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Abstract: The aim of this study was to initially explore the regulatory mechanism of brain function protection of SGB 
from the view of nerve-endocrine-immune network. 50 patients with traumatic brain injury (TBI) were divided into 
the SGB treatment group and the control group, the changes of serum IL-6, IL-1β, TNF-α and CGRP levels were de-
tected by ELISA, and the changes of lymphocyte NF-κB protein expression was detected by Western Blot. The control 
group exhibited the higher expression of IL-6, IL-1β and TNF-α, while the SGB treatment group exhibited various 
degrees of reduction. On the second day of TBI, the CGRP expression was significantly increased, which was much 
more significant in the SGB group, and the duration was much longer. The control group exhibited the increased 
NF-κB p65 and NF-κB p50 after TBI; after the SGB treatment, the NF-κB p65 protein level was significantly reduced, 
while the NF-κB p50 protein level would not be significantly changed. SGB could chronergically inhibit the excessive 
inflammatory response in the early post-TBI stage, which suggested that SGB might be involved into the regulation 
of post-TBI nerve-endocrine-immune system dysfunction.

Keywords: Traumatic brain injury, stellate ganglion, nerve block, inflammatory cytokine, calcitonin gene-related 
peptide

Introduction

The traumatic brain injury (TBI) is one of the 
major diseases that would threat people’s life 
in the modern society, and the secondary brain 
injury is the main reason that would result in 
the deterioration and poor prognosis of original 
brain injury. Although the modern local anato-
my, neuroimaging technique, craniotomy meth-
ods, comprehensive cerebral nerve protection 
and treatment measures had been consider-
ably developed, which played an important role 
in reducing the mortality, complications and 
sequelae of TBI, there still existed some limita-
tions in the early remedy of TBI. Therefore, it 
was worthy of further discussion that how to 
select the proper method to protect the sec-
ondary brain injury in the early post-TBI stage, 
as well as to promote the early recovery of brain 
functions.

In the early post-TBI stage, a large number of 
proinflammatory cytokines and immune cells 
were activated, the activation of immune cells 

would then in turn lead to the release of much 
more free radicals and inflammatory mediators 
[1-3], they all participated in a series of post-TBI 
pathological changes, and were the important 
factor of post-TBI cerebral blood circulation dis-
orders. The studies about human being had 
revealed that the TBI severity was related to 
interleukin-1β (IL-1β) [4, 5]. Therefore, aiming 
directly at the positive correlations among the 
serum cytokines and brain injury severity, 
improving to understand the roles of these cyto-
kines in the secondary brain injury, and how to 
adjust the levels could open new ways towards 
the TBI target therapy. The experimental and 
clinical studies had used the glucocorticoids, 
endotoxin antibody, tumor necrosis factor (TNF) 
antibody, interleukin-1 (IL-1) receptor antago-
nist, interleukin-6 (IL-6) receptor antagonist, 
bradykinin antagonist, escin, melatonin and 
hemodialysis to suppress or remove the inflam-
matory mediators [6-9], and achieved certain 
effects, but had not reached the satisfactory 
results yet. Stellate ganglion block (SGB) was a 
treatment method primarily used against pain-
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related diseases in the early years, and in 
recent years it had been widely used clinically 
to treat various diseases, and achieved good 
results. There had been study which indicated 
that SGB could improve the hearing parameters 
of rats’ impaired cochlea [10], suggesting that 
it might be related to the cerebral blood flow 
improvement of cochlea. The human study 
showed that the unilateral SGB could increase 
the cerebral blood flow of this cerebral hemi-
sphere [11], so we boldly assumed that wheth-
er SGB would exhibit the roles of improving the 
cerebral circulation and reducing the second-
ary brain injury towards the TBI patients. Based 
on this assumption, this study selected the TBI 
patients, and performed the experimental 
determination towards the changes of serum 
IL-6, IL-1β, tumor necrosis factor alpha (TNF-α) 
and calcitonin gene-related peptide (CGRP) lev-
els, as well as the nuclear factor-kappa B (NF-
κB) protein expressions, aiming to explore the 
regulatory mechanism of SGB’s protective 
effects towards the brain functions from the 
view of nerve-endocrine-immune network.

Materials and methods

Subjects 

All the 50 TBI patients that met the inclusion 
criteria were collected from our hospital, as for 
the GCS scores when hospitalized, 23 cases 
were 12 to 15 points, 11 cases were 9 to 12 
points, and 16 cases were 6 to 8 points. Among 
the 50 patients, 34 were males and 16 were 
females, aged 18 to 56 years old, with the 
mean age as 39.83 ± 10.79 years old, all the 
cases were hospitalized within 24 h of injury, 
and the average injury time was 3.74 ± 5.57 h. 
This study was conducted in accordance with 
the declaration of Helsinki. This study was con-
ducted with approval from the Ethics Committee 
of the Third Military Medical University. Written 
informed consent was obtained from all 
participants.

Inclusion criteria 

① Aged 16 to 60 years old, without gender limi-
tation; ② Within 24 hours of injury; ③ Simple 
TBI, did not meet the indications of craniotomy; 
④ With GCS score > 6 points; ⑤ Without seri-
ous associated injuries of neck, chest and 
abdomen.

Exclusion criteria 

① Pregnant or lactating woman; ② With severe 
systemic organ diseases; ③ Accompanied with 
hypoxemia, hypotension and electrolyte imbal-
ance when hospitalized; ④ Basal skull fracture 
combined with cerebrospinal fluid leakage; ⑤ 
Intracranial hematoma > 30 ml; ⑥ Brain stem 
injury; ⑦ With the past history of cerebrovascu-
lar disease or other brain disorders.

Injury reasons 

26 cases of traffic accidents, 16 cases of fall-
ing, 8 cases of heavy impact injuries; among 
which 16 cases were the simple brain contu-
sion, 8 cases were brain contusion + intracra-
nial hematoma, 4 cases were epidural hema-
toma + multiple skull fracture, 3 cases were 
epidural hematoma + brain contusion, 8 cases 
were brain contusion + skull fracture, 1 case 
was subarachnoid hemorrhage + intracranial 
hematoma, 1 case was subarachnoid hemor-
rhage + skull fracture, 1 case was intracranial 
hematoma + skull fracture, 2 cases were sub-
arachnoid hemorrhage + brain contusion +skull 
fracture, 1 case was brain contusion + skull 
fracture + epidural hematoma, and 5 cases 
were epidural hematoma + skull fracture + sub-
arachnoid hemorrhage; and among the cases, 
6 cases were bilaterally damaged. After the 
hospitalization, the patients were randomly 
divided into the SGB treatment group and the 
control group, the control group was regularly 
performed the hemostasis, dephlogistication 
and dehydration treatment during the observa-
tion period (one week); while the SGB group, 
after the confirmed diagnosis, was performed 
the unilateral SGB treatment, on the basis of 
the control group’s treatments, on the first day 
of hospitalization. No case died in this experi-
ment, and all the patients were checked and 
confirmed of no SGB contraindications before 
the surgery.

Treatment 

The patients that met the inclusion criteria 
while had no need of surgical treatment were 
immediately arranged the hospitalization when 
admitted into the hospital for the correlated 
process. During the treatment, if the patient’s 
condition aggravated and needed the surgical 
treatment, this patient would be excluded from 
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the study. The patients were randomly divided 
into the SGB treatment group and the control 
group, the control group was regularly per-
formed the hemostasis, dephlogistication and 
dehydration treatment during the observation 
period (one week); while the SGB group, after 
the confirmed diagnosis, was performed the 
unilateral SGB treatment, on the basis of the 
control group’s treatments, on the first day of 
hospitalization, which was performed once 
every other day for 1 consecutive week. The 
occlusion used the paratracheal approach 
method, namely the puncture was performed 
from the intersection point (2.5 cm above the 
sternoclavicular joint and 1.5 cm to the lateral 
side of anterior median line) towards the base 
of the seventh cervical transverse process. The 
patient was laid in the supine position, with thin 
pillow padded under the shoulder, slightly flex-
ing the neck and withdrawing the jaw, and relax-
ing the anterior neck muscle. The common 
carotid artery was pushed outwards with the 
fingers, when the needle tip touched the sclero-
tin, the withdraw should not exhibit the bleed-
ing, then the local anesthetic drugs (4 ml 2% 
lidocaine and 1.5 ml 0.75% bupivacaine, as 
well as 2.5 ml saline) were injected. 10~20 min-
utes after SGB, when the patient exhibited the 
ptosis, conjunctival congestion and facial flush-
ing in the blocking side, it indicated that the 
SGB operation was successful.

5 ml venous blood was extracted from the right 
internal carotid of both the SGB treatment and 
the control group at five designed time points, 
namely before-SGB-treatment (T1), 1 h-after-
SGB-treatment (T2), 2 d-after-SGB-treatment 
(T3), 4 d-after-SGB-treatment (T4) and 7 d-after-
SGB-treatment (T5). Then, this 5 ml heparin-
anticoagulated blood was centrifuged at the 
room temperature and 2500 r/min for 5 min, 
the plasma was then gently sucked and stored 
at -70°C. PBS, with the same volume of the 
sucked plasma, was then used to dilute the 
precipitate, and according to the ratio of 2:1, 
the solution was carefully added onto the sur-
face of 2.5 ml human lymphocyte isolation 
solution, and centrifuged at 2000 r/min for 15 
min; the cells on the solution were then collect-
ed and placed into the PBS-containing tubes 
for the full mixing, followed by the centrifuga-
tion at 1500-2000 r/min for 10 min; discarded 
the supernatant, and washed the precipitate 
twice, then the human lymphocytes were 

obtained, which were then labelled and stored 
in the liquid nitrogen. The reagent kits, Human 
CGRP ELISA kit (Jingmei Biological engineering 
Co. Ltd., China), Human IL-1β ELISA kit (Jingmei 
Biological engineering Co. Ltd., China), Human 
IL-6 ELISA kit (Sunbio Biomedical technology 
Co., Ltd, china) and Human TNF-αELISA kit: 
(Sunbio Biomedical technology Co., Ltd, china) 
were used to detect the changes of plasma 
IL-6, IL-1β, TNF-α and CGRP levels with the 
ELISA method. The wells of ELISA plates were 
marked, then added 50 ul (100 ul) standard or 
serum sample into each well; the detection was 
performed according to the instructions of 
ELISA kit, and the optical density (OD) at 450 
nm was read on the ELISA instrument. Then 
according to the standard OD values, the stan-
dard curve was prepared and used to calculat-
ed the concentrations of IL-6, IL-1β, TNF-α and 
CGRP of each serum sample. During the calcu-
lation, the OD value of each standard and sam-
ple should be subdued that of the blank well. 
The detection of NF-κB and IκB-α contents 
inside the lymphocytes used the Western Blot 
method, the leukocytic total protein extraction 
solution (Pierce, USA) was used to extract the 
leukocytic total protein, which was then detect-
ed the protein content by the Bradford colori-
metric method. After 40 μg protein was taken 
for the SDS-PAGE, after the electrophoresis, 
the bands were transferred onto the PVDF film 
under the semi-dry condition for 1 h. The PVDF 
film was then closed in the closure solution 
(0.5% BSA, 0.01M PBS) for the whole night at 
4°C. The diluted rabbit anti-NF-κB p65 poly-
clonal antibody (Santa cruz, USA), rabbit anti-
IκB-α polyclonal antibody (Santa cruz, USA), 
rabbit anti-NF-κBp50 polyclonal antibody 
(Santa cruz, USA) were prepared with the clo-
sure solution, and added into for the 2 h incu-
bation at 37°C; washed the film with PBST for 5 
min × 3 times, then added the diluted horse-
radish-labelled goat anti-rabbit IgG (Zhongshan 
Jinqiao, China) for 1 h incubation at 37°C; 
washed the film with PBST for 5 min × 3 times. 
After that, the PVDF film was performed the 
DAB staining at the room temperature. When 
the bands appeared, used water to terminate 
the reaction. The PVDF film was then photo-
graphed and processed by the gel imaging 
analysis system. The protein content was 
expressed as: OD value × area (Int × mm2). The 
main instruments were: DU640 Ultraviolet 
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Table 1. Impacts of SGB on serum cytokines and CGRP in the TBI patients (
_
x  ± s, n = 25, unit: pg/ml)

Time point (d)
CGRP TNF-α IL-6 IL-1β

Control group SGB group Control group SGB group Control group SGB group Control group SGB group
Just after the injury 125.02 ± 12.35 122.71 ± 11.67 551.46 ± 26.88 541.39 ± 25.84 319.98 ± 20.12 317.76 ± 20.35 4.07 ± 0.49 4.06 ± 0.33

1 h after the injury 125.02 ± 12.35 145.26 ± 10.03 551.46 ± 26.88 421.55 ± 50.16 319.98 ± 20.12 131.46 ± 20.39ΔΔ 4.07 ± 0.49 3.35 ± 0.39

2 d after the injury 185.73 ± 18.28 241.57 ± 24.14*,ΔΔ 793.84 ± 73.10Δ 462.94 ± 69.32* 430.84 ± 57.50 264.70 ± 28.82*,Δ 6.04 ± 0.64Δ 2.66 ± 0.50**,Δ

4 d after the injury 94.50 ± 10.69 187.15 ± 16.58**,Δ 708.74 ± 86.10 409.79 ± 54.27*,Δ 455.62 ± 31.61Δ 298.41 ± 23.18*,Δ 6.61 ± 0.52Δ 2.68 ± 0.35**,Δ

7 d after the injury 102.83 ± 12.88 162.57 ± 16.22* 358.64 ± 36.12 345.84 ± 33.11Δ 427.32 ± 53.77 405.30 ± 65.10 5.22 ± 0.55 3.92 ± 0.38
Comparison between the 2 groups: *P < 0.05, **P < 0.01; comparison between T1 and different time points: ΔP < 0.05, ΔΔP < 0.01.

Table 2. Impacts of SGB towards IκB-α, NF-κB p65 and NF-κB p50 protein levels in the TBI patients (Int × mm2, 
_
x  ± s, n = 15)

Time point
IκB-α NF-kB p65 NF-kB p50

Control group SGB group Control group SGB group Control group SGB group
T1 1375.2 ± 65.3 1308.5 ± 69.6 1938.6 ± 116.1 1989.1 ± 69.7 1233.2 ± 102.0 1265.7 ± 74.2
T2 1375.2 ± 65.3 1513.3 ± 116.5*,Δ 1938.6 ± 116.1 1803.1 ± 84.3 1233.2 ± 102.0 1154.8 ± 69.7
T3 1101.4 ± 108.9 1713.9 ± 116.5**,Δ 2052.4 ± 101.5 1754.6 ± 79.8Δ,* 1376.7 ± 93.2 12467.3 ± 70.8
T4 1066.7 ± 81.1Δ 1935.2 ± 82.6**,ΔΔ 2577.4 ± 129.7ΔΔ 1702.5 ± 84.8Δ,** 1485.7 ± 128.8Δ 1356.8 ± 97.3
T5 966.8 ± 68.6Δ 1625.3 ± 72.6**,Δ 2311.5 ± 128.8ΔΔ 1614.7 ± 57.3ΔΔ,** 1420.0 ± 93.7Δ 1406.5 ± 142.7
Comparison between the 2 groups: *P < 0.05, **P < 0.01; comparison between T1 and different time points: ΔP < 0.05, ΔΔP < 0.01.
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used, the SPSS13.0 soft-
ware was applied, with P < 
0.05 considered as the sig-
nificant difference, and P < 
0.01 considered as the high-
ly significant difference.

Results

Serum CGRP, IL-6, IL-1β and 
TNF-α 

As shown in Table 1 and 
Figure 1, the IL-6 and IL-1β 
contents of TBI patients 
were significantly increased 
after the injury, and the peak 
values appeared on the 4th 

Figure 1. Impacts of SGB on serum IL-6, IL-1β, TNF-α and CGRP  in the TBI patients.

spectrometer (Beckman, USA), gel imaging 
analysis system GelDoc2000 type (Biorad, 
USA), Power AC 3000 electrophoresis meter 
(Biorad, USA), semi-dry transferring electropho-
resis meter (Biorad, USA).

Statistical processing

The experimental data were expressed as 
mean ± standard deviation (x ± s), the analysis 
of variance of repeated measurement was 

day of the injury; TNF-α was increased 2 d and 
4 d after the injury, and the peak value appeared 
on the 2nd day of the injury. After SGB, IL-6, IL-1β 
and TNF-α were reduced after the injury, among 
which the reductions of IL-1β on the 2nd and 4th 
day were significantly lower than the control 
group, the reduction amplitude was 127% and 
146%, respectively. The CGRP expression on 
the post-injury 2nd day was significantly 
increased, and after the SGB treatment, the 
CGRP expression was increased much more 

Figure 2. Western blot analysis of lymphocyte total protein IκB-α, NF-κB p65 
and NF-κB p50. (1-5: T1~5 of the control group, respectively; 6-10: T1~5 of the 
SGB group, respectively).
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significantly, and lasted longer until the post-
injury 7th day.

Expression of lymphocyte NF-κB 

Through the Western blot analysis (Figure 2), it 
was found that the IκB-α content of the control 
group was significantly reduced after TBI, and 
that on the post-injury 7th day was the most 
obvious, while the IκB -α protein level of the 
SGB group was increased, and the peak 
appeared on the post-injury 4th day (Figure 3A; 
Table 2).

Expression levels of NF-κB p65 and NF-κB p50

Through the Western blot analysis (Figure 2), it 
was found that the post-TBI NF-κB p65 and 
NF-κB p50 levels of the control group were 
increased to various degrees, which reached 
the peak on the 4th day, while that of the SGB 
group was significantly reduced, while the 
change of NF-κB p50 protein level exhibited no 
statistical significance (Figure 3B, 3C; Table 2).

Discussion

SGB was mainly used for the treatment of 
chronic cerebral vasospasm pain in the early 
years, and it had been widely used in the clini-
cal treatments of various diseases in recent 
years, and achieved good results. The studies 

showed that SGB could improve the body’s cel-
lular and humoral immune functions, regulate 
the abnormally changed nerve-endocrine sys-
tem, restore the increased sympathetic activi-
ty-caused imbalance of sympathesis-vagus 
nerve, alleviate the overwrought systemic sym-
pathesis, overcome the strong peripheral vaso-
constriction, improve the abnormal blood rheol-
ogy, terminate the vicious cycle and maintain 
the stability of internal environment [12]. The 
animal study revealed that SGB could signifi-
cantly reduce mortality of TBI rats, while the 
mechanism still needed to be further elucidat-
ed [13]. We had found in the clinical work that 
SGB had some effect towards the patient’s 
brain resuscitation who was performed the car-
diopulmonary resuscitation, it could increase 
the success rate of brain resuscitation, and the 
analysis considered that it might be related to 
the fact that SGB could improve the cerebral 
blood flow, thus improving the brain oxygen. 
The early experimental study also showed that 
SGB treatment could reduce the mortality of 
post-TBI rats, currently, the treatment effects 
and mechanisms of SGB towards the prognosis 
improvement of acute TBI patients had not 
been deeply studied at home and abroad.

The experimental results of this study showed 
that the serum CGRP expression of TBI patients 
was significantly increased on the 2nd day, while 
increased much more significantly after the 

Figure 3. Impacts of SGB on NF-κB, NF-κB p65 
and NF-κB p50 protein levels in the TBI patients.
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SGB treatment, and could last longer until the 
post-injury 7th day. CGRP was known as the 
strongest vasoactive peptide in vivo, and 
released into the blood through the CGRP nerve 
fibers by the paracrine secretion, but because 
CGRP was a peptide, could not be orally admin-
istrated, and its half-life was very short, all the 
above limited the direct use of CGRP, SGB could 
promote the expression and release of endog-
enous CGRP, thus could provide new ideas for 
the treatment of hypoxic-ischemic cerebrovas-
cular disease. Besides the effects of expanding 
cerebral vessels, CGRP also had a regulatory 
role towards a variety of immune functions, 
such as regulating the various functions of 
endotoxin-activated macrophages, and inhibit-
ing the generation of such proinflammatory 
cytokines such as tumor necrosis factor-α and 
interleukin-12. The secretion of CGRP had a 
negative regulatory role in the inflammatory 
response [14-16], CGRP could also regulate the 
functions of T and B lymphocytes, and the 
immune cells could also synthesize and release 
neuropeptide CGRP, CGRP existed in some 
CD3+ T lymphocytes, and partial CD4+ and 
CD8+ T lymphocytes exhibited the CGRP-
positive granules. But CGRP synthesized by the 
nerve was α-CGRP, while that synthesized by 
the T cells was β-CGRP, they had a different 
amino acid sequence, but the amount of 
immune-origin CGRP was significantly lower 
than the nerve-origin CGRP. Some scholars 
believed that “CGRP was one of the substances 
that could mediate the mutual regulations of 
nerve-immune system”, thus studying the 
occurrence and development mechanisms of 
diseases from the mutual regulation mecha-
nisms between the nerve and immune systems 
could not only provide new ideas for the diagno-
sis and treatment of some diseases, but also 
have the important theoretical significance and 
potential practical value.

This experiment showed that the values of 
post-SGB IL-6, IL-1β and TNF-α were reduced 
than the control group, among which IL-1β was 
significantly lower than the control group on the 
2nd and 4th day, with the reduction amplitudes 
as 127% and 146%, respectively. The post-TBI 
inflammatory response was one of the main 
reasons that aggravated the secondary brain 
injury, in the early period of post-TBI, a large 
number of proinflammatory cytokines and 
immune cells were activated. The activation of 

immune cells could in turn cause the release of 
free radicals and more inflammatory media-
tors, including interleukins, tumor necrosis fac-
tor, and cyotstimulating factor. Sharif reported 
that the human astrocytes could produce IL-6, 
TNF-α and IL-1β under the stress [17, 18]. SGB 
could inhibit the excessive inflammatory 
response after TBI, help to restore the homeo-
stasis of immune functions, which might be 
one of the important mechanisms of SGB’s pro-
tection towards the post-TBI brain functions. 
This experiment also found that the inhibition 
of SGB towards IL-6 had a time-effect feature: it 
only exhibited strong inhibitory effect to IL-6 on 
the post-injury 2nd and 4th day, and on the post-
injury 7th day, the IL-6 expression levels of the 
control group and the treatment group were 
equal. This meant that, while SGB suppressed 
the expression of IL-6, it still needed to be con-
firmed that whether it was likely to retain its 
role in the nerve repairing in the late TBI.

In recent years, more and more facts had indi-
cated that there was some common ground 
between the nerve and immune systems, which 
were mutually interrelated and coordinated. 
Some peptide hormones, cytokines, neu-
rotransmitters and their receptors were the 
common molecular basis of interaction 
between the nerve and immune systems, CGRP 
was the inflammation-induced immune-origin 
neuropeptide, hotspot of the resent years’ 
study. The CGRP receptor belonged to the G 
protein-related receptor, and the related signal-
ing pathways through which CGRP played its 
mediation effects were poorly understood. As 
for the mechanism that how CGRP suppressed 
the excessive inflammatory response, some 
scholars believed [19] that among the in vivo 
and in vitro thymocytes, CGRP could selectively 
inhibit the transcription of nuclear transcription 
factor. The intra-nucleus CGRP inhibited the 
accumulation of nuclear transcription factor 
complex through blocking the phosphorylation 
and degradation peak of nuclear transcription 
factor inhibitor (IκB-α), thereby significantly 
reduced the level of nuclear transcription factor 
(NF-κB) complex. NF-κB was a heterodimeric, 
composed of a P50 and P65 subunits, and 
exerted its effect of regulating the expressions 
of many genes, therefore it was an important 
inflammation transcription factor [20-23], and 
could activate a variety of inflammatory cyto-
kines, such as IL-6, IL-1β, TNF-α, C3 and GFAP. 
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Our results showed that CGRP inhibited the 
lymphocytes’ NF-κB P65 expression of post-TBI 
patients, while did not affect NF-κB P50.

Overall, our study showed that SGB could result 
in the significant reduction of serum inflamma-
tory cytokines IL-6, IL-1β and TNF-α in the TBI 
patients. The increasing of serum CGRP expres-
sion was positively correlated to the decreasing 
of lymphocyte NF-κB p65 protein expression, 
suggesting that SGB could improve the cere-
bral circulation status of TBI patients, which 
might not only because CGRP was a strong 
vasodilator peptide, and could reverse cerebral 
vasospasm, thereby improve the brain blood 
circulation, but also because SGB could change 
the post-TBI nerve-endocrine-immune system 
dysfunction. The previous studies showed that 
the strategy of post-TBI neuro-immune reaction 
management was feasible [24], and could 
reduce the trauma-induced neurodegenera-
tion-caused long-term cognitive dysfunction, 
because of the complexity of post-TBI inflam-
mation, the series therapies of anti-inflamma-
tory drug should be limited to be short and in 
the specific time periods, SGB could provide 
the new ideas for how to manage the post-TBI 
neuro-immune response.
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