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Abstract
Background: Radiation therapy is one of the most essential components of cancer treatment, so that
more than half of cancer patients receive that treatment modality. Radiotherapy of pelvic, spine, or
testicles could cause infertility and oligospermia due to direct effect on the gonads. The testicle, as a high
radiosensitive tissue, faces functional disorder with the lowest dose of 0.15 Gy and oligospermia with
0.3–0.5 Gy. Since protection against adverse effects of Radiation is essential, studies are being done to
�nd out radioprotectors with the non-toxic properties. Probiotics are living microorganisms, the effects of
which on the intestinal microbial �ora can boost the immune system.

Methods: Male Wistar albino rats were subjected to dietary supplements, including Lactobacillus Casei
and Lactobacillus acidophilus, in four groups, for 17 weeks. After being exposed by 2 Gy gamma
radiations, the testicular tissue was extracted, and the expression of the apoptotic genes of Bax, Bcl2, and
Cspase3 was evaluated.

Results: No signi�cant difference was seen in the expression of Bax, and Bcl24-2 genes among the
studied groups. However, Caspase3 expression has increased in the group which hasn’t received
Radiation but used Lactobacillus Acidophilus.

Conclusion: The present results suggested that the use of the aforementioned probiotics mentioned
above would reduce the Radiation-induced apoptosis, which then prevented cell death from oligospermia.

Background
Production and development of radioprotectors are regarded as essential branches of radiobiology[1].
Disastrous effects of radiation on biological systems are shown through various mechanisms[2, 3]. A
range of strategies have been implemented to protect natural systems by using chemical protectors to
prevent radiation damage, because radiation-induced normal tissue toxicity is still dose-limiting in
patients undergoing radiotherapy[4].

Radiation therapy is a double-edged sword that has been proven to be a palliative therapy for solid
tumors[5]. It is estimated that about 50 to 70 percent of all oncology patients are treated with radiation
therapy, or a combination of chemotherapy and radiation therapy[6], Although this method has become
one of the most important treatments for cancer, the detrimental effects of new defects and late effects
on healthy tissues around the body would limit the amount of radiation exposure that can be applied. The
bene�cial and harmful effects of therapeutic applications of ionizing radiation on living systems are
attributed to the production of free radicals [7]. Many of the losses of ionizing radiation in the biological
system are mainly due to the indirect effects of radiation[8]. Radiotherapy of pelvis, spine, or testicles has
shown to have a direct impact on the gonads, resulting in infertility and steroid hormone production
disorders[9].
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Cancer treatment by either radiotherapy or chemotherapy reduces the number of sperm, often to the level
of azoospermia, which can last up to several years[2]. The testicle is one of the most radiosensitive
tissues, with the lowest dose of 0.15 Gy impairs its function, and 0.3–0.5 Gy leads to oligospermia[9].

Most studies in this area have included rodents, because they show fundamental patterns that help to
understand the kinetics of improving spermatogenesis in men [10]. The period of reduction in the number
of sperm can be identi�ed by the sensitivity of the primary cells. The recovery from azoospermia is highly
variable, depending on both the killing of base cells and the change in the physical environment that
generally supports the differentiation of the base cells[11]. Radiation and most alkylated substances are
potent at producing long-term azoospermia. When being exposed by ionizing radiation, primary damage
of the mouse’s testicle causes depression in sperm count after the spermatogonia differentiating, the time
course of which is around 4 to 5 weeks in mice[12]. The process of spermatogenesis in humans is very
similar to that in mice. Although it has been shown that spermatogonia are more sensitive in humans
compared to mice[12], Therefore, the result of The present study, which has been done in mice, can be
generalized to humans[13]. This fact that spermatogenesis of type A (testicular germ cell lines) seem to
be sensitive to radiation is a re�ection of the effect of spermatozoa. Similar studies have shown the
impact of ionizing radiation on DNA as well as reduced blastocyst growth in mice[14]. Based on their
results, sperm DNA and chromosomal abnormalities of sperm in humans are associated with reduced
fertility.

The human body partial exposure to the dose of radiotherapy in cancer patients can result in cell death in
healthy tissues as well. After being exposed by radiation and passing gap 1 phase cell-cycle, If the cell
doesn’t consider the repair to be effective, then the cell progresses to the second death checkpoint (G2
arrest), followed by the release of mitochondrial Caspases and death. The B-cell lymphoma 2 (Bcl-269)
family of proteins are the guardians of this checkpoint[15]. The Bcl-2 protein is placed in the cover of core
and mitochondria, and; it functions through the connection to Bax[16]. It encodes a protein that blocks
programmed cell death[17]. The Bax protein in terms of structural is Bcl-2 homologous, and it is
considered to be a promoter of apoptosis that is placed in the cytoplasm or the cellular membrane.
Hence, in terms of performance, this antagonist protein has a protective role for Bcl-2 The Caspase
molecules are generated in the form of prefabricating and just after receiving a death signal by cell, they
are activated[18].

A radioprotector is a component that signi�cantly reduces the harmful effects of radiation when exposed
to humans or animals before exposure or immediately after radiotherapy[19]. Since the introduction of
cysteine as a protective drug in 1949, various chemical, synthetic, and natural ones, have been tested for
their various protective effects on different biological systems[13]. A cording to authors’ knowledge, only
two radioprotective compounds of amifostine and palifermin, are currently FDA approved for use in
radiation therapy. However, some other agents that have been reported to show therapeutic promise[20].
Amifostine protects against radiation; however, it is relatively toxic and, its typical side effects include
nausea, vomiting, and hypotension[21]. As a result, researchers are still searching for a more capable
radioprotector, Which is not only inexpensive and more effective, but also has lower side effects[22].
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Probiotics are de�ned by the World Health Organization to be “living organisms” that produce bene�cial
effects on host health through modulating the intestinal microbial �ora[23]. These live and speci�c
microorganisms, when used in humans or animals, affect the body's �uorocarbons of bene�cial effects
on host health. The live organism and the lactic acid-producing bacteria, in particular, have been used in
foods to improve human health from the distant past. The Roman historian, 76 BC, recommended the use
of milk fermentation products to treat gastroenteritis[24]. There is also data supporting the fact that these
bene�cial bacteria play a valuable role in the treatment or prevention of radiation hazards[25].

As the development of safe and effective radioprotectors that protect healthy tissues following radiation
exposure is highly stressed, in The present study, we Are going to �nd out the effects of Lactobacillus
Casei and Bacillus acidophilus probiotics on protection against radiation.

Materials And Methods
Preparation and Classifying Animals

Male albino Wistar rats weighing 220 ± 20 g were purchased from an Animal laboratory of Tehran
University of Medical Sciences. The animals were kept at 22 ± 2 ºC and 55 ± 5% humidity. Standard
feeding, and 12-hour light/ 12-hour dark cycle were used. These animals had access to enough water and
food, except the time they were taking drugs. The Ethics Committee approved the protocols used in this
study of Tehran University of Medical Sciences. The animals were anesthetized and then sacri�ced by
cervical dislocation. Animals were randomly classi�ed into six groups of six; in the form of experimental
groups, non-radiation control groups, and radiation control groups As follows:

1. The control group (no radiation and probiotic consumption).

2. without radiation, with the use of Lactobacillus Casei probiotics.

3. Radiation and use of Lactobacillus Casei.

4. No radiation, with probiotic consumption of Lactobacillus acidophilus.

5. Pollution and use of Lactobacillus acidophilus.

�. With radiation-without probiotics, test124 groups and control groups consumed probiotics as gavage
for 28 working days and standard food, respectively.

Drug Preparation

As each gram of every bacterium CFU/g (. So, for each animal, the calculated equivalent dose of the drug
was dissolved in 1 ml of PBS buffer with a pH of about 7.2, Followed by garaging for three times a day
for Lactobacillus Casei and once a day for Lactobacillus acidophilus. It was also gavaged at the same
level as the PBS buffer for the control group without medication.

Irradiation
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At the end of 28thworking day, all groups were exposed immediately after anesthesia, at the Department
of Radiation therapy, Cancer Institute, Imam Khomeini Hospital Complex in Tehran, Radiation was
performed using a machine with the dose and dose rate of 2 Gy and 100cGY/min respectively. At the
same time, FOV was set to 36x36 and SSD was 80cm.

Tissue extraction

Immediately after exposure, the animals were transferred to the Animal lab of the Tehran University of
Medical Sciences and were Dissected By cervical dislocation method, under ethical considerations. After
extracting the testicle, it was placed in a 2.5 microtube and transferred immediately to the nitrogen tank.
Samples were stored at -80 ℃ until the total RNA was extracted.

Total RNA Extraction from Testicular Tissue

Firstly, the tissue was removed from liquid nitrogen .1ml of Trysol was added to the microtubule
containing chopped tissue. Vortexing of cells was then performed to make the sample wholly lysed. In the
subsequent stage, incubation was done either at the temperature of the room or by placing on the ice.
The next step was phase separation, which included: 1) adding 200 landa cold chloroform. 2) shaking for
15 seconds and 3) incubation on 4C ice.

The microtube was centrifuged in a refrigerated centrifuge machine for 15 minutes at a temperature of 4°
C and 12000 rpm. The supernatant was carefully is separated RNAs-Free 1.5 ml tube at 12,000 rpm for
15min centrifuges at a temperature of 4 ° C. After the supernatant was poured into a new microtube, the
same amount of isopropanol was added to be slowly mixed in the next stage. The centrifuge was then
run at 12,000 rpm for 15 minutes at 4 ° C. after that, we removed the supernatant and added 1 ml of cold
ethanol 75 ml. In next step, the centrifuge was run at 7500 rpm for 8 minutes at 4 ° C. Again the
super�cial �uid was discarded to dissolve the RNA, Which then was dried at room temperature for 5 to 10
minutes, and was suspended by adding 20 to 50 μl of RNase-free water and pipetting, before stirring the
microtube for 10-15 minutes in a water bath with the incubation temperature of 55-60 ° C. �nally we
removed four lambda, two landa from the gel and two lambda for OD reading using a nanodrop machine.

Control of the concentration and quality of RNA extraction steps

The biotech Nanodrop was applied and. The ratio of 280 / 260OD was considered as the sign of the
purity of the RNA extracted. The more it became closer to 2, the more the purity of the sample is deemed
to be acceptable. Moreover, the 230 / 260OD ratio is regarded as the extraction of RNA contamination
with the kit. Likewise, being closer to 2 is also more desirable. Ultimately, to assess the quality of RNA, it
was extracted using 1% agarose gel electrophoresis and stained with ethidium bromide.

cDNA synthesis

Hprt was used for the quality control of RNA extraction processes and cDNA synthesis. The samples
which were contained a copy of hprt were regarded as positive samples for the next steps. Master mix is
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then poured into every Micro USB, and following that one microgram of RNA extracted tube is used. RNA
sample can be calculated based on the concentration of the sample to be poured into microtubes in the
later step. All steps were performed on the ice. The tubes were placed in a thermocycler, and the cDNA
synthesis was performed according to the Kit Takara instruction and according to the following table.
Then cDNA was synthesized in a freezer -20 ° C.

Primer

The primer for Bax, Bcl2, caspase3 genes as well as hprt used in this study was based on the above table
principles, The primers were designed using the NCBI and the Gene Runner software, and were developed
by Sinacolone with OD 2. According to the Sinacolone protocol, Primers were diluted and elaborated as
follows:

First, the appropriate amount of sterile distilled water was added to the primer, to reach a focus of 100
μm. Then, for 5 minutes, they were incubated at room temperature. To obtain a concentration of 10 μM,
again, 90 μl sterilized distilled water was added to a ten μL primer. The optimal focus of the introduction
for these reactions is one μm.

Steps to Real-Time PCR

In the beginning, the ingredients were removed from the freezer to thaw slightly at room temperature.
Subsequently, according to the instructions, the ingredients were carefully mixed, and after adding every
one of them, we spin slightly to ensure that it is well mixed. The reaction volume is 20 μL. Streeps (0.1
microtubes) were placed carefully and by using pansies in the Cool Box, which were removed out of the
freezer. The 6000 Corbett Rails Time Machine obtain the results.

Statistics

 The mean of each of the variables was statistically analyzed using one way ANOVA and Tukey post hoc
test. P <0.001 was considered as meaningful level.

Results
As it can be seen in the �g.1 that Bax gene expression has increased in each group that has been
exposed to radiation compared to the non-irradiated group, which had identical diet. Moreover, Bax
expression in groups that consumed LA is slightly higher than that in LK consuming groups. However, the
differences cannot be regarded as signi�cant. Notably, the LK consuming group, which has not received
radiation, showed the least �gure on the chart.

Having known the fact that increased expression of Bcl-2 means resistance to radiation therapy[26], From
the �g.2 we can see that bcl2 gene expression followed a different pattern in comparison with that in Bax,
and the manifestation of Bcl2 has decreased in irradiated groups. However, Bcl2 expression in groups
that consumed LA is again higher than that in LK consuming groups. It is also noticeable that the
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appearance of Bcl2 is almost identical in both irradiated and non-irradiated groups which haven’t
consumed probiotic drugs. Similarly, there are no signi�cant differences among groups.

In �g.3, the results of the Caspase3 gene Illustrate that the group Which consumed LK has signi�cantly
decreased expression in comparison with both control groups either being exposed by radiation or not. In
contrast, Caspase3 expression has increased in the group, which hasn’t received radiation but used LA.
Furthermore, groups that have been used probiotics and have been exposed to radiation also show a
signi�cant reduction in expressions. Compared to those who use probiotics but have not been exposed to
radiation.

Discussion
When exposing the whole body or a part of it to radiation, the reproductive system protection from
oxidative damage is of great importance[27]. Apoptosis is the leading cell death mechanism that is
involved in radiation therapy[28]. Apop tosis is profoundly affected by Caspase-3, the activation of which
indicates irreversible cell apoptosis[29]. Bax and Bcl-2 are apoptotic and anti-apoptotic proteins,
respectively, and the ratio of those two proteins determines the occurrence of cell apoptosis[30].

In recent years, several combinations have been investigated to prevent radiation damage in radiotherapy
treatments. The most important issue for selecting a radiation shield is to minimize toxicity and
maximize e�cacy[31]. The testosterone has an intrinsic antioxidant defense system, including a highly
ordered structure of antioxidant enzymes, free radical sweeteners, and so on to maintain
spermatogenesis. However, several known factors disrupt this system and increase infertility in men.
Additionally, changes in testicular function due to radiation damage would result in asthenospermia,
teratozoospermia, and even infertility. Radiation to this tissue can increase apoptosis in sperm cells after
24 hours. Therefore, infertility caused by pollution in planned radiation can be offset by safe radiation
protection[32].

Being harmless and user-friend are the main plus points of probiotics that make these bacteria
bene�cial[33]. Several studies have reported reducing the side effects of the intestinal mucosa with
probiotics by lowering the level of anti-in�ammatory cytokines and the in�ltration of neutrophils. One of
these studies suggests that a mixture of probiotics would even have a more substantial anti-
in�ammatory effect [34]. According to the results of the researches, it has been shown that these bacteria
selectively induce more intense cell death in tumor cells. Probiotics such as Lactobacillus cesium and
Lactobacillus acidophilus increase the ability to stimulate apoptosis in cancer cells[35]. Based on
research on testicular cancer cells, Lactobacillus acidophilus and Lactobacillus chrysapatos reduced the
activity of transcription of cancer genes in the testicles of mice[36].

There are studies which approved the probiotic use in the prevention or treatment of radiation injury in the
intestine[37]. In experimental models of radiation injury, lactobacillus, or a mixture of it and other bacteria
given to rodents before and after radiation led to decreased endotoxemia and sepsis[38]. However, the
published investigations have used different doses of radiation, various animal models, and a range of
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assessed endpoints[39]. Together the results suggest that probiotics can decrease radiation-associated
cell deaths. In a large study performed with the commercially available probiotic mixture on patients
undergoing pelvic radiotherapy, Delia, and colleagues showed that patients taking drugs experienced
lower degrees of severity[40]. In contrast, in another study conducted by Giralt et al. Both L. Acidophilus
and L. Casei failed to meet meaningful endpoints inpatient groups undergoing pelvic radiation for
gynecologic malignancies[41]. In research done by Aliparasti et al. apoptosis mechanisms of Wistar rats
were investigated and showed an increase of the Bax/Bcl-2 ratio in the hypoxic condition[42]. Similar
research carried out by Ciora et al. demonstrated the possibility of using probiotics as radioprotective
agents in man was raised[43]. Cycloheximide treatment has been demonstrated by Gobe and his
colleague to signi�cantly suppress irradiation-induced cell death in the testis and kidneys of neonate
rats[44]. Mansouri et al. investigated the effects of Lactobacillus Casei, Lactobacillus acidophilus, and
some other probiotic drugs on patients receiving pelvic radiotherapy and reported a non-signi�cant
impact of them on blood cell counts[45]. In a research done by Khan et al. melatonin was shown as a
prophylactic agent protected male reproductive system against radiation-induced injury in mice[46]. A
review article was written by Mego et al. stated the fact that Probiotics might have bene�cial effects on
some aspects of toxicity related to anti-cancer treatment, especially radiation therapy, but more
researches need to be done[47].

The results of the present study showed that there were no signi�cant differences between being and not
being irradiated control groups, for all genes studied. Additionally, no signi�cant difference was seen in
the expression of Bax gene among the studied groups. Similar to Bax, Bcl2 is also an apoptotic gene of
the mitochondrial pathway; besides, because ionizing radiation is one of the extracellular stimuli of the
path of apoptosis, as expected, the radiation Had an insigni�cant effect on the internal path of apoptosis,
or the same mitochondrial pathway. According to the results of similar studies, Radiation has been
shown to increase surface cell death Receptors, such as serine triplexine kinase (AKT1), which increases
the rate of apoptosis. The results of this study demonstrated that oral administration of probiotic
Lactobacillus acidophilus and lactobacillus Casei in the irradiated groups decreased cellular sensitivity.
As a result, the apoptosis was signi�cantly reduced in these specimens, by reducing the expression of the
Caspase 3 gene. That is to say, this decrease in apoptosis in testicular tissue cells prevents sperm from
oligo-induced radiation. Based on the results of the present study, the gamma dose of 2Gy did not make
any signi�cant difference between the control group with and without radiation. However, the
considerable difference in the level of apoptosis of apoptotic genes would be associated with probiotic
drugs.

Conclusion
In this research, the results of the Bax gene studies showed no signi�cant difference in the expression of
this gene among the studied groups. It can be concluded that this probiotic causes cellular stability by
boosting the immune system and thus reduces apoptosis and reduces the number of sperm from
radiation. This article is a part of a more extensive study by which sperm counts and morphological
examination will hopefully verify the bene�cial effects of these harmless bacteria.
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Tables

Table 1. Materials for Synthesis of cDNA

ingredients Quantity (μl)

RT Buffer (5x) 2

Primer(50μM) oligo dT 0.5

Primer: Random Hexamer (100μM) 0.5

Reverse Transcriptase Enzyme 0.5

Sterilized water treated with DEPC* The �nal volume is 10

*Diethyl pyrocarbonate (DEPC) is used in the laboratory to inactivate RNase enzymes in water and on
laboratory utensils.

 

Table 2. Thermocycler Device Program for Reverse Transcription Reaction

The type of reaction Temperature (°c) Time (min)

Synthesis of single stranded DNA 37 15

Enzyme inactivation 85 5 

 

Table 3. Characteristics of primers

Sequences (5́́ - 3́) Primer

F:AGCTGGACTGCGGTATTGAG Caspase-3  

R:ATGGCGCAAAGTGACTGGAT  

F: GGCGATGAACTGGACAACAA Bax  

R: CAAAGTAGAAAAGGGCAACC  

F: GGTGAACTGGGGGAGGATTG Bcl2  

R: GCATGCTGGGGCCATATAGT  
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Table4. Materials for Real Time PCR

Materials Volume (μl) Final concentration

Master Mix 2X 10 X1

cDNA 2 ng/reaction100³

μM10forward primer 8/0 μM4/0

μM 10 reverse primer 8/0 μM4/0

water RNase- Free 4/6 -

Figures

Figure 1

The diagram represents the expression of the Bax gene in the studied groups. In the horizontal axis of
this chart, R * means radiation, R means non-radiation, A means the probiotic drug Lactobacillus
acidophilus and K also refer to the probiotic drug Lactobacillus Casei.
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Figure 2

The graph shows the expression of the Bcl2 gene in the studied groups. In the horizontal axis of this
chart, R * means radiation, R means non-radiation, A means the probiotic drug Lactobacillus acidophilus,
and K also refer to the probiotic drug Lactobacillus Casei.



Page 16/16

Figure 3

Shows the expression of Caspase3 gene expression in the studied groups. In the horizontal axis of this
diagram, R * means radiation, R - meaning no pollution, S denotes the probiotic drug Bacillus acidophilus,
and K also refers to the probiotic drug Lactobacillus Casei.


