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A B S T R A C T   

Therapeutics that impair the innate immune responses of the liver during the inflammatory cytokine storm like 
that occurring in COVID-19 are greatly needed. Much interest is currently directed toward Janus kinase (JAK) 
inhibitors as potential candidates to mitigate this life-threatening complication. Accordingly, this study inves-
tigated the influence of the novel JAK inhibitor ruxolitinib (RXB) on concanavalin A (Con A)-induced hepatitis 
and systemic hyperinflammation in mice to simulate the context occurring in COVID-19 patients. Mice were 
orally treated with RXB (75 and 150 mg/kg) 2 h prior to the intravenous administration of Con A (20 mg/kg) for 
a period of 12 h. The results showed that RXB pretreatments were efficient in abrogating Con A-instigated he-
patocellular injury (ALT, AST, LDH), necrosis (histopathology), apoptosis (cleaved caspase-3) and nuclear pro-
liferation due to damage (PCNA). The protective mechanism of RXB were attributed to i) prevention of Con A- 
enhanced hepatic production and systemic release of the proinflammatory cytokines TNF-α, IFN-γ and IL-17A, 
which coincided with decreasing infiltration of immune cells (monocytes, neutrophils), ii) reducing Con A- 
induced hepatic overexpression of IL-1β and CD98 alongside NF-κB activation, and iii) lessening Con A-induced 
consumption of GSH and GSH peroxidase and generation of oxidative stress products (MDA, 4-HNE, NOx) in the 
liver. In summary, JAK inhibition by RXB led to eminent protection of the liver against Con A-deleterious 
manifestations primarily via curbing the inflammatory cytokine storm driven by TNF-α, IFN-γ and IL-17A.   

1. Introduction 

Nowadays, the interplay that occurs between different signaling 
pathways of proinflammatory cytokines in the setting of acute inflam-
mation has gained much interest due to the evolution of the COVID-19 
pandemic [1,2]. Much effort is currently exerted toward identifying 
therapeutic approaches for targeting multiple pathways to limit the 
COVID-19-elicited inflammatory cytokine storm that damages not only 
the lungs, but also other organs like the liver [3,4]. The Janus kinase- 
signal transducer and activator of transcription (JAK-STAT) cascade is 
one of these pathways that is currently under scientific focus. The JAK- 
STAT pathway is essential for hematopoiesis and immune cell devel-
opment, because of its key role in transducing cell signals arising from 
the membrane-receptors to the nucleus [1]. JAKs are currently believed 
to orchestrate the inflammatory downstream and upstream signaling of 
myriad cytokines and growth factors like IL-6, IFN-γ, TNF-α, IL-1β, IL-22 

and others [5]. In the liver, JAKs 1 and 2 have shown to be implicated in 
different contexts of liver injury like ischemia/reperfusion [6], carci-
nogenesis [7] and fibrosis [8]. 

In the last decade, JAK inhibitors (jakinibs) have emerged as a 
remarkable pharmacological class for cancer and autoimmune inflam-
matory disorders [9,10]. Ruxolitinib (RXB) is an oral jakinib that was 
originally FDA-approved for myelofibrosis, followed by approval in 
polycythemia vera and recently, graft versus host disease [11–13]. 
Currently, RXB is under investigations in COVID-19 patients with 
hyperinflammation [14–16]. Pharmacologically, RXB is a small mole-
cule that blocks the ATP-binding catalytic region of the kinase domain 
for JAKs 1 and 2 at nanomolar concentrations [12]. 

The lectin concanavalin A (Con A) is a strong T cell mitogen that 
selectively damages the liver. The Con A-mouse model is supposed to be 
driven by massive cytokine release from activated T cells, Kupffer cells 
and infiltrated immune cells, leading to hepatic injury characterized by 
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necrotic and apoptotic cell death [17]. Because this model has a strong 
similarity to immune-provoked inflammation in humans’ livers like that 
occurring in autoimmune hepatitis and acute viral hepatitis [18], it is 
ideal for investigating emerging therapies that affect the innate immune 
responses of the liver during the inflammatory cytokine storm. 
Accordingly, the current study aimed to examine the impact of JAK 
inhibition by the small molecule RXB on Con A-induced hepatitis. 

2. Materials and methods 

2.1. Mice 

Male BALB/c mice (28 ± 2 g) were housed in cages supplied with 
water and regular chow throughout the study period. The animal caring, 
monitoring and procedures were following the criteria of the NIH and 
the regulations of the Research Ethics Committee for Care of Laboratory 
Animals approved by the institutions. 

2.2. RXB treatment and Con A model of acute liver injury 

RXB powder (as a phosphate salt, Novartis, Switzerland) was sus-
pended as 0.75 and 1.5% w/v in a solution of sterile saline composed of 
0.5% w/v of carboxymethylcellulose. Con A powder (Sigma-Aldrich, 
USA) was dissolved as 0.2% w/v in a sterile water for injection. The first 
group of mice received the vehicle devoid of RXB (oral) and sterile water 
(IV injection in tail vein) after 2 h and acted as the normal control group. 
The second group of mice received the vehicle devoid of RXB (oral) and 
Con A (20 mg/kg) in sterile water (IV) 2 h afterwards. The last 2 groups 
of mice received RXB doses (75 or 150 mg/kg, oral) in their vehicle and 
Con A (20 mg/kg, IV) in sterile water (IV) 2 h afterwards. After 12 h from 
Con A administration, the mice were administered thiopental (100 mg/ 
kg, intraperitoneal) for anesthesia. Blood samples were taken from the 
heart after ventral incision and left to clot for 20 min prior to centrifu-
gation at 5000 g for 10 min at 25 ◦C for serum separation and storage 
− 80 ◦C. Liver tissue samples were washed with saline and transferred to 
an ultra-freezer for keeping them at − 80 ◦C for cytokine and oxidative 
stress assessments. Pieces of liver were also transferred to a solution of 
4% (v/v) neutral-buffered formalin for histopathological and immuno-
histochemical evaluations. 

2.3. Biochemical evaluation of hepatic injury 

Aminotransferase (ALT), aspartate aminotransferase (AST) and 
lactate dehydrogenase (LDH) activities were quantified in mice blood 
sera to assess the severity of liver injury by commercial kits (Spectrum- 
diagnostics, Egypt). 

2.4. Histopathological evaluation of hepatic injury 

Paraffin blocks were prepared from fixed liver pieces, followed by 
installing on a microtome and cutting sections of 5 µm thickness. 
Thereafter, sections were mounted on glass slides and subjected to the 
staining protocol of hematoxylin and eosin. The intensity of hepatic 
necroinflammation was evaluated according to the assigned scores (0 =
absent; 1 = mild; 2 = moderate; 3 = severe) by a pathologist blind to the 
experimental groups. 

2.5. Immunostichemical evaluation of hepatic expression of NF-κB, 
cleaved caspase 3 , PCNA, F4/80 and CD98 

Liver sections were cut similarly by the microtome and transferred to 
coated glass slides. Then, the conventional procedures of immunohis-
tochemistry were followed for restoring antigenicity, neutralizing sam-
ple peroxidases and blocking the unspecific protein binding. Liver 
sections were incubated with primary antibodies for nuclear factor- 
kappa B (NF-κB) (BioLegend, USA), cleaved caspase 3 (Santa Cruz, 

USA), F4/80 (BioLegend, USA), proliferating cell nuclear antigen 
(PCNA) (BioLegend, USA) or CD98 (Santa Cruz, USA). After washing, 
liver sections bound to the primary antibodies were incubated with the 
optimal secondary antibodies, followed by the substrate and chromogen 
for visualization of the antigen. The percentage of expression or count of 
positive nuclei per field was determined through analyzing representa-
tive pictures by the ImageJ software (NIH, USA). 

2.6. ELISA of hepatic and serum cytokines 

Tumor necrosis factor-α (TNF-α), interferon-γ (IFN-γ), and in-
terleukins (ILs)-17A, 10 and 1β were determined in both the liver lysates 
and sera. Liver lysates were prepared by homogenizing the liver (10% 
w/v) in the cold lysis buffer (150 mM NaCl, 0.5% v/v Triton X-100, 10 
mM Tris pH 7.4, protease inhibitor mixture). Then, the mixture tubes 
were centrifuged at 6000 g for 10 min at 4 ◦C for isolating supernatants. 
The specimens of liver lysates and sera were added to wells of ELISA 
plates that were coated with a specific capture antibody the night before. 
The assay was finally completed by following the instructions supplied 
with the kits (BioLegend, USA). The protein concentration was also 
quantified in the liver lysates according to the previously described 
method [19]. 

2.7. Hepatic antioxidant enzymes and lipid peroxidation 

Portions of liver tissue (10% w/v) were homogenized by a glass 
grinder in a freshly prepared buffer (20 mM Tris-HCl, 1 mM EDTA, pH 
7.4), followed by centrifuging the homogenate at 3000 g for 20 min at 
4 ◦C and isolation of supernatants from the settled pellets. The protein 
concentration was then determined spectrophotometrically by com-
mercial kits (Spectrum-diagnostics, Egypt). 

2.7.1. Hepatic superoxide dismutase (SOD) determination 
Superoxide dismutase (SOD) activity was determined in the liver 

based on the method of inhibiting pyrogallol autoxidation [20]. In brief, 
liver homogenate samples were prepared as previously described [21], 
followed by mixing 0.07 ml of sample with 1 ml of 20 mM Tris-HCl 
(containing 1 mM EDTA, pH 8.5) and 0.07 ml of 15 mM pyrogallol 
(Alpha-Chem, India). Then, the elevation in absorbances over 3 min was 
monitored for the samples and a control with a buffer without sample at 
420 nm. The percentage of inhibition for the samples was calculated and 
SOD activity was estimated as U/mg protein (1 unit is equivalent to the 
amount that inhibits the autoxidation rate of pyrogallol by 50%). 

2.7.2. Hepatic reduced glutathione (GSH) determination 
The concentration of reduced glutathione (GSH) was determined as 

previously described [22]. First, 25 µL of 50% (w/v) trichloroacetic acid 
was added to 225 µL of liver homogenate samples, followed by centri-
fugation at 3000 g for 10 min at 4 ◦C. Finally, 125 µL of the supernatants 
were diluted in 1000 µL of assay buffer (0.2 M Tris-HCl, 1 mM EDTA, pH 
8.9) and 50 µL of 10 mM 5,5′-dithiobis (2-nitrobenzoic acid) (Sigma- 
Aldrich, USA) in methanol. The yellow color formed was measured 
spectrophotometrically at a wavelength of 412 nm, and samples con-
centrations were calculated from a standard curve of GSH concentration 
(Acros Organics, USA). 

2.7.3. Hepatic GSH transferase determination 
The activity of GSH transferase was estimated as previously 

described [23]. Ten microliter of 100 mM GSH in water and 10 µL of 
ethanol containing 100 mM 1-chloro-2,4-dinitrobenzene were premixed 
with 975 µL of the reaction buffer (0.8% w/v NaCl, 0.02% w/v KCl, 
0.144% w/v Na2HPO4, 0.024% w/v KH2PO4, pH 6.5). Then, 5 µL of liver 
homogenate or buffer was added to the reaction mixture and the rise in 
absorbance at 340 nm was recorded after 1 min. GSH transferase activity 
was expressed as U/mg protein (1 unit of the enzyme is equivalent to the 
amount that conjugates 1 µM 1-chloro-2,4-dinitrobenzene and GSH in 1 
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min at 25 ◦C). 

2.7.4. Hepatic GSH peroxidase determination 
The activity of GSH peroxidase was estimated as previously 

described [25] with minor differences. First, 100 µL of 10 mM GSSG, 10 
µL of GSH reductase (10 U/ml), 100 µL of 1 mM NADPH (dissolved in 50 
mM NaH2PO4, 0.4 mM EDTA, pH 7) and 100 µL of liver homogenate (or 
the homogenization buffer) were added to 640 µL of the reaction buffer 
(50 mM NaH2PO4, 0.4 mM EDTA, 1 mM sodium azide, pH 7). Following 
incubation for 5 min, the decrease in absorbance after 1 min was 
recorded at 340 nm after adding 50 µL of 5 mM H2O2. GSH peroxidase 
activity was expressed as mU/mg protein (1 unit is equivalent to the 
concentration that causes the oxidation of 1 µM NADPH to NADP+ over 
1 min at 25 ◦C). 

2.7.5. Hepatic GSH reductase determination 
The activity of GSH reductase was assessed in the liver based on the 

previous assay [26]. Hundred microliter of 10 mM GSSG in water was 
added to 700 µL of the reaction buffer (50 mM NaH2PO4, 0.4 mM EDTA, 
1 mM sodium azide, pH 7). After 5 min of incubation, 100 µL of 1 mM 
NADPH (freshly prepared in 50 mM NaH2PO4, 0.4 mM EDTA, pH 7) and 
100 µL of liver homogenate (or the homogenization buffer) were added 
to the reaction buffer. Then, the decline in absorbance for samples and 
blank over 1 min was recorded at 340 nm. GSH reductase activity was 
expressed as mU/mg protein (1 unit of the enzyme is equivalent to the 
amount that cause the oxidizes 1 µM NADPH to NADP+ over 1 min at 
25 ◦C). 

2.7.6. Hepatic malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE) 
determinations 

Colorimetric analysis was used to determine the hepatic malondial-
dehyde (MDA) and 4-hydroxynonenal (4-HNE) concentrations as pre-
viously mentioned [24]. First, 0.4 ml of aliquot from liver homogenate 
was added to 0.66 ml of the chromogen reagent [0.495 ml of 10.3 mM 1- 
methyl-2-phenylindole (Sigma, USA) freshly mixed with 0.165 ml of 32 
μM FeCl3 in methanol] in Eppendorf tubes. Second, 0.15 ml of concen-
trated HCl or methanesulfonic acid (Merck, Germany) was added to the 
tubes for determination of MDA only or MDA alongside 4-HNE, 
respectively. Then, the tubes were closed and were heated at 45 ◦C for 
a period of 60 min and 40 min. At the end, the tubes were cooled and 
centrifuged at 4000 g for 10 min. The absorbances of the clear samples 
were determined against sample blanks in a spectrophotometer at a 
wavelength of 586 nm. Incremental concentrations of tetramethox-
ypropane (Sigma, USA) or 4-HNE (Cayman, USA) were used for con-
struction of the standard calibration curves. The concentration of 4-HNE 
only was obtained by subtracting the concentration of MDA from that of 
MDA alongside 4-HNE. 

2.7.7. Hepatic total nitrate/nitrite (NOx) determination 
The total nitrate/nitrite (NOx) was quantified in the liver as previ-

ously described [25]. In brief, 50 µL of 25% (w/v) sulfosalicylic acid was 
added to 450 µL of liver homogenate samples or the blank. After 10 min, 
the tubes were centrifuged at 3000 g for 15 min at 4 ◦C to isolate the 
precipitated sample proteins. Then, 300 µL of sample supernatants were 
added to Eppendorf tubes containing 300 µL 0.8% (w/v) vanadium 
trichloride (Acros Organics, USA) in 1 M HCl and 400 µL of a mixture 
(1:1) composed of 2% (w/v) sulfanilamide in 5% (v/v) HCl and 0.1% 
(w/v) N-(1-naphthyl) ethylendiamine dihydrochloride. The tubes were 
then kept at 37 ◦C for 45 min until a violet color produced that its 
absorbance was quantified spectrophotometrically at 540 nm. A stan-
dard curve of incremental concentrations of sodium nitrate was also 
analyzed under the same assay conditions for quantification of NOx in 
the samples. 

2.7.8. Hepatic myeloperoxidase (MPO) determination 
Myeloperoxidase (MPO) enzyme activity of the liver was determined 

spectrophotometrically at a wavelength of 650 nm as previously 
mentioned [26]. After centrifugation of the liver homogenate and 
isolation of supernatants, 50 mg of the settled pellet was transferred to 
clean Eppendorf tubes, washed with 1000 µL of the buffer (20 mM 
NaH2PO4, 100 mM NaCl, 15 mM EDTA, pH 4.7) and centrifuged at 
5500g for 15 min at 4 ◦C. After discarding the supernatants, 500 µL 0.5% 
(w/v) of hexadecyltrimethylammonium bromide (MP Biomedicals, 
USA) in 50 mM sodium phosphate buffer (pH 5.4) was added to the 
tubes. Thereafter, the tubes were subjected to repeated freezing and 
thawing 3 times, followed by heating at 60 ◦C for 2 h and final centri-
fugation at 5500 g for 15 min at 4 ◦C. Two hundred microliter of the 
samples was added to 800 µL of the reaction buffer (50 mM sodium- 
phosphate buffer pH 5.4, 2 mM hydrogen peroxide), followed by add-
ing 200 µL of 1.6 mM tetramethylbenzidine (MP Biomedicals, USA) in 
DMSO. MPO activity was determined by monitoring the increase in 
absorbance over 5 min, followed by determining the change equivalent 
to g of tissue. 

2.8. Statistical analysis 

All experimental data were expressed as means ± SE. All data, except 
the those of necroinflammation scores, were parametric and their sta-
tistical significances were calculated by one way ANOVA, followed by 
the post test of Tukey-Kramer. Meanwhile, the non-parametric Kruskal- 
Wallis test, ensued by the post test of Dunn’s multiple comparison, was 
used for determining the statistical significance of the necroin-
flammation scores. The GraphPad Prism 8 (USA) was the used software 
in the statistical analysis of all data. 

3. Results 

3.1. RXB abrogates Con A-induced injury and necroinflammation of the 
liver 

IV administration of Con A to mice caused a significant (P < 0.001) 
rise of serum ALT, AST and LDH activities in comparison the normal 
control counterparts (Fig. 1A-C). The histological evaluation and 
quantification of the Con A-liver sections showed pronounced (P <
0.001) elevation of hepatic necrosis and inflammation scores, while the 
normal mice were having normal liver architecture with the absence of 
hepatic necrosis and inflammation (Fig. 1D, E). Interestingly, RXB pre-
treatments (75 and 150 mg/kg) markedly abrogated Con A-provoked 
alterations of these biochemical and histopathological assessments in a 
dose-dependent manner. 

3.2. RXB hinders the inflammation cascade driven by Con A in the liver 

To ascertain whether the beneficial effect of RXB on Con A-hepatic 
injury was related to hindering the inflammation cascade, we assessed 
the changes in the proinflammatory cytokines TNF-α, IFN-γ and IL-17A 
alongside the anti-inflammatory cytokine IL-10. In comparison to the 
control mice, challenging mice by Con A led to significant rises of TNF-α, 
IFN-γ, IL-17A and IL-10 concentrations in both the serum and liver 
samples (Fig. 2). However, RXB treatments prior to exposure to Con A- 
challenge efficiently suppressed these significant rises of cytokines, 
especially at the dose level of 150 mg/kg. 

3.3. RXB alleviates Con A-induced activation of NF-κB and 
overexpression of IL-1β in the liver 

The crosstalk between proinflammatory cytokines is known to occur 
in the setting of hepatitis. Next, we assessed the changes of RXB pre-
treatments on the immunohistochemical expression of NF-κB and con-
centration of IL-1β in the mice livers challenged by Con A. The data 
indicated that cytoplasmic expression and nuclear translocation of NF- 
κB in the hepatic cells was increased by Con A, but this increase was 
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minimal by RXB pretreatments (Fig. 3 A, B). Similarly, Con A induced 
overexpression of IL-1β in the mice livers, which was significantly 
inhibited by both doses of RXB (Fig. 3C). Of note, serum IL-1β concen-
tration was not elevated in mice administered Con A alone or with RXB 
pretreatments (Fig. 3D). 

3.4. RXB limits Con A-induced apoptosis and neutrophil infiltration in the 
liver 

We next examined whether RXB can mitigate Con A-induced 
apoptosis by evaluating cleaved caspase 3 immunostaining in liver 
sections. While Con A led to a marked (P < 0.001 vs normal) increase in 
the number of hepatocytes positive for cleaved caspase 3, RXB pre-
treatments abated this increase of cleaved caspase 3, especially the dose 
of 150 mg/kg (Fig. 4A, C). Next, the impact of RXB pretreatments on Con 
A-induced changes in infiltration of immune cells in the liver was 
investigated by evaluating F4/80 immunohistochemical expression and 
MPO activity. In comparison to normal mice, Con A-administration to 
mice led to significant increase of F4/80 positive cells (P < 0.01 vs. 
control) in liver sections (Fig. 4B, D) and hepatic MPO activity (P <
0.001 vs. control) (Fig. 4 E). Noteworthy, Con A-induced elevation in 
both indices for infiltrating immune cells was efficiently prevented by 
150 mg/kg of RXB pretreatment only. 

3.5. RXB inhibits Con A-induced rise of nuclear PCNA in the liver 

Hepatocellular injury drives nuclear repair for affected hepatocytes 
in order to recover the liver. Thereby, we assessed the changes of nuclear 
PCNA in hepatocytes of Con A-mice received no or RXB pretreatment by 
immunohistochemistry. The data indicated that the number of PCNA 
positive hepatocytes per field was increased in Con A-mice received no 
treatment (Fig. 5A, C). Meanwhile, pretreating the Con A-mice with RXB 
caused a marked decrease in the increased number of PCNA positive 
hepatocytes elicited by Con A alone. 

3.6. RXB abates Con A-induced elevation of CD98 in the liver 

Overexpression of CD98 has recently emerged as a driver for 
inflammation in immune and epithelial cells. Next, we investigated 
whether the ameliorative impact of RXB on Con A-hepatic insult is 
mediated by countering CD98 as well. In comparison to the normal 
group, Con A-administration led to overexpression of the hepatic CD98 
in the mice (Fig. 5B, D). However, pretreating the mice with RXB (75 
and 150 mg/kg) prior Con A significantly abated the expression of he-
patic CD98. 

3.7. RXB reverses Con A-induced abnormalities in GSH and its related 
enzymes in the liver 

The contribution of the non-enzymatic antioxidant GSH and its 

Fig. 1. Impact of RXB pretreatments (75 and 150 mg/kg) for Con A-challenged mice on serum ALT (A), AST (B) and LDH (C) activities, as well as the necroin-
flammation score (D) and histopathology (E; 100 and 400×; scale bars = 100 and 50 μm) of the liver (n = 6–8/group). Arrows indicate inflammatory infiltrates and 
arrowheads indicate necrotic areas. * and *** denote a P-value (vs. the Control) less than 0.05 and 0.001, respectively, but #, ## and ### denote a P-value (vs. the 
Con A) less than 0.05, 0.01 and 0.001, respectively. 
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related enzymes including GSH peroxidase, GSH reductase and GSH 
transferase has yet to be unraveled in the context of immune hepatitis 
driven by Con A. In comparison to the normal mice, administering Con A 
to mice significantly reduced GSH (P < 0.001) and GSH peroxidase (P <
0.05), but unexpectedly raised GSH reductase (P < 0.01) and GSH 

transferase (P < 0.001) (Fig. 6A-D). Intriguingly, RXB treatments before 
exposure to Con A reversed these abnormalities in GSH and its related 
enzymes in the liver caused by Con A alone. 

Fig. 2. Impact of RXB pretreatments (75 and 150 mg/kg) for Con A-challenged mice on the serum and hepatic concentrations of TNF-α (A, B), IFN-γ (C, D), IL-17A (E, 
F) and IL-10 (G, H) (n = 6–8/group). *, ** and *** denote a P-value (vs. the Control) less than 0.05, 0.01 and 0.001, respectively, but #, ## and ### denote a P- 
value (vs. the Con A) less than 0.05, 0.01 and 0.001, respectively. 

Fig. 3. Impact of RXB pretreatments (75 and 150 mg/kg) for Con A-challenged mice on the hepatic immunohistochemical expression and quantification of NF-κB (A 
and B; 100×; scale bar = 100 μm) and hepatic and serum concentrations of IL-1β (C and D) (n = 6–8/group). ** and *** denote a P-value (vs. the Control) less than 
0.01 and 0.001, respectively, but #, ## and ### denote a P-value (vs. the Con A) less than 0.05, 0.01 and 0.001, respectively. 
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3.8. RXB counters lipid peroxidation and nitrosative stress elicited by Con 
A in the liver 

Next, we investigated whether RXB protective effect on Con A- 
mediated hepatocellular injury was related to oxidative stress. Accord-
ingly, products of lipid peroxidation (MDA and 4-HNE) and nitrosative 
(NOx) stress were assessed in the liver. Mice intoxicated by Con A alone 
had a marked (P < 0.001) rise of MDA, 4-HNE and NOx concentrations 
in the liver, compared to the normal control counterparts (Fig. 6E-G). 
Con A-induced rise of hepatic concentration of MDA was dose- 
dependently lowered by RXB pretreatments, while those of 4-HNE and 
NOx were reduced by both doses of RXB pretreatments to the same 
extent. We also assessed SOD activity in the liver, which was surprisingly 
increased by Con A alone or with RXB treatments (Fig. 6H). 

4. Discussion 

Here, we examined the pharmacological inhibition of JAK by RXB 
prior Con A-challenge. The results demonstrated that JAK inhibition 
abrogated Con A-induced hepatic injury (ALT, AST, LDH) and necrosis 
(histopathology). The protection potential of JAK inhibition was further 
confirmed by lowering Con A-induced apoptosis (cleaved caspase 3) and 
proliferation as a response of hepatocyte damage (PCNA). Moreover, 
JAK inhibition abated Con A-induced activation and nuclear transfer of 
NF-κB in hepatocytes occurring before apoptosis. RXB-pretreatment for 

Con A-exposed mice was also efficient in reducing the hepatic produc-
tion and systemic release of the proinflammatory mediators (TNF-α, IFN- 
γ, IL-17A, IL-1β), as well as decreasing Con A-infiltration of monocytes 
(F4/80) and neutrophil (MPO). 

The major mechanism of hepatic injury elicited by Con A is depen-
dent primarily on TNF-α and IFN-γ [27,28]. Following IV entry of Con A, 
it binds to mannose-rich glycoproteins on the liver sinusoidal endothe-
lial cells and Kupffer cells. T cells are activated by crosslinking their T 
cell receptors to these cells and subsequently secrete both IFN-γ and 
TNF-α that induce apoptotic cell death in liver sinusoidal endothelial 
cells and hepatocytes, as well as neutrophil recruitment [18]. IFN-γ has 
also a role like that of TNF-α in Con A-hepatocellular death, because 
occurrence of hepatitis and Fas-induced apoptosis was decreased 
significantly in mice lacking IFN-γ [29]. Another pathogenic mechanism 
happens alongside the first one includes T cell activation for Kupffer cell 
to secrete TNF-α, ROS and IL-1β-dependent on the assembly of the 
NLRP3-inflammasome [30]. As a result of this established inflammatory 
cytokine storm, necrotic and apoptotic cell death of hepatocytes and 
release of transaminases into the blood circulation occur. 

Most proinflammatory cytokines are well-known upon their release 
to upregulate their self and other cytokines expressions. JAKs were re-
ported to be a downstream for receptors stimulated by IL-6, IFN-γ, TNF- 
α, IL-1β and others [5]. For instance, binding of IFN-γ to IFN-γ receptors 
1/2 triggers activation of JAKs, followed by activation of STAT1/3, NF- 
κB and transcription of M1 genes in macrophages [31]. Activated M1 

Fig. 4. Impact of RXB pretreatments (75 and 150 mg/kg) for Con A-challenged mice on the immunohistochemical expression and quantification of cleaved caspase 3 
(A, C, 400×,), F4/80 (B, D, 100×,) and the activity of MPO (E) in the liver (n = 6–8/group). Arrows indicate apoptotic hepatocytes and arrowheads indicate 
infiltrated inflammatory cells. *, ** and *** denote a P-value (vs. the Control) less than 0.05, 0.01 and 0.001, respectively, but # and ## denote a P-value (vs. the Con 
A) less than 0.05 and 0.01, respectively. 
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macrophages favor the proinflammatory response via increased secre-
tion of chemokines, IL-1β, TNF-α, ROS and RNS, but decreased secretion 
of IL-10 [32]. TNF-α has been shown to phosphorylate JAKs in several 
types of immune cells [33,34]. A previous study reported that TNF-α 
mediated hepatocellular apoptosis through caspase-1, and pretreating 
con A-exposed mice by tumor necrosis factor-binding protein lessened 
that apoptosis [35]. Pretreating mice by the IL-1β-receptor antagonist 
anakinra lowered Con A-induced hepatic damage and phosphorylation 
of JAK2 and STAT3, as well as IL-17A and ROS generation [30]. 

Con A was reported to elicit differentiation of Th17 cells producing 
IL-17A, leading to accrual of TNF-α and IL-6 secretions via stimulating 
dendritic cells, neutrophils and Kupffer cells [36]. The JAK-STAT 
pathway has an important role in conversion of T helper cells into 
Th1, Th2, Th17 and regulatory T cells [37]. Moreover, the genetic 
deletion of STAT3 in T cells reduced Con A-mediated hepatitis and IL- 
17A production [38]. It has been previously reported that Con A 
induced inflammation and phosphorylation of STAT3 by activation of 
JAK2, but these outcomes were blocked by AG490, a selective JAK2 
inhibitor [39]. Hence, inhibition of JAK2/STAT3 by RXB limited Con A- 
induced elevation in hepatic production and systemic release of the 
proinflammatory IL-17A. Con A also induces regulatory T cells and M2- 
converted macrophages to secrete IL-10 that is involved in the intra-
hepatic immune tolerance to limit the overwhelming inflammation 
[40,41]. While IL-10 receptor signaling is mediated via the JAK-STAT 
pathway [42], RXB-mediated inhibition of this pathway may impair 
the anti-inflammatory dependent signaling of IL-10. Nevertheless, this 
interference with IL-10 will not hinder RXB-hepatoprotection against 

Con A due to dampening the parallel production of the proinflammatory 
mediators TNF-α, IFN-γ, IL-17A and IL-1β. 

Con A-insult led also to hepatic overexpression of CD98, which was 
lowered by RXB pretreatments in a dose dependent manner. CD98 works 
as an amino acid transporter by its extracellular domain on hepatocytes, 
where it is regulates β1-integrin signaling under control of IFN-γ 
[43,44]. Selective targeting of CD98 markedly reduced the progression 
and inflammation in non-alcoholic fatty liver disease and lowered even 
the production of its modulator IFN-γ [44]. Thus, RXB-induced decrease 
of IFN-γ stimulation lessened the expression of hepatic CD98 that 
eventually decreased IFN-γ again by feedback. 

The link of oxidative stress to Con A-induced hepatitis is not fully 
known. This can be attributed to Con A-induced overexpression of 
proinflammatory mediators, leading to enhanced production of ROS and 
RNS, which aggravated the initial insult mediated by the inflammatory 
cytokines. The thiol donor N-acetyl cysteine also mitigated the NLRP3- 
inflammasome assembly and hepatic inflammation caused by Con A, 
pointing to a key role of GSH in driving the axis of ROS/NLRP3- 
inflammasome activation [30]. Moreover, Con A directly caused a 
decline in the cellular GSH content of primary cultured murine hepa-
tocytes [45]. Pretreating the Con A-mice by RXB lowered both RNS and 
ROS as indicated by MDA, 4-HNE and NOx concentrations in the liver. 
Our data also showed that these effects were preceded and mediated by 
restoration of the hepatic GSH and GSH peroxidase. Meanwhile, RXB 
attenuated Con A-induced rise of SOD, leading to less conversion of 
superoxide anion radical into hydrogen peroxide. Similarly, Con A- 
abnormal increase in hepatic GSH reductase and GSH transferase 

Fig. 5. Impact of RXB pretreatments (75 and 150 mg/kg) for Con A-challenged mice on the hepatic immunohistochemical expression and quantification of PCNA (A 
and C; 400 × ) and CD98 (B and D; 200 × ) (n = 6–8/group). *** denotes a P-value (vs. the Control) less than 0.001, but # and ### denote a P-value (vs. the Con A) 
less than 0.05 and 0.001, respectively. 
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Fig. 6. Impact of RXB pretreatments (75 and 150 mg/kg) for Con A-challenged mice on the hepatic concentrations of GSH (A), GSH peroxidase (B), GSH reductase 
(C), GSH transferase (D), MDA (E), 4-HNE (F), NOx (G) and SOD (H) (n = 6–8/group). *, ** and *** denote a P-value (vs. the Control) less than 0.05, 0.01 and 0.001, 
respectively, but #, ## and ### denote a P-value (vs. the Con A) less than 0.05, 0.01 and 0.001, respectively. 

Fig. 7. Schematic illustration of the impact of RXB on Con A-hepatitis.  
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activities was reduced by RXB, because of decreasing Con A-enhanced 
depletion of GSH. 

In conclusion, pretreatment with RXB spared the liver from the 
deleterious manifestations of Con A via targeting various inflammation 
cascades, leading to less infiltration of immune cells in the liver (Fig. 7). 
These comprise mitigating the hepatic overexpression and release of 
TNF-α, INF-γ and IL-17A alongside the anti-inflammatory IL-10. RXB 
also lessened the hepatic overexpression of IL-1β and CD98 alongside 
NF-κB activation, as well as ameliorating the oxidative stress. 
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