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Rabies remains an important public health problem in the world due to uncontrolled enzootic rabies, 
lack of safe efficient vaccines and poor information on the risk of contracting rabies post animal 
exposure. The lethality and mutagenic potential of challenge virus standard (CVS) was evaluated in 
mice. Mice were intracerebrally infected (MIC) with low, medium and high viral LD50 (MICLD50). Mice were 
subjected to immunomodulation using interferon (IFN�-2a) pre- infection. The infected groups 
pretreated with IFN-� 2a showed a higher survival rate than the infected group. Statistically significant 
increase in structural and numerical chromosomal aberrations and a decreased mitotic activity of mice 
bone marrow cells was observed post infection. Pretreatment of the infected groups with IFN �-2a 
showed a marked and significant reduction of these cytogenetic changes. The increased survival rate 
and reduced cytogenetic changes suggest that protection induced by interferon against rabies virus 
activity could be, at least partially, attributable to blockage of the replication of CVS strain of rabies 
virus. It could be concluded that interferon can be used as an immune enhancer to the application of 
vaccine administration. 
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INTRODUCTION 
 
Rabies is a zoonotic disease caused by RNA virus from 
family Rhabdoviridae, genus Lyssavirus (Manning et al., 
2008; Faber et al., 2009; Ogawa et al., 2009). Most 
human  deaths  from  rabies  occur  in  tropical  resource 
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Abbreviations: RV, Rabies virus; IFN, interferon; CA, chro-
mosomal aberrations; CVS, challenge virus standard; HrIFN-
�2a, Human Interferon alpha-2a; I/P, intraperitoneally; CP, 
cyclophosphamide; FCS, fetal calf serum; PCEs, polychromatic 
erythrocytes; NCEs, normochromatic erythrocytes; MN, 
micronuclei;  DPI, day post infection; PCE%, polychromatic 
erythrocytes percentage; MNPCEs‰, micronucleated poly-
chromatic erythrocytes per thousand; MNNCEs ‰, micronuclei 
in normochromatic erythrocytes per thousand.    

limited countries (Warrell and Warrell, 1991). In Africa 
and Asia, an estimated 24,000 to 70,000 people die of 
rabies each year (Knobel et al., 2005). The domestic dog 
is the main source of exposure and a primary vector for 
human rabies (Wandeler et al., 1993). The transmission 
of rabies virus occurs mainly by contact with the saliva of 
a rabid animal. Dogs, cats, foxes, bats, raccoons, skunks, 
coyotes, monkeys and wolves are among the most risky 
animals that can transmit rabies (Hendekli, 2005). The 
most common site of rabies virus (RV) entry in humans is 
the skin or mucous membrane, where the virus is 
delivered into the muscle and subcutaneous tissue 
through biting, licking or scratching by an RV-infected 
animal (Warrell, 2004). The fact that viruses can act as 
mutagens was first reported by Alikhanian and Iijina 
(1958) in their work on the induction of mutation in 
actinomycetes by phages. The exact mechanism of viral 
mutagenesis   is   not   well  known.  Viruses  may  attack 
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chromosomes directly or cause activation of lysosomal 
enzymes including DNAse and cathepsin. Light induced 
selective activation of lysosomal enzymes produces 
increased chromosomal breakage, either directly or by 
destroying the proteins associated with the chromosomes 
(Allison and Panton, 1965). This mechanism has not yet 
been proved, but may be true for certain viral pathogens. 
Rabies virus was found to induce apoptotic changes in 
brain neurons (Jackson, 1999; Baloul and Lafon, 2003; 
Suja et al., 2009). It is known that mice, hamsters, or 
rabbits infected with rabies virus can be protected from 
the disease by administering interferon or inducing inter-
feron by polyriboinosinic polyribocytidylic acid in the 
animals around the time of infection (Janis and Habel, 
1972). The present study is an attempt to investigate the 
mutagenic potential of rabies virus infection in mice and 
the possible inhibitory effect of interferon (IFN) on this 
viral activity as well as its clastogenic effects. 
 
 
MATERIALS AND METHODS 
 
Animals 
 
Adult male Swiss albino mice aged from 3 to 5 months and 
weighing 20 - 25 gm were purchased from Research Institute of 
Ophthalmology (Giza, Egypt), housed in specially designed cages 
and kept in the laboratory under the normal light-dark rhythm, food 
and water supplement for at least one week before starting the 
experiment.  All experiments were performed in accordance with 
the Egyptian Animal Protection Law and were approved by the 
Animal Research Ethics.  
 
 
Rabies virus 
 
The challenge virus standard (CVS) strain of fixed rabies virus was 
used in three different concentrations of the virus titer. The CVS 
strain was kindly supplied by Dr. Aly Fahmy Mohamed (Rab. Vac. 
Res. unit, VACSERA, Egypt). Mice were intracerebrally infected 
with viral lethal dose fifty (MICLD50) calculated according to the 
method of “Reed and Muench, 1938”. Low, intermediate and high of 
CVS concentration contained 1 MICLD50, 10 MICLD50, 100 
MICLD50, respectively. 
 
 
Interferon 
 
Human Interferon alpha- 2a (HrIFN-� 2a) ( Hoffmann-La Roche, 
USA) was subcutaneously injected in mice 24 h pre viral infection 
with the three different concentrations of the  CVS in a single dose 
equal to 300 IU/0.5 ml of MEM-E medium. 
 
 
Animal groups 
 
Mice were divided into 9 groups of 10 mice each. Group 1 served 
as vehicle control group in which mice were intracerebrally 
inoculated with medium free of Hr-IFN�-2a (0.03 ml /mouse). Group 
2 were subcutaneously injected with 300 IU/0.5 ml of Hr-IFN�-2a 
contained in 0.5 ml of medium /mouse. Groups 3, 4 and 5 were 
inoculated 300 IU/0.5 ml of Hr-IFN�-2a in MEM-E medium 24 h pre- 
CVS intracerebral inoculation as low, medium and high concen-
trastion; 1, 10   and  100  MICLD50,  respectively. Group 6,  7  and  8 

 
 
 
 
were inoculated with the low, medium and high dose of CVS as 
positive control for the CVS-IFN treated groups. Group 9 were given 
a single intraperitoneally (I/P) injection of cyclophosphamide (CP) 
as a mutagenic agent obtained in form of water soluble comer-cial 
Endoxan (Asta, Germany), used as 40 mg/kg mouse body weight. 
CP was used as a mutagenic agent (Ramesh and Pramod, 2003).    
 
 
Chromosomal preparations 
 
Bone marrow preparations for the analysis of chromosomal 
aberrations in metaphase cells were carried out on day 5 post viral 
infection according to Yosida and Amans (1965). In brief, mice were 
injected intraperitonealy with 0.04% colchicines purchased from 
Sigma-Aldrich (Buchs SG, Switzerland). After 120 min they were 
sacrificed by cervical dislocation. Bone marrow cells were collected 
in saline solution and then transferred to hypotonic solution (0.075 
M KCL) for 20 min at 37°C and then fixed with cold fixative (3 part 
methanol to 1 part glacial acetic acid). Chromosomes were stained 
with Giemsa. Fifty metaphase cells were scored per mouse to 
determine the mean numbers of total chromosomal aberrations. 
 
 
Mitotic index 
 
For each mouse, 1000 cells were counted and the number of 
dividing cells including late prophases and metaphases were 
determined, the mitotic index was computed as the ratio of the 
dividing cells to the total examined cells multiplied by 100.  
 
 
Micronucleus assay 
 
Bone marrow smears were prepared according to the method of 
Salamone and Heddle (1983) with slight modifications. In brief, the 
proximal ends of the femur were carefully cut and the marrow was 
pushed directly onto the slide and mixed with a drop of fetal calf 
serum (FCS) found previously on the same slide and then the cells 
dispersed with the edge of a second clean slide which is 
subsequently used to spread the smear. Slides were normally air-
dried and fixed for 2 - 5 min in absolute methanol. Slides were 
stained with May-Gruenwald/Giemsa solution for 20 min and then 
mounted with DPX. The relative proportions of the polychromatic 
erythrocytes (PCEs) and the normochromatic erythrocytes (NCEs) 
observed at each 100 erythrocytes was counted until the total 
reached 1000. The micronuclei (MN) were recognized as deep 
purple stained bodies in the cytoplasm.  
 
 
Statistical analysis 
 
Statistical analysis of cytogenetic data was carried out   by using 
one way analysis of variance (ANOVA) followed by Post hoc test 
(LSD) using the Statistical Package for the Social Sciences (SPSS) 
version 10.  Histograms of cytogenetic data were drawn using Excel 
2003 (Microsoft, USA). Survival rate curves were drawn using 
Sigma Plot 2001 (SPSS, USA).  
 
 
RESULTS  
 
Post infection with the three concentrations of CVS 
showed some characteristic morphological changes in 
mice within 14 day in the form of ruffling of hair, tremors, 
in coordination, paralysis of hind and fore limbs and 
finally death. These symptoms were more pronounced on  
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Figure 1. Survival percentage after different treatments. A: % Survival post infection with low CVS  concentration (1 MICLD50) alone 
or combined with IFN�-2a. B: % Survival post infection with intermediate CVS concentration (10 MICLD50 ) alone or combined with 
IFN�-2a. C: % Survival post infection with high CVS concentration (100 MICLD50 ) alone or combined with IFN�-2a. 

 
 
 
8, 7 and 6 day post infection (DPI) for low, intermediate 
and high concentrations of CVS, respectively.  �� 

Treatment of mice with single subcutaneously injection 
of IFN�-2a, 24 h before infection with the three concen-
trations of CVS  delayed the onset of specific rabies signs 
but could not prevent them.  

Figures 1a, 1b and 1c represented the percentage of 
mice survival post CVS infection with the three concen-
trations either pretreated with IFN�-2a or not, 100% 
mortality  in non IFN treated infected mice was recorded 
on 11th, 10th and 9th DPI corresponding to  low, interme-
diate and high concentrations of CVS, respectively. While 
mortality rates of infected mice pretreated with IFN�-2a 
were 90, 100 and 100% on 14th, 13th and 12th DPI for low, 
intermediate and high concentrations of CVS, respectively.  
 
 
Induction of chromosomal aberrations  
 
Structural chromosomal aberrations observed in the 
present study were in the form of chromatid breakage, 
deletions, breaks, fragments, gaps, rings, centric fusions, 
end to end associations and centromeric attenuations. A 
cell was considered centromerically attenuated when it 
contains at least three chromosomes with centromeric 
spilt. While numerical chromosomal aberrations observed 
were in the form of endomitosis and polyploidy (Figure 2). 

The data obtained in the present study revealed that 
subcutaneous administration of IFN�-2a alone to normal 
mice induced a non significant increase in the mean 
numbers of all observed types of structural and numerical 
chromosomal aberrations versus that of vehicle control 
group. 

Conversely, the results of positive control group intra-
peritonealy injected with CP induced a sharp and marked 
significant elevation in mean numbers of all observed 
types of structural CAs (P < 0.001) and a non significant 
increase in mean numbers of numerical CAs compared to 
the vehicle control group (Table 1).  

A highly  significant  increase post infection with low 
concentration of CVS was recorded in the mean numbers  
of chromatid breaks, centric fusions, end to end asso-
ciations and total structural CAs (P < 0.001) and in that of 
rings (P < 0.01) versus the  vehicle control group while, 
there were a non-significant increase in the mean number 
of deletions, fragments, gaps, centromeric attenuations, 
endomitosis, polyploidy and total numerical chromosomal 
aberrations versus the vehicle control group (Figure 3).  

In addition, administration of IFN�-2a 24 h before viral 
infection induced a marked and significant decrease in 
the mean numbers of rings and total structural CAs (P < 
0.01) and in that of end to end associations (P < 0.001), 
which showed a non-significant decrease in other types 
of structural CAs when compared to the infected group 
with low concentration of CVS alone. Moreover, IFN�-2a 
and low CVS concentration  treated group recorded a 
highly and significant increase (p < 0.01) in the mean 
numbers of total structural CAs versus that of treated 
group with IFN�-2a  alone  and the vehicle control group.   

There was a highly  significant  increase post infection 
with intermediate concentration of CVS in the mean 
numbers  of chromatid breaks, centric fusions, rings,  end 
to end associations, fragments,   total structural and total 
numerical (endomitosis) CAs ( P < 0.001) and in that of 
gaps, centromeric attenuations and deletions (P < 0.01) 
versus  vehicle control group. On the other hand, admini- 
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Figure 2. A photomicrograph of metaphase spreading from mouse bone marrow showing A = ring 
chromosome (r) and gap (g); B = chromatid break (b), terminal deletion (d) and fragmented chromosome 
(f); C = end to end association (arrow); D = centric fusion (arrow);  E = centromeric attenuation; F = 
endomitosis; G = polyploidy. 

 
 
 
stration of IFN�-2a 24 h pre infection with intermediate 
concentration of CVS induced a marked and significant 
decrease in the mean numbers of chromatid breaks, 
centric fusions, rings, and total structural CAs (P < 0.01) 
and in that of end to end associations, fragments, and 
total numerical (endomitosis) CAs (P < 0.001) when com-
pared to low concentration of CVS alone infected group. 
Moreover, pretreatment with IFN�-2a, the low concen-
tration of CVS infected group induced a highly and signifi-
cant increase in the mean numbers of total structural CAs 
(P < 0.01) and (P < 0.001) versus that  of  IFN�-2a  group 

and the vehicle  control group,  respectively (Table 1 and 
Figure 3).  

Infection of mice with a high concentration of CVS 
showed a highly significant increase in the mean numbers 
of gaps, centromeric attenuations and deletions (P < 
0.01), chromatid breaks, centric fusions, rings, end to end 
associations, fragments, total structural and total 
numerical (endomitosis) CAs (P < 0.001) post infection 
with high concentration of CVS versus the vehicle control 
group (Table 1 and Figure 2). On the opposite site, 
administration of  IF N�-2a 24 h  pre  infection  with  high  
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Table 1. Chromosomal aberrations induced in mice bone marrow cells post infected with rabies virus.          
                                                        

Types of  chromosomal 
aberrations Dose Vehicle 

control IFN�-2a MICLD50 
IFN�-2a + 
MICLD50 

Positive  
control (CP) 

L 0.2±0.447 0.2±0.447 0.6±0.548 0.4±0.548 1.2±0.83a* 

M 0.2±0.447 0.2±0.447 1±0.707a* 0.4±0.548 1.2±0.83a* Chromatid gaps 
H 0.2±0.447 0.2±0.447 1±0.707a* 0.4±0.548 1.2±0.83a* 

L 0.2±0.447 0.4±0.548 1.8±0.837a** 1.2±0.447 1.6±1.140a** 
M 0.2±0.447 0.4±0.548 2.2±0.448a** 1±0.707c* 1.6±1.140a** Chromatid break 
H 0.2±0.447 0.4±0.548 3±1.225a** 2.2±1.304a**b** 1.6±1.140a** 
L 0.2±0.447 0.4±0.548 1.2±0.837a** 0.6±0.548 5.4±0.894 a** 

M 0.2±0.447 0.4±0.548 1.6±0.894 a** 0.6±0.548 c* 5.4±0.894 a** Centromeric fusions 
H 0.2±0.447 0.4±0.548 3.6±1.140a** 1±0.707c** 5.4±0.894 a** 

L 0.4±0.548 0.8±0.837 1±0.707 0.8±0.447 1±0.707 
M 0.4±0.548 0.8±0.837 1.4±0.548 a* 0.6±0.548 1±0.707 Centromeric attenuation 
H 0.4±0.548 0.8±0.837 1.4±0.548a* 1.2±0.447 1±0.707 
L 0 0.2±0.447 1.4±0.548a* 0.2±0.447c* 3.8±0.837 a** 

M 0 0.2±0.447 1.6±0.548 a** 0.6±0.548c* 3.8±0.837 a** Ring chromosome 
H 0 0.2±0.447 1.8±0.837a** 1±0.707a*b*c* 3.8±0.837 a** 

L 0 0 1.2±0.447a** 0.2±0.447 c ** 0.6±0.548 a* 

M 0 0 1.6±0.548 a** 0.4±0.548c** 0.6±0.548 a* End to end association 
H 0 0 2±0.707a** 1.4±0.548a**b*c* 0.6±0.548 a* 

L 0 0 0.2±0.447 0.2±0.447 0.6±0.548a* 

M 0 0 0.8±0.448 a* 0.2±0.447 0.6±0.548a* Deletions 
H 0 0 0.8±0.837a* 1±0.707a*b* 0.6±0.548a* 

L 0 0 0.4±0.548 0 1.6±0.548a** 

M 0 0 1.6±0.894 a** 0c** 1.6±0.548a** Fragments 
H 0 0 1.6±1.140a** 0.6±0.548c* 1.6±0.548a** 

L 0 0.4±0.548 0.4±0.548 0.4±0.548 0.8±0.837 
M 0 0.4±0.548 1.4±1.140 a** 0.4±0.548c** 0.8±0.837 Endomitosis 
H 0 0.4±0.548 1.8±0.837a** 1±0.707a* 0.8±0.837 
L 0 0 0 0 0.2±0.447 
M 0 0 0.4±0.548 0.2±0.447 0.2±0.447 Polyploidy 
H 0 0 0.4±0.548 0.4±0.548 0.2±0.447 
L 0 0.4±0.548 0.4±0.548 0.4±0.548 1±1.225 
M 0 0.4±0.548 1.8±1.304 a** 0.6±0.894c** 1±1.225 Total numerical aberrations 
H 0 0.4±0.548 2.2±1.096a** 1.4±0.548a**b* 1±1.225 

 

Data were expressed as Mean ± Standard Deviation (M±SD) values of number of each aberration/250  metaphase/group;  number of 
animals = 5 mice/each group; number of examined metaphases = 50 cell / mouse. 
 CP = cyclophosphamide; a = significant change at P < 0.05 with respect to vehicle control group; b = significant change at P < 0.05 with 
respect to IFN�-2a group; c = significant change at P < 0.05 with respect to CVS concentration infected  group; * = statistically significant at 
P < 0.01; ** = statistically significant at P < 0.001. 
MICLD50 = mice intracerebrally infected with viral lethal dose fifty;  L = low dose (1   MICLD50);  M = intermediate dose (10   MICLD50 ); H = 
high dose (100   MICLD50). 

 
 
 
concentration of CVS induced a marked and significant 
decrease in the mean numbers of induced rings, end to 
end associations and fragments (P < 0.01) and in that of 
centric fusion and total structural CAs (P < 0.001) while a 
non-significant decrease in total numerical CAs (P > 0.05) 
was clearly observed when compared with high 
concentration of CVS infected group. Moreover, 

combined treatment of IFN�-2a with high concentration of 
CVS infected group induced a highly and significant 
increase (P < 0.01) in the mean numbers of break, rings, 
end to end associations, deletions, total structural CAs 
and total numerical CAs (endomitosis) versus that of 
IFN�-2a group and  the vehicle control group (Table 1 
and Figure 3).  
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Figure 3. Total structural chromosomal aberrations induced in mice bone marrow cells post 
infected with rabies virus alone or combined with IFN�-2a. Low CVS concentration = 1 MICLD50; 
intermediate CVS concentration = 10 MICLD50; high CVS concentration = 100 MICLD50.  

 
 
 
Changes induced in mitotic index due to rabies 
infection 
 
A non significant decrease (P > 0.05) in percentage of MI 
(2.40%) was recorded in normal mice S/C inoculated with 
IFN�-2a versus that of the vehicle control group (2.60%). 
On the other hand, a very highly significant decrease (P < 
0.001) was observed in percentage of MI (1.68, 1.60 and 
1.48%) post infection with (low, intermediate and high) 
concentrations of CVS, respectively, when compared with 
that of the vehicle control group. Administration of IFN�-
2a pre infection with low, intermediate and high concen-
trations of CVS induce a marked and significant increase 
(P < 0.001) in percentage of MI 2.20, 2.21 and 1.86%, 
respectively, versus that of  same CVS concentrations 
infected groups alone. A marked significant decrease (P 
< 0.001) in percentage of MI was recorded in all groups 
of IFN�-2a combined with CVS infection as compared to 
that of the vehicle control group (Figure 4). 
 
 
Changes in micronucealed bone marrow cells due to 
rabies infection 
 
Mice intrapretoneally injected with CP induced a sharp 
and marked significant elevation of both polychromatic 
erythrocytes percentage (PCE %), micronucleated poly-
chromatic erythrocytes per thousand PCEs (MNPCEs ‰) 
and micronuclei in normochromatic erythrocytes per 
thousand NCEs (MNNCEs ‰) at P < 0.001 with a 
percentage of 74.41 10.40 and 1.16‰, respectively, as 
compared to that of the vehicle control group (Table 2). 

Inoculation of low, intermediate and high CVS concen- 

trations induced a highly significant increase of both 
PCEs% and MNPCEs ‰ (P < 0.001). Also, the incidence 
of MNNCEs ‰ was significantly elevated (P < 0.01) as 
compared to the vehicle control group (Table 2). 
Pretreatment of mice with IFN�-2a before infection with 
CVS concentrations showed a significant reduction in 
PCEs% and MNPCEs ‰ when compared to the infected 
groups (Table 2). 
 
 
DISCUSSION 
 
Some viruses cause random aberrations whilst others 
induce specific alterations to one or more of the chromo-
somes (Steffensen et al., 1976; Matsuoka and Jeang 
2007; Lee et al., 2009). Rabies virus was initially reported 
to induce random damage in mice bone marrow cells 
(Stich and Yohn, 1970). 

In the present study, infection of mice intracerebrally 
with three different concentration of CVS strain of rabies 
virus led to high mortality rates between infected mice 
where mice infected with low, intermediate and high CVS 
concentrations showed 100% mortality at the 11th, 10th 
and 9th DPI, respectively. These results were in agree-
ment with that recorded in the previous studies by 
Marcovistz et al. (1984) who reported that rabies virus 
infection in mice inoculated with CVS strain (1LD50) was 
characterized by paralysis of the posterior limbs on day 5 
post infection and this infection was lethal to all mice by 
day 7 or 8 post infection. 

In the present study, cyclophosphamide induced a very 
high percentage of aberrant metaphases and highly signi-
ficant number of structural chromosomal aberrations (p �  
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Figure 4. Mitotic activity of mice bone marrow cells of mice infected with rabies virus alone or combined with IFN�-
2a. Low CVS concentration = 1 MICLD50; intermediate CVS concentration = 10 MICLD50; high CVS concentration = 
100 MICLD50; a = significant change at p < 0.05 with respect to vehicle control group; b = significant change at p < 
0.05 with respect to IFN�-2a group; c = significant change at p < 0.05 with respect to same CVS concentration alone; 
*, ** = changes at p < 0.01 and p < 0.001, respecively. 

 
 
 

Table 2. Frequencies of micronucealed bone marrow cells of mice post infected with rabies virus. 
 

Animal  groups Number of 
examined PCEs % PCEs ‰ MNPCEs ‰ MNNCEs 

Vehicle control  5000 52.75 0.60 0.00 
IFN�-2a   5000 52.85 1.00 0.00 

L 5000 62.46a** 5.40a** 0.34 
M 5000 64.58a** 8.00a** 1.09a* 

 
MICLD50 

H 5000 70.84a** 11.00a** 1.94a* 

L 5000 57.71a**b**c** 1.60c** 0.27 
M 5000 59.10a**b**c** 3.20a*b*c** 0.58 

IFN�-2a 
  + 
MICLD50 H 5000 59.60a**b**c** 7.20a**b**c* 0.89 
Positive control (CP) 5000 74.41 a** 10.40 a** 1.16a* 

 

a = Significant change at p < 0.05 with respect to vehicle control group; b = significant change at p < 0.05 
with respect to IFN�-2a  group; c = significant change at p < 0.05 with respect to same CVS concentration 
group; * = statistically significant at P < 0.01; ** = statistically significant at P < 0.001.  

 
 
 
0.001) in male mice.  This recorded data was in complete 
agreement with earlier reports (Datta and Schliermacher, 
1969; Rohrborn and Basler, 1977; Machemer and Lorke, 
1978; Iarc, 1981; Valadares et al., 2007; Barekati et al., 
2008; Tripathi and Jena, 2009). 

Also, in the present study, the infection of mice with the 
three different concentrations of rabies virus CVS showed 
a significant  increase in both structural and numerical 
chromosomal aberrations and in micronuclei as well, 
while the mitotic activity of mice bone marrow cells were 
decreased. Rabies virus had a clastogenic effect 
(Cherkezia et al., 1980; Nayak and Das, 1987; Rao and 
Polesa, 1991).  Where there was a significant increase in 

structural chromosomal aberrations, it was mainly due to 
significant increase in centromeric fusion, breaks, rings 
and centromeric attenuation (except after low concen-
tration). Centromeric attenuation may lead to a concomi-
tant increase in endomitosis and polyploidy (de Hondt et 
al., 1984). 

The observed highly significant increase in micronuclei 
formation in both PCEs and NCEs may be attributed to 
significant increase in breaks in which micronuclei 
formation is a consequence of chromosomes and spindle 
apparatus damage in cells. 

The significant increase in numerical chromosomal 
aberrations was mainly due  to  a  significant  increase  in  
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endomitosis after intermediate and high concentrations of 
CVS. 

The significant  decrease in the mitotic activity of mice 
bone marrow cells post viral infection indicates that the 
rabies virus interacted with the spindle apparatus and this 
result is in agreement with the fact that viruses are known 
to cause spindle disturbance similar to those caused by 
colchicine (Stich, 1969; Ceccaldi et al., 1990). 

The exact mechanism of viral mutagenesis is not 
known. Viruses may attack chromosomes directly. Certain 
viruses cause activation of lysosomal enzymes including 
DNAse and cathepsin. Light induced selective activation 
of lysosomal enzymes produces increased chromosomal 
breakage, either directly or by destroying the proteins 
associated with the chromosomes (Allison and Panton 
1965; Li et al., 2005). This mechanism has not yet been 
proved, but may be true for certain viral pathogens. 
Further studies are essential to unveil the exact mecha-
nism of the clastogenic action of different viruses on the 
hereditary materials of the inoculated organisms. 

Pretreatment of mice with IFN�-2a 24 h pre infection 
with rabies virus can delay the mortality of mice and 
induced a significant cytogenetic changes post infection 
with rabies virus after pretreatment with IFN�-2a. Inter-
feron can inhibit cell growth and thereby inhibit the 
replication of some viruses by inducing Mx proteins which 
are highly conserved, large GTPases with homology to 
dynamin and have been found in all vertebrate species 
examined so far, including mammals (Staeheli et al., 
1993; Arnheiter et al., 1995). Mx proteins interfere with 
virus replication, probably by inhibiting the trafficking or 
activity of virus polymerases (Stranden et al., 1993), 
thereby impairing the growth of a wide range of RNA 
viruses at the level of virus transcription and at other 
steps in the virus life-cycle. 

In conclusion, results discussed here summarized the 
positive role of INF in delaying the incidence of mortality 
and in addition, the reduction of severe clastogenic 
damages. Further investigations are substantial for the 
evaluation of the role of interferon in case infection with 
rabies virus as an enhancer to vaccine delayed admini-
stration to minimize the incidence of mortality. In addition, 
evaluation of multi dose regimen, concentration and 
administration intervals of IFN should be carried out. 
 
 
ACKNOWLEDGMENT 
 
Authors would like to thank the centre of Excellence for 
Biodiversity Research, College of Science, King Saud 
University, Riyadh, Saudi Arabia, for their support. 
 
 
REFERENCES 
 
Alikhanian SI, Iijina TS (1958). Mutagenic action of actinophage. Dok. 

Acad. Sci. U. S. S. R. 102: 1122-1125. 
Allison AC, Panton GR (1965). Chromosomal damage in human diploid 

cells following activation of lysosomal enzymes. Nature, 207: 1170-
1173. 

 
 
 
 
Arnheiter H, Frese M, Kamadur R, Meier E, Haller O (1995). Mx 

transgenic mice- animal models of health. Current Topics in 
Microbiol. Immunol. 206:119-147. 

Baloul L, Lafon M (2003). Apoptosis and rabies virus neuroinvasion. 
Biochimie. 85:777-788. 

Barekati Z, Gourabi H, Valojerdi MR, Yazdi PE (2008). Previous 
maternal chemotherapy by cyclophosphamide (Cp) causes numerical 
chromosome abnormalities in preimplantation mouse embryos. 
Reprod. Toxicol. 26: 278-81.  

Ceccaldi PE, Ermine A, Tsiang H (1990). Continuous delivery of 
colchicine in the rat brain with osmotic pumps for inhibition of rabies 
virus transport. J. Virol. Meth. 28: 79-83. 

Cherkezia SE, Mikhailova GR, Gorshunova LP (1980). Study of  
chromosomes in the bone marrow  cells of mice immunized with 
antirabies vaccine. Tsitologiyai Genetika. 1(4): p. 67. 

Datta PK, Schliermacher E (1969). The effects of cytoxan on the 
chromosomes of mouse bone marrow.  Mutat  Res. 8: 623-628. 

De-Hondt HA, Fahmy AM, Abdel Baset SA (1984). Chromosomal and  
biochemical studies on the effect of kat extract on laboratory rats. 
Environ. Mutagenesis, 6:621-624. 

Faber M, Li J, Kean RB, Hooper DC, Alugupalli KR, Dietzschold B 
(2009). Effective preexposure and postexposure prophylaxis of rabies 
with a highly attenuated recombinant rabies virus. Proc. Natl. Acad. 
Sci. USA, 7: 11300-11305. 

Hendekli CM (2005). Current therapies in rabies. Arch. Virol. 150: 1047-
1057. 

IARC (1981). IARC monographs on the evaluation of the carcinogenic 
risk of chemicals to humans. Some antineoplastic and 
immunosuppressive agents. 26: 151-164. 

Jackson AC (1999). Apoptosis in experimental rabies in bax-deficient 
mice. Acta Neuropathol. 98: 288-294. 

Janis B, Habel K (1972). Rabies in rabbits and mice; Protective effect of 
polyriboinosinic and  polyribocytidylic  acid. J. Infect. Dis. 125: 345-
352.  

Knobel DL, Cleaveland S, Coleman PG, Fèvre EM, Meltzer MI, Miranda 
ME, Shaw A, Zinsstag J, Meslin FX (2005). Re-evaluating the burden 
of rabies in Africa and Asia. Bull. WHO. 83: 360-368. 

Lee YH, Oh BK, Yoo JE, Yoon SM, Choi J, Kim KS, Park YN (2009). 
Chromosomal instability, telomere shortening, and inactivation of 
p21(WAF1/CIP1) in dysplastic nodules of hepatitis B virus-associated 
multistep hepatocarcinogenesis. Mod. Pathol. 22: 1121-31.  

Li XQ, Sarmento L, Fu ZF (2005). Degeneration of neuronal processes 
after infection with pathogenic, but not attenuated, rabies viruses. J. 
Virol. 79: 10063-10068. 

Machemer L, Lorke D (1978). Mutagenecity studies with praziquantel, a 
new anthelmintic drug in mammalian system. Arch. Toxicol. 39: 187-
197. 

Manning SE, Rupprecht CE, Fishbein D, Hanlon CA, Lumlertdacha B, 
Guerra M, Meltzer MI, Dhankhar P, Vaidya SA, Jenkins SR, Sun B, 
Hull HF (2008). Advisory Committee on Immunization Practices 
Centers for Disease Control and Prevention (CDC). Human rabies 
prevention--United States, 2008: recommendations of the Advisory 
Committee on Immunization Practices. MMWR Recomm. Rep. 23: 1-
28. 

Marcovistz R, Tsiang H, Hovanessian G (1984). Production and action 
of interferon in mice infected with rabies virus. Annales de Virologie. 
135: 19-33. 

Matsuoka M, Jeang KT (2007). Human T-cell leukaemia virus type 1 
(HTLV-1) infectivity and cellular transformation. Nat. Rev. Cancer 7: 
270-280. 

Nayak R, Das RK (1987).  Cytogenetic effects of Antirabies vaccine and 
tetanus toxioid on mice. Nucleus, 30: 30-34.  
Ogawa T, Gamoh K, Kanda K, Suzuki T, Kawashima A, Narushima 
R, Shimazaki T (2009). Rabies immune status of dogs brought into 
the Hyogo Prefecture Animal Well-being Center, Jpn. J. Vet. Med. 
Sci. 71: 825-826. 

Ramesh  CC, Pramod KS (2003).  Clastogenic Potential of 
CertainVaccines on Bone Marrow Cells of   Swiss Mice.  Int. J. Hum. 
Genet. 3: 51-58. 

Reed LJ, Muench H (1938). A simple method ofestimating fifty percent 
endpoints. Am. J. Hyg. 27: 493. 

Rao LV, Polasa H (1991). Effect of  inactivated  viral  vaccines  (human)  



 
 
 
 

on frequency of micronuclei in bone marrow erythrocytes of mice. 
Indian. J. Exp. Biol. 29: 683-685. 

Rohrborn G, Basler A (1977).  Cytogenetic investigations  of mammals. 
Comparison of the genetic activity of cytostatics in mammals. Arch. 
Toxicol. 38: 35-43. 

Salamone MF, Heddle JA (1983). In: A. Hollaender (Ed.),Chemical 
Mutagens: Principles and Methods for Their Detection, Vol. 8, 
Plenum, New York, pp. 111-151.  

Staeheli P, Pitossi F, Pavlovic J (1993). Mx proteins: GTPases with 
antiviral activity. Trends Cell Biol. 3: 268-272. 

Steffensen DM, Szabo P, Medougall IK (1976). Adenovirus 12 uncoiler 
regions of human  chromosome 1 in relation to the 5S rRNA  genes. 
Exp. Cell Res. 100: 436-439. 

Stich HF (1969). The induction of genetically heterozygous cell 
population by adenovirus. In: Genetic Conceptes of Neoplasia (23rd 
Annual Symposium of Fundamental  Cancer Research. New York), 
Williams and Wilkins, pp. 207-213. 

Stich HF, Yohn DS (1970). Viruses and Chromosomes. Progs. Med. 
Virol. 12: 78-127. 

Stranden AM, Staeheli P, Pavlovic J (1993). Function  of  the mouse 
Mx1 protein is inhibited by overexpression of the PB2 protein of 
influenza virus. Virology, 197: 642-651. 

Suja MS, Mahadevan A, Madhusudhana SN, Vijayasarathi SK, Shankar 
SK (2009). Neuroanatomical mapping of rabies nucleocapsid viral 
antigen distribution and apoptosis in pathogenesis in street dog 
rabies-an immunohistochemical study. Clin. Neuropathol. 28: 113-
124. 

 
 
 
 
 

Tohamy et al.        1105 
 
 
 
Tripathi DN, Jena GB (2009). Intervention of astaxanthin against 

cyclophosphamide-induced oxidative stress and DNA damage: a 
study in mice. Chem. Biol. Interact. 180: 398-406. 

Valadares MC, Rezende KR, Pereira ER, Sousa MC, Gonçalves B, de 
Assis JC, Kato MJ (2007). Protective effects of 4-nerolidylcatechol 
against genotoxicity induced by cyclophosphamide. Food Chem. 
Toxicol. 45: 1975-1978.  

Wandeler AI, Matter HC, Kappeler A, Budde A (1993). The ecology of 
dogs and canine rabies: a selective review. Rev. Sci. Technol. 12: 
51-71. 

Warrell DA, Warrell MJ (1991). Infections of the Central Nervous 
System. Lambert HP (ed) B.C. Decker, Philadelphia, pp. 317-328. 

Warrell MJ (2004). Rabies and other lyssavirus diseases. Lancet, 
363(9413): 959-969. 

Yosida TH, Amano K (1965). Austosomal polymorphism in laboratory 
bred and wild Norway rats, Rattus norvegicus found in Misima. 
Chromosome, 16: 658-1933.  

 
 
 
 
 
 
 
 
 
 
 
 

 


