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Abstract

Brain is the central organ in human body, that is working 24hr/7days even before we leave
our mother’s womb. None surprising that care should be paid for the food consumed that
consequently affecting brain environment, neurotransmitters as well as oxidative state.
Carmoisine (Car) and sunset yellow (SY) are synthetic food additives extensively utilized
during food processing and subsequently affecting brain health. The apoptotic effect
underling the behavioral changes after oral consumption of either Car or SY remains not fully
understudied. Respective biochemical and molecular biological parameters by means of one
fifty adult male mice were conducted. The study extended for 3 months on 5 different groups
with ten mice each; Group 1 was utilized as the control group, group 2 was treated with the
acceptable daily intake (ADI) of SY (30 mg/kg BW), group 3 was treated with 10x ADI of
SY, group 4 was treated with ADI of Car (4 mg/kg BW) and group 5 was administered 10x
ADI of Car; all doses were given orally via gastric lavage. Exposure to higher doses of either
SY or Car significantly altered the biochemical parameters; decreased both serotonin and
dopamine levels and total antioxidant capacity as well. However, increased the lipid
peroxidation marker malonaldehyde (MDA), upregulated the mRNA expression of the pro-
apoptotic genes (Fas, Fas-L, Bax and casp3) and down regulated the transcriptional level of
the anti-apoptotic gene Bcl2.Moreover upregulated both miR-140 and miR-34a expression
levels and consequently down-regulated their target genes NRF-2 and SIRT-1, respectively.
So, we can conclude that excessive oral administration of either Car or SY has apoptotic
effect and care should be paid with their usage.

Keywords: MicroRNA, Apoptosis, Carmoisine, Sunset yellow, and neurotransmitters.

Introduction utilized ones; for imparting a new colour to
the products to be more attractive for
consumers  especially  children  [4].
Carmoisine/Azorubine(E122) (Car) is a
legalised azo dye by Joint FAO/WHO
Expert Committee on Food Additives
(JECFA) Scientific Committee for Food
(SCF) as a food additive with established
ADI of 0-4 mg/kg BW/day [5, 6]. Sunset
Yellow FCF (E110) is a food colorant with
ADI of 30 mg/kg BW/day [7].

Food additives have been extensively
utilized in food processing, manufacturing,
and packaging. Either natural or synthetic
additive; it usually consumed for
improvement of food quality, taste, and
appearance [1]. Food additives serve as
colourants, emulsifiers, stabilisers, and taste
modifiers. Colouring dyes are extensively
applied among all food additives[2, 3].
Among these dyes azo compounds named
for their azo group (-N=N-), are the most
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Sunset yellow (SY) has been listed by
National Institute for Occupational Safety
and Health (NIOSH) as having behavioural
consequences involving coma with impact
on seizure threshold only in acute high
doses (LD50) of SY [8]. SY was reported to
have mutagenic and carcinogenic [9],
immunological [10-12] effects in mammals.
Car could alter the different bio-elements
levels in liver, kidney and brain [13],
trigger renal failure, hepatotoxicity [14]
combined with genotoxicity [15] .

Oxidative stress is a discrepancy among
reactive oxygen species (ROS) production
and accumulation in the living tissues [16].
Many food additives could affect normal
functions of various organs with different
extent, inducing excessive alteration
concerning brain health and environment
causing short-term memory loss [17].
Oxidative stress may incline to cellular
death across diverse mechanisms. The
overproduction of ROS above the normal
tissue's antioxidant capacity and their
detoxification power may cause
chromosomal aberration, carcinogenesis
and degenerative diseases and cellular
apoptosis [18-20]. Apoptosis (programmed
cell death), is a cornerstone process
essential for homeostasis either in initial
development or in pathophysiological
statuses [21].

MicroRNAs (miIRNAs) exemplify a unique
category of single-stranded, non-coding
RNA of 18-25 nucleotides implicated in
gene expression regulation and modification
ruling a variety of human concerning diseases
including apoptosis, oxidative stress, and
oncogenesis [22-24]. miR-140-5p expressed
in both glia and nerve cell and implicated
in brain ischemia [25] and even
neurodegenerative disorders [26]. Rising
evidence implied that miR-140-5p play
important roles in brain health and
cognition [27, 28]. miR-34a is known to
trigger apoptosis via the translational
repression of either Sirtuin-1 (SIRT-1), a
deacetylase that inhibits several pro-
apoptotic proteins including p53, or the
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antiapoptotic protein Bcell
(Bcl-2) [29, 30].

Though the precise mechanisms of
MicroRNAs and antioxidant defence
elements modulation are uncertain, an
evidence implies that the nuclear factor
erythroid 2-related factor-2 (Nrf-2) is an
important transcription factor of the
antioxidant  stress pathway signalling
pathway is the golden way for those
mechanisms [31, 32]. SIRT-1 is one of the
SIRT family that is a conserved protein of
histone deacetylase 111 and consists of seven
members (SIRT-1 to SIRT-7) [33]. SIRT-1
is recently reported as a target of miR-140
during apoptosis [34].

lymphoma-2

Consequently, we postulated that, the
miRNA expression could be utilized as
indicator for the progression of oxidative
stress in addition to the apoptotic changes
affecting the neuronal cells in the brain
tissues of SY and Car-treated mice. In this
study, the involvement of miR-140-5 &
miR-34a and their targets in relation to
apoptotic alterations in brain owing to SY
and Car consumption was investigated.

Material and methods
Chemicals

Car (E122) with chemical formula of
(C20H12N2Na207S2) and SY (E110) with
chemical formula (C16H10N2Na207Sy), were
purchased in pure form from the local
market, MDA and TAC estimation Kkits
were purchased from Bio diagnostic Co.,
Egypt, and Serotonin (CAT#: NK1120FY250)
& dopamine (CAT# NKI1120FY209)
ELISA kits™ were purchased from Creative
Biolabs neurosS.

Animals

Fifty of adult male mice weighting 20-
25gm obtained from laboratory animals
research center, Faculty of Veterinary
Medicine, Zagazig University. The animals
were kept under hygienic condition, housed
in cages, well ventilated; fresh drinking
water and basic laboratory diet was
supplied with 15 days of acclimatization



Zag Vet J, Volume 49, Number 2, p. 158-170, June 2021

Hussein et al., (2021)

before being experimented. All animals
handled according to the procedures
reviewed and approved by Zagazig
University Research Center Institutional
Animal Care and Use Committee (IACUC)
under number ZU-IACUC/2/F/40/2021.

Experimental design

The experimental animals were
randomly divided into 5 groups ten
mice each; Groupl: Mice received the
basal diet and utilized as Control group,
Group 2: Mice received 30 mg/ kg
BW/day of SY that named Sunset
Yellow-Low Dose (SY-LD) [7], Group
3: Mice received 300 mg/ kg BW/day
of SY named Sunset Yellow-High Dose
(SY-HD) at dose equivalent to 10 ADI,
Group 4: Mice received 4mg/ kg BW
/day of Car named Carmoisine-Low
Dose (Car-LD) [14], Group 5: Mice
received 40mg/ kg BW/day of Car
named Carmoisine-High Dose (Car-

HD). Both food colorants were
dissolved in bi-distilled water and
administered  via  gastric  tube

throughout the period of our experiment
that extended to 90 days.

Sampling
Blood sampling

At the end of experiment, blood samples
were collected from the eye plexuses
utilizing capillary glass tubes and stored
instantly on ice. Blood serum samples were
collected into dry clean centrifuge tubes;
the serum was collected after spinning for
15 min at 1500 xg and kept at —20°C.

Tissue sampling

Immediately after euthanizing, brain
tissues divided into 2 parts one was
homogenized and utilized for
neurotransmitters estimation and the second
part were wrapped in aluminium foil and
snap frozen immediately in liquid nitrogen
to minimize the action of endogenous
RNases; for real time-PCR analysis for the
gene expression of apoptotic genes and
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mMIiRNA & their targets (miR-140, miR-34a,
Nrf-2 and SIRT-1).

Biochemical analysis

The Malondialdehyde (MDA) marker of
lipid peroxidation was measured in serum
of mice and total antioxidant capacity
(TAC) were estimated by the methods of
Ohkawa et al. [35] and Koracevic et al. [36]
respectively. They estimated by test reagent
kits (Biodiagnostics, Egypt) according to
the manufacturer’s instructions. Serotonin
and dopamine were measured in 10 mg of
tissue homogenate from brain with ELISA
kits (Creative Biolabs neuroS. London) as
described by Toyokuni et al.[37]. Data were
expressed as ng/mg of brain tissue.

Molecular analysis
RNA Extraction

Four milligrams of fresh brain tissues
from all treated mice were thoroughly
homogenized before RNA extraction. Total
RNA extraction from the brain tissue was
performed using TRIzol™ reagent
(Invitrogen, Thermo Fisher Scientific,
Waltham, MA, U.S.A.) (Catalog Numbers:
15596026 and 15596018).

For RNA quality determination, the
A260/A280 ratio was analysed using the
NanoDrop® ND-1000 Spectrophotometer
(NanoDrop  Technologies;  Wilmington,
Delaware, United States). RNA concentration
was determined spectrophotometrically at
260 nm.

Real-time quantitative PCR (QPCR) Analysis

The real-time gPCR was performed in a
Mx3005P Real-Time PCR System (Agilent
Stratagene, USA) using TOPreal™ qPCR
2X PreMIX (SYBR Green with low ROX)
Catalog Number (#RT500S-RT500M)
supplied by applied enzynomics in Life
Technologies (India) Pvt. Ltd. Where the
isolated cDNA was amplified following the
manufacturer's instructions.

The designed primers for the target
genes were listed in Table (1) [38, 39].
Primers were synthesized by Sangon
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Biotech (Beijing, China). The expression
levels of the miR-140-5p and miR-34a and
their target genes SIRT-1 and Nrf-2
respectively as well as other genes related
to apoptosis (Bcl-2, Fas, Fas-L, Bax and
Caspase3) were normalized using the

mMRNA and miRNA expression of a known
housekeeping genes; B-actin and U6
respectively. Results are expressed as fold-
changes compared to the control group
following the 2-2A€T method [40].

Tablel: Specific real time PCR primers for the examined genes.

Gene Forward primer (5'-3’) Reverse primer (5'-3’) Accession No or
Reference
Nrf-2 GCGGTTTTGTCTCGTCCTGT  CAGACGATTGCCAGGACTGT NM_023502.2
Sirt-1 CGGCTACCGAGGTCCATATAC ACAATCTGCCACAGCGTCAT NM_001159589.2
Bax CTGGATCCAAGACCAGGGTG CCTTTCCCCTTCCCCCATTC NM_007527.3
Bcl-2 CTGAGTACCTGAACCGGCAT GGTATGCACCCAGAGTGATG NM_009741.5
Fas GTCCTGCCTCTGGTGCTTG AGCAAAATGGGCCTCCTTGA NM_007987.2
Fas-L CTCCGTGAGTTCACCAACCA ACTCCAGAGATCAGAGCGGT NM_010177.4
Caspase-3 GGGGAGCTTGGAACGCTAAG CCGTACCAGAGCGAGATGAC NM_009810.3
GAPDH  GCATCTTCTTGTGCAGTGCC TACGGCCAAATCCGTTCACA NM_008084.3
miR-140 iGCATGGCAGTGGTTTTACCCT ATCCAGTGCAGGGTCCGAGG [38]
miR-34a  ACACTCCAGCTGGGTGGCAGT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGT [39]
GTCTTAGCT TGAGACAACCAG
U6 CGCTTCGGCAGCACATATACT GCTTCACGAATTTGCGTGTCATCCTTGC [38]

AAAATTGGAAC

Statistical analysis

Data on blood analyses and molecular
alteration of our miRNA and their targets as
well as apoptotic genes were statistically
analysed using the one-way analysis of
variance ANOVA followed by Duncan’s
test using SPSS software version 20 at a
significance level of 5%. All results are
expressed as meantSEM.

Results
Antioxidant capacity

Figure 1 shows that treatment with both
SY-HD and Car-HD resulted in a
significant (p < 0.05) increase in the
oxidative stress that indicated by increase of
serum MDA levels well as decrease of TAC
compared to control as illustrated in Figures
1A and 1B respectively. Also, our results
revealed a slight increase in lipid
peroxidation in Car-LD with non-
significant (p > 0.05) change in SY-LD as
compared with control group.
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Brain neurotransmitters

Our results in figure 2 revealed a
significant (p < 0.05) decrease in Dopamine
(umol/L) (Figure 2A) levels in both SY-HD
and Car-HD groups. Furthermore, mice
exhibited a highly significant reduction in
the mean value of serotonin (ng/ml) (fig
2B) activity in both SY-HD and Car-HD
groups when compared with other tested
groups (P<0.001). Moreover, the SY-LD
and Car-LD treated groups showed a
significant (p < 0.05) decrease of both
Dopamine and serotonin when compared to
control group.

Expression of different genes in relation to
apoptosis

A significant (p < 0.05) upregulated gene
expression of Fas, Fas-L, BAX and
Caspase3 was detected both in SY-HD and
Car-HD treated mice in isolated brain
tissues homogenate, while they were
significantly (p < 0.05) down-regulated in
both SY-LD and Car-LD treated group but
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still higher than control one (Figures; 3A,
3B, 3C, and 3D). In contrast to Bcl-2 gene
that was significantly (p < 0.05) down-
regulated in both SY-HD and Car-HD
treated mice, while they were significantly
upregulated in both SY-LD and Car-LD
treated group but still lower than control
one (Figure 3E).

MiR-140-5p and miR-34a expression level
in brain tissues of treated mice

As shown in figure 4 there is A
significant (p < 0.05) increase in gene

expression of miR-140-5p and miR-34a in
both SY-HD and Car-HD treated mice in
isolated brain tissues homogenate, whereas
they were significantly (p < 0.05) down-
regulated in both SY-LD and Car-LD
treated group but still higher than control
one (Figure 4A, 4C). In contrast to Sirt-1
and Nrf-2 gene that were significantly (p <
0.05) down-regulated in both SY-HD and
Car-HD treated mice, whilst they were
significantly upregulated in both SY-LD
and Car-LD treated group but still lower
than control one (Figure 4B and 4D).
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Figure (1) Effect of sunset yellow or carmoisine intoxication on serum MDA (A) and
TAC (B). Values presented are mean + SEM. Means along with different superscripts were

statistically significant (P < 0.05).
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Figure (2) :Effect of sunset yellow or carmoisine intoxication on brain neurotransmitters
of mice; A. Dopamine and B. Serotonin. Values presented are mean + SEM. Means along
with different superscripts were statistically significant (P < 0.05).
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Figure (3): Effect of sunset yellow or carmoisine intoxication on gene expression of
apoptotic genes in brain tissue of mice; A. Bax, B. Fas, C. FasL, D. Caspase-3 and E. Bcl2.
Values presented are mean = SEM. Means along with different superscripts were statistically
significant (P < 0.05).
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Figure (4) : Effect of sunset yellow or carmoisine intoxication on miR-140 & miR-34a
and their targets’ expression level in brain tissue of mice; A. miR-140, B. SIRT-1, C miR-
34a and D. Nrf-2. Values presented are mean + SEM. Means along with different superscripts
were statistically significant (P < 0.05).
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Discussion

Food colorant is any material added to
food or beverage to change its colour and
appearance. Over many ages, adding colour
to food and drink has been a common
practise. Colour was commonly used to act
as a visual indicator for quality, to induce
flavour recognition, and to match consumer
expectations. Colour is still used in the
production of food like biscuits, pastries,
cakes, and processed meats [1-3].

Several adverse consequences have been
documented based on various research
studies, including behavioural impacts on
children, and even adult cognition. or
neuro-developmental effects [41,42].

To elucidate the mechanisms involved in
the up regulation of miR-140-5p in response to
oxidative stress, we investigated the
relationship between miR-140-5p expression
and ROS production. Lipid peroxidation is
one of the most concerning disturbance
aroused from lowered antioxidant activities
in neurons leading to brain injury and
neurodegenerative disorders [43]. Our
findings synchronized with Khayyat et al.
[44] and Moeen et al. [45] who reported
visible increase in MDA level and a marked
decline in total antioxidant capacity in SY
and Car-treated groups respectively.

Extreme ROS  accumulation in
macrophages could trigger a cascade of
cellular alterations, in RNA, DNA, lipids,
and protein, which can lead to cell
metabolic dysfunction and apoptosis [32].
Apoptosis is a crucial way of controlling
cell populations; however it is therefore
imperative to be under control. Homeostasis in
the normal cell death is tightly delimited by
restraining of the oxidative stress.
Consequently, faulty signalling across these
pathways be able to and cancer development as
well as initiation of apoptosis [20].

Apoptosis is sparked via two key paths
described as the intrinsic (mitochondrial)
and extrinsic pathways (receptors-dependant).
The intrinsic one is triggered by
oligomerization of BAK and BAX (pro-
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apoptitic members of BCL-2 family)
forming pores in the outer mitochondrial
membrane, liberating cytochrome c into the
cytosol where it binds to Apoptotic protease
activating factor-1 (Apaf-1), that enlists
procaspase-9, creating the apoptosome that
migrates to nucleus contributing to Direct
DNA degradation and apoptosis [46]. On
the other hand, the extrinsic pathway is
triggered by several mechanisms where
death ligand (Fas-L) or TNF-a binds to the
corresponding cell surface receptors; death
receptors & TNF receptor 1 (TNFR1)
respectively. Later, these proteins provoke
signalling complexes formation of TNFR1-
Fas-associated death domain protein
(FADD) or associated death domain protein
(TRADD) and procaspase-8 that forming
death inducing signal complex (DISC) then
triggering Caspase-3 & multiple caspase-
substrates cleavage and subsequently cell
death [21, 46].

Car, according to Basu and Kumar [47],
can link with B form of DNA that resulted
in various conformational changes in its
structure. Similarly SY caused apoptotic
induction via membrane & DNA damage as
well as cell division inhibition as reported
by Prajitha and Thoppil [48].

Extensive studies of the apoptotic signal
transduction pinpointed caspase (cysteine-
protease) being as the effectors where the
apoptotic triggering stimuli exist, many
activated caspase enlisted to exterminate
the cells [49,50]. In the current study, Car
caused progression of apoptotic environment
in brain tissues that was confirmed by
enhanced Fas, Fas-L, BAX and Caspase3
gene expression as a pro-apoptotic gene.
Bcl-2 family have been previously recognized,
that comprises both a pro-apoptotic (e.g.,
Bax) and anti-apoptotic (e.g., Bcl-2) [51].
Augmented gene expression of Fas, Fas-L,
Bax and cleaved Caspase3 was detected
both in high doses of SY &Car-treated mice
in isolated brain tissues homogenate, that
proved activated apoptotic process in the
brain tissues of treated mice.
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In contrast to Bcl-2 gene that was
significantly down regulated both in high
doses of SY & Car-treated mice in isolated
brain tissues homogenate, that evidenced
blocked apoptotic cascade in the brain
tissues of treated mice. In accordance with
the obtained results, significant reduction
(p<0.05) in Bcl-2 gene as has been recorded
in previous study [44] as it considered an
anti-apoptotic one through blocking Bid
redistribution and the downstream caspase.

Neurotransmitters are category of
biological messengers between cells
synchronizing countless body concerning
processes [52]. In present study, there is a
significant decrease in Serotonin and
dopamine that comes in accordance with
several previous experiments revealed the
negative effect of the synthetic food
colorants on the hormone balance in the
experimental animals [53, 54]

miRNA expression provides a great
progression in diagnosis, monitoring as
well as clarifying the underlining
mechanism  for  numerous  diseases
alterations; leading to the improvement of
innovative diagnostic and  therapeutic
prospects [55]. The intracellular process for
inactivation of ROS is important for
maintaining physiologic redox equilibrium
by regulating the production and activity of
several cellular anti-oxidative defence
components, and hence plays a key role in
oxidative  stress  development.  Any
disruption in the Nrf-2 signalling pathway
can lead to oxidative damage-related
diseases [31].

Consistent with previous findings, we
observed up-regulation of miR-140-5p by
way of increased oxidative stress and ROS
levels that could explained by suppressing
the protein expression of Nrf-2 [56].
Furthermore, the role of miR-34a in
apoptosis regulation has been widely
emphasized in a wide variety of cell types
[57, 58]. Our results come in accordance
with Guo et al. [57] who postulated that
miR-34a triggers senescence to a certain
extent through molecular embarrassment of
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SIRT-1 as previously postulated by Zhao et
al. [59]

Conclusion

miR-140-5 & miR-34a and their targets
were extensively contributed to oxidative
process & apoptotic cascade alterations in
brain owing to SY and Car consumption.
Additionally, the use of synthetic colours in
various foods has adverse effect on
biochemical as well as molecular analysis
specifically at high level for a long time. On
The Other Hand, it leads to the change in
brain environment and increase apoptotic &
oxidative indices. So, we suggested low
administration of food colouring in food
products mainly during childhood.

References

[1] Awuchi, C.; Twinomuhwezi, H.;
Victory, I. and lkechukwu, A. (2020):
Food Additives and Food Preservatives
for Domestic and Industrial Food
Applications. Journal of Animal
Health, 2: (1): 1-16.

[2] Pandey, R. and Upadhyay, S. (2012):
Food Additive, Food Additive, Prof.
Yehia El-Samragy (Ed.), ISBN:978-
953-51-0067-6, InTech, Available
from:
http://www.intechopen.com/books/foo
d-additive/food-additive.

[3] Ahmed, M.A.; Al-Khalifa, A.S.; Al-

Nouri, D.M. and EI-Din, M.F.S.
(2021): Dietary intake of artificial food
color additives containing food

products by school-going children.
Saudi J. Biol. Sci., 28(1): 27-34.

[4] Forgacs, E.; Cserhéti, T. and Oros, G.
(2004): Removal of synthetic dyes
from wastewaters: a review. Environ.
Int., 30 (7): 953-71.

[5] EFSA Panel on Food Additives and
Nutrient Sources Added to Food.
(2009): Scientific Opinion on the
re-evaluation of Azorubine/Carmoisine
(E 122) as a food additive. EFSA
Journal, 7 (11), 1332.



Zag Vet J, Volume 49, Number 2, p. 158-170, June 2021

Hussein et al., (2021)

[6] European Food Safety Authority.
(2015): Refined exposure assessment
for Azorubine/Carmoisine (E 122).
EFSA Journal, 13(3), 4072.

Ismail, M.A. and Aboelwafa, H.R.
(2017): Comparative Valuation of
Ultrastructural and Immunoscreening
Studies on the Two Food Colorants'
E100 and E110'-Triggering Testicular
and Prostate Alterations in Mouse.
Nature and Science 15(6):74-87.

[8] Tanaka, T.J.T. (1996): Reproductive
and neurobehavioral effects of Sunset
Yellow FCF administered to mice in
the diet. Toxicol. Ind. Health, 12(1):
69-79.

[9] Feng, J.; Cerniglia, C.E. and Chen,
H.J.F.i.b. (2012): Toxicological
significance of azo dye metabolism by
human intestinal microbiota. Front.
Biosci. - Elite, 4: 568.

[10] Hashem, M.M.; Atta, A.H.; Arbid,
M.S.; Nada, S.A.; Asaad, G.F.J.F. and
Toxicology, C. (2010): Immunological
studies on Amaranth, Sunset Yellow
and Curcumin as food colouring agents
in albino rats. Food Chem. Toxicol.,
48(6): 1581-1586.

[11] Yadav, A.; Kumar, A.; Tripathi, A. and
Das, M.J.T.l. (2013): Sunset yellow
FCF, a permitted food dye, alters
functional responses of splenocytes at
non-cytotoxic dose. Toxicol. Lett.,
217(3): 197-204.

Colakoglu, F. and Selcuk,
M.LJJ.0.V.R. (2020): Effects of
Sunset Yellow FCF on immune system
organs during different chicken
embryonic periods. J. Vet. Res., 64(4):
597-607.

[13] Cemek, M.; Biiyiikokuroglu, M.;
Sertkaya, F.; Alpdagtas, S.; Hazini, A.;
Onul, A. and Gones, S. (2014): Effects
of Food Color Additiveson Antioxidant
Functions and Bioelement Contents of
Liver, Kidney and Brain Tissues in
Rats. J. Food Nutr. Res., 2: 686-691.

[7]

[12]

166

Reza, M.S.A.; Hasan, M.M.;
Kamruzzaman, M.; Hossain, M.l.;
Zubair, M.A.; Bari, L.; Abedin, M.Z.;

[14]

Reza, M.A.; Khalid-Bin-Ferdaus,
K.M.; Haque, K.M.F.; Islam, K,
Ahmed, M.U. and Hossain, M.K.

(2019): Study of a common azo food
dye in mice model: Toxicity reports
and its relation to carcinogenicity.
Food Sci. Nutr. 7(2): 667-77.

[15] Khan, L.S.; Ali, M.N.; Hamid, R. and
Ganie, S.A. (2020): Genotoxic effect
of two commonly used food dyes
metanil yellow and carmoisine using
Allium cepa L. as indicator. Toxicol.
Rep., 7: 370-375.

[16] Pizzino, G.; Irrera, N.; Cucinotta, M.;
Pallio, G.; Mannino, F.; Arcoraci, V.;
Squadrito, F.; Altavilla, D. and Bitto,
A. (2017): Oxidative Stress: Harms
and Benefits for Human Health. Oxid
Med Cell Longev, 2017: 8416763.

[17] Minamiyama, Y.; Takemura, S. and
Ichikawa, H. (2021): Food additive-
induced oxidative stress in rat male
reproductive organs and hippocampus.
Arch Biochem Biophys, 701: 108810.

[18] Deng, L.; Du, C.; Song, P.; Chen, T.;
Rui, S.; Armstrong, D.G. and Deng,
W. (2021): The Role of Oxidative
Stress and Antioxidants in Diabetic
Wound Healing. Oxid. Med. Cell.
Longev., 2021: 8852759.

[19] Luo, C.; Urgard, E.; Vooder, T. and
Metspalu, A.J.M.h. (2011): The role of
COX-2 and Nrf2/ARE in anti-
inflammation and antioxidative stress:
Aging and anti-aging. Med.
Hypotheses, 77(2): 174-178.

[20] Mates, J.M.; Segura, J.A.; Alonso, F.J.
and Marquez, J. (2012): Oxidative
stress in apoptosis and cancer: an
update. Arch Toxicol, 86(11): 1649-
1665.

[21] Kashyap, D.; Garg, V.K. and Goel, N.
Chapter Four - Intrinsic and extrinsic
pathways of apoptosis: Role in cancer



Zag Vet J, Volume 49, Number 2, p. 158-170, June 2021

Hussein et al., (2021)

development and prognosis. Adv.
Protein Chem. Struct. Biol. 73-120.

[22] Ling, H.; Fabbri, M. and Calin, G.A.
(2013): MicroRNAs and other non-
coding RNAs as targets for anticancer
drug development. Nat. Rev. Drug
Discov., 12(11): 847-865.

[23] He, L. and Hannon, G.J.J.N.r.g.
(2004): MicroRNAs: small RNAs with
a big role in gene regulation. Nat. Rev.
Genet., 5(7): 522-531.

[24] Shah, V. and Shah, J. (2020): Recent
trends in targeting miRNAs for cancer
therapy. J. Pharm. Pharmacol., 72(12):
1732-1749.

[25] Casey, S.; Goasdoue, K.; Miller, S.M.;
Brennan, G.P.; Cowin, G.; O’Mahony,
A.G.; Burke, C.; Hallberg, B.; Boylan,
G.B.; Sullivan, A.M.; Henshall, D.C.;
O’Keeffe, G.W.; Mooney, C.;
Bjorkman, T. and  Murray, D.M.
(2020): Temporally Altered miRNA
Expression in a Piglet Model of
Hypoxic Ischemic Brain Injury. Mol.
Neurobiol., 57(10): 4322-44.

[26] Rodriguez-Ortiz, C.J.; Prieto, G.A;
Martini, A.C.; Forner, S.;
Trujillo-Estrada, L.; LaFerla, F.M.
Baglietto-Vargas, D.; Cotman, C.W.
and Kitazawa, M.J.A.c. (2020):
miR-181a  negatively ~ modulates
synaptic plasticity in hippocampal
cultures and its inhibition rescues
memory deficits in a mouse model of
Alzheimer’s disease. Aging cell, 19(3):
e13118.

[27] Gullett, J.M.; Chen, Z.; O’Shea, A.;
Akbar, M.; Bian, J.; Rani, A.; Porges,
E.C.; Foster, T.C.; Woods, A.J;
Modave, F. and Cohen, R.A. (2020):
MicroRNA predicts cognitive
performance in healthy older adults.
Neurobiol. Aging, 95: 186-194.

[28] Ambrozkiewicz, M.C.; Schwark, M.;
Kishimoto-Suga, M.; Borisova, E.;
Hori, K.; Salazar-L&zaro, A,
Rusanova, A.; Altas, B.; Piepkorn, L.;

167

Bessa, P.; Schaub, T.; Zhang, X,
Rabe, T.; Ripamonti, S.; Rosario, M.;
Akiyama, H.; Jahn, O.; Kobayashi, T.;
Hoshino, M.; Tarabykin, V. and
Kawabe, H. (2018): Polarity
Acquisition in Cortical Neurons Is
Driven by Synergistic Action of Sox9-
Regulated Wwpl and  Wwp2
E3 Ubiquitin  Ligases and Intronic
miR-140. Neuron, 100(5): 1097-11515.

[29] Yamakuchi, M. and  Lowenstein,
C.J.J.C.c. (2009): MiR-34, SIRT1, and
p53: the feedback loop. Cell cycle,
8(5): 712-715.

Hermeking, H.J.C.D. and
Differentiation. (2010): The miR-34
family in cancer and apoptosis. Cell
Death Differ., 17(2): 193-199.

Ashrafizadeh, M.; Ahmadi, Z.;
Samarghandian, S.; Mohammadinejad,
R.; Yaribeygi, H.; Sathyapalan, T. and
Sahebkar, A. (2020): MicroRNA-
mediated regulation of Nrf2 signaling
pathway: Implications in disease
therapy and  protection  against
oxidative stress. Life Sci., 244:
117329.

Vargas-Mendoza, N.; Morales-
Gonzalez, A.; Madrigal-Santillan,
E.O.; Madrigal-Bujaidar, E.; Alvarez-
Gonzélez, 1.; Garcia-Melo, L.F;
Anguiano-Robledo, L.;  Fregoso-
Aguilar, T. and Morales-Gonzalez,
JA. (2019):  Antioxidant  and
Adaptative Response Mediated by
Nrf2 during Physical Exercise.
Antioxidants, 8(6): 196.

[33] Dai, H.; Sinclair, D.A.; Ellis, J.L.;
Steegborn, C.J.P. and therapeutics.
(2018):  Sirtuin  activators  and
inhibitors:  promises, achievements,
and challenges. Pharmacol. Ther., 188:
140-154.

[34] Liu, L.; Zuo, Y.; Xu, Y.; Zhang, Z.; Li,
Y.; Pang, JJ.C. and letters, m.b.
(2019): MiR-613 inhibits proliferation
and invasion and induces apoptosis of
rheumatoid arthritis synovial

[30]

[31]

[32]



Zag Vet J, Volume 49, Number 2, p. 158-170, June 2021

Hussein et al., (2021)

fibroblasts by direct down-regulation
of DKKL1. Cell. Mol. Biol. Lett., 24(1):
1-14.

[35] Ohkawa, H.; Ohishi, N. and Yagi, K.
(1979): Assay for lipid peroxides in
animal tissues by thiobarbituric acid
reaction. Anal. Biochem., 95(2): 351-
358.

Koracevic, D.; Koracevic, G.;
Djordjevic, V.; Andrejevic, S. and
Cosic, V. (2001): Method for the
measurement of antioxidant activity in
human fluids. J. Clin. Pathol., 54(5):
356-361.

[37] Toyokuni, S.; Yamada, S.; Kashima,
M.; lhara, Y.; Yamada, Y.; Tanaka, T.;
Hiai, H.; Seino, Y.; Uchida, K.J.A. and
signaling, r. (2000): Serum 4-hydroxy-
2-nonenal-modified albumin IS
elevated in patients with type 2
diabetes mellitus. Antioxid. Redox
Signal., 2 (4): 681-5.

[38] Liao, W.; Fu, Z.; Zou, Y.; Wen, D.;
Ma, H.; Zhou, F.; Chen, Y.; Zhang, M.
and Zhang, W.J.E.cr. (2017):
MicroRNA-140-5p attenuated
oxidative stress in Cisplatin induced
acute kidney injury by activating
Nrf2/ARE pathway through a Keapl-
independent mechanism. Exp. Cell
Res., 360(2): 292-302.

[39] Chen, P.; Chen, F.; Lei, J.; Li, Q. and
Zhou, B.J.N. (2019): Activation of the
miR-34a-mediated SIRT1/mTOR
signaling pathway by urolithin A
attenuates D-galactose-induced brain
aging in mice.
Neurotherapeutics,16(4): 1269-1282.

[40] Livak, K.J. and Schmittgen, T.D.J.m.
(2001): Analysis of relative gene
expression data using real-time
quantitative PCR and the 2= 4A¢T
method. Methods, 25(4): 402-408.

[41] Amchova, P.; Kotolova, H.; Ruda-
Kucerova, J.J.R.t. and pharmacology.
(2015): Health safety issues of

[36]

168

synthetic food colorants. Regul.
Toxicol. Pharmacol., 73(3): 914-922.

[42] Oplatowska-Stachowiak, M.; Elliott,
C.TJ.Cr.i.fs. and nutrition. (2017):
Food colors: Existing and emerging
food safety concerns. Crit Rev Food
Sci Nutr, 57(3): 524-548.

[43] Liaquat, L.; Sadir, S.; Batool, Z.;
Tabassum, S.; Shahzad, S.; Afzal, A.
and Haider, S.J.L.s. (2019): Acute
aluminum chloride toxicity revisited:
Study on DNA damage and
histopathological, biochemical and
neurochemical alterations in rat brain.
Life Sci., 217: 202-211.

[44] Khayyat, L.l.; Essawy, A.E.; Sorour,
J.M. and Soffar, A.J.P. (2018): Sunset
Yellow and Allura Red modulate Bcl2
and COX2 expression levels and
confer oxidative stress-mediated renal
and hepatic toxicity in male rats. PeerJ,
6: 5689.

[45] Moeen, S.; Elhalwagy, M. and Ayaz,
N.J.I.J.ARR.B.S. (2018): Alterations in
oxidative stress and antioxidantin
albino rats treated with individual and
combined various food additives. Int. J.
Adv. Res. Bio Sci, 5: 118-123.

[46] Bertheloot, D.; Latz, E. and Franklin,
B.S. (2021): Necroptosis, pyroptosis
and apoptosis: an intricate game of cell
death. Cell. Mol. Immunol., 18(5):
1106-1121.

[47] Basu, A.; Suresh Kumar, G.J.J.0.a. and
chemistry, f. (2014): Targeting proteins
with toxic azo dyes: A
microcalorimetric characterization of
the interaction of the food colorant
amaranth with serum proteins. J. Agric.
Food Chem., 62(31): 7955-7962.

[48] Prajitha, V. and Thoppil, J. (2016):

Apoptotic induction via
membrane/DNA damage and
metabolic inactivation by synthetic

food colorants in Allium cepa root
meristem. Turk. J. Biol., 40 (4): 922-
933.



Zag Vet J, Volume 49, Number 2, p. 158-170, June 2021

Hussein et al., (2021)

[49] Thornberry, N.A. and
Y.J.S. (1998): Caspases:
within.  Science, 281(5381):
1316.

[50] Samali, A.; Zhivotovsky, B.; Jones, D.;
Nagata, S.; Orrenius, S.J.C.D. and
Differentiation. (1999): Apoptosis: cell
death defined by caspase activation.
Cell Death Differ., 6(6): 495-496.

[51] Kale, J.; Osterlund, E.J. and Andrews,
D.W. (2018): BCL-2 family proteins:
changing partners in the dance towards
death. Cell Death Differ., 25(1): 65-80.

[52] Bloom, F.E. (1985): Neurotransmitter
diversity and its functional
significance. Journal of the Royal
Society of Medicine, 78(3): 189-92.

[53] Mathur, N.; Chowdhary, V.; Mehta,
M.; Krishnatrey, R.J.J.0.E. and Health,
0. (2005): Effect of sunset yellow on
testis in rats. J. Ecophysiol. Occup.
Health, 5(1): 1-3.

[54] Khiralla, G.; Salem, S. and EI-Malky,
A. (2021): Effect of Natural and
Synthetic Food Coloring Agents on the
Balance of Some Hormones in Rats.
International Journal of Food Science
and Nutrition Engineering, 5: 88-95.

[55] Saini, V.; Dawar, R.; Suneja, S.;
Gangopadhyay, S. and Kaur,
C.J.EJ.0.M.H.G. (2021): Can
microRNA become next-generation

Lazebnik,
enemies
1312-

169

tools in molecular diagnostics and
therapeutics? A systematic review.
Egypt. J. Med. Hum. Genet., 22(1): 1-
9.

[56] Liu, Q.Q.; Ren, K.; Liu, S.H.; Li,
W.M.; Huang, C.J. and Yang,
X.HJ.Lj.omm. (2019): MicroRNA-
140-5p aggravates hypertension and
oxidative stress of atherosclerosis via
targeting Nrf2 and Sirt2. Int. J. Mol.
Med., 43(2): 839-849.

[57] Guo, Y.; Li, P.; Gao, L.; Zhang, J.;
Yang, Z.; Bledsoe, G.; Chang, E;
Chao, L. and Chao, J.J.A.C. (2017):
Kallistatin reduces vascular senescence
and aging by regulating micro
RNA-34a-SIRT 1 pathway. Aging
Cell, 16(4): 837-846.

[58] Tazawa, H.; Tsuchiya, N.; lzumiya, M.
and Nakagama, H.J.P.0.t.N.A.0.S.
(2007): Tumor-suppressive miR-34a
induces senescence-like growth arrest
through modulation of the E2F
pathway in human colon cancer cells.
Proc. Natl. Acad. Sci. U. S. A,
104(39): 15472-7.

[59] Zhao, T.; Li, J.; Chen, A.F.J.AJ.0.P.-
E. and Metabolism.  (2010):
MicroRNA-34a induces endothelial
progenitor cell senescence and impedes
its angiogenesis via suppressing silent
information regulator 1. Am J Physiol
Endocrinol Metab, 299 (1): E110-E®6.



Zag Vet J, Volume 49, Number 2, p. 158-170, June 2021 Hussein et al., (2021)

Laacual) O 8l B e peall $ladll LA i gal Ay ja <l i 5aS 1349 140 9 oSwal) (5 55 5 553 aaad)
A g Al el (o sa sl
"lone daal yaw s Tt 3 sene (lay), 248 e dala deal | s 5 gana dasa
GOl Aaala 44511 - okl Clall 408 4 nl) eLuaSl) audl!
G0N Aadla 44511 - skl Chall IS - 4 sl el 5 a5l ol anid?
‘;g)ﬂ\ ua';\.d\

On ol ilgal aa )y ol Of J8 s ol 7 / Aol 24 Jarys ¢ Ghadl) puin (B (5 Sl suaall 58 el
o 2uSY Alla S g sl S8 il 5 ¢ Loall Ay o L 5355 5 Algionall 232 ) 5 s SLaia Y1 823 e il
2Ll a) g (Gl e axdins il 5 e liaal¥) 403 clilay) (e (SY) i) casoall osls (Car) o) se S
3y ALl ol il g 5 e8I e el WY Chge il 013 Y fledll daaa e i il sladal) dallas
Geob oo Ao sl L e s LibasS s B llas ol ja) o L ual s U 0 sede 2 SY 5l (Car)osse Sl Jst
O ) by aladinly ddlise Cle sane 5 3 el 3 Badd A pall chrial )N el 83 (sl aladin
plasinly 4 Ao sendll Cialse 5 ¢ SY 0 ADI Slaal 10= 13 Ao saaall Cialse 5 ¢ (0550 paS / s 30)
el aladiily Car (wADI <aleal jiay 5 3@54%-«}‘3 (pmnl) GO e paS/aaa g ;LL:;} i) Car (=ADI
oaid ¢ Aihas sul) 85l (B S susi ) Car 5 SY 0 el e jal i el 3l pdl) ok e s2adl
malonaldehyde 2 « Sl ) IS 300 S Baliaad) A0S 3 58l rala gall g (g g g el (g S Ol sla
s siue i 5 (Fas, casp3, Bax <Fas-L) proapoptotic <liall e ST sl juaill ol ) XS5 ((MDA)
§ siue (o Dl Ul s MiR-34a 5 MIR-140 (e S il jaadll S siase Candi ) ¢ b e 3 531e Bel -2
O pdll Jli A dal Y o i o) Wiy ¢ I 1l Je SIRT-1 5 NRF-2 d8agiud) leilial ) il

Laladin) die H0all add Cang s e paall LAY Cige L8 Al SY sl il 3y 5k

170



