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ABSTRACT 

Over the last 50 years AAS have been used by many sportsmen to 

improve physical endurance and better results in sport. The widespread 

use of AAS is a problem because of the serious side effects of these 

medicines. Long-term effects affect the cardiovascular system, mental 

health, endocrine system. Infertility defects, feminization and 

masculinization are often irreversible side effects. Rate risk - benefit 

shows that any kind of AAS abuse is extremely dangerous. AAS can 

be used legally only like prescribed medicines and only for medical 

purposes. Many athletes prefer taking food supplements with 

androgenic effects instead of conventional steroids because of their 

safety profile. By the end of 2004 Prohormones have been one of the 

most attractive supplements with anabolic and androgenic effects. In 2005 the use and 

distribution of the majority of these Prohormones became illegal. Nowadays there is a big 

interest about food additives, containing extract of Tribulus Terrestris because of their 

androgenic and anabolic activity. In this work we have demonstrated a UHPLC method of 

analysis of FA and OTC, containing extract of Tribulus Terrestris with mass spectral 

detection with high resolution (HRMS) and atmospheric pressure ionization "electrospray". 

This combination gives as quickly and as efficiently split and the possibility of identifying the 

separated components of the samples analyzed by the exact weight of their molecular ions. 
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INTRODUCTION 

Tribulus terrestris L. (Zygophyllaceae) (TT) is a perennial creeping herb with a worldwide 

distribution. Since ancient times it is regarded as an aphrodisiac in addition to its beneficial 

claims on various ailments such as urinary infections, inflammations, oedema and ascites.
[6] 

Tribulus terrestris extract   is mostly recommended for male health including virility and 

vitality. The extract of this herb stimulates the production of luteinizing hormone, which 

directly affects the production of testosterone. Increased testosterone levels increase strength, 

muscle growth, prolong erection and potency. Preparations based on the saponin fraction 

of TT are used for treatment of infertility and libido disorders in men and women, as well as 

for treatment of cardiac diseases. FA and OTC products, containing TT improve muscle 

growth and body strength, increase the number and motility of spermatozoids and the body's 

natural testosterone levels, help in alleviating some symptoms associated with male 

menopause. Extracts from Tribulus terrestris  show antioxidant potential,
[5] 

and general 

stimulating action.
[4] 

These days over  6000 companies worldwide sell products containing 

extract of TT. Consumers can choose between different brands of dietary supplements 

containing TT extract. Manufacturers indicate steroidal saponins content between 50 and 

90%. Some of the main saponins, isolated from TT extract are: tigogenin, neotigogenin, 

gitogenin, neogitogenin, hecogenin, neohecogenin, diosgenin, chlorogenin, ruscogenin, 

sarsasapogenin,
[4] 

protodioscin. Protodioscin is a phytochemical agent derived from Tribulus 

terrestris L plant. Many researches  have suggested that in the body, protodioscin acts as a 

precursor to a key hormone dehydroepiandrosterone (DHEA).
[1] 

Extracts 

from TT standardised for protodioscin content have been demonstrated to produce proerectile 

effects in isolated tissues and aphrodisiac action in several animal species.
[2,3] 

Chromatographique methods for detection of protodioscin include: a liquid 

chromatography/mass spectrometry (LC/MS) method with selected ion monitoring,
[7] 

high 

performance liquid chromatography (HPLC)  by using a reversed-phase  column, evaporative 
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light scattering (ELS) detection
[8]

, thin-layer chromatography (TLC).
[9]

 Biological and 

colorimetric determinations do not provide accurate data and have to be recognized as 

approximate. Thin-layer chromatography on normal and reversed-phases (TLC, HPTLC, 2D-

TLC) provides excellent qualitative information and in combination with on-line coupling of 

a computer with dual-wavelength flying-spot scanner and two-dimensional analytical 

software can be used for routine determination of saponins in plant material. The 

densitometry of saponins has been very sensitive, however, to plate quality, spraying 

technique and the heating time and therefore appropriate saponin standards have to be run in 

parallel with the sample. Gas–liquid chromatography has limited application for 

determination since saponins are quite big molecules and are not volatile compounds.
[10]

 One 

of the most effective method for detection of protodioscin  is UHPLC. We have analysed 

protodioscin content in 2 food additives and 1 OTC using UHPLC. 

 

MATERIALS AND METHODS 

We have analyzed tree samples (2 FA and 1 OTC): sample 1, sample 2, sample 3. For this 

purpose we have used UHPLC with mass spectral detection with high resolution (HRMS) 

and atmospheric pressure ionization  "elektospray". This combination gives quickly and 

efficiently split and the possibility of identifying the separated components of the samples by 

the exact weight of their molecular  ions. 

 

An apparatus for UHPLC- "Accela UHPLC" with mass spectral detector HRMS "Q-Exative" 

with H-ESI- interface ("Thermo Fisher Scientific", Waltham, MA, USA) and columns 

"Kynetex" RP C8 50 x 3 mm x 2.6 μm type "core-shell" and "Poroshell" RP CE18 150 x 3 

mm x 2,7 μm type "core-shell". 

 

Content of the samples 

Sample 1: Capsules 475 mg: Maca extr. 120 mg; Нb. Tribuli terrestris extr.80 mg; L-arginine 

110 mg; L-Selenomethionine  30 μg; Epimedium extr. 70 mg; Rad. Panaxi ginsengi 40 mg; 

Fl. Onopordonis acanthii extr. 40 mg;  Vitamine B3 3 mg; Zincum citricum 3,6 mg. 

Sample 2: Tablettes 250 mg: Tribulus terrestris herba extractum siccum. 

Sample 3: Capsules 500 mg: Тribulus terrestris extract 500 mg. 

 

Preparation of solutions of the analyzed samples 

Sample 1: 102 mg of the contents of the capsule are dissolved in 250 ml acetonitrile / water 

(solution has a concentration of 408 μg / ml). 
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Sample 2: 76 mg of the content of the tablet are dissolved in 250 ml of acetonitrile / water 

(solution has a concentration of 304 μg / ml ). 

Sample 3: 168 mg of the contents of the capsule are dissolved in 250 ml acetonitrile / water 

(solution has a concentration of 672 μg / ml) 

 

RESULTS AND DISCUSSION 

We have used connected in series (to achieve the best possible separation) columns Poroshell 

120 EC - C18 150 x 3 mm 2.7 microns and Kinetex 100A C8 50 x 3 mm 2.6 microns. Elution 

of protodioscin (and the components of the test samples) was performed with a gradient of 

acetonitrile concentration from 2 to 95% linear % over 20 min with flow rate of 250 μl / min, 

and as a stimulating ionization modifier  is used formic acid in a concentration of 0.08 %. 

The data show that protodioscin, in the positive ionization mode is ionized with elimination 

of a molecule of water and a positive ion with a monoisotopic mass 1031.54 (М-H2O+H
+
)
+
, 

which is suitable for selective detection of protodioscin in the samples. Figure 1 shows 

chromatograms of protodioscin obtained by separation. We have obtained chromatograms of 

the samples which are presented in Figure 2. The chromatograms demonstrate that the 

content of protodioscin in sample 1 is about 40 times lower than that in sample 2. 

Protodioscin is not detected in sample 3. This analyzes shows again that there is big demand 

for serious analytical control on qualitative and quantitative composition of food 

supplements. The analytical control is key for consumer safety. 

 

The method has been validated by the following indicators: selectivity, sensitivity, 

reproducibility (repeatability). The chromatograms of standard solutions are shown in Figure 

3. As seen from the standard schedule, the dependence of the surface of the chromatographic 

peak of protodioscine introduced concentration is linear over the concentration range 3 ÷ 50 

μg/ml with a correlation coefficient R = 0.999. The sensitivity of the method was evaluated 

by obtaining chromatograms of solutions of protodioscin with decreasing concentration to 

give a peak commensurate with the noise. The sensitivity of this method, expressed as the 

limit of detection (LOD) was 0.03 μg/ml in the introduction of 5 μl of the solution, or 0.15 ng 

introduced amount. Accordingly, the limit of quantification is 0.3 μg/ml of the sample 

solution with the introduction of 5 μl of solution, or 1.5 ng protodioscin. The repeatability 

was evaluated by a 10-fold introduction of solution of sample 2 and measurement of the peak 

areas of the obtained chromatograms of protodioscin. Table 1 describes the obtained values, 

their average standard deviation "σ" and the relative standard deviation "RSD". 
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Table 1. Reproducibility of the method. 

N of the 

analyzis 
Peak area 

Average 

value 
Σ RSD 

1 29880696 

29915862 1912711 6.4 % 

2 27960731 

3 28160751 

4 31900950 

5 27760544 

6 32020352 

7 30300880 

8 28831633 

9 29105561 

10 33236518 

 

 

 

Figure 1: Total ion chromatogram (a) and extracted chromatogram of a solution of 

protodioscin for monitoring an ion with m / z 1031.54, which mass number corresponds 

to the ion (M-H2O + H +) +, obtained from the mass spectral detection with high 

resolution in the monitoring of positive ions; (b) Mass spectrum of the peak at a 

retention time of 7.13 min, corresponding to the protodioscin. 

Protodioscin 
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Figure 2. Chromatograms of Sample 1, Sample 2, Sample 3 
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Sample 2 

Sample 2 
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Figure 3. Standart graphique of Protodioscin. 

 

CONCLUSION 

The need of analytical strategies for control of food additives is indisputable because of the 

progressive growth of food additive`s market. Quality control of the food supplements is 

leading to consumer safety. This paper describes an analytical method suitable for the 

determination of protodioscin in FA and OTC products. We have established a rapid, 

sensitive and selective UHPLC method for detection of protodioscin. This method could be 

applied for the development of analytical procedures about the quality of FA and OTC, 

containing protodioscin. The practical use of this method will contribute to better security and 

safety for the consumers of FA. 
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