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ABSTRACT

In this study project, a computational comparison between Brutus
tyrosine kinase (BKT) inhibitor drugs and compounds present in plant
species as secondary metabolites and common approved drugs is
performed, using docking and Electrostatic complementarity scores with
Flare Cresset.

The BKT protein model was downloaded from Protein Data Bank (PDB ID
5P9J)

And the compounds (synthetic and natural) were downloaded from
PUBchem

A library of natural compounds and drugs of 2632 molecules was
downloaded from selleckchem (2) summary of the results: emerged the
drugs Ibrutinib Evobrutinib obtained the best scores considering the
docking and complementary electrostatic field
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From the screening of the compound library it emerged that many
compounds obtained scores comparable to BKT inhibitor drugs and in
particular the quinone compounds

From the Brunetton pharmacognosy text (6) from the chapter on quinone
compounds and the related species that contain them

Rumex) and rhubarb were found to be the species with quinone
compounds at comparable scores. From St. John's wort ( Hypericum
perforatum) and romice (genus to BTK inhibitors

Summary of the results: it emerged that the drugs Ibrutinib Evobrutinib
obtained the best scores considering the docking and complementary
electrostatic field

From the screening of the compound library it emerged that many
compounds obtained scores comparable to BKT inhibitor drugs and in
particular the quinone compounds

From the Brunetton pharmacognosy text (6) from the chapter on quinone
compounds and related specs Rumex) and rhubarb were found to be the
species with quinone compounds at comparable scores. From St. John's
wort (Hypericum perforatum) and rhubarb (genus to the BTKie inhibitors
that contain them



Introduction

Bruton's tyrosine kinase (BTK) is a cytoplasmic, non-receptor protein tyrosine
kinase belonging to the Tec kinase family and was first discovered in X-linked
agammaglobulinemia. All cells of hematopoietic origin except plasma cells, natural
killer cells and T lymphocytes express BTK6. While BTK was initially known for its
critical role in the development of B cell adaptive immunity, more recent studies
point to a crucial role of BTK in innate immunity (1)

inhibition of BTK activity reduces multiorgan injury/dysfunction (cardiac, renal,
hepatic) caused by trauma (1)

Related to the COVID-19 pandemic, BTK inhibitors would reduce the cytokine
storm and lung injury related to the severe acute respiratory syndrome caused by
coronavirus 2 (SARS-CoV-2).(1)

BTK has emerged as a novel anti-apoptotic molecular target for the treatment of
B-lineage leukemias and lymphomas. Early preclinical and clinical findings indicate
that BTK inhibitors may be useful in the treatment of leukemias and lymphomas.
BTK inhibitors may also be useful in the prevention and treatment of
thromboembolic complications and inflammatory disorders.(5)

St. John's wort compounds are strongly not recommended if taken in conjunction
with BTK inhibitors for the inhibition of the enzymatic cytochromes responsible for
the metabolism of inhibitory drugs and from the scores obtained from this study
project they could "displace" the drugs from their site of action or from plasma
transport proteins

Quinone compounds are also contained in some species used for laxative effect
(senna cascara), but any concomitant intake is highly unlikely as the inhibitor
drugs have diarrhea or dysentery as a side effect

A different story is for aloe ( Aloe vera) often used by cancer patients, aloe emodin
could compete with BKt inhibitor drugs



Milk thistle compounds (silymarin, silibinin and silychristin) obtain interesting

scores.

DOCKING BTK INHIBITOR DRUGS

A structure-based comparison is performed between Ibrutinib linked to
Bruton's tyrosine kinase PDB ID 5P9J (8) with BTK inhibitor drugs
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Docking St. John's wort compounds
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Comment on the results of docking of St. John's wort
compounds

The binding affinity ( AG ) of amentoflavone, hyperoside, hypericin,

pseudohypericin and procyanidin B2 is superior to BTK inhibitors in these
compounds.

A different story for menthol:

it
- g y M < . - "
w AChae ™~ Inchen . M taw U Bk Scom oy ds U Becun ra Fadked Nt | 34 28 S rim el
e v

The EC values indicate that menthol adapts particularly well to a part of
the binding pocket and considering its decongestant action it is possible
that it influences the BTK towards the activation of metabolic pathways
and reduces inflammation
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The 8 conformations of menthol are grouped into two areas, one inside
the pocket and one outside



Albumin binding competition between BTK inhibitors and
St. John's wort compounds

Human albumin template downloaded from PDB complexed with
hydrarubicin (a quinone with a high affinity for BKT) is used

(PDB ID 4LB2)
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The binding of hydrarubicin in the crystallized is concentrated in two
positions

The active site size is set to 60 Angstroms

A large grid is chosen (about 2000 "heavy" atoms) which occupies about
1/3 of the protein
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The 14 BTK compounds and the 13 tested compounds from St. John's
wort were found to have a high affinity for a single site (except for one
cocrystallized hydrarubicin molecule).



Result of docking between BTK inhibitors and St. John's wort
compounds on human serum albumin:

Hypericin, if taken after the iBKT drug, having a greater affinity ( AG ) than
a better electrostatic complementarity, is likely to displace the drug from
the protein causing a plasma peak and a risk of intoxication.
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Docking romice compounds

a Chrysophanol

a Citreorosein

‘ emodin

a nepodin

) physcion

£ culmatin

a resverattol

‘ rumexneposides
‘ torachrysone
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Docking rhubarb and ivy compounds
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Docking compound library (2632) (ref 2)

Below are the compounds in the library with scores similar to or higher
than the reference drugs
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Pubchem https://pubchem.ncbi.nlm.nih.gov/compound/Milk-thistle

Milk thistle is a substance derived from any of several Old World thorny shrubs
and subshrubs, including the plant Silybum marianum. The active chemical
component of milk thistle is silymarin, which is a combination of flavonoids such
as silibinin, dehydrosilybinin, silychristin, and silidianin. These compounds are
antioxidants and can alter the structure of the liver cell membrane, thus blocking
the absorption of toxins; they can also stimulate the production of new liver cells.
Furthermore, milk thistle can increase cellular levels of adenosine triphosphate
(ATP), showing dose-dependent cytoprotection of cardiac myocytes against
doxorubicin. The silibinin component of milk thistle has been shown to inhibit
mitogenic and cell survival-mediated signaling. by the growth factor receptor, thus
inhibiting tumor growth.
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TABLES:

TABLE 1: BTK inhibitors
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ﬂ Acalabrutinib

ﬂ Elsubrutinib

£ Erlotinib

m Evobrutinib

ﬁ Fenebrutinib

0 Gefitinib

) Ibrutinib

ﬂ Imatinib mesylate
€ Pirtobrutinib

ﬁ Poseltinib

m Spebrutinib
ﬁStructureZD Btk inhibitor
€ Tirabrutinib

ﬁ Zanubrutinib



