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Abstract

:

Dietary supplements are commonly used among athletes, and the Internet may be an easy source of these products. Tribulus terrestris is an herbal supplement with multiple properties. Of interest to athletes are reports that its consumption can lead to muscle mass gain and a faster recovery process. The objective of this cross-sectional study was to determine the availability of Tribulus terrestris via the Internet in six countries (Canada, Puerto Rico, Russia, Spain, Ukraine, and the United States of America) via a specifically designed computer program. The characteristics of the websites selling this substance, the country from which it can be purchased, the route of administration, and recommendations for its use were analyzed. The results of the study show that this supplement is marketed mainly in Russia, Ukraine, and Spain on many websites that are mostly dedicated to sports products. Just over half of the webpages (59.14%) identified only distribute this supplement within the same country. The main claims for its consumption refer to sports performance benefits, but there are also claims that it may improve male hormone levels and sexual function. Athletes should be encouraged to seek professional advice prior to ingesting this supplement to ensure that it is suitable for their specific training and sports objectives.
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1. Introduction


Dietary herbal supplements have become popular among consumers, especially athletes, as a way of naturally improving endurance and strength performance or addressing their nutritional deficits. They primarily contain substances that are commonly found in the diet, such as vitamins, minerals, plants, amino acids, and other compounds or their derivatives [1,2], and are free from banned substances [3]. Nutritional status is one of the most important determinants of exercise performance [4], and dietary supplements can help provide essential nutrients, enhance weight gain, or improve athlete appearance and muscle building [5]. Nevertheless, before consuming them, it is important that athletes have knowledge about the appropriate conditions for their use, the potential benefits and adverse effects, and risks associated with their use [2], as despite the high consumption and popularity of these products, concerns regarding their efficacy and safety have been raised.



Among herbal dietary supplements, Tribulus terrestris (TT) has become particularly popular among athletes. This plant grows in South Africa, Australia, India, and Europe, and its fruits are employed in traditional Chinese and Ayurvedic medicine in India to treat different conditions [6,7] (Figure 1). TT belongs to the Zygophyllaceae family, and many compounds with a variety of biological properties and chemical structures have been identified in its extract, including steroidal saponins, flavonoids, tannins, terpenoids, polyphenol carboxylic acids, and alkaloids [8].



The most significant bioactive components in TT are flavonoids (quercetin, kaempferol, and isorhamnetin) and steroidal saponins [9]. These phenolic compounds are naturally occurring in plants and have antioxidant properties, mainly associated with their effects on glutathione, transduction pathway signals, and reactive oxygen species [10,11]. In TT, the most common saponins are furostanol and spirostanol saponins, and more than 70 different compounds [9] with different chemical compositions according to their geographical origins have been identified [12]. Steroidal saponins are responsible for the antimicrobial and anti-inflammatory properties of TT [13]. Protodioscin is the most dominant component in TT fruits, and it is considered the main pharmacologically active steroidal saponin [14]. This plant and the compounds derived from it are claimed to have diuretic [15], aphrodisiac [16], hypoglycemic, antidiabetic [17,18], lipid-lowering [19], antioxidant [3], anti-inflammatory [4], analgesic [5], antibacterial [20], hepatoprotective [21], and anticariogenic [6] properties.



Worldwide, there are many pharmaceutical preparations and herbal supplements containing extracts standardized in steroidal saponins. Since the early 1980s, TT extract has been an attractive unconventional medicine product used in Western countries as a testosterone booster, libido enhancer, and adaptogenic aid for healthy, physically active men. Currently, TT is mainly advertised as a testosterone booster that may improve the androgenic status of males with hypogonadism and enhance athletic performance [22].



Of interest to athletes, the potential ergogenic effects of TT include improvements in sports performance [23], post-exercise recovery [24], and strength, as well as the stimulation of skeletal muscle hypertrophy [25] and muscle anabolism [24,26]. This supplement may also attenuate muscle [27] and oxidative damage [28], thereby diminishing inflammation [29]. As explained above, the saponins present in TT are suggested to be the active ingredients responsible for these effects [30]. These compounds may activate testosterone and luteinizing hormone (LH) production, which, in turn, stimulates muscle growth [6,31]. For this reason, TT is also used to as an alternative to androgenic substances that are banned in sports [30]. Moreover, the polyphenols and flavonoids contained in TT have antioxidant activities through their free radical scavenging properties [6,26].



Supplements associated with sports performance are easily accessible for athletes, and their use has increased in recent years [1,2,32]. It is estimated that 40–100% of athletes consume dietary supplements (depending on the definition of supplement, the sport type, and the competition level) to improve their athletic performance or health, rebalance nutritional deficiencies, and/or accelerate recovery [33]. In 2020, the global trade in dietary supplements accounted for more than USD 140 billion, and an annual growth rate of 8.6% is estimated for the next decade [7]. However, inappropriate use or abuse of these products may damage health or impair athletic performance, and some supplements may be contaminated with prohibited substances [34]. In recent years, the online market for dietary supplements has undergone remarkable expansion. However, although motivations for their consumption [35,36] and/or advice given by trainers [37] or pharmacists [38,39] have been assessed, to the best of the authors’ knowledge, there has been no research on the potential acquisition of sports herbal dietary supplements through Internet sites and information provided to athletes.



Thus, the aim of this study was to determine the availability of TT for sale through the Internet in six different countries. We documented the characteristics of webpages that sell this product, the dosage forms commonly offered, and the information about this dietary supplement provided to athletes and consumers, including information shown in the labeling of the product being advertised. Our hypothesis was that it is easy for potential consumers, including athletes, to obtain TT from the Internet through different websites and from different countries.




2. Materials and Methods


This study was carried out by a multidisciplinary working group that included pharmacology, sport medicine, and cybersecurity experts. The pharmacology experts were responsible for the conceptualization of the study and the analysis of the data obtained. Information was reviewed in pairs, and potential disagreements were resolved by consensus among all members. The experts in sport medicine designed the study and interpreted the data obtained, whereas the member with expertise in cybersecurity developed the search software and programmed the search. The Internet search and data evaluation took 18 days (1–18 October 2023).



2.1. Design


This study was carried out to assess the online availability of TT for sale from certain countries (Canada, Puerto Rico, Russia, Spain, Ukraine, and the United States of America). Of these countries, Russia, Ukraine, and Puerto Rico were selected, as they have been monitored by the World Anti-Doping Agency (WADA) since October 2022 [40]. The United States of America (USA) was selected due to the high number of athletes in this country and the high sales of sports supplements, accounting for more than USD 1.4 billion in annual revenue [41]. Finally, Canada and Spain were selected because these countries host the Compliance Review Committee (CRC) and the International Federation of Bodybuilding and Fitness (IFBB), respectively.



A computer program adapted for this study was used, the characteristics of which are described below. A cross-sectional study was performed, with observations of the sales of this product taken at the point in time that the study was completed. For this purpose, a purchasing simulation was carried out for each of the countries listed above using the computer program designed for this study.




2.2. Search Engine


To gather the information we needed from the Internet, the latest version of our web crawler was used, and this was modified to adapt to the latest Google’s SERP (Search Engine Result Page) changes, as described in another parallel study [42]. We also masked our activity using a VPN.



The crawler was used to automatically visit a list of predefined websites (seeds) and extract and/or analyze the information contained on these websites. The keywords utilized, “Tribulus terrestris” and “buy”, were translated into the languages spoken in each of the countries included: Latin (for Spanish- and English-speaking countries), Russian, and Ukrainian. The crawler obtained the list of URLs to visit directly from the search engine’s result page, that is, Google’s result page (SERP).



The major limitations were the same as those encountered in our previous research: mandatory continuous scrolling through the SERP’s configuration and the omission of related results.



To avoid mandatory continuous scrolling, we used Selenium 4.20, a browsing automation software tool, to simulate a user scrolling down to the bottom of the SERP until no more results were loaded. We also purged related results (which now only showed after the end of the page was reached and were highly irrelevant or duplicated) and limited the seeds to just one per domain.



As for the VPN, we used Urban VPN (free), as our previous research showed it to be the best among both paid and free alternatives. Since it does not offer data for Puerto Rico, we obtained those results using Google’s region option, which still offers reliable and useful results.




2.3. Data from the Webpages Analyzed


Although the program searched for websites selling TT, the webpages found were checked by the research group, as some of them were focused on other purposes (e.g., books). The characteristics of the websites analyzed included the number of pages that sold TT and the website type (grouped as sports, supermarkets, pharmacy or parapharmacy, nutritional supplements and similar, laboratories, stores (selling different types of goods), or others outside these categories). Indications for TT consumption were also evaluated, as well as if the product offered was for oral, parenteral, or another route of administration. Finally, the potential purchase of other compounds using the same websites was also checked. For this reason, advertising for the sale of 3 doping substances (dehydroepiandrosterone, also known as DHEA, oxandrolone, and androstenedione) was assessed.




2.4. Statistical Analysis


Data were collected and stored in Microsoft Excel 2016, and the statistical analysis was carried out using SPSS version 24. The results are expressed as frequencies and percentages. A Chi-squared test was performed to compare the characteristics of the websites found. A value of p ≤ 0.05 was taken as the level of significance.





3. Results


Table 1 summarizes the characteristics of the websites reviewed. TT was mentioned on a total of 1024 webpages. Russia (22.17%) and Spain (19.14%) were the countries with the most webpages advertising this product. After reviewing the websites that offered this compound for purchase, these two countries were also associated with the most webpages (21.38% each).



The statistical analysis revealed significant differences between countries regarding the percentage of webpages actually selling TT (p < 0.05), with Spain, Puerto Rico, and the USA containing the most websites. Similar proportions were found for countries in the following groupings: Canada, Russia, and Ukraine in one grouping and Spain, Puerto Rico, and the USA in the other grouping.



Webpages offering this product were mostly dedicated to sports (39.17%), particularly those from Russia and Ukraine (73.55% and 72.41%, respectively). For the USA and Puerto Rico, it was found that TT can be purchased mainly from webpages advertising dietary products (61.84% and 31.29%, respectively). Spain showed an intermediate situation between these two possibilities (webpages focused on sports or dietary supplements), and in Canada, the types of websites were much more diversified. On the other hand, webpages related to parapharmacy appeared to be nearly negligible.



A total of 58.90% of the websites only shipped orders locally within their country. Similar to the abovementioned results, this was particularly the case for webpages from Russia and Ukraine (78.71% and 96.55%, respectively), whereas for webpages from the USA, sales were mainly made worldwide (44.74%).



Likewise, 24.02% of the webpages offered compounds other than TT. Of the websites that also sold the three doping substances that we searched for, the vast majority had DHEA available, whereas androstenedione and oxandrolone were offered at lower rates. Significant differences between countries were found regarding the supply of products other than TT (p < 0.05).



The characteristics of the TT products offered on the websites are presented in Table 2. Regarding the route of administration, practically all websites sold TT as an oral commercial formulation, and there were only a few cases where seeds of the plant were offered.



Most of the websites (68.70%) marketed this compound based on its association with improvements in sports performance, with the percentage of websites promoting this feature ranging from 61.46% in Canada to 76.12% in Russia. The other major recommendation of this product (44.60% of webpages) was as a supplement to increase male hormone levels and sexual function (18.42% of websites from the USA to 70.96% of those from Russia). It should also be noted that some websites found in Spain, Russia, and Ukraine did not include any information regarding the commercial products they offered.




4. Discussion


The present study was carried out to analyze the online sale of TT in different countries to evaluate the ability to acquire this commonly used herbal dietary supplement. The information contained on the labels of the products offered for sale was also assessed, allowing us to determine how these products were provided and advertised in terms of their forms of administration and recommendations for use.



The key results of this study are that TT is commonly available through the Internet in the six countries investigated, primarily from sports webpages (39.17%). The information provided regarding the benefits of its consumption include improvements in sports performance (68.70% of webpages), without further specifications on how such improvements can be achieved, and increases in male hormone levels and sexual function (44.60%). In some cases, no information about the product was given.



According to Qureshi et al. [26], who surveyed users older than 30 years of age, the consumption of this product is mainly motivated by a desire to gain muscle mass. TT is frequently consumed by bodybuilders and athletes because it can increase testosterone concentrations and thereby promote muscle growth, at least according to the information provided on its label [26,43]. This is in line with our findings, as many webpages emphasize this advantage for male athletes. Its physiological effects occur due to increases in the anabolic and androgenic actions of testosterone [44]. Improvements in certain biomarkers in active adults have been shown [23], but research on the potential effects on muscle damage and anti-inflammatory and hormonal biomarkers is lacking [45]. From these results, it is clear that TT products are mainly indicated for oral administration under different dosage forms or as seeds.



Despite its advertised properties, some studies have not been able to demonstrate the ability of TT to modify body composition [25,30,46], strength [25], or anaerobic performance [30]. However, a tendency to improve the recovery process by increasing serum testosterone and maintaining a favorable testosterone/cortisol ratio, which results in less fatigue, has been shown [30]. Several studies [38,39] have pointed out that pharmacists may be a source of information in the selection and purchase of these products. However, our study only took into account the types of websites that sell TT.



Currently, TT is mainly advertised as being able to enhance sports performance and improve androgenic status in cases of male hypogonadism, as it is considered a testosterone booster [8]. A previous study suggested that TT extracts are usually recommended as a way to improve sexual desire and athletic performance [8], either as a single-ingredient product or as a component of nutritional supplements.



Despite this evidence regarding the intake of dietary products such as TT, the intake of these products is often controversial. Advertisements for these products contain health claims that, in some cases, can lead to misinformation about the supposed benefits to be obtained by consuming them [32]. These health claims try to establish a relationship between the consumption of a substance and the improvement in a certain physical condition [47]. However, often, there are no evidence-based studies to support these claims. Regarding TT, although a certain dose is recommended on the label, the most appropriate dosage for athletic performance has not yet been established. A previous study showed that in resistance-trained males, a dosage of 3.2 mg/kg daily does not enhance exercise performance [48]. However, it is unclear whether a higher dose would produce positive effects.



In spite of its wide consumption, TT supplementation is not considered risk-free, and kidney and liver damage has been described [49,50]. In addition, in some instances, some of these products may be contaminated with substances that are not declared on the label and are sometimes prohibited by the WADA [51]. Therefore, the Australian Institute of Sport (AIS) classifies TT within category D of the AIS Sports Supplement Framework [52] and does not recommend its use. The most common contaminants are anabolic androgenic steroids (such as testosterone and nandrolone) and ephedrine [53,54,55]. Contamination can be caused by a poor manufacturing process (cross-contamination) or deliberate adulteration by the manufacturer (intentional contamination) [51]. The former is associated with a low concentration of prohormones due to the production of multiple supplements and/or poor cleaning of machinery [56]. In the case of intentional contamination, prohormones are added to the supplement in order to enhance its effect [56]. In any case, the involuntary ingestion of prohibited substances is not an excuse for athletes who fail a doping control, as they are responsible for everything they ingest, and therefore have to face the corresponding sanction if they test positive for a banned substance [56].



Helle et al. [57] observed that doping substances were found in 23% of dietary supplements sold through a Dutch website. In another study [32], 12–58% of products tested were contaminated, which suggests that unintentional doping could occur due to the omission of some banned substances on the labels. This information becomes even more relevant as 3–4.5% of supplements [32,58] were found to contain compounds in amounts that could result in serious adverse effects, such as hepatotoxicity, cardiac and hormonal problems, and even carcinogenesis [59]. In addition to these health complications, other negative consequences should be considered, such as the loss of sponsors, the damage to an athlete’s image, and potential financial penalties [58]. Thus, the risk-to-benefit ratio should be carefully considered by athletes before taking these supplements.



Moreover, we observed that the same webpages offering TT sometimes advertise compounds banned by the WADA, such as DHEA and, much less frequently, oxandrolone and androstenedione, despite the consequences that their consumption may have for athletes. The case of DHEA can also be misleading because, despite being included in the WADA list of prohibited substances [60], it is possible to purchase it as a dietary supplement, at least in the USA. This is of particular interest to athletes, as some of them tend to take more than one supplement simultaneously. Moreover, the use of dietary supplements may favor doping use [61,62]. It is worth mentioning that these doping substances are marketed for their anabolic properties (oxandrolone, DHEA, and androstenedione) and for being a precursor of testosterone (DHEA and androstenedione) [63]. The main bioactive component of TT, protodioscin, has been reported to possibly increase the level of dehydroepiandrosterone [64]. Thus, it would not be unusual for both products (TT and DHEA) to be purchased on the same website for consumption.



Dietary supplements are regulated as foods and, unlike drugs, they are not assessed for their efficacy and safety. National legislations are also more permissive when acquiring these products inside vs. outside one’s country. We note that with the exception of Ukraine and Russia, probably due to the current war situation, TT products are routinely sold worldwide or at least to some other countries from the other four countries assessed in our study.



Athletes should be well informed about which dietary supplements are allowed and how to select them, e.g., brands, modes of administration, and timing of ingestion [38]. They should also be informed about potential contamination with banned substances as, even if the consumption of these substances does not extend to a sanction by the WADA [60], it may cause serious adverse effects to their health [41]. For this reason, certified doping-free supplements should always be recommended [65].



Regarding TT, comprehensive knowledge about the effects of this supplement should be provided by suppliers, thereby helping customers to choose a suitable product and avoid the unintentional intake of banned substances.




5. Conclusions


Based on the results of this study, it is concluded that TT is globally offered and easily purchased from a substantial number of webpages. Most websites where TT is offered are sports websites, followed by stores. The main claims regarding its consumption refer to sports performance benefits through increases in muscle mass, strength, and endurance, as well as a way of improving male hormone levels and sexual function. TT is mostly purchased from the country in which it is sold, but it is possible to buy it from other countries. This suggests that many of the purchases take place in athletes’ home countries, although there is also an important global market, or at least a market extending to several countries.



Consumers, in particular athletes, should be encouraged to take advice from health professionals (sports physicians and/or nutritionists) about which supplements are suitable for their type of training and sports objectives, as well as brands that are certified, in order to prevent potential adverse events and avoid the unintentional intake of doping substances through contamination.
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Figure 1. General characteristics of Tribulus terrestris. 
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Table 1. Characteristics of the websites offering Tribulus terrestris (TT) from the countries assessed in this study.
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Canada

	
Puerto Rico

	
Russia

	
Spain

	
Ukraine

	
USA






	
General

characteristics

	
No. of webpages reviewed

	
179

	
186

	
227

	
196

	
144

	
92




	
Does not connect *

	
22 a

	
8 c

	
42 a

	
5 b,c

	
28 a

	
0 b




	
Does not sell TT

	
48

	
38

	
31

	
36

	
26

	
16




	
Sells TT *

	
109 a

	
140 b

	
155 a

	
155 b

	
90 a

	
76 b




	
Also sells other products *

	
27 a

	
40 c

	
84 c

	
20 a

	
48 b

	
27 b




	
Oxandrolone

	
1

	
4

	
2

	
3

	
3

	
2




	
DHEA

	
27

	
38

	
82

	
20

	
48

	
26




	
Androstenedione

	

	

	

	
1

	
1

	
1




	

	

	

	

	

	

	

	




	
Types of webpages selling TT

	
Sports

	
27

	
26

	
114

	
49

	
63

	
5




	
Supermarket

	
3

	
2

	

	
1

	

	




	
Pharmacy

	
7

	
27

	
2

	
32

	
2

	
2




	
Parapharmacy

	
1

	
5

	
7

	
13

	
2

	




	
Dietary supplements

	
5

	
55

	
23

	
41

	
11

	
47




	
Laboratory

	

	

	
2

	
3

	

	
1




	
Store

	
27

	
25

	
7

	
16

	
9

	
21




	
Other

	
39

	

	

	

	

	




	

	

	

	

	

	

	

	




	
Shipping

countries

	
Only ships within the country

	
35

	
85

	
122

	
71

	
84

	
30




	
Worldwide

	
43

	
35

	
9

	
25

	
3

	
34




	
Several countries

	
28

	
20

	
4

	
59

	

	
12




	
Unknown

	
3

	

	
20

	

	

	




	

	

	

	

	

	

	

	








* Significant differences (p < 0.05). Each superscript letter denotes a subset whose proportions do not differ significantly from each other (p < 0.05).













 





Table 2. Characteristics of the products containing TT offered on the websites located in the countries assessed in this study.
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Canada

	
Puerto Rico

	
Russia

	
Spain

	
Ukraine

	
USA






	
Route of administration

	
Oral

	
106

	
140

	
155

	
152

	
90

	
76




	
Parenteral

	

	

	

	

	

	




	
Other *

	
3

	

	

	
3

	

	




	

	

	

	

	

	

	

	




	
Recommended use of the product

	
1

	
67

	
79

	
118

	
85

	
78

	
69




	
2

	
37

	
47

	
110

	
49

	
65

	
14




	
3

	
3

	
10

	
16

	
2

	
17

	
3




	
4

	
22

	
10

	
23

	
10

	
24

	
1




	
5

	
11

	
6

	
12

	
2

	
13

	
6




	
6

	
15

	
8

	
4

	
2

	

	
1




	
No description

	

	

	
12

	
10

	
12

	








* TT offered as seeds. 1—sports: TT advertised as a product that stimulates the growth of muscle tissue, accelerates recovery after exercise, and increases strength and endurance; 2—TT advertised as a product that increases male hormone levels and promotes sexual activity; 3—TT advertised as a product that accelerates fat burning and has hypoglycemic properties; 4—TT advertised as a product for the improvement of physical and mental stress; 5—TT advertised as a product for the improvement of renal and cardiovascular functions; 6—TT advertised as a product with anti-inflammatory and immunostimulant properties.
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