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ABSTRACT 

Interferon-beta (IFN-B), transfer factor (TF), and glycine are agents that possess biomedical properties related to the modulation of the im-
mune and the nervous systems, as well as to the inflammatory process. Therefore, safety evaluation of the compounds is necessary in re-
gard to non genotoxic effect and safety use in human health. The present study evaluates their genotoxic and cytotoxic potential by deter-
mining the capacity of the compounds to induce sister chromatid exchanges (SCE), or to alter cellular proliferation kinetics (CPK) and the 
mitotic index (MI) in mouse bone marrow cells. Besides, it also determines their capacity to increase the rate of micronucleated polychro-
matic erythrocytes (MNPE) in peripheral mouse blood, and the relationship polychromatic erythrocytes /normochromatic erythrocytes 
(PE/NE) as an index of cytotoxicity. Two doses of each compound were tested. For the assays the mice received intraperitoneally (ip): 4x106 
UI/ kg and 8x106 UI/kg of INF-B; 0.5 and 1 UI/kg of TF, 1 and 2 g/kg of glycine; 0.5 ml of distilled water (negative control group), and 5 mg/kg 
of cisplatin (positive control group) respectively. The results in regard to the agents showed no SCE increase induced by any of the tested 
doses, as well as no alteration in the CPK, or in the MI. With respect to the second assay, the results obtained with the tree agents were also 
negative for the MNPE and the PE/NE index along the daily evaluation made for four days. The results obtained establish that the studied 
agents have neither genotoxic nor cytotoxic effect on the model used. 
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1. INTRODUCTION 

There is a great variety of factors that determine the toxic effects of substances in organisms, such as the chemical characteristics of 
xenobiotics, doses, administration routes, exposition time, and environmental factors

1
. These factors determine quantitatively and 

qualitatively the presence of toxic effects in genetic mutations and cellular alterations that could cause necrosis and cellular death
2
.   

In the research of new substances that modulate the immunological response, the interferon-beta (INF-), the transfer factor (TF), 
and glycine, are drugs used indefinitely in degenerative chronic diseases, such as multiple sclerosis

3, 4
. 

Multiple sclerosis (MS) is an inflammatory demyelization disease of the central nervous system, probably immune mediated
5
.  Among 

the major clinical manifestations of MS is the spasticity which produces a clinical disability by interfering with posture, motor capaci-
ty, nursing or daily living activities.  When the muscle over activity is diffusely distributed, an adequate treatment should be imple-
mented to prevent permanent musculoskeletal deformities or contractures.  This treatment involves the use of drugs like glycine, 
GABA, glutamate among others; which are drugs that modulate neurotransmitters acting at cortical-spinal level

6
. 

Recombinant IFN- has established efficacy for relapsing-remitting MS because it can mediate biological effects by receptor-
mediated gene activation

7
.  It has been demonstrated that intramuscular injections of IFN--1a up regulate IL-10 and IL-4 but not 

IFN- mRNA in peripheral blood mononuclear cells
8
, and the effects IFNs (alpha and beta) in MS are mediated by immunoregulatory 

rather than anti-viral or antiproliferative mechanisms
9
.  These found tend to inhibit the activity of IFN-gamma and to prevent disease 

activity.  Therefore, the outcome of the use of INFs in the treatment of multiple sclerosis results in clinical important beneficial effects 
on disability progression in relapsing MS patients

4
. 

The other alternative treatment employed in MS patients is the administration of transfer factors
10

.  Highly polar compounds, hydro-
philic molecules of low molecular weight (approximately 5,000 Daltons), which are produced in small quantities by lymphoid cells 
and have potent biological activity and appear to be composed entirely of amino acids [8-10] or peptides that binds to the target 
cells

11
.  The most consistent effects of the transfer factors on the immune system are the expression of delayed-type hypersensitivity 

and production of lymphokines such as macrophage migration inhibitory factor (MIF), which is probably identical to gamma-
interferon response to exposure to antigen

12
 and seems interact with the variable regions of the alpha and/or beta chain of T cell 

receptors to change their avidity and affinity for antigen in a way that otherwise would only occur after an encounter with antigen.  
Therefore, the MS patients treated with TF had a slower rate of progression of their illness

11
. 

Because of the indefinite use of these tree drugs in the treatment of MS it is necessary mutagenic assays in vivo to identify if they 
may induce DNA damage by the identification of micronuclei (MN) and sister chromatid exchange (SCE).  Therefore, the objective of 
this work was to identify the genotoxic potential of INF-, TF, and glycine in an experimental animal model using mice. 
2. Material and Methods 
2.1. Chemicals and animals 
Hoechst 33258, 5-bromodeoxyuridine (BrdU), colchicines, and cisplatin were purchased from Sigma Chemicals (St. Louis, MO, USA).  
Transfer factor was obtained from Laboratory of Immunological Specialties (Mexico City, Mexico); INF- from Serono (Mexico City, 
Mexico), and glycine from Reproquifin (Mexico City, Mexico).  Giemsa and potassium chloride were purchased from Baker, S.A (Mexi-
co City, Mexico). 
Eight-week-old male mice (NIH) with 25 g of weight were obtained from the National Institute of Rehabilitation; they were kept in 
metallic cages at a mean temperature of 23◦C and at a 12 hours dark-light cycle, and permitted to freely consume food (Purina) and 
water. 
2.2. Micronuclei Assay  
Eight groups with 5 individuals each per chemical were organized for this assay. The compounds were IP inoculated. The groups were 
a negative control group  treated with distilled water, a positive control group administered with 5 mg/kg of cisplatin, and six more 
groups treated with 4x10

(6)
 UI/kg and 8 x 10

(6)
UI/kg of  INF-; 0.5 UI/kg and 1 UI/kg of TF, and 1 and 2 g/kg of glycine. The results ob-

tained in these animals were compared to the obtained results in the negative control group (distilled water) and the positive control 
group (cisplatin). Initially, we obtained two drops of blood from the tail of each mouse and smeared them on ethanol-cleaned slides; 
then, the cells were fixed in methanol for 10 minutes and stained for 15 minutes with Giemsa solution made in PBS (pH = 6.8)

 13
. Af-

terward, the tested chemicals were administered to mice and their blood was obtained at 24, 48, 72, and 96 hours and then it was 
stained as indicated earlier. To determine the genotoxic potential of the chemicals, the rate of MNPE in 1000 polychromatic erythro-
cytes (PE) per mouse was quantified; to evaluate the probable cytotoxic damage, the number of PE and of normochromatic erythro-
cytes (NE) in 1000 cells per mouse was determined

14
. The statistical significance of the obtained data was determined with the ANO-

VA and the Student t tests. 
2.3 Sister Chromatid Exchange Assay 
Eight experimental groups (five mice per group) were used for these determinations. The compounds were intraperitoneally (IP) ad-
ministered. The groups were as follows: a negative control group of animals administered with distilled water (0.4 mL/mouse), a posi-
tive control group treated with 5 mg/kg of cisplatin, and six groups administered with 4x10

(6)
 UI/kg and 8 x 10

(6)
UI/kg of  INF-; 0.5 

UI/kg and 1 UI/kg of TF, and 1 and 2 g/kg of glycine. To begin the procedure, a BrdU tablet of 50mg was partially coated with paraffin 
and subcutaneously implanted to each animal

15
, 1 hour afterwards the substances were injected to mice. Twenty-one hours after the 

tablet implantation, 5 mg/kg of colchicine was IP injected to mice and permitted to act for 3 hours. Then, the femurs of each mouse 
were dissected and the bone marrow obtained in a solution of KCl (0.075 M) at 37◦C after which it was incubated for 30 minutes at 
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the same temperature. 
The cell suspension was centrifuged for 10 minutes at 1500 rpm, the supernatant was discarded, and the cells were fixed in a solu-
tion of methanol-acetic acid (3:1). This fixation process was repeated at least twice. To carry out the staining process, two drops of 
each cell suspension were deposited onto ethanol-cleaned slides and stained with the Hoechst-Giemsa method to differentiate the 
sister chromatid

15
.  

Cytogenetic analysis per mouse was made as follows: (a) the rate of SCE was determined in 60-second division metaphases, (b) the 
cellular proliferation kinetics (CPK) was determined in 100 metaphases, identifying the cells in first (M1), second (M2), and third (M3) 
cellular division. With these data, the average generation time (AGT) was obtained using the formula AGT = 21/ (M1+2M2+3M3) 
(100), and (c) the mitotic index (MI) was determined in 1000 cells. Statistical analysis of the obtained data was made with ANOVA test 
followed by the Student t test. 
3. Results 
The rate of micronuclei induced by these chemicals is shown in Table 1. The mean number of MNPE/1000 cells determined in the 
negative control group along the 96 hours was 1.1  0.60; the mean values observed in the TF, INF- and glycine treated groups were 
1.6  0.8, 1.4  0.5, 1.5  0.5, 1.2  0.5, 1.5  0.3, 1.3  0.5, corresponding to the doses of 4x10

6
 UI/ kg and 8x10

6
 UI/kg of INF-; 0.5 

and 1 UI/kg of TF, 1 and 2 g/kg of glycine, respectively, clearly showing an absence of genotoxicity. On the contrary, the MNPE mean 
determined for cisplatin was high as expected, particularly at 72 hours (25.1  0.7 MNPE/1000 cells). The innocuous capacity of TF, 
INF- and glycine for micronuclei induction paralleled the absence of its cytotoxic potential shown by the frequency of polychromatic 
erythrocytes (Table 2). The table shows PE daily values similar to those determined in the negative control animals and contrary to 
those in cisplatin-treated mice, in which a significant PE rate decrease (74% at 72 hours) was found in comparison with the mean of 
the other groups.  
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The result of the SCE, AGT, and the MI are indicated in Table 3.   With respect to the rate of SCE, we found a similar level (with the 
two tested doses for each compound) to the one observed in the negative control group; however, the positive control agent (cispla-
tin) revealed an increase of about three times that level. The same table shows a homogeneous AGT value of the two tested doses of 
TF, INF- and glycine, with a variability of no more than 30 minutes among them; these values are very close to those obtained in the 
controls. A similar effect, that is, no modification by TF, INF- and glycine were also determined with respect to the cell division rate, 
as shown by the similar MI values observed in all groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



International Journal of Advance Research, IJOAR .org                                                                                        
ISSN 2320-9186 5 
 

IJOAR© 2015 
http://www.ijoar.org  

 4. Discussion 
In the genotoxic procedures used in this investigation, we observed that the doses of INF-, TF and glycine administered to mice 
caused neither genotoxic nor cytotoxic effects.  
Review in the literature about genetic toxicity of certain cytokines such as INF,  and , TNF-, epidermal growth factor and inter-
leukins, have reported that these cytokines may exhibit genotoxic properties in human peripheral blood lymphocyte cultures

16
; in KB 

cell line the IFN- showed a slightly increase the incidence of SCE following IFN treatment but without dose-effect relationship
17

 and 
it has also determined the inhibitory effect of both IFN- and  on human erytrhroid colony-forming units despite binding to the 
same receptor

18
. However, it have been found a new biological functions of interferon, namely, their capacity to protect human cells 

from the action of some physical and chemical mutagens
19

, their capacity to alter the DNA repair
20

, and that do not produce neither 
genotoxic/clastogenic nor embryotoxic effects in high doses (10

3
-10

5
 UI) in vitro

21
. Our results demonstrated that the two doses of 

INF- (higher doses that those employed by Mertens et. al.,  did not have genotoxic effects in vivo; therefore, our results comple-
ment those made in vitro and represent an important outcome for the long time treatment of demyelization disease as sclerosis mul-
tiple among others. 
Finally, the exit of the use of TF as a therapy is due to its clinical effectiveness in treating many infectious (viruses, fungi and bacteria) 
and immunodeficiency diseases

22
, as well as its down regulatory effect on HIV-1 gene expression

23
 and it capacity to interrupt the 

progress of diabetes in streptozozin treated mice by means of diminishing the inflammation in the pancreatic tissue
24

.  Our results 
have demonstrated that TF did not cause genetic nor cellular toxicity in vivo which represents an important finding because of use of 
TF wide world; although, there is an experimental evidence that the TF present in injected newborn human serum produce signifi-
cant embryo toxic and teratogenic effects, as well as changes in coordination of motor activity in newborn rats

25
 , however, this re-

sults were made utilizing the complete serum, so they can not ensure that this toxic effects were due only to the TF present in the 
complete serum. 
There is a substantial experimental evidence that the glycine may have a role in protecting tissues against insults such as ischemia, 
hypoxia, reperfusion and nephrotoxicants

26
 , glycine can also modulates pro and anti-inflammatory cytokine levels

27
, improves sur-

vival of rats given endotoxin, most likely by inactivation of Kupffer cells, since tumor necrosis factor- production was decreased
28

, 
has a cytoprotective effect and it diminishes the apoptosis caused by cisplatin in renal tubules in kidney

29
.  

However, when the nitrite group of glycine reacts with Cl
-
 at acidic pH, it give rise to genotoxic compounds.  Although, it is not full 

understood the nature and the mechanism of genetic lesion induced by the ultimate genotoxicant arising from the nitrosidation of 
glycine, the influence of Cl

-
 in the genotoxic activity of glycine may have a possible involvement in the etiology of gastric cancer

30
.  

Our results show that the two doses of glycine administered to the mice did produce neither genotoxic nor cytotoxic effects; there-
fore, the utilization of glycine for a long period of time in degenerative diseases may not represent any additional danger for patients. 
We conclude that the three inmunomodulators did not show neither genotoxic nor cytotoxic effect compared with cisplatin, and 
suggest that these drugs can be employed for long periods of time in those chronic diseases. 
 

Declaration: studies involving humans or experimental animals were conducted in accordance with national and institutional guide-
lines for the protection of human subjects and animal welfare. The experiments used in this study, comply with the current laws of 
the country in which the experiments were performed. 
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