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Exploring the optimal dose
of low ionizing radiation to
enhance immune function:
a rabbit model
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Abstract

Primary liver cancer is one of the most common malignant tumors in China. Currently, immu-

notherapy for liver cancer is a research hotspot. Experimental studies and epidemiological inves-

tigations have confirmed the antineoplastic activity of low ionizing radiation. The aim of this study

was to explore the optimal dose of low ionizing radiation to enhance immune function. Twenty-

five New Zealand rabbits were randomly divided into five groups (n¼ 5 each): experimental

group 1 (25mGy), experimental group 2 (50mGy), experimental group 3 (75mGy), experimental

group 4 (100mGy), and the control group (0mGy). VX-2 tumor tissue was injected into rabbits

using a high-frequency B-ultrasound probe (3.5MHz). Rabbits were irradiated, and on day 4 after

irradiation, blood was collected from each rabbit. Blood chemistry, interleukin (IL)-4, interferon

(IFN)-c, immunoglobulin (Ig)G, and IgM levels were assessed. On day 15 after irradiation, mac-

rophage phagocytic function was assessed. The rabbits were sacrificed, and the spleen was

removed and weighed to calculate its spleen index. Each parameter was highest in the experi-

mental group 3 (75mGy). Thus, we suspect the optimal low ionizing radiation dose to improve

immune function may be 75mGy.
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Introduction

Primary liver cancer (hereafter referred to
as liver cancer) is the fourth most
common malignant tumor in China, with
the highest morbidity and mortality rate
and a yearly increasing trend, and it poses
a great threat to the health of Chinese
people.1,2 Considering the complexity of
tumor biology in liver cancer and the limi-
tations of various treatment methods, mul-
tidisciplinary cooperation and the use of
multiple treatment methods is required to
treat liver cancer. With the rapid develop-
ment of modern medical cellular immunity
and biomolecule technology, biotherapy
has become an important method to treat
liver cancer. Tumor biotherapy is the
application of biological technologies or
biological agents to regulate the body’s
autoimmune response and achieve tumor
suppression.3 Tumor immunotherapy can
improve immune function while killing
tumor cells in vivo. A previous study
found that the combination of traditional
treatment and immunotherapy is better
than single treatment, and it also provides
a theoretical reference for future clinical
treatment.4 Several studies indicate that
low ionizing radiation can stimulate an
adaptive response, including up-regulation
of antioxidant responses, activation of apo-
ptosis, and activation of the immune system
to monitor neoplastic transformation.5,6

In addition, low-dose radiation (LDR)
has been shown in animal models to
delay spontaneous cancer, prevent
chemocarcinogenic-induced cancer, prevent
cancer metastasis, and extend the lifespan
of individuals with the disease.7 Although

low ionizing radiation hormesis has been

investigated in numerous studies, the opti-

mal dose for promoting immune function

remains unclear. Thus, the purpose of this

article is to investigate the optimal dose of

low ionizing radiation for liver cancer treat-

ment and provide a theoretical basis for the

adjuvant treatment of liver cancer.

Materials and methods

Animal model preparation

Twenty-five healthy New Zealand rabbits

were selected (3–4 months old, 2–3 kg

each; 12 males and 13 females) from the

animal experiment center at Qiqihar

Medical University (China). They were

raised in the animal experiment center

under a constant temperature of 15 to

25�C and a relative humidity of 40% to

70%. The drinking water and food for

experimental animals were sterilized. The

present study was approved by the Ethics

Committee at Qiqihar Medical University

of China, which agreed to the use of exper-

imental animals for research (Approval

number: 201907022).
Animal experiment reagents and instru-

ments included depilatory cream (sodium

sulfide and the distilled water 1:9), 75% eth-

anol solution, 1.5% pentobarbital sodium,

3% pentobarbital sodium, Anerdian, 0.9%

isotonic saline, penicillin,3 VX-2 tumor

tissue (provided by the Fourth Affiliated

Hospital of Harbin Medical University,

Harbin, China), enzyme-linked immunosor-

bent assay (ELISA) kits (Shanghai Future

Industrial Co. Ltd., Shanghai, China),
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microplate reader, centrifuges, incubator,

digital color ultrasonic diagnostic instru-

ment (Feiyinuo Technology Co. Ltd.,

Suzhou, China), Varian linac IX, slicing

machine, optical microscope, and automat-

ic hemocyte analyzer.
This animal study was performed in

accordance with our university’s guidelines

and those of the molecular imaging labora-

tory at Qiqihar Medical University (China).

All applicable international, national, and

institutional guidelines for the care and

use of animals were followed. The experi-

mental animals were euthanized using an

intravenous injection of 3% pentobarbital

sodium solution through an ear vein.8 We

made efforts to minimize the number of ani-

mals that were used.

Groups

Rabbits were divided into five groups (a

control group and experimental groups 1–

4) using a random number table in the

Molecular Imaging Laboratory at Qiqihar

Medical University. VX-2 tumor tissue was

implanted into control group animals with

no irradiation. Experimental groups 1 to 4

received VX-2 tumor tissue implantation.

Fifteen days after tumor implantation, the

rabbits in the four experimental groups

received a single dose of whole-body irradi-

ation using the Varian linear accelerator IX

at the Third Affiliated Hospital of Qiqihar

Medical University. Low ionizing radiation

at doses of 25mGy, 50mGy, 75mGy, or

100mGy were used for the four study

groups (experimental groups 1, 2, 3, and

4, respectively). We adhered to rigorous

methodology for this classification.9

Preparation of VX-2 tissue fragments

Tumor tissue from the hind legs of tumor-

bearing rabbits was surgically removed in a

sterile environment, and the necrotic tissues

were cut away. Then the tumor tissues were

cut into 25 pieces using ophthalmic scissors
mixed with an equal amount of isotonic
saline to make a tumor suspension for
later use.

VX-2 tumor tissue implantation

Before surgery, the rabbits in the experi-
mental and control groups were fasted for
24 hours and water was restricted for
8 hours. Anesthesia was injected (1.5% pen-
tobarbital sodium; 2mL/kg) into the ear
vein. Then the anesthetized rabbit was
fixed in the supine position on the labora-
tory bench. The upper abdomen was shaved
and sterilized with aneridine. The rabbit’s
liver was located using a high-frequency
B-ultrasound probe, and the prepared
tissue was injected into the liver under
B-ultrasonic guidance. After surgery, the
experimental groups and control group
were administered antibiotics, and their
condition was monitored daily.

Blood chemistry

On day 4 after irradiation, 2 to 3mL of
peripheral blood was collected from each
rabbit and white blood cell (WBC), red
blood cell (RBC), lymphocyte (LY), and
platelet (PLT) levels were measured in the
laboratory department of the Second
Affiliated Hospital at Qiqihar Medical
University.

Detection of IL-4 and IFN-c expression
using ELISA

On day 4 after irradiation, 2 to 3mL of
peripheral blood was collected from each
rabbit and centrifuged at 1084 �g for
20 minutes. The upper level containing
serum was taken, and the interleukin (IL)-
4 and interferon (IFN)-c levels were
detected using ELISA kits (Shanghai
Future Industrial Co. Ltd. Shanghai,
China), in accordance with the manufac-
turer’s instructions.
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Immunoglobulin detection

On day 4 after irradiation, 2 to 3mL of
peripheral blood was collected from each
rabbit, and the immunoglobulin (Ig)M
and IgG levels were measured in the labo-
ratory department in the Second Affiliated
Hospital at Qiqihar Medical University.

Immune function detection

On day 14 after irradiation, a starch solu-
tion was injected into the rabbit’s abdomi-
nal cavity, and on day 15 after irradiation, a
2% chicken erythrocyte suspension was
injected into the rabbit’s abdominal cavity.
One hour later, peritoneal fluid was
removed and stained using Wright–
Giemsa dye. Macrophages phagocytosed
the chicken erythrocytes, which were
observed using a microscope under oil
(�100). In each set of slides, ten microscope
fields were selected to count 200 macro-
phages, and the number of macrophages
that phagocytosed chicken erythrocytes
and the average percentage of phagocytosis
were calculated.

On day 15 after irradiation, the rabbits
were sacrificed, and the spleens from each
group were removed and weighed. The
spleen index was calculated using the fol-
lowing equation: spleen index¼ spleen
mass (g)/body weight (kg).

Micromorphology

On day 15 after irradiation, the rabbits were
sacrificed, and liver tissue was removed for
micromorphological observation. After the
tumor tissues were removed, they were
immediately fixed in a 10% formaldehyde
solution for 24 hours at room temperature.
The tumor tissue was washed and dehy-
drated for 5 hours under different ethanol
concentrations and then cleared with differ-
ent xylene concentrations. Tissues were
processed for paraffin embedding at 58�C,
and 4-lm-thick slices were cut and placed

on smooth glass slides. Tissue samples were
stained using hematoxylin and eosin, and

observed differences between the tumor tis-
sues in the experimental groups and the
control group were observed under an opti-

cal microscope.

Data analysis

SPSS v.25.0 software (IBM Corp.,

Armonk, NY, USA) was used for statistical
analysis in this experiment, and the data are

presented as the mean � standard devia-
tion. One-way analysis of variance
(ANOVA) was used for the control and

experimental groups, and P< 0.05 was con-
sidered to represent a statistically signifi-

cant difference.

Results

General situation

Twenty-five rabbits were divided into five
groups with five rabbits in each group (con-
trol group [0mGy] and experimental groups

1, 2, 3, and 4 [25, 50, 70, and 100mGy,
respectively]). About 3 days after tumor
tissue inoculation, rabbits in the control

and experimental groups were in good
physical condition, responded quickly to

external stimuli, and they could eat and
walk on their own. Fifteen days after inoc-
ulation, the rabbits had lost weight and

were in poor physical condition, lying in
the cage and not wanting to move. At this

point, the rabbits in the experimental
groups were subjected to low ionizing radi-
ation. Twenty days after inoculation, the

rabbits in the control group remained in
poor physical condition, lying in the cage

and not wanting to move; one of these rab-
bits refused to eat, lost a severe amount of
weight, and died on day 24 after inocula-

tion. The rabbits in the experimental groups
were in good physical condition and able to
respond quickly to external stimuli, and
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they began to gain weight. No deaths

occurred in the experimental groups. All

rabbits were sacrificed on day 30 after inoc-

ulation. Upon autopsy, the control group

rabbits had a foul odor in the abdominal

cavity, and most of the liver was invaded

by tumors; tumor metastasis had occurred

in the abdominal organs, and some tissues

were necrotic and purulent (Figure 1a).

Rabbits in the experimental groups had

no foul odor in the abdominal cavity

where the liver was invaded by tumors,

and a small part of the tumor appeared

metastatic (Figure 1b).

Monitoring using B-ultrasonography

Liver tumors in rabbits in each group were

detected every 3 days using B-ultrasound

high-frequency probe (3.5MHz). Seven

days after tumor inoculation, hyperechoic

masses with relatively clear boundaries

were observed in the liver of rabbits in

each group, indicating that tumor implan-

tation was successful in all rabbits. Color

Doppler flow imaging showed a short rod-

shaped blood flow signal inside the tumor.

The tumor mass diameter was recorded

on days 7, 15, and 25 after inoculation

(Table 1). A one-way ANOVA showed

that the differences between the 75mGy

group and other groups were not statistical-

ly significant.

Blood chemistry testing

The WBC, RBC, LY, and PLT levels in

rabbit serum in the groups gradually

increased as the irradiation dose increased.

The 75-mGy group had the highest levels

among the experimental groups (Table 2).

The WBC, RBC, LY, and PLT levels in the

75-mGy group were significantly lower

than the control group (0-mGy; P< 0.05),

and these levels in the 75-mGy group were

significantly higher than in the other exper-

imental groups (25, 50, and 100mGy

groups; P< 0.05 for all).

Figure 1. Abdominal anatomy of rabbits. (a) The tumor with abdominal cavity metastasis. Some tissues
were necrotic and suppurative. (b) The liver was invaded by the tumor, and a small part of the tumor
appeared metastatic.
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Changes in IL-4 and IFN-c secretion levels

The serum IL-4 and IFN-c levels showed a

gradually increasing trend for 0, 25, 50, and

75mGy, while the IL-4 and IFN-c levels

were lower in the 100-mGy group than in

the 75-mGy group. Among these results,

the IL-4 and IFN-c levels in the 75-mGy

group were the highest (IL-4, 688.31�
54.37 pg/mL; IFN-c, 15.83� 0.73 pg/mL;

Table 3). Compared with the 75-mGy

group, the IL-4 and IFN-c levels in the

other irradiation groups were significantly

lower (P< 0.05).

Changes in the immunoglobulin level

The serum IgG and IgM levels showed a

gradually increasing trend for 0, 25, 50,

and 75mGy, while the IgG and IgM levels

were lower in the 100-mGy group

compared with the 75-mGy group. The

75-mGy group showed the highest immu-

noglobulin levels (IgG, 6.32� 0.08 g/L;

IgM, 0.66� 0.03 g/L; Table 4). Compared

with the 75-mGy group, the IgG and IgM

levels in the other groups were significantly

lower (P< 0.05 for all).

Changes in macrophage phagocytic

function

The nuclei were purple-red and the cyto-

plasm was light-red under the microscope,

and phagocytosed chicken erythrocytes

were observed (Figure 2). The amount of

Table 1. Comparison of tumor diameter.

Irradiation dose (mGy) Day 7 (mm) Day 15 (mm) Day 25 (mm)

0 9.90� 0.51 17.44� 0.43 32.28� 0.72

25 11.21� 0.10 17.37� 0.47 31.32� 0.72

50 10.90� 0.47 17.44� 0.82 31.72� 0.21

75 10.29� 0.18 17.58� 0.96 30.47� 0.73

100 10.32� 0.62 18.57� 0.36 31.72� 0.18

Data are presented as the mean� standard deviation.

Table 2. Comparison of blood chemistry analysis between groups.

Irradiation dose (mGy) WBC (�109 cells/L) RBC (�1012 cells/L) LY (�109 cells/L) PLT (�109 cells/L)

0 7.72� 1.03c 7.23� 0.97b 3.53� 0.52c 473.73� 85.45b

25 6.78� 1.21c 6.45� 0.72b 2.52� 0.47c 390.45� 57.67b

50 7.34� 0.88bc 6.55� 0.19b 2.64� 0.67b 421.32� 66.17b

75 7.35� 1.12a 6.78� 0.45a 2.78� 0.65a 434.03� 64.25a

100 7.25� 0.84b 6.36� 0.25b 2.46� 0.46bc 398.02� 74.44b

Results followed by different letters in the same column indicate a significant difference within that column (P< 0.05).

WBC, white blood cells; RBC, red blood cells; LY, lymphocytes; PLT, platelets.

Table 3. Comparison of IL-4 and IFN-c secretion
levels between groups.

Irradiation

dose (mGy) IL-4 (pg/mL) IFN-c (pg/mL)

0 480.16� 58.79c 9.17� 0.71c

25 516.21� 28.44bc 10.83� 0.66b

50 571.55� 46.23b 12.44� 0.68b

75 688.31� 54.37a 15.83� 0.73a

100 527.14� 22.36bc 8.82� 0.34bc

Results followed by different letters in the same column

indicate a significant difference within that column

(P< 0.05).

IL-4, interleukin 4; IFN- c, interferon-gamma.
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microphage phagocytosis showed a gradu-

ally increasing trend for 0, 25, 50, and

75mGy, while the phagocytosis rate was

lower in the 100-mGy group compared
with the 75-mGy group. The 75-mGy

group showed the most microphage phago-

cytosis (75.44� 1.82%; Table 5). The

75-mGy group had significantly more mac-

rophage phagocytosis compared with the

other groups (P< 0.05 for all).

Changes in the spleen index

The spleen index showed an increasing

trend for 0, 25, 50, and 75mGy, while the

spleen index was lower in the 100-mGy

group compared with the 75-mGy group.

The spleen index in the 75-mGy group

was 7.61� 0.14 (Table 6). The 75-mGy

group showed a significantly higher spleen
index compared with the other groups

(P< 0.05 for all).

Pathology examination results

Rabbits were sacrificed on day 15 after irra-

diation for pathology examination. The

gross tumor specimens from the experimen-

tal groups showed gray tumor tissue with
white with focal hemorrhage and necrosis.

The peripheral tumor capsule was intact,
and the surrounding liver tissue showed
macronodular cirrhosis.

The tumors were round or oval with an
abundant blood supply, and they had a
hard texture (Figure 3a). Liquefactive
necrosis was observed after the incision
was made. Under a low-magnification
microscope, large amounts of fibrous
tissue had proliferated and inflammatory
cells had infiltrated the tumor tissue.
Between the pseudolobules, the blood ves-
sels were expanded and congested (Figure
3b). Carcinoma tissue migrated to the sur-
rounding liver tissues.

Sinusoids were observed in the tumor
tissue. Tumor cells in tumor tissues were
arranged in a disordered manner, showing
a striped shape or mass. Tumor cells varied
in size and shape, the nuclei were large and
deeply stained, and tumor giant cells and
pathologic karyokinesis were visible
(Figure 3c). Metastatic tumors were seen
in other abdominal organs (Figure 3d).
Using a high-magnification microscope,
metastatic lymph nodes showed a large
number of cancer cell nests, which were
large and deeply stained and had large
nuclei. The normal structure of the lymph
nodes was completely destroyed. The rabbit
tumor tissue specimens and microscopic
sections were not significantly different
between the experimental groups and the
control group.

Discussion

Many studies have shown that LDR has an
immune stimulation effect, which can pro-
mote immune function in vivo to achieve its
tumor-inhibiting effect.10 Under normal cir-
cumstances, the immune system is in a
homeostatic state. When the body is
exposed to different doses of radiation,
the number of immunocompetent cells,
antibody-forming ability, and cytokine
secretion level will significantly change,

Table 4. Comparison of IgG and IgM levels
between groups.

Irradiation

dose (mGy) IgG (g/L) IgM (g/L)

0 5.34� 0.05e 0.53� 0.02d

25 5.73� 0.04d 0.57� 0.03cd

50 5.88� 0.07b 0.63� 0.05b

75 6.32� 0.08a 0.66� 0.03a

100 5.62� 0.08c 0.58� 0.02bc

Results followed by different letters in the same column

indicate a significant difference within that column

(P<0.05).

Data are presented as the mean� standard deviation.

Ig, immunoglobulin.

cells/L . Comparison of macrophage phagocytic function

between groups.
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which is important for the ionizing radia-
tion immune effect.11 LDR can enhance
most immune responses, and its biological
effect is essentially different from that of
high-dose radiation.12 The effects of LDR
stimulation involve a series of cellular and
molecular changes.13 Recent research has
shown that the LDR immune effect mech-
anism involves many areas such as cell
function, overall regulation, signal trans-
mission, molecular expression, and gene
regulation, which has received attention

from international organizations.14

Therefore, this study compared immuno-
logical indexes in experimental groups
with different irradiation doses to deter-
mine the strength of the radiation hormesis
in the immune system and to explore the
optimal dose of low ionizing radiation to
enhance immune function.

Immune function includes cellular
immunity and humoral immunity. On the
basis of the difference in secreted cytokines
and mediated immune function, helper T

Figure 2. Microscopic images of chicken erythrocytes that were phagocytosed by macrophages. Some
macrophages phagocytosed chicken erythrocytes.
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lymphocytes can be divided into two main

functional subsets, Th1 and Th2. Th1 cells

secrete cytokines such as IL-2 and IFN-c to
induce macrophage activation and delayed

hypersensitivity, and they participate in cel-

lular immune regulation. Th2 cells mainly

secrete cytokines such as IL-4 and IL-10,

which induce the growth and differentiation

of mast cells and eosinophils and partici-

pate in humoral immunity.15 The release

of different cytokines in response to low

ionizing radiation can enhance or inhibit

the immune function and promote the ini-

tial transformation of T cells into helper T

cells.16 IFN-c is an important tumor necro-

sis factor, which can directly inhibit tumor

cell proliferation, induce Th1 cell differenti-

ation, activate macrophages, and increase

MHC-I and II expression, thereby inducing
innate and acquired immune responses. In
addition to directly elevating IFN-c and
IFN-a mRNA expression, low ionizing
radiation can also induce TH1-type cyto-
kine activation and enhance IL-12 gene
transcription and protein expression, while
IL-12 induces TH1 cells to produce IFN-
c.17 Mast cells and basophils, T cells, natu-
ral killer (NK) T cell subpopulations, and
naive CD4þ T cells can produce IL-4, but
Th2 cells are the most important producer
of IL-4.18 IL-4 has a wide range of biolog-
ical activities and can enhance the killing
function of specific and non-specific cells.
Its role in the immune response in vivo is
complex. As the main inducer of Th0 cell
differentiation to Th2 cells, IL-4 can regu-
late the balance of Th1/Th2 cells and par-
ticipate in humoral immunity. However,
other studies have found that IL-4 can
also participate in cellular immunity by
up-regulating IFN-c and tumor necrosis
factor (TNF)-a expression.19 Therefore,
low ionizing radiation may achieve an
anti-tumor effect by up-regulating IL-4
and IFN-c secretion levels to regulate the
humoral and cellular immunity in response
to the tumor. This mechanism needs to be
further explored.

In this experiment, IL-4 and IFN-c levels
in the four experimental groups (25, 50, 75,
and 100mGy) increased compared with the
control group (0mGy). The IL-4 and IFN-c
levels in the 75-mGy group increased signif-
icantly compared with the other experimen-
tal groups (25, 50, and 100mGy; P< 0.05
for all). B cells play a role in humoral
immunity by producing immunoglobulin,
and IgG and IgM are common indexes of
immune function.19 There are few studies
on the effect of low ionizing radiation on
humoral immunity. Currently, it is believed
that low ionizing radiation, as a special
weak antigen, can stimulate repeated poly-
clonal activation of B cells and induce the
formation of immunoglobulin to enhance

Table 6. Comparison of the spleen index between
groups.

Irradiation dose (mGy) Spleen index (g/kg)

0 4.36� 0.21d

25 5.62� 0.31c

50 6.16� 0.44b

75 7.61� 0.14a

100 6.33� 0.41b

Results followed by different letters in the same column

source differ significantly within that column (P< 0.05).

Data are presented as the mean� standard deviation.

Table 5. The comparison of Macrophage phago-
cytic function between groups.

Irradiation

dose (mGy)

Phagocytic

percentage (%)

0 67.61� 2.02c

25 68.84� 1.16c

50 71.15� 1.24b

75 75.44� 1.82a

100 74.11� 1.41b

Results followed by different letters in the same column

indicate a significant difference within that column

(P<0.05).

Data are presented as the mean� standard deviation.

Zhang et al. 9



humoral immune function.20 A large

number of IgG and IgM antibodies with

high affinity can be produced after being

stimulated by low ionizing radiation.14

IgG and IgM in the experimental groups

(25, 50, 75, and 100mGy) were significantly

higher than those in the control group

(0mGy), showing a gradually increasing

trend, which suggests that low ionizing

radiation can improve immunoglobulin

levels in patients with tumors. However,

the effects of low dose ionizing radiation

on the body are complex and variable,

including both radiation hormesis and

Figure 3. (a) A gray-white tumor with hemorrhagic necrosis. (b) Under a light microscope (10� magni-
fication), there was a large amount of fibrous tissue, infiltrative inflammatory cells, and dilated and congested
blood vessels in the tumor tissue. (c) Under a light microscope (40� magnification), there was a disordered
arrangement of tumor cells. (d) Tumor tissue that had metastasized to other organs. The tumor tissue is
off-white in color and nodular in appearance.
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harmful effects. The 100-mGy group
showed a downward trend compared with
the 75-mGy group (P< 0.05), suggesting
that 75mGy may be the optimal dose to
stimulate the immune system.

Macrophages are an important indicator
immunity in vivo. They are widely distribut-
ed in the abdominal cavity, liver, kidney,
muscle, bone, adipose tissue, and blood.
Their functions are phagocytosis, steriliza-
tion, secretion of inflammatory factors, and
tumor suppression, which are important
roles in the immune response.21

Macrophages play an important role in
non-specific immunity, and participate in
in vivo anti-infection, anti-tumor, and
immune regulation processes. The strength
of the phagocytosis can affect immune
function.22 This experiment showed that
the phagocytosis rate of macrophages
increased significantly in all four experi-
mental groups compared with the control
group. This could be because X-ray-stimu-
lated macrophages secrete nitric oxide
(NO), which indirectly improved the phago-
cytosis function of macrophages, thereby
inhibiting tumor cell growth in the body.22

The 75-mGy group showed the most signif-
icant improvement, suggesting that 75mGy
may be the optimal dose to strengthen the
immune system.

The spleen is a peripheral immune organ.
The spleen contains a variety of mature
lymphocytes and is involved in the
immune response, and the spleen reflects
the immune function of the body to a cer-
tain extent.23–26 In this study, after low ion-
izing radiation, the cell proliferation
kinetics in rabbits changed, and the prolif-
eration characteristics changed adaptively.
The cell cycle may subsequently be short-
ened and proliferation may be accelerat-
ed.27 In this manner, the immune function
of the body was improved. Compared with
the control group, the spleen index of the
rabbits in the 75-mGy group was signifi-
cantly higher (P< 0.05).

The results showed that the immune
indexes were significantly improved, which
can confirm radiation hormesis after low
ionizing radiation. These results also sug-
gested the optimal dose of low ionizing
radiation that induced radiation hormesis
in the immune system. The results showed
that the immune indexes in the 75-mGy
group were significantly higher than in the
other irradiation dose groups. It has been
reported in literature that activation of
effector T cells was the key to enhance the
immune response to low ionizing radiation
hormesis.28 Different surface molecules and
cytokines were expressed by effector T cells
after different doses of low ionizing radia-
tion. Therefore, 75mGy was the optimal
dose for low ionizing radiation to induce
radiation hormesis in the immune system.
The mechanism may be that low ionizing
radiation at a dose of 75mGy can maximize
the number of immune active cells (e.g., T
lymphocytes, B lymphocytes, NK cells) and
that cytokine and antibody formation can
be regulated by LDR.

This study has some limitations includ-
ing a small sample size and limitations due
to the kits. Future studies with a larger
sample size should be conducted concur-
rently to confirm the optimal dose of low
ionizing radiation to improve immune func-
tion from multiple angles and factors.

Conclusion

The effect of low ionizing radiation on the
immune system is mainly manifested in a
series of changes in cellular and molecular
levels such as the number of immune cells,
the secretion level of cytokines and immu-
noglobulins, the formation of antibodies,
and the regulation of cytokines, which ulti-
mately leads to positive regulation of the
body’s immune function. Among different
doses of low ionizing radiation, 75mGy
was the optimal dose to improve immune
function.

Zhang et al. 11



This experiment also innovatively

applies the anti-tumor effect of low ionizing

radiation to adjuvant treatment of animal

liver cancer models. The results provide

serological evaluation and serological data

on the immune effects of ionizing radiation

and radiotherapy for malignant tumors.
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