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Abstract 

Semicarbazide (SEM) is an azodicarbonamide by-product present in glass jar packaged foods 

including baby foods, in bleaching steps and flour treatment. A relatively high consumption of 

these products by infants can result in higher exposure compared with other consumers. This 

study aimed to evaluate effects of SEM on the testis of young albino rat and possibility of 

recovery after its withdrawal. This study was carried out on 30 male albino rats (4 weeks age) 

that were divided into three equal groups. Group I (control) and group II (SEM- treated) that 

were administered 40 mg of SEM orally once daily for 4 weeks. Group III (recovery) were 

administered SEM orally for 4 weeks as group II, then left untreated for further 2 weeks. At 

the end of the experiment, the testes of all groups were dissected out and prepared for light 

and electron microscopic examination. Mean of body weight of control and experimental 

groups was measured. Morphometric study was performed to measure the epithelial height of 

seminiferous tubules and the mean number of Fas-ligand positive apoptotic cells. SEM-treated 

rats showed a significant decrease of body weight gain. SEM induced variable degrees of 

tubular affection in the form of distorted seminiferous tubules, cellular disorganization, 

sloughing and cytoplasmic vacuolation. The tubules were enclosed by thick tunica albuginea. 

Immunohistochemically, SEM treatment induced a significant increase in the mean number of 

Fas-ligand positive apoptotic cells. Ultrastructural alterations of spermatogenic cells with 

wide intercellular spaces were observed. The testis of recovery group still contained distorted 

seminiferous tubules and did not return to its normal histological structure. Acidophilic 

hyaline material and vacuolations were present in the interstitial spaces. In conclusions, the 

present study indicated that SEM administration during the growing period induced important 

changes in rat testicular morphology in the form of testicular damage and germ cell apoptosis 

which probably may affect reproductive functions; thus, it is recommended to avoid food 

products sold in glass jars, especially during juvenile period. 
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Introduction 

Semicarbazide (SEM), a decomposition product of azodicarbonamide, has been found in glass 

jar sealed with plastic gaskets manufactured using the azodicarbonamide as a blowing agent 

such as baby foods, fruit juices and jams to prevent leakage and microbiological 

contamination of the jar contents (European Food Safety Authority, 2003; de la Calle and 

Anklam, 2005). Furthermore, azodicarbonamide is used in bleaching steps and as a flour 
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additive to improve baking properties (Saari and Peltonen, 2004). Semicarbazide exert toxic 

effects on several organs/tissues. It induced multiple osteochondral lesions, leading to failure 

to achieve normal peak bone mass and defects in development of the epiphyseal plate 

(Okasha and Elbakary, 2011). 

Toxicological studies demonstrated poor genotoxic properties of SEM on human lymphocytes 

when tested in vitro (Food Safety Commission, 2007; Vlastos et al., 2010), but it is not 

genotoxic in mice when administered in vivo and not carcinogenic in rats (Abramsson-

Zetterberg and Svensson, 2005; Takahashi et al., 2014). Teratogenic effects such as induction 

of cleft palate and aortic aneurysms have been reported (Gong et al., 2006). SEM induced 

marked alterations of spontaneous motor and exploratory behaviors. The target sites of SEM-

HCl were similar in both young and adult groups but the lesions induced were much more 

diverse and serious in young animals. Young animals generally take more food per body 

weight during the growing period than their adult counterparts do (Maranghi et al., 2009b). 

 Apoptosis of testicular germ cells is critical for spermatogensis in mammals. However, 

increases in germ cell apoptosis are observed in laboratory animals exposed to testicular 

toxicants (Bartke, 1995). Fas system was supposed to be a key regulator of germ cell 

apoptosis in testis and up-regulation of Fas ligand was reported in many toxicant-induced 

testicular germ cell apoptosis particularly that induced by DNA-damaging agents (Richburg et 

al., 2000; Xiong et al., 2009). The aim of this work was to evaluate the effects of 

semicarbazide on testicular morphology of young albino rats. The possibility of recovery after 

its withdrawal was also assessed. 

 Materials and methods 

Animal and design 

Thirty male albino rats aged 4 weeks weighing 40–50 gm were used in this study. All animals 

were kept in clean, properly ventilated cages under similar environmental conditions. The 

animals were divided equally into three groups: Group I (control), Group II (treated) and 

Group III (recovery group). Animals of the control group were kept without any treatment 

throughout the entire experiment, whereas animals of the treated group were administered 

semicarbazide hydrochloride (Sigma-Aldrich, Ref S2201) orally by a gastric tube once daily 

at a dose of 40 mg/kg body weight for 4 weeks (Maranghi et al., 2009a). Group III (recovery) 

were administered SEM orally for 4 weeks as group II, then left untreated and maintained on 

basal diet for another 2 weeks as recovery groups. Body weight changes were recorded 

weekly on an electronic balance (0.1g) (Takahashi et al., 2010). At the end of the experiment, 

animals were weighed and anesthetized with diethyl ether inhalation. The testes were 

dissected out carefully from each animal without damage to tunica albugenia and were fixed 

and processed for light, transmission electron microscopic examinations and morphometric 

study.  

Light microscopic study  

Hematoxylin and Eosin Stain  
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Specimens were fixed in Bouin's fixative for 24 hours, processed for paraffin sections of 5μm-

thick (Bancroft and Gamble, 2007).  

Toluidine Blue Stain 

Small pieces of the testis were fixed in 2.5% glutaraldehyde for 24 hours, specimens were 

washed in 0.1% M phosphate buffer, 7.4 at 4°C and post fixed in 1% phosphate-buffered 

osmium tetra-oxide for 30 min. Then, they were dehydrated and embedded in epoxy resin. 

Semithin sections were cut on an ultramicrotome and stained with toluidine blue stain. 

Immunohistochemical Study (Fas- Ligand reaction) 

Sections from the testis were fixed in acetone (4C), dried, rehydrated in PBS, incubated with 

the appropriate blocking agent (Vector Laboratories) for 20 minutes. Monoclonal antibodies 

to Fas Ligand (Dako 9094/3610) were used, and the slides were incubated for 60 minutes. 

Then, the slides were washed in phosphate buffered saline (PBS) and incubated with a 

biotinylated antibody for 30 minutes, rinsed in PBS, incubated with ABC reagent for 45 

minutes, and washed again in PBS, and the reaction product was developed with hydrogen 

peroxide in AEC containing acetate buffer and counterstained with Hematoxylin. Apoptotic 

cells are stained dark brown (Griffith et al., 1995). 

Transmission electron microscopic study 

Ultra-thin sections (70-80 µm) were cut and mounted on copper grids. The grids were double 

stained with uranyl acetate and lead citrate (Glaurt and Lewis, 1998) for examination with a 

transmission electron microscope (Joel TEM), at Histology and Cell Biology Department, 

Faculty of Medicine, Zagazig University. 

Morphometric and statistical analysis 

The image analyzer computer system Leica Qwin 500 at Pathology Department, Faculty of 

Dentistry, Cairo University was used to measure the epithelial height of seminiferous tubules in 

micrometer using the interactive measuring menu. This was performed using hematoxylin and 

eosin-stained sections at a magnification of 400 of ten seminiferous tubules from five sections of 

each rat in randomly chosen five rats of each group. In addition, the mean number of positive Fas- 

Ligand spermatogenic cells was counted in each high power field (HPF) in the studied groups. 

Results were expressed as means ± SD. The data obtained by image analyzer were analyzed 

statistically using one-way analysis of variance (ANOVA) for comparison between groups. 

ANOVA was statistically significant when P value <0.05, was considered statistically highly 

significant when P value <0.001 and non significant when P value >0.05 (Dean et al., 2000). 

Results 

Light and electron microscopic results         
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Group I (Control Group): Examination of H&E stained sections from control animals 

showed that the testicular parenchyma was formed of densely packed seminiferous tubules 

with rounded, regular outline and stratified germinal lining. These tubules were enclosed by a 

connective tissue capsule (tunica albuginea) (Fig. 1). The stratified germinal epithelium was 

formed of spermatogonia, primary spermatocytes, spermatids and Sertoli cells. The 

interstitium contained clusters of interstitial Leydig cells with acidophilic cytoplasm (Fig. 2, 

3). Immunohistochemical stained sections of the control group revealed that few 

spermatogenic cells had positive Fas-Ligand reaction (Fig. 4). The ultrastructure of control 

testis showed regular basement membrane surrounding the seminiferous tubules ensheathed 

by myoid cell. Sertoli cells with indented euchromatic nuclei and prominent nucleoli were 

seen. Spermatogonia appeared with ovoid nuclei and peripheral marginated heterochromatin. 

Their cytoplasm contained mitochondria, rough endoplasmic reticulum and ribosomes (Fig. 

5).  

 

Fig. 1:  A photomicrograph of a section in the testis of a control albino rat showing densely packed 

seminiferous tubules (t) with rounded, regular outline (arrows) and stratified epithelial lining. These 

tubules are enclosed by connective tissue capsule (tunica albuginea) (T) [H & E X 200]. 

 

Fig. 2:  A photomicrograph of a section in the testis of a control albino rat showing parts of adjacent 

seminiferous tubules. Each tubule is lined by stratified germinal epithelium formed of spermatogonia 

(g), primary spermatocytes (p), spermatids (S) and Sertoli cells (st). The interstitium contains clusters 

of interstitial Leydig cells with acidophilic cytoplasm (arrow). [H & E X 400]
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Fig. 3:  A photomicrograph of a section in the testis of a control albino rat showing a seminiferous 

tubule lined by stratified germinal epithelium formed of spermatogonia (g), primary spermatocytes (p) 

and spermatids (S). [Toluidine blue X 1000] 

 

Fig. 4:  A photomicrograph of a section in the testis of a control albino rat showing few spermatogenic 

cells with positive reaction (arrow). [Fas-Ligand X 1000].
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Fig. 5: An electron micrograph of ultrathin sections of testis of the control group showing a regular 

basement membrane (BM) surrounding the seminiferous tubules ensheathed by myoid cell (arrow). 

Sertoli cells with indented euchromatic nuclei (N) and prominent nucleoli are seen. Spermatogonia 

appear with ovoid nuclei (n) and peripheral marginated heterochromatin. Their cytoplasm contains 

mitochondria (m), rough endoplasmic reticulum (curved arrow) and ribosomes (arrowhead). [TEM X 

6000] 

 

Group II (Semicarbazide-treated Group): Histological examination of the testis of this 

group showed that the testicular parenchyma was formed of markedly distorted seminiferous 

tubules with irregular outlines, disorganized epithelium and wide lumina. These tubules were 

enclosed by thick tunica albuginea with widened interstitial space in some areas (Fig. 6). The 

seminiferous tubules appeared with wide spaces between the lining cells that lost the normal 

distribution. The epithelial lining was formed of few spermatogenic cells with vacuolar 

cytoplasm and darkly stained nuclei. Sloughed germ cells were present in the lumen (Fig. 7). 

Spermatogonia in toluidine blue-stained sections appeared with shrunken cytoplasm, cellular 

processes and darkly stained nuclei (Fig. 8). Fas- Ligand immunohistochemical stain showed 

many apoptotic spermatogenic cells with positive reaction (Fig. 9). The ultrastructure of testis 

of this group showed that spermatogonia appeared with ill defined boundaries and had 

condensed heterochromatic nuclei. Primary spermatocytes with clumps of heterochromatin in 

their nuclei and widened perinuclear space were seen (Fig. 10). Spermatogonia resting on 
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irregular thickened basement membrane had indented nuclei and peripheral marginated 

heterochromatin. Their cytoplasm contained swollen mitochondria with disrupted cristae. 

Wide intercellular space was also observed (Fig. 11). 

 

Fig. 6: A photomicrograph of a section in the testis of semicarbazide-treated albino rat showing that 

testicular parenchyma is formed of markedly distorted seminiferous tubules with irregular outlines, 

disorganized epithelium (arrows) and wide lumina (L). These tubules are enclosed by thick tunica 

albuginea (T) with widened interstitial space in some areas (I) [H & E X 200] 

 

Fig. 7: A photomicrograph of a section in the testis of semicarbazide-treated albino rat showing the 

seminiferous tubules with wide spaces between the lining cells that lost the normal distribution. The 

epithelial lining is formed of few spermatogenic cells with vacuolar cytoplasm and darkly stained 

nuclei (arrows). Sloughed germ cells (g) in the lumen are also seen. [H & E X 400] 
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Fig. 8:  A photomicrograph of a section in the testis of semicarbazide-treated albino rat showing the 

seminiferous tubules with wide intercellular spaces (*) between their lining epithelium. The epithelial 

lining is formed of spermatogonia (g) with shrunken cytoplasm, cellular processes and darkly stained 

nuclei (arrows), primary spermatocytes (p) and sertoli cells (st). An irregular basement membrane 

(BM) is also seen. [Toluidine blue X 1000]. 

 

 

Fig. 9: A photomicrograph of a section in the testis of semicarbazide-treated albino rat showing many 

apoptotic spermatogenic cells (arrows) with positive Fas- Ligand reaction. [Fas-Ligand X 1000].
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Fig. 10: An electron micrograph in the testis of semicarbazide-treated albino rat showing 

spermatogonia (g) with ill defined boundaries resting on the basement membrane (BM). It has 

condensed heterochromatic nucleus. Primary spermatocytes with clumps of heterochromatin in their 

nuclei (N) and widened perinuclear space (arrow) are seen. [TEM X 9500] 

 

Fig. 11: An electron micrograph in the testis of semicarbazide-treated albino rat showing a 

spermatogonium resting on irregular thickened basement membrane (BM). It has an indented nucleus 

(N) and peripheral marginated heterochromatin (arrow). Their cytoplasm contains swollen 

mitochondria with disrupted cristae (m). Wide intercellular space (*) is also observed. [TEM X 9500]. 

 

Group III (Recovery Group): Histological examination of testicular tissue of this group 

showed still distortion of the seminiferous tubules with widened interstitial space in some 

areas and acidophilic hyaline material (Fig. 12). The seminiferous tubules appeared with 
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stratification in their epithelial lining. Several layers of spermatogenic cells appeared with 

darkly stained nuclei and vacuolar cytoplasm. Sloughed germ cells were observed in the 

lumen. Multiple vacuoles appeared within the acidophilic hyaline material in the interstitium 

(Fig. 13). Spaces between the cells were still present (Fig. 14).  Some scattered apoptotic 

spermatogenic cells were observed with positive Fas- Ligand reaction (Fig. 15). The 

ultrastructure of the testis of the same group showed spermatogonia with condensed 

heterochromatin in the nuclei resting on the basement membrane. Their cytoplasm contained 

mitochondria with disrupted cristae. Primary spermatocyte had nuclei with clumps of 

heterochromatin, mitochondria with disrupted cristae and dilated endoplasmic reticulum while 

Sertoli cells appeared with indented nuclei and prominent nucleoli (Fig. 16). 

 

Fig. 12: A photomicrograph of a section of albino rat testis of group III (Recovery Group) showing still 

distortion of the seminiferous tubules with widened interstitial space in some areas (I) and acidophilic 

hyaline material (arrows). [H & E X 200]    

 

Fig. 13: A photomicrograph of section of albino rat testis of group III (recovery group) showing 

seminiferous tubules with stratification in their epithelial lining. There are several layers of spermatogenic 

cells that have darkly stained nuclei and vacuolar cytoplasm (arrows). Sloughed germ cells (g) are observed 

in the lumen. Acidophilic hyaline material and multiple vacuoles are also seen in the widened interstitium 

(I). [H & E X 400]
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Fig. 14: A photomicrograph of section of albino rat testis of group III (recovery group) showing 

seminiferous tubules with still present spaces (*) between the lining epithelial cells. They are lined by 

spermatogonia (g), primary spermatocytes (p) and spermatids (S). Sertoli cells (st) are also seen. 

[Toluidine blue X 1000] 

 

Fig. 15: A photomicrograph of section of albino rat testis of group III (recovery group) showing some 

scattered apoptotic spermatogenic cells (arrows) with positive reaction. [Fas-Ligand X 1000] 
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Fig. 16: An electron micrograph of albino rat testis of group III (recovery group) showing a 

spermatogonium with condensed heterochromatin in the nucleus (N) resting on the basement 

membrane (BM). Its cytoplasm contains mitochondria with disturbed cristae (m). Primary 

spermatocytes show nuclei (n) with clumps of heterochromatin, mitochondria with disrupted cristae 

(m) and dilated endoplasmic reticulum (arrowhead) while Sertoli cell (st) appears with indented nuclei 

and prominent nucleoli. [TEM X 6000]. 

Morphometric and statistical results 

The results of this study showed a highly significant decrease in the body weight gain in the 

animals of treated and recovery groups when compared with control group. As regards the 

epithelial height of the seminiferous tubules, it was found to be highly significant decreased in 

group II as compared with the control group and group III. As regards the mean number of 

positive Fas- Ligand apoptotic cells/HPF, it was found to be highly significantly increased in 

group II and group III when compared with the control group (Table 1). 
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Table 1: Body weight (BW; g) of rats, epithelial height of seminiferous tubules (µm) and 

mean number of positive Fas- Ligand cells in the studied groups of rats  

Group III Group II Group I GROUPS / PARAMETERS 

94. 0 ± 14.6**
#

 79.2 ± 16.4** 154.4 ± 13.8 Body weight (BW)/g 

77.1 ± 10.1
##

 61.5 ± 7.7** 82.2 ± 3.3 
Epithelial height of  

seminiferous tubules (µm) 

20.6 ± 6.7**
#

 30.2 ± 10.2** 0.4 ± 0.04 
Number of positive 

 Fas- Ligand cells 

Results were expressed as mean ±SD (n=10 rats/group)  

** Significant difference from group I ** P<0.001 

# Significant difference from group II 
#
 P<0.05 and 

##
 P<0.001 

 

Discussion 

Semicarbazide (SEM) is a by-product of azodicarbonamide which used as a blowing agent for 

plastics used in food processing or packaging, or as a flour treatment. It is suspected to be a 

food contaminant causing toxicological effects on consumers (European Food Safety 

Authority, 2003). The risk of adverse effects of SEM exposure to human beings has been 

considered low because there is a sufficient margin of exposure (Stadler et al., 2004). 

However, intake of SEM for infants is estimated to be much higher than for adults due to high 

consumption of baby food in glass jars and the infants' small body weight (Nestmann et al., 

2005; European Food Safety Authority, 2005). Kinetic factors are of importance mainly in the 

early postnatal period, due to immature elimination systems, i.e. metabolising enzymes and/or 

renal function. Specific vulnerability may exist during several time periods, related to the 

development and maturation of organs (Schwenk et al., 2003). For risk assessment of SEM 

exposure in humans, it is thus important to take into account the development stage of the 

target organs (Takahashi et al., 2010). 

This study aimed to evaluate the effects of SEM on testicular morphology of young albino 

rats. Reversibility of the induced changes after SEM withdrawal was also assessed. The 

administration of SEM caused a significant reduction in the body weight gain in the treated 

animals when compared with the control group. This finding was in accordance with another 

toxicological study that showed a dramatic decrease in body weight with orally given 

semicarbazide as mixed in the food in male and female rats (Takahashi et al., 2009). Testis of 

semicarbazide-treated rats showed that the testicular parenchyma formed of markedly 

distorted seminiferous tubules with irregular outlines, disorganized epithelium and wide 

lumina. The seminiferous tubules appeared with wide spaces in between the lining cells that 

lost the normal distribution and formed of few spermatogenic cells with vacuolar cytoplasm & 

darkly stained nuclei. There were sloughed germ cells in the lumen. Morphometric results 

demonstrated decrease in the epithelial height of the seminiferous tubules. These findings 

were coincided with others who demonstrated unfavorable effects exerted by SEM through 
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altering the normal testicular architecture and normal successive stages of the 

spermatogenesis (Ramos et al., 2012). Similar effects were reported in rats treated with 

phthalates (Kondo et al., 2006) and dye blend (tomato red) (Sharma et al., 2008).  

Semicarbazide induced bad effects in testis of juvenile Sprague-Dawley rats by changing the 

percentage of testicular tissue programmed for spermatogenesis without affecting 

spermatogenesis itself (Maranghi et al., 2009b). Semicarbazide induced toxic effects in the 

cardiovascular (i.e. aorta) and skeletal systems resulting from its binding to enzymes such as 

lysyl oxidase glutamic acid decarboxylase and semicarbazide-sensitive amine oxidase 

(SSAO) (Langford et al., 1999; Macedo et al., 2007). So, it impaired cross-linking reactions 

of extracellular matrix (ECM) proteins, especially collagen and elastin through inhibition of 

these enzymes (Dawson et al., 2002; Mercier et al., 2007). In vitro, at high concentrations, 

semicarbazide may be weakly mutagenic as a consequence of the production of reactive 

oxygen species (ROS) (Hirakawa et al., 2003) which are involved in pathophysiological 

conditions of testes (Agarwal et al., 2006). Superoxide dismutase and glutathione peroxidase 

are major enzymes that scavenge harmful ROS in male reproductive organs. SEM is a potent 

enzyme inhibitor, and the toxic effects in the reproductive system may result from inhibition 

of activities of those ROS-scavenging enzymes (Fujii et al., 2003).   

It was reported that spermatogenesis is highly affected by external stimuli, such as drugs, 

radiation, reproductive and somatic pathologies, temperature, and environmental pollutants 

including SEM, which increase the constitutive levels of apoptosis in germ cells (Tripathi et 

al., 2009). SEM induces DNA damage through the formation of hydrogen peroxide; 

furthermore, SEM-derived free radicals also participate in DNA damage. DNA damage 

induced by these reactive species may be linked to the degenerative changes observed 

(Hirakawa et al., 2003). This could explain the significant increase in the mean number of 

apoptotic Fas- ligand immunoreactive spermatogenic cells and signs of apoptosis found in 

electron microscopic results demonstrated in this study. 

The endocrine modulating effect of SEM appeared to show multiple and gender specific 

mechanisms of actions. A probable cascade-mechanism of SEM on reproductive signaling 

pathways may be hypothesized. Serum estrogen levels were dose-dependently reduced in 

treated females, Testosterone catabolism was altered, aromatase activity was increased in 

treated males (Maranghi et al., 2010). 

Exfoliated germ cells found in our study were suggested to be due to the effect on the 

organization of germ cells that are held in place by a close relation between their membranes 

and specialized junctions of Sertoli cell membranes (Creasy, 2001).   So, early signs of 

cellular degeneration of germ cells might lead to disturbance of the structure of their 

membranes, inducing their shedding into the lumens of the tubules (Rashed et al., 2010). 

Also, the affected Sertoli cells induced changes or decreases in seminiferous tubule fluid 

secretion, which further resulted in apical sloughing and germ cell death. Vacuolation of germ 

cells might be a result of metabolic disturbance in these cells and a subsequent change in their 

morphology (Manivannan et al., 2009). 
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Ultrastructurally, wide spaces were observed between the cells lining the seminiferous tubules. 

This separation and loosening of cell–cell connections was attributed to shrinkage of both germ 

and Sertoli cells. Loss of cell contact might be due to destruction of the cellular processes of 

Sertoli cell that fill the space between germ cells (Ross and Pawlina, 2011). Also, Sertoli cells 

serve as supporting cells that form a junction between germ cells and the circulatory system in the 

exchange of metabolites and waste products (Hoenicke et al., 2004). Thickened tunica albugenia 

was observed in our study.  It was reported that this thickening occurs with age and is 

accompanied by a decreased rate of sperm production and an overall reduction in the size of the 

seminiferous tubules. Excessive thickening earlier in life is associated with infertility (Sugandhy 

et al., 2011). The testicular tissue of the withdrawal group showed still distortion of the 

seminiferous tubules with widened interstitial space in some areas. The seminiferous tubules 

appeared with stratification in their epithelial lining. There were several layers of 

spermatogenic cells that had darkly stained nuclei and vacuolar cytoplasm. Sloughed germ 

cells were still seen in the lumen. Some spermatogenic cells still had positive Fas- L reaction. 

In confirmation with these findings, it was reported that the histological appearance of elastic 

laminae of aorta was altered in young rats in both SEM- treated and recovery groups 

(Takahashi et al., 2010).  

Prenatal and  early  neonatal  life  are  sensitive  periods  for induction  of  permanent  adverse 

effects  by Phthalate esters on testicular parameters of the male rats offspring, so that their 

reproductive efficiency reduce  during post pubertal period in adult male rats (Howdeshell et 

al., 2008).  Another study showed that dexamethasone injection caused decreased activities of 

testicular lipogenic enzymes in prepubertal and adult rats. These changes in enzyme activities 

reverted back to normal after hormone withdrawal in adult animal but did not revert back to 

normal in prepubertal animals (Dong et al., 2004). Examination of the same group showed the 

presence of acidophilic hyaline material in the interstitial spaces associated with multiple 

vacuoles. The acidophilic hyaline material could be attributed to excess lymphatic exudates 

oozing from degenerated lymphatic vessels (Paniagua et al., 1991) or due to an increase in 

vascular permeability (Salama et al., 2003). Interstitial vacuolation was suggested to be 

caused by increased activity of Leydig cells and so increased steroid content (Shalaby and 

Afifi, 2008). 

  

Conclusions 

The present results showed that oral administration of semicarbazide induced important 

changes during juvenile period in rat testicular morphology in the form of testicular damage 

and germ cell apoptosis which still present after withdrawal and probably may affect 

reproductive functions. This can be considered relevant for food safety in particular for 

children who represent a group of major exposure and susceptibility to semicarbazide.  

Recommendations 

Tools for predicting toxicological sensitivity of children must be further improved. Reduction 

of lifestyle-related toxic exposures in children and adolescents is recommended by avoiding 
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food products sold in glass jars, using fresh products, eliminating SEM from metal twist caps 

used with glass jars and identifying alternative types of gaskets sealing jars. 

Conflict of interest 

The authors declare that they have no conflict of interest. 

References 

Abramsson-Zetterberg, L. &Svensson, K. (2005). Semicarbazide is not genotoxic in the flow cytometry-

based micronucleus assay in vivo. Toxicol Lett 155(2): 211-217. 

Agarwal, A., Gupta, S. &Sikka, S. (2006). The role of free radicals and antioxidants in reproduction. Curr 

Opin Obstet Gynecol 18(3): 325-332. 

Bancroft, J. D. &Gamble, M. (2007). Theory and practice of histological techniques. London, UK.: 

Churchill Livingstone. 

Bartke, A. (1995). Apoptosis of male germ cells, a generalized or a cell type-specific phenomenon? 

Endocrinology 136(1): 3-4. 

Creasy, D. M. (2001). Pathogenesis of male reproductive toxicity. Toxicol Pathol 29(1): 64-76. 

Dawson, D. A., Rinaldi, A. C. &Poch, G. (2002). Biochemical and toxicological evaluation of agent-

cofactor reactivity as a mechanism of action for osteolathyrism. Toxicology 177(2-3): 267-284. 

de la Calle, M. B. &Anklam, E. (2005). Semicarbazide: occurrence in food products and state-of-the-art in 

analytical methods used for its determination. Anal Bioanal Chem 382(4): 968-977. 

Dean, A., Dean, G. &Colmbier, D. (2000).Data Base, Statistics and Epidemiology on Microcomputer 

CDC, Georgia, USA. In Epi-Info Version for the year 2000. 

Dong, Q., Salva, A., Sottas, C. M., Niu, E., Holmes, M. &Hardy, M. P. (2004). Rapid glucocorticoid 

mediation of suppressed testosterone biosynthesis in male mice subjected to immobilization stress. J 

Androl 25(6): 973-981. 

European Food Safety Authority (2003).Statement of the Scientific Panel on Food Additives, Flavourings, 

Processing Aids and Materials in Contact With Food Updating the Advice Available on Semicarbazide in 

Packaged Foods. 

European Food Safety Authority (2005). Opinion of the scientific panel on food additives, flavourings, 

processing aids and materials in contact with food on a request made from the commission related to 

semicarbazide in food. . EFSA Journal 219: 1-36. 

Food Safety Commission: (2007).The 68th expert committee of veterinary medicines [in Japanese]. 

Fujii, J., Iuchi, Y., Matsuki, S. &Ishii, T. (2003). Cooperative function of antioxidant and redox systems 

against oxidative stress in male reproductive tissues. Asian J Androl 5(3): 231-242. 

Glaurt, A. M. &Lewis, P. R. (1998). Biological specimen preparation for transmission electron 

microscopy. Princeton University Press. 

Gong, B., Trent, M. B., Srivastava, D. &Boor, P. J. (2006). Chemical-induced, nonlethal, developmental 

model of dissecting aortic aneurysm. Birth Defects Res A Clin Mol Teratol 76(1): 29-38. 

Griffith, T. S., Brunner, T., Fletcher, S. M., Green, D. R. &Ferguson, T. A. (1995). Fas ligand-induced 

apoptosis as a mechanism of immune privilege. Science 270(5239): 1189-1192. 

Hirakawa, K., Midorikawa, K., Oikawa, S. &Kawanishi, S. (2003). Carcinogenic semicarbazide induces 

sequence-specific DNA damage through the generation of reactive oxygen species and the derived organic 

radicals. Mutat Res 536(1-2): 91-101. 

Hoenicke, K., Gatermann, R., Hartig, L., Mandix, M. &Otte, S. (2004). Formation of semicarbazide (SEM) 

in food by hypochlorite treatment: is SEM a specific marker for nitrofurazone abuse? Food Addit Contam 

21(6): 526-537. 



British Journal of Science       17  
September 2016, Vol. 14 (1) 

 

© 2016 British Journals ISSN 2047-3745 

 

Howdeshell, K. L., Rider, C. V., Wilson, V. S. &Gray, L. E., Jr. (2008). Mechanisms of action of phthalate 

esters, individually and in combination, to induce abnormal reproductive development in male laboratory 

rats. Environ Res 108(2): 168-176. 

Kondo, T., Shono, T. &Suita, S. (2006). Age-specific effect of phthalate ester on testicular development in 

rats. J Pediatr Surg 41(7): 1290-1293. 

Langford, S. D., Trent, M. B., Balakumaran, A. &Boor, P. J. (1999). Developmental vasculotoxicity 

associated with inhibition of semicarbazide-sensitive amine oxidase. Toxicol Appl Pharmacol 155(3): 237-

244. 

Macedo, C. E., Martinez, R. C., Albrechet-Souza, L., Molina, V. A. &Brandao, M. L. (2007). 5-HT2- and 

D1-mechanisms of the basolateral nucleus of the amygdala enhance conditioned fear and impair 

unconditioned fear. Behav Brain Res 177(1): 100-108. 

Manivannan, B., Mittal, R., Goyal, S., Ansari, A. S. &Lohiya, N. K. (2009). Sperm characteristics and 

ultrastructure of testes of rats after long-term treatment with the methanol subfraction of Carica papaya 

seeds. Asian J Androl 11(5): 583-599. 

Maranghi, F., Tassinari, R., Lagatta, V., Moracci, G., Macrı, C., Eusepi, A., Di Virgilio, A. &Mantovani, 

A. (2009a). Histopathological assessment of juvenile rat tissues treated with the food contaminant 

semicarbazide: Preliminary findings. Experimental and Toxicologic Pathology 61(3): 292. 

Maranghi, F., Tassinari, R., Lagatta, V., Moracci, G., Macri, C., Eusepi, A., Di Virgilio, A., Scattoni, M. L. 

&Calamandrei, G. (2009b). Effects of the food contaminant semicarbazide following oral administration in 

juvenile Sprague-Dawley rats. Food Chem Toxicol 47(2): 472-479. 

Maranghi, F., Tassinari, R., Marcoccia, D., Altieri, I., Catone, T., De Angelis, G., Testai, E., Mastrangelo, 

S., Evandri, M. G., Bolle, P. &Lorenzetti, S. (2010). The food contaminant semicarbazide acts as an 

endocrine disrupter: Evidence from an integrated in vivo/in vitro approach. Chem Biol Interact 183(1): 40-

48. 

Mercier, N., El Hadri, K., Osborne-Pellegrin, M., Nehme, J., Perret, C., Labat, C., Regnault, V., Lamaziere, 

J. M., Challande, P., Lacolley, P. &Feve, B. (2007). Modifications of arterial phenotype in response to 

amine oxidase inhibition by semicarbazide. Hypertension 50(1): 234-241. 

Nestmann, E. R., Lynch, B. S., Musa-Veloso, K., Goodfellow, G. H., Cheng, E., Haighton, L. A. &Lee-

Brotherton, V. M. (2005). Safety assessment and risk-benefit analysis of the use of azodicarbonamide in 

baby food jar closure technology: putting trace levels of semicarbazide exposure into perspective--a review. 

Food Addit Contam 22(9): 875-891. 

Okasha, E. F. &Elbakary, R. H. (2011). Histological study of effect of semicarbazide on the epiphyseal 

plate of the tibia and the shaft of femur of juvenile male albino rats. The Egy J Histol 34: 818-828. 

Paniagua, R., Nistal, M., Sáez, F. J. &Fraile, B. (1991). Ultrastructure of the aging human testis. Electron 

Microsc Tech 19: 241-260. 

Ramos, A., Pereira, A., Cabrita, A. S. &Capela, e., F. (2012). Effects of the food contaminant 

semicarbazide on testicular morphology of juvenile Wistar rats. Med. Vet Zootec. Arq Bras 64(3): 781-785. 

Rashed, R. M., Mohamed, I. K. &EL-Alfy, S. H. (2010). Effects of two different doses of melatonin on the 

spermatogenic cells of rat testes: A light and electron microscopic study. Egypt J Histol 33: 19-35. 

Richburg, J. H., Nanez, A., Williams, L. R., Embree, M. E. &Boekelheide, K. (2000). Sensitivity of 

testicular germ cells to toxicant-induced apoptosis in gld mice that express a nonfunctional form of Fas 

ligand. Endocrinology 141(2): 787-793. 

Ross, M. &Pawlina, W. (2011). A text and Atlas with Correlated Cell and Molecular Biology. Baltimore, 

Philadelphia: Lippincott Williams & Wilkins. . 

Saari, L. &Peltonen, K. (2004). Novel source of semicarbazide: levels of semicarbazide in cooked crayfish 

samples determined by LC/MS/MS. Food Addit Contam 21(9): 825-832. 



British Journal of Science       18  
September 2016, Vol. 14 (1) 

 

© 2016 British Journals ISSN 2047-3745 

 

Salama, N., Bergh, A. &Damber, J. E. (2003). The changes in testicular vascular permeability during 

progression of the experimental varicocele. Eur Urol 43(1): 84-91. 

Schwenk, M., Gundert-Remy, U., Heinemeyer, G.,, Olejniczak, K., Stahlmann, R., Kaufmann, W., Bolt, H. 

M., Greim, H., von Keutz, E. &Gelbke, H. P. (2003). Children as a sensitive subgroup and their role in 

regulatory toxicology: DGPT workshop report. Arch Toxicol 77: 2-6. 

Shalaby, N. M. &Afifi, O. K. (2008). Effect of experimentally induced ischemic reperfusion on the testis 

and the possible protective role of l-carnitine in the adult albino rat; histological, histochemical and 

immunohistochemical study. Egypt. J. Histol. 31: 233-244. 

Sharma, S., Goyal, R. P., Chakravarty, G. &Sharma, A. (2008). Toxicity of tomato red, a popular food dye 

blend on male albino mice. Exp Toxicol Pathol 60(1): 51-57. 

Stadler, R. H., Mottier, P., Guy, P., Gremaud, E., Varga, N., Lalljie, S., Whitaker, R., Kintscher, J., Dudler, 

V., Read, W. A. &Castle, L. (2004). Semicarbazide is a minor thermal decomposition product of 

azodicarbonamide used in the gaskets of certain food jars. Analyst 129(3): 276-281. 

Sugandhy, O., Pannerdoss, S. &Suryavathi, V. (2011). Toxic  influence  of  mercuric chloride  on  

antioxidant  system  in  the  testis  and  epididymis  of  albino rats. The 10th International Conference on 

Mercury as a Global Pollutant Halifax 29: 45-100. 

Takahashi, M., Yoshida, M., Inoue, K., Morikawa, T. &Nishikawa, A. (2009). A ninety-day toxicity study 

of semicarbazide hydrochloride in Wistar Hannover GALAS rats. Food Chem Toxicol 47(10): 2490-2498. 

Takahashi, M., Yoshida, M., Inoue, K., Morikawa, T. &Nishikawa, A. (2010). Age-related susceptibility to 

induction of osteochondral and vascular lesions by semicarbazide hydrochloride in rats. Toxicol Pathol 

38(4): 598-605. 

Takahashi, M., Yoshida, M., Inoue, K., Morikawa, T., Nishikawa, A. &Ogawa, K. (2014). Chronic toxicity 

and carcinogenicity of semicarbazide hydrochloride in Wistar Hannover GALAS rats. Food Chem Toxicol 

73: 84-94. 

Tripathi, R., Mishra, D. P. &Shaha, C. (2009). Male germ cell development: turning on the apoptotic 

pathways. J Reprod Immunol 83(1-2): 31-35. 

Vlastos, D., Moshou, H. &Epeoglou, K. (2010). Evaluation of genotoxic effects of semicarbazide on 

cultured human lymphocytes and rat bone marrow. Food Chem Toxicol 48(1): 209-214. 

Xiong, Q., Xie, P., Li, H., Hao, L., Li, G., Qiu, T. &Liu, Y. (2009). Involvement of Fas/FasL system in 

apoptotic signaling in testicular germ cells of male Wistar rats injected i.v. with microcystins. Toxicon 

54(1): 1-7. 

 

Authors 

Fayza El- Sayed Ahmed 

Associate professor of Histology and Cell Biology, Department of Histology and Cell 

Biology, Faculty of Medicine, Zagazig University, 44519, Zagazig, Egypt. 

 

Mohamed A. Shaheen 

Lecturer of Histology and Cell Biology, Department of Histology and Cell Biology, Faculty 

of Medicine, Zagazig University, 44519, Zagazig, Egypt. E-mail: 

drmohamedshaheen@gmail.com  

 

 

 

 

 

mailto:drmohamedshaheen@gmail.com

