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Abstract: Background — Nano-selenium and probiotics can be used as suitable radiation protective agents to reduce the effects of
radiation.

Objective — The goal of this study was to investigate the role of nano-selenium and probiotics as radioprotectors for the reproductive
system against the effects of radiation therapy.

Methods — A total of 64 male animals weighing approximately 20+5 g and aged 10+1 wks were randomly distributed among 8 groups:
control group; nano-selenium group; probiotics group; nano-selenium and probiotics group; X-ray irradiation group (a dose of 2 Gy for 5
min); nano-selenium and X-ray group; probiotics and X-ray group; and nano-selenium, probiotics and X-ray group. The animals were orally
administered Lactobacillus casei Shirota (10® CFU per day) and nano-selenium (0.2 mg/kg per day). Hematological, biochemical, and
hormonal parameters were examined before and after X-ray irradiation.

Results — Both nano-selenium and probiotics increased the mean levels of testosterone and luteinizing hormone (LH) in X-ray-exposed
mice (P<0.0001). Combined administration of probiotics and nano-selenium further increased the levels of these hormones, indicating
synergism between the two compounds (P<0.0001). Moreover, both nano-selenium and probiotics increased the counts of leukocytes and
platelets in X-ray-exposed animals. Taken together, both treatments mitigated the effects of radiation on testosterone, LH, and follicle-
stimulating hormone (FSH) levels, as well as white blood cell and platelet counts.

Conclusion — This study provides the first evidence that combined administration of nano-selenium and L. casei delivers differentiated,
lineage-specific radioprotection in male Syrian mice.

Keywords: Lactobacillus casei, nano-selenium, male Syrian mice, X-ray radiation, radioprotectors, radioprotection, reproductive hormones.

Cite as Ehghaghi A, Khanali F, Kharrazi S, Modarressi MH, Tavoosidana Q, Tabibian M, Ghafouri-Fard S, Motevaseli E. The effect of nano-selenium and
Lactobacillus casei on hormonal, biochemical and hematological parameters of male Syrian mice after irradiation. Russ Open Med J 2026; 15: e0303.

Correspondence to Soudeh Ghafouri-Fard & Elahe Motevaseli. E-mails: s.ghafourifard@sbmu.ac.ir, e motevaseli@tums.ac.ir.

Introduction

High levels of radiation from radioactive sources are harmful
to living organisms and can cause irreversible damage, cancer, and
even death. Radiation has a permanent or temporary effect on
fertility, depending on the dose. Furthermore, the production of
sex steroids can be disrupted. In adults, this leads to sex steroid
deficiency, and in childhood, the sexual cycle can be disrupted [1].

The testicles are a radiation-sensitive organ due to the high
rate of spermatogonia proliferation. Exposure to radiation can
cause reversible or irreversible damage to the reproductive system
[2]. Radiation can cause various defects in spermatogenesis,
leading to reduced sperm count and an increased incidence of
sperm disorders [3, 4]. Oxidative stress leads to loss of sperm DNA
and a decrease in the fertilizing ability of these cells due to
bystander damage to protein and fat components in the plasma
membrane of sperm [5, 6].

One of the most important strategies for reducing the damage
caused by ionizing radiation is the use of radioprotectors. These
substances are administered before irradiation to reduce damage
and cell death from ionizing radiation. The underlying mechanism
of radioprotector protection is their role in inhibiting free radicals.
This effect protects cells from reactive oxygen species generated
by radiation or chemotherapeutic agents [7]. A standard
radioprotector must be able to reduce the adverse effects of
ionizing radiation and protect normal tissues. Furthermore, it must
have low toxicity, adequate efficacy, desirable stability, high
uptake, rapid tissue distribution, and no interactions with other
drugs. For similar reasons, the use of materials naturally present in
the body has attracted considerable attention in this regard [8].
Radiation-protective compounds reduce the negative impact of
ionizing radiation on body tissues through various mechanisms,
including scavenging free radicals, transferring hydrogen atoms to
damaged molecules, causing hypoxia, and reducing the production
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of reactive and atomic oxygen species, stimulating the
proliferation and differentiation of hematopoietic stem cells,
increasing the activity of endogenous antioxidants in the body, as
well as binding to DNA and increasing its stability [9].

Selenium is a cofactor or activator of the enzyme glutathione
peroxidase, which is one of the most powerful natural
antioxidants: it promotes the breakdown of lipid peroxidases and
hydrogen peroxide. Glutathione peroxidase is one of the most
important antioxidants against damage caused by free radicals and
is considered a powerful radiation shield [7, 8]. Adequate selenium
levels enhance antioxidant activity and support overall health.
Selenium is also involved in testosterone production. In addition,
selenium is involved in sperm development, and decreased levels
lead to atrophy of the seminiferous tubules, reducing sperm
production [10]. Long-term selenium deficiency in the diet of
guinea pigs reduces sperm concentration and motility and causes
the formation of cytoplasmic droplets in sperm [11]. Studies have
shown that selenium improves reproductive performance in
organisms such as mice, pigs, and sheep [12]. Selenium has been
found to protect tissues from oxidative damage and modulate the
immune microenvironment, promoting hormone development
and expression [13, 14]. Recently, selenium nanoparticles have
attracted widespread attention due to their high availability and
less toxic effects compared to organic and inorganic forms of
selenium. Selenium nanoparticles/nanocomposites and other
biocompatible nanoparticles have also been confirmed to have
beneficial effects in the treatment of cancer and other diseases.
Selenium nanoparticles exhibit high free radical scavenging
properties. Nano-selenium is used to enhance selenium efficacy
and reduce toxicity [15, 16]. In general, nanomaterials enhance the
dispersibility, stability, and availability of bioactive substances [17,
18].

Similarly, probiotics such as Lactobacillus casei Shirota may
have a radioprotective effect. Probiotics are generally live bacteria
that are beneficial to the body’s health [19]. Some species are
strictly anaerobic and have a fermentative metabolism that
produces energy through the fermentation of sugars [20]. These
bacteria help balance the body’s microbial flora and have a
beneficial effect on the immune system [21]. It is worth noting
that previous studies have shown colonization of L. casei in the
intestinal tract of mice after oral administration [22]. Most
notably, this probiotic exerts a corresponding antioxidant and
antiapoptotic effect in mouse testes after X-ray irradiation,
enhancing the compound’s radioprotective effect [23].

The objective of this study was to investigate the protective
role of nano-selenium and L. casei against the effects of radiation
therapy on the reproductive and hematological systems. The
radioprotective effect of this combination of substances has not
been previously assessed. Therefore, we examined the effects of
this formula on hematological, biochemical, and hormonal
parameters to determine whether it could preserve physiological
functions after irradiation.

Material and Methods
Material

Selenium nanopowder was obtained by chemical reduction
and purchased from Pishgaman Company, Iran. Nano-selenium
was administered orally at a dose of 0.2 mg/kg daily. L. casei
(Pasteur Institute of Iran) was cultured in MRS broth at 37 °C
under anaerobic conditions for 24-48 h. Bacterial cells were

collected by centrifugation (4,000 xg, 15 min, 4 °C), washed twice
with sterile phosphate-buffered saline (PBS, pH=7.4), and
resuspended in PBS to a concentration of 1x10° CFU/mL. Viability
was confirmed before each administration by plating serial
dilutions on MRS agar and counting colonies after 48 h of
anaerobic incubation at 37 °C. Each laboratory animal was
administered 100 pL (1x10® CFU) orally daily using a sterile 20-
gauge needle.

Experimental design and model validation

This study was designed and reported in accordance with
ARRIVE (Animal Research: Reporting of In Vivo Experiments) 2.0
guidelines and the principles outlined in the Guide for the Care and
Use of Laboratory Animals (8th edition, National Institutes of
Health, USA). A total of 64 male Syrian mice (n=8 in each group)
were randomly assigned to 8 experimental groups using a
computer-generated randomization sequence. The sample size
was determined a priori based on a power analysis (80% power,
a=0.05) using effect sizes from pilot experiments [23]. Group
assignment and outcome assessment were performed by
investigators blinded to treatment conditions. All animals were
acclimated for 7 days prior to treatment. Health status, body
weight, and behavioral signs of distress were monitored daily. No
animals were excluded from the analysis, and any morbidity or
mortality would have been recorded, but this did not occur. The
study protocol (IR.TUMS.MEDICINE.REC.1400.1104) explicitly
included measures to minimize pain and stress in the animals,
including anesthesia (ketamine/xylazine) before irradiation and
euthanasia by decapitation under deep anesthesia at the study
endpoint, in accordance with AVMA guidelines.

The 2 Gy X-ray irradiation model was thoroughly validated at
the histological, biochemical, cellular, and molecular levels in our
pilot study [23]. The same irradiation parameters and injury
criteria were employed in the present study, thereby ensuring
reproducibility. In other words, the successful induction of X-ray
damage was confirmed histologically, biochemically, and by flow
cytometry in our previous study using identical irradiation
parameters [23], where the X-ray-only group showed a significant
decrease in spermatogenesis, antioxidant enzyme activity, and the
percentage of viable cells, along with an increase in apoptosis and
malondialdehyde levels.

To evaluate the effects of nano-selenium and probiotics on
biochemical, hormonal, and hematological parameters in male
Syrian mice, 64 animals weighing approximately 2045 g and aged
10+1 wks were selected. Mice were housed in groups of four in
standard polycarbonate cages with sterile corn cob bedding. The
animal facility maintained strictly controlled conditions:
temperature of 22+2 °C, relative humidity of 50+10%, 12-h
light/12-h dark cycle (lights on at 7:00 AM), ventilation of 10-15 air
changes per hour. The health and well-being of the animals were
monitored daily by trained personnel. Cages were cleaned, and
bedding was changed twice a week to maintain hygiene.

Predetermined humane endpoints and animal welfare
monitoring

All animals were observed daily by trained personnel for signs
of pain, distress, or illness using a standardized scoring system. The
following predetermined humane endpoints were recognized prior
to study initiation and approved by the institutional Ethics
Committee: body weight loss 220% of baseline weight measured
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on two consecutive days; severe lethargy (inability to ambulate or
reach for food/water); labored breathing or persistent hunched
posture; piloerection combined with reduced food/water intake
for >48 h; self-mutilation or visible bleeding; and lack of response
to mild stimulation. Any animal that met one or more of these
criteria would have been immediately humanely euthanized using
the same anesthetic (ketamine/xylazine) overdose protocol
followed by decapitation in accordance with AVMA guidelines.
However, no animal met any of these humane endpoints during
the study period. No animal died unexpectedly, and none were
excluded from the analysis. All 64 mice completed the study in
accordance with the experimental design.

Daily monitoring included recording body weight (every other
day), general appearance, behavioral changes, and food/water
consumption. Minor transient signs, such as mild piloerection or
decreased activity after X-ray exposure, spontaneously resolved
within 24-48 h and did not require intervention or exclusion from
the study.

Irradiation protocol

Animals were exposed to whole-body irradiation. X-ray
irradiation was performed using a Rad Source Model RS2000 with
a 0.3 mm copper filter and X-ray tube settings of 160 kVp and 24
mA (Rad Source Technologies, USA).
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Pharmacodynamic study

Animals were randomly distributed among 8 eight
experimental groups (8 mice per group). Group 1 served as the
control group and received only 500 uL of PBS orally daily. Group 2
received nano-selenium orally at a dose of 0.2 mg/kg daily. Each
animal in Group 3 received a probiotic (L. casei) orally at a dose of
1x10® CFU daily. Group 4 received nano-selenium and the
probiotic at the indicated dose. Groups 5-8 were exposed to direct
X-ray irradiation at a dose of 2 Gy for 5 min (whole body). Prior to
X-ray irradiation, animals in Groups 5, 6, 7 and 8 received the
following treatments for 30 days, respectively: PBS, nano-
selenium, probiotic, and a combination of nano-selenium and
probiotic at the doses specified above.

The nano-selenium dose was selected based on a previous
study [24]. Furthermore, a similar combination of substances at
the same dose was used in another study [23].

On Day 31, Groups 5-8 were exposed to whole body X-ray
irradiation. One hour before irradiation, animals were
anesthetized with 30 mg/kg ketamine and 10 mg/kg xylazine
according to the experimental design. Ketamine and xylazine were
administered intraperitoneally.

After 30 d, hormonal, biochemical, and hematological profiles
were assessed in all groups. At the end of the study, the animals
were anesthetized using the aforementioned dose of anesthetic
(30 mg/kg of ketamine and 10 mg/kg of xylazine), euthanized, and
decapitated with minimal pain and suffering.
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Figure 1. Means and standard deviations of: A&B - testosterone, C&D - luteinizing hormone (LH), and E&F - follicle-stimulating hormone (FSH) in control

and irradiated Syrian mice, as well as in different treatment groups (TG).
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Figure 2. Means and standard deviations of: A&B — white blood cell (WBC), C&D — red blood cell (RBC), and E&F — platelet counts in control and irradiated

Syrian mice, as well as in different treatment groups (TG).

The study protocol was approved by the Ethics Committee of
Tehran University of Medical Sciences
(IR.TUMS.MEDICINE.REC.1400.1104). Animal procedures were
performed in accordance with the guidelines of the National
Institutes of Health.

Assessment of hematological, biochemical and hormonal
parameters

White blood cell (WBC), red blood cell (RBC), and platelet
counts were measured using a Sysmex KX-21IN cell counter
(Japan). Blood urea nitrogen (BUN), creatinine, and uric acid levels
were assessed using commercial kits adapted for the Clinical
Chemistry Analyzer (Biotecnica BT2000 PLUS). Testosterone,
luteinizing hormone (LH), and FSH levels were measured by ELISA.

Statistical analysis
+

Results are presented as mean t standard deviation (SD).
Normality of data distribution was tested using the Kolmogorov-
Smirnov test. An independent t-test was used to compare
differences between groups. Analysis of variance (ANOVA) was
used to compare means between more than two groups. Tukey’s
HSD test was also used as a post hoc test to detect differences
between groups. A P-value of less than 0.05 was considered
statistically significant. Statistical analysis of this study was

primarily performed using Excel 2007 (Microsoft Corporation,
Seattle, WA) and SPSS 10 (SPSS Inc., Chicago, USA).

Results

The properties of selenium nanoparticles in this study were
identical to those in the pilot study [25]: mean particle size of 30
nm, true density of 3.89 g/cm?3, specific surface area ranging 30-50
m?/g, and purity >99.9%. Particle characteristics were evaluated
using scanning electron microscopy (EM3200, KYKY Technology
Development Ltd, Beijing, China) and transmission electron
microscopy (Leo 906, Zeiss 100 KV, Germany). The average
hydrodynamic diameter and zeta potential were expected at
approximately 85.3 nm and -28.6 mV, respectively.

For each parameter, a comparison was made between the
control group (Group 1) and the irradiated group (Group 5). In
addition, within the irradiated animals, we compared each
parameter across the four groups: no treatment (Group 5), nano-
selenium only (Group 6), probiotic only (Group 7), and probiotic +
nano-selenium (Group 8).

Hormone levels

The mean testosterone levels in different nano-selenium and
probiotic treatment groups are presented in Figure 1.
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Figure 3. Means and standard deviations of: A&B — blood urea nitrogen (BUN), C&D - creatinine, and E&F — uric acid levels in control and irradiated

Syrian mice, as well as in different treatment groups (TG).

Quantitative analysis revealed significant disruption of
reproductive hormones following X-ray irradiation. Rodents in the
irradiated group exhibited significant decreases in serum
testosterone (P<0.0001) and LH (P<0.001). In contrast, FSH levels
were significantly elevated in the X-ray-exposed group (P<0.001).
Intervention with nano-selenium or probiotics significantly
mitigated these deficits, resulting in a significant restoration of
testosterone and LH levels (P<0.0001 for both treatments). Most
importantly, the combined use of nano-selenium and probiotics
exerted a synergistic effect, resulting in hormone levels exceeding
those achieved with either treatment alone and approaching
baseline control values (P<0.0001).

Both nano-selenium and probiotics were able to reduce FSH
levels in mice exposed to X-rays (P<0.0001 and <0.001,
respectively). However, FSH levels in animals receiving the
combination of probiotics and nano-selenium were higher than in
those receiving either compound alone, suggesting a possible
antagonistic interaction between them in this regard.

Hematological parameters

Figure 2 shows the mean WBC, RBC, and platelet counts in
different treatment groups.

X-ray irradiation resulted in significant reductions in WBC, RBC,
and platelet counts vs. the control group (P<0.001, P<0.001, and

P<0.0001, respectively). Monotherapy with nano-selenium or
probiotics significantly attenuated X-ray-induced leukopenia (P
<0.0001 and P<0.001, respectively) and thrombocytopenia (both
P-values <0.0001). However, the combination of nano-selenium
and probiotics did not demonstrate a synergistic effect on WBC
count (P=0.506). Neither intervention significantly mitigated X-ray-
induced anemia, as evidenced by the lack of recovery in RBC
count.

Biochemical analyses

Mean values of biochemical parameters in different treatment
groups are shown in Figure 3.

Compared with the control group, X-ray irradiation
significantly reduced BUN and creatinine levels but increased uric
acid levels (all P-values <0.0001). Treatment with nano-selenium,
probiotics, or a combination of both restored BUN and creatinine
levels in irradiated mice.

Discussion

Radiation therapy remains a cornerstone of cancer treatment,
but its undesirable side effects on radiosensitive organs such as
the testes necessitate the development of effective
radioprotection strategies. This study demonstrated that
pretreatment with nano-selenium and L. casei, either individually
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or in combination, provides significant protection against X-ray-
induced hormonal, hematological, and biochemical abnormalities
in male Syrian mice. However, the protective effects were not
uniform across all parameters, providing important mechanistic
insights into the differential radiosensitivity of various cell lineages
and the different pathways affected by these interventions.

The most striking result was the synergistic effect of
combination treatment with nano-selenium and probiotics on
testosterone and LH levels, which approached baseline control
values, while FSH exhibited just an additive effect. This differential
synergy may be explained by the distinct but complementary
mechanisms by which these agents modulate the hypothalamic-
pituitary-gonadal axis. The lack of synergy in FSH reduction may
reflect the predominant role of Sertoli cell-produced inhibin B in
the downregulation of FSH. Radiation-induced Sertoli cell damage
can impair inhibin production, and although both treatments
provide some protection, neither fully restores this specialized
Sertoli cell function within 30 days.

The observation that both nano-selenium and probiotics
attenuated radiation-induced leukopenia and thrombocytopenia
but failed to restore RBC counts, and that combination therapy
demonstrated no synergy in restoring WBC counts, highlights
differences in radiosensitivity and the kinetics of hematopoietic
stem cell regeneration depending on their cell lineage.
Hematopoietic stem cells and progenitor populations exhibit
varying radiosensitivity depending on their proliferation rate and
oxidative metabolism. Mechanistically, both nano-selenium and
probiotics may preserve the bone marrow microenvironment that
supports the maintenance and differentiation of certain cell
lineages.

The significant reduction in BUN and creatinine levels after
irradiation, followed by a recovery to control values with nano-
selenium and probiotics, requires careful interpretation. This
pattern likely indicates radiation-induced metabolic dysregulation,
which normalizes after treatment, rather than nephrotoxicity.
Irradiation can induce a catabolic state. This can lead to decreased
protein synthesis and increased protein breakdown, which
paradoxically can reduce BUN levels. The observed decrease in
creatinine concentration may reflect radiation-induced muscle
atrophy or decreased creatine metabolism. Thus, the return of
BUN and creatinine levels to values close to control in the
treatment groups indicates the maintenance of normal protein
metabolism and muscle mass, which is consistent with the
systemic radioprotective effect of these agents.

These beneficial effects may be achieved through modulation
of inflammatory pathways, metabolic processes, and the oxidative
stress pathway. Previous studies have demonstrated the
advantageous effects of selenium on multiple organ systems. For
example, selenium enhances reproductive function in animals such
as mice, pigs, and sheep [12]. Furthermore, selenium treatment
was found to protect mouse testes from the toxic effects of
radiation on all clinical parameters except edema. For some
factors, such as spermatogenesis arrest and seminiferous tubule
atrophy, selenium can completely suppress radiation toxicity [26].
The effect of selenium on RBC viability has also been investigated.
Selenium deficiency is a factor that suppresses glutathione
peroxidase activity and increases the amount of oxygen free
radicals in tissues and various cell types, including RBCs [27-29].

In a previous study, we demonstrated the radioprotective
effect of nano-selenium and a probiotic in the same Syrian mice

models, confirming their potent antioxidant activity and effects on
increasing the mean number of spermatogonia, sperm count, and
rates of spermatogenesis and sperm motility [23].

The mechanism of cell protection by radioprotectors is
through the inhibition of free radicals. An ideal radioprotector
should reduce the adverse effects of ionizing radiation with low
tissue toxicity. For this reason, the use of substances naturally
present in the body has attracted considerable attention in this
field. Selenium is an essential nutrient found in both organic and
inorganic forms. Adequate selenium levels enhance antioxidant
activity and support overall health. Recently, selenium
nanoparticles have attracted widespread attention due to their
high availability and lower toxicity compared to organic and
inorganic forms of selenium. It is worth noting that nano-selenium-
enriched probiotics exhibit a number of beneficial effects due to
the modulation of antioxidant properties and cytokine production
[30]. It was revealed that the combination of probiotics and nano-
selenium significantly improved the activity of intracellular
antioxidant enzymes, viz., thioredoxin reductase, glutathione
peroxidase, and glutathione reductase [30].

Consistent with our results, a previous study showed that cell-
free extracts of Lactococcus lactis produced by ionizing radiation
can significantly reduce 69Coy-induced oxidative stress by
increasing the activity of several antioxidant enzymes and reducing
malondialdehyde levels in serum, liver, and spleen. This finding
suggested that L. lactis is a natural radioprotective agent [31].

Conclusion

Our study delivers the first evidence that combined
administration of nano-selenium and L. casei provides differential,
lineage-specific radioprotection in male Syrian mice. Key novel
findings include synergistic restoration of testosterone and LH
levels through complementary effects on Leydig cell
steroidogenesis (selenium) and hypothalamic GnRH regulation
(probiotics); additive protection of leukocyte and platelet counts;
and differential lineage-specific effects, with erythroid progenitors
showing no significant restoration within 30 days post-irradiation,
reflecting their unique dependence on additional signaling
pathways not affected by this treatment. These results provide the
basis for mechanism-based radioprotection strategies combining
nano-selenium and probiotics. The specific molecular pathways
involved in these effects need to be elucidated.

Future prospects

Despite these promising results, translating these data into
clinical practice faces several challenges and opens up
opportunities for future research. Determining the optimal
therapeutic window for nano-selenium is crucial, as selenium has a
narrow range between beneficial and toxic doses. Long-term
biodistribution and elimination of nanoparticles from the body
require careful study. Furthermore, standardizing probiotic
preparations and ensuring their stability and functionality in the
intestine after irradiation pose significant challenges. Finally, the
precise interaction between the gut microbiome (modulated by
probiotics) and systemic radioprotection, particularly in the
context of the hormonal and hematopoietic systems, should be
assessed in future studies.
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Limitations

Several limitations should be considered when interpreting our
results. First, we did not directly measure molecular endpoints.
Second, the 30-day observation period after irradiation, although
sufficient for one spermatogenetic cycle, may not encompass full
recovery of hematopoiesis, particularly RBC counts. Longer time
intervals (60-90 d) would allow us to clarify whether RBC counts
will ultimately recover. Third, we used single doses of nano-
selenium and L. casei. Dose-response studies are needed to
determine the optimal therapeutic ranges and the feasibility of
achieving erythroid protection at higher doses. Fourth, the use of
non-inbred Syrian mice, although enhancing translational
relevance, introduces genetic variability that may mask subtle
treatment effects. Studies using inbred strains with a defined
genetic background could confirm specific mechanisms. Fifth, we
did not measure tissue selenium concentrations or test the
colonization efficiency of L. casei. Direct measurement of selenium
levels in target organs and quantification of fecal L. casei would
confirm adequate delivery and colonization. Sixth, this study was
conducted exclusively on males; the radioprotective effects on the
female reproductive system remain unknown. Furthermore, we
used a single acute dose of radiation rather than clinically relevant
fractionated protocols, which may induce different biological
responses.
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