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nature, encourages consumers and the food industry to invest more in food products and to find
potential candidates that can maintain human health. One of these agents, and a very notable food
Publisher’s Note: MDPI stays neutral  agent, is royal jelly (R]), known to be produced by the hypopharyngeal and mandibular salivary
with regard to jurisdictional claims in  glands of young nurse honeybees. R] contains bioactive substances, such as carbohydrates, protein,
published maps and institutional affil-  ]ipids, peptides, mineral salts and polyphenols which contribute to the appreciated biological and
iations. pharmacological activities. Antioxidant, anticancer, anti-inflammatory, antidiabetic, and antibacterial

impacts are among the well-recognized benefits. The combination of RJ or its constituents with
anticancer drugs has synergistic effects on cancer disorders, enhancing the drug’s effectiveness or

reducing its side effects. The purpose of the present review is to emphasize the possible interactions
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1. Introduction

Royal jelly (R]) is one of the honey bee products that has attracted much attention re-
cently [1]. RJ is a hypopharyngeal and mandibular glandular secretion of nurse honey bees.
It is known as a “superfood” since it serves as the primary source of nutrition for young
worker larvae for the first three days and for the lifetime of the queens [2]. R] is produced
by both the mandibular and hypopharyngeal glands, although only the hypopharyngeal
gland is involved in protein synthesis [3,4]. The mandibular gland is a pair of sacs that
can only be found in worker bees and the queen. On the other hand, the hypopharyngeal
gland is a pair of long tuberous organs found in the worker bee’s frontal head regions. R] is
partially water soluble and highly acidic, with a gelatinous consistency. It contains proteins,
water, and sugar as major components, while the minor components are composed of
minerals, amino acids, vitamins, enzymes, and hormones [5]. Naturally occurring bioactive
peptides comprise the highest percentage of RJ active ingredients. Bioactive peptides are
responsible for most of the unique therapeutic actions of RJ [6]. For generations, fresh
RJ has been used as an alternative remedy and an all-natural energy booster. It has been
utilized in conventional medicine, particularly in Asia and Ancient Egypt. However, in
the last years, the interest in the food industry and natural products has greatly increased,
highlighting the importance of RJ and its unique pharmacological and therapeutic prop-
erties [3]. R] has recently shown anticancer, antioxidant, anti-microbial, anti-aging, and
anti-inflammatory pharmacological properties, making it a dietary supplement with func-
tional health-enhancing criteria. It is also used in pharmaceutical preparations and as an
industrial cosmetic agent [4,7].

These unique properties of R], besides possessing minimal toxicity compared with
other bee products, make it the best choice to be combined with anticancer drugs. Cancer is
a disease which has spread globally and is considered to be one of the most common causes
of death worldwide. It is caused by an abnormal cell DNA mutation leading to cellular
imbalance, and an uncontrolled spread prior to secondary damage of the body organs [8].
According to the World health organization (WHO) report 2050, 27 million cancer cases
and 17.1 million death cases will be registered per year [9]. For the coming generations,
chemotherapy complications and multidrug resistance will be a serious threat [10]. The
response rates to the available cancer chemotherapeutics are decreasing. This decrease
will greatly affect the present treatment protocols with time [11]. For these reasons, a
need for alternative synergistic therapies or dietary supplements to face cancer becomes
a must. Recent studies have greatly supported the anticancer effect of RJ, whether alone
or in combination with other classical anticancer drugs. It can be used alone as an anti-
proliferative entity which helps to suppress the further division of cancer cells. Similarly, it
shows a synergistic interaction with anticancer drugs when used in combinations. These
interactions between RJ and anticancer medications may significantly boost the drug’s
therapeutic efficacy and improve the pharmacodynamic parameters. Additionally, it can
demonstrate protective properties against toxicities brought on by synthesized anticancer
agents [7].

The synergistic effect of R] has several mechanisms of action depending on the an-
ticancer drug used. Certain R] mechanisms of action have been observed with commer-
cially available drugs such as cyclophosphamide, 5-fluorouracil (5-FU), thymoquinone,
cisplatin, temozolomide, Interferon alpha (HulFN-«N3), and GE132 plus (a nutraceutical
supplement). R] can reduce the genotoxicity and DNA damage when used with cyclophos-
phamide, or even decrease the cell viability and ICsy with 5-fluorouracil [12,13], and it
can also enhance the entrance of the cells into the apoptotic cycle with Thymoquinone or
cisplatin [14,15]. The synergistic effect extends to decrease cell proliferation when combined
with GE132, HulFN-aN3, and Temozolomide, increasing the efficacy of these drugs [16-18].

One of the main challenges worldwide is to find a cure for cancer with minimal adverse
effects. Traditional systemic chemo- and radiotherapies can cause severe harmful side
effects, including bone marrow toxicity, hemorrhagic cystitis, gastrointestinal side effects,
nausea, vomiting, diarrhea, and hair loss [19]. These side effects can be as damaging as
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cancer itself and can make the life of patients unbearable. Furthermore, adding other drugs
to ameliorate the side effects of the anticancer drugs may trigger other health hazards.
They can cause polypharmacy with expected and unexpected drug-drug interactions,
exposing the patient’s health to higher risks [16]. To minimize the unwanted side effects,
natural products were introduced which exhibited a synergetic effect that can diminish the
undesirable side effects, improve the efficacy of the drugs, and maintain the quality of life
for cancer patients [14].

In this review, we will focus on the synergistic interactions between RJ and commonly
used cancer drugs as part of our ongoing projects about honeybees and bee products [20-30].

Authors should discuss the results and how they can be interpreted from the perspec-
tive of previous studies and of the working hypotheses. The findings and their implications
should be discussed in the broadest context possible. Future research directions may also
be highlighted.

2. Methods of Search

A literature search was conducted up until July 2022, using databases including, Sci-
finder, PubMed, Scopus, Google Scholar, Science Direct and Web of Science. The search
terms were addressed using the following keywords: “Royal jelly”, “anticancer drugs”,”
and “Synergistic”. The search included original research articles and only articles written
in the English language were considered. Research articles that investigated activities of
RJ or their ingredients solely without the co-administration of pharmaceutical drugs were
excluded. 72 related articles were identified via database searching; data items included
main results, and interaction pathways, and the methods used to determine interaction

were briefed and comprehensively described for each of the collected articles.

3. Anticancer Effects of Royal Jelly

It is well-known that some bee products have a positive impact on stopping cancer
formation [31]. The antiproliferative activity of RJ was investigated, and R] revealed poten-
tial anticancer properties owing to the inhibition of tumorigenesis, cancer cell proliferation
and/or metastasis, via the inhibition of tumor-induced angiogenesis and/or the activation
of immune function [32].

For instance, R] exhibited a significant reduction in tumor mass and the serum con-
centrations of interleukin (IL)-4 and IL10, and cytokines released from type 2 T helper
(Th2) cells, whereas the concentrations of IL-2 cytokines produced from type 1 T helper
(Th1) cells, interferon (IFN)-c, superoxide dismutase (SOD), as well as total antioxidant
machinery showed a significant elevation in an induced breast tumor. IFN-« level eleva-
tion manifested the role which R] plays in immunomodulation. The enhanced release of
antioxidant markers in the liver and kidney was another strong indicator of the antioxidant
and immunomodulatory activities of R], with their possible association in the suppression
of tumor growth in animal models [33].

However, it is also reported that RJ protein impedes the growth of human breast
cancer cell lines induced by bisphenol A (BPA)—through the inhibition of the signaling
pathway for cell proliferation induced by E2, and not as believed due to the inhibition of
E2 attached to ER®. BPA is an estrogen-like substance used in commercial products such as
polycarbonate plastics and synthetic resins, which are applied to coat the inside of beverage
cans, and used to manufacture food wrapping paper and dental sealants. BPA has estro-
genic activity and binds to estrogen receptors, stimulating the proliferation of human breast
cancer MCEF-7 cells [34] through the activation of the protein kinase/phosphoinositide3
kinase signaling pathway which is induced by estrogen receptor/human epidermal growth
factor receptor 2 (HER2)/mitogen [35]. The crude R] stops the damage of bisphenol A,
which is a predisposition factor and hazardous insult that induces human breast cancer cell
growth [34].

Recently, it was also shown that inflammation plays a significant role in the different
steps of cancer cell development [36]. Equally interesting, tumor necrosis factor (TNF)-«, an
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inflammatory mediator, promotes cancer cell proliferation and malignant transformation
by regulating other molecules. In a renal cell carcinoma (RCC) model, the level of TNF-a
was surprisingly correlated with the incidence risk of the cancer, the mode of growth,
invasion, and metastasis. R] supplementation decreased the concentrations of TNF-x
and transforming growth factor (TGF) -3, thus dramatically reducing the paraneoplastic
syndrome in RCC patients. The observed suppression of the malignant invasiveness and the
decrease in the tumor weight may be attributed to the presence of 10-hydroxy-2-decenoic
acid (10-HDA), which is a remarkable fatty acid among the lipid content of RJ [37]. In
comparison to other bee products, this fatty acid is exclusively found in R] at relatively
high concentrations, as illustrated in Figure 1 [38,39].
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Figure 1. Identified anticancer compounds from royal jelly.

An R] product, fraction RJP30 (R] protein fraction), was destructive for HeLa hu-
man cervicouterine carcinoma cells. An antiproliferative effect of R] against Lewis lung
carcinoma and colorectal adenocarcinoma cells [10,15] could be related to the effect of
10-HDA, which in previous studies, constrained the initiation of transplantable leukemia in
mice AKR and different ascitic tumor cell lines in mice, and showed a neurotrophic effect
on murine neuronal cells [40,41]. It has been noted that 10-HDA has a similar effect to
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HADACIs (histone deacetylase inhibitors), a strong anti-inflammatory drug, promoting
the downregulation of phosphatidylinositol 3 kinase (PI3K) and the phosphorylation of
protein kinase B (AKT) [42]. It has been known that some human cancers can be induced
by arylamine carcinogens. Among the known metabolic pathways for arylamine carcino-
gen activation is N-acetylation, which is believed to play a significant role in arylamine
metabolism [43]. R] interferes with the activation of arylamine carcinogens by N-acetylation
in the presence of N-acetyltransferase (NAT) and acetyl CoA, precluding the metabolism of
2-aminofluorene (2-AF) metabolites in the human liver tumor cell line, and lowering the
2-AF in J5 cells [43].

The release of the pro-inflammatory cytokines TNF-«, IL-1f3 and IL-8 is inhibited by
10-HDA in an in vitro model, explaining its evident effect in inhibiting tumor growth and
probably inducing the anti-proliferative impact seen in other types of cancers [44].

IL-6 production and nuclear factor kappa (NF-kB) activation induced by lipopolysac-
charide (LPS) through either MyD88 or Toll/IL-1 receptor domain-containing adaptor-
inducing IFN-b (TRIF) upregulation in murine macrophage cell line RAW264 cells, were
inhibited by 10-HAD. In addition, IkB-( expression, and IkB-(-related gene production in-
duced by LPS were specifically inhibited by 10-HDA [45]. It has been shown that the expres-
sion of extracellular SOD released by leukemia THP-1 cells is promoted by the inhibition of
histone deacetylase activity by both 10-HDA and 4-hydroperoxy-2-decenoic acid ethyl ester
promotion [46]. It has been reported that the stimulation of human monocyte-derived den-
dritic cell maturation is catalyzed by another hydroxyl fatty acid, 3,10-dihydroxydecanoic
acid, which enhances their Th1 polarizing activity, suggesting a reinforcement of anticancer
properties [47].

The 10-HDA and human «-interferon- (HulFN-aN3) proteins have a similar antitumor
response, and their combination decreases the level of glutathione and enhances the level of
lipid peroxidation via malondialdehyde (MDA) in CaCo-2 cells [16]. R] lipophilic fractions
have an obvious anticancer effect owing to the growth regress of human neuroblastoma [48].
The rich chemical profile of R attributed to its effectiveness against cancer cell growth,
proliferation, differentiation and migration [49].

The anticancer properties of R] are attributed to several types of phytochemicals among
which are flavonoids, such as hesperetin, naringenin, isosakuranetin, chrysin, acacetin,
luteolin, apigenin, and glycoside, kaempferol and isorhamnetin glycosides, coumestrol,
genistein and formononetin [50,51]. RJ also contains 57-kDa protein which stimulated
hepatocyte gene expression and prolongs the proliferation of hepatocytes, as well as
enhancing albumin production [52]. Therefore, such a protein has a cytoprotective effect
on hepatocytes and promotes liver regeneration [53]. Major royal jelly protein 1 (MR]JP 1)
oligomer is a heterocomplex composed of five MRJP 1 monomers joined to one Apisimin
by noncovalent bonds. It has been demonstrated that MR]JP 1 promoted cell proliferation
in a human T-leukemia derived lymphoid cell line [54].

4. Interaction with Anticancer Drugs

Of the most deadly and serious illnesses is cancer, since it causes a high morbidity
and mortality worldwide. Based on the global cancer records (GLOBOCAN) published in
2020, it was approximated that more than 19 million new cancer patients are to be reported
from 185 countries and with 36 cancer-types [55]. Equally worrisome is the predicted
record of an average 33 million new cases by the year 2040, as stated by the World Health
Organization [14,56]. As per the complicity of cancer formation and progression, multi-
composite synergistic pharmacological solutions and drug reorientation were suggested
by Nogales et al., 2021 [57]. Among them is the potential synergism of one or more hive
products with other commercially available anticancer drugs, either to strengthen the
efficacy of the drug or to eliminate the side effects of the drug [12,58]. R] has received
widespread recognition as a safe agent in previous trials. Briefly, oral treatment of 10 g/kg
RJ in a mouse model demonstrated no acute toxicity [59], and it was speculated that
consuming RJ may alter the function of the spleen and thymus through cell-mediated and



Nutrients 2022, 14, 4166

6 of 12

humoral immunity [33]. Still, R] carries a great potential for health empowerment when
administrated in connection to anticancer drugs, as reviewed in the following sections.

4.1. Thymogquinone

Thymoquinone is a bioactive component of the Nigella sativa plant and has been
proved effective in treating cancer, explained by its immunoenhancing and anti-oxidative
properties [60]. Moubarak et al. demonstrated that the administration of RJ at a dose of
5 pg/mL combined with thymoquinone at the concentration 10 umol/L for 24 h could
reveal the remarkable induction of the caspase-3 apoptotic pathway and the death of human
breast cancer cells MDA-MB-231. These findings were reproduced in different cell lines
with similar effects and without any cytotoxic changes to normal human small intestinal
cells [14].

4.2. Temozolomide

Temozolomide is a conventional chemotherapy used against brain cancer, and ap-
proved by the Food and Drug Administration (FDA) in 2005 [61]. The addition of R] extract
(30 ug/mL) to temozolomide (20 uM) has synergistically elevated the cytotoxicity of the
drug on the human glioma cell line US7MG [7].

4.3. Interferon Alpha

Interferon alpha is a multi-subtype protein which is used as an antitumor drug. RJ and
its active compound 10-HDAA were found to improve the potency of HulFN-a«N3 when
applied to the human colorectal adenocarcinoma cell line CaCo-2. The same report claimed
the mechanism of action to be due to the augmentation of lipid peroxidation, the inhibition
of cell proliferation and the depletion of glutathione (GSH) levels in colon cancer cells [16].

4.4. GE132 Plus

GE132 plus is a nutraceutical supplement which contains five strong antioxidant
compounds, Ganoderma lucidum extract, RJ, resveratrol, sulphraphane and lycopene in one
capsule (500 mg) [17]. In Traditional Chinese Medicine, it has been utilized for decades
as a health-promoting factor for treating various diseases owing to its therapeutic prop-
erties, including the anticancer, immunopotentiator, and anti-hypertensive impacts [62].
Significant anti-proliferative effects through the potential inhibition of angiogenesis have
been recognized upon administration of GE132 plus to breast cancer cell lines (MCEF-7),
prostate cancer cell line (PC3), and the human colorectal adenocarcinoma cell line (SW48).
On the other hand, GE132 plus did not show significant cytotoxicity on mesenchymal
stem cells or peripheral blood collected from healthy donors in vitro. The same report
revealed that higher concentrations of GE132 plus (500-2000 pg/mL) exhibited a cytotoxic
effect to normal human vascular endothelial cell line EA.hy 926. That cytotoxic effect was
attributed to the possible cancer-like mechanism of one of the drug’s components on the
hybrid cell line EA.hy 926 which was immortalized by the integration between normal cells
and adenocarciomatous cells [17].

4.5. Cisplatin

Although modern chemotherapeutic drugs have shown an efficient improvement in
patient survival, the adverse effects of these drugs represent a great concern for cancer
patients as well as physicians. Cisplatin is a well-known drug that is used in many
diseases [63] and an active drug in anticancer chemotherapy as well, yet its adverse
hepatotoxic and nephrotoxic effects are the biggest challenges facing cancer patients [64].
Some in vivo and clinical studies have shown that the synergistic interaction of RJ with
cisplatin, when both are applied simultaneously, has considerably attenuated the previously
observed nephrotoxic and hepatotoxic effects. Ali et al. 2011, reported that the daily oral
gavage of R] (300 mg/kg) followed by one of cisplatin intra-peritoneal doses (7 mg/kg) to
Sprague Dawley rats could notably reduce apoptotic damage and lipid peroxidation, and
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elevate the endogenous antioxidant enzymes [15]. Further, a sub-chronic toxicity study
was performed on Wister rats, where the rats were treated with an oral gavage dose of
RJ (100 mg/kg) one hour before intra-peritoneal injection of cisplatin (1 mg/kg) for two
weeks [65]. The findings suggested that the production of the fibrogenic factorsTGF-31
and alpha smooth muscle actin (x-SMA) in the kidney tissues was significantly reduced.
The synergistic protective effect of R] with cisplatin has been confirmed by a clinical study.
The intake of R] pre- and post-cisplatin chemotherapy administration showed obvious
protection to kidney tissue, as the serum level of creatinine and urea was stable both pre
and post the cisplatin regimen [66]. R] at a dose of 5 g/day was administrated for 30 days
and proven effective in preventing the development of oral mucositis following a planned
radiotherapy and cisplatin chemotherapy in head and neck cancer patients involved in a
small population-sized clinical trial [67]. In another similar clinical trial, cancer patients
receiving a variety of anticancer therapies were supplemented with 5 mL/day of processed
honey mixed with RJ for 30 days. The main finding was the relief from the cancer-related
fatigue symptoms using this combination compared with R] alone [68].

4.6. Cyclophosphamide

Cyclophosphamide is another neoplastic drug used in treating breast cancer patients.
Its mechanism relies on the generation of hepatic cytochrome P459 enzymes in liver cells [69].
These cytochrome enzymes play a crucial role in the metabolic pathways of anticancer
drugs in the liver, and are accordingly responsible for their cytotoxicity in the patient’s
body [70]. Earlier reports supported the notion that the cyclophosphamide regimen reflects
adverse effects through the damage to the reserve oocytes’ nuclei in female patients [71].
Fahmy et al. 2015, concluded that the synergistic effect of honeybee products, including
RJ, with cyclophosphamide, can counteract the adverse effects of introduced cyclophos-
phamide. A significant reduction in the genotoxicity was observed after intake for 15 days,
where the DNA damage to liver cells of treated mice was attenuated [12].

4.7. 5-Fluorouracil

The anticancer drug 5-FU is considered one of the most recommended drugs in treating
patients with colorectal cancer through the suppression of the thymydilate synthase enzyme,
the key player in the colon cancer cell cycle [72]. The incubation of the human colon cancer
cell line HTC-116 with a mixture of wild R] and 5-fluorouracil induced a remarkable decline
in the cell viability, along with a 45% decrease in the value of ICsy in comparison with 5-FU
alone [13].

The effect of the synergistic interaction of R] with the main chemotherapeutic anti-
cancer drugs is summarized in Figure 2 and Table 1, and represents the increase in the
apoptosis of cancer cells, as well as the reduced cytotoxicity in normal cells.

Table 1. Synergistic interaction between royal jelly and anticancer drugs.

Drug Royal Jelly Sample Experimental Subjects Mechanism Of Synergistic Action References
Enhancement in the apoptotic cell death
Human breast cancer of breast cancer cells via a significant
malondialdehyde reduction in cell proliferation and
Thymoquinone Crude extract (MDA)-MB-231 and remarkable expression of the caspase-3 [14]
human small intestine apoptotic pathway without exerting a
FHs-74 cell lines cytotoxic effect on normal small
intestine cells.
Temozolomide Royal jelly (R]) extract Human glioma cell line  Increased glioma cell line cytotoxicity 7]

U87MG and decreased cell proliferation.
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Drug Royal Jelly Sample Experimental Subjects Mechanism Of Synergistic Action References
Improved augmentation of lipid
Fresh RJ or its active . .pferox1dat10n, suppressmn of cel!
Human colorectal division and decrease in the glutathione
Interferon alpha component . :
. adenocarcinoma cell level of colon cancer cell line when [16]
(HulFN-«N3) 10-hydroxy-2-decenoic . .
acid (10-HDAA) line CaCo-2 treated with R] + HulFN-aN3. Lower
effect was observed with 10-HDAA +
HulFN-aN3.
Breast cancer cell lines
MCE-7, Prostate cancer
cell line PC3, human s .
Significant suppression of breast, colon
colorectal . .
. and prostate cancer cell proliferation.
adenocarcinoma cell s . .
line SW48. normal Inhibition of proliferation of vascular
GE132 plus RJ extract ’ endothelial cells at high concentrations [17]
human vascular .
. . only, without any effect on
endothelial cell line mesenchvmal stem cells or blood
EA hy 926, dental esenchyma; stem cefls or bloo
cells count.
mesenchymal stem
cells and peripheral
blood cells.
Anti-apoptotic activity of kidney and
liver cells via the decrease in MDA and
increase in glutathione (GSH),
glutathione peroxidase (GSH-Px),
glutathione-s-transferase (GST) and
superoxide dismutase (SOD) contents
Sprague Dawley rats
RJ extract . . of cells.
Wister albino rats . ..
RJ capsules . Reduction in nephrotoxicity through the
Cancer patients o ..
. . RJ capsules inhibition of serum urea, creatinine and
Cisplatin . Head and neck cancer .. [15,65-67]
Organic R] atients uric acid.
Mixture of processed P Significant decrease in the expression of
Variety of cancer . . p
honey and RJ “tents the fibrosis factors, transforming growth
P factor (TGF-B1) and alpha smooth
muscle actin (x-SMA).
Reduced development of oral mucositis.
Suppression of cancer-related fatigue in
patients on different
anticancer therapies
. Reduction in cyclophosphamide
Cyclophosphamide Combination of hqney Mice genotoxicity through amelioration of [12]
+ RJ + pollen grains
DNA damage.
. Suppression of cytotoxic effect of 5-FU
5-Fluorouracil Wild RJ Human colon cancer through arresting cancer cell division [13]

(5-FU)

cell line HCT-116

and growth.
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Figure 2. The effect of the synergistic interaction of royal jelly with anticancer drugs on cancer cells
as well as normal cells.

5. Potential Limitations

Although our search strategy highlighted many in vitro and preclinical in vivo positive
findings which support the synergism between R] and anticancer drugs, some limitations
have been raised. Negative results have been revealed from some synergistic anticancer
activity studies, especially when testing high doses of the GE132 plus drug in vitro, as
mentioned in the present review. In addition, a few clinical confirmatory studies have
been conducted on the topic. Moreover, not all the studies showed a clear and detailed
mechanistic explanation as to the action of RJ in reducing the side effects of anticancer drugs.

6. Conclusions

Collectively, the present review gives detailed and updated data for the anticancer
activity of RJ. The collected data revealed significant protection properties of R] against
different types of cancer, which was attributed to its active compounds. Additionally, this
review exposed the synergistic interaction of R] with commonly used cancer chemotherapy,
either through its inhibitory effect against the adverse effects of the drugs, or through its
enhancement of the anticancer-potential of the drug. Moreover, the current review can
provide researchers with the data required to conduct further studies on the anticancer
potential of the compounds purely isolated from RJ.

Author Contributions: Conceptualization, H.R.E.-S. and S.A M.K,; Writing of the original draft, S.S.,
A.A.AE-W, N.E. and A.S.; Revision and editing of the final version, S.AMK,, Q.S. ] X, M.U, ZG,,
M.D. and K.W.; Supervision, HR.E.-S., S.A.M.K. and Q.S. All authors have read and agreed to the
published version of the manuscript.

Funding: Plan of High end Foreign Experts of the Ministry of Science and Technology (G2022016009L).



Nutrients 2022, 14, 4166 10 of 12

Acknowledgments: Dedicated with great pleasure and honor to Rob Verpoorte (Leiden University,
the Netherlands) and Lars Bohlin (Uppsala University, Sweden) on the occasion of their 75th birthday.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

El-Saadony, M.T.; Zabermawi, N.M.; Zabermawi, N.M.; Burollus, M.A.; Shafi, M.E.; Alagawany, M.; Yehia, N.; Askar, A.M.; Alsafy,
S.A.; Noreldin, A.E.; et al. Nutritional aspects and health benefits of bioactive plant compounds against infectious diseases: A
review. Food Rev. Int. 2021, 1-23. [CrossRef]

Ahmad, S.; Campos, M.G.; Fratini, F,; Altaye, S.Z.; Li, ]. New insights into the biological and pharmaceutical properties of royal
jelly. Int. J. Mol. Sci. 2020, 21, 382. [CrossRef] [PubMed]

Zhang, X.; Yu, Y,; Sun, P; Fan, Z.; Zhang, W.; Feng, C. Royal jelly peptides: Potential inhibitors of B-secretase in N2a/APP695swe
cells. Sci. Rep. 2019, 9, 168-178. [CrossRef] [PubMed]

Collazo, N.; Carpena, M.; Nufiez-Estevez, B.; Otero, P.; Simal-Gandara, J.; Prieto, M. A. Health promoting properties of bee royal
jelly: Food of the queens. Nutrients 2021, 13, 543. [CrossRef]

Al-Kahtani, S.; Taha, E.K.A. Effect of harvest time on royal jelly yield and chemical composition. J. Kansas Entomol. Soc. 2020, 93,
132-139. [CrossRef]

Li, S; Tao, L.; Yu, X.; Zheng, H.; Wu, J.; Hu, F. Royal jelly proteins and their derived peptides: Preparation, properties, and
biological activities. J. Agric. Food Chem. 2021, 69, 14415-14427. [CrossRef]

Borawska, M.H.; Markiewicz-Zukowska, R ; Naliwajko, S.K.; Moskwa, J.; Bartosiuk, E.; Socha, K.; Surazynski, A.; Kochanowicz, J.;
Mariak, Z. Interaction of bee products with temozolomide in human diffuse astrocytoma, glioblastoma multiforme and astroglia
cell lines. Nutr. Cancer 2014, 66, 1247-1256. [CrossRef]

Vincze, O.; Colchero, F.; Lemaitre, ].F.; Conde, D.A.; Pavard, S.; Bieuville, M.; Urrutia, A.O.; Ujvari, B.; Boddy, A.M.; Maley,
C.C.; et al. Cancer risk across mammals. Nature 2022, 601, 263-267. [CrossRef]

Kumar, A.; Jaitak, V. Natural products as multidrug resistance modulators in cancer. Eur. ]. Med. Chem. 2019, 176, 268-291.
[CrossRef]

Lin, S.R.; Chang, C.H.; Hsu, C.E; Tsai, M.].; Cheng, H.; Leong, M.K; Sung, PJ.; Chen, J.C.; Weng, C.F. Natural compounds as
potential adjuvants to cancer therapy: Preclinical evidence. Br. J. Pharmacol. 2020, 177, 1409-1423. [CrossRef]

Strauss, J.; Figg, W.D. Epigenetic approaches to overcoming chemotherapy resistance. Lancet Oncol. 2015, 16, 1013-1015.
[CrossRef]

Fahmy, M.A.; Hassan, N.H.A; El-Fiky, S.A ; Elalfy, H.G. A mixture of honey bee products ameliorates the genotoxic side effects of
cyclophosphamide. Asian Pac. |. Trop. Dis. 2015, 5, 638-644. [CrossRef]

Kurdi, L.; Alhusayni, F. Cytotoxicity effect of 5-fluorouracil and bee products on the HTC-116 human colon cancer cell line. Life
Sci. J. 2019, 19, 56-61. [CrossRef]

Moubarak, M.M.; Chanouha, N.; Abou Ibrahim, N.; Khalife, H.; Gali-Muhtasib, H. Thymoquinone anticancer activity is enhanced
when combined with royal jelly in human breast cancer. World J. Clin. Oncol. 2021, 12, 342-354. [CrossRef]

Karadeniz, A.; Simsek, N.; Karakus, E.; Yildirim, S.; Kara, A.; Can, I; Kisa, F.; Emre, H.; Turkeli, M. Royal jelly modulates oxidative
stress and apoptosis in liver and kidneys of rats treated with cisplatin. Oxid. Med. Cell. Longev. 2011, 2011, 981793. [CrossRef]
[PubMed]

Filipi¢, B.; Gradi$nik, L.; Rihar, K,; S008, E.; Pereyra, A.; Potokar, J. The influence of royal jelly and human interferon-alpha
(HuIFN-a«N3) on proliferation, glutathione level and lipid peroxidation in human colorectal adenocarcinoma cells in vitro/Vpliv
mati¢nega mlecka in humanega interferona-alfa (HulFN-«N3) na prolifera. Arch. Ind. Hyg. Toxicol. 2015, 66, 269-274. [CrossRef]
Okic-Djordjevic, I.; Trivanovic, D.; Krstic, J.; Jaukovic, A.; Mojsilovic, S.; Santibanez, ].F,; Terzic, M.; Vesovic, D.; Bugarski, D.
GE132+Natural: Novel promising dietetic supplement with antiproliferative influence on prostate, colon, and breast cancer cells.
J. BUON 2013, 18, 504-510.

Andrade, F;; Roca-Melendres, M.M.; Duréan-Lara, E.F,; Rafael, D.; Schwartz, S. Review stimuli-responsive hydrogels for cancer
treatment: The role of pH, light, ionic strength and magnetic field. Cancers 2021, 13, 1164. [CrossRef]

Liu, Y.Q.; Wang, X.L.; He, D.H.; Cheng, Y.X. Protection against chemotherapy- and radiotherapy-induced side effects: A review
based on the mechanisms and therapeutic opportunities of phytochemicals. Phytomedicine 2021, 80, 153402. [CrossRef]
El-Seedi, H.R.; Eid, N.; El-Wahed, A.A.A.; Rateb, M.E. Honey bee products: Preclinical and clinical studies of their anti-
inflammatory and immunomodulatory properties. Front. Nutr. 2022, 8, 761267-761285. [CrossRef]

Yosri, N.; El-Wahed, A.A.A.; Ghonaim, R.; Khattab, O.M.; Sabry, A.; Ibrahim, M.A.A.; Moustafa, M.E; Guo, Z.; Zou, X,;
Algethami, A.FM.; et al. Anti-viral and immunomodulatory properties of propolis: Chemical diversity, pharmacological
properties, preclinical and clinical applications, and in silico potential against SARS-CoV-2. Foods 2021, 10, 1776. [CrossRef]
[PubMed]

El-Wahed, A.A.A; Farag, M.A_; Eraqi, W.A.; Mersal, G.A.M.; Zhao, C.; Khalifa, S.A.M.; El-Seedi, H.R. Unravelling the beehive
air volatiles profile as analysed via solid-phase microextraction (SPME) and chemometrics. |. King Saud Univ.—Sci. 2021, 33,
101449-101456. [CrossRef]


http://doi.org/10.1080/87559129.2021.1944183
http://doi.org/10.3390/ijms21020382
http://www.ncbi.nlm.nih.gov/pubmed/31936187
http://doi.org/10.1038/s41598-018-35801-w
http://www.ncbi.nlm.nih.gov/pubmed/30655564
http://doi.org/10.3390/nu13020543
http://doi.org/10.2317/0022-8567-93.2.132
http://doi.org/10.1021/acs.jafc.1c05942
http://doi.org/10.1080/01635581.2014.951735
http://doi.org/10.1038/s41586-021-04224-5
http://doi.org/10.1016/j.ejmech.2019.05.027
http://doi.org/10.1111/bph.14816
http://doi.org/10.1016/S1470-2045(15)00231-4
http://doi.org/10.1016/S2222-1808(15)60904-5
http://doi.org/10.7537/marslsj160919.07.Keywords
http://doi.org/10.5306/wjco.v12.i5.342
http://doi.org/10.1155/2011/981793
http://www.ncbi.nlm.nih.gov/pubmed/21904651
http://doi.org/10.1515/aiht-2015-66-2632
http://doi.org/10.3390/cancers13051164
http://doi.org/10.1016/j.phymed.2020.153402
http://doi.org/10.3389/fnut.2021.761267
http://doi.org/10.3390/foods10081776
http://www.ncbi.nlm.nih.gov/pubmed/34441553
http://doi.org/10.1016/j.jksus.2021.101449

Nutrients 2022, 14, 4166 11 of 12

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Khalifa, S.A.M.; Elashal, M.H.; Yosri, N.; Du, M.; Musharraf, S.G.; Nahar, L.; Sarker, S.D.; Guo, Z.; Cao, W.; Zou, X.; et al. Bee
pollen: Current status and therapeutic potential. Nutrients 2021, 13, 1876-1890. [CrossRef] [PubMed]

El-Wahed, A.A.A; Khalifa, S.A.M.; Elashal, M.H.; Musharraf, S.G.; Saeed, A.; Khatib, A.; Tahir, H.E.; Zou, X.; Al Naggar, Y,;
Mehmood, A ; et al. Cosmetic applications of bee venom. Toxins 2021, 13, 810. [CrossRef]

El-Seedi, H.R; Khalifa, S.A.M.; El-Wahed, A.A ; Gao, R.; Guo, Z.; Tahir, HE; Zhao, C.; Du, M.; Farag, M.A.; Musharraf, S.G.; et al.
Honeybee products: An updated review of neurological actions. Trends Food Sci. Technol. 2020, 101, 17-27. [CrossRef]
Aufschnaiter, A.; Kohler, V.; Khalifa, S.; EI-Wahed, A.; Du, M.; El-Seedi, H.; Biittner, S. Apitoxin and its components against cancer,
neurodegeneration and rheumatoid arthritis: Limitations and possibilities. Toxins 2020, 12, 66. [CrossRef]

Khalifa, S.A.M.; Elashal, M.; Kieliszek, M.; Ghazala, N.E.; Farag, M.A_; Saeed, A.; Xiao, J.; Zou, X.; Khatib, A.; Goransson, U.; et al.
Recent insights into chemical and pharmacological studies of bee bread. Trends Food Sci. Technol. 2020, 97, 300-316. [CrossRef]
El-Seedi, H.R.; Ahmed, H.R.; El-Wahed, A.A.A; Saeed, A.; Algethami, A.F,; Attia, N.F,; Guo, Z.; Musharraf, 5.G.; Khatib, A. Bee
stressors from an immunological perspective and strategies to improve bee health. Vet. Sci. 2022, 9, 199. [CrossRef]

Khalifa, S.A.M.; Elshafiey, E.H.; Shetaia, A.A.; El-Wahed, A.A.A.; Algethami, A.F.,; Musharraf, S.G.; Alajmi, M.E; Zhao, C.; Masry,
S.H.D.; Abdel-Daim, M.M_; et al. Overview of bee pollination and its economic value for crop production. Insects 2021, 12, 688.
[CrossRef]

Algethami, ].S.; El-wahed, A.A.A.; Elashal, M.H.; Ahmed, H.R.; Elshafiey, E.H.; Omar, E.M.; Al Naggar, Y.; Algethami, A.F.; Shou,
Q.; Alsharif, S.M. Bee pollen: Clinical trials and patent applications. Nutrients 2022, 14, 2858. [CrossRef]

Nainu, F,; Masyita, A.; Bahar, M.A.; Raihan, M.; Prova, S.R.; Mitra, S.; Bin Emran, T.; Simal-Gandara, ]. Pharmaceutical prospects of
bee products: Special focus on anticancer, antibacterial, antiviral, and antiparasitic properties. Antibiotics 2021, 10, 822. [CrossRef]
[PubMed]

Kimura, Y. Antitumor and antimetastatic actions of various natural products. Stud. Nat. Prod. Chem. 2008, 34, 35-76. [CrossRef]
Zhang, S.; Shao, Q.; Geng, H.; Su, S. The effect of royal jelly on the growth of breast cancer in mice. Oncol. Lett. 2017, 14, 7615-7621.
[CrossRef]

Nakaya, M.; Onda, H.; Sasaki, K.; Yukiyoshi, A.; Tachibana, H.; Yamada, K. Effect of royal jelly on bisphenol A-induced
proliferation of human breast cancer cells. Biosci. Biotechnol. Biochem. 2007, 71, 253-255. [CrossRef] [PubMed]

Wu, C.H.; Chuang, H.Y.; Wang, C.L.; Hsu, C.Y,; Long, C.Y.; Hsieh, T.H.; Tsai, E.M. Estradiol induces cell proliferation in MCF-7
mammospheres through HER2/COX-2. Mol. Med. Rep. 2019, 19, 2341-2349. [CrossRef]

Grivennikov, S.I; Greten, ER.; Karin, M. Immunity, inflammation, and cancer. Cell 2010, 140, 883-899. [CrossRef]

Miyata, Y.; Ohba, K.; Matsuo, T.; Mitsunari, K.; Sakai, H. A randomized, double-blinded clinical trial of royal jelly intake for
anticancer effects and suppressing adverse events in renal cell carcinoma patients treated with tyrosine kinase inhibitors. J. Clin.
Oncol. 2020, 38, 697. [CrossRef]

Sobral, F.; Sampaio, A.; Falcao, S.; Joao, M.; Queiroz, R.P; Ricardo, C. Chemical characterization, antioxidant, anti-inflammatory
and cytotoxic properties of bee venom collected in Northeast Portugal Filipa. Food Chem. Toxicol. 2016, 94, 172-177. [CrossRef]
Miyata, Y.; Sakai, H. Anti-cancer and protective effects of royal jelly for therapy-induced toxicities in malignancies. Int. J. Mol. Sci.
2018, 19, 3270. [CrossRef]

Tolnai, S.; Morgan, ].E. Studies on the in vitro antitumor activity of fatty acids. III. Saturated monocarboxylic acids. Can. J. Biochem.
Physiol. 1961, 39, 713-719. [CrossRef]

Hattori, N.; Nomoto, H.; Fukumitsu, H.; Mishima, S.; Furukawa, S. Royal jelly and its unique fatty acid, 10-hydroxy-trans-
2-decenoic acid, promote neurogenesis by neural stem/progenitor cells in vitro. Biomed. Res. 2007, 28, 261-266. [CrossRef]
[PubMed]

Wang, J.; Zhang, W.; Zou, H.; Lin, Y.; Lin, K.; Zhou, Z.; Qiang, J.; Lin, J.; Chuka, C.M.; Ge, R;; et al. 10-Hydroxy-2-decenoic
acid inhibiting the proliferation of fibroblast-like synoviocytes by PI3K-AKT pathway. Int. Immunopharmacol. 2015, 28, 97-104.
[CrossRef] [PubMed]

Premratanachai, P.; Chanchao, C. Review of the anticancer activities of bee products. Asian Pac. ]. Trop. Biomed. 2014, 4, 337-344.
[CrossRef] [PubMed]

Yang, Y.C.; Chou, W.M.; Widowati, D.A.; Lin, L.P.; Peng, C.C. 10-Hydroxy-2-decenoic acid of royal jelly exhibits bactericide and
anti-inflammatory activity in human colon cancer cells. BMC Complement. Altern. Med. 2018, 18, 202-208. [CrossRef]
Sugiyama, T.; Takahashi, K.; Tokoro, S.; Gotou, T.; Neri, P.; Mori, H. Inhibitory effect of 10-hydroxy-trans-2-decenoic acid on
LPS-induced IL-6 production via reducing IkB-X expression. Innate Immun. 2012, 18, 429-437. [CrossRef]

Makino, J.; Ogasawara, R.; Kamiya, T.; Hara, H.; Mitsugi, Y.; Yamaguchi, E. Royal jelly constituents increase the expression
of extracellular superoxide dismutase through histone acetylation in monocytic THP-1 cells. J. Nat. Prod. 2016, 79, 1137-1143.
[CrossRef]

Dzopalic, T.; Vucevic, D.; Tomic, S.; Djokic, J.; Chinou, I.; Colic, M. 3,10-Dihydroxy-decanoic acid, isolated from royal jelly,
stimulates Th1 polarising capability of human monocyte-derived dendritic cells. Food Chem. 2011, 126, 1211-1217. [CrossRef]
Gismondi, A.; Trionfera, E.; Canuti, L.; Di Marco, G.; Canini, A. Royal jelly lipophilic fraction induces antiproliferative effects on
SH-SY5Y human neuroblastoma cells. Oncol. Rep. 2017, 38, 1833-1844. [CrossRef]

Ramadan, M.E; Al-Ghamdi, A. Bioactive compounds and health-promoting properties of royal jelly: A review. J. Funct. Foods
2012, 4, 39-52. [CrossRef]


http://doi.org/10.3390/nu13061876
http://www.ncbi.nlm.nih.gov/pubmed/34072636
http://doi.org/10.3390/toxins13110810
http://doi.org/10.1016/j.tifs.2020.04.026
http://doi.org/10.3390/toxins12020066
http://doi.org/10.1016/j.tifs.2019.08.021
http://doi.org/10.3390/vetsci9050199
http://doi.org/10.3390/insects12080688
http://doi.org/10.3390/nu14142858
http://doi.org/10.3390/antibiotics10070822
http://www.ncbi.nlm.nih.gov/pubmed/34356743
http://doi.org/10.1016/S1572-5995(08)80024-5
http://doi.org/10.3892/ol.2017.7078
http://doi.org/10.1271/bbb.60453
http://www.ncbi.nlm.nih.gov/pubmed/17213647
http://doi.org/10.3892/mmr.2019.9879
http://doi.org/10.1016/j.cell.2010.01.025
http://doi.org/10.1200/JCO.2020.38.6_suppl.697
http://doi.org/10.1016/j.fct.2016.06.008
http://doi.org/10.3390/ijms19103270
http://doi.org/10.1139/o61-072
http://doi.org/10.2220/biomedres.28.261
http://www.ncbi.nlm.nih.gov/pubmed/18000339
http://doi.org/10.1016/j.intimp.2015.05.036
http://www.ncbi.nlm.nih.gov/pubmed/26050632
http://doi.org/10.12980/APJTB.4.2014C1262
http://www.ncbi.nlm.nih.gov/pubmed/25182716
http://doi.org/10.1186/s12906-018-2267-9
http://doi.org/10.1177/1753425911416022
http://doi.org/10.1021/acs.jnatprod.6b00037
http://doi.org/10.1016/j.foodchem.2010.12.004
http://doi.org/10.3892/or.2017.5851
http://doi.org/10.1016/j.jff.2011.12.007

Nutrients 2022, 14, 4166 12 of 12

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Guo, J.; Wang, Z.; Chen, Y.; Cao, J.; Tian, W.; Ma, B.; Dong, Y. Active components and biological functions of royal jelly. |. Funct.
Foods 2021, 82, 104514. [CrossRef]

Abotaleb, M.; Samuel, S.M.; Varghese, E.; Varghese, S.; Kubatka, P; Liskova, A.; Biisselberg, D. Flavonoids in cancer and apoptosis.
Cancers 2019, 11, 28. [CrossRef] [PubMed]

Kamakura, M. Signal transduction mechanism leading to enhanced proliferation of primary cultured adult rat hepatocytes
treated with royal jelly 57-kDa protein. J. Biochem. 2002, 132, 911-919. [CrossRef]

Kamakura, M.; Suenobu, N.; Fukushima, M. Fifty-seven-kDa protein in royal jelly enhances proliferation of primary cultured
rat hepatocytes and increases albumin production in the absence of serum. Biochem. Biophys. Res. Commun. 2001, 282, 865-874.
[CrossRef] [PubMed]

Tamura, S.; Amano, S.; Kono, T.; Kondoh, J.; Yamaguchi, K.; Kobayashi, S.; Ayabe, T.; Moriyama, T. Molecular characteristics and
physiological functions of major royal jelly protein 1 oligomer. Proteomics 2009, 9, 5534-5543. [CrossRef] [PubMed]

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Tao, Z.Q.; Shi, A.; Lu, C.; Song, T.; Zhang, Z.; Zhao, ]. Breast cancer: Epidemiology and etiology. Cell Biochem. Biophys. 2015, 72,
333-338. [CrossRef] [PubMed]

Nogales, C.; Mamdouh, Z.M.; List, M.; Kiel, C.; Casas, A.L; Schmidt, H.H.H.W. Network pharmacology: Curing causal
mechanisms instead of treating symptoms. Trends Pharmacol. Sci. 2022, 43, 136-150. [CrossRef] [PubMed]

Postali, E.; Peroukidou, P.; Giaouris, E.; Papachristoforou, A. Investigating possible synergism in the antioxidant and antibacterial
actions of honey and propolis from the Greek island of samothrace through their combined application. Foods 2022, 11, 2041.
[CrossRef] [PubMed]

Kobayashi, N.; Unten, S.; Kakuta, H.; Komatsu, N.; Fujimaki, M.; Satoh, K.; Aratsu, C.; Nakashima, H.; Kikuchi, H.; Ochiai,
K.; et al. Diverse biological activities of healthy foods. In Vivo 2001, 15, 17-23.

Almajali, B.; Al-Jamal, H.A.N.; Taib, WR.W,; Ismail, I.; Johan, M.E; Doolaanea, A.A.; Ibrahim, W.N. Thymoquinone, as a novel
therapeutic candidate of cancers. Pharmaceuticals 2021, 14, 369. [CrossRef]

Singh, N.; Miner, A.; Hennis, L.; Mittal, S. Mechanisms of temozolomide resistance in glioblastoma- A comprehensive review.
Cancer Drug Resist. 2021, 4, 17-43. [CrossRef]

Barali¢, I.; Stojmenovi¢, T.; Andelkovi¢, M.; Pordevi¢, B.; Diki¢, N.; Radojevié-S8kodri¢, S.; Peji¢, S. Effect of combined antioxidant
treatment on oxidative stress, muscle damage and sport performance in female basketball players. Srp. Arh. Celok. Lek. 2019, 147,
729-735. [CrossRef]

Queirds, V.; Azeiteiro, U.M.; Soares, A.M.V.M.; Freitas, R. The antineoplastic drugs cyclophosphamide and cisplatin in the aquatic
environment-Review. |. Hazard. Mater. 2021, 412, 125028-125038. [CrossRef] [PubMed]

Un, H.; Ugan, R.A.; Kose, D.; Bayir, Y.; Cadirci, E.; Selli, J.; Halici, Z. A novel effect of aprepitant: Protection for cisplatin-induced
nephrotoxicity and hepatotoxicity. Eur. J. Pharmacol. 2020, 880, 173168-173176. [CrossRef] [PubMed]

Ibrahim, A.; Eldaim, M.A.A.; Abdel-Daim, M.M. Nephroprotective effect of bee honey and royal jelly against subchronic cisplatin
toxicity in rats. Cytotechnology 2016, 68, 1039-1048. [CrossRef] [PubMed]

Osama, H.; Abdullah, A.; Gamal, B.; Emad, D.; Sayed, D.; Hussein, E.; Mahfouz, E.; Tharwat, J.; Sayed, S.; Medhat, S.; et al. Effect
of honey and royal jelly against cisplatin-induced nephrotoxicity in patients with cancer. J. Am. Coll. Nutr. 2017, 36, 342-346.
[CrossRef]

Yamauchi, K.; Kogashiwa, Y.; Moro, Y.; Kohno, N. Effect of topical application of royal jelly on chemoradiotherapy-induced
mucositis in head and neck cancer: A preliminary study. Int. |. Otolaryngol. 2014, 2014, 974967. [CrossRef]

Mofid, B.; Rezaeizadeh, H.; Termos, A.; Rakhsha, A.; Mafi, A.R.; Taheripanah, T.; Ardakani, M.M.; Taghavi, S.M.E.; Moravveji,
S.A.; Kashi, A.S.Y. Effect of processed honey and royal jelly on cancer-related fatigue: A double-blind randomized clinical trial.
Electron. Physician 2016, 8, 2475-2482. [CrossRef]

Helsby, N.; Yong, M.; Burns, K.; Findlay, M.; Porter, D. Cyclophosphamide bioactivation pharmacogenetics in breast cancer
patients. Cancer Chemother. Pharmacol. 2021, 88, 533-542. [CrossRef]

Mittal, B.; Tulsyan, S.; Kumar, S.; Mittal, R.D.; Agarwal, G. Cytochrome P450 in Cancer Susceptibility and Treatment. In Advances
in Clinical Chemistry; Academic Press: Cambridge, MA, USA, 2015; Volume 71, ISBN 9780128022566.

Bellusci, G.; Mattiello, L.; lannizzotto, V.; Ciccone, S.; Maiani, E.; Villani, V.; Diederich, M.; Gonfloni, S. Kinase-independent
inhibition of cyclophosphamide-induced pathways protects the ovarian reserve and prolongs fertility. Cell Death Dis. 2019, 10,
726-739. [CrossRef]

Yang, C.; Song, J.; Hwang, S.; Choi, J.; Song, G.; Lim, W. Apigenin enhances apoptosis induction by 5-fluorouracil through
regulation of thymidylate synthase in colorectal cancer cells. Redox Biol. 2021, 47, 102144. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jff.2021.104514
http://doi.org/10.3390/cancers11010028
http://www.ncbi.nlm.nih.gov/pubmed/30597838
http://doi.org/10.1093/oxfordjournals.jbchem.a003304
http://doi.org/10.1006/bbrc.2001.4656
http://www.ncbi.nlm.nih.gov/pubmed/11352630
http://doi.org/10.1002/pmic.200900541
http://www.ncbi.nlm.nih.gov/pubmed/20017154
http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1007/s12013-014-0459-6
http://www.ncbi.nlm.nih.gov/pubmed/25543329
http://doi.org/10.1016/j.tips.2021.11.004
http://www.ncbi.nlm.nih.gov/pubmed/34895945
http://doi.org/10.3390/foods11142041
http://www.ncbi.nlm.nih.gov/pubmed/35885284
http://doi.org/10.3390/ph14040369
http://doi.org/10.20517/cdr.2020.79
http://doi.org/10.2298/SARH190118063B
http://doi.org/10.1016/j.jhazmat.2020.125028
http://www.ncbi.nlm.nih.gov/pubmed/33951853
http://doi.org/10.1016/j.ejphar.2020.173168
http://www.ncbi.nlm.nih.gov/pubmed/32423870
http://doi.org/10.1007/s10616-015-9860-2
http://www.ncbi.nlm.nih.gov/pubmed/25720368
http://doi.org/10.1080/07315724.2017.1292157
http://doi.org/10.1155/2014/974967
http://doi.org/10.19082/2475
http://doi.org/10.1007/s00280-021-04307-0
http://doi.org/10.1038/s41419-019-1961-y
http://doi.org/10.1016/j.redox.2021.102144
http://www.ncbi.nlm.nih.gov/pubmed/34562873

	Introduction 
	Methods of Search 
	Anticancer Effects of Royal Jelly 
	Interaction with Anticancer Drugs 
	Thymoquinone 
	Temozolomide 
	Interferon Alpha 
	GE132 Plus 
	Cisplatin 
	Cyclophosphamide 
	5-Fluorouracil 

	Potential Limitations 
	Conclusions 
	References

