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Abstract: Inflammatory cells play a critical role during nerve regeneration following peripheral nerve injury. In this 
study, we investigated immune responses in rat sciatic nerve after injury. Wistar rats were randomly divided into the 
sciatic nerve injury (model) group and control group. The right sciatic nerve of rats in the model group was transect-
ed and sutured end-to-end. Our results showed that rats in the model group functionally recovered following sciatic 
nerve injury. We detected inflammatory cell infiltration in the remaining sciatic nerves following injury. In addition, 
expression of interferon-γ (INF-γ), interleukin-10 (IL-10), and the INF-γ/IL-10 ratio was significantly elevated one week 
following nerve injury, but gradually decreased thereafter. Our findings demonstrate that immune responses and 
inflammatory cell activation are involved during recovery from sciatic nerve injury.
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Introduction

Peripheral nerve injury, most commonly result-
ing from trauma, is a serious problem that 
affects a patient’s quality of life [1, 2]. Peripheral 
nerve axotomy disturbs axonal continuity, and 
is followed by Wallerian degeneration, which is 
characterized by a typical dying-back pattern 
(degeneration occurs in the distal segment and 
progresses toward the proximal region) [3]. 
Although injured nerves can regenerate, the 
regeneration rate is relatively slow and func-
tional recovery is typically poor [4]. The precise 
mechanisms underlying nerve tissue recovery 
following injury have not yet been fully illustrat-
ed. However, local inflammation is a known 
consequence of peripheral nerve injury [3, 5].

Recent studies highlight the participation of 
cytokine pathways after peripheral nerve injury 
[6]. Known cytokines in the regeneration pro-
cess include interleukin-1 (IL-1), tumor necrosis 
factor (TNF), IL-6-like, transforming growth 
factor-β (TGF-β), IL-10, and interferon-γ (IFN-γ) 
[6]. These cytokines can be released by T help-
er 1 (Th1) and T helper 2 (Th2) cell subgroups 

and are therefore known as Th1/Th2 cytokines. 
Th1/Th2 cytokines are in dynamic equilibrium 
under physiological conditions, and the interac-
tion between these cytokines is extremely 
important for the body to maintain normal 
immune function. Th1 or Th2 bias, or Th1/Th2 
disequilibrium, may cause various diseases [7]. 
Th1 cells primarily secrete IL-2, IFN-γ, and TNF-
α. IFN-γ is produced by activated T cells and can 
promote expression of class II major histocom-
patibility complex (MHC) molecules, which acti-
vates macrophages, improves their function, 
induces Th0 cell differentiation into Th1 cells, 
and inhibits Th2 cell activation. IFN-γalso has 
the ability to induce expressions of other cyto-
kines, and assist with cellular immunologic 
responses. Th2 cells primarily secrete IL-4, IL-5, 
and IL-10. Of these, IL-4 and IL-10 can induce 
the differentiation of Th0 cells into Th2 cells, 
promote B cell proliferation and antibody pro-
duction, inhibit Th1 cell activation, and assist 
with the humoral immune response [5, 7].

Taskinen et al. reported that the mRNA levels of 
IFN-γ and IL-10 are upregulated after rat sciatic 
nerve transection [5]. IFN-γ [8] and IL-10 [9, 10] 
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have been implicated to play predominant roles 
in immune responses. Nevertheless, the poten-
tial involvement of IFN-γ and IL-10 in nerve 
recovery after peripheral nerve injury remains 
poorly understood.

In our present study, we established a rat sci-
atic nerve injury model and investigated local 
histological changes in injured nerve tissues 
following injury. In addition, we evaluated the 
expression of IFN-γ and IL-10 in local injury 
sites. Our findings provide valuable insights 
into understanding the molecular mechanisms 
of functional recovery following peripheral 
nerve injury.

Materials and methods

Animals

Forty male Wistar rats (aged 2 months) weigh-
ing 220-240 g were purchased from the Animal 
Center of Shandong Lukang Pharmaceuticals 
Company (Permission No. scxk Lu 20080002). 
Animals were randomly divided into the experi-
mental group (n=20) or the control group 
(n=20).

Establishment of a rat model of sciatic nerve 
injury

In order to establish a rodent model of sciatic 
nerve injury, rats were anesthetized via intra-

peritoneal injection of 10% chloral hydrate (300 
mg/kg). Animals were fixed in a prone position. 
A longitudinal incision was made on the poste-
rior side of the femur of the unilateral lower 
limb. The right sciatic nerve was exposed and 
was sharply transected 0.8 cm below the piri-
form muscle. An end-to-end anastomosis of the 
epineurium was performed using 8-0 atraumat-
ic sutures. After surgery, the incision was 
closed. The sham operation group was used as 
control. 

Evaluation of peripheral nerve injury

Peripheral nerve injury was analyzed using the 
sciatic functional index (SFI), which is a stan-
dard method used to evaluate the degree of 
functional loss (or recovery) [11]. High SFI 
scores correlate with increased functional 
recovery. 

Two footprint parameters, including toe spread 
(TS), the distance between the first and fifth 
toes, and paw length (PL), the distance between 
the tip of the third toe and the most posterior 
part of the foot in contact with the ground, were 
measured. SFI scores were determined using 
the following equation: 

SFI=-38.3(EPL-NPL)/NPL+109.5(ETS-NTS)/
NTS+13.3(EIT-NIT)/NIT-8.8

where SFI is the sciatic nerve function index, 
EPL is the experimental paw length, NPL is the 
normal paw length, ETS is the experimental toe 
spread, NTS is the normal toe spread, and IT is 
the intermediary spread. Walking patterns were 
recorded using a video camera when the rat 
walked through the glass runway. Ten frames 
were used to analyze foot placing. Images were 
loaded into a computer using a frame grabber 
as described previously. The sketch map is 
shown in Figure 1.

Hematoxylin-eosin (HE) staining and immuno-
histochemistry

Rats were intracardially perfused with 4% para-
formaldehyde 1, 2, 4, 8, or 12 weeks after the 
operation. At each time point, the right sciatic 
nerve near the transection site was removed 
and fixed in 4% formalin. After 24 hours, forma-
lin-fixed nerves were embedded in paraffin, 
sectioned, and stained with HE. IFN-γ, IL-4, and 
IL-10 expression was detected using immuno-
histochemistry. Samples were deparaffinized 
and rehydrated, and endogenous peroxidases 

Figure 1. Sketch map of SFI scores. 
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were inactivated by incubating samples in 3% 
hydrogen peroxide. Sections were then heated 
in citrate buffer (0.01 M, pH 6.0) and treated 
with 3% hydrogen peroxide for 5 min at room 
temperature. Nonspecific reactivity was blo- 
cked by incubating samples with 5% bovine 
serum albumin for 20 min at room tempera-
ture. Next, samples were probed overnight at 
4°C with the following primary antibodies: 
monoclonal rabbit anti-mouse IFN-γ (diluted 
1:100), IL-4 (diluted 1:100), or IL-10 (diluted 
1:100) (Wuhan Boshide Biotech Co. Ltd, China). 
Sections were exposed to the sheep anti-rabbit 
IgG secondary antibody for 20 min at 37°C, 
treated with streptavidin-biotin complex (SABC) 
(Wuhan Boshide Biotech Co. Ltd, China) for 20 
min at room temperature, and stained with 3, 
3’-diaminobenzidine tetrahydrochloride (DAB) 
for 5-30 min. Nuclei were counterstained with 
hematoxylin. Negative control slides were treat-
ed as described above but without the primary 
antibody incubation. Samples were examined 
using light microscopy (Olympus BX-50, Tokyo, 
Japan). The average absorbance was analyzed 
using an image analysis system (Sample PCI, 
the US). Five fields were randomly chosen from 
each slide and the average number of positive 
cells was counted and recorded.

Statistical analyses

Data were analyzed using SPSS 13.0 and PPMS 
1.5 software. Results are shown as the mean ± 
standard deviation (SD). Comparisons between 
two groups were conducted using t-tests. 

Univariate analyses of 
variance and Newman-
Keuls tests (q) were used 
to compare the results  
of different experimental 
groups at different time 
points. P<0.05 was con-
sidered statistically sig- 
nificant. 

Results

Functional recovery 
following sciatic nerve 
injury

Recovery after sciatic 
nerve injury was deter-
mined using the sciatic 
functional index (SFI). As 

Table 1. Sciatic functional index (SFI) values. Data are presented as the 
mean ± standard deviation (SD)

Control One week Two weeks Four weeks
SFI 0 -97.84±1.50＃ -91.97±3.07＃,▲ -86.52±3.61＃,▲,※

#P<0.01 compared with control group; ▲P<0.05 compared with 1-week group; ※P<0.05 
compared with 2-weeks group. F=53.46, q=3.05~21.18.

Table 2. Average absorbance of IFN-γ and IL-10 in sciatic nerves. Data 
are presented as the mean ± standard deviation (SD)

n Control 1 week 2 weeks 4 weeks
IFN-γ 20 0 0.443±0.078＃,* 0.219±0.060＃,* 0*
IL-10 20 0 0.524±0.068＃,▲ 0.287±0.038＃,▲ 0.133±0.039＃,▲

IFN-γ/IL-10 20 0 0.9374±0.263※ 0.5241±0.1464※ 0※

#P<0.01 compared with the control group; *F=64.50, q=8.06~17.78, P<0.01, paired 
comparison with IFN-γ in model rats; ▲F=64.73, q=2.90~19.59, P<0.05, paired compari-
son with IL-10 in model rats; ※F=26.75, q=4.75~10.33, P<0.01, paired comparison with 
IFN-γ/IL-10 ratio in model rats.

shown in Table 1, SFI values decreased gradu-
ally with increased time duration following 
nerve injury. Significantly reduced SFI scores 
were detected one week following injury 
(P<0.01). Compared with other time points, the 
lowest SFI values were noted 4 weeks after 
injury (P<0.05). These data suggest that func-
tional recovery gradually increased following 
sciatic nerve injury. 

Histological examinations

No inflammatory cell infiltration was observed 
in normal control samples. One week after 
nerve injury, inflammatory cells, including neu-
trophils, T lymphocytes, and macrophages, 
were noted in nervous tissues from animals in 
the model group. We also found notable mes-
enchymal cell and Schwann cell proliferation in 
the model group. Two weeks following injury, 
the number of inflammatory cells increased 
markedly and we detected increased Schwann 
cell and fibrous tissue proliferation. Moreover, 
the proliferated Schwann cells were irregularly 
arranged. Four weeks following nerve injury,  
the number of inflammatory cells decreased, 
whereas irregularly arranged Schwann cells 
were still observed.

IFN-γ expression in sciatic nerves

In order to understand the role of IFN-γ during 
recovery from sciatic nerve injury, we analyzed 
IFN-γ expression using immunohistochemistry. 
IFN-γ-positive cells were not observed in sciatic 
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nerves from animals in the control group. We 
detected significantly increased numbers of 
IFN-γ-positive cells 1 week following nerve inju-
ry (P<0.01 compared with control) (Table 2; 
Figure 2). However, the number of IFN-γ-positive 
cells gradually decreased 1 week after injury (1 
week vs. 2 weeks and 4 weeks, P<0.01; 2 
weeks vs. 4 weeks, P<0.01). 

IL-10 expression in sciatic nerves

Similarly, few IL-10-positive cells were observed 
in sciatic nerves from mice in the control group. 
However, IL-10 expression was significantly 
upregulated in sciatic nerves 1 week after inju-
ry and decreased gradually after that (1 week 
vs. control, P<0.01; 1 week vs. 2 weeks, 
P<0.01; 1 week vs. 4 weeks, P<0.01) (Table 2; 
Figure 3).

IFN-γ/IL-10 ratio

Finally, we calculated the IFN-γ/IL-10 ratio. As 
shown in Table 2, the IFN-γ/IL-10 ratio peaked 
1 week following injury and the gradually 
decreased (F=26.75, q=4.75~10.33, P<0.01). 
Four weeks following injury, the IFN-γ/IL-10 
ratio returned to baseline.

Discussion

Peripheral nerve injury is a prevalent condition 
but nerve regeneration is relatively difficult 

because of many restrictions. In this study, we 
examined the immune responses at the injured 
site following sciatic nerve injury in rats. Our 
results revealed that during sciatic nerve repair, 
IFN-γ and IL-10 expression initially increased 1 
week following injury but gradually decreased 
to baseline levels after 4 weeks.

In order to establish a rat model of sciatic nerve 
injury, the right sciatic nerve of the rats was 
transected and sutured end-to-end. SFI values 
decreased as time progressed following injury, 
suggesting functional recovery following sciatic 
nerve injury. Histological examinations showed 
that the number of inflammatory cells increased 
following nerve injury, whereas inflammatory 
cell infiltration decreased 4 weeks after injury.

The dynamic equilibrium of Th1/Th2 cytokines 
is proposed to be important for maintaining 
normal physiological conditions, and altered 
cytokine release may lead to pathogenesis. 
IFN-γ, secreted by CD4+ T lymphocytes, partic-
ularly Th1 cells, has an essential role in inflam-
mation [8]. IL-10, a well-known potent anti-
inflammatory cytokine, plays distinct roles in 
injured tissue by suppressing inflammatory 
cytokine release [10]. IL-10 is primarily secret-
ed by secreted by the Th2 cell subgroup, and 
affects a variety of cell types in the immune 
system [9]. Here we found few cells that 
expressed IFN-γ and IL-10 under normal condi-

Figure 2. The expression of INF-γ ×200. A. One week after injury, B. Two week after injury, C. Four weeks after injury.

Figure 3. The expression of IL-10 ×200. A. One week after injury, B. Two week after injury, C. Four weeks after injury.
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tions. However, IFN-γ-positive and IL-10-positive 
cells greatly increased 1 week after sciatic 
nerve injury, indicating that both cellular and 
humoral immunologic responses occur after 
injury. IFN-γ expression gradually decreased 2 
weeks after injury, and IFN-γ levels returned to 
baseline 4 weeks following injury. These data 
indicate that the gradual reduction of cellular 
immunity may contribute to Wallerian degener-
ation and myelin fragment clearance by macro-
phages during late stages of nerve repair. The 
IFN-γ/IL-10 ratio peaked 1 week after injury, 
and then gradually decreased. In addition, the 
IFN-γ/IL-10 ratio was less than 1, indicating 
that Th2 cells and humoral immune responses 
may have a predominant function during the 
repair process.

In conclusion, our current data indicate that 
Th1 and Th2 cytokines undergo dynamic chang-
es in nerve tissues after peripheral nerve  
injury. Both cellular and humoral immune 
responses were involved in this process. 
Cellular immunity may exist in the early stage of 
nerve repair, whereas humoral immunity con-
tributes throughout the entire process. Immune 
responses following nerve injuries serve as a 
double-edged sword because they can promote 
or inhibit nerve regeneration. It has been 
reported that T lymphocytes and antigen-pre-
senting cells, such as endothelial cells, pro-
mote nerve regeneration [12]. In contrast, local 
IgG deposition was found after peripheral nerve 
injuries, and the IgG deposition negatively cor-
related with nerve regeneration [13]. In future 
studies, we will continue to search for an effi-
cient approach that improves nerve regenera-
tion by interfering with local immune respon- 
ses.
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