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Abstract. 
Osteoporosis in elderly men is now becoming an alarming health issue due to its relation with a higher mortality rate compared to osteoporosis in women. Androgen deficiency (hypogonadism) is one of the major factors of male osteoporosis and it can be treated with testosterone replacement therapy (TRT). However, one medicinal plant, Eurycoma longifolia Jack (EL), can be used as an alternative treatment to prevent and treat male osteoporosis without causing the side effects associated with TRT. EL exerts proandrogenic effects that enhance testosterone level, as well as stimulate osteoblast proliferation and osteoclast apoptosis. This will maintain bone remodelling activity and reduce bone loss. Phytochemical components of EL may also prevent osteoporosis via its antioxidative property. Hence, EL has the potential as a complementary treatment for male osteoporosis.
 

1. Introduction
Traditional medicine is defined by the World Health Organization as the sum total of knowledge, skills, and practices based on the theories, beliefs, and experience indigenous to different cultures that are used to maintain health, as well as to prevent, diagnose, improve, or treat physical and mental illnesses [1]. It covers numerous alternatives that vary from country to country and is referred to as “alternative” or “complementary” medicine. Traditional medicine comprises of biologically based therapies (e.g., herbs and vitamins supplement), manipulative and body-based therapies (e.g., massage and reflexology), mind-body medicine (e.g., meditation), and holistic medical systems, such as acupuncture and ayurveda [2].
For centuries, medicinal plants (i.e., herbal medicine) have been a part of cultural heritage. More than 35,000 plant species have been reported to be used in various human cultures around the world for medicinal purposes [3]. Burkill, in his extensive compilation of economic products of the Malay peninsula, recorded not less than 1,300 plants, which were used in traditional medicine [4]. In spite of the great advances observed in modern medicine in recent decades, plants still make an important contribution to health care. Nowadays, medicinal plants play a significant role as an alternative medicine due to the damaging effects of food processing, environment, and hazardous side effects of prolonged medications [5, 6]. 
The earliest report on medicinal plant research in Malaysia was on the phytochemical screening of 205 plants in Sabah [7, 8], followed a few years later by the screening of 200 plant species in Peninsular Malaysia for the presence of alkaloids [9]. Subsequently, more plants were screened chemically for alkaloids, saponins, triterpenes, and steroids [10] to the extent of becoming the focus of major worldwide attention currently. Malaysia is rated as one of the 12 countries in the world with mega diversity of plants [11, 12].
According to a WHO global survey report, Malaysia was one of the nine countries that contributed a large amount of sales in herbal medicine worldwide between the year of 1999 to 2001, as seen in Figure 1 [13]. In 2008, the Malaysian market for herbal and natural products was estimated to worth approximately RM10 billion, increasing at the rate of 8% per year. Hence, it was projected that by 2050, the global market for herbal products would be around 5 US trillion dollars [14]. Examples of famous Malaysian medicinal plants are Eurycoma longifolia Jack (Tongkat Ali), Labisia pumila (Kacip Fatimah), Piper sarmentosum (Daun kaduk), Ficus deltoidea (Mas cotek), and Centella Asiatica (Pegaga). These herbs are known to exert antibacterial, antipyretic, antioxidant, anti-inflammatory, and potential antitumor activities [15–17].

















	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
	
	
		
	
	
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
	


	
		
		
		
		
		
	


	
		
		
		
		
		
		
		
	

Figure 1: Sales of herbal medicine of nine representative countries. It is shown that between 1999 and 2001 alone, the sales value of herbal medicines in this group of countries increased by more than 40%. (Source: [13]). Growth in the sales of herbal medicines in a group of nine representative countries, 1999–2001 (Bhutan, Canada, the Czech Republic, Iran, Madagascar, Malaysia, Pakistan, Sudan, and Sweden). 


2. Eurycoma longifolia Jack
Eurycoma longifolia Jack (EL) or commercially known as Tongkat Ali in Malaysia, Pasak bumi in Indonesian, Piak and Tung saw in Thailand, and Cay ba binh in Vietnam [18] is a famous medicinal plant in the family of Simaroubaceae.  Besides EL, there are three other plant species also known locally as Tongkat Ali which literally means “Stick of a man” and “Ali” of which referring to its aphrodisiac property. The three plant species are Entomophthora apiculata, Polyathia bullata, and Goniothalamus sp. [19, 20]. However, EL is the most widely used species for its therapeutic activities. In Malaysia, EL is well known among various ethnic groups for treating disease and enhancing health, particularly sexual health among men. EL is a shrub tree that grows up to 10 metres in height, with long leaves that are green in colour. The leaves are pinnate in shape (i.e., the leaflets are arranged in pairs) [21]. The flowers of this tree are dioecious, whereas its ovoid-shaped fruits will turn to dark brown colour when they are ripe [22]. Due to the high demand of EL for its tremendous health benefits, EL preparations are now widely available in the health-food market in the form of raw crude powder where the root is dried and grinded without involving any other chemical processing steps.EL is also available in the form of capsules which may either contain raw crude powder or standardised EL extract. EL extract is prepared by extracting the active ingredients, adjusting the preparation to a defined content of a constituent, and followed by concentrating it to a standard level. Other than that, EL is available as an additive brewed with coffee and even canned processed drinks [23, 24]. It has been recommended that EL should be administered orally, as other means such as intraperitoneal could enhance its toxicity by approximately 100-fold [25].
A wide range of chemical compounds have been isolated, especially from the root of EL, which include eurycomanone, eurycomanol, eurycomalactone, canthine-6-one alkaloid, 9-hydroxycanthin-6-one, 14,15β-dihydroxyklaineanone, phenolic components, tannins, quanissoids, and triterpenes, as depicted in Figure 2 [26, 27]. Due to the presence of these chemical compounds, the root has been reported to have effective medicinal values in terms of sexual enhancement property for males, as well as antipyretic, antimalarial, antibacterial, and antitumor properties [28, 29]. EL has been well documented to exert antioxidative properties due to its high concentrations of superoxide dismutase (SOD) [30, 31]. EL is famously known for its aphrodisiac effect, which is due to its ability to stimulate the production or action of androgen hormones, especially testosterone. Hence, it can be used as an alternative for testosterone replacement therapy [21] in a variety of related conditions, for example, in the treatment