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Abstract: The use of synthetic azo dyes as coloring agents in food products has dramatically increased.
This study evaluated the effect of perinatal exposure to tartrazine (TZ) on mice offspring, focusing on
neurobehavioral alterations and oxidative stress. The female mice received TZ (2.5 and 5 mg/kg) via
oral gavage during pregnancy and the first 15 days after birth. At days 21 and 35 after birth, male mice
were sacrificed, and samples were collected for analyses. Perinatal exposure to TZ triggered tissue
injury evidenced by the histological alterations and neuronal damage in the cerebrum, medulla
oblongata, and cerebellum. TZ provoked lipid peroxidation and diminished cellular antioxidants
in different brain regions of the newborns. In addition, TZ increased hemoglobin content, as well
as erythrocytes, leukocytes, and platelets count at days 21 and 35 after birth. Both the locomotor
behavior and anxiety reflex were significantly altered in mice exposed to TZ. In conclusion, perinatal
exposure to TZ within an adequate daily intake range induced oxidative stress and neurobehavioral
and hematological alterations in mice offspring. Therefore, consuming foods containing TZ during
pregnancy and lactation warrants public awareness.
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1. Introduction

Colorants are widely used to improve the sensory attributes and esthetic quality of products in the
food and beverage industries. Colorants include the naturally occurring pigments and synthetic azo
dyes [1]. Given their attractive coloring properties, variable hues, stability, and low cost, approximately
eight million tons of the synthetic food colorants are produced every year [2]. The azo dyes have
been receiving significant consideration since these synthetic agents can pose a health risk and exert
negative effects on the liver, kidney, and nervous system [3-6]. Recent reports have pointed to the
ability of azo dyes to elicit oxidative stress [4,5] and pro-inflammatory effects [1]. The toxic effect of
azo dyes has been attributed to the aromatic amines produced from the cleavage of the aryl-N=N-aryl
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group by the intestinal microbiota [7]. These aromatic amines are thought to exert toxic, mutagenic,
and carcinogenic effects [8].

Tartrazine (TZ, E102), a synthetic azo dye with lemon yellow color, is one of the most commonly
used food colorants. TZ is used in food products, such as soft and sport drinks, jellies, sauces,
and chewing gums, and several non-food consumables, including cosmetics, and soaps [9]. In addition,
TZ is used as a cheap alternative for saffron in some countries [10]. The Joint FAO/WHO Expert
Committee has established an acceptable daily intake (ADI) of 0 to 7.5 mg/kg body weight TZ per
day [11]. Several studies have demonstrated the impact of TZ in experimental animals. For instance,
administration of 700 mg/kg of TZ triggered cell growth dysregulation and hemorrhage but not lipid
peroxidation (LPO) in the brain of adult rats [3]. Meyer et al. tested the hypothesis that TZ can cause
periportal injury to the liver of mice exposed to 50 mg/kg/day for two weeks [5]. TZ induced periportal
recruitment of inflammatory cells and mild periportal fibrosis in the exposed mice [5]. At doses of
10 and 100 mg/kg, TZ provoked oxidative damage in the liver and kidney of rats [6]. Additionally,
the adult rodents that received 125 to 500 mg/kg TZ for 30 days showed alterations in learning and
memory functions, and declined antioxidant defenses [12]. Although the doses of TZ used in these
studies were higher than the recommended ADI which could explain the observed toxic effects,
rats that received 7.5 mg/kg/day of TZ from weaning to the age of 12 months showed inflammatory
cells infiltration in the gastric mucosa [7]. Furthermore, the chronic administration of 7.5 mg of TZ per
kg diet for 90 days resulted in oxidative stress and liver injury in adult rats [4]. Therefore, oxidative
stress is implicated in the mechanism of TZ toxicity in adult animals.

Children are the main consumers of colored foods and beverages, and therefore are more
vulnerable to the effects of synthetic colorants. Accordingly, a randomized double-blind trial showed
hyperactivity in three- and eight-to-nine-year-old children consuming foods containing artificial
coloring agents [13]. In the same context, the intake of synthetic food colorants during pregnancy can
provoke neurobehavioral changes and teratogenicity in the newborns. Recently, a reduction in the fetal
weight, cardiomegaly, and liver and kidney injury were observed in rat newborns exposed to 4.5 mg/kg
of TZ at the sixth to 15th day of gestation [14]. In addition, rat dams exposed to 1% and 2% dietary TZ
during gestation and lactation and three months after weaning showed normal development and no
adverse behavioral or physical effects except a small transient change in neuromotor clinging ability
of the female newborns and a slight increase in red blood cells (RBCs) and hemoglobin (Hb) [15].
These differences could be explained by the different doses of TZ, route of supplementation, duration,
and other factors. Therefore, this study evaluates the impact of perinatal exposure to TZ, administered
at doses within the ADI range, on the mice offspring, with an emphasis on neurobehavioral alterations
and redox imbalance.

2. Materials and Methods

2.1. Experimental Design

Fifteen male and 45 female 10-week old Swiss white mice weighing 25 to 30 g, obtained from
the college of Pharmacy, King Saud University, were housed under standard conditions and supplied
chow diet and water ad libitum. All experiments were approved by the Ethics Committee of the King
Saud University (KSU-843620319).

The mice were exposed to male pheromones to increase the mating ratio. After exposure, vaginal
swabs were obtained from the female mice to confirm the estrus stage. Three proestrus females
and one male were housed in a mating cage for 12 h. The pregnant females were allocated into
3 groups, each contained 4 mice. One group was kept as a control, while the other 2 groups received
2.5 and 5 mg/kg TZ from the day one of pregnancy to day 15 after birth. TZ was dissolved in distilled
water and administered via oral gavage. The doses of TZ were selected to fall within the ADI range.
The control group received distilled water.
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At days 21 and 35, six male mice from each experimental group were sacrificed, and blood and
brain samples were collected. Samples from different brain regions were collected on 10% neutral
buffered formalin, whereas others were stored at —80 °C.

2.2. Behavioral Study

2.2.1. Locomotor Behavior

The locomotor activity of the control and TZ-induced mice was evaluated at day 25 after birth,
as previously described by [16]. In a 30 x 80 X 80 cm arena, the number of washes, wall rears and
squares crossed, and duration of mobility and immobility were determined over 300sec.

2.2.2. Fear and Anxiety Reflex

Using the elevated plus maze (EPM) test, we evaluated the fear and anxiety reflex in the mice
offspring at day 35 after birth [17]. The number of entries and time spent to explore the EPM arms
were determined over a duration of 300 sec.

2.3. Determination of Malondialdehyde (MDA) and Antioxidants

Cerebrum, cerebellum, and medulla oblongata samples were homogenized in cold phosphate
buffered saline (10% w/v), centrifuged at 1000 rpm, and the supernatant was collected. MDA was
determined in the homogenates following the method of Ohkawa et al. [18]. Reduced glutathione
(GSH, [19]) and superoxide dismutase (SOD, [20]) were also assayed in the homogenates.

2.4. Histological Investigation

The samples fixed 10% neutral buffered formalin for 24 h were processed for paraffin embedding.
After cutting, the 5 um sections were stained with hematoxylin and eosin (H&E) and examined using a
Nikon microscope (Eclipse E200-LED, Tokyo, Japan).

2.5. Determination of Hematological Parameters

Hemoglobin (Hb) content, and the numbers of erythrocytes (RBCs), leukocytes (WBCs),
and platelets were assayed in the blood of the newborn mice at days 21 and 35 using an automated
hematology analyzer (Genius Kt-6400, Diamond Diagnostics Inc., Holliston, MA, USA).

2.6. Statistical Analysis

The results were presented as means + standard error of the mean (SEM). All statistical comparisons
were performed using one-way ANOVA followed by Tukey’s post hoc test. Differences were considered
significant at p < 0.05.

3. Results

3.1. Effect of TZ on the Histology of Cerebrum, Cerebellum, and Medulla Oblongata

Mice newborns were sacrificed at days 21 and 35, and the brain samples were collected for
examination. The cerebral cortex of the control newborns revealed normal structure, maturation,
and distribution of neurons (Figure 1). Mice offspring exposed to 2.5 mg/kg and 5 mg/kg of TZ showed
cerebral neuronal degeneration, pyknosis, and chromatolysis at days 21 and 35 (Figure 1).

Examination of the cerebellar cortex sections showed no histological alterations and normal
granular layer, molecular layer, and Purkinje cells in the control newborns, as depicted in Figure 2.
Conversely, mice exposed to either dose of TZ showed Purkinje cells degeneration, in particular with
the high dose of TZ (Figure 2).

The control newborns showed normal medullary neurons, as revealed in Figure 3. Perinatal
administration of either dose of TZ triggered neuronal pyknosis and chromatolysis at days 21 and 35.
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H&E stained sections in the cerebral cortex of mice newborns at days 21 and 35.

The control mice showed normal histological structure and normal pyramidal cells (PYC), whereas
perinatal exposure to tartrazine (TZ) induced neuronal chromatolysis (NCH) and pyknosis (PKC).

Scale bar = 50 um.
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Figure 2. H&E stained sections in the cerebellar cortex of mice newborns at days 21 and 35. The control

molecular layer

mice showed normal Purkinje cells (PC), fissure (FI), internal granular layer (IGL),

(ML), and white matter (WM). Perinatal exposure to TZ triggered histological alterations, including

degenerated Purkinje cells (DPC). Scale bar = 50 pum.
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Figure 3. H&E stained sections in the medulla oblongata of mice newborns at days 21 and 35.
The control mice showed normal medullary neurons (MeN). Perinatal exposure to TZ triggered
histological alterations, such as neuronal chromatolysis (NCH) and pyknosis (PKC). Scale bar = 50 um.

3.2. TZ Induces Anxiety-Like Behavior in Newborns

The EPM was used to assess the anxiety-like behavior [21]. The control and treated newborns
were examined for fear and anxiety at day 35. The newborns exposed to 2.5 mg/kg and 5 mg/kg of TZ
showed a decrease in the number of entries to the open arm, whereas the number of entries to the
closed arm was increased, as represented in Figure 4A (p < 0.01).

The time spent in each arm of the elevated plus maze was recorded over 300 sec for every mouse.
The time spent for the mice exposed to TZ in the open arm was shorter, whereas the time in the closed
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arm was significantly longer than that of the control newborns (Figure 4B). Of note, nonsignificant
changes in both number of entries (Figure 4A) and time spent in the center (Figure 4B) were observed.
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Figure 4. TZ-induced anxiety in mice newborns. (A) The newborns exposed to TZ showed a decrease
in the number of entries to the open arm and increased number of entries to the closed arm of the EPM.
(B) TZ-induced mice spent shorter time in the open arm and longer time in the closed arm of the EPM
than the control newborns Data are mean + SEM, (1 = 6). * p < 0.05, ** p < 0.01, and *** p < 0.001 versus
control group.

3.3. Effect of TZ on the Locomotion Behavior in Newborn Mice

Newborn mice exposed perinatally to 2.5 mg/kg and 5 mg/kg of TZ had increased locomotion
duration (p < 0.01 and p < 0.01, Figure 5A) and decreased immobility duration (p < 0.01 and p < 0.001,
Figure 5B). Similarly, mice exposed perinatally to 2.5 and 5 mg/kg of TZ exhibited an increase in the
number of squares crossed (p < 0.001 and p < 0.001, Figure 5C) and number of wall rears (p < 0.01 and
p < 0.01, Figure 5D), whereas the number of washes was reduced (p < 0.01 and p < 0.01, Figure 5E).
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Figure 5. Effect of TZ on the locomotor behavior in newborn mice. Locomotion duration (A), number
of squares crossed (C) and number of wall rears (D) were increased, and immobility duration (B) and
number of washes (E) were decreased in newborns exposed to TZ. Data are mean + SEM, (n = 6).
** p <0.01 and *** p < 0.001 versus control group.

3.4. TZ Induces LPO and Suppresses Antioxidants in the Brain of Newborn Mice

Perinatal exposure to 2.5 and 5 mg/kg of TZ triggered LPO in the cerebrum (p < 0.01 and p < 0.001),
cerebellum (p < 0.05 and p < 0.001) and medulla oblongata (p < 0.001 and p < 0.001) of the newborn
mice (Figure 6A). In contrast, GSH was reduced significantly in the cerebrum (p < 0.01 and p < 0.001),
cerebellum (p < 0.001 and p < 0.001) and medulla oblongata (p < 0.01 and p < 0.001) of newborns
exposed to 2.5 mg/kg and 5 mg/kg of TZ (Figure 6B). Both TZ doses reduced SOD activity significantly
in all studied brain regions (Figure 6C). Of note, TZ exerted a dose-dependent effect on MDA levels in
the cerebellum and medulla oblongata, and SOD activity in the cerebrum and medulla oblongata.
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Figure 6. TZ induces oxidative stress in the cerebrum, cerebellum, and medulla oblongata of the
newborn mice. Perinatal exposure to TZ provoked lipid peroxidation (A) and decreased GSH (B), and
SOD (C) in different brain regions. Data are mean + SEM, (n = 6). * p <0.05, ** p < 0.01, and *** p < 0.001
versus control group and # p < 0.05 and ### p < 0.001 versus 2.5 mg/kg TZ.
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3.5. TZ Alters Hematological Parameters in Newborn Mice

Mice offspring exposed to TZ showed a significant increase in RBCs count (Figure 7A) and Hb
(Figure 7B) at days 21 and 35 after birth. WBCs and platelets were increased significantly at days 21
and 35, in mice exposed to TZ (Figure 7C,D, respectively).
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Figure 7. Effect of TZ on hematological parameters in newborn mice. Perinatal exposure to TZ
increased (A) red blood cells (RBCs), (B) hemoglobin (Hb), (C) leukocytes (WBCs), and (D) platelets in
the newborn mice at days 21 and 35 after birth. Data are mean + SEM, (n = 6). * p < 0.05 and ** p < 0.01

versus control group.

4. Discussion

The food additive dye, TZ, induced oxidative stress in the liver and brain [3-5], altered learning
and memory functions [12], and triggered neurobiochemical alterations [22] in adult rodents. In this
study, we investigated the effect of perinatal exposure to TZ on the mice newborns, focusing on the
behavioral alterations and oxidative stress.

Exposure to TZ within the ADI range triggered tissue damage in different brain regions of the
newborns. Although the hazardous effects of TZ have been demonstrated in adult rodents, few studies
have scrutinized its impact on the neonates. Recently, newborns of rats exposed to TZ (4.5 mg/kg)
at the sixth to 15th day of gestation showed a decrease in fetal weight and length, cardiomegaly
along with liver and kidney injury [14]. These effects could be explained in terms of mutagenicity
provoked by exposure to food additives [23]. In this study, perinatal exposure to 2.5 and 5 mg/kg of TZ
resulted in pyknosis, chromatolysis, and degeneration of cerebral, cerebellar, and medullary neurons.
The deleterious effects of TZ on the brain of adult rats and mice have been demonstrated in multiple
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studies. Oral administration of 7.5 mg/kg TZ for 40 consecutive days in rats resulted in oxidative stress
in the cerebellum, striatum, frontal cortex, and hippocampus, evidenced by increased LPO and declined
antioxidants [22]. Alsalman et al. recently reported cerebral apoptosis and histological alterations
in rats challenged with 700 mg/kg of TZ for two weeks [3]. In addition, adult rats and mice that
received 125 to 500 mg/kg of TZ for one month exhibited cerebral oxidative damage and apoptosis [12].
However, the doses of TZ used in both studies were approximately 16- to 93-fold higher than the
recommended ADI and the authors did not specify which brain region they targeted. Furthermore,
oral administration of 15 and 100 mg/kg of TZ caused hepatic and renal oxidative stress in rats [6].
Therefore, oxidative stress represents one of the main mechanisms underlying the toxicity of TZ.

Given the reported oxidative stress in different tissues of TZ-induced adult rats and mice,
we assumed that redox imbalance is implicated in brain damage induced by perinatal exposure to
this azo dye. The brain is liable to oxidative damage due to its high content of polyunsaturated
fatty acids. Accordingly, exposure to TZ elicited LPO in different brain regions of the newborns.
The redox imbalance was confirmed by the diminished cerebral, cerebellar, and medullary GSH
content and SOD activity. Although the exact mechanisms of their toxicity are not fully elucidated,
previous studies have pointed to the role of aromatic amines produced during the metabolism of azo
compounds. The presence of the N=N functional group and aromatic rings leads to the production of
aromatic amines which can possess mutagenic and carcinogenic effects [8]. TZ is metabolized by the
gastrointestinal microflora to produce sulphanilic acid [7] which can diffuse across the blood-brain
barrier (BBB) and enter the brain of developing rats [24]. Aromatic amines have been identified in the
urine of experimental animals that received azo dyes and the dyestuff workers [25]. Various azo dye
products have been reported to exert toxic effects only following reduction by intestinal microbiota [26],
with increased reactive oxygen species (ROS) levels which represent the main culprit behind their
toxicity. Our results added support to the previous studies by suggesting the role of ROS in mediating
the toxicity of azo dyes and highlighted the implication of oxidative stress in neurotoxicity induced by
perinatal exposure to TZ.

The impact of TZ on the nervous system was further investigated via assessment of the fear
and anxiety reflex and locomotor activity. Recently, we reported the correlation between oxidative
stress triggered by perinatal exposure to different agents and neurobehavioral alterations in mice
newborns [27,28]. Here, the newborns exposed to TZ needed a shorter time to explore the open
arm of the maze, whereas the time taken in the closed arm was longer than that of the control mice,
demonstrating anxiety and fear. The developed anxiety in the newborn mice could be explained in
terms of TZ-induced oxidative stress. The relationship between high anxiety levels and disorders and
oxidative stress has been reviewed by Bouayed et al. [29]. Moreover, the locomotion behavior was
assessed and the result showed an increased locomotion time in mice exposed to TZ. The assessment
of the locomotor behavior was used in the initial screening of the pharmacological effects of drugs and
did not involve extensive conditioning or learning [30]. Therefore, the altered locomotor behavior of
the newborn mice pointed to the deleterious effects of TZ. In support of these findings, consumption of
foods containing artificial coloring agents has affected childhood behavior and resulted in hyperactivity
in children [13].

Next, we evaluated the effect of TZ on RBCs, WBCs and platelets count, and Hb content in the
newborn mice. Hematological parameters have been demonstrated to be altered following exposure to
toxic agents [31-34] as well as in metabolic diseases [35]. Therefore, estimation of the hematological
parameters can represent a powerful tool and earlier indicator to assess the detrimental effects of
drugs, chemicals, and other agents. In this study, perinatal exposure to TZ triggered an increase in the
circulating numbers of RBCs, WBCs and platelets, and Hb content. Accordingly, the administration of
azo dyes for 90 days increased RBCs and WBCs in adults rats, while platelets were not affected [36].
Our findings were further supported by the study of Sobotka et al. in which a slight increase in RBCs
and Hb was observed in rat dams exposed to 1% and 2% dietary TZ during gestation and lactation and
for three months after weaning [15]. The increase in RBCs count could be a response to low oxygen
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supply to the tissues due to the toxic effect of TZ. Leo et al. recently demonstrated the ability of azo
dyes, including TZ, to provoke pro-inflammatory responses in vitro [1], and this could explain the
increased WBCs count in our study. The increased WBCs count could be the result of an activated
immune system in response to tissue damage [36]. In addition to leukocytosis, mice exposed to TZ
showed thrombocytosis. Accordingly, the number of platelets increased in adults that received the azo
dye carnosine for 120 days, as recently reported by [37]. The authors attributed the increase in platelets
to the immune response and supported their hypothesis by the notion that platelets act as circulating
sensors linking tissue repair and immune responses [38].

5. Conclusions

These results confer information that perinatal exposure to the azo dye TZ, within the ADI
range, induced neurobehavioral alterations in mice newborns. TZ triggered histological alterations
and oxidative stress in different regions of the brain. In addition, perinatal exposure to TZ caused
hematological alterations, altered the locomotor behavior, and induced anxiety-like behavior in the
newborn mice. Although it was administered within the ADIrange, the use of TZ during pregnancy and
lactation can pose teratogenic effects and neurobehavioral alterations in newborn mice. These findings
recommend limiting the intake of azo dyes and creating public awareness regarding their teratogenicity.

Author Contributions: Conceptualization, G.A. and A.M.M.; methodology, G.A., S.A., R.A., and AM.M.;
validation, AM.M.; formal analysis, A.M.M.; investigation, G.A., S.A., R A, NM,, TA,, FA, M.B.-],, and
A M.M,; resources, G.A. and A.M.M,; data curation, G.A., N.M., and A.M.M.; writing—original draft preparation,
A M.M.; writing—review and editing, A.M.M.; visualization, A.M.M.; supervision, G.A. and A.M.M.; project
administration, G.A. and A.M.M,; funding acquisition, G.A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Deanship of Scientific Research at the King Saud University,
grant number RG-1439-60.

Acknowledgments: The authors extend their appreciation to the Deanship of Scientific Research at King Saud
University for funding this work through research group No. (RG-1439-60).

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

References

1. Leo, L.; Loong, C.; Ho, X.L.; Raman, M.EB.; Suan, M.Y.T.; Loke, W.M. Occurrence of azo food dyes and their
effects on cellular inflammatory responses. Nutrition 2018, 46, 36—40. [CrossRef] [PubMed]

2. Revankar, M.S; Lele, S.S. Synthetic dye decolorization by white rot fungus, Ganoderma sp. Wr-1. Bioresour.
Technol. 2007, 98, 775-780. [CrossRef] [PubMed]

3.  Alsalman, N.; Aljafari, A.; Wani, T.A.; Zargar, S. High-dose aspirin reverses tartrazine-induced cell growth
dysregulation independent of p53 signaling and antioxidant mechanisms in rat brain. Biomed. Res. Int. 2019,
2019, 9096404. [CrossRef] [PubMed]

4. El-Desoky, G.E.; Abdel-Ghaffar, A.; Al-Othman, Z.A.; Habila, M.A.; Al-Sheikh, Y.A.; Ghneim, HK.; Giesy, ].P;
Aboul-Soud, M.A. Curcumin protects against tartrazine-mediated oxidative stress and hepatotoxicity in
male rats. Eur. Rev. Med. Pharm. Sci. 2017, 21, 635-645.

5. Meyer, S.K.; Probert, PM.E.; Lakey, A.F.; Axon, A.R,; Leitch, A.C.; Williams, EM.; Jowsey, P.A_; Blain, P.G.;
Kass, G.E.N.; Wright, M.C. Hepatic effects of tartrazine (e 102) after systemic exposure are independent of
oestrogen receptor interactions in the mouse. Toxicol. Lett. 2017, 273, 55-68. [CrossRef]

6. Amin, K.A.; Abdel Hameid, H., 2nd; Abd Elsttar, A.H. Effect of food azo dyes tartrazine and carmoisine on
biochemical parameters related to renal, hepatic function and oxidative stress biomarkers in young male rats.
Food Chem. Toxicol. 2010, 48, 2994-2999. [CrossRef]

7. Moutinho, L.L.; Bertges, L.C.; Assis, R.V. Prolonged use of the food dye tartrazine (fd&c yellow no 5) and its
effects on the gastric mucosa of wistar rats. Braz. J. Biol. 2007, 67, 141-145.

8.  Chung, K.T. Mutagenicity and carcinogenicity of aromatic amines metabolically produced from azo dyes.
J. Environ. Sci. Health Part C Environ. Carcinog. Ecotoxicol. Rev. 2000, 18, 51-74. [CrossRef]


http://dx.doi.org/10.1016/j.nut.2017.08.010
http://www.ncbi.nlm.nih.gov/pubmed/29290353
http://dx.doi.org/10.1016/j.biortech.2006.03.020
http://www.ncbi.nlm.nih.gov/pubmed/16730976
http://dx.doi.org/10.1155/2019/9096404
http://www.ncbi.nlm.nih.gov/pubmed/31032366
http://dx.doi.org/10.1016/j.toxlet.2017.03.024
http://dx.doi.org/10.1016/j.fct.2010.07.039
http://dx.doi.org/10.1080/10590500009373515

Antioxidants 2020, 9, 53 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Walton, K.; Walker, R.; van de Sandt, J.J.; Castell, J.V.; Knapp, A.G.; Kozianowski, G.; Roberfroid, M.;
Schilter, B. The application of in vitro data in the derivation of the acceptable daily intake of food additives.
Food Chem. Toxicol. Int. |. Publ. Br. Ind. Biol. Res. Assoc. 1999, 37, 1175-1197. [CrossRef]

Mohamed, A.A.; Galal, A.A.; Elewa, Y.H. Comparative protective effects of royal jelly and cod liver oil against
neurotoxic impact of tartrazine on male rat pups brain. Acta Histochem. 2015, 117, 649—-658. [CrossRef]
EFSA Panel on Food Additives and Nutrient Sources added to Food. Scientific opinion on the re-evaluation
tartrazine (E 102) on request from the European Commission. Efsa J. 2009, 7, 1331. [CrossRef]

Gao, Y;; Li, C,; Shen, J.; Yin, H.; An, X,; Jin, H. Effect of food azo dye tartrazine on learning and memory
functions in mice and rats, and the possible mechanisms involved. J. Food Sci. 2011, 76, T125-T129. [CrossRef]
McCann, D.; Barrett, A.; Cooper, A.; Crumpler, D.; Dalen, L.; Grimshaw, K.; Kitchin, E.; Lok, K.; Porteous, L.;
Prince, E.; et al. Food additives and hyperactive behaviour in 3-year-old and 8/9-year-old children in
the community: A randomised, double-blinded, placebo-controlled trial. Lancet (Lond. Engl.) 2007, 370,
1560-1567. [CrossRef]

Hashem, M.M.; Abd-Elhakim, Y.M.; Abo-El-Sooud, K; Eleiwa, M.M.E. Embryotoxic and teratogenic effects
of tartrazine in rats. Toxicol. Res. 2019, 35, 75-81. [CrossRef] [PubMed]

Sobotka, T.J.; Brodie, R.E.; Spaid, S.L. Tartrazine and the developing nervous system of rats. J. Toxicol.
Environ. Health 1977, 2, 1211-1220. [CrossRef] [PubMed]

Ajarem, ].S.; Ahmad, M. Prenatal nicotine exposure modifies behavior of mice through early development.
Pharmacol. Biochem. Behav. 1998, 59, 313-318. [CrossRef]

Abu-Taweel, G.M. Effects of perinatal exposure of lithium on neuro-behaviour of developing mice offspring.
Indian J. Exp. Biol. 2012, 50, 696-701.

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

Ellman, G.L. Tissue sulfthydryl groups. Arch. Biochem. Biophys. 1959, 82, 70-77. [CrossRef]

Sun, Y.; Oberley, L.W,; Li, Y. A simple method for clinical assay of superoxide dismutase. Clin. Chem. 1988,
34, 497-500.

Wall, PM.; Messier, C. Methodological and conceptual issues in the use of the elevated plus-maze as a
psychological measurement instrument of animal anxiety-like behavior. Neurosci. Biobehav. Rev. 2001, 25,
275-286. [CrossRef]

Bhatt, D.; Vyas, K,; Singh, S.; John, PJ.; Soni, I. Tartrazine induced neurobiochemical alterations in rat brain
sub-regions. Food Chem. Toxicol. Int. J. Publ. Br. Ind. Biol. Res. Assoc. 2018, 113, 322-327. [CrossRef]
[PubMed]

Ishidate, M., Jr.; Sofuni, T.; Yoshikawa, K.; Hayashi, M.; Nohmi, T.; Sawada, M.; Matsuoka, A. Primary
mutagenicity screening of food additives currently used in japan. Food Chem. Toxicol. Int. . Publ. Br. Ind.
Biol. Res. Assoc. 1984, 22, 623-636. [CrossRef]

Goldenring, J.R.; Batter, D.K.; Shaywitz, B.A. Sulfanilic acid: Behavioral change related to azo food dyes in
developing rats. Neurobehav. Toxicol. Teratol. 1982, 4, 43—49. [PubMed]

Cerniglia, C.E.; Zhuo, Z.; Manning, B.W.; Federle, TW.; Heflich, R.H. Mutagenic activation of the
benzidine-based dye direct black 38 by human intestinal microflora. Mutat. Res. 1986, 175, 11-16.
[CrossRef]

Sweeney, E.A.; Chipman, ].K,; Forsythe, S.J. Evidence for direct-acting oxidative genotoxicity by reduction
products of azo dyes. Environ. Health Perspect. 1994, 102, 119-122.

Al-Basher, G.I.; Aljabal, H.; Almeer, R.S.; Allam, A.A.; Mahmoud, A.M. Perinatal exposure to energy drink
induces oxidative damage in the liver, kidney and brain, and behavioral alterations in mice offspring.
Biomed. Pharmacother. 2018, 102, 798-811. [CrossRef]

Ajarem, ].S.; Al-Basher, G.; Allam, A.A; Mahmoud, A.M. Camellia sinensis prevents perinatal
nicotine-induced neurobehavioral alterations, tissue injury, and oxidative stress in male and female mice
newborns. Oxid. Med. Cell. Longev. 2017, 2017, 5985219. [CrossRef]

Bouayed, J.; Rammal, H.; Soulimani, R. Oxidative stress and anxiety: Relationship and cellular pathways.
Oxid. Med. Cell. Longev. 2009, 2, 63-67. [CrossRef]

Pierce, R.C.; Kalivas, PW. Locomotor behavior. Curr. Protoc. Neurosci. 2007. [CrossRef]


http://dx.doi.org/10.1016/S0278-6915(99)00107-6
http://dx.doi.org/10.1016/j.acthis.2015.07.002
http://dx.doi.org/10.2903/j.efsa.2009.1331
http://dx.doi.org/10.1111/j.1750-3841.2011.02267.x
http://dx.doi.org/10.1016/S0140-6736(07)61306-3
http://dx.doi.org/10.5487/TR.2019.35.1.075
http://www.ncbi.nlm.nih.gov/pubmed/30766659
http://dx.doi.org/10.1080/15287397709529519
http://www.ncbi.nlm.nih.gov/pubmed/864790
http://dx.doi.org/10.1016/S0091-3057(97)00408-5
http://dx.doi.org/10.1016/0003-2697(79)90738-3
http://dx.doi.org/10.1016/0003-9861(59)90090-6
http://dx.doi.org/10.1016/S0149-7634(01)00013-6
http://dx.doi.org/10.1016/j.fct.2018.02.011
http://www.ncbi.nlm.nih.gov/pubmed/29427609
http://dx.doi.org/10.1016/0278-6915(84)90271-0
http://www.ncbi.nlm.nih.gov/pubmed/6803178
http://dx.doi.org/10.1016/0165-7992(86)90138-7
http://dx.doi.org/10.1016/j.biopha.2018.03.139
http://dx.doi.org/10.1155/2017/5985219
http://dx.doi.org/10.4161/oxim.2.2.7944
http://dx.doi.org/10.1002/0471142301.ns0801s40

Antioxidants 2020, 9, 53 14 of 14

31.

32.

33.

34.

35.

36.

37.

38.

Mahmoud, A.M.; Algahtani, S.; Othman, S.I.; Germoush, M.O.; Hussein, O.E.; Al-Basher, G.; Khim, J.S.;
Al-Qaraawi, M.A.; Al-Harbi, HM.; Fadel, A.; et al. Commiphora molmol modulates glutamate-nitric
oxide-cgmp and nrf2/are/ho-1 pathways and attenuates oxidative stress and hematological alterations in
hyperammonemic rats. Oxid. Med. Cell. Longev. 2017, 2017, 7369671. [CrossRef] [PubMed]

Algahtani, S; Mahmoud, AM. Gamma-glutamylcysteine ethyl ester protects against
cyclophosphamide-induced liver injury and hematologic alterations via upregulation of ppargamma and
attenuation of oxidative stress, inflammation, and apoptosis. Oxid. Med. Cell. Longev. 2016, 2016, 4016209.
[CrossRef] [PubMed]

Ranneh, Y,; Akim, A.M.; Hamid, H.A.; Khazaai, H.; Fadel, A.; Mahmoud, A .M. Stingless bee honey protects
against lipopolysaccharide induced-chronic subclinical systemic inflammation and oxidative stress by
modulating nrf2, nf-kappab and p38 mapk. Nutr. Metab. 2019, 16, 15. [CrossRef] [PubMed]

Al-Basher, G.; Al-Motiri, H.; Al-Farraj, S.; Al-Otibi, F,; Al-Sultan, N.; Al-Kubaisi, N.; Al-Sarar, D.; Al-Dosary, M.;
Bin-Jumah, M.; Mahmoud, A.M. Chronic exposure to 35% carbamide peroxide tooth bleaching agent induces
histological and hematological alterations, oxidative stress, and inflammation in mice. Environ. Sci. Pollut.
Res. Int. 2019, 26, 17427-17437. [CrossRef] [PubMed]

Mahmoud, A.M. Hematological alterations in diabetic rats—Role of adipocytokines and effect of citrus
flavonoids. EXCLI J. 2013, 12, 647-657.

Elbanna, K.; Sarhan, O.M.; Khider, M.; Elmogy, M.; Abulreesh, H.H.; Shaaban, M.R. Microbiological,
histological, and biochemical evidence for the adverse effects of food azo dyes on rats. . Food Drug Anal.
2017, 25, 667-680. [CrossRef]

Reza, M.S.A.; Hasan, M.M.; Kamruzzaman, M.; Hossain, M.1.; Zubair, M. A.; Bari, L.; Abedin, M.Z.; Reza, M.A.;
Khalid-Bin-Ferdaus, K.M.; Haque, KMLE,; et al. Study of a common azo food dye in mice model: Toxicity
reports and its relation to carcinogenicity. Food Sci. Nutr. 2019, 7, 667—677. [CrossRef]

Nurden, A.T. Platelets, inflammation and tissue regeneration. Thromb. Haemost. 2011, 10, S13-S33. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1155/2017/7369671
http://www.ncbi.nlm.nih.gov/pubmed/28744340
http://dx.doi.org/10.1155/2016/4016209
http://www.ncbi.nlm.nih.gov/pubmed/28074115
http://dx.doi.org/10.1186/s12986-019-0341-z
http://www.ncbi.nlm.nih.gov/pubmed/30858869
http://dx.doi.org/10.1007/s11356-019-05100-6
http://www.ncbi.nlm.nih.gov/pubmed/31016589
http://dx.doi.org/10.1016/j.jfda.2017.01.005
http://dx.doi.org/10.1002/fsn3.906
http://dx.doi.org/10.1160/THS10-11-0720
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Experimental Design 
	Behavioral Study 
	Locomotor Behavior 
	Fear and Anxiety Reflex 

	Determination of Malondialdehyde (MDA) and Antioxidants 
	Histological Investigation 
	Determination of Hematological Parameters 
	Statistical Analysis 

	Results 
	Effect of TZ on the Histology of Cerebrum, Cerebellum, and Medulla Oblongata 
	TZ Induces Anxiety-Like Behavior in Newborns 
	Effect of TZ on the Locomotion Behavior in Newborn Mice 
	TZ Induces LPO and Suppresses Antioxidants in the Brain of Newborn Mice 
	TZ Alters Hematological Parameters in Newborn Mice 

	Discussion 
	Conclusions 
	References

