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participate in the alleviation of DNA damages in the small intestine of rats, thereby providing 349 

resistance to irradiation in these animals. At the same time, the effects of probiotics on irradiated 350 

rats might be explained by the possible neutralization of the destructive influence of irradiation 351 

on rats, mostly affecting activated free radical processes in the intestines and in the organism as a 352 

whole. Interestingly, experiments have shown that the investigated lactobacilli strains were 353 

different in their hydrogen peroxidase and catalase activity. According to full genome analysis, 354 

L. delbrueckii IAHAHI carries a hydrogen peroxide-inducible gene activator that is not present 355 

in the other investigated strains. Hydrogen peroxidase and catalase activities of these lactobacilli 356 

were investigated experimentally; the data confirmed the results of the full genome analysis.  357 

However, all discussion related to the vitamins’ potential effects are hypothetical and need 358 

experimental confirmation; future investigations on these probiotics` metabolites will further 359 

promote the understanding of the mechanisms underlying their radio-protective effects. 360 

 361 

Conclusion 362 

In this study, we determined the potential of these probiotic strains for radio-preventive and 363 

radio-protective purposes and found the effect to be dependent on differences in the hosts’ 364 

physiologic state before and after the irradiation, affecting the probiotic’s potential impact. These 365 

findings are also of significance for L. rhamnosus Vahe/its CFS and L. delbrueckii IAHAHI and 366 

their potential application as starters for the production of functional food with radio-protective 367 

activities.  368 
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 580 

Note: * Cell free supernatant  581 

Figure 1. The experimental rats’ groups.   582 
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Table 1. White blood cells’ numbers and mortality of rats after the 7 days of irradiation*: the 583 

impact of probiotic L. rhamnosus Vahe. 584 

 585 

Irradiation dose 

Control 

x109/L, * 

Probiotic 

x109/L 

0 Gy (placebo) 
6.84±0.77 

(100%) 

7.12±0.39 

(100%) 

4.5 Gy 

0.80±0.07 

(75%) 

P1<0.05 

2.00±0.04 

(100%) 

P1<0.05 

P2<0.05 

5.5 Gy 

0.57±0.03 

(37.5%) 

P1<0.05 

1.73±0.05 

(66.7%) 

P1<0.05 

P2<0.05 

12.5 Gy 

0.59±0.01 

(12.5%)  

P1<0.05 

1.82±0.04 

(50%) 

P1<0.05 

Note: 

* In blankets - percentage of the number of alive rats after the seventh day of irradiation. 

P1 - comparison with the untreated rats. 

P2 - comparison with the control rats (Group 1; Figure 1). 

 586 

  587 
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Table 2. Rats’ blood glucose levels (mM/L) after 7 day of 4.5 Gy irradiation: the impact of 588 

probiotic L. rhamnosus Vahe. 589 

 590 

  591 

 Control 

untreated rats,  

N = 8 

Placebo 

rats, 

N = 8 

Irradiated 

rats,   

N = 8 

control-

probiotic,  

N = 8 

Prevention-

probiotic*,  

N = 8 

Blood 

glucose 

7.26 ± 0.19 6.73 ± 0.33 

P>0.05 

6.735 ± 0.29 

P>0.05 

8.119 ± 0.2 

P<0.05 

7.707 ± 0.16  

P>0.05 

Note:  

* These rats were fed during 7 days by probiotic Vahe prior to irradiation.  
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Table 3. Rats’ blood glucose levels (mM/L) after 7 days of 4.5 Gy irradiation: impact of L. 592 

delbrueckii IAHAHI. 593 

 594 

 595 

 596 

 597 

  598 

 Control 

untreated 

rats, 

N = 8 

Placebo 

rats, 

N = 8 

Irradiated 

rats, 

N = 8 

control-

probiotic, 

N = 8 

Prevention-

probiotic*, 

N = 8 

Blood glucose 7.26 ± 0.19 6.73 ± 0.33 

P>0.05 

6.735 ± 0.29 

P>0.05 

6.594±0.2 

P<0.05 

7.62 ± 0.54 

P>0.05 

Note:  

* These rats were fed during 7 days by probiotic IAHAHI after the irradiation.  
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Table 4. Genome characteristics of lactobacilli. 599 

 600 

 601 
*This strain did not protect against 4.5 - 20 GY radiation. 602 

**Values for genome sequences of other strains of the respective species. 603 

  604 

Strain Number 

of 

contigs 

Assembly  

coverage 

Largest 

contig, 

bases 

Genome 

assembly 

size, bases** 

Typical 

genome 

size, Mb 

GC 

content, 

% 

Typical GC 

content** 

 

L. delbrueckii 

IAHAHI 

43 32.7x 413,896 1,766,423 1.73-2.26 49.8 49.1-50.1 

L. rhamnosus 

Vahe 

34 56.5x 722,392 2,834,560 2.59-3.11 46.7 46.6-46.8 

L. plantarum 

ZPZ* 

70 91.7x 365,046 3,311,088 3.04-3.64 44.4 44.3-44.8 
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 605 

Figure 2. Dose-viability relationship for in vivo experiments on male Wistar rats. Whole body 606 

X-ray irradiation was performed using RUM-17 therapeutic X-ray unit, Russia (technical 607 

specifications- dose levels: 5.5 Gy, 12.5 Gy and 20 Gy, dose rate: 1.43 Gy/min, height of a X-ray 608 

tube over an object:  50 cm, current: 15 mA, 180 kV and exposition time:  3.85 min, 8.74 min 609 

and 13.99 min accordingly.  610 

  611 

0

50

100

1 2 3 4 5 6 7

5.5 Gy 12.5  Gy 20  Gy

V
ia

b
il

it
y
, 
%

Days after the irradiation



33 

 

 612 

Figure 3. Effects of Lactobacillus rhamnosus Vahe and its cell free supernatant on viability of 613 

whole body 5.5 Gy single-dose X-ray irradiated male Wistar rats. Whole body X-ray irradiation 614 

was performed using RUM-17 therapeutic X-ray unit, Russia (technical specifications: dose 615 

levels: dose rate: 1.43 Gy/min, height of a X-ray tube over an object:  50 cm, current: 15 mA, 616 

180 kV and exposition time:  3.85 min. The mortality of rats was provided for the following 617 

seven days after the irradiation. 618 

CFS – cell free supernatant. 619 
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 620 

Figure 4. Effects of cell free supernatant (CFS) of the probiotic Lactobacillus rhamnosus Vahe 621 

on viability of whole body 12.5 Gy and 20 Gy single-dose X-ray irradiated Wistar rats. Whole 622 

body X-ray irradiation was performed using RUM-17 therapeutic X-ray unit, Russia (technical 623 

specifications- dose levels: 12.5 Gy and 20 Gy, dose rate: 1.43 Gy/min, height of a X-ray tube 624 

over an object:  50 cm, current: 15 mA, 180 kV and exposition time:  8.74 min and 13.99 min 625 

accordingly. The rats were fed by the cell free supernatant during the seven days prior to 626 

irradiation, and the mortality of rats were provided for the following seven days after the 627 

irradiation. 628 
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 632 

 633 

  634 

Figure 5. Dose-viability effects of 5.5 Gy - 20 Gy irradiation in seventh day after the X-ray 635 

irradiation. Whole body X-ray irradiation was performed using RUM-17 therapeutic X-ray unit, 636 

Russia (technical specifications- dose levels: 5.5 Gy, 12.5 Gy and 20 Gy, dose rate: 1.43 Gy/min, 637 

height of a X-ray tube over an object:  50 cm, current: 15 mA, 180 kV and exposition time:  3.85 638 

min, 8.74 min and 13.99 min accordingly. The rats were fed by the probiotic L. delbrueckii 639 

IAHAHI during the following seven days after the irradiation. 640 
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 642 

 643 

 644 

Figure 6. The rats’ in seventh day of 4.5 Gy irradiation: impact of L. delbrueckii IAHAHI. The 645 

rats were fed by the probiotic L. delbrueckii IAHAHI during the following seven days after the 646 

irradiation. 647 

white blood cells. 648 
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Figure 7. Comparison of subsystem features of the putative probiotic strains Lactobacillus 653 

rhamnosus Vahe, Lactobacillus delbrueckii IAHAHI and Lactobacillus plantarum ZPZ: 654 

vitamins and cofactors. 655 
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