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Some natural foods are proved to be useful in prevention of the side effects,
caused by the chemotherapeutic agents, both in vitro and in vivo. Many of the
compounds, containing in them, are also approved as potent anti-malignacy
agents. As one of the main mechanisms of the action of anti-oxidant molecules is
by protection against chemically-induces oxidative stress, by cascade
mechanisms, involving modification of autophagy and apoptosis. Also, the role
of regulatory pathways, underlining the differentiation of immune cells and
immune system, is proved. In this way, the combination treatment with both
chemotherapeutic agent plus natural product(s), is proposed to allow a stronger
toxicity to malignant cells, rather than to reduce the side effects. Among the main
molecules in these processes, is established the reduced form of tri-peptide
glutathione (GSH), glutathione-S-transferase (GST), superoxide dismutase
(SOD), catalase (CAT) and beta-galactosidase. The mechanisms of cell
protection probably involve the reduction of intra-cellular oxidative stress,
maintaining GSH availability, but also increased expression and activity of GST
enzyme.
Key words: natural products, chemotherapeutic agents, antioxidants

Introduction
Some natural foods as soy, sesame, tomato, grapes, garlic,
tomato, spinach, known to contain antioxidant substances as
polyphenols,
selenium,
flavonoids,
anthocyanins,
proanthocyanidines, L-carnitine, Omega-3 fatty acids, and
coenzyme Q10 (CoQ10), have been proved as useful in
prevention of cardiotoxicity, induced by Doxorubicin and/or
other chemo-therapeutic agents (Dudka et al., 2012;
Kähkönen et al., 1999; Lou et al., 2004; Manach et al., 2005;
Minotti et al., 2004; Oliveira et al., 2004; Park et al., 2003;
Shad et al., 2007; Shahrari & Abdolkarimi, 2014; Zdunczyk
et al., 2002; Zhang et al., 2009) (Table 1). Because of the
wide spectrum of side effects on the influence of the antimalignancy agents, many components, isolated from plants
have been proved to neutralize them by various intramolecular mechanisms, by enhancing of the usable influence

at the same time (Hafidh et al., 2009). These foods and
substances, have been shown to neutralize negative side
effects, caused by Doxorubicin (Alexieva et al, 2010; Injac &
Strukelj, 2008; Kähkönen et al., 1999; Kong et al., 2003;
Pavlova et al., 2014; Sainova et al., 2012; Sainova et al.,
2014; Sainova et al., 2015; Wang & Stoner, 2008; Wang et
al., 2012; Zdunczyk et al., 2002; Zhang et al., 2009). Similar
neutralizing influence on the side toxic effects, induced by
other chemotherapeutic drugs (Daunorubicin, Epirubicin,
Idarubicin), have been shown by the same natural foods and
anti-oxidant molecules, but also by vitamins A, C and E,
Resveratrol and olive oil (Alexieva et al, 2010; Das &
Poudel, 2006; Granados-Principal et al., 2010; Han et al.,
2008; Han et al., 2012; Quiles et al., 2002). As other natural
products, found to increase significantly the cardiac cell
survival from Doxorubicin-induced toxicity, has been
characterized the extract from Pummelo (Citrus maxima)
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(Chularojmontri et al., 2013). Several different mechanisms
of anti-malignant and protective effects of those biologicallyactive substances against the chemical drug injuries, have
been established: neutralization of the free radicals, influence
of intra- and extra-cellular inter-molecular cascade regulatory
pathways,
immune-modulation,
but
also
different
combinations between them, subsequently enhancing their
therapeutic activity. Also, over-lapping between the different
mechanisms of protection and neutralization could be
established.
Enhanced anti-malignant activity in combination of
Chemotherapeutics with natural products and plant extracts
Combination treatment with Doxorubicin and HO-3867
has been found as able to allow a strong toxicity to breast
cancer cells, rather than to reduce the cardiac side effects
(Dayton et al., 2011) (Table 1). Because of the high content
of polyphenols and anthocyanins, the medical plant Aronia
melanocarpa (Chokeberry) has been applied as a strong anticancer and chemo-protective agent (Alexieva et al., 2014;
Kähkönen et al., 1999; Kong et al., 2003; McDonnald et al.,
1997; Pavlova et al., 2014; Sainova et al., 2012; Sainova et
al., 2014; Sainova et al., 2015; Wang & Stoner, 2008; Wang
et al., 2012; Zapolska-Downar et al., 2012; Zdunczyk et al.,
2002). In XX century, this plant has become popular in many
countries all over the world not only with its valuable food
qualities, but also as a therapeutic and prophylactic
supplement (Domarew et al., 2002; Han et al., 2008; Han et
al., 2012; Hovmaln Persson et al., 2004; Kokotkiewicz et al.,
2010). As a rich source of polyphenols and anthocyanins, the
extract of this plant has been applied as a natural antihypertensive and anti-atherosclerotic drug (Domarew et al.,
2002; McDonnald et al., 1997), but also as anti-cancer,
antioxidant and chemo-protective agent (Kong et al., 2003;
Stoner et al., 2008; Wang & Stoner, 2008; Zdunczyk et al.,
2002). In a recent study, protective action of Chokeberry
extract against oxidative stress, induced by high doses of
glucose in pancreatic cells has been shown in vitro and in
vivo (Kujawska et al., 2011; Rugina et al., 2011). According
the results from another investigation, combination of
Doxorubicin treatment with the isolated from the plant
Polygonum multiforum substance tetrahydroxystilbene
glucoside (THSG) has been suggested as a promising antimalignancy strategy by enhancing the anti-malignancy action
in vitro and in vivo (Zhang et al., 2009). Similar clinical
efficiency in vivo has been established in combination of
Doxorubicin with Taurine in laboratory mice with
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experimentally-induced tumors (Sadzuka et al., 2009) and
substance HO-3867 (Dayton et al., 2011). On the other hand,
preventive influence of many natural substances as
proanthocyanidines against the induced by Doxorubicin and
other chemo-therapeutic drugs mutagenic effects have been
indicated (Attia et al., 2010). Additionaly, activation of
immunological mechanisms (including anti-malignant) has
been indicated in vitro and in vivo (El-Benna et al., 1986;
Huang & Terstappen, 1994; McDonnald et al., 1997; Sainova
et al., 2012; Sainova et al., 2014; Sainova et al., 2015;
Zapolska-Downar et al., 2012; Zielinska-Przyjemska et al.,
2007).
Cardio-protective effects of natural products and plant
extracts
Different influences of Resveratrol on the oxidative stress
and cardiac morphology have been found, depending of its
dose (Dudka et al., 2012). Hence, this substance probably
modulates the hepatic and cardiac effect of Doxorubicin,
depending on the drug dose (Pavlova et al., 2014), both in
vitro and in vivo (Sainova et al., 2012; Sainova et al., 2014;
Sainova et al., 2015; Zhang et al., 2009). These compounds
have also indicated various mechanisms of enhanced antimalignacy effects in their combined use with chemotherapeutic agents, both in vitro and in vivo (Alexieva et al.,
2010; Hafidh et al., 2009; Scott et al., 2011) (Table 1). As
other substances, which have shown cardioprotective effects
against the Doxorubicin-induced toxic negative effects, have
been proved alpha-Lipoic acid (Mohamed et al., 2010),
Taurine (Sadzuka et al., 2009), Aminoguaninidine (Cigremis
et al., 2005), Melatonin (Liu et al., 2002; Oz et al., 2006), Nacetylcysteine and selenium (Park et al., 2003), but also the
isoquinoline alkaloid Berberine (Zhao et al., 2011).
According to the data from another study, the natural
compound Curcumin has been found to protect the heart from
the Doxorubicin-induced cardiotoxicity by suppression of
cardiomyocytes apoptosis, but induction of their autophagy
by regulation of JNK-phosphorylation (Katamura et al.,
2014). In this way, Curcumin has been shown to protect the
cardiomyocytes from the Doxorubicin-induced apoptosis.
Similar against apoptosis and necrosis, caused by
Doxorubicin, has shown the hormone Melatonin (Liu et al.,
2002) and Pummelo extract (Chularojmontri et al., 2013).
According to another investigation, the role of
Aminoguanidine against Doxorubicin-related cardiomyopahy
has been indicated (Cigremis et al., 2005). Pre-treatment with
natural products and plant extracts has been found to increase
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the endogenous anti-oxidant molecules SOD, GSH and
catalase (CAT) in mouse and rat in vivo-models, but also in
in vitro-cultivated normal and malignant cells from human
H9C2 cell line and A594 cancer line (Han et al., 2008; Han et
al., 2012; Wang et al., 2012). Similarly, the levels of GSH
have been established to be decreased in heart tissue from the
same animals, treated with Doxorubicin (Pavlova et al., 2014;
Wang et al., 2012). Other molecules, possessing protective
effect against Doxorubicin-induced cardiotoxicity, are
Cystathionine both in vitro and in vivo (Kwiechen et al.,
2006) as well as Naringenin and its derivatives (Attia et al.,
2010; Han et al., 2008; Han et al., 2012). Here again, a
protective effect of these natural substances against the
induced by Doxorubicin oxidative damages on the
cardionmyocytes has been shown. However, no interference
of this substance with the Doxorubicin antitumor effect was
established (Kulling & Rawel, 2008; Lou et al., 2004). On the
other hand, the protective action of molecule
Tetrahydrostilbene
glucoside
(THSG)
against
the
Doxorubicin-induced toxic effects in vitro and in vivo, has
been found to be by decreasing of ROS generation and intracellular Ca2+, as well as by inhibition of apoptotic signaling
pathways (Rugina et al., 2011; Zhang et al., 2009). On the
other hand, the aerobic exercise has been suggested as one of
the non-pharmacologic therapeutic strategies, which promise
to attenuate Doxorubicin-induced cardiotoxicity (Alexieva et
al., 2014; Pavlova et al., 2014; Sadzuka et al., 2009). Extract
from Aronia melanocarpa has become popular as a
therapeutic and prophylactic supplement, but also as a natural
anti-hypertensive and anti-atherosclerotic drug (Alexieva et
al., 2014; Denev et al., 2012; Kähkönen et al., 1999; Kong et
al., 2003; Kujawska et al., 2011; Wang & Stoner, 2008;
Zapolska-Downar et al., 2012; Zhao et al., 2011). Similar
cardio-protective effects against the chemo-therapeutic agents
have been established about the garlic and its extracts (Das &
Poudel, 2006), but also about the olive oil (GranadosPrincipal et al., 2010) and sesame oil (Shad et al., 2007).
Analogically, N-acetylcystein and selenium (Park et al.,
2003), Aminoguanidine (Cigremis et sl., 2005), alpha-Lipoic
acid (Mohamed et al., 2010) and compound HO-3867 have
also been proved to protect the cardio-vascular system
against the negative drug action. Participation of the
mitochondria has been proposed in the As a main mechanism
of both Doxorubicin-induced cardiotoxicity is established the
mitochondria injury on the influence of the drug (Oliveira et
al., 2004). The same authors have shown the importance of

these cell organelles in the preventive action on the natural
products.
Immuno-modulation influence of natural products and
plant extracts
Influence of Aronia melanocarpa ingredients on the
neutrophil differentiation have been established (El-Benna et
al., 1986; Huang & Terstappen, 1994; McDonnald et al.,
1997; Sainova et al., 2012; Sainova et al., 2014; Sainova et
al., 2015; Zapolska-Downar et al., 2012; ZielinskaPrzyjemska et al., 2007). Intra-cellular anti-oxidant
mechanisms have also been proposed as underlying in the
immuno-modulatory influence of the plant ingredients, both
in vitro and in vivo (El-Benna et al., 1986; McDonnald et al.,
1997; Sainova et al., 2014; Zapolska-Downar et al., 2012;
Zielinska-Przyjemska et al., 2007) (Table 1).
Main molecules and intra-molecular interactions,
underlining the protective effects of natural products and
plant extracts
As one of the main mechanisms of the action of
antioxidant molecules has been characterized the protective
influence against the chemically-induced oxidative stress
(Attia et al., 2010; Hafidh et al., 2009; Han et al., 2012;
Kokotkiewicz et al., 2010). In this way, a protective action of
the extract from Pummelo has been found to protect the
Doxorubicin-induced oxidative stress (Chularojmontri et al.,
2013). Also, cascade mechanisms, underlining the
differentiation of immune cells and immune system, have
been proved (Jahngen-Hodge et al., 1997; Kong et al., 2003;
Zhu et al., 2012) (Table 1). As main molecules, included in
these processes, have been established the reduced form of
tri-peptide Glutathione, particularly its reduced form (GSH)
(Sainova et al., 2014) but also enzymes participating in its
metabolism as Glutathione-transferase (GST) and betagalactosidase (Oliveira et al., 2004). The mechanisms of cell
protection have been found to involve the reduction of intracellular oxidative stress, maintaining GSH availability, but
also increased expression and activity of GST enzyme
(Chularojmontri et al., 2013). Furthermore, in long-term
treatment with this plant extract, suppression of the
Doxorubicin-induced cellular senescence has been
established, and as one of the main molecules in the
mechanisms, underlining this process, has been characterized
the enzyme iso-form ESTP, known to be important about the
elimination of toxic substances.
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Table 1. Different mechanisms of chemo-protective influence of natural sources and their components

Cell cultivation studies

Animal studies

Human studies

Cardio-protective effects of
natural products and sources
from them

- by influence on the levels
of free radicals
(Chularojmontri et al.,
2013; Han et al., 2008;
Zhang et al., 2009)
- by influence on cascade
regulatory pathways
(Chularojmontri et al.,
2013; Dayton et al., 2011;
Han et al., 2008; Han et
al., 2012; Wang et al.,
2012; Zhang et al., 2009)
- by anti-inflammatory
activity (Zapolska-Downar
et al., 2012)

- by decrease of the
oxidative stress (Das &
Poudel, 2006; GranadosPrincipal et al., 2010;
Manach et al., 2005;
Quiles et al., 2002)
- by influence on cascade
regulatory mechanisms
(Manach et al., 2005;
Scott et al., 2011)

Enhancing the chemotherapeutic
anti-malignant effects

- by influence on the levels
of free radicals (Wang &
Stoner, 2008)
- by influence on cascade
regulatory pathways
(Wang & Stoner, 2008)
- by immune-modulation
(El-Benna et al., 1986;
Kokotkiewicz et al., 2010;
Zapolska-Downar et al.,
2012; ZielinskaPrzyjemska et al., 2007)
- stimulation of normal
immune cell differentiation
(El-Benna et al., 1986;
Rugina et al., 2011;
Sainova et al., 2012;
Sainova et al., 2014;
Sainova et al., 2015;
Zapolska-Downar et al.,
2012; ZielinskaPrzyjemska et al., 2007)

- by influence on cascade
regulatory mechanisms
(Cigremis et al., 2005;
Katamura et al., 2014;
Kwiechen et al., 2006; Liu et
al., 2002; Mohamed et al.,
2010; Oliveira et al., 2004;
Oz et al., 2006; Park et al.,
2003; Shad et al., 2007;
Wang et al., 2012; Zhang et
al., 2009; Zhao et al., 2011)
- by decrease of the oxidative
stress (Arafa et al., 2005;
Kujawska et al., 2011;
Mohamed et al., 2010;
Oliveira et al., 2004; Park et
al., 2003; Shad et al., 2007;
Zhang et al., 2009)
- by influence on cascade
regulatory pathways
(Sadzuka et al., 2009; Wang
& Stoner, 2008)
- by decrease of the oxidative
stress (Attia et al., 2010;
Kwiechen et al., 2006;
Ortega et al., 2011; Wang &
Stoner, 2008)
- by immune-modulation
(Kong et al., 2003; Wang &
Stoner, 2008)
- gastro- and hepatoprotective influence (Dudka
et al., 2012; Pavlova et al.,
2014; Rugina et al., 2011)

Other usable effects

These results indicated a strong scavenging effect of
chokeberry anthocyanins on the intracellular reactive oxygen
species (ROS) and reactive nitrogen species (RNS) (Alexieva
et al., 2010). The mechanism of Aminoguanidine protective
action against Doxorubicin-induced side effects has been
proved to be mainly by the role of this nature compound as a
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- by influence on cascade
regulatory pathways
(Wang & Stoner, 2008)
- by decrease of the
oxidative stress (Hafidh et
al., 2009; Injac &
Strukelj, 2008;
Kokotkiewicz et al., 2010;
Kulling & Rawel, 2008;
Wang & Stoner, 2008)

- hepato-protective,
gastro-protective, neuroprotective, anti-diabetic,
anti-bacterial, anti-viral,
anti-inflammatory effects
(Kokotkiewicz et al.,
2010; Ortega et al., 2011;
Wang & Stoner, 2008)

free radicals scavenger (Cigremis et al., 2005). Ability to
restore dose-dependently the strong decrease of the levels of
the intracellular reduced GSH has been established (Ortega et
al., 2011). According to other data, anthocyanin-mediated
increase of GSH synthesis and protection of hepatocytes
against ROS–induced injury has been proposed (Lou et al.,
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2004; Zhu et al., 2012). Analogical mechanisms have been
established in the prevention of Adriamycin side effects by
anti-oxidant nutrients (Principal et al., 2010). GSH deficit has
been found to disrupt the redox-status and upsets the
physiological cellular balance between pro-oxidants and
antioxidants (Injac & Strukelj, 2008). Lowered cellular GSH
has been observed in different pathological conditions (premalignancies and malignancies, inflammations, Parkinson’s
disease, Acquired Immuno-Deficiency Syndrome (AIDS) and
other immune pathologies, diabetes, etc.) (Ortega et al.,
2011). Thus, GSH modulation could represent a supportive
measure to achieve a therapeutic goal.

Conclusion
Because of the high content of anti-oxidant substances,
many natural foods are useful in the prevention of side effects
of chemotherapeutic drugs. Also, many of those molecules
are proved as anti-malignancy and immuno-modulation
enhancers. As one of the main mechanisms of this action is
proved their action against the chemically-induces oxidative
stress, by cascade pathways, with participation of internal
anti-oxidant molecules as GSH, GST, SOD, CAT and betagalactosidase. Over-lapping between different mechanisms of
cardio-toxic, anti-malignancy and other protective effects in
the three types of biological systems tested could very often
be noted. This might be explained with manifestation of the
protective effects of the natural products as result of action of
several different mechanisms, but also with resulting and
interaction between each other or between different
components from them.
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