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Abstract. Naringin is an abundant flavanone in pomelo, 
grapefruit as well as lime and its variants, has been shown to 
exhibit certain antioxidative, anti‑inflammatory, anti‑cancer 
and hypoglycemic effects. The aim of the current study was to 
evaluate the protective effects of naringin against ankylosing 
spondylitis (AS) and to elucidate the potential underlying mech-
anism. Firstly, a mouse model of ankylosing spondylitis (AS) 
was established. Next, osteocalcin (OC), alkaline phosphatase 
(ALP) and triglyceride (TG) activity values, inflammatory 
factor and oxidative stress were evaluated in the AS mice. 
Then, the Janus kinase 2 (JAK2) and signal transducer and 
activator of transcription 3 (STAT3) protein expression levels 
in the AS mice were investigated using western blot analysis. 
The results showed that naringin increased OC, ALP and TG 
activity values in the AS mouse model. Furthermore, inflam-
matory factor and oxidative stress levels in the AS mice were 
restrained by treatment with naringin. Furthermore, JAK2 and 
STAT3 protein expression levels were reduced by treatment 
with naringin. In conclusion, the present results indicated that 
the protective effects of naringin against AS are exerted via 
the induction of ossification, suppression of inflammation and 
oxidative stress and the downregulation of JAK2/STAT3 in 
mice.

Introduction

Ankylosing spondylitis (AS) is an autoimmune disease 
characterized by sacroiliitis and spinal rigidity, which attack 
the axial joints  (1). Clinical symptoms include the pain in 
areas including the lumbar, back, shoulder and neck, with or 

without spasticity. Furthermore, these can include heel pain, 
pain aggravation at night, even nocturnal awakening, turning 
difficult and obvious spasticity on waist in the early morning 
or after sedentary state  (2). AS is a systemic autoimmune 
disease, with final outcomes including ossification of the liga-
ments around the spine and intervertebral disk, and the fibrosis 
of axial joints and bony ankylosis, leading to the disability of 
joint movement (3). Therefore, as pathological osteogenesis 
is the predominant cause of disability in AS patients, the 
treatment of AS may need to address the rigidity problems in 
normal ligament and synovial ossification (4).

Thrombocytosis may also occur in AS patients, which 
is known as reactive thrombocytosis  (5). Thrombocytosis 
is also an inflammatory process, the interactions of various 
cytokines result in megakaryocytic hyperplasia, leading to 
an increase in platelet count and platelet‑large cell ratio (6). 
However, in a clinical context, the inhibition of platelets in 
patients with AS is lower compared with that of rheumatoid 
arthritis (7).

Reactive oxygen species and reactive nitrogen species 
are harmful free radicals generated by metabolic processes, 
which can induce oxidative stress (8). Superoxide dismutase 
(SOD), catalase (CAT), and glutathione peroxidase (GSH‑PX) 
are key antioxidant enzymes; SOD can remove superoxide 
radicals from biological cells by disproportionation, gener-
ating H2O2 and O2, and H2O2 may be catalyzed by CAT to 
generate H2O and O2, thereby reducing the toxicity of free 
radicals on the organism (9).

Naringin is (full name, naringenin‑7‑O‑neohesperidin 
glycoside) is a dihydrogen flavonoid, and the primary active 
ingredient of a number of traditional Chinese medicines, 
including orange, Drynaria and Citrus aurantium. Naringin 
exhibits a wide range of biological activities, including 
anti‑oxidation  (10), bone growth promotion  (11), plasma 
cholesterol reduction  (12), anti‑atherosclerotic  (13), seda-
tive  (14), anti‑tumor  (15) and anti‑fungal  (16) properties. 
However, the protective effect of naringin against AS and 
the underlying molecular mechanism, including the signal 
pathways affecting ossification, inflammation and oxidative 
stress, remain unclear. The present study aimed to evaluate 
the protective effect of naringin against ossification, inflam-
mation and oxidative stress, and to further investigate the 
possible underlying mechanisms, including anti‑inflamma-
tory signaling pathways.
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Materials and methods

Materials and chemicals. Osteocalcin (OC; ml026391), alka-
line phosphatase (ALP; E‑CL‑M0075c) and triglyceride (TG; 
E‑EL‑M2603c), nuclear factor (NF)‑κB p65 unit (ml026326), 
tumor necrosis factor‑α (TNF‑α; ml022566), interleukin‑1β 
(IL‑1β; ml028611), IL‑6 (ml028608), malonaldehyde (MDA; 
ml027131), SOD (ml026976), CAT (E‑EL‑H5408c) and 
GSH‑PX (E‑EL‑H5410c) enzyme‑linked immunosorbent assay 
(ELISA) determination kits were obtained from the Beyotime 
Institute of Biotechnology (Nanjing, China). A bicinchoninic 
acid (BCA; 5000001) assay kit was obtained from Bio‑Rad 
Laboratories, Inc. (Hercules, CA, USA). Naringin (purity, 
>95%) was purchased from Sigma‑Aldrich (Sigma‑Aldrich). 
The chemical structure of naringin is shown in Fig. 1.

Construction of AS mouse model. All animal studies were 
performed in accordance with the regulations of the Zhejiang 
University Hospital for the care and use of laboratory animals 
(Shandong, China). Kunming mice were obtained from 
the Laboratory Animal Institute of The Second Hospital 
Affiliated to Zhejiang University of Chinese Medicine 
(Hangzhou, China). The AS model was established in the 
mice as described previously (17). A total of 50 mice were 
injected with 30 UI human chorionic gonadotropin hormone 
(HCG; Sigma‑Aldrich) to induce superovulation. Then, 
zygotes were gathered and a HLAB2704 gene fragment was 
injected using microinjection into the pronucleus. Surviving 
zygotes were transferred into pseudocyesis mice for genera-
tion. In brief, AS model mice were prepared by Biocytogen 
Biological Technology Co. Ltd. (eijing, China). A total of 
50 mice were injected with HCG hormone to induce super-
ovulation. Next, ovum and sperm were integrated, zygotes 
were gathered and HLAB2704 gene fragments were injected 
using a microinjection into the pronucleus. Surviving zygotes 
were transferred into pseudocyesis mice for generation. The 
mice were sacrificed by incision under 50 mg/kg of sodium 
pentobarbital.

Grouping and treatment. Five treatment groups were 
established for the study (n=10 per group), as follows: 
i) Control group, which included normal mice that received 
0.1 ml/100 g sodium pentobarbital (Sigma‑Aldrich) injected 
intraperitoneally (i.p.); ii)  AS group, which included AS 
mice that received 0.1 ml/100 g sodium pentobarbital (i.p.); 
iii) Nar (20) group, which included AS mice that received 
20 mg/kg naringin (i.p.) for 8 days (18); iv) Nar (40) group, 
which included AS mice that received 40 mg/kg naringin 
(i.p.) for 8 days; and v) Nar (80), which included AS mice 
that received 80 mg/kg naringin (i.p.) for 8 days.

ELISA of OC, ALP and TG activity. Following treatment 
with naringin for 3 days, OC, ALP and TG, NF‑κB p65 unit, 
TNF‑α, IL‑1β and IL‑6, (inflammatory factors); MDA, SOD, 
CAT and activity of GSH‑PX (oxidative stress) activity were 
determined using ELISA determination kits, according to 
the standard curve (Beyotime Institute of Biotechnology, 
China (Liu, Fan). The optical density was read at 405 nm 
using a Bio‑Rad microplate reader (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA).

Western blot analysis of signal transducer and activator of 
transcription 3 (STAT3) and Janus kinase 2 (JAK2) protein 
expressions in AS mouse model. After the treatment with 
naringin for 3 days, 10 mg AS tissue samples were removed, 
and incubated with 100 µl tissue lysis buffer (Thomas Scientific, 
Swedesboro, NJ, USA) for 30 min on ice. The protein concen-
tration was measured using a BCA kit (Bio‑Rad Laboratories, 
Inc.). Equal quantities of protein (50 µg) were resolved using 
12% SDS‑polyacrylamide gel and transferred onto a polyvi-
nylidene fluoride membrane (Bio‑Rad Laboratories, Inc). Next, 
the membrane was blocked with 5% non‑fat milk and incu-
bated with anti‑p‑STAT3 (sc‑135649; 1:2,000), anti‑p‑JAK2 
(sc‑16566‑R; 1: 3,000) and β‑actin (sc‑130657; 1:5,000; all 
purchased from Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA) and incubated overnight at 4˚C followed by incubation 
with an anti‑rabbit secondary antibody (sc‑2795; 1:5,000, 
Santa Cruz Biotechnology Inc.) for 30 min at 37˚C. The signal 
was developed using an EasyBlot ECL kit (Shanghai Sangon 
Biological Engineering Technology & Services Co.,  Ltd., 
Shanghai, China) according to the manufacturer's instruc-
tions. Densitometric measurement of the band intensity was 
performed with Quantity One software, version 4.4.0 (Bio‑Rad 
Laboratories, Inc.).

Statistical analysis. Values were expressed as the mean ± stan-
dard deviation and analysed using SPSS version 19.0, IBM 
SPSS, Inc., Chicago, IL, USA. One‑way analysis of variance was 
performed for the statistical analysis of data using  GraphPad 
Prism 5 software (GraphPad Software, San Diego, CA, USA). 
The Student's t‑test was used to analyze statistical significance. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Effect of naringin on OC, ALP and TG activity in AS mouse 
model. To determine the protective effect of naringin on ossifica-
tion in the AS mouse model, the activity OC, ALP and TG were 
evaluated. OC and ALP activity were found to be decreased, 
while the TG activity was enhanced in the AS mouse compared 
with the control (Fig. 2). Pretreatment with naringin (20, 40 and 
80 mg/kg) markedly altered the OC and ALP activity, and 
reduced the TG activity in the AS mice (Fig. 2).

Figure 1. Chemical structure of naringin.
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Figure 2. Effect of naringin on OC, ALP and TG activity values in AS mouse model. The protective effect of naringin on (A) OC, (B) ALP and (C) TG 
activity values in the AS mouse model. ##P<0.01 vs. control group; *P<0.05 vs. AS group; **P<0.01 vs. AS group. OC, osteocalcin; AS, ankylosing spondylitis 
group; Nar (20), naringin (20 mg/kg)‑treated; Nar (40), naringin (40 mg/kg)‑treated; Nar (80), naringin (80 mg/kg)‑treated; One‑way analysis of variance 
was performed for the statistical analysis of data, the Student’s t‑test was used to analyze statistical significance. ALP, alkaline phosphatase; TG, triglyceride. 

Figure 3. Effect of naringin on inflammatory factors in AS mouse model. The protective effect of naringin on the activity (A) NF‑κB p65 unit, (B) TNF‑α, 
(C) IL‑1β and (D) IL‑6 values in the AS mouse model. ##P<0.01 vs. control group; *P<0.05 vs. AS group; **P<0.01 vs. AS group. NF‑κB p65, nuclear factor‑κB 
p65; AS, ankylosing spondylitis group; Nar (20), naringin (20 mg/kg)‑treated; Nar (40), naringin (40 mg/kg)‑treated; Nar (80), naringin (80 mg/kg)‑treated; 
One way analysis of variance was performed for the statistical analysis of data, the Student’s t‑test was used to analyze statistical significance. TNF‑α, tumor 
necrosis factor‑α; IL, interleukin.

Figure 4. Effect of naringin on oxidative stress markers in AS mouse model. The protective effect of naringin on the concentrations of (A) MDA, (B) SOD, 
(C) CAT and (D) GSH‑PX in the AS mouse model. ##P<0.01 vs. control group; *P<0.05 vs. AS group; **P<0.01 vs. AS group. MDA, malondialdehyde; AS, 
ankylosing spondylitis group; Nar (20), naringin (20 mg/kg)‑treated; Nar (40), naringin (40 mg/kg)‑treated; Nar (80), naringin (80 mg/kg)‑treated; One 
way analysis of variance was performed for the statistical analysis of data, the Student’s t‑test was used to analyze statistical significance. SOD, superoxide 
dismutase; CAT, catalase; GSH‑PX, glutathione peroxidase.
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Effect of naringin on inflammatory factor expression in AS 
model mice. To determined the protective effect of naringin 
against the expression of inflammatory factors in the AS 
mouse model, the activity NF‑κB p65 unit, TNF‑α, IL‑1β and 
IL‑6 values were measured. As shown in Fig. 3, NF‑κB p65 
unit, TNF‑α, IL‑1β and IL‑6 activity values were increased 
in the AS mouse group compared with the control. When 
pretreated with naringin (20, 40 and 80 mg/kg) for 8 days, 
NF‑κB p65 unit, TNF‑α, IL‑1β and IL‑6 activity values were 
notably attenuated in the AS mice (Fig. 3).

Effect of naringin on markers of oxidative stress in AS mouse 
model. To infer the protective effect of naringin on oxidative 
stress of AS mouse model, the activity of MDA, SOD, CAT 
and GSH‑PX were evaluated. In the AS group, the MDA 
activity was elevated, while the SOD, CAT and GSH‑PX 
activities were reduced compared with the control (Fig. 4). The 
MDA, SOD, CAT and GSH‑PX activities were improved by 
treatment with naringin (20, 40 and 80 mg/kg) (Fig. 4).

Effect of naringin on STAT3 protein expression in AS mouse 
model. To elucidate the protective effect of naringin on STAT3, 
STAT3 protein expression of AS mouse was tested using a 
western blot assay. The STAT3 protein expression was induced 
in AS mouse (Fig. 5). However, treatment with naringin (20, 40 
and 80 mg/kg) mitigated this increased expression of STAT3 
protein in AS mouse (Fig. 5).

Protective effect of naringin on JAK2 protein expression in AS 
mouse model. To clarify the involvement the protective effect 
of naringin on JAK2, JAK2 protein expression of AS mouse 

was evaluated. The JAK2 protein expression was induced 
in AS mice; however, treatment with naringin (20, 40 and 
80 mg/kg) decreased this enhanced JAK2 expression (Fig. 6).

Discussion

AS is a chronic inflammatory disease, in which the rheuma-
toid factor is important, and it involves axial bone joints and 
tendon ligament attachment points, and the lesion is finally 
developed into the fibrosis of central joint and ankylosis, 
forming a typical ‘bamboo vertebrae’ (19). The pathogenesis 
of AS is currently unclear; however, its occurrence is associ-
ated with heredity, chronic infections, autoimmune disorders 
and endocrine disorders. The joint changes of AS primarily 
include synovial thickening and infiltration of macrophages, 
lymphocytes and plasma cells, accompanied by joint fibrosis 
and bone ankylosis (20). The primary site of the lesion is the 
region where the ligaments and joint capsule are attached, 
in which the inflammation leads to bone destruction, defects 
and replacement by connective tissue containing lymph and 
plasma cells; the filled and repaired cancellous bone develops 
ligament ossification in eroded bone surface (21).

The present study showed that administration of naringin 
increased OC and ALP activity, while reducing TG activity 
in AS model mice. These results are consistent with those 
of previous studies; for example, Liu  et  al suggested that 
the effects of naringin upregulates osteogenesis in human 
amniotic fluid‑derived stem cells (22). Furthermore, Li et al 
reported that naringin is able to significantly improved ALP 
activity as well as upregulate the expression of type I collagen 
in the osteoblastic cell line MC3T3‑E1 (23). 

Figure 5. Effect of naringin on STAT3 protein expression in AS mouse model. (A) Western blot assay showing STAT3 protein expression and (B) statistical 
analysis of STAT3 protein expression in the AS mouse model. ##P<0.01 vs. control group; *P<0.05 vs. AS group; **P<0.01 vs. AS group. STAT3, signal 
transducer and activator of transcription 3; AS, ankylosing spondylitis group; Nar (20), naringin (20 mg/kg)‑treated; Nar (40), naringin (40 mg/kg)‑treated; 
Nar (80), naringin (80 mg/kg)‑treated. One‑way analysis of variance was performed for the statistical analysis of data, the Student’s t‑test was used to analyze 
statistical significance.

Figure 6. Effect of naringin on JAK2 protein expression in AS mouse model. (A) Western blot assay showing JAK2 protein expression and (B) statistical 
analysis of JAK2 protein expression in the AS mouse model. ##P<0.01 vs. control group; *P<0.05 vs. AS group; **P<0.01 vs. AS group. JAK2, Janus kinase 2; 
AS, ankylosing spondylitis group; Nar (20), naringin (20 mg/kg)‑treated; Nar (40), naringin (40 mg/kg)‑treated; Nar (80), naringin (80 mg/kg)‑treated. 
One‑way analysis of variance was performed for the statistical analysis of data, the Student’s t‑test was used to analyze statistical significance.
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AS is a type of rheumatism characterized by chronic 
inflammation of the axial joint, and may involve the internal 
organs and other tissues (24). Most scholars believe that this 
disease is an autoimmune inflammation reaction caused 
predominantly by genetic factors, in addition to being stimu-
lated by trauma, infection, fatigue and other environmental 
factors  (25‑27). The present results showed that naringin 
attenuates NF‑κB p65 unit, TNF‑α, IL‑1β and IL‑6 activity in 
AS mice. These results are consistent with a previous study in 
which naringin was shown to ameliorate oxidative stress and 
inflammation in mice (28). In addition, it has been suggested 
that naringin may exert anti‑inflammatory effects in the adult 
brain (29). However, the detailed mechanisms underlying the 
anti‑inflammatory effects of naringin in AS mouse remain 
unclear, and further clarification is required in future.

In patients with AS, neutrophils are activated so that 
reactive oxygen species are generated, leading to oxidative 
stress  (9). As a result of the increase in myeloperoxidase 
activity and advanced oxidation protein products in patients, 
the sulfhydryl level is decreased, from which it may be 
inferred that activated neutrophils serve a crucial function in 
the pathogenesis of AS (30). In the blood of patients with active 
AS, MDA levels and catalase activity are increased compared 
with those in control group  (9). This catalase activity is 
positively correlated with erythrocyte sedimentation rate and 
C‑reactive protein levels, and it is believed that the increase 
of catalase activity is a response to increased superoxide 
anion (31). The present results indicated that naringin reduced 
the MDA activity and increased the SOD, CAT and GSH‑PX 
activities of the AS mice. Chen et al indicated that naringin 
had effective protection against paraquat‑induced acute lung 
injury and pulmonary fibrosis through increasing activities of 
SOD, GSH‑PX in mice (32). Cui et al suggested that naringin 
benefited the recovery of traumatic brain injury by reducing 
oxidative and inflammatory alterations in mice (33).

STATs are a group of cytoplasmic protein transcription 
factors, mediating the cytoplasm, which play a key role in 
the signaling of the nucleus (34). It has been reported that 
mutant mice lacking STAT3 are highly sensitive to AS, and 
the concentrations of serum inflammatory cytokines such 
as TNF‑α, IL‑1β and IL‑6 are increased (35). Furthermore, 
macrophages lacking in STAT3 show abnormal activation 
phenotypes, such as increased production of inflammatory 
cytokines in response to endotoxin (36). STAT3 activation 
is crucial for the prevention of chronic inflammation in 
mice (37). The present results showed that naringin inhibited 
the STAT3 protein expression in AS rat. A previous study 
showed that naringin inhibited the development of carra-
geenan‑induced acute lung inflammation via suppression of 
STAT3 (38).

AK2 belongs to Janus kinase family, and the gene is 
located in the short arm of chromosome 9 (9p24), belonging 
to JAK family together with JAK1, JAK3 and TYK2 as 
intracellular protein tyrosine kinase  (39). Under normal 
physiological conditions, JAK2 mediates the signal trans-
duction of a variety of cytokines, including erythropoietin, 
thrombopoietin, granulocyte‑macrophage colony stimulating 
factor and IL‑3, thus regulating and promoting cell prolif-
eration (40). The present study showed that naringin also 
inhibited JAK2 protein expression in AS rat. In addition, 

naringin appeared to exert an anti‑inflammatory effect via the 
suppression of the JAK2/STAT3 signaling pathway.

In summary, naringin exerted notable osteogenic, 
anti‑inflammatory and anti‑oxidative effects, and the mecha-
nism was mediated by the downregulation of the JAK2/STAT3 
signaling pathways in AS mice. Future studies are required to 
investigate the protective effect of naringin against AS.
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