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The immune system's primary role is to protect the host from infectious agents;
however, its malfunction can lead to autoimmune diseases, wherein the immune
system mistakenly attacks the body's own tissues. This research focuses on
autoimmune hepatitis (AIH), a condition characterized by liver inflammation
triggered by the immune response against liver cells, predominantly affecting
women. The study examines the pathophysiology of AIH, highlighting the role
of CD4+ T-lymphocytes and the cytokine interleukin-17 (IL-17) in mediating

inflammation. Jaundice, a symptom of liver dysfunction resulting from excess
bilirubin, is also explored, detailing its types and underlying causes including
liver disease and hemolytic anemia. The research employs molecular docking
techniques to investigate the potential of IL-17 inhibitors in mitigating
autoimmune responses, emphasizing the importance of computational methods
in understanding and treating autoimmune conditions. Furthermore, the paper
discusses the role of serotonin in autoimmune inflammation and the therapeutic
potential of selective serotonin reuptake inhibitors (SSRIs) in managing
autoimmune diseases. This comprehensive study aims to elucidate the complex
interactions between immune responses, liver health, and therapeutic
interventions for autoimmune diseases.
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INTRODUCTION

The immune system is developed to fulfil the primary function of protecting hosts from infectious agents.
This system get collapsed it leads to produce autoimmune disease. [1,2] Autoimmune disease is a condition which
is trigged by the immune system initiating an attack on self-molecules due to the deterioration of immunologic
tolerance to auto-reactive immune cells. [3] They are pathological conditions identified by abnormal autoimmune
responses and characterized by auto-antibodies and T-cell responses to self-molecules by immune system
reactivity. [4] Nearly 80% of women are affected with a chronic autoimmune condition. [5] Some of the
autoimmune diseases are Type 1 Diabetes, rheumatoid arthritis, autoimmune hepatitis, Grave’s disease, Crohn’s
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disease, Sjogren’s disease and lupus. [5,6] Autoimmune hepatitis (AIH) is defined as the inflammation of liver
due to the body’s immune system attacks the liver cells. It may cause in any age people at unknown time period
which is mostly caused in women more than men. [7,8] The autoimmune hepatitis is caused by the CD4+ T-
lymphocytes cells. AIH is also caused by the jaundice. [8,9] The word Jaundice is derived from the French word
“Jaune” means “yellow”. [10] Jaundice is defined as a yellow discoloration of the body tissue resulting from the
accumulation of excess bilirubin. Deposition of bilirubin happens only when there is an excess of bilirubin and
this indicates increased production or impaired excretion. [11] This condition is also known as hyperbilirubinemia
which is known as high level production of bilirubin in the body. [12] The normal level of bilirubin is less than 1
milligram per deciliter (mg/dL). [11] 80% of bilirubin is formed by the breakdown of hemoglobin in senescent
red blood cells and prematurely destroyed erythroid cells in the bone marrow. The remaining 20% of bilirubin
formed from heme-containing proteins such as myoglobin, cytochromes, catalase, peroxidase and tryptophan
pyrrolase which are found in other tissues, primarily the liver and muscles. [13,14] Bilirubin is produced from the
breakdown of haemoglobin. The heme oxygenase enzyme catalyst the heme at the alpha carbon bridge and gets
separated into iron, carbon-monoxide and biliverdin. [15] The heme is an iron-containing porphyrin found in
hemoglobin, myoglobin and several enzymes of which the hepatic cytochromes are the most important
representatives. These are breakdown in the reticuloendothelial systems of spleen, liver and marrow where iron
is removed from the heme molecule and the remaining porphyrin ring is oxidized and cleaved at a single site to
form the tetrapyrrole chain structure of bilirubin. [10,16] Jaundice may develop in all age peoples and is normally
result of an underlying condition. Newborns and older adults have the highest risk of developing jaundice. [17]

SYMPTOMS
The well-defined symptoms of jaundice and autoimmune hepatitis are,

* A yellow color in skin, mucus membrane and whites of eye.
¢ Dark urine and clay / pale colored stools.

*  Flu-like symptoms.

¢ Itchy skin and weight loss.

* Reduced appetite, fatigue and vomiting.

¢ Stomach pain, chills and fever. [17-20]

CAUSES
*  Mostly by viral infections.
*  Cancer in liver, bile ducts or pancreas.
*  Gallstone disease, cirrhosis, alcohol consumption, hepatitis, hemolytic anemia. [17-20]

TYPES OF JAUNDICE

Hemolytic Jaundice:
»  Causes: Increased production of bilirubin due to the excessive breakdown of red blood cells.
*  Mechanism: The liver cannot process all the bilirubin produced from the breakdown of red blood cells.
»  Examples: Hemolytic anemia, sickle cell disease, or thalassemia.

Hepatic (Hepatocellular) Jaundice
»  Causes: Liver dysfunction that impairs bilirubin processing.
*  Mechanism: The liver cells are damaged or inflamed, affecting their ability to metabolize bilirubin.
+  Examples: Hepatitis, cirrhosis, alcoholic liver disease or drug induced liver injury.

Post-hepatic (Obstructive) Jaundice:
*  Causes: Obstructive of bile flow from the liver to the intestine.
e Mechanism: Bilirubin cannot be excreted into the bile ducts and accumulates in the blood.
»  Examples: Gallstones, pancreatic cancer or strictures in the bile ducts.

These classification help in diagnosing the underlying cause of jaundice and guiding appropriate treatment
strategies. [17-20]
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Pathophysiology Of Auto Immune Hepatitis

The exact route cause of AIH is unknown, but the current report states that environment triggers the
cause of immune failure and leads to T-Cell inflammation.

l

T-Lymphocytes recognize the antigen and activate the T-cell.

Tumor Necrosis Factor (TNF), IL-17 (Interleukin-17) are secreted by activated T-cells and it involves in the
produce INF- y (Interferon gamma) to macrophage activation.

Binds to the JAK-STAT (Janus kinase-signal transducer and activator of transcription).
Cause Inflammatory Response.

e Generally Thymus gland mature the T-lymphocytes which is originated from bone n marrow.
e [t differs into two T-cell lineages with different functions in immune system.

TYPE-1
(vd Lineage — Role of surveillance cells of immune system)

TYPE-2
(ap Lineage — Role in develop of different phenotype)

*  From Cluster of Differentiation-4 (CD4 +) CD8 + Double positive cells and CD4-CD8-Double negative
cells to CD4 + or CD8 + Single positive cell are differentiated.

This above cells can express the surface membrane molecule and involves in recognition of antigen,
proliferation, activation, differentiation function of T-cells.

¢ IL-17 also secreted by the yd T-cells.

The cytotoxic granules and granules in released directly into the infection cell by the yd T- cells to kill the
infection cells.

A study reported that IL-17 can promote the expression of chemokines and activation of macrophages in the
site of inflammatory. [21]
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Structural representation of synthesis of T helper cells

Th17 cells, a lymphocyte subpopulation that is characterized by the expression of the transcription factor
“Retinoic Acid Receptor-Related orphan Receptor Gamma-t (RORgamma-t), Plays major role in the pathogenesis
of autoimmune disease. Th-17 cells not only play role in host defence against bacterial and fungal infection but
also in may immune related disease such as RA, Multiple sclerosis, Inflammatory bowel disease. [23]
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CLINICAL TRAILS

Inject intracerebrally lymphocytic choriomeningitis virus usually causes a lethal lymphocytic choriomeningitis in
mice.

o T-cell mediate the disease while T-cell deficient mice survive after the injection administration.

e Hence T-cells plays major role in inflammation in metabolic disease. [21]

LIVER BIOPSY

The typical auto immune hepatitis biopsy includes mono nuclear inflammatory infilterate mostly plasma cell,
located in portal ducts.

Piecened necrosis of hepatocytes caused by this inflammation, leads to destruction of hepatocytes.

This hepatitis leads to cause;

* Fatigue.
= Malaise.
= Jaundice.

= Arthrolgias.

TEST

The presence of anti-smooth muscle antibodies reports the Type-I auto immune hepatitis disorder. Because it
only found in AIH patients. 60% of patients have chronic hepatitis but they don’t have serologic evidence of viral
infection. [22]
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METHODOLOGY

MOLECULAR DOCKING
It is a computational method to predict the interaction between two molecules with the help of AUTODOCK 1.5.7
application.

STEPS INVOLVED IN DOCKING

Choosing the protein target and ligand molecule
e  Visit https://www.rcsb.org/.

Search for the required protein molecule.

Download protein file > PDB format.

Visit https://pubchem.ncbi.nlm.nih.gov/

Search for the required ligand molecule.

Download > 3D conformer > SDF > Save.

Folder making
e  Open new folder and name it as docking.
Add the downloaded protein and ligand in it.
Copy the docking folder link.
Open autodock > File > Preference > Startup Directory > Make Default > Set.

Preparation of protein
e Drag the downloaded protein molecule from the docking folder.
Edit > Delete Water.
Edit > Hydrogen > Add > Polar only.
Edit > Charges > Add Kollman charges > Ok.
Grid > Macromolecule > Protein molecule > Select Molecule > Ok > Save it in pdbqt format.

Preparation of ligand
e Drag the downloaded ligand molecule from the docking folder.
Ligand > Input > Select molecules > Dialogue box opens > Ok.
Edit > Delete Water.
Edit > Hydrogen > Add > Polar only.
Edit > Charges > Add Kollman charges > Ok.
Grid > Macromolecule > Protein molecule > Select Molecule > Ok > Save it in pdbqt format.

Grid process

Drag the protein molecule in it.

Grid > Macromolecule > Choose > Protein > Select molecule > Dialogue box > Ok > Save.

Grid > Set Map Types > Choose > Ligand > Select molecule.

Grid > Grid box > Box appears > Cover the protein and ligand by adjusting the dimensions x , y & z.
File > Output > Save > Save it as “grid. gpf”.

Docking process
e Docking > Macromolecules > Set Rigid filename > Select protein > Open.
e Docking > Ligand > Choose > Click ligand > Select ligand.
e Docking > Docking parameter > Accept.
e Docking > Output > Lamarckian Genetic Algorithm > Save as dock.dpf > Save.

Analyse
e Analyse > docking > open dlg file > select > open > ok.
e Analyse > macromolecule > choose > protein > select molecule > ok.
e Analyse > confirmation > play,ranked by energy > show info.

Save

e Build current > ok.
e  Write complex > save as result.pdb[24].
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Recent Molecular docking in IL-17 Inhibitors
Recently FDA approved drugs in IL-17 inhibitor drugs Secukinumab, Ixekizumab and Brotalumab.
The trails done in Molecular docking method by Yue, Chen MD in August 25,2023.

DOCKING STUDIES
REMOVAL OF HYDROGEN

In molecular docking, hydrogen atoms are often removed from the ligand and protein structures for
several reasons:
1. Simplification
Hydrogen atoms are small and have a relatively minor impact on the overall shape and properties of the molecule.
Removing them simplifies the structure and reduces computational complexity.
2. Focus on heavy atoms
Docking algorithms focus on the heavy atoms (carbon, oxygen, nitrogen, etc.) that form the molecular backbone
and functional groups. Hydrogen atoms are not as crucial for determining the binding mode.
3. Reducing degrees of freedom
Hydrogen atoms add degrees of freedom, making the docking process more computationally intensive. Removing
them reduces the number of possible conformations, making the calculation more manageable.
4. Improving scoring function accuracy
Some scoring functions used in docking are more accurate when hydrogen atoms are removed, as they can be
sensitive to the precise placement of hydrogen atoms.
5. Standardization:
Removing hydrogen atoms standardizes the input structures, ensuring that the docking algorithm is evaluating the
same molecular features across different ligands and proteins. [25]

ADDING KOLLMAN CHARGES
1. Simulate electrostatic interactions: Kollman charges help to accurately model the electrostatic interactions
between atoms, which is crucial for predicting binding affinities and molecular recognition.
2. Account for partial charges: Kollman charges represent the partial charges on atoms, which arise from the
unequal sharing of electrons in covalent bonds.
3. Improve docking accuracy: By including Kollman charges, docking algorithms can better predict the
orientation and binding mode of ligands to proteins.
4. Enhance scoring function accuracy: Kollman charges improve the accuracy of scoring functions used in
docking, which evaluate the binding affinity of ligands to proteins.
5. Mimic physiological conditions: Kollman charges help to simulate the physiological environment, where
electrostatic interactions play a significant role in molecular recognition. [26]
Kollman charges are particularly important for:

= Protein-ligand docking.

= Molecular dynamics simulations.

ADDING POLAR HYDROGENS

1. Polar hydrogens are most relevant: Polar hydrogens are involved in hydrogen bonding, which is a crucial
aspect of molecular recognition and binding.

2. Simplification: Including only polar hydrogens reduces the number of atoms to consider, simplifying the
calculation without sacrificing essential details.

3. Focus on key interactions: By focusing on polar hydrogens, the simulation can concentrate on the most
important electrostatic interactions driving binding.

4. Reducing computational cost: Including fewer hydrogens decreases computational resources required for
calculations.

5. Balancing accuracy and efficiency: Adding polar hydrogens only strikes a balance between capturing essential
electrostatic effects and maintaining computational efficiency.

Polar hydrogens are typically defined as hydrogens attached to:

Oxygen (0)

Nitrogen (N)

Sulfur (S)

Fluorine (F)

These hydrogens are more likely to participate in hydrogen bonding and are thus crucial for accurate simulations.
[27]
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ADDING COMPUTING GASTEIGER CHARGES

1. Accurate electrostatic representation: Gasteiger charges provide a more accurate representation of the
electrostatic properties of molecules, which is crucial for simulations and docking.

2. Partial charge calculation: Gasteiger charges calculate partial charges on atoms, which is essential for
understanding molecular interactions.

3. Improved docking accuracy: Gasteiger charges improve the accuracy of docking simulations by providing a
more realistic representation of electrostatic interactions.

4. Enhanced scoring function accuracy: Gasteiger charges enhance the accuracy of scoring functions used in
docking, which evaluate binding affinities.

5. Standardization: Gasteiger charges provide a standardized way to calculate partial charges, ensuring
consistency across different molecules and simulations.

6. Compatibility with force fields: Gasteiger charges are compatible with various force fields, making them a
widely accepted choice for simulations.

7. Accounting for electronegativity: Gasteiger charges consider the electronegativity of atoms, which is essential
for accurately modeling electrostatic interactions. [28]

LAMARCKIAN GENETIC ALGORITHM (LGA)

It is a variation of the traditional Genetic Algorithm (GA) that incorporates the concept of Lamarckism, which
states that an organism can pass on characteristics it acquired during its life time to its offspring. [26]

In the context of molecular docking, LGA is used to optimize the pose of a ligand within a protein binding site.
In below states how it works:

1. Initialization: A population of ligand poses is generated randomly.

2. Evaluation: Each pose is evaluated using a scoring function, such as binding affinity or docking score.

3. Selection: Poses with higher scores are selected for the next generation.

4. Crossover: Selected poses are combined to generate new poses (offspring).

5. Mutation: New poses are randomly modified (mutated) to introduce diversity.

6. Lamarckian step: The best pose from the previous generation is used to "teach" the new poses, by applying a
local search algorithm to optimize their binding mode.

7. Repeat: Steps 2-6 are repeated until convergence or a stopping criterion is reached. [26]

INSILICO MOLECULAR DOCKING

In-silico molecular docking studies was performed for autoimmune disease of gout arthritis by
polyphenols ligand against the interleukin 17A. The release of chemokines are inhibited by the binding of
polyphenols with interleukin 17A which leads reduce the inflammation.

Cytokines of the IL-17 family promote and maintenance of both adaptive and in-native immunity.
Dysregulation of their production exhibit the inflammatory and autoimmune disease such as rheumatoid arthritis,
psoriasis, asthma, autoimmune hepatitis. The release of neutrophils and macrophages mediated by interleukins in
autoimmune disease condition.Interleukin-17A play a key role in production of T-helper cells (Th17), gamma
delta T-cells (y and 8) and natural killer cells. In present in-silico studies aimed to perform the potential inhibitory
action of selected drugs against IL-17A.

For gout arthritis (PDB:ID-4HRa) protein was used in molecular docking studies to report the action of
polyphenols against IL-17A to inhibit the action. ADMET (Adsorption, Distribution, Metabolism, Excretion and
Toxicity) studies aided by SWISS ADME severs. [29]

PLANTS IN IMMUNOSUPPRESSION ACTIVITY

CD+4 T-cells differentiate into effector (Thl, Th2, Th3) cells and immunosuppressive cells upon
antigenic stimulation in the presence of a specific cytokines. Therefore an aqueous extract of 7.Cordifolia was
non-cytotoxic at concentration below 1500 microgram per milliliter that moderately inhibit the proliferation of
CD++4 cells. It has the chemical constituent of glycosides that shows inhibition of the cytotoxicreceptor signaling
pathway, majorly via the JAK-STAT signaling pathway. [30]

SEROTONIN
NH,
HO
X
N
H
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Serotonin, a biogenic amine, play a crucial role as a neurotransmitter. It was named serotonin after the Latin word
serum and the Greek word tonic. It similar to epinephrine, nor epinephrine, dopamine and histamine.
Serotonin is produced in two steps:
1. The essential amino acids tryptophan hydroxylated to 5-hydroxytryptophan (SHTP) by tryptophan
hydroxylase.
2. 5-HTP is decarboxylated to form 5-HT Early pharmacologic studies demonstrated that hydroxylation and
decarboxylation occur almost instantaneously in the presence of tryptophan.

The cell bodies responsible for producing serotonin are organized into nine separate groups, which are

predominantly found in the pons and midbrain areas. he majority of the body's serotonin, approximately 90-95%,
is found in the peripheral tissues, with the largest stores located in platelets and enterochromaffin cells.
Nearly all of the body's serotonin, around 99%, is contained within cellular boundaries, indicating a stringent
regulatory mechanism for this neurotransmitter. Animal models have been used to study its function in human,
revealing its impact on various physiological processes. These include regulating gastrointestinal motility,
peripheral and cerebral vascular tone and platelets function. Additionally, serotonin has been linked to several
conditions, such as mood disorders, nausea and vomiting, migraines, irritable bowel syndrome and hypertension.
Research on serotonin has led to the development of drugs that target the serotonergic system in humans and
animals, including dogs and cats. However, the increased use of these drugs has also led to the discovery of a new
toxicity affecting both humans and animals.

Serotonin is a multifaceted molecule that exerts a wide range of effects throughout the body, including
the central nervous system and peripheral tissues. It plays a triple role as a hormone, neurotransmitter and cell
growth promotor and its presence is widespread across the animal kingdom. Serotonin was isolated and
characterized in 1948 by Maurice rapport and Irvine page. The isolation of serotonin came after decades of
investigation to characterized a vasoconstrictor substance that was suspected to be contained in platelets. The
presence of serotonin was soon detected in a multitude of tissue, including the central nervous system, respiratory
organs, renal system, blood platelets and the gut highlighting its diverse rule in human physiology. When serotonin
was first identified, it was only the third known neurotransmitter, but subsequent research it involvement in a
broad range of central nervous system processes, including emotional regulation, behavior control, sleep-wake
cycles and food intake. [31]

Mechanism of role of serotonin in autoimmune inflammation

Activation of inflammation response

Treated with Selective serotonin
reuptake inhibitors

Reduce the number of T-reg

Decrease the immune response

SELECTIVE SEROTONIN REUPTAKE INHIBITORS IN AUTOIMMUNE SYSTEM

Selective Serotonin Reuptake Inhibitors are administrating for treating autoimmune pathogenesis and
graft versus disease. The SSRIs are most prescribed drugs for the indication of depression, obsessive compulsive
disorder, panic disorder and other lesswell established indication such as post traumatic stress disorder, obesity,
eating disorder, social phobia and premenstrual disorders. They have more beneficial and less adverse effect while
comparing with other antidepressants, because it is majorly used in treatment under certain circumstances
increased suicide risk. [32]

The drugs have some clinical observation in treatment of patients with depression and also conducted
some invitro studies. It produces abnormal effects on viability of peripheral blood lymphocytes and cytokines and
also in proliferation while exposed to Selective serotonin reuptake inhibitors. It also affect the viability of cancer
cells and also its replication. [32]

An overview were reported for selective serotonin reuptake inhibitors have some immunological effects
on immune cells by conducting both in-vivo and in-vitro studies. The drugs reduce the lymphocyte proliferation
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and inhibit the secretion of cytokines for prevent the inflammation. Therefore, the drugs of SSRIs were tested in
various animal model for autoimmune disorder studies. They also reported the secretion have both
immunostimulant and immunosuppression action, it varies by its dosage strength. [32]
In animal studies reports, after organ transplantation in serotonin administered animal survive while compare with
control group. [33]

Because serotonin reduces the secretion of cytokines and decreases the TNF-alpha, TNF-gamma, 1L-2,
IL-7. Especially the drug fluoxetine drug of SSRIs suppress the T-cell mediation. [33]
Antidepressants can affects the activity of various immune cells by improve the reuptake of serotonin which leads
to lower the concentration in the environment of lymphocytes and also decrease the ability of proliferate. The
immunomodulatory studies of SSRI was performed in animals and reported by Di Rosso et.al in 2016. [34]

ROLE OF IL-17 AND Th17 LYMPHOCYTES IN AUTOIMMUNE DISEASE

In 1989 Mosmann and Coffman described the relationship between the functional properties of Th1 and
Th2 cells and cytokines produced by them. In 1995 Yao. Et al reveal the Th17 cell are able to produce IL17. In
IL17 there are six known isoforms A to F. But, Th17 cell produce only IL17A and IL17F. These two are
responsible for pro-inflammatory cytokines. In Tph ( T peripheral helper cells) mice with arthritis, a significant
increase in osteoclast differentiation and bone resorption was observed with increase in IL-17 levels in the paws
and Th17 lymphocytes in draining lymph nodes, whereas T-regulatory cells were dampened. [35]
It leads to cause the:
*  Rheumatoid arthritis.
*  Psoriasis.
*  Juvenile idiopathic arthritis.
*  Crohn’s disease.

AUTOIMMUNE DISEASE IN SYSTEMIC

Substantial progression in understanding of Th17 development and the effects of IL17 signaling in
immune response as revealed their potential role in human autoimmune disease. It systemic autoimmune disease
are in majority characterized by the loss of B cells control production of auto antibodies and formation of immune
complexes, which contribute to tissue damage.

AUTOIMMUNE DISEASE IN ORGAN SPECIFIC

The autoimmune organ specific disease are mediated by specific immune response directed against
antigen characteristic for particular tissue. The role Th1 and Th2 in the type of disorder was quite well established
Th17 seems to be a new player in organ specific auto immunity. [36]

SEROTONIN REGULATES THE Th1 AND Th2 CELLS TO INHIBIT THE CYTOKINE
PRODUCTION IN-VITRO STUDIES

The MS patients polyclonally activated PBMC culture CD4+ T-cells produce IL-17, TNF-gamma
factors, it leads inflammation. The SHT have ability to reduce the production of IL-17, TNF-gamma factors.
Mainly, the Th17 cell produces TFN-gamma was reduced by SHT. [37]

ANIMAL STUDIES OF SELECTIVE SEROTONIN INHIBITORS IN IMMUNOSUPPRESSION:
The SSRIs have majorly two mechanism for immune response suppression,

*  In autoimmune disease it suppresses the unwanted immune response.

» It also produce immunosuppression by inhibit the T-cell response after transplantation.

The mice were immunized and after 36 days it will sacrificed. The cytokine secretion of each mouse was
collected from one paw in their whole joint. The dissected paw immersed up in a lysis buffer and the content of
cytokine determined. The Enzyme linked immunosorbent assay method was used to measure the TNF-beta, I1-17,
IL-17, IL-4, IL-6 in picogram per milliliter. The RORyt expression in T-cell CD4+ lymphocytes was analysed
after SHT administration. The report states that the level of RORYt expression in CD4+ was reduced by using 5-
HT2A and 5-HT2B agonist in mice. [32] This review shows the complex involved in serotonin influences of
immune cell. No matter of the serotonin derives from platelets, mast cells, T-cells or even from neurons. It
influences disease like gut inflammation, allergic asthma, RA and neuroinflammation such ALS and autism. In
the recent years, we could observe the anti-inflammatory effects and anti-depressant in clinical practice. [38]

CONCLUSION

RORyt antagonist may inhibit the proliferation of autoimmune disease and it provides new strategies for
treatment of Th17 mediated immune disease. RORyt’s action inhibited by some ligand molecules in autoimmune
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disease condition by suppressing the Th17 cells. Thus, SSRIs acts as RORyt antagonist to inhibit the inflammation
and improve health in autoimmune hepatic jaundice.
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