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Abstract

Genome health is an important factor that plays a role in various degenerative diseases. Instability of genome is
the prevalence of mutation within the genome such as changed in nucleic acid and chromosomal arrangement
and also the presence of abnormal number of chromosome in cell. Therefore, several method were used to
overcome this problem and one of them is by using natural product such as honey, propolis, bee pollen and royal
jelly that is high in antioxidant. Those are products that derive from honey bee and had been used as food
supplement to increase the quality of life. Therefore, this systematic review provides the updates on the potential
of honey bee products to decrease DNA damage both in in vivo and in vitro approaches. Search term of “honey”,
“propolis”, “bee pollen”, royal jelly”, “DNA damage”, “genome integrity”, and “telomere” were used for
searching purpose in three databases (Scopus, Pubmed and Medline) and also Google Scholar. All the published
articles were assessed using PRISMA guidelines and finally after the eligibility process, only 34 published
articles were selected for this review. Based on the reports, the product from the honey bee decrease the genome
related diseases by reducing the accumulation of free radical, increase the DNA repair protein expression and
decrease the telomerase activity in the cell. This provides a large gap in the research field focusing on the effect
of those derivatives from bees on genomic stability.
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1. Introduction

DNA damage had been widely known as the cause of cancer and other age-related diseases (Hoeijmakers, 2009).
Cancer and aging mostly associated to the genomic instability in the body. The genome instability refers to
changes in the genome during the cell cycle process and the ultimate cause for tumorigenesis (Shen, 2011) and
age-related diseases (Lombard et al., 2005). Normally during the cell division process, the cell genetic content
will divide into two daughter cells. Each daughter cell will have the same genetic content as their parent cell
(Shen, 2011). But there were several mutation such as mutations on specific genes, amplification, deletions,
rearrangements of chromosome segments, gain or loss of an entire chromosome which will result from the
failure in division process and lead to the several diseases (Shen, 2011).

The development of cancer due to genomic instability had been studied since several years ago (Sharif et al.,
2012). Nowadays cancer known as a disease caused by genomic and epigenomic alteration and will affect the
gene expression (Sharif et al., 2012). Meanwhile aging in eukaryotic organisms has been programmed in
genomic, but disclosure to the harmful agents might increase the rate of aging in eukaryotic organisms (Lombard
et al., 2005). Generally, aging is a cause of DNA damage, but genomic instability also plays a major contributor
to aging (Lombard et al., 2005). There are several factors that contributed to DNA damage such as from
exogenous sources and endogenous sources. Exogenous sources such as radiation, pollution, smoking, genotoxic
drugs and mutagenic food are the main factors of developing the oxidative damage in cell (Haza & Morales,
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2013; Lombard et al., 2005). Meanwhile endogenous sources, such as replication mistake, spontaneous chemical
changes during replication also can lead to DNA damage (Lombard et al., 2005; Tsai et al., 2012). These factors
will trigger the production of reactive oxygen species (ROS) and the imbalance between ROS and antioxidant
will result in variety of illness (Cheng et al., 2017).

Consuming food that contains antioxidant may reduce the ROS against DNA and can protect DNA from damage
(Duthie et al., 1996). Honey and its derivatives such as royal jelly, propolis and bee pollen has higher antioxidant
capacity. Commonly it had been used for medicinal purposes to treat several health problems (Kustiawan et al.,
2014; Pérez-pérez et al., 2013). Briefly, honey can inhibit oxidative stress by attacking OONO-O, free radical
and non-free radicals such as NO (Lombard et al., 2005), induce the oxidative damage response by regulating
Nrf2 protein (Khuzaimah et al., 2015) and lead to expression of DNA repair enzyme (Turan et al., 2015). This
review aims to prove current scientific evidence regarding the effect of honey and its derivatives on genome
health.

2. Method
2.1 Search Strategy

Databases namely Scopus, PubMed and Medline were used for searching the related articles from established
data until October 2017. Google Scholar was also used for additional literature articles searching purposes. The
keywords were adjusted to suit with the subject headings for each database to make sure all the relevant data
were included during searching strategies. The search terms included “honey”, “propolis”, “bee pollen”, “royal
jelly”, “DNA damage”, “genome integrity” and “telomere”. The suitable published articles were re-assessed to
verify the search string. In addition, all the related published articles were also included in this literature reports.

Final published articles were exported into an Endnote library to remove any duplicates.
2.2 Inclusion Criteria

All the honey types and its derivatives such as propolis, bee pollen and royal jelly were included in this study.
Published articles of honey and its derivatives on the genome health either in vitro or in vivo were included.
Randomized controlled trial (RCT’s) also included in this study. All English and Malay literature reports were
taken into consideration.

2.3 Exclusion Criteria

The published articles on bioactive component, antimicrobial, anti-inflammatory, and behavior study of the
honey bee were excluded from this study. Case reports and case series were excluded from this study.

2.4 Study Selection

The searching of related published articles was screened by authors. Endnote software was used to filter out all
duplicates articles and followed by manual verification to make sure all duplicates were removed. Relevant
published articles were chosen from the databases based on the title, abstract, and retrieval of the full article.
Finally, the articles that do not comply to the inclusion criteria were rejected and selected articles were
downloaded for analysis.

2.5 Data Organization and Reporting

The information retrieved from each study were analyzed and re-arranged based on author’s name and year of
publication, study population, type of honey bee product, method and outcomes. The PRISMA guidelines were
used to analyze the selected literature reports (http://www.prisma-statement.org/statement.htm).

3. Results
3.1 Descriptive of Selected Studies

Figure 1 is an illustration of the procedure taken for the study selection based on PRISMA guidelines. A total of
157 literature reports were found in 3 differences databases and a Google Scholar. Seventy three published
articles were taken into consideration after duplicates removal. Then, 39 articles that does not fit the inclusion
criteria were excluded. Finally, 34 published articles were reassessed for eligibility. All the 34 published articles
were arranged accordingly for further analysis as summarized in Tables 1 and 2.
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Figure 1. Flowchart of search strategy and selection process
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Table 1. In vivo studies on protective of honey and it’s derivatives to DNA damage

Authors Study population Types Method Outcomes
Kumari et al. (2017) Swiss albino mice Indian propolis Chromatin Indian propolis able to reduce DNA damage
dispersion test as well as decrease the oxidative stress.
Hajizadeh Maleki Healthy male Honey Alkaline Comet Honey attenuates oxidative stress and
et al. (2016) long-distance road cyclists assay lymphocytes DNA damage after exercise.
Fahmy et al. (2015) Male white Swiss mice Honey bee, royal ~ DNA fragmented ~ Mixture of honey bee can attenuates the
jelly and pollen assay genotoxic side effect of chemotherapeutic
grains (mixture) drug.
Cheng et al. (2015) Male Kunming mice Buckwheat Alkaline Comet DNA damage reduce due to honey’s
honey assay phenolic content.
Sahhugi et al. (2014) Male Sprague-Dawley rats ~ Gelam honey Alkaline Comet Gelam honey can reduce DNA damage in
assay young and aged rats.
Kandiel et al. (2014) Nile tilapia Honeybee pollen  Micronucleus Bee pollen minimize the health hazardous of
assay malathion which can induce DNA damage.
Orsoli¢ et al. (2013) Male CBA inbred mice Propolis Alkaline Comet Propolis reduced DNA damaged in
assay peripheral lymphocytes of diabetic mice.
Jubri et al. (2013) Male Sprague-Dawley rats ~ Manuka honey Alkaline Comet Manuka honey reduce DNA damaged in
assay young and middle age rats.
Tiirkez et al. (2013) Male Sprague-Dawley rats ~ Propolis Micronucleus Propolis able to antagonize
assay Tetrachlorodibenzo-p-dioxin toxicity in the
rat’s liver.
Yao et al. (2011) Male Sprague-Dawley rats ~ Gelam honey Alkaline Comet Gelam honey reduce oxidative damage in
assay young and middle age rats.
Cavusoglu et al. Male Mus musculus var. Royal Jelly Micronucleus Royal Jelly has a protective role against
(2009) Albinos (mice) assay Cadmium induced genotoxicity.

Alves De Lima et al.
(2005)

Wistar rats

Brazilian green

propolis

Propolis

assay

Alkaline Comet

assay

Green propolis increased DNA damage in
the peripheral blood cells of mice when

imposed with high doses.

Propolis modulated Dimethylhydrazine

effect in colon cells.
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Table 2. In vitro studies on protective of honey and it’s derivatives to DNA damage

Authors Study population Types Method Outcomes
Cheng et al. (2017) Mice lymphocytes Honey Alkaline Comet ~ Honey can protect cell from DNA damage by
assay scavenging hydrogen peroxide.
Alleva et al. (2016) Human bronchial epithelial cell Honey DNA fragmented Honey reduced DNA damage on
(BEAS-2B) and neuronal cell line assay pesticide-induce DNA damaged.
(SHSY-5Y)
Yalcin et al. (2016) Foreskin fibroblast cells Propolis Alkaline Comet  Propolis can prevent Y-ray induced DNA
(CRL-2522) assay damage
Roberto et al. (2016)  Rat hepatoma cell line Propolis Alkaline Comet  Propolis show the reduction of DNA damage.
assay
Sherin et al. (2015) A DNA (pBR322) Honey DNA fragmented Honey protect DNA from oxidative damage.
assay
Afroz et al. (2016) A DNA (pBR322) Honey DNA fragmented Reduce DNA damage on dose dependent
assay manner.
Turan et al. (2015) Fibroblast cell Propolis Alkaline Comet  Propolis decrease DNA damage and increase
assay DNA repair enzyme.
Yaacob & Ismail Breast cancer (MCF-7) and Tualang honey Alkaline Comet  Tualang honey enhanced the
(2014) non-cancerous epithelial cell line assay 4-hydroxytamoxifen induced DNA damage in
(MCF-10A) cancer cell and induce the genotoxic effect
4-hydroxytamoxifen in non-cancerous cells.
Habib et al. (2014) A DNA (pBR322) Honey DNA fragmented Honey decreased DNA damage.
assay
Cheng et al. (2013) A DNA (pBR322) Bee pollen Alkaline Comet  Bee pollen protect DNA from being damaged
assay by hydroxyl radical.
Haza & Morales Human hepatocellular carcinoma  Honey Alkaline Comet ~ Honey decreased the DNA damaged cause by
(2013) (HepG2) cells assay food mutagen induced in HepG2 cell.
Ahmad et al. (2012) Murine epidermal keratinocyte cell Tualang honey ~Western blot Tualang honey decrease the number of DNA
line (PAM212) repair protein.
Zhou et al. (2012) A DNA (pBR322) Buckwheat DNA fragmented Honey protect DNA from being damaged by
honey assay hydroxyl radical.
Wen et al. (2012) Colon carcinoma cell line Gelam and Alkaline Comet At high concentration, both honey increased
Nenas honey  assay DNA damaged of colon carcinoma cell line.
Suzana Makpol (2012) Human diploid fibroblast Gelam honey  Alkaline Comet ~ Gelam honey decreased DNA damaged in
assay human diploid fibroblast cell line.
Tsai et al. (2012) Gastric adenocarcinoma cell and Propolis Alkaline Comet  Propolis can caused DNA damaged in presence
human lung adenocarcinoma cell assay of Fe** ion.
Mogib El-Dahtory &  Peripheral lymphocytes Honey Chromosomal Honey decreased chromosomal breakage
Yahia (2011) breakage assay induced by mitomycin C.
Luo et al. (2007) A DNA (pBR322) Propolis DNA fragmented  Propolis reduced DNA damage in cell.
assay
Russo et al. (2006) Normozoospermic semen sample  Propolis Alkaline Comet  Propolis sample possesses the capacity to
assay protect human spermatozoa from the genotoxic
action
Gunduz et al. (2005) T-cell acute lymphoblastic Propolis Telomere activity ~ Propolis decrease the activity of telomerase

leukemia cell line (CCFR-CEM)

assay

enzyme.

3.2 In vitro Studies

Table 1 summarizes the effect of honey and its derivatives on genome health in in vitro studies. Published
articles claimed that honey, propolis and bee pollen can reduce the DNA damage induced by genotoxic agent
such as benzo () pyrene (Russo et al., 2006), peroxynitrate (Luo et al., 2007), hydrogen peroxide (Afroz et al.,
2016; Cheng et al., 2013; Habib et al., 2014; Sherin et al., 2015; Zhou et al., 2012), chlorpyrifos (pesticide)
(Alleva et al., 2016) and tertiary-butyl-hydroperoxide (Turan et al., 2015). Generally, antioxidant can scavenge
free radicals and reduce the potential of oxidative damage in the cell. There was a study conducted by Zhou et al.
(2012) stated that honey has a capability to protect DNA in the non-specific system from being damaged by ROS.
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In the non-specific system, plasmid DNA which present in supercoiled form decrease by 68.6% when treated
with honey (Zhou et al., 2012). Propolis also has a potential to increase the expression of DNA repair enzyme
such as hOGG-1 and NEIL-1 (Turan et al., 2015). However, the protective effect by honey toward oxidative
damage are mostly from flavonoid content in honey and its derivates (Alleva et al., 2016; Cheng et al., 2013,
2017; Russo et al., 2006; Sherin et al., 2015; Tsai et al., 2012). Propolis that contain flavonoid content such as
galangin, pinochembrin, and chrysin have capability to reduce oxidative DNA damage thus become the one of
beneficial factor of the propolis (Tsai et al., 2012).

Drugs can be genotoxic to the cell either it can break the chromosome (Mogib El-Dahtory & Yahia, 2011) or
develop other cancer (Yaacob & Ismail, 2014). Although it can treat a targeted disease, it slightly can induce
oxidative damage caused by its byproduct during biological process (Fahmy et al., 2015). There were studies on
the effect of honey to reduce the genotoxic effect induced by mitomycin-C and tamoxifen (Mogib El-Dahtory &
Yahia, 2011; Yaacob & Ismail, 2014). In the study, antioxidant content from the honey can reduce the
chromosomal breakage and increase DNA repair protein induced by mitomycin-C and tamoxifen (Mogib
El-Dahtory & Yahia, 2011; Yaacob & Ismail, 2014).

Radiation either in natural form or human made can trigger the formation of free radical and can slightly damage
the cell (Yalcin et al., 2016). The effectiveness of honey and propolis to reduce the DNA damage on fibroblast
cell had been studied and both tested compounds have potentials’ to be radioprotective agent to reduce the
oxidative damage (Suzana, 2012; Yalcin et al., 2016). A study by Ahmad et al. (2012), stated that honey can
protect keratinocyte cell line from DNA damage induced and enhance DNA repaired by increased the activity of
DNA repair enzyme such as OGG1 enzyme (Ahmad et al., 2012).

From the studies done by Haza and Morales (2013), honey with higher phenolic compound is able to reduce
DNA damage cause by food mutagens. When they compare with artificial honey that mimic the sugar content in
pure honey, artificial honey does not reduce DNA damage when induced with food mutagens. This suggests the
protective effect of honey might come from its phenolic compound (Haza & Morales, 2013).

Honey and propolis also has been used to suppress the cancer cell by inducing the DNA damage (Gunduz et al.,
2005; Roberto et al., 2016; Wen et al., 2012). It can reduce the production of hydrogen peroxide during
inflammation process (Wen et al., 2012). In addition, study conducted by Gunduz et al. (2005), proposed the
mechanism underlying the effect of propolis on the leukemic cell line in which human telomerase reverse
transcriptase (hnTERT) significantly decreased after following treatment with propolis.

3.3 In vivo Studies

The clinical findings reported that honey, royal jelly, propolis and bee pollen can reduce DNA damage by using
in vivo approaches (Table 2). There are several agent that can cause DNA damage such as mitomycin-C (Kumari
et al., 2017), cyclophosphamide (Fahmy et al., 2015), carbon tetrachloride (CCly) (Cheng et al., 2015), malathion
(Kandiel et al., 2014), alloxan (2,4,5,6-tetraoxypyrimidine; 5,6-dioxyuracil) (Orsoli¢ et al., 2013), 2,3,7,8-
tetrachlorodibenzo-p-dioxin (Tiirkez et al., 2013), cadmium (Cavusoglu et al., 2009), pesticides (Alleva et al.,
2016), peroxynitrate (Luo et al., 2007), hydrogen peroxide (Russo et al., 2006) and dimethylhydrazine (Alves De
Lima et al., 2005).

Generally, most of the literatures use the honey or its derivates to reduce the reactive oxygen species (ROS)
resulted from the usage of drug to treat several treatments. Mitomycin-C is a drug for treat diseases related to
pancreatic, gastric, breast, prostate and bladder cancer (Verweij & Pinedo, 1990) meanwhile cyclophosphamide
was used to treat cancer and autoimmune disease. These drugs originally were not in toxic form but when it
undergoes enzymatic reduction process in biological system the secondary product will lead to DNA damage
(Fahmy et al., 2015; Kumari et al., 2017) and lead to genetic mutation. Study conducted by Kumari et al. (2017)
and Fahmy et al. (2015) proposed that mice treated with mytomycin-C and cyclophosphamide will reduce the
DNA damage when following treatment with propolis and royal jelly.

Honey and it derivatives were able to reduce DNA damage when the mice was induced with toxins such as
carbon tetrachloride (CCly), alloxan and dimethylhydrazine (Alves De Lima et al., 2005; Cheng et al., 2015;
Orsoli¢ et al., 2013). These agents can cause carcinogenesis and may lead to various diseases (Alves De Lima et
al., 2005). However, pretreatment with honey or its derivatives decreased the DNA damage as reported in their
studies respectively. The studies suggests that antioxidant capacity from honey and its derivates may scavenge
the free radicals derives from the toxins (Afroz et al., 2016; Alves De Lima et al., 2005; Cheng et al., 2013, 2015;
Habib et al., 2014; Orsoli¢ et al., 2013; Roberto et al., 2016; Sherin et al., 2015).
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Ionizing radiation also can cause DNA damage when interacting with living cells (Benkovic et al., 2008; Suzana,
2012). Degree of damage depends on time exposure, absorbance dose and susceptibility of the tissue toward the
radiation (Benkovic et al., 2008). Due to broad spectrum of biological properties of honey and its derivatives,
study conducted by Benkovic et al. (2008) use propolis to diminish DNA damage in white blood cell of mice that
exposed to radiation. Mice that following treatment with propolis have significantly lower in comet tail length
and comet tail intensity compared to untreated group (Benkovic et al., 2008).

Reactive oxygen species (ROS) are always attributed to aging and excessive physical exercise (Hajizadeh
Maleki et al., 2016; Sahhugi et al., 2014). Although aging is a declined physiological process, but ROS also have
an important role to speed up aging process. Previous studies reported that honey can reduce oxidative damage
in rats and decrease the level of DNA damage (Jubri et al., 2013; Sahhugi et al., 2014; Yao et al., 2011).
Meanwhile, study by Hajizadeh Maleki et al. (2016) stated that consumption of honey can inhibit oxidative
stress and decrease DNA damage after exercise training in road cyclist. The subjects were took 70 g honey in
250 ml distilled water before training session and after the exercise, blood were taking for analysis and there
showed a decrease in lymphocytes DNA damage (Hajizadeh Maleki et al., 2016).

In contrast, there was a report on mutagenic effect of propolis from Brazil study by Pereira et al. (2008). From
our knowledge and authors claim, this is the first in vivo report of propolis’s negative effect. At concentration
from 1000 mg/kg dose until 2000 mg/kg, these doses were found to induce DNA damage on the blood cell of
tested mice as measured by alkaline comet assay ( Pereira et al., 2008).

4. Discussion

Thirty-four published articles on the current knowledge on honey and its derivatives with genome health were
identified for this review. Honey and its derivatives was found to have potential to reduce DNA damage in cell as
well as in biological system thus reducing risk of diseases related to genomic instability (Figure 2).

Drugs/ chemical . .
Excessive exercise

Radiation \\ / Aging

Free radical

Honey
Propolis
NA
damage

Royal Jelly
Bee pollen

5

ﬂTelomerase activity H DNA repair protein

DNA repair

Figure 2. Schematic diagram on the protection effect of honey and its derivatives to decrease DNA damage to
enhance better life

There were a lot of causative agents that able to increase the reactive oxygen species in biology system. DNA
damage happened when oxidative stress increases the production of free radicals that can cause oxidative
damage to protein, fat and DNA itself. Human diet that contains food mutagens can also cause DNA damage.
Nitrosamines is an example of food mutagens that can be found in variety of food such as bacon, ham, sausage,
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cheese and many more (Haza & Morales, 2013). Meanwhile heterocyclic amines and polycyclic aromatic
hydrocarbons were formed when fish or meat were cooked at high temperature. Both mutagens can induce DNA
damage and able to develop carcinogenesis (Haza & Morales, 2013). DNA damage can increase the probability
of causing a genomic instability and lead to mutation.

Recently, environment pollutions increased due to industrial revolutions. Toxic chemical discharged from
industrial and may enter biological system and disturb biochemical process thus lead to various diseases
(Cavusoglu et al., 2009; Kandiel et al., 2014). Cadmium, malathion and 2,3,7,8-tetrachlorodibenzo-p-dioxin
were the common environment contaminant (Cavusoglu et al., 2009; Kandiel et al., 2014; Tirkez et al., 2013)
which have a toxic effect and cause DNA damage. However, usage of bee pollen, propolis and royal jelly can
reduce the genotoxicity effect. Moreover, they used bee pollen with the crushed commercial basal diet for Nile
tilapia to reduce toxicity effect of malathion in agricultural setting (Kandiel et al., 2014).

Briefly from this review, two types of outcomes have been proposed. Most of the published articles showed that
the honey and its derivatives can reduce the DNA damage by scavenging of the reactive oxygen species (ROS)
when cell or mice were induced with genotoxic agents (Cheng et al., 2015, 2017; Kumari et al., 2017; Zhou et al.,
2012). Reducing or inhibiting the free radical can decrease the potential of having genotoxic related diseases
such as cancer, inflammation disorder and cardiovascular disease (Wen et al., 2012). Reducing of free radical
were associated with the flavonoid content in the honey and its derivatives (Tsai et al., 2012). There was a
correlation between the total bioactive compound and the protective effect towards DNA damage; higher total
phenolic shown strongest protection to the DNA molecules (Cheng et al., 2017).

The others studies done by Yaacob et al. (2014) and Cheng et al. (2017) proposed that honey can decrease
oxidative damage caused by progression of cancer cell. Honey can become cytotoxic to the cancer cell similar as
tamoxifen, a drug for treatment breast cancer but, at the same time it can reduce formation of free radicals during
the biological process (Yaacob & Ismail, 2014). Consumption of any drug can lead to several side effects to
health such as development of other diseases at different drug targeted (Fahmy et al., 2015; Mogib El-Dahtory &
Yahia, 2011) due to the byproduct formation. Nevertheless, propolis was found to cause damage on DNA
molecules when used in higher doses (Pereira et al., 2013).

However, honey and its derivates either propolis, royal jelly or bee pollen had beneficial effects when taking in
proper doses. It can decrease the free radical effect by chemical, environment, or it also can become a good
anti-cancer agent. Surprisingly, honey and its derivatives can also increase the expression of DNA repair genes
such as hOGG-1 and NEIL-1 (Turan et al., 2015). That are responsible for repairmen of single-strand cleavage
resulted from oxidative damage by free radicals (Turan et al., 2015). Besides that, propolis also plays a role to
decrease the expression of telomerase activity in leukemic cell line (Gunduz et al., 2005). This suggests that
propolis can protect damage that lead to the apoptosis by inhibiting the expression of telomerase (Gunduz et al.,
2005).

Nevertheless, there are very few studies on the effect of honey and its derivatives towards DNA repair protein
and telomerase activity. Most studies conducted only focusing on the effect of honey and its derivatives on DNA
damage induced by free radicals and the effectiveness to suppress cancer cell. The mechanism underlying the
effect of honey and its derivates to prevent the cell to undergo DNA damage need to be addressed in further
investigation.

5. Conclusion

From the studies, honey and its derivatives showed a potential candidate to prevent oxidative damage on DNA
thus provide the stability of the genome for better health maintenance.
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