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ABSTRACT 
 

In the present study three steroidal compounds, Stigmasterol, Cholesterol and Stigmasterol 
glucoside were isolated from the acetone extract of plant Tribulus terrestris L. with the help of 
column chromatography and TLC techniques. The isolated steroidal compounds were 
characterized using both proton and carbon-13 NMR. 

 

Keywords: Zygophyllaceae; Tribulus terrestris L.; steroidal compounds. 
 

1. INTRODUCTION 
 
Nature is a great source of medicinal plants and 
herbal drugs which are potential resources of 

therapeutic products used in various treatments 
and preventions of various infections and 
diseases [1]. A plant Tribulus terrestris L. of the 
family zygophyllaceae is an autochthonous plant 
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which has been mentioned in Ayurveda with 
several chemical properties [2,3]. The usage of 
plant extracts and plant derived chemicals for 
disease management become therapeutic 
modality [4]. The plant Tribulus terrestris L. is 
used in household medicine as a tonic, 
Aphrodisiac, Palliative, Astringent, Gastric, anti-
infective medicines [2,3]. The ash of the plant is 
good for external application in rheumatic arthritis 
[5]. 
 
In India it is commonly known as gokharu which 
means the spines of fruit that injure the grazing 
cattles. Tribulus terrestris L. is used in folk 
medicine as health tonic [6]. The extract of 
Tribulus terrestris L. is commonly used in 
medicine to control blood pressure and 
cholesterol [7]. The extract decreases the blood 
cholesterol level in humans, rats and mice. Plant 
can be found all over the world, especially in 
moisture less climate viz. China, India, southern 
USA, Spain, Bulgaria, Bangladesh, Pakistan etc. 
[3,8]. 
 
Several chemical constituents were found in 
different parts of whole plant of Tribulus 
Terrestris L. Studies on the plant indicates that 
ascorbic acid, calcium carbonate, fat, fibre, iron, 
oxalates, phosphorous potassium, protein, 
tribuloside were isolated from the leaf of the plant 
[2]. β- sistosterol, campesterol, gitogenin, 
kaempferol-3- β -D-(6”P-coumaroyl)-glycoside, 
kaempferol-3-rutinoside, reogitogenin, guercetin, 
stigmasterol were found in flower of plant [2]. 
From the fruits of plant, aspartic acid, glutamic 
acid, linoleic acid, nernecogenin-3-0-beta-D-
glycopy ranoside aleic acid, palmitic acid, stearic 
acid were isolated [9]. Shoot of plant consists of 
duacosterol, desoxydiosgenin, terrestrosides, 
diosgenin, hecogenin, diosgin, protodisocin, 
rutin, tribulson were isolated from shoot of plant 
[10]. Fat, harmin, proteins etc were found in seed 
of the plant [11,12]. The structure of 26-O-β-D-
glucopyranosyl-(25S)-5α-furostane-20(22)-en-
12-one-3β, 26-diol-3-O-α-L-rhamnopyranosy l-
(1→2)-[β-D-glucopyranosy l-(1→4)]-β-D-
galactopyranoside was isolated from root of 
Tribulus terrestris L. as a furostanol glycosides 
[13-19]. Tribulus terrestris L. contains about 20 
chemical constituents which are isolated from 
methanolic extract of the whole plant [3]. Tribulus 
terrestris L. extract was subjected to various 
phytochemical tests and found varies 
compounds in it such as saponins, amino acid, 
proteins, glycosides, cardiac glycosides, 
alkaloids and flavonoids, carbohydrates [20]. The 
phytochemical screening of seed of Tribulus 

terrestris L. reported to shows the different 
bioactive compounds like sterols, oils, alkaloids, 
saponins, phenols tannins and resins [3]. The 
16.63% percentage of total protein content was 
found in arial part of Tribulus terrestris L. The 
amino acid such as phenylalanine, threonine, 
valine, leucine, lysine, aspartic acid, serine, 
glutamic acid, glycine, alanine, tyrosine and 
arginine etc. were also isolated from Tribulus 
terristris [21]. The 6.076% percentage of 
flavonoid content was reported to found in 
methanolic extract of the plant. HPLC analysis 
shows presence of flavonoids such naringin, 
rutin, hyperoside, quercetrin, naringenin, 
quercetin, hesperetin, kampferol and apigenin 
from the methanolic extract [22]. The results of 
HPLC analysis of phenolic compounds revealed 
that fourteen identified phenolic compounds 
which are protocatechuic acid, pyrogallol, gallic 
acid, chlorogenic  acid, p-hydroxybenzoic acid, 
catechin, catechol, caffeic acid, vanillic acid, 
salicylic acid, ellagic acid, ferulic acid, coumaric 
acid and cinnamic acid [9,23-26]. The present 
study was aimed      to isolate various medicinally 
important ingredients present in the Tribulus 
terrestris L. plant. 

 
2. MATERIALS AND METHODS 
 
2.1 Collection of Plant Material 
 
The plant material was collected in the form of 
whole plant by S.A.N. from the lake area of 
Nagapur, Pune, India in November 2018. The 
plant’s flowering is generally observed during 
January to September, while fruiting takes place 
throughout the year. It was identified by the 
depositing it as a voucher specimen at the 
Botanical Survey of India, Western Circle, Pune 
(No. SPPG1N). 

 
2.2 Extraction Methodology and 

Compound Isolation  

 
The material was shade dried and pulverized. 
Acetone extract of the plant Tribulus terrestris L. 
was prepared in 10 L round bottom flask as 
described earlier [27]. The whole dried plant was 
grinded (480 g) and was extracted by maceration 
with acetone (1 L × 3 for 14 h) at room 
temperature. At reduced pressure the acetone-
soluble fraction was filtered and concentrated 
which resulted in a green colored acetone extract 
ATT (42.00 g, 8.4% based on the dry weight of 
the plant). 
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2.3 Characterization 
 
2.3.1 Chromatographic methods 
 
Column chromatography (CC) was performed 
using silica gel 100–200 mesh size and re-
chromatography using silica gel 230–400 mesh 
size (Thomas Baker, Ltd., Mumbai, India) and 
preparative thin-layer chromatography (TLC) was 
carried out using glass TLC plates supplied by 
Merck Ltd. (Whitehouse Station, NJ, USA). 
Spectra Max Plus 384 plate reader (Molecular 
Devices, Inc., Sunnyvale, CA, USA) was used. 
Rifampicin, isoniazid, paclitaxel and MTT were 
purchased from Sigma-Aldrich, St. Louise, MO, 
USA. Britelite plus reagent was purchased               
from Perkin Elmer, Waltham, MA, USA.                      
All the compounds were purified in distilled 
solvents. 
 
2.3.2 NMR spectroscopy  

 
The 1H and 13C NMR spectra were recorded on 
Bruker Avance III Ultra Shield NMR instrument 
(1H: 400 MHz and 13C: 100 MHz) at 25 °C. ESI-
MS spectra were recorded with Waters Acquity 
LC–MS instrument and HR-ESI-MS spectra 
recorded using Autoconcept Mass Spectrometer 
(Mass Spectrometry Instruments, West 
Yorkshire, UK).  

 
3. RESULTS AND DISCUSSION 
 
On column chromatography purification 21 g of 
ATT was separated using acetone in pet ether. 
Fractions which were showing similar patterns in 
TLC were combined to get ten broad fractions 
(ATT-1 to ATT-10). Fraction ATT-4 (0.50 g) was 
separated using CC and eluted with acetone in 
pet ether and eight fractions (ATT-4-I to ATT-4-
VIII) were collected. Fraction ATT-4-II was 
purified using preparative TLC with 2% acetone 
in pet ether as the mobile phase offered 
compound 1 and crystallization of which was 
obtained in 29 mg. Recrystallization of fraction 
ATT-4-VII was offered white crystalline 
compound 2 in 18 mg.   Fraction ATT-5 (1.5 g) 
was CC purified using 2% to 20% gradient 
acetone-petroleum ether and collected five 
fractions (ATT-5-I–ATT-5-V). Washing of the 
fraction ATT-5-III using diethyl ether offered 
white solid compound 3 (16 mg). Based on the 
PMR, CMR and HR-ESI-MS, the compounds 
were identified as Stigmasterol 1, Cholesterol 2, 
and Stigmasterol glucoside 3 as shown in the 
Fig. 1. 

The details of the chemical shifts of 1H NMR and 
13

C NMR as observed for the three isolated 
fractions are given below.  
 
Stigmasterol (1):  
 
1
H NMR (400MHz, CHLOROFORM-d) = 5.35 

(d, J = 5.5 Hz, 1 H), 5.15 (dd, J = 8.2, 15.1 Hz, 1 
H), 5.01 (dd, J = 8.7, 15.1 Hz, 1 H), 3.58 - 3.46 
(m, 1 H), 2.32 - 2.22 (m, 3 H), 2.05 - 1.95 (m, 3 
H), 1.88 - 1.82 (m, 2 H), 1.73 - 1.64 (m, 1 H), 
1.57 - 1.46 (m, 8 H), 1.21 - 1.10 (m, 5 H), 1.05 - 
0.99 (m, 9 H), 0.98 - 0.87 (m, 3 H), 0.87 - 0.83 
(m, 4 H), 0.82 - 0.77 (m, 6 H), 0.70 (s, 3 H) 
 
13

C NMR (100 MHz, CHLOROFORM) =12.3, 
12.6, 19.3, 21.3, 24.5, 25.4, 29.2, 32.1, 36.6, 
37.3, 39.7, 40.7, 42.4, 50.3, 51.3, 56.0, 57.1, 
71.9, 121.9, 129.1, 138.1, 140.4 
 
Molecular Formula: C29H48O 
 
Cholesterol (2): 
 

1H NMR (400MHz, CHLOROFORM-d) = 5.39 - 
5.29 (m, 1 H), 3.58 - 3.47 (m, 1 H), 2.34 - 2.18 
(m, 2 H), 2.06 - 1.91 (m, 3 H), 1.90 - 1.76 (m, 3 
H), 1.65 - 1.39 (m, 8 H), 1.39 - 1.22 (m, 4 H), 
1.21 - 1.04 (m, 7 H), 1.04 - 0.94 (m, 6 H), 0.91 (d, 
J = 6.4 Hz, 3 H), 0.86 (dd, J = 1.8, 6.9 Hz, 6 H), 
0.68 (s, 3 H) 
 
13C NMR (100 MHz, CHLOROFORM) = 11.6, 
18.3, 19.2, 20.5, 22.6, 26.0, 27.8, 31.2, 31.5, 
35.7, 36.9, 39.3, 39.5, 42.0, 49.9, 55.9, 56.5, 
71.7, 121.5, 140.7  
 
Molecular Formula: C27H46O 
 
Stigmasterol glucoside (3):  
 
1H NMR (200MHz, Pyridine) = 4.64 - 4.53 (m, 1 
H), 4.48 - 4.19 (m, 3 H), 4.16 - 3.82 (m, 3 H), 
2.72 (br. s., 1 H), 2.63 - 2.37 (m, 1 H), 2.12 (br. 
s., 1 H), 2.07 - 1.53 (m, 6 H), 1.53 - 1.20 (m, 9 
H), 1.20 - 0.97 (m, 7 H), 0.97 - 0.87 (m, 9 H), 
0.85 (br. s., 3 H), 0.67 (s, 3 H) 
 
13

C NMR (100 MHz, Pyridine) = 12.3, 14.2, 
19.0, 19.7, 21.6, 23.4, 24.3, 26.4, 28.6, 29.2, 
30.3, 32.3, 34.3, 36.9, 37.6, 39.2, 40.0, 42.4, 
46.2, 50.3, 56.6, 62.9, 71.8, 75.3, 78.2, 102.6, 
121.8, 140.5. 

 
Molecular Formula: C35H58O6 
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Fig. 1. Structure of the isolated and identified compounds from the plant 

1a. Stigmasterol, 1b. Cholesterol, and 1c. Stigmasterol
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Structure of the isolated and identified compounds from the plant Tribulus terrestris 
Stigmasterol, 1b. Cholesterol, and 1c. Stigmasterol glucoside 
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Stigmasterol glucoside (3):  
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Similar compounds were reported in the literature 
from the various parts of the plant Tribulus 
terrestris L [2,3,28]. The potential uses of the 
extracted compounds were reported in the 
literature as follows. Stigmasterol is reported to 
be found in the plant which is reported to be a 
part of medicine to control the blood pressure as 
it has potential to reduce the risk of 
cardiovascular diseases [29]. While the 
Stigmasterol glucoside is reported to be 
medicinally important as it shows anthelmintic 
activity, antituberculosis activity, antioxidant and 
anti-inflammatory functionality [28].  
 

4. CONCLUSION  
 
In this present study column chromatography 
technique was carried out on acetone extract of 
plant Tribulus terrestris L. Fractions of acetone 
extract of plant were separated by using TLC 
technique and medicinally important three 
steroidal compounds viz. Stigmasterol, 
Cholesterol and Stigmasterol glucoside have 
been isolated which are verified by 

1
H NMR and 

13C NMR spectra.  
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