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The interconnection between oxidative imbalance, sustained inflammation, and
thrombotic activity is a critical contributor to the pathophysiology of numerous chronic diseases,
including joint disorders, cardiovascular ailments, and metabolic dysfunctions. In light of
the growing interest in phytochemicals as safer therapeutic alternatives, the present research
explores the bioefficacy of compounds isolated from Euphorbia tirucalli, a plant traditionally
used for its medicinal properties. Through systematic chromatographic separation, three key
bioactive constituents—eriodictyol, quercitrin, and scopoletin—were obtained from the bark
extract.To evaluate their antioxidant activity, both DPPH and hydroxyl radical scavenging
assays were conducted. The results demonstrated that all three compounds exerted substantial
free radical inhibition in a concentration-dependent manner. Notably, their IC50 values were
comparable to that of ascorbic acid, the reference standard, indicating their potent capability
to mitigate oxidative stress. These findings suggest that the isolated constituents from E.
tirucalli may serve as promising candidates for further investigation in the management of
oxidative stress-mediated conditions.Antiarthritic activity was evaluated through two validated
models—inhibition of heat-induced protein denaturation and stabilization of human erythrocyte
membranes. All three compounds demonstrated marked anti-inflammatory effects, indicating
their ability to protect proteins and cellular membranes under inflammatory conditions.
In addition, thrombolytic properties were assessed using human blood samples, where the
compounds exhibited effective clot lysis, indicating potential fibrinolytic activity. Collectively,
these findings provide scientific support for the ethnomedicinal use of Euphorbia tirucalli and
highlight the pharmacological relevance of its constituents. The multifunctional bioactivities of
eriodictyol, quercitrin, and scopoletin make them promising candidates for further development
into natural therapeutic agents targeting oxidative damage, inflammation, and thrombosis.
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Chronic inflammatory conditions,
oxidative stress-related disorders, and thrombotic
diseases constitute significant global health
burdens, contributing substantially to morbidity and
mortality worldwide. Although these pathologies

differ in clinical presentation, they share common
underlying mechanisms, including excessive
production of reactive oxygen species (ROS),
immune dysregulation, and hypercoagulability.
Inflammation, for example, is closely linked to
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the activation of transcription factors such as
NF-éB, which drive the overproduction of pro-
inflammatory cytokines and degradative enzymes.
! Similarly, oxidative stress serves as both a
hallmark and a driver of chronic disease, promoting
thrombosis through mechanisms such as platelet
aggregation and endothelial dysfunction. 2

In recent years, the demand for safer and
more holistic therapeutic alternatives has reignited
interest in plant-derived bioactive compounds.
These phytochemicals often exhibit multitarget
actions, making them attractive candidates for
managing complex disorders with fewer adverse
effects than synthetic pharmaceuticals. *Among
traditionally used medicinal plants, Euphorbia
tirucalli L. (family: Euphorbiaceae), commonly
known as the pencil tree, has gained attention due
to its wide range of pharmacological properties.
Historically employed in the treatment of asthma,
rheumatism, warts, and even malignancies, E.
tirucalli is rich in secondary metabolites such as
flavonoids, phenolics, terpenoids, tannins, and
coumarins. t { u

Phytochemical investigations of E.
tirucalli have led to the isolation of several bioactive
molecules with therapeutic relevance. Noteworthy
among them are quercitrin and eriodictyol—
flavonoids with documented antioxidant and
anti-inflammatory potential—and scopoletin, a
coumarin derivative with notable antiarthritic and
vasodilatory effects. v Scopoletin exerts its effects
through modulation of oxidative pathways and
inhibition of nitric oxide synthase activity. w { x

The pathophysiological role of oxidative
stress in disease progression is well established.
Excessive production of reactive oxygen and
nitrogen species during inflammation, infection,
or cellular injury can cause DNA damage,
lipid peroxidation, and protein dysfunction. y
Concurrently, processes such as inflammation-
induced protein denaturation and lysosomal
membrane destabilization contribute to the
onset and progression of arthritis, underlining
the therapeutic value of anti-denaturant and
membrane-stabilizing agents. 'p

Thrombosis, a consequence of disrupted
hemostasis, arises when fibrin deposition and
platelet aggregation surpass fibrinolytic activity.
Although synthetic thrombolytic agents like
streptokinase and alteplase are effective, their
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clinical application is limited due to high costs and
bleeding risks. Natural thrombolytic compounds
offer a compelling alternative by facilitating clot
dissolution through physiologically balanced
mechanisms and potentially exhibiting fewer
adverse effects.

The present study isolates and evaluate
the multifunctional biological activities of
quercitrin, eriodictyol, and scopoletin from the
ethyl acetate fraction of Euphorbia tirucalli. By
investigating these diverse therapeutic endpoints,
the study provides a comprehensive insight into
the pharmacological versatility of E. tirucalli-
derived phytochemicals and their potential for
development as adjunct therapies in managing
oxidative, inflammatory, and thrombosis.

MATERIALS AND METHODS

Plant Material Collection and Authentication

The fresh bark of Euphorbia tirucalli L.
was procured from verified sources in Tirupati.
Botanical identification and authentication were
performed by Dr. K. Madhava Chetty, Department
of Botany, Sri Venkateswara University. A voucher
specimen (ET-2025-0829) has been preserved in
the institutional herbarium for future reference. '
Extraction and Fractionation

The collected bark was washed with
distilled water, shade-dried, and coarsely powdered.
A total of 500 g of powdered material was subjected
to cold maceration with analytical-grade methanol
for 72 h, with intermittent shaking. The filtrate
was concentrated under reduced pressure at 40/
°C using a rotary evaporator to yield the crude
methanolic extract. Sequential fractionation was
performed using solvents of increasing polarity—
ethanol, acetone, acetic acid, and ethyl acetate.
The ethyl acetate fraction, exhibiting promising
preliminary biological activity, was selected for
further isolation of bioactive compounds.
Isolation and Characterization of
Phytoconstituents

The ethyl acetate fraction (15 g) was
subjected to silica gel column chromatography
(60—120 mesh, Merck) under normal-phase
conditions. Gradient elution was performed with
hexane:ethyl acetate mixtures (from 9:1 to 1:1),
followed by 100% ethyl acetate, and finally ethyl
acetate:methanol. Three major pooled fractions
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were obtained based on TLC profiling:
* EAI (10.32 g): hexane:ethyl acetate 8:2
* EA2 (2.50 g): hexane:ethyl acetate 1:1
* EA3 (2.19 g): 100% ethyl acetate

Preliminary phytochemical screening
indicated that EA2 was enriched in phenolics and
flavonoids, and it was further purified by repeated
column chromatography (hexane:ethyl acetate
1:4). Subfraction EAS2 (356 mg) was subjected
to preparative TLC (chloroform:methanol:water
4:0.38:0.02), yielding three pure compounds:
* Compound 1 (6.5 mg): eriodictyol
* Compound 2 (10.0 mg): quercitrin
* Compound 3 (4.3 mg): scopoletin

Structural confirmation was achieved using
IR, '"H-NMR, *C-NMR, and mass spectrometry. '3
In Vitro Antioxidant Activity
DPPH Radical Scavenging Assay

A 0.1 mM DPPH solution in methanol
was mixed with equal volumes (1 mL) of test
compounds at 50, 100, 300, and 500 pg/mL.
Mixtures were incubated in the dark at room
temperature for 30 min. Absorbance was measured
at 517 nm, and ascorbic acid served as the positive
control. 't All assays were performed in triplicate
(n = 3). Percentage inhibition and IC... € values
were calculated. 'u
Hydroxyl Radical Scavenging Assay

Hydroxyl radical scavenging was
assessed using the deoxyribose degradation assay.
Reaction mixtures contained FeClf , EDTA,
H, O, , and 2-deoxyribose in phosphate buffer
(pH 7.4). Test compounds were incubated at 37/
°C for 1 h. TBA and TCA were added to detect
malondialdehyde formation, measured at 532 nm.
v O'w Experiments were conducted in triplicate
(n=3),and IC... € values were determined. 'x
In Vitro Antiarthritic Activity

Protein denaturation plays a critical role
in the pathogenesis of inflammation and joint
degradation in arthritic conditions. Inflammatory
responses can lead to the loss of native protein
conformation, resulting in the formation of
autoantigens that further amplify immune
activation. ""The protein denaturation assay
was conducted based on the method developed
by Mizushima and Kobayashi, with slight
modifications: °

In this assay, bovine serum albumin
(BSA), a standard protein model, was used to
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mimic protein denaturation in vitro. A 1% (w/v)
BSA solution was prepared in phosphate buffer at
pH 6.3. Test compounds at different concentrations
(10-100 pg/mL) were incubated with the BSA
solution for about 20min . Subsequently, the
mixture was subjected to heat-induced denaturation
by incubating at 70°C for 5 minutes. Heating causes
BSA molecules to unfold and aggregate, which
increases turbidity and measured at 660 nm using a
spectrophotometer. Standard drug Diclofenac was
used. It was calculated using the formula:

(()Dm‘r solution — ()meduct l'(ln[lu]]

%Inhibition = 100 —
ODtest control

» 100

In Vitro Antiinflammatory Activity

Stabilization of erythrocyte membranes is
a widely accepted indicator of anti-inflammatory
activity, as these membranes share structural and
functional similarities with lysosomal membranes.
Preserving membrane integrity helps prevent the
release of lysosomal enzymes, which are key
mediators in the inflammatory response-2'-2?

Fresh venous blood was collected
aseptically from healthy volunteers and
anticoagulated. The collected blood was centrifuged
at 3000 revolutions per minute for 10 minutes,
and the isolated erythrocytes were washed three
times using isotonic saline (0.85% NaCl). The
erythrocytes were then suspended in isotonic
phosphate buffer (pH 7.4) to obtain a 10% (v/v)
erythrocyte suspension.

The erythrocyte suspension was incubated
with varying concentrations of test compounds
under heat-induced hemolysis conditions by
exposing the mixture to 54°C for 20 minutes. After
incubation, the reaction mixtures were centrifuged,
and the absorbance of hemoglobin released into the
supernatant was recorded at 560 nm to assess the
extent of hemolysis. The percentage of membrane
stabilization, or protection against hemolysis, was
calculated relative to the control (without test
compound).

In Vitro Thrombolytic Activity

Thrombolytic agents are substances that
dissolve blood clots (thrombi), and evaluating
such activity in vitro is crucial for identifying
compounds with potential clinical applications in
thrombosis-related diseases: 2 The thrombolytic
activity of the isolated compounds was determined
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by measuring their ability to lyse preformed blood
clots.

Fresh venous blood was drawn from
healthy human volunteers and transferred into
pre-weighed microcentrifuge tubes. The tubes
were maintained at 37°C for 45 minutes to
promote clotting. After the clots had fully formed
and stabilized, the serum was carefully separated,
ensuring the clot remained intact, and the clot was
then weighed. Test compounds, at a concentration
of 100 pg/mL, were added to the tubes containing
clots and incubated at 37°C for 90 minutes.
Streptokinase, a known thrombolytic enzyme,
was used as a positive control, while sterile saline
served as a negative control. After incubation, the
released fluid was discarded, and the tubes were
weighed again. The formula for calculation is

Weight before treatment — Weight after treatment
= x

Clot lysis (%) 100

Weight before treatment

Statistical Processing

All the results are reported as mean +
standard error mean . It was carried out using one-
way analysis of variance (ANOVA) and significant
group differences were further examined using
Tukey’s multiple comparison test by using Graph
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pad prism software. Results were considered
statistically meaningful if the p-value was less than
0.05 (p <0.05).

RESULTS

Isolation and Structural Elucidation

Three compounds were successfully
isolated from the ethyl acetate fraction. Spectral
analysis confirmed:
¢ Eriodictyol: Flavanone with characteristic IR
bands at 3300 cm{ ' (OH), 1600 cm{ ' (aromatic
C=C), and NMR signals consistent with flavanone
skeleton.
* Quercitrin: A flavonoid glycoside with sugar
moiety signals in NMR and characteristic UV
absorption.
* Scopoletin: A coumarin with IR bands at 1720
cm{ ! (lactone C=0) and NMR signals indicating
methoxy and aromatic protons.
Antioxidant Activities

Both DPPH and hydroxyl radical
scavenging assays demonstrated significant dose-
dependent free radical neutralization (Table 1).
* Quercitrin exhibited the strongest DPPH radical
scavenging (IC50 =10.1 + 0.5 ug/mL), followed
by eriodictyol (12.5 + 0.8 pg/mL).

(=)
8
@O
o
£8
@
O =
C o
L]
£
ES
(-]
C
& o
E8-
@ |
{11
o _|
i)
e g2 & N DIC22 8 &8 IHRY
a gX g o K PSR © BB naace
8 a8 8 g EXR80 ¥ BANTYSE
1 1 ] | I I
3500 3000 2500 2000 1500 1000
Wavenumber cm-1

Fig. 1. IR spectra of eriodictyol
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* Scopoletin showed moderate activity with an
IC50 approximately double that of quercitrin.

* Similar trends were observed in hydroxyl radical
scavenging assays, though all IC50 values were
slightly higher, indicating hydroxyl radicals were

more challenging to scavenge.

Antiarthritic Activity

* Protein Denaturation: Quercitrin inhibited protein
denaturation up to 72% at 500 pg/mL, significantly
higher than eriodictyol and scopoletin (p < 0.01).
* Membrane Stabilization: All compounds exhibited
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protective effects on erythrocyte membranes,
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reducing hemolysis induced by heat stress. The
membrane stabilization was highest for quercitrin
(~70%), followed by eriodictyol and scopoletin
(Table 2).

Thrombolytic Activity

* Streptokinase lysed 57% of clots, confirming
assay validity.

* Eriodictyol and quercitrin exhibited dose-
dependent thrombolytic activity (21.69% to
33.87%), significantly higher than saline control
(p <0.01).

* Scopoletin showed moderate clot lysis (~25%
at 200 pg/mL), indicating fibrinolytic potential
(Table 3).
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DISCUSSION

This study evaluated the in vitro
antioxidant, anti-inflammatory (antiarthritic),
and thrombolytic properties of three bioactive
constituents—eriodictyol, quercitrin, and
scopoletin—isolated from the ethyl acetate fraction
of Euphorbia tirucalli. These activities are crucial
due to their therapeutic implications in oxidative
stress-related disorders, inflammatory diseases, and
thrombotic conditions.

Antioxidant Activity

Oxidative stress is a key contributor to

chronic diseases such as arthritis, cardiovascular
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Fig. 10. In Vitro Antioxidant Activity of Isolated Compounds Using DPPH Radical Scavenging Assays
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Table 1. In Vitro Antioxidant Activity of Isolated Compounds Using DPPH and Hydroxyl Radical Scavenging Assays

DANAMURTHY & RAO, Biomed. & Pharmacol. J, Vol. 18(4), 3172-3185 (2025)

Eriodictyol Eriodictyol Quercitrin Quercitrin Scopoletin Scopoletin Ascorbic Ascorbic

Concentration
(ng/mL)

Acid
Hydroxyl

Hydroxyl DPPH Hydroxyl DPPH Hydroxyl Acid
DPPH (%)

DPPH (%)

(%)

(%)

(%)

(%)

(%)

(%)

448+1.2

483+1.1

18.4+0.7
312+1.0

526+14

21.7+0.9
36.5+1.1

402+1.4 35.1+1.3
542+1.2

28.7+1.1

346+1.2

50

65.5+1.0

674+13

464+1.5 61.8+1.5

529+1.6

100
300
500

91.6+1.0 90.2+0.9

58.1+1.5
734+1.6

84.6+1.7 81.3+1.8
92.7+1.2 89.7+1.6

689+1.6

723+1.9

96.3+0.8 954+0.7

704+1.3

83.1+13

87.8+14

27.8+1.5 9.4+0.6 9.4+0.6

22.6+1.1

12.5+0.8 18.7+1.2 10.1+£0.5 153+1.0

IC50 (pg/mL)

disorders, and cancer. t In the present study, the
DPPH radical scavenging assay revealed quercitrin
as the most potent antioxidant, followed by
eriodictyol, while scopoletin exhibited moderate
activity. These findings align with previous reports
attributing strong free radical scavenging to
flavonoids, due to multiple hydroxyl groups and
conjugated ring systems that stabilize radicals.
2y O%v Hydroxyl radical scavenging assays
confirmed a similar trend. The lower activity of
scopoletin may be linked to its coumarin core,
which lacks structural features enhancing radical
scavenging. >w While these results support
the antioxidant potential of these compounds,
additional mechanisms—such as metal chelation,
modulation of endogenous antioxidant enzymes, or
interactions with other cellular targets—may also
contribute and warrant further investigation.
Antiarthritic Activity

Arthritis is a chronic inflammatory
condition characterized by protein denaturation
and membrane destabilization. >x Quercitrin
and eriodictyol demonstrated inhibitory activity
comparable to diclofenac sodium. Membrane
stabilization assays showed effective protection
of erythrocyte membranes from heat-induced
hemolysis, 2y consistent with flavonoids and
coumarins mitigating inflammation via lysosomal
enzyme inhibition and membrane stabilization .>-
32 Beyond these classical mechanisms, potential
off-target effects, influence on signaling pathways
(e.g., NF-éB, MAPK), and synergistic interactions
among compounds may further modulate anti-
inflammatory outcomes, highlighting the need for
mechanistic studies.
Thrombolytic Activity

All three compounds exhibited clot
lysis activity, with quercitrin and eriodictyol
showing greater efficacy than scopoletin. Although
less potent than streptokinase, these natural
compounds demonstrated promising fibrinolytic
potential, possibly via plasminogen activation or
direct fibrin degradation. 303t Their antioxidant
properties may indirectly enhance thrombolytic
activity by protecting platelets and coagulation
factors from oxidative modification. *u Only two
concentrations were tested in this assay because
preliminary experiments showed negligible
activity at lower doses and a plateau at higher
doses, making two representative concentrations
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sufficient to demonstrate clot-lysis effects. ?v
O*Additional mechanisms—such as modulation
of endothelial signaling, platelet aggregation
pathways, or coagulation factor expression—could
also contribute to their thrombolytic effects. Future
in vivo studies are required to validate these
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findings, assess bioavailability, metabolic stability,
and potential interactions with other pathways.
Pharmacological Implications and Future

Prospects

The multifunctional bioactivities of
eriodictyol, quercitrin, and scopoletin highlight

Table 2. In Vitro Antiarthritic Activity of Isolated Compounds

Concentration
(ng/mL)

Test Sample

% Inhibition of

(Mean + SEM)

Protein Denaturation

% Membrane
Stabilization
(Mean + SEM)

100
50
100
300
500
50
100
300
500
50
100
300
500

Diclofenac (Standard)
Eriodictyol

Quercitrin

Scopoletin

Control (Vehicle)

78.45 £ 1.12 ***
32.10+£0.98 *

45.67 +1.03 **
61.35 4+ 1.25 ***
69.22 4+ 1.18 ***
3580+ 1.05*

50.10 £ 1.07 **
66.88 + 1.15 ***
73.55 £ 1.22 ***
28.95+1.00 *

41.20 +0.92 **
58.75 £ 1.10 ***
64.50 £ 1.15 ***

3.15+048

82.30 + 1.08 ***
29.45+1.05*
41.20 £ 0.99 **
57.80 & 1.15 ***
66.15 £ 1.10 ***
33.90+0.97 *
47.45+1.03 **
63.70 £ 1.20 ***
70.05 + 1.12 ***
2630+ 1.07 *
38.50 £ 1.09 **
5520 £ 1.18 ***
60.80 & 1.11 ***
2.90 £0.52

Values are expressed as mean + SEM (n = 3). Statistical significance compared to control: p <

0.05 (%), p < 0.01 (**), p < 0.001 (***).”
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Fig. 12. In vitro antiarthritic activity of Isolated Compounds



3183

DANAMURTHY & RAO, Biomed. & Pharmacol. J, Vol. 18(4), 3172-3185 (2025)

Table 3. In vitro thrombolytic activity of isolated compounds

Test Sample Concentration Initial Clot Residual Clot Clot Lysis (%)
(ng/mL) Weight (mg) Weight (mg)

Streptokinase 100 (nL) 500.0 £ 5.8 215.3+4.6 57.00 £ 1.21%%*

Eriodictyol 100 498.0+4.9 390.2+6.3 21.69 + 1.04**
200 502.3+4.6 342.1+5.7 31.87 £ 1.15%**

Quercitrin 100 4952 +5.1 368.1£4.9 25.66 £ 1.10**
200 499.7+4.3 330.4+4.6 33.87 £ 1.33%**

Scopoletin 100 496.0 +4.7 410.0+5.8 17.34 £ 1.20%*
200 500.1 +£4.2 372.3+6.0 25.60 + 0.98**

Saline (Control) — 497.4+52 480.0+4.9 3.42+0.75

All values are expressed as mean = SEM (n = 3). Statistical significance compared to saline control is

indicated as *p < 0.05, **p < 0.01, ***p <0.001.
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Fig. 13. In vitro thrombolytic activity of isolated compounds

their potential as lead compounds for drug
development. Their antioxidant, anti-inflammatory,
and thrombolytic effects suggest a protective role
against oxidative stress-induced inflammation
and thrombosis. Nevertheless, limitations of
this study include its in vitro nature, limited
concentration ranges in certain assays, and absence
of pharmacokinetic and in vivo data. Elucidating
molecular mechanisms, including off-target
effects and signaling pathway involvement, will
be critical for understanding therapeutic potential.
*v Strategies such as nanoformulation may
further enhance bioefficacy, stability, and targeted

delivery. *w Collectively, these results reinforce the
ethnomedicinal significance of Euphorbia tirucalli
and its isolated constituents, paving the way for
their advancement as therapeutic agents.

CONCLUSION

The isolated phytoconstituents eriodictyol,
quercitrin, and scopoletin from Euphorbia tirucalli
has exhibited significant Invitro activities. Among
these, quercitrin demonstrated the most potent
activity across all assays, closely followed by
eriodictyol, while scopoletin showed moderate



DANAMURTHY & RAO, Biomed. & Pharmacol. J, Vol. 18(4), 3172-3185 (2025)

effects. Moreover, their ability to inhibit protein
denaturation and stabilize cellular membranes
underscores their promising anti-inflammatory
potential. The observed thrombolytic activity,
though less than the standard drug streptokinase,
indicates potential fibrinolytic effects that may
contribute to cardiovascular health. Collectively,
these findings support the therapeutic relevance
of these compounds as natural agents with
multifunctional bioactivities. However, further
in vivo studies and clinical evaluations are
warranted to confirm their efficacy and safety,
paving the way for potential development as novel
phytopharmaceuticals for managing oxidative
stress-related disorders, inflammatory diseases,
and thrombotic conditions.
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