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Abstract: Magnesium isoglycyrrhizinate (MGL) is a new stereoisomer of glycyrrhizic acid, 

which is clinically used as a hepatoprotective medicine with more potent effects and less side 

effects than glycyrrhizic acid. This study was designed to evaluate the protective effects and 

possible mechanism of MGL against concanavalin A (Con A)-induced autoimmune hepatitis. 

Hepatitis was induced by Con A in C57/6J mice with or without MGL administration; injury 

score and serum ALT were evaluated. The CD4+ T-cells were isolated from splenocytes and 

challenged with Con A after coculturing with MGL. The injury score was significantly improved 

in MGL-treated mice after Con A challenging for 12 and 24 hours compared with those merely 

challenged with Con A. Similar trends were observed in the serum levels of ALT and AST. 

The most interesting result was that MGL administration significantly decreased the frequency 

of CD4+CD25-CD69+ T-cells rather than CD4+CD25+CD69+ T-cells in peripheral blood 

mononuclear cells, after Con A challenging 12 and 24 hours. Moreover, the serum ALT levels 

were markedly correlated with the frequency of CD4+CD25-CD69+ cells, but only weakly cor-

related with CD4+CD25+CD69+ cells in peripheral blood mononuclear cells. More importantly, 

MGL (5 mg/mL) almost completely eliminated the proliferation of the CD25-CD69+ subset in 

primary CD4+ T-cells after Con A challenge. Compared with merely Con A-challenged mice, 

those with MGL administration significantly demonstrated decreased NALP3, NLRP6, and 

caspase-3 expression, in which the NALP3 and caspase-3 downregulated in a dose-dependent 

manner. Our results indicate that MGL may have potential as a therapeutic agent in autoimmune 

hepatitis by ameliorating liver injury. Its molecular mechanism may be involved in inhibiting 

CD4+CD25-CD69+ subset proliferation and downregulating inflammasome expression in liver 

tissue.

Keywords: autoimmune hepatitis, drug therapy, concanavalin A, mouse, adaptive immunity, 

regulatory T-cell

Introduction
Autoimmune hepatitis (AIH) is a progressive inflammatory liver disease associated with 

interface hepatitis on liver biopsy, raised plasma liver enzymes, the presence of autoanti-

bodies, and regulatory T-cell (Treg) dysfunction.1,2 The clinical course is heterogeneous 

and is manifested by a fulminant or indolent process.3 AIH is a complex polygenic dis-

ease which remains a major clinical challenge, since its exact etiology is still unknown.4 

Autoreactivity against some components of hepatocytes is critical in the pathogenesis 

of AIH; the molecular mechanisms resulting in breakdown of immune tolerance in this 

disease have not been fully clarified.4 Since Tregs (CD4+CD25+) play a major role in 
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maintaining immunological self-tolerance5 and preventing a 

variety of autoimmune diseases, impairment of Tregs was 

considered a pivotal step in the pathogenesis of AIH.4,6,7

Corticosteroids, either administered alone or in combina-

tion with azathioprine, are the mainstay therapies of AIH, 

but most patients had a relapse after medicine withdrawal.8 

Many patients eventually progress to end-stage liver disease.9 

Furthermore, more than 10%–20% of AIH patients were 

refractory.10 Importantly, some serious side effects of those 

drugs also influence patient’s compliance to drug therapy 

such as immunosuppression, osteoporosis, and sodium 

retention.11,12 Until now, there have been hardly any drugs 

which can be used for patients with AIH who are unrespon-

sive to standard therapy; other immunosuppressive agents 

are limited to several clinical studies that involve only small 

numbers of patients.13

Glycyrrhizic acid (GA), extracted from the roots of licorice 

plants, is a conjugate of two molecules, namely glucuronic 

acid and glycyrrhetinic acid.14 Worldwide, it has been 

reported for its anti-inflammatory and antioxidant properties, 

and it was broadly used as a liver-protection drug.14,15 Magne-

sium isoglycyrrhizinate (MGL) is a magnesium salt of 18-α 

GA stereoisomer and possesses greater hepatic protection and 

anti-inflammatory activity than β-GA.16,17 Moreover, MGL 

is able to inhibit the ethanol-induced lipid peroxidation18 

and prevent ischemia/reperfusion-induced liver injury19 and 

free fatty acid-induced hepatic lipotoxicity.20 However, the 

effects and mechanism of action of MGL in AIH treatment 

still need elucidation.

Although several other mice models were used for study-

ing AIH for many years, the concanavalin A (Con A) model 

is still the most commonly used AIH model, because Con A 

mainly stimulated CD4+ T-cells, which play a major role in 

pathogenesis of AIH.4,7 Using a Con A-induced AIH model, 

we found that MGL may significantly ameliorate Con A- 

induced liver injury. MGL inhibited not only the proliferation 

of CD25+CD69+ subset but also the CD25-CD69+ subset of 

CD4+ T-cells. However, the most interesting result is that 

the frequency of CD25-CD69+ subset significantly correlated 

with serum alanine aminotransferase (ALT) levels, instead 

of CD25+CD69+ subset of CD4+ T-cells. This data suggested 

that the CD4+CD25-CD69+ subset of Treg may play a more 

important role in Con A-induced liver injury, rather than the 

CD4+CD25+CD69+ subset.

Materials and methods
Animals and drugs
This study was undertaken with the approval of the Animal 

Experimental Ethical Committee of Beijing Ditan Hospital. 

Male C57/B6J mice, 6–8 weeks, were obtained from the 

Laboratory Animal Center of Health Science Center, Peking 

University. All mice were allowed to habituate to specific 

pathogen-free conditions (five mice per cage, 21°C±2°C, 

12 hours light/dark cycle). The MGL structure has been 

described in a previous report17 and was supplied by Chia 

Tai-Tianqing Pharmaceutical Co., Ltd., (Nanjing, People’s 

Republic of China). The purity of MGL was 99.3% (lot: 

20140920). It was stored at room temperature and diluted 

with 0.9% saline 1 hour before administration.

Protocols for Con A model
For preparing the Con A-induced liver injury mouse model, 

mice were challenged with 20 μg/g Con A (Sigma-Aldrich, 

St Louis, MO, USA) intravenous injection, diluted in sterile 

saline 6, 12, and 24 hours before they were killed. For MGL-

treated mice, 50 or 100 mg/kg MGL (diluted with saline) were 

administrated (ip) before Con A challenging 2 hours. The 

control mice were administrated an equal volume of saline 

before they were killed. The mice were killed after Con A 

administration 6, 12, and 24 hours, and thymus, spleen, 

liver, and blood were collected for analysis (Figure 1). The 

specimens were removed and prepared for histomorphologic 

examination. ALT and aspartate aminotransferase (AST) 

were determined using standard enzymatic methods.

Liver injury grading score
Livers of mice were dissected and partially fixed in formalin 

at the time of euthanasia. After paraffin embedding, section-

ing, and H&E staining, the revised Knodell scoring system 

was used to evaluate degree of liver damage.21 In brief; 1, 

no inflammation or spotty necrosis; 2, piecemeal necrosis 

or confluent necrosis (less than 10%); 3, confluent necrosis 

(10%–50%); and 4, large area of confluent necrosis (more 

than 50%) with/without bridging necrosis. Injury scoring 

was performed in a blinded fashion.

Flow cytometry
After red blood cells were lysed with lysis buffer 

(eBioscience, San Diego, CA, USA), the remaining cells 

were stained with fluorescein-labeled monoclonal antibody 

of CD4 (allophycocyanin), CD8 (peridinin-chlorophyll 

protein), CD25 (phycoerythrin), and CD69 (Fluorescein 

isothiocyanat). Splenocytes were harvested after mice were 

killed. The percentage of CD25-CD69+ and other subsets in 

CD4+ T-cells was determined by flow cytometry.

The CD4+ T-cells were isolated from splenocytes for 

Con A challenging in vitro. The isolation method was based 

on manufacturer’s protocol (mouse CD4+ T Cell Isolation Kit; 
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Miltenyi Biotec, Bergisch Gladbach, Germany) as described 

previously.22 After Con A (2.5 μg/mL) challenging and MGL 

(1 and 5 mg/mL) coculture for 0, 6, 12, and 24 hours, the 

CD4+ T-cells were harvested. The surface marker on CD4+ 

T-cells was analyzed by flow cytometry.

For detecting apoptosis in thymocytes, the thymus 

glands were collected and thymocytes suspension was 

prepared. The thymocytes were stained with CD4 and 

CD8 monoclonal antibody, and Annexin V-FITC/7AAD 

kit (BD Pharmingen, San Jose, CA, USA), before the flow 

cytometry analysis.

Western blot
The protein extracts of liver tissue were quantified by 

the Bradford method. About 25 μg of each liver sample 

was pooled to normalize 100 μg of total protein for each 

mouse. The protein extracts were separated on 10% sodium 

dodecyl sulfate–polyacrylamide gel electrophoresis gels and 

transferred to a polyvinylidene fluoride membrane. Then, 

the proteins were probed with monoclonal anti-NALP3 

(Abcam®, Cambridge, UK; 1:1,000), anti-NLRP6 (Abcam®; 

1:1,000), and anti-caspase-3 (Cell Signaling Technology, 

Danvers, MA, USA; 1:1,000), followed by second conjugated 

immunoglobulins (Abcam®). The enhanced chemilumines-

cence methodology was used to perform final detection.

Statistical analyses
The data are presented as mean ± standard deviation and 

analyzed by Student’s t-test or ANOVA. GraphPad Prism 

5.01 (GraphPad Software, San Diego, CA, USA) was used 

to perform data analysis. Statistical significance is defined 

as P,0.05.

Results
MGL ameliorated Con A-induced liver 
injury
To observe the effect of MGL on Con A-induced liver 

injury, we first evaluated the difference in liver function 

tests among Con A and Con A + MGL administered mice. 

The results showed that MGL administration significantly 

inhibited the increase in levels of Con A-induced ALT 

and AST (Figure 2A and B). Compared with those of Con 

A-challenged mice (12 hours: 19,027±5,842 U/L; 24 hours: 

10,008±8,265 U/L), the ALT levels of MGL (50 and 100 

mg/kg)-administered mice were significantly decreased 

after Con A challenging for 12  hours (8,598±3,739 and 

3,709±3,950 U/L, respectively), and 24 hours (2,993±1,889 

and 304.3±136.2 U/L, respectively). A similar varia-

tion trend was also observed in AST level (Figure 2B). 

As expected, the liver injury score was also improved 

in MGL-treated mice after Con A challenging for 6, 12, 

and 24 hours compared with those of merely Con A- 

challenged mice (Figure 2C). H&E staining showed that 

Con A-challenged mice had interface hepatitis with piece-

meal necrosis and lymphocyte spillover across the limiting 

plate (Figure 3). MGL administration markedly improved 

hepatocyte necrotic injury and reduced number of infiltrating 

inflammatory cells in the necrotic area (Figure 3).

Figure 1 Study design (in vivo).
Abbreviations: MGL, magnesium isoglycyrrhizinate; ALT, alanine aminotransferase; AST, aspartate aminotransferase; H&E, hematoxylin and eosin; Con A, concanavalin A; 
PBMC, peripheral blood mononuclear cell.
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CD25-CD69+ rather than CD25+CD69+ 
subset correlated with ALT levels
Since Con A-induced hepatocyte injury is dependent on 

CD4+ T-cell activation and subsets proliferation, we first 

analyzed the correlativity between subset of CD4+ T-cells 

and ALT levels in Con A-challenged mice. An important 

result is that the percentages of CD4+CD25-CD69+ sub-

sets (r=0.721, P,0.0001) rather than CD4+CD25+CD69+ 

subsets (r=0.203, P=0.069) in peripheral blood mononu-

clear cells were significantly correlated with serum ALT 

levels in Con A-challenged mice (Table 1). However, this 

marked correlativity was not seen in CD4+ T-cells subsets 

in spleen. More importantly, MGL treatment significantly 

inhibited CD4+CD25-CD69+ subset proliferation after 

Con A challenge for 12 and 24 hours and weakly decreased 

the frequency of CD4+CD25+CD69+ T-cells in peripheral 

blood mononuclear cells after Con A challenge for 24 hours 

(Figure 4A and B).

We also analyzed the subset variation of CD4+ T-cells 

in splenocytes after Con A challenge and/or MGL admin-

istration. As seen from Figure 5, cell proliferation in the 

CD4+CD25-CD69+ subset and the CD4+CD25+CD69+ subset 

in MGL-treated mice were partly inhibited after Con A chal-

lenge for 12 and 24 hours, respectively (Figure 5A and B).

MGL partly inhibited CD4+ T-cell apoptosis 
in thymus
Classical Treg cells comprise two main groups: naturally 

arising in thymus and some peripherally induced. We next 

studied CD4+ and CD8+ T-cell apoptosis in thymus after Con A  

challenging and MGL administration. As expected, Con A 

challenging partly increased activation-induced thymocytes 

apoptosis. The results demonstrated that MGL significantly 

inhibited CD4+ T-cell apoptosis after Con A challenge for 

6, 12, and 24 hours (P,0.05) (Figure 6A). Furthermore, it 

seems that MGL also partly inhibited CD8+ T-cell apoptosis 

after Con A challenge for 24 hours (Figure 6B).

MGL directly inhibited subsets of CD4+ 
T-cell proliferation in vitro
To exclude the indirect role of MGL on proliferation of cells 

in the CD4+ T-cell subset after Con A challenge in vivo, we 

tested whether MGL could directly inhibit Con A-induced 

subset proliferation of CD4+ T-cells in vitro. We first isolated 

Figure 2 Liver function tests and injury scoring.
Notes: (A) Injury score of liver injury. (B) Serum ALT levels. (C) Serum AST levels. The data on the graphs indicate P values (treated group vs control group).
Abbreviations: ALT, alanine aminotransferase; Con A, concanavalin A; AST, aspartate aminotransferase; MGL, magnesium isoglycyrrhizinate.
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Figure 3 H&E staining of liver tissue.
Notes: MGL administration significantly improved liver injury compared with merely challenging with Con A. The blue arrow indicates the infiltrating inflammatory cells in 
necrotic area (200×).
Abbreviations: Con A, concanavalin A; MGL, magnesium isoglycyrrhizinate; H&E, hematoxylin and eosin.

Downregulation of inflammasome 
expression related with improving liver 
injury
Activation of inflammasome is a main step in the process of 

inflammation and plays a pivotal role in hepatocytes injury.23 

Based on recent reports, isoliquiritigenin (a derivative of GA) 

is a potent inhibitor of NALP3 inflammasome activation.24 

Consequently, we examined the expression of the main 

components of inflammasome, ie, NALP3, NLRP6, and 

caspase-3, in liver tissue. Since inflammasomes are innate 

immune system receptors and are implicated in the process 

of inflammation, we hypothesized that inhibition of inflam-

masome activation by MGL may be related with improving 

liver injury. Indeed, NALP3, NLRP6, and caspase-3 were 

significantly downregulated in MGL-treated mice compared 

Table 1 The relationship between percentage of CD4+ T-cells 
subsets and ALT levels before and after Con A challenging

CD4+ T-cells subset r P-value

CD25-CD69+ 0.721 ,0.0001
CD25+CD69+ 0.402 0.0002

CD25+CD69- 0.203 0.069

CD25-CD69- -0.477 ,0.0001

Abbreviations: ALT, alanine aminotransferase; Con A, concanavalin A.

CD4+ T-cells from splenocytes and cocultured them with 

MGL (1 and 5 mg/mL, respectively) (Figure 7A). The results 

demonstrated that 5 mg/mL MGL almost completely elimi-

nated proliferation of the CD25-CD69+ and CD25+CD69+ 

CD4+ T-cell subsets (Figure 7B and C). Similarly, the 

1 mg/mL MGL significantly inhibited the proliferation of 

cells in the CD25-CD69+ and CD25+CD69+ subsets.
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Figure 4 The subsets of CD4+ T-cells in PBMCs.
Notes: (A) Shows the frequency analysis of CD4+CD25-CD69+ T-cells, representing results from control mice. (B) The frequency of CD4+CD25-CD69+ T-cells in PBMCs, 
before and after Con A challenge for 6, 12, and 24 hours. (C) The frequency of CD4+CD25+CD69+ T-cells in PBMCs, before and after Con A challenge for 6, 12, and 24 hours. 
The data on the graphs indicate P values (treated group vs control group).
Abbreviations: Con A, concanavalin A; MGL, magnesium isoglycyrrhizinate; PBMC, peripheral blood mononuclear cell; SSC, side scatter; FSC, forward scatter.

Figure 5 The subsets of CD4+ T-cells in splenocytes.
Notes: (A) Shows the frequency analysis of CD4+CD25-CD69+ T-cells, representing results from control mice. (B) The frequency of CD4+CD25-CD69+ T-cells in 
splenocytes, before and after Con A challenge for 6, 12, and 24 hours. (C) The frequency of CD4+CD25+CD69+ T-cells in splenocytes, before and after Con A challenge for 
6, 12, and 24 hours. The data on the graphs indicate P values (treated group vs control group).
Abbreviations: Con A, concanavalin A; MGL, magnesium isoglycyrrhizinate; SSC, side scatter; FSC, forward scatter.
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Figure 6 The apoptosis of T-cell subsets in thymocytes.
Notes: (A) Shows the analyzing method of CD4+ T-cell apoptosis in thymus. (B) CD4+ T-cell apoptosis in thymocytes, before and after Con A challenge for 6, 12, and 24 hours. 
(C) CD8+ T-cell apoptosis in thymocytes, before and after Con A challenge for 6, 12, and 24 hours. The data on the graphs indicate P values (treated group vs control group).
Abbreviations: Con A, concanavalin A; MGL, magnesium isoglycyrrhizinate; SSC, side scatter; FSC, forward scatter.

Figure 7 The proliferation of cells in the CD4+ T-cell subset before and after MGL administration and/or Con A challenging.
Notes: The upper part of figure shows the study design in vitro. (A) The CD4+ T-cells were isolated from splenocytes using a specific CD4+ T-cells isolation kit and 
were then cultured in plates. (B) Con A challenging significantly increased the CD25-CD69+ subset of CD4+ T-cells, but the 5 mg/mL MGL almost completely eliminated 
proliferation of the CD25-CD69+ subset of cells after Con A challenge for 6, 12, and 24 hours. (C) Con A challenging significantly increased the CD25+CD69+ subset of CD4+ 
T-cells, but the 5 mg/mL MGL almost completely eliminated proliferation of the CD25+CD69+ subset of cells after Con A challenge for 6, 12, and 24 hours. The data on the 
graphs indicate P values (treated group vs control group).
Abbreviations: Ab, antibody; Con A, concanavalin A; MGL, magnesium isoglycyrrhizinate; SSC, side scatter; FSC, forward scatter.
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with those that were merely Con A-challenged, in which 

the NALP3 and caspase-3 were downregulated in a dose-

dependent manner (Figure 8).

Discussion
GA has been used as a liver-protection drug for several 

decades. Its new derivative, MGL was also used as a liver-

protection drug in recent years. However, its effects on 

autoimmune liver injury and its potential mechanism of 

action still need to be elucidated. Our present results indicated 

that 1) MGL significantly improved the Con A-induced 

liver injury and 2) the mechanism may be related with 

MGL, which directly inhibits Con A-induced CD4+ T-cells 

proliferation and subsets differentiation.

Figure 8 The inflammasome expression in liver tissue.
Notes: After Con A challenge for 6, 12, and 24 hours, the NALP3, NLRP6, and caspase-3 expression increased. (A) Shows the results of the Western blotting analysis, and 
(B) shows the plots of pixel intensity. For simplicity, representative blots of actin and GAPDH are shown. MGL administration significantly downregulated inflammasome 
expression, in which caspase-3 decreased in a dose-dependent manner.
Abbreviations: Con A, concanavalin A; MGL, magnesium isoglycyrrhizinate.

Immunization of C57BL/6 mice with liver autoantigens 

(CYP2D6 or IL-4R) and Con A-induced disturbance of liver 

immune tolerance, leading to hepatitis, are still the most 

representative model of human AIH.25 The mechanism of 

Con A-induced breakdown of liver immune homeostasis has 

not been fully clarified. A numerical and functional defect in 

CD4+CD25+ Treg cells is regarded as playing a major role.4,6 

In our present study, we found that the frequency of CD25-

CD69+ rather than CD25+CD69+ subset of CD4+ T-cells was 

more significantly correlated with serum ALT levels in Con 

A-challenged mice. This result suggested that the CD4+CD25-

CD69+ subset could also play an important role in autoimmune 

liver injury although this subset makes up only a relatively 

small proportion in total CD4+ Treg cells.
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The CD25-CD69+ T-cell subset is a new kind of CD4+ 

Tregs and was first described by Han et al.26 They found that 

the new subset of Treg cells possessed distinct characteristics: 

1) negative expression of Foxp3, 2) no secretion of IL-10, 

and 3) suppressing CD4+ T-cell proliferation in a cell–cell 

contact manner. However, its exact function still needs to 

be clarified.23 Recently, Zhu et al,27 reported that increased 

CD4+CD25-CD69+ T-cells in hepatocellular carcinoma 

patients are significantly correlated with invasion and tumor-

node-metastasis (TNM) stage;28 similar results were also 

observed in leukemia patients. After receiving treatment, 

the incidence of relapse in patients with a high percentage 

of CD4+CD25-CD69+ T-cells was significantly higher than 

that of patients with a low percentage of CD4+CD25-CD69+ 

T-cells.29 Moreover, administration of CD25- T-cells could 

have induced recipient mice immune tolerance and increased 

long-term graft survival.30 Other results showed that a low 

percentage of CD4+CD25-CD69+ T-cells is associated with 

an increased risk of acute graft-versus-host disease.31 These 

data suggested that the increase in frequency of CD4+CD25-

CD69+ T-cells may lead to deterioration of the disturbance 

of immune homeostasis, although the exact molecular 

mechanism still needs to be elucidated. Based on our pres-

ent data, MGL appears to enhance activation of both Treg 

populations at 6 hours (for CD25- cells) and 12 hours (for 

CD25+ cells). Two factors may be related with this appar-

ent stimulation of cells. First, the niche of each Treg cell in 

blood and spleen are different. Second, the cytokine levels 

in spleen tissue and blood are also different.

The CD4+CD25- subset is only ten-fold less potent 

than the CD4+CD25+ subset in immune tolerant mice, but 

it may be amplified in “tolerized” status.32 After receiving 

antigenic stimulation, moreover, the proliferating ability of 

CD4+CD25- T-cells was greater than CD4+CD25+ T-cells.33 

These results are consistent with our present data. After 

Con A challenge for 24 hours, the frequency of CD4+CD25-

CD69+ T-cells was raised up to nearly 40% of CD4+ T-cells, 

although this only made up less than 5% of the total primary 

CD4+ T-cells (Figure 5A). Other results as well as our present 

data suggested that nontraditional CD4+CD25-CD69+ Treg 

cells may play an important role in Con A-induced liver 

injury. Inhibiting CD4+CD25-CD69+ subset proliferation may 

be an important target of MGL for improving Con A-induced 

liver injury (Figure 9).

Figure 9 The possible target in the pathogensis of autoimmune hepatitis.
Notes: The blue arrow indicates that the possible molecular mechanism of pathogenesis of autoimmune hepatitis. The red arrows indicate the possible targets of MGL’s 
proliferation inhibiting-capacity of the regulatory T-cell subsets. Based on these data, MGL inhibiting the expression of inflammasome may be a downstream event in CD4+ 
T-cell subsets regulation.
Abbreviations: APC, antigen presenting cell; MGL, magnesium isoglycyrrhizinate; Con A, concanavalin A; Treg, T regulator cell.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2016:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

452

Yang et al

Since CD4+ T-cell proliferation was a marker of 

Con A-induced AIH, we speculated that some peripheral 

CD4+ T-cells may come from the thymus during Con A 

challenging. However, the present data showed that Con A 

induced CD4+ T-cell apoptosis, rather than proliferation, in 

the thymus. Furthermore, MGL partly inhibited CD4+ T-cell 

apoptosis in the thymus. This data indicated that effects of 

MGL on subset proliferation of peripheral CD4+ T-cell may 

be partly related with deceasing of CD4+ T-cell apoptosis in 

the thymus. Failing to further examine the subsets of CD4+ 

T-cells is one limitation of our present work.

Based on our present results, MGL improving Con A- 

induced liver injury also may be partly related with down-

regulation of inflammasome expression and inhibiting 

apoptosis of thymocytes. Since Con A directly induced CD4+ 

T-cell proliferation, the downregulation of inflammasome 

expression should be a downstream event in the process of 

liver injury. However, our present study failed to perform 

the cytokine test, chemokine test, and RNAseq analysis. 

This is one of the major limitations in our present work. 

Consequently, the speculation still needs to be confirmed in 

future investigations.
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