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Rheumatoid arthritis is an autoimmune disease with prevalence all over the world. Several therapeutics
with different modes of action are available to deal with the disease but have failed to produce universal
response leaving a large proportion of patients untreated. This is due to complex pathogenesis comprising
a network of signaling pathways. By controlling one pathway, the pathogenesis continues through
complementary pathways. Janus kinase and bruton’s tyrosine kinase regulates a number of T-cell and
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B-cell mediated signaling pathways ranging from cytokine expression and antibody production to the

bone resorption and cartilage destruction. We propose a dual trap to control this pathogenesis in the form
of dual JAK3/BTK inhibitor. Using the computer-aided drug designing techniques, we developed dual
JAK3 and BTK inhibitors based on quinoxaline derivatives which show appreciable dual inhibition in
enzyme assays. To our knowledge, this is the first-ever report on dual JAK3/BTK inhibitors.
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INTRODUCTION

heumatoid arthritis (RA), an autoimmune disease has

been a serious problem for clinicians for a long time.
Biologic drugs such as TNFa inhibitors, IL-1 inhibitors,
IL-6 inhibitors and co-stimulatory signal inhibitors entered
the RA therapeutics with the advent of twenty-first century
and have been very successful in improving the signs
and symptoms of the disease reducing joint deformity
and disability (Camean-Castillo et al., 2019; Smolen
et al., 2017). TNFa inhibitors as monotherapy or in
combination with methotrexate (conventional drug) have
been quite successful in halting the disease and producing
radiographic improvements (Boyce et al., 2010; Bruce
and Boyce, 2007; Orme ef al., 2012; Singh et al., 2009).
However, unfortunately, this response is achieved only in
30% of the patients (Tanaka et al., 2013). Patients showing
appreciable response rate need a long term medication
as early termination of therapy results in reinstating of
the symptoms almost in 50-80% of the patients (Tanaka
et al., 2013). There is also an issue of the development
of antibodies against the biologics causing it to be less
efficacious (Kotyla, 2018). The lack of universal response,
reduced efficacy on prolonged intake, unendurable
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adverse effects, subcutaneous or intravenous mode of
administration along with high cost added up to the urge
for new orally available, more efficacious and cheaper
therapeutics for rheumatoid arthritis. This was further
accompanied with the understanding of RA pathogenesis
and identification of tyrosine kinases along with their roles
in autoimmune diseases.

Tyrosine kinases control the cellular signal
transduction pathways initiated by the cytokines. The
auto-immune response stimulated by cytokines such as
activation and differentiation of the cells, proliferation,
release of inflammatory cytokines and chemokines and
even the production of particular enzymes and antibodies
is at the core systematized by the tyrosine kinases. These
act as intracellular mediators which on receiving the
signals through specific cytokines regulate the nuclear
transcription and cellular response. By intervening with
these kinases, the signal transduction pathways can be
superseded and cellular response can be modified. Thus
tyrosine kinases became new targets for rheumatoid
arthritis and tremendous research started to look for
novel orally available kinase inhibiting drugs (D’Aura
Swanson et al., 2009). Important kinases involved in RA
pathogenesis which have been targeted so far are p38
mitogen-activated protein kinase (p38MAPK), spleen-
tyrosine kinase (SYK), janus kinase (JAK) and burton’s
tyrosine kinase (BTK) (D’Aura Swanson et al., 2009).
Efforts to target p38 mitogen-activated protein kinase
(p38MAPK) and spleen-tyrosine kinase (SYK) have not
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been very fruitful in terms of superiority to methotrexate
and issues with safety profile (Meier and Mclnnes, 2014).
However, JAK and BTK seem promising to fulfill higher
hopes associated with kinase inhibiting drugs in oncology
and anti-inflammatory diseases. The JAK inhibitors have
shown higher efficacy and superiority to methotrexate
(MTX) as monotherapy or in combination with MTX
(Onuora, 2014; Taylor, 2019). JAK kinases have four
members JAK1, JAK2, JAK3, and TYK2, all activated by
the interaction of cytokines with their receptors on the cell
surface. On activation, these activate signal transducers
and activators of transcription (STAT) proteins which then
dimerize and pass to the nucleus where these regulate
the expression or silencing of the genes. The pathways
thus controlled are called as JAK-STAT pathways. JAK-
STAT signaling has been found to regulate the complex
interplay between cellular metabolism and inflammation
in theumatoid arthritis (Schwartz et al., 2017). The JAK-
STAT pathways are involved in signaling through many
cytokines and IFNa, IFN, IL-6, IL-7, IL- 10, IL-12,
IL-15, IL-21 and IL-23. It is also involved in signaling
pathways leading to the production of metalloproteinase-9
(MMP-9), an important mediator of cartilage destruction
(Atzeni et al., 2018).

Out of the four forms, JAK3 is particularly crucial for
the expression of IL-2, 4, 7, 9, 15 and 21. It is involved in
lymphocyte development and survival. JAK3 expression
is limited to myeloid and lymphoid cells and hence it
seems to be the most attractive target for anti-inflammatory
drugs. It is involved in lymphocyte development and
survival (Roskoski, 2016). Development of SCID (severe
combined immunodeficiency) due to loss of function of
JAK3 encoding genes emphasized its role in immune
response (Russell ef al., 1994; 1995). Deficiency of JAK3
also has been found to block innate lymphoid cells (ILC)
differentiation in bone marrow. All this highlights its role
in anti-inflammatory diseases. Higher-level expression of
JAKs and STATs in the RA synovium further augments
their importance as a therapeutic target to control
rheumatoid arthritis (Walker ef al., 2006a, b). Tofacitinib
is the first JAK inhibitor approved by the FDA in 2012 for
the treatment of rheumatoid arthritis in cases of inadequate
response to methotrexate. Tofacitinib has shown enhanced
efficacy as monotherapy and in combination with
methotrexate (Clark er al., 2014; Fleischmann et al.,
2012). Since then extensive research is going on to explore
more efficacious JAK inhibitors with lesser safety issues.
Baricitinib is the second FDA approved JAK inhibitor
but it inhibits JAK1/2 more than JAK3 and TYK?2. It has
been approved for adult patients with moderate to severe
disease activity and previous failure to TNFa inhibiting
therapies (Markham, 2017). A boxed warning is issued

with Baricitinib for the increased risk of malignancies,
thrombosis and serious infections (Atzeni et al., 2018). It
is in clinical trials to evaluate the safety of its long term
use. An extensive research is going on to explore more
efficacious JAK inhibitors with lesser safety issues.

Bruton’s tyrosine kinase, a member of cytoplasmic
non-receptor Tec family kinases, is expressed in
macrophages, neutrophils, mast cells, and B-cells. It is
involved in signaling through B cell receptor (BCR) and
Fey receptor (FcR) controlling the activation, survival,
differentiation, and proliferation of B-cells (Haselmayer
et al., 2019). By controlling the BCR signaling, BCR
dependent proliferation can be regulated leading to
controlled expression of co-stimulatory molecules and
pro-inflammatory cytokines. BTK also regulates the signal
transduction pathways of activated I[gG immune complexes
in the synovial fluid of RA patients and stimulates the
production of inflammatory cytokines, chemokines and
matrix metalloproteinases from synovial macrophages
(Park et al., 2016). Higher levels of BTK make the innate
cells to infiltrate the synovial cavity and to produce
inflammatory cytokines. Through receptor activator of
nuclear factor kappa-B (RANK), BTK regulates the
bone resorption. It stimulates osteoclast activation and
differentiation leading to bone destruction (Bajpai et al.,
2000). Blocking BTK has been proved to be an efficient
strategy to control RA and B-cell dependent malignancies
(Di Paolo et al., 2011). BTK inhibitor Ibrutinib has been
approved by the FDA for B-cell malignancies (Cameron
and Sanford, 2014) but there is currently no approved
BTK therapy for rheumatoid arthritis.

In spite of the availability of therapeutics with
different modes of action, a large proportion of patients
remain unresponsive showing an unmet need for therapies
with enhanced efficacy and universal response rate. This
may be attributed to the involvement of multiple pathways
in the pathogenesis of the disease. When we attack one
pathway the pathogenesis continues through other
interlinking pathways. We propose a dual JAK and BTK
inhibitor to control rheumatoid arthritis; a multigenic trap
for a multigenic disease. The concept of dual inhibition;
a multi-target directed therapy has been developed in
the last two decades to deal with the diseases involving
complex pathogenesis. Dual 5-LOX/COX inhibitors for
anti-inflammatory drugs (Martel-Pelletier et al., 2003),
dual AChE/MAO inhibitors for Alzheimer’s disease
(Sterling ef al., 2002) and dual MDM2/MDMX inhibitors
to fight with cancer (Chang et al., 2013) are few examples.
Dual JAK3/BTK inhibition seems promising to deal with
rheumatoid arthritis. The JAK3 inhibition will control the
STAT pathways regulating inflammatory cytokines while
BTK inhibition will attack the disease on another front by
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controlling BTK mediated signaling pathways. Here we
report the identification of quinoxaline derivatives as dual
JAK3/BTK inhibitors.

Quinoxaline derivatives have attracted great attention
in pharmaceutical industry due to a variety of biological
activities associated with them such as antimicrobial,
anti-depressant,  anti-proliferative, anti-inflammatory
and anti-cancer activities (Pereira et al., 2015; Tariq et
al., 2018b). Quinoxaline derivatives have been explored
as protein tyrosine kinase inhibitors (EI Newahie et al.,
2016; Patinote et al., 2017). Studies have shown these
derivatives as potent inhibitors of p38a MAP kinase,
human protein kinase CK2, EFGR tyrosine kinase and
phosphoinositide 3-kinase (PI3K) inhibitors (Guillon et
al., 2013; Qin et al., 2015; Tariq et al., 2018a; Wu et al.,
2012). Some chalcone derivatives containing Triazolo
[4,3-a]-quinoxaline moieties have been reported as dual
EFGR kinase and tubulin polymerization inhibitors to
control cancer (Alswah et al., 2017). The quinoxaline
nucleus in the main precursor in these derivatives that is
responsible for the diverse biological activities (Pereira et
al.,2015). It shows the potential of quinoxaline derivatives
to be designed and modified to get diverse and desirable
biological activities.

We have designed a number of quinoxaline derivatives
and predicted their binding mode using molecular docking
tools. The compounds showing a promising binding mode
in both the enzymes (JAK3 and BTK) were put to synthesis
and biological evaluation. To our knowledge, it is the
first-ever report on dual JAK3/BTK inhibitors and opens
new avenues to search for more efficacious therapies for
oncology and anti-inflammatory diseases.

MATERIALS AND METHODS

Structure retrieval from the database

The work was started by comparing the binding sites
of the janus kinase 3 (JAK3) and bruton’s tyrosine kinase
(BTK). Structure of JAK3 (PDB ID: SLWM) and BTK
(PD ID: 5P9K) were downloaded from the protein data
bank. A BLAST search was run to get a list of all available
PDB structures. BLAST uses a special format called as
FASTA format. The FASTA sequences of JAK3 (PDB
ID: 5SLWM) and BTK (PDB ID: 5P9K) obtained from the
protein data bank were used as input for protein-protein
BLAST using non-redundant protein sequences(nr)
database for homosapiens. From the BLAST output, the
PDB structures with a resolution of 2.5 A or less and having
an enzyme in complex with the inhibitors, representing the
active form of enzymes were analyzed for investigating
the vowing features of binding pocket.

Analysis of the binding cavities

PyMOL molecular viewer 2.0.1 was used to
investigate hydrogen bonding interactions within 2.4
to 4 A of protein-ligand contact while the hydrophobic
interactions were explored with Discovery Studio client
2016 (BIOVIA, 2016; DeLano, 2002). The structural
alignment of the two proteins was done with PyMOL
while pairwise alignment tool EMBOSS Matcher was
used to align the protein sequences (Rice et al., 2000).
The information obtained from these results was used to
analyze the regions of the binding cavity of both enzymes
offering similar or different interactions and thus infer the
possibility of developing dual inhibitors.

Drug designing and molecular docking

The quinoxaline derivatives were selected to have
hydrogen bond donor and acceptor centers at positions
suitable to interact with the ATP binding residues of the
two enzymes. Some other substituents were added to offer
some hydrophobic interactions and a sustained fit in the
binding cavity. Bigger substituents were avoided to rule
out any chances of steric clashes in two different binding
pockets. The designed compounds were docked against
JAK3 and BTK using Autodock vina and binding pose
was analyzed. Derivatives having a suitable binding pose
in both the enzymes were put to synthesis.

Receptor and ligand preparation for molecular docking

Ligands were removed from the PDB files and protein
structures were prepared by removing water molecules
and adding gasteiger charges and polar hydrogens using
Autodock tools (ADT) 4.2 (Morris et al., 2009). Ligand
structures were drawn and 3D optimized with ChemSketch
(ACD/ChemSketch (freeware), 2012). Avogadro software
was used for energy minimization applying the Ghemical
force field and steepest descent algorithm with four steps
per update (Hanwell et al., 2012). Ligands were prepared
for docking with ADT tools by adding gasteiger charges
and selecting torsion and saved as PDBQT files. Docking
was run using Auto Dock Vina (Trott and Olson, 2010).
The docking protocols were validated by running test
experiment of docking tofacitinib and other reported
inhibitors (Boggon et al., 2005; Chrencik et al., 2010; de
Vicente et al., 2014; Farmer et al., 2015; Goedken et al.,
2015; Hennessy et al., 2016; Jaime-Figueroa ef al., 2013;
Lynch et al., 2013; Soth et al., 2013; Thoma et al., 2011).
The interactions and poses obtained by docking results
were compared with the reported crystal structure
interactions which proved higher identity within
accepted rmsd range (rmsd< 2 A). The success rate was
found to be 80 %.
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Synthesis of selected inhibitors

All the chemicals including solvents and reagents
were obtained from commercial sources such as Acros,
Alfa Acer and Sigma Aldrich. Commercial ethanol was
dried using calcium oxide and then distilled to get absolute
ethanol. Thin layer and column chromatography were
performed with “Merck silica gel 60F plate”. Melting
points were determined with a “Gallenkamp melting point
apparatus”. IR spectra were recorded using “Agilent Cary
Technologies 630 FT-IR with diamond ATR” within the
spectral range of 4,000 and 400 cm-' whereas 'H-NMR
spectra were taken in chloroform-d, methanol-d, acetone-d
or DMSO-d on “Bruker Avance NMR instrument”. Enzyme
inhibition studies were performed using enzyme-linked
immunosorbent assay (ELISA) and IC50 values were
computed using EZ-FitTM Enzyme Kinetics Software.

RESULTS AND DISCUSSION

Comparison of the JAK3 and BTK binding sites

Both the enzymes have typical bi-lobed structure of
protein tyrosine kinases. The sequence alignment results
show these proteins to have a similar primary structure
with 32.7% identity (67/205), 58.5% similarity (120/205)
and 4.9% (10/205) gaps with a score of 266 (sequence
alignment is given in Supplementary material). The two
proteins have higher folding and conformational similarity.
Although at some places the length and the positioning
of the loops is slightly different, overall folding mode,
the positioning of the lobes, the helical structure and
B plates, as well as the binding groove at hinge region,
show many similarities (Fig. 1). The RMSD of the two
aligned structures comes out to be 5.056 A. In BTK, the
structure is more compact and closed while in JAK3 it
seems to be in slightly expanded form. The C-terminal
lobes of both enzymes show many similarities in their
orientation. However, from the hinge loop upwards, the
BTK is slightly bent towards the right side making it
compact. Although, the glycine loop in JAK3 is hanging
lower than that in BTK but its activation loop after the
DFG motif bends downwards and is low lying. This gap
between the glycine loop and the activation loop makes the
binding grove relatively open at the end. While in BTK,
the activation loop is raised up and lies close to the glycine
loop which closes the end of the binding groove at the tip.
It makes the binding groove of the BTK to lie deep inside
and close at the end.

Binding pockets of JAK3 and BTK were overlaid to
investigate the similarities and differences in their active
site residues and to explore regions having the same or
equivalent environment (Fig. 2). This analysis has revealed
the potential role of different residues of both the enzymes

towards the designing of dual inhibitors. Surprisingly, in
both the enzymes, same or equivalent residues occupy
similar positions. ALA 853 of JAK3 hangs over the binding
groove from the N-terminal lobe; BTK has ALA 428 at
the same position. Similarly, LEU 956 lies at the floor of
the front pocket of the JAK3 binding cavity. BTK also has
LEU 528 at equivalent position although the orientation of
both the residues is slightly different from each other; both
have been seen highly efficient in developing hydrophobic
interactions with inhibitors. LEU 828 of the glycine loop
in JAK3 has the same orientation as LEU 408 from the
glycine loop of BTK and both have shown a higher rate
of interactions with the inhibitors in reported structures.
CYS 909 of JAK3 is at the same position and orientation in
JAK3 as the CYS 481 of BTK and in both the enzymes this
cysteine is involved in forming covalent interactions with
the covalent inhibitors (Awan and Jurczak, 2018; Evans
et al., 2013; Goedken ef al., 2015; Kempson et al., 2017;
Wu et al., 2017). One of the hinge ATP binding residues,
GLU 903 in JAK3 and GLU 575 in BTK, is also the same
in both the enzymes with similar orientation in the binding
cavity.

Fig. 1. Structural alignment of JAK3 (green) and BTK
(blue). Both the structures are aligned with a RMSD of
5.056 A.

The differing residues are present at three different
points in the binding groove of the enzymes that may
be responsible for rendering different binding affinities
of these enzymes towards inhibitors. The first point of
differentiation is the ATP binding hinge residue LEU 905 of
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JAK3 and MET 475 of BTK. Leucine, just like methionine
is a non-polar, aliphatic amino acid with an isobutyl side
chain. Their interactive properties do not much differ.
In both the enzymes, these residues are preceded by
glutamine and tyrosine (GLU 903 and TYR 904 in JAK3
while GLU 475 and TYR 476 in BTK). These are the site
for ATP binding and are most important to target by the
inhibitors. These are at the same distance and angle with
the GLU residue and offer similar interaction. In JAK3,
the gatekeeper residue is MET 902 having a longer side
chain as compared to that of THR 474 of BTK. This longer
side chain blocks the upper backside of the binding cavity
making it relatively less deep. Alanine (ALA 966) with a
methyl side chain lies at the floor of the binding pocket in
JAK3.BTK has SER 538 at arelevant position. It makes the
lower floor of the binding groove of BTK a bit hydrophilic;
however, its hydroxymethyl side chain is directed away
from the binding groove reducing this effect. Other than
these differences, most of the residues contribute similar
interaction behavior towards inhibitors. This along
with similar shape of the binding cavities encouraged
the development of dual JAK3 and BTK inhibitors.

Fig. 2. Overlay of active sites of JAK3 (green) and BTK
(blue) representing the residues found interacting in the
reported enzyme-inhibitor complexes.

Molecular docking of designed inhibitors and predicting
their binding pose

Quinoxaline itself was docked against JAK3 and
BTK. Although its ring nitrogen develops a hydrogen
bond to the LEU 905 and MET 477 but in most of the
conformations, this hydrogen bonding interaction is lost.
This can be attributed to its very small size and lack of

polar centers in the moecule to develop polar interactions
with various residues lining the binding cavity. To
overcome this problem, nitro and amino quinoxalines
were selected to be explored as dual inhibitors. The nitro
group introduces hydrogen bond acceptors to the ligand
molecule and amino group introduces hydrogen bond
donor centers.

The ATP binding site residues of JAK3 comprises of
GLU 903 and LEU 905 while those of BTK comprise of
GLU 475 and MET 477. The orientation of GLU residue
in the binding pocket is such that it acts a hydrogen bond
acceptor in ligand binding. While LEU and MET both have
their NH towards the binding cavity and act as hydrogen
bond donors. So, the 6-nitroquinoxaline having only the
hydrogen bond acceptor region bind only to the LEU 905
(JAK3)orMET477(BTK)residues ofthe bindig cavity. The
amino group in quinoxalin-6-amine, introduces hydrogen
bond donors to the quinoxaline molecule that previously
contained only hydrogen bond acceptors. This ligand now
can acts as hydrogen bond donor and interacts with GLU
residue of the binding cavity through its amine group
or as hydrogen bond acceptor through its ring nitrogen.

This is seen by analysing the docking results of both
the compounds in the binding pockets of JAK3 and BTK
(Fig. 3). Niroquinoxaline makes a hydrogen bond with the
LEU905 of JAK3 and MET 477 of BTK. However in BTK,
it also hydrogen bonds with the ‘NH’ of the side chain of
LYS 430. The eqivalent LYS 855 residue in JAK3 is having
its side chain oriented away from the hinge region and no
such interaction is seen. On the other hand, quinoxalin-6-
amine in both the enzymes is developing hydrogen bond to
the glutamic acid (GLU) residues. Although the interaction
between ring nitrogen of quinoxaline moiety and hydrogen
bond donor leucine residue, is also seen in some docked
coformations of JAK3 but the lowest energy conformation
shows the bonding with glutamic acid residue. It was
expected that amino derivative will show better binding
affinity but the reverse is observed through Autodock vina
produced binding affinity values (Table I).

Different alkyl groups were substituted at positions
2, 3 and 7 of the two compounds. The substituents were
designed in such a way to explore the effects of smaller
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to bigger alkyl groups on the hydrophobic interactions
of the ligand in the binding cavity. In this way 20 different
ligands were designed and docked against JAK3 and BTK.
The substitutuion at position 7 was not fruitful as it resulted
in the loss of hydrogen bonding interactions between the
ligand molecule and the ATP binding residues of the binding
cavity. Out of all the designed ligands, eight (Fig. 4) were
able to produce favourable binding pose and appreciable
binding affinity value in both the enzyme molecules.

Fig. 3. Cartoon representation of the JAK3 (a) and
BTK (b) with an overlay of 6-nitroquinoxaline (Red)
and quinoxalin-6-amine (Blue) in the binding cavity
highlighting the hydrogen bonding residues. Dotted lines
show hydrogen bonding.

Fig. 4. Structures of quinoxaline derivatives showing
appreciable binding mode in both the enzymes (JAK3 and
BTK).

In JAK3, dimethyl and diphenyl nitro derivatives (3 and
7) just like the 6-nitroquinoxaline molecule, hydrogen bond
with the LEU 905 of the hinge ATP binding region. A better
value of binding affinity is seen with diphenyl derivative
that can be attributed to the hydrophobic interactions of the
diphenyl rings with the rsidues from the upper and lower
lobe. Ligand 5 show an additional hydrogen bond with the
CYS 909 residue from the extended hinge region and its
binding affinity value is slightly better than that for diphenyl
derivative. Ligand 9 show much stronger bonding with the
hinge residues through three hydrogen bonds which is depicted
in its higher binding affinity values. Amino derivatives have
comparable binding pose and binding affinity to that of nitro
derivatives. The amino derivatives develop a hydrogen bond
to the GLU 903 instead of LEU 905 seen in case of nitro
derivatives. Ligand 10 is an exception to this as it makes
a hydrogen bond to the LEU 905 and PRO 906. In amino
derivatives, the interaction with GLU 903, brings the ligand
molecule in a position to have some hydrophoic intearctions
with the ALA 853 from the upper lobe. The hydophobic
interactions with the VAL 836, ALA 853, VAL 884 and ALA
966 are seen in all the ligand complexes. The quinoxaline
ring is in pi-sigma hydrophobic interactions with the LEU
956 from the lower lobe and LEU 828 from the upper lobe in
all the nitro and amino derivatives (Fig. 5a and 5b). In difuran
derivative, the furan rings are in pi-anionic interactions with
ASP 912 from the lower lobe.

Fig. 5. Cartoon representation of the JAK3 (upper) with
an overlay of 6-nitroquinoxaline derivatives (a) and
quinoxalin-6-amine derivatives (b) and BTK (lower)
with an overlay of 6-nitroquinoxaline derivatives (c) and
quinoxalin-6-amine derivatives (d) in the binding cavity
highlighting the interacting residues. Dotted lines show
hydrogen bonding.
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In BTK, all the nitro derivatives retain the two
hydrogen bonds with MET 477 and LYS 430 seen in the
parent compound 6-nitroquinoxaline. In ligand 8, the
appreciable value of binding affinity is observed although
the hydrogen bond with the LYS 430 is lost. It may be
attributed to the hydrophobic interactions between the
phenyl moiety and residues from the upper and lower
lobes. The phenyl ring develops pi-anionic interactions
with the ASP 539 from the lower lobe. Ligand 9 is in
hydrogen bond with the THR 474, the gate keeper residue
and LYS 430 showing the highest value of binding affinity.
The nitro derivatives show higher binding affinity for BTK
as compared to JAK3. The quinoxaline ring is in pi-sigma
interactions with VAL 416 and pi-alkyl interactions with
the LEU 528 from the lower lobe and LEU 408 and ALA
428 from the upper lobe in all the complexes formed.The
quinoxaline-6-amine show reduced value of bindig affinity
as compared to the 6-nitroquinoxaline. Its interactions with
the GLU 475, brings its amino ‘NH’ in close proxmity of
MET 477 craeting donor-donor clashes. This problem is
not seen in 4, where the amino group interacts with THR
474 and GLU 475. The other derivatives show a hydrogen
bond between the amino group and the MET 477 residue.
However, these show higher value of binding affinity
than the dimethyl derivative (4) which can be attributed
to the hydrophobic interactios between their larger alkyl
groups and the residues from the upper and lower lobes.
The quinoxaline ring develops pi-sigma hydrophobic
interactions with VAL 416 and pi-alkyl hydrophobic
interactions with the LEU 528 from the lower lobe and
LEU 408 and ALA 428 from the upper lobe in all the ligand
complexes formed. No stearic clashes between the ligands
and both the enzymes are seen and these are able adapt the
shape complimentarity of the binding cavities (Fig. 6).

Fig. 6. Surface representation of the designed inhibitors in
the binding pocket of JAK3 (a) and BTK (b). The inhibitors
fit well in the binding groove of both the enzymes and no
clashes are seen.

Synthesis of selected dual inhibitors
After analysis of the docking results, the designed
inhibitors were put to synthesis. Nitro derivatives were

prepared by the condensation reaction of 4-nitro-o-
phenylenediamine and vicinal diketones in refluxing
ethanol/acetic acid mixture (1:1). The nitro derivatives
were then converted to respective amino derivatives using
catalytic reduction with hydrazine hydrate in the presence
of palladium charcoal.

Fig. 7. Synthetic scheme I: Reagents and conditions: (a)
AcOH/ EtOH, Reflux 2-3 h, -H,O (b) NH,NH,.H,0, Pd/C,
EtOH, reflux 2h.

For compounds 9 and 10, ninhydrin was used with
4-nitro-o-phenylenediamine in equimolar quantities in
refluxing ethanol/acetic acid mixture. However, a mixture
of non-separable 9a and 9b was formed. The reduction of
this mixture gave 10a and 10b.

Fig. 8. Synthetic scheme II. Reagents and conditions: (a)
AcOH/ EtOH, Reflux 2-3 hrs, -H,O (b) NH NH,.H,O,
Pd/C, EtOH, reflux 2.
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Table I. Binding affinity values (predicted by molecular docking) and the IC 50 (from enzyme inhibition studies)

value for JAK3 and BTK.

Serial num- Ligand ID Binding affinity A G IC 50(uM) values Binding affinity A G IC 50(uM) values
ber (kcal/mol) for JAK3 for JAK3 (kecal/mol) for BTK for BTK
1 1 -5.7 132.24 -6.1 47.63

2 2 -5.7 97.42 -5.7 392.54

3 3 -6.2 87.51 -6.7 59.32

4 4 -6.4 80.07 -6.3 73.17

5 5 -7.1 58.37 -8.4 5.82

6 6 =72 92.31 -1.7 26.72

7 7 -6.9 74.09 -8.2 8.41

8 8 -6.8 76.20 -1.4 91.06

9 9 -8.1(-8.8%) 5.47 -8.9(-8.3%) 13.58

10 10 -8.8(-7.7*%) 6.78 -7.9(-8.1*%) 13.94

* Binding affinity for 5b compound; **Binding affinity for 10b compound.

Figure 7 shows synthetic scheme I and Figure 8
show s synthetic scheme II. The experimental data of
the synthesized compounds is given in supplementary
material.

Docking score and enzyme inhibition

The compounds with appropriate binding pose and
reasonable values of binding affinity as predicted by the
docking program were preceded to enzyme inhibition
studies. The IC50 value for JAK3 and BTK are given in
Table 1.

In the ideal situation, the compounds with a more
negative binding affinity (predicted by molecular docking
program) should have a lower IC50 value in enzyme
inhibition assays. This is in accordance with our results
from enzyme inhibition studies with some minor variations.
In BTK, the ligand 2 is having a higher value of IC50 as
compared to the ligands having comparable binding affinity
value. This can be due to the unfavorable donor-donor
clashes seen in the molecular docking. Similarly, in JAK3,
the ligand 6 is showing a higher IC50 value as compared
to the ligand 4 and 8 although its having better predicted
binding affinity than these. But as the difference is small
so can be ignored. Ligand 9 and 10 show some differences
in the IC50 value as compared to what was expected based
on binding affinity values given by docking program. It
may be due to the fact that it is a mixture of compound
9a and 9b and 10a and 10b. The docking score of 9b does
not show as good binding as that for 9a. Interaction of the
inhibitor with ATP binding hinge residues is not seen for
9b. In case of ligand 10, both the 10a and 10b are having
almost equal binding affinity value so this effect is not

so prominent. The ligand 9, the nitro derivative and its
respective amino derivative 10 show better results for
JAK3 as compared to BTK. An unexpectedly higher IC50
value is achieved for inhibitor 1 in JAK3 and inhibitor 8
in BTK. These results are consistent with the 80% success
rate of the docking protocol determined in the validation
process. IC50 values in micro molar quantities achieved
in enzyme inhibition assays validate the docking protocol
and use of computer-aided drug designing approaches
to search for new therapeutics. Computer aided drug
designing techniques reduce the time and cost for the
identification of new drugs. The appreciable enzyme
inhibition achieved confirms the probability of developing
dual JAK3 and BTK inhibitors.

CONCLUSION

Rheumatoid arthritis is an autoimmune disease
involving complex pathogenesis. The medications
available with different modes of action to attack the
disease at different fronts fail to produce a universal
response and a large proportion of patients remain
unresponsive. By the blockage of one pathway, the
pathogenesis continues through complementary pathways.
We proposed a multigenic trap in the form of dual JAK3 and
BTK inhibitors. The binding pockets of both the enzymes
were compared to assess the possibility of developing dual
inhibitors and then in silico drug designing techniques were
used to identify molecules able to interact with both the
enzymes. Nitro and amino-quinoxaline derivatives have
been proved to be promising dual JAK3/BTK inhibitors.
These can be optimized to further enhance their efficacy
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and selectivity. These results open avenues for the search
of more efficacious drugs producing universal response
rate. Dual JAK3 and BTK inhibitors can fulfill the unmet
need of therapeutics able to control disease pathogenesis
in larger proportion of the patients. To our knowledge,
it is the first-ever report on dual JAK3/BTK inhibitors.
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