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ABSTRACT 
 

Background: Tartrazine is a synthetic colorant 

that is extensively used in food and 

pharmaceutical products all around the world. 

Children usually consume large amount of 

colored food products. The purpose of the 

current study was to evaluate the possible toxic effects of tartrazine on the brain of 

young albino rats. Material and methods: Eighteen young male albino rats were 

randomly divided into 3 equal groups; Group I (negative control group), Group II 

(positive control group): each rat received 1 ml distilled water once daily and Group 

III (tartrazine group): each rat received 320 mg/kg tartrazine dissolved in 1 ml 

distilled water once daily by oral gavage. After 4 weeks of daily administration, rats 

of all groups were sacrificed, and the brains were harvested and prepared for 

evaluation of oxidative stress markers; glutathione peroxidase (GPx) and 

malondialdehyde (MDA) as well as histopathological examination by light 

microscope. Results: The results of the study revealed significant decrease in GPx 

activity and significant increase in MDA level in tartrazine group as compared to 

control groups. This was associated with significant histopathological changes in the 

brain including neuronal apoptosis, cellular infiltration, vacuolations and congested 

vasculature. Conclusion: Tartrazine toxicity induced severe brain damage in young 

male albino rats in the form of affection of the general architecture of the brain 

associated with increased oxidative stress. Recommendations: It is recommended 

that consumption of foods containing food colorant tartrazine should be restricted 

especially for children. 
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I. INTRODUCTION 
For centuries, food additives 

have been used to maintain the quality 
of food, make food more attractive, 
improve stability with a resulting 

reduction in waste, and provide 

efficient aids in food processing, 
packaging, storage and transportation 
(Pavithra and Jaikumar, 2019). 

Over the past few decades, the 

use of food additives has grown 
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enormously. Nearly 75 percent of 
Western diets today are estimated to 
consist of various processed foods with 

an average consumption of 3.6-4.5 kg 
of food additives per person per year, 
some of which may consume even 
more (Linke et al., 2018). 

Food additives include colors, 
preservatives, antioxidants, acids, 
flavors, artificial sweeteners, and 
stabilizers (Baig and Kasim, 2018). 

Coloring agents are defined, according 
to the FDA, as any pigment or dye that 
can impart color when added to food, 
medications, or cosmetics to increase 

the visual appeal (Martins et al., 2016). 
Tartrazine is frequently used as a 

yellow coloring agent in a wide range 
of food products such as ice cream, 

pastries, hard candy, cotton candy, soft 
drinks, alcoholic beverages, sports 
drinks, chewing gum, chocolate 
snacks, cereals, cake mixes, soups, 

sauces, jam and jelly (Bonciu et al., 
2020). 

It is added to non-food products 
such as cosmetics (lipstick, face 

powder, eye shadow and foundation), 
soaps and shampoo. It is also used in 
cooking as a replacement for saffron in 
developing countries (Mehedi et al., 

2009). 
Tartrazine has been linked to the 

development of several disorders 
including behavioral changes 

(Oyewole and Oladele, 2016), 
hypersensitivity reactions (Leo et al., 
2018), gastrointestinal (El Rabey et al., 
2019), renal (Ali et al., 2016), 

hormonal (Abdel-Aziz et al., 2019), 
endocrinal (El-sakhawy et al., 2019), 
hematological (Abd-Elhakim et al., 
2018) and teratogenic (Hashem et al., 

2019) potentials. 
Decreased antioxidant defense 

mechanisms and free radical 
development cause oxidative stress that 

further damage the proteins, lipids, 
mitochondrial enzymes, and DNA and 

cause neuronal degradation (Yadav et 
al., 2019). 

Artificial food colorants are 

considered safe if consumed within the 
acceptable daily intake (ADI) limit. 
However, increased consumption of 
these colorants may result in many 

hazards especially in children due to 
their low body weights. Children, 
especially in the developing countries, 
are the major consumers of colored 

food products so they are at high risk 
because they most often exceed 
prescribed ADIs (Reza et al., 2019). 

So, the aim of the present study 

was to evaluate the toxic effects 
induced by oral administration of 
tartrazine on the brain of young male 
albino rats. 

II. MATERIAL AND METHODS 

1-Material: 

(A) Chemicals: 

˗ Tartrazine: Obtained from Alfa 

Aesar, Germany via The 
International Company for 
Scientific and Medical 
Supplies, Cairo in the form of 

orange powder with dye 
content > 85%. 

˗ Distilled water: Obtained from 
El- Nasr Co, Egypt and used as 

a solvent for tartrazine. 
˗ Reagents and commercial kits: 

kits for estimation of GPx and 
MDA were purchased from Bio 

diagnostic Co., Egypt.  
(B)Animals:  

Eighteen young male albino rats 
(28 days old) (El-Helbawy et al., 2017) 

weighing about 60-80 gm each were 
included in this study. They were 
obtained from the Animal House of the 
Faculty of Medicine, Zagazig 

University. The animals were 
apparently healthy and were 
acclimatized to their new environment 
for 1 week prior to the experiment and 

received basic laboratory diet. The 
study was conducted in The 
Departments of Physiology & Forensic 
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medicine and Clinical Toxicology, 
Faculty of Medicine, Zagazig 
University. All animals received care 

in compliance with the Animal Care 
Guidelines and Ethical Regulations in 
accordance with ''The Guide for the 
Care and Use of Laboratory Animals'' 

(ILAR, 2011). Rats were randomly 
divided into 3 groups (6 rats per 
group): 
Group I (Negative control): Each rat 

received only regular diet and tap 
water to measure the basic parameters. 
Group II (Positive control): Each rat 
received 1 ml distilled water as a 

solvent of tartrazine (Khayyat et al., 
2017) once daily by oral gavage for 4 
weeks. 
Group III (Tartrazine group): Each 

rat received 320 mg/kg B.W tartrazine 
dissolved in 1 ml distilled water once 
daily by oral gavage for 4 weeks 
(which represents 1/20 of LD50 of 

tartrazine in rats).  
Oral LD50 of tartrazine for rats is 6375 
mg /kg body weight (Boussada et al., 
2017). 

At the end of the experiment (24 
hours from the last dose of each 
substance) the rats of all groups were 
exposed to diethyl ether inhalation 

followed by decapitation (El-sakhawy 
et al., 2019). Skulls of sacrificed 
animals were dissected, and the brains 
were obtained and prepared for 

estimation of oxidative stress in the 
brain tissue by measuring glutathione 
peroxidase (GPx) activity and 
malondialdehyde (MDA) level. 

Sections of the brain were examined 
under light microscope for detection of 
histopathological changes. 
2- Methods: 

Samples were prepared 
according to Mohamed et al. (2015). 
Skulls of the sacrificed rats were 
opened; brains were immediately 

dissected out and grossly inspected to 
assess any gross abnormalities and 

washed with cold normal saline to 
remove any excess blood. 

To prepare tissue extracts, 

cerebral hemispheres of all groups 
were separated. The left cerebral 
hemispheres from all groups were cut 
into small pieces for homogenate 

preparation. The homogenate was 
prepared using an electrical 
homogenizer by mixing 0.5 g of tissue 
with 5 ml phosphate buffered saline 

(PBS) at 4◦C. Then homogenates were 
centrifuged at 3000 rpm for 15 min. 
Then, the collected supernatant was 
conserved (at −20◦C) until further use 

for the biochemical examination 
(oxidative stress biomarkers). The right 
cerebral hemispheres from all groups 
were fixed in 10% neutral buffered 

formalin for subsequent 
histopathological study.  
Biochemical study: 

Oxidative stress biomarkers: 

To prepare tissue extract, part of 
the brain was preserved immediately in 
liquid nitrogen for homogenate 
preparation and estimation of brain 

tissue: 

1- Glutathione peroxidase: 

Assessment of glutathione 
peroxidase (GPx) activity was 
based on the method of (Paglia 
and Valentine, 1967). 

2- Malondialdehyde level: 
Malondialdehyde (MDA) 
concentration was measured 

according to the method of  

(Ohkawa et al., 1979). 
Histopathological study: 

Light microscopic examination: 

The other part of brain 
specimens was fixed in 10% neutral 
buffered formalin for 48 hours. The 
fixed specimens were washed in 

distilled water then dehydrated in 
ascending grades of ethyl alcohol each 
for one hour then in absolute alcohol 
for one hour. Specimens were cleared 

in xylene for 2 hours, embedded in soft 
paraffin for 2 hours and in hard for 2 
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hours. Sections of 3–4 μm in thickness 
were obtained by rotatory microtome 
and prepared for staining (Bancroft and 

Gamble, 2008). These sections were 
stained with Haematoxylin & Eosin 
(H&E) (Kiernan, 1999)  then examined 
under light microscope. 

Statistical analysis: 

Statistical Package for the Social 
Sciences (SPSS version 20.0) software 
was used for data analysis (Kirkpatrick 

and Feeney, 2012). Data were 
expressed as mean ± standard 
deviation (mean ± SD). Statistically 
significant difference between groups 

was detected by one-way analysis of 
variance ANOVA, followed by the 
least significant difference (LSD) test. 
Probability (P value) ≥ 0.05 was 

considered non-significant, <0.05 
significant and <0.001 highly 
significant. 

III- RESULTS 
(I) Biochemical results: 

Oxidative stress biomarkers: 

Glutathione peroxidase (GPx) and 

Malondialdehyde (MDA) in brain 

tissue: 
There was no statistically 

significant difference (P≥0.05) 
between negative control and distilled 

water groups regarding brain tissue 
levels of GPx and MDA all over the 
period of the study. Regarding GPx 
levels among (-ve) control (group I), 

distilled water (group II) and tartrazine 
(group III), there was highly significant 
reduction in the mean value of GPx 
(ng/mg) activity in tartrazine group 

when compared with other groups of 
the study (P<0.001). As regard MDA 
levels among (-ve) control (group I), 
distilled water (group II) and tartrazine 

(group III), there was highly significant 
elevation in the mean value of MDA 
(nmol/mg) in tartrazine group when 
compared with other groups of the 

study (P<0.001) (Table 1).  
(II) Histopathological results: 

1-Gross examination: 

Macroscopic examination of the 
brain of all the studied groups revealed 
normal appearance with no abnormal 

masses. Cut sections were normal. 

2-Light microscopic examination: 

Examination of H&E stained 
sections of the rat cerebrum of the 
negative control and distilled water 
groups showed nearly the same 

histological picture. Cerebral cortex of 
the control group was covered by pia 
matter layer. The gray matter showed 
six layers with scattered neuronal and 

glial supporting cells (Figure 1a). Its 
neuronal cells were of variable sizes 
and shapes. The most prominent cells 
were pyramidal cells. They had pale 

open face nuclei and long processes. 
Granular cells had large open face 
nuclei and prominent nucleoli.  
Astrocytes, oligodendrocytes, and peri-

neural glial cells were noticed in the 
gray matter. Neuropil appeared 
acidophilic and contained blood 
vessels with narrow peri-vascular 

spaces among the neurons (Figure 1b). 
The white matter contained 
aggregations of regularly packed nerve 
fibers and neuroglia cells that were 

noticed in rows in between the fibers 
(Figure 1c). Sections of the cerebral 
cortex of tartrazine group showed pia 
matter separation from the underlying 

gray matter, neuronal cells had dark 
stained nuclei and aggregated small 
dark nuclei. Neuropil showed areas of 
separation and blood vessels were 

dilated, congested, and had wide 
perivascular spaces (Figure 2a). Also, 
other sections revealed marked 
increase in the number of neuroglia 

cells. Vacuolated neuropil showed 
apoptotic cells, cells with shrunken 
irregular dark nuclei and cells with 
cytoplasmic remnants (Figure 2b). The 

white matter of the same group showed 
marked irregularly arranged nerve 
fibers and glia cells. Thickened fibers 
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in the neuropil were also detected (Figure 2c).
         

Table (1): Comparison between group I (negative control), group II (distilled 

water) and group III (tartrazine) regarding the mean values of GPx and MDA in 

the brain tissue of young male albino rats using ANOVA test. 

      Group 
 

 

Variable 

Group I  
(-ve) control       

Group II 
distilled water 

Group III 
Tartrazine 

 
F 

 
P 

Mean ± SD Mean ± SD Mean ± SD 

GPx  

(ng/mg): 

27.4 ± 0.27  27.86 ± 0.13  14.24 ± 0.92 a 1128.795  
**<0.001 

MDA 
(nmol/mg): 

52.17 ± 2.32  52.1 ± 1.7  102.5 ± 0.46 a 1731.12  
<0.001** 

Number of rats in each group=6; SD: Standard Deviation;**: highly significant (P <0.001); 

GPx: Glutathione peroxidase; MDA: Malondialdehyde; ANOVA: Analysis of variance; a: 
significantly different from controls (LSD test; p<0.001). 

 

Figure (1): A photomicrograph of a section from the cerebral cortex of negative control 

group a: Showing the gray matter (GM) and white matter (WM). Pia matter (arrow head) 

covers the cortex. Gray matter is formed of six layers; I: Molecular Layer (ML), II: External 

Granular Layer (EGL), III: External Pyramidal Layer (EPL), IV: Internal Granular Layer 
(IGL), V: Internal Pyramidal Layer (IPL) and VI: Multiform Layer (MFL)  (H&E×100), b: 

Showing acidophilic neuropil (NP), pyramidal cells (P) with pale open face nuclei and 

neuronal processes (curved arrow), granular cells (double arrow) with large open face nuclei 

and prominent nucleoli, oligodendrocytes (arrow) have dark stained nuclei surrounded by 

perinuclear halo and astrocytes (arrow head) appear small with pale nuclei. Blood vessels (C) 

appear normal with narrow perivascular spaces (H&E×400), c: Showing neuropil with 
regularly packed nerve fibers (F), rows of neuroglial cells (arrow) and normal capillaries (C) 

(H&E×400) (1a: scale bar 50 µm, 1b-1c: scale bar 20 µm). 
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Figure (2): A photomicrograph of a section from the cerebral cortex of tartrazine-treated 

group a: Showing separation (*) of pia matter (arrow head) from the underlying cortex, 
neuropil with areas of separation (S) and dark stained nuclei of neuronal cells (arrow). Blood 

vessels (C) are dilated and congested with wide perivascular spaces. Aggregated small nuclei 

(curved arrow) are also detected, b: Showing shrunken irregular shaped nuclei (arrow) and 

capillaries (C) with wide perivascular spaces, c: Showing marked irregularly arranged nerve 

fibers (F) in the neuropil (NP), nuclei of glia cells (curved arrow), congested capillar ies (C) 
and thickened fibers (arrow) in the white matter (H & E×400; scale bar 20 µm). 

VI- DISCUSSION 
Food dyes are added to foods and 

food products to make them look more 
appetizing and attractive (Mittal, 
2020). Tartrazine, synthetic azo dye, 
provides yellow color to 

pharmaceutical, cosmetic and food 
products such as soft drinks, cereals, 

ice creams, chocolates, biscuits, and 

yoghurt (Rovina et al., 2017). 
The harmful effect of tartrazine 

originates from reduction of the azo 
bond during metabolic process in the 

intestine producing free radicals 
(Elekima et al., 2019). Brain tissue 
contains large amounts of 
polyunsaturated fatty acids (PUFAs) 
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which are strongly affected by 
oxidative stress (Chaudhary et al., 
2014). When PUFAs get attacked by 

free radicals, lipid peroxides are 
generated (Samarghandian et al., 
2017).  

Lipid peroxidation can alter cell 

membrane integrity. After a while, 
persistent oxidative stress will result in 
irreversible loss of the brain and spinal 
cord cells besides damage of the nerve 

endings leading to disturbances in 
neurotransmitter transport and 
subsequent alteration in CNS functions 
(Hegazi et al., 2017). 

The results of the present study 
revealed no statistically significant 
difference between rats of the control 
groups (negative & positive control 

groups) as regard biochemical analysis 
(GPx and MDA). There were also no 
abnormal histopathological changes in 
the brains of the rats of these groups. 

The present study showed that in 
tartrazine-treated group there was 
highly significant reduction in the 
mean value of GPx activity and highly 

significant elevation in the mean value 
of MDA level when compared with 
control groups. 

Gao et al. (2011) reported dose 

dependent significant decline in GPx 
activity and significant increase of 
MDA level in the brain tissue as 
compared to the control rats after oral 

administration of different doses (250 
and 500 mg/kg) of tartrazine over 
thirty days. 

It was found that 500 mg/kg of 

oral tartrazine given to rat pups on a 
daily basis for 30 days led to 
significant increase of MDA level in 
the cerebral cortex as compared to 

control group (Mohamed et al., 2015). 
Bhatt et al. (2018) added that 

oral intake of tartrazine at the ADI (7.5 
mg/kg/day) for 40 consecutive days 

can produce oxidative damage in the 
brain of young rats as evidenced by 
significantly increased MDA levels in 

all studied brain sub-regions. They 
reported increase in the activity of GPx 
in all studied sub-regions that was 

explained as a compensatory 
mechanism for the associated 
depressed activity of other antioxidant 
enzymes; catalase, glutathione-s-

transferase, and glutathione reductase. 
According to Eman et al. (2018), 

adult male albino rats which received 
oral tartrazine at a daily dose of 50 

mg/kg for 30 days showed significant 
decrease of GPx and significant (5 
fold) increase of MDA levels in the 
cerebellar tissue. 

Albasher et al. (2020) revealed 
that perinatal exposure to oral 
tartrazine within the ADI (2.5 and 5 
mg/kg daily) provoked significant 

increase of MDA in different brain 
regions (cerebrum, cerebellum, and 
medulla) in mice offspring. 

The brain with its extensive 

capacity to consume large amounts of 
oxygen and production of free radicals 
is considered especially sensitive to 
oxidative damage (Salim, 2014). 

Glutathione peroxidase (GPx) is an 
important intracellular enzyme that 
belongs to the first line of antioxidant 
defense system. It catalyzes breakdown 

of hydrogen peroxides (H2O2) and lipid 
peroxides (Ighodaro and Akinloye, 
2018). Glutathione peroxidase is 
present in many tissues, as well as in 

the neurons and glia of the CNS. In the 
rat and human CNS, the greatest 
activity of GPx is observed in the gray 
and white matters of the cerebral 

cortex (Hernández et al., 2016). 
According to Chabory et al. (2009), 
low GPx activity predisposes to 
impaired antioxidant protection, which 

in turn leads to oxidative damage to 
functional proteins and cell membrane 
fatty acids and eventually, neurotoxic 
damage. Malondialdehyde (MDA) is 

the main end product of lipid 
peroxidation that results from reaction 
of ROS with polyunsaturated fatty 
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acids. It is the most frequently used 
biomarker for assessment of oxidative 
stress (Tsikas, 2017). According to 

Bawazir (2016), metabolism of 
tartrazine results in generation of free 
radicals which in turn inhibit the 
endogenous antioxidant defense 

system. Albasher et al. (2019) referred 
the decreased activity of GPx to 
increased production of superoxide 
anion which is converted to water by 

GPx. Antioxidant enzymes work in 
collaboration with each other. Defect 
in any of the enzyme activity may 
result in initiation of overall 

detrimental mechanism. Disturbance in 
activities of antioxidant enzymes may 
result in initiation of peroxidation 
processes of phospholipids in brain 

cells leading to brain damage and 
neurodegeneration (Liaquat et al., 
2019). 

In the present work, microscopic 

examination of the brain specimens of 
rats treated with tartrazine showed 
obvious changes in the general 
architecture of the brain. The frontal 

cortex showed an apparent separation 
of pia matter from the underlying grey 
matter with areas of separation and 
marked vacuolations in the neuropil.  

There was also marked apoptosis of 
neuronal and neuroglia cells and 
marked increase in the number of 
neuroglia cells. Blood vessels were 

dilated, congested with wide 
perivascular spaces. Meanwhile, the 
white matter of the same group showed 
marked irregularly arranged nerve 

fibers and glia cells, vacuolations and 
thickened fibers in the neuropil, 
marked cellular infiltration, dark 
stained nuclei (pyknosis) of glia cells 

and dilated congested capillaries. 
As reported by Gao et al. (2011), 

tartrazine administered at an oral dose 
of 500 mg/kg/day for thirty days 

caused edema and vacuolations as well 
as features of apoptosis in the brain of 
studied rats. 

It was found that oral tartrazine 
at a dose of 500 mg/kg daily given to 
rats for 30 days resulted in extensive 

myelin vacuolation in the white matter 
with few vacuolations of both the 
cerebrum and the cerebellum (Ghonimi 
and Elbaz, 2015). 

Eman et al. (2018) added that 
tartrazine given to adult albino rats 
over a period of 30 days induced 
necrosis of purkinje cells in the 

cerebellum. 
Hemorrhage and increased 

perivascular space in brains of rats 
treated with tartrazine was recorded by 

(Alsalman et al., 2019). 
El-sakhawy et al. (2019) 

observed that oral tartrazine at the ADI 
caused cerebellar pathological changes 

in adult rats in the form of subcortical 
edema and blood vessels congestion, 
cytoplasmic vacuolations of the gray 
matter neurons, pyknosis and increase 

in the astrocytes population. The 
intensity of damage increases with 
increasing dose of tartrazine. 

Subcortical edema and 

congestion in brains of mice were 
reported after 13-week administration 
of different doses of tartrazine (Mehedi 
et al., 2013). 

Albasher et al. (2020) recorded 
development of cerebral neuronal 
degeneration, chromatolysis and 
pyknosis in mice offspring exposed to 

oral doses of tartrazine within the ADI 
range during the perinatal period. 

The brain has an extremely poor 
antioxidant capacity (Motaghinejad et 

al., 2017). According to Bhatt et al. 
(2018), the frontal cerebral cortex is 
affected by oxidative damage more 
than other regions of the brain due to 

variability in the distribution of the 
antioxidant enzymes among different 
brain regions. Vacuolations detected in 
the brain can be the result of 

proteasome dysfunction and altered 
lipid metabolism (Mimnaugh et al., 
2006 & Franco and Cidlowski, 2009). 
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Polyunsaturated fatty acids, which 
present in large amount in the brain, 
are vulnerable to free radical damage 

resulting in vacuolations in the cerebral 
cortex (Chaudhary et al., 2014). 
Oxidative stress can predispose to cell 
death through different signaling 

pathways. The production of free 
radicals may cause DNA damage and 
cellular apoptosis (Jayaraj et al. , 2013). 
The histopathological changes 

observed in the present study were 
confirmed by the disturbed levels of 
oxidative stress biomarkers; MDA and 
GPx activity.  
V- CONCLUSION 

It can be concluded that 
tartrazine has neurotoxic effect that 
was clarified by increased oxidative 

stress in the brain tissue and confirmed 
by histopathological changes. 

IV- RECOMMENDATIONS 

- The use of tartrazine to color food 
and the consumption of such foods 

should be restricted as far as possible, 
especially for children. 
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 دور :المخ في ذكور الجرذان البيضاء الصغيرة على التارترازين لملون الطعام السامة ثارالآ
 التأكسدي الإجهاد

 1حمد زايد محمد حسنم، 2سماح محمد أحمد، 1مني الدمرداش إبراهيم، 1نعمة الله محمد حسيني
 .جامعة الزقازيق –كلية الطب البشري  -2وبيولوجيا الخليةقسم الأنسجة  -1قسم الطب الشرعي والسموم الإكلينيكية

 
 جميع في والصيدلانية الغذائية المنتجات في واسع نطاق على يستخدم اصطناعي ملون هو التارترازين       

 الحالية الدراسة من الغرض كان. الملونة الغذائية المنتجات من كبيرة كمية الأطفال يستهلك ما عادة. العالم أنحاء

 تقسيم تم: والطرق المواد. البيضاء الصغيرة الجرذان دماغ على للتارترازين المحتملة السامة الآثار تقييم هو

 الأولى المجموعة. متساوية مجموعات 3 إلى عشوائي بشكل البيضاء الجرذان ذكور من عشر ثمانية

 الماء من مل 1 فأر كل تلقى(: موجبةال ضابطةال مجموعةال) الثانية المجموعة ،( البةالس الضابطة المجموعة)

 من كجم/  مجم 320 فأر كل تلقى(: التارترازين مجموعة) الثالثة والمجموعة، يومياً واحدة مرة المقطر

 الإعطاء من أسابيع 4 بعد. الفم طريق عن يوميًا واحدة مرة المقطر الماء من مل 1 في المذاب التارترازين

 التأكسدي الإجهاد علامات لتقييم وتجهيزها الأدمغةنجميع  وتم ، المجموعات جميع من الفئران ذبح تم ، اليومي

 نتائج أظهرت: النتائج. الضوئي بالمجهر الأنسجة فحص إلى بالإضافةالمالوندهيد  و بيروكسيديز الجلوتاثيون ؛

 التارترازين مجموعة فيالمالوندهيد  مستوى في وزيادة بيروكسيديز الجلوتاثيون نشاط في انخفاض الدراسة

 الخلايا موت ذلك في بما الدماغ في الهامة النسيجية بالتغيرات هذا ارتبط وقد. ةبطاالض مجموعاتالب مقارنة

 ذكور لدى الدماغ في شديد تلف في التارترازينتسببت مادة : الخلاصة. الدموية الأوعية واحتقان المبرمج

 التي الأطعمة استهلاك بتقييد ينصح: التوصيات. التأكسدي الإجهاد بزيادةوالذي تم ربطه  البيضاء الجرذان

 .للأطفال وخاصة التارترازين ملونات على تحتوي

 


