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ABSTRACT

Background: Surgery through different mechanisms causes immunosuppression in the
postoperative period.

Objectives: This study aimed to investigate the effects of preoperative administration of
propranolol on blood levels of interleukin-2 (IL-2), interferon-y (IFN-y), tumor necrosis factor-o
(TNF-a), and hematological parameters, such as white blood cells (WBCs) and lymphocytes.

Methods: Forty-five Wistar male rats were divided into three groups. Group 1 (normal control)
was injected with normal saline. Groups 2 and 3 were injected subcutaneously with 4 mg/
kg of the propranolol (P4) and 8 mg/kg of the propranolol (P8), respectively. Blood samples
were collected (before, immediately, 6, 24, and 72 hours after surgery). Then, the IL-2, IFN-y,
TNF-0, WBCs, and lymphocytes levels were determined at different time points. The data were
analyzed by one-way ANOVA and the Pearson-test at a significant level of P<0.05.

Results: The results showed a higher level of IL-2 in the P8 and P4 groups with a significant
difference compared to the control group (P<0.05). TNF-a was decreased significantly in the
P8 compared to the P4 and control groups (P<0.05). The P4 has shown a lower level of IFN- y

L. compared to the P8 and control groups with a significant difference (P<0.05).
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Introduction

he function of innate and acquired im-
mune defense mechanisms is to protect
the body against pathogens. Studies have
shown that surgery as a treatment affects
specific and non-specific immune systems
(Yagawa & Tanigawa, 2017). Operation
results in metabolic, endocrine, and im-
munosuppression responses and causes complications
such as infection and tumor metastasis (Shankar Hari
& Summers, 2018). Surgical stress stimulates the hypo-
thalamic-pituitary-adrenal (HPA) axis. Subsequently, it
increases the secretion of adrenocorticotropic (ACTH)
and glucocorticoids such as cortisol, contributing sig-
nificantly to the surgical effects on the immune system.
The increase in ACTH and cortisol is commensurate
with the severity of surgical stress and may continue
several days after surgery (Marko & Hamrahian, 2010).
In the immunosuppression caused by surgery, cellular
immunity is often affected, and the number of circulat-
ing lymphocytes is decreased during surgery. The extent
of this reduction depends on the type of surgery. When
lymphocyte differentiation to T and B cells is concerned,
T lymphocytes are more affected than B lymphocytes
(Kim et al., 2018). T lymphocytes include T helper (Th1
and Th2) and cytotoxic T. Th1 produces pro-inflamma-
tory cytokines, such as interleukin-2 (IL-2), interferon-y
(IFN-y), tumor necrosis factor-o. (TNF-a)) and induces
cell-mediated immune responses (Santos et al., 2018).

Glucocorticoids suppress cell-mediated immunity. The
catecholamine’s release (adrenaline and noradrenaline)
of sympathetic nerve terminals, through the reaction
with B2-adrenergic receptors on the surface of immune
cells, causes immunosuppressive effects (Shimba & Iku-
ta, 2020). Adrenaline activates 2 receptors in T lympho-
cytes and prevents T cell proliferation by reducing IL-2
expression and secretion (Nishioka et al., 2022). IL-2 in-
creases T cell colony proliferation and differentiation. In
addition, it is involved in activating natural killer (NK)
cells, cytotoxic T, B cells, and macrophages (Kolios &
Tsokos, 2021). TNF-a induces cellular immunity by a
direct cytotoxic effect on cancer and chronically infected
cells (Li et al., 2020). IFN-y is also one of the essential
cytokines in cellular immunity, mainly produced by T
helpers, and a small amount is made by cytotoxic T and
NK cells. IFN-y stimulates the production of other cyto-
kines and the practical functions of monocytes, includ-
ing adhesion, phagocytosis, respiratory burst, and nitric
oxide production. In addition, it is effective on mono-
nuclear phagocytes, NK cells, and neutrophil stimulation
(Jorgovanovic & Song, 2020).
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Pro-inflammatory cytokines stimulate the HPA axis,
eventually releasing cortisol (a stress hormone) from
the adrenal glands (Eckerling et al., 2021). Therefore,
in light of the function of glucocorticoids in suppress-
ing the immune system after surgery, it seems possible to
prevent immunosuppression by blocking glucocorticoid
receptors or inhibiting their synthesis. On the other hand,
the effects of catecholamines on immune system cells
and their compounds may be accompanied by blocking
2 receptors with general or specific antagonists (Amaro
et al., 2020). Propranolol affects the immune system
cells by blocking 2 receptors (Murugan & Rousseau,
2021). As a dominant event, immune system suppres-
sion after surgical stress affects pro-inflammatory cyto-
kines (including, the most important ones, IL-2, TNF-a,
and IFN-y) and the occurrence of various clinical dis-
orders, such as tumor progression, metastasis, wound
healing deferment, septic complications, augmentation
of mortality, and so on (O’Connor & Thayer, 2021).

Thus, this study aims to investigate the effects of pre-
operative administration of propranolol (by targeting
catecholamines and inhibition of beta-adrenoceptor ac-
tivity) on blood levels of IL-2, IFN-y, TNF-a, and hema-
tological parameters, such as white blood cells (WBCs)
and lymphocytes after the induction of surgical stress in
male rats via ELISA method.

Materials and Methods
Study animals

Forty-five adult male albino Wistar rats (5 weeks old)
were purchased from the Faculty of Pharmacy of Ker-
manshah University of Medical Sciences, Kermanshah
City, Iran. The adaptation period of these rats was one
week. Based on this, they were tampered with four times
daily for 15 minutes to prevent additional stress during
surgery while adapting. Rats were divided into the con-
trol group (C), the group receiving 4 mg/kg propranolol
(P4), and the group receiving 8 mg/kg propranolol (P8)
to start the study (Table 1). Animals had free access to
food and water during the study period. The weights of
the rats were measured and recorded daily during the ad-
aptation period to check their general health status.

Sample collection

Blood sampling was done 5 times during three days
(TO, before surgery; T1, immediately after surgery; T2,
6 hours after surgery; T3, 24 hours after surgery; T4, 72
hours after surgery). About 4-5 mL of blood was taken
directly from the heart using a 22-gauge syringe to reduce
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Table 1. Characteristics of the laboratory model used in the research (n=15)

Variables bW P4 P8
Age (m) 4 4 4

Average weight before surgery (g) 218+4.03 22145.1 21242.2
Duration of surgery (min) 30 30 30
Laparotomy (selective surgery) + + +

Abbreviation: DW: Distilled water (control group); P4: Propranolol group (4 mg/kg); P8: Propranolol group (8 mg/kg); M:

Month.

possible blood hemolysis. The blood was immediately
transferred to two different tubes. Half of each sample
was transferred to a tube containing EDTA anticoagulant
for routine cell count and hematology tests. The other
half was transferred to an anticoagulant-free tube for se-
rum separation. The samples were centrifuged at 2000
rpm for 3 minutes after clot processing. All blood sam-
ples were analyzed by CBC analyzer (Mindary, model;
BC 600). The serum samples were transferred to a sterile
micro-tube by a 1000 p/L sampler and kept at -20°C un-
til measured using the ELISA method.

The serum level of measured cytokines was analyzed
using the ELISA method with commercial kits for IL-2
(Diaclone Co, France), TNF-a and IFN-y (Booster Co,
China). The results were read by ELIZA Reader (Bio-
teck Co; EIx800 model, USA).

Medicines

Propofol 1% (Braun, Germany; Alborz Daro, Co)
and midazolam 0.5% (Daropakhsh Co) were used to
anesthetize rats. Also, the injectable propranolol (Polfa
Warszawa, Poland, Sina Arat Gostar, Co) was used with
a concentration of 0.1%.

Anesthesia, surgery, and research design

In this experiment, anesthesia was induced for 3.65
min. The appropriate duration of surgical anesthesia was
provided (38.3 min) by intraperitoneal injection of pro-
pofol (100 mg/kg) and midazolam (3 mg/kg). Each mL
of midazolam and propofol diluted with 4 mL of sterile
distilled water with a concentration of 0.1%. After the
induction of surgical anesthesia, the rats were placed on
the laparotomy glass on their back, and their hands and
feet were attached by hypoallergenic glue. Then, using
Metz scissors, a 2 to 3-cm incision was cut in the midline
of the abdomen. After cutting the skin, abdominal mus-
cles, and peritoneum, the intestines were gently removed
and placed between moist, sterile gauze. The intestines

were gently massaged with sterile gauze for 15 minutes
with moisture preservation. Then, they were slowly re-
turned to their anatomical location, and the abdomen
was sutured in both layers using a simple continuous
method (Catgut thread 0.4 for the abdominal muscles
and fascia and nylon thread 0.3 for the skin). The rats
were transferred to a heating blanket immediately after
the surgery to prevent a decrease in body temperature
reduction during the recovery period. Creating similar
conditions based on the numbering of each rat was one
of the crucial factors of the research schedule. Accurate
calculation of well-timed injection of drugs, the amount
of anesthetic and propranolol, the precise timing of sur-
gery start, the equal duration of laparotomy surgery for
each rat, the termination of surgery, and the recovery pe-
riod were determined before the surgery. All schedules
were created using Excel software, version 18.

Data analysis

All data were statistically analyzed using SPSS soft-
ware, version 18. First, the data related to the serum level
of cytokines were checked for normality. Then, to check
the significance level of the average data of blood sam-
pling times and the significant changes of each group
alone, one-way ANOVA and LSD tests were used. The
Pearson test was used to investigate the relationship be-
tween the differences of two factors at different blood
sampling times. P<0.05 was considered significant.

Results
Serum levels of measured cytokines

The results of the normality of the ELISA test are
shown using the skewness and kurtosis test in the range
of 2<x<-2 (Table 2). Also, the significant difference in
the results of the serum levels of the investigated cyto-
kines by the one-way parametric test during the study
period is shown (Table 3).
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Table 2. Investigating the normality of cytokine data by kurtosis and skewness test (n=15)

Parameter (pg/mL) Min Max MeanSD Skewness Kurtosis
IL-2 3 597 352.67+148.72 -0.350 -0.641
TNF-a 6 871 305.80+294.01 0.900 -0.172
IFN-y 1 712 275.76%170.95 0.987 0.425

Abbreviation: IL-2: Interleukin-2; TNF-a: Tumor necrosis factor-alpha; IFN- y: Interferon-gamma.

The LSD test results with multiple examinations of all
the studied groups have shown a significant level of 95%
and 99% in some measured parameters (Table 4).

There was a significant difference between the serum level
of IL-2 before surgery and its serum level 6 and 24 hours af-
ter surgery in groups C and P4 (P<0.05). This difference was
insignificant in these groups’ samples taken three days after
surgery. At the same time, the decrease in IL-2 level in the P8
group was significant only 24 hours after surgery (P<0.05).
A significant difference was observed between the P4 and P8
groups in the samples taken 6 hours after the surgery by com-
paring the studied groups at each time of blood sampling.
In contrast, the two treatments had no significant difference
from the control group (P<0.05). A significant difference was
observed in the 24 h samples of the P4 group compared to the
control group. This significant difference has also been seen
between P4 and P8 groups (P<0.05). No significant differ-
ence has been seen between the studied groups by examining
the 72 h samples (P<0.05) (Figure 1).

The serum level of TNF-a in groups C and P4 has
significantly increased after surgery. While the level of
TNF-a has remained high until 6 h after surgery in group
C, a significant decrease has been seen in its level in
group P4 samples 6 h after surgery. In both groups, se-
rum TNF-a levels returned to normal 72 h after surgery
(P<0.05). Unlike the other two groups, group P8’s level
of TNF-a decreased significantly after surgery and re-
mained below normal until 24 h after surgery. The serum
level of this cytokine showed a significant increase in the
P8 group 72 h after surgery (P<0.05) (Figure 2).

The serum level of IFN-y in the C group did not show
a significant change until 6 hours after surgery. A signifi-
cant increase has been seen in the level of this cytokine in
24-h samples of this group (P<0.05). There was a signifi-
cant increase in 72-h samples compared to 6-h samples
(P<0.01, P<0.05, respectively). In the 6-h samples, a sig-
nificant rise in IFN-y was seen in the P4 group (P<0.05).
In comparison, this increase has been seen 24 hours after

Table 3. The serum levels of investigated cytokines in different time points in the studied groups

MeantSD
Group Parameter After Surgery
(pg/mL) Before Surgery
Immediately 6h 24 h 72h
IL-2 45182 323+104 212+32 192144 392+68
C TNF-a 217462 584+114 650+89 293488 212433
IFN-y 212+13 162453 131441 347+108 394192
IL-2 519+67 323+156 167191 541+77 441+120
P4 TNF-a 154156 489+171 3344118 342195 89+64
IFN-y 141467 126+27 311+171 274+131 141450
IL-2 434+107 408+78 375+155* 138435 37127
P8 TNF-a 27864 41+34 10549 3245 86316
IFN-y 179+72 248+85 147166 600+112 350+154

Abbreviation: IL-2: Interleukin-2; TNF-a: Tumor necrosis factor-alpha; IFN- y: Interferon-gamma; C: Control group; P4: Pro-

pranolol group (4 mg/kg); P8: Propranolol group (8 mg/kg).
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Table 4. Significant results of multiple studies of the studied groups at different blood sampling times

Parameter i s Mean Dif- sig.
(pg/mL) ference
Before surgery in the control group compared to the P4 and P8 groups 259% 0.004
Immediately after surgery in the control group compared to the P4 and P8 groups 196° 0.025
IL-2 6 hours after surgery in the control group compared to the P4 and P8 groups 315% 0.000
24 hours after surgery in the control group compared to the P4 and P8 groups 2070 0.018
72 hours after surgery in the control group compared to the P4 and P8 groups 349%® 0.000
Before surgery in the control group compared to the P4 and P8 groups 367 0.000
Immediately after surgery in the control group compared to the P4 and P8 groups 433 0.000
TNF-a 6 hours after surgery in the control group compared to the P4 and P8 groups 335% 0.001
24 hours after surgery in the control group compared to the P4 and P8 groups 237%® 0.001
72 hours after surgery in the control group compared to the P4 and P8 groups 1552 0.026
Before surgery in the control group compared to the P4 and P8 groups 216® 0.009
Immediately after surgery in the control group compared to the P4 and P8 groups 237%® 0.004
IFN-y 6 hours after surgery in the control group compared to the P4 and P8 groups 452 0.000
24 hours after surgery in the control group compared to the P4 and P8 groups 249%® 0.003
72 hours after surgery in the control group compared to the P4 and P8 groups 830%® 0.000

Abbreviation: IL-2: Interleukin-2; TNF-a: Tumor necrosis factor-alpha; IFN- y: Interferon-gamma.

*Significance level of 95%, **Difference in the significance of the drug effect.

surgery in the P8 group (P<0.05). The P4 group had a Also, leukocytes and lymphocytes increased in all
higher level of IFN-y in the 6-h samples compared to the groups immediately after surgery for 6 hours. However,

control group and P8 group. At the same time, there was there were fluctuations and differences during 72 hours
a significant increase in the 24-h samples of the P8 group in the two treatment groups compared to the control
compared to the C and P4 groups (P<0.01) (Figure 3). group (Figures 4 and 5).
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Figure 1. IL2 levels changes in the study period
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Discussion causes a type of stress called surgical stress. The response
to surgical stress is a part of the systemic response and

The body’s reaction to various stimuli is called stress. includes a wide range of neuroendocrine, metabolic, im-
Any factor that affects body tissue can change the ho- munological, and hematological events (Hirose et al.,

meostasis balance (Everly & Lating, 2019). The surgery 2022). The studies about the impact of surgical stress on
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Figure 5. Changes in the number of lymphocytes during the study period

various body systems, especially the immune system,
emphasize that this stress weakens the immune system
and, therefore, directly impacts the surgery outcomes.
Several experimental studies have reported that surgical
stress is associated with impaired innate and acquired
immune responses (Helander et al., 2019; Wang et al.,
2022). Studies have shown that releasing compounds,
such as glucocorticoids and catecholamines, are among
the main factors that weaken the immune system under
surgical stress (Jaya & Tantri, 2021; Zuo et al., 2019).
Understanding the molecular mechanisms underlying
these events can be facilitated by preventing excessive
immune system changes post-surgery, avoiding immu-
nosuppression, and increasing the likelihood of surgical
success and patient treatment. The prescription of pro-
pranolol with a specific dose before operation maintains
the body’s homeostasis balance as one of the main as-
pects of the host’s defense against surgical stress. Pro-
pranolol effectively prevents decreased TNF-a levels
(Shaaban & El-Menshawy, 2021). The significance of
cellular immunity and natural killer cells, which require
IL-2 for survival, has been identified in immune system
defense (Hsieh & Hernandez, 2021). The results of the
present study have shown a decrease in the serum level
of IL-2 in the control group for at least 72 hours. The
difference was, however, insignificant. The P4 group
demonstrated a significant decrease in IL-2 immediately
following surgery, which persisted for 6 hours.

Also, no significant decrease in IL-2 serum levels was
observed in this 24 h sample. Propranolol has appropri-
ate anti-anxiety effects by blocking adrenaline receptors
(blocking beta sympathetic receptors) (Smialowska &
Zigba, 2021). It reaches the maximum plasma concen-
tration after 1 to 3 hours, and its half-life is 4 to 5 hours.
However, its effect lasts longer than its half-life and may

continue up to 12 hours (Kalam & Rasool, 2020). Pro-
pranolol blocks -2 receptors of immune cells in rats for
6-12 hours (Jean Wrobel et al., 2016). Therefore, it is
probably not attached to its receptor in 24 h samples, and
all effects are directly induced on immune cells. At the
same time of blood sampling, the P8 group reached the
minimum serum level of IL-2, which is probably caused
by the effect of catecholamines on immune system cells.
Also, the P8 group has shown a higher level of IL-2 with
a significant difference in the 6 h samples compared to
the control and P4 groups. Contrary to the P8 group,
the lower effect of propranolol in the P4 group in the
samples 6 hours after surgery could be due to the impact
of the lower dose of the drug compared to the P8 group.

By examining and comparing the pre-surgery samples
with the post-surgery ones (blood collection time 2), we
saw a significant decrease in the IL-2 serum level in the
control group and P4. However, the P8 group did not
show a noticeable change. This issue probably indicates
the lower effect of propranolol at a dose of 4 mg/kg in
inhibiting the catecholamine effect on the T cells. Mean-
while, in the 8 mg/kg receiving group, the blocking ef-
fects of catecholamines have been seen at least 6 hours
after surgery. The P4 group reached the highest IL-2
serum level 24 hours after surgery. This difference may
be due to the P4 group’s experience of less stress than
the control group. The changes in serum adrenaline and
noradrenaline levels in women under the stress of breast
cancer surgery have shown that the highest serum levels
are immediately after surgery and up to 24 hours later.
The data have demonstrated the reduction of IL-2 does
not occur before the end of the surgery, while the level
of catecholamines reaches its maximum level (Silva et
al., 2022).
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The time difference is probably caused by the time
required for catecholamine to affect its receptor on the
surface of lymphocytes and decrease the transcription of
the IL-2 gene (Alhussien & Dang, 2020). In breast can-
cer patients who underwent surgery, during the period
before surgery until 7 days after surgery, the changes in
serum levels of adrenaline and noradrenaline show high-
er levels of adrenaline up to 7 days after surgery (Eck-
erling & Ricon-Becker, 2021; Silva et al., 2022). Pant-
ziarka et al. reported that propranolol performed better
in preventing lung tumor metastasis with a dose of 1.5
mg/kg rather than the 4.5 mg/kg group. A study shows
that apoptosis of T lymphocytes, which in this case have
the highest rate of apoptosis 24 hours after surgery, is
directly related to the reduction of IL-2 (Pantziarka et
al., 2016). Propranolol leads to the proliferation incre-
ment of T lymphocytes and increases human peripheral
blood cells (Zhou et al., 2016). Propranolol increases
IL-2 receptor expression in human lymphocytes in vi-
tro (Sharashenidze et al., 2021). IL-2 is used as a Thl
cytokine for cancer immunotherapy. Furthermore, stud-
ies have shown that IL-2 induces antitumor responses in
chemotherapy-resistant cancers such as melanoma and
renal carcinoma (Sahin et al., 2020).

TNF-a is a pro-inflammatory cytokine mainly pro-
duced by activated macrophages. Although a moderate
amount of TNF-a is essential for regulating immune re-
sponses, the continuation of the immune response can
cause some inflammatory diseases due to its excessive
production. TNF-a is one of the most abundant primary
mediators in inflamed tissue and is rapidly released after
trauma (Germolec & Shipkowski, 2018). An increase in
the level of cytokine TNF-a after surgery is a sign of
the post-surgery pro-inflammatory phase. In the control
and P4 groups, the level of this cytokine increased, but a
significant decrease in the level of TNF-a was seen just
in the P8 group up to 24 hours after surgery (Shahzamani
etal., 2019). Although inhibition of TNF-a production in
the pro-inflammatory stage is successful in major surger-
ies with severe pro-inflammatory stages, the inhibition of
TNF-a production increases post-surgical complications
like infection and mortality (Ko & Rubenstein, 2018).
The presence of B-adrenergic receptors on monocytes
and macrophages has been proven, and these cells are
the main sources of TNF-a production. Thus, a higher
dose of propranolol effectively prevents the increase of
TNF-a (Droho & Cuda, 2019), while a lower amount
of propranolol could inhibit the TNF-a increment after
surgery until 6 hours. The benefits of preventing the in-
crease of TNF-a levels after surgery are discussed.

IRANIAN JOURNAL OF VETERINARY MEDICINE

Although decreasing the level of TNF-a prevents the
development of the acute inflammatory phase and aids
in tissue repair, it also increases the possibility of post-
surgical infections (Lopetuso et al., 2017). One day after
surgery, FOXP3+ (a necessary transcription factor for
regulatory T cells) is at its lowest level in the pro-inflam-
matory step (Georgiev & Charbonnier, 2019). This event
shows the suppression of regulatory T cells at least 24
hours after surgery and can justify the pro-inflammatory
step after surgery. The pro-inflammatory phase is es-
sential after surgery. The reduction of pro-inflammatory
cytokines indicates the decline of the pro-inflammatory
step after surgery. Reducing the pro-inflammatory step
can be one of the causes of infection (Bouchard et al.,
2016). It seems that preventing the increment of pro-in-
flammatory cytokines worsens the prognosis of surgery
and increases the possibility of post-surgical infections
(Brujeni, 2022). Not only have studies shown that sup-
pressing the production of TNF-a and IL-2 does not en-
hance performance, but also that the mortality rate and
complications after surgery will be higher if the STNF-
R75 antibody is administered (Amodeo et al., 2018;
Bartekova & Radosinska, 2018). This finding aligns
with the results obtained from this research because high
doses of propranolol have increased the possibility of
post-surgical infections by preventing the development
of the pro-inflammatory phase. Thus, in the 72 h sam-
ples of the P8 group, the increase in the total number of
white blood cells after 24 hours was probably indicative
of post-surgery infection in this group (data not shown).
Non-antibiotic use due to interference in the tests sup-
ported this hypothesis.

Clinical studies have shown that excessive inflamma-
tion after surgery increases the mortality rate based on the
excessive secretion of TNF-o. However, it can also in-
crease the failure of multiple organs (Freitas et al., 2018;
Schmatz et al., 2017). With the results of TNF-a incre-
ment in some inflammatory autoimmune diseases, neu-
tralizing or blocking its receptors is a primary strategy in
treating these diseases (Nikfarjam & Adineh, 2017). Ac-
cording to Chu et al.’s study, inhibition of TNF-a, signal-
ing pathways, such as NF-kB and MAPK, reduces dys-
function after surgery in rats (Chu et al., 2013). Different
studies have explored the role of TNF-a. T Kataoka et al.
reported a significant increment in TNF-a levels in pa-
tients undergoing surgery, which is similar to the results
of our study (Kataoka et al., 2004). Also, studies have
shown that propranolol’s effect on TNF-a depends on
doses. Low doses of propranolol stimulate the synthesis
and release of TNF-a, but high doses suppress TNF-a,
levels (Hajighasemi & Mirshafiey, 2016; Zanelatto et
al.,, 2018). On the other hand, in patients with major
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and minor traumatic injuries, cellular immunity is sup-
pressed, accompanied by a reduction in IFN-y and IL-2
production (Boddie & Currie, 2003). Therefore, stress
hormones and histamine secretion caused by major and
minor injuries may contribute to the severe suppression
of the immune system and the emergence of infection in
these conditions by inducing a change in Th2 and Thl
cell transcription (Zhao et al., 2018).

The interaction between stress and the immune system
is undoubtedly complicated. Studies have shown that
stress hormones differentially regulate signaling path-
ways and patterns of Th1/Th2 intracellular biochemical
events and cytokine secretion types 1/ 2 (Chen et al.,
2022; Zhao et al., 2018). The reduction of IFN-y due to
the incomplete production of IL-12 in monocytes has be-
gun during tampering and preparation for surgery (initial
stress). It can go on up to 3 days after minor surgeries
(Martinez-Barricarte et al., 2018). IL-12 is the primary
motive of I[FN-y production. Catecholamines, glucocor-
ticoids, and prostaglandins reduce IL-12 serum levels
caused by surgery (Bain & Myles, 2022; Matzner et al.,
2019). An increment of IFN-y has been observed in the
P4 group 6 hours after surgery.

In contrast, this increment occurred in the control and
P8 groups 24 hours after surgery. Therefore, the lower
dose of propranolol has had a better performance in
preventing the IFN-y level reduction. Propranolol, a
non-specific B-adrenergic blocking drug, competitively
prevents the catecholamines from binding receptors and
suppresses cancer cells. In the study of Matzner et al.,
blocking adrenergic receptors directly affects the pro-
duction of IL-12. Therefore, the IFN-y level increment
can be attributed to the propranolol effects on adrenergic
receptors on Thl cells in the treatment groups (Matzner
etal., 2019).

Our finding aligns with previous studies that have
shown that the administration of propranolol causes
IFN-y levels increment (Ashrafi & Shapouri, 2017).
IFN-y is predominantly secreted by innate cells (NK
cells) and adoptive cells (Th1 and CTLs cells) and also
stimulates Th1 immune responses (Wang et al., 2016).
It seems that propranolol acts as a Thl activating agent
by stimulating the production of IFN-y (Thl cytokine).
While reducing surgical stress, it is effective in healing
the effects of surgery and shortening the recovery period
(Amiri et al., 2021).

Further, lymphocyte cell proliferation is an index to
cellular immune response measurement (Zhou et al.,
2016). In our study, it has been found that propranolol
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improves lymphocyte proliferation, which enhances
cellular immune responses. These responses are crucial
in controlling and healing surgical wounds (Alazawi et
al., 2016). Our results confirm the role of propranolol.
Improving cellular immune responses and cytokine pro-
duction is essential in the proper surgical process (Muire
et al., 2020). Besides, leukocytes have increased in all
groups 6 hours after surgery. Investigating the effect of
changes in the number of lymphocytes and the total num-
ber of white blood cells has shown a correlation between
lymphocyte changes. This increase can result from the
trauma caused by surgery related to the pro-inflammato-
ry phase following the increase in lymphocyte changes
compared to the shift in the number of other immune cell
components such as neutrophils and monocytes. As a
pre-surgery response, glucocorticoid levels increase that
can last for days. Glucocorticoids raise the population
of circulating neutrophils through two mechanisms: An
inhibitory effect on the expression of sialomucins in the
vessel wall, causing the release of peripheral neutrophils
into the bloodstream, and by inhibiting the expression
of selectins and preventing the apoptosis of carp granu-
locyte cells. It seems that propranolol prevents the de-
crease of lymphocytes before surgery but does not affect
their population after surgery. Its inability to inhibit the
reduction of lymphocytes is probably because of its short
half-life (6-12 hours). On the other hand, the decline in
the number of lymphocytes can be due to a reduction in
the proliferation rate of lymphocytes or to the location of
lymphocytes in different organs (lymphatic and blood)
compared to blood lymphocytes and lymphatic organs.

Conclusion

Safe drug usage, such as propranolol, has applications
beyond its typical use in research. Stress pathway block-
ade by b2-AR and or H2 antagonists may help enhance
Th1 responses, manage infection, and post-surgical re-
covery. Propranolol prevents the suppression of IL-2 by
inhibiting the synthesis of corticosteroids and helps im-
prove the suppression of the immune system during and
after surgery. Inhibition of TNF-a production increases
post-surgery problems such as infection and mortality.
Propranolol is effective in preventing TNF-o level re-
duction. Propranolol also impacts Th1 cells and reduces
the IFN-y level by affecting adrenergic receptors. Us-
ing propranolol, changes in the immunogenic platform
of infiltrated immune cells, such as Thl in the surgical
microenvironment, may effectively correct the body’s
cytokine patterns. Propranolol seems to be potent immu-
nomodulatory and capable of inducing cellular immune
responses. Although propranolol accelerates healing by
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shifting the immune system towards a pattern of Th1 im-
munological mechanisms in surgical stress, further stud-
ies would be helpful to confirm it.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Animal Ethics Com-
mittee of Razi University (Code: Razi. AEC, 396-2-031).

Funding

This research is extracted from the General Doctorate
thesis of Milad Azarhosh, approved by Department of
Basic Sciences, Faculty of Veterinary Medicine, Razi
University and financially supported by Razi University.

Authors' contributions

All authors equally contributed to preparing this article.
Conflict of interest

The authors declared no conflict of interest.
Acknowledgments

The authors express their appreciation to everyone who
assisted us in this study.

References

Nikfarjam, B. A., Adineh, M., Hajiali, F., & Nassiri-Asl, M. (2017).
Treatment with rutin-a therapeutic strategy for neutrophil-
mediated inflammatory and autoimmune diseases:-Anti-
inflammatory effects of rutin on neutrophils. Journal of Phar-
macopuncture, 20(1), 52-56. [DOI:10.3831/KP1.2017.20.003]
[PMID]

Alazawi, W., Pirmadjid, N., Lahiri, R., & Bhattacharya, S. (2016).
Inflammatory and immune responses to surgery and their
clinical impact. Annals of Surgery, 264(1), 73-80. [DOI:10.1097/
SLA.0000000000001691] [PMID]

Alhussien, M. N., & Dang, A. K. (2020). Interaction between
stress hormones and phagocytic cells and its effect on the
health status of dairy cows: A review. Veterinary World, 13(9),
1837-1848. [DOI:10.14202/ vetworld.2020.1837-1848] [PMID]

Amaro, F., Silva, D., Reguengo, H., Oliveira, J. C., Quintas, C., &
Vale, N, et al. (2020). 3-adrenoceptor activation in breast mcf-
10a cells induces a pattern of catecholamine production simi-
lar to that of tumorigenic mcf-7 cells. International Journal of
Molecular Sciences, 21(21), 7968. [DOI:10.3390/1jms21217968]
[PMID]

IRANIAN JOURNAL OF VETERINARY MEDICINE

Amiri, I. A., Pedram, M., Tavakoli, A., Vajhi, A., Rezaii, J., &
Ashegh, H., et al. (2021). Laparoscopic versus conventional
YU pyloroplasty in dogs: A comparative study of pain, stress,
and duration. Iranian Journal of Veterinary Medicine, 15(3), 301-
310. [DOI:10.22059/1JVM.2021.304157.1005098]

Amodeo, G., Bugada, D., Franchi, S., Moschetti, G., Grimaldi,
S., & Panerai, A, et al. (2018). Immune function after major
surgical interventions: The effect of postoperative pain treat-
ment. Journal of Pain Research, 11, 1297-1305.[DOI:10.2147/
JPR.S158230] [PMID]

Ashrafi, S., Shapouri, R., & Mahdavi, M. (2017). Immunological
consequences of immunization with tumor lysate vaccine and
propranolol as an adjuvant: A study on cytokine profiles in
breast tumor microenvironment. Immunology Letters, 181, 63-
70. [DOI:10.1016/j.imlet.2016.11.014] [PMID]

Bain, C. R., Myles, P. S., Corcoran, T., & Dieleman, J. M. (2023).
Postoperative systemic inflammatory dysregulation and cor-
ticosteroids: A narrative review. Anaesthesia, 78(3), 356-370.
[DOI:10.1111/anae.15896] [PMID]

Bartekova, M., Radosinska, J., Jelemensky, M., & Dhalla, N. S.
(2018). Role of cytokines and inflammation in heart function
during health and disease. Heart Failure Reviews, 23(5), 733-
758. [DOI:10.1007/s10741-018-9716-x] [PMID]

Boddie, D. E., Currie, D. G., Eremin, O., & Heys, S. D. (2003).
Immune suppression and isolated severe head injury: A sig-
nificant clinical problem. British Journal of Neurosurgery, 17(5),
405-417. [DOI:10.1080/02688690310001611198] [PMID]

Bouchard, L. C., Antoni, M. H., Blomberg, B. B, Stagl, ]. M.,
Gudenkauf, L. M., & Jutagir, D. R,, et al. (2016). Postsurgi-
cal depressive symptoms and proinflammatory cytokine el-
evations in women undergoing primary treatment for breast
cancer. Psychosomatic medicine, 78(1), 26-37. [DOI:10.1097/
PSY.0000000000000261] [PMID]

Brujeni, G. N. (2022). Novel Insights into infection and im-
munity. Iranian Journal of Veterinary Medicine, 16(2), 99-100.
[DOI:10.22059/1JVM.2022.337927.1005234]

Chen, X, Bi, M., Yang, J., Cai, J., Zhang, H., & Zhu, Y., et al.
(2022). Cadmium exposure triggers oxidative stress, necrop-
tosis, Th1l/Th2 imbalance and promotes inflammation
through the TNF-a/NF-«B pathway in swine small intestine.
Journal of Hazardous Materials, 421, 126704. [DOI:10.1016/].
jhazmat.2021.126704] [PMID]

Chu, W,, Li, M,, Li, F, Hu, R,, Chen, Z., & Lin, J,, et al. (2013).
Immediate splenectomy down-regulates the MAPK-NF-«xB
signaling pathway in rat brain after severe traumatic brain
injury. The Journal of Trauma and Acute Care Surgery, 74(6),
1446-1453. [DOI:10.1097/ TA.0b013€31829246ad] [PMID]

Droho, S., Cuda, C. M., Perlman, H., & Lavine, J. A. (2019).
Monocyte-derived macrophages are necessary for beta-adr-
energic receptor-driven choroidal neovascularization inhibi-
tion. Investigative Ophthalmology & Visual Science, 60(15), 5059-
5069. [DOI:10.1167 /i0vs.19-28165] [PMID]

Eckerling, A., Ricon-Becker, ., Sorski, L., Sandbank, E., & Ben-
Eliyahu, S. (2021). Stress and cancer: Mechanisms, signifi-
cance and future directions. Nature Reviews Cancer, 21(12),
767-785. [DOI:10.1038 /s41568-021-00395-5] [PMID]

Azarhosh]., et al. (2024). Immunomodulatory Effects and Cytokine Changes by Propranolol. lran J Vet Med, 18(3):415-428.



https://ijvm.ut.ac.ir/
https://en.razi.ac.ir/
https://en.razi.ac.ir/
https://en.razi.ac.ir/
https://en.razi.ac.ir/
https://doi.org/10.3831/KPI.2017.20.003
https://www.ncbi.nlm.nih.gov/pubmed/28392963
https://doi.org/10.1097/SLA.0000000000001691
https://doi.org/10.1097/SLA.0000000000001691
https://www.ncbi.nlm.nih.gov/pubmed/27275778
https://doi.org/10.14202/vetworld.2020.1837-1848
https://www.ncbi.nlm.nih.gov/pubmed/33132594
https://doi.org/10.3390/ijms21217968
https://www.ncbi.nlm.nih.gov/pubmed/33120955
https://doi.org/10.22059/ijvm.2021.304157.1005098
https://doi.org/10.2147/JPR.S158230
https://doi.org/10.2147/JPR.S158230
https://www.ncbi.nlm.nih.gov/pubmed/30022848
https://doi.org/10.1016/j.imlet.2016.11.014
https://www.ncbi.nlm.nih.gov/pubmed/27899275
https://doi.org/10.1111/anae.15896
https://www.ncbi.nlm.nih.gov/pubmed/36308338
https://doi.org/10.1007/s10741-018-9716-x
https://www.ncbi.nlm.nih.gov/pubmed/29862462
https://doi.org/10.1080/02688690310001611198
https://www.ncbi.nlm.nih.gov/pubmed/14635745
https://doi.org/10.1097/PSY.0000000000000261
https://doi.org/10.1097/PSY.0000000000000261
https://www.ncbi.nlm.nih.gov/pubmed/26569533
https://doi.org/10.22059/ijvm.2022.337927.1005234
https://doi.org/10.1016/j.jhazmat.2021.126704
https://doi.org/10.1016/j.jhazmat.2021.126704
https://www.ncbi.nlm.nih.gov/pubmed/34325292
https://doi.org/10.1097/TA.0b013e31829246ad
https://www.ncbi.nlm.nih.gov/pubmed/23694871
https://doi.org/10.1167/iovs.19-28165
https://www.ncbi.nlm.nih.gov/pubmed/31800964
https://doi.org/10.1038/s41568-021-00395-5
https://www.ncbi.nlm.nih.gov/pubmed/34508247

IRANIAN JOURNAL OF VETERINARY MEDICINE

Everly, G. S., & Lating, J. M. (2019). The anatomy and physiol-
ogy of the human stress response. In: A clinical guide to the
treatment of the human stress response (pp. 19-56). New York:
Springer. [DOI:10.1007/978-1-4939-9098-6_2]

Freitas, W. R,, Jr, Oliveira, L. V. F., Perez, E. A, Ilias, E. J., Lot-
tenberg, C. P, & Silva, A. S, et al. (2018). Systemic inflamma-
tion in severe obese patients undergoing surgery for obesity
and weight-related diseases. Obesity Surgery, 28(7), 1931-1942.
[DOI:10.1007/s11695-017-3104-9] [PMID]

Georgiev, P., Charbonnier, L.-M., & Chatila, T. A. (2019). Regu-
latory T cells: The many faces of Foxp3. Journal of Clinical Im-
munology, 39(7), 623-640. [DOI:10.1007/s10875-019-00684-7]
[PMID]

Germolec, D. R, Shipkowski, K. A., Frawley, R. P., & Evans, E.
(2018). Markers of inflammation. Methods in Molecular Biology
(Clifton, N.J.), 1803, 57-79. [DOI:10.1007 / 978-1-4939-8549-4_5]
[PMID]

Hajighasemi, F., & Mirshafiey, A. (2016). Regulation of inflam-
matory cytokines in human immunocompetent cells by
propranolol in vitro. European Respiratory Journa, 48, PA1083
[DOI:10.1183/13993003.congress-2016.PA1083]

Shankar Hari, M., & Summers, C. (2018). Major surgery and
the immune system: From pathophysiology to treatment.
Current Opinion in Critical Care, 24(6), 588-593. [DOI:10.1097/
MCC.0000000000000561] [PMID]

Helander, E. M., Webb, M. P., Menard, B., Prabhakar, A., Helm-
stetter, J., & Cornett, E. M., et al. (2019). Metabolic and the
surgical stress response considerations to improve postop-
erative recovery. Current Pain and Headache Reports, 23(5), 33.
[DOI:10.1007/511916-019-0770-4] [PMID]

Hirose, M., Okutani, H., Hashimoto, K., Ueki, R., Shimode, N.,
& Kariya, N., et al. (2022). Intraoperative assessment of surgi-
cal stress response using nociception monitor under general
anesthesia and postoperative complications: A narrative re-
view. Journal of Clinical Medicine, 11(20), 6080. [DOI:10.3390/
jem11206080] [PMID]

Hsieh, E. W., & Hernandez, J. D. (2021). Clean up by aisle 2:
Roles for IL-2 receptors in host defense and tolerance. Cur-
rent Opinion in Immunology, 72, 298-308. [DOI:10.1016/].
€01.2021.07.010] [PMID]

Jaya, A. A. G. P. S, Tantri, A. R, Heriwardito, A., & Mansjoer,
A. (2021). Single-centre, double-blind, randomised, parallel-
group, superiority study to evaluate the effectiveness of
general anaesthesia and ultrasound-guided transversus
thoracis muscle plane block combination in adult cardiac
surgery for reducing the surgical stress response: Clinical
trial protocol. BM] Open, 11(11), e051008. [DOI:10.1136/bm-
jopen-2021-051008] [PMID]

Jorgovanovic, D., Song, M., Wang, L., & Zhang, Y. (2020). Roles
of IFN-y in tumor progression and regression: A review.
Biomarker Research, 8, 49. [DOI:10.1186/s40364-020-00228-x]
[PMID]

Kalam, M. N., Rasool, M. F., Rehman, A. U.,, & Ahmed, N.
(2020). Clinical pharmacokinetics of propranolol hydrochlo-
ride: A review. Current Drug Metabolism, 21(2), 89-105. [DOI:1
0.2174/1389200221666200414094644] [PMID]

July 2024. Volume 18. Number 3

Kataoka, T., Enomoto, F., Kim, R., Yokoi, H., Fujimori, M., &
Sakai, Y., et al.(2004). The effect of surgical treatment of ob-
structive sleep apnea syndrome on the plasma TNF-a levels.
The Tohoku Journal of Experimental Medicine, 204(4), 267-272.
[DOI:10.1620/ tiem.204.267] [PMID]

Kim, R. (2018). Effects of surgery and anesthetic choice on immu-
nosuppression and cancer recurrence. Journal of Translational
Medicine, 16(1), 8. [DOI:10.1186/512967-018-1389-7] [PMID]

Ko, F. C,, Rubenstein, W. J., Lee, E. ]., Siu, A. L., & Sean Mor-
rison, R. (2018). TNF-a and sTNF-RII are associated with pain
following hip fracture surgery in older adults. Pain Medicine,
19(1), 169-177. [DOI:10.1093 / pm/ pnx085] [PMID]

Kolios, A. G., Tsokos, G. C., & Klatzmann, D. (2021). Interleu-
kin-2 and regulatory T cells in rheumatic diseases. Nature
Reviews. Rheumatology, 17(12), 749-766. [DOI:10.1038 / s41584-
021-00707-x] [PMID]

Li, W, Hu, X., Wang, S,, Jiao, Z., Sun, T., & Liu, T,, et al. (2020).
Characterization and antitumor bioactivity of astragalus
polysaccharides by immunomodulation. International Journal
of Biological Macromolecules, 145, 985-997. [DOI:10.1016/].ijbio-
mac.2019.09.189] [PMID]

Lopetuso, L. R., Gerardi, V., Papa, V., Scaldaferri, F., Rapaccini,
G. L., & Gasbarrini, A., et al. (2017). Can we predict the ef-
ficacy of anti-TNF-a agents? International Journal of molecular
sciences, 18(9), 1973. [DOI:10.3390/1jms18091973] [PMID]

Marko, N. F., Hamrahian, A. H., & Weil, R. J. (2010). Immediate
postoperative cortisol levels accurately predict postoperative
hypothalamic-pituitary-adrenal axis function after transsphe-
noidal surgery for pituitary tumors. Pituitary, 13(3), 249-255.
[DOL:10.1007/511102-010-0227-6] [PMID]

Martinez-Barricarte, R., Markle, J. G., Ma, C. S., Deenick, E. K,,
Ramirez-Alejo, N., & Mele, F,, et al. (2018). Human IFN-y im-
munity to mycobacteria is governed by both IL-12 and IL-23.
Science Immunology, 3(30), eaau6759. [DOI:10.1126/sciimmu-
nol.aau6759] [PMID]

Matzner, P., Sorski, L., Haldar, R., Shaashua, L., Benbenishty,
A., & Lavon, H,, et al. (2019). Deleterious synergistic effects
of distress and surgery on cancer metastasis: abolishment
through an integrated perioperative immune-stimulating
stress-inflammatory-reducing intervention. Brain, Behavior,
and Immunity, 80, 170-178. [DOI:10.1016/}.bbi.2019.03.005]
[PMID]

Muire, P. J.,, Mangum, L. H., & Wenke, ]. C. (2020). Time course
of immune response and immunomodulation during normal
and delayed healing of musculoskeletal wounds. Frontiers
in Immunology, 11, 1056. [DOI:10.3389/fimmu.2020.01056]
[PMID]

Murugan, S., Rousseau, B., & Sarkar, D. K. (2021). Beta 2 Adr-
energic receptor antagonist propranolol and opioidergic re-
ceptor antagonist naltrexone produce synergistic effects on
breast cancer growth prevention by acting on cancer cells and
immune environment in a preclinical model of breast cancer.
Cancers, 13(19), 4858. [DOI:10.3390/ cancers13194858] [PMID]

Nishioka, R., Nishi, Y., Choudhury, M. E., Miyaike, R., Shinni-
shi, A., & Umakoshi, K,, et al. (2022). Surgical stress quickly
affects the numbers of circulating B-cells and neutrophils in
murine septic and aseptic models through a (32 adrenergic re-
ceptor. Journal of Immunotoxicology, 19(1), 8-16. [DOI:10.1080/
1547691X.2022.2029630] [PMID]

Azarhoshl., et al. (2024). Inmunomodulatory Effects and Cytokine Changes by Propranolol. lran J Vet Med, 18(3):415-428.



https://ijvm.ut.ac.ir/
https://doi.org/10.1007/978-1-4939-9098-6_2
https://doi.org/10.1007/s11695-017-3104-9
https://www.ncbi.nlm.nih.gov/pubmed/29497960
https://doi.org/10.1007/s10875-019-00684-7
https://www.ncbi.nlm.nih.gov/pubmed/31478130
https://doi.org/10.1007/978-1-4939-8549-4_5
https://www.ncbi.nlm.nih.gov/pubmed/29882133
https://doi.org/10.1183/13993003.congress-2016.PA1083
https://doi.org/10.1097/MCC.0000000000000561
https://doi.org/10.1097/MCC.0000000000000561
https://www.ncbi.nlm.nih.gov/pubmed/30299310
https://doi.org/10.1007/s11916-019-0770-4
https://www.ncbi.nlm.nih.gov/pubmed/30976992
https://doi.org/10.3390/jcm11206080
https://doi.org/10.3390/jcm11206080
https://www.ncbi.nlm.nih.gov/pubmed/36294399
https://doi.org/10.1016/j.coi.2021.07.010
https://doi.org/10.1016/j.coi.2021.07.010
https://www.ncbi.nlm.nih.gov/pubmed/34479098
https://doi.org/10.1136/bmjopen-2021-051008
https://doi.org/10.1136/bmjopen-2021-051008
https://www.ncbi.nlm.nih.gov/pubmed/34764171
https://doi.org/10.1186/s40364-020-00228-x
https://www.ncbi.nlm.nih.gov/pubmed/33005420
https://doi.org/10.2174/1389200221666200414094644
https://doi.org/10.2174/1389200221666200414094644
https://www.ncbi.nlm.nih.gov/pubmed/32286940
https://doi.org/10.1620/tjem.204.267
https://www.ncbi.nlm.nih.gov/pubmed/15572852
https://doi.org/10.1186/s12967-018-1389-7
https://www.ncbi.nlm.nih.gov/pubmed/29347949
https://doi.org/10.1093/pm/pnx085
https://www.ncbi.nlm.nih.gov/pubmed/28460020
https://doi.org/10.1038/s41584-021-00707-x
https://doi.org/10.1038/s41584-021-00707-x
https://www.ncbi.nlm.nih.gov/pubmed/34728817
https://doi.org/10.1016/j.ijbiomac.2019.09.189
https://doi.org/10.1016/j.ijbiomac.2019.09.189
https://www.ncbi.nlm.nih.gov/pubmed/31669273
https://doi.org/10.3390/ijms18091973
https://www.ncbi.nlm.nih.gov/pubmed/28906475
https://doi.org/10.1007/s11102-010-0227-6
https://www.ncbi.nlm.nih.gov/pubmed/20339931
https://doi.org/10.1126/sciimmunol.aau6759
https://doi.org/10.1126/sciimmunol.aau6759
https://www.ncbi.nlm.nih.gov/pubmed/30578351
https://doi.org/10.1016/j.bbi.2019.03.005
https://www.ncbi.nlm.nih.gov/pubmed/30851377
https://doi.org/10.3389/fimmu.2020.01056
https://www.ncbi.nlm.nih.gov/pubmed/32582170
https://doi.org/10.3390/cancers13194858
https://www.ncbi.nlm.nih.gov/pubmed/34638341
https://doi.org/10.1080/1547691X.2022.2029630
https://doi.org/10.1080/1547691X.2022.2029630
https://www.ncbi.nlm.nih.gov/pubmed/35232327

July 2024. Volume 18. Number 3

O’Connor, D. B, Thayer, J. F., & Vedhara, K. (2021). Stress
and health: A review of psychobiological processes. Annual
Review of Psychology, 72, 663-688. [DOI:10.1146/annurev-
psych-062520-122331] [PMID]

Pantziarka, P., Bouche, G., Sukhatme, V., Meheus, L., Rooman,
L, & Sukhatme, V. P. (2016). Repurposing Drugs in Oncology
(ReDO), propranolol as an anti-cancer agent. Ecancer Medi-
calscience, 10. [DOI:10.3332/ ecancer.2016.680]

Sahin, D., Arenas-Ramirez, N., Rath, M., Karakus, U., Hiimbe-
lin, M., & van Gogh, M., et al. (2020). An IL-2-grafted antibody
immunotherapy with potent efficacy against metastatic can-
cer. Nature Communications, 11(1), 6440. [DOI:10.1038 /s41467-
020-20220-1] [PMID]

Santos, ]J. M., Cervera-Carrascon, V., Havunen, R., Zafar, S.,
Siurala, M., & Sorsa, S., et al. (2018). Adenovirus coding
for interleukin-2 and tumor necrosis factor alpha replaces
lymphodepleting chemotherapy in adoptive T cell ther-
apy. Molecular Therapy, 26(9), 2243-2254. [DOI:10.1016/j.
ymthe.2018.06.001] [PMID]

Schmatz, R., Bitencourt, M. R, Patias, L. D., Beck, M., da C Alva-
rez, G., & Zanini, D., et al. (2017). Evaluation of the biochemi-
cal, inflammatory and oxidative profile of obese patients
given clinical treatment and bariatric surgery. Clinica Chim-
ica Acta; International Journal of Clinical Chemistry, 465, 72-79.
[DOI:10.1016/j.cca.2016.12.012] [PMID]

Shaaban, N. R. A, EI-Menshawy, S. S., Salem, A. E., & Othman,
S.S.M. (2021). Protective effects of propranolol and carvedilol
on experimentallyinduced ulcerative colitis in male albino rat.
European Journal of Molecular & Clinical Medicine, 8(03), 2021.
[Link]

Shahzamani, M., Tehrani, R. B., Dabbagh, A., Fani, K., Foroughi,
M., & Pourmohsen, M. (2019). Effect of combined conven-
tional ultrafiltration and modified ultrafiltration on serum
interleukin-6 and TNF-a levels in pediatric cardiac surgery
patients. Journal of Cellular & Molecular Anesthesia, 4(1), 3-7.
[Link]

Sharashenidze, T. Mamamtavrishvili, N., Enukidze, M.,
Machavariani, M., Gabunia, T., & Sanikidze, T. (2021). [Effect
of propranolol on cytokine profile in an experimental model
of human tlymphocytes (jurkat cells) in vitro (Russian)]. Geor-
gian Medical News, (311), 169-172. [PMID]

Shimba, A., & Ikuta, K. (2020). Control of immunity by gluco-
corticoids in health and disease. Seminars in Immunopathology,
42(6), 669-680. [DOI:10.1007/500281-020-00827-8] [PMID]

Silva, D., Quintas, C., Gongalves, J., & Fresco, P. (2022). Con-
tribution of adrenergic mechanisms for the stress-induced
breast cancer carcinogenesis. Journal of Cellular Physiology,
237(4), 2107-2127. [DOI:10.1002/jcp.30707] [PMID]

Smiatowska, M., Zigba, B., & Domin, H. (2021). A role of noradr-
energic receptors in anxiolytic-like effect of high CRF in the
rat frontal cortex. Neuropeptides, 88, 102162. [DOI:10.1016/].
npep.2021.102162] [PMID]

Wang, Y. T, Kong, Y., Song, Y., Han, W., Zhang, Y. Y., & Zhang,
X. H,, et al. (2016). Increased type 1 immune response in the
bone marrow immune microenvironment of patients with
poor graft function after allogeneic hematopoietic stem cell
transplantation. Biology of Blood and Marrow Transplantation,
22(8), 1376-1382. [DOI:10.1016/j.bbmt.2016.04.016] [PMID]

IRANIAN JOURNAL OF VETERINARY MEDICINE

Wang, Y., Qu, M., Qiu, Z.,, Zhu, S., Chen, W., & Guo, K,, et al.
(2022). Surgical stress and cancer progression: New findings
and future perspectives. Current Oncology Reports, 24(11),
1501-1511. [DOI:10.1007/511912-022-01298-w] [PMID]

Jean Wrobel, L., Bod, L., Lengagne, R., Kato, M., Prévost-Blondel,
A, & Le Gal, F. A. (2016). Propranolol induces a favourable
shift of antitumor immunity in a murine spontaneous model
of melanoma. Oncotarget, 7(47), 77825-77837. [DOI:10.18632/
oncotarget.12833] [PMID]

Yagawa, Y., Tanigawa, K., Kobayashi, Y., & Yamamoto, M.
(2017). Cancer immunity and therapy using hyperthermia
with immunotherapy, radiotherapy, chemotherapy, and
surgery. Journal of Cancer Metastasis and Treatment, 3, 218-230.
[Link]

Zanelatto, F. B., Dias, E. V., Teixeira, J. M., Sartori, C. R., Parada,
C. A, & Tambeli, C. H. (2018). Anti-inflammatory effects of
propranolol in the temporomandibular joint of female rats
and its contribution to antinociceptive action. European Journal
of Pain, 22(3), 572-582. [DOI:10.1002/ ejp.1143] [PMID]

Zhao, H., Wang, Y., Shao, Y., Liu, ], Wang, S., & Xing, M. (2018).
Oxidative stress-induced skeletal muscle injury involves in
NF-xB/ p53-activated immunosuppression and apoptosis re-
sponse in copper (II) or/and arsenite-exposed chicken. Cherm-
osphere, 210, 76-84. [DOI:10.1016/j.chemosphere.2018.06.165]
[PMID]

Zhou, L, Li, Y., Li, X,, Chen, G, Liang, H., & Wu, Y., et al.
(2016). Propranolol attenuates surgical stress-induced eleva-
tion of the regulatory T cell response in patients undergoing
radical mastectomy. Journal of Immunology, 196(8), 3460-3469.
[DOI:10.4049/jimmunol.1501677] [PMID]

Zuo, Y., Zhao, L., Zeng, M., Yang, Q., Chen, X,, & Yang, T.
(2019). The effects of vitamin-rich carbohydrate pretreatment
on the surgical stress response and S-1, after splenectomy
in elderly rats. BMC Anesthesiology, 19(1), 77. [DOI:10.1186/
512871-019-0748-0] [PMID]

Azarhosh]., et al. (2024). Immunomodulatory Effects and Cytokine Changes by Propranolol. lran J Vet Med, 18(3):415-428.



https://ijvm.ut.ac.ir/
https://doi.org/10.1146/annurev-psych-062520-122331
https://doi.org/10.1146/annurev-psych-062520-122331
https://www.ncbi.nlm.nih.gov/pubmed/32886587
https://doi.org/10.3332/ecancer.2016.680
https://doi.org/10.1038/s41467-020-20220-1
https://doi.org/10.1038/s41467-020-20220-1
https://www.ncbi.nlm.nih.gov/pubmed/33353953
https://doi.org/10.1016/j.ymthe.2018.06.001
https://doi.org/10.1016/j.ymthe.2018.06.001
https://www.ncbi.nlm.nih.gov/pubmed/30017877
https://doi.org/10.1016/j.cca.2016.12.012
https://www.ncbi.nlm.nih.gov/pubmed/27986549
https://d1wqtxts1xzle7.cloudfront.net/89661572/article_11576_12fa18cb7d0182853137432905005695-libre.pdf?1660530268=&response-content-disposition=inline%3B+filename%3DProtective_Effects_of_Propranolol_and_Ca.pdf&Expires=1715435505&Signature=L0HvlcPG68PmKLwETPEKGHMe3AlbnhiBThpHB5oWTf1Q34hQmLlyN-c8RkHnBTXsuZ1nO21L~c4mGp1j6yCWdxnmjuaRdg4oQdQZxT4ZpSfOC1aAgDn58WDvXq3HP~~vALE5OZICCfDJ3kDV7N-7durUAVBc29rWNf6z2Atit3tO38eXkvnlEno2~c2AiJgu6uNG14H7vJPwCA3umiwU21EuvS5wS~1qXFUk0lAF1LBQLCZc4Q6viSBu5RWM~~JLPo5c4oWnchZpqsM3ueQdU2HJzEVFpjsULuwSuqqPPIQQr3CSuQdNNmQUOJsAP9x~CNWqfyEOXJdsOBhu6VS0ZA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
http://eprints.mui.ac.ir/11978/
https://pubmed.ncbi.nlm.nih.gov/33814413/
https://doi.org/10.1007/s00281-020-00827-8
https://www.ncbi.nlm.nih.gov/pubmed/33219395
https://doi.org/10.1002/jcp.30707
https://www.ncbi.nlm.nih.gov/pubmed/35243626
https://doi.org/10.1016/j.npep.2021.102162
https://doi.org/10.1016/j.npep.2021.102162
https://pubmed.ncbi.nlm.nih.gov/34062382/
https://doi.org/10.1016/j.bbmt.2016.04.016
https://www.ncbi.nlm.nih.gov/pubmed/27131864
https://doi.org/10.1007/s11912-022-01298-w
https://www.ncbi.nlm.nih.gov/pubmed/35763189
https://doi.org/10.18632/oncotarget.12833
https://doi.org/10.18632/oncotarget.12833
https://www.ncbi.nlm.nih.gov/pubmed/27788481
https://f.oaes.cc/xmlpdf/3a9b9e2a-7270-4e98-92a4-841069ff3d9c/2272.pdf
https://doi.org/10.1002/ejp.1143
https://www.ncbi.nlm.nih.gov/pubmed/29226500
https://doi.org/10.1016/j.chemosphere.2018.06.165
https://www.ncbi.nlm.nih.gov/pubmed/29986226
https://doi.org/10.4049/jimmunol.1501677
https://www.ncbi.nlm.nih.gov/pubmed/26969754
https://doi.org/10.1186/s12871-019-0748-0
https://doi.org/10.1186/s12871-019-0748-0
https://www.ncbi.nlm.nih.gov/pubmed/31092210

IRANIAN JOURNAL OF VETERINARY MEDICINE

‘ ;w.fb 9).’ Jlo

ol (w0 gt JWd 1 Jglgil 39 2 Jamigi  uS g Sl i g (o] 0008 i 1y 1wy g0
P lpee Giae 3 (2 )

rdwwa Y‘;iLou—'&t rML"% J‘J)QA" *@l&.‘éula‘ \‘;)’h)si .)M:A

Oyl 0liile S ¢ 3l olKadhs ¢ S uald 00SLsils iyl pole 09,8 .Y

Oyl eoliilo S ¢ 531, olitihs ¢ S jaks 0uSiiils o ey pole 09 5°.¥

Skl 5 sy oSl ( Kbl St s5slers 9l sl o5 ¥

ohlioltile,S sl S5, pole oS8 wialigs 591 ouSinsy o 3y oy liind 350 ¥

Use your device to scan

and read theartice onine AT ERILYEE Azarhosh, M., Ghashghaei, A., Pooyanmehr, M., Maleki, A., & Alimohammadi S. (2024).

E E. Evaluating Immunomodulatory Effects and Cytokine Changes by Propranolol Following Surgical Stress in Male Rats. lranian
Journal of Veterinary Medicine, 18(3),415-428. http://dx.doi.org/10.32598/ijvm.18.3.1005374

[

http://dx.doi.org/10.32598/ijvm.18.3.1005374

(]
S
09.&‘5.4 JAG) dxg 0490 40 M‘Wuf)w Mbdhzndlbw&ab@‘y Axnhodﬁ.n)
FA-AIFN-Y) 3280 1L2) Y-S 20 i st s 5 8 oo 52575 S gt Banl allnn s
& plowl lacergisd § (WBCS) s (gl JglS" aiile (595 (sl el s o (TNF-0) 0= 995 59,55 y92515
sloog)F s 3,35 cpalls Jloi (Lo J 58D ) 09, dr ik ooaail 0,5 ¥ oy iy i3 il om0 (g0 you F02)5 (105
digad A 3135 (G2 0 039041 (P8) Jgloilg s 5 9LeS 2 S slea A 9 (PA) Joloilynans 5 oS yop 5 o ¥ o 5y ¥ ¥
A i ongit] g IL-2 cIFN-y «TNF-0t (WBCS prbans 0 (6 yglan (o2 31 dms cacles VY o Y o calolddly ¢ L) y95
0l fudoxigds joxi (PS o+ 0) (6)lo Fore el by yguns 3031 548,bSs il lg Julows 5l ealizal b Laoals
(PS o[+ 8) 593,5Wl; J 555 09,5 4y G (515 e S P4 ¢ P8 (glivog 5 10 IL-2 gebans ol Lt gealis 1o U
b auylin )0 IFN-Y 5l (655mb ebaw P4 09 5 .(« P<[+ ) cuils (g o ginn 2nlSaalis g P4 09,5 a4y S P8 09,5 0 TNF-at
(PS+[+B) ol Lz ()l ghme LS walis g P8 o9

Oe> o3littaol el iy 319 hal slageunly 2 (a3 M8 (hasl 00iiS o 31 Jodoilag sy sm S 2 2od (5 5 s

A&’uOW‘)M‘WQ)XLA&M|OSNJ5]5J|)”)$}|L;>|P VPeY Ul ¥ el o 6

> ool Jolail g e IL-2¢ IFN-ye TNF-a laojlonds UAICAMATST

: APeY i 1 o il 2 6
Il oooeveoncnesnsontonesnssencnssnesnsoseonesesosssnsssssessesessssssossssesessssessssssessessssssssssssssssssesssssssssssossssssessesoresesseseotestssetorsstesessetertttttortorestetesorstresestettercsrsortorssrasers -
1 gm0 O 3
edlagy ol s S

55895238ls 5 4Ly pole 0,8 Siaals 0uSLitils o 31, olKitils colitiile 575 Sk
+AA (VA \YAYAYA ryals
M.pooyanmehr@razi.ac.ir, Mehrdad.poyan20@gmail.com :4eGl)

Copyright © 2024 The Author(s);
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

—
427



https://ijvm.ut.ac.ir/
mailto:M.pooyanmehr%40razi.ac.ir?subject=
mailto:Mehrdad.poyan20%40gmail.com?subject=
https://orcid.org/0000-0001-7489-4578
https://orcid.org/0000-0002-3773-0504
https://orcid.org/0000-0002-9991-9273
https://orcid.org/0000-0002-6897-2282
https://orcid.org/0000-0002-7143-643X
http://dx.doi.org/10.32598/ijvm.18.3.1005374
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

This Page Intentionally Left Blank



