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Abstract. Idiopathic inflammatory myopathies are a group 
of rare muscular diseases that are characterized by acute, 
subacute or chronic proximal and symmetric muscle weak-
ness, muscle fiber necrosis and infiltration of inflammatory 
cells, particularly activated CD8+ cytotoxic T cells and phago-
cytes. 3‑n‑butylphthalide (NBP) protects mitochondria and 
reduces the inflammatory response in multiple disease models. 
In myositis, it has remained elusive whether NBP can protect 
muscle cells from muscle fiber injury. Experimental autoim-
mune myositis (EAM) was induced in a total of 40 guinea pigs 
by myosin immunization. After 4 weeks, low‑ or high‑dose 
NBP solution was intraperitoneally injected. Saline solution 
was used as a negative control. After 10 days, the clinical mani-
festations were assessed by determining rodent grasping power, 
histopathological changes, Ca2+‑adenosinetriphosphatase 
(ATPase) activity by an ATPase kit, and mRNA expression 
of interferon (IFN)‑γ, retinoic acid receptor‑related orphan 
nuclear receptor (ROR)γt and forkhead box (Fox) p3 in muscle 
tissue by reverse‑transcription quantitative polymerase chain 
reaction analysis. It was demonstrated that NBP improved 
the myodynamia of guinea pigs with EAM and reduced the 
pathological inflammatory cell infiltration in a dose‑dependent 
manner. NBP improved the Ca2+‑ATPase activity of the muscle 
mitochondrial membrane and muscle plasma membrane in 
animals with EAM. It also reduced the mRNA expression 
of IFN‑γ and RORγt, and significantly increased the mRNA 
expression of Foxp3 in muscle tissue. These results provided 
a basis for the consideration of NBP as a novel agent for the 
treatment of myositis and other muscular diseases associated 
with autoimmunity and inflammation.

Introduction

The clinical manifestations of idiopathic inflammatory myop-
athies include symmetrical proximal myasthenia, reduced 
maximum lactate value capacity and muscle inflammation, 
with general symptoms of fatigue, weakness, depression, 
weight loss, muscular pain and myophagism (1,2). Pathological 
manifestations include muscle fiber necrosis and infiltration 
of inflammatory cells, particularly activated CD8+ cytotoxic  
T cells and phagocytes (2-4). In general, patients respond well 
to standard immunosuppressive therapies, such as glucocorti-
costeroids and intravenous immunoglobulins (5-7). However, a 
large number of patients are resistant to current therapies, and 
treatment of idiopathic inflammatory myopathies still remains 
a formidable challenge (8).

3‑n‑Butylphthalide or (NBP) is a chemical ingredient of 
celery oil (9). Studies have demonstrated that NBP reduces 
cerebral infarction and neurologic impairment induced 
by diabetes (10,11). In addition, NBP has been reported to 
have inhibitory effects on inflammation following focal 
ischemic brain injury in rats (12). NBP also attenuates the 
amyloid‑β‑induced inflammatory responses in cultured astro-
cytes via the nuclear factor‑κB signaling pathway (13).

The present study investigated the effect of intervention 
with NBP on idiopathic inflammatory myopathies. A guinea 
pig model of experimental autoimmune myopathy (EAM) to 
mimic idiopathic inflammatory myopathies in humans. It was 
demonstrated that NBP improves the myodynamia of EAM 
animals and reduces pathological inflammatory cell infiltra-
tion in a dose‑dependent manner. The results suggested that 
NBP should be developed as a novel therapeutic agent for 
idiopathic inflammatory myopathies.

Materials and methods

Animals. A total of 40 female guinea pigs (British white 
shorthair Dunkin, Hartley strain; age, 6‑8 weeks; weight, 
250‑300 g) were obtained from the Military Academy of 
Medical Sciences Laboratory Animal Center (Beijing, China), 
where they were bred in‑house. The quality of the guinea pigs 
had been tested by the State Food and Drug Administration 
Academy (Beijing, China) with laboratory animal production 
license no. SCXK, 2012‑0004. The animals were housed in 
the Fengtai animal house of the Laboratory Animal Center of 
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the Military Academy of Medical Sciences (Beijing, China). 
The environmental conditions including noise and cleanliness 
complied with national standards, with an indoor temperature 
of 18‑22˚C, 45‑60% humidity and a 12 h light/dark cycle. 
Animals were fed guinea pig silage and fresh cabbage. 
The animal diet was verified prior to experimentation. 
Immunization was performed after 7 days. Each animal was 
weighed every week and observed for dietary intake, behavior 
and mental state. The animal experiment was approved by the 
People's Liberation Army (PLA) General Hospital and the 
Military Medical Science Animal Ethics Committee (Beijing, 
China). All procedures involving laboratory animals were 
performed according to the National Institutes of Health's 
Guiding Principles on the Care and Use of Animals.

Immunization. Immunization of guinea pigs was performed 
according to the method of Nemoto et al (11). Purified rabbit 
myosin (5 mg/0.5 ml; cat. no. M1636), complete Freund's 
adjuvant (CFA; cat. no. F5881) and pertussis toxin (PT; cat. 
no. P7208; 50 µg/500 µl) were from Sigma‑Aldrich (Merck 
KGaA; Darmstadt, Germany). Mycobacterium tuberculosis 
toxin (MTT; 600 mg inactivated bacteria, diluted with 5 ml 
normal saline, subjected to repeated freezing and thawing) 
was provided by the Tuberculosis Research Center of the 
309th Hospital of the Chinese PLA (Beijing, China). To 
immunize the animals, 0.3 µl purified rabbit myosin (3 µg 
total; 5 mg/0.5 ml), 0.1 ml CFA and 10 µl MTT (1.2 mg total; 
120 mg/ml) (14) were mixed with 0.2 ml normal saline. After 
thorough oscillation in a vortex mixer, the white emulsion 
was injected subcutaneously at multiple sites on the backs 
of guinea pigs. The injection was administered once a week 
for a total of 4 weeks. For the first 2 immune injections, each 
guinea pig was injected intraperitoneally with pertussis toxin 
at 500 ng/200 µl (14).

NBP treatment. The EAM guinea pigs were randomly divided 
into the EAM/normal saline group (n=10), EAM/low‑dose 
NBP group (n=10), and EAM/high‑dose NBP group (n=10). 
NBP (1 g/ml) was provided by the Shiyao Pharmaceutical 
Co., Ltd. (Shijiazhuang, China). The NBP was dissolved in 
0.5% Tween 80 (Beijing Keino Spring Biological Technology, 
Co., Ltd., Beijing, China) (15) and injected intraperitoneally 
into the EAM animals in the morning twice a week for 
2 weeks at 40 µl/40 mg/kg wt (low dosage) or 80 µl/80 mg/kg 
wt (high dosage). For the normal saline group, the animals 
were injected with Tween 80 (5 g/kg wt) and normal saline 
(10 ml/kg wt).

Clinical observation. The investigator was blinded to animal 
grouping. Rodent grasping power (as an indicator of strength) 
was determined using a grasping power apparatus (model 
no. KH‑YLS13A; cat. no. 53007; maximum tension, 2,000 g; 
Beijing Kai Hui Shengda Technology Development Co., Ltd., 
Beijing, China) (16). The animal forelimbs were connected 
with a dynamometer, which records the maximum force on 
a wire grid (17). The range of power production is influenced 
by factors such as muscle inflammation, connective tissue 
changes, and spinal cord or brain neural plasticity (18). The 
tests were performed in triplicate and the tested maximum 
force (g) was regarded as the holding power.

Biopsy and sample preparation. Guinea pigs were anes-
thetized via intraperitoneal injection of 50 mg/kg sodium 
pentobarbital (Sigma‑Aldrich; Merck KGaA) to prevent 
excessive struggle (19‑26) A thoracotomy was performed and 
a needle was inserted into the right ventricle to harvest ~10 ml 
blood for use in the following experiments. Following blood 
harvest, guinea pigs skeletal muscle specimens were obtained 
from thigh muscles in the limbs of guinea pigs.

The sheared fresh muscle tissue was dissected (5 mm 
diameter, 1 cm length), and fixed using tragacanth gum. 
Approximately 1 l liquid nitrogen was placed into a heat 
insulation barrel, and a 100 ml beaker with a 30 cm iron 
wire handle was filled with 70‑80 ml isopentane. The beaker 
was submerged in liquid nitrogen, and a specimen block 
was added and stirred continuously with large tweezers for 
30 sec to freeze the specimen without ice crystals forming. 
The specimen was placed into liquid nitrogen for 30‑60 min, 
until isopentane around the specimens had vaporized, and 
subsequently stored in sealed plastic bags at ‑80˚C overnight. 
Specimens were subsequently heated to ‑25˚C for 30 min and 
sliced into transverse sections (thickness, 5 µm) using a sharp 
blade. Slices were stored at ‑25˚C for staining. A portion of 
the muscle tissue from the distal and proximal limbs of each 
of the 40 guinea pigs was prepared as a frozen section, with 
8 sections per guinea pig. Fresh muscle tissues (50‑100 mg) 
were immediately placed in sterilized cryopreserved tubes, 
immersed in liquid nitrogen and stored at ‑80˚C for subsequent 
analysis using polymerase chain reaction.

Hematoxylin and eosin (HE) staining and histopathological 
examination. Samples were stained in Harris hematoxylin 
solution for 10 min, rinsed in water for 10 min, stained in 1% 
eosin for 3 min, and then repeatedly rinsed in water. After 
dehydration in ethanol, the samples were rinsed in xylene 
and coated with balata. Pathological scores were determined 
by observing 4 visual fields per section under a light micro-
scope (Olympus‑BX43; Olympus Corporation, Tokyo, Japan). 
Scoring of inflammation was performed using the following 
classification method (27,28): 1, ≤5 muscle fibers involved; 
2, damage involving 5‑30 muscle fibers; 3, damage involving 
1 muscle bundle; 4, diffuse, extensive damage, involving 
>1 muscle bundle. For muscles with multiple‑site damage, an 
additional 0.5 points were added to the score.

Preparation of muscle mitochondrial and muscle plasma 
membrane. Muscle tissue blocks (0.2‑1.0 g) were rinsed in cold 
normal saline, dried with filter paper and weighed. The blocks 
were transferred to 10‑ml Eppendorf (EP) tubes, cut into small 
pieces and immediately transferred to a small mortar with ice 
water. Nine volumes of pre‑cooled 0.9% sodium chloride were 
used to flush residual broken tissue from the EP tubes to obtain 
a suspension containing 10% muscle tissue homogenate. The 
samples were ground repeatedly and adequately with a pestle 
(10‑15 min) to prepare a tissue homogenate. The muscle tissue 
homogenates were transferred to EP tubes, centrifuged at 4˚C 
and 350 x g for 5 min, and the supernatant was collected.

Mitochondrial preparation. After centrifugation of the 
above mentioned 10% tissue homogenate (4˚C, 700 x g, 
10 min) and sedimentation of cell debris and minor tissue, 
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the mitochondria were collected via centrifugation at 4˚C 
(3,500 x g for 15 min). The protein concentrations among 
different samples were standardized by Coomassie staining 
and spectrophotometry [optical density at 595 nm (OD595) 
was measured].

Ca2+‑ATPase detection. Specific steps were taken according 
to the kit instructions (ATPase kit; Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China). One unit of 
ATPase enzyme activity [µmol inorganic phosphorus (pi)/mg 
protein/hour] is defined as the amount of ATPase that catalyzes 
the production of 1 µmol pi per hour per mg protein. ATPase 
activity was calculated from the OD using the following formula: 
ATPase activity = [(ODsample ‑ ODcontrol) / ODstandard] x 16.8.

Preparation of RNA samples and complementary (c)DNA by 
reverse transcription of RNA. RNA was extracted with TRIzol 
and the concentration was determined spectrophotometrically. 
Reverse transcription was performed using the RevertAid First 
Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.). 
Total RNA (1 µg), random primers (1 µl), 5X Reaction Buffer 
(4 µl), Ribolock RNase inhibitor (20 U/µl; 1 µl), 10 mM dNTP 
mix (2 µl), RevertAid M‑MuLv reverse transcriptase (200 U/µl; 
1 µl) and nuclease‑free water (added to reach a final reaction 
volume of 20 µl) were combined into RNAse‑free tubes on ice. 
The reaction was gently mixed, centrifuged (350 x g for 1 min 
at room temperature to avoid blister occurrence) and incubated 
at 25˚C for 5 min, 42˚C for 60 min and 70˚C for 5 min. The 
reverse transcription product was used directly for polymerase 
chain reaction (PCR), stored at ‑20˚C for <1 week, or kept at 
‑70˚C for long‑term storage.

PCR amplification. The following primers were used: 
GAPDH forward, 5'‑GCC GCA TCG GTA TTC CTT CT‑3' and 
reverse, 5'‑GCG TCC AAT ACG GCC AAATC‑3'; interferon 
(IFN)‑γ forward, 5'‑CAC CAT CTG GTT GCT GCCTA‑3' and 
reverse, 5'‑TAC CAG GGT ACC AGG CCATT‑3'; retinoic acid 
receptor‑related orphan nuclear receptor (ROR)γt forward, 
5'‑TGA TAG GTG GAT TTG CGG GA‑3' and reverse, 5'‑GCT 
GGG CCC AAA GCT AAA GT‑3'; and forkhead box (Fox)p3 
forward, 5'‑TCC ACA ATG GGA CTC ATG CC‑3' and reverse, 
5'‑CTG TGG AGA GCT GGT GCA TA‑3' (all Sangon Biotech, 
Shanghai, China).

Contents of the PCR mixture were as follows; 12.5 µl 
2X qPCR Master Mix, 0.5 µl each of forward and reverse 
primers (0.3 µM), 1 µl cDNA (500 ng) and nuclease‑free 
water to make the volume up to 25 µl. The contents were 
mixed and packaged into PCR tubes before being centrifuged 
for 1 min at 350 x g at room temperature to avoid blister 
occurrence.

PCR was performed in an iQ5 real‑time fluorescent quan-
titative PCR cycler (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA). The PCR thermocycling conditions were as 
follows: Initial denaturation at 95˚C for 10 min, annealing 
at 95˚C for 15 sec and denaturation at 60˚C for 30 sec for 
40 cycles. The extension step was performed at 72˚C for 
30 sec followed by 80 cycles of final extension at 55‑95˚C 
for 30 min to create a dissociation curve. PCR products were 
quantified using the 2-∆∆Cq method (29) and GAPDH was used 
as a reference gene.

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation. Depending on the parameter and comparison, 
one‑way analysis of variance and the least‑significant differ-
ences test as well as Dunnett's t‑tests were performed using 
SPSS 21.0 statistical software (International Business 
Machines, Armonk, NY, USA).

Results

Clinical manifestations of EAM in guinea pigs treated with 
NBP. To establish an animal model of idiopathic inflammatory 
myopathy, 6‑ to 8‑week‑old guinea pigs were obtained and 
monitored for 7 days. Two out of 40 guinea pigs failed to adapt 
to their environment, as they ate less and lost weight. However, 
after another week, nutrition and weight were restored, which 
suggested successful adaptation to the environment for formal 
testing.

The guinea pigs were randomly assigned to a normal 
control group and three EAM model groups (n=10 per group). 
Guinea pigs in the normal control group showed normal 
eating and general behavior and had a healthy skin color 
(Fig. 1A). Guinea pigs in the EAM model group developed 
redness, swelling and induration (0.4‑1.0 cm in diameter) 
at the injection site after the second week (Fig. 1B). The 
animals became listless, fearful and thin. The skin started 
to depilate, the weight gain decreased slightly, movement 
slowed and the cry of the guinea pigs became low or even 
hoarse. The symptoms grew progressively more debilitating 
with time. The body weight ceased to increase or began to 
decrease in the fourth week, the hair coat became rough and 
lacklustre, the abdomen and buttocks appeared dirty, signs of 
malnutrition were apparent, and the guinea pigs developed 
myasthenia in both forelimbs and were unable to hold up their 
extremities (Fig. 1C). One guinea pig had severe myasthenia 
and lay laterally (Fig. 1D). The animal was immediately 

Figure 1. Effects of experimental autoimmune myositis induction. 
Representative images of guinea pigs immunized with rabbit myosin 
along with complete Freund's adjuvant and Mycobacterium tuberculosis. 
(A) Pre‑immunization: Normal hair color and activity. (B) One week after 
the second weekly immunization: Depilation and skin ulcers at the dorsal 
injection site. (C) One week after the third weekly immunization: Humped 
back while resting, lopped head and flexed forelimb. (D) One week after the 
fourth weekly immunization: Weakness of limbs and at the last gasp. The 
images shown are representative of observations in 10 guinea pigs.
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euthanised by exsanguination under anesthesia (intraperitoneal 
injection of 15 mg/kg sodium pentobarbital; Sigma‑Aldrich; 
Merck KGaA). Simultaneously, blood samples and muscle 
specimens were collected.

To determine the effects of NBP on guinea pigs with EAM, 
the animals with induced EAM were treated with normal saline 
and low‑ or high‑dose NBP (n=10 guinea pigs per group). In 
guinea pigs with EAM treated with low‑dose NBP, the weight 
was not obviously affected. The EAM/high‑dose NBP group 
had more weight gain than the normal saline group, but the 
differences were not significant (Fig. 2A). However, the guinea 
pigs in the EAM/normal saline group had significantly lower 
strength than those in the control group (P=0.036; Fig. 2B). 

Figure 5. Effects of NBP on Ca2+-ATPase concentrations in the muscle 
mitochondrial and muscle plasma membranes of EAM guinea pigs. 
Ca2+‑ATPase concentrations (A) in the muscle plasma membrane and (B) in 
the mitochondrial membrane were determined in skeletal muscle tissue of 
guinea pigs from control guinea pigs without EAM induction, and EAM 
guinea pigs treated with normal saline, low‑dose (40 µl/40 mg/kg wt) NBP 
or high‑dose (80 µl/80 mg/kg wt) NBP group (n=10). Values are expressed as 
the mean ± standard deviation (n=10 per group). *P<0.05 vs. control group; 
#P<0.05 vs. saline group. EAM, experimental autoimmune myositis; NBP, 
3‑n‑butylphthalide; Ctl, control.

Figure 2. Effects of NBP on muscle weight and strength of guinea pigs with 
EAM. (A) Weight of groups of guinea pigs over time. ‘Last week’ represents 
one week prior to immunization. ‘Week one’ and ‘week four’ represent one 
week after the first and the fourth immunization, respectively. 'Week six' 
represents one week after animals had been administered NBP in the fifth 
week. (B) Myodynamia measurements in the different groups. Values are 
expressed as the mean ± standard deviation (n=10 per group). Groups: Ctl, 
normal control group; saline, normal saline EAM group; low NBP, low‑dose 
(40 µl/40 mg/kg wt NBP) EAM group; high‑NBP, high‑dose (80 µl/80 mg/kg 
wt NBP) EAM group. *P<0.05 vs. Ctl; #P<0.05 vs. saline group. EAM, exper-
imental autoimmune myositis; NBP, 3‑n‑butylphthalide; Ctl, control.

Figure 3. Histopathological effects of NBP on muscle structure in guinea pigs 
with EAM. Histopathological staining of muscle tissues from (A) control 
guinea pigs without EAM induction; (B) EAM guinea pigs treated with 
normal saline; (C) EAM guinea pigs treated with low‑dose (40 µl/40 mg/kg 
wt) NBP; and (D) EAM guinea pigs treated with high‑dose (80 µl/80 mg/kg 
wt) NBP (magnification, x200; scale bar, 50 µm; hematoxylin and eosin 
staining). Images are representative of 8 sections per guinea pig (n=10). 
EAM, experimental autoimmune myositis; NBP, 3‑n‑butylphthalide.

Figure 4. Absolute inflammation scores in EAM guinea pigs upon NBP treat-
ment. Staining values were calculated for 8 sections (4 fields each) for control 
guinea pigs without EAM induction, and EAM guinea pigs treated with normal 
saline, low‑dose (40 µl/40 mg/kg wt) NBP or high‑dose (80 µl/80 mg/kg wt) 
NBP group. Values are expressed as the mean ± standard deviation (n=10 per 
group). **P<0.01 vs. control group; #P<0.05 vs. saline group. EAM, experi-
mental autoimmune myositis; NBP, 3‑n‑butylphthalide; Ctl, control.
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The guinea pigs with EAM treated with MBP had a higher 
strength than those in the EAM/normal saline group, with 
the difference being significant in the EAM/high dose NBP 
group (P=0.045). These results suggested that NBP partially 
reversed the myasthenia caused by EAM.

Histopathological changes in the muscles of NBP‑treated 
EAM guinea pigs. To determine the effects of NBP at the 
microscopic level, muscle tissues were subjected to histo-
pathological analysis. The degree of inflammatory cell 
infiltration was low in control guinea pigs (Fig. 3A), but was 
clearly increased upon EAM induction (Fig. 3B). EAM guinea 
pigs treated with low‑dose NBP (Fig. 3C) showed a slight 
reduction in the inflammatory cell infiltration, while EAM 
guinea pigs treated with high‑dose NBP (Fig. 3D) showed a 
marked reduction in inflammatory cell infiltration. The levels 
of inflammation in the 4 groups of guinea pigs were scored by 
selecting 4 visual fields in each of the 8 sections per guinea 
pig (n=10 guinea pigs per group). Compared with the normal 
control group, the EAM group had a significantly increased 
pathological inflammation score (P<0.01). Compared with 
the EAM/normal saline group, the EAM/high dosage NBP 
group had a significantly reduced pathological inflammation 
score (P<0.05). The EAM/low dose‑NBP group also showed a 
reduction, which was not significant (Fig. 4).

Effect of NBP on Ca2+‑ATPase activity. To verify the above-
mentioned findings at the molecular level, the Ca2+‑ATPase 
activity of the muscle mitochondrial membrane and muscle 
plasma membrane was measured. Each of these measures of 
muscle activity was significantly decreased upon EAM induc-
tion. However, this decrease was significantly attenuated in the 
EAM/high‑dose NBP group compared with the EAM/normal 
saline group (P<0.05; Fig. 5), confirming that NBP reverses 
the effects of EAM on muscle activity. In the EAM/low‑dose 
NBP group, Ca2+‑ATPase activity in the muscle mitochondrial 
membrane was also significantly increased compared with the 
EAM/saline group (P<0.05; Fig. 5).

Effect of NBP on mRNA expression of IFN‑γ, RORγt, and 
Foxp3 in muscle tissue. To determine the effects of NBP on 
T‑cell‑associated cytokines, the mRNA expression levels of 
IFN‑γ, RORγt and Foxp3 in muscle tissues were measured. 
The expression of IFN‑γ mRNA was significantly reduced 
by NBP (P<0.01; Fig. 6A), whereas Foxp3 and RORγt mRNA 

expression levels were significantly elevated by NBP (P<0.01; 
Fig. 6B and C).

Discussion

Rats and guinea pigs have been previously used to study 
EAM (30‑33). Since rabbit and guinea pig skeletal muscle 
myosin proteins cross‑react with each other, emulsified puri-
fied rabbit skeletal muscle tissue homogenate and adjuvant 
were subcutaneously injected to immunize guinea pigs to 
establish the EAM model.

After the guinea pigs were introduced to the new environ-
ment, their weights appeared to decrease, probably due to poor 
adaptation, and failed to return to normal until day 7. Only 
those animals that returned to normal weight were used in the 
present experiments. Similar to the results of other studies, 
slight weight loss occurred during immune injection, but 
without any significant difference between the vehicle injec-
tion group and myosin injection group (34,35). Ito et al (28) 
immunized Lewis rats with purified rabbit skeletal myosin, 
and the weight of the EAM and the control group increased. 
Four weeks after immunization, the body weight in the EAM 
group was significantly lower than that in the control group. 
In the present study, there was no difference in the weight of 
the four groups of guinea pigs prior to myosin immunization, 
weeks 1 and 4 of immunization, and after injection of low‑dose 
and high‑dose NBP.

When Nemoto et al (34) and Kojima et al (27) immunized 
Lewis rats with purified rabbit skeletal myosin, a slight weakness 
appeared, but there was no significant difference between the 
adjuvant control group and the EAM group. Nakano et al (35) 
immunized Wistar rats with laminin and obtained the same 
results. Ito et al (28) immunized Lewis rats with purified rabbit 
skeletal myosin: The EAM group moved less than the control 
group but did not appear to have myasthenia. However, EAM 
myodynamic evaluation was performed using the myasthenia 
classification method of Matsubara and Takamori (36), which 
failed to detect slight differences. EAM myodynamia was also 
evaluated through an inverted mesh, and rat myodynamia was 
significantly reduced (14). In the present study, a dynamom-
eter was used instead of the myasthenia classification method 
and inverted mesh, which is more sensitive and accurate. 
Myodynamia in the EAM/normal saline group was found to 
be significantly lower than that in the normal control group in 
the present study.

Figure 6. Effects of NBP on the mRNA expression levels of IFN‑γ, RORγt and Foxp3 in muscle tissue of EAM guinea pigs. The relative mRNA (house-
keeping gene GAPDH) expression of (A) IFN‑γ, (B) RORγt and (C) Foxp3 were determined in skeletal muscle tissue samples from EAM guinea pigs. 
Saline represents the EAM/saline vehicle injection group, low NBP represents the low‑dose (40 µl/40 mg/kg wt) NBP group, and high NBP represents the 
high‑dose (80 µl/80 mg/kg wt) NBP group. Values are expressed as the mean ± standard deviation (n=10 per group). *P<0.05, **P<0.01 vs. saline group. EAM, 
experimental autoimmune myositis; NBP, 3‑n‑butylphthalide; IFN‑γ, interferon‑γ; RORγt, retinoic acid receptor‑related orphan nuclear receptor γt; Foxp3, 
forkhead box p3. 
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NBP has been reported to reduce cerebral infarction and 
neurologic impairment induced by diabetes (10). Taken orally, 
30 mg/kg NBP only mildly improved the athletic ability of 
Tg (SOD1‑G93A) transgenic rats (amyotrophic lateral sclerosis 
(ALS) animal model), but 60 mg/kg NBP significantly slowed 
the athletic ability in the ALS model (11). The present study 
demonstrated that loss of myodynamia in the EAM/normal 
saline group was restored in the EAM/high‑dose NBP group, 
indicating that high‑dose NBP restores the myodynamia of 
EAM animals.

Idiopathic inflammatory myopathies (myositis for short) 
include dermatomyositis, PM, necrotizing myopathy and 
inclusion body myositis. Each type differs in the pathogenesis 
and clinical manifestation, but muscle biopsies are necessary 
for reliable diagnosis to distinguish PM from other types of 
myopathy. Clinically and pathologically, EAM is reflective 
of human PM, but PM is an extremely complex disease with 
varying pathology (6). In the present study, in the EAM/normal 
saline group, myodynamia was reduced but the inflamma-
tory score was significantly higher than that in the control 
group, which indicates that the EAM model was successfully 
established.

NBP significantly reduces the cerebral infarction area (37): 
20 mg/kg NBP reduces the classic neuropathological 
changes in the hippocampus of rats with chronic cerebral 
ischemia, including neuronal loss, nuclear shrinkage and 
cerebral edema (38). A combination of 30 mg/kg NBP and 
20 mg/kg amantadine obviously reduced the neurodegenera-
tive pathology of the CA1 hippocampus and parietal cortex in 
aging rats, including neuronal loss and neuron shrinkage (39). 
NBP reduces granulocyte infiltration at the brain injury‑asso-
ciated infarcted sites after ischemia and effectively protects 
against inflammation at ischemia sites (12). Consistently, in the 
present study, the inflammation in the NBP group was milder 
than that in the normal saline group.

Cell membrane ATPases maintain the resting membrane 
potential and regulate the intracelluar and extracellular 
balance of calcium ions (40). In the muscle cell membrane 
and mitochondrial membrane, Ca2+‑ATPase activity requires 
a concentration gradient across the membrane for cellular 
excitability. Intracellular K+ loss and extracellular Na+ inflow 
result in an increased muscle cell membrane depolarization 
threshold and decline in muscle capacity. Normal sodium 
calcium levels are reversed, which further increases the 
intracellular Ca2+ overload, activates proteolytic enzymes 
and promotes cell death (41). In the present study, intra-
peritoneal injection of high‑dose NBP (80 mg/kg) led to a 
significant increase in Ca2+‑ATPase activity in the guinea 
pig EAM model, which suggests that NBP protects the 
EAM mitochondria and the muscle plasma membrane. In the 
low‑dose NBP group, no significant increase was observed 
in Ca2+‑ATPase activity in the muscle plasma membrane, 
whereas activity was significantly increased in the muscle 
mitochondrial membrane.

NBP also modulated the expression of selected 
T‑cell‑associated cytokines. IFN‑γ is the main cytokine 
produced by Type 1 T‑helper (Th1) cells, which mediate 
cellular immune responses to induce inflammation. RORγt is 
an important transcription factor that polarizes the differentia-
tion of Th cells into Th1 cells (42).

T‑regulatory (Treg) cells have immune suppressor func-
tions, and Foxp3, a member of the forkhead transcription 
factor family, is considered as a marker of Treg cells. Foxp3 
regulates Treg cell activity via direct regulation of multiple 
genes. The increase of autoimmunity and tissue inflammation 
by Tr1 cells occurs via secretion of immunosuppressive cyto-
kines, but the expression of Foxp3 is lacking (43). Foxp3(+) 
Tregs are known to function as major regulators of immune 
homeostasis through their immunosuppressive function (44). 
The Th17 lineage is a CD4(+) T cell subset that exerts its func-
tion by secreting proinflammatory cytokines and protecting 
the host against microbial infections (45). The altered ratio of 
Foxp3(+) Tregs to Th17 cells serves an important role in the 
pathogenesis of immune‑related diseases (46). In the present 
study, the mRNA expression of IFN‑γ was significantly 
reduced, whereas the expressions of Foxp3 and RORγt were 
significantly increased by NBP compared with the EAM/saline 
group. The effect of NBP on IFN‑γ and RORγt/Foxp3 expres-
sion suggests that NBP may inhibit Th1 differentiation and/or 
function and provoke Th17/Treg differentiation and/or func-
tion in the pathogenesis of EAM. It may be speculated that 
NBP has therapeutic effects on EAM that are attributable, at 
least in part, to enhanced Th17/Treg function.

In conclusion, the guinea pig model of EAM was success-
fully established in the present study. It was demonstrated 
that high‑dose NBP significantly improved the myodynamia 
of EAM animals and reduced the pathology regarding 
inflammatory cell infiltration. NBP also improved the 
Ca2+‑ATPase activity of the EAM muscle mitochondrial and 
muscle plasma membrane. NBP reduced the IFN‑γ transcrip-
tion in muscle cells and significantly increased the mRNA 
expression of RORγt/Foxp3. These results provided a basis 
for further studies to determine the intervention strategies 
using NBP.
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