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Abstract: Teratogens are medicines or chemical factors which can affect various stages of organogenesis, change 

normal cell growth, induce abnormalities and create several defects. Therapeutic use of multiple drugs causes lots of 

concerns about injuries to the embryos/newborns. The aim of this study was to focus on the impact of two 

derivatives of quinazolinones including 4(3H)-quinazolinone-2-propyl-2-phenylethyl) (QPPE)and 4(3H)-

quinazolinone-2-ethyl-2-phenyl ethyl (QEPE), as heterocyclic compounds with biological and pharmaceutical 

properties at different levels including morphological, skeletal, histological, cellular, biochemical and genetic 

aspects of embryos and newborns of Balb/C mice in crucial days of differentiations and organogenesis. These 

investigations have been done at the Faculty of Sciences (Developmental Biology, Animal Sciences), University of 

Shahid-Beheshti(SBU) in this field for many years. This literature review expresses and interprets the devastating 

effects of these compounds, such as abnormal and underdeveloped embryos, abnormal placenta, necrosis in many 

organs, splenomegaly, apoptosis in testes and ovary, deformed nucleoli, Damaged mitochondria, change in the level 

of alkaline phosphatase and many other injuries. 
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INTRODUCTION 
 

Quinazolinones are water insoluble heterocyclic 
compounds with different pharmaceutical properties 
including analgesic, sedative, anti-tumor, anti-
convulsive and anti-microbial benefits and also are 
effective drugs against cancer and HIV (Baeket al., 
2004; Boumendjelet al., 2005; Buyuktimkinet al., 1992; 
Corbett et al., 2000; Connolly et al., 2005; Wolfe et al., 
1990; Jatavet al., 2006; Pines et al., 2000). 

Considering the role of quinazolinones as 
cholecystokinin receptor antagonists (CCR-B, CCR-A), 
these compounds are useful for anxiety treatment 
(Varnavaset al., 1996; Yu et al., 1992). 

Historically, Scientists believed that the physical 
and chemical factors do not affect human embryos, 
because they used to consider placenta as an 
impermeable barrier against these factors and human 
fetuses (in uterus) were thought to be protected against 
their effects; but, Thalidomide tragedy put an end to 
this illusion (Greek et al., 2011). 

Most developmental disorders occur in early 
pregnancy, whencellsare differentiatingand  
specializing   to   form   different   structures.  Based on  

specific physiological reactions during pregnancy, 
therapeutic consumption of various drugs has caused 
lots of concerns regarding damages to the 
embryos/newborns (Sachdevaet al., 2009). Teratogens 
are drugs or chemical agents which can affect different 
stages of embryogenesis, induce abnormalities and 
impair growth and normal functions by creating various 
defects (Xing et al., 2015). 

Chemical properties, doses, directions and 
mechanisms and mechanisms of influences on fetuses 
are all among the determining factors for identifying 
such substances as teratogens (Baily et al., 
2005;Meschkeet al., 2003; Polifka and Friedman, 
2002). 

Teratogens stop or alter the normal cell growth in 
one area, therefore change normal pattern of embryonic 
growth. Although the structural defects are clearly 
visible after delivery, many dysfunctions may not be 
found out even years after birth (Shams Lahijani and 
Aounegh, 2007). So far, many studies have been 
conducted to identify possible impact mechanisms of 
these materials in order to inform pregnant women 
about the risks of using such drugs (Sachdevaet al., 
2009). 
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Table 1: Days of quinazolinones injections and organs’ extractions from Balb/C miceenmbryos. 

Organ Injection  Extract 

Skeletal system 6th day of pregnancy Embryo: 17th day of pregnancy 
Kidney Embryo: 10th day of pregnancy Embryo: 17th day of pregnancy 
 Newborn 8th day of pregnancy Newborn: 5 days after birth  
Liver Embryo: 10th day of pregnancy Embryo: 17th day of pregnancy 
 Newborn 8th day of pregnancy Newborn: 5 days after birth  
Intestine 8th day of pregnancy Newborn: 5 days after birth  
Stomach 8th day of pregnancy Newborn: 5 days after birth  
Brain 8th day of pregnancy Newborn: 4 days after birth  
Spleen Embryo: 13th day of pregnancy Embryo: 17th day of pregnancy 
 Newborn: 8th day of pregnancy Newborn: 4 and 5days after birth  
Ovary 13.5th and 16.5th days of pregnancy 16.5th and 18.5th days of pregnancy  
Testes 
 
 

(13th day of pregnancy, the critical day for development of testes) 
and (16th day of pregnancy, when gonocytes enter dormant stage) 

15th and 18th days of pregnancy  

 
Due to the similarity between the genomes of some 

mammals such as mice, results can be generalized to 
humans too. Therefore, in these researches, Balb/C 
mice were used as a model. According to the 
quinazolinones’ properties (such as tranquilizers, anti-
microbial and effects against diabetes and prostate 
tumors, etc.) and because of little or no existing 
information about the effects of quinazolinones on 
embryos especially on critical days of embryogenesis 
(Shams Lahijani and Aounegh, 2007), investigation 
about the impact of two new quinazolinones 
combinations (QEPE and QPPE) on Pregnant mice 
started in 2006 (Dabiriet al., 2004; Shams Lahijaniet 
al., 2006). Therefore, after administrating identified 
harmful doses (75 mg/kg and 100 mg/kg) (Shams 
Lahijaniet al., 2006), destructive effects of them have 
been studied at different histopathological levels in 
mice organs (Amiriet al., 2012; Shams Lahijaniet al., 
2006; Shams Lahijani and Aounegh, 2007; Shams 
Lahijani and Estakhr, 2009; Shams Lahijaniet al., 
2009a, 2009b;Maryamet al., 2010, Shams Lahijaniet 
al., 2010; Shams et al., 2011; Shams Lahijaniet al., 
2012a, 2012b). 
 

MATERIALS AND METHODS 
 

For this literature review, we carried out a literature 
search in Google Scholar and Pub Med, in addition to 
all researches done in (SBU) by previous researchers 
(Amiriet al., 2012; Shams Lahijaniet al., 2006; Shams 
Lahijani and Aounegh, 2007; Shams Lahijaniand 
Estakhr, 2009; Shams Lahijaniet al., 2009a, 
2009b;Maryamet al., 2010, Shams Lahijaniet al., 2010; 
Shams et al., 2011; Shams Lahijaniet al., 2012a, 2012b) 
and electronic database collected for principal articles 
about this subject. Sources of selected articles were also 
studied.  

It should be noted that all images presented in this 
study have been taken from the original papers in this 
field. 
 

RESULTS AND DISCUSSION 
 

In studies performed about quinazolinone 

derivatives (QEPE and QPPE), pregnant Balb/C mice 

had been divided into four groups as follow:  

• Control groupswhich had received only distilled 
water (10 mg/kg/body weight, Intraperitoneally 
(IP) 

• Sham groups which had received 10 mL/kg of 
methyl cellulose (0.05% solvent quinazolinone) 
(IP) 

 
And treatment groups including: 

• QEPE groups that had received 75 mg and 100 
mg/kg/body weight (IP). 

• QPPE groups that had been treated with 75 mg and 
100 mg/kg/body weight (IP). 
 
Based on the purpose of each research, drug doses 

and effective days might be different, all of which have 
been mentioned in original articles (Table 1). 

There were no malformations reported in sham 

groups (Amiriet al., 2012; Shams Lahijaniet al., 2006; 

Shams Lahijani and Aounegh, 2007; Shams Lahijani 

and Estakhr, 2009; Shams Lahijaniet al., 2009a, 

2009b;Maryamet al., 2010;Shams Lahijaniet al., 2010; 

Shams et al., 2011; Shams Lahijaniet al., 2012a, 

2012b). As a result, QPPE and QEPE, enter the 

systemic circulation after injection; cross the placenta 

(Perretti and Zilletti, 1969), then reach the embryo, 

cause morphological, skeletal, histological, biochemical 

and cellular abnormalities and inflammations comes 

after. Thus, considering the ability of these compounds 

to cross the placenta, the toxic effects of quinazolinones 

or their metabolites on the fetus is justified. 

Researches in this field have demonstrated that 

quinazolinones and their metabolites are lipophilic 

compounds, such as methaqualone (a member of 

quinazolinones family), which passes through the cell 

membrane and probably interacts with aromatic 

hydrocarbon receptors (AHR) (androgen, estrogen, 

thyroid hormone receptors), so that it is transferred into 

nucleus as a complex with the receptor and activates 

different genes (Zaher et al., 1998; Peters and Wiley, 

1995; Nebertet al., 1972). 
After injecting 75 and 100 mg of QPPE and QEPE 

respectively on days 6-11, 13 and 16 of pregnancy 
(Table 1), morphological and multiple skeletal 
abnormalities (exencephaly, exophthalmia, 
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(a)                    (b) 

 

 
 

(b)                  (d) 

 

 
 

(e)                            (f) 

 
Fig. 1: Normal embryo (control group, A), underdeveloped 

embryo (B, black arrow), malformed parietal (B, black 

arrow), enlarged disfigured placentas (D), gastroshesis 

(E, yellow arrow), meromelia (F, black arrow) and 

very large swollen embryo with hemorrhages in the 

neck (F, white arrow) in Balb/C mice treated with 

QEPE and QPPE (Shams Lahijani andAounegh, 

2007; Shams et al., 2011) 

 

scaphocephaly and C-shaped embryo, synductily, 

meromelia) have been reported. Studies imply that 

injection after day 6 of pregnancy leads into abnormal 

and underdeveloped embryos, abnormal placenta 

(regarding diameter and weight), significantly reduced 

weights and lengths of fetuses and severe bleeding in 

the region of neck of the fetus (Fig. 1a to f) (Amiriet 

al., 2012; Shams Lahijaniet al., 2006; Shams Lahijani 

and Aounegh, 2007; Shams Lahijani and Estakhr, 2009; 

Shams Lahijaniet al., 2009a, 2009b;Maryamet al., 

2010;Shams Lahijaniet al., 2010; Shams et al.,2011; 

Shams Lahijaniet al., 2012a, 2012b). 

Since quinazolinones are known to inhibit normal 

function of some proteins such as tubulin and reverse 

transcriptase enzyme (by binding to specific sites), 

these compounds can act as antagonists to certain 

proteins and impair developmental processes (Corbett 

et al., 2000; Raffa et al., 2004). Regarding the role of 

thyroid hormones in fetus growth and development, 

negative impact of QPPE and QEPE on activity of this 

hormone may slowdown growth and embryonic 

development. On the other hand, due to the direct 

dependency of fetus on placenta, partial placenta in 

fetuses causes defects in fetal circulation and creates 

embryos with low weight (Shams Lahijaniet al., 

2009a). 

 
 

(a)                     (b) 

 

 
 

(c) 

 

Fig. 2: Light microscope and TEM electromicrograph 

evaluations on hepatocytes of 17-days old embryos of 

Balb/C mice showed hemorrhages in mice livers 

treated with QEPE (A, 100X), disintegrated reticular 

fibers in hepatocytes treated with QPPE (B, black 

arrow, 400X), irregular and abnormal 

heterochromatins (C, yellow arrow), disintegrated 

abnormal round without cristae, enlarged swollen 

mitochondria (C, blue arrow, lipid droplets (C, red 

arrow, 1200X). H&E staining (A), reticulin staining 

(B) and TEM (C) (Shams et al., 2011) 

 

Following observation of morphological 

abnormalities, further researches have been done to 

assess the damage inflicted by the two new derivatives 

of quinazolinones at the cellular and tissue level. 

Results are affirmative of the devastating effects of 

harmful doses of QEPEand QEEP on fetuses and 

infants’ internal organs, which had even healthy 

appearance. 

Histopathological and TEM electron microscopy 

examinations showed that internal organs of the fetuses 

and newborns were damaged in treatment groups, while 

the control and sham groups were all normal. 

 

Liver: The effects of these two drugs on liver included 

reticular fibers disintegrations around hepatocytes, 

accumulation of fat droplets, steatosis, increase in the 

diameter of liver and the number of band cells, 

congestion, increased diameter of sinusoids and the 

diameter of central vein, bleeding, necrosis, myelin 

figures, disrupted cytoplasm, large and swollen 

mitochondria without clear cristas, autophagy, 

heterochromatin DNA, abnormal nuclei in hepatocytes 

of treated groups (Fig. 2a to c) (Shams Lahijaniet al., 

2009b; Shams et al., 2011). 

A number of chemicals are as free radicals or 

produce free radicals during metabolism; since 

quinazolinones do not have chemically active groups, it 

seems that getting metabolized in liver and kidneys by 

cytochrome P450 creates harmful active metabolites 

(free radicals, or reactive oxygen molecules) which can 

be toxic for cells, via damaging cell membranes 



 

 

Curr. Res. J. Biol. Sci., 9(2): 23-31, 2017 

 

26 

orintracellular organelles such as mitochondria and 

endoplasmic reticulum (the main position of this 

enzyme), causing changes in their structures and 

protein, lipid oxidation and eventually necrosis (Ariciet 

al., 2003; Morgan et al., 1984; Tzenet al., 2001). 

Steatosis or accumulation of fat in hepatocytes 

occurs as the result of interruption in metabolism and 

movement of fats inside the cells, increased fat arrival 

from environmental sources, reduced transfer of fat 

toward out of the liver as lipoprotein particles (VLDL), 

decreased fatty acid oxidation and finally storage of 

triglycerides in the cells (Recknagelet al., 1973; 

Vankoningslooet al., 2005). It is likely that 

quinazolinones cause oxidation and damage 

mitochondrial DNA by producing ROS, which is a 

consequence of metabolic disorders and increased 

concentrations of fatty acids in the hepatocytes. 

Swollen mitochondria could be a symptom of 

injured mitochondria and organelles accumulation 

around the nuclei has also been observed; on the other 

hand, by reduction in the amount of ATP (energy 

resources), activation of proteases, inflammation and 

ruptured cell membranes would occur (necrosis) 

(Muriel, 2009;Nuño-Lámbarriet al., 2016). Images of 

treated groups taken by electron microscopy are 

evidences of the toxicity of these drugs and destruction 

of organelles within cells. 

Moreover increase in the number of band cells, not 

only happens at the time of infection, but also due to 

inflammation, tissue damage, necrosis, metabolic 

disorders, bleeding, hemolysis and the effects of drugs 

(Kodaliet al., 2006). 
Myelin figures which are rounded and dense with 

concentric layers arise by taking drugs, effects of 
hormones or metabolic and infectious diseases as 
structures surrounding damaged organelles such as 
destroyed mitochondria and their remnants or 
autophagy vacuoles (Castejón, 2008). 

Autophagy is a mechanism by which the cells get 
rid of damaged excess organelles with creating two-
layered structures around them. Because of the 
destruction of organelles in treated groups, cells begin 
to self-eat (autophagy) damaged organelles (Maiuriet 
al., 2007). 

Hepatic macrophages secrete cytokines such as 

TNF-α,interleukin-6 (IL-6) and ROS intermediates 

which are toxic for hepatocytes and injure liver and 

cause inflammation (Wu and Cederbaum, 2003). 

Liver is an active center of hematopoiesis in the 

fetal period, hence because of increased number of 

band cells and hyperemia in the sinusoids, it can be said 

that the elevation in hematopoietic activity of liver has 

caused an increase in the amount of alkaline 

phosphatase in the treatment groups (Gaskill et al., 

2005). 

 

Kidney: Increase in the diameter of glomeruli, 

proximal tubule lumen Bowman's capsule,  

 

 

(a)              (b) 

 

 

 
(c) 

 
Fig. 3: Light microscopic and TEM studies on kidneys in 17-

day old Balb/C mice embryos. Accumulation of 

proteins in renal spaces (A, blue arrows, 400X), 

damaged convoluted distal tubules (B, green arrows, 

400X), increase in glomeruli diameters (B, black 

arrows, 400X), large vesicles on the surface of 

epithelial cells (C, yellow arrow) and deformed 

nucleus (C, purple arrow) were observed. Reticulin 

staining (A), jones staining (B), TEM (C) (Shams 

Lahijaniet al., 2009b). 

 

accumulation of proteins in convoluted proximal 

tubules, damaged convoluted proximal tubules cells, 

fragmented epithelial cells, necrosis, damaged 

mitochondria and autophagy were observed (Fig. 3a to 

c) (Shams Lahijaniet al., 2009a, 2009b). 

Depending on the types of damages, reactions were 

different in various parts of the kidney (such as 

reduction or increase in the volume of glomeruli in 

different parts of the kidney tissue). These compounds 

affect capillaries and result in reduced glomerular 

filtration in addition to small glomeruli (Moritz et al., 

2003; Shams Lahijaniet al., 2009a). On the other hand, 

due to the accumulation of proteins in the kidneys, it 

can be noted that quinazolinones may have effect on 

Podocin function, which consequently destroys 

podocytes, creating large vacuoles and causing leakage 

of proteins in the kidneys. 

 

Heart: Necrosis and increased connective tissue were 

seen in the heart. These two compounds of 

quinazolinones caused myocyte necrosis and 

replacement of heart cells by connective tissues 

(Cohen-Gould et al., 1987). 

 

Intestine: Reduced length of villi in proximal, middle 

and distal parts of small intestine and reduced deep 

crypts in the proximal part of the small intestine have 

been observed (Maryamet al., 2010). By damaging and 

decreasing the cell divisions in all parts of small 

intestine, quinazolinones caused reduction in the length 

of villi and nutrients absorption (Van Griekenet al., 

2003). 
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(a)                 (b) 

 

 
 

(c) 

 
Fig. 4: Light microscopic and TEM electromicrograph studies 

on the spleens of 17-days old Balb/C mice embryos. 

Increase in the thickness of spleens’ capsules treated 

with QEPE (A, green arrow, 400X), subcutaneous 

hemorrhages and polymorphonuclear cells treated 

with QPPE (B, blue arrow, 400X) (C, green arrow, 

12000x) and fractured cells with damaged nuclei (C, 

green arrow, cells, yellow arrow, nucleus, 12000x) 

were observed (Maryamet al., 2010) 

 

Stomach: Accumulation of the free radicals formed by 

QEPE and QPPE caused damages to the mucous 

tissues (necrosis, atrophy and reduced thickness of 

mucosal layer and hyperaemia), 

inflammatory response, followed by increasing 

apoptosis in the lining of the stomach surface 

(Bayiroğluet al., 2009; Shams Lahijaniet al., 2010). 

 

Brain: Increase in the diameter of microglia, abnormal 

myelin sheet and increased number of astrocytes in the 

cortex and medulla have been reported (Shams 

Lahijaniet al., 2010). Astrocytes play role in the 

exchange of substances and nutrients between blood 

and nerve cells. Also, they can respond to hormones 

and environmental stimuli because of having receptors. 

They absorb excess neurotransmitters and are involved 

in neuronal survival through neurotrophic factors. 

When the central nervous system is damaged, 

astrocytes proliferate and create scar tissue. So, 

astrocyte hyperplasia occurs in response to these drugs 

(QPPE and QEPE), in order to eliminate excitotoxins 

(Dihnéet al., 2001; Hailer et al., 2001). 

 

Spleen: An increase in the size of spleen compared to 

the control groups, thickening of the capsule of spleen, 

bleeding beneath skin and elevated number of cells 

(macrophages, monocytes, neutrophils, eosinophils and 

megakaryocytes) have been reported (Fig. 4a to c) 

(Shams Lahijaniand Estakhr, 2009;Maryamet al., 

2010;Shams Lahijaniet al., 2010). 

Compounds with toxic properties cause 

accumulation of iron in the spleen, poisoning through 

iron-mediated free radicals which leads into 

hyperplasia, extramedullary hematopoiesis and increase 

in fibrous tissues (capsule) (Fujitaniet al., 2004). 

Based on mitochondrial damage and free radical 

formations by QPPE and QEPE, these effects are 

justified. Mitogenic factors increased the amount of 

alkaline phosphatase in spleen cells under the influence 

of these two drugs and elevated the number of blood 

cells in spleen. Consequently, an increase occurred in 

the level of alkaline phosphatase enzyme, which can be 

considered as a kind of defense against these 

combinations (Koyama et al., 2002). 

Liver and heart diseases accompanied by portal 

hypertension, are major factors for increase in capsule 

thickness, matrix contents and blood cells in spleen; 

considering the heart failure and liver injury in the 

treated groups, results are acceptable (Borojevic, 1987; 

Wanless and Bernier, 1983). 

 

Ovary: According to the previous studies about women 

infertilities after exposure to toxic substances, reduced 

fertility rate, ovarian dysfunction, reduction in 

diameters of oocytes at different stages of follicular 

growth have happened (Neal et al., 2007; Paixãoet al., 

2012). Naturally, most cell death in mice primordial 

germ cells/oogonia and oocytes occurred on days 12-13 

postcoitum (dpc) and also at zygotene/pachytene stages 

from 16 dpc (Bakken and McClanahan, 1978). Also, 

defects in meiotic recombination and loss of growth 

factors have been reported to increase and accelerate 

the death ofoocytes (Matikainenet al., 2002; Moritaet 

al., 2001). 

Based on reports, fetal ovaries of control and sham 

groups were normal, contained healthy oocytes with 

round normal clear nuclei, uniform cytoplasm and 

recognizable spherical plasma membranes. Moreover, 

very few apoptotic oocytes have been observed 

(Amiriet al., 2012; Shams Lahijaniet al., 2012a). 

In the QEPE treated groups, reduction in the 

number and size of healthy oocytes, basophilic (dark) 

and dense oocytes nuclei and the volume of the 

cytoplasm, wrinkled plasma membranes, increase in the 

number of apoptotic oocytes compared to the number of 

apoptotic oocytes in control and sham groups in the 

ovaries were observed (Amiriet al., 2012; Shams 

Lahijaniet al.,2012a). 

Previous research implies that Bax gene is a target 

for AHR in fetal oocytes and Caspase 2 gene plays the 

major role in female germ cells death (Matikainenet al., 

2002; Moritaet al., 2001). Actually, Caspase 2 null 

oocytes flunk to undergo apoptosis. Furthermore, 

inclusion or deletion of exon 9 results in formation of 

two splicing isoforms with antagonistic functions in cell 

death, one of which is Caspase-2L (transcript mRNA, 

promoting apoptosis) and the other is Caspase-

2S(transcript mRNA, inhibits apoptosis) (Kumar et al., 

1997; Wang et al., 1994). 



Curr. Res. J. Biol. Sci.,

 
Fig. 5: mRNA levels of Bax (A) and Caspase

PCR. No changes were observed in the 

treated groups, control and sham (wells: 5

ovaries treated with QEPE (well: 4), compared with control and sham groups (wells: 2, 3) were observed, DNA ladder 

(well: 1) (Shams et al., 2011) 

 
According to the results obtained in this research, 

some quinazolinones which have anti
induce apoptosis in cell lines accompanied by changes 
in the expression of some genes (pro-and anti
genes). Thus, it can be concluded that by 
expressions of Bax gene and Caspase-2L
apoptosis and reduced the number of oocytes (Fig. 5)
(Shams Lahijaniet al., 2012a). 
 
Testes: During the process of development in male 
Balb/C mice testicular germ cells, apoptosis is the 
mechanism for removing abnormal spermatogenic cells 
and maintaining a proper ratio between Sertoli and 
mature germ cells (Print and Lovel, 2000)

In addition, toxins can enhance apoptosis and 
testicular atrophy, hence apoptosis is the current way 
for cell death in normal and damaged testes. To our 
knowledge, apoptosis occurs in two ways of 
mitochondrial (internal) and external pathways, through 
ligands such as TRIR,FasL, TNF in one cell and 
affecting their receptors (DR5,Fas, TNF
other cell (Linet al., 2010; Locksleyet al

Binding of ligand to receptor activates 
cascade via Caspase 8 or 10and initiates apoptosis 
process. Additionally, proteins such as 
apoptosis proteins (IAP)and cellular 
inhibitoryprotein (c-Flip) act as inhibitors of apoptotic 

 

 

Curr. Res. J. Biol. Sci., 9(2): 23-31, 2017 

 

28 

 

Caspase-2L (B) in the embryonic ovaries of 18.5 days old Balb/C mice

PCR. No changes were observed in the β-actin level as housekeeping gene in the ovaries of 18.5 days old embryos of 

sham (wells: 5-7), Increase in the expression of Baxand Caspase-2L mRNAs in the embryonic 

(well: 4), compared with control and sham groups (wells: 2, 3) were observed, DNA ladder 

According to the results obtained in this research, 
which have anti-cancer activity 

induce apoptosis in cell lines accompanied by changes 
and anti-apoptotic 

genes). Thus, it can be concluded that by increasing the 
2L, QEEP caused 

apoptosis and reduced the number of oocytes (Fig. 5) 

During the process of development in male 
testicular germ cells, apoptosis is the 

mechanism for removing abnormal spermatogenic cells 
and maintaining a proper ratio between Sertoli and 

(Print and Lovel, 2000). 
In addition, toxins can enhance apoptosis and 

ce apoptosis is the current way 
for cell death in normal and damaged testes. To our 
knowledge, apoptosis occurs in two ways of 
mitochondrial (internal) and external pathways, through 

in one cell and 
TNFR) located on 

et al., 2001). 
Binding of ligand to receptor activates Caspase 

and initiates apoptosis 
process. Additionally, proteins such as inhibitors of 

and cellular FLIC 
act as inhibitors of apoptotic 

pathway (Ashkenazi and Dixit, 1998; Perlman
1999). 

Researchers have demonstrated that 
genes are involved in the regulation of apoptosis in 
germ cells in various conditions. Fas expression has 
been detected in both Sertoli and germ cells and 
expression in Sertoli and Leydig cells
2006). 

Investigations have shown that 
reduced diameter and irregular shapes of seminiferous 
tubules in the treated groups, compared with sham and 
control groups. Moreover, the effect of this compound 
leads into reduction in the number of Leydig cells and 
gonocytes and increases apoptosis, especially in day 15 
compared to the group treated in day 18. Incr
apoptosis in day 15 coincides with the manifestation of 
proliferation in gonocytes, while in day 18, gonocytes 
proliferation decreases because of entering a period of 
stagnation. Actually, apoptosis increase happens after 
the high expression of Fas/FasL genes and decreased 
expression of C-Flip in fetal testes of treated groups 
(Shams Lahijaniet al., 2012b). 
 

CONCLUSION
 

These new derivatives of quinazolinones
several morphological, histopathological and 

 

 

Balb/C mice measured by RT-

level as housekeeping gene in the ovaries of 18.5 days old embryos of 

mRNAs in the embryonic 

(well: 4), compared with control and sham groups (wells: 2, 3) were observed, DNA ladder 

1998; Perlmanet al., 

Researchers have demonstrated that Fas/FasL 
genes are involved in the regulation of apoptosis in 

ditions. Fas expression has 
been detected in both Sertoli and germ cells and FasL 
expression in Sertoli and Leydig cells (Giampietriet al., 

Investigations have shown that QEPE results in 
reduced diameter and irregular shapes of seminiferous 

in the treated groups, compared with sham and 
control groups. Moreover, the effect of this compound 
leads into reduction in the number of Leydig cells and 
gonocytes and increases apoptosis, especially in day 15 
compared to the group treated in day 18. Increased 
apoptosis in day 15 coincides with the manifestation of 
proliferation in gonocytes, while in day 18, gonocytes 
proliferation decreases because of entering a period of 
stagnation. Actually, apoptosis increase happens after 

genes and decreased 
in fetal testes of treated groups 

CONCLUSION 

quinazolinones create 
several morphological, histopathological and 



 

 

Curr. Res. J. Biol. Sci., 9(2): 23-31, 2017 

 

29 

cellulardisorders and abnormalities (as mentioned in the 
result section) in embryos and newborn Balb/C mice, 
imposing their teratogenic effects on internal organs. 
Therefore, using these compounds during pregnancy 
period causes adverse and irreparable effects. This 
research and similar studies might help pharmacists and 
physicians about the risks and benefits of various drugs 
during pregnancy, so that the patients will be protected 
against the harmful effects of detrimental substances.  
 

ACKNOWLEDGMENT 
 

This research was supported by Shahid-Beheshti 
University (SBU), Tehran, Iran. Grant number 
600.6125. 
 

REFRENCES 
 
Amiri, M., M.S. Lahijan and K. Kakavand, 2012. 

Effects of quinazolinones on the number and the 
size of Balb/C mice embryonic 
oocytes.Pharmacologyonline, 3: 132-138. 

Arici, M., R. Chana, A. Lewington, J. Brown and N.J. 
Brunskill, 2003. Stimulation of proximal tubular 
cell apoptosis by albumin-bound fatty acids 
mediated by peroxisome proliferator activated 
receptor-gamma. J. Am. Soc. Nephrol., 14(1): 17-
27.  

Ashkenazi, A. and V.M. Dixit, 1998. Death receptors: 
Signaling and modulation.Science,281(5381): 
1305-1308. 

Baek, D.J., T.B. Kang and H.J. Kim, 2004. Synthesis of 
nonclassical quinazolinone antifolates as 
thymidylate synthase inhibitors and their antitumor 
activity in vitro. Bull. Korean Chem. Soc., 25(12): 
1896-1906. 

Baily, J., J. Balcombe and A. Knight, 2005. Future of 
teratology research is in vitro. Biogenic Amines, 
19(2): 97-145. 

Bakken, A.H. and M. McClanahan, 1978. Patterns of 
RNA synthesis in early meiotic prophase oocytes 
from fetal mouse ovaries. Chromosoma, 67(1): 21-
40. 

Bayiroğlu, F., M. Cemek, H. Çaksen, F. Cemek and S. 
Dede, 2009. Altered antioxidant status and 
increased lipid peroxidation in children with acute 
gastroenteritis admitted to a pediatric emergency 
service. J. Emerg. Med., 36(3): 227-231. 

Borojevic, C., 1987. Pathology of the spleen in 
Hepatosplenic schistosomiasis. Pathol., 97: 213-
217. 

Boumendjel, A., H. Baubichon-Cortay, D. Trompier, T. 
Perrotton and A. Di Pietro, 2005. Anticancer 
multidrug resistance mediated by MRP1: Recent 
advances in the discovery of reversal agents. Med. 
Res. Rev., 25(4): 453-472. 

Buyuktimkin, S., A.C. Ekinci, N. Buyuktimkin and G. 

Otuk, 1992. Pharmacological studies on 

quaternized 4(3H)-quinazolinones. J. Pharm. Sci., 

81(11): 1092-1094. 

Castejón, O.J., 2008. Electron microscopy of myelin 

figures in normal and pathological tissues. A 

review. Acta Microscopia, 17(2): 13-19. 

Cohen-Gould, L., T.F. Robinson and S.M. Factor, 1987. 

Intrinsic connective tissue abnormalities in the 

heart muscle of cardiomyopathic Syrian hamsters. 

Am. J. Pathol., 127(2): 327-334. 

Connolly, D.J., D. Cusack, T.P. O'Sullivan and P.J. 

Guiry, 2005. Synthesis of quinazolinones and 

quinazolines. Tetrahedron, 61(43): 10153-10202. 

Corbett, J.W., S.S. Ko, J.D. Rodgers, L.A. Gearhart, 

N.A. Magnus, L.T. Bacheler, S. Diamond, S. 

Jeffrey, R.M. Klabe, B.C. Cordova, S. Garber, K. 

Logue, G.L. Trainor, P.S. Anderson and S.K. 

Erickson-Viitanen, 2000. Inhibition of clinically 

relevant mutant variants of HIV-1 by 

quinazolinone non-nucleoside reverse transcriptase 

inhibitors. J. Med. Chem., 43(10): 2019-2030. 

Dabiri, M., P. Salehi, M.S. Khajavi and A. 

Mohammadi, 2004. Microwave-assisted one-pot 

three component synthesis of some new 4(3H)-

quinazolinone derivatives. Heterocycles, 63(6): 

1417-1421. 

Dihné, M., F. Block, H. Korr and R. Töpper, 2001. 

Time course of glial proliferation and glial 

apoptosis following excitotoxic CNS injury. Brain 

Res., 902(2): 178-189. 

Fujitani, T., Y. Tada and M. Yoneyama, 2004. 

Chlorpropham-induced splenotoxicity and its 

recovery in rats. Food Chem. Toxicol., 42(9): 

1469-1477. 

Gaskill, C.L., L.M. Miller, J.S. Mattoon, W.E. 

Hoffmann, S.A. Burton, H.C. Gelens, S.L. Ihle, 

J.B. Miller, D.H. Shaw and A.E. Cribb, 2005. Liver 

histopathology and liver and serum alanine 

aminotransferase and alkaline phosphatase 

activities in epileptic dogs receiving phenobarbital. 

Vet. Pathol., 42(2): 147-160. 

Giampietri, C., S. Petrungaro, F.G. Klinger, P. 

Coluccia, A. Paone, E. Vivarelli, A. Filippini, P. 

Cesaris, M. Felici and E. Ziparo, 2006. c-Flip 

expression and function in fetal mouse 

gonocytes.FASEB J., 20(1): 124-126. 

Greek, R., N. Shanks and M.J. Rice, 2011. The History 

and implications of testing thalidomide on animals. 

J. Philos. Sci. Law, 11(3): 1-32. 

Hailer, N.P., B. Glomsda and R.A. Blaheta, 2001. 

Astrocytic factors down-regulate the expression of 

major histocompatibility complex-class-II and 

intercellular adhesion molecule-1 on human 

monocytes. Neurosci. Lett., 298(1): 33-36. 

Jatav, V., S.K. Jain, S. Kashaw and P. Mishra, 2006. 

Synthesis and antimicrobial activity of novel 2-

methyl-3-(1'3'4'-Thiadiazoyl)-4-(3H) 

quinazolinones. Indian J. Pharm. Sci., 68(3): 360-

363. 



 

 

Curr. Res. J. Biol. Sci., 9(2): 23-31, 2017 

 

30 

Kodali, P., P. Wu, P.A. Lahiji, E.J. Brown and J.J. 
Maher, 2006. ANIT toxicity toward mouse 
hepatocytes in vivo is mediated primarily by 
neutrophils via CD18. Am. J. Physiol-Gastr. L., 
291(2): G355-G363. 

Koyama, L., T. Matsunaga, T. Harada, S. Hokari and S. 
Komoda, 2002. Alkaline phosphatases reduce 
toxicity of lipopolysaccharides in vivo and in vitro 
through dephosphorylation. Clin. Biochem., 35(6): 
455-461. 

Kumar, S., M. Kinoshita and M. Noda, 1997. 
Characterization of a mammalian cell death gene 
Nedd2. Leukemia, 11(3): 385-386. 

Lin, Y.C., P.L. Yao and J.H. Richburg, 2010.FasL 
gene-deficient mice display a limited disruption in 
spermatogenesis and inhibition of mono-(2-
ethylhexyl) phthalate-induced germ cell 
apoptosis.Toxicol. Sci., 114(2): 335-345. 

Locksley, R.M., N. Killeen and M.J. Lenardo, 2001.The 
TNF and TNF receptor superfamilies: Integrating 
mammalian biology.Cell, 104(4): 487-501.  

Maiuri, M.C., E. Zalckvar, A. Kimchi and G. Kroemer, 
2007. Self-eating and self-killing: Crosstalk 
between autophagy and apoptosis. Nat. Rev. Mol. 
Cell Biol., 8(9): 741-752. 

Maryam,S.L., M.T. Daryush and T. Raheleh, 2010. 
Histological, biochemical andultrastructures 
studies of embryonic spleens of Balb/C mice 
treated with quinazolinones. Curr. Res. J. Biol. 
Sci., 1: 1-8. 

Matikainen, T.M., T. Moriyama, Y. Morita, G.I. Perez, 
S.J. Korsmeyer, D.H. Sherr and J.L. Tilly, 2002. 
Ligand activation of the aromatic hydrocarbon 
receptor transcription factor drives Bax-dependent 
apoptosis in developing fetal ovarian germ cells. 
Endocrinology, 143(2): 615-620. 

Meschke, L.L., J.A. Holl and S. Messelt, 2003. 
Assessing the risk of fetal alcohol syndrome: 
Understanding substance use among pregnant 
women. Neurotoxicol. Teratol., 25(6): 667-674. 

Morgan, M.Y., R. Reshef, R.R. Shah, N.S. Oates, R.L. 

Smith and S. Sherlock, 1984. Impaired oxidation of 

debrisoquine in patients with perhexiline liver 

injury. Gut, 25(10): 1057-1064. 

Morita, Y., D.V. Maravei, L. Bergeron, S. Wang, G.I. 

Perez, O. Tsutsumi, Y. Taketani, M. Asano, R. 

Horai, S.J. Korsmeyer, Y. Iwakura, J. Yuan and 

J.L. Tilly, 2001. Caspase-2 deficiency rescues 

female germ cells from death due to cytokine 

insufficiency but not meiotic defects caused by 

ataxia telangiectasia mutated (Atm) gene 

inactivation. Cell Death Differ., 8(6): 614-620. 
Moritz, K.M., M. Dodic and E.M. Wintour, 2003. 

Kidney development and the fetal programming of 
adult disease. Bioessays, 25(3): 212-220. 

Muriel, P., 2009. Role of free radicals in liver 
diseases.Hepatol. Int., 3(4): 526-536. 

Neal, M.S., J. Zhu, A.C. Holloway and W.G. Foster, 

2007. Follicle growth is inhibited by benzo-[a]-

pyrene, at concentrations representative of human 

exposure, in an isolated rat follicle culture assay. 

Hum. Reprod., 22(4): 961-967. 

Nebert, D.W., F.M. Goujon and J.E. Gielen, 1972. Aryl 

hydrocarbon hydroxylase induction by polycyclic 

hydrocarbons: Simple autosomal dominant trait in 

the mouse. Nat. New Biol., 236(65): 107-110. 

Nuño-Lámbarri, N., V.J. Barbero-Becerra, M. Uribe 

and N.C. Chávez-Tapia, 2016. Mitochondrial 

molecular pathophysiology of nonalcoholic fatty 

liver disease: A proteomics approach. Int. J. Mol. 

Sci., 17(3): 281. 

Paixão, L.L., R.P. Gaspar-Reis, G.P. Gonzalez, A.S. 

Santos, A.C. Santana, R.M.M. Santos, P.M. 

Spritzer and C.C.A. Nascimento-Saba, 2012. 

Cigarette smoke impairs granulosa cell 

proliferation and oocyte growth after exposure 

cessation in young Swiss mice: An experimental 

study. J. Ovarian Res., 5(1): 25-33. 

Perlman, H., L.J. Pagliari, C. Georganas, T. Mano, K. 

Walsh and R.M. Pope, 1999. FLICE-inhibitory 

protein expression during macrophage 

differentiation confers resistance to fas-mediated 

apoptosis.J. Exp. Med., 190(11): 1679-1688. 

Perretti, L. and L. Zilletti, 1969. Transplacental of 

methyl-o-tolyl-quinazolinone in rat. Riv. Stet. 

Ginecol., 2(4): 1-11. 

Peters, J.M. and L.M. Wiley, 1995. Evidence that 

murine preimplantation embryos express aryl 

hydrocarbon receptor. Toxicol. Appl. Pharmacol., 

134(2): 214-221. 

Pines, M., I. Vlodavsky and A. Nagler, 2000. 

Halofuginone: From veterinary use to human 

therapy. Drug Develop. Res., 50(3-4): 371-378. 

Polifka, J.E. and J.M. Friedman, 2002. Medical 

genetics: 1. Clinical teratology in the age of 

genomics. CMAJ, 167(3): 265-273. 

Print, C.G. and K.L. Loveland, 2000.Germ cell suicide: 

New insights into apoptosis during 

spermatogenesis.Bioessays., 22(5): 423-430. 

Raffa, D., M.C. Edler, G. Daidone, B. Maggio, M. 

Merikech, S. Plescia, D. Schillaci, R. Bai and E. 

Hamel, 2004. Synthesis, cytotoxicity, and 

inhibitory effects on tubulin polymerization of a 

new 3-heterocyclo substituted 2-

styrylquinazolinones. Eur. J. Med. Chem., 39(4): 

299-304. 

Recknagel, R.O., E.A. Glende and G.L. Plaa, 1973. 

Carbon tetrachloride hepatotoxicity: An example of 

lethal cleavage. CRC Crit. Rev. Toxicol., 2(3): 

263-267. 

Sachdeva,P., B.G.  Patel andB.K. Patel, 2009. Drug use 

in pregnancy;a point to ponder.Indian J. Pharm. 

Sci., 71(1): 1-7. 



 

 

Curr. Res. J. Biol. Sci., 9(2): 23-31, 2017 

 

31 

Shams Lahijani, M. and R. Aounegh, 2007. Teratogenic 
effects of quinazolinone on Balb/C mice fetuses. J. 
Med. Sci. Res., 1(1): 25-30. 

Shams Lahijani, M. and J. Estakhr,2009. Investigation 
of the immunopathologic effects of 4(3H)- 
quinazolinone- 2- propyle- 2- phenylethyl(OPPE) 
on newborn Balb/C mice 
spleens.PharmacologyOnline,1: 377-386. 

Shams Lahijani, M., F. Ahmanzadeh and M. Dabiri, 
2006. Teratogenic effects of a new quinazolinone 
derivative on the development of Balb/C mice 
fetuses on days 9 10 and 11 of gestation. Iran. J. 
Sci. Technol. A, 30(A1): 27-34. 

Shams Lahijani, M., D. Minaei Tehrani, M. Nohehkhan 
and M.M. Mangual, 2009a. Effects of 
quinazolinones on the development of Balb/C mice 
embryonic kidneys. Iran. J. Basic Med. Sci., 12(3): 
163-172.  

Shams Lahijani, M., H. Rajabi, S. Etemad and M. 
Fadavi Eslam, 2009b. Qualitative and quantitative 
analysis of the effects of quinazolinones on internal 
organs of newborn Balb/C mice. Iran J. Basic Med. 
Sci., 12(2): 112-120.  

Shams Lahijani, M., E. Shah Hossein Pour Shoushtary, 
J. Estakhr, S. Keshavarzi and S. Hamidi, 2010. 
Preliminary evaluations of the effects of 
quinazolinones on internal organs of newborn 
Balb/C mice. PharmacologyOnline, 1: 202-220. 

Shams, L.M., D. Minaei-Tehrani, H. Gholipour and M. 
Nohehkhan, 2011. Effects of quinazolinones on 
Balb/C mice embryonic livers. Indian J. Exp. Biol., 
49(3): 183-190. 

Shams Lahijani, M., S. Farivar, M. Amiri and M. 
Sarhady, 2012a. Roles of bax and caspase2 genes 
in the apoptosis of fetal ovary germ cell induced by 
4 (3H) quinazolinone-2-ethyl-2-phenyl 
ethyl.Mol.Cell. Toxicol., 8(3):303-310. 

Shams Lahijani, M., S. Farivar, M. Sarhady and M. 
Amiri, 2012b. Quinazolinone exposure induces 
apoptosis and changes expressions of Fas/FasL and 
C-Flip in embryonic mice testicles.Indian J. 
Exp.Biol., 50(4): 247-255. 

Tzen, C.Y., J.D. Tsai, T.Y. Wu, B.F. Chen, M.L. Chen, 
S.P. Lin and S.C. Chen, 2001. Tubulointerstitial 
nephritis associated with a novel mitochondrial 
point mutation. Kidney Int., 59(3): 846-854. 

Van Grieken, N.C.T., G.A. Meijer, A. zurHausen, 

S.G.M.Meuwissen, J.P.A.Baak and E.J. Kuipers, 

2003. Increased apoptosis in gastric mucosa 

adjacent to intestinal metaplasia. J. Clin. Pathol., 

56(5): 358-361. 

Vankoningsloo, S., M. Piens, C. Lecocq, A. Gilson, A. 

De Pauw, P. Renard, C. Demazy, A. Houbion, M. 

Raes and T. Arnould, 2005. Mitochondrial 

dysfunction induces triglyceride accumulation in 

3T3-L1 cells: Role of fatty acid beta-oxidation and 

glucose. J. Lipid Res., 46(6): 1133-1149. 

Varnavas, A., L. Lassiani, E. Luxich, M. Zacchigna and 
E. Boccù, 1996. Quinazolinone derivatives: 
Synthesis and binding evaluation on 
cholecystokinin receptors. Farmaco, 51(5): 333-
339. 

Wang, L., M. Miura, L. Bergeron, H. Zhu and J. Yuan, 

1994. Ich-1, an Ice/ced-3-related gene, encodes 

both positive and negative regulators of 

programmed cell death. Cell, 78(5): 739-750. 

Wanless, I.R. and V. Bernier, 1983. Fibrous thickening 

of the splenic capsule. A response to chronic 

splenic congestion. Arch. Pathol. Lab. Med., 107: 

595-599. 

Wolfe, J.F., T.L. Rathman, M.C. Sleevi, J.A. Campbell 

and T.D. Greenwood, 1990. Synthesis and 

anticonvulsant activity of some new 2-substituted 

3-aryl-4(3H)-quinazolinones. J. Med. Chem., 

33(1): 161-166. 

Wu, D. and A.I. Cederbaum, 2003. Alcohol, oxidative 

stress, and free radical damage. Alcohol Res. 

Health, 27(4): 277-284. 

Xing, J., Y.C. Toh, S. Xu and H. Yu,2015. A method 

for human teratogen detection by geometrically 

confined cell differentiation and migration. Sci. 

Report, 5: 12387. 

Yu, M.J., J.R. McCowan, N.R. Mason, J.B. Deeter and 

L.G. Mendelsohn, 1992. Synthesis and X-ray 

Crystallographic analysis of quinazolinone 

cholecystokinin/gastrin receptor ligands. J. Med. 

Chem., 35(14): 2534-2542. 

Zaher, H., P.M. Fernandez-Salguero, J. Letterio, M.S. 

Sheikh, A.J. Jr Fornace, A.B. Roberts and F.J. 

Gonzalez, 1998. The involvement of aryl 

hydrocarbon receptor in the activation of 

transforming growth factor-beta and apoptosis. 

Mol. Pharmacol., 54(2): 313-321. 

 

 

 

 

 


