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Abstract
Background Perioperative medicines can affect the body's immune response, according to data reported
a variety of anesthetic drugs can directly or indirectly affect the immune response, this study aims to
preliminarily common muscle relaxant presence of anti-in�ammatory effects.

Methods To collect peripheral blood of healthy adults, and designed the following treatment groups: [A]
blank group; [B] static and unstimulated drug groups: the group contained two concentrations of both
pipecuronium and vecuronium respectively (0.5/0.1g•ml-1); [L] simple lipopolysaccharide (LPS) group; [C]
under stimulated drug groups: two concentrations (0.5/0.1g•ml-1) muscle relaxants were added with
lipopolysaccharide in each group. Detection of average �uorescence emphasized expression of CD11b
on neutrophils by �ow cytometry.

Results Compared with the blank control group [A], the expression of CD11b in each group was
signi�cantly increased in the LPS group [L] and the stimulus drug groups [C](p<0.001). Compared with the
blank control group [A], low concentration of vecuronium and pipecuronium could inhibit the expression
of CD11b on the surface of neutrophils (vecuronium 95% CI: 20.47 to 37.28, p<0.001),(pipecuronium 95%
CI: 18.63 to 50.22, p<0.001). High concentrations of vecuronium and pipecuronium to CD11b expression
differences had no statistical signi�cance (p > 0.05).

Conclusions The concentration of vecuronium and pipecuronium that approximates clinical maintenance
dose has effect of inhibiting the CD11b expression of human neutrophil in venous blood in vitro. The
results of this study can provide the reference for muscle relaxant immunological research and clinical
rational use .

Background
The repeated use of muscle relaxants may have a certain effect on the immune function of the body in
the long-term high dose of clinical perioperative period. The drug muscle relaxant can affect the
neuroendocrine system by acting on the nerve muscle conduction pathway, which indirectly affects the
immune response of the whole organism. In addition, anesthetic muscle relaxants can also directly affect
immune cells, regulate the generation of various active factors and affect immune function.

The expression of CD11b on PMN surface plays an important regulatory role in in�ammatory response.
At present, there are many literatures about the effect of anesthetics on neutrophils, and the effect of
muscle relaxant on neutrophils is relatively rare. Krumholz W observed that pancuronium can effectively
inhibit neutrophils adhesion, inhibit neutrophils' respiratory burst, reduce the body's ability to defend
against bacteria, and may increase the risk of infection.[1]

The study was carried out in healthy adult veins, because the whole blood contains various cytokines and
the internal environment of various immune cells, which can lay a foundation for further clinical study.
The two concentrations of muscle relaxants in the experiment were also basically close to anesthesia
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induction and maintenance concentration.[2] The expression of CD11b was determined by �ow cytometry.
In this study, the effects of vecuronium and pipecuronium on the expression of CD11b on neutrophils
were analyzed by speci�c test observations.

Methods
This experiment was conducted under the approval of medical ethics committee of Liaocheng people's
hospital, China. All volunteers received informed consent.

1.
Study Design and Participants

(1). Test materials and test instruments

Pipecuronium (Hungary geely big pharma, Hungary) and vecuronium (Zhejiang Xianju Pharmaceutical
Co.Ltd, China) and lipopolysaccharide (Sigma company, USA), FITC tag Mouse Anti - Human CD11b
antibodies (Beijing four are cypress biological technology Co. Ltd, China), red blood cell cracking liquid
(BD company, USA), PBS (BD company, USA). FACSCalibur �ow cytometry instrument (Becton Dicknson
company, USA), XW − 80 - a vortex mixer (Shanghai secco industrial co. LTD, China), Adjustable
quantitative �uid accumulator (re�nement glass instrument plant in Shanghai, China), LD5-2 a type low
speed centrifuge (medical centrifuge factory in Beijing, China), thermostatic temperature box (medical
thermostatic equipment factory in Shanghai, China).

(2). Test group

Sixteen volunteers, male and female, aged 20 ~ 40 years, weighed 55 ~ 75 kg respectively, ASA level I ,had
no smoking history, no infection and no immune system diseases. Venous blood from elbow was
collected from the above volunteers in the morning, and each blood sample was divided into 10 parts on
average. The experiment was divided into 10 groups : [A] blank group; [B] static and unstimulated drug
groups: the group contained two concentrations of both pipecuronium and vecuronium respectively
(0.5/0.1 µg•ml− 1); [L] simple lipopolysaccharide (LPS) group; [C] under stimulated drug groups : two
concentrations (0.5/0.1µg•ml− 1) muscle relaxants were added with lipopolysaccharide (LPS) in each
group.

2.
Test steps

(1). Drug preparation and whole blood preparation

Both pipecuronium and vecuronium bromide are dissolved in saline. Each drug was assigned to two
�nal concentrations: close to clinical anesthesia induction of muscle relaxant concentration (0.5 µg•ml− 1)
and clinical anesthesia maintain of muscle relaxant concentration (0.1 µg•ml− 1). The subjects' total
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elbow vein blood was collected from fasting in the morning, and the anticoagulant containing EDTAK2
was added to use the negative pressure blood collector at one time.

‚0.02M PBS solution (pH = 7.4); 0.2 g KH2PO4•2H2O;2.9 g Na2HPO4•12H2O 0.2 g KCl 8 g NaCl,

ƒthe above-mentioned material dissolved in 950 ml of distilled water, the capacity to 1000 ml, 4℃. The
whole blood of the elbow vein of fasting volunteers was collected in the morning, and the anticoagulant
containing EDTAK2 was added to use the negative pressure blood extractor in one time.

(2). Test process

Each blood sample was distributed to the above treatment group at the same time. In each group, 100 ul
blood samples were added to each group. Then, in the blank group [A] and the LPS group [L], the
physiological saline was added for a control of 100 ul. In the rest groups, the corresponding �nal
concentration was achieved by adding the corresponding concentration of the drug 100 ul. Put the above
each sample in 37℃ constant temperature box away from light incubation 1.5 hour. [L] and [C] in each
group, lipopolysaccharide 100 ul with a �nal concentration of 1µg•ml− 1 was added. In the blank group [A]
and the drug groups with no stimulation [B], a physiological saline 100 ul was added for comparison.
Each sample to continue into the 37℃constant temperature box away from light incubation 2 hour. Each
sample to join to the end of 5 ml �uid tube, take 10 ul FITC (�uorescein isothiocyanate) tag CD11b
antibodies to join, pipe �ow and mixed at room temperature 25℃ avoid light incubation 20 minutes; Add
2 ml erythrocyte lysate and mix it on the vortex mixer. Leave it for 10 minutes to dissolve the erythrocyte.
The sample was placed in the centrifuge and centrifuged at 1000 rpm for 5 minutes. The cells were
resuspended by adding 2 ml PBS lotion, and then the samples were placed into the centrifuge for 5
minutes at 1000 rpm. The cells were resuspended with 0.5 ml PBS solution. In addition, each sample was
provided with a tube of negative control, and FITC (�uorescein isothiocyanate) was used to mark the
same type of matching mouse igg− 1 monoclonal antibody into the blood as a negative control, and the
experimental process was the same as above. Finally, the samples were detected by �ow cytometry on
the computer.[3, 4]

3.
Test analysis

The �ow cytometer was set to detect 5,000 cells, with the excitation wavelength of 488 nm and emission
wavelength of 525 nm. When measured, PMN, monocytes and lymphocytes were separated by forword
scatter and side scatter, and the threshold was set as 200 forward scattering measurement to exclude cell
debris. CD11b expression level was expressed by mean �uorescence intensity (MCF) on PMN, and
analyzed by CELLQuest software. Effects of samples in each group on the average optical density
intensity of cd11b expression (Table.1). Optical density intensity of CD11b expression in isolated venous
blood cells under resting and unstimulated conditions Figure. 1 . Expression of neutrophils cd11b in
isolated venous blood of resting and unstimulated group Figure.2 . Expression of neutrophils CD11b in
isolated venous blood of low concentration vecuronium group without stimulation Figure. 3 . Expression
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of neutrophils CD11b in isolated venous blood of low concentration pipecuronium group without
stimulation Figure. 4 .

Statistical Analysis
Statistical software SPSS 18.0 was used for rank-sum test, Friedman test and measurement data were
indicated. P < 0.05 was considered statistically signi�cant.

Results
Compared with the blank control group [A], the expression of CD11b in each group was signi�cantly
increased in the LPS group [L] and the stimulus drug groups [C]. Compared with the blank control group
[A], low concentration of vecuronium and pipecuronium could inhibit the expression of CD11b on the
surface of neutrophils (vecuronium 95% CI: 20.47 to 37.28, p < 0.001),(pipecuronium 95% CI: 18.63 to
50.22, p < 0.001). High concentrations of vecuronium and pipecuronium to CD11b expression differences
had no statistical signi�cance (p > 0.05). The expression of CD11b in vecuronium low concentration
group were lower than its high group ( 95% CI: -110.47 to -16.31, p = 0.01). The expression of CD11b in
pipecuronium low concentration group was lower than its high group ( 95% CI: -60.32 to -23.26, p < 
0.001). The rest of the comparative differences between each group were no statistical signi�cance.

Discussion
It was found and analyzed that both pipecuronium and vecuronium could inhibit the expression of cd11b
on neutrophil surface when the concentration of pipecuronium and vecuronium were close to the clinical
maintenance concentration (low concentration of the test group). The expression of cd11b was not
affected by the concentration of pipecuronium and vecuronium. Lipopolysaccharide could signi�cantly
activate the expression of cd11b on neutrophil surface. Vecuronium and pipecuronium did not affect the
expression of cd11b induced by lipopolysaccharide activation on neutrophils. The whole blood sample
was used and the incubation temperature was kept at 37℃, which was close to the physiological internal
environment of the organism as far as possible, so as to avoid the damage of the physiological internal
environment caused by the pure separation of neutrophils, which resulted in the decrease of the activity
of the isolated neutrophils. The whole blood pattern can effectively maintain the physiological activity of
neutrophils.[5] It provides a good reference for further clinical trials in vivo. However, all kinds of immune
cells and various immune factors in whole blood may be involved in regulating the expression of cd11b,
and the whole blood environment may also affect the correctness of the conclusions. Krouholz w et al
studied the effect of pancuronium bromide on the adhesion of neutrophils through in vitro experiments.[6]

They were 1.3µg•ml− 1 and 0.5µg•ml− 1 respectively. It was found that both clinical concentrations of
pancuronium could directly affect neutrophil adhesion to neutrophil inhibition and signi�cantly affect the
chemotaxis of neutrophils to in�ammatory sites. The inhibitory effect of high concentration of
pancuronium was stronger. However, low concentration of vecuronium and pipecuronium could
effectively inhibit the expression of adhesion molecule cd11b on neutrophil surface, but the high
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concentration of drug had no effect on the expression of adhesion molecule on neutrophil surface. This
is different from the conclusion of krumholz w et al. It is speculated that the effect of different drugs on
neutrophil function is not concentration dependent, or there are many other in�uencing factors or
mechanisms. In this study, three kinds of muscle relaxants used high and low concentrations, close to the
clinical induction concentration and muscle relaxant maintenance concentration respectively, as to
whether the other concentrations of drugs can reach statistically signi�cant conclusions need to be
further experimental proof. In this paper, the random block design of the same blood sample is used to
reduce the test error effectively. Due to the use of small sample data in the experiment, the exact
conclusion remains to be demonstrated by repeated tests of multiple concentrations in large samples.

Known some anesthetics have certain inhibition of neutrophil respiratory burst, Muhling J et al found
midazolam can change neutrophils in the free amino acids and alpha keto acid content, and signi�cantly
reduce the immune function index superoxide anion (O2) the formation of hydrogen peroxide (H2O2), and
release MOP (myeloperoxidase, myeloperoxidase), midazolam dose dependent decrease peripheral blood
neutrophils macrophages breathing outbreak.[7] Drugs can directly or indirectly affect intracellular Ca2 + 
regulation of cellular function, and Nishina K et al found that intravenous anesthetics may reduce
neutrophil function by reducing intracellular Ca2 + concentration.[8] The mechanism of action may be that
intravenous anesthetics, by virtue of their high lipid solubility, accumulate on the cell membrane, change
the physical structure of the membrane, and cause the membrane enzyme action, especially the inhibition
of protein kinase C, to change the cell function. In this study, two kinds of steroidal muscle relaxants,
pipecuronium and vecuronium, were observed to slightly increase the expression of cell surface adhesion
molecules, suggesting that steroidal muscle relaxants may change the cell membrane homeostasis,
which is similar to the mechanism of action of intravenous anesthetics on the cell membrane.

In this study, only two steroidal muscle relaxants with low concentration showed inhibitory effect on
CD11b expression, so it was speculated that the anti-in�ammatory effect of steroidal muscle relaxants
might be related to the presence of androstane structural groups. Krumholz W et al found that
pancuronium bromide had an inhibitory effect on the adhesion of neutrophils in vitro, and the present
study also found that vecuronium bromide and pipecuronium bromide with androstane structural groups
could inhibit the expression of adhesion molecules, suggesting that the anti-in�ammatory effect of
muscle relaxants is related to its androstane structural groups.[6]

As a water-soluble glycosylated lipid complex, lipopolysaccharide is the main component of the cell wall
of gram-negative bacteria. LPS is an important mononuclear macrophage and neutrophil strong activator,
which can cause the high expression of CD11b on the neutrophil surface and lead to the formation and
activation of in�ammatory responses by TNF-α IL-1 IL-6 IL-8 and NO, and other pro-in�ammatory
factors. This experiment adopts the lipopolysaccharide as activators of whole blood in vitro, and whole
blood 37℃ in lipopolysaccharide common incubation after 2 hour, by observing and analyzing the
CD11b expression of complete blood found that CD11b expression signi�cantly higher in the surface of
neutrophils, the mechanism may be related in�ammatory response is a combination of a variety of
channels, speculate that the main way to have: (1) LPS activated the Nuclear Factor Kappa B, launch a
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variety of in�ammatory related gene transcription, in�ammatory factor to further activate the surface of
the PMN CD11b/CD18 expression. CD11b/CD18, through transmembrane signal transduction, promotes
the activity of in�ammatory transcription factor -- Nuclear Factor Kappa B, inhibits cell apoptosis, and
further promotes the increase of in�ammatory gene expression products. These in�ammatory mediators
further up-regulate the expression of CD11b/CD18. LPS activated PMN, IκBα(nuclear factor of kappa light
polypeptide gene enhancer in B-cells inhibitor, alpha) �rst signi�cantly degraded, and then synthesis
increased, inhibiting the activation effect of Nuclear Factor Kappa B, which led to a sharp increase in the
initial expression of CD11b/CD18, followed by a decrease in the expression rate. (4) this test used whole
blood environment, lipopolysaccharide in addition to the activation of neutrophils may also effect on
macrophages and other mononuclear cells induced by producing a variety of in�ammatory cell factor
mutual activation of signaling pathways, before cascade ampli�cation effect and activate CD11b
expression. Induced by lipopolysaccharide CD11b express function strong, two kinds of steroid used in
this test and muscle relaxants anti-in�ammatory effects weak cannot restrain the effect of the activation.
CD11b expression on lymphocyte surface was also observed to be stable, indicating that
lipopolysaccharide did not affect lymphocyte activation, which may be related to the speci�city of
transcription factor-Nuclear factor-kappaB(NF-kB) or negative transcriptional feedback regulation of I B in
lymphocyte, as well as other possible intermediate mechanisms.

In this study, it was found that two steroidal muscle relaxants could inhibit the expression of adhesion
molecules at clinical microdose, which was consistent with the results of Krumholz W et al. 's study on
pancuronium bromide.The results showed that vecuronium bromide and pipecuronium bromide had only
a slight inhibitory effect on the expression of adhesion molecules on the surface of neutrophils, but could
not effectively affect the activation and expression of lipopolysaccharide, and had a concentration-
dependent effect.The muscle relaxants vecuronium bromide, pancuronium bromide and pipecuronium
bromide have similar structures with acetyl groups, and choline receptors interact with the postsynaptic
membrane by means of them.Pancuronium bromide has two functional groups.As a derivative of
pancuronium bromide, vecuronium only lacks n-methyl groups at 2 positions. This structure leads to the
easy hydrolysis reaction of the acetic acid root at C3 position, and the stability of the solution is lower
than that of pancuronium bromide, and the action time is shorter.The structural difference between
piperazine ring and pancuronium is that piperazine ring exists in the former and piperazine ring in the
latter.Obviously, except for a few secondary groups, the molecular structure of the three steroidal muscle
relaxants is very similar, and all of them can show some anti-in�ammatory effects.

The slight inhibitory effect of steroidal muscle relaxants on neutrophil function was speculated to be
related to the following mechanism by combining the results of various drugs on neutrophil adhesion.
The structure of myasthenic steroids contains androstane like structural groups similar to steroid
hormones, with mild anti-in�ammatory and immunosuppressive functions.[9.10] The steroids muscle
relaxants may change the physical structure of the cell membrane, causing the membrane enzyme
action, especially the inhibition of protein kinase C, leading to the opening and closing of the ion channel,
changing the PH value of intracellular acid and base, leading to changes in cell function.[8, 11, 12, 13]
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Steroidal muscle relaxants can reduce integrin expression by inhibiting intracellular receptor signaling
pathway and kinase phosphorylation.[14, 15] In addition, nitric oxide synthase is regulated to inhibit the
production of nitric oxide.[16] It shall directly or indirectly inhibit the generation of transcription factors (nf-
kb) and transcription factor activated protein-1 (ap-1).[10, 17]

In addition, the whole blood contains a small amount of lactoferritin (LF), which is an important immune
regulator with anti-in�ammatory and antioxidant properties and can reduce the release of free
radicals.Neutrophil mast cells contain large amounts of LF receptors on their surface, and LF binds to
receptors on the cell surface to regulate its immune function.Studies have found that LF can be
expressed in mast cells and inhibit the IgE induced mast cell degranulation reaction, stabilize the
inhibition of trypsin, and inhibit mast cell activation during allergy.[18] Steroid muscle relaxants may, like
glucocorticoid structures, up-regulate the expression of steroid receptor target genes and the transcription
of lactoferritin, thereby inhibiting the expression of CD11b on the surface of neutrophils.[19]

In conclusion, a certain dose of vecuronium and pipecuronium may inhibit the expression of CD11b on
neutrophil surface. However, the effect of high concentration of vecuronium bromide and pipecuronium
bromide in this experiment was not obvious, and the concentration and test method of the drug may be
closely related to its results, and the speci�c mechanism still needs to be studied in a large sample.

Abbreviations
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Figure 1

Optical density intensity of CD11b expression in isolated venous blood cells under resting and
unstimulated conditions .

Figure 2

Expression of neutrophils cd11b in isolated venous blood of resting and unstimulated group.



Page 13/13

Figure 3

Expression of neutrophils CD11b in isolated venous blood of low concentration vecuronium group
without stimulation.

Figure 4

Expression of neutrophils CD11b in isolated venous blood of low concentration pipecuronium group
without stimulation.
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