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Abstract 

Purpose: To investigate the mechanism of action involved in the treatment of severe burn injury with 
glycyrrhizinate (DG).  
Methods: Exosomes were purified from sera of patients with burn injury using an ultra-high-speed 
centrifuge, and verified by western blot. Cell proliferation and permeability were assessed using cell 
counting kit (CCK)-8, transepithelial-transendothelial electrical resistance (TEER), and Fluorescein 
Isothiocyanate (FITC) dextran assays, while immunoblotting was used for assay of the levels of p38, 
occluding, and zonula occludens 1 (ZO-1).  
Results: Serum-derived exosomes (serum-exo) significantly suppressed cell proliferation while causing 
hyperpermeability in HUVECs (p < 0.001). Furthermore, DG alleviated the hyperpermeability and 
inhibition of cell proliferation caused by serum-exo (p < 0.001). In addition, the upregulation of p-P38 
induced by serum-exo decreased upon DG treatment. Interestingly, the effect of DG was blocked by 
anisomycin, a specific p38 activator, indicating that p38 signaling pathway may contribute to the function 
of DG.  
Conclusion: Glycyrrhizinate attenuates serum-exo-induced cell proliferation and permeability alteration 
via p38 signaling pathway, thereby making it a potential agent for the management of severe burn 
injury. 
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INTRODUCTION 
 

Microvascular hyperpermeability is present both 
at the local burn site and at distant tissues. Thus, 
alteration of permeability leads to aggravated 
tissue retention of proteinaceous fluids, which 
results in blockage of microcirculation and blood-
tissue exchange, leading to hypoxia. 
 

The S100A9-containing serum-derived 
exosomes (serum-exo) have been reported to 
induce alteration of permeability in HPMEC cells 
[1]. Exosomes are double-layer lipid vesicles 
carrying multiple bioactive substances such as 
microRNA, mRNA, mitochondrial DNA (mtDNA), 
proteins, and lipids which can be taken up by 
target cells. Therefore, exosomes play vital roles 
in conduction and signal transduction [2]. 

-----------------------------------------------------------------------------------------------------------------------------------------------------
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Exosomes are involved in endothelial cell 
regulation. For example, exosomes released 
from adipose-derived stem cells promote the 
proliferation, migration, and tube-like 
differentiation of human umbilical vein endothelial 
cells [3]. Endothelial cell dysfunction is 
manifested as changes in cell migration and 
permeability [4]. It has been suggested that 
serum-exo might play a critical role in burn injury 
by contributing to pulmonary microvascular 
hyperpermeability, which makes it a potential 
therapeutic target [1]. 
 
Licorice is a traditional Chinese medicine with 
anti-inflammatory, anti-tumor, antibacterial, anti-
oxidant, and anti-arrhythmic properties [5]. Its 
main bioactive components are triterpene 
saponins and licorice flavonoids. A study has 
shown that glycyrrhizic acid, a member of the 
triterpene saponins, exerted a protective effect 
on mice infected with systemic Candida albicans 
[6]. However, the exact mechanism of 
glycyrrhizinate (DG) in burn treatment is not well 
understood. 
 
The aim of this study was to investigate the 
impact of DG on changes in the proliferation and 
permeability of human umbilical vein endothelial 
cells (HUVECs) induced by serum exosomes.  
 

EXPERIMENTAL 
 
Cell culture 
 
Human umbilical vein endothelial cells (HUVECs) 
were maintained on Dulbecco-modified Eagle 
medium (Hyclone, SH30243.01; Logan, UT, US) 
supplemented with 10 % FBS (GIBCO, 
16000e044; Carlsbad, CA, USA). The culture 
medium also contained 1 % penicillin-
streptomycin (Solarbio, P1400, Beijing, China) 
for selection. The cells were cultured at 37 °C in 
an atmosphere of 5 % CO2. 
 
Clinical samples and ethical issues 

 
Blood samples (5 mL) were obtained from 3 
patients with burn injuries. Then, the serum 
samples were separated by centrifuging the 
whole blood samples for 480 s at 3500 rpm at 
ambient temperature. The sera were then kept at 
-80 °C. Informed and written consent was 
obtained from each patient. This study received 
approval from the Ethics Committee of the 
Seventh People's Hospital Affiliated with 
Shanghai University of Traditional Chinese 
Medicine, Shanghai (approval no. 2017-
IRBQYYS-028), and met the criteria stipulated in 
the guidelines of Helsinki Declaration [7]. 
 

Isolation and identification of serum 
exosomes 
 
Exosomes were isolated using ultracentrifugation 
method. The serum samples were clarified by 
spinning at 10,000 g for 30 min at 4 °C. Then, 
the supernatants were taken up in 5-mL 
ultracentrifuge tubes which contained PBS. 
Following 3 sequential centrifugation steps, each 
at 17,000 g for 2 h, the pelleted exosomes were 
taken up in a small volume of PBS, filtered 
through a 0.22-μm PVDF filter, and preserved 
frozen at -80 °C until further analysis.  
 
The exosomes were identified using immunoblot 
analysis of several known markers including 
CD9, CD81, and TSG101. The antibodies anti-
CD9 (Ab92726), anti-CD81 (Ab109201), and 
anti-TSG101 (Ab125011) were purchased from 
Abcam. 
 
PKH-67 tracer exosomes 
 
The exosomes were stained using green 
fluorescent linker PKH67 (UR52303, Umibio, 
Shanghai, China). In this procedure, 1 mL of 
exosomes (1 µg/mL) was incubated with 2 μL 
PKH67 for 25 min at ambient temperature, 
followed by addition of 0.5 % BSA/PBS for 
uptake of unreacted dye. Then, the tagged 
exosomes were centrifuged at 100,000 g for 1 h 
and taken up in PBS for use in subsequent 
studies.  
 
The HUVEC cells were plated at a level of 
50,000 cells/well and incubated with or without 
PKH67-labeled exosomes for 24 h. The nuclei 
were stained with DAPI. The uptake of DAPI was 
monitored using fluorescent microscopy (Leica 
Microsystems, Wetzlar, Germany) 4 h later. 
 
Cell Counting Kit (CCK)-8 experiment 
 
This was performed with CCK-8 kit (SAB, USA). 
Approximately HUVEC cells were plated at a 
density of 2 × 103 cells/well, followed by 12-h 
incubation at 37 °C in a 5 % CO2 incubator. 
Then, the cells were divided into two treatment 
groups which received either serum-exo or 
glycyrrhizinate (Aladdin, G111375, Beijing, 
China). At the end of treatment, 100 µL of CCK-8 
reaction solution was added and incubated for 1 
h. Finally, cell viability was evaluated by 
measuring absorbance at 450 nm. 
 
Immunoblot assay 
 
Protein extraction from cells was done with RIPA 
lysis buffer (JRDUN, Shanghai, P.R. China). The 
proteins were separated on SDS-PAGE and 
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electroblotted onto a PVDF membrane which 
was sealed with 5 % non-fat milk, followed by 12 
h incubation of 1o antibodies at 4 °C, and rinsing 
with PBST. Then, the blots were incubated with 
secondary antibody for 60 min at 37 °C. The 
protein bands were visualized using ECL. The 1o 
immunoglobulins used were anti-CD9 (Ab92726), 
anti-CD81 (Ab109201), anti-TSG101 
(Ab125011), anti-ZO-1 (Ab96587), anti-occludin 
(Ab167161), anti-p38 (Ab170099), and anti-p-
p38 (Ab47363), all being products of Abcam, as 
well as 60004-1-1G (Proteintech). 
 
Effects of different licorice monomers on cell 
permeability 
 
The five major licorice monomers comprising 
glycyrrhizinate (DG), glycyrrhizin (PG), 
liquiritigenin (LN), iso-PG, and isoliquiritigenin 
(iso-LN) were applied to HUVECs together with 
serum-exo, and then the permeability of the cells 
was determined using Transepithelial-
Transendothelial Electrical Resistance (TEER) 
and Fluorescein isothiocyanate (FITC)-dextran 
assays. Thus, 104 HUVEC cells in 100 μL of 
medium were plated in the top compartment of a 
Transwell plate, while 600 μL of medium was in 
the lower compartment. Then, the cells were 
maintained for 24 h at 37 °C in a 5 % CO2 

incubator, medium changed 24 h afterward. The 
TEER was determined every day and the values 
were computed using Eq 1. 
 
TEER = dR-iR/A …………. (1) 
 
Where dR = daily resistance, iR = initial 
resistance, A = area of multicell base 
 
For FITC-Dextran, 105 HUVEC cells were 
cultured to 100 % confluence, followed by 
addition of FITC-Dextran to the culture medium 
and incubation for 5 min at 37 °C in a 5 % CO2 
incubator. Then, 200 μL of the basic medium 
was set as base value, and the cells were 
cultured in a complete medium for one day, after 
which FITC was measured (excitation λ = 490 
nm; emission λ = 520 nm). 
 
Statistical analysis 
 
All data analyses in the current study were 
conducted using GraphPad Prism 7.0 software 
(San Diego, CA, USA). At least three 
independent experimental repeats were 
performed for each data reported in this project. 
All results are presented as mean ± standard 
deviation (SD). One-way ANOVA and Tukey's 
post hoc tests were used for comparing data 
amongst groups. Values of p < 0.05 were taken 
as indicative of statistical significance. 

RESULTS 
 
Isolation and identification of serum-exo  
 
In order to investigate the function of serum 
exosomes (serum-exo) in burn injury patients, 
exosomes from patients’ sera were extracted 
using an ultracentrifuge. Their homogeneity was 
assessed with TEM imaging. The exosomes 
exhibited a spherical shape (Figure 1 A). In 
addition, the presence of exosomal biomarkers 
such as CD81, TSG101, and CD9 was validated 
using western blot (Figure 1 B). Together, these 
results indicated that the purified micro-vesicles 
from the serum of burn patients were exosomes. 
Then, the experiment was performed to 
determine whether the exosomes could be taken 
up by human umbilical vein endothelial cells 
(HUVEC), and PKH-67-labeled exosomes were 
co-cultured with HUVECs. As shown in Figure 1 
C, the endocytosed exosomes were seen using 
laser-scanning microscope imaging, suggesting 
that the exosomes were successfully internalized 
by HUVEC. 
 

 
 
Figure 1: Extraction and confirmation of serum-exo 
from burn patients. (A) Exosome content and purity, as 
confirmed with TEM. (B) The expressions of exosomal 
markers CD9, CD81, and TSG101, as assayed using 
Western Blot. (C) PHK-67 staining assay indicated 
that the serum exosomes were absorbed by HUVECs 
cells through endocytosis 

 
Serum-exo significantly inhibited cell 
proliferation and induced cell permeability 
 
In order to investigate the influence of serum-exo 
on cell multiplication, CCK-8 assay was done on 
HUVECs. Interestingly, serum-exo significantly 
decreased the proliferation of HUVECs, when 
compared with vehicle control in a time-
dependent manner (Figure 2 A). It is known that 
disruption of integrity of endothelial barriers such 
as burn injury results in microvascular 
hyperpermeability. To determine whether serum-



Xu et al 

Trop J Pharm Res, March 2023; 22(3): 520 

 

exo plays a role in the alteration of permeability, 
the permeability of serum-exo-treated HUVECs 
was examined using Transepithelial-
Transendothelial Electrical Resistance (TEER) 
and FITC-Dextran assays. As shown in Figures 2 
B and C, serum-exo significantly reduced the 
levels of TEER, whereas they increased the 
FITC-dextran in a time-dependent manner, which 
indicated elevation of transepithelial 
hyperpermeability. 
 
It has been demonstrated that the integrity of 
tight junction (TJ) depends on integral membrane 
proteins such as claudins and occludin, and 
cytoplasmic scaffolding proteins such as ZO-1, 
ZO-2, and ZO-3 [8]. Likewise, Figure 2 D shows 
that ZO-1 and occludin protein concentrations 
were significantly decreased by treatment with 
serum-exo. In addition, serum-exo significantly 
enhanced p-38 phosphorylation in a time-based 
fashion in HUVEC without altering the total p38 
protein abundance (Figure 2 D). Thus, the 
exosomes promoted the permeability of HUVECs 
by activating p38 MAPK signaling pathway, as 
well as disrupting the integrity of TJs and 
endothelial barrier. 
 

 
 
Figure 2: Serum exosomes significantly inhibited cell 
proliferation and induced cell permeability in HUVECs. 
The HUVECs were exposed to serum-exo at different 
times as indicated. (A) Cell proliferation, as 
determined using CCK8 assay. (B & C) The 
permeability of HUVECs, as determined using TEER 
(B) and FITC Dextran assays (C). (D) Expressions of 
relevant proteins, as determined using western blot. *P 
< 0.05, **p < 0.01, ***p < 0.001 vs. 0 h; #p < 0.05 vs. 
12 h; +p < 0.05 vs. 24 h 

 
Cell permeability 
 
As shown in Figures 3 A and B, the altered 
permeability induced by serum-exo was reversed 
by treatment with DG and LN, while no significant 

changes were observed in the treatment with the 
other monomers, suggesting the potential 
therapeutic effect of DG. 
 

 
 
Figure 3: Effects of different licorice monomers on cell 
permeability of HUVECs. HUVECs were treated with 
five major licorice monomers comprising DG, PG, Iso-
PG, LN, and Iso-LN (10 μmol/L each) alone, or in 
combination with exosomes (50 μg/mL). (A & B) The 
permeability of HUVECs, as determined using TEER 
(A) and FITC Dextran assays (B). ***P < 0.001 vs. 
vehicle; #p < 0.05, ##p < 0.01 vs. 50 μg/mL exo + 
vehicle 

 
DG alleviated exo-induced inhibition of 
proliferation and permeability 
 
To further evaluate the effect of DG on serum-
exo-treated HUVECs, DG was applied to serum-
exo-treated HUVECs. As shown in Figure 4 A, 
DG restored the proliferation profile of serum-
exo-treated HUVECs in a dose-dependent 
manner. Furthermore, the TEER and FITC 
Dextran assays demonstrated that cell 
permeability was gradually restored as the dose 
of DG increased (Figures 4 B and C). Western 
blot data revealed that protein amounts of ZO-1, 
occluding, and phosphorylated p38 were 
restored as well (Figure 4 D). Thus, the effect of 
DG on cell permeability might be mediated 
through ZO-1 and occludin signaling, as well as 
p38 activity. 
 
DG suppressed exo-induced inhibition of 
proliferation and permeability 
 
In order to investigate the hypothesis that DG 
influenced cell permeability via the p38 pathway, 
anisomycin, a specific p38 activator, was used to 
treat the HUVECs that had been treated with 
serum-exo and DG. It was found that the rescue 
capability of DG toward serum-exo-induced 
inhibition of cell permeability was abolished by 
anisomycin, as exhibited by decreased TEER 
and increased FITC Dextran in the exo + DG + 
anisomycin treatment group (Figures 5 A and B). 
Furthermore, the alterations in the protein 
phosphorylation level of p38 induced by serum-
exo and DG were reversed by anisomycin 
(Figure 5 C), suggesting that DG might be of 
benefit to patients with burn injury by specifically 
targeting serum-exo-induced hyperpermeability 
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via inhibition of p38 activity. Collectively, these 
data demonstrate that DG exhibited a potential 
therapeutic role in burn injury patients by 
reversing increased permeability through 
suppressing p38 activity. 
 

 
 
Figure 4: DG significantly reversed serum exosome-
induced inhibition of proliferation and permeability in 
HUVECs. The HUVECs were treated with serum-exo 
(50 μg/mL) alone or in combination with DG at 
indicated concentrations (5, 10, and 20 μmol/L). (A) 
The proliferation of HUVECs at various time points for 
each treatment group, as determined with CCK8 
assay. (B & C) Permeability of HUVECs, as 
determined with TEER (B) and FITC Dextran assays 
(C). (D) Expressions of occludin, p38, p-p38, and ZO-
1. ***P < 0.001 vs. vehicle; #p < 0.05, ##p < 0.01, ###p < 
0.001 vs. exo+0 μmol/L DG; +p < 0.05 vs. exo+5 
μmol/L DG; $p < 0.05 vs. exo+10 μmol/L DG 

 

 
 
Figure 5: DG reversed serum exosome-induced 
inhibition of proliferation and cell permeability in 
HUVECs probably through the p38 pathway. After 
treatment with exosomes of HUVECs, DG (10 μmol/L) 
and p38 agonist anisomycin (10 μmol/L) were added 
to the cell culture separately or in combination. (A & B) 
The permeability of HUVECs, as determined using 
TEER (A) and FITC Dextran assays (B). (C) 
Expressions of p38 and p-p38. ***P < 0.001 vs. 
vehicle; ##p < 0.01 vs. vehicle + exo; +++p < 0.001 vs. 
vehicle + exo + DG 

 
 

DISCUSSION 
 
The treatment and management of severe burn 
injury take time during which emphasis is 
focused on both local burn lesions, internal 
impacts, and the psychological and social effects 
[10]. Despite the remarkable developments in 
these treatments, internal aggravations from 
burns are still the major causes of disability and 
mortality in serious burn injury patients, 
regardless of successful initial resuscitation [11]. 
It is known that microvascular hyperpermeability 
causes severe pathological changes that 
eventually lead to hypoxia-induced diseases. It 
has been reported that exosomes play critical 
roles in the diagnosis and treatment of hypoxia 
diseases [12].  
 
Exosomes are double-layer lipid vesicles derived 
from the various types of cells, and they execute 
various roles. Numerous studies have elucidated 
the functions of exosomes in various biological 
and pathological processes [2]. For instance, 
S100A9-bearing serum-exo which was derived 
from subjects with severe burn wounds has been 
reported to induce permeability alteration in 
HPMECs via ZO-1 and occludin signaling as well 
as activation of p38 signaling, indicating their 
crucial function in impairment of tight joints and 
intactness of endothelial barricades [1]. 
 
An enhanced understanding of the mechanisms 
underlying the hyperpermeability caused by 
severe burn wounds will provide knowledge for 
the improvement of current therapy, or even for 
the discovery of novel therapy. It is known that 
licorice is of significant benefit to patients with 
burn wounds [13]. In addition, the effects of 
components of licorice on permeability have 
been reported in multiple publications.  
 
For instance, glycyrrhizin was reported to 
increase the permeability and decrease elasticity 
modulus of cell membranes [14]. Similarly, 
glycyrrhizin was shown to induce mitochondrial 
permeability transition and trigger apoptosis [15]. 
On the other hand, glycyrrhizin has been 
reported to maintain normal retinal permeability 
and retinal capillary coverage through anti-
inflammatory mechanisms [16]. 
 
Apparently, the effect of licorice on permeability 
is cell type-dependent. Furthermore, it has been 
reported that diammonium glycyrrhizinate 
exerted a beneficial effect on burn wounds by 
targeting post-burn hepatic dysfunction [17]. In 
this study, the potential therapeutic effect of 
glycyrrhizinate (DG), another bioactive integrant 
of licorice, on serum-exo-induced hyper-
permeability in HUVECs was validated. However, 
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it has been suggested that licorice treatment 
suppresses cell proliferation and enhances the 
expressions of pro-apoptotic proteins [18]. 
Likewise, the data obtained in this study 
demonstrate that DG attenuated exo-induced 
endothelial cell proliferation and permeability. It 
was not surprising to observe its inhibitory effect 
on cell proliferation, given that licorice exhibits 
anti-cancer effect on multiple types of cancers 
[19]. 
 
However, the molecular mechanism associated 
with licorice or DG was not hitherto specifically 
identified. In this study, the results of biochemical 
analyses suggest that DG might affect 
permeability by restoring levels of occluding and 
ZO-1 as well as blocking p38 activity. It is known 
that ZO-1 and occludin control permeability by 
regulating endothelial adherens junction [8]. In 
addition, p38 MAPK is known to control 
endothelial cell permeability [9]. Given the 
functions of DG and serum-exo on ZO-1 and 
occludin through activation of p38, the data 
obtained in the current study provide insight into 
the reverse roles of DG and serum-exo. 
 

CONCLUSION 
 
The findings of this study provide direct 
experimental evidence for the influence of DG on 
cellular permeability and reveal the relationships 
amongst DG, ZO-1/occluding, and p38. In 
addition, this study validates the value of DG as 
a therapy for severe burn wounds, highlights the 
critical role of serum-exo in burn injury, and the 
importance of ZO-1, occluding, and p38 
signaling. 
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