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JOKSIĆ, I., LESKOVAC, A., PETROVIĆ, S. and JOKSIĆ, G.  Vitamin B12 Reduces Ribavirin-
Induced Genotoxicity in Phytohemaglutinin-Stimulated Human Lymphocytes.  Tohoku J. 
Exp. Med., 2006, 209 (4), 347-354 ── Ribavirin, an N-glycosyl nucleoside (1-β -D-ribofu-
ranosyl-1, 2, 4-triazole-3 carboxamide), is a synthetic purine nucleoside analogue with a 
broad spectrum of antiviral activity, however, its high toxicity poses a major disadvantage 
of its use as a therapeutic.  Various studies have shown that vitamin B12 plays a significant 
role in maintaining the stability of the human genome.  We therefore investigated the 
potential beneficial effect of vitamin B12 in reducing ribavirin-induced genotoxicity.  To 
test this, we used the cytokinesis-block micronucleus (CBMN) assay.  Human blood cells 
were treated in vitro with increasing doses of ribavirin (0.05, 0.17, 0.32, 0.47 and 0.65 
μmol/ml) for three different periods of time (2, 4 and 17 hrs).  Duplicate cultures were 
supplemented with 50 μ l of vitamin B12 during the drug treatment (final concentration of 
13.5 μg/ml).  Micronuclei formation and cell proliferation potential were then scored in 
both sets of samples and the corresponding controls.  The results showed that supplemen-
tation with vitamin B12 lowered the frequency of micronuclei (Z = 2.02, p < 0.04) and 
recovered the proliferation potential of the treated cells for each treatment period, except 
for the conditions with the highest concentration of ribavirin and the shortest time.  These 
observations underscore the unique beneficial effects of vitamin B12 in reducing genotox-
icity, particularly by recovering the proliferation potential of treated cells, as demonstrated 
by the decrease in mononucleated cells and enhancement of binucleated and polynucleated 
cells.  The mechanism by which vitamin B12 reduces ribavirin-induced genotoxicity is 
related to de novo synthesis of nucleotides, and is worthy of further investigation. ──── 
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In recent years, an extensive search has been 
carried out for analogues of naturally occurring 
glycosyl nucleosides.  Ribavirin, an N-glycosyl 
nucleoside (1-β -D-ribofuranosyl-1, 2, 4-triazole-3-
carboxamide), was found to exhibit potent antivi-
ral properties crucial for the clinical treatment of 
viral diseases resulting from infections with respi-

ratory syncytial virus and hepatitis C virus 
(Zoulim et al. 1998), as well as human immuno-
deficiency virus (Smith 1991).  Although ribavirin 
is approved for the treatment of these infections, 
its use remains controversial due to its question-
able efficacy, side effects and high cost.  Ribavirin 
is a broad-spectrum antiviral agent whose precise 
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mode of action remains uncertain (Patterson and 
Fernandez-Larsson 1990).  It is possible that it 
acts indirectly through the inhibition of cellular 
inosine-5 ′-monophosphate dehydrogenase 
(IMPDH), resulting in a decrease of the guanine 
nucleotide pool (GTP).  Alternatively, ribavirin 
may directly target the replication of RNA virus-
es, acting as an analogue of purine nucleosides 
opposite either cytosine or uracil.  This analog is 
a powerful mutagen and the accumulation of rep-
licative errors may explain its antiviral effects 
(Crotty et al. 2000).  The antiviral activity of riba-
virin also results from its direct incorporation into 
viral RNA, thereby altering the viral genome 
(Connor 1993).  Ribavirin is also known as a 
reversible inhibitor of lymphocyte nucleic acid 
synthesis and might be immunosuppressive when 
administered in vivo.  However, a major limita-
tion in the usefulness of ribavirin as a therapeutic 
is its high cellular toxicity.

In a previous study from our laboratory 
using a cytokinesis-block micronucleus (CBMN) 
test, ribavirin was relatively inefficient at induc-
ing micronuclei but exhibited a marked suppres-
sion of lymphocyte proliferation, indicating that 
cells are arrested prior to metaphase (Joksić et al. 
2000).  Since vitamin B12 plays a significant role 
in numerous biological processes, we examined 
the potential beneficial effect of vitamin B12 sup-
plementation on ribavirin-induced genotoxicity.  
Vitamin B12 acts as a coenzyme of methionine 
synthase which is required for the metabolism of 
folate and biosynthesis of nucleotides (Zijno et al. 
2003).  The stability of the DNA is strongly influ-
enced by vitamin B12 through its association with 
the folate metabolic pathway and nucleotide bio-
synthesis.  Folate donates one-carbon group dur-
ing the synthesis of purines (Fenech et al. 2005), 
and is also involved in the production of the folate 
methyl donor, S-adenosyl-methionine, required 
for the maintenance of methylation patterns in 
DNA that determine gene expression and DNA 
conformation.

MATERIAL AND METHODS

Three blood samples were obtained from healthy 31 
year old, male, non-smoking volunteers in the Medical 

Unit in accordance with the current Health and Ethical 
regulations in Serbia.  Aliquots of heparinized whole 
blood (0.5 ml) were placed in cultures containing 
PBmax-karyotyping medium (Invitrogen-Gibco).  
Ribavirin (Galenika, Belgrade, Serbia and Montenegro 
[SCG]) was dissolved in sterile RPMI-1640 culture 
medium and was added in a constant volume of 50 μ l per 
5 ml medium.  The cells were treated with increasing 
doses of ribavirin: 0.05, 0.17, 0.32, 0.47 and 0.65 μmol/
ml.  For each drug concentration, six duplicate cultures 
were set up and treated for three different incubation 
times: 2, 4 and 17 hrs.  To evaluate the effect of vitamin 
B12, aliquots of 50 μ l vitamin B12 (Cyanocobalamin, 
Galenika, Belgrade, SCG) were added (final concentra-
tion of 13.5 μg/ml) to all duplicate cultures during the 
drug treatment phase at 2, 4 and 17 hrs.  After treatment, 
the medium was removed and replaced with fresh medi-
um.  Control (untreated) samples were set up for each 
incubation time.  Cytochalasin B was added to the sam-
ples after 44 hrs at a final concentration of 4 μg/ml and 
the lymphocyte cultures were incubated for additional 24 
hrs.  Micronuclei were prepared according to the method 
described by Fenech (1993).  The micronuclei slides 
were air dried and stained in 2% alkaline Giemsa.  
Cultures were coded with an identification number and 
were scored by a blinded examiner.  At least 1,000 binu-
cleated cells were scored per culture (magnification of 
× 400 or × 1,000), registering micronuclei according to 
the criteria of Countrymann and Heddle (1976) and 
Fenech and Morely (1985).  Toxicity was evaluated by 
classifying 1,000 cells from the same slides according to 
the number of nuclei in the cells.  A cytokinesis-block 
proliferation index (CBPI) was calculated as follows: 
CBPI = (MI + 2MII + 3 [MIII + MIV])/N, where MI-
MIV represents the number of cells with one to four 
nuclei, respectively, and N is the number of cells scored 
(Surrales et al. 1995).

Statistics
A statistical analysis of each of the parameters of 

interest was carried out using statistical software package 
Statistics, version 5.5 for MS Windows.  Analysis con-
sidered the incidence of micronuclei in binucleated cells, 
proliferation rate and distribution of various types of 
cells (mono-, bi- and polynucleated).  The Wilcoxon 
matched-pairs test was used.  This procedure assumes 
that the variable under consideration is measured on a 
scale that allows rank ordering of the differences between 
variables.  The Wilcoxon matched-pairs test is more 
stringent than the Sign-test.
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RESULTS

The results of the CBMN assay for ribavirin 
treated samples and those supplemented with B12 
are presented in Table1 and Figs. 1-4.

Supplementation with vitamin B12 lowered 
the micronuclei frequency for each treatment 
period (Fig. 1).  A statistically significant reduc-
tion was observed during the (first) shortest incu-
bation (Z = 2.02, p < 0.043) at all employed riba-
virin concentrations.  In samples incubated with 
ribavirin for a longer period of time, a reduction 
of micronuclei frequency was also observed at the 
majority of the concentrations tested, except at the 
highest.  Vitamin B12 also reduced the baseline 
level of micronuclei in the untreated control sam-
ples, although this reduction was statistically 
insignificant (Z = 1.6, p < 0.1).

The analysis of cell proliferation potential 
(Fig. 2) exhibited no significant differences 
between samples supplemented with vitamin B12 
and those where no vitamin B12 was added only 
at first incubation time Z = 1.36, p = 0.17), where-
as a prolonged presence of vitamin B12 resulted 
in a significant recovery of cell proliferation 
potential (Z = 1.99, p < 0.046).

Ribavirin treatment suppressed cell prolifera-
tion potential throughout the concentration range, 
particularly during the S-phase of the cell cycle 
(Fig. 3).

Recovering of cell proliferation potential 
after supplementation with vitamin B12 is seen as 
a decrease frequency of mononucleated cells, and 
an enhancement of binucleated and polynucleated 
cells (Fig. 4).

TABLE 1.  Incidence of micronuclei (MN) and Cyto B proliferation index (CBPI) in ribavirin and ribavirin + 
vitamin B12 treated cultures (2, 4 and 17 hrs).

Ribavirin 
concentration

(μmol/ml)

Ribavirin treated cultures Ribavirin + vitamin B12 treated cultures

Incidence
of MN Mean ± S.D. CBPI Mean ± S.D. Incidence 

of MN Mean ± S.D. CBPI Mean ± S.D.

(2h) Control
20

14.0 ± 6.2
1.80

1.80 ± 0.06
  9

9 ± 2
1.82

1.82 ± 0.0813 1.81 11 1.84
  9 1.79   7 1.80

0.05
18

17.7 ± 0.6
1.72

1.72 ± 0.01
15

12.6 ± 2.11
1.79

1.79 ± 0.219 1.71 12 1.81
16 1.73 11 1.77

0.17
20

18.3 ± 1.5
1.64

1.64 ± 0.04
15

15.2 ± 1.91
1.72

1.72 ± 0.318 1.66 17 1.74
17 1.62 14 1.70

0.32
25

22.0 ± 5.1
1.66

1.66 ± 0.02
15

15.1 ± 1.89
1.71

1.71 ± 0.319 1.64 14 1.73
22 1.68 17 1.70

0.47
49

  46.3 ± 22.3
1.59

1.59 ± 0.03
25

21.2 ± 3.44
1.69

1.69 ± 0.453 1.62 21 1.71
37 1.57 18 1.67

0.65
43

46.0 ± 3.0
1.72

1.72 ± 0.02
24

22.4 ± 4.77
1.65  

1.65 ± 0.3
 

49 1.74 22 1.68
46 1.70 21 1.63

 



I. Joksić et al.350

TABLE 1.  continue

Ribavirin 
concentration

(μmol/ml)

Ribavirin treated cultures Ribavirin + vitamin B12 treated cultures

Incidence
of MN Mean ± S.D. CBPI Mean ± S.D. Incidence 

of MN Mean ± S.D. CBPI Mean ± S.D.

(4 h) Control
16

16.0 ± 5.0
1.70

1.70 ± 0.005
  9

9 ± 3
1.80

1.80 ± 0.219 1.68 12 1.82
13 1.72   6 1.78

0.05
19

18.6 ± 2.3
1.68

1.68 ± 0.005
15

15.2 ± 2.62
1.75

1.75 ± 0.116 1.70 13 1.76
21 1.66 18 1.74

0.17
25

21.6 ± 2.5
1.57

1.57 ± 0.02
19

16.3 ± 2.82
1.69

1.69 ± 0.221 1.59 16 1.71
19 1.55 14 1.67

0.32
31

  33.0 ± 15.6
1.58

1.58 ± 0.08
23

22.1 ± 2.15
1.67

1.67 ± 0.139 1.60 24 1.68
29 1.56 19 1.66

0.47
42

41.3 ± 8.0
1.69

1.69 ± 0.06
23

23.5 ± 3.12
1.67

1.67 ± 0.149 1.67 28 1.68
33 1.71 20 1.66

0.65
24

  20.3 ± 10.2
1.58

1.58 ± 0.08
15

15.1 ± 2.92
1.67

1.67 + 0.121 1.60 18 1.68
16 1.56 13 1.66

(17 h) Control
12

12.0 ± 3.6
1.77

1.77 ± 0.03
10

10 ± 2
1.79

1.79 ± 0.215 1.75   8 1.77
  9 1.79 12 1.81

0.05
19

16.6 ± 0.6
1.62

1.62 ± 0.00
14

14.4 ± 0.82
1.70

1.70 ± 0.116 1.64 14 1.71
15 1.60 15 1.69

0.17
22

22.3 ± 1.5
1.64

1.64 ± 0.04
16

16.8 ± 1.44
1.69

1.69 ± 0.224 1.62 19 1.71
21 1.66 15 1.67

0.32
34

33.6 ± 4.5
1.66

1.66 ± 0.06
20

20.6 ± 4.15
1.68

1.68 ± 0.135 1.64 23 1.66
31 1.68 19 1.70

0.47
31

25.6 ± 7.7
1.63

1.63 ± 0.01
23

19.5 ± 4.64
1.69

1.69 ± 0.225 1.65 19 1.71
21 1.61 17 1.67

0.65
17

16.3 ± 2.8
1.69

1.69 ± 0.01
13

12.4 ± 2.12
1.68

1.68 ± 0.118 1.67 12 1.69
14 1.71 11 1.67
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Fig. 1.  Incidence of micronuclei in ribavirin and ribavirin + vitamin B12 treated cultures.
　　Supplementation with vitamin B12 lowers the MN frequency in each treatment period of time; 

statistically significant reduction was observed during the first treatment period of time (Z = 2.02, 
p < 0.043), whereas in corresponding control this reduction is statistically insignificant (Z = 1.60, 
p < 0.1).

Fig. 2.  Proliferation index (CBPI) in ribavirin and ribavirin + vitamin B12 treated samples.
　　The analysis of cell proliferation potential has no significant difference between samples supple-

mented with vitamin B12 and samples where no vitamin B12 was added only at first incubation 
time (Z = 1.36, p < 0.17); whereas longer presence of vitamin B12 significantly recovers cell prolif-
eration potential (Z = 1.99, p < 0.046).

Ribavirin concentration (μmol/ml)

Ribavirin concentration (μmol/ml)
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Fig. 3.  Percentage of mononucleated, binucleated and polynucletaed cells in ribavirin treated cultures.
　　Ribavirin treatment suppress cell proliferation in all concentration range, when acts during S-phase 

of the cell cycle.

Fig. 4.  Percentage of mononucleated, binucleated and polynucleated cells in samples supplemented with 
vitamin B12.

　　Mild recovering of cell proliferation potential after supplementation with vitamin B12 is seen as a 
declined number of mononucleated and an enhanced number of polynucleated cells.

Ribavirin concentration (μmol/ml)

Ribavirin concentration (μmol/ml) + vitamin B12
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DISCUSSION

The results from this study served to sub-
stantiate the beneficial effects of vitamin B12 on 
the ribavirin-induced toxicity, a major disadvan-
tage of the nucleoside analogue in the treatment 
of viral infections (Tatar et al. 2005).  In the 
results presented here, supplementation of vitamin 
B12 significantly lowered micronuclei frequency 
and recovered the proliferation potential of the 
treated cells.  The extent of the recovery depended 
on ribavirin concentration and the duration of 
treatment.  Addition of B12 successfully reduced 
the incidence of micronuclei throughout the con-
centration range and for incubation times.  The 
extent of genotoxicity correlated positively with 
duration of the treatment and was seen as a 
decline in the incidence of binucleated cells and 
an accumulation in the number of mononucleated 
cells.  Supplementation of B12 resulted in a slight 
recovery in the proliferation potential of treated 
lymphocytes, particularly during the second and 
third periods of incubation.  The recovery of cell 
cycle progression is seen as a reduction in the 
number of mononucleated cells, and an enhance-
ment in the frequency of binucleated and polynu-
cleated cells.

It has been established that in the monophos-
phate state, ribavirin inhibits IMPDH which con-
trols a key metabolic step in the regulation of cell 
growth (Fairbanks et al. 1995).  This step is the 
nicotinamide adenine dinucleotide (NAD) depen-
dent oxidation of inosine-5′-monophosphate to 
xantosin-5′-monophosphate, the rate-limiting step 
in the synthesis of guanine nucleotides.  This 
results in a reduction in GTP pools in cells which 
in turn limits the replication cycle.  According to 
other data in the literature, two isoforms of 
IMPDH are expressed in normal lymphocytes: 
the type I isoform of IMPDH is constitively 
expressed, whereas type II IMPDH is an inducible 
enzyme whose role is closely linked to cell differ-
entiation and proliferation (Duthie and Hawdon 
1998).  The crystal structures of these proteins are 
84% identical in sequence and the IMPDH bind-
ing site is the same for both, whereas the binding 
site for cofactor NAD is composed of distinctly 

different residues.  It is possible that supplementa-
tion with vitamin B12 enhances the function of 
one of the IMPDH isoforms, enabling the binding 
of the coenzyme NAD, which to some extent 
recovers cell proliferation potential.

Although the mechanisms of the beneficial 
effects of B12 supplementation are not well 
defined, B12 may enable nucleotide biosynthesis 
either by activating IMPDH through binding with 
coenzyme NAD, or by facilitating functions of 
methionine synthase which enables adequate 
DNA methylation and optimizes de novo synthe-
sis of nucleotides.

A significant finding of this study is that vita-
min B12 supplementation significantly reduced 
both induced and baseline levels of micronuclei, 
indicating a causal link between the two.  This 
finding is in accordance with the study of Fenech 
et al. (1998), who reported that the frequency of 
micronucleated cells correlate negatively with 
serum B12.  Further studies of (Fenech 1999, 
2001; Zijno et al. 2003) demonstrated that micro-
nuclei correlate positively with serum homocyste-
ine levels and that the biochemical effects of 
folate and vitamin B12 deficiency are quite simi-
lar and include a functional folate deficiency 
(Narin et al. 2002).  Interplay between folate, 
vitamin B12 and homocysteine is important for 
the broad spectrum of biological effects, and cer-
tainly could influence or modulate genotoxicity.  
Genotoxicitiy includes direct and indirect effects 
in DNA which include the induction of mutations 
(gene, chromosomal, recombinantional), and indi-
rect effects such as unscheduled DNA synthesis 
and sister chromatid exchanges (SCEs).  Both 
effect either micronuclei or SCEs results from 
unrepaired DNA lesions (Hamurcu et al. 2002).  
To our knowledge, there are only little data avail-
able in the literature examining the role of folate 
and vitamin B12 on SCEs.  Gollapudi et al. (1986), 
as well as Silva et al. (1992) failed to detect an 
effect of folic acid on SCE frequency, although 
vitamin B12 should favor the conversion of 
homocysteine into methionine, thereby increasing 
DNA methylation and the availability of tetra-
hydrafolate needed for thymidine synthesis, and 
ultimately contributing to DNA stability (Refsum 
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et al. 2001).  Surprisingly, a positive association 
between plasma levels of vitamin B12 and SCEs 
frequencies was found in tobacco smokers (Zjino 
et al. 2003), whereas no significant effects was 
observed in nonsmokers.  Tatar et al. (2005) stud-
ied the in vivo genotoxicity of ribavirin in patients 
with Crimean-Congo hemorrhagic fever who 
were treated with high-dose ribavirin.  In all 
patients, the incidence of both SCE and micronu-
clei were found to be higher during the therapy 
and reveal a reversible in vivo genotoxic effect on 
humans, attributed to the ribavirin metabolite, 
ribavirin-5′-triphosphate.

In summary, our findings present evidence 
that B12 exhibits unique beneficial features in 
reducing the toxic effects of ribavirin, and demon-
strate that the CB micronucleus assay is a simple 
and rapid method, which can be used to assess the 
cellular effect of novel synthesized drugs.
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