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Definition
Liver diseases represent a threat to human health and are a signiﬁcant cause of mortality and
morbidity worldwide. Autoimmune hepatitis (AIH) is a progressive and chronic hepatic inﬂammatory
disease, which may lead to severe complications. Concanavalin A (Con A)-induced hepatic injury is
regarded as an appropriate experimental model for investigating the pathology and mechanisms
involved in liver injury mediated by immune cells as well as T cell-related liver disease. Despite the
advances in modern medicine, the only available strategies to treat AIH, include the use of steroids
either solely or with immunosuppressant drugs. Unfortunately, this currently available treatment is
associated with signiﬁcant side-eﬀects. Therefore, there is an urgent need for safe and eﬀective drugs
to replace and/or supplement those in current use. Natural products have been utilized for treating
liver disorders and have become a promising therapy for various liver disorders.

1. Introduction
The plant lectin, concanavalin A (Con A) separated from Canavalia ensiformis (jack bean) is known as a Tlymphocytes activator. T-lymphocytes are eﬀector cells, which play a remarkable role in the immunostimulatory process in case of allograft rejection, viral infection, or autoimmune diseases in mammals

[1].

Con A stimulates T-cell causing a release of several cytokines such as tumor necrosis factor-α (TNF-α),
interferon-gamma (IFN-γ), granulocyte macrophage-colony stimulating factor (GM-CSF), and interleukins
(ILs), that maintain inﬂammatory and immuno-stimulatory processes and may arouse acute toxicity

[2].

Therefore, Con A-activation of T-cell leads to cytokine-induced hepatic injury, which can be assessed by
electron microscopy of the liver and by determining the plasma levels of transaminases

[3].

This injury is

characterized by severe liver inﬂammation and massive hepatocyte apoptosis/necrosis [4][5][6]. Con A
produces oxidative stress by increasing the ROS levels and decreasing antioxidants levels (e.g.,
glutathione, SH), which leads to an increase in intracellular Ca+2 and accelerates lipid peroxidation that
damages the cell membrane and other cellular components

[7][8].

Also, Con A induces inﬂammation in the

hepatic tissue through elevating the levels of TNF-α, adhesion molecules, transforming growth factor-β1
(TGF-β1), mitogen-activated protein kinases (MAPKs), and signal transducer and activator of transcription
3 (STAT3)

[9][10][11]

. Moreover, apoptosis can be induced by Con A through suppressing Akt (p-Akt),

phosphatidylinositol 3 kinase (PI3K), and Bcl2 and upregulating Bax

[12][13][14][15]

(Figure 1).

Figure 1. Eﬀect of concanavalin A (Con A) on the molecular level in Con A-induced hepatotoxicity. NF-kB:
Nuclear factor-kappa B; ROS: Reactive oxygen species; TGF-B: Transforming growth factor B; MAPK:
Mitogen-activated protein kinase; Stat3: Signal transducer and activator of transcription 3; p-AKT:
Phospho-protein kinase B; PI3K: Phosphatidylinositol 3 kinase; TNF-α: Tumor necrosis factor α.
It was reported that Con A-immune responses depend on various cells such as natural killer T (NKT) cells,
+

[16]

CD4+ T cells, neutrophils, and intrahepatic macrophages namely, Kupﬀer cells (KCs) [16]. Con A has been
utilized as an insulin receptors agonist and in general T-cell biology
immune-related hepatitis

[19]

[17][18]

. This is a common model for

. The pathogenesis in this model is unique and it oﬀers several similarities to

acute liver diseases seen in human beings such as: acute liver failure, autoimmune hepatitis (AIH), and
acute viral hepatitis in which T-cells involvement and immune activation/inﬁltration were observed. This
model selectively details the T-cell functions in inﬂammatory liver disease. Therefore, the Con A model is
utilized to study the pathogenesis, microscopic morphological changes, and eﬀects of potential
treatments for AIH and is recognized as an acceptable and well-characterized model for liver injury
mediated by immune responses

[20][21].

The liver is a vital organ in nutrients metabolism, immune surveillance, and toxin clearance. However, it
can be destroyed by the overactive immune responses that can be triggered by certain medications,
metabolic diseases, and toxins, as well as intravascular infections

[22].

Liver diseases, including viral and

autoimmune hepatitis as well as drug-induced liver damage, are a major culprit of mortality and
morbidity worldwide and represent a threat to human well-being.
Autoimmune hepatitis (AIH) is a hepatic inﬂammatory condition, in which the liver parenchyma is
destroyed, with lymphocyte inﬁltration, necrosis, and apoptosis of liver cells, and a rise in the level of
transaminase

enzymes

[23][24]

. AIH may lead to an array of debilitating complications, including

encephalopathy, ascites, cirrhosis, hepatocellular carcinoma, and/or death. The current available
management options for AIH include administering steroids (e.g., prednisone, prednisolone) on their own
or combining them with immunosuppressive drugs (e.g., azathioprine) [25]. However, these medications
are non-speciﬁc and have signiﬁcant adverse eﬀects that prompt many patients to discontinue their use
[25][26].

Thus, there is an urgent need for discovering more safer and speciﬁc therapeutic agents.

For hundreds of years, herbal medicines have been utilized for treating liver disorders and have become a
promising therapy for various liver disorders

[27][28].

Many of the therapeutic agents used in liver diseases

are either natural products or natural product derivatives because of their capability to act on various
biological targets

[28][29][30].

Moreover, there is a recent expansion of interest in the discovery of natural

products from diﬀerent sources—e.g., terrestrial plants, marine organisms, and microorganisms—as
potential leads for treating AIH. In this review, the natural compounds and herbal formulation as well as
extracts and/or fractions reported to ameliorate Con A-induced hepatitis and their mechanism of action
are reviewed (Figures 2–10; Tables 1–3). This review was performed using the databases; Google Scholar,
Science Direct, Springer Link, JACS, Taylor & Francis, Web of Science, Scopus, Bentham Science, or Wiley
Online Library. The isolated compounds from diﬀerent natural sources are classiﬁed into diﬀerent
chemical groups. Moreover, their sources, structures, molecular weights, and formulae as well as the
eﬀects and possible mechanisms are highlighted (Tables 1 and 2; Figures 2–10). In addition, for plants and
herbal formulations, the families, utilized parts, tested fraction, and concentrations were mentioned (Table
3). The current work presents diﬀerent natural compounds with fascinating skeletons that could be
eﬀective for Con A-induced hepatitis. This could attract the interest of pharmacologists and medicinal
chemists and oﬀer valuable insights for treating AIH. Therefore, these metabolites could be promising
prototype compounds for the discovery of drug candidates that could be used for AIH treatment. Also, this
could provide new strategies for immune-mediated liver injury treatment.

Figure 2. Chemical structures of alkaloids.

Figure 3. Chemical structures of alkaloids.

Figure 4. Chemical structures of terpenes.

Figure 5. Chemical structures of terpenes.

Figure 6. Chemical structures of terpenes and sterols.

Figure 7. Chemical structures of phenolics.

Figure 8. Chemical structures of phenolics.

Figure 9. Chemical structures of coumarin and coumarin derivatives.

Figure 10. Chemical structures of other compounds.
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