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Abstract 
This study deals with the cytogenetic effect of lactobacillus acidophilus concentrated 
filtrate on metaphase index of bone marrow cells in mice. Cyclophosphamide is a 
drug that is used primarily for treating several types of cancer. In order to work, 
cyclophosphamide first is converted by the liver into two chemicals, acrolein and 
phosphoramide. The results showed that lactobacillus acidophilus concentrated 
filtrate caused a significant increased in metaphase index in comparison with the 
negative control (distilled water) and positive controls (Cyclophosphamide) 
especially at high doses. The results of interaction study showed that pre- and post-
treatment with lactobacillus acidophilus concentrated filtrate caused a significant 
increased in metaphase index of mice bone marrow cells. 
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Introduction 
Under domesticated conditions, stress factors cause deficiencies to occur which render 
the animal vulnerable to infection. Under these circumstances, supplementation with live 
microorganisms to repair the deficiencies in the composition of the gut micro flora can 
stimulate an immune response and restore the animals resistance to infection [1]. Various 
natural supplements have shown some promise for improving the effectiveness of 
conventional cancer therapy (specifically: chemotherapy and radiation) or reducing its 
side effects [2]. A primary therapy to cure a small percentage of malignancies is 
chemotherapy, it was used as adjuvant therapy to decrease the rate of relapse or improve 
the disease-free interval to palliate symptoms also the therapy aimed to prolong survival 
in some cases of incurable malignancies prior to surgery to reduce the size of tumor, 
rendering it more operable post surgery to decrease the risk of occult micromestaseses of 
tumor stem cells outside the primary field [3]. There are over sixty different drugs used in 
chemotherapy, most being specific to certain types of cancer, these drugs are often used 
in combination 

 

having different mechanisms of action and metabolic pathways. Some 
of these chemotherapeutics agents are Cyclophosphamide, Ifosfamide, Chlorambucil, 
Melphalan, Busulphan which act as Alkylating Agents [4]. Mitotic index assay is defined 
as the ratio of the numbers of cells in a population undergoing mitosis to the total 
numbers of cells [5]. Therefore, by the employment of this assay the effect of different 
physical and chemical agents on the mitotic response can be detected, and studies have 
revealed that the mitotic index can be affected negatively or positively by chemicals, 
radiations, drugs and medicinal plants   [6,7].  
This study was aimed to evaluate the ability of concentrated filtrate of L.acidophilus in 
reducing the genotoxic effects of treatment with Cyclophosphomide, and the influence of 
concentrated filtrate of L. acidophilus-cyclophosphomide on metaphase index of bone 
marrow.  

Materials and methods: 
Laboratory Animals 
Albino male mice (Mus musculus) were used to carry out the investigations of the present 
study. They were obtained from Biotechnology Research Center (Al-Nahrain University). 
Their range ages was 8-9 weeks, and their weight was 23-27 grams at the beginning of 
experiments. They were caged in the animal house of the supplier, in which the 
temperature was 23-26°C, and light: dark periods of 10:14 hours/day. The animals had 
free excess to diet (standard pellets) and drinking water during all experiments.  

Experimental Design  
Three doses of Lactobacillus acidophilus concentrated filtrate experiment [13] were used 
to assess the cytogenetic effects of cell free extract of Lactobacillus acidophilus, and their 
modulating effects on the drug cyclophosphomide in albino male mice. Two stages were 
used in the evaluation. 
First Stage 
In this stage, the cytogenetic effects on mitotic index of three doses of Lactobacillus 
acidophilus concentrated filtrate and cyclophosphomide were investigated. The animals 
were divided into three groups: 



 
Biotechnology Research Center (special edition)                                                           Vol. 3- No. 2- 2009 

25  

 
Group I: treated with distilled water (negative controls = 8 animals). 

 
Group II: treated with cyclophosphomide  at a dose of 15 mg/kg (positive controls = 
8 animals) 

 
Group III: treated with three doses of the Lactobacillus acidophilus concentrated 
filtrate (250, 500 and 750 mg/kg) (24 animals). 

The tested materials were given orally as a single dose (0.1 ml) per day for 7 days. Then 
the mice were sacrificed in day 8 for laboratory assessments. The total numbers of mice 
in this stage were 40 animals. 
Second Stage  
In this stage, interactions (pre- and post-treatments) between the ideal dose of 
Lactobacillus acidophilus concentrated filtrate (250 mg/ kg) and cyclophosphomide (15 
mg/kg) (company leaflet) were carried out. The criterion of selection for the ideal dose 
was based on the approximation between the values of mitotic index in the animals 
treated with concentrated filtrate and negative controls. 

 

In pre-treatment interaction, the Lactobacillus acidophilus concentrated filtrate was 
given for 6 days (250 mg/kg single dose/day), while cyclophosphomide was given 
(single dose/day) in day 7, and then animals were sacrificed in day 8 for laboratory 
assessments. In both cases, the materials were given orally (0.1ml). The total number 
of mice in this interaction was 8 animals.  

 

In post-treatment interaction, the animals was given cyclophosphomide (single 
dose/day) on day one, while the Lactobacillus acidophilus concentrated filtrate was 
given in day 2 till day 7 (single dose/day), and then animals were sacrificed in day 8 
for laboratory assessments. In both cases, the materials were given orally (0.1 ml). The 
total number of mice in this interaction was 8 animals.   

Mitotic index 
The metaphase index was assessed on somatic cells obtained from the bone marrow of 
experimental animal mice, according to a pre-established method (8), which was based 
on the following steps: 
1. The animal was injected intraperitoneally with (0.25 ml) of colchicines solution with 

concentration of (1mg/ml), and after two hours, the animal was sacrificed by 
cervical-dislocation. 

2. The animal was dissected, and femur bone was removed and transferred to two Petri 
dishes containing 5 ml of PBS.   

3. The femur bone was cleaned from muscles and other tissues, and both ends were cut. 
Then, the bone marrow was obtained with PBS (5 ml) using disposable insulin 
syringe, and collected in a test tube. 

4. The cell suspension of tube was gently pipette and centrifuged (2000 rpm) for 5 
minutes. 

5. After discarding the supernatant, the cell deposit was suspended in 10 ml of a warm 
(37°C) hypotonic KCl (0.075M), and incubated for 30 minutes in a water bath 
(37°C), with shaking every 5 minutes. 

6. The tube was centrifuged (2000 rpm) for 5 minutes, and the supernatant was 
discarded. 
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7. The cell deposit was slowly suspended in 5 ml of cooled fixative          (4?C), and 
incubated for 30 minutes at 4°C. 

8. Step 7 was repeated, and the cell deposit was gently suspended in 1-2 ml of cooled 
fixative, to prepare a single cell suspension. 

9. Few drops (4-5 drops) of the fixed cell suspension were dropped vertically from a 
height of about 3 feet on cleaned slides to give chance for nuclei and chromosomes 
to spread well. 

10. The slides were air-dried, stained with Giemsa stain for 15 minutes, rinsed with 
distilled water, and left to dry at room temperature. 

11. The slides were examined under oil immersion lens (100X), and at least 1000 cells 
(divided and non-divided cells) were scored. Then, the percentage of metaphase cells 
(metaphase index) was calculated according to the following equation:  

Metaphase index (%) = 100 x 
Count Total

Cells  Metaphase ofNumber 

 

Results  
In the present study the metaphase index for bone marrow cells was estimated in which 
only cells at metaphase were scored figure (1) in sample of 1000 cells, while their 
percentage was given.  

Figure ( 1) : A metaphase preparation from bone marrow of mouse treated with 
Lactobacillus acidophilus concentrated filtrate (100X). 

Bone marrow 
A treatment with cyclophosphomide caused a non significant reduction in the metaphase 
index (2.41%) as compared to the negative control (2.96%). In contrast, the differences 
were significant for all doses of concentrated filtrate of L. acidophilus as compared to the 
negative control (7.30%, 3.98% and 4.80% vs. 2.41%) Table (1).   
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Table (1): Metaphase index of bone marrow cells (mean ± standard error) of  
                 albino male mice treated with Lactobacillus acidophilus concentrated  
                 filtrate, (negative controls) and (positive control).   

Groups 
Dose 
(mg/kg) 

Mean ± 
Standard 
Error % 

Treatment 
Efficiency 
(%) 

Statistical 
Evaluation 

Positive Control 
(cyclophosphomide Drug) 

15 2.41±0.41 -18.44 A 

Negative Control (Distilled 
Water) 

0.00 2.96±0.21 

 

A 
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First dose 250 7.30±0.82 147.03 B 

 

Second dose 500 3.98±0.30 34.69 C 

Third dose 750 4.80±0.41 62.35 C 

Different letters in the same column: significant difference (P  0.05) between means.  

Concentrated filtrate of Lactobacillus acidophilus 

 

cyclophosphomide  interactions 
Two types of interactions (pre-and post- treatment) were carried out between the ideal 
dose of Lactobacillus acidophilus concentrated filtrate and cyclophosphomide to evaluate 
the role of the concentrated filtrate in modulating the cytological effect of the drug in 
albino male mice. The selection of ideal dose was based on the results of metaphase 
index of bone marrow as indicated above table (1).   

Metaphase Index of Bone Marrow cells 
The concentrated filtrate of Lactobacillus acidophilus was significantly effective in 
enhancing the metaphase index of bone marrow cells in the pre-treatment interaction as 
compared to the corresponding controls (2.41%vs.1.62%). Also, the post-treatment 
caused significant increased in the metaphase index as compared to the corresponding 
control (5.46 % vs. 3.18 %) table (2).             
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Table (2): Metaphase index of bone marrow cells in albino male mice after  
                  interactions (pre- and post-treatments) between the ideal dose (250  
                  mg/kg) of concentrated filtrate of Lactobacillus acidophilus and  
                   cyclophosphamide drug.   

Groups 

Mean ± Standard Error 
(%) 

Treatment Efficiency                        
(%) 

Pre-treatment Post-treatment Pre-
treatment 

Post-
treatment 

Control 1 (Distilled Water + 
cyclophosphomide) 

1.62±0.09    a 3.18±0.18     a 

  

Control 2 (concentrated filtrate+ 
cyclophosphomide) 

2.41±0.01    b 5.46±0.045    b 48.8 43.3 

Different letters in the same column: significant difference (P  0.05) between means  

Discussion  
The beneficial activity of probiotics as show from the above result especially the 
increasing the mitotic index may be exerted through the immunomodulation of gut 
associated lymphoid tissue. The suggestion that commensally bacteria may have a role in 
induction of anti inflammatory signals, as tested in intestinal epithelial cell lines [9]. 
Several studies have reviewed the evidence for the suppression of carcinogenesis by 
Lactobacillus acidophilus [10,11] based on research concerning anti mutagenic and anti 
carcinogenic activity. There is also evidence in humans that oral supplements of L. 
acidophilus reduce activities of fecal bacterial enzymes such as b- glucuronidase, 
nitroreductase and azoreductase that are involved in procarcinogen activation [10]. 
The active metabolite released by probiotic bacteria during intestinal transit may cross the 
intestinal layer to exert anti-inflammatory effects, and may explain the beneficial effects 
of probiotic bacteria as adjuvant [11]. 
Many researchers have studied the biological basis of the antitumor effect of dietary 
Lactobacillus acidophilus in various animal models for human cancer. The understanding 
of the suppression of antitumor activity has led to the conclusion that the Lactobacillus 
acidophilus could act by modulation of the immune response. However, the mechanisms 
are not the same for different types of tumor. In addition, therapeutic antitumor effect by 
Lactobacillus acidophilus differs as a function of dose, time of administration and the 
route chosen [12,13]. The mechanism by which probiotics exert their effects are largely 
unknown, but may involve stimulating immunomodulatery cells [14], it was found that 
production of protein (bacterocin) increasing the activity of the bacteria [15].  
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