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Abstract
Garcinia cambogia extract (GC) with its active component consisting of hydroxycitric acid (HCA) is widely utilized for weight loss. Various HCA salts are available, including calcium, magnesium, potassium and mixtures of these. Experimentally, these salts exhibit different properties with some, but not all, improving glucose tolerance and blood pressure. Recently, obesity-prone C57BL/6J mice were fed a high-fat diet (HFD, 45 kcal% fat) with or without GC (1%, w/w) for 16 wk. The active arm reduced visceral fat, adipocyte size and serum glucose, yet purportedly also exhibited hepatic collagen accumulation, lipid peroxidation and increased mRNA levels of genes related to oxidative stress. The latter findings are at odds with a large body of animal and human studies that have been conducted on the safety and efficacy of HCA. This literature shows HCA to be protective against the liver toxicity associated with ethanol and dexamethasone administration, and to maintain serum AST, ALT and alkaline phosphatase at near normal levels. In both animal and clinical literature, elevated intakes of HCA per se have not led to signs of inflammation or hepatotoxicity. The compound has been found to reduce markers of inflammation in brain, intestines, kidney and serum. 
© 2013 Baishideng. All rights reserved.
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Core tip: The preponderance of animal and human studies of Garcinia cambogia extract have found it to reduce markers of inflammation in brain, intestines, kidney and serum and to be either protective or neutral in terms of liver health. The limited reports of toxicities thus far have been linked to improperly manufactured materials and/or to peculiarities with the animal models used. The available data indicates that Garcinia cambogia extract / hydroxycitric acid does not cause liver toxicity.
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TO THE EDITOR
Kim et al[1] recently reported that a Garcinia cambogia extract (GC, 1%, w/w) fed to C57BL/6J mice in conjunction with a high-fat diet (HFD, 45 kcal% fat) for 16 wk protected against “HFD-induced obesity by modulating adipose fatty acid synthesis and β-oxidation but induces hepatic fibrosis, inflammation and oxidative stress[1].” A review of this article in light of other published research on (–)-hydroxycitric acid (HCA), the active component in GC, raises a number of questions. The most significant are these: what was the form of HCA used (not indicated) and is the toxicity reported induced by HCA per se or, instead, was it caused by the source of HCA/GC tested? These issues are particularly acute inasmuch as the results of Kim et al[1] are at variance with numerous published studies involving both animals and humans, several of which indicate that HCA actually exerts a protective effect upon the liver[1].

Differences among various sources of HCA can be quite significant, yet against copious evidence, it too often is assumed that all sources of HCA are the same in terms of physiology. In the study in question, the tested compound is not fully identified. The only information provided is that the tested compound provided “1%, w/w, 60% hydroxyl citric acid” and was provided by Newtree Inc. of the United States (although Newtree appears to be a South Korean company). Whether this material was stabilized with calcium, potassium, sodium, etc. or some mixture of these is not revealed. Similarly, no information is provided on the free acid or lactone content, whether the extraction process is novel or established, the amount of residual toxins, such as chloride ion, left in the extract, and so forth and so on. For instance, some HCA calcium salts contain up to approximately six percent halogenated compounds due to improper processing of starting materials that had been dried with the help of sodium chloride-is the material used by Kim et al[1] one of these? 

That the nature of the HCA-containing source is important was made clear years ago in a critical analysis of another study that purported to demonstrate toxicity, in that particular case, testicular toxicity, at high dosages. This was a study by Saito et al[2]. When examined closely by Burdock et al[3], it was determined that the HCA salt tested was very unusual in that it contained a high lactone content and that the weight loss results were not typical of literature on HCA. In this case, the particular animal model also turned out to have been inappropriately chosen. Hence, in an instance of supposed testicular toxicity, there were unacceptable levels of uncertainty about the compound being tested. Moreover, various aspects of the study design and its assumptions proved to be questionable.

Kim et al[1] remind the reader of the “potential for hepatotoxicity of hydroxycut, a formulation that contains GC among other ingredients[1].” Not mentioned is the fact that after almost two decades of free sale of HCA products, there appear to be no reports of human liver toxicity aside from those involving Hydroxycut and only 8 out of 14 of the Hydroxycut formulas associated with liver toxicity even contained HCA/GC! The safety, including liver safety, of HCA as relates to Hydroxycut and other products was evaluated at length by Stohs et al[4] and no evidence of toxicity was found. In retrospect, the common denominator in these cases appears to be green tea extracts. Animal models have established the hepatotoxicity of high oral doses of (-)-epigallocatechin-3-gallate[5]. Reviews of human usage strongly suggest a causal association, albeit an idiosyncratic one, between green tea consumption and liver damage[6]. In contrast, quite a number of reviews have affirmed that HCA is extremely safe. These include Chuah et al[7], Márquez et al[8]and Stohs et al[9].

Published studies involving both animal models and humans indicate that HCA per se is either neutral with regard to the liver or actively protective. For instance, GC in a rat model has been tested against toxic challenge to the liver by both ethanol and dexamethasone. Mahendran and Devi demonstrated that GC supplementation was sufficient to prevent undesirable changes in the lipid profile on dexamethasone administration and also to protect normal liver phospholipid levels[10]. Likewise, when rats were challenged with ethanol to induce peroxidation damage to the liver, Mahendran and Devi found“co-treatment of the rats with Garcinia cambogia significantly inhibited the rise in lipid levels and also the peroxidative damage caused by ethanol, which is evident from the improved antioxidant status[11]. The levels of serum AST, ALT and alkaline phosphatase were maintained at near normalcy in Garcinia cambogia treated rats.” Similar protection was provided by GC with regard to liver superoxide dismutase, catalase and various glutathione compounds. 

The study of Clouatre and Preuss, which lasted eight weeks and involved high-fat/high-sugar diets in rats, found results that are in line with those of Mahendran and Devi[10-12]. In healthy and relatively young animals, HCA treatment compared with control led to strong trends towards reduced CRP and TNF-alpha without exerting significant effects on ALT and AST. These results are similar to those found in a formal safety assessment of a commercial potassium-calcium hydroxycitrate salt (60% HCA) by Soni et al[13], which was designed, in part, specifically to look for potential hepatotoxicity. The gavage administration of this salt at doses up to 2500 mg/kg per day for a period of 90 d did not lead to any significant adverse effects, including in the histological examinations of the livers of the test and control arms. Given the high dosage of HCA and the time frame comparable to that of Kim et al., the results of the study by Soni et al[13] in the rat rodent model clearly are at variance with the findings in the mouse model and in line with other research reports of HCA’s safety[13]. The human equivalent dosage of HCA in the Soni study is approximately 30 grams in a 60 kg individual.

There have been at least four published studies of the safety of HCA in humans and these trials reached the same conclusion confirming the safety of the oral consumption of HCA salts. The studies are those of Hayamizu et al[14], Hayamizu et al[15],Ishii et al[16] and Hayamizu et al[17]. None of these studies found any significant adverse effects on the liver. Hayamizu et al[14] in a study lasting three months, but involving only 1000 mg HCA/d (i.e., 1666 mg of a 60% salt) found no significant change in any liver parameter. Hayamizu et al[16]  found no observed adverse effects 4000 mg HCA per day for ten days and Hayamizu et al[17]. found no adverse effects at 3000 mg HCA for 30 d. 

Finally, the issue of GC and inflammation needs to be addressed more generally. Clouatre et al[12]were the first researchers to discover that HCA consumption relieves a number of markers of inflammation and this information was confirmed in Clouatre et al[12] and Preuss et al[18]. A number of recent studies now have established these findings regarding HCA and inflammation. A study using rats performed by dos Reis et al[19] found that the “antiinflammatory effects provided by the Garcinia cambogia extract result in an improvement of several parameters analysed (sic) in experimental colitis and could provide a source for the search for new antiinflammatory compounds useful in IBD treatment.” Similar protective effects have been found by Amin et al[20] in relation to a high fat diet, metabolic disturbances and brain oxidative dysfunction and by Amin et al[21] in relation to renal oxidative stress on a high fat and high sucrose diet. 
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