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Abstract: Septic acute kidney injury (AKI) characterized as acute infection and renal inflammation, still lacks of 
effective therapies. Isoliquiritigenin (ISL) as a small molecular from licorice, is able to inhibit the expression of 
HMGB1. However, the role and mechanism of ISL in septic AKI has not been investigated. In this study, we used 
LPS injection to induce murine septic AKI. One hour before LPS injection, 50 mg/kg ISL was once orally given to 
the mice. For the in vitro study, HK2 human tubular cells were respectively treated with 50 μM and 100 μM ISL 5 
hrs before 2 μg/ml LPS stimulation. Then we observed that ISL ameliorated renal dysfunction and attenuated renal 
tubular injury. ISL inhibited the phosphorylation of IκB-α and NF-κB p65 after LPS induction both in vivo and in vitro. 
ISL also inhibited NF-κB p65 translocation from cytoplasm to the nucleus upon LPS stimulation. Further, NF-κB p65 
translocation could trigger macrophage polarization, neutrophil activation and pro-inflammatory cytokines secretion 
in LPS-induced inflammation. These results showed that ISL could alleviate LPS-induced AKI by suppressing NF-κB 
p65 translocation and inhibiting inflammatory responses, indicating protective effects of ISL in LPS-induced acute 
renal inflammation. This study might be useful for designing potential clinical trials to prevent and treat sepsis in-
duced AKI in patients with serious illness.
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Introduction

Sepsis, as a life-threatening organ dysfunction, 
can induce acute kidney injury (AKI) and cause 
the mortality of patients in the intensive care 
unit [1]. However, due to the undefined patho-
physiological mechanism of AKI in sepsis [2, 3], 
there is still a lack of preventive therapy in early 
stage.

Isoliquiritigenin (ISL), isolated from the roots of 
licorice, is one of the flavonoid components 
from licorice (Figure 1A) [4, 5]. Licorice is a 
well-known Chinese traditional herb used for 
centuries. Among 300 kinds of flavonoids from 
licorice, ISL was considered to be a potent can-
didate with anti-inflammatory and immunomod-
ulatory effect on the digestive system and car-
diovascular system [4-7]. Recent studies re- 
ported that ISL could activate PPAR-γ [8] and 

inhibit Nuclear factor κ light chain enhancer of 
activated B cells (NF-κB) pathway [9] to protect 
the lung organ against acute pulmonary injury. 
It is also thought to be a potent Nrf2 inducer 
[10, 11]. These studies indicate ISL has anti-
oxidant and anti-inflammatory effects on major 
organs. Unfortunately, the role of ISL in sepsis 
induced AKI is still unknown. 

High mobility group protein-1 (HMGB-1), belong-
ing to high mobility protein group, contains 
HMG-box domain to regulate cellular inflamma-
tory response [12, 13]. It specifically binds to 
Toll like receptor-4 (TLR-4) and then stimulates 
NF-κB to induce the secretion of pro-inflamma-
tory cytokine [14]. TNF-α dependent secretion 
of HMGB-1 could be induced by HDAC activa-
tion in systemic inflammation and multiple 
organ failure during AKI [15]. ISL was reported 
to reduce the secretion of HMGB-1 activated  
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by HDAC against inflammatory bowel disease 
[16]. Though HMGB-1 could be considered as a  
novel biomarker for AKI [17], due to a lack of  
early effective therapy about HMGB-1 for AKI 
patients, the role and mechanism of ISL upon 
HMGB-1 in septic AKI still need to be further 
elucidated. In our study, we explored the pro-
tective role of ISL in LPS-induced AKI, associ-
ated with its interference to innate immune and 
inflammation. This finding might be useful for 
designing potential clinical trials to prevent and 
treat sepsis induced AKI in critically ill patients. 

Material and methods

Chemicals and reagents

Isoliquiritigenin was purchased from Med- 
ChemExpress, USA (10208, MCE, USA) (Figure 

1A). Escherichia coli O111:B4 LPS was pur-
chased from Sigma-Aldrich (L4130, Sigma, 
USA).

Cell culture and treatment

The human kidney proximal tubular cell line HK2 
was obtained from the American Type Culture 
Collection. According to the manufacturer’s 
instructions, cells was cultured in DME/F-12 
(SH30023.01, HyClone, USA), supplemented 
with 10% FBS (Gibco, Life Technologies, Lofer, 
Austria), 100 units/ml penicillin and 100 units/
ml streptomycin (1705694, HyClone) at 37°C in 
a humidified atmosphere condition of 95% air 
and 5% carbon dioxide. Cells were divided into 
6 groups. They were control, ISL 50 (50 μM), 
ISL 100 (100 μM), LPS (2 μg/ml), LPS plus ISL 
50 (50 μM) and LPS plus ISL 100 (100 μM). ISL 

Figure 1. ISL ameliorated LPS-induced AKI renal dysfunction in mouse model. A. The formula of Isoliquiritigenin 
(ISL). B and C. LPS increased the CREA and BUN which represent serious kidney inflammation. ISL can decrease 
CREA and BUN to protect renal function. The level of CREA and BUN was measured by assay kit. D. Histological 
changes were assessed using HE and PAS staining. LPS treatment induced severe renal pathological lesions com-
pared to normal control mice. In contrast, ISL treatment reduced the pathological features in murine kidney (mag-
nification, ×400); *P < 0.05 vs. the LPS group, ***P < 0.001 vs. the LPS group, ###P < 0.001 vs. the Ctrl group. 
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were respectively treated with two concentra-
tions (50 μM/100 μM) for 5 hrs. And then 
induced the cells with 2 μg/ml LPS.

Animals and LPS-induced AKI model

Male, six to eight-week-old C57BL/6 mice were 
provided by Experimental Animal Center of 
Sichuan Provincial People’s Hospital. Mice were 
treated with a standard laboratory diet. LPS 
was dissolved into normal saline. And ISL was 
dissolved into 0.5% Tween-20/saline. All the 
mice were randomly divided into four groups 
(n=10): control, ISL, LPS and ISL plus LPS 
group. LPS was i.p. injected at a dosage of 10 
mg/kg. For ISL treatment, 50 mg/kg ISL was 
given to the mice via gavage before LPS injec-
tion. Mice were sacrificed at 8th hr after LPS 
injection. At the same time, the kidney and 
serum samples were collected.

Renal function assessment

Blood samples were collected when mice were 
sacrificed. Serum was separated by 3,000 rpm 
for 5 min at 4°C. Blood urea nitrogen (BUN) and 
serum creatinine (CREA) were detected by BUN 
Assay Kit (C013-2, Jiancheng, Nanjing, China) 
and Creatinine Assay Kit (C011-2, Jiancheng, 
Nanjing, China). 

Renal morphological changes

The kidney samples harvested from mice were 
fixed in formalin at least for 24 hrs and then 
embedded in paraffin after dehydrated. Two-
micrometer sections were respectively stained 
by PAS staining and Hematoxylin and eosin (HE) 
staining. The images were captured with micro-
scope under 400×.

Quantitative real-time PCR

The total RNA of HK2 cells and kidney issue 
were isolated with TRIzol reagent (15596026, 
Thermo, USA). RNA was reverse-transcribed 
with the PrimeScript RT reagent kit (#RR037A, 
TaKaRa, Japan) following the manufacturer’s 
instruction. The analysis of gene expression 
was performed by the 7500 Fast Real Time 
PCR System (Applied Biosystems, Foster City, 

by 40 cycles of 5 s at 95°C, 30 s at 55°C and 
30 s at 72°C. The changes of mRNA levels were 
normalized by the levels of the control (GAPDH). 
The information of primers is listed in Table 1.

Western blot

The total proteins of kidney tissue and HK2 cells 
was lysed by a RIPA lysis buffer (#P0013B, 
Beyotime, Shanghai, China). The nuclear pro-
tein and cytoplasmic protein were obtained by 
the Nuclear and Cytoplasmic Protein Extraction 
kit (CW0199s, CWBIO, China). Proteins were 
loaded onto SDS-PAGE and transferred to poly-
vinylidene difluoride membranes (R7CA6580A, 
Thermo Fisher Scientific, USA). The membranes 
were blotted with NF-κB p65 (1:1000, 66418-
1-lg, Proteintech, China), phosphorylated NF-κB 
pp65 (1:1000, ab86299, abcam, USA), IκB-α 
(1:1000, 380682, Zen BioScience, China), 
p-IκB (1:1000, ab133462, abcam), HMGB-1 
(1:1000, ab18256, abcam), PCNA (1:1000, 
10205-2-AP, Proteintech). And then, the mem-
branes were respectively incubated with HRP 
labeled goat anti-rabbit IgG (1:5000, 511203, 
Zen BioScience) and, HRP labeled goat anti-
mouse IgG (1:5000, 511103, Zen BioScience). 
The bands were detected with enhanced che-
miluminescence (1701102, MILLIPORE, USA). 
The total protein levels were normalized by 
β-actin (1:5000, HRP-60008, Proteintech). The 
nuclear protein was normalized by PCNA 
(1:1000, 10205-2-AP, Proteintech).

Immunohistochemistry

Renal tissues were from the formalin-fixed, par-
affin-embedded, and cut into 2 μm. The tissues 
were subjected to immunohistochemical stain-
ing for CD68 (1:200, abcam, ab955), CD206 (1 
µg/ml, ab64693, abcam), iNOS (1:100, abcam, 
ab15323), MPO (1:50, ab9535, abcam) and 
HMGB1 (1:400, ab18256, abcam). The process 
was conducted in strict accordance with the kit 
protocol. 

Statistical analysis

The results were shown as normal controls ± 
SD. Statistical analyses were performed by 
one-way ANOVA and post hoc test using Graph 

Table 1. Primers of RT-PCR analysis (5’→3’)
Gene Forward Primer Reverse Primer
GAPDH AGGCACCAAGATACTTACAAAAAC GGTGGTGAACTTGTTTTGCGA
IL-6 CACTTCACAAGTCGGAGGCT TCTGACAGTGCATCATCGCT

CA, USA) with SYBR Premix EX 
TaqTM II (RR820, TaKaRa). The 
reaction volume was 20 μl which 
contained 0.8 μmol/L primers, and 
2 μL of template cDNA. Thermal 
cycling was 30 s at 95°C, followed 
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Pad Prism 5 software for comparison between 
groups. Newman-Keuls multiple comparison 
test was used to compare differences. P < 0.05 
indicated statistically significant. 

Result

ISL ameliorated renal dysfunction in LPS-
induced AKI murine model

To observe the therapeutic effect of ISL on 
renal function against LPS-induced AKI in vivo, 
mice were divided randomly into control, ISL, 
LPS and LPS plus ISL groups (n=10). Blood 
urea nitrogen (BUN) and serum creatinine 
(CREA) were detected after mice were sacri-
ficed. LPS increased the levels of CREA and 
BUN (Figure 1B and 1C). The mice in LPS plus 
ISL group had reduced levels of CREA and BUN 

(Figure 1B and 1C). In addition, HE staining and 
PAS staining both showed that LPS led to 
severe histological injury particularly in terms of 
moderate/severe degree to tubular necrosis, 
compare to that of normal control group. In con-
trast, ISL treatment ameliorated the injury of 
renal tubular epithelial cells, and reduced the 
injury degree to mild. Moreover, ISL had no 
effect to normal mice (Figure 1D). It indicated 
that ISL significantly ameliorated LPS-induced 
renal function. 

ISL inhibited the secretion of inflammatory fac-
tors, macrophage polarization and neutrophil 
activation

We determined these factors related to macro-
phage polarization and neutrophil activation 
upon inflammatory response of septic AKI by 

Figure 2. ISL inhibited M1 macrophage polarization and neutrophil activation while stimulated M2 macrophage 
polarization. The expression of CD68, CD206, iNOS, MPO was determined by immunohistochemistry in four animal 
groups. LPS increased the expression of CD68, iNOS and MPO but decreased the expression of CD206 in murine 
kidney, while ISL reduced the expression of CD68, iNOS and MPO then increased the expression of CD206 in mice 
kidney after LPS injection. (magnification, ×400).
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immunohistochemistry. CD68 and iNOS repre-
sented M1 macrophage polarization, CD206 
represented M2 macrophage polarization and 

MPO stood for neutrophil activation. These 
markers were detected in murine kidney. LPS 
increased the expression of CD68, iNOS and 

Figure 3. ISL downregulated expressions of IL-6 and HMGB-1 both in vivo and in vitro. A and B. The levels of mRNA 
of IL-6 were determined by quantitative Real-Time PCR. LPS increased IL-6 significantly while ISL downregulated 
the levels of IL-6. The samples were respectively isolated from cells and mouse. C. Immunohistochemistry was 
performed to detect HMGB-1 in mouse. LPS activated HMGB-1 expression in glomerulus and kidney tubules. ISL 
reduced the expression of HMGB-1 especially in renal tubular epithelial cells. (magnification, ×400). D, E. Total 
protein of cells was tested for HMGB-1 by western blot. Quantification of western blotting gel images was presented 
in graphical form. ISL with two concentrations in cells both can decrease expression of HMGB-1. F, G. Total kidney 
tissue protein of mouse was tested for HMGB1 by western blot. ISL reduced HMGB-1 expression after LPS-induced 
overexpression. **P < 0.01 vs. the LPS group, ***P < 0.001 vs. the LPS group, ###P < 0.001 vs. the Ctrl group. 
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MPO then decreased the expression of CD206 
in murine kidney, while ISL reduced the expres-
sion of CD68, iNOS and MPO then increased 
the expression of CD206 in mice kidney after 
LPS injection (Figure 2). 

ISL downregulated expressions of IL-6 and 
HMGB-1 in LPS-induced AKI murine model and 
renal tubular epithelium cells 

To investigate the effect of ISL on IL-6 both in 
vivo and in vitro, the level of IL-6 in the murine 
kidney tissue and renal tubular epithelium cells 
were measured by RT-PCR. As shown in Figure 
3A and 3B, the mRNA level of IL-6 was increased 
in LPS induction both in vitro and in vivo, where-
as ISL reduced the expression of IL-6 after LPS 
stimulation, compared to that of normal control 
group (Figure 3A and 3B). The immunohisto-
chemistry shows LPS upregulated HMGB-1 but 
ISL reduced the expression of HMGB-1 (Figure 
3C). Western blot showed that LPS increased 
the expression of HMGB1. However, ISL inhibit-
ed the expression of HMGB-1 following LPS 
induction both in vitro and in vivo (Figure 3D 
and 3G). 

ISL inhibited phosphorylation of IκB-α following 
LPS stimulation

To explore the mechanism of ISL, we detected 
phosphorylation of IκB-α by western blotting. 
LPS caused phosphorylation of IκB-α both in 
vitro and in vivo. However, ISL (50 μM/100 μM) 
inhibited phosphorylation of IκB-α after LPS 
induction both in vitro and in vivo (Figure 4A 
and 4C). The density analyzed according to the 
western blotting results also showed the anti-
phosphorylation IκB-α role in LPS induction 
both in vitro and in vivo (Figure 4B and 4D).

ISL inhibited phosphorylation of NF-κB p65 
upon LPS administration

We measured the level of phosphorylation of 
NF-κB p65 in the whole cell through western 
blotting. Then we observed that LPS induction 
could increase phosphorylation of NF-κB p65 
both in human renal tubular cells and murine 
renal tissue, whereas ISL inhibited phosphory-
lation of NF-κB p65 upon LPS stimulation 
(Figure 5A and 5C). The density measurement 
about phosphorylation of NF-κB p65 in the 

Figure 4. ISL inhibited phosphorylation of IκB-α following LPS stimulation. The expressions of IκB-α and p-IκB were 
measured by western blot. A and C. The samples were harvested from cells and mice. The results showed that ISL 
could effectively decreased protein levels of p-IκB in HK2 of the LPS-induced mice but increased IκB-α. B and D. 
Graphical forms show quantification of Western blot analysis images was performed using Image J software. ***P 
< 0.001 vs. the LPS group, ###P < 0.001 vs. the Ctrl group.
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whole cell lysis also identified the same phe-
nomena (Figure 5B and 5D). As the pivotal role 
of NF-κB p65 translocation, we further detect-
ed the level of phosphorylation of NF-κB p65 in 
the nuclear then we found that LPS induction 
could increase phosphorylation of NF-κB p65 in 
the nuclear extract both in human renal tubular 
cells and murine renal tissue, whereas ISL sig-
nificantly inhibited phosphorylation of NF-κB 
p65 upon LPS stimulation (Figure 5E and 5G). 
The density measurement about phosphoryla-

tion of NF-κB p65 in the nuclear extract also 
identified the same phenomena (Figure 5F and 
5H).

ISL did not induce pathological injury 

We also treated mice with 50 mg/kg ISL alone. 
Then we did not observe significantly pathologi-
cal difference of heart, lung, liver, spleen and 
kidney between mice in ISL treated alone group 
and normal control group (Figure 6A). 

Figure 5. ISL reduced phosphorylation of NF-κB p65 upon LPS administration. A-D. Effects of ISL on pp65 in total 
were measured by western blot. LPS increased the expression of pp65 in total. ISL treatment can decrease pp65 
both in mice and cells. E-H. Effects of ISL on pp65 in nuclear were measured by western blot. There is no significant 
difference between ISL group and Ctrl group. But ISL can decrease pp65 in nuclear on LPS-induced mouse model. 
*P < 0.05 vs. the LPS group, ***P < 0.001 vs. the LPS group, #P < 0.001 vs. the Ctrl group, ###P < 0.001 vs. the 
Ctrl group.



Isoliquiritigenin attenuates LPS-induced AKI

4148 Am J Transl Res 2018;10(12):4141-4151

Discussion

To demonstrate the effects of ISL on AKI 
induced by sepsis, we established murine AKI 
model by LPS injection which used in many 
researches [18-20]. In pathologic process of 
LPS-induced AKI, vacuolization could be found 
in renal tubular cells, indicating the moderate/
severe renal injury. LPS injection also signifi-
cantly increased the level of serum CREA and 
BUN. However, we observed that ISL treatment 
ameliorated renal dysfunction through reduc-
ing to the level of serum CREA and BUN. It also 
significantly attenuated the renal tubular injury 
following LPS induction. These results suggest-
ed the potent role of ISL against septic AKI.

The NF-κB pathway plays an essential role in 
the expression of pro-inflammatory cytokines in 

duced the level of NF-κB p65 in the nuclear fol-
lowing LPS treatment in both murine renal tis-
sue and human renal tubular cells. The results 
illustrate that ISL could inhibit the phosphoryla-
tion of IκB-α and translocation of NF-κB p65 in 
septic AKI.

Once NF-κB p65 translocated into the nuclear, 
it triggers macrophage polarization, neutro- 
phil activation and pro-inflammatory cytokines 
secretion, especially HMGB-1 and IL-6 [28-31]. 
We observed that LPS injection increased the 
expression of CD68 and iNOS then reduced the 
expression of CD206 in murine kidney, sug-
gesting rise of M1 type macrophage and reduc-
tion of M2 type macrophage. LPS injection also 
increased the expression of Myeloperoxidase 
(MPO) in murine renal tissue, indicating activa-
tion of neutrophil induced by LPS. However, ISL 

innate immunity [21]. The 
transcription factors NF-κB 
are the homodimers or het-
erodimers of those subunits. 
The NF-κB family has 5 sub-
units: p65 (Rel A), Rel B, c-Rel, 
p50 and p52 [22]. Among 
them, p65 is a central issue. 
In unstimulated status, NF-κB 
p65 locates in the cytoplasm 
and binds to the IκB-α which 
prevents the translocation of 
NF-κB p65 into the nuclear 
[23-25]. When stimulated by 
LPS, IκB-α is phosphorylated 
and the IκB-α departs from 
NF-κB p65. The free NF-κB 
p65 translocate into the nu- 
clear and then induced the 
expression of pro-inflammato-
ry cytokines and chemokines 
[26, 27]. Current study shows 
that LPS increased the level 
of phosphorylated IκB-α after 
LPS stimulation in both mu- 
rine renal tissue and HK2 
human renal tubular cell line, 
whereas ISL inhibits the phos-
phorylation of IκB-α upon LPS 
induction both in vivo and  
in vitro. LPS increased the 
expression of NF-κB p65 in 
the nuclear in both murine 
renal tissue and human renal 
tubular cells, whereas ISL re- 

Figure 6. A. The HE staining of heart, liver, spleen and lung. The main or-
gans of mice have no appearance of injury. ISL did not lead to pathological 
injury. The sample was from mice with ISL given alone. B. The diagram of 
mechanism we explored in this study. When LPS induce inflammation, iκB 
and NF-κB (p65) departs each other. IκB is phosphorylated in cytoplasm and 
p65 translocate into nuclear to be phosphorylated. At the same time, vari-
ous pro-inflammatory cytokines are produced, including IL-6, HMGB-1. The 
possible mechanism of ISL is inhibit the translocation of NF-κB p65 and the 
phosphorylation of IκB and pp65.
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inhibited the macrophage polarization to M1 
type macrophage by reduction of CD68 and 
iNOS then increasing of CD206. ISL also inacti-
vated neutrophil activation led by LPS injection. 
Further, as reported by the protective role of  
its homologous derivative glycyrrhizin against 
HMGB-1 and IL-6 secretion in kidney [32], ISL 
decreased the expression of HMGB-1 and IL-6 
after LPS treatment in both murine renal tissue 
and human renal tubular cells. This elucidates 
the protective role of ISL against macrophage 
polarization, neutrophil activation and pro-
inflammatory cytokines secretion triggered by 
NF-κB p65 translocation. High dosage of ISL 
might induce apoptosis in human bladder can-
cer cells, indicating the possible toxicity of ISL 
[33]. Previous studies also use different dose 
of ISL in other aspects, such as psoriasis, 
breast cancer and COPD [9, 34-36]. The deliv-
ery way and dosage of ISL depends on the par-
ticular cases. In our study, we use 50 mg/kg for 
oral administration to mice and 50 μM/100 μM 
to HK2 cells. The dosage was according to our 
cytotoxicity test by CCK-8 and we found the 
dosage was safe (Figure S1). We used 50 mg/
kg ISL for once oral administration to mice and 
50 μM/100 μM ISL to treat HK2 cells for 5 hrs. 
The use of ISL was not frequent and the time is 
not long. Maybe that is why the high dosage of 
ISL was safe and effective for septic AKI. 
Furthermore, we observed that the oral use of 
50 mg/kg ISL did not impair the essential 
organs in mice including the heart, liver, spleen 
and lung (Figure 6A). Accordingly, the dosage of 
ISL we used was reasonable and safe.

Consequently, our study reveals that ISL allevi-
ated the outcome of LPS-induced AKI such as 
the aggravated the inflammatory response 
(Figure 6B). In particular, we revealed protec-
tive role of ISL against NF-κB p65 translocation 
in LPS induced acute renal inflammation.
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Figure S1. The cytotoxicity test by CCK-8. The dosage was from 1.5 μM, 3.125 μM, 6.25 μM, 12.5 μM, 50 μM, 100 
μM to 200 μM. The dosage 50 μM and 100 μM didn’t show serious cell death rate.


