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EXPERIMENTAL STUDY

Neuroprotective effects of high-dose human albumin against 
traumatic spinal cord injury in rats
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ABSTRACT
BACKGROUND AND OBJECTIVES: Human serum albumin (HA) is a unique multifunctional protein with neu-
roprotective properties. We aimed to delineate the mechanisms of HA-induced neuroprotection, supresses in-
fl ammatory response and lipid peroxidation after spinal cord injury (SCI).
METHODS AND STUDY DESIGN: Adult female Wistar rats weighing 210–250 g were used for the study. The rats 
were randomly and blindly allocated into fi ve groups. The one-way analysis of variance (ANOVA) for parametric 
data and Shapiro–Wilk test was used for evaluating the normal distribution of the variables. Kruskal–Wallis for 
nonparametric data was used to compare groups. Electron and light microscopies were used to demonstrate 
ultrastructural changes in spinal cord. 
RESULTS: The HA group was signifi cantly different from all the other groups (p < 0.05). Both MPSS and HA 
treatments decreased the MPO signifi cantly. HA treatment decreased the lipid peroxidation. HA treatment pre-
vented the worsening of clinical results. In the HA treatment group, the ultrastructure was protected signifi cantly. 
The neuronal bodies and axonal structures were normal except for some limited edematous spaces. 
CONCLUSIONS: HA improves early clinical results, protects spinal cord ultrastructure, and decreases MPO and 
LPO levels after spinal cord contusion injury (Tab. 3, Fig. 3, Ref. 39). Text in PDF www.elis.sk.
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Introductıon

A cascade of neurotoxic events in the spinal cord, including 
energy failure, glutamate release and activation of local infl am-
matory response, calcium infl ux, N-methyl-D-Aspartate (NMDA) 
receptors, formation of nitric oxide (NO), and apoptosis have been 
proposed to be responsible for secondary injury of the spinal cord 
after primary insult (1, 2). Primary insult results in activation of 
membrane phospholipases and lipases, excitatory amino acid 
neurotransmitters, and initation of lipid peroxidation (3). Lipid 
peroxidation and oxygen free radicals have been suggested to be 
important factors in secondary damage to the spinal cord. Also, 
neutrophils are believed to play an important role in the pathogen-
esis of secondary injury (4, 5, 6, 7, 8 ,9). Neutrophils, in addition to 
their response, as phagocytes, release histolytic enzymes, reactive 
oxygen species and proinfl ammatory factors which lead to further 
tissue necrosis and infl ammation (6, 7, 8, 9).

To date, however, no specifi c pharmaceutical neuroprotec-
tants have been developed, which, if administered after the onset 
of acute SCI, would succeed in diminishing the extent of tissue 

damage and improving functional results. So, much of the atten-
tion has been focused on the secondary injury since it appears to 
be susceptible to pharmacological intervention in recent years. 

Human serum albumin (HA) is a unique multifunctional pro-
tein with neuroprotective properties. Evidence from in vitro and 
in vivo experiments indicates a neuroprotective function for HA 
neural insult including cerebral ischemia (10, 11, 12), cerebral 
edema (10, 13), aneurismal subarachnoid hemorrhage (10), contu-
sional brain edema (14). Palesch et al demonstrated the safety and 
feasibility of administering high-dose HA solution to patients with 
acute ischemic stroke in a multicenter clinical trial (15). 

We have no information about neuroprotective effects of HA 
in acute SCI. Thus, in this study, to delineate the mechanisms of 
HA-induced neuroprotection, we have raised a question whether 
HA supresses infl ammatory response and lipid peroxidation after 
SCI. Electron and light microscopies were used to demonstrate 
ultrastructural changes in normal and damaged spinal cord. The 
effect of HA was compared with that of methylprednisolone 
(MPSS).

Material and methods

Experimental groups
The rats were randomly and blindly allocated into fi ve groups, 

8 rats each. 
Group A (Control): Laminectomy was performed, and non-

traumatized spinal cord samples were obtained 24-hrs after surgery.
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Group B (Trauma): Animals underwent traumatic interventions 
after laminectomy. Injured spinal cord samples were removed 24-
hrs after trauma.

Group C (MPSS): Animals received single doses of meth-
ylprednisolone sodium succinate (30 mg/kg) (Mustafa Nevzat, 
Istanbul, Turkey) intraperitoneally, immediately after trauma. 

Group D (Vehicle): Animals received 1 ml of vehicle solution 
(saline) intraperitoneally, immediately after trauma.

Group E (HA): Animals received 5 mg/kg body weight of HA 
intraperitoneally, immediately after injury.

Twenty-four hours after trauma, animals were functionally 
evaluated and then anesthesia was reintroduced in the trauma 
and treatment groups. One-centimeter spinal cord samples were 
obtained for the assessment of biochemical and microscopic ex-
aminations. The rats were decapitated during deep anesthesia.

Spinal cord injury
Adult female Wistar rats weighing 210–250 g were used for 

the study. All the rats were anesthetized with xylazine, 10 mg/kg 
(Bayer, Istanbul, Turkey) and ketamine hydrochloride, 60 mg/
kg (Parke Davis, Istanbul, Turkey). Through a dorsal incision, 
T7–9 laminectomies were performed in prone position. The SCI 
was induced with a 40-g/cm impact (16). After the surgical and 
traumatic interventions, surgical wounds were closed in layers 
with silk sutures. Twenty-four hours after trauma, anesthesia was 
re-introduced. One-cm spinal cord samples were obtained from 
operated spinal cord area and the animals were killed. The sys-
tolic arterial tension, heart rate, and body temperature was con-
tinuously monitored during surgical interventions. The protocols 
used in this study were approved by the local institutional animal 
care committee.

Determination of spinal-cord-associated myeloperoxidase activ-
ity

MPO activity associated with spinal cord was determinated 
as described previously (17, 18). The MPO activity levels were 
measured with the method described by Hamada and Taoka (19, 
20). Absorbance at 460 nm after 5 min was measured in a spec-
trophotometer, and MPO activity was calculated using a standard 
curve prepared with purifi ed MPO. Results are expressed as units 
(U) per gram of tissue.

Determination of spinal-cord-associated lipid peroxidation
The lipid peroxide levels were measured as described previ-

ously (21). Absorbance at 532 nm after 5 min was measured in a 
spectrophotometer and malonyaldehyde (MDA) was calculated 
using a standard curve prepared with purifi ed MDA. Tissue lipid 
peroxidation levels were expressed as nanomol per gram of tissue.

Light microscopic examination: Samples were evaluated ac-
cording to presence of hemorrhage, cellular edema, necrosis and 
neutrophil infi ltration by Nikon Optiphod (Japan) light micro-
scope. The investigator evaluating the sections was blinded to 
the group information. 

Transmission electron microscopic examination: Samples 
were evaluated according to a grading system for quantitative 

evaluation which was established based on similar principles of 
the methods used for evaluating different tissue samples by Jeol 
JEM 1200 EX trasmission electron microscope (Tokyo, Japon) 
and photographed (Tab. 1).

Functional evaluation
The inclined plane is a behavioural task, which assesses the 

animal’s ability to maintain its position for at least 5 s constitutes 
the IP score. Behavioural evaluation of the rats was made 24 
hours after trauma. Hind limb functions were assessed by the in-
clined plane technique of Rivlin and Tator (22), and Basso, Beat-
tie, and Bresnahan (BBB) scoring system as described by Basso 
et al (23). The average of BBB scores from both hind limbs was 
evaluated.

Statistical analysis
Firstly, the Shapiro–Wilk test was used for evaluating the nor-

mal distribution of the variables (BBBS, IP degrees, LPO, MPO, 
mito, sample size). The test showed normal distribution of the 
variables (BBBS, IP degrees, LPO, MPO) (p > 0.05). Also, the 
test showed non-normal distribution of the variables (mito, sample 
size). Secondly, one-way ANOVA was performed to test whether 
there were any differences among the groups (Control, T, V, HA 
and MPSS) for BBBS, IP degrees, LPO, MPO. Then, means were 
separated by using Tukey HSD multiple comparisons. According 
the test results, BBBS, IP degrees, LPO, MPO values for Con-
trol, T, V, HA and MPSS were expressed as n (sample size), mean 
with standard deviation, minimum and maximum. Finally, Krus-
kal–Wallis H test was performed to test whether there were any 
differences among the groups (Control, T, V, HA and MPSS) for 
mito and sample size. According the test results, mito and sample 
size values for Control, T, V, HA and MPSS were expressed as n 
(sample size), median with IQR, minimum and maximum. Sig-

Grade
A. Mitochondria in neurons

Normal                                                                                                                  
Prominent cristae                                                                                                  
Swollen mitochondria                                                                                           
Amorph material accumulation                                                                            

0
1
2
3

B. Small-sized myelinated axons
Normal                                                                                                                  
Separation in myelin confi guration                                                                      
Interruption in myelin confi guration                                                                    
Honeycomb appearance                                                                                       

0
1
2
3

C. Medium-sized myelinated axons
Normal                                                                                                                  
Separation in myelin confi guration                                                                      
Interruption in myelin confi guration                                                                    
Honeycomb appearance                                                                                       

0
1
2
3

D. Large-sized myelinated axons
Normal                                                                                                                  
Separation in myelin confi guration                                                                      
Interruption in myelin confi guration                                                                    
Honeycomb appearance                                                                                       

0
1
2
3

Tab. 1. Grading System for Quantitative Evaluation of Ultrastruc-
tural Findings.
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nifi cance was evaluated at p < 0.05 for all tests. All computational 
work was performed by means of SPSS 17.0 V statistical software 
e (SPSS 17.0 V; SPSS Inc., Chicago, IL).

Results

Biochemical fi ndings
Myeloperoxidase activity: There was a statistically signifi cant 

difference in the means of MPO activity among control and trauma 

group (p < 0.05). There were statistically signifi cant differences 
between trauma and both MPSS and treatment groups (p < 0.05). 
Both MPSS and HA treatments decreased thr MPO activity sig-
nifi cantly (Tab. 2).

Lipid peroxidation levels: There was a statistically signifi -
cant difference between control and trauma groups in the mean 
of lipid peroxidation (p < 0.005). LPO levels were measured 
highest in both trauma and vehicle groups. There was a statisti-
cally signifi cant difference between trauma and HA groups (p < 
0.005). HA treatment decreased lipid peroxidation. The difference 
between HA and MPSS groups was statistically signifi cant (p < 
0.01) (Tab. 2).

Functional fi ndings
BBB scores
The trauma group was not signifi cantly different from the 

MPSS and vehicle groups (p > 0.05). The HA group was signifi -
cantly different from all other groups (p < 0.05). HA treatment 
prevented the worsening of clinical results (Tab. 2).

Inclined plane degrees
There are statistically signifi cant differences in the means of 

IP among groups (p < 0.001). Trauma showed a statistically sig-
nifi cant decrease in IP values compared with the control group (p 
< 0.005). Both MPSS and HA groups were signifi cantly differ-
ent from the trauma group (p < 0.01). Although the differences 
between MPSS and HA groups were not statistically signifi cant, 

Groups n
Myeloperoxidase activity Lipid peroxidation BBB IP Degrees

Mean SD Mean SD Mean SD Mean SD
Control 8 2,332 c 0,002 284,0 d 0,01 21,00 a 0,000 82,63 a 1,06
T 8 3,483 a 0,002 515,5 a 0,01 1,38 d 0,744 38,63 e 1,06
V 8 3,474 b 0,003 515,4 a 0,00 1,38 d 0,744 41,25 d 1,04
HA 8 2,084 d 0,003 405,2 b 0,00 3,38 c 0,744 75,75 b 1,04
MPSS 8 2,071 e 0,002 400,3 c 0,01 6,25 b 1,035 72,75 c 1,04
Total 40 2,689 0,660 424,1 87,41 6,68 7,509 62,20 18,74
P-values <0.001 <0.001 <0.001 <0.001

Tab. 2. Statistical fi ndings including MPO, lipid peroxidation, BBB scores, IP degrees.

Fig. 1. Light microscopic fi ndings for HA group showing normal neu-
ronal bodies and axonal structures. a: axonal structures, n: neuronal 
bodies.

Fig. 2. Electronmicroscopic fi ndings for HA group showing no intra-
neuronal vacuoles. A: ultrastructure of axons.

Fig. 3. Electronmicroscopic fi ndings for injury group showing edem-
atous spaces and destroyed myelin sheaths of the axons. a: axon, 
m:myelin sheat, n: neuronal body.
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HA was not statistically different from control group (p > 0.05) 
(Tab. 2).

Light microscopic fi ndings
In the MPSS group, evidence of hemorrhage, cellular edema, 

and neutrophil infi ltration was prominent. In the HA treatment 
group, the ultrastructure was very well protected. The neuronal 
bodies and axonal structures were normal except for some lim-
ited edematous spaces. Treatment with MPSS also showed obvi-
ous ultrastructural protection. However, HA group showed better 
results than MPSS (Fig. 1).

Transmission electronmicroscopic fi ndings 
Ultrastructural fi ndings were evaluated according to a grading 

system for quantitative evaluation (Tab. 1). Nucleus was found to 
be normal in all groups. The presence of intraneuronal vacuoles 
evaluated separately and in trauma, vehicle, and MPSS groups, 
intraneuronal small- to medium-sized vacuoles were abundant. In 
the HA group, no intraneuronal vacuoles were observed (Fig. 2).
The results of electron microscopic scoring are demonstrated in 
Table 3.

The injury group showed severe injury with extensive edema-
tous spaces. The myelin sheaths of the axons were destroyed (Fig. 3).
In the HA treatment group, the ultrastructure was very well pro-
tected. The neuronal bodies and axonal structures were normal 
except for some limited edematous spaces. Treatment with MPSS 
also showed obvious ultrastructural protection. However, HA 
group showed better results than MPSS.

Discussion

Traumatic injury of the spinal cord causes damage to some ax-
ons by physical deformation of spinal cord called primary mecha-
nism (4, 5). Mechanical trauma to the spinal cord results in tissue 
necrosis and initiates a cascade of interactive biochemical and met-
abolic changes that cause a subsequent progressive injury leading 
to tissue destruction described as secondary injury. Free radical-
induced lipid peroxidation is believed to play an important role in 
the pathogenesis of this secondary injury (4, 5, 24, 25, 26). But, 
as lipid peroxidation was demonstrated experimentally to reach 
peak values immediately after SCI, they appear to be unsuitable 
targets for pharmacological treatment of SCI in clinical practice 
(27). Thus, there is a clear and urgent need for a neuroprotective 
agent with proven effi cacy and minimal risk of side effects and 
toxicity. In our study, LPO levels were measured highest in both 

trauma and vehicle groups. There was a statistically signifi cant 
difference between trauma and HA groups (p < 0.005). HA treat-
ment decreased lipid peroxidation. 

Albumin has multiple physiologic properties that could be 
benefi cial in central nervous system injury. Recent studies have 
shown the importance of the neuroprotective effects of HA (11, 
28). In the present study, we demonstrated that the intraperitoneal 
administration of a single dose of HA inhibits lipid peroxidation. 
Human serum albumin binds avidly to free fatty acids and is 
thought to play an important physiological role as a scavenger of 
oxygen free radicals (12, 29, 30). As albumin is present in rela-
tively high concentrations in both plasma and interstitial fl uid, it is 
strategically situated to scavenge oxygen radicals, to bind to free 
fatty acids and metal ions, and to interrupt the damaging oxidative 
process of lipid peroxidation (12). Emerson et al also suggested 
that albumin inhibits copper ion-dependent lipid peroxidation and 
formation of highly reactive hydroxyl radical species. (31). Also, 
albumin provides essential fatty acids like DHA, which can be 
a very important factor in providing neuronal membrane repair 
(31). In the present study, nucleus was found to be normal in all 
groups. Although intraneuronal small- to medium-sized vacuoles 
were abundant in trauma, vehicle, and MPSS groups, in the HA 
group no intraneuronal vacuoles were observed (Tab. 3). These 
results indicate the neuroprotective effects of HA.

Persistent hypoalbuminemia, complete spinal cord injury 
(ASIA A), and C4 and above neurologic injuries were signifi -
cantly associated with death. Hypoalbuminemia seems to be an 
independent predictor of outcome in patients with servical spinal 
cord injury (32). Hypoalbuminemia is associated with increased 
morbidity and mortality in various clinical settings and several ma-
jor diseases (33). In a retrospective study after elective spine sur-
gery, preoperative hypoalbuminemia was found as an independent 
risk factor for postoperative complications, degenerative and de-
formity causes (34). 

Suziki et al made a study on rats to clarify the fate of extrava-
sated serum protein and tissue reaction in mature and immature 
brain after blood brain-barrier breakdown. The results suggested 
that rapid spreading and clearance of extravasted serum proteins 
may be deeply involved in the characteristic wound healing pat-
tern (35).

Infl ammatory responses are important components contribut-
ing to secondary injury after SCI. Neutrophils are believed to play 
a major role in the pathogenesis of secondary injury. Neutrophils 
appear in the walls of vessels within few hours of injury and large 
number of neutrophils are observed in the injured tissue from 8 to 
24 h after experimental SCI (36, 37). Numerous neutrophils ap-
pear in the injured cord 1 day after injury (36, 37). The inhibitory 
effect of HA to the neutrophil infi ltration was found to be statis-
tically different from the control group (Table 2). HA can have 
benefi cial effects at sites of infl ammation, which are representa-
tive of the damages at the side of traumatic spinal cord. We found 
that parenteral administration of HA has neuroprotective effects 
on traumatic spinal cord. Our results as well as those of previous 
studies are in correlation. 

                                                                                          Rat Groups
Factor                                                                      Trauma Methylprednisolon 

sodium succinate
Human 

Albumin
Mitochondria                                  1.56±0.52            1.48±0.53                    1.20±0.51 
Small sized 
myelinated axons        0.63±0.60            0.57±0.57                    0.47±0.5

Medium sized 
myelinated axons    1.06±0.35            1.03±0.34                    0.97±0.32

Large sized 
myelinated axons        1.12±0.32            1.10±0.31                    1.00±0.23

Tab. 3. The mean electron microscopic grading scores of the groups.
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Conclusion

The results of this study indicate that HA may prevent neuro-
nal apoptosis and conserve neuronal membranes from traumatic 
spinal injury. HA treatment improves early clinical results, pro-
tects spinal cord ultrastructure, and decreases MPO activity and 
LPO levels after spinal cord contusion injury in rats. Neuroprotec-
tive effects of HA have not been studied in traumatic or ischemic 
SCI models so far. Additional research is also necessary to further 
evaluate the potential benefi ts of HA treatment in the manage-
ment of acute SCI injury in humans. Early corrective action for 
hypoalbuminemia may help to reduce mortality in patients with 
CSCI, it has habitually been included among the parameters used 
for nutritional assessment, and should be used more frequently as 
a prognostic tool to detect malnutrition and risk of adverse surgi-
cal outcomes.
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