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ARTICLE INFO ABSTRACT

Keywords: Turnera subulata is a substantial medicinal plant used in folk medicine to treat various ailments. The current
Turnerasubulata study was assess the total phenolic and flavonoid contents to evaluate the antioxidant and anti-inflammatory
Antioxidant activities of the sequentially extracted T. subulata plant samples. In vitro anti-angiogenic activity was evaluated
Anti-inflammatory by chick chorioallantoic membrane (CAM) model for chloroform, ethyl acetate and ethanol extracts. The results
Antiangiogenesis

obtained revealed that total phenolic content of the chloroform extract (24.13 = 0.27 mg/g) and total flavonoid
content (TFC) of the chloroform extract (22.28 = 0.40mg/g) were found to be suggestively higher than the
other extracts. A strong antioxidant property was observed for all the six extracts. A study anti-inflammatory
activity was observed in chloroform and ethanol extracts, with ICso ranging from 79 = 1.01 pg/mL to
81 + 1.01 pg/mL for protein denaturation assay and from 74 + 0.11 pg/mL to 76 + 1.11 pg/mL for HRBC
membrane stabilization assay, respectively. The chloroform and ethanol extracts have exhibited good anti-
angiogenic property. Eventually, these results justified that the chloroform and ethanol extracts of T. subulata
with great antioxidant, anti-inflammatory and antiangiogenesis potentials could be promising candidates for the
development of a cost effective, potent anticancer drug with minimal side effects.

Chick chorioallantoic membrane (CAM)

1. Introduction pathological conditions remain a major concern to public health [6].

Several studies have shown that free radical accumulation, chronic

Turnera subulata is a medium-sized perennial shrub native to Africa,
North America, and South America, mainly in Northeastern Brazil. It is
used in the treatment of diabetes, influenza, cuts, tumors, hypertension,
gastrointestinal, respiratory ailments, chronic pain and inflammation.
Some studies have demonstrated the antioxidant effects of few Turnera
species [1,2]. Recently, studies have shown that the genus Turnera
contains greater concentrations of arbutin, an important biological
compound found in different parts of the plant [3,4]. Though T. sub-
ulata is widely used in folk medicine for ages only few research articles
are available about its pharmacological and biological properties [5].

The World Health Organization (WHO) report says that cancer is a
leading reason for death in developing and developed countries [6]. In
spite of tremendous progress in clinical oncology, the underlying
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inflammatory ailment and angiogenesis play important roles in primary
tumor formation, tumor progression and metastasis [7,8]. Reactive
oxygen species plays a major role in the maintenance of cell oxidative
homeostasis, activation and regulation of cellular signaling pathways
[9]. ROS production in mitochondria assimilates cells energy state,
metabolic concentration and other upstream signaling process. It plays
a vital role in cell signaling, stem cell production, survival and neo-
plastic transformation [10,11]. The excessive release of reactive
oxygen/ nitrogen products, such as hydrogen peroxide, superoxide ra-
dical anions, nitric oxide and hydroxyl radicals, may result in sub-
sequent alteration in the intracellular homeostasis, which causes da-
mage to the essential cellular components due to oxidative stress
[12-14]. Chronic oxidative stress can induce carcinogenesis,
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neurodegenerative, diabetes, and cardiovascular diseases [15]. The
search for novel naturally derived plant based anticancer drug is the
main concern in oncology research.

Based on Rudolf Virchow’s hypothesis, the origin of malignancy is at
the site of chronic inflammation [16]. Certain groups of irritants during
tissue injury cause inflammation and enhance cell proliferation. Now, it
has become clear that cell proliferation alone does not cause malig-
nancy. The constant cell proliferation - neoplastic growth is seen in the
environment that is rich in inflammatory cells, activated stroma,
growth factors and inhibitors [17]. Some types of chronic inflammation
promote primary tumor growth via pro-inflammatory cytokine and
tumor necrosis factor-a (TNFa), which is significant in the initial
phases of tumor formation, regulation, adhesion and pro-biogenesis
[16].

Angiogenesis is the development of new blood capillaries from ar-
terial vascularization, which involves transportation, growth and dif-
ferentiation of endothelial cells lining the inner walls of blood capil-
laries. The endothelial cells not only aid in new vessel formation but
also in supplying oxygen, required nutrients, immune cells and toxic
substance removal [18]. Angiogenesis is essential for aggressive tumor
growth and metastasis of cancer cells. Angiogenesis is a key factor in
malignancy, which is regulated by activators and inhibitors. More than
half a dozen of protein molecules and free radicals have been identified
as activators and inhibitors such as vascular endothelial growth factor
(VEGF) and matrix metalloproteinase (MMPs) [19-21]. Imbalance be-
tween the endogenous angiogenic activators and inhibitors is the main
reason behind the tumor progression. Tumor cell aggressiveness de-
pends on the expression of cytokines and angiogenic factors [22]. De-
velopment of angiogenic inhibitors may be an essential step to reduce
both the illness and death caused by malignancy. The biological and
healing effect of T. subulata has been studied only to lesser extent, on
antioxidant, anti-inflammatory. The present study was the first sys-
tematic study report on the antiangiogenic potential. Based on tradi-
tional claims regarding the usage of T. subulata the current study was
aimed to quantify the total phenol, flavonol, antioxidant content, and to
study the antioxidant, anti-inflammatory and antiangiogenic potentials
of various extracts of T. subulata.

2. Materials and methods
2.1. Plant collection, identification and extract preparation

The fresh whole plant was collected near the foot hills of
Marudhamalai, Coimbatore, Tamil Nadu, India. The collected plant
material was identified at the Botanical Survey of India (Reference
Number: BSI/SRC/5/23/2016/Tech/213), Coimbatore, Tamil Nadu,
India. The whole plant sample was collected during morning time,
washed thoroughly with running tap water and shade dried. The shade
dried plant was coarsely ground and stored in an air tight container.
The sample was successively extracted by hot percolation method
(soxhlet apparatus) with n-hexane, petroleum ether, chloroform, ethyl
acetate, ethanol and methanol respectively. After evaporation of the
excess solvents, the residual yields were stored in airtight brown bot-
tles, respectively.

2.2. Invitro antioxidant assays

DPPH (a, a-diphenyl-B-picrylhydrazyl) radial scavenging assay
[23], Nitric oxide scavenging assay, Hydrogen peroxide (H,0,)
scavenging assay, Scavenging of Hydroxyl Radical by pNDA (p-ni-
trosodimethyl aniline) method [24], ABTS (2, 2’-azino-bis-3-ethyl-
benzthiazoline-6-sulphonic acid) scavenging assay [25], Lipid perox-
idation assay [26], Superoxide scavenging assay [27] and Deoxyribose
degradation assay [28] based antioxidant activities of all the six ex-
tracts of T. subulata was estimated using standard protocol with as-
corbic acid, rutin, a-Tocopherol, (BHA- Butylated hydroxyanisole) as
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the standard. Various concentrations of all the six extracts
(50-1000 pg/mL) were studied for radical scavenging potential. Fi-
nally, the percentage of inhibition was calculated.

2.3. Total antioxidant capacity (TAC)

The total antioxidant capacity (TAC) [29] of all the six extracts of T.
subulata were estimated by phosphomolybdate method. To 0.1 mL of
each plant extract, 1 mL of reagent solution (0.6 M sulphuric acid,
28 mM sodium phosphate and 4 mM ammonium molybdate) was added
and mixed thoroughly. Then, the reaction mixtures were covered with
aluminum foil and kept in a water bath for 75 min at 80 °C. After in-
cubation, the samples were allowed to reach room temperature and
finally, the absorbances were recorded at 695 nm. Ascorbic acid was
used as standard. The antioxidant capacity was calculated using the
following formula:

_ (control absorbance-sample absorbance)

Antioxidant effect(%) =

(control absorbance)

X 100

2.4. Total phenolic content (TPC)

TPC [28] of all the six extracts of T. subulata were determined by
Folin-Ciocalteu’s (FC) method. To 1 mL of each plant extract, 1 mL of
Folin-Ciocalteu’s phenol reagent was added and the reaction mixture
was incubated for 5min after which, 10 mL of 7% sodium carbonate
was added. Finally, 13 mL of deionized distilled water was added to the
reaction mixture and incubated in dark at 23 °C for 2 h. After incuba-
tion, the absorbance was measured at 765 nm. Gallic acid was used as
standard. The results were stated as gallic acid equivalents to dry
weight of plant material.

2.5. Total flavonoid content (TFC)

TFC (Total flavonoid content) [30] of all the six extracts of T. sub-
ulata were estimated using 100 mg of each extract. All the plant extracts
were dissolved in 10 mL of distilled water. From the stocks, 0.5 mL of
extracts were mixed with 1.5 mL of distilled water (D. H,0O); 0.1 mL of
10% of aluminum chloride, 0.1 mL of 1 m of potassium acetate and
2.8 mL of D.H,0. Then, the reaction mixtures were kept at room tem-
perature for about 40 min. Finally, the absorbance was read at 415 nm
in an UV-vis spectrophotometer. Rutin was used as standard. The total
flavonol content was expressed as rutin equivalents per gram of dried
fraction.

2.6. In vitro anti-inflammatory activity

2.6.1. Inhibition of albumin denaturation

Protein denaturation assay was carried out for all the six extracts of
T. subulata. The 5mL solution contained 2.8 mL of phosphate buffer
saline, 2mL of test sample (plant extracts) and 0.2 mL of hen egg al-
bumin. Aspirin was used as (standard drug) positive control and double
distilled water as negative control. All the reaction mixtures were in-
cubated at room temperature for 15 min and then, heated at 70 °C for
10 min. Later, the samples were allowed to cool to room temperature,
and then, the absorbances were read at 660 nm [31]. The inhibition of
protein denaturation was estimated using following equation.

control-sample
control

Percentage of inhibition (%) = X 100

2.6.2. HRBC membrane stabilization assay

The anti-inflammatory ability of all the six extracts of T. subulata
was assessed by HRBC (Human Red Blood Cell) membrane stabilization
method. From the local blood bank, blood samples were collected. To
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that blood samples, an equal volume of sterilized Alsever solution
(dextrose 2%, sodium chloride 0.42%, citric acid 0.05%, sodium citrate
0.8%, and distilled water 100 mL) was added and then, the sample
mixtures were spun at 3000 rpm for 8 min. The packed cells obtained
from the sample mixtures were washed with isosaline solution for three
times. The packed cells were weighed, and then, 10% suspensions were
made from the pellets with isosaline. To 0.5mL of the suspension
samples, an equal volume of test drug in different concentrations was
added. Aspirin was used as the standard drug. To the blood control,
2mlL of distilled water was added instead of hyposaline. After incuba-
tion at room temperature for 15 min, all the reaction mixtures were
then spun at 3000 rpm for 10 min. The supernatant solutions were read
at 550 nm using the spectrophotometer for hemoglobin content esti-
mation [32]. The hemolysis percentage was calculated. The HRBC
membrane stabilization was calculated.

Percentage of inhibition (%)
_ (Absorbance control - Absorbance sample)

X 100
Absorbance control

2.7. In vivo antiangiogenesis by CAM assay

To study the in vivo antiangiogenic potential of chloroform, ethyl
acetate and ethanol extracts of T. subulata Chick chorioallantoic mem-
brane (CAM) model was employed. Three days old fertilized chick eggs
were incubated at 37 °C in a laboratory incubator with 55-60% hu-
midity. After 2 days of incubation, all the dirt’s were carefully removed
from the eggshells with 70% ethanol. A small round hole was made on
the outer shell of the eggs and 0.75-1 mL egg whites were removed with
a hypodermic needle, which could help in detachment of the CAM
during embryo development; the outer hole was carefully sealed with
cellophane tape [33]. The prepared eggs were kept in incubator for 2
days. On the 7th day, sterile discs containing different concentrations of
plant extract viz., chloroform, ethyl acetate and ethanol (50 pg/mL and
100 pg/mL) extracts were placed on the top of the target area in CAM.
The embryos were incubated for 24h and then the number of blood
vessels inhibited in CAM of each treated group was counted in the in-
tervals of 0, 2, 12 and 24 h, respectively.

2.8. Statistical analysis

All experiments were done in triplicates and data’s were expressed
as the mean =+ standard deviation of triplicates. Minimum inhibitory
concentration ICsy, were estimated with Graph Pad Prism software (v.
7.00) by the curve fitted method using the mean values of three quo-
tients. Differences between groups were compared by the one-way
analysis of variance (ANOVA) using SPSS Version 22 and considered
significant at P values < 0.05.

Table 1
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3. Results and discussion

Medicinal plants contain a remarkable amount of biologically active
phytocompounds such as alkaloids and polyphenols. Polyphenols such
as phenols, flavonoids and tannins always play a vital role in promotion
and maintenance of good health [34]. In this study, six different ex-
tracts from T. subulata were evaluated for different types of antioxidant,
anti-inflammatory and antiangiogenesis activities, TPC, TFC, and TAC,
respectively.

Different kinds of antioxidants from plant sources have always been
potential drugs in treating and reducing the risk of various ailments
such as acute and chronic inflammation and tumor formation [35].
Plant based antioxidant substances always have the ability to scavenge
reactive oxygen species that can cause impairment to DNA, lipids and
proteins. The antioxidants may destroy cancer cells by initiating
apoptosis or by affecting the enzyme activities (eg. cyclooxygenase-2
enzyme) or inhibiting the expression of oncogenes. For evaluation of
the antioxidant efficiency of an endogenous substance, a particular
assay method alone will not be sufficient because the antioxidants may
be polar or non-polar; they can scavenge radicals by donating an
electron or hydrogen ions, which may protect the antioxidant defense
mechanisms. Hence, several techniques have been used to determine
the antioxidant potential of extracts based on their rate and time of
scavenging [36].

3.1. In vitro antioxidant activity

In vitro antioxidant capacities of all the six extracts of T. subulata
were examined using various assays.

3.1.1. DPPH radical scavenging assay

The electron donation capability of the natural substance can be
evaluated using DPPH assay. DPPH is a steady free radical that can
accept an electron or hydrogen radical and convert it into a stable
diamagnetic molecule. The electron or hydrogen donated by the natural
substance will be scavenged by DDPH molecule [37]. This method is
based on the scavenging of DPPH through the addition of a radical
species that decolorizes the DPPH solution. The amount of colour
change in the reaction mixture is proportional to the concentration and
effectiveness of the antioxidants present in the reaction mixture. DPPH
assay is the frequently used method for antioxidant screening because
they detect active ingredients at low concentration [7,8]. In the present
study, almost all the extracts have shown scavenging activities but
ethanol, methanol and chloroform extracts have shown stronger in-
hibitions (Table 1) at very low concentrations with ICs, values of
10.27 *= 0.03 pg/mL (ethanol), 10.48 =+ 0.01 ug/mL (methanol) and
45.6 = 2.5ug/mL (chloroform), respectively as compared with the
standard ascorbic acid (10.28 =+ 0.01 ug/mL). These differences were

Radical scavenging activity of various solvent extracts of Turnera subulata at different concentration.

Plant extract chemical  ICs, values (ug/mL) of radical scavenging

DPPH Nitric Oxide Hydrogen peroxide  Hydroxyl radical  Lipid peroxide = ABTS Alkaline DMSO  Deoxyribose

n-Hexane 991.6 + 10.1° 111.00 * 1.00° 102.0 + 1.0¢ 30.80 * 1.05 < 1000 93.75 + 0.9° < 1000 < 1000
Petroleum ether 358.00 = 2.0 338.00 £ 1.0°  425.0 + 1.0° 42,50 + 1.2¢ < 1000 450.00 + 1.0° 355.0 + 1.0°  500.00 = 1.0°
Chloroform 45.60 + 2.50° 24.60 * 0.01°F  91.21 + 1.0° 23.75 + 0.9° < 1000 415.00 = 1.0° 250.0 * 1.0° <1000

Ethyl acetate 847.30 = 25" 31.90 + 0.04° 1200 = 1.0° 24.44 + 1.15° < 1000 250.00 = 1.0¢ 680.0 = 1.0° 250.00 + 2.0°
Ethanol 10.27 + 0.03° 36.12 * 0.04% 106.2 * 0.8° 21.87 * 0.95f < 1000 250.00 + 3.0 11.56 * 1.2°  117.50 + 2.0°
Methanol 10.48 + 0.01° 2512 + 0.26]  25.00 + 1.08 120.00 + 1.0° 97.5 + 1.0° 500.00 = 2.0 1562 * 0.8  118.70 + 0.9°
Ascorbic acid 10.28 + 0.01° 24.42 + 0.25° 23,50 + 1.28 - 67.60 + 0.98" 1392 = 0.9¢ -

Rutin 13.14 * 0.02° 53.31 * 0.03°  34.10 = 1.0 32.06 + 1.0¢ - 56.24 + 0.878 14.38 = 1.1¢ -
a-Tocopherol - - - 89.03 = 1.03°> - - -

BHA - - - - - - 58.12 + 0.98¢

Each value in the table is represented as Mean * SD.

Values in the same column followed by different letter are significantly different (P < 0.05).
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Fig. 1. Antioxidant activities of various solvent extracts and concentration of Turnera subulata. (a) DPPH radical scavenging ability; (b) Nitric oxide radical
scavenging ability; (c) Hydrogen peroxide scavenging ability; (d) Hydroxyl radical scavenging ability of Turnera subulata.

because of the differences in the concentrations of the secondary me-
tabolites such as polyphenols and flavonoids. The percentages of in-
hibition are shown in Fig. 1a. The outcomes of the present study re-
commend that the plant extracts containing phytochemical constituents
are capable of donating hydrogen to a free radical to scavenge the
potential damages.

3.1.2. Nitric oxide scavenging assay

The therapeutic ability of medicinal plants mainly depends on their
antioxidant capacities [38]. It is a known fact that nitric oxide plays a
vital role in numerous acute and chronic inflammation processes [39].
Uncontrolled production of this free radical is straight away toxic to
tissues, which finally contributes to the vascular breakdown [40]. The
building up of nitrite radical in the living cell could be highly toxic, may
induce mutagenic reactions. The NO scavenging abilities of all the ex-
tracts were measured based on their abilities to scavenge free NO ra-
dicals compared to the standards, ascorbic acid and rutin. It was wit-
nessed that all the test extracts had higher scavenging activities but
significant results were observed for chloroform (24.60 + 0.01 ug/
mL), methanol (24.12 * 0.26 ug/mL) as well for ethyl acetate
(31.90 * 0.04 pg/mL) extracts. The formation of nitrite radical was
inhibited by plant extract by competing with the oxygen. These results
specified that based on their proton-donating abilities, these extracts
could either serve as a free radical inhibitors or hunters [41]. The
percentages of inhibition exhibited by all the six extracts of T. subulata
are shown in the Fig. 1b and ICsq values of all the extracts are provided
in Table 1.

3.1.3. Hydrogen peroxide radial scavenging assay

Hydrogen peroxide is usually present at very low concentrations in
plants, humans and microorganisms [8]. H,O, radical is considered as a
ROS because it will quickly disintegrate into oxygen and water. Hy-
droxyl radical produced by H,O, can initiate oxidative degradation of
lipids; hence, the free radicals easily diffuse through cells, which causes
damage to protein, enzyme and DNA. The human body produces more
H,0, free radical through the enzyme Superoxide dismutase (SOD).
SOD enzyme removes O, which is found in cell cytoplasm, mitochon-
dria, extracellular and intracellular spaces. Hence, it is very important
to know H,0, radical scavenging capabilities of plant extracts. In
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hydrogen peroxide radial scavenging assay, most of the extracts have
exhibited radical scavenging ability. This might have been due to the
presence of phenolic groups in those extracts, which could donate to
electrons to neutralize the hydrogen peroxide in to water. Among the
six extracts tested, chloroform and methanol have showed potent ac-
tivity with ICso values of 25 = 1.0 pg/mL and 91.21 #+ 1.0 pg/mlL,
respectively [42] when compared to that of standard ascorbic acid
(23.5 = 1.2ug/mL) (Table 1 and Fig. 1c).

3.1.4. Hydroxyl radical scavenging activity by pNDA method

Decomposition of oxygen peroxide through iron catalyzation is
considered the most predominant reaction in biological systems and
this process acts as a source for numerous deleterious lipid peroxidation
products [43]. It must be noted that an essential part of hydroxyl ions is
also created along with NO, radical by the decay of peroxinitrite or
peroxynitrous acid. Hydroxyl radical scavenging activity was measured
by the inhibition of pNDA bleaching process [8]. In this study, the
maximum scavenging ability was observed for ethanol and chloroform
extracts with ICsq values of 21.87 + 0.95 pug/mL and 23.75 + 0.9 ug/
mlL, respectively. Meanwhile, minimum activity was observed for me-
thanol and petroleum ether extracts (120 = 1.0 upg/mL and
42.5 + 1.2pug/mlL), respectively. All other samples sensibly exhibited
scavenging g abilities as compared with rutin (32.06 = 1.0 ug/mL)
(Table 1 and Fig. 1d).

3.1.5. Lipid peroxide assay

Lipid peroxidation process is a very interesting area of research. The
process of lipid peroxidation occurs by the free radicals in the cell
stealing electrons from the lipids present in the cell membrane, lipo-
proteins, and other molecules, which cause oxidative stress resulting in
the production of secondary oxidation products viz., ketones, dialde-
hydes, and acids leading to cell damage [44,45]. In LPO method, most
of the extracts exhibited very low activities with ICsy values above
1000 pg/mL (Table 1 and Fig. 2a). A strong scavenging activity was
observed in methanol alone with an ICsy value of 97.5 = 1.0 pug/mL
compared to the standard a-Tocopherol (89.03 = 1.03 pg/mL). Thus,
the production of secondary oxidation products during lipid peroxida-
tion could have been reduced [46].
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Fig. 2. Antioxidant activities of various solvent extracts and concentration of Turnera subulata. (a) ABTS radical scavenging ability (b) Lipid peroxide scavenging
ability; (c) Alkaline DMSO scavenging ability; (d) Deoxyribose scavenging ability of Turnera subulata.

3.1.6. ABTS assay

ABTS radical scavenging assay is a smart method to investigate the
antioxidant potential of hydrogen-donating antioxidants and chain
breaking antioxidants via generation of blue/green ABTS™ chromo-
phore by chemical oxidation [47]. In ABTS radical scavenging, cation is
produced by the oxidation of ABTS with potassium persulfate and the
antioxidants present in the plant sample decrease the absorbance of
ABTS [48]. In ABTS radial scavenging assay, n-hexane extract has ex-
hibited a potent antioxidant activity with an ICsy value 93.75 * 0.9
ug/mL and all the other extracts have shown low to moderate activities
[49]. These results were comparable with the standards, ascorbic acid
and rutin, which showed ICso values of 67.6 * 0.98ug/mL and
56.24 + 0.87 pg/mlL, respectively (Table 1 and Fig. 2b).

3.1.7. Alkaline DMSO assay

Scavenging capability of superoxide radical can be assessed using
alkaline DMSO. In this assay, intracellular superoxide radical is pro-
duced by chemical reaction in vitro [50]. The nitroblue tetrazolium
(NBT) reduction by O, was determined in the presence and absence of
plant extracts [43]. The current results showed that ethanol and me-
thanol extracts of T. subulata showed potent activities with ICs, values
of 11.56 + 1.2ug/mL and 15.62 + 0.8 ug/mL, respectively. The other
extracts have shown low to moderate activities with ICsy from
250 *+ 0.10 pg/mL to 680 * 1.0 pg/mL as compared with ascorbic
acid (13.92 = 0.9pug/mL) and rutin (14.38 * 1.1 ug/mL) and n-
hexane extract had ICsy above 1000 pg/mL (Table 1, Fig. 2c).

3.1.8. Deoxyribose assay

Hydroxyl radical will be formed in the reaction between iron-EDTA
(Ethylenediaminetetraacetic acid) in the existence of ascorbic acid [40].
Deoxyribose is attacked by ascorbic acid on heating with TBA and forms
a pink chromogen. The hydroxyl radical that got escaped from EDTA
scavenging will be available to scavenge the deoxyriobose and any
compound present in reaction mixture; will try to compete for the hy-
droxyl radical [51]. In Deoxyribose assay, BHA was used as standard
(ICsp 58.12 = 0.98 ug/mlL) (Table 1, Fig. 2d). Ethanol, methanol and
ethyl acetate extracts have shown moderate activity with ICso ranging
from 117.5 = 2.0 pg/mL to 250 *= 2.0 ug/mL. However, n-hexane
and chloroform extracts showed no scavenging activity against deox-
yriobose radical, even with ICso above 1000 pg/mL.

3.2. Total phenolic content (TPC)

TPC of all the six plant extracts was estimated by Folin- Ciocalteau
assay using gallic acid as standard. Almost all the extracts have shown a
good quantity of phenolic compounds. However, compared to all the
extracts, chloroform (24.13 = 0.27 mg/g) and ethanol (21.24 + 0.33
mg/g) extracts have shown higher quantities of phenolic compounds
(Table 2 and Fig. 3a). Phenolic compounds and their derivatives present
in plants are responsible for therapeutic properties [7]. Hence, higher
phenolic contents in general emphasize the medicinal importance of the
selected plant. Natural phenolic compounds plays a vital role in ma-
lignancy prevention and treatment [52]. Plant based phenolic com-
pounds from important medicinal herbs and dietary plants include
phenolic acids, tannins, flavonoids, curcuminoids, coumarins, lignans
and others. Different bioactivities of phenolic compounds are re-
sponsible for their chemopreventive properties (e.g., anticarcinogenic,
antioxidant and anti-inflammatory effects) and also for apoptosis in-
duction by arresting cell cycle, ontogenesis expression, migration,
proliferation or differentiation and blocking signaling pathways [53].

Table 2
Total phenolics, flavonoids contents and total antioxidant capacity of Turnera
subulata various solvent extracts.

Plant extract Yield value in mg/g

Total antioxidant
capacity (TAC)

Total flavonoid
content (TFC)

Total phenolics
content (TPC)

(mg/g) (mg/g) (mg/g)
n-Hexane 12.03 * 0.52° 11.27 + 0.54° 14.23 + 0.44°
Petroleum ether  8.02 + 0.19f 9.10 + 0.28" 13.14 + 0.10f
Chloroform 24.13 + 0.27% 24.13 + 0.27° 20.13 + 0.27¢
Ethyl acetate 18.05 + 0.28° 17.38 * 0.41° 15.31 + 0.44¢
Ethanol 21.24 + 0.33° 20.26 + 0.46° 19.14 + 0.20°
Methanol 17.11 + 0.22¢ 16.11 * 0.31¢ 18.29 + 0.23°

Each value in the table is represented as Mean *+ SD.
Values in the same column followed by different letter are significantly dif-
ferent (P < 0.05).
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Fig. 3. Phytochemical quantification, anti-inflammatory and antiangiogenic
activity of various solvent extracts of Turnera subulata. (a) Total phenolics,
flavonoids contents and total antioxidant capacity of different solvent extracts
of Turnera subulata; (b) Effect of various solvent extracts of Turnera subulata on
in vitro HRBC membrane stabilization and Albumin denaturation assay; (c)
Effect of various solvent extracts on antiangiogenic ability of Turnera subulata.

3.3. Total flavonoid content (TFC)

TFC of all the six extracts of T. subulata was determined by using
rutin as standard. The quantity of flavonoids presents in all the extracts
ranged from 9.10 + 0.28 mg/g to 22.28 + 0.40 mg/g and TFC was
found abundant in the chloroform extract. Whereas other extract con-
tains satisfactory amount of flavonoid content (Table 2; Fig. 3a). The
varied concentration of TFC in all the extracts depends polarity nature
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of the solvents used for the extraction [54]. The flavonoid fraction
present in different extracts of the T. subulata exhibits significant cor-
relation between. The total phenolic contents (TPC) (24.13 + 0.27
mg/g) of MSC and total flavonoid contents (TFC) of MSC
(24.13 = 0.27 mg/mL), which were found significantly higher as
compared to other solvent fractions [8].

3.4. Total antioxidant capacity (TAC)

Total antioxidant capacity was tested for all the six extract of T.
subulata. Since it was a quantitative method, ascorbic acid was used as
standard. The results indicated that the chloroform extract has shown
the highest TCA (20.13 = 0.27 mg/g) among the extracts (Table 2 and
Fig. 3a).

The total antioxidant capacity increased proportionally to the total
phenol and flavonoid content. Total antioxidant capacity results in-
dicated that the ethanol (20.14 + 0.20 mg/g) and chloroform extracts
(19.14 = 0.20mg/g) have shown higher TCA among the other ex-
tracts. In recent times, several researches have revealed the strong re-
lationship between TCA, TPC and TFC, endorsing the importance of
polyphenols as a sturdy antioxidant biomolecule [55,56]. As per recent
reports, phenol and flavonoid molecules in medicinal plants play a
major role in maintaining the stability of lipid oxidation in association
with antioxidant activity [57,58]. In this study, the chloroform and
ethanol extracts with higher phenol (24.13 = 0.27 mg/g and
21.24 = 0.33mg/g) and flavonoid contents (22.28 *+ 0.40 mg/g and
20.26 = 0.46 mg/g) showed higher antioxidant capabilities. The var-
iations in the antioxidant capacities of the extracts might have been be
due to the redox potential of phenol content, which could act as a free
radical scavenger, hydrogen donor, oxygen, quenchers, metal chelators
and reducing agents [59].

3.5. In vitro anti-inflammatory activity

3.5.1. Protein denaturation test

Protein denaturation is a well-defined reason for inflammatory
process. The anti-inflammatory potential of all the six extracts of T.
subulata and their potentials to inhibit protein denaturation were stu-
died. The observed results indicated that chloroform and ethanol ex-
tracts exhibited good antidenaturation potential with ICsy from
80.67 = 2.5ug/mL to 80.0 + 2.6 pg/mL, when compared to that of
the reference drug aspirin (ICso 63.33 * 2.5ug/mL) (Table 3 and
Fig. 3b). The other four extracts (n-hexane, petroleum ether, ethyl
acetate and methanol) have shown moderate to low anti-denaturation
potentials with ICsy from 322.67 = 2.5ug/mL to 581.33 * 3.0 pg/
mL. Inflammation is a complex response towards harmful stimuli like
pathogens and irritants characterized by warmth, swelling, redness and
pain [60]. Denaturation of proteins is a known fact of inflammation.
The commercial inflammatory drugs (salicylic acid) have shown

Table 3
In vitro anti-inflammatory activity of different solvent extracts of Turnera sub-
ulata.

Plant extract HRBC membrane assay (ug/  Albumin denaturation assay

mL) (ug/mL)
n-Hexane 465.67 + 2.08° 511.33 + 3.03°
Petroleum Ether 571.33 = 3.05% 581.33 + 3.0*
Chloroform 74.00 = 2.0° 80.67 + 2.5°
Ethyl Acetate 341.67 + 3.5° 363.33 = 2.5°
Ethanol 77.00 * 2.6° 80.00 + 2.6°
Methanol 238.67 + 3.05¢ 322.67 + 2.5¢
Aspirin 68.43 + 2.08f 63.33 + 2.5

Each value in the table is represented as Mean *+ SD.
Values in the same column followed by different letter are significantly dif-
ferent (P < 0.05).
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Table 4

Effect of various solvent extracts on antiangiogenesis ability of Turnera subulata.

Process Biochemistry 89 (2020) 71-80

Treatment (h.) Test concentration Plague formation

No. of vessels inhibition

Anti-angiogenic activity Status of embryos

0 MSC - 50 pg/mL
12
24
0
2
12
24
0
2
12
24
0
2
12
24
0
2
12
24
0
2
12
24

MSC - 100 pg/mL

MSD - 50 pg/mL

+ + !

MSD - 100 pg/mL

MSE - 50 pg/mL

MSE - 100 pg/mL

20.67 + 1.50° No Alive
13.0 = 2.00* Weak Alive
3.33 * 0.50° Good Alive
0.33 + 0.50° Strong Alive
15.0 + 1.00% Weak Alive
8.0 = 1.00° Good Alive
0.33 + 0.50¢ Strong Alive
0.33 * 0.50° Strong Alive
14.67 = 0.50%¢ No Alive
6.0 = 2.00° Weak Alive
1.67 * 0.50%¢ Good Alive
0.33 + 0.50° Strong Alive
12.67 + 1.50¢ No Alive
11.33 = 1.50% Weak Alive
5.0 + 1.00* Fair Alive
1.67 = 0.50% Strong Alive
18.0 + 1.00° No Alive
7.33 = 1.50° Fair Alive
0.67 * 0.504 Good Alive
0.33 + 0.50° Strong Alive
16.0 + 2.00" No Alive
6.0 = 1.00° Fair Alive
2.33 + 1.50™ Good Alive
0.33 + 0.50° Strong Alive

MSC - T. subulata chloroform extract; MSD - T. subulata ethyl acetate extract; MSE - T. subulata ethanol extract.

Each value in the table is represented as Mean = SD.

Values in the same column followed by different letter are significantly different (P < 0.05).

thermally induced protein denaturation in dose dependent manner
[61,62]. The denaturation, the change of proteins nature from a soluble
to an insoluble form are due to chemical and physical agents. Me-
chanism of denaturation is alteration of electrostatic force, hydrogen,
hydrophobic and disulphide bonds. Similar results were observed by
[63] in Pedalium murex.

3.5.2. Membrane stabilization test

All the six extracts of T. subulata were tested for HRBC membrane
stability against hypotonic solution induced lysis. The results observed
are illustrated in Table 3 and Fig. 3b. All the extracts have exhibited
inhibition against red blood cell lysis. The chloroform and ethanol ex-
tracts have potent anti-inflammatory potentials with ICso values from
74.0 = 2.0 pg/mL to 77.0 = 2.6 ug/mL as compared with the re-
ference standard drug aspirin (ICsy 68.43 + 2.08 pug/mL). These anti-
inflammatory responses were related to the polyphenol contents,
especially flavonoids of the plant [64]. The polyphenol contents were
high in both the chloroform and ethanol extracts leading to potential
anti-inflammatory responses for those extracts. The other four extracts
namely, n-hexane, petroleum ether, ethyl acetate and methanol have
displayed moderate to low anti-inflammatory potentials with ICsq
ranging from 238.67 =+ 3.05pug/mL to 571.33 + 3.05ug/mL.

Inflammatory conditions are still the main health concern of the
world population. Proteins denaturation is a known cause for in-
flammation. Reactive oxygen kindle this process, some studies de-
monstrate that anti-inflammatory drug has ability to induce thermal
protein denaturation based on a dose-dependent manner by ROS gen-
eration. Proteolytic enzymes, such as pancreatin, trypsin, chymo-
trypsin, rutin, are important regulators and modulators of the in-
flammatory response, which was also triggered by ROS [65]. In current
scenario synthetic drugs are more dominant in the market, in spite of its
worst side effects like peptic ulcers and gastrointestinal bleeding
[66,67]. So there is urgent need for plant based drug with fewer side
effects. To know the anti-inflammatory effect of the all the six extracts
of T. subulata, in vitro albumin denaturation and HRBC membrane sta-
bility assays were done. The T. subulata chloroform and ethanol extract
has shown the good anti-inflammatory response in protein denaturation
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and membrane stabilization assay, compare to that of standard drug
aspirin. Similar studies have reported that by Chowdhury et al. [68] by
using methanolic extracts of Gardenia coronaria leaves and Saleem et al.
[67] observed anti-inflammatory activity of leaf extracts of Gendarussa
vulgaris Nees.

3.6. In vivo antiangiogenesis by CAM assay

Angiogenesis is a vital step in solid tumor growth, vascular invasion,
and metastasis. There are two ways to control angiogenesis by direct
and indirect pathways. Direct way is suppressing the process of pro-
liferation and migration of vascular endothelial cells in response to
angiogenic protein, such as (Vascular endothelial growth factor) VEGF
[69]. The indirect way is to modify the angiogenic protein expression
and their activities such as regulation of receptors on endothelial cells
[70]. The tumor blood vessels are the potential targets in cancer
therapy because of their genetic instabilities. Plant based anti-
angiogenic substances are gaining more attention in the prevention and
treatment of inflammatory diseases and tumor formation because of less
side effects [71]. The CAM (Chick chorioallantoic membrane) assay is
an accurate and economic in vivo investigation to test the anti-
angiogenic ability of individual compounds and plant extracts [72]. The
assay provides information on the effectiveness of test samples in vivo
and also their toxicities. Plant based antiangiogenesis drug with less
side effects may be a prospective target for pharmacological interven-
tion on angiogenesis based diseases [71].

Based on the antioxidant and anti-inflammatory results, the
chloroform, ethyl acetate and ethanol extracts were chosen for anti-
angiogenic ability test by the CAM assay. Seven day old eggs were
treated with 50 pg/mL and 100 pg/mL of chloroform, ethyl acetate and
ethanol extracts as an in vivo model. The number of vessels inhibited,
plague formation, embryo survival rates and status of eggs after anti-
angiogenesis were recorded and provided in Table 4 and Fig. 3c.

The biological and healing effect of T. subulata has been studied only
to lesser extent, on antioxidant, anti-inflammatory. The present study
was the first systematic study report on the antiangiogenic potential of
the chloroform, ethyl acetate and ethanol extracts of T. subulata. The
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Fig. 4. Anti-angiogenesis activity of MSC extract of Turnera subulata. (a-f) un-
treated (control) - 50 and 100 pg/mL; (b-g) — 0 h of 50 and 100 pg/mL; (c-h) —
2h of 50 and 100 pg/mL; (d-i) — 12 h of 50 and 100 pg/mL; (e—j) — 24 h of 50
and 100 pg/mL.

potential antiangiogenic activity was observed in all the three extracts
of T. subulata. The CAM treated with 50 and 100 ug of all the three
extracts not only displayed distorted primary, secondary and tertiary
micro vessels but also perturbation on existing vasculatures [7]. In the
low concentration (50 pg) of chloroform extract reduces the minor and
major vessels in CAM assay reduced from 20.67-0.33 in a regular time
interval (Fig. 4a—e), whereas the high concentration (100 pg) of a same
extract registered the vessel inhibition in the range between 15-0.33
(Fig. 4f—j). The vessel inhibition rate of ethyl acetate low concentration
(50 pg) sample is 14.67-0.33 (Fig. 5a—e), while in high concentration
(100 pg) the number of vessels inhibited by the plant extract is ranged
between 12.67-1.67 (Fig. 5f-j). The vessel inhibition range of low
concentration ethanol is 18-0.33 (Fig. 6a—e) where in high concentra-
tion, it various between 16-0.33 (Table 4; Fig. 6f—j). The results reveal
that all the three tested extracts registered enhancing anti-angiogenesis
property.

In addition, it also observed the plague formation during anti-an-
giogenesis activity of plant extracts. Among the three tested extracts the
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Fig. 5. Anti-angiogenesis activity of MSD extract of Turnera subulata. (a—f) —
untreated (control) - 50 and 100 pg/mL; (b-g) — 0 h of 50 and 100 pug/mL; (c-h)
—2h of 50 and 100 pg/mL; (d-i) — 12h of 50 and 100 pg/mL; (e—j) — 24 h of 50
and 100 pg/mL.

ethanol (100 pg) registered high amount of plague formation after 2h
of incubation (Table 4), while the other tested concentration of re-
maining extracts registered satisfactory level of plague formation.
However, no plague formation was observed for the 100pug con-
centration of methanol and 50 pg of ethanol (Table 4). In all the tested
CAM model the embryo was alive in condition. The antiangiogenic
activity of both concentration (50 ug and 100 pg) of three extracts is
increased in proportion to increased incubation hours.

Though all the extracts have exhibited activities, chloroform and
ethanol extracts with higher concentrations of total phenols, total fla-
vonoids, and total antioxidants have demonstrated better antioxidant,
anti-inflammatory and antiangiogenesis activities. These extracts
should be studied systematically in future to develop a potent antic-
ancer drug from the important medicinal plant, T. subulata.

4. Conclusion

The biochemical nature of bioactive plant based secondary
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Fig. 6. Anti-angiogenesis activity of MSE extract of Turnera subulata. (a—f) —
untreated (control) 50 and 100 pg/mL; (b-g) — 0 h of 50 and 100 pg/mL; (c-h) —
2h of 50 and 100 pg/mL; (d—i) — 12 h of 50 and 100 pg/mL; (e—j) — 24 h of 50
and 100 pg/mL.

metabolites appears to be a promising valuable alternate and has fas-
cinated many researchers to search for novel pharmacologically active
phytocompounds, mainly to improve the treatment and quality of pa-
tients life after recovery. In this current study, we could demonstrate
the quantification of total phenolic and flavonol compounds present in
various solvent extracts of T. subulata. These extracts as serve as free
radical scavenger or inhibitors perhaps by acting as primary oxidants.
Which also inhibited the protein denaturation and HRBC membrane
stabilization, in more effective way similar to that of the commercial
drug aspirin. To the best of our knowledge present study on anti-
angiogenesis is first report on T. subulata. The chloroform and ethanol
extracts exhibited the potent antiangiogenic property by inhibiting the
sprouting and branching of arterial vascularization by preventing sig-
nals of angiogenic factors; cytokinins from epithelial cells or by initia-
tion of apoptosis. Hence it is inferred that the chloroform and ethanol
extracts of T. subulata with higher concentrations of secondary meta-
bolites such as polyphenols and flavonoids and with good antioxidant,
anti-inflammatory and antiangiogenic activities are the best candidates
for the development of a cost effective and potent anticancer drug with
less side effects.
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