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Abstract
Tartrazine (TAZ) is one of the most commonly used artificial dyes for foods and drugs. We determined the effect
of TAZ on fetal development by examining morphological, visceral, and skeletal malformations in rat fetuses following daily oral administration of TAZ to pregnant Wistar rats at the 6th-15th day of gestation. TAZ at 0.45 and
4.5 mg/kg induced 6.0 and 7.1% fetal resorptions, as well as 10.0 and 10.5% fetal mortality, respectively. Fetal
body weight and length were significantly lower in the groups treated with TAZ at 0.45 (3.97 ± 0.21 g and 27.3 ±
0.54 mm, respectively) and 4.5 mg/kg (3.48 ± 0.15 g and 23.22 ± 1.02 mm, respectively) than in the control group
(4.0 ± 0.15 g and 30.01 ± 0.42 mm, respectively). TAZ at 0.45 and 4.5 mg/kg induced hepatic damage (20 and
33.3%, respectively), dark brown pigmentation due to hemosiderin in the splenic parenchyma (16.7 and 21.7%,
respectively), as well as destructed and necrotic renal tubules (16.7 and 26.7%, respectively) in the fetuses. Moreover, TAZ at 0.45 and 4.5 mg/kg caused one or more missing coccygeal vertebrae (20 and 40%, respectively),
missing sternebrae (6 and 10%, respectively), missing hind limbs (24 and 4%, respectively), and irregular ribs (16
and 20, respectively) in the fetuses. We concluded that TAZ has embryotoxic and teratogenic potentials in rats.
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INTRODUCTION

ous effect in both human and experimental models (5-8).
However, other studies reported that TAZ induces neurotoxic (9,10), immunotoxic (11), reprotoxic (12,13), genotoxic, and mutagenic effects (4), as well as irritability,
restlessness, and sleep disturbance (14-16). Recently,
researchers’ attention has focused on the potential teratogenic effects of some food additives in pregnant women.
Several studies have suggested possible teratogenic
effects of the use of food additives during pregnancy (1719). However, few studies have examined the teratogenic
potential of TAZ. Collins et al. (20) reported that TAZ exhibits no maternal or developmental toxicity in OsborneMendel rats when administered by gavage at doses of 0,
60, 100, 200, 400, 600, or 1,000 mg/kg body weight/day
on gestational days 0-19. A recent study reported that TAZ
up to 10 mM is not embryotoxic nor teratogenic to zebrafish embryos (21). However, no previous study has examined the teratogenic potential of TAZ when administered
at several folds its acceptable daily intake (ADI). Therefore,
the present study aimed to investigate the susceptibility of
rat embryos at the stage of active organogenesis, to anomalies caused by TAZ at doses of 2.5- or 25-fold its ADI.

Tartrazine (TAZ), also known as E 102, FD & C Yellow No. 5, is an azo dye and salt of chemical formula 3carboxy-5-hydroxy-1 (p-sulfophenyl)-4-(sulfophenyl azo)
pyrazolone (1). It is the most frequently used food colorants to achieve yellow color in sweets, juices, jams, mustard, and sodas. In addition, it has been widely used to
color human pharmaceuticals, such as vitamins, antacids,
cosmetics, and hair products (2). This food colorant is also
used in cooking as a substitute for saffron (3).
Existing data on the toxicity of TAZ are contradictory
(4). Some reports confirmed that TAZ exerts no dangerCorrespondence to: Yasmina Mohammed Abd-Elhakim, Department of Forensic Medicine and Toxicology, Faculty of Veterinary
Medicine, Zagazig University, Zagazig 44511, Egypt
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MATERIALS AND METHODS

number of viable fetuses, and number of dead fetuses in
each uterine horn were counted. All fetuses in each group
were subjected to an external morphological examination
according to the method of Manson and Jeanne (26).

Chemicals. TAZ powder (E 102, C.I. 19140) of 86.7%
purity was obtained from Courtex International, France.
All other chemicals and reagents used in this study were
of analytical grade.

Visceral examination. One third of fetuses in each
group were preserved in Bouin’s solution after intra-abdominal injection of 0.2 mL Bouin’s solution. After fixation,
visceral abnormalities in the fetuses were examined (27).

Experimental animals and treatments. The experimental procedures were in accordance with the guideline
of the care and use of laboratory animals in scientific
investigations and approved by the Ethics of Animal Use
in Research Committee of Cairo University, Egypt.
We chose to use albino rats, the most frequently used
mammals in teratology experiments, in our study because
of their stable genetic constitution, high availability, and
frequent use in previous studies.
Female Wistar rats, aged 70-100 days and weighing
130-200 g, were fed Purina rat diet (Relation Purina Company, CA, USA) ad libitum. The appropriate TAZ dosage
for rats was determined by using the inter-species dosage
conversion scheme (22).
This experiment was based on a previous drug teratogenicity testing (23). Vaginal smears were taken periodically to examine the rats’ estrus cycle (24). Each female
rat was then mated with a proven fertile male rat. On the
morning following mating, vaginal smear was taken and
examined microscopically. The presence of sperm indicated pregnancy, and the day of this confirmation was
marked as the first day of pregnancy (25). Confirmed pregnant female rats were caged separately.
Pregnant rats were divided into three groups consisting
of 30 rats each. The 1st and 2nd groups were administered
TAZ 0.45 and 4.5 mg/kg, respectively. The 3rd group, the
control, was administered saline. TAZ and saline were
administered orally each day from the 6th to the 15th day
of gestation, which was considered to be the period of
organogenesis, when fetal organs are most sensitive to the
potential effects of drugs (24).

Skeletal examination. The other two-thirds of the
fetuses were fixed in 95% ethyl alcohol and stained with
alizarin red. Skeletal malformations in the fetuses were
then examined (25).
Statistical analysis. The data were tested for normality by the Shapiro-Wilk W-test (28). Data are expressed as
the means ± standard error (SE). The statistical analyses
were conducted by one-way analysis of variance (ANOVA)
followed by the Duncan’s Multiple Range test using the
(Version 2; GraphPad Software Company, CA, USA). A
probability level of 0.05 was chosen for statistical significance.

RESULTS
Morphology of uterus and fetuses. In the present
study, fetal resorption and mortality in the rats treated with
0.45 mg/kg TAZ at were 6 and 7.1%, whereas those in the
TAZ 4.5 mg/kg-treated rats were 10.0 and 10.5%, respectively (data not significant). Fetal body weight and length
in the groups treated with TAZ 0.45 (3.97 ± 0.21 g and
27.3 ± 0.54 mm, respectively) and 4.5 mg/kg (3.48 ± 0.15 g
and 23.22 ± 1.02 mm, respectively) were significantly
lower than those in the control group (4.0 ± 0.15 g and
20.01 ± 0.42 mm, respectively) (Table 1, Fig. 1, 2).
Visceral examination findings. The viscera of rat
fetuses treated with TAZ 0.45 and 4.5 mg/kg revealed cardiomegaly (16.7 and 25%, respectively) and hepatic damage (20 and 33.3%, respectively). Moreover, TAZ 0.45
and 4.5 mg/kg-treated fetuses showed dark brown pig-

Morphological examination. All rats were sacrificed
by cervical dislocation on the 20th day of pregnancy. The
uterus was opened and fetal swellings, sites of resorption,

Table 1. Morphological malformations in rat uterus and fetuses after maternal oral administration of tartrazine
Fetuses
Drug

Dose
(mg/kg)

Number of
implantation sites

Resorbed
No.

%

Dead
No.

Viable
%

No.

Fetal
weight (g)

Fetal length
(mm)

%

Control

-

220

05

2.3

04

01.8

211

59.9

4.0 ± 0.15

30.01 ± 0.42**

TAZ

0.45
4.50

200
210

12
15

6.0
7.1

20
22

10.0
10.5

168
173

84.0
82.4

3.97 ± 0.21*
3.48 ± 0.15*

027.3 ± 0.54**
23.22 ± 1.02**

TAZ, tartrazine. *Significant (p < 0.05), **Highly significant (p < 0.01). Differences in the numbers of resorbed, dead, and viable fetuses
were not significant at p < 0.05. Fetal weight and length are expressed as the mean ± SE.
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Fig. 1. Rat uterus showing fetal resorption (arrow) after daily oral administration of tartrazine (4.5 mg/kg) to pregnant rats, from
the 6th to 15th day of gestation (scale bar: 100 mm). Left side: control, scale bar: 100 mm.

mentation due to hemosiderin in the splenic parenchyma
(16.7 and 21.7%, respectively), as well as destructed and
necrotic renal tubules (16.7 and 26.7%, respectively) (Table
2, Fig. 3-5).
Skeletal examination findings. The rat fetuses treated
with TAZ 0.45 and 4.5 mg/kg showed skeletal malformations, including one or more missing coccygeal vertebrae
(20 and 40%, respectively), missing sternebrae (6 and 10%,
respectively), missing hind limbs (24 and 4%, respectively),
and irregular ribs (16 and 20%, respectively) (Table 3, Fig. 6).

DISCUSSION
Fig. 2. Fetal body weight and length were decreased by daily
oral administration of tartrazine (4.5 mg/kg) to pregnant rats
at the 6th-15th day of gestation (scale bar: 50 mm). Left side:
control, scale bar: 50 mm.

Currently, safety limits and post-exposure health hazards associated with the consumption of food additives are
of high concern to consumers, nutritionists, and toxicolo-

Table 2. Visceral malformations in rat fetuses after maternal oral administration of tartrazine
Malformations
Drug

Dose
(mg/kg)

Number of
fetuses examined

Brain

Palate

Heart

Spleen

Liver

Kidney

No.

%

No.

%

No.

%

No.

%

No.

%

No.

%

Control

-

60

-

-

-

-

-

-

-

-

-

-

-

-

Tartrazine

0.45
4.50

60
60

00
14

0.
23.3

0
0

0
0

10
15

16.7
25.0

10
13

16.7
21.7

12
20

20.0
33.3

10
16

16.7
26.7

Fig. 3. Rat spleen showing dark brown pigmentation due to hemosiderin in the splenic parenchyma after daily oral administration of
tartrazine (4.5 mg/kg) to pregnant rats at the 6th-15th day of gestation (scale bar: 100 μm). Left side: control, scale bar: 200 μm.
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Fig. 4. Rat liver showing hepatic damage and parenchymal necrosis after daily oral administration of tartrazine (4.5 mg/kg) to
pregnant rats at the 6th-15th day of gestation (scale bar: 25 μm). Left side: control, scale bar: 25 μm.

Fig. 5. Rat kidney tissues showing focal fibrosis (arrow) in the destructed and necrotic renal tubules (arrowhead) after daily oral
administration of tartrazine (4.5 mg/kg) to pregnant rats at the 6th-15th day of gestation (scale bar: 100 μm). Left side: control, scale
bar: 100 μm.
Table 3. Skeletal malformations in rat fetuses after maternal oral administration of tartrazine
Malformations
Drug

Dose
(mg/kg)

Number of
fetuses examined

No.

%

No.

%

No.

%

No.

%

No.

%

Control

-

50

-

-

-

-

-

-

-

-

-

-

Tartrazine

0.45
4.50

50
50

0
0

0
0

10
20

20
40

08
10

16
20

3
9

06
18

02
12

04
24

Skull

Vertebral column

gists (29-32). Hence, a complete and precise assessment of
the toxicity of food additives is highly needed. Among azo
dye food colorants, TAZ is the most widely used. Previous studies revealed that TAZ at doses of several times
higher than its ADI for human exhibits hepatonephrotoxicity and alters various metabolic aspects in experimental
animals (33). Moreover, administration of TAZ induces
leucocyte DNA damage associated with severe cellular
alterations in rat liver and kidneys, which may lead to
adverse health effects (4).
The stage of embryonic development is critical in determining the sensitivity of the embryo and the pattern of

Ribs

Sternebrae

Limbs

embryonic to the drug. A previous study showed that
nearly all drugs administered during pregnancy will, to
some degree, enter fetal circulation via passive diffusion
(34). The most significant factors affecting placental diffusion are lipid solubility and molecular size. The greater the
lipid solubility and molecular size, the greater is the placental transfer (35).
It has been repeatedly shown that agents administered
during the cleavage and blastula stages of mammalian
embryonic development and before implantation, which in
rats occurs on the 6th day of gestation, typically elicit no
teratogenic response, even though the same agents elicit
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Fig. 6. Missing coccygeal vertebrae, hind limb, and sternebrae, as well as irregular ribs caused by daily oral administration of tartrazine (4.5 mg/kg) to pregnant rats at the 6th-15th
day of gestation (A) (scale bar: 50 mm). (B) Control, scale bar:
50 mm.

marked responses when administered at high doses at a
later stage of embryo development (36,37).
Embryo susceptibility to teratogenesis decreases as tissue differentiation proceeds, and the embryo as a whole is
resistant to teratogens once organogenesis is completed
(38). Therefore, TAZ administration in this study was
restricted to the critical period of organogenesis, which is
the 6th-15th day of gestation, during which cellular differentiation occurs and the rat embryo is most sensitive to
various external and internal factors.
In the present study, TAZ was administered at 0.45 and
4.5 mg/kg, which were equal to 2.5 and 25 times of its
ADI, respectively. FDA recommends an ADI of 3.75 mg/
kg for TAZ. Moreover, the World Health Organization
suggests that TAZ ADI be limited to 2.5 mg/kg (39). An
ADI of 0-7.5 mg/kg/day for TAZ was established by Joint
FAO/WHO Expert Committee on Food Additives (JECFA)
and has been maintained by the European review committees (40). In 2016, JECFA increased the previously established ADI of TAZ to 0-10 mg/kg (41). In the current
study, the tested doses, which were several folds the ADI
established by JECFA (41), could be relevant to humans
because humans may be exposed to TAZ from multiple
sources at the same time. For example, TAZ is now extensively used as an ingredient in personal care and cosmetics products (16). In addition, various types of medications,
primarily for easy identification, include TAZ to achieve a
yellow, orange, or green hue in a liquid, capsule, pill, lotion,
or gel. Types of pharmaceutical products that may contain
TAZ include vitamins, antacids, cold medications, lotions,
and prescription drugs (42). Hence, humans may be exposed
to TAX from sources other than food; thus, such sources
should be taken into account in the risk assessment of food
additives. Consequently, we used TAX at several folds the
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ADI for humans and converted the doses to those for rats
according to Paget and Barnes (43).
In this study, TAZ administration caused fetal resorption and mortality, and significantly decreased fetal weight
and length. Additionally, cardiomegaly, hepato-renal damage, and splenic pigmentation were observed in the TAZtreated groups. In this regard, exposure to food additives is
strongly related to mutagenicity in the form of gene mutation and chromosomal aberration (44).
The present study compared the effect of TAZ in developing fetuses during the gestation period with that in the
control group. It has been stated that the teratogenic effect
of a drug can be predicted if the drug can cross the placental barrier (36) and/or inhibit protein synthesis (45) and
further inhibit the material enzymes activity (46).
A previous study (47) showed similar findings to ours,
in which oral administration of amaranth sunset yellow
and curcumin to pregnant females caused growth retardation, hypoplasia of the heart and lungs, and skeletal abnormalities in the metacarpal and metatarsal bones and caudal
vertebrae.
A 13-week subchronic oral toxicity study showed several hepatic and renal parameters were altered in rats fed
diet containing 5 mg/kg TAZ (48). On the contrary, in a
study by Tanaka (8), mice were fed diet containing TAZ at
83, 259, and 773 mg/kg/day from the age of 5 weeks in
the F0 generation until 9 weeks of age in the F1 generation. There was no significant change in food intake and
body weight in the F0 and F1 generations. There was also
no significant change in the number of pregnant females,
number of litters, litter size, litter weight, total sex ratio,
and average sex ratio. This discrepancy could be attributed
to the difference in animal species tested; thus, further
studies using different animal species are needed.
The effect of TAZ on fetal growth and development
could be attributed to several factors. Intestinal microflora
metabolize TAZ into two metabolites, sulfanilic acid and
aminopyrazolone (49). These metabolites are degraded
very slowly or not at all, and can generate reactive oxygen species, which could induce embryonic malformations (48). Oxidative stress is involved in the toxicity of
many xenobiotics (50-53). In addition, it was reported that
synthetic food coloring agents, such as TAZ, inhibit mitochondrial respiration in rat liver and kidneys (54), and disrupt the integrity of mitochondrial membranes, which is
vital for maintaining mitochondrial functions and inducing cellular apoptosis. Hence, TAZ-induced embryonic
malformations could be associated with an increase in
apoptosis in the embryos.
In summary, TAZ at 0.45 and 4.5 mg/kg increased fetal
resorptions and mortality, as well as cardiomegaly, hepatorenal damage, and splenic pigmentation in the fetuses. The
treatment also induced skeletal malformations in the fetuses,
including missing coccygeal vertebrae, missing sterne-
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brae, missing hind limbs, and irregular ribs. Thus, we concluded that TAZ has embryotoxic and teratogenic potentials
in rats.
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