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ABSTRACT

Background &  Objective: Repurposing
atorvastatin for its thrombocytopenia effect in
experimentally induced animals.

> To determine the platelet count.

> To report the repurposing activity of
atorvastatin.

Methods: Healthy Albino Wistar rats weighing
around 150-200 g were selected for studies.
Animals were procured from a registered CPCSEA
vendor. The temperature was maintained at 22-25°C
under 12 h light/dark conditions and the relative
humidity of 41-45 % and provided with food and
water ad libitum. The animals were housed in
polypropylene cages and animals were divided into
different groups. Group I: Normal group, Group II:
Negative control group (Atorvastatin 40 mg/kg),
Group IlI: Positive control group (Papaya Leaf
Extract- 2000 mg/kg), Group IV: Treatment
(Papaya leaf extract 2000 mg/kg + Atorvastatin 40
mg/kg). The experiment was carried out for a
period of 15 days and the effect of atorvastatin on
thrombocytosis was determined by platelet count.
Results: The effect of atorvastatin and papaya leaf
extract on platelet count was determined. The
positive control group (only Papaya leaf extract)
shows the highest platelet count of 721.8 (10¥/mm?)
with a percentage reduction of -5.01%. The
negative control group (only Atorvastatin) shows
platelet count of 689.8 (10° /mm®) with a
percentage reduction of 1.14 %.

The normal control group (no drugs administered)
which gives the normal platelet count in Albino
Wistar rats which is 611.5 (10mm®) with a
percentage reduction of (8.32) %.

The treatment group, where platelet count was
boosted using papaya leaf extract followed by
administration of atorvastatin, to lower the platelet
count shows a platelet count of 616.6 (10°/mm?®)
with a percentage reduction of (5.56%). By
comparing the values of the control and treatment
groups, we found that the platelet count in
treatment group was more than the normal group.

From this we can conclude that atorvastatin
probably reduces the platelet count to a little more
than the normal platelet count in Wistar Albino rats
induced with thrombocytosis.

Conclusion:It was observed that treatment with
atorvastatin shows a significant (p<0.01) decrease
in platelet count when compared to the
thrombocytosis induced group.

Keywords: Repurposing; Atorvastatin; Papaya leaf
extract; Thrombocytosis; Thrombocytopenia

l. INTRODUCTION

Drug repurposing (DR) is becoming more
common as a method of developing novel
treatments, also called Drug Repositioning. It is an
operation that recognizes new therapeutic uses for
previous, existent or available drugs. It is an
effective strategy to discover or to develop drug
H}olecules with new pharmacological indications

Atorvastatin is a competitive antagonist
which inhibits HMG-CoA reductase by preventing
the conversion of HMG-CoA to mevalonate. Statin
medications decrease cholesterol production in the
liver. Atorvastatin is also said to increase the
number of LDL receptors on the surface of hepatic
cells ™,

In patients with homozygous or
heterozygous familial hypercholesterolemia, mixed
dyslipidemia, isolated hypertriglyceridemia, or
nonfamilial  hypercholesterolemia, atorvastatin
exhibits a reduction in the overall cholesterol level,
low-density lipoprotein cholesterol (LDL-C),
apolipoprotein B (apo B), very-low-density
lipoprotein (VLDL-C), and triglycerides (TGs)
while  promoting  high-density  lipoprotein
cholesterol  (HDL-C). In  subjects  with
dyshetalipoproteinemia, Atorvastatin has been
shown to reduce intermediate-density lipoprotein
(IDL-C). Atorvastatin is approved by the FDA and
it is used in combination with a proper diet to
prevent cardiovascular events in patients with
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cardiac risk factors and in patients with abnormal
lipid profiles !,

This work is proposed for the repurposing
of atorvastatin; whether it can be used in
thrombocytosis in experimentally induced animals
with papaya leaf extract. Thrombocytosis is a state
in which there are an excessive number of platelets
in the blood. Platelets are components of blood
cells in plasma that stop bleeding by sticking
together to form a clot I, Essential thrombocytosis
is diagnosed when the platelet count is over
45,0000 per microliter of blood and there is either a
Janus kinase 2 (JAK2), Calreticulin (CALR), or
myeloproliferative leukaemia virus oncogene
(MPL) mutation, with no pathogenic or reactive
causes, according to the World Health Organization
Bl A wide range of diseases and conditions may
cause a rise in platelets, which includes anaemia,
loss of blood, cancer, chemotherapy, chronic
myelogenous leukaemia,  infection,  Kawasaki
g}sease, Myelodysplasia, and Polycythaemia Vera

Papaya leaf extract, made from dried (or)
fresh crushed leaves, contains a variety of
chemicals, including flavonoids and other plant
phenols, as well as alkaloids like carpaine,
anthraquinone, saponins, and cardiac glycosides
like carposide and tannins. Due to the presence of
quercetin, one of the flavonoids present in papaya
leaves, it has the ability to increase ALOX12
(arachidonate 12—Iipoxygenase? or platelet type
lipoxygenase by 15 times This enzyme
increases the quantity and development of
megakaryocytes,  which  enhances  platelet
formation. As a result, papaya leaf extract has the

potential to function on platelet-activating factor
receptor (PTAFR), a platelet-specific gene that
boosts platelet count by 13.5-fold after oral
treatment (%, Hence, the present research project
was to propose whether Carica papaya will be used
to induce thrombocytosis in experimental animals
based on the effect of atorvastatin.

1. METHODOLOGY
Preparation of extract:

Carica papaya leaves were washed and the
stems were removed before use. The leaves were
blended without adding water or other liquids. This
mixture was filtered to obtain a pure extract of C.
papaya leaves. Volume of the extract was measured
and the extracts were stored at 4°C until use. Fresh
extracts were prepared for each use ™. The dose
was selected with reference to the acute toxicity
results of the plant Carica papaya and was kept at
2000 mg/kg Y.

Preparation of atorvastatin solution:

The dose of atorvastatin was kept at 40
mg/kg 2. 40 mg of atorvastatin tablet was crushed
using a mortar and a pestle to obtain atorvastatin
powder followed by triturating it with acacia and
small quantities of distilled water.

Experimental Design:

Wistar Albino rats weighing around 150-
200 g were selected for the study. The Albino
Wistar rats were anaesthetised using diethyl ether
in a desiccator. Blood was withdrawn from the
retro-orbital route. The platelet count was estimated
using Celltac Haematology Analyser.

Table No. 1: Body weight and doses given

Group Animal Body Weight (g) Dose (ml)

I. Normal control group 160+8.94 -

l. Positive control group (Papaya leaf | 170+11.25 0.68+0.04
extract- 2000 mg/kg)

l. Negative control group (Atorvastatin- | 156.67+6.15 0.62+0.02
40 mg/kg)
Treatment group— Atorvastatin (40 | 176.67+14.98 0.70+0.05
mg/kg) and Papaya leaf extract (2000
mg/kg)

Statistical Analysis

The platelet count was expressed as a
Mean +SEM (n=6). One-way ANOVA was used in
the statistical analysis, followed by Dunnett's test.
All groups were compared to the normal group,
p<0.01 (**) was considered statistically significant.

GraphPad prism 5 was used to do the statistical
analysis.

1. RESULTS
The blood was withdrawn from the rats
after anaesthetising from the retro-orbital route and
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platelet count was carried out using Celltac

Hemoanalyser on Day 1, Day 7 & Day 15.

Table No.2: Platelet Count on Day 1, Day 7 & Day 15 and Mean +SEM

Group Results (10 mm®)

Percentage | Mean £ SEM

Groups Day 1 Day 7 Day 15 reduction

(%)

l. Normal Group | 667 635.1
(Saline)

1 ml/ 100g.,
p.o.

611.5 8.32

611.5+4.3

l. Negative
Control 697.8 713.6
Group-
Atorvastatin
40 mg/Kg., p.o.

689.8 1.14

689.8 + 2.5

. Positive
Control 687.3 699
Group- Papaya
Leaf extract-
2000 mg/Kkg.,
p.o.

721.8 -5.01

721.8+11.8

/. Treatment
Group- 653 674.1
2000 mg/kg
Papaya leaf
extract+ 40
mag/kg
Atorvastatin.,
p.o.

616.6 5.56

616.6 + 13.5

Normal Group: Normal Saline 1 ml/100g., p.o.,
Positive Control Group: Papaya Leave Extract
2000 mg/Kg, Negative Control Group:
Atorvastatin 40 mg/Kg, Treatment Group:
Papaya Leaf Extract 2000 mg/Kg+ Atorvastatin 40
mg/Kg.

Two randomized groups i.e. positive and treatment
were included along with one negative control and
normal group to check the effect of atorvastatin in

reducing platelet count in thrombocytosis
condition. The normal group was not administered
with any drugs and was taken as a standard. The
platelet count of the animals were estimated by
withdrawing the blood via retro-orbital route and
was given for evaluation wusing Celltac
Hemoanalyser. The increase in platelet count by
administering Papaya leaf extract was found to be
significant with a mean of 721.8 + 11.8 (n=6).

Table No. 3: Comparison of Normal, Positive Control and Treatment Groups.

SL.NO Comparison Mean Difference P value
1 Positive vs. Treatment 105.17 P<0.01
2 Positive vs. Normal 110.33 P<0.01

On comparing the data, we find that
atorvastatin probably reduces the platelet count
upon administration. The mean of the treatment
was found to be 616.6 + 13.5 (n=6) which is nearly
similar to the normal control group having a mean
of 611.5 + 4.3 (n=6). The mean difference of
positive control group vs. treatment group was
found to be 105.17 (p< 0.01). The mean difference

of positive control group vs. control was found to
be 110.33 (p< 0.01).The results for each group
were expressed as Mean +SEM (n=6). Data was
analysed using one-way ANOVA followed by
Dunnetts test. Values ranging from p<0.01 (7)
were considered statistically significant compared
to normal group. The statistical analysis was
carried out with the help of GraphPad prism 5.
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Figure No. 1: Effect of Atorvastatin on platelet count

From figure no. 1, the effect of
atorvastatin and papaya leaf extract on platelet
count was determined, where the positive control
group (only Papaya leaf extract) shows the highest
platelet count of 721.8 (10¥mm® with a
percentage reduction of -5.01%, the negative
control group (only atorvastatin) shows platelet
count of 689.8 (10° /mm® with a percentage
reduction of 1.14%, the normal control group (no
drugs administered) shows platelet count of 611.5
(10°’mm?3) with a percentage reduction of 8.32%
and the treatment group, where platelet count was
boosted using papaya leaf extract followed by
administration of atorvastatin, the platelet count
was lower and shows a platelet count of 616.6
(10*’mm3 with a percentage reduction of
5.56%.By comparing the values of the control and
treatment groups, we found that the platelet count
in treatment group is similar to that of normal
group.From the above results we can conclude that
atorvastatin probably reduces the platelet count
slightly similar to that of normal group in
experimentally induced thrombocytosis

V. DISCUSSION
Drug repurposing is frequently a key
component of a company's lifecycle management
plan. It could also be in response to a clinical need
that has gone unsatisfied ™. It is extensively used
since it is less harmful, offers lower expenses, and
requires less time M. It is anticipated that

repurposed pharmaceuticals will only take three to
four years to allocate clinical trials **). Many drugs
have been thoroughly evaluated for repurposing
(8] When treating rare, orphan, or neglected
diseases ™7 especially during pandemics,
repurposing is frequently used ™81,

Off-target activity is typically considered
unfavourably when a medication demonstrates
activity at many biological targets, resulting in
unwanted molecular promiscuity and undesirable
side effects . However, this so-called
"polypharmacology”, which may offer treatment
options for additional illnesses, especially if the
disease pathophysiology is complicated .

Carica Papaya leaf extract was found to
contain various phytochemicals among which
quercetin is responsible for activating the genes of
arachidonate 12-lipoxygenase (ALOX 12) and
platelet-activating factor receptor (PTAFR), which
impact platelet formation and aggregation .
Platelet activation is known to suppress cAMP
synthesis and cyclic nucleotide-dependent protein
kinase activity “?, and drugs that increase cAMP
reverse platelet activation %%/,

The synthetic coenzyme 3-hydroxy-3-
methylglutaryl found in normocholesterolemic
mice, the reductase inhibitor atorvastatin
upregulates endothelial Nitric Oxide Synthase
(eNOS) in thrombocytes, reduces platelet
activation in-vivo, and protects against cerebral
ischemia. Statins' antithrombotic and stroke-
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protective actions are partly mediated by eNOS
overexpression. The findings imply that statins
could be used as a unique preventative therapy
technique that is not dependent on serum
cholesterol levels 2,

CD40 ligand (CD40L) is a member of the
tumor necrosis factor family and is a
transmembrane protein that exists on immune
system cells as well as endothelial cells, smooth
muscle cells, macrophages and platelets. When
interacting with its receptor CD40, CD40L exerts
pro-inflammatory and pro-thrombotic activities,
including  increased expression of  matrix
metalloproteinases, chemokines, cytokines, and
tissue factor (TF) %),

CD40L is expressed by platelets when
stimulated with common agonists ®%; then it is
cleaved from the platelets within a few minutes to a
few hours to form a soluble form (sCD40L) 7.
According to calculations,> 95% of circulating
CD40L comes from platelet events in patients with
acute coronary syndrome and patients with
cardiovascular risk (28:2%%,

Patients with hypercholesterolemia are in
a continuous pro-thrombotic state, which can be
evidenced by increased TF expression and
thrombin formation in the body .

It was observed by Tailor et al., 2004 that
atorvastatin treatment to rats on a regular diet-
maintained lowers plasma PF4 (platelet factor)
levels. Pravastatin, simvastatin, and atorvastatin
have all been found in humans to reduce platelet
activation in response to hypercholesterolemia 2.

V. CONCLUSION

Thrombocytosis was induced in Albino
Wistar rats by administering Papaya leaf
extract. The experimental data exhibited an increase
in platelet count on administering papaya leaf
extract.It was observed that treatment with
atorvastatin shows a significant decrease in platelet
count when compared to thrombocytosis induced
group.Remarkable decrease in platelet count was
observed in the negative control group.Noteworthy
increase in platelet count was observed in positive
control group when compared to normal control
group.Significant decrease in platelet count was
observed in all the groups treated with atorvastatin.

Thrombocytopenia effect of atorvastatin
was recorded during the study.We can conclude
that changes in platelet CD40L expressions are
leading to lower platelet CD40 expressions and
plasma CD40 levels via a negative-feedback
process.
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