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Abstract

Purpose: To study the effect of dexmedetomidine on blood T cell proliferation, T cell subsets and
phagocytosis of alveolar macrophages in young rats undergoing splenectomy.

Methods: Fifty-four healthy male rats were used for the establishment of an animal model of
splenectomy. The young rats were randomly assigned to control, model (untreated) and medication
groups, each with 18 rats. The rats in the control and model groups were given physiological saline at a
dose of 10 ml/kg, while those in the treatment group were injected with dexmedetomidine at a dose of
50 pg/kg. All treatments were given intraperitoneally (i.p.). T cell proliferation, T cell subset level,
phagocytic index and degree of phagocytosis of alveolar macrophages were compared among the rat
groups.

Results: Relative to control, CD4+, CD8+ and CD4+/CD8+ levels in model and medication groups
decreased significantly (p < 0.05). CD4+ and CD8+ levels were lower in the medication group than in
model group. Phagocytic index and degree of phagocytosis of alveolar macrophages in model and
medication groups were significantly lower than those in the control group, while phagocytic index and
degree of phagocytosis of alveolar macrophages in the medication group of rats were smaller than
those in model rats (p < 0.05).

Conclusion: Dexmedetomidine significantly reduces immune function in splenectomy rats. However, it
should be used with caution in patients with splenectomy.
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INTRODUCTION specific immune responses [1]. The spleen is the

largest peripheral immune organ. It filters the
The immune system is composed of immune blood, removes dead blood cells, phagocytizes
organs, immune cells and immune molecules, Viruses and germs, and also activates B cells to
and is responsible for non-specific immune and produce large amounts of antibodies [2].
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Following splenectomy, the ability of the body to
remove bacteria from the blood, and the
concentration of IgM are significantly reduced,
thereby increasing the chances of infection. In
children, the immune system is immature and
vulnerable to pathogenic microorganisms and
foreign antigens, and the possibility of
intracranial infection is significantly increased
due to incomplete development of the blood-
brain barrier [3].

Dexmedetomidine acts on the mesencephalic
nucleus of the midbrain, and inhibits the release
of synaptic neurotransmitters thereby
suppressing the transmission of neural signals
[4]. It is often used for sedation in ICU patients
due to its pharmacological effects of sedation,
analgesia and anti-stress reaction [5]. Moreover,
it does not inhibit the respiratory system, and it
has a high degree of safety [5]. It has been
reported that sedative drugs like
dexmedetomidine affect the immune system [6].

The present investigation was carried out to
determine the influence of dexmedetomidine on
blood T cell proliferation, T cell subsets and
phagocytosis of alveolar macrophages in young
rats subjected to splenectomy.

EXPERIMENTAL

Animals

Fifty-four (54) male SD rats were purchased from
Changsha Tiangin Biotechnology Co. Ltd
{production license = SCXK (Xiang) 2016-0001)}.
The rats had a mean body weight of 140 + 10 g,
and were aged 5 weeks. They were maintained
in a laboratory at 24 + 1 °C, 55 £ 15 % humidity,
and equal daily durations of light and darkness,
with ad libitum access to feed and water.

This study received approval from the Animal
Ethical Committee of The Second People’s
Hospital of Kunming (approval no. 20187317),
and was performed according to "Principles of
Laboratory Animal Care" (NIH publication no. 85
- 23, revised 1985) [7].

Main instruments and reagents

Constant temperature water bath (HH-US brand)
was product of Shanghai Hetian Scientific
Instrument Co. Ltd.); low temperature refrigerator
was made by Jinan Chuangxiang Biotechnology
Co. Ltd (type: MDF-193), while electronic
balance (type: JA2603B) was product of
Shanghai Tianmei Tianping Instrument Co. Ltd).
High pressure steam sterilization pot (model
LDZM-40KCS) was purchased from Shanghai

Precision Instrument Co. Ltd. Leica DMI8 Optical
microscope was made by Yike Optical
Instrument Co. Ltd. Microfuge 16 centrifuge was
produced by Beckman Coulter Co. (USA). Fetal
bovine serum was purchased from Shanghai
Yubo Biotechnology Co. Ltd.

Anhydrous ethanol was supplied by National
Pharmaceutical Group Chemical Reagent Co.
Ltd, while phosphate buffer was obtained from
Shanghai Thermo Fisher Scientific Co. Ltd.
Physiological saline injection (0.9 % sodium
chlorine) was purchased from Sichuan Kelun
Pharmaceutical Co. Ltd (production batch
number: 20166625, specification: 100 ml).
Dexmedetomidine was product of Jiangsu Enhua
Pharmaceutical Co. Ltd (production batch
number: 20170085, specification: 1ml: 5mg).

Grouping and establishment of animal model
of splenectomy

The young rats were anesthetized and placed on
a console to maintain a temperature of 37 °C.
The hair on their chest and abdomen was
shaved off. The spleen was excised, and the
abdomen was closed. Thereafter, the rats were
divided into 3 groups: control, model and
medication groups, each with 18 rats. The rats in
the control and model groups were injected i.p.
with 0.9 % sodium chloride at a dose of 10 ml/kg,
while rats in treatment group were injected i.p.
with dexmedetomidine at a dose of 50 pg/kg.

Assessment of T cell proliferation

Blood (3 ml) was taken from the heart of 9 rats in
each group at 3, 6 and 9 h after the treatments,
and placed in anticoagulation tubes (1 and 2
mL). Lymphocyte separation solution (4 mL) was
added to the centrifuge tubes, followed by
addition of 2 ml of anticoagulant. The tubes were
then centrifuged at 3000 rpm. The second layer
containing lymphocytes was taken and mixed
with 10 mL of phosphate buffer. The mixture was
centrifuged, and the precipitate was collected.
The experiment was repeated twice and the
concentration of cells in the suspension was 2 x
108/mL.

The cells were inoculated into a 96-well plate at
100 pL per well, and 100 pL of Concanavalin A
(ConA) was added to the wells, while 100 L of
RPMI 1640 was added to the control wells. The
cells were cultured at room temperature for 48 h,
after which 20 pL of MTT (3-(4,5-Dimethylthiazol-
2-yl)-2,5-Diphenyltetrazolium Bromide) solution
was added, and culture was continued for 3 h.
Thereafter, the absorbance of each well was
measured at a wavelength of 570 nm.
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Determination of T cell subsets

Anticoagulant (100 yL) was added to a sterile EP
tube, followed by 5 yL APC anti-rat CD3, 0.5 yL
FITC anti-rat CD4, and 1.25 uL PE anti-rat
CD8a. After standing at 4 °C for 30 min in the
dark, 1 ml of RBC Lysis Buffer was added,
followed by centrifugation. The sediment was
collected and wused for flow cytometric
determination of changes in T cell subsets
(CD4+, CD8+, CD4+/CD8+) of rats in each

group.

Assessment of alveolar

phagocytosis

macrophage

Alveolar lavage fluid was centrifuged to obtain a
precipitate of macrophages which was cultured
at 37 °C in a T25 cell culture flask containing 5 %
carbon dioxide. The alveolar macrophages
attached to the walls were isolated and purified
into a suspension. Then, 4 mL of healthy cock
blood was taken to make a chicken red cell
suspension with a volume fraction of 1%. The
alveolar macrophage suspension (1 mL) and
0.05 mL of 1 % chicken red blood cell
suspension were thoroughly shaken in a test
tube, and centrifuged. The supernatant was
discarded, and 0.05 mL of the precipitate taken
and placed on crossed slides and stained with
Wright dye solution. Six fields of view were
selected from each high-power field for a total of
200 alveolar macrophages. Phagocytic index and
extent of phagocytosis of alveolar macrophages
in each group were compared.

Statistical analysis

Measurement data were compared between the
two groups using independent sample t-test.
Comparison between the 3 groups was done
with one-way ANOVA, while comparison of the
enumeration data was carried out with x? test.
Values of p < 0.05 were deemed to indicate
statistical significance. All analyses were done
with SPSS21.0 software package.

RESULTS

Blood T cell proliferation

Table 1 shows that there were marked
reductions in absorbance of cell culture
supernatants for the model and treatment rats,
relative to control (p < 0.05). Interestingly,
absorbance was significantly lower in the
treatment rats than in model rats (p < 0.05).

Table 1: Absorbance values of for proliferated T cells
inrats (n=9)

Grou 3 h after 6 h after 9 h after
P medication medication medication

|C°”"° 023£002 023£002 0.22+0.01

Model 0.07+0.012 0.08+0.022  0.09 +0.022

Medic 5044002 0.05+001% 0.06+0.02%

ation

F- 313.002 1359.001 217.004

value

P- <0.001 <0.001 <0.001

value

Values are presented as mean * SD. 2p < 0.05, vs
control rats; °p < 0.05, vs model rats

Blood T cell subsets of the rats

Relative to control group, CD4+, CD8+ and
CD4+/CD8+ ratio of model group and treatment
rats group were markedly lower (p < 0.05). The
amounts of CD4+ and CD8+ in treatment group
were lower than those in model group, and the
CD4+/CD8+ ratio of treatment rats was elevated,
relative to model rats. These results are shown in
Table 2.

Table 2: Blood T cell subsets in rats (n = 9)

Group and
time + + + +
after CD4 CDs CD4*/ICDs
medication
48.71 24.33 £
3h 118 107 2.00 £0.05
47.76 2391+
Control  6h 199 157 2.01 £0.02
4943 + 25.03 £
9h 274 268 1.99 +0.07
3h 35.94 + 19.23 + 1.87 +
2.152 1.022 0.022
34.98 + 18.68 + 1.87 +
Model ~ 6h 2542 1192 0.052
oh 35.63 £ 19.14 £ 1.86 +
2.152 1.352 0.052
3h 33.89 £ 18.13 ¢ 1.87 +
3.312@b 1.8120 0.0120
Treatm 6h 33.19 ¢ 18.66 £ 1.88
ent 2.7820 1.780 0.0820
9h 34.31 £ 19.08 £ 1.87
2.4820 1.51ab 0.1120

ap < 0.05, vs control; °p < 0.05, vs model. Values are
presented as mean * SD

Phagocytic index and phagocytic degree of
alveolar macrophages in the young rats

As shown in Table 3, the phagocytic index and
degree of phagocytosis of alveolar macrophages
in the treatment rats were markedly lower than
model and control rat values (p < 0.05).
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Table 3: Phagocytic index and phagocytosis rate of
alveolar macrophages (n = 9)

t(i;r:)eup and The rate of
Phagocytic index phagocytosis
after o
L (%)
medication
ﬁ 515+1.18 35.74 +2.77
Control ﬁ 5.49 + 1.91 34.26 +3.88
ﬁ 483+117 36.02 + 4.39
ﬁ 251 +0.46° 2521 + 1.46°
Model ﬁ 274 +0.77° 26.03 + 3.25°
f] 259 + 0,537 26.66 + 4.01
ﬁ 1.02+025%  20.65+2.17%
:treatme ﬁ 1.26+0.38% 2128 +1.96%
ﬁ 134+055®  21.82+287%

ap < 0.05, vs control, °p < 0.05, vs model. Values are
presented as mean * SD

DISCUSSION

The immune system recognizes foreign cells and
molecules and removes them to protect the body
from pathogenic microorganisms and tumors [8].
The immune system is comprised of non-specific
immunity and specific immunity. Non-specific
immunity, also known as innate immunity, is a
defense system inherent in the body. Various
phagocytic cells in the body first recognize
foreign  components, and then sacrifice
themselves together with foreign bodies for killing
by lymphocytes and natural killer cells (NK cells)
[9].

Specific immunity refers to the immune response
of the body during the second exposure to
antigen, and it comprises B cell-mediated
humoral immunity and T cell-mediated cellular
immunity. The T cells are divided into helper T
cells (T Helper cells, Th) and cytotoxic T cells
(Tc) [10]. It has been suggested that a shift from
Th cells to Th1 subsets or Th2 subsets has a
significant impact on immune response, and that
Th1 cell response has a significant beneficial
effect on trauma and infection [11]. The spleen,
the largest immune organ in the body, contains a
large number of lymphocytes and macrophages,
and it is the center of cellular immunity and
humoral immunity [12].

Dexmedetomidine is a highly safe and potent a2-
adrenoreceptor agonist with an affinity for a2-
adrenergic receptors 8 times higher than that of

clonidine [13]. This study was aimed at
investigating the effects of dexmedetomidine on
blood T cell proliferation, T cell subsets and
phagocytosis of alveolar macrophages in young
rats subjected to splenectomy.

The T lymphocytes arise from bone marrow
pluripotent stem cells. In the human embryonic
stage and the primary stage, some pluripotent
stem cells or pre-T cells in the bone marrow
enter the thymus under the influence of thymus
hormone, and mature into immunologically active
T cells [14]. The immunity produced by T cells is
cellular immunity, and its response to foreign
components is usually determined through the
level of T cell proliferation. Studies have shown
that dexmedetomidine induces apoptosis in T
lymphocytes, reduces the ability of ConA to bind
to T Iymphocytes, and suppresses the
expression of interleukin-2 (IL-2) receptor on T
cell membrane, thereby reducing the level of T
cell proliferation [15].

In this study, the blood optical density values of
model and medication rats were markedly
reduced, relative to those in the model rats, and
the blood optical density of rats in the medication
group was significantly decreased, relative to that
of the model group. These results are consistent
with the findings of Nishiyama et al [16].

It has been reported that immune function is
closely related to the level of T cell subsets [17].
All mature T cell membranes contain CD4+
which is a typical membrane antigen of helper T
cells. It helps B cells to secrete antibodies and
regulate other T cell immune responses, and it is
an important indicator in the diagnosis of
immunodeficiency. In contrast, CD8+ is the
cytotoxic effector cell which inhibits the immune
function of the body. Dynamic balance in
CD4+/CD8+ ratio is an important indicator of
immune system homeostasis. A reduction in the
ratio of CD4+/CD8+ indicates a decrease in
immune function, which implies a significant
deterioration in the patient's condition or
aggravation of infection.

The levels of CD4+, CD8+, CD4+/CD8+ in model
and medication groups were markedly reduced,
relative to control. The CD4+ and CD8+ levels in
the rats treated with dexmedetomidine were
decreased, when compared with those in the
model group. The level of CD8+ was increased
when compared with that of the model group,
although both groups were comparable.

Alveolar macrophages are differentiated from

monocytes. They are distributed in the interstitial
spaces of lungs, and are involved in defense,
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phagocytosis, immunity and secretion.
Pulmonary macrophages can also engulf
senescent red blood cells [18]. Studies have
shown that in septic mice, dexmedetomidine
reduced the number of sepsis in mouse alveolar
macrophages and inhibited their phagocytosis
[19].

In the present study, the phagocytic index and
the rate of phagocytosis alveolar macrophages in
the model group and the control group were
markedly decreased, relative to control.
Moreover, phagocytic index and the degree of
phagocytosis of alveolar macrophages in the
medication rats were lowered, indicating that
dexmedetomidine significantly inhibited the
phagocytic function of alveolar macrophages in
young rats subjected to splenectomy.

CONCLUSION

The results of this study indicate that
dexmedetomidine significantly reduces immune
function in young rats subjected to splenectomy,
inhibits T cell proliferation and phagocytosis of
alveolar macrophages, but has no significant
effect on T cell subsets. Thus, dexmedetomidine
should be used with caution in patients with
splenectomy.
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