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Abstract. The aim of the study was to investigate dynamic 
changes in α-melanocyte-stimulating hormone (α-MSH) 
levels in the serum of patients with craniocerebral trauma. 
Forty-eight patients with acute craniocerebral injury were 
selected between January 2015 and October 2016. The patients 
were divided into three groups: severe (18 cases), moderate 
(16 cases) and mild (14 cases), according to the Glasgow Coma 
Scale (GCS) score at the time of admission. At the same time, 
10 adults with a similar age distribution to the patients were 
also selected as a control group. Venous blood was extracted 
from patients at 1, 3, 5 and 7 days after injury. Serum α-MSH 
and tumor necrosis factor (TNF)-α levels were measured 
using an enzyme-linked immunosorbent assay (ELISA). The 
correlation between α-MSH and TNF-α was analyzed using 
Pearson's correlation analysis. Serum α-MSH levels in patients 
with craniocerebral injury were lower than those in the healthy 
control group (P<0.05). Decreased serum α-MSH levels were 
usually accompanied with higher degrees of craniocerebral 
injury. Serum α-MSH levels initially decreased and then 
later increased, with the lowest α-MSH levels in the mild at 
5 days, moderate at 5 days, and severe groups at 3 days after 
injury (P<0.05). Serum TNF-α levels in all the patient groups 
were higher than those in the control group at different time 
points after injury, with higher TNF-α serum levels accom-
panying higher degrees of brain injury. In all three groups, 
serum TNF-α levels initially increased and then decreased 
post-injury, with peak serum TNF-α levels found at 3-day post-
injury in all the patient groups (P<0.05). A negative correlation 
between serum α-MSH content and serum TNF-α levels in 
patients with craniocerebral trauma at different time points, 
was noted (P<0.05). Serum α-MSH content in the survival 

group was higher than that in the death group (P<0.05). Serum 
α-MSH levels in patients with non-systemic inflammatory 
response syndrome (SIRS) were higher than in patients with 
SIRS (P<0.05). Serum α-MSH levels during the early stages 
after craniocerebral trauma can be used as a factor for the 
prediction of secondary SIRS, with constant low levels of 
serum α-MSH suggest poor prognosis.

Introduction

Craniocerebral trauma is attracting increasing attention due 
to treatment difficulty, high costs and high morbidity and 
mortality rates. At present, the incidence of craniocerebral 
trauma is high throughout the world and has become the 
primary cause of disability and death of young adults in 
developed countries  (1,2). An epidemiological survey in 
China showed that the disability rate was 60% in patients with 
moderate craniocerebral injury and 100% in patients with 
severe craniocerebral injury (3).

Craniocerebral trauma, not only causes direct external 
injury, but also induces inflammation-mediated secondary 
injury  (4). Local leukocyte accumulation and activation 
after craniocerebral trauma can cause the release of large 
amounts of inflammatory factors such as interleukin (IL), 
tumor necrosis factor-α (TNF-α) and nitric oxide (NO). 
These inflammatory factors induce and mediate a series of 
pathological changes including increased cerebral vascular 
permeability, brain edema, intracranial hypertension and 
brain tissue irrigation, resulting in brain cell death  (5). 
Activated neutrophils and macrophages release large amounts 
of proteases and oxygen‑free radicals after craniocerebral 
trauma, which not only aggravates brain cell damage, but 
also damages the cerebral vasculature and causes bleeding, 
so that the original hematoma in brain promotes the induction 
of delayed hematoma (6). The accumulation of inflamma-
tory factors after craniocerebral trauma can cause systemic 
inflammatory response syndrome (SIRS), with severe SIRS 
eventually leading to the occurrence of acute respiratory 
distress syndrome and multiple organ failure (7). Controlling 
craniocerebral trauma after this inflammatory reaction can 
effectively prevent craniocerebral edema, reduce trauma 
and reduce the possibility of re-bleeding after surgical treat-
ment (4,5). α-Melanocyte-stimulating hormone (α-MSH), an 
endogenous peptide secreted by the body, is derived from 
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α-melanocortin (POMC). α-MSH plays a role in various 
physiological processes (8). Recent findings have shown that 
α-MSH exerts antibacterial functions and participates in the 
regulation of obesity and sexual function. α-MSH was also 
found to play a protective role in nervous system injury, 
mainly through its anti-inflammatory effects (9,10). α-MSH-
mediated mechanisms in anti-inf lammatory processes 
include: inhibition of NF-κB gene activation to reduce inflam-
matory factor production at the genetic level, direct binding 
to glial cells of the CNS and peripheral neutrophils to inhibit 
the inflammatory response (11) and inhibition of peripheral 
inflammatory responses through central nervous system 
signaling pathways (12). The application of α-MSH is safe and 
the duration of the effect is long. α-MSH can pass through the 
blood-brain barrier, providing a novel new option for clinical 
treatment (6,7).

At present, few studies exist regarding serum α-MSH 
levels. Previous studies showed that synovitis leads to increased 
α-MSH content in intra-articular fluid in normal individuals, 
but serum α-MSH content did not increase  (13,14). As an 
endogenous anti-inflammatory peptide, serum changes in 
α-MSH levels after craniocerebral trauma are worthy of study. 
In the present study, patients were divided into mild, moderate, 
and severe groups using the Glasgow Coma Scale (GCS) 
score at the time of admission. Serum α-MSH and TNF-α 
levels in patients with craniocerebral trauma were measured 
by double antibody sandwich enzyme-linked immunosorbent 
assay (ELISA) at multiple time points to investigate changes 
in serum α-MSH content after craniocerebral trauma and its 
relationship with TNF-α. The correlation between α-MSH and 
the severity and prognosis of SIRS was also investigated.

Materials and methods

Clinical data. Forty-eight patients with acute cranioce-
rebral trauma were selected between January  2015 and 
October 2016 in the emergency department of Shandong 
Jiaotong Hospital (Shandong, China) to serve as the obser-
vation group. Of the selected patients, 38 were male and 
10 female, with age ranging from 16 to 72 years (average, 
43.1 years of age). All the patients were treated at Shandong 
Jiaotong Hospital within 24 h after injury. Of the 48 patients, 
brain contusion and laceration were found in 16 cases, intra-
cranial hematoma was found in 12 cases, subdural hematoma 
or subdural hematoma combined with epidural hematoma 
was found in 8 cases, diffuse axonal injury was found in 
6  cases and complex craniocerebral injury was found in 
6 cases. Patient selection criteria were as follows: CT, MRI 
and other imaging tests were used to confirm diagnosis. 
Patients with injury in other organs were excluded. Patients 
were required to have no history of neurological damage, 
no chronic organ injury and blood diseases, no cancer and 
other wasting diseases and no history of infection before the 
injury. An informed consent form was signed by the patients 
or their family members. Patients were divided into mild 
(12-15 points; 14 cases), moderate (8-12 points; 16 cases) 
and severe (3-8  points;  18  cases) groups using the GCS 
scoring criteria. Statistical analysis found no differences in 
age and gender between groups. The control group included 
10 normal adults selected based on physical examinations at 

Shandong Jiaotong Hospital. This study was approved by the 
Ethics Committee of Shandong Jiaotong Hospital. Signed 
written informed consents were obtained from the patients 
and/or guardians.

Specimen collection and storage. Basic patient information 
was recorded and routine clinical monitoring was performed 
for all patients. Venous blood was extracted from patients 
at 1, 3, 5, and 7 days after injury. Fasting venous blood was 
extracted once from the healthy adults in the control group. 
Blood was placed into blood collection tubes and stored at 
room temperature for 20 min. After blood coagulation, the 
sample was centrifuged for 15 min at 2,650 x g. The superna-
tant (serum) was collected and injected into sealed tubes and 
stored in an ultra-low refrigerator at -70˚C.

Experimental methods, materials, and instrument.
Experimental materials and equipment. α-MSH and TNF-α 
ELISA kits were purchased from Wuhan Boster Biological 
Engineering Co. Ltd. (Hubei, China). The following equipment 
was used in the present study: microplate reader, whirl-
pool mixer (Shanghai Yuejin Medical Equipment Co. Ltd., 
Shanghai, China); -70˚C ultra-low temperature refrigerator 
(Sony, Japan); cylinders with different ranges (Beijing Zhongyi 
Hongrui Science & Technology Development Co. Ltd.); CL5R 
high-speed centrifugal machine (Thmorgan Biotechnology 
Co. Ltd., Beijing, China).

Experimental methods. Mouse monoclonal anti-human 
α-MSH antibody (dilution, 1:100; cat. no. 187692) and mouse 
monoclonal anti-human TNF-α monoclonal antibody (dilu-
tion, 1;100; cat. no. 189846), purchased from Wuhan Sanying 
Biotech (Wuhan, Hubei, China) were coated on ELISA plates. 
After α-MSH and TNF-α in standard or experimental samples 
had bound the monoclonal antibody, the ELISA plate was 
washed. Following this, biotinylated anti-human α-MSH and 
anti-human TNF-α secondary antibodies were added to form 
immune complexes. After washing, horseradish peroxidase-
labeled streptavidin was added to bind biotin. After washing 
again, the substrate was added and the reaction made the solu-
tion turn blue. A sulfuric acid solution was then added to stop 
the reaction. The optical density (OD) value of the solution in 
each well of the enzyme plate was measured at a wavelength of 
450 nm using a microplate reader within 15 min. The concen-
trations of α-MSH and TNF-α were proportional to the OD 
value. According to the known concentrations of the standard 
samples and the measured OD value, the standard curve was 
drawn to calculate the concentrations of α-MSH and TNF-α in 
experimental samples.

Statistical analysis. Experimental data were analyzed using 
SPSS 17.0 software (IBM, Armonk, NY, USA). Measurement 
data were expressed as mean ± standard deviation. Repeated 
measures analysis of variance and one-way ANOVA were 
applied. The LSD-T method was used for comparisons of data 
between more than 2 groups. Comparisons of data between 
2 groups were performed using the t-test. P<0.05 was consid-
ered to indicate a statistically significant difference. Pearson's 
correlation analysis was used to analyze the correlation 
between the two indicators.
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Results

Comparison of serum α-MSH levels in the trauma and control 
groups at different time points after injury. Statistically signifi-
cant differences were found in serum α-MSH levels between 
the trauma and control groups (P<0.05). Further comparisons 
between the different groups at each time point were performed. 
α-MSH levels in the trauma groups were lower than those in 
the control group at each time point (P<0.05). Different trauma 
groups at 1 and 3 days after injury showed that lower serum 
α-MSH levels were accompanied by higher levels of cranio-
cerebral injury. Serum α-MSH levels in the mild and severe 
groups were significantly lower than those in the mild group 
at 5 days after injury (P<0.05), but there was no significant 
difference between the moderate and severe groups. There 
was no significant difference in serum α-MSH level between 
the different trauma groups at 7 days after injury (P>0.05). 
Statistically significant differences were found in serum 
α-MSH levels in the same group at different time points after 
craniocerebral trauma. Multiple comparative analysis within 
each group showed that α-MSH levels in the mild group at 
1 day after injury were higher than those at 3, 5 and 7 days after 
injury (P<0.05). There was a significant difference between the 
severe group serum α-MSH levels at 3 and 5 days and levels at 
7 days after injury (P<0.05). Serum α-MSH levels were lowest 
in the mild group at 5 days after injury and the differences 
between the serum α-MSH level at 5 days and serum α-MSH 
level at 1, 3 and 7 days were significant (P<0.05). Serum α-MSH 
content in the moderate group was initially decreased and later 
increased, with serum α-MSH levels at 5 days significantly 
different from those at 1 and 7 days (P<0.05). However, no 
significant difference was found between levels at 3 and 5 days. 

Serum α-MSH levels in the severe group were lowest at 3 days 
and levels at 3 days were significantly different from levels at 
other time points (P<0.05, Table I).

Comparison of serum TNF-α levels in the trauma and control 
groups at different time points after injury. Statistically signifi-
cant differences were found in serum TNF-α levels between the 
different groups (P<0.05). Further comparisons between the 
different groups at the same time point were performed. Serum 
TNF-α levels in the trauma groups were higher than those in 
the control group (P<0.05). Higher TNF-α levels were accom-
panied by a higher degree of injury at all time points (P<0.05). 
A significant difference was found in the serum TNF-α level 
between the trauma groups at all the time points (P<0.05). 
However, no significant difference was found between the 
moderate and severe groups at 1 day. There was a significant 
difference between the different time points in the same 
group (P<0.05). Multiple comparison within groups showed 
that serum TNF-α levels in all the trauma groups peaked at 
3 days and this peak was significantly higher than TNF-α levels 
at other time points (P<0.05). Serum TNF-α levels in the three 
groups decreased after 3 days. In the moderate group, although 
serum TNF-α levels were still high at 5 and 7 days, they were 
significantly lower than at 3 days (P<0.05). Furthermore, serum 
TNF-α levels at 1 and 5 days were significantly different from 
7 days (P<0.05). The serum TNF-α levels in the severe group 
peaked at 3 days and decreased slowly after that, with serum 
TNF-α levels at 5 and 7 days being still significantly higher 
than at 1 day (P<0.05, Table II).

Correlation between α-MSH content and TNF-α content in 
serum after injury. There was a negative correlation between 

Table I. Serum α-MSH content in trauma and control groups at each time point (pg/ml).

Groups 	 n	 1 day	 3 days	 5 days	 7 days	 F-value	 P-value

Control	 10	 45.674±10.952	 45.674±10.952	 45.674±10.952	 45.674±10.952	 0.527	 0.483
Mild	 14	 30.204±7.077a,d	 23.639±5.154a,d	 18.886±7.186a	 23.326±7.875a,d	 1.278	 0.011
Moderate	 16	  17.318 ±4.571a,b,d	 13.110±4.542a,b	 10.692±0.0430a,b	 23.827±22.831a,d	 1.478	 0.008
Severe	 18	 11.594±3.508a-c,e	 9.649±4.205a-c	 11.647±5.354a,b,e	 19.022±14.595a,e	 1.272	 0.012

One-way ANOVA, P<0.05 vs. acontrol, bmild and cmoderate groups; Student's t-test, P<0.05 vs. 5 days in dmild and moderate and 5 days in 
esevere group.

Table II. Serum TNF-α content in the trauma and control groups at each time point (pg/ml).

Groups	 No.	 1 day	 3 days	 5 days	 7 days

Control	 14	 12.430±2.865a	 18.597±7.825a	 14.441±3.525a	 13.829±7.653a

Moderate	 16	 20.685±5.990a,b,d,e	 26.188±6.780a,b	 20.114±2.389a,b,d,e	 15.752±2.544a,b,d

Severe	 18	 19.791±7.558a,b	 37.239±18.280a-c	 27.978±14.201a-d,f	 25.344±7.952a-d,f

One-way ANOVA, P<0.05 vs. the acontrol, bmild and cmoderate; P<0.05 vs. 3 days in deach group; P<0.05 vs. 7 days in emoderate group; 
P<0.05 vs. with 1 day in fsevere group.
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serum α-MSH content and TNF-α level at 1 day (r= -0.386), 
3 days (r= -0.45), 5 days (r= -0.396) and 7 days (r= -0.407) 
after injury (Table III).

Comparison of serum α-MSH levels between survival and 
death groups, and between SIRS and non-SIRS groups 
after craniocerebral trauma. Serum α-MSH levels in the 
survival group were higher than those in the death group 
(Table IV, P<0.05). Serum α-MSH levels in the SIRS group 
at 1 day after injury were significantly lower than in the non-
SIRS group at the same time point (P<0.05, Table V).

Discussion

Craniocerebral trauma is a worldwide public health problem 
with high incidence. Approximately 57 million individuals 
worldwide have been hospitalized due to craniocerebral 
trauma annually (9). A survey in United States showed that 
there were approximately 1.4 million new cases of craniocere-
bral trauma annually, causing different degrees of physical and 
mental disability in approximately 5.3 million individuals (9). 
Therefore, seeking new treatments and improving functional 
rehabilitation remains an important public issue.

Previous findings based on the inflammatory response 
caused by craniocerebral trauma presented a novel way to treat 
craniocerebral trauma by controlling inflammation. Apart 
from the direct primary injury, craniocerebral trauma can 
also cause inflammatory factor-mediated secondary injury. 
Reducing secondary injury after craniocerebral trauma plays 
a key role in reducing disability and mortality and improving 
prognosis (11-14). Experimental studies have shown that the 
inflammatory response is an important part of the pathophysi-
ological processes underlying craniocerebral trauma, where 
the release of inflammatory factors is an important cause 
of secondary head injury (11). After craniocerebral trauma, 

immune cell activation generates chemokines and regulatory 
factors, allowing the activated immune cells to move towards 
the injured site and aggregate locally (12,13). Immune cells 
facilitate the release of large amounts of TNF-α, resulting 
in increased brain tissue damage  (13). The production of 
histamine, prostaglandins and other factors during this inflam-
matory reaction can increase brain vascular permeability, 
increase brain tissue edema and reduce brain tissue perfusion 
pressure (14). In addition, excessive inflammation of the brain 
after traumatic brain injury can also lead to the occurrence of 
SIRS, acute respiratory distress syndrome and multiple organ 
dysfunction syndromes, which in turn affect prognosis (15,16). 
It has been confirmed that neuropeptides and neuroendocrine 
hormones are closely associated with systemic inflammatory 
responses. As an endogenous neuropeptide, changes in α-MSH 
levels after certain injuries, as well as its potential applica-
tion in clinical application, has attracted attention. Previous 
findings have confirmed the existence of large amounts of 
inflammatory factors in serum, cerebrospinal fluid and even 
brain tissue after craniocerebral trauma, with the amount 
associated with the degree of trauma. Persistent inflammation 
of the brain tissue increases the risk of development of mental 
illness (11-13).

In view of the clinical complications and poor prognosis 
caused by the post-craniocerebral trauma inflammatory 
response, the application of anti-inflammatory drugs in the 
clinical treatment of craniocerebral trauma has been inves-
tigated. Although steroidal drugs such as indomethacin can 
reduce brain edema, they cannot pass through the blood‑brain 
barrier, limiting their clinical application (14). As an endogenous 
peptide, α-MSH is mainly distributed in the thalamus, pituitary, 
spinal cord, gastrointestinal tract and other tissues (16). α-MSH 
has a wide range of physiological effects exerted by binding to 
its receptors, including M1R-M5R, which are widely distributed 
in nervous system tissues (17). α-MSH was first recognized 
because it can promote the deposition of melanin in the skin 
and its unique anti-inflammatory effects have garnered more 
attention with subsequent studies. NF-κB plays an important 
role in the regulation of the inflammatory response. α-MSH 
can inhibit NF-κB gene expression by increasing the concentra-
tion of second messenger cAMP to prevent the degradation of 
IκB protein (18). α-MSH receptors can be found on the surface 
of peripheral immune and glial cells with immune effects 
within the central nervous system, α-MSH can directly affect 
immune cells by interacting with its receptors (18). In addi-
tion, α-MSH can act on macrophages to inhibit inducible NO 
synthase (iNOS), thereby inhibiting the production of NO and 
neopterin, which in turn inhibits macrophage activation (18). In 

Table III. Correlation between serum α-MSH content and 
TNF-α content after injury.

n=48	 1 day	 3 days	 5 days	 7 days

Correlation	 Negative	 Negative	 Negative	 Negative
P-value	 0.011	 0.005	 0.02	 0.009
Correlation	 -0.386	 -0.45	 -0.396	 -0.407
coefficient

Table IV. Serum α-MSH levels in survival and death groups (pg/ml).

Variable	 No.	 1 day	 3 days	 5 days	 7 days

Survival group	 40	 20.258±8.947	 15.813±7.252	 14.076±6.657	 24.604±16.846
Death group	 8	 11.552±5.590	 9.556±5.346	 9.415±4.113	 8.060±2.885
t-test	 -	 2.873	 4.372	 4.983	 5.487
P-value	 -	 0.021	 0.011	 0.017	 0.008
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the nervous system, α-MSH can inhibit the activation of glial 
cells, thus inhibiting the production of TNF-α, interleukin, NO 
and other factors (17). α-MSH can also inhibit the local inflam-
matory response by inhibiting neutrophil chemotaxis (15,16). 
In the event of an inflammatory reaction, the body produces 
anti-inflammatory factors such as IL-10. Catania found that 
α-MSH can promote human monocyte IL-10 production and 
inhibit delayed allergic reactions (17). In addition, α-MSH can 
interact with CNS signal transduction pathways to regulate the 
peripheral inflammatory response (18,19).

Severe sepsis is usually accompanied by increased levels 
of inflammatory factors in the serum and a strong inflamma-
tory response, while serum α-MSH levels are reduced. During 
recovery from sepsis, serum α-MSH levels increase, while 
serum α-MSH levels remain low in patients without improve-
ment, which may be associated with prognosis (20). In the 
nervous system injury, α-MSH can promote axon growth (21), 
reduce apoptosis and reduce the damage caused by oxygen-
free radicals and other substances. One study showed that 
the effect of α-MSH on fever control was approximately 
20,000  times of that of acetaminophen (22). The relation-
ship between MSH and the central inflammatory response 
has been described in animal models in recent years. It was 
found that intraperitoneal injection of α-MSH inhibited the 
activation of NF-κB in the brains of mice with LPS-induced 
central inflammatory responses. The results of that study also 
showed that α-MSH could enter the CNS through the blood-
brain barrier, providing a theoretical basis for the usage of 
peripheral injection of α-MSH substitutes in the treatment of 
central inflammation (22). In addition, serum α-MSH content 
decreased in patients with craniocerebral trauma or subarach-
noid hemorrhaging and sustained depression of serum α-MSH 
levels was detrimental to patient condition (23). As a classic 
inflammatory factor, changes in serum TNF-α content reflect 
the degree of the inflammatory response. Therefore, TNF-α 
can be used as an indicator for the investigation of the corre-
lation between the α-MSH level and inflammatory response 
severity in patients with craniocerebral trauma. This result 
provides additional information for the better understanding of 
the association between α-MSH and craniocerebral injury and 
its clinical significance. Results of the present study showed 
that serum α-MSH levels in the trauma groups were lower 
than those in the healthy control group, possibly due to the 
consumption of serum α-MSH after craniocerebral trauma. 
Serum α-MSH levels were correlated with disease severity 

at 1, 3, 5, and 7 days post-injury, and lower α-MSH levels 
usually accompanied higher degrees of injury. Our study 
found a significant difference in the data between groups on 
the 7th day after injury, possibly due to variations in recovery 
extent caused by clinical infections and other complications. 
Serum α-MSH levels first decreased, and then increased, 
with the lowest value found between 3  and 5  days after 
injury, which was consistent with the development of cerebral 
edema in clinical practice (24). The lowest α-MSH levels in 
the severe group appeared earlier than that in other groups, 
further supporting that α-MSH was reduced in the serum after 
injury. The more serious the disease, the more serum α-MSH 
consumption occurred, which in turn further reduced serum 
content.

The present results showed that TNF-α levels in the serum 
were higher in the trauma groups than in the control group, 
and that serum TNF-α content was positively correlated 
with disease severity. Serum TNF-α levels in patients after 
craniocerebral trauma increased the first day after injury 
and peaked at the third day after injury, and then decreased 
gradually with patient recovery. Serum TNF-α levels in the 
severe group were significantly increased and peaked early 
after injury, but decreased at a much slower rate than the mild 
and moderate groups. The TNF-α level in the severe group 
at 5 and 7 days were still higher than at 1 day, indicating that 
more severe injury caused longer inflammatory responses. 
Serum α-MSH content was negatively correlated with TNF-α 
content at each time point. TNF-α, as an inflammatory factor, 
can participate in inflammatory responses and reflect the 
degree of inflammation. As an endogenous anti-inflammatory 
peptide, α-MSH content can be reduced by inflammation, 
possibly due to consumption by post-injury inflammation and 
limited production (24). Low levels of α-MSH limit its anti-
inflammatory effect. The low levels of α-MSH detected in the 
early stages after craniocerebral trauma indicated the presence 
of a strong inflammatory response and a high risk of SIRS. 
Our study found that serum α-MSH levels at 1 day in patients 
with SIRS were significantly lower than in the non-SIRS 
group. Therefore, the detection of serum α-MSH levels during 
the early stage after injury can be used to predict the risk of 
SIRS. Serum α-MSH content in the patients of the survival 
group was higher than that of the death group, suggesting 
that continuously decreased α-MSH levels reflected increased 
condition severity and poor prognosis. Further studies are 
required to test whether the supplementation of exogenous 
α-MSH can effectively inhibit inflammation.

In conclusion, we believe that the serum α-MSH levels 
during the early stage after craniocerebral trauma can be used 
to predict secondary SIRS, and sustained low levels of serum 
α-MSH suggest poor prognosis.
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