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Abstract: Tribulus terrestris L. belongs to the family Zygophyllaceae and integral part of various
ancient medicinal systems including Chinese, Indian, and European to combat various health ailments.
The aim of the present study was to assess the phytochemical constituents, in vitro antioxidant activity
using DPPH, FRAP, and H2O2 assays, in vitro anticancer activity using MTT assay, and in vitro and
in vivo anti-inflammatory properties of T. terrestris. The acute and sub-acute toxicity of extracts
exhibiting most biological potential was examined using murine models. Liquid–liquid partitioning
followed by RP–HPLC sub-fraction of crude extract was performed. After that, ESI-MS/MS analysis
was done for the timid identification of bioactive metabolites responsible for bioactivities of sub-
fractions and HPLC analysis to quantify the compounds using external standards. Among all
extracts, T. terrestris methanol extract was noted to hold maximum phenolic (341.3 mg GAE/g)
and flavonoid (209 mg QE/g) contents, antioxidant activity in DPPH (IC50 71.4 µg/mL), FRAP
(35.3 mmol/g), and H2O2 (65.3% inhibition) assays, anti-inflammatory activities in vitro at 400 µg/mL
(heat-induced hemolysis, % inhibition 68.5; egg albumin denaturation, % inhibition 75.6%; serum
albumin denaturation, % inhibition 80.2), and in vivo at 200 mg/kg (carrageenan-induced paw
edema, % inhibition 69.3%; formaldehyde-induced paw edema, % inhibition 71.3%) and anticancer
activity against breast cancer cell (MCF-7) proliferation (IC50 74.1 µg/mL). Acute and sub-acute
toxicity studies recorded with no change in body weight, behavior, hematological, serum, and
histopathological parameters in treated rats with T. terrestris methanol extracts when compared to
control group. Fraction B obtained through liquid–liquid partitioning resulted in more bioactive
potential as compared to the parent methanol extract. RP–HPLC analysis of fraction B resulted with
four sub-fractions (TBTMF1-TBTMF4), wherein TBTMF3 delineated notable bioactive capabilities as
compared to other fractions and parent methanol extract. ESI-MS/MS analysis of TBTMF3 resulted
with tentative identification of myricetin, rutin, liquitrigenin, physcion, and protodioscin. It can be
stated that T. terrestris is a potential bearing herb and findings of current study further verify the
claims made in ancient medicinal systems. However, after investigation of each identified compound,
it must be considered for drug discovery.

Keywords: phytochemicals; antioxidant; inflammation; cancer; toxicity; ESI-MS/MS; RP–HPLC;
liquitrigenin; myricetin; rutin; bioassay-guided fractionation

1. Introduction

More than a billion individuals on the planet suffer from chronic inflammation, which
has been linked to a wide range of major health disorders, including trouble in breath-
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ing, dermal problems, intestinal issues, and nervous illnesses [1]. Nonsteroidal anti-
inflammatory drugs (NSAIDs) and corticosteroids help in easing the discomfort associated
with these symptoms [1]. There have been reports that long-term use of anti-inflammatory
medicines can affect the correct functioning of many organs in the digestive and excretory
systems [2]. Cancer is also a leading cause of mortality in the world, and it is one of the
most frequent diseases that may cause death. The International Agency for Research on
Cancer has reported 19.3 million new cancer cases and almost 10.0 million cancer related
deaths in the year 2020 [3]. Although chemotherapy, radiation, and chemical medicines are
extensively used cancer treatment modalities, the costs and risks of treatment outweigh the
benefits and constitute a significant worry [4].

As a result, medicines that are both affordable and harmless are necessary for the
treatment of inflammatory illnesses. Fruits and vegetables contain several biologically
active metabolites that can be used as an alternative to manufactured drugs [5]. Health
benefits of plant-based drugs have been well established since the dawn of human civi-
lization. In fact, natural sources have been shown to provide more than 60% of anticancer
medicines, including vinblastine and vincristine as well as camptothecin, taxol, podophyl-
lotoxin, and the combretastatins [6]. The discovery of penicillin, morphine, and aspirin,
which are semisynthetic acetylated derivatives of natural salicylic acid, demonstrates the
significance of plants and fungi in the development of medicine. Morphine possesses anti-
inflammatory action, penicillin acts an antibiotic, and aspirin is a cyclooxygenase inhibitor
usually given to control fever, pain, inflammation, strokes, and heart attacks owing to its
antiplatelet abilities [7]. Conversely, there are limited incidents reported about the toxicity
of plant-based products that may appeals the consumers due to their safety, convenience,
and affordability [8]. Even then, prior to use of plant-based drugs, substantial scientific
evidence-based research is required on the quality, safety, and efficacy parameters [9].

Tribulus terrestris L. (T. terrestris) belongs to Zygophyllaceae family and widely grown
throughout the Mediterranean and subtropics including India, China, Mexico, Spain,
Bulgaria, and Pakistan [10]. Goat head, hard thorns, and Tribulus are the local names
associated with it. T. terrestris is considered as vital component of various countries ancient
health care systems i.e., India (Ayurveda), Chinese, and Europe [11]. In China, T. terrestris
fruits are considered helpful in preventing kidney problems, cough, and improves the
eyesight [12]. Ayurveda uses the fruits to treat infertility and roots are deliberated as
cardiotonic [13]. In Sudan, T. terrestris also utilized to prevent or protect inflammation
of the glomeruli (nephritis) of the kidney and other inflammatory complaints. It is also
used as a diuretic and uricosuric in Pakistan [14]. Traditional medicinal claims about T.
terrestris are well supported by the pharmacological studies wherein it is widely applied to
treat inflammation [13], drying of skin and itchiness [15], heart and blood vessel related
ailments [16], carcinomas [17], infections induced by microbes [18], oxidative damage [19],
hormonal problems [20], and help to repair muscles [21]. The reported activities were
related to saponins, flavonoids, and alkaloids [21,22].

The present work aimed to assess the antioxidant, anti-inflammatory, and anticancer
activities of T. terrestris extracts using activity-guided approach i.e., solvent–solvent parti-
tioning and reversed phase–high performance liquid chromatography (RP–HPLC). Acute
and subacute toxicity tests using animal models will also be performed to evaluate the toxi-
city of T. terrestris different extracts. These studies also examined to further justify the use of
T. terrestris in ancient medical systems against inflammation and also its non-toxic nature.

2. Materials and Methods
2.1. Plant Material

Tribulus terrestris was collected from the hilly arears of DG Khan, a district of South
Punjab, in Pakistan. The Botany department of the Bahauddin Zakariya University (BZU),
Multan, Pakistan examined the taxonomy. Collected plant material was cleaned with
tap water, allowed to dry under shade, and finally placed inside in an oven (Memmert,
Schwabach, Germany) at 40 ◦C for complete moisture removal. The dried material was



Antioxidants 2022, 11, 1160 3 of 21

crushed in an electric grinder to obtain a fine powder. The obtained powdered material
was kept under dark at normal room temperature until extraction.

2.2. Solvents and Reagents

Reference standards (ascorbic acid, quercetin, iron (II) sulfate), DPPH, H2O2, PBS,
analytical grade solvents (n-hexane, dichloromethane, ethyl acetate, chloroform, methanol,
water), and HPLC grade solvents (water, methanol, trifluoracetic acid) were supplied by
the local supplier of Sigma-Aldrich (St. Louis, MO, USA).

2.3. Animals

Twenty-eight to thirty-five days old experimental animals, i.e., Wistar albino mice
(n = 40, 25–30 g) and rats (n = 40, 200–300 g), were purchased from the Pharmacy Depart-
ment, BZU, Pakistan and housed in a controlled habitat at 20 ◦C ± 4 ◦C with light/dark
circle of 12 h. All trials were conducted following preset guidelines of National Research
Council (NRC, 1996), Washington, DC, USA. The study was also approved by the internal
animal care committee at BZU, Pakistan (approval number ACC-08-2018).

2.4. Extraction Procedure

Using a temperature-controlled orbital shaker, the powdered plant material was
extracted with n-hexane to remove non-polar compounds like fat, followed by successive
extractions with dichloromethane, methanol, and 70% aqueous methanol. The extracts were
evaporated at 40 ◦C in a rotary evaporator (Heidolph, Schwabach, Germany) to produce
semi-solid extracts and stored at 4 ◦C in an upright ultralow freezer (Sanyo, MDF-U32V,
Osaka, Japan) for further investigations.

2.5. Determination of Total Phenolic and Flavonoid Content

All spectrophotometric analysis were performed using a spectrophotometer (V-3000;
VWR, Darmstadt, Germany). Total phenolic content was determined spectrophotometric
using Folin-Ciocalteu assay according to Singleton and Rossi (1965) [23]. Results were
expressed as mg gallic acid equivalent/gram on dry weight (mg GAE/g dw) basis. Total
flavonoid content was determined following the aluminum chloride assay according to
Pękal and Pyrzynska (2015) [24]. Results were expressed as mg quercetin equivalent/gram
on dry weight (mg QE/g dw) basis.

2.6. Determination of Antioxidant Activity Using Spectrophotometric Assays

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging capability of T. terrestris crude
extracts (1 g/20 mL) was tested according to Alara et al. (2019) at 517 nm [25]. As standards,
quercetin and ascorbic acid were used, with methanol as a blank. The percentage inhibition
was deliberated using the formula below, and the results were expressed as IC50:

% inhibition = 100 × (Ac − As)/Ac

where Ac = absorption of the control and As = absorption of the plant sample.
Similarly, the ferric reducing antioxidant capacity (FRAP) of T. terrestris crude extracts

(1 g/20 mL) was evaluated at 593 nm according to Zahin et al. (2010) [26] using iron sulfate
for standard calibration. The results were compared to ascorbic acid and quercetin and
represented as mmol quercetin or ascorbic acid mmol/g on a dry weight basis.

The capacity of T. terrestris crude extracts (1 g/20 mL) to scavenge hydrogen peroxide
(H2O2) was determined at 593 nm following the method of Ruch et al. (1989) [27]. Positive
controls included ascorbic acid and quercetin, with phosphate buffer serving as blank
sample. The following formula was used to compute the percentage of H2O2 inhibition:

H2O2 scavenging activity (%) = 100 × (Ab − As)/Ab

where Ab = absorption of the blank and As = absorption of the test sample.
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2.7. In Vitro Anti-Inflammatory Activity
2.7.1. Membrane Stabilization Assay

The activity was performed to investigate the ability of T. terrestris crude extracts
against heat-induced hemolysis. The activity was performed on blood samples taken from
the cubital vein of healthy individuals (resident in Karachi, Sindh, Pakistan). The guidelines
of the International Federation of Blood Donor Organizations (IFBDO) were followed,
while collecting the blood samples and also authorized by the Bioethical Committee of
Bahauddin Zakariya University, Multan, Pakistan (approval number Reg. No. 10–20). This
work was also carried out in conformity with the Helsinki declaration. Blood samples
were centrifuged using a laboratory centrifuge (Model 800b, Jintan, China) for 5–7 min at
2000 rpm, washed using normal saline, and reconstituted as 10% suspension with isotonic
buffer solution (10 mM sodium phosphate buffer, pH 7.4; v/v) [28,29]. One milliliter
of T. terrestris sequential crude extracts, and concentrations of 100 µg/mL, 200 µg/mL,
300 µg/mL, and 400 µg/mL, were added to red blood cell suspension (1 mL, 10%). The
incubation of the reaction mixture was carried out at 50 ◦C for 30 min, allowed to cool under
dark at room temperature, and centrifuged for 5–7 min at 2500 rpm to take absorbance
using a spectrophotometer at 560 nm. Phosphate buffer was taken as control and diclofenac
sodium as standard drug. Results were presented as % inhibition and the following
equation was used for calculation.

% Inhibition of denaturation = 100 × (Ac − As)/Ac

where AC = absorption of the control, and AS = absorption of the plant sample.

2.7.2. Egg Albumin Denaturation Assay

The egg albumin denaturation inhibition potential of T. terrestris sequential crude
extracts were determined according to Mizushima and Kobayashi (1968) [30] with slight
modifications. T. terrestris sequential crude extracts (2 mL) of varying strengths (100, 200,
300, and 400 µg/mL) were added to 0.2 mL of egg albumin and 2.8 mL of phosphate buffer
saline (pH = 6.5). After that, incubation (37 ◦C, 25 min), heating (70 ◦C for 35 min), and
cooling of the reaction mixture was carried out under dark at room temperature. The
absorbance was measured at 660 nm. Phosphate buffer was taken as control and diclofenac
sodium as standard drug. The results were recorded as percentage inhibition using the
above-mentioned equation in Section 2.8.2.

2.7.3. Bovine Serum Albumin Denaturation Assay

The activity was performed using Sakat et al. (2010) [29] method with minor changes.
In this experiment, the reaction mixture (0.5 mL) was made by mixing 50 µL T. terrestris
sequential crude extracts (100–400 µg/mL) with bovine serum albumin (450 µL) followed by
incubation (25 ◦C, 30 min). Second incubation was performed after addition of phosphate
buffer (0.5 mL, pH = 6.5) to the reaction mixture for twenty minutes at 65 ◦C. The absorbance
of the reaction mixture was taken at 660 nm but before that it was allowed to stand for
more than thirty minutes under dark. The results were recorded as percentage inhibition
using the above-mentioned equation in Section 2.8.2.

2.8. In Vivo Anti-Inflammatory Activity
2.8.1. Inhibition of Carrageenan-Induced Paw Edema in Wistar Rats

Carrageenan-induced paw inflammation assay was employed to assess the pain
reliving capabilities of T. terrestris sequential crude extracts according to Morris (2003) [31]
after few changes. In the current study, we made eight groups and each group comprised
of 5 animals (n = 5). Animals in group one were provided with normal saline and named
as control group. Animals in group two were given standard indomethacin as 100 mg/kg,
body weight (b.w.), and named as positive control. Rats in group three and four were fed
with the dichloromethane extract of T. terrestris as 100 mg/kg and 200 mg/kg, separately.
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Rats in group 5 and 6 were fed with 100% methanolic extract of T. terrestris as 100 mg/kg
and 200 mg/kg, respectively. Likewise, rats in group seven and eight were fed with 70%
methanolic extract of T. terrestris as 100 mg/kg and 200 mg/kg, separately. Importantly,
initial size of paw circumference of every rat was noted. Right after half hour of extracts
administration, animals were injected with carrageenan into the plantar aponeurosis surface
of the right hind paw. After that, any change in paw linear circumference was noted after
0 h, 1 h, 2 h, and 3 h employing Plethysmometer (UGO-BASILE 7140, Comerio, Italy). The
rise in paw circumference was deliberated as a sign of swelling.

2.8.2. Inhibition of Formaldehyde-Induced Hind Paw Edema in Albino Mice

Formaldehyde-induced hind paw edema assay was used to examine the anti-inflammatory
potential of T. terrestris different extracts in mice adopting the method of Brownlee after
minor changes [32]. The Albino mice were put into eight groups of five (n = 5). Each group
received the same treatment as mentioned in the Section 2.8.1. After a half hour of extracts
administration, formaldehyde (100 µL, 4%) was injected into the plantar aponeurosis of
each mouse’s right paw, and change in paw circumference was recorded after 0, 3, 6, 12,
and 24 h.

2.9. Acute and Sub-Acute Toxicity Assessment

In vivo toxicity assessment of T. terrestris extracts was conducted adopting the guide-
lines of Organization for Economic Cooperation and Development (OECD) 407 and 423 for
acute oral toxicity tests [33,34]. Rats were provided with clean water and food (ad libitum)
for 24 h before and after the trial. All animals were fed with T. terrestris 100% methanolic at
doses 2000 and 3000 mg/kg (per oral) for 14 days. Just after 1 h of extract administration,
an examination of each animal was performed periodically after 4 h, 8 h, 12 h, and 24 h for
any change in behavior. Change in body weight of each animal was evidenced after 7 days
and then blood samples were taken to analyze hematological and biochemical parameters.
After that, rats were sacrificed and their organs, including liver, heart, and kidney, were
isolated to perform histopathological examination.

For chronic toxicological studies, all rats were starved for at least 2 h and then orally
fed with 500 and 1000 mg/kg of 100% methanolic T. terrestris extract for 28 days. Just after
1 h of extract administration, an examination of each animal was performed periodically
after 4, 8, 12, and 24 h for any change in behavior. Change in body weight of each animal
was evidenced after 7 days and then blood samples were taken to analyze hematological
and biochemical parameters. After that, rats were sacrificed and their organs, including
liver, heart, and kidney, were isolated to perform histopathological examination.

2.10. Histopathological Analysis

Fresh portions of kidney, liver, and heart were taken from the rats of treated and
normal group. The collected parts of the organs were cut and then fixed in the solution
of formalin (10%). After that, dehydration of the fixed samples was performed with
dilution series (60–100%) of alcohol and inserted in paraffin. The blocks of organs fixed
in paraffin were cut into pieces with 4 µm thickness. These sections were inspected using
light microscope to see histopathological changes (Nikon Eclipse 50i, Tokyo, Japan) after
staining with hematoxylin and eosin and at the end photomicrographs were taken.

2.11. Liquid–Liquid Partitioning of the Active Crude Extract

The methanolic extract of T. terrestris, which exhibited better biological activities and
also proved nontoxic in animal studies, was subjected to solvent–solvent partitioning to
obtain more active fractions. In detail, in a beaker with 15 mL of water, 100% methanolic
extract was shaken vigorously and then 15 mL chloroform was added after 30 min and
the mixture was poured into a separator funnel. The next day, two layers were visible:
Aqueous at the top and chloroform at the bottom. Next, chloroform layer was recovered
and named as fraction A. After that, aqueous fraction was again added with 15 mL of
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ethyl acetate and allowed stand for whole night. The next day, again two layers were
visible: ethyl acetate at the top and aqueous at the bottom. Both layers were recovered and
named as fraction B (ethyl acetate) and fraction C (water). Importantly, all the recovered
fractions were evaporated under reduced pressure at 40 ◦C on rotary evaporator (Heidolph,
Schwabach, Germany).

2.12. Reversed-Phase (RP)-HPLC of Fraction B and Its Sub-Fractions
2.12.1. Analytical Measurements of Fraction B (Ethyl Acetate)

Solvent–solvent partitioned fraction B (ethyl acetate) of T. terrestris methanolic extract
showed considerable biological potential in contrast to fraction A (chloroform) and C (wa-
ter). Considering the bioassay-guided approach, fraction B was further partitioned in order
to have more active fractions using RP–HPLC. Fractionation was performed on an HPLC
system with a diode array detector (DAD) (1100/1200 series, Agilent, Waldbronn, Ger-
many) with an analytical column (Zorbax-SB-C18, 4.6 × 150 mm, 5 µm, Agilent, Waldbronn,
Germany) [35]. The temperature of the column was maintained at 30 ◦C. Fraction B (ethyl
acetate) was dissolved in methanol (5 mg/mL) and filtered using 0.45 mm syringe filter.
Mobile phase was composed of 0.1% triflouroacetic acid (A), and acetonitrile with 0.1%
triflouroacetic acid (B). Ten microliters of the filtered sample were loaded onto the HPLC
column and the flow rate was set at 0.5 mL/min, whereas the gradient elution system was
as follows: 15% B in 0–5 min, 15–30% B in 5–10 min, 30–70% B in 10–25 min, 70–85% B in
25–27 min, and 100 % B in 27–30 min. Chromatograms were recorded at 280 nm.

2.12.2. Semi-Preparative Chromatography of Fraction B (Ethyl Acetate)

Seventy microliters sample (1 g/10 mL) was loaded onto the semi-preparative column
(Zorbax-SB-C18, 25 × 250 mm, 5 µm particle size, Agilent, Waldbronn, Germany) keeping
all the other parameters same as mentioned in the previous section. Total four sub-fractions
were retrieved named TBTMF1, TBTMF2, TBTMF3, and TBTMF4 from fraction B (ethyl
acetate) of Tribulus terrestris 100% methanolic extract.

2.13. LC-ESI-MS/MS Analysis of Sub-Fraction TBTMF3

All fractions obtained using semi-preparative RP–HPLC were evaluated for their
in vitro bioactive potential wherein only TBTMF3 outlined noteworthy activities which
was further analyzed on LC-ESI-MS/MS (LTQ XL, Thermo Electron Corporation, Walthan,
MA, USA) for the tentative identification of bioactive metabolites according to Steinmann
and Ganzera. (2011) [35]. The structures of the compounds were identified using online
software and compared with published literature (www.chemspider.com, accessed on
4 October 2021).

2.14. Quantification of Compounds in Sub-Fraction TBTMF3 Using Analytical HPLC-DAD

A hundred milligrams of solidified sub-fraction TBTMF3 was dissolved in 1 mL
methanol and standards, including myricetin, rutin, and protodioscin (each 250 µg/mL),
were also prepared in methanol. Following that, the samples were centrifuged for 10 min at
14,000 rpm to collect the supernatant. After filtration using a syringe filter, 100 µL sample
and standards were injected into the HPLC system for analysis. All other parameters were
the same, as mentioned in Section 2.12.1. The identification was performed by comparing
the UV spectra and retention times with those of authentic standards.

2.15. Statistical Analysis

This study’s data are provided as mean (SEM) of three measuremnets. ANOVA
was used to compare the differences between the control and treatment groups, and
Dunnett’s test was run using Graph pad prism (Graph Pad Software, San Diego, CA, USA,
http://www.graphpad.com, accessed on 3 March 2021).

www.chemspider.com
http://www.graphpad.com
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3. Results
3.1. Extraction Efficiency, Phytochemical Contents, and In Vitro Antioxidant Activity of T.
terrestris Extracts

Tribulus terrestris L. powder was initially defatted using n-hexane. After that, the
residue on the filter paper was extracted with dichloromethane for 48 h under stirring
and again residues fractioned using methanol and 70% aqueous methanol. The methanol
extraction offered maximum yield (1.23%), followed by 70% aqueous methanol (0.62%)
and dichloromethane (0.12%). Similarly, total phenolic contents were recorded higher in
methanol extract of T. terrestris followed by 70% aqueous methanol, and dichloromethane
extracts as 341.3 mg gallic acid equivalent (GAE)/g, 92.9 mg GAE/g, and 4.40 mg GAE/g,
respectively. Likewise, total flavonoid contents were found maximum in methanol extract
(209 mg quercetin equivalent QE/g) and lowest in dichloromethane extract (2.20 mg QE/g).

T. terrestris methanol extract showed considerable antioxidant activity in DPPH (IC50
of 71.4 µg/mL), FRAP (35.3 Fe mmol/g), and H2O2 (% inhibition 65.3) assays in contrast
to 70% aqueous methanol and dichloromethane extracts outlined intermediate to non-
substantial activity (Table 1).

Table 1. In vitro antioxidant activities of three different T. terrestris extracts compared to control samples.

Assay DCM Methanol 70% Aqueous
Methanol

Ascorbic
Acid Quercetin

FRAP
(Fe mmol/g) 4.10 ± 0.2 35.3 ± 0.5 21.5 ± 1.01 51.0 ± 0.02 62.0 ± 0.02

DPPH
(IC50 µg/mL) 332.3 ± 2.5 71.4 ± 1.1 141.2 ± 0.01 29.1 ± 0.02 25.4 ± 0.01

H2O2
(% inhibition) 12.5 ± 0.66 65.3 ± 0.53 34.6 ± 0.83 79 ± 0.02 84 ± 0.05

Values are means ± S.D. DCM; dichloromethane.

3.2. In Vitro Anti-Inflammatory Activity of T. terrestris Sequential Crude Extracts

Red blood cell membrane stabilization, serum, and egg albumin denaturation tests
were used to examine the in vitro anti-inflammatory activities of T. terrestris methanol, 70%
aqueous methanol, and dichloromethane extracts. Table 2 outlines the results of crude
extracts at varying concentrations i.e., 100, 200, 300, and 400 µg/mL. T. terrestris methanol
extract displayed notable membrane stabilization capabilities by inhibiting heat-induced
hemolysis (% inhibition 68.5 at 400 µg/mL, p < 0.001) followed by intermediate activity of
70% aqueous methanol extract (% inhibition 35.5 at 400 µg/mL, p < 0.01) when compared
to phosphate buffer, i.e., control. The standard drug diclofenac sodium displayed potent
anti-inflammatory activity by inhibiting the heat-induced hemolysis (% inhibition 89.3 at
400 µg/mL, p < 0.0001).

In serum, albumin denaturation assay methanol extract of T. terrestris induced a no-
ticeable inhibition of 80.2 % at 400 µg/mL (p < 0.001) in a concentration-dependent manner
after diclofenac sodium offered potent inhibition of 97.8% (p < 0.0001) at same dosage when
compared phosphate buffer (control). At the same concentration, 70% aqueous methanol
and dichloromethane extracts evidenced moderate (48.3 % at 400 µg/mL, p < 0.01) to no
activity, respectively. In our egg albumin denaturation experiment, methanol extract of T.
terrestris again induced significant inhibition of 75.6% at 400 µg/mL (p < 0.001) followed
by moderate anti-inflammatory effects of 70% aqueous methanol observed with 43.2%
inhibition at same concentration in contrasted to phosphate buffer i.e., control. At identical
concentration, standard drug diclofenac sodium presented significant inhibition of 91.5%
(p < 0.0001).
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Table 2. In vitro anti-inflammatory activity of T. terrestris crude extracts at 400 µg/mL.

Treatment
Membrane

Stabilization
Serum Albumin

Denaturation
Egg Albumin
Denaturation

% Inhibition

Control
(phosphate buffer) NI NI NI

Methanol extract
(crude extract) 68.5 *** 80.2 *** 75.6 ***

70% aqueous methanol
extract

(crude extract)
35.9 * 48.3 ** 43.2 **

Dichloromethane extract
(crude extract) NA NA NA

Diclofenac sodium
(standard drug) 89.3 **** 97.8 **** 91.5 ****

Values are means ± S.D. of three measurements. NA, No activity. NI, No inhibition. (* p < 0.05, ** p < 0.01,
*** p < 0.001, **** p < 0.0001).

3.3. In Vivo Anti-Inflammatory Activity of T. terrestris Sequential Crude Extracts

T. terrestris dichloromethane, methanol, and 70% aqueous methanol extracts were
examined for in vivo anti-inflammatory activities against carrageenan (Figure 1A) and
formaldehyde-induced paw edema (Figure 1B) in rats and mice, respectively. Methanol
extract outlined significant inhibition of carrageenan- (69.3%, p < 0.001) and formaldehyde-
(71.3%, p < 0.001) induced paw swelling at 200 mg/kg b.w., after 3 and 24 h, separate when
compared to control.

3.4. In Vitro Anticancer Activity of T. terrestris Crude Extracts

A series of T. terrestris crude extracts (dichloromethane, methanol, and 70% aqueous
methanol) were examined for their antineoplastic activity against different cancer cell lines
including MCF-7 (breast cancer cell line), HeLa (cervical cancer cell line), SK-OV-3 (ovarian
carcinoma), and NCI-H522 (lung cancer) using MTT assay (Table 3). Only methanol extract
strongly inhibited breast and ovarian cancer cell multiplication with an IC50 of 74.1 µg/mL
and 89.4 µg/mL, whereas 70% aqueous methanol and dichloromethane had no impact.

Table 3. In vitro anticancer activity of the T. terrestris crude extracts at 10 µg/mL, 100 µg/mL,
1000 µg/mL (IC50 µg/mL).

MCF-7 HeLa SK-OV-3 NCI-H522

Methanol 74.1 221.2 89.4 102.1

70% aqueous
methanol 176.4 343.1 256.2 441.8

Dichloromethane NA NA NA NA

Methotrexate
(standard drug) 0.87 0.92 0.91 0.88

The values are means ± SE and shown as IC50 µg/mL. Each value is expressed as mean of triplicate treatments.
HeLa (cervical cancer cell line), MCF-7 (breast cancer cell line), SK-OV-3 (ovary carcinoma), NCI-H522 (lung
cancer cell line). NA, No activity.
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Figure 1. (A) Carrageenan-induced and (B) formaldehyde-induced paw edema inhibition. Values
are mean ± SEM of three readings. The standard drug (Indomethacin) exhibited potent inhibition
of 86.3% (p < 0.0001) and 89.3% (p < 0.0001) against carrageenan and formaldehyde intoxicated
paw edema at 100 mg/kg, respectively when compared to control (normal saline = 0% inhibition).
On the other hand, dichloromethane and 70% aqueous methanol extracts induced moderate to
non-substantial inhibition in both assays.

3.5. In Vivo Acute and Subacute Toxicity Assessment

T. terrestris methanol extract exhibited excellent biological potential in radical scaveng-
ing, anti-neoplastic, and anti-inflammatory tests, whereas other two extracts (70% aqueous
methanol and dichloromethane) exerted moderate to no activity in aforementioned assays
(Tables 1–3; Figure 1a,b). Therefore, only methanol extract was selected for further analysis
of in vivo acute and subacute toxicity assessment. In the present study, body weight and
behavior of experimental rats was found in order and no death was recorded throughout
a 14-day acute toxicity experiment. Added to that, organs weight (liver, heart, kidney) of
experimental rats were also normal (Table 4). Therefore, the LD50 of T. terrestris methanol
extract was supposed to be around or more than 3000 mg/kg.
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Table 4. Acute and subacute toxicity assessment of Tribulus terrestris methanol extract using in vivo model.

Parameters
Control Group Acute Toxicity (14 days) Subacute Toxicity (28 days)

Normal Saline 2000 mg/kg
TBTME

3000 mg/kg
TBTME

500 mg/kg
TBTME

1000 mg/kg
TBTME

Body weight (g) 197.00 ± 8.00 210 ± 3.59 205 ± 4.50 194 ± 10.2 223 ± 11.6

Organ weights

Heart (g) 0.59 ± 0.22 0.66 ± 0.20 0.64 ± 0.05 0.58 ± 0.20 0.73 ± 0.10

Paired Lungs (g) 2.12 ± 1.10 2.22 ± 0.82 2.15 ± 0.80 2.09 ± 1.18 2.42 ± 1.22

Liver (g) 7.89 ± 1.35 8.10 ± 2.90 7.92 ± 1.22 7.79 ± 2.15 8.50 ± 2.90

Spleen (g) 0.44 ± 0.05 0.52 ± 0.01 0.49 ± 0.10 0.42 ± 0.20 0.62 ± 0.30

Hematological parameters

White blood cells
(105/µL) 3.35 ± 0.22 4.29 ± 0.30 4.53 ± 0.14 3.69 ± 0.32 3.99 ± 1.89

Neutrophils (%) 38.91 ± 1.10 62.91 ± 2.22 64.01 ± 2.40 60.61 ± 2.34 55.52 ± 27.21

Lymphocytes (%) 43.39 ± 2.30 74.91 ± 4.30 78.60 ± 3.40 63.96 ± 4.93 66.87 ± 33.48

Eosinophils (%) 0.92 ± 0.11 1.46 ± 0.10 1.63 ± 0.08 1.19 ± 0.11 1.70 ± 0.67

Red blood cells
(106/µL) 8.90 ± 1.05 16.05 ± 1.20 17.00 ± 1.65 12.91 ± 2.40 17.03 ± 7.80

Hemoglobin (g/dl) 12.92 ± 1.20 26.05 ± 1.95 24.92 ± 2.10 20.02 ± 2.79 22.90 ± 12.49

Hematocrit (%) 46.50 ± 3.60 70.83 ± 3.70 70.43 ± 2.92 59.77 ± 4.24 64.72 ± 30.80

MCV (f/L) 56.20 ± 7.51 99.09 ± 7.50 97.62 ± 5.93 77.66 ± 8.59 85.27 ± 43.41

MCH (pg) 17.91 ± 1.55 28.78 ± 0.25 27.10 ± 2.10 22.90 ± 0.80 25.76 ± 12.18

MCHC (%) 30.93 ± 1.04 43.92 ± 1.10 48.90 ± 0.70 40.06 ± 1.10 43.01 ± 17.80

Platelets (105/µL) 7.45 ± 0.10 11.05 ± 0.40 10.91 ± 1.25 9.12 ± 1.25 11.35 ± 6.20

Serum biological parameters

Total Protein
(g/dL) 6.59 ± 2.25 7.31 ± 1.20 8.01 ± 0.90 5.69 ± 2.16 7.50 ± 4.02

Albumin (g/dL) 3.01 ± 1.25 3.70 ± 0.71 3.91 ± 0.45 3.15 ± 0.80 3.72 ± 1.95

Albumin/Globulin
ratio 1.80 ± 0.28 3.55 ± 0.20 3.20 ± 0.25 3.60 ± 0.5 3.19 ± 0.75

Lactate
Dehydrogenase

(U/L)
2230 ± 0.26 3166 ± 271.0 3085.8 ± 214.1 2975.7 ± 310.4 3290.4 ± 231.5

Asparate
Transaminase

(U/L)
142.0 ± 271.0 191.3 ± 10.10 187.4 ± 7.98 175.1 ± 11.57 179.2 ± 29.34

Alanine
Transaminase

(U/L)
25.30 ± 10.10 59.51 ± 5.50 57.66 ± 4.35 48.47 ± 6.30 53.80 ± 7.96

Alkaline
Phosphatase (U/L) 379.0 ± 9.10 418.0 ± 13.10 417.0 ± 10.82 391.2 ± 16.91 397.5 ± 19.02

Total bilirubin
(mg/dL) 0.34 ± 0.12 0.70 ± 0.10 1.42 ± 0.04 0.39 ± 0.06 2.19 ± 1.29
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Table 4. Cont.

Parameters
Control Group Acute Toxicity (14 days) Subacute Toxicity (28 days)

Normal Saline 2000 mg/kg
TBTME

3000 mg/kg
TBTME

500 mg/kg
TBTME

1000 mg/kg
TBTME

Creatinine
(mg/dL) 1.91 ± 0.09 3.14 ± 0.20 3.43 ± 0.24 2.59 ± 0.07 3.26 ± 0.79

Uric Acid (mg/dl) 0.91 ± 12.3 1.62 ± 0.12 2.19 ± 0.04 1.36 ± 0.12 2.91 ± 35.02

Total Cholesterol
(mg/dl) 50.91 ± 3.15 85.00 ± 4.20 84.01 ± 2.90 70.12 ± 6.13 77.02 ± 67.31

Triglycerides
(mg/dl) 117.2 ± 5.12 189.2 ± 8.12 182.6 ± 9.03 155.0 ± 9.71 154.2 ± 80.19

Potassium
(mmol/L) 2.54 ± 1.42 5.39 ± 2.20 5.53 ± 2.43 4.54 ± 0.13 5.19 ± 1.11

Chloride
(mmol/L) 70.24 ± 18.31 144.2 ± 19.22 145.2 ± 14.70 111.4 ± 21.81 152.0 ± 12.40

Sodium (mmol/L) 136.1 ± 17.20 190.4 ± 17.22 192.0 ± 13.42 150.0 ± 21.52 183.0 ± 64.61

TBTME, Tribulus terrestris methanol extract. MCV, Mean corpuscular volume. MCH, Mean corpuscular
hemoglobin. MCHC, Mean corpuscular hemoglobin concentration.

Moreover, sub-acute toxicity trial (28-days) of T. terrestris methanol extract was also
conducted, and the results are shown in Table 4, which demonstrate that the weight of the
rats treated with 500 mg/kg and 1000 mg/kg of T. terrestris methanol extract did not differ
significantly from that of the control group (receiving normal saline). Treatment-group rats
had the same heart, kidney, and liver weight as those in the control group.

Table 4 shows the hematological and serum parameters for the acute and subacute
investigations. The findings suggest that animals fed with T. terrestris methanol extract for
14 days had a modest rise in hematological and serum parameters, although these values
were still within normal ranges. T. terrestris methanol extract, on the other hand, exhibited
identical effects in a 28-day trial of sub-acute toxicity, and did not cause any changes in
hematological parameters. Apparently, there was no change in the hematological and
serum profile between normal and treated rats in acute and subacute tests, which shows
that the T. terrestris methanol extract had no detrimental impact on the liver or kidney.

In Figure 2, histopathological sections from the heart, liver, and kidneys of acute and
subacute toxicity evaluation are shown. A closer look under the microscope revealed no
abnormalities in terms of histopathology among rats treated with T. terrestris methanol
extract when compared to the control group.

3.6. Bioassay-Guided Approach
3.6.1. Liquid–Liquid Partitioning of Crude Extracts

The liquid–liquid partitioning of methanol extract yielded three fractions, i.e., chlo-
roform (fraction A), ethyl acetate (fraction B), and water (fraction C) as described in
Section 2.11. According to the preceding sections, fraction B (ethyl acetate) has higher
antioxidant properties than the parent methanol extract. However, fractions C and A
showed little to no activity (Table 5). Moreover, fraction B also displayed notable anti-
inflammatory activities in membrane stabilization assay (74.1%, p < 0.001), egg albumin
denaturation inhibition (77.9%, p < 0.001), and serum albumin denaturation inhibition
(83.5%, p < 0.001) at 400 µg/mL when compared to the control i.e., phosphate buffer.
However, fractions A and C presented moderate to no activity, respectively. Similarly, in
the anticancer experiments, fraction B was shown to have the greatest inhibitory impact
on breast and ovarian cancer cell growth, with IC50 values of 65.2 g/mL and 81.3 g/mL,
respectively, but no activity was found against cervical and lung cancer cell lines (Table 5).
Furthermore, fractions A and C were shown to have no significant effect against any of the
cancer cell lines tested.
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Table 5. Biological activities of T. terrestris liquid–liquid partitioned fractions compared to control samples.

Assays Fraction
(A)

Fraction
(B)

Fraction
(C)

Ascorbic
Acid Quercetin Diclofenac

Sodium Methotrexate

Antioxidant activity

FRAP (mmol/g) NA 45.2 ± 0.1 17.2 ± 0.10 50.9 ± 0.20 61.9 ± 0.05 - -

DPPH
(IC50 µg/mL) NA 56.2 ± 1.1 91.9 ± 0.01 30.2 ± 0.05 24.9 ± 0.10 - -

H2O2 (%) NA 68.0 ± 0.2 32.1 ± 0.5 79.0 ± 0.02 84.0 ± 0.05 - -

Anti-inflammatory activity (% inhibition at 400 µg/mL)

Heat-induced
hemolysis NA 74.1 *** 36.9 ± 0.10 * - - 89.3 **** -

Egg albumin
denaturation NA 77.9 *** 39.6 ± 0.2 * - - 91.5 **** -

Serum albumin
denaturation NA 83.5 *** 52.1 ± 0.10 * - - 97.8 **** -

Anti-cancer activity (IC50 µg/mL)

MCF-7
Breast cancer NA 65.2 122.8 - - - 0.80

HeLa
Cervical cancer NA 223.6 NA - - - 0.92

SK-OV-3
Ovary carcinoma NA 81.3 231.8 - - - 0.92

NCI-H522
Lung cancer NA 111.9 174.9 - - - 0.88

Values are means ± S.D., FRAP, Ferric reducing antioxidant power assay. DPPH, 2,2-diphenyl-1-picrylhydrazyl.
H2O2, Hydrogen peroxide. NA, No activity. (* p < 0.05, *** p < 0.001, **** p < 0.0001)

3.6.2. Preparative HPLC Sub-Fractionation of the Liquid–Liquid Partitioned Fraction B

Fraction B (ethyl acetate) of T. terrestris methanol extract presented excellent bioactive
properties in the aforementioned section, and was further separated using RP–HPLC and
obtained four sub-fractions TBTMF1–TBTMF4, as described in Section 2.12. All retrieved
sub-fractions were examined for their radical scavenging, inflammation reduction, and anti-
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tumor potential (Table 6). Consequently, TBTMF3 demarcated more antioxidant potential
in DPPH (IC50 41.9 µg/mL), FRAP (49.1 mmol/g), and H2O2 (71.2% inhibition) assays
in contrasted to their liquid–liquid partitioned fraction B and parent methanol extract.
The activity was found in accordance with standard ascorbic acid and quercetin (Table 1).
Correspondingly, TBTMF3 also displayed notable anti-inflammatory activities in membrane
stabilization assay (76.1%, p < 0.001), egg albumin denaturation inhibition (81.9%, p < 0.001),
and serum albumin denaturation inhibition (85.2%, p < 0.001) at 400 µg/mL when compared
to control i.e., citrate buffer in concentration reliant mode (Table 2). In addition to this,
the IC50 of TBTMF3 against breast cancer cells was recorded as 43.2 µg/mL, compared to
65.2 µg/mL for the liquid–liquid partitioned fraction (fraction B) and 74.1 g/mL for the
parent extract (methanolic extract) (Table 3).

Table 6. Biological activities of RP–HPLC separated sub-fractions of the T. terrestris methanol extract.

Assays TBTMF1 TBTMF2 TBTMF3 TBTMF4 Ascorbic
Acid Quercetin Diclofenac

Sodium Methotrexate

Antioxidant activity

FRAP
(mmol/g) NA 26.1 ± 0.3 49.1 ± 0.1 38.8 ± 1.1 51 ± 0.02 62 ± 0.02 - -

DPPH
(IC50 µg/mL) NA 96.6 ± 0.2 41.9 ± 1.1 104.6 ± 0.1 29.1 ± 0.02 25.4 ± 0.01 - -

H2O2 (%) NA 28.1 ± 1.1 71.2 ± 0.5 17.3 ± 0.2 79 ± 0.02 84 ± 0.05 - -

Anti-inflammatory activity (% inhibition at 400 µg/mL)

Membrane
stabilization NA 33.2 76.1 29.5 - - 89.3 -

Egg albumin
denaturation NA 37.8 81.9 30.8 - - 91.5 -

Serum
albumin

denaturation
NA 44.8 85.2 34.5 - - 97.8 -

Anticancer activity (IC50 µg/mL)

Breast cancer
(MCF-7) NA 281.4 43.2 331.9 - - - 0.87

Cervical
cancer
(HeLa)

NA 441.9 142.5 NA - - - 0.92

Ovary
carcinoma
(SK-OV-3)

NA NA 88.4 241.9 - - - 0.96

Lung cancer
(NCI-H522) NA 321.4 298.6 NA - - - 0.88

TBTMF. T. terrestris methanol fraction, - Not evaluated.

3.7. ESI-MS/MS and HPLC Analysis of TBTMF3 Fraction

TBTMF3 outlined significant radical scavenging potential i.e., in accordance with
quercetin and ascorbic acid, notable inflammation reduction abilities in contrasted to
control group (phosphate buffer), and inhibited the multiplication of breast cancer cell
in previous sections. Therefore, TBTMF3 was analyzed by ESI-MS-MS in positive mode
in order to have tentative identification of bioactive metabolites. The analysis unveiled
the presence of myricetin (MS, 317; MS/MS [M+H], 317, 299, 272), liquitrigenin (MS,
256; MS/MS [M+H], 255, 237), physcion (MS, 283; MS/MS [M+H], 268, 267, 239, 211),
protodioscin (MS, 1048; MS/MS [M+H], 1048, 1031, 998, 741), and rutin (MS, 610; MS/MS
[M+H], 465, 333), confirmed by comparing with the previous published literature by Gates



Antioxidants 2022, 11, 1160 14 of 21

and Lopes, (2012) [36], Rahman et al. (2018) [37], Chen et al. (2016) [38], Ivanova et al.
(2016) [39], and Said et al. (2016) [40], respectively. The main compound in the RP–HPLC
sub-fraction TBTMF3, rutin, protodioscin, and myricetin, was quantified using external
standards at 280 nm. All these compounds were quantified as 2.19 µg/mg, 11.2 µg/mg,
and 4.20 µg/mg, respectively (Figure 3, Table 7).
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Table 7. Quantification of rutin, protodioscin, and myricetin from T. terrestris RP–HPLC sub-fraction
TBTMF3.

Compound
Name

LOD
(µg/mg)

LOQ
(µg/mg) r2 Rt min Concentration

(µg/mg)

Rutin 1.70 4.90 0.9998 4.9 2.19

Protodioscin 1.10 3.20 0.9986 5.1 11.2

Myricetin 1.90 5.60 0.9999 22.3 4.2
Shown are mean values of three measurements, Limit of quantification (LOQ), Limit of detection (LOD), Coefficient
of regression (r2), time of retention (Rt), Tribulus Terrestris methanolic fraction 3 (TBTMF3).

4. Discussion

In the present study, T. terrestris methanol extract offered maximum affinity towards
total phenolic and flavonoid contents. Hitherto, ethanol extract of T. terrestris was noted
with total phenolic and flavonoid contents as 41.2 mg catechol equivalent (CE)/g and
601 mg QE/g, notably higher than acetone extract [41], in alliance with the findings of
current investigations. The outcomes of the present study are also supported by the results
of Naz et al. (2017) [42] wherein methanol extract was calculated with prominent amount
of total phenolic (426 mg GAE/g) and flavonoid (371 mg QE/g) contents. Moreover, T.
terrestris methanol extract exhibited excellent antioxidant activity as compared to 70%
methanol and dichloromethane extracts. This might be attributed in part to the existence of
polar functional groups in the polyphenolic structures, believed to have radical scavenging
potential. Earlier research had demonstrated that phytocompounds were involved in
stabilizing reactive oxygen species by donating hydrogen ions and terminated free radicals
initiated deleterious chain events, both of which are detrimental to health [43].

Earlier, in the DPPH assay, the IC50 of T. terrestris methanol extract was noted as
92 µg/mL whereas standard ascorbic acid and rutin displayed IC50 of 5 and 18 µg/mL
individually [42]. In the present study, it can be stated that higher antioxidant activity of
T. terrestris methanol extract in all three assays is due to the presence of the phenolic and
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flavonoid contents. Lately, a direct relation between total phenolic contents and antioxidant
activity has been shown by Arshad et al. (2020) [44]. In brief, the leaves of methanol extract
of T. terrestris outlined 73% inhibition in the DPPH assay as compared to 52% inhibition
of root extract, which also offered more affinity towards total phenolic (723 mg GAE/g)
and flavonoid (476 mg QE/g) extraction than root extract recorded with total phenolic and
flavanoid contents of 235 mg GAE/g, and 93 mg QE/g, respectively.

Anti-inflammatory medicines have the ability to impart notable stabilization effects
towards human red blood cell membrane against hypotonicity-induced lysis [45]. In the
present study, T. terrestris methanol extract displayed notable potential in stabilizing human
red blood cell membrane by inhibiting the heat-induced hemolysis, i.e., consistent with its
phytochemical and antioxidant potential. The findings are in alliance with the previous re-
port of Naz et al. (2017) [42] wherein T. terrestris methanol extract demonstrated noteworthy
membrane stabilization activity by inhibiting heat-induced hemolysis (% inhibition 69.0 at
200 µg/mL) in a dose-dependent mode. In another study, ethanol extract of T. terrestris also
reported to induce moderate membrane stabilization effects in a dose-dependent mode [46].
The concentration reliant antispasmodic activities of standard anti-inflammatory drugs, i.e.,
salicylic acid and phenylbutazone, has also been observed previously [30].

Protein denaturation is a primary source of inflammation, and reliable studies de-
scribed previously support this connection [47,48]. In our study, T. terrestris methanol
extract efficiently inhibited the serum albumin denaturation and egg albumin denaturation.
The findings of Naz et al. (2017) [42] found T. terrestris methanol extract effective against de-
naturation of serum albumin (72% inhibition at 200 µg/mL), which braced the results of our
current investigation. It can be suggested that anti-inflammatory potential portrayed by T.
terrestris methanol extract might be attributed by the total phenolic and flavonoid contents
quantified earlier in this study. The presence of phytochemicals like anthocyanins, stilbenes,
phenolic acids, tannins, flavonoids, alkaloids, and steroids in plants were reported to be the
key factor behind their anti-inflammatory potential [49]. Calluna vulgaris ethanol extract
was reported to hold more radical scavenging activity (64.2% inhibition of thiobarbituric
acid reactive substances (TBARS) content; 80.0% inhibition of DPPH) than Ferula hermonis
and T. terrestris ethanol extracts. The membrane stabilization potential was also found in
alliance with antioxidant activities, wherein Calluna vulgaris ethanol extract showed higher
anti-inflammatory activity followed by Ferula hermonis and T. terrestris ethanol extracts [46].
It is believed that inflammation reduction potential of natural products and standard drugs
might be linked to the erythrocyte membranes following change or modification in cell
surface charges. Phytochemical constituents having radical scavenging potential suggested
to be involved in stabilizing red blood cell membranes by inhibiting the physical collision
with agents capable for aggregation or by encouraging dispersal of similar charges by
means of mutual repulsion [50]. Secondary plant metabolites like flavonoids and saponins
were reported to involve in the stabilization of lysosomal membrane during in vitro and
in vivo studies. On the other hand, saponins and tannins were also reported to stabilize
erythrocyte membranes and biological macromolecules ascribed by their excellent ability
to bind cations [28].

For the anti-inflammatory potential of T. terrestris, when further evaluated using an
in vivo study, methanol extract outlined maximum inhibition against carrageenan and
formaldehyde intoxicated edema. Previously, T. terrestris methanol extract was reported
to avert inflammation in rats (70% percent inhibition) induced by carrageenan which was
notably higher than chloroform extract (61.9 percent inhibition) and lower than standard
drug indomethacin (82.3 percent inhibition) [13]. Anti-inflammatory potential of this
traditional herb was also reported by Sudheendran et al. (2017) [51] wherein root and fruit
decoction of T. terrestris outlined noteworthy inhibition against carrageenan intoxicated
swelling in rats, but activity was a little lower than standard drug diclofenac sodium.
Methanol extract of T. terrestris in another study was reported to show inflammation
reduction capabilities in rats comparable to the standard drug indomethacin in carrageenan
intoxicated edema model. It was also reported that activity was due to the presence of
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secondary metabolites (saponins, tannins, flavonoids), also indented in the same study [52].
The results of the present study are also in agreement with the findings of Baburao et al.
(2009) [53], which recorded methanol extract of T. terrestris to avert carrageenan-induced
paw inflammation in rats comparable with standard drug, i.e., diclofenac sodium.

Plant polyphenols can be considered as safer anti-carcinogenic macromolecules be-
cause of their cytoprotective activities in normal cells and their simultaneous cytotoxic
response toward malignant cells [54]. T. terrestris methanol extract in the previous section
linked with inhibition of carcinogens such as superoxide, hydrogen peroxide, and hydroxyl
radicals possessed anti-cancer activity against breast cancer cell line. Breast cancer cell line
suppression by methanol extract is consistent with Bedir et al.’s (2002) [55] report, wherein
T. terrestris steroidal saponins component were also found as active against the proliferation
of breast (IC50 of 6.0 µg/mL) and ovarian (IC50 of 8.2 µg/mL) cancer cell lines. In another
experiment, T. terrestris crude methanol extract and its saponins-rich fraction reported to
induce strong inhibition against the proliferation of breast cancer cells (MCF-7) but found
less toxic against normal breast cell lines (MCF-10A) [39].

Before moving on to clinical trials, safety evaluation experiments give critical data
for the toxicity of herbal treatments. Despite the fact that herbal extracts have been
shown to have a variety of bioactivities and have the potential for a wide range of ap-
plications, the possible adverse effects of herbal extracts are frequently overlooked. Fur-
thermore, it is a valuable measure for determining the therapeutic index of medications
and xenobiotics [56,57]. T. terrestris methanol extract was subjected to acute and subacute
toxicity assessment because of its higher biological potential in comparison to other tested
extracts i.e., 70% methanol and dichloromethane. As we mentioned earlier, the extract was
safe to the animals during both toxicity studies. In the recent past, T. terrestris methanol
extract, when dispensed at the rate between 2.00–10.0 g/kg, b.w. for two weeks, was
reported to induce no changes in body weight, eating or drinking behavior, or mortality
among Swiss mice [58]. The acute and subacute toxicity of Amrutadi churna, an Ayurvedic
poly herbal formulation made of three herbs (Tribulus terrestris, Emblica officinalis, Tinospora
cordifolia), was evaluated in rats. Toxicologically, when rats were even fed with higher
dose of Churna (5000 mg/kg) it caused neither death nor severe toxicity in rats [59], which
outlines the non-toxic nature of traditional herbs. Cisplatin toxicity was prevented in mice
when T. terrestris fruit extract was administered orally at levels of up to 500 mg/kg body
weight [60]. In rat model, T. terrestris fruit methanol extract, when examined for toxicity
on gastric mucosa, was reported to induce no ulcers at 200 mg/kg, but on the other hand
indomethacin, a well-known anti-inflammatory drug, induced ulcers [52]. The dilation
of Bowman’s capsule, medullar congestion, and dilatation of collecting tubules alongside
reduced body and kidney weight were all seen in the cisplatin-treated mice group. For the
first four days of treatment with T. terrestris fruit extract these values were seen within the
normal range. Lately, T. terrestris hydroethanolic fruit extract, when dispensed at the rate
of 100 mg/kg b.w., for 30 days, altered the negative effects on hematological parameters
in male Wistar rats induced by acephate. Recently, hematology, serum biochemistry, and
organ histology studies demonstrated that Amrutadi churna containing Emblica officinalis, T.
terrestris, and Tinospora cordifolia did not cause hazardous effects at tested dose levels of 500
and 1000 mg/kg b.w, but it caused a mild hyperbilirubinemia with no liver damage [59].

Activity guided fractionation is an effective and successful technique in identification,
isolation, and purification of anti-tumor, anti-fertility, and anti-bacterial plant metabo-
lites [61–63]. In our study, liquid–liquid portioned fraction B showed more biological po-
tential than crude methanol extract. Correspondingly, RP–HPLC sub-fraction 3 (TBTMF3)
of fraction B showed in vitro antioxidant, anti-inflammatory, and anticancer potential more
than other sub-fractions and fraction B. Recently, bioassay-guided fractionation resulted in
increased biological potential when compared to crude extracts [64–66].

It can be stated that bioactive potential of TBTMF3 is due to the presence of aforemen-
tioned compounds, as in preceding studies, protodioscin, rutin, myricetin, and liquitrigenin
were reported to exhibit anti-inflammatory activities [67–70]. Myricetin was also found
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to be effective against human breast cancer (MCF-7) cells’ proliferation by suppressing
p21-activated kinase 1 via downstream signaling of the β-catenin pathway [71]. In another
study, myricetin was cited to induce anti-tumor activity against MCF-7 breast cancer cells
wherein it inhibited the apoptotic BRCA1-GADD45 pathway [72]. Liquiritigenin, on the
other hand, has been shown to prevent carcinogenesis in triple-negative breast cancer
cells (MDA-MB-231 and BT549) by enhancing breast cancer 1 (BRCA1) transcriptional
activity and reducing DNA methyltransferase (DNMT) activity [73]. Furthermore, it has
been observed that rutin can help to reestablish chemo-sensitivity in human breast can-
cer cell lines [74]. In another study, rutin lead for the treatment of triple negative breast
cancer (MDA-MB-231/GFP) orthotopic xenografts in a mouse model [75]. As a result, it
is reasonable to conclude that the anticancer activity of TBTMF3 against the breast cancer
cell line is due to the synergistic action of all of the bioactive metabolites listed above.
Previously, Dincheve et al. (2008) [76] quantified protodioscin and rutin as 567.9 µg/g dw
and 762.9 µg/g dw in fruits, 10,004 µg/g dw and 2037 µg/g dw in leaves, 193.3 µg/g dw,
92.4 µg/g dry weight (dw) in roots, respectively. In another study, protodioscin and rutin
were also quantified from T. terrestris plant extracts of varying origins. In brief, protodioscin
contents were calculated as 3.04, 6.43, 17.84, 14.68, 20.48 mg/g dw from T. terrestris grown
in Hungary, Turkey, Vedrare wild growing, Vedrare in culture, and Plovdiv wild growing,
respectively. Likewise, rutin contents were recorded as 1.02, 1.51, 0.34, 0.11, 0.11 mg/g dw
from T. terrestris grown in Hungary, Turkey, Vedrare wild growing, Vedrare in culture, and
Plovdiv wild growing, respectively [77]. The amount detected in previous studies is higher
than recorded in our experiment and the difference might be due to different geography,
growing conditions, and methods employed in sample preparation and identification.
Previously, rutin contents calculated from T. terrestris of six different localities or regions
having different phenotype and chemotype were different from each other. T. terrestris
grown in shady areas were reported to identified with thirteen flavonoids as compared to
T. terrestris grown in sunny areas identified with four flavonoids [78].

5. Conclusions

The outcomes of the present study demonstrate the radical scavenging capabilities,
anti-inflammatory abilities in both laboratory trials and murine models, and anti-tumor
potential of T. terrestris extracts, supporting the use of this herb in ancient health care
systems in various parts of the world. Essentially, acute (14-days) and sub-acute (28-days)
toxicity trials also confirmed the practical safety of T. terrestris because body weight, organs
weight, behavior, hematological, and serum parameters of treated rats were found in
accordance with rats of control group. Added to that, no death was observed during
both toxicity trails. As result, it can be safely suggested that lethal dose i.e., LD50 of T.
terrestris methanol extract, is greater than 3000 mg/kg. Bioassay-guided fractionation
resulted with increased activity like fraction B exhibited more bioactive potential than
parent methanol extract and similarly RP–HPLC sub-fraction TBTMF3 outlined more
activity than fraction B and parent methanol extract. It is a well-established fact that in a
raw extract, activity of bioactive metabolites is masked due to impurities. Apart from it,
the presence of protodioscin, physcion, rutin, liquitrigenin, myricetin in the TBTMF3 of
methanol extract could be the reason behind the activity and/or the presence of additional
compounds in the extracts. The antioxidant and anti-inflammatory characteristics of the
extracts, on the other hand, will need more research in order to understand the mechanisms
of action and signaling pathways that are responsible for this activity. In conclusion, T.
terrestris possesses anti-inflammatory and antioxidant capabilities, as well as the ability
to serve as a promising new source of natural chemotherapeutic medications that do not
have any side effects. A further investigation must be conducted for the development of
effective strategies for T. terrestris extraction to obtain bioactive fractions with increased
biological activity.
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