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Abstract:

Background:

Blood coagulation is an essential and tightly regulated process that swiftly forms clots. However, disruptions in
blood coagulation are often observed in various disease conditions. This study focused on exploring the impact
of partitioned solvent fractions of methanolic extract of Tecomella undulata bark anticoagulant and antioxidant
activities using in vitro methods, seeking new therapeutic purposes for this plant. Dried and powdered bark of
Tecomella undulata were extracted with 70% methanol, and the concentrated dried crude extract was subsequently
subjected to liquid partitioning with petroleum ether, benzene, ethyl acetate, and butanol. Varying concentrations
(2.5-10 mg/mL) of the fractions were tested in vitro on blood coagulation profile; clotting time (CT), prothrombin
time (PT), and activated partial thromboplastin time (aPTT) and antioxidant potential. GCMS analysis of highest
anticoagulant fraction was carried out.

Result: All fractions of Tecomella undulata bark significantly (P<0.05) prolonged the clotting time, prothrombin
and activated partial thromboplastin times. The highest prolongation effect was recorded with the butanol fraction
at concentration of 7.5 mg/mL. From GCMS analysis data, ten compound present in butanol fraction to exhibit
antioxidant and anticoagulant activity.

Conclusion: The study's findings highlight the potential of antioxidant and anticoagulant activity of Tecomella
undulata, specifically its butanol fraction, as a promising and untapped source of bioactive molecules with
therapeutic applications. It can be explored further for the development of new therapeutics targeting various
health conditions. This discovery opens up exciting possibilities for harnessing the plant's bioactive molecules in
the pursuit of novel therapeutic interventions.
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Introduction

Thrombosis underlies several vascular disorders [1], and abnormal lipid metabolism is associated with various
cardiovascular and cerebrovascular conditions like high-fat hyperlipidemia, obesity, hypertension,
atherosclerosis, coronary heart disease, myocardial infarction, and cerebral thrombosis [2]. The factors triggering
these conditions include elevated levels of low-density lipoprotein-cholesterol (LDL-C), decreased levels of
high-density lipoprotein-cholesterol (HDL-C), and increased free radicals and lipid peroxidation [2]. In the
medical market, three primary types of anti-thrombotic drugs exist: anticoagulant drugs, anti-platelet drugs, and
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thrombolytic drugs. However, these drugs often lead to adverse reactions and are expensive [3]. Thus, there is
an urgent need to develop a safe, effective, and affordable anti-thrombotic drug for clinical therapy.

Recently, interest has grown in isolating thrombolytic agents and anti-thrombotic compounds from natural
sources, including food, to offer safer and more effective alternatives [4]. Medicinal plants have historically been
a valuable source of anticoagulant and anti-thrombotic molecules [5].

Furthermore, free radicals pose significant risks to cells and tissues, contributing to various diseases, including
cancer, cardiovascular disease, and neurodegenerative disorders [6,7]. Antioxidants play a crucial role in
neutralizing free radicals and mitigating oxidative stress. These antioxidants, such as vitamins, flavonoids, and
phenolic compounds, help reduce oxidative damage [8,9].

High cholesterol levels, along with the generation of reactive oxygen species (ROS) and LDL oxidation, are
pivotal in the development of coronary artery diseases (CAD) and atherosclerosis [6]. Atherosclerosis can lead to
blood clot formation due to platelet aggregation and coagulation activation [10]. Therefore, plants with
anticoagulant and antioxidant properties hold promise for potential use in medicine, particularly for treating
atherosclerosis.

Tecomella undulata, a member of the Bignoniaceae family, is a well-known tree referred to as "ammora" in
English or locally known as honey tree, desert teak, marwar teak, or white cedar. Its distribution spans across
Avrabia, southern Pakistan, and northwest India, thriving at elevations of up to 1200 meters. It is a very important
medicinal plant of Rajasthan, India. The plant has significant therapeutic potential attributed to the presence of
valuable secondary metabolites. Examinations of the plant components have resulted in the discovery of
pharmacologically significant compounds, including Iridoid Glucoside [13], naphthoquinone [14,15],
phytosterols, flavonoid glycoside, flavanol [16], fatty alcohol [17], fatty acid [18], and triterpenoids [19]. For an
extended period, this plant has been employed as a remedy for syphilis, urinary disorders, spleen enlargement,
gonorrhea, leukoderma, jaundice, and liver diseases [11,12]. However, the available literature shows limited
research conducted on this particular plant. Notably, the plant exhibits valuable properties like antifungal and anti-
termite effects [20], potential treatment for typhoid fever [21], analgesic and anti-inflammatory properties [22],
antimicrobial activity [23,24], and a study has been conducted on its impact compared to the chlorpromazine drug
in albino rats [25]. Additionally, it shows non-specific spasmolytic action [26]. The practices of Family Planning
and Sex Disease Treatment have been documented in Samahni Valley, Pakistan [27]. Furthermore, this plant has
shown potential in treating various health conditions, including hepatitis [28], syphilis, gonorrhea, conjunctivitis,
blood purification, antidiabetic properties, and antioxidant effects [29,30]. Additionally, there is ongoing research
on its potential as a drug to combat the spread of AIDS [31].

Material and Method
Collection and preparation of powder:

Tecomella undulata bark was sourced from the local area of Dabhoi, district: Baroda. Dr. Rutva Dave, Assistant
Professor in the Department of Botany at H.&H.B. Kotak Institute of Science, Rajkot, verified its identification.
The herbarium (BKMPC/01-03/2022) was preserved in the Department of Pharmacognosy at B.K. Mody Govt.
Pharmacy College, Rajkot. Subsequently, the bark was washed with water and left to air dry. Once dried, it was
finely powdered using a mixed grinder (MG Livo MX-151, Maharaja mixer grinder) and sieved through a mesh
(420). The resulting fine powder was stored in an airtight container for future use.

Preparation of fraction:

The powder underwent an exhaustive hydroalcoholic (30:70) extraction using the maceration method at room
temperature for 24 hours. The resulting solutions were filtered through Whatman filter paper (No.42).
Subsequently, the filtrates were recovered using a rotary film evaporator at 40°C, thoroughly dried, and stored in
a sealed jar at 4°C for future use. For further partitioning, the crude extract (25 g) was subjected to successive
solvent-solvent partitioning using solvents of increasing polarity - petroleum ether, benzene, ethyl acetate,
butanol, and water (3x200 ml for each solvent type). The solvent portions of the respective fractions were
evaporated, yielding the petroleum ether fraction (TUPF), benzene fraction (TUBF), ethyl acetate fraction
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(TUEAF), and butanol fraction (TUBUF), respectively. In each step of solvent fractionation, 20 ml of distilled

water was added. The methanol-insoluble residues were designated as the water fraction (TUWF). All fractions
were evaporated at a low temperature of 40°C and stored for subsequent use.

Preliminary phytochemical screening

The extracts underwent a preliminary phytochemical screening to assess the presence of flavonoids, tannins,
phenolic compounds, alkaloids, glycosides, terpenoids, steroids, carbohydrates, and proteins. This screening was
conducted using specific chemical tests corresponding to each compound [32].

Total phenolic content

The total phenolic contents in the fractions were quantified using the modified Folin-Ciocalteu method [33], with
gallic acid serving as the standard. For this analysis, 200 pl of each fraction (1 mg/ml) was mixed with 2.8 ml of
distilled water, 0.5 ml of Folin-Ciocalteu reagent, and 2.0 ml of 20% (w/v) sodium carbonate. The tubes were
vortexed for 15 seconds and then left in the dark for 60 minutes for color development. Subsequently, the
absorbance was measured at 650 nm using a UV spectrophotometer. The results were calculated and expressed
as milligrams of Gallic Acid Equivalent (GAE) per gram of dry weight.

Total flavonoid content

The total flavonoids were assessed following the method outlined by Ordon-ez AAL [34]. For this, 0.5 ml of each
fraction was mixed with 1.5 ml of methanol, 100 ul of 10% aluminum chloride, 100 pl of 1 M potassium acetate
solution, and 2.8 ml of distilled water. After incubating the mixture at room temperature for 1.5 hours, the
absorbance was measured at 420 nm. A standard curve was established using different concentrations of quercetin
in methanol (20, 40, 60, 80, and 100 pg/ml), and the total flavonoids content was expressed as milligrams of
Quercetin Equivalent (QUE) per gram of dry weight.

Determination of Total Antioxidant Capacity

The determination of the total antioxidant capacity was conducted using a method as described by Prieto with
slight modifications [35]. The total antioxidant capacity of the various fractions was assessed by combining 0.5
ml of each fraction (containing 500 pg of the respective fraction) with 3.0 ml of the Phosphomolybdenum reagent
(composed of 0.6 M sulfuric acid, 28 mM sodium phosphate, and 1% ammonium molybdate) in test tubes. The
test tubes were then incubated at 95 °C for 10 minutes to allow the reaction to complete. After cooling to room
temperature, the absorbance was measured at 695 nm using a spectrophotometer against a suitable blank. The
final results were expressed as milligrams of Ascorbic Acid Equivalent (AAE).

ANTIOXIDANT ACTIVITY
DPPH radical scavenging assay

The DPPH radical scavenging activity was determined following Choi's method [36]. Various concentrations of
fractions (25, 50, 75, 100, 150, 200, and 250 pg/ml) were mixed with 1.6 ml of methanolic DPPH solution (0.1
mM) in test tubes. The mixture was vigorously shaken and then kept in the dark at room temperature for 30
minutes. The spectrophotometric absorbance of the mixture was measured at 517 nm. Ascorbic acid served as the
reference standard. The percentage of DPPH radical scavenging activity (% DRSA) was calculated using the
equation:;

% DRSA = [(A0- A1)/ A0] X 100

Where AO is the absorbance of the control and

Al is the absorbance of the extracts/standard.
Superoxide radical scavenging activity:

The superoxide radical scavenging activity of the different fractions was assessed using a method based on
Beauchamp and Fridovich (1971) with modifications [37]. The reaction mixture consisted of 100 pl of
Ethylenediamine tetraacetic acid (EDTA) (0.1 M), 200 ul of NaCN, 50 pl of riboflavin (0.12 mM), 100 ul of

1579



Tuijin Jishu/Journal of Propulsion Technology

ISSN: 1001-4055

Vol. 44 No. 5 (2023)

Nitroblue Tetrazolium NBT (1.5 mM), various concentrations of the fractions (25, 50, 75, 100, 150, 200, and 250

pg/ml), and phosphate buffer (67 mM, pH 7.8), making a total volume of 3 ml. The percentage inhibition was
calculated. A parallel blank was run omitting sample with distilled water in the reaction mixture.

% Inhibition = [(Ao- (A1 — A2)/ Ag] X 100
Where Ao= absorbance without sample, A;= absorbance with sample,
A= absorbance of sample omitting NBT

Nitric oxide radical scavenging activity:

Nitric oxide radicals were generated from sodium nitroprusside solution under physiological pH conditions [38].
To initiate the reaction, four milliliters of sodium nitroprusside (10 mM) were mixed with 1 ml of various fractions
(25, 50, 75, 100, 150, 200, and 250 pg/ml) in PBS (pH 7.4). The mixture was then incubated at 25°C for 150
minutes. Following the incubation period, 0.5 ml of the solution was combined with 1.0 ml of 1.0% sulphanilic
acid reagent (in 2% orthophosphoric acid), mixed thoroughly, and left to stand for 5 minutes for diazotization
completion. Next, 1.0 ml of 0.1% NEDD (naphthylethylenediamine) was added to the solution, mixed, and
allowed to stand for 30 minutes in the dark, leading to the formation of a pink-colored chromophore. The same
procedure was repeated for various concentrations of ascorbic acid, used as the reference standard. Finally, the
absorbance of these solutions was measured at 540 nm against the corresponding blank solution with PBS instead
of the sample. The % of nitric oxide radical scavenging was calculated using equation;

% Scavenging = [(Ao- A1)/ Ag] x 100
Where Ay is the absorbance of the control, and
A is the absorbance of the extracts/fractions/standard.

Metal ion chelating activity:

The capacity of the extracts to chelate iron ions was assessed following the method outlined by Gulcin [39].
Various concentrations of the fractions (25, 50, 75, 100, 150, 200, and 250 pg/ml) and ascorbic acid were
introduced to 2.5 ml of a solution containing 2 mM FeClI3. To initiate the reaction, 0.2 ml of 5 mM ferrozine was
added, and the volume of the mixture was adjusted to 4 ml with methanol. The mixture was vigorously shaken
and allowed to stand at room temperature for 10 minutes for incubation. Following the incubation period, the
spectrophotometric absorbance of the resulting color was measured at 562 nm. The percentage of inhibition was
calculated using the appropriate formula:

% inhibition = [A¢ — (A1 — A2)]/Ao x 100

Where,

Ay is the absorbance of the control, containing FeCls and ferrozine only,

A1 is the absorbance in the presence of the tested sample and

A is the absorbance of the sample under identical conditions as A; with methanol instead of ferric chloride
solution.

EDTA was used as a standard.

Reducing power

The determination of reducing power was carried out based on a previously described method with some
modifications [40]. Fractions ranging from 2 pg/ml to 125 pg/ml were added to a reaction mixture comprising 2.5
ml of a solution containing 0.2 M phosphate buffer at pH 6.6 and 1% wi/v potassium ferricyanide. The mixture
was then incubated at 50°C for 20 minutes. The reaction was halted by adding a 10% w/v solution of
trichloroacetic acid, followed by centrifugation at 3000 rpm for 10 minutes to collect the supernatant. To the
resulting 2.5 ml of supernatant, 2.5 ml of distilled water and 0.5 ml of ferric chloride solution (0.1%, w/v) were
added and thoroughly mixed. The absorbance of the greenish-blue chromogen was measured at 700 nm. A higher
absorbance value of the reaction mixture indicated a stronger reducing power. As a control, a parallel blank was
run, replacing the sample with 2.5 ml of distilled water. The results were expressed as the percentage of activity
exhibited by 0.2 pg/ml of ascorbic acid.
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In-vitro anticoagulant activity

Blood sampling and plasma preparation

Blood anticoagulated with citrate was obtained from the Red Cross Blood Bank in Rajkot. The citrated blood
samples were then subjected to centrifugation at 6000 rpm for 10 minutes using a Compact Centrifuge to obtain
platelet poor plasma (PPP) [41].

Blood clotting time measurement

The measurement of in vitro clotting time was performed using a modified method based on Lee and White, as
previously reported by Osoniyi and Onajobi [42]. Clotting tubes were prepared, containing 0.5 ml of various
fractions of Tecomella undulata suspended in Normal Saline (NS) at concentrations ranging from 2.5 to 10
mg/mL. A control tube with NS alone was also included. These tubes were then incubated in a water bath at 37
°C. After incubation, 0.5 ml of freshly drawn blood was carefully introduced into each of the incubated tubes by
allowing it to flow down the side of the tube, while simultaneously starting a stopwatch. At 30-second intervals,
the tubes were gently tilted to an angle of 45° to observe for the formation of a blood clot. The time taken for the
first observation of clot formation was recorded, and the tilting process was continued at intervals until the tubes
could be inverted without blood flowing out. The stopwatch was immediately stopped, and the time was recorded
as the final clotting time.

Prothrombin time (PT) activity assay

The PT assays were conducted using commercially available reagent kits (PT (Prothrombin time)®, Robonik
India Pvt. Ltd., India) following the recommended protocols provided by the manufacturer [43]. For each assay,
100 pl of plasma sample was mixed with 100 pl of various fractions (ranging from 50 to 500 pg/pl) that were
diluted in normal saline. After a 5-minute pre-incubation period, 100 pl of PT assay reagent (consisting of rabbit
brain extract and calcium chloride) pre-warmed at 37°C for 10 minutes was added, and the clotting time was
recorded and measured. A vehicle control using normal saline was used for comparison. Each PT assay was
performed in triplicate.

Activated prothrombin time (APTT) activity assay

APTT activity assays were conducted using commercially available reagent kits (APTT (Activated prothrombin
time testing)®, Robonik India Pvt. Ltd., India) following the recommended protocols provided by the
manufacturer [43]. For each assay, 100 ul of plasma was mixed with 100 pl of various fractions (ranging from 50
to 500 ug/ul) at 37°C. After a 5-minute pre-incubation period, pre-warmed APTT reagent was added to the
mixture. The clotting time was measured after the addition of pre-warmed 50 pl of CaCl2 solution. Normal saline
was used as a vehicle control. The APTT assay was performed in triplicate.

Gas chromatography-mass spectrometry (GC-MS) analysis.

The butanol fraction of Tecomella undulata underwent GC-MS analysis using the Toshvin GCMS-TQ8040
system equipped with a fused silica capillary column (30 m in length x 250 um in diameter x 0.25 um in thickness),
packed with Elite-5MS. Pure helium gas (99.99%) was utilized as the carrier gas, flowing constantly at a rate of
1 mL/min. For GC-MS spectral detection, an electron ionization energy method with a high ionization energy of
70 eV (electron Volts) was adopted, with a scan time of 0.2 seconds and fragments ranging from 40 to 800 m/z.
The injection quantity was set to 1 pL (split ratio 10:1), and the injector temperature was maintained at a constant
250 °C. The column oven temperature was initially set at 50 °C for 3 minutes, then increased at a rate of 10 °C
per minute up to 280 °C, and finally raised to 300 °C for 10 minutes. The identification of phytochemicals in the
test samples was accomplished by comparing their retention time (in minutes), peak area, peak height, and mass
spectral patterns with those of authentic compounds stored in the National Institute of Standards and Technology
(NIST) library [44].

Static Analysis:

The data were presented as means + SD based on three measurements (n=3). Statistical comparisons of the
extended time among all extracts and the vehicle control (0.9% Normal Saline) were performed using one-way
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ANOVA (Multiple comparison) with GraphPad Prism version 6.0 (San Diego, California). A p-value greater than
0.01 was considered statistically significant.

Result:
Preliminary phytochemical screening

The initial screening of phytochemicals indicated that the fractions exhibited the existence of triterpenoids,
glycosides, phenoalic acids, flavonoids, sterols, and tannins (Table 1).

Table 1. Phytochemical screening of solvent fractions of Tecomella undulata bark

Name of Fractions
Chemical Group

TUPF TUBF TUEAF TUBUF TUWF
Alkaloids - - - - -
Carbohydrate - - - - +
Glycosides - - - + +
Triterpenes + + + + +
Sterols - + + + +
Flavonoids - + + + )
Phenolics / Tannins - + + + +
Saponins - - + + +
Proteins - - - - +

Total phenolic content

The total phenolic content of the fractions was determined and expressed as milligrams of Gallic acid equivalents
per gram of dry weight. The results are presented in table 2. Among the fractions, TUEAF exhibited the highest
phenolic content (172.77 + 2.38 mg/g), followed by TUBUF (106.89 + 2.47).

Table 2. Phenolic, flavonoid content and total antioxidant activity of fractions of Tecomella undulata bark

. . Total
. Total phenolic content Total flavonoid content . ota .
Name of fractions (mg GAEIg) (mg QAE/Q) Antioxidant capacity

g g g g (mg AAE/Q)
TUPEF 39.23 £ 2.87 11.54 £ 0.74 71.54 +4.85
TUBF 46.33 +2.54 15.26 £ 0.83 78.22 £6.21
TUEAF 172.77 £ 2.38 42.11+0.98 178.32 + 5.85*
TUBUF 106.89 + 2.47 36.24 £0.81 137.43 + 451*
TUWEF 45.34 + 2,52 14.22 +0.79 91.2+5.11

Values expressed as mean + SEM with n = 3.
Total flavonoid content

The total flavonoid content of the fractions was determined and expressed as milligrams of quercetin equivalents
per gram of dry weight. The results are presented in table 2. Among the fractions, TUEAF exhibited the highest
flavonoid content (42.11 + 0.98 mg/g), followed by TUBUF (36.24 + 0.81).

Total antioxidant capacity
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The evaluation of total antioxidant capacity measures a sample's ability to donate electrons, thereby neutralizing
the effects of free radicals such as ROS. Among the fractions, TUEAF showed the highest TAC at 178.32 + 5.85
mg AAE, followed by TUBUF (137.43 + 4.51 mg AAE), TUWF (91.2 £ 5.11 mg AAE), and TUBF (78.22 £ 6.21
mg AAE). Notably, the butanol, ethyl acetate, and aqueous fractions exhibited significant antioxidant activity
during this test, as demonstrated in table 2. However, it is important to highlight that the aqueous fraction displayed
a notably lower antioxidant activity compared to the ethyl acetate and butanol fractions.

IN VITRO ANTIOXIDANT ACTIVITY

DPPH free radical scavenging activity

The relative potency of the fractions was observed to be TUEAF < TUBUF < TUWF < TUBF < TUPEF, as shown
in Figure 1. The corresponding IC50 values were determined as 100.29+2.11, 110.35+1.41, 133.97+2.62,
185.47+3.01, 159.62+2.3 pg/ml, respectively (Table 3). The results indicate that the TUEAF and TUBUF fractions
demonstrate the highest effectiveness in scavenging DPPH radicals in vitro.

150~
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9 - TUBUF
= 4004 -+ TUWF
= -+ TUEAF
% —— TUBF
Q
2 50- -@- TUPEF
o
o
[=]

0 100 200 300

Concentration {(ug/ml)
Figure 1: DPPH scavenging activity of fraction of Tecomella undulata bark
Values expressed as mean + SEM with n = 3.

Table 3 ICs values of fractions of Tecomella undulata bark on different in vitro antioxidant activity

DPPH radical . . . o . .
. . Superoxide anion Ferric ion Nitric oxide radical
Name of extracts scavenging activity . . .
(ug/ml) scavenging (ug/ml)  chelating (ug/ml)  scavenging (ug/ml)
TUPEF 185.47+ 3.01 204.75+ 2.1 206.77+ 3.41 212.54+ 3.39
TUBF 159.62+ 2.3 186.38+ 3.33 195.27+5.41 208.22+ 4.17
TUEAF 100.29+ 2.11 137.07+2.28 137.68+ 4.32 150.56+ 4.44
TUBUF 110.35£1.41 133.39+ 3.25 142.98+ 3.49 162.48+ 3.21
TUWF 133.97+ 2.62 168.67+ 2.27 178.49+ 4.20 187.58+ 2.61
Ascorbic Acid 32,73+ 1.71 33.06+ 2.31 56.54+ 2.44 54.64+ 2.78

Superoxide radical scavenging activity:

Figure 2 illustrates the patterns of fractions in their ability to quench superoxide anion. Table 3 presents the IC50
values for all fractions. TUBUF showed a higher IC50 value of 133.39+3.25 pg/ml, followed by TUEAF with an
IC50 wvalue of 137.07£2.28 pg/ml, when compared with the positive control ascorbic acid
(IC50=33.06+2.31ug/ml).

1583



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

3 1501
% - ASA
£ - TUWF
[=2]
2 -— TUBUF
A —— TUBF
S 50l -e TUPEF
%
e
[
o
a 0 T T .

0 100 200 300

Concentration (ug/ml)

Figure 2: Superoxide scavenging activity of fraction of Tecomella undulata bark
Values expressed as mean + SEM with n = 3.

Metal chelating activity:

The ferrous ion chelating ability of the different fractions was investigated using the ferrozine-Fe2+ complex
method, as presented in Figure 3. All the fractions demonstrated a reasonable capacity to chelate iron (I1) ions,
showing a dose-dependent behaviour. The IC50 value for TUEAF was 137.68+ 4.32 pg/ml, making it the fraction
with the highest iron chelating efficacy among the tested fractions. The other fractions required higher
concentrations to chelate iron, with IC50 values for TUWF, TUBF, and TUPEF measured at 178.49+ 4.20 pg/ml,
195.27+ 5.41 pg/ml, and 206.77+ 3.41 pg/ml, respectively, as shown in Table 3. Ascorbic acid, used as the
reference standard, exhibited the lowest IC50 value of 56.54+ 2.44 pg/ml.

100-
o\? -»- ASA
> 804 = TUBUF
-% -+ TUEAF
o 604 - TUWF
S —~ TUBF
s 4 o TUPEF
£ 20
]
[

0 T T 1

0 100 200 300

Concentration (ug/ml)

Figure 3: Ferric ion chelating activity of fraction of Tecomella undulata bark

Values expressed as mean + SEM with n = 3.
Nitric oxide scavenging activity:

In the study (Figure 4), it was observed that the NO scavenging capacities of the fractions, as well as the positive
control, increased in a dose-dependent manner. These findings were supported by the IC50 analysis data presented
in Table 3. Among the fractions, TUEAF exhibited the highest NO scavenging ability, with an 1C50 value of
150.56+ 4.44 pg/ml, followed by TUBUF (IC50 = 162.48+ 3.21 pg/ml), TUWF (IC50 = 187.588+ 2.61 pg/ml),
TUBF (IC50 = 208.22+ 4.17 pg/ml), and TUPEF (IC50 = 212.54+ 3.39 pg/ml). Notably, only TUEAF and

TUBUF displayed reasonably better NO scavenging activity when compared to that of ascorbic acid (IC50 =
54.64+ 2.78 pug/ml).
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Figure 4: Nitric oxide scavenging activity of fraction of Tecomella undulata bark
Values expressed as mean + SEM with n = 3.
Reducing power Activity

Figure 5 illustrates the reductive power of the fractions. The rise in absorbance signifies an augmentation in the
reducing power activity. The outcomes revealed a concentration-dependent increase in the absorbance at 700 nm
for the fractions.

0.084
£ -- ASA
g — -+ TUBUF
o o h - TUWF
® - TUEAF
g 0.041 -~ TUBF
s - TUPEF
S 0.024
(7]
Kol
=4

0.00 T T 1

0 50 100 150

Concentration (ug/ml)

Figure 5: Reducing power activity of fraction of Tecomella undulata bark
Values expressed as mean + SEM with n = 3.
Tecomella undulata bark fractions prolonged the Clotting time

The fractions of Tecomella undulata bark were found to have an impact on clotting time. The experimental results
demonstrated that as the concentration of T.undulata fractions increased, the clotting time was prolonged. The
clotting time reached its maximum point at a concentration of 7.5 mg/mL. However, beyond this concentration,
the clotting time decreased with further increases in concentration. These findings are depicted in Figure 6. The
presence of anticoagulant(s) in T.undulata is indicated by this result, suggesting that their optimal function occurs
within a specific range of concentrations. At the tested concentration, all partitioned fractions of T.undulata led
to a significant increase in clotting time compared to the control samples. Among the tested fractions, the butanol,
ethyl acetate, and aqueous fractions exhibited the longest clotting times (Figure 7). Notably, a significantly longer
clotting time of the butanol fraction (p > 0.001) was observed at a concentration of 7.5 mg/ml compared to 10
mg/ml (Figure 8).
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Figure 6: In vitro clotting time of varying concentrations of fractions of Tecomella undulata bark

The fractions were suspended in normal saline. Results are expressed as mean + SE values (n=3) for each
concentration.
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Figure 7: Mean clotting time of normal human blood treated with different fractions at 7.5 mg/mL

Results are expressed as Mean + SE values (n=3). All fractions were suspended in saline. *p<0.05, **p<0.01,
#p<0.001 significant when compared with Normal saline (vehicle control).
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Figure 8: In vitro clotting time of normal human blood treated with the fractions at 2.5 mg/mL, 5 mg/mL, 7.5
mg/mL & 10 mg/mL
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Results are expressed as Mean + SE values (n=3). All fractions were suspended in saline. *p<0.05, **p<0.01,
***n<0.005, #p<0.001 significant when compared with Normal saline (vehicle control).

PT assay

At a concentration of 7.5 mg/mL, all fractions of T. undulata displayed a noteworthy (P > 0.01) increase in the
Prothrombin Time (PT) compared to the control (Figure 9). The butanol fraction exhibited no significant
difference in PT between the concentrations of 7.5 mg/mL and 10 mg/mL. However, other fractions showed
significantly (P > 0.05) shorter PTs at a concentration of 10 mg/mL compared to 7.5 mg/ml.
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Figure 9: Prothrombin time of normal human plasma treated with all fractions at 7.5 mg/mL

Results are expressed as Mean + SE values (n=3). All fractions were suspended in saline. *p<0.05, **p<0.01,
***n<0.005, #p<0.001 significant when compared with Normal saline (vehicle control).

To further investigate the impact on PT, the fractions with the most significant effect on clotting time (butanol,
Aqueous, and ethyl acetate fractions), representing the polar and non-polar fractions, were tested at concentrations
of 2.5, 5, 7.5, and 10 mg/mL. A notable (P > 0.001) prolongation of PT was observed at all tested concentrations
(2.5,5,7.5, & 10 mg/mL) compared to the control. The butanol fraction consistently demonstrated a significantly
(P >0.001) longer PT than the Aqueous fraction and ethyl acetate fraction at all concentrations. Additionally, the
recorded PT was significantly (P > 0.05) longer at a concentration of 7.5 mg/mL compared to other concentrations
(Figure 10).
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Figure 10: Prothrombin time of normal human plasma treated with all fraction at 2.5, 5, 7.5 & 10 mg/mL

Results are expressed as Mean + SE values (n=3). All fractions were suspended in saline. *p<0.05, **p<0.01,
***p<0.005, #p<0.001 significant when compared with Normal saline (vehicle control).
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aPTT assay

All the fractions of T. undulata demonstrated a significant (P > 0.001) increase in activated Partial Thromboplastin
Time (aPTT) at all tested concentrations compared to the control. The measured aPTT times for the butanol and
ethyl acetate fractions did not exhibit a significant difference between each other. However, both fractions
displayed a notably (P > 0.001) longer aPTT at a concentration of 7.5 mg/mL (Figure 11).
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Figure 11: aPTT time of normal human plasma treated with all fractions at 7.5 mg/mL

Results are expressed as Mean + SE values (n=3). All fractions were suspended in saline. *p<0.05, **p<0.01,
***p<0.005, #p<0.001 significant when compared with Normal saline (vehicle control).

Longer aPTT times were observed for all the tested fractions at a concentration of 7.5 mg/mL in comparison to
other concentrations (Figure 12). The butanol fraction exhibited the most significant prolongation effect on aPTT
at the tested concentrations, with values of 70.66, 114.67, and 83.33 seconds at 5, 7.5, and 10 mg/mL, respectively.
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Figure 12: aPTT of normal human plasma treated with all fraction at 2.5, 5, 7.5 & 10 mg/mL

Results are expressed as Mean + SE values (n=3). All fractions were suspended in saline. *p<0.05, **p<0.01,
***p<0.005, #p<0.001 significant when compared with Normal saline (vehicle control).

Gas chromatography-mass spectrometry (GC-MS) analysis

The gas chromatography-mass spectrometry (GC-MS) analysis of the butanol fraction of T.undulata revealed a
total of 10 peaks (Figure 14). These peaks correspond to the bioactive compounds, which were identified by
comparing their peak retention time, peak area (%), height (%), and mass spectral fragmentation patterns with
those of known compounds listed in the National Institute of Standards and Technology (NIST) library. The
analysis revealed the presence of 10 identified compounds in the butanol fraction of T.undulata (Table 4).

1588



Tuijin Jishu/Journal of Propulsion Technology

ISSN: 1001-4055
Vol. 44 No. 5 (2023)

Intensity

300000013,059,203

2500000

2000000

1500000

1000000

o000

TIC* L0

JLM@ .

3.

490
min

Figure 13: GCMS analysis of butanol fraction of Tecomella undulata bark

Table 4 GCMS identified phytochemical components of the butanol fraction of Tecomella undulata bark

Retention

SIN time

Name of compound

Molecular
Formula

Peak
Area
(%)

Reported
activity

biological

1 3.02

2 6.215

4 6.938

5 33.434

6 34.451

7 35.348

2-
Trifluoroacetoxydodecane

Pentanedioic acid, 2-oxo-,
dimethyl ester

1-Octanol, 2,2-dimethyl-

3,3,6-Trimethyl-2,5-
heptanedione

Pentacosane

Tetracontane

Tetratetracontane

C14H25F302

C7H1005

C10H220

C10H1802

C25H52

C40H82

C44H90

6.95

7.24

13.7

7.14

8.28

12.46

14.09

Antioxidant [45]

Antioxidant, antiplatelet,
anticoagulant activity [46-
47]

Anti-inflammatory  and
analgesic activities [48],
antimicrobial [49],
antioxidant [50-51],
cytotoxic activity [51]

Antimicrobial
[52]

activity

Antibacterial Activity [53-
55], antifungal activity
[56], Antiproliferative
Activity [57], antioxidant
activity [47], Insecticidal
efficacy [58],
Antibacterial Activity [59]
Antidiabetic activity [60]

Antifungal activity [56],
antioxidant activity [47],
Antiproliferative Activity
[57], Insecticidal efficacy
[58], Antibacterial
Activity [59],
Anticholinesterase
Activities  [61],
cancer [62]

breast

Anticholinesterase

Activities [61],
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Antimicrobial activity

[63]
Insecticidal efficacy [58],
8 36.166 Triacontane, 1-iodo- C30H61l 13.6 Antibacterial Activity
[59].
9 36.921 Octacosane, 1-iodo / C28H57I / 104 tli?_a_gllucfmdise &
' Hexacosane, 1-iodo C26H53I ' Ani-eye OOXygenase
activity [64]
Antimicrobial,
antioxidant,
Antispasmodic,
antibacterial, and
Antiviral [65],
10 37.683 Dotriacontane C32H66 6.13 Anticandidal -~ Activity

[66], Antifungal anti-
inflammatory, cytotoxic
activity [67],
Anti-a-glucosidase  and
anti-cyclooxygenase
activities [64]

Discussion
Phytochemical screening

According to the existing literature, the bark of T.undulata contains a range of phytochemical constituents. The
preliminary phytochemical screening confirmed the presence of triterpenoids, glycosides, phenolic acids,
flavonoids, sterols, and tannins in the fractions [68].

Total phenolic & Flavonoid content

Phenolic compounds represent a diverse group of phytochemicals commonly found in various food and medicinal
plants as secondary metabolites. These compounds possess redox properties that enable them to act as antioxidants
[69]. Their ability to counteract free radicals is facilitated by the presence of hydroxyl groups, particularly 3-OH,
making the total phenolic concentration a valuable parameter for quickly assessing antioxidant activity.
Flavonoids, such as flavones, flavanols, and condensed tannins, are secondary metabolites found in plants. Their
antioxidant activity relies on the presence of free hydroxyl (OH) groups, particularly 3-OH. Besides demonstrating
antioxidant activity in laboratory tests, plant flavonoids also function as antioxidants in living organisms [70,71].
Research has indicated that the antioxidant properties of phenolic compounds are primarily attributed to their
redox capabilities, hydrogen donation capacity, singlet oxygen quenching, and chain-breaking abilities [72]. The
significant presence of these compounds in methanolic, aqueous, and ethyl acetate fractions further motivated our
investigation into their antioxidant potential. Hence, our current study suggests that the phenolic acids and
flavonoids identified in the solvent fractions of T.undulata bark may play a significant role in their antioxidant
activity in in vitro environments.

Total Antioxidant activity

The assessment of total antioxidant activity is a crucial parameter utilized to evaluate the ability of a substance to
combat oxidative stress and protect against oxidative damage. Numerous assays and techniques have been devised
to quantify total antioxidant activity, and these have offered valuable insights into the potential health advantages
of various compounds and substances [73-75].
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Phenolic compounds, especially flavonoids, have been extensively studied for their antioxidative properties.
These compounds possess redox capabilities that enable them to donate hydrogen atoms or electrons to free
radicals, effectively neutralizing their harmful effects. The presence of hydroxyl (OH) groups in phenolic
compounds is associated with their antioxidative activity, enhancing their ability to scavenge free radicals
efficiently. The total phenolic concentration has been identified as a valuable indicator of a substance's
antioxidative capacity, with higher concentrations often correlating with greater antioxidative activity [73-75].

Flavonoids, a specific subclass of phenolic compounds, are well-known for their antioxidative properties and are
abundantly found in plant-based foods and beverages, such as fruits, vegetables, tea, and wine. They exhibit
antioxidative activity both in vitro and in vivo, with mechanisms including free radical scavenging, inhibition of
oxidative enzymes, chelation of metal ions, and modulation of cellular signalling pathways related to oxidative
stress [73-75].

Numerous studies have explored the relationship between total antioxidant activity and health outcomes. A high
dietary intake of antioxidant-rich foods, such as fruits and vegetables, has been linked to a reduced risk of chronic
diseases, including cardiovascular diseases, certain cancers, and neurodegenerative disorders. However, it is
important to acknowledge that while in vitro assays provide valuable information about antioxidant capacity,
translating these findings to in vivo effects is complex. Factors like bioavailability, metabolism, and interactions
with other molecules in the body can influence the overall antioxidative capacity observed in vivo [49-51].

Overall, assessing total antioxidant activity is a crucial aspect of understanding the potential health benefits of
various compounds and substances. Phenolic compounds, including flavonoids, play a significant role in
contributing to this activity. Further research is essential to delve into the mechanisms of action, bioavailability,
and specific health effects of different antioxidants to gain a comprehensive understanding of their impact on
human health [73-75].

In-vitro antioxidant activity
DPPH radical scavenging assay

DPPH free radical scavenging activity refers to the capacity of a substance to neutralize or eliminate the DPPH
(2,2-diphenyl-1-picrylhydrazyl) free radical. This activity serves asa common measure of a compound or sample's
antioxidant potential, indicating its ability to combat oxidative stress and safeguard cells against damage caused
by free radicals. A higher DPPH free radical scavenging activity signifies a more potent antioxidant capability
[76-77]. Based on the results, it was observed that the ethyl acetate and methanol fractions demonstrated the most
effective scavenging of DPPH radicals in vitro.

Superoxide radical scavenging activity:

Superoxide anions are reactive oxygen species (ROS) that play a significant role in causing cellular damage. These
superoxide anions are considered primary ROS as they can generate reactive by-products through direct
interactions with other molecules or catalysed processes involving metals or enzymes, including those produced
within the mitochondria. Due to their harmful effects on the body, these ROS are associated with various diseases
such as strokes, cancer, diabetes, liver damage, and neuronal lesions [78-79]. Considering the potential risks
associated with superoxide anions, we evaluated the radical scavenging activity of the fractions obtained from T.
undulata. The butanol and ethyl acetate fractions have demonstrated notable capacity in effectively quenching
superoxide anions.

Metal chelating activity

The iron chelating effect plays a vital role in inhibiting the interaction between metals and lipids by forming
insoluble metal complexes with ferrous ions. This effect is highly significant as it prevents the generation of
hydroxyl radicals by impeding the interaction between iron and hydrogen peroxide. Consequently, it effectively
hinders the decomposition of hydrogen peroxide and the formation of even more harmful free radicals [80]. Figure
4 clearly demonstrates the substantial iron chelating activity of all fractions. Figure 4 clearly demonstrates the
substantial iron chelating activity of all fractions. The order of effectiveness was as follows: TUEAF < TUBUF <
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TUWEF < TUBF < TUPEF. All fractions exhibited a reasonable capacity to chelate iron (I1) ions, with the efficacy
being dose-dependent.

Nitric oxide scavenging activity:

The Griess reagent method was employed to investigate the scavenging activity of fractions against nitric oxide
released by sodium nitroprusside [81]. The study (Figure 5.4B) revealed that the NO scavenging capacities of
fractions and the positive control increased in a dose-dependent manner.

Reducing power Activity

The reducing power assay evaluates the electron-donating capacity of a sample, which is indicative of its ability
to donate electrons. The results of this test were quantified as the reducing activity equivalent to ascorbic acid.
The reducing power of compounds is believed to act as an inhibitor of chain reactions triggered by free radicals
through the donation of electrons. This activity is mediated by redox reactions [82].

Anticoagulant Activity

A wide range of anticoagulant and procoagulant medications is commonly used to regulate blood coagulation in
various medical conditions, such as cardiovascular disease, diabetes mellitus, and bleeding disorders. However,
many of these drugs are associated with undesirable side effects. As a result, there is a need for the identification
and development of new anticoagulant and procoagulant drugs that have fewer adverse effects. Polyphenols [83-
84], flavonoids [82-88], carotenoids [83], and polysaccharides [89] are known to exhibit multiple biological
activities, including antioxidant, antiplatelet, anticoagulant, and antithrombotic effects. Researchers have
demonstrated the anticoagulant activity of tannins, while some terpenoids are recognized for their antioxidant
properties [90]. Additionally, saponins are known to possess antiplatelet, anticoagulant, and fibrinolytic
characteristics [91].

The clotting parameters PT and aPTT are essential for assessing the clotting process. PT evaluates the activity of
factors related to the extrinsic coagulation pathway, while aPTT measures factors associated with the intrinsic and
common pathways. PT is commonly used to monitor the effectiveness of coumarin therapy (vitamin K
antagonists), whereas aPTT is typically employed to evaluate the efficacy of heparin treatments [92]. Abnormally
prolonged PT and/or aPTT in clinical assessment indicate abnormalities in the activity of specific clotting factors.
For example, if aPTT is prolonged while PT is normal, it suggests the need to analyse factors VIII, IX, and XI
related to the contact pathways [93]. On the other hand, if both PT and aPTT are affected, it indicates issues with
factors V, X, and prothrombin (factor Il) of the common pathway. Thus, the elongated PT and aPTT resulting
from treatment with T.Undulata imply the inhibition of factors V, X, and prothrombin in the common coagulation
pathway. Further investigation is required to determine the specific mechanism of this inhibition.

However, one potential mechanism of action for the T.undulata fractions could involve the direct inhibition of the
common coagulation pathway. This inhibition may occur through multiple pathways, such as reducing the
generation of thrombin (factor I1a) by inhibiting factor Xa and its cofactor Va, or by impeding the interaction
between thrombin and fibrinogen, thereby preventing fibrin formation.

These observations suggest the presence of a protease inhibitor in the T.undulata, which could effectively inhibit
these proteases. Consequently, the conversion of zymogens into active factors Xa, Va, and thrombin would be
prevented. Furthermore, the active component(s) of T.undulata may activate the natural anticoagulant pathway
by binding to Antithrombin 11, inducing a conformational change that activates protein C (PC) into activated
protein C (APC). Together with its cofactor (protein S), APC inhibits factors Va and VIlla, which are crucial
cofactors for the activation of factors Xa and lla.

Ultimately, this dual action inhibits the activation of factor Xa and thrombin in the common coagulation pathway,
providing a potential explanation for the anticoagulant effects.

The treatment of thrombotic conditions often involves the use of common anticoagulant drugs such as heparin,
warfarin, all-trans retinoic acid, and novel anticoagulants (NOACSs). These drugs have different characteristics in
terms of their duration of action and reversibility. Heparin is a fast-acting anticoagulant that can be reversed, while
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warfarin has a slow and long-acting effect that is also reversible. All-trans retinoic acid acts slowly, and NOACs
are fast-acting but cannot be reversed [94-95].

Heparin exerts its anticoagulant effects by binding to a specific site on Antithrombin, leading to a conformational
change that exposes the binding site for inactivating factor Xa and thrombin (l1a). This significantly enhances the
anticoagulant activity of Tecomella undulata Antithrombin by about 1,000 times [96]. Warfarin, on the other
hand, is a vitamin K antagonist that inhibits the activation or synthesis of vitamin K-dependent proteins involved
in the coagulation pathway. These proteins include factors X, 1X, VII, and prothrombin. Vitamin K is essential
for the carboxylation of specific glutamic acid residues, which is necessary for the calcium-binding ability and
physiological activation of these proteins [97-98].

Studies have suggested that all-trans retinoic acid exerts its anticoagulant effects by downregulating Tissue Factor
and upregulating thrombomodulin expression, thereby increasing the antithrombotic potential of microvascular
endothelial cells [99-100]. The anticoagulant activity of ethyl acetate and methanolic fraction of T.undulata
demonstrates a similar mechanism of action to heparin, with a narrow concentration range of activity peak
indicating fast action and reversibility.

The GC-MS analysis of the butanol fraction of T.undulata bark revealed the presence of various bioactive
compounds with diverse biological activities. Notably, Pentanedioic acid, 2-oxo-, dimethyl ester, 2-
Trifluoroacetoxydodecane, 1-Octanol, 2,2-dimethyl, Pentacosane, Tetracontane, and Dotriacontane were
identified to have antioxidant activity. Additionally, Pentanedioic acid, 2-oxo-, dimethyl ester was reported to
exhibit antiplatelet and anticoagulant activity [46-47]. Previous studies by Karthikeyan Mohanraj et al have
reported several compounds in T.undulata bark, including Heptacosane, Tecoside, Lapachol, Dehydrotectol,
Undulatoside A, 1-Triacontanol, 3,4-Dimethoxybenzoic acid, 1-Octacosanol, Triacontane, Nonacosane,
Tecomelloside, Ferulic acid, beta-Sitosterol, Daucosterol, Rutin, and beta-Sitosterol-beta-D-glucoside, among
others [101-103]. Research by Shao Shuai et al, Jun-Hui Choi et al, and Laibin Zhang et al has indicated that
ferulic acid and its derivatives possess antithrombotic and anticoagulant activity [104-106]. Moreover, studies by
Prachi S Salunkhe et al and Debananda Gogoi et al have reported that beta sitosterol exhibits antithrombotic and
anticoagulant activity [107-108]. Lapachol has been found to inhibit vitamin K epoxide reductase and vitamin K
quinone reductase [109]. Furthermore, 1-Triacontanol, 3,4-dihydroxybenzoic acid, and rutin have been associated
with prolonged APTT and PT time [110-112]. The results of this investigation suggest that T.undulata contains
bioactive compounds with anticoagulant properties, showing promising potential for the development of novel
anticoagulant drugs.

Conclusion

The study demonstrated that the ethyl acetate and butanol fractions of T.undulata bark possess high levels of
phenolic and flavonoid content, which exhibit significant antioxidant and anticoagulant properties, offering
potential for treating blood coagulation disorders. However, further in vivo studies are essential to gain a deeper
understanding of the specific mechanisms through which the anticoagulant components of the plant exert their
therapeutic effects.

Acknowledgements

Authors are thankful to Head of Department, B.K. Modi Govt. Pharmacy College, Rajkot, India, for providing
necessary facilities and Dr. Mital Manvar, Atmiya institute of pharmacy, Atmiya University, Rajkot, India, being
source of encouragement in writing this research article.

Reference

1. Choi JH, Kim DW et.al (2015) Anti-thrombotic effect of rutin isolated from Dendropanax morbifera
Leveille. J Biosci Bioeng, 181-6. DOI: 10.1016/j.jbiosc.2014.12.012

2. Rajlakshmi D, Sharma DK (2004) Hypolipidemic effect of different extracts of Clerodendron
colebrookianum Walp in normal and high-fat diet fed rats. J Ethnopharmacol 63-8.
DOI: 10.1016/j.jep.2003.09.022

1593


https://doi.org/10.1016/j.jbiosc.2014.12.012
https://doi.org/10.1016/j.jep.2003.09.022

Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

3.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24,

25.

Moll S, Roberts HR (2002) Overview of anticoagulant drugs for the future Semin Hematol 39:145-157.
DOI: 10.1053/shem.2002.34087

Lapikova ES, Drozd NN et.al (2008) Inhibition of thrombin and factor Xa by Fucus evanescens fucoidan
and its modified analogs Bull Exp Biol Med 146:328-333. DOI: 10.1007/s10517-008-0267-3

Chaves DSA, Costa SS, Almeida AP, Frattani F, Assafim M, Zingali RB (2010) Metabolitos secundarios de
origem vegetal: uma fonte potencial de farmacos antitrombéticos Quim Nova 33:172-180.
https://doi.org/10.1590/S0100-40422010000100030

Chen K, Keaney JF Jr (2012) Evolving concepts of oxidative stress and reactive oxygen species in
cardiovascular disease Curr Atheroscler Rep 14:476-483. DOI: 10.1007/s11883-012-0266-8

Uttara B, Singh AV, Zamboni P, Mahajan RT (2009) Oxidative stress and neurodegenerative diseases: a
review of upstream and downstream antioxidant therapeutic options Curr Neuropharmacol 7:65-74.
DOI: 10.2174/157015909787602823

Kahkonen MP, Hopia Al, Vuorela HJ, Rauha JP, Pihlaja K, Kujala TS, Heinonen M (1999) Antioxidant
activity of plant extracts containing phenolic compounds J Agric Food Chem J 47:3954-3962.
doi.org/10.1021/jf990146I

Lobo V, Patil A, Phatak A, Chandra N (2010) Free radicals, antioxidants and functional foods: Impact on
human health Pharmacognosy reviews 4(8), 118. doi: 10.4103/0973-7847.70902

Wang W, Lee Y, Lee CH (2013) Review: the physiological and computational approaches for atherosclerosis
treatment Int J Cardiol 167:1664-1676. DOI: 10.1016/j.ijcard.2012.09.195

Kirtikar KR, Basu BD (2005) Indian Medicinal Plants (2" ed) vol. 11, International Book Distributors,
Dehradun.

Sheth AK, Mitaliya KD (2005) The Herbs of Ayurveda (1% ed), vol I-1V, Hi scan pvt Itd.

Singh P, Khandelwal P, Hara N, Asai T, Fujimoto Y (2008) Radermachol and Naphthoquinone derivatives
from Tecomella undulata: Complete 1H and 13 C NMR assignments of radermachol with the aid of
computational 13C shift prediction Indian J Chem 47B: 1865-1870.

Verma KS, Jain AK, Gupta SR (1986) Structure of undulatin: New iridoid glycosides from Tecomella
undulata Planta Med 52: 359- 362.

Joshi KC, Singh P and Pardasani RT (1977) Quinones and other constituents from the roots of Tecomella
undulata. Planta Med 31: 14-16.

Taneja SC, Bhatnagar RP and Jiwari HP (1975) Chemical constituents of flowers of Tecomella undulata
Indian J Chem 13: 427- 428.

Randhawa GS, Mukhopadhyay A (2004) Floriculture in India. Allied Publication (p) Ltd: Mumbai.

Khare CP (2004) Indian Herbal Remedies, Rational western therapy, Ayurvedic and other traditional usage.
Botany. Society of new age herbals: New Delhi (India).

Mukerji AK (1977) Triacontanol and triterpenes from Tecomella undulata, xi world forestry congress. Turky
3:1.

Singh P, Prakash L, Joshi KC (1972) Lapachol and other constituents from the Bignoniaceae Phytochemistry
11(4):1498.

Dushyent G, Bohra A (2000) Toxic effects of various plant part extracts on the causal organism of typhoid
fever Curr. Sci 78:780-781.

Ahmad F, Khan RA, Rasheed S (1994) Preliminary screening of methanolic extracts of Celastrus
paniculatus and Tecomella undulata for analgesic and anti-inflammatory activities. J Ethnopharmacol
42(3):193-8. DOI: 10.1016/0378-8741(94)90085-x

Thanawala PR, Jolly CI (1993) Pharmacognostical, phytochemical and antimicrobial studies on stem bark
of Tecomella undulata Seem Ancient Science of Life 12(3,4):414-419.

Parekh J, Jadeja D, Chanda S (2005) Efficacy of Aqueous and Methanol Extracts of Some Medicinal Plants
for Potential Antibacterial Activity Turkish Journal of Biology 29:203-210.

Pandey VN (1980) Evaluation of effects of indigenous drugs - kutaki (Picrorrhiza kurrooa), kakamachi
(Solanum nigrum Linn), karani (Cichorium intybus Linn) and rohitaka (Tecomella undulata G.Don Seem)
against experimentally induced chlorpromazine damage in albino rats. Journal of Research in Ayurveda and
Siddha 1(1):77-105.

1594


https://doi.org/10.1053/shem.2002.34087
https://doi.org/10.1007/s10517-008-0267-3
https://doi.org/10.1590/S0100-40422010000100030
https://doi.org/10.1007/s11883-012-0266-8
https://doi.org/10.2174/157015909787602823
https://doi.org/10.1021/jf990146l
https://doi.org/10.4103%2F0973-7847.70902
https://doi.org/10.1016/j.ijcard.2012.09.195
https://doi.org/10.1016/0378-8741(94)90085-x

Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

26.

217.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

Bhattacharya SK, Lal R, Pandey VB, Das PK (1971) Preliminary pharmacological investigation on the
glycosides of Tecomella undulata J. Rese. Indian. Med. VI (4):226-227.

Muhammad IC, Khan MA, Amin US (2006) Plants Used for Family Planning and Sex Disease Treatment in
Samahni  Valley, (Pakistan) Pakistan Journal of Biological Sciences, 9: 2546-2555.
DOI: 10.3923/pjbs.2006.2546.2555

Chal J, Kumar V, Kaushik S (2011) A Phytopharmacological overview on Tecomella undulata G. Don J
Appl Pharmaceut Sci 2011; 1: 11-12.

Gautam SP, Ganjiwale RO, Yeole PG (2007) Indian J Nat Prod 23: 33-37.

Suresh Kumar, Sunil Sharma, Neeru Vasudeva and Varun Ranga (2012) In vivo anti-hyperglycemic and
antioxidant potentials of ethanolic extract from Tecomella undulate, Diabetology & Metabolic Syndrome
4:33. doi: 10.1186/1758-5996-4-33

Azam MM (1999) Anti-HIV agents and other compounds from Tecomella undulata Orient. J. Chem 15:375-
377.

KHANDELWAL. 2009. Practical Pharmacognosy. Pune, India: Nirali prakashan.

Kaur C, Kapoor HC (2002) Anti-oxidant activity and total phenolic content of some Asian vegetables Int. J.
Food Sci. Technol 37:153-161. https://doi.org/10.1046/j.1365-2621.2002.00552.x

Ordon-ez AAL, Gomez JD, Vattuone MA, Isla MI (2006) Antioxidant activities of Sechiumedule (Jacq.)
Swart extracts. Food Chem 97: 452-458.

https://doi.org/10.1016/j.foodchem.2005.05.024

Prieto P, Pineda M, Aguilar M (1999) Spectrophotometric quantitation of antioxidant capacity through the
formation of a phosphomolybdenum complex: Specific application to the determination of vitamin E Anal
Biochem 269(2):337-341. https://doi.org/10.1006/abi0.1999.4019

Choi HY, Jhun EJ, Lim BO, Chung IM, Kyung SH and Park DK (2000) Application of flow injection-
chemilumineacence to the study of radical scavenging activity in plants. Phytother Res 14: 250-253.
DOI: 10.1002/1099-1573(200006)14:4<250::aid-ptr587>3.0.c0;2-j

Beauchamp C. and Fridovich I. (1971) Superoxide Dismutase: Improved Assays and an Assay Applicable
to Acrylamide Gels. Analytical Biochemistry, 44, 276-287. http://dx.doi.org/10.1016/0003-2697(71)90370-
8

Jayaprakasha GK, Lingamallu JR and Kunnumpurath KS (2004) Antioxidant activities of flavidin in
different in vitro model system. Bioorg Med Chem 12:5141-5146. DOI: 10.1016/j.bmc.2004.07.028
Gulcin 1 (2006) Antioxidant and antiradical activities of L-carnitine Life Sci 78:803-811.
DOI: 10.1016/j.1fs.2005.05.103

Wang J, Zhang Q, Zhang Z, Li Z (2008) Antioxidant activity of sulphated polysaccharide fractions extracted
from Laminaria japonica. Int J Biol Macromol 42:127-132. DOI: 10.1016/j.ijbiomac.2007.10.003

Shah BH, Nawaz Z, Pertani SA, Roomi A, Mahmood H, Saeed HA, Gilani AH (1999) Inhibitory effect of
curcumin, a food spice from turmeric, on platelet-activating factor-and arachidonic acid-mediated platelet
aggregation through inhibition of thromboxane formation and Ca 2+ signaling. Biochemical pharmacology
58(7):1167-1172. DOI: 10.1016/s0006-2952(99)00206-3

Osoniyi RO, Onajobi FD (2003) Coagulant and anticoagulant activities in Jatropha curcas latex J
Ethnopharmacol 89:101-105. DOI: 10.1016/s0378-8741(03)00263-0

Gao B, Haung L, Liu H, Wu H, Zhang E, Yang L, Wu X, Wang Z (2014) Platelet P2Y1, receptors are
involved in the haemostatic effect of notoginsenoside Ft1, a saponin isolated from Panax notoginseng British
journal of pharmacology 171(1): 214-223. doi: 10.1111/bph.12435

NIST Chemistry Web Book, Mallard, W.G., Linstrom, P.J., Eds. NIST Standard Reference Database,
National Institute of Standards and Technology, (https://webbook.nist.gov). (2008).

Zagulyaeva AA, Yusubov MS, Zhdankin VV (2010) A general and convenient preparation of
[bis(trifluoroacetoxy)iodo]perfluoroalkanes and [bis(trifluoroacetoxy)iodo]arenes by oxidation of organic
iodides using oxone and trifluoroacetic acid J. Organomet. Chem 75, 2119-2122. doi: 10.1021/j0902733f
Skorika YA, Kritchenkova AS, Moskalenko YE, Golysheva AA, Raika SV, Whaleye AK, Vasinac LV,
Soninc DL (2017) Synthesis of N-succinyl- and N-glutaryl-chitosan derivatives and their antioxidant,

1595


https://doi.org/10.3923/pjbs.2006.2546.2555
https://doi.org/10.1186%2F1758-5996-4-33
https://doi.org/10.1046/j.1365-2621.2002.00552.x
https://doi.org/10.1016/j.foodchem.2005.05.024
https://doi.org/10.1006/abio.1999.4019
https://doi.org/10.1002/1099-1573(200006)14:4%3C250::aid-ptr587%3E3.0.co;2-j
http://dx.doi.org/10.1016/0003-2697(71)90370-8
http://dx.doi.org/10.1016/0003-2697(71)90370-8
https://doi.org/10.1016/j.bmc.2004.07.028
https://doi.org/10.1016/j.lfs.2005.05.103
https://doi.org/10.1016/j.ijbiomac.2007.10.003
https://doi.org/10.1016/s0006-2952(99)00206-3
https://doi.org/10.1016/s0378-8741(03)00263-0
https://doi.org/10.1111%2Fbph.12435

Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

antiplatelet, and anticoagulant activity carbohydrate Polymers 166 166-172
doi.org/10.1016/j.carbpol.2017.02.097

Shaoa Q, Deng Y, Liua H, Zhanga A, Huanga Y, Xua G, Li M (2014) Essential oils extraction from
Anoectochilus roxburghii using supercritical carbon dioxide and their antioxidant activity Industrial Crops
and Products 60:104-112. 0i.org/10.1016/j.indcrop.2014.06.009

Li X, Yang Y, Li Y, Zhang WK, Tang H (2016) a-Pineng, linalool, and 1-octanol contribute to the topical
anti-inflammatory and analgesic activities of frankincense by inhibiting COX-2 Journal of
Ethnopharmacology 179:22-26. http://dx.doi.org/10.1016/j.jep.2015.12.039

Indrayan AK, Tyagi PK, Agrawal NK (2010) Chemical Composition and Antimicrobial Activity of the
Essential Oil of Alpinia speciosa K. Schum. Rhizome From India, Journal of Essential Oil Research, 22:2,
179-182, DOI: 10.1080/10412905.2010.9700297.

Laleh K, Solmaz E, Seddigheh BM (2015) Essential Oil of Arial Parts of Adiantum capillus-veneris:
Chemical Composition and Antioxidant Activity J Nat Pharm Prod 10(4): €21968. Doi: 10.17795/jjnpp-
21968

Mayara LC, Muhammad TI, George LO, Marcus VOB et al (2022) Cytotoxic and Antioxidant Properties of
Natural Bioactive Monoterpenes Nerol, Estragole, and 3,7-Dimethyl-1-Octanol Advances in
Pharmacological and Pharmaceutical Sciences 1-11. https://doi.org/10.1155/2022/8002766

Fazal H, Akram M, Ahmad N, Qaisar M, Kanwal F, Rehman G, Ullah | (2023) Nutritionally rich biochemical
profle in essential oil of various Mentha species and their antimicrobial activities Protoplasma (2023)
260:557-570. https://doi.org/10.1007/s00709-022-01799-2.

Aboabaa SA, Ogunwandeb IA, Walkerc TM, Setzerc WN, Oladosua IA, Ekundayoa O (2009) Essential Oil
Composition, Antibacterial Activity and Toxicity of the Leaves of Tetrapleura tetraptera (Schum. & Thonn.)
Taubert from Nigeria Natural Product Communications 4(2):287 - 290.
https://doi.org/10.1177/1934578X09004002

Chen H, Yang Y, Xue J, Wei J, Zhang Z and Chen H (2011) Molecules Comparison of Compositions and
Antimicrobial Activities of Essential Qils from Chemically Stimulated Agarwood, Wild Agarwood and
Healthy Aquilaria sinensis (Lour.) Gilg Trees 16, 4884-4896; doi:10.3390/molecules16064884

Aboutabla EA, El-Tantawyb ME, Shamsb MM (2023) Chemical composition and antimicrobial activity of
volatile constituents from the roots, leaves, and seeds of Arctium lappa L. (Asteraceae) grown in Egypt
Egyptian Pharmaceutical Journal 12:173-176. DOI:10.4103/1687-4315.124036

Zhang Z, Han X, Wei J, Xue J, Yang Y, Liang L, Li X, Guo Q, Xua Y, and Gaoa Z (2011) Compositions
and Antifungal Activities of Essential Oils from Agarwood of Aquilaria sinensis (Lour.) Gilg Induced by
Lasiodiplodia theobromae (Pat.) Griffon. & Maubl J. Braz. Chem. Soc. 25(1), 20-26.
https://doi.org/10.5935/0103-5053.20130263

Gyawali R, Jeon DH, Moon JY, Kim H, Song YW, Hyun HB, Jeong D & Cho SM (2012) Chemical
Composition and Antiproliferative Activity of Supercritical Extract of Citrus grandis (L.) Osbeck Fruits from
Korea, Journal of Essential Oil Bearing Plants, 15:6, 915-925, DOI: 10.1080/0972060X.2012.10662594
Giovanni B, Roman P, Ettore D and Filippo M (2019) Insecticidal efficacy of the essential oil of jambu
(Acmella oleracea (L.) R.K. Jansen) cultivated in central Italy against filariasis mosquito vectors, houseflies
and moth pests, Journal of Ethnopharmacology 229:272-279. https://doi.org/10.1016/j.jep.2018.08.030
Shukla S, Hegde S, Kumar A, Chaudhary G, Tewari SK, Upreti DK & Pal M (2017) Chemical Composition
and Antibacterial Activity of Essential Oil from Leaves of Justicia adhatoda Against Methicillian Resistant
and Sensitive Strain Along with Their Clinical Isolates, Journal of Essential Oil Bearing Plants,
DOI:10.1080/0972060X.2016.1260061

Selim YA, Sakeran MI (2014) Effect of Time Distillation on Chemical Constituents and Anti-Diabetic
Activity of the Essential Oil from Dark Green Parts of Egyptian Allium ampeloprasum L. Journal of
Essential Oil Bearing Plants 17:5. https://doi.org/10.1080/0972060X.2014.935064

Ertas A, Goren AC, Boga M, Demirci S & Kolak U(2014) Chemical Composition of The Essential Oils of
Three Centaurea Species Growing Wild in Anatolia and Their Anticholinesterase Activities, Journal of
Essential Oil Bearing Plants, 17:5, 922-926, DOI: 10.1080/0972060X.2014.88616

1596



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Hussein HA, Mohamad H, Ghazaly M, AA & Abdullah MA (2020) Cytotoxic effects of Tetraselmis suecica
chloroform extracts with silver nanoparticle co-application on MCF-7, 4 T1, and Vero cell lines Journal of
Applied Phycology (2020) 32:127-143. https://doi.org/10.1007/s10811-019-01905-7

Kayode RM, Azubuike CU, Laba SA, Dauda AO, Balogun MA, Ajala SA (2018) Chemical composition
and anti-microbial activities of the essential oil of Adansonia digitata stem bark and leaf on post-harvest
control of tomato spoilage, LWT - Food Science and Technology, 93:58-63.doi: 10.1016/j.lwt.2018.03.014.
Harrabi S, Ferchichi A, Sakhri H, Feki M, Hossaineian F (2021) Phospholipid and n-alkane composition,
anti-o-glucosidase and anti-cyclooxygenase activities of milk thistle oil, European Food Research and
Technology 247:1557-1567 https://doi.org/10.1007/s00217-021-03732-y

Nithya P, Kaleeswari S, Poonkothai M (2014) Antimicrobial activity and phytochemical analysis of fruit
extracts of Terminalia bellerica. Int J Pharm Pharmaceut Sci. 6:639-42.

Oladosu IA, Zubair MF, Ali MS & Olawore NO (2009) Anticandidal Activity of Volatile Compounds from
the Root Bark of Ficus exasperata VVahl-Holl (Moraceae), Journal of Essential Oil Bearing Plants, 12:5, 562-
568, DOI:10.1080/0972060X.2009.10643758.

Harris ED (1992) Copper as a cofactor and regulator of copper, zinc superoxide dismutase. J Nutr 122:636—
40.

Jaiswal Y, Liang Z, Ho CT (2019) Chemistry and Bioactivity of Tecomella undulata Bark: A Review Journal
of agricultural and food chemistry 67(17), 4711-4722. https://doi.org/10.1021/acs.jafc.8b06709

Soobrattee MA, Neergheen VS, Luximon-Ramma A, Aruoma Ol, Bahorun OT (2005) Phenolics as potential
antioxidant therapeutic agents: mechanism and actions Mutat. Res. Fundam. Mol.579:200-213. DOI:
10.1016/j.mrfmmm.2005.03.023

Geetha S, Sai-Ram M, Mongia SS, Singh V, llavazha-gan G (2003) Evaluation of antioxidant activity of leaf
extract of sea buckthorn (Hippophae rhamnoides L.) on chromium (V1) induced oxidative stress in albino
rats J. Ethnopharmacol. 87:247-251. DOI: 10.1016/s0378-8741(01)00406-8

Shimoi K, Masuda S, Shen B, Furugori M, Kinze N (1996) Radio-protective effects of antioxidative plant
flavonoids in mice Mutat.Res. Fund. Mol. 350:153-161. DOI: 10.1016/0027-5107(95)00116-6

Rice-Evans CA, Miller NJ, Paganga G (1996) Structure-antioxidant activity relationships of flavonoids and
phenolic acids Free Radic Biol Med 20(7):933-56. DOI: 10.1016/0891-5849(95)02227-9

Pandey KB, Rizvi Sl (2009) Plant polyphenols as dietary antioxidants in human health and disease. Oxid
Med Cell Longev. 2(5):270-278. doi:10.4161/0xim.2.5.9498.

Bravo L (1998) Polyphenols: chemistry, dietary sources, metabolism and nutritional significance Nutr. Rev
56:317-333. DOI: 10.1111/j.1753-4887.1998.tb01670.x

Agati G, Azzarello E, Pollastri S, Tattini M (2012) Flavonoids as antioxidants in plants: location and
functional significance Plant Sci 196:67—76. DOI: 10.1016/j.plantsci.2012.07.014

Lalrinzuali K, Vabeiryureilai M, Jagetia GC, Lalawmpuii PC (2015) Free radical scavenging and antioxidant
potential of different extracts of Oroxylum indicum in vitro. Adv. Biomed. Pharm 2:120-130.

Baliga MS, Jagetia GC, Rao SK, Kiran Babu S (2003) Evaluation of nitric oxide scavenging activity of
certain spices in vitro: A preliminary study. Nahrung/Food 47:261-264. doi: 10.1002/food.200390061.
Chen K, Keaney JF Jr: Evolving concepts of oxidative stress and reactive oxygen species in cardiovascular
disease. Curr Atheroscler Rep 2012, 14:476-483. Ol: 10.1007/s11883-012-0266-8

Uttara B, Singh AV, Zamboni P, Mahajan RT: Oxidative stress and neurodegenerative diseases: a review of
upstream and downstream antioxidant therapeutic options. Curr Neuropharmacol 2009, 7:65-74. DOI:
10.2174/157015909787602823

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J: Free radicals and antioxidants in normal
physiological functions and human disease. Int J Biochem Cell Biol 2007, 39:44-84. DOI:
10.1016/j.biocel.2006.07.001

Melo KRT, Camara RBC, Queiroz MF, Vidal AAJ, Lima CRM, Melo-Silveira RF, Almeida-Lima J, Rocha
HAO (2013) Evaluation of sulfated polysaccharides from the brown seaweed Dictyopteris justii as
antioxidant agents and as inhibitors of the formation of calcium oxalate crystals. Molecules 18:14543-14563.
DOI: 10.3390/molecules181214543

1597


https://doi.org/10.1021/acs.jafc.8b06709

Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

83.

84.
85.

86.

87.

88.

89.
90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Patel A, Patel A, Patel NM (2010) Determination of polyphenols and free radical scavenging activity
of tephrosia purpurea linn leaves (leguminosae) pharmacognosy res 2(3): 152-158. Doi: 10.4103/0974-
8490.65509

Melo KRT, Camara RBC, Queiroz MF, Vidal AAJ, Lima CRM, Melo-Silveira RF,

Almeida-Lima J, Rocha HAO (2013) Evaluation of sulfated polysaccharides from the brown seaweed
Dictyopteris justii as antioxidant agents and as inhibitors of the formation of calcium oxalate crystals.
Molecules 2013, 18:14543-14563. doi: 10.3390/molecules181214543.

Mirza B, Zeljan M, Andrea A, Ivana B, Maja T (2019) Antithrombotic activity of flavonoids and polyphenols
rich plant species, Acta Pharm. 69:483-495. https://doi.org/10.2478/acph-2019-0050.

Erdenechimeg C, Dejidmaa B and Dagvatseren B (2021) Total phenolic, flavonoid and carotenoid content
and anticoagulant activity of sapparin tablet, Journal of Pharmaceutical Research International 33(44B): 268-
278. DOI: 10.9734/jpri/2021/v33i44B32676

Phisit P, Suriyan S (2021) Anti-coagulant properties of flavonoid compounds: potential structure-functional
relationship International Journal of Applied Pharmaceutics 13(1):9-12. DOI:

https://doi.org/10.22159/ijap.2021.v13s1.Y0050

Mark VBS, Romulo RM, Clarice CA, Reah MCA, Adriel HB, Clare FJ, Kristoffer DPP (2021) Anti-
coagulant Activity of Flavonoids in Medicinal Plants from Philippine Flora: A Narrative Review Asian
Journal of Biological and Life Sciences 10(2):238-244. DOI:10.5530/ajbls.2021.10.34 Patel A 2010,
Erdenechimeg C 2021, Phisit P 2021

Guglielmonea HA, Agnese AM, Montoya SC, Cabrerab JL (2022) Anticoagulant effect and action
mechanism of sulphated flavonoids from Flaveria bidentis, Thrombosis Research 105 (2002) 183— 188.
DOI: 10.1016/s0049-3848(01)00419-4

Amira M, Wael A and Kuniyoshi S (2017) Antiplatelet and Anticoagulant Activities of Angelica shikokiana
Extract and Its Isolated Compounds Thrombosis/Hemostasis 23(1):91-99.
DOI: 10.1177/1076029615595879

Jing L, Guoyong Y, Junfeng F (2014) Alditols and monosaccharides from sorghum vinegar can attenuate
platelet aggregation by inhibiting cyclooxygenase-1 and thromboxane-A 2 synthase Journal of
ethnopharmacology 155(1):285-292. DOI: 10.1016/j.jep.2014.05.018

Mosa RA (2011) In vitro anti-platelet aggregation activity of the extracts of Protorhus longifolia University
of Zululand.

Davison C (2011) A biochemical study of the antidiabetic and anticoagulant effects of Tulbaghia violacea,
in  Biochemistry and Microbiology. 2011, Nelson Mandela Metropolitan  University.
http://hdl.handle.net/10948/1523

Achneck HE, Sileshi B, Parikh A, Milano CA, Welsby 1J, Lawson JH (2010) Pathophysiology of bleeding
and clotting in the cardiac surgery patient: from vascular endothelium to circulatory assist device surface
Circulation 122:2068-2077. doi:10.1161/CIRCULATIONAHA.110.936773

Hood JL, Eby CS (2008) Evaluation of a prolonged prothrombin time Clin Chem 54(4):765-768.
doi:10.1373/clinchem.2007.100818

Rajesh KJ (2011) Terpene composition of Crassocephalum crepidioides from Western Ghats region of India
Int J Nat Prod Res 1(2):19-22.

Bryan J (20130 Short acting and reversible effects made heparin a great anticoagulant Pharm J. 290:188.
d0i:10.1211/PJ.2013.11116881

Blann AD, Khoo CW (2009) The prevention and treatment of venous thromboembolism with LMWHSs and
new anticoagulants VVasc Health Risk Manag 5:693-704. doi:10.2147/VHRM.S4621

Truong JT, Booth SL (2011) Emerging issues in vitamin K research J Evid Based Complement Altern Med
16(1):73-79. doi:10.1177/ 1533210110392953

99. Suttie JW (2014) Vitamin K. In: Ross AC, Caballero B, Cousins RJ, Tucker KL, Ziegler TR, editors.
Modern Nutrition in Health and Disease. 11" ed. Baltimore, MD: Lippincott Williams & Wilkins 305-316.

1598


https://doi.org/10.4103%2F0974-8490.65509
https://doi.org/10.4103%2F0974-8490.65509
https://doi.org/10.2478/acph-2019-0050
https://doi.org/10.9734/jpri/2021/v33i44B32676
https://doi.org/10.22159/ijap.2021.v13s1.Y0050
http://dx.doi.org/10.5530/ajbls.2021.10.34
https://doi.org/10.1016/s0049-3848(01)00419-4
https://doi.org/10.1177/1076029615595879
https://doi.org/10.1016/j.jep.2014.05.018

Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 5 (2023)

103. Ghaffari H, Varner JD, Petzold LR (2019) Analysis of the role of thrombomodulin in all-trans retinoic acid
treatment of coagulation disorders in cancer patients Theor Biol Med Model 16(3):1-18.
d0i:10.1186/s12976-018-0097-6

104. IMPPAT: A curated database of Indian Medicinal Plants, Phytochemistry And Therapeutics, Karthikeyan
Mohanraj#, Bagavathy Shanmugam Karthikeyan#, R.P. Vivek-Ananth#, R.P. Bharath Chand, S.R. Aparna,
P. Mangalapandi and Areejit Samal*, Scientific Reports 8:4329 (2018).

105. IMPPAT 2.0: An Enhanced and Expanded Phytochemical Atlas of Indian Medicinal Plants, R. P. Vivek-
Ananth, Karthikeyan Mohanraj, Ajaya Kumar Sahoo and Areejit Samal*, ACS Omega 8:8827-8845 (2023).

106. Shao S, Gao Y (2018) Ferulic Acid, A Potential Antithrombotic Drug J Lung Health Dis 2(2): 25-28.

107. Choi J, Park JK, Kim KM, Lee HJ, Kim S (2018) In vitro and in vivo antithrombotic and cytotoxicity effects
of ferulic acid J Biochem Mol Toxicol 32:622004. ttps://doi.org/10.1002/jbt.22004

108. Zhang L, Jieli LV (2018) A New Ferulic Acid Derivative And Other Anticoagulant Compounds From
Angelica sinensia Chemistry of Natural Compounds 54(1): 13-17. DOI 10.1007/s10600-018-2248-8.

109. Salunkhe PS, Patil SD and Dhande SR (2018) Anti-thrombotic activity of isolated p-sitosterol from roots of
Hemidesmus indicus Linn in rat model Journal of Pharmacognosy and Phytochemistry SP6: 10-14. DOI:
https://doi.org/10.22271/phyt0.2018.v7.isp6.1.03

110. Gogoi D, Pal A, Chattopadhyay P, Paul S, Deka, RC and Mukherjee AK (2018) First Report of Plant-Derived
B-Sitosterol with Antithrombotic, in Vivo Anticoagulant, and Thrombus-Preventing Activities in a Mouse
Model J. Nat. Prod 81, 2521-2530. DOI: 10.1021/acs.jnatprod.8b00574

111. Preusch PC, Suttie JW (1984) Lapachol inhibition of vitamin K epoxide reductase and vitamin K quinone
reductase Arch Biochem Biophys 234(2):405-12. doi: 10.1016/0003-9861(84)90286-8.

112. . Ariyaratna, RA, Amarasinghe, NR, Gunawardena D (2007) Antioxidant phenolic constituents from the
fruits of Careya arborea. In Peradeniya University Research Sessions Purse 2007, Part | Agricultural,
Biological and Medical Sciences; Editorial Board; University of Peradeniya: Peradeniya, Shri Lanka, 2007,
Volume 128, p. 103.

113. Ganeshpurkar A, Saluja AK (2017) The Pharmacological Potential of Rutin. Saudi Pharm. J 25, 149-164.

114. Xu K, Liu X, Li Y, Wang Y, Zang H, Guo L, Wang Y, Zhao W, Wang X, Han Y (2016) Safety and efficacy
of policosanol in patients with high on-treatment platelet reactivity after drug-eluting stent implantation:
two-year follow-up results, Cardiovasc. Ther 34,337-342.

Abbreviations

LDL-C Low Density Lipoprotein-cholesterol
HDL-C High-density lipoprotein-cholesterol
ROS Reactive Oxygen Species

CAD Coronary Artery Diseases

TUPF Tecomella undulata petroleum ether fraction
TUBF Tecomella undulata benzene fraction
TUEAF Tecomella undulata ethyl acetate fraction
TUBUF Tecomella undulata butanol fraction
TUWEF Tecomella undulata water fraction

GAE Gallic Acid Equivalent

QUE Quercetin Equivalent

DPPH 2,2-diphenyl-1-picrylhydrazyl

DRSA DPPH radical scavenging activity
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EDTA Ethylenediamine tetraacetic acid

NBT  Nitroblue Tetrazolium

NEDD Naphthylethylenediamine

PPP Platelet poor plasma

PT Prothrombin time

APTT Activated prothrombin time

GC-MS Gas chromatography-mass spectrometry

NS Normal Saline

NIST National Institute of Standards and Technology

Figure Legend

Figure 1: DPPH scavenging activity of fraction of Tecomella undulata bark

Figure 2: Superoxide scavenging activity of fraction of Tecomella undulata bark

Figure 3: Ferric ion chelating activity of fraction of Tecomella undulata bark

Figure 4: Nitric oxide scavenging activity of fraction of Tecomella undulata bark

Figure 5: Reducing power activity of fraction of Tecomella undulata bark

Figure 6: In vitro clotting time of varying concentrations of fractions of Tecomella undulata bark

Figure 7: Mean clotting time of normal human blood treated with different fractions at 7.5 mg/mL

Figure 8: In vitro clotting time of normal human blood treated with the fractions at 2.5 mg/mL, 5 mg/mL, 7.5

mg/mL & 10 mg/mL

Figure 9: Prothrombin time of normal human plasma treated with all fractions at 7.5 mg/mL

Figure 10: Prothrombin time of normal human plasma treated with all fraction at 2.5, 5, 7.5 & 10 mg/mL
Figure 11: aPTT time of normal human plasma treated with all fractions at 7.5 mg/mL

Figure 12: aPTT of normal human plasma treated with all fraction at 2.5, 5, 7.5 & 10 mg/mL

Figure 13: GCMS analysis of butanol fraction of Tecomella undulata bark
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