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ABSTRACT  
 

The purpose of the present study is to investigate the effect of immobilization stress on 
chromosomes of albino rat and the ameliorative role of diazepam. The animals were divided into the 
following 8 groups; 5 animals/each; group 1: Served as control group which received no treatment. 
Group 2: Included rats that daily intraperitoneal (i.p.) injected with 0.1mg/kg diazepam for 30 days. 
Group 3: The animals daily stressed for 5 days. Group 4:  stressed- rats for 5 days and daily treated 
with 0.1mg/kg diazepam for 30 days. Group 5: The animals daily stressed for 15 days. Group 6: 
stressed- rats for 15 days and daily treated with 0.1mg/kg diazepam for 30 days. Group 7: The animals 
daily stressed for 30 days. Group 8: stressed- rats for 30 days and daily treated with 0.1mg/kg 
diazepam for 30 days. Various chromosomal aberrations were observed in the bone marrow cells of 
stressed-rats, these were of the structural and numerical types that were identified and quantitated 
relative to control. Structural aberrations included fragment, deletion, ring, end to end association, 
break, gap and dicentric. The numerical aberrations appeared as polyploidy. The frequency of total 
chromosomal aberration was high significantly increased after stress. The percentages of aberrant 
chromosomes in the groups of rats treated with diazepam for 30 days after stress were decreased 
compared to stressed ones. In conclusion, the immobilization stress may be responsible for certain 
genetic alterations of albino rats and the diazepam with therapeutic dose could improve these changes. 
For this reason, stress must be avoided and the present findings support the possible amelioration role 
of diazepam.  
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Introduction 

 
The success or failure of any organism must be, in part, a function of the genotype of the 

individual. Through meiosis, the genotype is transmitted from parent to offspring; in mitosis, from 
mother cell to daughter cells within an individual (Chrisman, 1980). Many studies investigated how 
chromosomal aberrations resulted from environmental stress. 

Davis (2004) reported that the stressed women have the shorted telomeres, a piece of DNA 
called a telomere caps the ends of each chromosome, protecting those ends and promoting genetic 
stability. Each time a cell divides, the telomeres shorten so that daughter cells have slightly shorter 
telomeres than their parents. But in young people, an enzyme called telomerase corrects the process, 
regenerating the ends. However, in older people the telomeres shorten significantly and eventually 
their replication stops all together. Also mutagenicity during the meiotic and post-meiotic stages of 
spermatogenesis following various periods of heat stress (Eki et al., 1987).  

Rats subjected to swim stress showed within 24 hours significant increases in both the level of 
chromosome aberrations and sister chromatid exchanges (SCEs) in bone marrow cells (Fischman et 
al., 1996; vaido et al., 2000; John, 2007). Cells from the stressed population were more sensitive to 
the induction of DNA damage and had higher level of residual damage. Therefore, stress conditions 
may cause the affected individuals to be susceptible to environmental mutagenic agents (Dimitroglou 
et al., 2003). 

http://www.newscientist.com/search?rbauthors=Katharine+Davis
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vaido%20AI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dimitroglou%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dimitroglou%20E%22%5BAuthor%5D
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The chromosome aberration rate was studied in bone marrow cells of mice before and after 
emotional stress. After "the opened field" experiment, the chromosome aberration rate of mice was 
increased. The mutagenic effect was prevented by phenazepam (Seredenin et al., 1980). The effect of 
short-term emotional and algesic stress on chromosomal aberration rate in bone marrow cells was 
studied in four lines of rats selected for excitability of the nervous system. The exposure induced an 
increase in chromosomal aberration rate only in highly excitable animals; the effect was classified as a 
low mutagenic (Diuzhiova et al., 1996). Furthermore, oxidative stress in cultured cerebral endothelial 
cells induces chromosomal aberrations, micronuclei and apoptosis (Bresgen et al., 2003). 

Fischman and Kelly (1999) examined genotoxic effects of prolonged periods of stress and the 
relationship between psychogenic stress and chemical mutagens. Increased levels of both sister 
chromatid exchanges and chromosome aberrations were observed in male rats subjected to white 
noise of either 72 or 240 hrs duration demonstrating that damage occurs during chronic stress. 
 
Materials and Methods 
 
The Animals:- 
 

In the present study, 40 adult male albino rats weighing 100±5 g were used in the present 
investigation and were supplied from Experimental Animal Unit, Helwan, Egypt. Rats were housed in 
standard laboratory cages, containing diet & water. 

They were acclimatized for 10 days before used and maintained under the same laboratory 
conditions of temperature and natural dark- light cycle. Food and tap water were freely available to 
the animals throughout the experiment. 

 
Immobilization Stress:- 
 

Rats were exposed to stress for 2hrs daily between 10:00 and 12:00 a.m. The animals were 
placed in wire mesh restrainers (5x7x12 cm in dimension) individually as described by McEwen & 
Sapolsky (1995) and Soliman (2006) to procedure effectively restricted movement (Immobilization 
Stress). 
 
Treatment:- 
 

Stressed animals were injected intraperitoneally at a therapeutic dose of 0.1mg/kg b.w of 
diazepam (Ghosh, 1971; Harvey, 1985). This drug received from Amoun Pharmaceutical Industries 
Co. Cairo, Egypt. 

 
Experimental Design:- 
 

The rats were divided into the following 8 groups; 5 rats/each:- 
Group 1: Served as control group which received no treatment. 
Group 2: Included rats that daily intraperitoneal (i.p.) injected with 0.1mg/kg b.w diazepam for 30 

days. 
Group 3: The rats daily stressed for 5 days.  
Group4: Stresse drats for 5days and daily treated with 0.1mg/kgb.w diazepam for 30 days.                                                                               
Group 5:  The rats daily stressed for 15 days.  
Group 6: Stressed- rats for 15 days and daily treated with 0.1mg/kg b.w diazepam for 30 days.  
Group 7:  The rats daily stressed for 30 days. 
Group 8: Stressed- rats for 30 days and daily treated with 0.1mg/kg b.w diazepam for 30 days.  

 
Five rats were studied the abnormalities in metaphase state of chromosomes. Metaphase 

spreads were prepared according to Ford and Hamerton (1956). 
Each animal was weighted and injected with colchicines (0.5%) in volume of 0.3 ml /100g 

body weight two hours later. Then, injected rats were sacrificed and the bone marrow cells from 
femur bone were flushed in a graduated test tube containing (5ml) saline solution .The suspension was 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Seredenin%20SB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Diuzhiova%20NA%22%5BAuthor%5D
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then resuspended in hypotonic solution 0.56% of KCl at 37˚C for 20 min. After centrifugation of the 
incubated mixture. Then cells were fixed with Clark’s fixative (methanol: glacial acetic acid 3:1) for 
10 min, then centrifuge again, and the supernatant was discarded and 1 ml of fixed flushed with pellet 
of cells was left, and then spread on clean glass slides. After air-drying, the slides were stained with 
Giemsa solution for 12-15 min. For each rat, 50 metaphase were microscopically examined randomly 
using X 1000 oil immersion objective lenses. The results were statistically analyzed using t- test. 
 
Results 
 

Various chromosomal aberrations were observed in the bone marrow cells of male stressed rats, 
these were of the structural and numerical types that were identified and quantitated relative to 
control. The rats which treated with diazepam only for 30 days exhibited no changes in the 
chromosome aberration.  

Structural aberrations included fragment, delations, ring, end to end association, break, gap, 
dicentric, sticky (Fig. 2).The numerical aberrations appeared as polyploidy (Fig. 1). The frequency of 
total chromosomal aberration was high significantly increased after stress for 5 and 30 days (9.3±3.1, 
9.7±2.9) respectively when compared with control (0.56±0.2) while stress for 15 days induced 
chromosome aberration but non significant (6.1±3.08). The percentage of aberrant chromosomes in 
the groups of rats - treated with diazepam for 30 days after stress for 5, 15 and 30 days reached (2.6 ± 
1.2, 1.9 ± 0.7 and 1.8 ± 0.7) were decreased from the group of rat that stressed for 5,15 and 30 
respectively days. 

 

Table 2: Number and percentage of aberrant metaphases in rat bone marrow cells induced after stress 
and treatment with diazepam. 

 
Average 

no. of 
aberration 

± S.E 

Total 
numbers of 

abnormalities 

Numerical 
aberration 

 
 
 

Structural Aberration 

Abnormal 
cells 

Number 
of 
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polyploidy Sticky DI G B END TR F D 
0.56±0.2 5 0 2 1 0 1 0 0 0 1 5 100 Control 
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D: Deletion     F: Fragment      R: Ring      END T: End to end      

 
B: Break G: Gap DI: Dicenteric 

*(P<0.05) Significant – ** (p <0.01) High significant  
Non significant (p ≥0.05) 



Curr. Sci. Int., 6(4): 900-907, 2017 
ISSN: 2077-4435 

903 

 
Fig. 2: The number and percentage of aberrant metaphases in rat bone marrow cells induced after 

stress and treatment with diazepam. 
Abnormal cells : (A.C.)                  Delation: (D) Fragment : (F)                      Ring : (R) 

 
End to end   :    (E) 

Break  :  (B)   Gap   :  (G) 
                       

Dicentric  :  (DI) Sticky  : (S) Polyploidy: (P) 

                           Total numbers of abnormalities  :    (T.N.) 
 

 
 

Fig. 1: Metaphase figures of chromosomal aberration of 
bone marrow cells showing: (a) control; (b-f) 
chromosomal aberration: delation (D); break (B); end to 
end (E); ring (R) ; sticky (S); dicentric (DI); fragment 
(F).                                       Bar = 65 μm 

Fig. 2: Metaphase figures of chromosomal aberration of 
bone marrow cells showing: fragment (F); break (B); end to 
end (E); ring (R); dicentric (DI). Bar = 65 μm 
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Fig (3): Metaphase figures of chromosomal aberration of bone marrow cells showing: break (B); gap (G); ring 
(R); sticky (S) and (f): numerical aberration as polyploidy. 
Bar = 65 μm 

 

Discussion 
 

Stress is a defense mechanism of an organism and is directly related to homeostasis, which is 
the equilibrium state of the multitude of organism systems, both among each other and with the 
environment. Stress is a major cause of cellular instability; it is directly related to its loss homeostasis. 
Timmer (2007) found chronic stress and anxiety causing changes in gene expression. Immobilization 
stress increased the spontaneous rate of chromosomal aberrations in nucleus-containing bone marrow 
cells in experimental animals. Additionally, Adam (2010) assessed the changes caused by stress on 
the genetic material of Rattus norvegicus. A total of 10 males were studied by being submitted to 
continuous stress from photoperiod, temperature and noise for 26 days. The results given that stress is 
a major cause of cellular instability; it is directly related to its loss homeostasis  . 

In accordance, the present study demonstrated various chromosomal aberrations as structural 
aberrations included fragment, deletions, ring, end to end association, break, gap and dicentric were 
observed in the bone marrow cells of male stressed rats. The frequency of total chromosomal 
aberration was high significantly increased after stress for 5 and 30 days. Stress for 15 days induced 
chromosome aberration but non significant. The percentage of aberrant chromosomes was decreased 
in the groups of rat treated with DZ for 30 days after stress for 5, 15 and 30 days. These results agreed 
also with many authors who reported that various stress showed significant increases in the level of 
chromosomal aberrations in bone marrow cells (vaido, 2000; Bresgen et al., 2003) and chromosomal 
fragmentation (Hori et al., 1984.( 

Moreover, it is previously established that the acute psychogenic stress in rats induces genetic 
damage on both the chromosomal and molecular levels (Fischman et al., 1996).  Rats subjected to 
stress showed increases in both the level of sister chromatid exchanges (SCEs) and CAs (CAs) in 
bone marrow cells.  The increases, to differing degrees, in SCEs and CAs induced by the exposure of 
rats to a variety of stressors, such as cold and warm water swim, white noise, and continuous or 
intermittent foot-shock, demonstrated that this is a general phenomenon of stress.  These stressors 
differed from each other both quantitatively and qualitatively.  The varying experimental paradigms 
followed, demonstrated that such damage can occur in as short a time as 2 hrs, and endure for at least 
25 hrs following exposure to stress.  Furthermore, the detection of stress-induced damage by means of 
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unscheduled DNA synthesis extended these observations to the molecular level and to yet another cell 
type, leucocytes (Fischman et al., 1996). 

Diuzhiova  et al. (1996) studied the effect of short-term emotional stress on chromosomal 
aberration rate in bone marrow cells in four lines of rats selected for excitability of the nervous 
system. The exposure induced an increase in chromosomal aberration rate only in highly excitable 
animals; the effect was classified as a low mutagenic. 

Holden (2004) concluded that the harried mothers of chronically ill children showed more 
cellular aging, as evidenced by shortened chromosomal tips, than do mothers of healthy children. 
Moreover, rats subjected to swim stress showed within 24 hours significant increases in both the level 
of CAs and sister chromatid exchanges in bone marrow cells. The generality of cytogenetic damage 
by behavioral stressors was demonstrated by exposing rats to both cold-and warm-water forced 
swims, to white noise, and to continuous or intermittent inescapable foot shock stress. The induction 
of CAs and sister chromatid exchanges, to differing degrees, by stressors that differ both 
quantitatively and qualitatively, demonstrated that this was a general phenomenon of stress. The use 
of an additional measure, unscheduled DNA Synthesis showed that stress-induced genotoxic damage 
can occur in a second cell type and on a molecular as well as chromosomal level. These results 
indicated that there may be a cellular genetic basis for some of the effects of stress (Fischman et al., 
1996).  

Forty five women from Chapaevsk town (three groups of 14–16 persons aged 20–40 yr) were 
tested to detect emotional stress (Dumas et al., 2000). Results showed emotional stress led to 
chromosome aberration induction (Dumas et al., 2000; Ingel et al., 2001 Ingel and Prikhozhan, 2002). 
The effect of stress on the recombination frequencies at the 1st and 2nd chromosomes of male mice 
was shown earlier. The stress effects on the behaviour of meiotic chromosomes. Acute immobilizing 
stress of male mice at different periods, prior to killing showed significantly increases the frequency 
of X-Y and autosomal univalents in metaphase 1 and aneuploidy in metaphase 2. The most sensitive 
to the stress was the late interphase - early leptotene cells (Gorlov and Borodin, 1986). 

The effects of chronic psychogenic stress on the expression of DNA damage and cellular 
response to the damage were investigated. The stressed- population was more sensitive to the 
induction of DNA damage and had higher level of residual damage. Therefore, stress conditions may 
cause the affected individuals to be susceptible to environmental mutagenic agents (Dimitroglou et 
al., 2003). The effect of the seasonal variability of environmental air pollutants on cytogenetic 
biomarkers including the genomic frequency of translocation and the percentage of aberrant cells or 
the number of acentric fragments (Rossner et al., 2010). Additionally, stress may increase DNA repair 
indirectly by increasing damage to DNA. (Forlenza et al., 2000). Also, heat stress (42 °C for 30 min) 
on numbers of spermatozoa as well as on the integrity of their DNA can compromise the DNA 
integrity of spermatozoa (Banks et al., 2005). 

Acute physiological stress induces remarkable effects on the nervous, endocrine, and immune 
systems and also on cellular metabolism and cell division processes. Stress-induced instability of 
cellular mechanisms might play an important role in increasing cell division disorders, a relationship 
between stress and micronucleus induction in mouse bone marrow cells. The results revealed a 
significantly greater increase in micronucleus in bone marrow cells (polychromatic erythrocytes) from 
the stressed mice. The data indicated the ability of exposure to an emotional stressor to enhance the 
damaging actions on bone marrow cells of an aneugenic agent  (Malvandi et al., 2010). 

The chromosome aberration rate was studied in bone marrow cells of mice before and after 
emotional stress. After "the opened field" experiment, the chromosome aberration rate mice were 
increased. The mutagenic effect was prevented by phenazepam (Seredenin et al., 1980). Long-term 
psychoemotional stress caused mutation inductor and mutagenesis modifier in mammals such 
chromosomal aberration and DNA damags (Ingel, 1993). 

DZ treatment to stressed – rats in the present study demonstrated recovery and improved 
chromosome aberrations. Similarly, many authors reported DZ caused absence of effects on the 
chromosomes of diploid human fibroblast cells. The DZ treated cultures showed an incidence of 
chromosomal aberrations and percentages of aberrant cells that did not differ from the values obtained 
in untreated control cultures (Staiger, 1969; Schmid and Staiger, 1969). Furthermore, human 
lymphocytes were exposed in vitro to various concentrations of the psychotherapeutic agent 
diazepam. There was no evidence for a damaging effect of diazepam on the lymphoblast 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Diuzhiova%20NA%22%5BAuthor%5D
http://www.sciencemag.org/search?author1=Constance+Holden&sortspec=date&submit=Submit
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Fischman%2C+Harlow+K.%29
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gorlov%20IP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Borodin%20PM%22%5BAuthor%5D
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Malvandi%2C+Amir+Mohammad%29
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Seredenin%20SB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schmid%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Staiger%20GR%22%5BAuthor%5D
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chromosomes at any concentration or exposure time studied (Staiger, 1970). Moreover, that no 
genetic damage as measured by chromosomal analysis was detected following a single therapeutic 
dose of DZ. 
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