
		
			[image: ARGH_.jpg]
		

	
		
			Review Article

			Volume 15 Issue 1 - May 2020

			DOI: 10.19080/ARGH.2020.15.555904

		

		
			
				[image: ]
			

		

		
			Selected Highlights from the Recent 
Literature of Newly Reported Herbal and 
Dietary Supplement-Induced Liver Injury

			Jessica J Rosenberg1 Cory Higley1 and James H Lewis2

			1Department of Internal Medicine, MedStar Georgetown University Hospital, USA

			2Department of Gastroenterology, MedStar Georgetown University Hospital, USA

			Submission: April 28, 2020;  Published: May 11, 2020

			*Corresponding author: Jessica Rosenberg, Georgetown University Pasquerilla Healthcare Center, 6th Floor 3800 Reservoir Road, N.W. Washington, DC 20007, USA

			Abstract 

			Herbal and dietary supplements (HDS) encompass a large number of products with a wide range of ingredients. The use of HDS and the risk of hepatotoxicity is well documented; however, despite increasing awareness and many publicized cases, instances of new HDS-related injury continue to occur. Here, we highlight recent case reports, reviews, and research describing relatively new herbal and dietary supplement-induced liver injury. In particular, we focus on several of the more recently implicated products, such as kratom, weight loss supplements including multi-ingredient products (such as OxyELITE-Pro), Garcinia cambogia, CBD oil and energy drinks.
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			Introduction

			The term herbal and dietary supplements (HDS) describes a wide range of ingredients, including vitamins, minerals, proteins, and herbal agents used for general dietary supplementation or for specific goals such as gaining muscle mass, increasing energy, or weight loss. The types of herbal products and the frequency with which they are used varies significantly by global region. In parts of Asia, for example, traditional Chinese medicines including herbs and dietary supplements are ubiquitous and integrated into the health care system. In contrast, in many Western countries, HDS are considered to be complementary or alternative medicines (CAM) and often lack the same oversight and regulatory requirements that are required for prescription pharmaceuticals.  As a result, the ingredients as well as the safety and efficacy claims of HDS may be less reliable.  An estimated 40.6 million adults in the United States reported using herbal and dietary supplements in 2012 [1] and the industry now exceeds $40 billion annually in the U.S [2].

			The risk of hepatotoxicity from various HDS products is well known [3-8]. The Drug Induced Liver Injury Network (DILIN) has reported that herbal supplement attributed liver injury ranges 

from 2% to 16% of all reported hepatotoxicity in the United States [5] and has more than doubled in the past decade.  The proportion of drug-induced liver injury (DILI) attributed to herbal products is much higher in Asian countries [9-12].

			Despite increasing awareness and many highly publicized cases, instances of HDS-related injury continue to occur. Our knowledge base on specific agents, incidence, and risk factors for herbal-induced liver injury (HILI) continues to grow worldwide. Herein, we provide highlights of recent case reports, case series, reviews, and research in the field of herbal and dietary supplement-induced liver injury. In particular, we focus on several of the more recently described HDS agents,  including  kratom, Garcinia gambogia, weight loss supplements,  multi-ingredient products (such AS OxyELITE Pro), CBD oil, and energy drinks, as well as discussing some of the more controversial aspects,  such as regulation of HDS. 

			Methods

			We conducted a literature review using the PubMed search engine, specifically searching for the terms such as “herbal”, “hepatotoxicity”, and “liver injury”. We limited our results to articles published in English and, with rare exception, excluded animal or in vitro studies. Our search was limited to articles published and indexed to PubMed between 2018 and March 31, 2020. Older reports were also reviewed for proper context of these newer publications.  We reviewed case reports, case series, review articles, meta-analyses, and original research in addition to updates from national and international drug-induced liver injury (DILI) registries. From these, we chose to include those publications   we thought would hold the most interest to readers interested in recently implicated agents causing HILI and HDS hepatotoxicity, emphasizing what we felt were the most informative for clinical practice. 

			Epidemiology and Risk Factors

			The total impact of HDS-associated liver injury worldwide is unknown as causality is difficult to establish and the true prevalence of HDS use is not known. In contrast to drug-induced liver injury (DILI), there have not been any large population-based studies allowing for the assessment of incidence of HILI in the United States.   The U.S. Drug Induced Liver Injury Network (DILIN), however,  has reported that herbal products are  associated with between 2% to 16% of all reported hepatotoxicity, and the incidence has  nearly tripled in the last decade, rising from 7% to 20% over that time [5]. Of course, not all herbal agents are hepatotoxic. For example, in the LiverTox database compiled by Hoofnagel and colleagues from the Liver Disease branch at the NIH and the National Library of Medicine [13], more than 60 HDS agents are currently listed, although nearly 40% have no evidence to implicate them as hepatotoxins. Similarly, although more than 50 traditional Chinese medicines (TCM) have been associated with hepatic injury, causality has been established for only about half of these compounds [14] (Table 1).

			Table 1: The percent of drug-induced liver injury (DILI) cases attributed to use of HDS in drug-induced liver injury registries or in large DILI cohorts.
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							Asia

						
							
					

					
							
							Shen et al. [11]

						
							
							China

						
							
							26.8*

						
					

					
							
							Takikawa et al. [17]

						
							
							Japan

						
							
							17.1

						
					

					
							
							Patel et al. [9]

						
							
							Singapore

						
							
							71

						
					

					
							
							Suk et al. [18]

						
							
							South Korea

						
							
							72.7

						
					

					
							
							
							Europe

						
							
					

					
							
							Bjornsson et al. [19]

						
							
							Iceland

						
							
							16

						
					

					
							
							Medina-Caliz et al. [6]

						
							
							Spain

						
							
							3.7

						
					

					
							
							
							North America

						
							
					

					
							
							Navarro et al. [5]

						
							
							United States

						
							
							15.5

						
					

					
							
							Vega et al. [2]

						
							
							Delaware

						
							
							43

						
					

				
			

			*Included in this category was both Traditional Chinese Medicine and herbal and dietary supplements.

			Andrade et al. [15] recently published a summary of available data on liver injury from herbal and dietary supplements in Europe, Latin America, and Asia. Of note, the relative prevalence of HDS liver injury from traditional medicines and dietary supplements appears to be notably different across the Asian countries, with 17.1% in Japan, 18.6% in China, 71% in Singapore, and 72.7% in Korea. These percentages parallel the findings from other case series and registries from Singapore [9], China [11,16] and Korea [12]. Similar to the US DILIN findings, the Spanish DILI Registry also found the yearly proportion of HILI  has increased substantially, going from 1.5% in 1998  to 6% of the cases identified from 2014 to 2016 [6]. Herbal and dietary supplements products were responsible for 4% (32 cases) of the 856 DILI cases in the Spanish DILI Registry. The HILI group showed a particular pattern: a female predominance (63%), a hepatocellular injury pattern (94%), and a greater severity evolving more frequently into acute liver failure (6%) than conventional DILI (4%).

			A systematic review and case control study by Lin et al. [7] examined HILI risk factors using data from 53 articles published worldwide. These authors found that the most commonly reported herbal supplements are greater celandine (22.6%), germander (22.6%), and chaparral (9.4%). Overall, HILI was again more common in women (69.8 %), although among the elderly, men were found to be more commonly affected (37.5% vs 10.5%, P = .02).  

			Mislabeling/Misbranding of HDS

			The presence of unlabeled ingredients is of increasing concern among herbal and dietary supplements. To further investigate the magnitude of this risk, Navarro et al, [21] studied the HDS collected from DILIN enrollees to determine the accuracy of product labels and to identify potential hepatotoxins.  They found that among 341 HDS agents from 1,268 patients with suspected DILI, only 272 of these products had labels listing their ingredients. These compounds then underwent sophisticated chemical analysis using ultrahigh‐performance liquid chromatography coupled with mass spectrometry at the National Center for Natural Products Research at the University of Mississippi in Oxford, MS. Of the 272 products tested, only 132 had labels that accurately reflected the compounds identified by chemical analysis; therefore, 140 (51%) were mislabeled. When categorized by their marketed indications, the rates of mislabeling were highest for those enhancing sexual performance, appearance, energy boosters, and weight loss products. Importantly, several products contained unlabeled adulterants, including known hepatotoxins such anabolic steroids, diclofenac, and tamoxifen. These findings suggest the need for more stringent regulatory oversight to verify product contents and labeling in an effort to reduce potential hepatotoxicity.

			Weight loss supplements

			Dietary supplements promoted for weight loss encompass a wide variety of products with varying mechanisms of action. Approximately 15% of U.S. adults have used a weight-loss dietary supplement at some point in their lives, with more women reporting their use (21%) than men (10%) [22].

			OxyELITE Pro is the commercial name for a variety of multi-ingredient nutritional supplements marketed for weight loss and body building. Various formulations of this supplement have been implicated as a cause of  liver injury since 2012 when FDA had received  more than 100 adverse drug reports from 33 states, Puerto Rico and a number of foreign countries dating to 2010, with nearly 50 instances of clinically apparent acute liver injury known [23].   In 2013 the FDA banned the use of the original active ingredient, 1,3-dimethylamyylamine in all nutritional supplements [23], a stimulant linked to hypertension, heart attacks, seizures, psychiatric disorders and death [24]. OxyELITE Pro was reformulated using aegeline as the active ingredient, an alkaloid extract from the leaves of the Asian bael tree (Agele marmelos), but following initial reports Hawaii and the military, and dozens of additional adverse reports [25-28] and the FDA issued a warning to avoid the reformulated product in October 2013 and the manufacturer was required to cease production and destroy all remaining retail product [28,29]. Subsequent animal studies of the new formulation also documented its hepatotoxic potential [31]. Despite its supposed removal, new cases have appeared.  Fontana et al. [32] recently described a case of severe acute hepatitis attributed to this herbal and dietary supplement. A 31‐year‐old Korean American female presented with new‐onset nausea, vomiting, and pruritus after taking one tablet of OEP per day for the past 4 months. Her initial serum AST was 710 IU/L, ALT 1972 U/L, alkaline phosphatase was 58 U/L, total bilirubin was 3.8 mg/dL, and INR was 1.0. The DILIN causality score was 1 (definite), and her Roussel Uclaf Causality Assessment Method (RUCAM) score was 7 (probable).  Although aegeline has been used in Ayurvedic medicine for centuries; the mechanism by which aegeline and/or other components of OxyELITE Pro resulted in liver injury remains unknown.

			Another report illustrates the significant morbidity associated with these “fat burning” (or thermogenic) supplements, in this case, Thermo Gun.  A 36-year-old male patient developed jaundice 7 days after he started taking this thermogenic agent, and he subsequently developed acute liver failure requiring liver transplantation [33]. The supplement was found to contain N-acetyl-L-tyrosine, 1,3,7-trimenthylxanthine, white willow, and 1-hydroxypholedrine, although  no prior reports  of acute liver failure were found in the literature associated with these particular substances.  The RUCAM of 7 was calculated, indicating a probable association between use of this supplement and liver injury. 

			Hydroxycut, a multi-ingredient nutritional supplement marketed for weight loss, fat-burning and body building is well-known to be linked to hepatotoxicity.  The FDA issued a warning against the use of Hydroxycut products in 2009 and recalled it from the market based on nearly two dozen reports of possible hepatotoxicity, including 2 patients who required liver transplantation [34,35]. The specific ingredient responsible for the acute liver injury has not been identified, although ephedra (Ma huang)  and Camellia sinensis from green tea extracts have been implicated. Currently, however, several reformulated Hydroxycut products remain on the market, and a recently reported case points to its ongoing hepatotoxic potential [36]. Khetpal et al, [35] described a 22-year-old obese woman who had been taking these products for about 3 months and presented with  marked elevations of  ALT 2399 U/L and  AST 4040 U/L with normal  alkaline phosphatase 72 U/L and  total bilirubin 0.6 mg/dl. Her INR was mildly prolonged at 1.4.  A RUCAM score of 9 suggested it was associated with a high possibility of DILI. She was hospitalized and treated with N-acetylcysteine.  The aminotransferases trended downward during the course of her hospitalization by day 8. 

			Garcinia cambogia

			Garcinia cambogia (GC) is an herbal supplement that has only relatively recently been associated with liver injury. Frequently used as a weight loss supplement, this tropical fruit with the active ingredient hydroxycitric acid is thought to act by decreasing de novo synthesis of fatty acids and glycogen storage via inhibition of ATP citrate lyase, while decreasing appetite. Its use has been linked to cases of acute hepatitis, including instances of acute liver failure requiring transplantation [37-40].

			A 2018 study in Italy described four cases of hepatotoxicity in women aged 39 to 61 years taking GC extract for weight loss, from data collected by the Italian Surveillance System of Natural Health Products coordinated by the Italian National Institute of Health [37]. Causality scores from the Council for International Organization of Medical Sciences (CIOMS) were calculated to be 6 or 7 for each case, suggestive of a probable diagnosis of HILI. The authors also performed a literature review and identified 24 additional case reports and 8 case series documenting adverse events in a total of 66 patients after consumption of GC.  Of these 32 reports, 17 had documented hepatotoxicity, including acute liver failure, in a total of 50 patients. Causality scores were calculated in nearly all instances, using CIOMS, WHO, and DILIN criteria, and all were graded as possible, probable, highly likely and in some cases, certain. 

			Additional cases of hepatotoxicity linked to GC continue to appear.  Sharma et al, [41] reported an acute case of hepatitis from GC in a 57-year-old woman which resolved after stopping the supplement and recurring after she resumed taking it (constituting a positive rechallenge response). The supplement was noted to be 100% pure GC fruit rind extract, in a dose of 2800 mg daily. Once she initially discontinued the supplement, her liver enzymes decreased significantly with normalization of INR and PT. However, 6 months later, the patient was again found to have an elevated ALT of 301 and AST of 69 and it was found that she had started taking the same supplement again. The CIOMS/RUCAM score was calculated to be 11 for the patient, indicating causality was highly probable. 

			Yousaf et al, [42] reported a case of 21-year-old morbidly obese female who presented with abdominal pain for 1 week associated with nausea, vomiting, anorexia, and myalgias, who was found to have been using a weight loss herbal supplement containing Garcinia cambogia for 4 weeks. Laboratory workup revealed elevated ALT 981 U/L, AST 1062 U/L, alkaline phosphate 248 U/L, and international normalized ratio (INR) 1.6. In this patient, a RUCAM score of 9 indicating a probable association with GC. Her liver tests returned to her baseline after 42 days following discontinuation of the product.

			These case reports continue to reinforce the potential toxic effects of GC contributing to hepatotoxicity. More research is needed to clarify the association between GC, hydrocitric acid, and hepatotoxicity and whether this herbal agent needs to be more closely regulated, given its association with serious and potentially fatal hepatic complications.

			Tea-induced liver injury

			Several cases of HILI associated with tea have been recently published. Rodriquez et al [43] described the first case of a man with acute hepatitis secondary to the use of Ilex paraguariensis, also known as yerba mate, an herbal product commonly drunk as a tea in South America. Green tea extract (GTE), is derived from the Chinese tea tree Camellia sinensis, with the active ingredient thought to be epigallocatechin gallate (EGCG) The presence of catechins containing GTE have been implicated in instances of hepatotoxicity [44]. A previous randomized controlled trial [45] demonstrated the association of GTE with a rise in liver enzymes and a recent report describes severe hepatitis potentially related to the consumption of green tea in a 2-year-old child [46]. As part of the United States Pharmacopeia’s (USP) ongoing review of dietary supplement safety data, a new systematic review summarized the evidence on the safety of GTE, including toxicological studies that show a hepatocellular pattern of liver injury, with hepatotoxicity resulting from 140 mg to 1000 mg/day of EGCG. Although there was substantial inter-individual variability in susceptibility, possibly due to genetic factors, based on these findings the USP has included a cautionary labeling requirement in its Powdered Decaffeinated Green Tea Extract monograph warning against signs and symptoms of liver injury [47].

			Bodybuilding Agents

			Bodybuilding supplements, used for the purposes of performance enhancement and muscle building, are generally comprised of anabolic androgenic steroids (AAS). These supplements are associated with liver abnormalities including severe and prolonged cholestatic liver injury, with the suspected hepatotoxic agent being C-17 alkylated testosterones. The U.S. Drug‐induced Liver Injury Network (DILIN) prospective study found that 8% of HILI cases in 2010 to 2012 were due to bodybuilding supplements, and these products were the most common cause for liver injury in those using HDS products. [5] Recently, Stolz et al [48] sought to further describe the US DILIN’s experience with body building supplements. They summarized the clinical, laboratory, and histological features of 44 patients with liver injury due to bodybuilding supplements.  The authors found that patients with liver injury due to bodybuilding supplements presented with a uniform and distinctive pattern of marked cholestatic liver injury with jaundice and pruritus, that was often prolonged and accompanied by disability and weight loss. However, when compared to non-body building HDS products in which liver injury occurred predominantly middle-aged women and were hepatocellular in nature, the bodybuilding products linked to hepatotoxicity were more often reversible  and less likely to lead to death or transplant (1% vs 13%). 

			Kratom

			Kratom (Mitragyna speciosa) is a plant indigenous to parts of Southeast Asia, where its leaves have long been used to treat common health conditions, alleviate pain, and as use as a stimulant. More recently, however, Kratom is being increasingly used in the United States for the self-management of opioid withdrawal and treatment of pain [49].  The CDC has estimated a >10-fold increase in kratom use linked to opioid overdoses between 2010 and 2015 [50] and recent cross-sectional study estimated a lifetime use among adults of 1.3%, representing 3,353,624 adults [51]. Its active components are mitragynine and 7 hydroxymitragynine, which act as partial mu and delta opioid receptor agonists, with the former mediating euphoria, analgesia and respiratory depression [52]. Currently, kratom is marketed and regulated as a food and/or dietary ingredient. However, the hepatotoxic effects of kratom continue to be documented in the literature [53,54]. A recent comprehensive review of human cases [55] found that latency periods to symptom onset had a median of 20.6 days and mean of 21 days (range 2-49 days). Common presenting signs and symptoms were abdominal discomfort, jaundice, pruritus, and dark urine, and histologic findings have been predominantly acute zone 3 cholestasis with mild portal inflammation. In some cases, bile duct injury mimicks that seen with PBC, although antimitochondrial antibodies are absent [56,57].

			Limited basic science and clinical research studies suggest that kratom may have beneficial therapeutic properties; however, no randomized-controlled clinical trials have been performed to determine the true risks and benefits of kratom use [58]. There have been reports of other serious adverse effects including seizures  and death among kratom users. Given these concerns, the US Drug Enforcement Administration (DEA) announced plans to place the main active constituent of kratom in Schedule I of the Controlled Substances Act. This action sparked public debate and protest, and interestingly, several months later, the DEA withdrew its notice of intent to schedule kratom due to widespread backlash [59]. The FDA has cited kratom as an opioid, citing its potential for abuse and addiction, prompting caution from others [60,61]. A congressional committee has recently expressed concerns about barriers to research created by a potential Schedule I status, requesting that NIH expand research on kratom including its constituent compounds recommending an additional $3 million in appropriations to tackle such research [62]. Such policy may allow for important research which is needed to understand the potential efficacy and safety of kratom as well as its addictive potential.

			Energy Drinks

			Table 2: Reported cases of energy drink-induced liver injury.

			
				
					
					
					
					
					
					
					
				
				
					
							
							First Author
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							Patient Profile

						
							
							Peak AST/ALT

						
							
							Peak Total Bilirubin

						
							
							Causality Score Used?

						
							
							Causality Score/Interpretation

						
					

					
							
							Vivekanandarajah [64]

						
							
							22

						
							
							Previously healthy

						
							
							7709/7533

						
							
							35

						
							
							No

						
							
							Not reported

						
					

					
							
							Apestegui [65]

						
							
							16

						
							
							Liver transplant (x2)

						
							
							1332/1066

						
							
							10.7

						
							
							No

						
							
							Not reported

						
					

					
							
							
							36

						
							
							Previously healthy

						
							
							1541/2995

						
							
							16.1

						
							
							Maria and Victorino

						
							
							10 points – Possible Causality

						
					

					
							
							Huang [66]

						
							
							
							
							
							
							
					

					
							
							Harb [67]

						
							
							50

						
							
							Previously healthy

						
							
							4051/2073

						
							
							19.3

						
							
							WHO-UMC

						
							
							Probable/Likely

						
					

					
							
							Cattaneo [68]

						
							
							38

						
							
							HIV, DM

						
							
							508/245

						
							
							-

						
							
							Naranjo Causality

						
							
							Possible/Probable
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							Uwaifo [71]

						
							
							46

						
							
							NAFLD, DM

						
							
							97/153

						
							
							-

						
							
							No

						
							
							Not reported-

						
					

				
			

			AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; DM: Diabetes Mellitus; NAFLD: Nonalcoholic Fatty Liver Disease; HIV: Human Immunodeficiency Virus; WHO-UMC: World Health Organization-Uppsala Monitoring Center

			Energy drink consumption in the United States has increased substantially over the past decade among adolescents, young adults, and middle-aged adults [63]. Energy drinks are non-alcoholic beverages that contain caffeine or other plant-based stimulants, amino acids (e.g., taurine), herbs (e.g., ginkgo biloba), and vitamins. While most of the reported adverse effects relate to the cardiovascular and neurological systems, there are a growing number of reports linking energy drinks to liver injury. We have identified a small number of case reports and summarized these six case reports below in Table 2. 

			All cases involved a relatively young adult population, aged 16 to 50, and all presented after consuming an excessive quantity of energy drinks. Infectious, autoimmune, and known hepatotoxins were ruled out as etiologies in all cases. Notably, one patient eventually developed acute liver failure and required transplantation [66]. The mechanism of liver injury from these energy drinks remains unclear. The ingredients of these products vary, but most of them contain caffeine, L-carnitine, taurine, B vitamins, glucuronolactone, antioxidants, trace minerals, guarana, sucrose, Ginkgo biloba, and/or ginseng [70]. In one case, the patient’s high levels of serum folate and vitamin B12 were thought to be consistent with supplemental intake from energy drink usage as the patient denied any alternative supplementation. The ingredient most often cited as being responsible for the development of HILI is vitamin B3 (niacin), although it is worth noting that the quantity of niacin consumed is often below the threshold expected to cause toxicity [71]. Importantly, the precise quantities of all the ingredients are not known – for example, there are several energy drinks that do not clearly label the amount of caffeine – and little is known about the toxicity profiles of some of the other compounds in these energy drinks or about the interactions between them. 

			The imprecise and inconsistent labeling is partly a function of how energy drinks are regulated. In the past, energy drinks were typically classified as dietary supplements and existed outside the purview of the U.S. Food and Drug Administration (FDA). Now, energy drink manufacturers can choose whether to label their products as a “beverage” or as a “dietary supplement”. Energy drinks classified as beverages must comply with the Nutrition Labeling and Education Act of 1990 (NLEA) that labels the drinks with conventional Nutrition Facts panels. In contrast, energy drinks designated as dietary supplements must comply with the labeling requirements of the Dietary Supplement Health and Education Act (DSHEA) of 1994, which are less stringent. In 2014, in response to the rising popularity and concern over the safety of  energy drinks, the FDA issued a series of industry guidances “to help dietary supplement and beverage manufacturers determine whether a liquid food product is properly classified as a dietary supplement or as a beverage, and to remind the industry of legal requirements regarding the substances that may be added to either type of product [71].” It is important to note that FDA guidance documents do not establish legally enforceable responsibilities and are merely recommendations. As concern over the potential toxicity of energy drinks grows, it may be that additional consideration needs to be given to more stringent regulation of these products.

			Cannabidiol (CBD Oil)

			Cannabis-based products for medicinal use contain cannabinoids derived from the cannabis plant, including delta-9-tetrahydrocannabinol (THC), cannabidiol (CBD), or a combination of THC and CBD. CBD oil is a non-psychotropic derivative of cannabis sativa used for the management and treatment of number of medical conditions [72]. It is a major ingredient in Epidiolex, a medication introduced in 2018 for management of Dravet syndrome (DS) and Lennox-Gastaut Syndrome (LGS), conditions in which epilepsy can be refractory to traditional antiepileptic medications [73,74]. Increases in ALT >3X ULN (without any rise in serum bilirubin) were seen in 10-20% of patients in human trials, and a dose-response was appreciated [75]. Elevated aminotransferases usually resolved spontaneously after discontinuation or dose-reduction (or of valproic acid that was taken concomitantly), and there were no events of liver failure or death related to liver injury. Liver injury was noted most frequently in the first 30-90 days of treatment and was rare after 200 days of treatment. Therefore, it has been recommended that patients be monitored frequently for 3 months and then at regular intervals for 1 year of treatment and then at 6 to 12-month intervals thereafter. The FDA issued a press announcement in late November 2019 detailing safety concerns over CBD oil, stating there is insufficient evidence to conclude that CBD oil is safe, citing the potential for liver injury among other adverse effects [76]. A study addressing the short-term toxicity of a CBD-rich extract in a rodent model specifically designed to investigate the hepatotoxicity potential of CBD was recently published [77]. This study showed  that CBD, when delivered orally to mice in the form of a concentrated CBD-enriched cannabis extract, has the potential to cause liver injury, with the highest CBD dose (2460 mg/kg) exhibiting clear evidence of hepatotoxicity as indicated by marked increases in serum ALT, AST, and total bilirubin as well as increased intrahepatic concentrations of oxidized glutathione. Although this dosing is not applicable to most real-life scenarios, it does provide information regarding the potential consequences of CBD overdose. 

			Given the emerging evidence suggesting that CBD has the potential to induce drug interactions [74],  with CBD having been shown to modulate enzymes involved in drug metabolism and drug-induced hepatotoxicity (e.g., APAP and ethanol), a recent study was done to investigate the CBD/APAP interaction potential in mice [78]. This showed an in vivo potential for a CBD/drug interaction resulting in liver injury, with mice treated with clinically relevant CBD doses followed by a challenge with APAP that  resulting in the development of a sinusoidal obstruction syndrome (SOS)-like pattern of liver injury and mortality [78]. Such herb-drug interactions are the subject of ongoing study [79].

			There are currently no other FDA-approved drug products that contain CBD. At present, according to the FDA, neither CBD nor THC are excluded from the dietary supplement definition and cannot be sold or marketed as such. However, CBD continues to be marketed in the US as a dietary supplement, with manufacturers making various health claims, such as its use for pain relief and managing depression [80]. 

			Summary

			HDS product use worldwide is substantial, with nearly 50% of adult Americans reporting use of an HDS product [81]. In the United States, there have been no large prospective cohort studies with which to estimate nation-wide incidence of HILI, although reports of hepatotoxicity have been increasing in the US and other westernized countries, and it is even higher in many Asian nations  Causality remains difficult to establish for a host of reasons, including multi-ingredient supplements, co-ingestion with pharmaceutical medications, and the relatively low frequency with which HDS use is disclosed to health care providers [82].

			While the general public may perceive HDS products as being safer than conventional medications,  given that  HDS are often derived from “natural” products such as plants, many have been linked to significant liver injury and  remain widely available without a prescription over the internet and in so-called health food stores.  It is of note that cases of hepatotoxicity are now being reported from herbal and dietary supplements that are commonly considered relatively benign, such as teas and energy drinks. CBD, one of the main components of cannabis, is approved by the FDA for use in only one product, a prescription drug used to treat two severe forms of epilepsy.  While it is not legally considered a dietary supplement, much interest centers around CBD and its potential health benefits, and it has been marketed in the US as a dietary supplement for various health claims, such as relief of chronic pain and depression. Several randomized controlled trials have reported liver toxicity associated with CBD, and recent animal studies have demonstrated its hepatotoxic potential as well as its potential to induce drug interactions. 

			Although HDS-associated liver injury remains rare overall, its significance is often marked by more severe liver injury and worse outcomes compared with DILI from conventional drug use. The need remains for a better understanding of the incidence and risk factors of herbal and dietary supplement-associated liver toxicity, the presence of unlabeled ingredients, and to determine the causative hepatotoxic agents and their mechanism of liver injury.  For example, a form of immune-mediated hepatotoxicity was recently described for Polygonal multiflorum, which serves as an example of newer potential mechanisms for other HDS as well [83]. As  HDS products in the US require no specific evidence of safety or efficacy testing prior to marketing based on  the Dietary Supplement Health and Education Act of 1994,  calls are increasing  being made for more rigorous oversight into their manufacturing and indication claims  to improve the  safety of these increasingly used products [84-86].
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