of superoxide/ROS as primary func-
tion is evident only in NADPH oxidases. Free radicals play 
an important role in many cellular processes. At low level 
ROS modulate gene expression, cell proliferation and they 
can induce transrciption and apoptosis. Furthermore, they 
contribute to inflammatory and angiogenesis processes.
[10, 11]. They trigger some transcription factors e.g. nu-
clear factor κB (NF-κB) or activator protein 1 (AP-1) [12]. 
However, at high concentrations, free radicals can be dan-
gerous. Overproduction of ROS results in oxidative stress, 
and can be an important mediator of damage all major cell 
components, e.g. cell membranes, proteins, lipids and even 
DNA [3, 13].

Many studies have shown that endothelial cells pro-
duce ROS through NADPH oxidase known as an NOX. It 
has been reported to regulate physiological and pathologi-
cal angiogenesis. They influence e.g. production of VEGF 
and its receptor, MMPs and some transcripion factors (NF-
κB, AP-1, Stat1/3, E2F, CREB, HIF-1) that contribute to 
angiogenesis process [14, 15].

However, free radicals play an unclear role in neo-
vascularization, because on one hand, high concentration 
of ROS causes oxidative stress and leads to apoptosis, on 
the other, low levels function as signaling molecules that 
mediate the proliferation and migration of the endothelial 
cells. It is important in spreading of angiogenesis [16].

It was observed that different kinds of cells can pro-
duce VEGF as a response to exogenous ROS [11, 17]. Ex-
ogenous ROS was able to initiate pro-angiogenic changes 
in EC such as cytoskeleton reorganization. They also pro-
voke proliferation, migration and tubular morphogenesis 
of these cells [18].

Kim et al. [19] study revealed that H2
O

2 
induced by 

Ang-1 influences neovascularization in vivo. ROS level 
was also closely related with wound healing and other 
physiological repair processes in vivo [20]. Another study 
exerted participation of H

2
O

2 
in proliferation and migration

 

of EC and tubulogenesis activated by lymphocytes [16]. 
Furthermore, Nijmeh et al. [10] demonstrated contribution 
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of ROS in angiogenesis caused by ischemia in a mouse 
model. 

Understanding the role of free radicals in triggering 
new blood vessel formation may lead to their use as po-
tential targets for treatment of angiogenesis-dependent dis-
eases. Many natural products from diet contain important 
combinations of ingredients that may help to modulate the 
effects exerted by oxidation.

Antioxidants
“Substances present at low concentration, compared to 

oxidizable substrate which significantly delays or prevents 
the oxidation of the substrate are called antioxidants” [21]. 
They neutralize or block the activity of free radicals, thus 
preventing tissues and cells from damage. Some antioxi-
dants (endogenous) are made naturally in the body, but oth-
ers should be obtained from exogenous (external) sources, 
including the diet (fruits, vegetables and grains), and differ-
ent natural dietary supplements. Many studies have shown 
that exogenous antioxidants can help prevent the free radical 
damage associated with inflammatory diseases and develop-
ment of cancer. It has been shown that antioxidants are able 
to prevent some types of free radical damage associated with 
cancer development in animal models. Therefore, the ques-
tion issue whether taking dietary antioxidant supplements 
can help lower the risk of developing severe diseases in hu-
mans, and how they affect the new blood vessel formation, 
is still under investigation [22].

Natural antioxidants 

The main sources of antioxidants belonging to this 
group are plants, but also microorganisms, fungi or an-
imals [23]. Natural antioxidants are under intensified 
studies, as they constitute a huge group of substances 
with broad spectrum of application. The highest number 
of available preparations with antioxidative properties be-
longs to this group.

Plant-based immune stimulation, its antioxidative 
and anti-carcinogenic properties, provides an alternative 
to conventional therapy of cancer, inflammatory and in-
fectious diseases, especially in immunocompromised pa-
tients. Conventional chemotherapy may also often result 
in undesirable effects [13, 22, 24]. There are plenty of 
natural products that found practical application in ther-
apy [25, 26]. For example green tea (Camellia sinensis), 
thanks to its multiple beneficial health effects, is being 
increasingly consumed in beverages. Green tea polyphe-
nols have been shown to have anti-proliferative activity 
against a wide variety of cell lines. Green tea contains ep-
igallocathechin-3-gallate (EGCG), a polyphenol that is an 
antioxidant with chemopreventive and chemotherapeutic 
actions. As a diet supplement, EGCG is also prepared in 
capsules as green tea extract (GTE). Antiangiogenic and 

antioxidant properties of garlic and its compounds (allicin) 
were described by Chan et al. [27]. The authors empha-
sized cardiovascular benefits of allicin. The polyphenols in 
red wine, chocolate, peanuts, blueberries and cranberries 
have been shown to have antioxidant beneficial effects on 
health [28].

The wide group of natural antioxidants comprise NOX 
inhibitors. They are present in many fruits and vegetables. 
Various compounds can inhibit NADH oxidases, for ex-
ample a plant alkaloid berberine. Suppression of NOX 
activity was observed in macrophages treated with this al-
kaloid [29]. Emodin, a component extracted from Rheum 
rhabarbarum reduced ROS generation [30], similarly to 
treatment with 3-(4’- hydroxyl-3’,5’-dimethoxyphenyl) 
proppionic acid, ellagic acid [31], and apocynin isolated 
from Picrorhiza kurroa [32].

Free radicals play an important role in the pathogen-
esis of diseases of civilization such as diabetes, obesity, 
hypertension, atherosclerosis, or cancer. Knowledge about 
the dangers that free radicals pose leads investigators to 
seek substances that support body’s natural antioxidative 
defenses. One particularly promising area of research is the 
study of secondary metabolites derived from plants with 
recognized therapeutic effects.

Rhodiola

One group of plants whose root extracts exhibit antiox-
idant activity are plants of the Rhodiola genus [33].

The genus Rhodiola (Crassulaceae) includes more 
than 200 recognised species (out of which approximately 
20 are used in traditional medicine). The most intensive-
ly studied species is Rhodiola rosea (R. rosea). R. rosea 
grows in the mountains of Central Asia, North America 
and Europe. The medicinal raw material (rhizome with 
roots) is used in traditional folk medicine in Europe, 
mainly in Russia and Scandinavia. Modern research has 
revealed the antioxidative, adaptogenic, anti-stress, an-
ti-microbial, immune-modulating and angiomodulating 
properties of Rhodiola rosea. Many other species are still 
being examined by researchers. These include Rhodiola 
crenulata – a sacred plant of Tibetan monks; Himalayan 
Rhodiola imbricata; as well as originated in China and Ti-
bet Rhodiola Kirilowii that is used in traditional Chinese 
medicine as a cure for altitude sickness (commonly used 
by mountain climbers, aviators and astronauts). One of 
the least researched species is Rhodiola quadrifida, which 
is used in Mongolian traditional medicine. The roots and 
rhizomes of Rhodiola kirilowii and Rhodiola rosea, which 
were being imported from Siberia and Tibet were highly 
valued in ancient China and used by imperial medics.

In Poland, Rhodiola rosea plants grow mainly in na-
tional parks in the Sudetes, the Tatras and the Bieszczady 
mountains. They are also grown, like the other less well 
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known in Europe Rhodiola kirilowii at the Institute of Nat-
ural Fibres and Medicinal Plants in Plewiska near Poznan.

Plants of Rhodiola genus are potent antioxidants and 
adaptogens that increase resistance to stress. They also 
have antiarrhythmic and cardioprotective properties. The 
cardioprotective effects of Rhodiolas extend to the protec-
tion of the heart against stress factors that cause damage 
to the muscle by free radicals. Anti-cancer properties of 
Rhodiola involve, among other things, the protection of 
tissues against free radicals and weak and medium-strength 
mutagens [34-44].

Beneficial effects of remedies containing extracts of 
Rhodiola spp. on human organisms are due to the presence 
in them of many biologically active substances. Among 
these substances are the tannins, fenyloethanoids (salidro-
side, tyrosol), phytosterols, flavonoids (kaempferol,querce-
tin, catechins, proanthocyjanidins), terpenoids, phenylpro-
panoids, phenolic acids and phenolic glycosides, as well 
as other groups of organic compounds. A trait of Rhodiola 
rosea species are glycosides of cinnamic alcohol (Rosin, 
Rosavin, rosarin) that are also obtainable in in vitro cul-
tures of R. kirilowii; for R. quadrifida and R. heterodonta 
– mongrhoside and rhodiocyanoside [45-50].

Anti-oxidant effects of methanol extracts of Rhodio-
la imbricata were connected with phenolic compounds, 
which were found in high concentrations in the tissues of 
the plant [51]. The ability of antioxidant phenols and poly-
phenols was also described by many other researchers who 
indicated caffeic acid and flavonoids present in Rhodiola 
[52].

Salidroside and p-tyrosol present in Rhodiola also ex-
hibit antioxidant activity [53, 54]. According to Covas et 
al., tyrosol, which is capable of binding low density lipo-
proteins (LDL) could be an effective weapon in prevent-
ing atherosclerotic processes. [55] Unfortunately, recently 
conducted experiments by Vlachogianni et al. (2015) did 
not confirm the anti-oxidative properties of tyrosol [56].

Other polyphenols, gallic acid and methyl gallate in-
hibited the oxidative stress in human endothelial cells ex-
posed to hydrogen peroxide [57]. Serrano et al. described 
the dualistic behavior of gallic acid, dependent on the con-
ditions of the trial, with a set of human endothelial cells 
derived from microvascular (HMEC-1). In the cultures that 
contained peroxidase, gallic acid behaved as a pro-oxidant, 
causing damage to the cells. Once hydrogen peroxide was 
added gallic acid behaved as an anti-oxidant, inhibiting 
the free radicals created during the oxidasing cycle [58].

The antioxidant and cyto-protective activity of water 
and alcoholic extracts of Rhodiola imbricata in cultured 
human macrophages treated with tert-BHP oxidant was 
observed. Both types of extracts at a concentration of 250 
micrograms per milliliter inhibited the formation of free 
radicals and apoptosis [59].

In experiments on rats, quercetin and catechins, flavo-
noids also present in extracts of roots of Rhodiola plants, 

inhibited lipid oxidation induced by mercuric chloride 
[60].

Quercetin (QU) is natural flavonoid with minor tox-
ic side-effects, with anti-oxidant, anti-inflammatory and 
anti-angiogenic properties. This natural compound would 
be an adjuvant natural drug for treatment of rheumatoid 
arthritis, through inhibiting the activities of VEGF, bFGF, 
MMP-2 and other cytokines [61].

Quoted data indicate that many substances in Rhodiola 
plants have a high anti-oxidative capacity and in the future 
might be helpful in combating diseases of inflammatory 
etiology as well as those associated with overproduction 
of free radicals.

An important feature of the extracts of Rhodiola plants 
is the ability to inhibit processes of creating new blood 
vessels (angiogenesis). This process is essential for tumor 
progression, since the newly formed cell tissue inside the 
tumor has a much restricted access to nutrients and oxy-
gen. Inhibition of this process significantly slows down 
the growth rate of the primary tumor and reduces the like-
lihood of metastasis.

The study, which began in Poland at the end of the pre-
vious century was continued during the last fifteen years, 
on different aspects of water and water-alcoholic extracts of 
rhizomes and roots R. rosea, R. kirilowii and R. quadrifida. 
It has shown a low acute toxicity and the lack of toxic ef-
fects in the sub-chronic studies of toxicity (LD50 = 5 g/kg) 
in test animals. It also confirmed a broad-spectrum of anti-
microbial activity against bacteria and fungi . Antioxidant, 
adaptogenic and anti-inflammatory [33, 62, 63] and for the 
first time in history the anti-angiogenic effects were exam-
ined. Despite some differences between plant species and 
the method of preparing the extracts, they stimulated spe-
cific and nonspecific immunity in vivo and in vitro [64-78], 
and inhibited the reaction of skin neovascularization which 
was induced in mice through an implantation of syngeneic 
tumor cells (except aqueous extract of Rhodiola kirilowii) 
or homogenate of human kidney cancer. A similar effect 
was observed in mice which were being fed with salidro-
side and rosavin for three days post-implantation of tumor 
cells [79-83]. In experiments conducted in vitro, in cell 
cultures of mouse endothelial cells in the presence of L-1 
sarcoma, the hydro-alcoholic extract of R. kirilowii inhib-
ited migration and increased proliferation of endothelial 
cells. Both extracts inhibited proliferation of tumor cells. 
At the same time the aqueous extract stimulated both pro-
liferation and migration of endothelial cells [83]. 

Some data suggest that antioxidants affect physiologi-
cal angiogenesis in vivo through regulation of nitric oxide 
synthase (NOS) expression and activity [84].

Example of other natural drug which inhibit migration 
and invasiveness of endothelial cells in very low concen-
tration, which did not affect endothelial cells proliferation, 
is Paclitaxel [85].
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Extracts of Rhodiola kirilowii are rich in flavonoids, 
ubiquitous plant secondary products. They are potent anti-
oxidants in vitro. However, their antioxidant effect in vivo 
is less documented, moreover, in some situations they be-
have as pro-oxidants [86]. The in vitro antioxidant activity 
of flavonoid depends on the configuration and total num-
ber of hydroxyl groups on its core structure. Polymeriza-
tion of flavonoid monomers increased their activity. Pos-
sibly, radical scavenging activity of R. kirilowii extracts 
is mainly connected with their content of quercetin and 
catechins [87]. 

Echinacea

Echinacea sp. (Asteraceae), is one of the most impor-
tant world medicinal herbs, widely used for the treatment 
of different diseases. Its extracts contain many compounds 
with proved immunomodulatory, antioxidant and anti-in-
flammatory activities. Use of Echinacea purpurea (purple 
coneflower) and Echinacea angustifolia (narrow-leaved 
purple coneflower), herbs native to North American prai-
ries, has a long history. North American Indians used these 
plants internally and externally as antiseptic, anti-inflam-
matory and analgesic drug. 

Access to herbal remedies is easy and unrestricted. 
They are often introduced to the market as food supple-
ments and people regard them as safe. That is why our 
group decided to examine and describe some extracts of 
different Echinacea sp. on animal models. These reme-
dies were used in our experiments at the doses recalculated 
from the doses recommended for humans. In numerous 
research works we reported that Echinacea purpurea ex-
tracts enhance immunity in mice and stimulate various 
functions of human blood leukocytes in vivo. Besides, they 
influence angiogenesis, depending on the form of extract 
and herb or part of the herb (powder, water and alcoholic 
solutions obtained from E. purpurea, E. angustifolia, E. 
palida). We have proved that Echinacea purpurea extract 
diminished neovascular reaction induced in mouse skin by 
human cancer cells . Echinacea purpurea-derived drug di-
minishes also neovascular reaction induced in mouse skin 
by syngeneic L-1 sarcoma cells and reduces VEGF con-
centration in L1 sarcoma tumor tissue, not affecting tumor 
mass and tumor cell angiogenic activity [88-95].

VEGF production and function may be suppressed by 
various polyphenolic compounds, among them phenol-
ic acids. Echinacea purpurea extracts contain cichoric, 
caftaric, chlorogenic and caffeic acids that also have an-
tioxidative and antiangiogenic activity. Using herbal rem-
edies including Echinacea by pregnant women is popular, 
because they consider them as curative and safe. Moreover, 
women often are not conscious of the dangers connected 
with such remedies and therefore they usually do not in-
form their doctors about the use of herbal remedies during 
pregnancy and lactation. However, data regarding safety 

of this kind of treatment are uncertain. Some papers (mice 
model) indicate that consuming Echinacea may promote 
spontaneous abortions [96]. By influencing very impor-
tant mechanism during fetal development as angiogenesis, 
some Echinacea drugs can lower the number of embryos 
and significantly diminish the VEGF and bFGF content in 
embryonic tissue. Fortunately, trials on pregnant women 
who were administered Echinacea preparation during the 
first trimester of pregnancy show that it does not cause ma-
jor malformation [97]. However, these findings have not 
been thoroughly confirmed, so they require further studies. 

Aloe vera 

Aloe sp. (Liliaceae) probably originates from Northern 
Africa. It can be found growing in the tropical climates 
[98]. Presently, this plant is cultivated in many countries, 
including Poland [99]. Traditionally, Aloe vera was used 
for treating various human illnesses, including hyperten-
sion, gastrointestinal ailments, musculoskeletal ailments, 
diabetes, asthma, epilepsy, burns, wound healing, and 
frostbite [100, 101]. A. vera was used as a panaceum, or 
cure-all in many cultures, especially in India. The plant is 
used for cosmetic, medicinal, and nutraceutical purposes 
mainly thanks to its antioxidant properties [102]. 

Chemical compounds in the Aloe sp. are typically iso-
lated from two parts: latex and gel [103]. Biological ef-
fects of the compounds extracted from aloe gel, e.g., acem-
manan and B-sitosterol were reported. The polysaccharide 
acemannan contains β-(1,4)-linked acetylated mannan 
which is thought to be responsible for immunomodulat-
ing and anti-viral properties [104]. Study on a mice model 
shows also its anti-tumor activity [105]. β-sitosterol as-
sures cardiovascular protection, acting through increase of 
antioxidant defense system and through lowering of the 
serum cholesterol level in humans [106]. β-sitosterol ex-
erts proangiogenic effects. Lee et al. [107] obtained active 
fraction of β-sitosterol which increased the proliferation of 
calf pulmonary artery endothelial (CPAE) cells (in vitro). 
Additionally, this fraction induced CPAE cells to invade 
type 1 collagen gel and form capillary-like tubes. The 
effect on the mRNA expression of proteolytic enzymes 
(which are key participants in the regulation of extracellu-
lar matrix degradation) was investigated by northern blot 
analysis. Active fraction enhanced mRNA expression of 
urokinase-type plasminogen activator (u-PA), MMP-2, and 
membrane-type MMP (MT-MMP) in CPAE cells, whereas 
the expression of plasminogen activator inhibitor-1 (PAI-1) 
mRNA was not changed. 

A. vera is commonly associated with the healing of 
burns. However, the trials in which A. vera was used to 
treat burn wounds show no scientific evidence of this ther-
apy [108].

A. vera was also used to treat diabetes thanks to its 
ability to reduce blood glucose levels and to reduce blood 
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lipid levels in patients exhibiting hyperlipidaemia [100]. 
Parihar et al showed that the administration of A. vera ex-
tracts diminished oxidative damage in the brains of sptrep-
tozotocin-induced diabetic rats, probably by an antioxidant 
mechanism [109]. Some trials show that A. vera may be 
useful in lowering high cholesterol and other risk factors 
associated with heart disease, though the mechanism of 
action is unknown. Can et al. [110] administered A. vera 
extract to patients for 12 wks and found that total serum 
cholesterol levels, triglycerides, and low-density lipopro-
teins were reduced. In another study, 5000 patients with 
symptoms of heart disease who consumed bread prepared 
with A. vera gel two times a day for three months, showed 
marked reduction in serum total lipids, cholesterol, and 
triglycerides [111].

Our group performed some experiments on the basis 
of tumor-induced cutaneous angiogenesis (TIA) and lym-
phocyte-induced angiogenesis test (LIA). These tests are 
a valuable method for in vivo quantitative evaluation of ac-
tivity of various pro- and anti-angiogenic compounds. The 
in vivo effect of Bioaron C (containing A. arborescens, 
Aronia melanocarpa, Acidum ascorbicum, Phytopharm 
Klęka S.A, Poland) in daily dose of 30 or 90 µl, on spe-
cific cellular and humoral immunity in mice was studied. 
The results show the evidence of stimulatory activity of 
the above-mentioned remedies in mice [112]. Similar ef-
fects were also seen after oral administration of Aloe vera 
gel in mice model [113]. We also examined in vivo effect 
of three commercially available preparations of aforemen-
tioned plants on the neovascular reaction observed after 
intradermal injection of syngeneic sarcoma or xenogeneic 
(human) lung and kidney cancer cells [114]. We have 
shown that Aloe sp. and cranberry preparations acted as 
tumor angiogenesis inhibitors. As the extension of these 
studies, it would be prudent to compare anti-angiogenic 
potential of the assessed preparations with anti-angiogenic 
compounds with clinically confirmed anti-cancer efficien-
cy. This would facilitate reasoning about potential efficien-
cy of these plant extracts, particularly in immunocompro-
mised cancer patients. In this paper we presented evidence 
that, on top of their immunostimulatory properties, two A. 
arborescens remedies (Biostymin, and Bioaron C) behave 
as tumor angiogenesis inhibitors, which would be of great 
value in adjunctive therapy of patients with tumors, espe-
cially those immunocompromised after standard treatment. 
All doses of Biostymin (2, 4, 8 µl) significantly diminished 
the number of newly-formed blood vessels in comparison 
to the control. Similar angio-inhibitory effect in TIA test 
was obtained by our group for another Aloe preparation, 
Aloe vera drinking gel (50 or 150 µl) [115]. 

In our next paper we desribed the results of the study 
performed on the basis of LIA. This is a model of local 
graft-versus-host (GVH) reaction, marker of the earliest 
events resulting from activation of donor lymphocytes 
after contact with host semi-allogeneic histocompatibility 

antigens [99]. The effect of in vivo oral administration of 
Aloe vera gel (50 or 150 µl) for 21 days to maternal strain 
(Balb/c) donor mice on the ability of their splenic lympho-
cytes to induce cutaneous angiogenesis (LIA test) in F1 
Balb/c x C3H recipients was studied. Our results showed 
that neovascular reaction evaluated 72 h after cells grafting 
was significantly lower in mice grafted with splenocytes 
collected from Aloe-fed donors than from the controls. The 
use of Aloe vera gel or its components for the treatment of 
a variety of conditions and diseases needs further clinical 
evidence through well-designed studies with defined Aloe 
extracts and matching placebo controls. 

Resveratrol

Resveratrol (3,5,4’-trihydroxystilbene) is a natural 
polyphenol classified in the stilbenes group. The molecule 
was first detected in 1940 as a constituent of the roots of 
white hellebore (Veratrum grandiflorum) [116]. Two dec-
ades later resveratrol was identified in the Japanese knot-
weed roots (Polygonum cuspidate), used in the traditional 
Chinese and Japanese medicine as Hu Zhang/Ko-jo–kon 
[117-119] described as a new class of phytoalexins from 
grapevines. The term “phytoalexin” was used in this con-
text as the synthesis of resveratrol is induced by microbial 
infections as the fungus Botrytis cinerea or UV radiation 
[120]. Currently this polyphenolic phytoalexin is found 
in more than 70 plant species. The source of resveratrol 
include the skin of red grapes, red wine, Polygonum cus-
pidate, peanuts and blueberries [121-122]. This natural 
polyphenol has received wide attention due to its possible 
role in the prevention of human pathologic processes, in-
cluding malignancies, diabetic retinopathy, or cardiovascu-
lar diseases [122, 123]. In the 90’ies a relationship between 
a wine consumption and reduced cardiovascular risk was 
identified, which turned to be a phenomenon called as the 
“French Paradox”. Resveratrol was widely investigated. 
This natural polyphenol is known for a pleiotropic mode 
of action [122, 124].

Several biological effects for the exerted cardioprotec-
tive action of this polyphenol have been identified includ-
ing e.g. (1) reduction of platelet aggregation; (2) vasodila-
tation; (3) decrease of lipid peroxidation and improvement 
of serum cholesterol profile; (4) anti-atherosclerotic action; 
(5) protection of endothelial cells against apoptosis and in-
duction of neovascularisation of the infarcted myocardium; 
and (6) diminishing of smooth muscle cell proliferation 
[124]. Many of the biological actions of resveratrol have 
been attributed to its antioxidant properties [125]. Park et 
al. [126] demonstrated that resveratrol inhibited foam cell 
formation, a key step in atherosclerosis process, as well as 
ROS production. In particular, resveratrol blocked ROS 
production by inhibiting the expression of NOX-1, and fur-
ther inhibited monocyte chemotactic protein-1 (MCP-1) 
production as well. Oxidation of LDL favors the transfor-
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mation of macrophages into foam cells. This process is 
considered to be dependent on ROS produced via NOX. 
Modulating of this process by resveratrol might have po-
tential impact on regulation of vascular endothelium mi-
croenvironment [126]. Interestingly, the ability of resver-
atrol (concentration-dependent between 1 µmol/l - 100 
µmol/l) to activate the erythrocyte plasma membrane redox 
system and extracellular ascorbate free radicals reductase 
may provide protection to the plasma membrane against 
oxidative changes [127]. The study of Olas et al. [128] re-
vealed that resveratrol (1-25 µg/ml) reduced the oxidative 
stress in blood platelets induced by platinum compounds 
as cisplatin or selenium-cisplatin conjugate (10 µg/ml). 
Resveratrol decreased platelet lipid peroxidation and ROS 
production caused by these compounds.

During the recent decades studies focused on potential 
strategies that could limit oxidation in the retina thus pre-
venting or at least decreasing prevalence of many retinal 
diseases which etiology is associated with oxidative stress. 
King et al. [129] proved that resveratrol (100 µmol/l) in-
hibiting basal and H

2
O

2
-induced intracellular oxidation 

protected retinal pigment epithelium (RPE) cells from 
H

2
O

2
-induced cell death. Mansoor et al. [130] showed that 

at 30 µmol/l, resveratrol (as genistein and as memantine) 
can reverse the apoptosis and oxidant production generated 
by benzo(e)pyrene, a toxic component of cigarette smoke. 
The authors suggested that these agents might have a pro-
tective effect in retinal diseases linked with the damage of 
RPE cells.

The team by Szaflik and Majsterek investigated the ef-
fect of resveratrol on oxidative stress based on DNA dam-
ages in lymphocytes of patients with AMD and healthy 
subjects. Resveratrol at 5 µmol/l – 50 µmol/l concentra-
tions decreased oxidative DNA lesions in lymphocytes of 
patients with AMD as compared to healthy controls. It was 
also found that resveratrol might increase the activity of 
main antioxidative enzymes, including glutathione perox-
idase, superoxide dismutase and catalase in patient cells 
[131]. Recently published data support the hypothesis that 
resveratrol may be able to protect the retina against ischae-
mia by downregulation of MMP-9 and inducible NO and 
upregulation of heme oxygenase-1 (HO-1) [132]. 

The anti-angiogenic potency of resveratrol attracts at-
tention of researchers. For the first time Bråkenhielm et al. 
[133] demonstrated clearly the anti-angiogenic properties 
of orally administrated resveratrol. It was shown that res-
veratrol significantly suppressed VEGF- and FGF-2–in-
duced corneal neovascularization in the mice model.

Hua et al. [134] showed that the oral administration 
of resveratrol significantly suppressed pathologic retinal 
neovascularisation in the very low-density lipoprotein re-
ceptor (VLDLR) mutant mouse (Vldlr –/–), which typi-
cally develops by the end of the second postnatal week. In 
addition, resveratrol treatment significantly reduced VEGF 
transcription in the retinas of Vldlr –/– mice and dimin-

ished VEGF-induced phosphorylation of MAPK in vitro. 
Other studies confirmed inhibitory concentration-depend-
ent (0-10 µM) activity of resveratrol on VEGF secretion in 
models of hyperglycemia-induced inflammation in RPE 
cells [135].

Recently, it was documented by Seong et al that resver-
atrol suppresses VEGF secretion via inhibition of CXC- 
chemokine receptor 4 (CXCR4) expression in ARPE-19 
cells [136].

Zhang reported the suppressive effect of resveratrol on 
hypoxia-inducible factor-1α and VEGF expression after 
warm ischemia and reperfusion in rat liver [137].

Gliemann et al. tested the hypothesis that resveratrol 
supplementation enhances training-induced improvements 
in cardiovascular health parameters in aged men. Unfortu-
nately, their results indicate that resveratrol supplementa-
tion blunted beneficial effects of exercise training [138].

It was reported that resveratrol and black tea polyphe-
nol combination synergistically suppress mouse skin tum-
ors groth by inhibition of activated MAPKs and p53 [139].

Recently, Lee et al. [140] described experiments per-
formed in a B16 murine melanoma model. Their results 
suggest that co-treatment with resveratrol and 5-fluoro-
uracil suppressed cell growth and angiogenesis in these 
tumors.

Plumbagin

Plumbagin is an antioxidant belonging to NOX inhibi-
tors, isolated from the root of the medicinal plant Plumba-
go zeylanica L. (Plumbaginaceae). It is a naphthoquinone, 
which exerts antiatherosclerotic and anticarcinogenic ef-
fects in both in vivo and in vitro models. Plumbagin was 
shown to inhibit NADPH-dependent superoxide produc-
tion in cell lines, that express NOX4 oxidase [141]. Its 
anticancer activity was demonstrated in osteosarcoma 
cells, and human non-small cell lung cancer cell lines 
[142], ovarian cancer cells [143], as well as prostate can-
cer cells [144]. Plumbagin-induced inhibition of prostate 
cancer cell growth and invasion accompanied inhibition of 
protein kinase Cε

 
(PKCε) and transcription factors AP-1, 

NF-κB, and phosphorylated signal transducer and activator 
of transcription (Stat3). In ovarian cancer cells, plumbagin 
was reported to block p53 expression and its negative reg-
ulator, Mdm2. Furthermore, this compound was able to 
supress VEGF and Glut-1 expression in EC and in ovarian 
cancer cells. It was also shown that plumbagin activated 
ERK1/2 signaling pahway via ROS in ovarian cancer cells. 
The mode of action of plumbagin on endothelial cells and 
ovarian cancer cells was shown to be different. It inhib-
ited MAPK-42/44 phosphorylation, induced p53 in EC, 
induced MAPK-42/44 phosphorylation and inhibited p53 
in ovarian cancer cells [143]. Proliferation of human non-
small cell lung cancer cell lines was dose-dependently in-
hibited by plumbagin in Xu et al. [142] study. The group 
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revealed that this compound induced apoptosis in these 
cells lines via NFκB-regulated mitochondrial-mediated 
pathway involving ROS activation. Plumbagin anticancer 
activity was also demonstrated in vivo. The substance was 
able to stop vessel formation in ovarian tumors and inhibit 
tumor angiogenesis [143, 145].

Antioxidants supplements

PADMA 28

Among many natural substances used for years in 
the treatment of human diseases PADMA 28, a herbal 
multi-compound remedy, has the roots in old Tibetan med-
icine [146]. It is a medicinal product produced in Switzer-
land (PADMA AG company). The preparation is known 
to exert angioprotecive, antioxidative and wound-healing 
properties. Bioflavonoids, tannins, phenolic acids, phenolic 
alcohols, and terpenoids were determined as the princi-
pal PADMA’s active compounds [147, 148]. In humans, 
PADMA 28 has been used as a tonic for heart and blood 
vessels and as an antioxidant. This remedy was registered 
in Switzerland in 1977, as a substance relieving symptoms 
of claudication, handicapped peripheral blood circulation, 
leg spasms, and neuropathy [149].

There are some research papers about PADMA 28 an-
ti-cancer activity; it inhibits cancer prostate cell migration 
[150], and has anti-angiogenic properties by suppressing 
angiogenesis in vitro and in vivo through AKT/GSK- 3β 
pathways [151]. 

Padma 28 seems to be a possible candidate for the care 
in diseases such as Alzheimer’s disease (AD) and other 
CNS diseases [152].

Our group performed a series of experiments with 
different plant remedies (PADMA 28, Immunal (extract 
of E. Purpurea), Reumaherb (see below) and Bioaron C) 
displaying immunostimulatory properties. The topic of 
the first one was to exclude the possible unwanted stim-
ulatory consequence of these remedies on the early steps 
of tumor angiogenesis. Additionally, we wanted to select 
remedies with both immune-stimulatory and angio-inhib-
itory properties, for use as a safe adjunctive treatment in 
immuno-compromised patients with cancers. Examined 
substances were given to mice orally in daily doses re-
calculated from the doses recommended for humans. All 
tested remedies decreased skin angiogenesis stimulated 
by human kidney cancer homogenate. The highest inhib-
itory effect was presented by Immunal (0.64 mg) and by 
PADMA 28 (5.8 mg) [153]. Important finding is that no 
stimulation of neovascular reaction was observed in all ex-
perimental groups. This opens the possibility for safe use 
of all presented herbal remedies in patients with cancers, or 
with high risk of cancer, for improving their immunity. In 
the next study we checked the in vivo effect of PADMA 28 
on the in vitro mitogen - stimulated proliferation of murine 
splenic lymphocytes and their chemokinetic activity in cell 
culture. No differences were observed among examined 

groups, fed with different PADMA daily doses (5.8mg or 
0.085mg). In experimental groups, the reaction of splenic 
lymphocytes to PHA and their in vitro chemokinetic ac-
tion was significantly raised as compared to the controls. 
This shows that PADMA 28 stimulated cell-mediated im-
munity in examined animals and might be used as immu-
no-modulating substance in the wide spectrum of doses 
[146]. In the last experiment we checked the influence of 
PADMA administered in high and low daily doses (5.8 mg 
or 0.085 mg), on immunological angiogenesis and gran-
ulocyte metabolic activity in Balb/c mice. We observed 
strong significant angiogenic response in ex vivo test after 
transplantation of Balb/c splenocytes from both examined 
dosage groups; increase of blood lymphocytes and granu-
locyte number only in mice fed with lower dose of remedy; 
and diminishing of respiratory burst of blood granulocytes 
in animals fed with higher dose of PADMA (antioxidant 
effect). It seems that PADMA28 may accelerate physio-
logical angiogenesis in lower doses, and behave as a good 
antioxidant in higher doses [149]. 

Summarizing, Padma 28 displays characteristics of 
angiogenesis modulator. It diminishes high level of cancer 
cell- induced neovascularisation and increases physiolog-
ical angiogenesis. It allows applying this preparation in 
wide spectrum of angiogenesis-related diseases. 

Resvega

Resvega is the product containing 2% of Resveratrol 
apart antioxidant vitamins (Vit C, Vit E), trace elements 
(Zinc, Copper), Omega 3 essential fatty acids, lutein and 
zeaxanthin (Laboratoires Thea). The study by Recalde 
et al. [154], showed that Resvega can prevent the cho-
roidal neovascularisation-induced lesions as well as can 
prevent VEGF expression increase in the animal model. 
Lançon et al. [155] presented that two pro-inflammatory 
cytokines IL-6 and IL-8 were down-regulated by resvera-
trol and Resvega treatments by at least 50-60% in all con-
ditions, even at the very low concentrations (1 µM). The 
investigators demonstrated also a dose-dependent (10-50 
µM) inhibition of VEGF-A levels by resveratrol and by 
Resvega in in vitro model on human retinal pigment epi-
thelium cell line ARPE-19 (Lançon et al., 2012). Another 
report showed the dose-dependent (in the range of 25-100 
µM) anti-angiogenic effect of resveratrol and Resvega 
on RF/6A retinal endothelial cells [156]. The increasing 
number of evidence suggests the potential interest to use 
resveratrol-containing products in new therapeutic area 
in the clinical ophthalmological practice, to modulate the 
processes connected with ocular choroidal neovasculari-
sation.

Reumaherb

Reumaherb preparation (Herbapol, Poland) contains 
extracts of three herbs: Echinacea purpurea, Filipindula 
ulmaria and Harpagophytum procumbens (Hp). 
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E. purpurea, as was mentioned before, is known for 
their anti-viral, anti-inflammatory and immunomodulato-
ry properties. It has also antioxidative and antiangiogenic 
activities. This herb is broadly applied for the treatment 
of upper respiratory tract infections. Immune activity of 
E. purpurea is based on enhancing antibody production, 
phagocytosis, cellular respiratory activity and lymphocyte 
activation as well as release of various anti-inflammatory 
cytokines.

F. ulmaria (Rosaceae) known as a meadowsweet – 
herb of northern and southern Europe, North America, and 
Northern Asia, is commonly used due to its anti-inflam-
matory, immunoregulatory and antioxidative properties. 
Flavone glycoside (spiraeoside) ensures antioxidant activ-
ity present in flowers of F. ulmaria. Its hepatoprotective 
properties have been also shown. It is widely applicated 
in therapy of common cold, influenza, and inflammatory 
conditions such as osteoarthritis and rheumatoid arthritis 
[157].

H. procumbens (Pedaliaceae) colloqially named Dev-
il’s clow is herbal remedy, originated from traditional 
South African medicine, used for rheumatic disorders. An-
algesic and anti-inflammatory properties of H. procumbens 
allow to use it as supportive herbal medicine in treatment 
of pains of various origin and degenerative joint diseases 
in European countries. In clinical trials, H. procumbens 
was succesfully used for alleviation of pain and improve-
ment of mobility in a variety of musculoskeletal disorders 
[158].

Nowadays, Reumaherb preparation is applied as a sup-
portive herbal medicine in treatment of inflammatory and 
degenerative disorders of joints e.g. RA and various mus-
coskeletal conditions [153, 159].

Results of experiments of our group have shown that 
Reumaherb applied orally to mice (daily doses 1.2 mg per 
mice, calculated from the doses recommended for humans) 
exerted anti-inflammatory and anti-angiogenic action on 
mononuclear cells derived from RA patients. Furhermore, 
the similar effect of Reumaherb on bronchoalveolar lavage 
cells (BAL) from sarcoidosis patients was observed. RA 
and sarcoidosis belong to the group of diseases with high 
level of angiogenesis. Rheumaherb, by diminishing neo-
vascular response, seems to be a promising preparation in 
this group of diseases [160]. This herbal preparation (1.2 
mg/day/mice) inhibited also tumour angiogenesis induced 
by kidney clear cell carcinoma homogenate in mice. This 
confirms its anti-angiogenic activity [159] and encourages 
to further investigation testing if it is possible to use it in 
neoplastic diseases. 

Conclusions
Most antioxidants described in this review negative-

ly regulate angiogenesis. This kind of action seems to 
be a general rule for antioxidants, but further studies are 

needed. The exceptions are: 1. angiomodulatory effects of 
Rhodiola and 2. PADMA 28 preparation which presented 
angioregulatory activity, decreasing high angiogenesis of 
cancer cells and increasing physiological angiogenesis. 
This kind of antioxidant can be safely used in therapy of 
patients with various disturbances of angiogenesis or oxi-
dant balance, including patients with low level angiogene-
sis diseases. For patients with abnormally high angiogene-
sis, most of known antioxidants will be curable. Particular 
attention should be paid also to proper dose of antioxidant 
treatment, because too high levels of these substances can 
provoke oxidative effect that can induce development of 
oxidant related disease. 
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