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ABSTRACT 

This investigation was carried out to evaluate 
genotoxicity of two important antidepressants medications 
(namely, Sertraline (four Modabex doses) and 
Carbamazepine (four Tegretol doses) on albino mice, Mus 
musculus, via molecular and cytological studies. 
pharmacogenomic gene (Cytochrome P450 4B1 gene) was 
employed as marker for detecting critical dose for 
antidepressant drug and monitoring its affect with 
different doses extracted from exposures, amplified and 
sequenced. Cytological studies reflected Robertsonian 
Centric Fusion (RCF), Ring Chromosome (RC), 
chromosomal aberrations for tests tissue treated with 
fourth Sertraline dose. Furthermore, Stickiness (S), 
chromatide deletion (CD), Ring Chromosome (RC) 
aberrations for bone marrow tissue treated with second 
Carbamazepine dose. Nevertheless, chromosomal 
aberrations for tests tissue treated with fourth Sertraline 
dose. Highly affect of Sertraline dose for tests tissue on was 
detected for third dose as a result of lowest similarity 
percentage (60 %) which indicated affection of these doses. 
Interestingly the same antidepressant drug (Sertraline) 
with the same dose (third Modabex) which cause highly 
affect on Cytochrome P450 4B1gene in tests tissue, it 
recorded lowest affect in bone marrow sample. Based on 
Cytochrome P450 4B1gene sequence, influence of 
Sertraline on tests sample was dissentingly as 71, 72, 59, 55 
and 69 % of genetic similarity percentage. Highly affect of 
Carbamazepine was detected under first dose. Second 
Carbamazepine dose has no influence as a result of 
Cytochrome P450 4B1gene sequence for untreated and 
treated with second dose for tests sample. For 68, 83 and 
73% of genetic similarity percentage were recorded 
between Cytochrome P450 4B1gene sequences which 
isolated form bone marrow (with different doses) and 
Cytochrome P450 4B1reference gene sequence. Genetic 
evaluation of Sertraline and Carbamazepine cleared that, 
third Modabex dose and first Tegretol dose could be 
considered as critical doses. 

Keywords: Sertraline, Carbamazepine, Cytochrome 
P450 4B1,Mus musculus 

INTRODUCTION 

Depression is a major public health problem, 
affecting more than 16% of adults during their lifetime. 
Thus, Antidepressant medication is widely used as the 
current standard treatment for depression. 
Antidepressants may improve depressive symptoms by 

acting on emotional neural systems .(American 
Psychiatric Association, 2013, 2006). 

Neuropsychological mechanism by which 
antidepressants act to improve depressive features 
remains underspecified. For example, it is unclear 
whether antidepressants alter emotional states by 
reducing negative emotional neural processes, 
increasing positive emotional processes or both. 
Depressed patients exhibit an attention bias away from 
positive emotions (Ma, 2015). 

Sertraline, a selective serotonin reuptake inhibitor 
(SSRI) class antidepressant, is the most prescribed 
psychiatric medication in the United States.  Sertraline 
caused hepatic cytotoxicity and mitochondrial 
impairment. In sertraline-treated cells, the induction of 
apoptosis and cell death was shown to be the result of 
activation of JNK, but not ERK1/2 or p38 in the 
mitogen-activated protein kinase (MAPK) pathway. 
Generally, sertraline induced apoptosis in HepG2 cells 
at least partially via activation of the TNF-MAP4K4-
JNK cascade signaling pathway (Chen et al., 2014). 

  Carbamazepine is an antiepileptic drug, chemically 
related to the Tricyclic Antidepressants. It is an 
iminostilbene-derivative with a carbamyl moiety at the 
5th position of the molecule. Carbamazepine has been 
successfully employed in a variety of neurological and 
psychiatric disorders. Furthermore, Carbamazepine 
monotherapy is one of the most frequently prescribed 
antiepileptic drug therapies. It has also been tried in 
alcohol withdrawal seizures. It also has mood-stabilizing 
(Panday et al., 2017).furthermore, Carbamazepine 
(CBZ) toxicity and effects was  investigated on 
transaminases like glutamate oxaloacetate transaminase 
(GOT) and glutamate pyruvate transaminase (GPT); 
lactate dehydrogenase (LDH) activities in gill, liver and 
muscle of a freshwater fish, Cyprinuscarpio . During 
acute treatment, GOT activity was decreased in all the 
organs (gill, liver and muscle); GPT and LDH activities 
were increased in liver and muscle while decreased in 
gill. During sub lethal treatment, GOT activity was 
decreased in liver and muscle, whereas GPT activity was 
increased in these two organs. (Malarvizhi et al., 2012). 

Cytochrome P450 (CYP) describes a class of heme-
containing proteins that represent the major enzymes 
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responsible for the oxidation and reduction of numerous 
endogenous substrates and drugs. More than 50 iso 
enzymes that catalyze the oxidation of diverse drugs and 
chemicals are known so far. In humans, the most 
relevant cytochromes are CYP1A, CYP2A6, CYP2B6, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and 
CYP3A. More than 400 individual forms of 
cytochromes have been found in humans, and further 
studies may identify other relevant ones. Variations 
in CYP2D6 have been associated with a vast list of 
diseases (e.g., arterial hypertension, leukemia, childhood 
apnea,13 thyroid cancer, Alzheimer disease and 
Parkinson disease, hepatic disease, pulmonary 
disease, breast cancer, porphyrias) and with people’s 
ability to metabolize antidepressants. Personalized 
medicine is one of the most promising aspects of 
contemporary medicine, and it may be achieved by the 
adaptation of therapies to individual patients by means 
of genetic and other molecular tools. Most 
pharmacogenetic studies investigate genes related to 
metabolism, those that code for receptors and 
transporters and those related to second-messenger 
systems (Porcelli et al., 2012).  

Different cytological studies present a huge tool for 
antidepressant genotoxicity evaluation. For example, 
Micronuclei are cytoplasmic chromatin masses with the 
appearance of small nuclei that arise from chromosome 
fragments or intact chromosome lagging behind in the 
anaphase stage of cell division (Celik et al., 2008). 
Moreover, alkaline comet assay and the cytokinesis-
block micronucleus (CBMN) assay were used to 
investigate genotoxicity potential of sertraline in the 
peripheral blood lymphocytes (PBLs). For acute 
sertraline who had caused much more DNA damage in 
comparison with chronic treatment (p < 0.05).   

Relation between antidepressants (AD) and cancer 
(CA) was studied. Some suggest an association between 
use of AD and increased risk of CA.1–10 CA is a 
potentially fatal disease. suggesting a positive weak 
association between use of antidepressants and tumoral 
growth. increased risk of cancer associated with 
antidepressants are still conflicting. In most studies the 
multivariate analysis did not show positive association 
between use of antidepressants and cancer, unless in 
specific cases, such as Hodgkin's lymphoma 
(Bôaventura et al., 2007). 

MATERIALS AND METHODS 

To evaluate affect of different antidepressant drugs 
namely, Sertraline (four Modabex doses) and 
Carbamazepine (four Tegretol doses); Cytochrome P450 
4B1 gene which considered a main pharmacogenomic 
gene was studied. Extraction, amplification and 
sequencing protocols were employed for Cytochrome 

P450 4B1 gene which isolated from Tests and Bone 
marrow tissues. For detecting genetic influence of 
antidepressant drugs (namely, Sertraline and 
Carbamazepine), comparison among Cytochrome P450 
4B1 gene sequence for untreated and under different 
doses of different antidepressant drugs (namely, 
Sertraline and Carbamazepine which prepared as follow: 
Modabex commercial formula for Sertraline, dissolved 
one tablet in 100 ml double distilled water, 33.3 ml, 25 
ml and 20 ml for preparing first, second, third and fourth 
Sertraline doses, then 200 µl were doses orally for  five 
House mouse(Mus musculus) for each dose. Tegretol 
(syrup, 2%) commercial formula for Carbamazepine was 
prepared as 120.5, 620.5, 875 and 1250 µl and doses 
orally for albino mice, Mus musculus. 

Experimental animal model: 

A total of 32 male albino mice, Mus musculus, (25-
30g) were purchased from the Medical Research 
Institute Alexandria University. The animals were kept 
in plastic cages (four animals per cage) covered with 
metallic grids in a room maintained at proper 
environmental conditions of temperature 25oC and 
humidity 50% with a 12-hours light-dark cycle. The 
animals were acclimatized for 4 weeks before the start 
of the experiment and they were given free access food 
and water. All animals were observed daily for abnormal 
signs. 

Experimental animal groups: 

Thirty two male albino mice were divided randomly 
into two groups. The duration for all experimental 
groups was 60 days. 

-Group A: Modabex commercial formula for Sertraline 
was treated for this group, dissolved one tablet of 
Modabex in 100 ml double distilled water, 33.3 ml, 25 
ml and 20 ml for preparing first, second, third and 
fourth Sertraline doses, then 200 µl were doses orally 
for five Mus musculus albino mice for each dose. 

-Group B: Tegretol commercial formula for 
Carbamazepine was treated for this group which 
consists on for five Mus musculus albino mice for each 
dose. Tegretol (syrup, 2%) commercial formula for 
Carbamazepine were prepared as 120.5, 620.5, 875 
and 1250 µl and doses orally.  

A- Molecular studies:  

Preparation of samples for molecular studies: 

At the end of the experiments (24 hours after the last 
dose of the Modabexand Tegretolthe mice were killed 
under proper ether anesthesia following overnight fast. 
This study was carried out in the Genetic Engineering 
and Biotechnology Research Institute (University of 
Sadat City). 
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Table 1. Specific Primers sequence under study 

 Primer Sequences Target      (bp) 
CYP4B1-1 5-CACTGGTAATTTTTCAGATGG-3 266 bp 

C
yt

oc
hr

om
e 

 
P

45
0 

4B
1 

CYP4B1-2 5-CCTCTATAAACACCCTTGCA-3 2. bp 

Collection of the samples: 

The present work was performed on tests and Bone 
marrow tissues which were collected in EDTA coated 
tubes for complete analysis, centrifuged at 2000xg for 
10 min to separate plasma and stored at -80oC until 
analysis. The tests and Bone marrow tissues were 
immediately removed, washed twice with ice-cold saline 
solution. 

A.1. DNA Extraction 

For DNA extraction, from Tests and Bone marrow 
tissues. Albino mice, Mus musculus samples were 
collected in 2 ml of each on EDTA tube as 
anticoagulant. Genomic DNA was isolated from blood 
samples using PureLink® Genomic DNA Mini Kit 
(Thermo Scientific /K182001). DNA concentration 
was determined using spectrophotometer and the final 
concentration was adjusted up to 50 ng/μl and stored at 
4°C for PCR analysis 

A.2. PCR reaction 

DNA amplification was performed for amplified 
Cytochrome P450 4B1 specific gene .Thus, CYP4B1-1 
and CYP4B1-2. Table (1) listed specific primer for this 
study which performed according to manufacturer 
protocol. Then, PCR product were purified from gel 
with GeneJET PCR Purif ica tion Ki t  (Thermo 
Scientific/ K0701) 

A.3. Data analysis: 

Gel documentation system (Geldoc-it, UVP, 
England), was applied for data analysis using Totallab 
analysis software, ww.totallab.com, (Ver.1.0.1). Aligned 
sequences were analyzed on NCBI website 
(http://www.ncbi.nlm.nih.gov/webcite) using BLAST to 
confirm their identity. The Genetic distances and Multi 
Alignments comparision were computed by Pairwise 
Distance method using ClusteralW software analysis 
(www.ClusteralW.com). The nucleotide sequences were 
also compared with Cytochrome P450 4B1 reference 
sequences available in the GenBank. 

B. Cytological study:  

B. 1. Analysis of chromosomal abnormalities in mice 
bone-marrow cells: 

Three hours prior to killing, the animals were 
injected with 0.6 mg/kg of colchicinesafter killing, the 

adhering soft tissue and epiphyses of both tibiae were 
removed. The marrow was aspirated from the bone, 
transferred to phosphate buffered saline, centrifuged at 
1000 rpm for 5 minutes and the pellet re-suspended in 
0.075 M KCl. Centrifugation was repeated and the pellet 
was re-suspended in fixative (methanol: acetic acid, 
3:1). The fixative was changed after 2 hours and the cell 
suspension was left overnight at 40C. 

B. 2. Slide preparation and staining:  

Cells in fixative were dropped onto very clean glass 
slides and air-dried. Spreads were stained with 10 % 
Giemsa at PH 6.8 for 5 min. 

B. 3. Screening of slides:  

Slides were coded and scored for chromosomal 
aberrations e.g., gaps and deletion, fragment, break, 
stickiness and polyploidy. A mitotic index based on at 
least 200 cells was recorded. For chromosomal 
abnormalities at least 200 scorable metaphase cells per 
dose were recorded.  

RERSULTS AND DISCUSSION 
This investigation was carried to evaluate influence 

of different antidepressant drugs (namely, Sertraline and 
Carbamazepine on mice genome. For achieving this aim, 
main pharmacogenomic gene (Cytochrome P450 4B1 
gene) was employed as marker for detecting critical 
dose for antidepressant drug and monitoring its affect 
with different doses. Thus, Cytochrome P450 4B1 gene 
was extracted from exposures tests and bone marrow, 
amplified and sequenced. Cytochrome P450 4B1 gene 
Sequences for treated and untreated tests and bone 
marrow samples were alignment and compared with 
reference sequence on database. Thus, genetic variations 
were accurately detected for antidepressant drugs under 
study and critical antidepressant drugs doses was 
evaluated. Photograph (1 and 2) showed specific 
Cytochrome P450 4B1 gene product on agarose gel with 
remarkable 660 bp and 246 bp respectively. Two 
specific fragments were detected for all treated and 
untreated samples with different intensity values. 
Cytochrome P450 4B1gene sequences for treated and 
untreated tests and bone marrow samples and genetic 
similarity among treated and untreated tests and bone 
marrow Cytochrome P450 4B1gene sequences (Table. 
2), indicated that highly affect of Sertraline dose for 
tests tissue on Cytochrome P450 4B1gene was detected 
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for M3 as a result of lowest similarity percentage (60 %) 
which indicated affection of this doses which resulted as 
distinguishable variation on Cytochrome P450 4B1gene 
sequence. Interestingly the same antidepressant drug 
(Sertraline) with the same dose M3 which cause highly 
affect on Cytochrome P450 4B1gene in tests tissue, it 
recorded lowest affect in bone marrow sample. Superior 
genetic similarity percentage (94%) between 
Cytochrome P450 4B1gene sequence (which extracted 
from bone marrow) and  reference gene. Based on 
Cytochrome P450 4B1gene sequence, influence of 
Sertraline on tests sample was dissentingly as 71, 72, 59, 
55 and 69  % of genetic similarity percentage. Founded 
data indicate that, first Sertraline dose cause the lowest 
affect comparing with third dose. On the other hand, 
influence of Sertraline on bone marrow sample was 
dissentingly as 60, 94, 65, 74, 65  % of genetic 
similarity percentage. The obtained data indicated that, 
first Sertraline dose reflect the lowest affect comparing 
with second and fourth doses. Carbamazepine influence 
was detected on Cytochrome P450 4B1gene sequence 
which extracted and amplified from tests tissue. It was 
found that, influence of Sertraline on tests sample was 
dissentingly as 71, 68 and 71 % of genetic similarity 
percentage. Highly affect of Carbamazepine was 
detected under first dose. Second Carbamazepine dose 
has no influence as a result of Cytochrome P450 
4B1gene sequence for untreated and treated with second 
dose for tests sample. For 68, 83 and 73% of genetic 
similarity percentage were recorded between 
Cytochrome P450 4B1gene sequences which isolated 
form bone marrow (with different doses) and 
Cytochrome P450 4B1reference gene sequence. 
Interestingly, untreated bone marrow sample showed 
remarkable dissimilarity for Cytochrome P450 4B1 gene 
which turned to become a highly similarity for after first 
dose treatment (83%) and 73% after second dose 
treatment. This could be explained in the light of 
inverted Cytochrome P450 4B1 to its wild sequence 
after exposure to critical doses of Carbamazepine on 
distinguishable bone marrow sample. Our obtaining 
results for applying Cytochrome marker gene was in 
agreements with findings of Preissner et al., (2013). 
They indicated that, Differences in drug response can be 
attributed to variability in DNA sequences of specific 
genes which’s products are crucial for drug metabolism. 
For instance, SNPs in phase 1 enzymes, such as 
cytochrome P450 oxidases (CYPs). Clear variation of 
cytochrome P450 oxidases (CYPs) which we obtained 
was understood in the light of findings of composition of 
CYPs in humans varies considerably among individuals 
because of sex and age differences, the influence of diet, 
liver disease, presence of potential inducers and/or 
inhibitors. Because of such factors and CYP 

polymorphisms, and overlapping drug specificity, there 
is a large variability in the content and composition of 
P450 enzymes among individuals (Cederbaum, 2015). 
Distinguish differentiation of cytochrome-P450 (CYP) 
which cleared by our results were in agreements with 
findings of Mh et al., 2010. This cleared that genetic 
polymorphisms in CYP2C19 may be influencing S-CIT 
serum concentrations, and that specific CYP2D6 
polymorphisms may be predicting patient treatment 
outcomes based on gene dosage analyses. 

Cytological studies was employed to detect and 
evaluate genoticity effect of different antidepressant 
drugs (namely, Sertraline and Carbamazepine) on mice’s 
(Photograpg:3, 4 and 5). Cytological effect for 
Carbamazepine  and Sertraline  which cleared in 
Photograph (1,2, and3) could be concluded as follow, 
Robertsonian Centric Fusion (RCF), Ring Chromosome 
(RC), chromosomal aberrations for tests tissue treated 
with fourth Sertraline dose. Furthermore, Stickiness (S), 
chromatide deletion (CD), Ring Chromosome (RC) 
aberrations for bone marrow tissue treated with second 
Carbamazepine dose. Nevertheless, chromosomal 
aberrations for tests tissue treated with fourth Sertraline 
dose. More light was added to our findings by Yilmaz et 
al.,(2015). They determined In vitro genotoxic effects of 
trazodone and milnacipran (active antidepressant drugs) 
in human peripheral blood lymphocytes by using 
chromosomal aberrations (CAs), sister chromatid 
exchanges (SCEs), micronuclei (MN), and comet assays. 
Both of the active ingredients raised the MN frequency 
in a dose-dependent manner. Mitotic index was 
significantly decreased, but replication and nuclear 
division indices were not affected at all treatments. 
Trazodone was statistically increased the mean comet 
tail intensity, tail length, and tail moment at three 
concentrations (6.25; 12.50; and 25.00  μg/mL) 
compared with control. Two highest concentrations (50 
and 75  μg/mL) of trazodone were toxic in the comet 
assay. Milnacipran increased the comet tail intensity, tail 
length, and tail moment at all concentrations. It is 
concluded that trazodone and milnacipran have 
clastogenic, mutagenic, and cytotoxic effects on human 
lymphocytes in vitro. Our obtaining results was in 
agreements of Saxena R1,  Ahuja YR. (1988). They  
evaluatedwo tricyclic antidepressants, amitriptyline and 
imipramine for their in vitro cytogenetic 
effects. frequencies of chromosome aberrations and 
SCEs were significantly increased at concentrations 4 
and 40 times the plasma level (1,000 and 10,000 ng/ml) 
although the actual increases was small. The mitotic 
index was not affected at any concentration.  
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Figure 1. Cytochrome P450 4B1 gene sequence for tests 
tissue.  

Figure 2. Cytochrome P450 4B1 gene sequence for 
tests tissue treated with first Sertraline.  

Figure 3. Cytochrome P450 4B1 gene sequence for tests 
tissue treated with second Sertraline.  

Figure 4. Cytochrome P450 4B1 gene sequence for 
tests tissue treated with third Sertraline.  

Figure 5.  Cytochrome P450 4B1 gene sequence for tests 
tissue treated with fourth Sertraline.  

Figure 6. Cytochrome P450 4B1 gene sequence for 
tests tissue.  

Figure 7. Cytochrome P450 4B1 gene sequence for tests 
tissue treated with first Carbamazepine.  

Figure 8. Cytochrome P450 4B1 gene sequence for 
tests tissue treated with second Carbamazepine.  

Figure 9. Cytochrome P450 4B1 gene sequence for Bone 
marrow tissue.  

Figure 10. Cytochrome P450 4B1 gene sequence for 
Bone marrow tissue treated with first Sertraline.  

Figure 11. Cytochrome P450 4B1 gene sequence for 
Bone marrow tissue treated with second Sertraline.  

Figure 12. Cytochrome P450 4B1 gene sequence for 
Bone marrow tissue treated with third Sertraline.  

Figure 13. Cytochrome P450 4B1 gene sequence for 
Bone marrow tissue treated with fourth Sertraline.  

Figure 14. Cytochrome P450 4B1 gene sequence for 
Bone marrow tissue.  

Figure 15.  Cytochrome P450 4B1 gene sequence for 
Bone marrow tissue treated with first Carbamazepine.  

Figure 16. Cytochrome P450 4B1 gene sequence for 
Bone marrow tissue treated with second 
Carbamazepine.  

Photograph 1. shows  specific Cytochrome P450 4B1 gene with remarkable 660 bp and 246 bp respectively 

Table 1. illustrated genetic similarity among treated and untreated tests and bone marrow Cytochrome P450 
4B1gene equences 
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Photograph 3. Robertsonian Centric Fusion (RCF), Ring Chromosome (RC), chromoromal                                    
aberrations for tests tisuue treated with fourth Sertraline dose 
 

 
Photograph 4. Stickiness (S),chromatide deletion (CD), Ring chromosome (RC) aberrations for bone marrow 
tissue treated with second carbamzepine dose 
 

 
Photograph 5. Eroded surface chromosomal aberrations for tests tissue treated with fourth Sertra1ine dose  

Through imipramine showed a significant increase in 
chromosome damage at the upper plasma level and at 
concentrations higher than that, SCE frequency was 
significantly increased only at concentration higher than 
the plasma level (5,000 ng/ml), the actual increase being 
small for both these parameters. Our cytological data 
were supported by Madrigal-Bujaidaret  al., (2010). 
 They determined Imipramine (IMI) and desipramine 

(DES) (two drugs widely used for the treatment of 
depression) capacity to induce chromosomal aberrations 
in mouse bone marrow cells. significant increase in 
chromosome damage with the doses tested for each 
compound: 7, 20, and 60 mg/kg in the case of IMI, and 
2, 20, and 60 mg/kg as regards DES. This last drug 
induced stronger chromosomal damage than IMI. 
Moreover, micronuclei Induction and sister chromatid 
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exchanges were appeared and suggest caution with 
respect to their use in long-term treatments. 

Distinguishable affection of Sertraline and 
Carbamazepine was clear in the light of presented data 
of Xia (1999)and Slamon et al.,(2001). They indicated 
that antidepressants genotoxic may be related with their 
potential to increase the number of reactive oxygen 
species. 
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