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Abstract

Honey, considered a functional food with a complex chemical composition, has been revered since ancient times for
its nutritional and therapeutic properties. In addition to its high sugar content, honey contains a wide variety of
bioactive components, especially phenolic acids and flavonoids, which gives it a high antioxidant and anti-
inflammatory activity. In addition, results obtained by in vitro and in vivo testing of different types of honey have
demonstrated the potential effects of this product in the prevention, progression and therapy of cancer. The antitumor
effects of honey are generally attributed to different mechanisms, such as blocking the cell cycle, activating the
mitochondrial pathway, permeabilizing the outer mitochondrial membrane, inducing apoptosis and, on the other
hand, modulating oxidative stress, ameliorating inflammation and inhibiting angiogenesis. These aspects have
demonstrated excellent preclinical potential in a variety of conditions and physiological systems, an aspect that can
guide future research in thoroughly delving into the mechanisms of action of this proven "superfood" that can be
optimized for the benefit of humanity.
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1. Introduction and a variety of volatile compounds [3]. Nitrogen

is present, for the most part, in the structure of
Honey is produced by bees, by collecting the amino acids and peptides, the most abundant
nectar of flowers and processing it through amino acid in honey being represented by proline,
digestion and repeated regurgitation. The acidic followed by glutamic acid, alanine, phenylalanine,
pH of the bee stomach, together with invertase, tyrosine, leucine, isoleucine and others. The honey
diastase and enzymatic activities, give rise to a produced by Apis Mellifera also contains small
supersaturated aqueous product composed of 80% amounts of proteins, respectively 0.1-1.5%, the
sugars, mainly fructose and glucose, with minor most abundant being defensin-1 and royal jelly
amounts of sucrose, maltose and other complex protein, but also enzymes such as glucose-oxidase,
sugars. A multitude of substances such as water diastase (amylase), a-glucooxidase, catalase and
have been identified in the chemical composition acid phosphatase. In addition, honey contains
of honey [1,2], proteins (enzymes), organic acids, 0.57% organic acids, mainly gluconic acid,
vitamins, minerals, pigments, phenolic compounds derived from glucooxidase activity, and citric

acid, which gives it an average pH of 3.9, as well
as small amounts of vitamins, especially the
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thiamine, niacin, riboflavin and panthenic acid)
and ascorbic acid. At the same time, honey also
contains a wide range of minerals (calcium, iron,
magnesium, manganese, phosphorus, potassium,
sodium and zinc), in percentages varying from
0.04% to 0.2%, reflecting the mineral content of
the soils where the plants from which the nectar
comes from grow. Of the total minerals, potassium
represents about a third. The quality of honey
depends on the type of flowers from which bees
collect nectar [4-6], the climatic conditions in
which plants grow and its processing and storage
conditions [7]. Bee honey is a natural product,
used not only as a nutritional product, but also as a
medicine. The therapeutic potential of honey is

due to its phytochemical, anti-inflammatory,
antimicrobial, antioxidant, anti-allergic,
hepatoprotective, antiproliferative,

anticarcinogenic and antimetastatic properties.
Responsible for the sanogenic properties of honey
are compounds with an antioxidant role, such as
phenolic acids, flavonoids, sugars, vitamins and
enzymes, content in H>O,, minerals, especially
copper and iron [8,9], but also a series of physical
parameters such as pH, osmotic pressure, factors
that can act singly or synergistically. The most
important compounds of honey, with an
antioxidant role, which confer its medicinal
properties, are phenols and polyphenols. Despite
their variability in the chemical composition of
honey, the most abundant flavonoids are apigenin,
quercetin, chrysin, luteolin, kaempferol, galangin,
genistein, pinobanksin and pinocembrin, while the
more abundant phenolic acids are represented by
gallic acid, chlorogenic acid, syringic acid, p-
coumaric acid, caffeic acid, vanillic acid and p-
hydroxybenzoic acid [10]. Currently, these
compounds are of particular interest for medical
and food research, mainly due to their functional
properties. Besides being considered to be strong
agents of peroxide radicals, mainly due to the
presence of high mobility of hydrogens in their
molecular structures [11], polyphenols could be
effective immune modulators, but also inhibitors
of hormone action. Therefore, the quality of honey
and its therapeutic properties depend on its
chemical composition which, in turn, is dependent
on the geographical area, the floristic composition,
the season, the environmental factors but also the
beekeepers' practices (processing, handling,
storage).
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2.  Antioxidant
properties of honey

and anti-inflammatory

Oxidative stress is defined as an imbalance
between the protective activity of antioxidants and
the activity of free radicals [12]. In cellular
systems, free radicals and reactive oxygen species
(ROS) are physiologically produced in various
cellular biochemical reactions, such as aerobic
energy production in mitochondria [13], fatty acid
metabolism [14], drug metabolism [15] and during
immune system activity [16], but also under the
action of some exogenous factors such as
pollution, UV rays, ionizing radiation, unhealthy
lifestyle habits, being major oxidizing agents,
involved in aging and the occurrence of many
types of diseases [17]. Antioxidants are molecules
capable of donating an electron to free radicals,
with the effect of neutralizing, reducing, or
eliminating their ability to damage cells and major
biomolecules, such as nucleic acids, proteins, and
lipids [18]. To reduce these negative effects of
free radicals, cellular systems have defense
mechanisms that consist in the synthesis of
endogenous antioxidants such as superoxide
dismutase (SOD), glutathione peroxidase (GPX),
alpha lipoic acid (ALA), coenzyme Q10, catalase,
vitamins and others. In addition, for greater
effectiveness, they also resort to a series of
exogenous antioxidants (e.g. vitamin C and E,
selenium, zinc, copper, manganese, [-carotene,
phenolic compounds, etc.), taken from the fruit-
rich diet, vegetables, but also other sources from
the plant and animal kingdom [19]. Due to the
different  enzymatic and  non-enzymatic
antioxidant compounds in its composition, honey
is considered a nutritional supplement, which can
be used against oxidative damage. Responsible for
the antioxidant capacity of honey are mainly
phenolic compounds [20,21], there is a direct
relationship between the concentration of total
phenols in honey and its antioxidant properties.
Numerous researches have demonstrated the
existence of a correlation between the darker
shade of honey color and a higher content in total
phenols and, implicitly, a higher antioxidant
capacity [22]. By scavenging free radicals and
protecting against lipid peroxidation, honey can
reduce and prevent various clinical conditions,
such as chronic diseases, inflammatory disorders,
and cancer [23,24]. In target tissues, the
production of ROS is responsible for the induction
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of inflammation and the release of pro-
inflammatory  cytokines. Honey modulates
oxidative stress, inflammation and apoptosis by
down-regulating of the expression of NF-kB,
NRLP-3, p65, p38, ERK and JNKand also up-
regulating . of Nrf2 and AMPK expression. The
antioxidant capacity of polyphenols is determined
by: the redox properties that allow them to act as
reducing agents, hydrogen donors and singlet
oxygen saturation [25]; the possibility to form
chelated compounds with metals [26], to react
with free radicals and genotoxic or carcinogenic
substances and is considered to be much more
greater than essential vitamins, contributing
significantly to the sanogenic effects manifested
by the natural products in which they exist.
Although the antioxidant capacity of honey
(AOC) is mainly given by phenolic compounds,
other products such as enzymes, amino acids and
carotenoids also play an important role, the
amount of these substances in honey being
dependent on the geographical area and the
climatic condition. For example, the flavonoid
kaempferol can be found in rosemary honey and
quercetin in sunflower honey. The total
concentration of phenols in bee products depends
a lot on the floral source, the place where nectar
and pollen are collected. It has been established
that the consumption of natural products, with a
high content of antioxidants of phenolic origin, is
associated with a reduced risk of cardiovascular
diseases and some chronic diseases [27]. Alvarez-
Suarez et al. [2012] determined the role of
monofloral honey phenolics on human red blood
cell membranes against oxidative damage. The
results show that honey suppresses the oxidative
damage of erythrocytes the most, probably due to
its assimilation into the cell membrane and the
ability to enter and reach the cytosol. Honey
contains adequate antioxidants that are responsible
for the biological activity, defense and increased
functions of red blood cells [28]. A number of
other compounds have been found in varying
concentrations in various types of honey. Thus,
gallic acid, an anti-inflammatory compound, and
its derivatives, are present in a variety of products
with diverse biological and pharmacological
activities, including  scavenging  radicals,
interfering with cell signaling pathways, and
cancer cell apoptosis [29]. Protocatechuic acid is
considered to be an active component of some
traditional Chinese herbal medicines. It has been
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found to possess various pharmacological effects
that may be closely related to its antioxidant
activities. Similarly, 2,4-dihydroxybenzoic acid is
an antioxidant compound [30]. Catechin, a bio-
flavonoid, is known as a free radical scavenger,
reported as a component of green tea, as an
antitumor agent and as an insect repellent. The
antioxidant activity of phenolic compounds can
represent an alternative for maintaining and
restoring the balance of the intestinal microbiota,
since these compounds can stimulate the secretion
of superoxide dismutase (SOD), glutathione
peroxidase (GPx), catalase (CAT), glutathione
reductase (GR) that block ROS or stimulates the
endogenous defense system [31,32]. Numerous
studies [33,34] showed a high correlation between
the total amount of polyphenols (TPC),
respectively the total amount of flavonoids (TFC)
and the antioxidant capacity of honey [35] The
antioxidant capacity of honey is also influenced by
the type of treatments applied for preservation.
Akhmazillah, F.N., et al., [2014] reported that
high pressure processing of Manuka honey results
in a significant increase in antioxidant capacity
compared to unprocessed honey. Also, thermal
treatment, by heating to 45°C and 55°C, causes a
linear increase in antioxidant capacity, but also a
high correlation between TPC and antioxidant
activity [36].

3. Anticancer activity of honey

Numerous studies have highlighted the
effectiveness of honey and associated bioactive
constituents as antitumor agents against some
types of cancer. Currently, cancer is the second

leading cause of death worldwide, causing
approximately 10 million deaths annually.
According to the International Agency for

Research on Cancer, 19.3 million new cases were
estimated in 2020 [37]. Cancer is a process that
starts from a single transformed cell and then
proceeds in several stages. The pathogenesis of
cancer is characterized by a change in the
capacities of cell proliferation, invasion and
metastasis. This process is controlled by various
transcription factors, protein kinases, cell cycle
proteins, pro-apoptotic and anti-apoptotic proteins
and other target molecules [38]. Currently, a series
of effective drugs are used in the treatment of
cancer, but they induce toxicity [39], an aspect
that has led, in recent years, to the need to find
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alternative sources, with an emphasis on the use of
natural products. Studies carried out on tumor cell
lines have demonstrated the role of honey both in
reducing the tumorigenicity of some types of
cancer, such as colorectal cancer [40,41],
pulmonary [40,41], breast [42,43], cervix [44 ],
renal [45], skin [46], prostate [47], as well as in
improving the effect chemotherapeutic drugs, such
as S-fluorouracil and paclitaxel [40,46]. The
antitumor effects of honey have been attributed to
its role in inducing apoptosis [43,46,48],
modulation of oxidative stress [40,46,49] and its
anti-proliferative properties [40,43,46] and anti-
metastatic [40, 43]. In addition, several studies
have demonstrated that honey has the ability to
modulate the immune system by inducing an anti-
inflammatory effect against cancer [40, 45].
Polyphenols identified in the composition of
honey, such as chrysin, galanginin, caffeic acid,
caffeic acid phenyl ester, quercetin, acacetin,
kaempferol, pinocembrin, pinobanksin and
apigenin, may be promising pharmacological
agents in the treatment of cancer, through their
anti-proliferative and molecular mechanisms [10].
Research by Galijatovic et al., [2001] showed the
effect of chrysin in preventing cancer, in a similar
manner to anastrozole, a drug used to treat breast
cancer. The mechanisms by which honey can
exert its antiproliferative, antimetastatic and
anticancer effects include, on the one hand, cell
cycle arrest, activation of the mitochondrial
pathway, permeabilization of the outer
mitochondrial membrane, induction of apoptosis
and, on the other hand, modulation of oxidative
stress, amelioration of inflammation and inhibition
angiogenesis [50]. Pichichero et al., [2010]
demonstrated that both honey and its constituent,
chrysin, have antiproliferative effects on human
and murine melanoma cells by arresting the cell
cycle in the GO/G1 phase [51]. Also, quercetin and
kaempferol can stop the cell cycle in different
phases such as GO0/G1, G1 but also G2/M in
human melanoma, renal, cervical and esophageal
adenocarcinoma [52] [Figure 1].
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Figure 1 Schematic representation of cell cycle
arrest in GO/G1 and G2/M, under the action of honey
[https://link.springer.com/chapter/10.1007%2F978-981-
15-7305-7_16]

The mitochondrial pathway involves a series of
interactions between multiple stimuli, including
nutrients, physical stress, oxidative stress, and
injury, during which proteins such as cytochrome
¢ can be released into the mitochondrial
intermembrane space (IMS), leading to cell death
[53]. Therefore, compounds such as flavonoids in
honey are able to activate the mitochondrial
pathway and thus can be considered as potential
agents with a cytotoxic effect [54, 55]. Various
apoptotic stimuli can induce a decrease in the
mitochondrial membrane potential (MMP) which
leads to the release from the external
mitochondrial compartment of some pro-apoptotic
or apoptogenic proteins (e.g. Cytochrome c —
Cyto-C) to activate the mitochondria-dependent
apoptotic pathway (intrinsic pathway ) [56]. The
integrity of the mitochondrial membrane potential
(MMP) is regulated by the bcl-2 family of
proteins, composed of pro-apoptotic (e.g. bax,
bad, bak, bim and bid) and anti-apoptotic (e.g. bcl-
2 and bcl-xL) members [57]. Activation of such
apoptotic signaling pathways as p53-PUMA and
death receptor pathways can disrupt the balance in
the bcl-2 protein family in favor of pro-apoptotic
proteins (eg bak, bax) leading to increased
mitochondrial membrane permeability. As a
result, cytochrome c, located in the mitochondria,
will be released into the cytosol, where it will
subsequently bind to the apoptotic protease
activating factor 1 (Apaf-1) (Apoptotic peptidase
activating factor - 1), resulting in a conformational
change leading to oligomerization of Apaf-1, in
the presence of cytosolic dATP (deoxyadenosine
triphosphate) or ATP. Together with cytosolic
procaspase-9, dATP and cytochrome c,
oligomerized Apaf-1 can form a massive complex
called apoptosome, with a role in the activation of
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caspase 9 [58,59]. The initiator caspase 9
activates, in turn, through the proteolytic
activation of pro-caspases 3 and 7, the effector
caspases 3 and 7, whose substrates are represented

—

P53-PUMA

by poly (ADP-ribose ) polymerase (PARP), lamin
and fodrin, resulting in DNA fragmentation and
the formation of apoptotic bodies [60] [Figure 2].
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Figure 2. How natural products modulate apoptosis in intestinal epithelial cells, via the
mitochondrial pathway [61]

Fauzi, ANN., et al.,, [2011] showed that honey
treatment causes apoptosis of breast cancer cells
by inducing the activation of caspases-3/7 and -9
[62] Also, recent studies have reported the
adjuvant effect of honey in tamoxifen-induced
apoptosis, by activating caspases -3/7, -8 and -9
[63]. In addition, the role of honey in inhibiting
the activity of PARP, the enzyme involved in
apoptosis and DNA repair, has been demonstrated
[64]. Thus, inhibiting PARP activity [Figure 3]
prevents DNA repair and therefore increases the
cytotoxicity of honey in cancer cells. Through this
study, it was demonstrated that the use of honey in
cancer therapies induces the process of apoptosis
by activating the caspase-3 pathway and by

Caspase 8

-

; Caspase 3 j‘)

expressing the p53 and Bax proteins. Similar
effects, inducing apoptosis, were obtained by
using honey in breast cancer, murine melanoma
but also on colorectal carcinoma cells [46], the
apoptotic effect being mediated by the activation
of caspase-9, - 3 and decreasing the expression of
the antiapoptotic protein Bcl-2 [46]. Duo, J. et al.,
[2012] also report the inhibitory effect of
quercetin, another honey compound, on pancreatic
and breast cancer cells by upregulating the
expression of the proapoptotic protein Bax and
downregulating the expression of the antiapoptotic
protein Bcl-2 [65].
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Figure 3. Schematic representation of the mechanism of apoptosis induction by the use
of honey [https://www.hindawi.com/journals/ecam/2013/829070/figl/]
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In addition, recent research [66] reveals that
chrysin, a major component of honey, exerts an
antimetastatic effect in human breast cancer cells
and induces apoptosis by activating caspase-3 and
of Bax protein in melanoma cells [67]. All these
data indicate the role of polyphenols in the
composition of honey in the death by apoptosis of
cancer cells.

The antitumor effect of honey, mediated by the
increase in oxidative stress at the cellular level,
associated with the increase in the generation of
ROS. In vitro studies on HCT-15 and HT-29
colon carcinoma cells [68], showed that the
anticancer effect of honey is mediated by
increasing oxidative stress at the cellular level,
associated with increased ROS generation. Honey-
induced cell death was accompanied by DNA
fragmentation, which was subsequently strongly
inhibited by treatment with the antioxidant, N-
acetyl-L-cysteine (NAC). The obtained results
indicate the role of honey in inhibiting the
development of cancer by modulating oxidative
stress, respectively by the antioxidant or
prooxidant mechanism, depending on the state of
oxidative stress in cancer cells. In both cases, the
pro-oxidant and antioxidant effects of honey lead
to the death of cancer cells. The dual effect of
honey on cancer cells is due to its rich phenolic
content [69]. Thus, phenolic compounds can
interact with transition metals, such as copper,
leading to the release of ROS and, implicitly, to
DNA damage and cell death. Some studies [70]
showed that treating HIT-T15 cells with honey
had the effect of reducing the expression of
MAPK and NF-kB, and chrysin, a compound also
found in honey, induced apoptosis in cells of
melanoma B16-F1 and A375 [67] by modulating
MAPK kinase. In addition, chrysin induced TNF
(TRAIL)-mediated apoptosis in cancer cell lines
[71]. The potential anti-angiogenic effect of
honey in cancer cells was studied in vitro by
Abdel Aziz et al., [2009] on HePG2 hepatocellular
carcinoma cells [72]. Caffeic acid phenyl ester
(CAPE), chrysin and other cytotoxic constituents
in the composition of honey have been reported to
have anti-angiogenic and anti-cancer effects [73].
Therefore, these data indicate that honey may
exert anticancer effect by inhibiting angiogenesis.
The antitumor effect of honey, due to its
immunomodulatory property, by inducing the
release of proinflammatory cytokines by myeloid
cells
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Numerous studies have demonstrated the ability of
honey to significantly reduce the release of
reactive oxygen species (ROS) in tumor cells, a
process accompanied by the improvement of the
production of pro-inflammatory cytokines (eg
TNF-a, IL-1B, IL-6) by macrophages. One
possible mechanism of this immunomodulatory
effect would be due to the increased levels of
hydrogen peroxide in honey, which leads to a
negative feedback on the release of ROS by tumor
cells [74, 75]. The results of other studies have
shown that manuka honey has an anti-
inflammatory effect by inhibiting the effect of
lipopolysaccharide (LPS) on macrophages [76],
inhibiting the production of TNF-o as well as
reducing the release of superoxide by neutrophils
[77-79]. Ahmed S., et al., 2017, show that manuka
honey determined the reduction of breast tumors,
a process accompanied by an increase in the
serum level of the cytokine IFN-y, thus
demonstrating its antitumor immunomodulatory
effec[79].

Similarly, thyme honey has been shown to
stimulate the activation of nuclear factor kappa B
(NFkB) and AP-1 transcription factors in murine
RAW 264.7 macrophages, leading to the
production of PGE2, TNF-a and IL-6 [80].

4. Conclusions

In this review we presented recent data on the
antioxidant, anti-inflammatory and anticancer
activity, as well as the molecular mechanisms of
these therapeutic properties of honey. The
sanogenic properties of honey are conferred both
by its chemical composition, especially phenols
and polyphenols, but also by a series of physical
parameters such as pH and osmotic pressure.

The antioxidant activity of phenolic compounds
modulates oxidative stress by eliminating free
radicals and protecting against lipid peroxidation,
by stimulating the secretion of superoxide
dismutase (SOD), glutathione peroxidase (GPx),
catalase (CAT), glutathione reductase (GR) and
the endogenous defense system . The antitumor
activity of honey is achieved either by stopping
the cell cycle in its various phases, such as GO/G1,
G1 but also G2/M, by activating the mitochondrial

pathway of apoptosis, which involves the
permeabilization of the outer mitochondrial
membrane, stimulating the activation of

cytochrome c, caspases 3/7 and -9, as well as
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inhibition of PARP activity. The antitumor effect
of honey is mediated by reducing the expression
of MAPK and NF-kB at the cellular level. At the
tumor level, the immunomodulatory properties of
honey are manifested by reducing the production
of ROS, inducing the release of pro-inflammatory
cytokines such as TNF-q, IL-1p, IL-6 by myeloid
cells, but also by inhibiting the effect of
lipopolysaccharide (LPS) on macrophages. In
addition, it has been demonstrated that a series of
bioactive components of honey intervene in tumor
reduction by inhibiting the angiogenesis process.

References

1. Doner, L.W. Honey. In B. Caballero, P.M. Finglas,
& L.C. Trugo (Eds.), Encyclopedia of food sciences
and nutrition (2nd ed., pp. 3125-3130). 2003, London:
Academic Press.

2. Sabatini, A.G. Il miele: Origine, composizione e
proprieta’. In A.G. Sabatini, L. Botolotti, & G.L.
Marcazzan (Eds.), Conscere il miele (pp. 3-37).
Bologna-Milano: Avenue Media, 2007.

3. Escuredo, O, Miguez, M, Ferndndez-Gonzalez, M, &
Seijo, MC. Nutritional value and antioxidant activity of
honeys produced in a European Atlantic area. Food
Chemistry, 2013, 138, 851-856

4. Ciappini, M, Maria Vitelleschi M, Calvifio, A.
Chemometrics Classification of Argentine Clover and
Eucalyptus Honeys According to Palynological,
Physicochemical, and Sensory Properties. International
Journal of Food Properties 2016, 19(1), 111-123

5. Khalafi, R.; Goli, S.AH.; Behjatian, M.
Characterization and Classification of Several
Monofloral Iranian Honeys Based on Physicochemical
Properties and Antioxidant Activity. International
Journal of Food Properties 2016, 19(5), 1065-1079

6. Boussaid, A, Chouaibia, M, Rezigb, L, Hellalc, R,
Donsia, F, Ferraria, G, Hamdib, S. Physicochemical
and Bioactive Properties of Six Honey Samples from
Various Floral Origins from Tunisia. Arabian Journal
of Chemistry 2014, DOI:10.1016/j.arabjc.2014.08.011
7. Perez-Arquillue, C.; Conchello, P.; Arino, A.; Juan,
T.; Herresa, A. Quality Evaluation of Spanish
Rosemary (Rosomarinus Officinalis) Honey. Food
Chemistry 1994, 51, 207-210.

8. Erlund, 1. Review of the flavonoids quercetin,
hesperetin, and naringenin. Dietary  sources,
bioactivities, bioavailability, and epidemiology.
Nutrition Research., 2004; 24(10):851-874.

9. Meda, A., Lamien, C.E., Romito, M., Millogo, J.,
Nacoulma, O.G. Determination of the total phenolic,
flavonoid and proline contents in Burkina Fasan honey,
as well as their radical scavenging activity., Food
Chemistry, 2005; 91(3):571-577.

44

10. Jaganathan, S.K., Mandal, M. Antiproliferative
effects of honey and of its polyphenols: a review. J
Biomed Biotechnol, 2009, 1-13,
doi:10.1155/2009/830616

11. Al-Mamary, M., Al-Meeri, A., Al-Habori, M.
Antioxidant activities and total phenolics of different
types of honey. Nutrition Research., 2002; 22(9):1041-
1047.

12. Bogdanov, S, Jurendic, T, Sieber, R, & Gallmann,
P. Honey for nutrition and health: A review. Journal of
the American College of Nutrition, 2008, 27, 677—689.
13. Hussain, T.; Tan, B.; Yin, Y.; Blachier, F.; Tossou,
M.C.; Rahu, N. Oxidative stress and inflammation:
What polyphenols can do for us? Oxid. Med. Cell.
Longev. 2016, 2016, 7432797.

14. North, J.A.; Spector, A.A.; Buettner, G.R. Cell fatty
acid composition affects free radical formation during
lipid peroxidation. Am. J. Physiol. 1994, 267, 177-188.
15. Banerjee, S.; Ghosh, J.; Sil, P.C. Drug metabolism
and oxidative stress: Cellular mechanism and new
therapeutic insights. Biochem. Anal. Biochem. 2016, 5,
255.

16. Yang, Y.; Bazhin, A.V.; Werner, J.; Karakhanova,
S. Reactive oxygen species in the immune system.
Reactive oxygen species in the immune system. Int.
Rev. Immunol. 2013, 32, 249-270

17. Rahal, A.; Kumar, A.; Singh, V.; Yadav, B;
Tiwari, R.; Chakraborty, S.; Dhama, K. Oxidative
stress, prooxidants, and antioxidants: The interplay.
BioMed Res. Int. 2014, 761264.

18. Lobo, V.; Patil, A.; Phatak, A.; Chandra, N. Free
radicals, antioxidants and functional foods: Impact on
human health. Pharmacogn. Rev. 2010, 4, 118-126.

19. Palma, J.M., Seiquer, I. To Be or Not to Be: An
Antioxidant? That Is the Questiontle. Antioxidants
2020, 9, 1234.

20. Battino, M., Giampieri, F., Cianciosi, D., Ansary,
J., Chen, X., Zhang, D., et al., The roles of strawberry
and honey phytochemicals on human health: A possible
clue on the molecular mechanisms involved in the
prevention of oxidative stress and inflammation,
Phytomedicine, 2020, 1531702020/01/11/.

21. Bogdanov, S, Jurendic, T, Sieber, R, & Gallmann,
P. Honey for nutrition and health: A review. Journal of
the American College of Nutrition, 2008, 27, 677—689.

22. Moniruzzaman, M.; Khalil, M.1.; Sulaiman, S.A.;
Hua Gan, S. Physicochemical and Antioxidant
Properties of Malaysian Honeys Produced by Apis
Cerana, Apis Dorsata and Apis Mellifera. Complement.
Altern. Med. 2013, 13, 1-12

23. Kishore, R.K., Halim, A.S., Syazana, M.S.N.,
Sirajudeen, K.N.S. Tualang honeyhas higher phenolic
content and greater radical scavenging activity
comparedwith other honey sources. Nutr. Res. 2011, 31
(4), 322-325.



Nan A. et al./Scientific Papers: Animal Science and Biotechnologies, 2024, 57 (2)

24. Bouayed, J.; Bohn, T. Exogenous antioxidants-
Double-edged swords in cellular redox state. Oxid.
Med. Cell. Longev. 2010, 3, 228-237.

25. Marghitas L. A.. Albinele si produsele lor. Edit.
Ceres. Bucuresti. 1997, 387 pp

26. Rice-Evans, C. A., & Packer, L. Flavonoids in
health and disease. In A. AnnieFleuriet & J.-J. Macheix
(Eds.), Phenolic acids in fruits and vegetables. New
York: Marcel Dekker. 2003

27. Ozcan, T., Akpinar-Bayizit, A., Yilmaz-Ersan, L.
and Delikanli, B., Phenolics in Human Health,
International Journal of Chemical Engineering and
Applications, 2014, Vol. 5, No. 5.

28. Alvarez-Suarez, J. M, Giampieri, F, Gonzalez-
Paramas, A. M, Damiani, E, Astolfi, P, Martinez-
Sanchez, G, et al.. Phenolics from monofloral honeys
protect human erythrocyte membranes against
oxidative damage. Food and Chemical Toxicology,
2012, 50, 1508-1516.

29. BenSaad, L. A., Kim, K. H., Quah, C. C., Kim, W.
R., & Shahimi, M. Anti-inflammatory potential of
ellagic acid, gallic acid and punicalagin A&B isolated
from Punica granatum. Bmc Complementary and
Alternative Medicine, 2017, 17(1), 47.

30. Kakkar, Sahil, Bais, Souravh, A Review on
protocatechuic acid and its Potential Pharmacological ,
ISRN of Pharmacology, 26 de marg de 2014.

31. Ferreira, R.D.S.; Mendonga, L.A.B.M.; Ribeiro,
C.F.A.;; Calgas, N.C.; Guimaraes, R.D.CA;
Nascimento, V.A.D.; Gielow, K.D.C.F.; Carvalho,
C.M.E.; Castro, A.P.D.; Franco, O.L. Relationship
between Intestinal Microbiota, Diet and Biological
Systems: An Integrated View. Crit. Rev. Food Sci.
Nutr. 2020.

32. Pento$, K.; Luczycka, D.; Oszmianski, J.;
Lachowicz, S.; Pasternak, G. Polish Honey as a Source
of Antioxidants—A Comparison with Manuka Honey.
J. Apic. Res. 2020, 59, 939-945.

33. Hailu, D., Belay, A., Melissopalynology and
antioxidant properties used to differentiate Schefflera
abyssinica and polyfloral honey, PlosOne, 2020,
https://doi.org/10.1371/journal.pone.0240868

34. Dzugan, M., Tomczyk, M., Sowa, P., Grabek-
Lejko, D., Antioxidant Activity as Biomarker of Honey
Variety, Molecules, 2018, 23, 2069

35. Maric, A., Jovanov, P., Sakac, M., Novakovic, A.,
Hadnadev, M., Pezo, L., Mandic, A., Milicevic, N.,
Purovic, A., Gad™zuric, S., A comprehensive study of
parameters correlated with honey health benefits, RSC
Adv., 2021, 11, 12434-12441.

36. Akhmazillah, F.N.; Farid, M.M.; Silva, F.V.M.
High-Pressure  Processing of Manuka Honey:
Improvement of Antioxidant Activity, Preservation of
Colour and Flow Behaviour. Food Bioprocess Technol.
2014, 7, 2299-2307

37. Sung, H., Ferlay, J., Siegel, R.L., Laversanne, M.,
Soerjomataram, 1., Jemal, A., Bray, F. Global cancer

45

statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185
countries. CA Cancer J. Clin. 2021,
10.3322/caac.21660.

38. Hanahan, D., Weinberg, R.A. Hallmarks of cancer:
The next generation. Cell 2011, 144, 646—674.

39. Chari, R.V. Targeted cancer therapy: Conferring
specificity to cytotoxic drugs. Acc. Chem. Res. 2008,
41, 98-107.

40. Afrin, S., Giampieri, F., Forbes-Hernandez, T.Y.,
Gasparrini, M., Amici, A., Cianciosi, D., Quiles, J.L.,
Battino, M. Manuka honey synergistically enhances the
chemopreventive effect of 5-fluorouracil on human
colon cancer cells by inducing oxidative stress and
apoptosis, altering metabolic  phenotypes and
suppressing metastasis ability. Free Radic. Biol. Med.
2018, 126, 41-54.

41. Hakim, L., Alias, E., Makpol, S., Ngah, W.Z.,
Morad, N.A., Yusof, Y.A. Gelam honey and ginger
potentiate the anti cancer effect of 5-FU against HCT
116 colorectal cancer cells. Asian Pac. J. Cancer Prev.
2014, 15, 4651-4657.

42. Aryappalli, P., Shabbiri, K., Masad, R.J., Al-Marri,
R.H., Haneefa, S.M., Mohamed, Y.A., Arafat, K.,
Attoub, S., Cabral-Marques, O., Ramadi, K.B. et al.
Inhibition of Tyrosine-Phosphorylated STAT3 in
Human Breast and Lung Cancer Cells by Manuka
Honey is Mediated by Selective Antagonism of the IL-
6 Receptor. Int. J. Mol. Sci. 2019, 20, 4340.

43. Aryappalli, P.; Al-Qubaisi, S.S.; Attoub, S.;
George, J.A.; Arafat, K.; Ramadi, K.B.; Mohamed,
Y.A.; Al-Dhaheri, M.M.; Al-Sbiei, A.; Fernandez-
Cabezudo, M.J.; et al. The IL-6/STAT3 Signaling
Pathway Is an Early Target of Manuka Honey-Induced
Suppression of Human Breast Cancer Cells. Front.
Oncol. 2017, 7, 167.

44. Fauzi, A.N., Norazmi, M.N., Yaacob, N.S. Tualang
honey induces apoptosis and disrupts the mitochondrial
membrane potential of human breast and cervical
cancer cell lines. Food Chem. Toxicol. 2011, 49, 871—
878.

45. Samarghandian, S., Afshari, J.T., Davoodi, S.
Honey induces apoptosis in renal cell carcinoma.
Pharmacogn. Mag. 2011, 7, 46-52.

46. Fernandez-Cabezudo, M.J., El-Kharrag, R., Torab,
F., Bashir, G., George, J.A., El-Taji, H.,al-Ramadi,
B.K. Intravenous administration of manuka honey
inhibits tumor growth and improves host survival when
used in combination with chemotherapy in a melanoma
mouse model. PLoS ONE, 2013, 8, €55993.

47. Spilioti, E.; Jaakkola, M.; Tolonen, T.; Lipponen,
M.; Virtanen, V.; Chinou, I.; Kassi, E.; Karabournioti,
S.; Moutsatsou, P. Phenolic Acid Composition,
Antiatherogenic and Anticancer Potential of Honeys
Derived from Various Regions in Greece. PLoS ONE
2014, 9, €94860.


https://www.hindawi.com/journals/isrn/2014/952943/
https://www.hindawi.com/journals/isrn/2014/952943/
https://www.hindawi.com/journals/isrn/2014/952943/
https://doi.org/10.1371/journal.pone.0240868

Nan A. et al./Scientific Papers: Animal Science and Biotechnologies, 2024, 57 (2)

48. Nik Man, N.M., Hassan, R., Ang, C.Y., Abdullah,
A.D., Mohd Radzi, M.A., Sulaiman, S.A. Antileukemic
Effect of Tualang Honey on Acute and Chronic
Leukemia Cell Lines. Biomed Res. Int. 2015, 2015,
307094

49. Afrin, S., Giampieri, F., Gasparrini, M., Forbes-
Hernandez, T.Y., Cianciosi, D., Reboredo-Rodriguez,
P., Amici, A., Quiles, J.L., Battino, M. The inhibitory
effect of Manuka honey on human colon cancer HCT-
116 and LoVo cell growth. Part 1: The suppression of
cell proliferation, promotion of apoptosis and arrest of
the cell cycle. Food Funct. 2017, 9, 2145-2157

50. Galijjatovic, A., Otake, Y., Walle, UK., Walle, T.,
Induction of UDP-glucuronosyltransferase UGT1A1 by
the flavonoid chrysin in Caco-2 cells--potential role in
carcinogen bioinactivation, Pharm Res., 2001,
18(3):374-9.

51. Pichichero E., Cicconi R., Mattei M., Muzi M.G.,
Canini A. Acacia honey and chrysin reduce
proliferation of melanoma cells through alterations in
cell cycle progression. Int. J. Oncol. 2010; 37:973-981.
52. Vydia Priyadarsini, R., Senthil Murugan, R.,
Maitreyi, S., Ramalingam, Karunagaran, D., Nagini, S.,
The flavonoid quercetin induces cell cycle arrest and
mitochondria-mediated apoptosis in human cervical
cancer (HeLa) cells through p53 induction and NF-kB
inhibition, Eur J Pharmacol, 2010, 15;649(1-3):84-91.
53. Crow M.T., Mani K., Nam Y.J., Kitsis R.N. The
mitochondrial death pathway and cardiac myocyte
apoptosis. Circ. Res., 2004;95:957-970.

54. Mouria M., Gukovskaya A.S., Jung Y., Buechler P.,
Hines O.J., Reber H.A., Pandol S.J. Food-derived
polyphenols inhibit pancreatic cancer growth through
mitochondrial cytochrome C release and apoptosis. Int.
J. Cancer. 2002;98:761-769. doi: 10.1002/ijc.10202

55. Ren J., Cheng H., Xin W.Q., Chen X., Hu K.
Induction of apoptosis by 7-piperazinethylchrysin in
HCT-116 human colon cancer cells. Oncol. Rep.,
2012;28:1719-1726.

56. Elmore, S., Apoptosis: a Review of Programmed
Cell Death. Toxicol. Pathol. 2007, 35 (4), 495-516.

57. Jeong, S. Y., and Seol, D. W. The Role of
Mitochondria in Apoptosis. BMB Rep. 2008, 41 (1),
11-22.

58. Dumitrescu, G., Biologie celulard —Principii
fundamentale, Ed. Eurobit, Timisoara, 2016, ISBN
978-973-132-339-8.

59. Estaquier, J., Vallette, F., Vayssiere, J. L., and
Mignotte, B. The Mitochondrial Pathways of
Apoptosis. Adv. Exp. Med. Biol. 942, 2012, 157-183.
60. Fan, T. J., Han, L. H., Cong, R. S., and Liang, J.
Caspase Family Proteases and Apoptosis. Acta
Biochim. Biophys. Sin (Shanghai), 2005, 37 (11), 719—
727.

61. Chenhao Liu, Yiwei Zeng, Yulong Wen, Xinggui
Huang and Yi Liu, Natural Products Modulate Cell
Apoptosis: A Promising Way for the Treatment of

46

Ulcerative Colitis, Frontiers in Pharmacology, Review,
published: 31 January 2022, doi:
10.3389/fphar.2022.806148

62. Fauzi, A.N., Norazmi, M.N., Yaacob, N.S. Tualang
honey induces apoptosis and disrupts the mitochondrial
membrane potential of human breast and cervical
cancer cell lines. Food Chem. Toxicol. 2011, 49, 871-
878.

63. Yaacob N.S., Nengsih A., Norazmi M.N. Tualang
honey promotes apoptotic cell death induced by
tamoxifen in breast cancer cell lines. Evid. Based
Complement.  Altern. Med.  2013;2013  doi:
10.1155/2013/989841.

64. Wang Y., Kim N.S.; Haince J.F., Kang H.C., David
K.K., Andrabi S.A., Poirier G.G., Dawson V.L.,
Dawson T.M. Poly(ADP-ribose) (PAR) binding to
apoptosis-inducing factor is critical for PAR
polymerase-1-dependent cell death (parthanatos), Sci.
Signal., 2011.

65. Duo J, Ying G.G, Wang G.W. Zhang L.
Quercetin  inhibits human breast cancer cell
proliferation and induces apoptosis via Bcl-2 and Bax
regulation. Mol. Med. Rep., 2012;5:1453—-1456.

66. Yang Y., Karakhanova S., Werner J., Bazhin A.V.
Reactive oxygen species in cancer biology and
anticancer therapy.Curr. Med. Chem.2013;20:3677—
3692.

67. Pichichero E., Cicconi R., Mattei M., Canini A.
Chrysin-induced apoptosis is mediated through p38 and
Bax activation in B16-F1 and A375 melanoma cells.,
Int. J. Oncol., 2011;38:473-483.

68. Jaganathan S.K., Mandal M. Involvement of non-
protein thiols, mitochondrial dysfunction, reactive
oxygen species and p53 in  honey-induced
apoptosis.Investig. N. Drugs., 2010;28:624—633.

69. Aoshima H., Ayabe S. Prevention of the
deterioration of polyphenol-rich beverages. Food
Chem. 2007;100:350-355.

70. Batumalaie K., Zaman Safi S., Mohd Yusof K.,
Shah Ismail I., Devi Sekaran S., Qvist R. Effect of
gelam honey on the oxidative stress-induced signaling
pathways in pancreatic hamster cells. Int. J. Endocrinol.
2013; doi: 10.1155/2013/367312.

71. Li, X., Huang, Q., Ong, C.N., Yang, X.F., Shen,
H.M. Chrysin sensitizes tumor necrosis factor-alpha-
induced apoptosis in human tumor cells via suppression
of nuclear factor-kappaB. Cancer Lett. 2010, 293, 109—
116.

72. Abdel Aziz A., Rady H., Amer M., Kiwan H. Effect
of some honey bee extracts on the proliferation,
proteolytic and gelatinolytic activities of the
hepatocellular carcinoma Hepg2 cell line. Aust. J.
Basic Appl. Sci. 2009; 3:2754-2769.

73. Abubakar M.B., Abdullah W.Z., Sulaiman S.A.,
Suen A.B. A review of molecular mechanisms of the
anti-leukemic effects of phenolic compounds in honey.


https://link.springer.com/article/10.1023/A:1011019417236#auth-Yoko-Otake-Aff1
https://link.springer.com/article/10.1023/A:1011019417236#auth-U__Kristina-Walle-Aff1
https://link.springer.com/article/10.1023/A:1011019417236#auth-Thomas-Walle-Aff1
https://pubmed.ncbi.nlm.nih.gov/?term=Vidya+Priyadarsini+R&cauthor_id=20858478
https://pubmed.ncbi.nlm.nih.gov/?term=Senthil+Murugan+R&cauthor_id=20858478
https://pubmed.ncbi.nlm.nih.gov/?term=Maitreyi+S&cauthor_id=20858478
https://pubmed.ncbi.nlm.nih.gov/?term=Ramalingam+K&cauthor_id=20858478
https://pubmed.ncbi.nlm.nih.gov/?term=Karunagaran+D&cauthor_id=20858478
https://pubmed.ncbi.nlm.nih.gov/?term=Nagini+S&cauthor_id=20858478

Nan A. et al./Scientific Papers: Animal Science and Biotechnologies, 2024, 57 (2)

Int. J. Mol. Sci.
10.3390/ijms131115054.
74. Tonks, A. J., Cooper, R. A., Jones, K. P., Blair, S.,
Parton, J., Tonks, A. Honey stimulates inflammatory
cytokine production from monocytes. Cytokine, 2003,
21,242-247.

75. Tonks, A. J., Dudley E, Porter, N. G., Parton, J.,
Brazier, J., Smith, E. L. and Tonks, A., A 5.8-kDa
component of manuka honey stimulates immune cells
via TLR4, Journal of Leukocyte Biology Volume 82,
November 2007.

76. Gasparrini M, Afrin S, Forbes-Hernandez TY,
Cianciosi D, Reboredo-Rodriguez P, Amici A, et al..
Protective effects of manuka honey on LPS-treated
RAW 264.7 macrophages. part 2: Control of oxidative
stress induced damage, increase of antioxidant enzyme
activities and attenuation of inflammation. Food Chem
Toxicol., 2018, 120:578-87.

77. Chepulis LM, Francis E. An initial investigation
into the anti-inflammatory activity and antioxidant

2012;13:15054-15073.  dot:

47

capacity of alpha-Cyclodextrin-Complexed manuka
honey. J] Complement Integr Med., 2012, 9 (1).

78. Leong AG, Herst PM, Harper JL. Indigenous new
Zealand honeys exhibit multiple anti-inflammatory
activities. Innate Immun., 2012, 18:459-66.

79. Minden-Birkenmaier BA, Cherukuri K, Smith RA,
Radic MZ, Bowlin GL. Manuka honey modulates the
inflammatory behavior of a dHL-60 neutrophil model
under the cytotoxic limit. Int J Biomater., 2019,
2019:1-12.

80. Ahmed, S., Sulaiman, S.A, Othman, NH., Oral
administration of tualang and manuka honeys
modulates breast cancer progression in sprague-dawley
rats model. Evidence-Based Complement Altern Med.,
2017,2017:1-15.

81. Raynaud, A., Ghezali, L., Gloaguen, V., Liagre, B.,
Quero, F., Petit, J.M. Honey-induced macrophage
stimulation: AP-1 and NF-kappaB activation and
cytokine production are unrelated to LPS content of
honey. Int. Immunopharmacol. 2013, 17, 874-879.



