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Abstract 

The present work was planned to study the effects of 
E110 (sunset yellow) as a common synthetic in Egypt and 
E110 (curcumin) as a natural food-drug colorants on the 
testis of the male mouse. The plan of work was designed to 
cover six parameters: histopathological, cytochemical 
(involving DNA and total proteins), testis weight, sperm 
parameters (i.e., sperm abnormalities and sperm motility), 
and measuring testosterone levels in blood sera. The mice 
were divided into three groups, ten per each. The first group 
remained as controls, whilst the second orally given sunset 
yellow-E110 (30 mg/kg b.wt/day) as SY-group and the 
third one E100 'CU-group' also gavage 37 mg/kg b.wt., 
both fed on their acceptable daily intake (ADI) dosages for 
60 days. The results detected that SY revealed distinct 
alterations in the desired parameters, particularly 
histological changes in structure of seminiferous tubules 
such as vacuolation, necrosis and multinucleate cells. 
Whilst, the cytochemical DNA and proteinic profiles of the 
SY-treatment mice exhibited severe damage in the DNA 
and total protein configurations. However, such 
deteriorations in the spermatogenic epithelia were also 
approved with changes in the other criteria after 
administration with E110. From such alterations, the E110 
recorded a highly significant increase (P< 0.0001) in the 
abnormalities of sperm morphology and motility. 
Moreover, the testosterone levels in sera of male mice 
indicated the significant differences among groups. The 
molecular protocol manifested SY (E110) - induced DNA 
polymorphic changes in confrontation with control by 
primer OPC07, whilst CU (E100) kept on the control 
pattern. In conclusion, the present study explored the 
possibility of using the applied six parameters to 

assessment and differentiate between the two food 
flavours indicating that E100 (CU) is more biosafe than 
the synthetic additive E110 (SY). 
Keywords: Testis, Sunset yellow, Curcumin, DNA, 
Proteins, testosterone 

 
1 Introduction 

 The food additives (i.e., food colouring agents) are any 
substance intentionally added to the foods for modifying 
their chemical, biological, sensorial, or physical 
characteristics without a nutritional purpose, and also to 
influence the consumer perceptions of the food`s flavor and 
quality (Gomes et al., 2013; Abbey et al., 2014). Food 
colours are classified as natural and synthetic agents 
(Harris, 1986; Abbey et al., 2014). The synthetic food 
colours (such as sunset yellow "SY") are added to foods to 
replace natural colour lost during processing, to reduce 
batch-to-batch variation and to yield products with 
consumer appeal where no natural colour exists (Tripathi et 
al., 2007).  

Sunset yellow (SY) is an Azo dye authorized as a food 
additive. It is the most synthetic food dye which is 
prevalent in soft drinks and it was detected in beverages 
and liquor for adult (Ha et al., 2013; Li et al., 2013). SY 
was also found in chocolate for infants and children (Ha et 
al., 2013; Botelho et al., 2014). Moreover, SY was detected 
at high concentrations in cookies, ice cream, fruit juice, 
sauces, saffron, seasonings, relishes, pickles, chuntney and 
coloured rice besides sugar- and gelatin-based 
confectionery (Hajimahmoodi et al., 2013; Wu et al., 2013; 
Andrade et al., 2014; Shen et al., 2014; Vasques et al., 
2014; Wang et al., 2014). Rajamanickam et al (2015) 
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reported that the kinetics of SY Azo dye photodegradation 
was detected under natural sunlight illumination by 
inducing photocatalytic application.   

The adverse effects of the synthetic food colouring 
agents such as SY were also experimentally investigated in 
animal models by different researchers such as Abou EL-
Zahab et al. (1997) who mentioned that administration of 
SY for 60 days into rats induced damage to liver tissue. 
Also, Hashem et al. (2011) indicated that the food 
colouring "amaranth and SY" at dosage of 47 mg/kg b.wt. 
in rats could impair hepatic function and should be avoided 
during pregnancy. Furthermore, Sayed et al. (2012) verified 
the mutagenic action of SY dye at dosage of 0.325 mg/kg 
b.wt./day for 1, 2 or 3 weeks alone or with selenium and A, 
C and E vitamins in mice with significant chromosomal 
aberration values in the liver and germinative cells. Ismail 
and Sakr (2016) reported drastic ultrastructural effects in 
the hepatocytes, chromosomal aberrations and the 
frequency of Mitotic Index (MI) of bone marrow cells at a 
highly significant increase (p<0.0001).     

Curcumin (CU) is a polyphenol derived from the 
turmeric rhizomes of the plant (Curcuma longa) (Duvoix et 
al., 2005), it offers hope for the development of a safe 
alternative crucial natural food colourant instead of the 
synthetic food dye "SY".  

Curcumin is used as a spice to give specific flavor and 
yellow color to Curry (Pari et al., 2008). It was found to 
exhibit various promising biological activities including 
anti-inflammatory (Rao et al., 1982; Satoskar et al., 1986), 
anti-platelet (Srivastava et al., 1986), antimutagenic 
(Nagabhushan et al., 1987), anti-HIV (Jordan and Drew, 
1996), antioxidant (Masuda et al., 1999), anticancer (Chan, 
1995; Singh and Aggarwal, 1995) and cancer 
chemopreventive (Mariadason et al., 2000). In 2015, 
Franceschi et al. revealed that in Western countries, CU as 
a herbal medicine, dietary supplement and bioactive 
nutraceutical is becoming more popular for improving the 
quality of life of neurological patients by treating aging and 
memory loss. Eigner and Sholz (1999) reported that safety 
dietary consumption of turmeric CU up to 1.5 g per person 
a day was not associated with adverse effects in humans. In 
extremely support, Cheng et al. (2001) verified that high 
dose of oral CU up to 8 g daily for 3 months to patients 
with pre-invasive malignant or high risk pre-malignant 
conditions, stating that no toxicity was observed. 
Furthermore, in patients with advanced colorectal cancer 
treated with CU, it was well tolerated at all dose levels up 
to 3.6 g daily for up to 4 months (Sharma et al., 2004).   

Therefore, the present study was undertaken to 
compare between the synthetic sunset yellow (E110) and 
natural curcumin (E100) to find the alternative biosafe 
nutraceutical food additive by assessment both dyes as their 
impacts on the testes of male albino mice. 
2  Materials and Methods 

Experimental Animals  
2-1-The Experimental animals 

Thirty adult male Swiss albino mice (Mus musculus) 
with weights ranged between 24 and 26 g were used in this 
study. They were obtained from the animal house of 

Theodor Bilharz Research Institute, Giza, Egypt. Mice were 
housed in clear plastic cages with wood chips as bedding in 
a room with a temperature of 25 ± 2°C, a relative humidity 
of 55 ± 5% and a 12-h light/dark cycle during the period of 
the experiment. They were feed with standard laboratory 
rodent pellets and water ad-libitum. The animals were 
acclimatized for a period of one week prior to 
commencement of the experiment. All experimental 
procedures were done taking into consideration the ethical 
and scientific protocols recommended by Ferdowsian and 
Beck (2011). 
2-2-The Applied Chemicals and Dosages 

Two food additives were used in the current study; the 
synthetic colorant supplement "sunset yellow" and the 
natural yellow colorant "curcumin". The synthetic food 
colourant "sunset yellow" (Code No.: E110) as stated by 
NTP (1981); Hajimahmoodi et al. (2013). Whilst, the 
natural food colorant "curcumin" powder (Code No.: E100) 
was derived from the turmeric rhizomes (Curcuma longa) 
(Duvoix et al., 2005). 

According to Reagan-Shaw et al. (2008), to convert the 
dosages of the acceptable daily intakes (ADI) of both 
sunset yellow (JECFA, 1982; SCF, 1984) and curcumin 
(JECFA, 2004; EFSA, 2010) from human to mouse, were 
calculating 30 mg/kg b.wt./day for sunset yellow and 37 
mg/kg b.wt./day for curcumin. 
2-3-Experimental Design 

The mice were divided randomly into three 
groups of ten animals each as follows: 

Group I (Control group): Mice were orally feeding 
with 1 ml/25 g b.wt./day drink water by 
gastric tube for 60 days parallel to the treated 
groups. 

Group II (SY-group): Animals were orally given 
sunset yellow-E110 (30 mg/kg b.wt/day) 
dissolved in drink water (1 ml /25 g 
b.wt./daily) by feeding tube for 60 days.  

Group III (CU-group): Mice were orally feeding with 
curcumin-E100 (37 mg/kg b.wt.) suspended 
in drink water (1 ml /25 g b.wt./daily) for 60 
days.  

At the end of the experiment, both control and 
treated mice were fasted overnight and then 
anaesthetized under light ether anesthesia. They were 
dissected and their testes were rapidly excised and 
weigh, and processed for histological, cytochemical, 
sperm parameters and molecular preparations. The 
sera of withdrawal heart blood is used in measuring of 
testosterone. 

2-4-Histological Preparations 
Male mice were killed after cervical dislocation. Testes 

were removed and. To prevent the loss of secretory fluid, 
the base of each seminal vesicle was grasped with forceps 
before removing. The testes fixed rapidly in aqueous 
Bouin`s fixative for 24 hours. Then, they were subjected to 
the normal steps for paraffin sectioning. 4 µm serial testes 
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sections were stained with haematoxylin and eosin (H&E), 
dehydrated, cleared in xylene and mounted in DPX 
(Bancroft and Gamble 2002). The histological sections 
were examined and photographed with light microscopy. 
2-5- Cytochemical Preparations 

To exhibit DNA inclusions alone, Feulgen nuclear 
reaction was applied to exhibit the cytochemical DNA in 
testis specimens fixed in Carnoyʼs fluid as recommended 

by Darlington and Cour (1969); Kasten (2003). Paraffin 
sections were subjected to mild hydrolysis in N–HCl at 
60˚C, then treated with Schiffʼs reagent. Consequently 

DNA–containing particles acquired a purple or magenta 
colouration. Some sections were counter – stained with 
dilute aqueous solution of 1% light green, followed by a 
rapid washing in absolute alcohol. DNA inclusions were 
also showed degrees of purple stainability, as verified by 
deoxyribonuclease enzyme while the ground cytoplasm 
took a greenish colouration. 

The total proteins were displayed in the present 
specimens by using the mercury bromophenol blue method 
of Mazia et al. (1953), using Bouinʼs or Carnoyʼs fixative. 

The stained sections were also mounted in DPX. 
Consequently, the existence of proteins was generally 
indicated by the development of bluish stainability. 

 
2-6-Mouse sperm collection for scoring the 
abnormalities 

This method of extraction is used for acrosome 
reaction assay according to Jungnickel et al. (2001); Takeda 
et al. (2016), by collecting two cauda epididymis from one 
male, cut them 5 times and place them in a 2.0 ml 
Eppendorf tube with 500 µl of warm Whittens-HEPES 
media (pH 7.2-7.4), then incubate them at 37 C for 10-15 
min to allow sperm to swim out and then photographed at 
magnification X1000 by using a negative phase-contrast 
microscope. The sperm abnormalities were recorded in 
1000 sperm/ each set n=5.  Furthermore, the Feulgen 
technique was also applied to investigate the sperm head 
abnormalities in the testes sections, then photographed.  
2-7-Analysis of sperm motility 

According to Takeda et al. (2016), sperm motility was 
evaluated immediately by placing a 10-μL drop of diluted 

sperm suspension between a glass slide and a cover slip 
and counting the sperm under a phase-contrast 
microscope at ×1000 magnification. Sperm motility was 
assessed as the % motile cells for clear 1000 sperm. 
Estimate the sperm motility rate in the three groups (C-, 
SY- & CU-groups) of that investigation, 1000 sperm for 
each n=5 . 
2-8-Testosterone Analysis 

The animals were dissected 24 hours after the last 
treatment. Blood was taken from the hearts of the animals 
and preserved at 37ºC for 30 minutes, then centrifuged 
(1000 g) for 15 minutes. The collected blood was 
centrifuged at 25°C and 4000 rpm for 10 minutes in order 
to obtain the serum. The serum samples were kept frozen at 
-18°C. The blood testosterone level was analyzed by 
enzyme linked immunosorbent assay (Testosterone 

rat/mouse ELISA, MyBioSource's Products, MBS494055, 
Argentina). 
2-9-Molecular protocol  

According to Maniatis et al. (1982) and Ausubel 
et al. (1989) with modifications by  Kumar et al. (2016), the 
extraction of genomic DNA from testes of mice for the 
three groups (control, SY- and CU-treated animals) was 
applied. The DNA pellet was carefully dried in laminar 
airflow. The dried DNA was dissolved in minimum amount 
of TE buffer (pH 8.0). The quantity of total DNA isolated 
was checked by adding 2 μl 6× orange loading dye 

(Fermentas, USA) to 2 μl of isolated DNA. Four micro 
liters of this isolate was loaded in a well of 0.8% w/v 
agarose gel containing 0.05% of ethidium bromide.  

Random Amplified Polymorphic DNA–

Polymerase Chain Reaction (RAPD–PCR) for genomic 
DNA was employed to detect any polymorphic changes in 
the genomic DNA of experimental animals compared with 
controls. RAPD-PCR was performed on the DNA of 
testicular mice cells of SY- and CU-orally fed for 60 days 
in comparison with their control DNA, as described by 
Zhou et al. (2013). Each experiment was repeated 3 or 4 
times to be sure. Appropriate DNA marker of φX174 DNA-
HaeIII Digest visualized by ethidium bromide staining 
(Boehringer Mannheim GmbH, W. Germany) was loaded 
in an adjacent well. This investigation selected a primer 
OPC07 (5'-ATTCTGGTTT-3') as recommended by Zhou et 
al. (2013) to generate fingerprint polymorphisms among 
designed groups. These formed DNA bands of such 
selected primer OPC07 are related to the exons 
in hMSH2, ERCC1, XRCC1, and hOGG1 in tumorigenic 
cells (Zhou et al., 2013). 

 Data analysis for the dissimilarity coefficient and 
commonality percentages between all experimental cases 
and their controls were calculated based on pair wise 
comparison between them for a particular primer. For 
comparing the similarity between E110 (SY-treatment) and 
E100 (CU-treatment) in respective to their control mice. 
Polymorphic information content values were calculated for 
each OPC07 primer according to the formula of Jaccard’s 
similarity Coefficient (J) = a/ (a + b + c), where a = No. of 
presence of shared bands in both samples; b = No. of bands 
present only in sample 1; c = No. of bands present only in 
sample 2. Clear and major RAPD-PCR bands were scored 
as presence-absence matrix (Collard and Mackill, 2009). 
This index can be modified to a coefficient of dissimilarity 
by taking its inverse: Jaccard's dissimilarity coefficient =1- 
Sj (where: Sj = Jaccard's similarity coefficient) (Kumar et 
al., 2016). 

2-10-Statistical Analysis 
Statistical analysis of the data of sperm parameters 

(sperm abnormalities and sperm motility) and testis 
weight, and determination of testosterone, was carried out 
by t-test, SPSS statistics 17.0. Whereas, p-value (p<0.05) 
was considered as a statistically significant, whilst p-
value (p<0.0001) was represented as a highly statistically 
significant. 

http://www.sciencedirect.com/science/article/pii/S1319562X15002934
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4818324/#b0015
http://www.sciencedirect.com/science/article/pii/S1319562X15002934
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3  Results   
3.1. Histological observations 
3.1.1. Group-I: The control mice 

The testis of control adult mouse is enveloped with a 
dense fibrous connective tissue capsule; the tunica 
albuginea, followed by loose connective tissue. The 
functional and the structural components of the testis 
comprise the seminiferous tubules and the interstitial tissue 
(Fig. 1). Each tubule contains spermatogenic stages resting 
on a basement membrane, the spermatogenic cells include 
the successive stages of spermatogenesis i.e. 
spermatogonia, primary spermatocytes, secondary 
spermatocytes, spermatids and spermatozoa (Fig. 2), in 
addition to Sertoli cells (Fig. 2). The seminiferous tubules 
are formed of several germinal epithelial layers surrounding 
a central lumen and covered with a thin basement 
membrane limited externally by peritubular or boundary 
tissue consisting mainly of elongated flat cells of fibroblasts 
and myoid cells, as illustrated in figure 2. The interstitial 
tissue is located between the seminiferous tubules. It 
consists mainly of loose fibrous connective tissue rich in 
blood vessels and capillaries, in addition to clusters of 
Leydig cells (Fig. 2). 
3.1.2. Group-II: The SY-treated mice 

The histopathological examination of cross sections 
of the testes of mice fed on SY for 60 days showed some 
alterations in both the seminiferous tubules and 
interstitial tissue (Figs. 4-8). The action of used food 
colourant SY resulted in a conspicuous disorganization of 
the germinal epithelia and disturbance of the general 
architecture of the seminiferous tubules (Figs. 4&5). In 
which, some seminiferous tubules appeared exfoliated to 
their basement membranes (Fig. 4) and the lumens of 
others tubules occupying with banished cells mostly in 
early stages of spermatids and few malformed 
spermatozoa (Figs. 4&5). Some spermatocytes and 
spermatids disposed from their original positions in 
successive stages of spermatogenesis at periphery of the 
seminiferous tubules to migrate towards the lumens as 
multinucleate giant cells (Fig. 6&7), karyorrhexis or 
pyknosis of necrotic nuclei (Fig. 8). The affected 
spermatogonia and spermatocytes suffered from signs of 
degenerative changes accompanied with the presence of 
clear vacuoles in their cytoplasm, and their nuclei were 
darkly stained and visualized in pyknotic remnant cells, 
besides markedly azoospermia, as demonstrated in figures 
6-8. A moderate changes were encountered in the 
interstitial tissue with approximately intact appearance, as 
evidenced in the specimen in figures 4-8. 
3.1.3. Group-III: The CU-treated mice 
Investigation of the effect of the nutraceutical 'CU' on the 
testes of mice displayed a normal configuration of plentiful 
number of spermatogenic successive stages in the 
seminiferous tubules, reflecting the negative effect of 
curcumin on the mice testes  (Fig.8).  
3-2- Cytochemical Findings 
3-2-1-DNA Feulgen technique 

Microscopic examination of the middle sections of the 
testis of control adult mice has shown that it is comprising 

the rounded or oval–shaped seminiferous tubules, which are 
occupied with waves of germinal epithelial and Sertoli cell 
nuclei in different degrees of Feulgen reactivity ranging 
from pink to magenta colour of DNA inclusions (Fig.10). 
Besides, the figure 10 displays that the areas lying between 
such seminiferous tubules are occupied by the interstitial 
tissue, which consists essentially of nuclear clumps of 
interstitial “Leydig” cells usually associated with blood 
capillaries of various sizes which are lined with endothelial- 
lining cells with fusiform nuclei in a rather strongly 
staining of Feulgen reactivity. The spermatogonia nuclei 
are found in plentiful number in one or two layers marked 
by their more rounded nuclei with DNA contents of 
heterochromatin occupying all the nucleoplasm, as noted in 
the same above figure. Next to the spermatogonia, are the 
primary spermatocytes. The nuclei of such cells represent 
the largest nuclei of the whole spermatogenic lineage and 
are usually arranged in two or three layers. They exhibiting 
variable shapes and stainability degrees of DNA 
distribution depending on the phase of meiotic division 
(Fig. 10). The secondary spermatocytes are seen quite 
infrequently since they are difficult to observe in sections 
of mouse testis owing to the fact that their life span is short 
because they remain briefly in the interphase and soon enter 
into the second meiotic division producing the spermatids. 
The spermatid nuclei are appeared in figure (10) lying close 
to the lumina of the seminiferous tubules exhibiting marked 
variation in their shapes with the different degrees of 
elongation of their rounded–shaped nuclei during 
spermiogenesis process. Regarding the other type of 
seminiferous epithelial cells namely the “sustained nutritive 

or nurse (Sertoli) cells”, which their nuclei are seen in 

figure (10) resting by their bases on peripheries of tubules 
and directed toward the lumina of the seminiferous tubules. 
The nuclei of Sertoli cells are comparatively large in size 
having oval or pyramidal shape, in moderately DNA 
contents. The nuclei of interstitial “Leydig” cells appeared 

oval shaped in a considerable moderately staining of 
dispersed DNA inclusions taking more condensation (figure 
10). 

With the period (60 days) of SY (E110) action at the 
level dose of (0.30 mg / kg b.wt.), striking deterioration was 
observed in the testicular tissue comparable to those 
examined in control (Fig. 11). The most evident changes in 
such instances represented with the distortion of testicular 
configuration in the pattern of DNA stainability, together 
with the seminiferous tubules became noticeably atrophied 
involving marked loss of the spermatogenic elements, 
whilst the remaining ones containing deformed strongly 
condensed DNA contents (figure 11). The nuclear DNA 
contents of Leydig cells appeared suffering from an 
obvious acute reduction of their Feulgen reactivity in all 
investigated sections under such treatment, as showed in 
figure 11. Spermatogenesis showed a marked arrest at the 
primary spermatocyte nuclei and most of the tubules were 
devoid of the advanced stages of spermatogenesis nuclei 
including the spermatids and sperms (Fig. 11). The great 
majority of primary spermatocyte nuclei revealed a marked 
increase in their number accompanied with a loss of their  
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Figs. (1-8): Photomicrographs showing seminiferous tubules of testes sections stained with Hx.& Eosin to show the 
spermatogenic stages, Sertoli, and Leydig cells in control (Figs. 2&3), SY- (Figs. 3-7) and CU- (Fig. 8) groups. 

Figs. (1&2): Showing successive stages of spermatogenesis of control testes involving: spermatogonia (Sg), primary 
spermatocytes (Ps), secondary spermatocytes (Sc), different stages of spermatids and spermatozoa (Z) in the central 
lumina (*). Notice Sertoli cells (S) are resting by their triangular bases to the basement membrane, which formed of 
boundary tissue with elongated fibrocytes and myoid cells (arrows). The sections also reveal clumps of interstitial 
tissue (I) lying close to blood capillaries between the seminiferous tubules.  (Fig. 1; X400 & Fig. 2; X650) 

Figs. (3-7): Photomicrographs of the testes of mice treated with E110 (SY-group) exhibiting disorganization of the 
germinal epithelia and disturbance of the general architecture of the seminiferous tubules. Some of them appeared 
exfoliated to their basement membranes (Fig. 3; arrows) and the lumens (*) of tubules occupying with sloughed-
banished cells (Figs. 3&4) and others seem to clear (*). Figures 5 and 6 reveal the replacement of some 
spermatogenic stages with multinucleate giant cells (M) or became degenerative vacuoles (V). Fig. (7): Showing 
necrotic casts of spermatocytes in karyorrhexis (arrow head) or pyknosis (line) cases.  (X400) 

Fig. (8): Photomicrograph of the testis of mouse treated with E100 (CU-group) illustrating a normal configuration of 
spermatogenic successive stages in the seminiferous tubule.  (X400) 
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Fig. 9: Histogram of means (±SD)n=8 of testes weights in male mice after oral feeding with an equivalent ADI dose of 

either 30 mg or 37 mg/ kg b.wt./ daily, for 60 days in both SY- or CU-group respectively, and their 
respective control group, whereas each weighs at the end of feeding period.  The significant differences among 
the groups showing a significant decrease (↓*P<0.05) in testis weight after treatment with E110 (SY-group), 
and a non-significant increase (↑P> 0.05) in the set of E100 (CU-group). 

 
Fig. 10: Magnified seminiferous tubules of control adult mouse testis displaying the different degree of DNA stainability 

in the nuclei of spermatogenic cells including spermatogonia (Sg) taking a highest staining, primary spermatocytes 
(Ps) and spermatozoa (Z) have a moderate staining, whilst spermatids (Sd) reflect a lowest staining. Notice that the 
nuclei of interstitial "Leydig" cells (I) are clumped in between the tubules with a rather condensed staining. (Feulgen 
reaction X400) 

Fig. 11: Magnified atrophied seminiferous tubules of E110 (SY-group)-fed mouse testis exhibiting the adhesive 
aggregations of the nuclear DNA in both spermatogonia (Sg) and spermatozoa (Z) with an excessive strongly 
Feulgen reactivity. But the nuclei of primary spermatocytes and spermatids (Sd) appear losing their DNA contents 
with deteriorated meiotic figures with karyorrhexis appearance of DNA particles. Leydig" cell (I) nuclei reveal 
hypoplasia with vacuolation (V) and variation in their DNA stain affinity between each others. (X400) 

Fig. 12:  A magnified section of E100 (CU-group)- treated adult mouse testis showing regular normal configurations of 
compact round- or oval-shaped seminiferous tubules (St) having the waves of varied DNA stainability in the nuclei 
of spermatogenic cells and clumps of interstitial cell nuclei (I) between them. (X100) 
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highly DNA stainability together with their meiotic figures. 
On the other hand, they exhibited highly DNA stainability, 
as manifested in figure 11. The same previous figure 
showed a distinct reduction in the number of spermatogonia 
nuclei and when they found they reflected a highly 
condensed DNA stainability of pyknotic appearance. On 
the contrary, the treatment with E100 (CU-group) indicated 
that the configuration and distribution of DNA contents in 
the different stages of spermatogenesis, Sertoli and Leydig 
nuclei are distinctly appeared in a regular normal manner 
(Fig. 13).  
3-2-2-Total proteins 

The total proteins in the testes of adult control mice 
appeared, in general, as a strong bluish staining by using 
mercuric bromophenol blue technique, as represented by 
figures 13. In the seminiferous tubules of such material, the 
total proteins were manifested as fine granules scattered at a 
random manner in cytoplasm and nuclei of both germ and 
Sertoli cells (Figs. 13). Moreover, the boundary tissue of 
the seminiferous tubules exhibited a highly bluish staining, 
indicating the richness of its fibers with the protein 
contents, as marked in figure (13). The nucleoproteins of 
spermatogonia gave an intensely bluish colouration of 
condensed proteinic clumps, as visualized in figure 13. 
Furthermore, the chromatinic proteins of primary 
spermatocytes were investigated in variable states of their 
proteinic contents, whereas they appear in the different 
meiotic figures, as illustrated in figure (13). However, in 
general, such cells had a considerable deeply staining of 
protein inclusions. Sertoli cells manifested in a rather 
moderate stainability both in their radiated cytoplasm and 
nucleoproteins, which involved two intensely stained 
nucleoli in a darkly bluish colouration. The interstitial cells 
appeared deeply stained, indicating the presence of large 
amounts of substances that are proteinic in nature (Fig. 13). 

Observations of SY (E110) – treated group were 
encountered severe collapse in proteinic picture of the 
seminiferous tubules, as marked in figure 14. The most 
remarkable lesion observed in this respect included reduced 
tubular dimensions (tubular atrophy), loss of all tubular 
elements and hyalinization forming degenerated vacuoles in 
most the seminiferous tubules (Fig. 14). Such vacuoles had 
seen in the seminiferous tubules taking either clear hyaline 
vacuole, whereas in such sections the distinct signs of 
diminution of the total proteins were observed in all 
spermatogenic and Sertoli cells, being suffering from a 
vacuolar degeneration and reflecting halo of remaining 
proteinic contents lining the cell membranes. Moreover, the 
acrosomic system in both the late spermatids and sperms 
displayed a similar decrease in protein affinity. Such 
phenomenon of vacuolation was also detected in the 
interstitial cells (Fig. 14). The inspection the specimens 
administered the equivalent ADI dose of E100 (i.e., 0.37 
mg/kg b.wt.) of curcumin for 60 days reflected that their 
seminiferous tubules were still attaining their control 
configuration and frequent all spermatogenic cells (Fig. 
15). 

3-3-Sperm parameters 
To evaluate the effect of SY (E110) and CU (E100) 

on sperm quality; the sperm morphology involving the 
abnormalities in either sperm state of acrosome (Fig. 16 
& Fig. 17; b-d and g-h) or tails (Fig 17; b-e), and sperm 
viability were investigated, as manifested in Table 1. It 
was shown that SY induced a decrease in sperm quality 
in comparison with their controls. In this group we 
detected an elevation in the number of morphological 
abnormal spermatozoa in statistically highly significant 
increase (P< 0.0001) after feeding of male mice on E110 
(SY) for 60 days (Table 1). However, the treatment of Cu 
(E100) for the same period did not generate such 
influences on morphology of sperm, but inversely it 
caused a little improvement, recording insignificant 
decrease of sperm abnormalities in confrontation with SY 
(E110) to their control ones, as evidenced by table 1 and 
figure 17.  Another sperm parameter studied in this 
investigation was represented by sperm motility (Table 1).  
In this concern, the sperm motility was carried out a 
highly significant decrease (P< 0.0001) after exposure to 
E110 on viability of sperm in samples obtained from this 
group (Table 1). Although the food flavor E100 scored a 
relative improvement but in non-significant effect 
(P>0.05) on the sperm motility comparable to control 
means. 
3-4-Measurement of Testosterone 
The oral feeding with 30 mg/kg b.wt./day of sunset yellow 
(E110) for 60 days caused a significant decrease (P < 0.05) 
in testosterone level in serum compared to the control 
group after application of the analysis of testosterone 
rat/mouse ELISA (Fig. 18). However, the study recorded a 
relative increase of the testosterone secretion in the sera of 
curcumin (E100)-feeding mice, but this increasing is not up 
to a statistically significant elevation (P > 0.05) compared 
to control group, as noted in figure 18.  
3-5- Molecular Results 

In the present results, the RAPD–PCR patterns, 
dissimilarity coefficient and band commonality 
percentages, were estimated for figure 19. 

The testicular genomic DNAs of mice have fed orally 
with equivalent ADI (Acceptable Daily Intake) dosage of 
30 or 37 mg of E110 or E100 /kg b.wt./ daily for interval 60 
days, respectively, were subjected to fingerprinting 
amplification using the selected primer OPC07. 
Examination of characteristic patterns of RAPD-PCR 
between the control sample and two food colourants 
displaying that the total number of fragments of RAPD-
PCR patterns generated by using primer OPC07 were 7 
bands in the control (3 DNA bands, estimating 1400, 1100 
and 900 bp) and the treated group of SY (E110) forming 
just one band (900 bp), whereas the other two bands, which 
characteristic to control sample, are replaced with 
fragmented DNA as a diffused smear ranged from (~1400 
to ~900 bp) with a markedly disappearance of the other two 
bands (1400&1100bp). However, the administration of CU  
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Fig. 13: A seminiferous tubule of a control mouse showing a normal distribution of the strongly stained total proteins in 
the germinal epithelial cells and the boundary tissue (arrows), spermatogonia (Sg), and interstitial tissue (I). The 
acrosomic system (Z) in both late spermatids (Sd) and spermatozoa with their residual bodies are stained with deeply 
bluish colouration, surrounding the lumina (*). (mercury bromophenol blue X400)   

Fig. 14: Testis section of SY-group, revealing vacuolar degeneration in both cytoplasmic and nuclear proteinic contents 
lining the nuclear and cell membranes of all spermatogenic and Sertoli cells with a marked inhibition of protein stain 
affinity. (X400) 

Fig. 15: A magnified portion of a seminiferous tubule of a CU-group, indicating the normal distribution of total proteins 
in the germinal epithelium, as described in the above control specimen. (X650)  
 

 
 

Fig. 16:  A magnified sector of the testis treated with E110 (SY-group) and stained with Feulgen procedure, exhibiting 
marked abnormalities in the nuclei of acrosomic sperm states having strongly magenta staining (Z). The nuclei 
of spermatogenic epithelia appear suffering from apoptosis, besides the section contains well prominent fibrocyte 
nucleus (F).  (X650) 
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Fig 17: Photomicrographs Showing various numbers of morphological abnormal spermatozoa detected in mice 
after oral feed with equivalent ADI E110 (SY-group) including: various shapes of double-tailed sperm (b, c & d) 
with a serrated-pointed acrosome (b) a drawn tapered tip (c) or hammered head sperm (d); acephalous sperm (e), 
sperm fusion with spermatid (f), tailless configuration (g), macrocephalous sperm (h) and hairpin loop sperm tail (i). 
The normal shape of mouse sperm obtained from control specimen is illustrated in figure (a). (X1000) 
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Table 1: Means and Std. Deviation (SD) n=5 of sperm parameters (abnormalities of sperm morphology and sperm 

motility) of male mice oral fed with the equivalent ADI dose of either 30 mg/kg b.wt. of sunset yellow-E110 
(SY-group) or with 37 mg/kg b.wt. of curcumin-E100 (CU-group) daily for 60 days, and their respective 
control group. 

Experimental 
Animal 
Groups 

1000 
Sperm/ 
5 Mice 
(200/ 
Mouse) 

Sperm Parameters 
Sperm Abnormalities  
(Heads & Tails) 

Sperm Motility 

No/ 
200 
Sperm 

Mean 
P-
values 

±SD 
No/ 
200 
Sperm 

Mean 
P- 
values 

±SD 

Control- 
Group 

Mouse01 30 

23.6 - ±4.560 

112 

124.6  ±11.458 
Mouse02 26 117 
Mouse03 22 134 
Mouse04 22 121 
Mouse05 18 139 

SY-Group 
(feed on 
E110) 

Mouse01 86 

94 P** ↑ ±11.661 

47 

51.8 P** ↓ ±9.230 
Mouse02 102 53 
Mouse03 106 39 
Mouse04 98 57 
Mouse05 78 63 

CU- Group 
(feed on 
E100) 

Mouse01 24 

22.8 P ↓ ±7.014 

119 

126.8 P ↑ 11.458 
Mouse02 32 122 
Mouse03 18 136 
Mouse04 26 129 
Mouse05 14 128 

Level of significance: 
                                    P > 0.05      is a statistically non-significant. 
                                * P < 0.05       is a statistically significant.  
                               **P < 0.0001   is a statistically highly significant. 
↑ represents a significant increase. 
↓ represents a significant decrease. 

 

 
Fig. 18: Effect of E110 (SY-group) n=6 and E100 (CU-group) n=6 on testosterone levels in the sera of male mice indicates 

the significant differences among these groups. The chart showing a significant decrease (↓*P<0.05) in tes-
tosterone concentration after treatment with E110, and a non-significant increase (↑P> 0.05) in the treatment 
with a food colourant E100.  
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Fig. 19: Representative RAPD-PCR fingerprints generated from genomic DNA during SY (E110)- and CU 
(E100)-induced DNA polymorphic changes by primer OPC07, and their control pattern. Lane M: represents the 
DNA molecular size marker of φX174 DNA-HaeIII.

(E100) manifested three bands similar to the recorded in 
control sample, as evidenced by figure 19. According to the 
Jaccard’s similarity Coefficient (J) between the two 
treatments used in this investigation (sunset yellow; E110- 
and curcumin; E100), the study recorded that the 
commonality % of E100 (33%) is more than E110 (20%) in 
comparable to their control. However, the Jaccard's 
dissimilarity coefficient scored between E110 (80%) more 
than E100 (67%) compared to their control.  
4 Discussion 

Studies on the effect of SY (E110) on the testis and 
sperm parameters are limited. This is the starting point to 
select and assessment of such commonly used food 
coluorants in Egypt, particularly SY as a synthetic azo dye 
add to food and drug industries (Morrison, et al., 2012). So, 
the aim of this study was to describe the influences of SY 
and CU on the reproductive parameters in mice involving 
the histopathology, and DNA and total protein 
cytochemically of the testis, sperm quality by scoring their 
abnormalities and motility, measuring the testosterone in 
the sera, and fingerprinting polymorphism by applying the 
primer OPC07. This selected primer contains the 
sequencing of exons in tumorigenic cells, as investigated by 
(Zhou et al., 2013). Therefore, such criteria applied in this 
work on testis toxicity in mice may be evoke the decision to 
discriminate between the two food flavours 'E100 and 
E110' basing on each of them is more influencer than the 
other using the selected parameters. The observations 
obtained from the present light microscopic studies clearly 
demonstrated that the administration of SY to adult male 
mice induced various histopathological and cytochemical 
alterations in testicular tissues. Besides, the deteriorated 
impacts on sperm parameters and genomic DNA by oral 
feeding on equivalent ADI dosage of SY (30 mg/kg 
b.wt/daily for 60 days) to mice. On contrary, the treatment 
of equivalent ADI dosage of CU (37 mg/kg b.wt/daily for 
60 days) performed little improvement in a nonsignificant 
statistical difference (p ≥ o.o5) in the selected parameters in 

this study. From the most histopathological implications 
progressed by SY on the testis obtained in this study 
included some seminiferous tubules showed exfoliated to 
their basement membranes and the lumens of others 
tubules occupying with sloughing of cells, mostly in early 
stages of spermatids and few malformed spermatozoa. In 
addition to disorganization of the germ cells and maturation 
arrest of various stages of spermatogenesis, besides 
necrosis of most germ cells in the affected tubules, such as 
karyorrhexis and pyknosis. In this concern, Seal (1988) 
documented that injuries in the male reproductive cells may 
be due to the lysosomal membranes by certain toxic agent 
lead to the release of certain hydrolytic enzymes such as B- 
glucuronidase and acid phosphatase from the injured 
lysosomes into the cytoplasm leading to necrosis or cell 
death. the cytoplasmic vacuolation may attributed to 
disturbance of ionic milieu of the cell with consequent 
retention of water and sodium leading to cellular swelling 
(Jaarsma et al., 2001 and Wiedemann et al., 2002), 
thereupon the accumulation of ions and fluids in cytosol 
would rapidly pass through leaky membranes of cell 
vacuolated organelles and finally lead to cell lysis (Gores et 
al., 1990, Sarhan and Al-Sahhaf, 2011). Also, Straus (1964) 
interpreted such vacuolation as pathological changes of 
permeability, whereas phagosomes and lysosomes lost their 
normal location and fused to form large vacuoles or spheres 
in kidney and liver of peroxidase-treated rats in 
an azo dye medium. 

The present study detected also some lumens of 
seminiferous tubules contained the replacement of 
spermatogenic stages with multinucleate giant cells. In this 
respect, Matsuoka et al. (2001) found that azo dyes and 
their intermediates induced micronucleus and polynuclear 
cells, including binucleate cells and cells with a multilobed 
nucleus in two Chinese hamster cell lines, and condensed 
the chromatin in 100% of the cells with endoreduplication 
and chromosomal effects. The authors also reported that 
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some of the azo chemicals induced a characteristic 
karyomorphology that might reflect abnormal cell division. 

The testes weights in male mice after oral feeding with 
the equivalent ADI dose of either 30 mg or 37 mg/ kg b.wt./ 
daily, for 60 days in both SY- or CU-group respectively, 
and their related control group, recorded a significant 
decrease (P<0.05) in the testis weight after treatment with 
E110 (SY-group), and a non-significant increase (P> 0.05) 
in the set of E100 (CU-group). These observations are 
reinforced by Sharma et al. (2008), who found the adverse 
effects of a commonly used dye blend, tomato red, on the 
vital organs of male Swiss albino mice.  These effects 
recorded a decrease in the weights of testes, and the 
histopathological observations revealed severe degenerative 
changes in the testes. 

To shedding light on the biological mechanisms 
responsible for sperm abnormalities were dealt with many 
studies. Wyrobek et al. (1975) stated that, in the mouse, the 
numerous mutagens, teratogens and carcinogens have been 
shown to induce marked elevations in the fraction of sperm 
with head shape abnormalities. Since carcinogens and 
teratogens may act by causing genetic damage. 
Reproductive difficulties are associated intimately with 
cytogenetic abnormalities. However, the frequency of 
chromosomally unbalanced spermatozoa in reciprocal 
translocations averages 50%, is strongly dependent on the 
chromosomes involved in the individual translocation, and 
may be slightly increased as a result of a small 
interchromosomal effect (Shi  and Martin,  2001). 
Concerning to the meiotic division, Ferguson et al. (2007) 
detected that the defects in early meiotic events are thought 
to play a critical role in male infertility, and Recombination 
between the sex chromosomes may be a useful indicator for 
identifying men at risk of producing chromosomally 
abnormal sperm. Kirkpatrick et al. (2008) found that the 
infertile men with normal karyotypes displayed more 
frequent increases in sperm aneuploidy, particularly 
involving the sex chromosomes, than infertile men who 
were carriers of chromosomal rearrangements. Also the 
results by Qiu et al. (2008) indicated that the spermatozoa 
from patients with idiopathic severe 
oligoasthenozoospermia (reduced sperm motility and low 
spermatozoon count) contain greater DNA fragmentation 
and chromosomal aneuploidy and may lead to male 
infertility. Zukerman et al. (1986) interpret that when a 
patient whose semen contained 30% of sperm with double 
heads and double tails at various stages of attachment due 
to abnormal meiosis.  In recently, Alchinbayev et al. (2016) 
found that the development of pathospermia was 
characterized by genetic discontinuity, which manifests as 
DNA fragmentation and disjunction of chromosomes in 
meiosis with spermatogenesis. In addition, they recorded 
that the highest rate of numerical 
chromosome abnormalities (such as aneuploidies), caused 
the degeneration of spermatozoids. Such observations are 
also in agreement with Ismail and Sakr (2016), on the effect 
of sunset yellow on bone marrow chromosomes. They 
recorded two main types of chromosomal aberrations, 
namely: structural (such as deletions/and or fragments, and 

ring chromosomes) and numerical ones (mainly represented 
by polyploidy) in a significantly increase (p<0.05), when 
encountered with control- and curcumin-treated mice. 
Moreover, Enciso et al. (2013) reported that during 
spermatogenesis, apoptosis (a process that involves active 
DNA degradation) acts to eliminate abnormal sperm. 
Failure to complete apoptosis may explain the coincident 
detection of aneuploidy and DNA fragmentation in 
some spermatozoa, and involved in the processing of 
defective sperm, causing the elevated sperm DNA 
fragmentation, which may indicate the presence of 
chromosomal abnormalities. In more depth, the results by 
Boyer et al. (2016) indicated that Mtor expression in Sertoli 
cells is required for the maintenance of spermatogenesis 
and the progression of germ cell development through the 
pachytene spermatocyte stage. In the testis, physiological 
roles for Mtor have been proposed in perinatal Sertoli cell 
proliferation and blood-testis barrier (BTB) remodeling 
during spermatogenesis. 

Despite the several concerns for selecting the mouse as 
experimental animal in this investigation, particularly on 
the molecular aspect, may be due to that the mouse is still 
one of the best animals in which to model human cancer. 
Firstly, mice are as susceptible to cancer as humans 
(Rangarajan and Weinberg, 2003). Secondly, the mouse 
and human genomes are approximately 95% identical, and 
mice have many structurally similar genes and genomic 
alterations that have been implicated in cancer (Maser et al., 
2007; De Jong and Maina, 2010). Therefore, the use of 
immunodeficient mouse models provide a platform for 
finding novel therapies to treat human patients afflicted 
with prostate cancer (Kenneth et al., 2011). However, the 
molecular assessment as detected in testicular DNA 
fingerprints and generated by primer OPC07 (5'-
ATTCTGGTTT-3') showing damaged genomic regions in 
SY-induced testicular DNA, and the unchanged RAPD-
PCR amplified loci in CU-induced cells compared with 
passage-matched control cells. RAPD-PCR revealed 
genomic instability in SY-exposed germ cells affecting 
specific exons in the DNA of mouse genome, as detected in 
the sequence analysis of DNA segments amplified by 
primer OPC07, which manifested the mutation of exons 
in hMSH2, ERCC1, XRCC1, and hOGG1 in tumorigenic 
cells, as discovered by Zhou et al. (2013). The results of 
bioassays with mammals, it was shown to be that azo dye 
metabolites were mutagenic and even carcinogenic (Feng et 
al., 2012). Nevertheless, Kashanian et al. (2012) interpreted 
the mechanism binds between SY and DNA reaction. The 
reaction is exothermic and enthalpy favored, which are the 
evidences to indicate that van der Waals interactions and 
hydrogen bonding are the main running forces in the 
binding between them. Such SY and DNA reaction 
exhibited the highest level of comet DNA damage in 
human germ cells exposed to the some food additives in 
vitro and followed by tail length and tail moment sperm 
alterations, indicating that SY is the more harmful on 
human sperm in vitro than the other applied food flavours 
(Pandir, 2014). Curcumin 'CU' (diferuloyl methane), the 
yellow-colored dietary pigment from the rhizomes of 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=11427153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=11427153
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turmeric, has been recognized as a chemopreventive agent 
because of its antitumor, antioxidant and antiproliferative 
effects (Ramachandran et al., 2005). Furthermore, the 
findings by Motaghinejad et al. (2015) have demonstrated 
that curcumin can act as an antioxidant and antiapoptotic 
agent against DNA damage in rats. This may be interpret 
the reasons about the ameliorated selected protocols in the 
current study at the designed dosage (ADI) on the testis of 
mouse.  

In conclusion, the present study explored the 
possibility of using the applied six parameters to 
assessment and differentiate between the two foods 
flavours, indicating that E100 (CU) is more biosafe as a 
natural colourant on the reproductive criteria in mouse, so 
it may be add to foodstuffs and drugs than the synthetic 
additive E110 (SY).  
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