
www.kjpp.net Korean J Physiol Pharmacol 2018;22(4):369-377369

Korean J Physiol Pharmacol 2018;22(4):369-377
https://doi.org/10.4196/kjpp.2018.22.4.369

Author contributions: W.W., B.Y., Y.C. performed the experiments and 
analyzed the data. Y.Z. supervised and coordinated the study. W.W. and Y.Z. 
wrote the manuscript.

This is an Open Access article distributed under the terms 
of the Creative Commons Attribution Non-Commercial 

License, which permits unrestricted non-commercial use, distribution, and 
reproduction in any medium, provided the original work is properly cited.
Copyright © Korean J Physiol Pharmacol, pISSN 1226-4512, eISSN 2093-3827

INTRODUCTION
Spinal tuberculosis (ST), also called Pott’s disease, is caused by 

infections of Mycobacterium tuberculosis (Mtb) at spinal cavi-
ties [1]. ST usually begins with back pain. The progression of the 
disease may lead to the spread of abscess into spinal curds, which 
finally accounts for the spinal collapse, neurologic deficits and 
even paralysis [1-3]. As one of the oldest diseases, the history of 
SP dates back to 3400 BC Egypt [4]. In mid-20th century, SP was 
once nearly eliminated due to the developments of anti-tubercu-
losis agents such as isoniazid, rifampicin and streptomycin [5]. 

However, the prevalence of human acquired immune deficiency 
syndromes (AIDs) and the development of multi-drug resistance 
strains in Mtb have led to the recurrence of tuberculosis especially 
in developing countries [1,5]. Though multi-drug resistances are 
not common in SP, the main problems now are focusing on the 
irreversible bone destructions and neurological deficits caused by 
chronic inflammation [6,7]. According to WHO recommenda-
tions, different combinations of anti-tuberculosis drugs are se-
lected in treating different subtypes and stages of ST [8]. However, 
anti-inflammatory therapies were not involved. Hence, it would 
be important to develop new drugs to relive the chronic inflam-
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ABSTRACT Spinal tuberculosis (ST) is the tuberculosis caused by Mycobacterium tu-
berculosis (Mtb) infections in spinal curds. Isoliquiritigenin (4,2’,4’-trihydroxychalcone, 
ISL) is an anti-inflammatory flavonoid derived from licorice (Glycyrrhiza uralensis), 
a Chinese traditional medicine. In this study, we evaluated the potential of ISL in 
treating ST in New Zealand white rabbit models. In the model, rabbits (n=40) were 
infected with Mtb strain H37Rv or not in their 6th lumbar vertebral bodies. Since the 
day of infection, rabbits were treated with 20 mg/kg and 100 mg/kg of ISL respec-
tively. After 10 weeks of treatments, the adjacent vertebral bone tissues of rabbits 
were analyzed through Hematoxylin-Eosin staining. The relative expression of Mono-
cyte chemoattractant protein-1 (MCP-1/CCL2), transcription factor κB (NF-κB) p65 in 
lymphocytes were verified through reverse transcription quantitative real-time PCR 
(RT-qPCR), western blotting and enzyme-linked immunosorbent assays (ELISA). The 
serum level of interleukin (IL)-2, IL-4, IL-10 and interferon γ (IFN-γ) were evaluated 
through ELISA. The effects of ISL on the phosphorylation of IκBα, IKKα/β and p65 in 
NF-κB signaling pathways were assessed through western blotting. In the results, 
ISL has been shown to effectively attenuate the granulation inside adjacent verte-
bral tissues. The relative level of MCP-1, p65 and IL-4 and IL-10 were retrieved. NF-κB 
signaling was inhibited, in which the phosphorylation of p65, IκBα and IKKα/β were 
suppressed whereas the level of IκBα were elevated. In conclusion, ISL might be an 
effective drug that inhibited the formation of granulomas through downregulating 
MCP-1, NF-κB, IL-4 and IL-10 in treating ST.
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mation in ST patients. 
One hallmark of TB is the formation of granulomas, which are 

aggregates of a series of well-organized immune cells mainly mac-
rophages and lymphocytes enclosing the stimulus that cannot be 
absorbed [9]. Granulomas was once been considered a protective 
structure in eradicating Mtb, however, recent studies have dem-
onstrated that granulomas are important for the dissemination of 
pathogens [9-11]. Mtb can survive for decades inside granulomas, 
which is one of the major causes of clinical latency and the recur-
rence of the disease [12]. 

The formation of granulomas begins with the elevated secre-
tion of chemokines and pro-inflammatory cytokines [13]. Mono-
cyte chemoattractant protein-1 (MCP-1/CCL2) is one of the most 
studied chemokines of C-C chemokine family. The secretion of 
MCP-1 is involved in the recruitment and activation of mono-
cytes and T-lymphocytes during the formation of granulomas 
[14]. Nuclear factor κB (NF-κB) is a multifunctional transcription 
factor controlling the expression of multiple pro-inflammatory 
cytokines and chemokines. Hence, it is the central signaling path-
way in inflammatory responses. Researches have demonstrated 
that the polymorphism of MCP-1 determined the susceptibility 
to TB [15]. Tumor necrosis factor (TNF), the activator of NF-κB, 
has been shown essential in restricting the growth of bacteria in 
granulomas [12,16,17]. In previous study, the expression of MCP-
1 and NF-κB are both upregulated in New Zealand rabbits carry-
ing ST [18]. Hence, both of the proteins can be important targets 
in attenuating the inflammatory effects in ST.

Isoliquiritigenin (4,2’,4’-trihydroxychalcone, ISL) is a flavonoid 
isolated from the roots of licorice (Glycyrrhiza uralensis), which 
has long been used as a Chinese traditional medicine. The anti-
inflammatory effects of ISL have been widely demonstrated in 
previous researches [19-21]. In apolipoprotein E-deficient mice 
models, 20 mg/kg and 100 mg/kg of ISL have been shown ef-
fective in attenuating the expression of MCP-1 and pro-inflam-
matory cytokines such as IL-6, TNF-α [22]. In another study, 
both MCP-1 and NF-κB were inhibited by ISL in adipose tissue 
inflammation [21]. We therefore hypothesized that ISL might be a 
potential drug in attenuating the granulomas formation through 
downregulating the expression of MCP-1 and NF-κB. In present 
study, New Zealand white rabbits were infected with Mtb at spine 
and were treated with ISL. The relative expression levels of MCP-1 
and NF-κB and the serum levels of inflammatory cytokines were 
evaluated. We demonstrated that ISL might be an effective agent 
in attenuating the chronic inflammatory symptoms in ST. 

METHODS

Cell lines

H37Rv standard strain was obtained from Fifth Hospital of 
Harbin, China, and was cultured on Roche culture medium (Ji-

nan Cell Biology, Shandong, China) for two weeks. Colonies with 
good growth were picked out and dissolved in sterilized normal 
saline. The final concentration of H37Rv was 1 mg/ml.

Reagents

ISL (Purity: 98.26%) was purchased from Shaanxi Green Bio-
Engineering Co., Ltd. (Xi’an, China), and it was dissolved in 0.5% 
sodium carboxymethyl cellulose (Sigma Aldrich, St. Louis, MO, 
USA).

ST in New Zeland white rabbit model

New Zealand white rabbits (3-4 weeks; 3.25±0.25 kg) were 
randomly divided into 4 groups: infection groups (n=30, includ-
ing Spinal tuberculosis experimental group, Spinal tuberculosis 
experimental with 20 mg/kg ISL treated group, Spinal tuber-
culosis experimental with 100 mg/kg ISL treated group, n=10 
in each group) and control group (n=10). All of the rabbits were 
anesthetized with 2% barbital sodium indodine (20 mg/kg; Sigma 
Aldrich), and holes were drilled on the 6th lumbar vertebras of 
rabbits. Gelfoam sponges socked in 0.1 ml H37Rv suspension 
or normal saline were placed into the perforations of these rab-
bits. After suturing the incisions, these rabbits were fed alone 
and 20 mg/kg ISL, 100 mg/kg ISL or normal saline were injected 
into these rabbits through auricular vein everyday according the 
groups they belong. The treatment continued for 10 weeks, and 
tissues surrounding the 5-7 lumbar vertebral bones were dissect-
ed for Hematoxylin-Eosin (HE, Sigma Aldrich) staining and pe-
ripheral venous bloods were collected for later analyses. All of the 
experiments were approved by Ethics Committee of Institutional 
Animal Care and Use Committee at National Defense Medical 
Center.

Western blotting

Lymphocytes inside the blood from rabbits were isolated 
through lymphocytes separation medium (Mediatech, Manassas, 
USA). The isolated lymphocytes were sonicated and centrifuged. 
Proteins in the supernatants of cell lysates were separated by 12% 
polyacrylamide gel electrophoresis. After SDS-PAGE, the isolated 
proteins were transferred onto polyvinylidene fluoride mem-
branes (Sigma). The membranes were then washed twice with 
cold Tris-buffered saline (TBS) buffer and blocked by 3% BSA. 
The blocked membranes were then incubated with any of anti-
MCP-1, anti-p65, anti-P-p65, anti-IκBα, anti-P-IκBα, anti-IKKα/
β, anti-P-IKKα/β or anti-β-actin primary antibodies (Abcam, 
Cambridge, MA, USA) diluted in the ratio of 1:1,000 for 2 h, in 
which antibody of β-actin was used as internal control. The pri-
mary antibodies were then washed with cold PBS buffer and were 
again incubated with HRP-conjugated secondary antibody (Ab-
cam) diluted in the ratio of 1: 10,000 for 2 h. The signals on the 
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membrane were then reacted with enhanced chemiluminescence 
(ECL, Thermo fisher scientific, Waltham, MA, USA) substrate for 
1 min at room temperature. The signals on the membrane were 
detected through charge-coupled device (CCD, Thermo fisher 
scientific, USA) digital imaging. All of the experiments were trip-
licated.

Enzyme-linked immunosorbent assay (ELISA) 

To determine the concentration of pro-inflammatory cyto-
kines in serum or the relative expressions of proteins inside lym-
phocytes, the serums or supernatants of lymphocyte lysates were 
serial diluted and 3 dilutions were loaded into each well of 96 well 
plates. Five dilutions of standard samples (50 μL, Shenzhen Jing-
mei Biological Engineering Co., Ltd., China) of desired proteins 
were loaded as control. The plates were then washed by TBS buf-
fer, dried and then blocked by 3% BSA. Primary antibodies (100 
μL) previously used in western blotting or antibodies of IFN-γ, 
IL-2, IL-4 and IL-10 (Abcam) were added into plates. After 1 h of 
incubation, the plates were washed and again incubated with 100 
μL HRP conjugate secondary antibodies. The plates were then 
washed twice with TBS buffer and dried. Chromogenic substrates 
(100 μL, Thermo fisher scientific) were then added the plates and 
reacted for 30 min at room temperature in dark. Stop solution 
(100 μL, Thermo fisher scientific) were then added into each well, 
and the absorbance detected using Varioskan LUX Multimode 
Microplate Reader (Thermo fisher scientific) at the wave lengths 
of 450 nm and 550 nm. The absorbencies were normalized based 
on the data of standard samples. All of the experiments were re-
peated three times.

Real-time quantitative reverse transcription 
polymerase chain reaction (RT-qPCR)

The relative expression of MCP-1 and p65 in lymphocytes 
were investigated through RT-qPCR. The mRNAs in cell lysates 
of lymphocytes were reverse transcribed into first line cDNA 
using Quant Reverse Transcriptase (Tiangen biotech, Beijing, 
China). The cDNAs then processed quantitative PCR using Fast-
Fire qPCR PreMix (Probe; Tiangen) in ABI7500 Real-time PCR 
(Thermo fisher scientific) system. The expression of β-actin was 
determined as internal control. Primers were designed for the 
qRT-PCR (Table 1). The relative expression of these mRNAs was 
normalized to the expressions in control group. All of the experi-
ments were triplicated.

Statistical analyses

All of the data were analyzed through SPSS 22.0 system (IBM, 
Armonk, NY, USA), and presented as mean±standard deviation 
(SD). The differences between two groups of data were analyzed 
through student T tests and single factor variance analysis (ANO-

VA). Chi-square test was used to analyze data shown in percent-
age. p<0.05 can be considered statistical significant. 

RESULTS

Isoliquiritigenin attenuated the formation of the 
granulomatous inflammation with Langhans giant 
cells surrounding the caseous necrosis

To understand the effects of isoliquiritigenin in relieving the 
inflammatory symptoms in SP, 40 rabbits were divided into four 
groups. Among the 40 rabbits, 30 of them were infected with 
H37Rv cells from M. tuberculosis strain, and another 10 rabbits 
without infection were leaved as control group. Since the day of 
infection, 20 mg/kg, 100 mg/kg of ISL or placebo were injected to 
rabbits everyday through auricular vein according to the experi-
mental groups they belonged. After 10 week of treatments, all of 
the rabbits were anesthetized and tissues from adjacent vertebral 
bone tissues were dissected, HE stained and analyzed. Compar-
ing to the specimens from the control group, tissues from the rab-
bits with ST were darker and contained plenty of granulomatous, 
in which caseous necrosis was surrounded by Langhans giant 
cells (Figs. 1A and B). The treatment of 20 mg/kg ISL was effective 
enough to decrease the formation of granulomatous, whereas 100 
mg/kg of ISL retrieve the tissues to the state similar to the features 
in healthy tissues (Figs. 1C and D).

ISL inhibited the expression of MCP-1 and NF-κB

One way to present the degree of inflammation is to analyze 
the expression of biomarkers of inflammation, which in our ex-
periments were MCP-1 and NF-κB. We firstly investigated their 
relative expressions of mRNAs using RT-qPCR. The expressions 
of both proteins were raised in ST groups, and were inhibited 
under the treatments of ISL (Fig. 2A, F=37.55, p<0.05; F=101.33, 
p<0.05, respectively for MCP-1 and p65). We then analyzed the 
expression of MCP-1 and NF-κB at protein level through western 
blotting and ELISA (Figs. 2B and C; F=43.78, p<0.05; F=62.11, 
p<0.05, respectively for MCP-1 and p65). The effects in decreas-
ing the expression of MCP-1 and p65 were not significant in 20 

Table 1. Primer sequences used for real-time PCR

Gene Primer Sequences (5’-3’)

P65 Forward ACATC CATGC GGAGA ACGAG GAG
Reverse AGTGC TGCGA GTGAG TCAAG AGG

Mcp-1 Forward AGGTG TAAAG GCAGG TGTGG T
Reverse AGCAG AGTGG GTGGA TTCTT C

Gapdh Forward CGCCT GGAGA AAGCT GCTA 
Reverse ACGAC CTGGT CCTCG GTGTA
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mg/kg ISL treated group. However, its efficacy increased mark-
edly when the dosage of ISL raised to 100 mg/kg (Figs. 2B and 
D; F=17.94, p<0.05; F=52.73, p<0.05, respectively for MCP-1 and 
p65). It was obvious that the expressions of both proteins were 
relatively low (around 200 pg/ml) in healthy tissues, and the Mtb 
infection raised their expression to almost 2 to 3 times when 
compared with the original protein level in infected groups (Fig. 2 

D, p<0.05).

ISL suppressed the secretion of pro-inflammatory 
cytokines

Pro-inflammatory cytokines are important proteins involved 
in innate and acquired immune responses. We examined the 

Fig. 1. Hematoxylin-eosin staining of adjacent vertebral bone tissues of rabbits. (A) Sham operated control group. (B) Spinal tuberculosis experi-
mental group. (C) Spinal tuberculosis experimental with 20 mg/kg Isoliquiritigenin treatment. (D) Spinal tuberculosis experimental with 100 mg/kg 
Isoliquiritigenin treatment. Arrow: the granulomatous inflammation with Langhans giant cells surrounding the caseous necrosis.

Fig. 2. The effect of ISL on the expres-
sion of monocyte chemotactic protein 
1 (MCP-1) and nuclear factor kappa 
B (NF-κB) in lymphocytes. (A) Relative 
mRNA expression of monocyte chemo-
tactic protein 1 (MCP-1) and nuclear fac-
tor kappa B (NF-κB), (B) protein expres-
sions of MCP-1 and NF-κB detected by 
ELISA, (C) Western blotting of the protein 
expressions of MCP-1 and NF-κB, (D) Pro
tein expressions of MCP-1 and NF-κB. 
*p<0.05 compared to the sham control 
groups, #p<0.05 compared to spinal 
tuberculosis experimental group (n=10). 
Control, sham operated control group; 
ST, Spinal tuberculosis experimental 
group; 20 mg/kg, Spinal tuberculosis ex-
perimental with 20 mg/kg ISL treatment; 
100 mg/kg, Spinal tuberculosis experi-
mental with 100 mg/kg ISL treatment.
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serum level of pro-inflammatory cytokines interferon γ (IFN-γ), 
interleukin-2 (IL-2), IL-4 and IL-10 by ELISA. In general, Mtb 
infection induced the secretion of all of these cytokines except 
IL-2 in experimental groups in comparison with them of control 
group (Fig. 3, all p<0.05, F=58.19, F=9.67, F=26.34 and F=42.13, 
respectively for IFN-γ, IL-2, IL-4 and IL-10). The treatment of 20 
mg/kg of ISL slightly inhibited the serum level of IL-4 and IL-10 
when compared with the ST rabbits, However, they were mostly 
suppressed in ST rabbits treated with 100 mg/kg of ISL. The func-
tion of ISL on IFN-γ and IL-2 cannot be determined since little 
differences can be discovered when comparing their expression 
in ISL groups with control group or ST group.

ISL inhibited the phosphorylation and promoted the 
expression of IκBα

We then investigated the role of NF-κB signaling pathways in 
the treatment of ISL. IκBα is an important biomarker involved 
in the inhibition of NF-κB transcription factors. The existence of 
IκBα and P-IκBα were evaluated through western blotting. The 
concentrations of IκBα were significantly decreased in the ST 
group, whereas the concentrations of P-IκBα were increased (Fig. 
4A). The effects of 20 mg/kg of ISL were not significant enough 
to be shown on the results of western blot of both proteins. How-
ever, the treatments of 100 mg/kg of ISL markedly recovered the 
expressions of IκBα and decreased the concentrations of P-IκBα 
to the level similar to healthy tissues. The relative expressions of 
IκBα and P-IκBα were further quantified by ELISA, which were 
consistent with the results from western blotting. The treatment 
of 100 mg/kg of ISL was effective enough to reverse the expres-
sion of IκBα and P-IκBα towards the levels of the control group 

(Fig. 4B, F=17.27 p<0.05; Fig. 4C, F=50.04, p<0.05). The functions 
of 20 mf/kg ISL were not significant when comparing with the ST 
group (p<0.05).

ISL inhibited the modulators involved in NF-κB 
signaling pathways

We then verified other modulators involved in NF-κB sig-
naling pathways including IKKα/β, P-IKKα/β and P-p65 inside 
adjuvant vertebral tissues through western blotting and ELISA 
(Fig. 5). From the results of western blotting, the existences of 
IKKα/β were not influenced significantly in different groups of 

Fig. 3. The effect of ISL on serum levels of IFN-γ, IL-2, IL-4 and IL-
10 detected by ELISA. *p<0.05 compared to the sham control groups, 
#p<0.05 compared to spinal tuberculosis experimental group (n=10). 
Control, sham operated control group; ST, Spinal tuberculosis experi-
mental group; 20 mg/kg, Spinal tuberculosis experimental with 20 mg/
kg ISL treatment; 100 mg/kg, Spinal tuberculosis experimental with 100 
mg/kg ISL treatment.

Fig. 4. The effect of ILG on degradation and phosphorylation of IκBα. (A) Western blotting of the protein expressions of IκBα and P-IκBα in lym-
phocytes, (B) IκBα/β-actin relative expression level, (C) P-IκBα/β-actin relative expression level. *p<0.05 compared to the sham control groups, #p<0.05 
compared to spinal tuberculosis experimental group (n=10). Control: sham operated control group, ST: Spinal tuberculosis experimental group, 20 
mg/kg: Spinal tuberculosis experimental with 20 mg/kg ISL treatment, 100 mg/kg: Spinal tuberculosis experimental with 100 mg/kg ISL treatment.
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treatments (Fig. 5A). The phosphorylation levels of IKKα/β and 
p65 were increased in ST group and 20 mg/kg ISL treated groups, 
and were decreased to concentrations similar to healthy rabbits in 
100 mg/ml ISL treated group. The relative expression of P-IKKα/β 
and P-p65 were further verified through ELISA analysis, in which 
the expression of both of the proteins were elevated more than 
two times after the ST infection (Fig. 5B, F=32.23, p<0.05; Fig. 5C, 
F=75.77, p<0.05). The treatment of 20 mg/kg of ISL decreased the 
concentration of P-p65, however, its effect in regulating P-IKKα/
β was not significant (p<0.05). In 100 mg/kg group, the expres-
sion of both of the proteins were markedly inhibited, and even the 
differences between the concentrations of P-IKKα/β in control 
group and 100 mg/kg group was not significant (p<0.05).

DISCUSSION
ST is the most occurred non-pulmonary tuberculosis in China, 

which account for more than 50% of total cases [18]. The pro-
gression of disease could finally lead to spinal deformity, neural 
dissects and even paraplegia, which are irreversible damages not 
directly caused by the Mtb infection but prolonged inflamma-
tory responses surrounding the infected tissues [1]. Researches 
have demonstrated the antimicrobial potential of ISL and its ana-
logues in H37Rv, H37Ra and RV0636 Mtb strains [23-25]. The anti-
inflammatory effects of ISL has been shown in apolipoprotein E-
deficient mouse models, 20 mg/kg and 100 mg/kg of which were 
effective in attenuating Atherogenesis [22]. In this research, we 
meant to investigate the efficacy of ISL in treating tuberculosis in 
vivo. In most cases mouse models are effective enough in study-

ing human disease, however, granulomas with caseous necrosis 
are rarely formed in TB rats [26]. Hence, mouth models are rarely 
employed in ST researches. On the contrary, the pathology of 
TB in rabbits were similar to human symptoms, in which latent 
TB can be reactivated when immune balances are broken [26]. 
Thereby, the New Zealand white rabbits were employed in evalu-
ating the function of ISL in the dosage of 20 mg/kg and 100 mg/
kg in treating ST.

Granulomas are characterized by the accumulation of differ-
entially differentiated macrophages, including Langhans giant 
cells, epithelioid cells and foam cells [3,13]. The formation of mul-
tinucleated Lanhans giant cells through the infusion of multiple 
macrophages is special to the granulomas formed in TB patients 
[3]. The continuous aggregation of immune cells leads to the 
formation caseous necrosis in the center of granulomas and sub-
sequently liquefaction of the necrosis tissues, which finally lead to 
irreversible damages [27]. Hence it is crucial to inhibit the forma-
tion of granulomas in treating ST. In our results the continuous 
treatments of 100 mg/kg ISL were effective enough in suppressing 
the formation of granulomas. Experiments have shown that ISL 
inhibit carmine contents inside granulomas through its anti-tube 
formation effects in 1995 [28]. The anti-angiogenesis effects of 
ISL have also been demonstrated in breast cancer cells and ocular 
angiogenesis models [29,30]. However, studies investigating the 
mechanisms of the anti-angiogenesis effects of ISL are still lim-
ited.

The first step to the granulation is the elevated secretion of pro-
inflammatory cytokines and chemokines at the site of infection 
[10]. MCP-1 is one of the most basic chemokines, the deletion 
of which could delay the monocyte recruitments for 72 h [31]. 

Fig. 5. The effect of ISL on phosphorylation of the nuclear translocation of NF-κB subunit p65 and IKKα/β in lymphocytes. (A) phosphoryla-
tion of the protein expressions of p65 and IKKα/β detected by western blotting, (B) P-p65/β-actin relative expression level, (C) IKKα/β/β-actin relative 
expression level. *p<0.05 compared to the sham control groups, #p<0.05 compared to spinal tuberculosis experimental group (n=10). Control, Sham 
operated control group; ST, Spinal tuberculosis experimental group; 20 mg/kg, Spinal tuberculosis experimental with 20 mg/kg ISL treatment; 100 
mg/kg, Spinal tuberculosis experimental with 100 mg/kg ISL treatment.
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Also, the polymorphism of MCP-1 has been shown influenced 
the susceptibities of patients to Mtb to up to 6.8 times through 
controlling the expression of IL-12p40 [15,32]. In our previous 
study, the relative expression of MCP-1 was upregulated after Mtb 
infection in New Zealand rabbit models [17]. Hence, MCP-1 can 
be a potent target in treating ST. ISL has been shown to inhibit 
the mRNA expression of MCP-1 in macrophages in atherogenesis 
and in adipose tissue inflammation [21,22]. In present research, 
we further demonstrated that 100 mg/kg of ISL injections were 
effective enough to suppress the expression of MCP-1 to the level 
similar to healthy rabbits.

In previous research, the expression of NF-κB subtype p65 has 
been shown elevated in lymphocytes in New Zealand white rab-
bits with ST [18]. NF-κB is potent in inflammatory responses in 
most diseases, however, the overexpression of it might be deleteri-
ous. According to the result of a mathematical modeling among 
the dosage of NF-κB inside cells, sufficient amount of NF-κB is 
efficient to kill bacteria, whereas the higher level of it might lead 
to the aggregation of higher amount of uninfected macrophages, 
which subsequently promote granulation [33]. In another study, 
the inhibition of NF-κB even suppressed the Mtb survival in hu-
man macrophages through promoting apoptosis and autophagy 
of infected cells [34]. ISL has been shown anti-osteoclastogenic 
functions through suppressing NF-κB expression and transloca-
tion in both RAW 264.7 macrophages and in mouth models [35]. 
In another experiment, p65 was notably inhibited by ISL in LPS 
induced macrophages [36]. In our results, the Mtb induced p65 
expressions were markedly inhibited by 100 mg/kg of ISL. Hence, 
ISL probably inhibited the excessive inflammation during granu-
lation

We further demonstrated that ISL suppressed the signaling of 
NF-Κb in ST rabbits, in which the relative expression of the IκBα 
were downregulated, whereas the phosphorylation of its up-
stream regulator IKKα/β were elevated. The effects of ISL to NF-
κB signaling have been reported in RAW264.7 macrophages and 
psoriasis mouse models [20,37]. The function of ISL in suppress-
ing the expression of NF-κB is not strange. Actually, it has been 
demonstrated inhibiting IKK through binding to the cysteine 46 
of the protein [38]. 

ISL has been shown inhibiting NF-κB and its downstream pro-
inflammatory cytokines such as IL-6 and IL-8 in various psoria-
sis models [37]. In this research, the serum level of IL-4 and IL-10 
were significantly suppressed by ISL, however, its function to IL-2 
and IFN-γ was limited. IL-4 is involved in the activation of type 2 
T helper (Th2) cells. In mouse models, IL-4 has been shown high-
ly expressed during the progressive phase of TB [39]. However, 
the researches among the regulatory effects of ISL to IL-4 are still 
limited. IL-10, also called inhibitors of cytokine synthesis, is ca-
pable of inhibiting the activation of Th1 cells [40]. In pulmonary 
tuberculosis, IL-10 is upregulated and the neutralization of which 
could promoted the proliferation of T lymphocytes [41]. The inhi-
bition of IL-10 by ISL has been demonstrated in M2 macrophages 

during the development of colorectal cancer [42]. IFN-γ is an 
important pro-inflammatory cytokine involved in the activation 
of macrophages in TB In previous experiments, the higher level 
of INF-γ is related to the poor outcomes in ST patients [43]. IL-2 
is another cytokine promoting the activation, proliferation and 
differentiation most immune cells in response to antigenic activa-
tion [44]. All of the four cytokines are controlled by the NF-κB 
transcription factor. However, the treatment of ISL to the serum 
level of IFN-γ and IL-2 were not significant enough. In psoriasis 
models the treatment of ISL also did not influenced the serum 
level of IL-2 [37]. Hence further experiments are necessary in 
understanding how the expression of cytokines are influenced by 
the treatment of ISL in treating ST.

In conclusion, in this research we investigated the potential of 
Isoliquiritigenin as a novel drug in treating spinal tuberculosis. 
We demonstrated that 100 mg/kg of LSP was effetive enough 
in supressing the formation of granulomas, which is probably 
caused by inhibiting the expression of MCP-1 and NF-kB, and 
the inhibition of IL-10 and IL-4 anti-inflammatory cytokines. 
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