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Abstract

Almost all patients with liver disease, especially advanced liver disease, have some evidence of 

malnutrition, including mineral/vitamin deficiency. A major health trend in the United States has 

been the significant growth in the use of complementary and alternative medicine (CAM), 

including nutrition supplements and herbal agents. In the 1990s, the United States government 

created the National Center for Complementary and Alternative Medicine (NCCAM), as well as 

the Office on Dietary Supplements, to extend our knowledge in these areas. CAM users are often 

highly educated and frequently use CAM therapy for chronic diseases, including chronic liver 

disease. Indeed, most studies suggest that patients with chronic liver disease frequently use 

nutrition supplements and CAM agents in addition to their traditional medicines. The purpose of 

this review is to provide an update on the role of nutrition supplements and herbals in liver 

disease. This article will focus mainly on 7 selected agents (vitamin E, zinc, magnesium, S-

adenosylmethionine, betaine, silymarin, and glycyrrhizin), for which there have been not only in 

vitro and animal studies but also human clinical trials, and we will review both potential efficacy 

and safety issues.

Malnutrition, including individual nutrient deficiencies, is regularly observed in liver 

disease, especially in more severe forms of chronic liver disease.1 Probably the most 

extensive studies of nutrition status in patients with liver disease are in patients with 

alcoholic liver disease (ALD), exemplified by 2 large studies in the Veterans Health 

Administra tion (VA) Cooperative Studies Program dealing with patients having alcoholic 

hepatitis.2–6 Virtually every patient with alcoholic hepatitis in these studies had some degree 

of malnutrition,4 the severity of which correlated with the development of serious 

complications such as encephalopathy, ascites, and hepatorenal syndrome.2 Malnutrition is 

also well documented in non–alcohol-related liver diseases. Indeed, there have been several 

major studies comparing patients with ALD to those with nonalcoholic (especially viral) 
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induced liver diseases.1,7,8 Although the problems of malnutrition in liver disease varied 

somewhat between the different studies, there was no significant difference in the 

occurrence of malnutrition between alcohol and non–alcohol-related causes. Mechanisms 

for malnutrition/ nutrient deficiency are varied and include factors such as poor intake, 

impaired gastric emptying, decreased absorption, increased fecal and urinary losses, and 

cytokine effects, to name only a few (as reviewed in McClain et al1).

A major health trend in the United States has been the significant growth in the use of 

complementary and alternative medicine (CAM), including nutrition supplements and herbal 

agents.9 Studies by Eisenberg and colleagues10,11 document the high prevalence of CAM 

use in the United States and the large out-of-pocket dollars spent on CAM. In the 1990s, the 

United States government created the National Center for Complementary and Alternative 

Medicine (NCCAM), as well as the Office on Dietary Supplements, to extend our 

knowledge in these areas.12 There are updated versions of Physician’s Desk Reference for 

both herbal therapies and dietary supplements to help educate health-care providers on this 

topic. CAM users are often highly educated and frequently use CAM therapy for chronic 

diseases. Thus, it is not surprising that CAM is widely used in patients with chronic liver 

diseases. The National Institutes of Health (NIH) has sponsored a variety of symposia 

relating to CAM and liver disease over the past decade. There have been requests for 

applications from the NIH to study the potential therapeutic benefits of various types of 

CAM use (eg, milk thistle), or supplements (eg,vitamin E), in liver disease. Many of these 

studies are ongoing.

The purpose of this review is to provide an update on the role of nutrition supplements and 

herbals in liver disease. Through the on-line MEDLINE Library (1966–2006), we used 

several headings and key words, including zinc, vitamin E, magnesium, CAM, herbals, S-

adenosylmethionine, glycyrrhizin, licorice root, milk thistle, silymarin, TJ-9, Phyllan-thus 

amarus, Picrorrhiza kurroa, Compound 861, CH 100, betaine, EH0202, EO-50, garlic, 

gingko, ginseng, green tea, rhei rhizome, shosaikoto, liver disease, hepatitis, cirrhosis, 

hepatotoxicity, black cohosh, kava, and fatty liver disease to review the relevant literature. 

Only articles that were translated or published in English were included. This article will 

focus mainly on 7 selected agents (vita-min E, zinc, magnesium, S-adenosylmethionine, 

betaine, silymarin, and glycyrrhizin) in which there have been in vitro and animal studies 

and human clinical trials, and we will review both potential efficacy and safety issues.

Vitamin E

Vitamin E in Nonalcoholic Steatohepatitis

Pathophysiology—In examining the potential therapeutic benefits of vitamin E in both 

alcoholic and nonalcoholic chronic liver disease, it is important to understand potential 

mechanisms of action. Tumor necrosis factor α (TNF-α) is a proinflammatory cytokine 

important in the pathogenesis of nonalcoholic and ALD,13,14 and nuclear factor kappa B 

(NFκB) is a transcription factor for TNF-α, as well as other proinflammatory 

cytokines.13–17 Previous in vitro studies demonstrated increased binding activity of NFκB in 

human monocytes treated with ethanol, and subsequent studies showed that patients with 

alcoholic hepatitis demonstrate increased monocyte NFκB activation and increased 
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production of TNF-α.14,18 Furthermore, in vitro vitamin E treatment of monocytes from 

patients with alcoholic hepatitis decreased NFκB activation and effectively inhibited TNF-α 

production.19 In nonalcoholic fatty liver disease (NAFLD), there is also emerging evidence 

to suggest a role for TNF-α and NFκB, although their exact roles have yet to be elucidated. 

Oxidative stress has been postulated as an essential step in the progression of NAFLD, a 

second “hit” that pre-disposes hepatocytes to undergo apoptosis.13,20 Patients with 

nonalcoholic steatohepatitis (NASH) have been shown to have increased serum levels of 

TNF-α.21–23 NFκB activation has also been shown to be enhanced by oxidative stress. A 

recent study highlighted the importance of NFκB activation in the pathogenesis of NAFLD/

NASH by demonstrating increased early activation of NFκB in mice with induced 

steatohepatitis.24 NFκB also plays an essential role in the activation of stellate cells, a key 

step in collagen production and hepatic fibrogenesis. Vitamin E has been shown to block in 

vitro activation of stellate cells, in part by decreasing NFκB activity.25 Plasma transforming 

growth factor-β1 (TGF-β1) is a profibrotic cytokine found to be elevated in patients with 

non-ALD, specifically, NASH. Expression of TGF-β1 is increased in animal models of 

hepatic fibrosis, and in studies performed in rats with carbon tetrachloride (CCl4) -induced 

liver fibrosis, treatment with vitamin E decreased levels of TGF-β and improved liver injury 

and fibrosis.26–28

Therapeutic Trials—In a limited number of mostly pilot studies done in humans, the 

effects of vitamin E in patients with NAFLD and NASH are mixed. There are some data to 

suggest histologic and biochemical improvement in patients with NASH treated with 

vitamin E, although this is currently an area of ongoing research.

One of the most commonly cited studies involving vitamin E and NASH involved an open-

label pilot study of 11 children with NASH treated with vita-min E. Patients were treated 

with dietary instruction and high-dose vitamin E (between 400 and 1200 IU/day) for 4–10 

months. Alanine aminotransferase (ALT) levels were measured during treatment and for a 

mean period of 5 months afterward. Vitamin E dose was increased monthly from 400 IU/day 

to a maximum of 1200 IU/day if ALT levels remained elevated. Mean body mass index 

(BMI) did not change during the course of the study. Five of 11 patients showed significant 

improvement in ALT levels with the lowest dose (400 IU/day), 4 patients improved with 

800 IU/day, and 2 patients treated with 1200 IU/day showed improvement in ALT levels. 

Histology was not obtained.29

Another randomized controlled trial (RCT) studied 28 children with NASH treated with 

vitamin E. Groups were randomized to dietary instruction or dietary instruction with vitamin 

E (400 IU/day × 2 months; 100 IU/day × 3 months) and followed for 5 months. Vitamin E 

was shown to be effective in reducing and normalizing transaminases in children with 

NASH (no effect on ultrasound liver brightness was noted).30

In adult studies, the results are more mixed. A nonrandomized, non–placebo-controlled pilot 

study of 22 Japanese patients examined patients with NAFLD and NASH treated with 

vitamin E. Patients were treated with dietary instruction for 6 months, followed by vitamin E 

(300 IU/day) for 1 year. The authors found that TGF-β1 levels were significantly higher in 

the patients with NASH when compared with patients with NAFLD or healthy subjects. 
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Elevated TGF-β1 in patients with NASH improved after 1 year of vitamin E treatment and 

correlated with improvements in ALT levels. In the patients with NASH, 5 of 9 also showed 

histologic improvement with decreased inflammation and fibrosis after treatment with 

vitamin E.31

We evaluated 16 adults with NASH treated with vitamin E. Patients were treated with either 

dietary instruction alone or dietary instruction and 800 IU/day of vitamin E for 12 weeks. 

Both groups demonstrated an improvement in BMI. Both groups also demonstrated a 

significant improvement in ALT and aspartate aminotransferase (AST); however, subgroup 

analysis showed no further benefit in the patients treated with vitamin E and dietary 

instruction when compared with the group receiving dietary instruction alone.21 Weight loss 

is known to decrease oxidative stress and appeared to be more important than vitamin E in 

improving liver enzymes. Another RCT looked at 20 adults with NASH treated with vitamin 

E or vitamin E plus pioglitazone. Patients were treated with 400 IU/day of vitamin E for 6 

months with or without pioglita-zone (30 mg/day). Both groups showed a significant 

improvement in degree of steatosis, although the vitamin E plus pioglitazone group showed 

a greater improvement in liver histology.32

Vitamin E in ALD

In animal models of ethanol-induced liver disease, treatment with vitamin E has been shown 

to improve liver histology and decrease CYP 2E1 activity.33 In human subjects, the studies 

that have been done to date have produced no conclusive evidence that vitamin E is effective 

in the treatment of ALD. A small European RCT evaluated alcoholic patients treated with an 

antioxidant cocktail of vitamin E, vitamin C, beta carotene, and selenium. Patients were 

initially admitted to the hospital for detoxification and randomized to receive either placebo 

or the antioxidant cocktail. After 7 days of therapy, there was no significant difference in 

levels of conjugated linoleic acid, used as a marker of free radical activity, or AST between 

the 2 groups.34 A large RCT looked at 67 patients with decompensated alcoholic cirrhosis 

treated with vitamin E. All patients were ambulatory and advised to abstain from alcohol. 

Patients were treated with 500 IU/day of vitamin E for 1 year. At the end of 1 year, there 

was no significant improvement seen in liver function tests, hospitalization rates, or overall 

mortality when compared with placebo.35

A recent RCT studied 51 patients with mild to moderate alcoholic hepatitis treated with 

vitamin E. All patients were advised to abstain from alcohol. Patients were treated with 1000 

IU/day of vitamin E for 1 year. There were no significant differences in biochemical 

markers (serum aminotransfereases, bilirubin, albumin, prothrombin time, or creatinine) or 

overall mortality between the treatment group and placebo group. This study also measured 

NFκB levels in both groups. In the 9 patients (6 in placebo, 3 in treatment) who resumed 

drinking, NFκB binding activity remained high, and no significant difference was found 

between those patients taking vita-min E or placebo. In the patients who remained abstinent, 

NFκB binding activity decreased after cessation of alcohol. There was no significant 

difference between the decrease in NFκB activity seen in the treatment and placebo 

groups.36 Thus, it appeared that continued alcohol intake was the most critical factor related 

to ongoing inflammation/ injury.
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Vitamin E and Viral Hepatitis

Pathophysiology

In addition to the well-accepted treatment combination of ribavirin and interferon (IFN)-α 

for the treatment of chronic hepatitis C, a number of studies have looked at antioxidant 

therapy in hopes of improving response rates. It is thought that chronic infection with the 

virus increases oxidative stress within the liver, a process that may be counteracted with the 

addition of antioxidants. Surrogate markers of oxidative stress have been found to increase 

in patients with chronic hepatitis C, lending support to this hypothesis.37–39 Our group has 

preliminary data suggesting that 4 hydroxynonenal, a product of oxidative stress and lipid 

peroxidation, interferes with normal interferon signaling by inhibiting the STAT pathway. 

Oxidative stress has also been shown to cause enhanced activation of stellate cells and 

hepatic fibrogenesis in patients with chronic hepatitis C, a process that was inhibited by 8 

weeks of treatment with high dose vitamin E (1200 IU/day).40

Therapeutic Trials

A few small studies have shown a therapeutic benefit of vitamin E treatment in patients with 

chronic hepatitis C. A non-randomized trial studied 17 patients treated with vitamin E (500 

mg/day) for 3 months. A serum marker of oxidative stress, thioredoxin (TRX), as well as 

ALT and AST levels, were measured before, during, and after treatment. Patients with the 

highest elevations in pretreatment ALT (ALT >70 IU/L) showed a significant reduction in 

ALT levels and a reduction in TRX levels that was not statistically significant. Patients with 

only mild elevations in pretreatment ALT (ALT <70 IU/L) showed no improvement in ALT 

levels but a significant reduction in TRX levels.41

A study of 23 patients investigated nonresponders to INF-α and treated them with a total of 

800 IU/day of vitamin E for 12 weeks. Eleven of 23 patients showed a significant reduction 

in ALT and AST when compared with pretreatment levels. These biochemical 

improvements relapsed rapidly after discontinuation of therapy and were reproduced upon 

retreatment with vitamin E after a 6-month follow-up.42

A third RCT looked at 24 INF-α naïve patients with hepatitis C treated with either INF-α 

mono-therapy (4.5 million units, 3 times a week; group A), INF-α and antioxidants (N-

acetylcysteine plussodium selenite but excluding vitamin E; group B), and INF-α, 

antioxidants, and vitamin E at a dose of 544 IU/day (group C). All 3 groups of patients were 

treated for a total of 24 weeks and then followed for 6 months after treatment. The results 

showed patients treated with vitamin E (group C) had a better chance of obtaining an end-of-

treatment response (ETR, defined as normalization of ALT and negative hepatitis C virus 

[HCV] RNA) and demonstrated an overall reduction in viral load vs non–vitamin-E-treated 

patients (groups A and B), although these results did not attain statistical significance. No 

significant histologic changes were seen between any of the 3 groups. Of the 11 patients that 

initially responded (3 in group A, 2 in group B, and 6 in group C), 7 relapsed within 6 

months of discontinuation of therapy (4 of 6 patients in group C).43

These results contrast with the findings of 2 other reports that found no benefit with the 

addition of vitamin E to INF-α-based regimens. The first was a multicenter European RCT 
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involving 120 patients with chronic HCV, previously unresponsive to INF-α monotherapy. 

Patients were randomized to receive either weight-based INF-α (3–6 million units, 3 times a 

week) or INF-α and antioxidant therapy consisting of N-acetylcysteine and vitamin E (600 

mg/day). After 6 months of therapy, followed by 6 months of follow-up, no significant 

benefit between the 2 groups was seen in ALT levels or viral clearance at the end of 

treatment or during the follow-up period.44 Another randomized, controlled study looked at 

47 patients with hepatitis C treated with either combination therapy (INF-α and ribavirin) or 

combination therapy and vitamin E (800 IU/day) for 24 weeks. At the end of treatment, no 

significant benefit was found between groups in terms of improvement of ALT or reducing 

ribavirin-induced hemolysis.45

Studies done in patients with chronic hepatitis B have suggested some benefit to treatment 

with vita-min E. For example, a RCT of 32 patients was done in patients with chronic 

hepatitis B treated with vitamin E (300 IU twice daily) for 3 months. Most patients were 

INF-α nonresponders. Compared with placebo, the vitamin E group showed significant 

improvements in biochemical response (normalized ALT), virologic response (DNA 

negative), and complete response (both ALT normal and DNA negative). These results 

persisted throughout the follow-up period of 9–12 months.46

Zinc

Since the 1950s, it has been recognized that patients with cirrhosis of varying etiologies are 

zinc deficient.47–50 The clinical significance of this has been investigated in a number of 

specific disease states of the liver, looking at both underlying mechanisms as well as 

possible therapeutic options with zinc supplementation.

Zinc in ALD

Pathophysiology

It is well accepted that humans with ALD are zinc deficient.51 Human studies have shown 

decreased zinc absorption from the intestine and increased zinc excretion in the urine, 

decreased serum zinc concentrations, and decreased zinc content within the liver.52–55 Given 

the myriad of roles zinc plays within hepatic homeostasis, multiple mechanisms have been 

studied looking at its effects on ALD.

Alcohol is metabolized in the liver via 3 major pathways: alcohol dehydrogenase (ADH) in 

the cytosol, aldehyde dehydrogenase (ALDH) in the mitochondria, and microsomal ethanol-

oxidizing system in the endoplasmic reticulum. All 3 of these pathways generate reactive 

oxygen species (ROS). A large body of work has shown the microsomal ethanol-oxidizing 

system, especially the cytochrome P450 2E1 (CYP 2E1), to be a critical pathway in the 

generation of ROS in alcohol-induced liver damage, and it is thought that chronic ethanol 

exposure produces a relative shift in metabolism away from ADH toward CYP2E1.56–60 

One proposed mecha nism for this shift is the effect zinc depletion has on ADH activity. 

ADH is a metalloenzyme dependent on the catalytic activity of zinc, and ADH activity has 

been shown to be zinc-dependent.61 Recently, zinc supplementation in ethanol-fed rats was 
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shown to suppress CYP 2E1 activity, as well as increase the activity of ADH within the 

liver.62

In addition, zinc may play an important role in the glutathione (GSH) depletion found in 

ALD. Ethanol-fed rats have been shown to have reduced levels of GSH, an important 

antioxidant within the liver.63 In vitro depletion of zinc within hepatocytes induces a dose-

dependent decrease in GSH levels, and zinc supplementation in ethanol-fed rats has been 

shown to prevent ethanol-induced decreases in GSH levels.62,64

As mentioned earlier, NFκB activation within the liver plays a crucial role in the production 

of TNF-α, a proinflammatory cytokine shown to be critical in the pathogenesis of ALD.65 

The increased intestinal permeability and endotoxemia associated with ALD has been shown 

to increase NFκB activity and TNF-α production. In rats chronically fed ethanol, zinc 

supplementation prevented increases in TNF-α production.62 In rats exposed to endotoxin 

(lipopolysaccharide, LPS), zinc also prevented LPS-induced TNF-α production via 

inhibition of NFκB activity.66 A study done in rats with acute alcohol-induced liver disease 

showed that pretreatment with zinc significantly inhibited TNF-α elevation, increases in 

serum aminotransferases (ALT and AST) and histo-logic changes, presumably by inhibiting 

the endotoxemia associated with alcohol-induced liver disease.67

Therapeutic Trials

Although the underlying mechanisms of zinc deficiency in ALD have been extensively 

studied, there is a paucity of RCTs of zinc supplementation in patients with ALD. One study 

looked at 30 patients with compensated cirrhosis due to alcohol, treated with zinc or 

placebo. The treatment group received 200 mg/day of zinc for a total of 6 weeks. There was 

a significant decrease in serum bilirubin levels in the zinc-treated group, although this group 

also demonstrated a significant increase in prothrombin time. Dark adaption did not change 

between groups; however, there was a significant improvement in taste acuity in the patients 

treated with zinc.68 Several early, smaller studies have shown improvement in specific 

manifestations of zinc deficiency, such as skin lesions and impaired dark adaptation in 

alcoholic cirrhosis (as reviewed in McClain et al51).

Zinc in Viral Hepatitis

Pathophysiology

Zinc deficiency and its role in the pathogenesis and treatment of viral hepatitis is not well 

understood. Several small studies have evaluated serum zinc levels in patients with chronic 

viral hepatitis.69–74 The results have been mixed. Three found no significant differences 

when compared with controls; however, others have demonstrated a signifi-cant decrease in 

serum zinc levels when compared with controls.69–74 In one of these studies, a significant 

difference was found only in those patients with cirrhosis.72 Another of these studies only 

looked at patients with chronic hepatitis C and demonstrated that, in addition to lower serum 

zinc levels at baseline, these reductions were exacerbated further following injection of INF-

α.73 Based on these results, there has been some interest in using zinc supplementation as an 

adjunct to traditional antiviral therapy in patients with chronic hepatitis C. The same group 

that reported lower serum zinc levels after injection of INF-α into patients with chronic 
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hepatitis C then followed these patients over 1 year. They measured serum zinc levels during 

and after 6 months of therapy with INF-α and found that serum zinc levels were 

significantly higher in the patients achieving a sustained viral response (SVR) compared 

with nonresponders.73

Therapeutic Trials

As a result of the above study, a larger, randomized, controlled study was performed looking 

at treatment of patients with chronic hepatitis C with INF-α vs INF-α plus zinc. A total of 75 

genotype 1b patients were studied. The patients were given 10 million units of standard INF-

α a day for 4 weeks, followed by the same dose every other day for 20 weeks. Patients in the 

combination therapy group (INF-α + zinc) were treated with 150 mg/day of zinc. At the end 

of 24 weeks, the authors found a significant improvement in complete response rate (normal 

ALT, undetectable HCV RNA polymerase chain reaction [PCR]) and incomplete response 

rate (normal ALT, detectable HCV RNA PCR) in the combination group in patients with a 

low viral load. In patients with high viral loads, there was no signifi-cant difference in 

complete or incomplete response rates between groups. Of note, there was a higher number 

of patients with a high viral load in the INF only group.75 A second randomized, controlled 

study looked at treatment of patients with chronic hepatitis C with standard α-interferon-2a 

and ribavirin, treated with or without zinc supplementation. A total of 40 patients were 

studied. All patients were given 3 million units of INF 3 times a week and a weight-based 

dose of ribavirin daily. The treatment group was also given zinc gluconate (equivalent to 50 

mg/day of zinc) beginning in the second week for 24 weeks. All patients were then followed 

for an additional 6 months. The authors found no signifi-cant difference between the rates of 

ETR or SVR between the 2 groups. However, they did find a significant decrease in the 

incidence of certain side effects from INF/ribavirin therapy in the zinc treatment group, 

specifically gastrointestinal disturbances, body weight loss, and mild anemia. Subgroup 

analysis based on genotype or viral load was not studied.76

Zinc in Hepatic Encephalopathy

Pathophysiology

In addition to studying its effects on certain types of liver disease, zinc also has been 

evaluated as a potential therapeutic agent for certain complications of cirrhosis, mainly 

hepatic encephalopathy. Zinc deficiency has been implicated as a possible component in the 

pathogenesis of hepatic encephalopathy, mainly through its role in the regulation of the urea 

cycle and ammonia metabolism. Ammonia has long been thought to be a central mediator in 

the development of hepatic encephalopathy.77 Ammonia derived from the gut is metabolized 

to urea in the liver, which is then excreted in the urine. In patients with both acute and 

chronic liver disease, elevated arterial levels of ammonia are common. In cirrhotic rats, zinc 

supplementation increased the activity of a key enzyme in the urea cycle and subsequently 

increased urea production and decreased ammonia levels.78

Therapeutic Trials

The available clinical data involving zinc and hepatic encephalopathy are mixed. One 

randomized controlled study (by Reding et al) looked at treatment of patients with hepatic 
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encephalopathy with oral zinc supplementation. A total of 22 cirrhotic patients (etiology not 

disclosed) with stage I encephalopathy were randomized to 600 mg/day of oral zinc sulfate 

supplementation or placebo. All patients were on lactulose and a low protein diet before 

enrollment. After 7 days, the zinc group had significantly higher serum levels of zinc and 

blood urea nitrogen (BUN) than controls. The zinc group also scored significantly higher on 

cognitive testing (trailmaking tests) than the placebo group, indicating an improvement in 

hepatic encephalopathy.79

Another RCT study looked at oral zinc supplementation in patients with hepatic 

encephalopathy. A total of 15 cirrhotic patients with hepatic encephalopathy were 

randomized to 600 mg/day of oral zinc acetate supplementation or placebo in a double-

blind, crossover design. All patients were on lactu-lose and a low protein diet before 

enrollment. After 10 days, serum zinc levels in the treatment group increased to the same 

extent as in the previous study (1.59-fold in this study, 1.68-fold in the Reding study), but 

did not reach normal serum levels as in the previous study. The authors found no significant 

improvement between the 2 groups in a standardized hepatic encephalopathy index.80

A third nonrandomized, prospective study looked at patients with hepatic encephalopathy 

treated with oral zinc supplementation. Eight patients with cirrhosis and documented 

encephalopathy were treated with oral zinc sulfate (600 mg/day) for 3 months and matched 

for cirrhosis and encephalopathy with 8 control patients. Both groups of patients were 

treated with lactulose and a low-protein diet. After 3 months, serum zinc levels returned to 

normal in the patients treated with oral zinc supplementation. In addition, zinc 

supplementation decreased basal ammonia levels and increased urea production. 

Psychometric testing also improved significantly from pretreatment levels in the patients 

treated with zinc, indicating an improvement in hepatic encephalopathy.81

A larger, randomized, controlled study evaluated patients with hepatic encephalopathy 

treated with oral zinc therapy. Ninety cirrhotic patients with compensated disease received 

standard therapy (low protein diet and lactulose) for 1 month and were then randomized to 

receive standard therapy or standard therapy plus oral zinc acetate (600 mg/day) for 6 

months. Although there were improvements in psychometric test values in the zinc-treated 

group, these results did not achieve statistical significance.82

Zinc in Wilson’s Disease

Pathophysiology

Wilson’s disease is an autosomal recessive genetic disease involving abnormalities in 

cellular copper export. This results in progressive accumulation of copper in the liver, as 

well as the brain, red blood cells, and kidneys. Liver disease is the most common clinical 

manifestation of Wilson’s disease, and there is a broad spectrum of conditions ranging from 

asymptomatic elevations in liver function tests to fulminant hepatic failure.

Zinc has been well studied in the treatment of Wilson’s disease and has been used 

extensively since the early 1960s. Zinc inhibits the absorption of copper from the 

gastrointestinal tract by inducing enterocyte metallothionein. Metallothionein is a protein 
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that binds metals and has a high affinity for copper. It will preferentially bind copper present 

in the enterocyte absorbed from the gastrointestinal tract and inhibit it from entering the 

portal circulation. The enterocyte and bound copper are then excreted in the feces during 

normal cell turnover.83,84 Copper is also excreted in saliva and gastric secretions, and zinc 

can partially inhibit reabsorption of these secretions (thus creating a negative balance for 

copper) and remove stored copper.85

Therapeutic Trials

Long-term studies following patients over 10 years have demonstrated the efficacy of zinc 

used primarily as maintenance therapy in successfully treated patients and as first-line 

therapy in asymptomatic patients.86 The use of combination therapy with a chelating 

compound, such as trientine or D-penicillamine, and zinc in patients with active or 

symptomatic disease has been advocated but not extensively studied in large randomized, 

controlled trials. The dose of zinc that is usually required to impair copper absorption is 50 

mg of elemental zinc (equivalent to 220 mg zinc sulfate). Doses frequently used to treat 

Wilson’s disease are 50 mg elemental zinc 3 times a day. Long term zinc supplementation in 

other liver diseases should be under 50 mg of elemental zinc/day to avoid side effects, 

including copper deficiency and GI distress.

Magnesium

Pathophysiology

It has been shown that patients with cirrhosis have low total body magnesium levels despite 

often normal-appearing serum ionized magnesium levels.87 This is thought to be due to a 

combination of factors, including poor absorption in the small bowel; enhanced urinary 

excretion from increased levels of aldosterone, growth hormone, and glucagon; and 

malnutrition.88 Magnesium deficiency has been postulated to play a role in the muscle 

cramps and weakness observed in many types of liver disease. Recently, hypomagnesemia 

has been implicated in the pathogenesis of specific disease states, especially NAFLD and 

NASH. Both conditions are strongly associated with insulin resistance, as well as obesity, 

type 2 diabetes mellitus, hypertriglyceridemia, and hypertension. It is thought that low 

magnesium levels may play a role in the development of insulin resistance.89 

Hypomagnesemia has been reported in diabetic patients, and nondiabeticpatients with low 

plasma levels of magnesium have been found to be significantly more likely to have insulin 

resistance, glucose intolerance, and hyperinsulinemia when compared with controls with 

higher levels of magnesium.90,91 Magnesium levels have been shown to regulate cellular 

responsiveness to insulin, with low levels of magnesium producing cellular insulin 

resistance.92 A study done in 6 nondiabetic patients in which subjects were fed a low 

magnesium diet for 4 weeks also demonstrated that diet-induced magnesium deficiencies 

increased insulin resistance.93 Furthermore, an association between low magnesium levels 

and decreased glucose disposal has also been demonstrated in diabetic patients.94

Therapeutic Trials

Substantial recent evidence relates the glucose intolerance observed in NASH to magnesium 

deficiency.95 Further, there is a significant relation between low magnesium concentrations 
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and both hepatic inflammation and fibrosis in NASH.95 Although preliminary evidence 

suggests a role for magnesium in the pathogenesis of NAFLD and NASH, few randomized, 

controlled trials have looked at treating patients with chronic liver disease with magnesium 

supplementation.

One study evaluated 59 patients with ALD treated for 6 weeks with both IV and oral 

magnesium supplementation (12.5 mmol/day) vs placebo. After 6 weeks of therapy, the 

authors found no significant increase in muscle content of magnesium and no benefit in 

terms of muscle strength or mass in the treatment group.96 This study points out the 

potential difficulty repleting tissue magnesium stores. There have been no human studies 

with magnesium therapy on insulin resistance in patients with liver disease.

S-Adenosylmethionine (SAMe)

Pathophysiology

In mammals, the liver plays a central role in methionine metabolism, as nearly half of the 

daily intake of methionine is metabolized there. The first step in methionine metabolism is 

the formation of SAMe in a reaction catalyzed by methionine adenosyltransferase (MAT), 

and activity of this enzyme is depressed in many types of liver disease, especially ALD97,98 

(Figure 1). SAMe is: (1) the principal biologic methyl donor via the transmethylation 

pathway; (2) the precursor of aminopropyl groups used in polyamine biosynthesis; and in 

liver (3), a precursor of GSH through its conversion to cysteine via the transsulfuration 

pathway.97,98 The normal human adult produces 6–8 g of SAMe per day, most of it in the 

liver, where it is also used in a variety of reactions. Under normal conditions, most of the 

SAMe generated per day is used in transmethylation reactions in which methyl groups are 

added to a vast number of molecules, including both high-and low-molecular-weight 

compounds, via specific methyltransferases.99–101 These compounds include DNA, RNA, 

biogenic amines, phospholipids, his-tones, and other proteins; their methylation may 

modulate cellular functions and integrity. In thisprocess, SAMe is converted to S-

adenosylhomocysteine (SAH), which is a potent competitive inhibitor of most 

methyltransferases studied. Both an increase in SAH level as well as a decrease in the 

SAMe:SAH ratio are known to inhibit transmethylation reactions.100–102

SAMe deficiency has been observed in many forms of liver disease and was first identified 

in ALD in the early 1980s, when it was observed that alcoholic subjects had delayed 

clearance of an oral bolus of methionine (presumably due to a blocked conversion of 

methionine to SAMe).103 Subse quently, Mato and his group97,104 confirmed this postulate 

and demonstrated that the functional MAT was indeed subnormal in liver biopsies from 

alcoholic subjects. In addition to ALD, subnormal hepatic SAMe is also noted in various 

experimental models of liver injury, such as steatosis, cholestasis, or toxins such as ethanol, 

CCl4, acetaminophen, or galactosamine. Exogenous SAMe administration corrects the 

deficiency and attenuates liver injury.105–107

Although SAMe deficiency has been reported in several liver diseases, the mechanism(s) by 

which SAMe levels modulate hepatotoxicity are not fully understood. Because SAMe is a 

precursor for GSH synthesis, SAMe deficiency results in GSH deficiency, which is observed 
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in many forms of liver disease.108 In animal studies, exogenous SAMe corrected hepatic 

deficiencies of both SAMe and GSH.109 Because GSH is required for optimal expression of 

MAT activity in the liver, hepatic deficiency of MAT may in part be due to GSH deficiency. 

Also, hepatic MAT is sensitive to oxidative stress, and oxidation of cys 121, the active site 

of the enzyme located in its flexible loop, results in loss of its activity. Thus, subnormal 

hepatic MAT activity in ALD patients could occur due to oxidation of the active site by 

increased oxidative stress.110 In addition, in alcohol-induced models of hepatotoxicity, 

SAMe has been shown to maintain mitochondrial GSH levels. Depletion of mitochondrial 

GSH is thought to be one etiologic factor in the development of ALD, and SAMe, but not 

other GSH pro-drugs, prevented mitochondrial GSH depletion (possibly by protecting 

mitochondrial GSH transport systems).111 SAMe also positively regulates cytokine 

metabolism.99 Thus, low SAMe levels augment endotoxin-stimulated TNF production, 

whereas SAMe supplementation decreases TNF.99 On the other hand, SAMe increases the 

production of the “good” anti-inflammatory cytokine, interleukin-10 (IL-10).99 Thus, SAMe 

deficiency appears to augment inflammation and SAMe supplementation decreases 

inflammation.99

Therapeutic Trials

SAMe has been used in a variety of animal studies and European clinical trials and has been 

reported to improve biochemical parameters of liver function. For example, Loguercio et 

al112 reported that parenteral treatment of alcoholic patients with SAMe (2 g/day for 15 days 

IV) improved erythrocyte GSH concentrations, suggesting an attenuation of oxidative stress. 

Similar improvements have been reported in patients with alcoholic and primary biliary 

cirrhosis.113 Patients with intrahepatic cholestasis were also administered SAMe, and 

improvements in their serum transaminases and bilirubin have been reported by several 

workers.113–115 A pivotal study from Mato’s group reported that SAMe supplementation 

improved mortality and decreased need for liver transplantation in patients with less severe 

alcoholic cirrhosis.116 This was a multicenter trial from Spain enrolling 123 patients. SAMe 

was given in a dose of 1200 mg/day in this 2 year, randomized, placebo-controlled trial. 

This is the largest SAMe study in cirrhosis, and it used what we consider appropriate dosing. 

Several previous studies probably used inadequate dosing; we currently prescribe 1600 

mg/day (400 mg 4 times daily) in alcoholic cirrhosis and in NASH.

Betaine

Pathophysiology

Betaine (trimethylglycine) was initially discovered in the juice of sugar beets. Betaine 

functions as an organic osmolyte to protect cells from stress, and it also functions as a major 

methyl donor in the methionine cycle (Figure 1).117 Thus, it is appropriate to discuss SAMe 

and betaine together. In the transmethylation pathway, SAMe is converted to SAH. While 

SAMe levels tend to be low in most forms of liver disease, SAH levels are elevated, as are 

homocysteine levels.118 SAH can sensitize hepatocytes to TNF-induced hepatotoxicity, and 

homo-cysteine is a major inducer of fatty liver.118 Thus, it is important to be able to remove 

excess levels of both SAH and homocysteine from the liver.89
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Betaine facilitates the conversion of homocysteine back to methionine and helps remove 

both SAH and homocysteine (Figure 1). Animals injected with betaine demonstrate a dose-

dependent increase in red blood cell SAMe, again documenting the potential overlapping 

roles of SAMe and betaine in therapy of different forms of liver disease. Betaine is known to 

be protective against a variety of forms of experimental hepatotoxicity such as those induced 

by endotoxin, carbon tetrachloride, chloroform, alcohol, and others.119–122 As noted 

previously, low levels of SAMe are observed in most forms of liver disease, and SAMe 

serves as a hepatoprotective agent. Betaine functions by removing SAH and homocysteine 

from the liver, as well as regenerating SAMe.

Abnormalities in SAH and homocysteine levels are now being recognized in both 

experimental forms of liver injury and human injury. Our group,118 others,122 and Barak et 

al123 have documented elevatedSAH levels in experimental models of liver disease, and 

studies by several groups document elevated homocysteine levels in animal models of liver 

injury. As noted previously, the SAMe:SAH ratio and SAH levels critically regulate 

transmethylation reactions (with increased SAH inhibiting transmethylation reactions). 

Studies from Ji and Kaplowitz122 reported that hyperhomocysteinemia induced endoplasmic 

reticulum stress with subsequent liver injury in alcohol-fed mice, and removal of 

homocysteine by betaine supplementation attenuated fatty liver and liver injury. Studies 

from Barak and coworkers123 clearly indicated that betaine removes not only homocysteine 

but also SAH (see Figure 1). Our studies document that elevated SAH levels sensitize to 

TNF-induced hepatotoxicity, and we postulate that this is a clinically relevant sensitizer to 

TNF hepatotoxicity in ALD.118 Importantly, elevated SAH level and altered SAMe:SAH 

ratio likely cause disruption of hepatic transmethylation reactions. This is consistent with 

previous research by Lieber et al124 showing that alcohol consumption decreased hepatic 

phosphatidylethanolamine N-methyltransferase (PEMT) activity in a baboon model of 

alcohol-induced hepatic fibrosis. Recent studies by Lu’s group125 documented decreased 

mRNA for multiple methyltransferases in liver biopsies from patients with alcoholic 

hepatitis. Methylation involves conversion of cytosine to 5-methylcytosine in reactions 

mediated by specific DNA methyltransferases. The extent of methylation of cytosine to 5-

methylcytosine often is correlated with gene activity. Hypermethylation is associated with 

nonexpression of the gene, whereas hypomethylation is a necessary but not sufficient 

condition for gene expression.126–128 For example, caspase-8 gene expression is sensitive to 

intracellular methylation status.129,130 We have observed that increased intracellular SAH 

levels modulate caspase-8 expression and activity after TNF exposure in hepatocytes 

(increased intracellular SAH increasing caspase-8 expression).118 Thus, increased SAH 

levels and hypomethylation could critically influence pathways ranging from fat 

accumulation in the liver (eg, PEMT, which is critically involved in very low density 

lipoprotein [VLDL] production) to caspase-8 expression/activity, which could play a role in 

enhanced apoptosis of in many forms of liver injury such as ALD.118,125,131 Thus, betaine 

therapy in theory could both decrease fatty infiltration in the liver, as well as decrease 

hepatocyte death.
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Therapeutic Trials

Betaine has been used in a pilot trial of 10 NASH patients from the Mayo Clinic.132 Betaine 

was given at a dose of 10 g orally twice per day for 1 year. Patients had a significant 

improvement in liver enzymes and liver histology including fat, inflammation, and 

fibrosis.132 Larger studies are ongoing with this agent in NASH at similar doses, and 

preliminary data seem very promising.

Silymarin (Milk Thistle)

Pathophysiology

Silymarin is the active ingredient extracted from Silybium marianum (milk thistle), a 

member of the daisy family, whose leaves have prominent white “milky’’ veins.133 This 

agent protects animals against multiple types of experimental liver injury, such as carbon 

tetrachloride, acetaminophen, iron overload, bile duct obstruction, and, very importantly, 

amanita mushroom poisoning.133–135 In several animal species, the agent was effective in 

both pretreatment phases as well as after ingestion.133–135 Claims for use as an antidote for 

acute amanita poisoning in humans have been made, but its efficacy is less clear. Further, 

the supplement is poorly absorbed, and content of preparations is highly variable. The 

proposed mechanisms of action of silymarin are multiple and listed below:

Antioxidant Action

Silymarin acts as an antioxidant by scavenging ROS such as hydroxyl radicals and 

hypohalide derivatives (eg, hypochlorous acid).136–138 Consistent with such effects, 

silymarin also increases GSH content in the liver, stomach, and intestine.139 In erythrocytes 

and lymphocytes of patients with ALD, silymarin augmented the activity of superoxide 

dismutase (SOD), an enzyme that dissipates the super-oxide anion.140 Importantly, 

silymarin inhibited the oxidative burst (superoxide anion production) generated by activated 

human neutrophils.141

Modulation of Cytokine Metabolism

Silymarin has been reported to suppress TNF-α-induced NFκB activation, to inhibit TNF-α-

induced cytotoxicity, and caspase activation.142 These effects are highly relevant for the 

liver protection against TNF-α-induced hepatotoxicity that can occur in ALD, toxin-induced 

liver injury, and NASH. Also, silymarin protected the liver against T-cell-induced injury (in 

the concanavalin A model) and concomitantly increased the expression of IL-10, an anti-

inflammatory cytokine, and decreased the expression of TNF-α, a proinflammatory cytokine 

in the liver.143

Interference With Lipid Metabolism

Silymarin inhibited lipid peroxidation in rat liver peroxisomes and in freshly isolated rat 

hepatocytes and exerted a transient inhibitory effect on fatty acid synthesis in the rat 

liver.144,145
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Protective Action Against Alcohol

Silymarin protected primary human hepatocytes in culture against deleterious effects of 

alcohol andmarkedly attenuated the progression of alcohol-induced hepatic fibrosis in the 

baboon.146,147

Liver Fibrosis

Stellate cell transformation into fibroblasts with the simultaneous increase in extracellular 

matrix protein secretion has been shown to be inhibited by silymarin.148

Enhanced Liver Regeneration

An intriguing effect of silymarin is its ability to enhance the liver regenerative capacity after 

partial hepatectomy in the rat.149 The above findings demonstrate that silymarin is a potent 

protective agent of the liver against a wide spectrum of injurious agents.

Therapeutic Trials

In the United States, silymarin is probably the most widely used form of CAM in the 

treatment of liver disease. Claims have been made for its hepatoprotective effects in various 

forms of toxic hepatitis, fatty liver, cirrhosis, ischemic injury, and viral-induced liver 

disease133,134 due to its antioxidant activities, anti-inflammatory and antifibrotic effects. 

Controlled trials of silymarin have been performed in Europe, with variable results. A 

positive beneficial effect, especially in patients with alcoholic cirrhosis and in those with 

milder disease, was found with a treatment program (140 mg 3 times/day) having a mean 

duration of 41 months.136 Conversely, no beneficial effects were found using 150 mg 

silymarin 3 times per day in a study of 200 patients with alcoholic cirrhosis, some of whom 

also had hepatitis C.150 Both of these trials had major shortcomings, including high dropout 

rates and compliance issues. Silymarin has been shown to improve insulin resistance in 

alcoholic cirrhotics.151 Silymarin is likely to remain one of the more popular forms of CAM 

therapy for liver disease because it has a good safety profile, it has been extensively 

investigated in multiple forms of experimental liver injury in animals, and some positive 

results have been reported in humans. The NIH is currently funding large clinical trials to 

further define the mechanism(s) of action and efficacy in diseases such as hepatitis C and 

NASH.

Glycyrrhizin (Licorice Root)

Pathophysiology

The active component of Glycyrrhiza glabra (licorice root) is glycyrrhizin, which is a 

combination of glycyrrhetinic acid and glucuronic acid. The use of licorice has been traced 

back to the early 16th century, used initially in the Mediterranean and Middle East and later 

in Europe. This root was used for its antiallergic, detoxifying, and antiviral effects. It has 

been used for various conditions, including malaria, peptic ulcers, pharyngitis, bronchitis, as 

well as hepatitis.152

Proposed mechanisms of action for the hepatoprotective effects of glycyrrhizin include its 

antilipid perioxidation, antioxidant, immunosuppressive, and anti-inflammatory 
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characteristics.133,153–155 In vitro studies with human hepatoma cell lines showed that 

glycyrrhizin prevented the hepatitis A virus from cellular entry by inducing alterations on 

human cellular membranes.156 Glycyrrhizin also inhibited the activation of phospholipase 

A2, decreasing levels of ALT release by hepatocytes.157 Glycyrrhizin has been reported to 

enhance INF-γ production and stimulation of natural killer cell activity, thus preventing 

inflammation of hepatocytes. Last, Okamoto158 showed that glycyrrhizin inhibited the Fas 

ligand, a major inducer of apoptosis, which was thought to provide another pathway where 

this herb prevents inflammation in hepatocytes with hepatitis C.

Animal models have shown that glycyrrhizin decreased P450 metabolic reactions and 

enhanced hepatic glucuronidation.152,159 Glycyrrhizin-treated mice demonstrated enhanced 

production of endogenous interferon,160 and another mouse study showed that glycyrrhizin 

inhibited production of TNF and hepatic fibrogenesis.153 An animal model study by Abe et 

al161 showed that the rat liver dendritic cells increased production of IL-10 when exposed to 

glycyrrhizin, and this was associated with attenuated concanavalin-A–induced hepatitis and 

hepatic inflammation, as well as carbon tetrachloride–induced liver injury. This was 

confirmed in vitro using rat liver dendritic cells in culture.

Therapeutic Trials

Clinical trials using glycyrrhizin (IV) have mostly involved the treatment of hepatitis C, 

specifically, patients who are refractory to, or intolerant of, interferon treatment. Trials were 

generally difficult to interpret due to small sample size, weak methodology, lack of defined 

outcomes and nonhomogeneity of liver diagnoses. A double-blinded randomized trial 

performed by Suzuki et al162 looked at IV injections of 80 mg of Stronger Neo-Minophagen 

C (SNMC, the Japanese standard preparation of glycyrrhizin combined with glycine and 

cysteine) in patients who had histologically proven, chronic active hepatitis. After 1 month’s 

treatment in 133 patients, transaminases fell by about 40% in the treatment group vs the 2% 

drop in the placebo group, and no significant side effects were noted. However, this study 

has major limitations due to such a short duration. A retrospective study performed by Arase 

et al163 showed that ALT levels dropped and the overall rate of hepatocellular carcinoma 

was lower with 200 mg of glycyrrhizin given 5 days per week in hepatitis C patients 

compared with untreated patients. This study had a 10- to 15-year follow-up, but there was 

limited information on thedemographics of the 193 participating patients. The authors 

believed that glycyrrhizin therapy may be beneficial since normalization of serum 

transaminases appeared to be a key prognostic factor for the development of histologic 

changes and progression to hepatocellular carcinoma.163,164 Further, low serum ALT levels 

reduced the risk of post-therapeutic recurrence after resection of a preceding tumor.165 

Hence, glycyrrhizin may provide clinical benefits in prevention of hepatocellular carcinoma 

in chronic hepatitis C refractory to interferon therapy or in patients who are not candidates 

for interferon therapy. In summary, most clinical trials (often in hepatitis C interferon 

nonresponders) have found a consistent decrease in transaminases, and at least 1 study 

reported that glycyrrhizin demonstrates dose-dependent efficacy.166 The beneficial effects of 

glycyrrhizin seem to be lost once treatment has been stopped, which is a major disadvantage 

if IV dosing is used.
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As mentioned earlier, glycyrrhizin had been found in in vitro studies to produce endogenous 

interferon. Thus, this therapy could, in theory, enhance standard interferon treatment for 

hepatitis C. Fujiyama et al167 looked at 101 patients in an open comparative trial, dividing 

patients into 3 different treatment arms: INF-α 2b alone (10 MU/day subcutaneously for 2 

weeks; then 3 times per week for 22 weeks), INF-α 2b plus SNMC (for 24 weeks; then 

SNMC alone for 24 weeks), and INF-α 2b alone (10 MU/day for 4 weeks; then 3 times per 

week for 20 weeks). No significant differences were found between the 3 arms at any time 

in terms of serum liver markers. Further, INF-α 2b alone was found to provide the most 

effective viral response as opposed to the combination therapy. A smaller study compared 

INF-α (6 MU per day for 8 weeks) vs INF-α plus SNMC for 8 weeks.168 Again, no signifi-

cant changes in serum biomarkers and virological response were seen at 8 weeks and at 6 

months of follow-up. Thus, very limited studies have not shown enhanced antiviral effects 

with glycyrrhizin.

Glycyrrhizin has some safety issues that have limited our enthusiasm for this agent. 

Glycyrrhizin causes a “pseudoaldosterone effect,” especially in those who have predisposing 

sodium-retaining conditions like ascites, heart failure, nephrotic disease, and 

hypertension.169,170 This effect is related to glycyrrhizin’s inhibition of the enzyme 11-β-

hydroxysteriod dehydrogenase, which triggers an increase in salt retention. Potassium 

depletion may also complicate comorbid conditions, and potential drug interactions may 

occur, specifically with drugs that are metabolized by the CYP450 3A4. Licorice root 

maycontain coumarins or coumarin derivatives and may inhibit platelet aggregation. Also, 

licorice root may decrease the effectiveness of angiotension-converting enzyme inhibitors 

and angiotension II receptor antagonists.171

Selected Other CAM Agents

There are several other CAM agents that may have some efficacy in liver disease. We have 

selected some of the more widely recognized agents, listed in Table 1 with appropriate 

references.

Hepatotoxicity and Safety Issues

Nutrition supplements/CAM agents can serve as effective therapeutic agents for liver 

disease but may also induce hepatotoxicity.9 Indeed, dietary supplements are under less 

governmental control than over-the-counter nonprescription drugs. Thus, both healthcare 

workers and the general public must understand that the labeling of CAM products is not 

necessarily correct, that the advertised dose might not be correct, and these agents may not 

be pure. Safety issues concerning CAM agents relate to both the content of the product and 

the potential harm that can be induced. Multiple studies have documented great variability in 

the composition of certain herbal products and supplements. This variability is likely 

unavoidable in many Chinese herbal compounds. Thus, traditional prospective randomized 

clinical trials are often difficult to perform because of the great variability in these agents.

Hepatotoxicity is a major safety issue in many CAM agents, similar to prescription drugs. 

Thewell-publicized hepatotoxicity of some agents such as kava kava have increased both 
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public and health-care provider awareness of this problem.193 Table 2 lists some of the 

CAM agents that have documented hepatotoxicity.

CAM agents can also be contaminated with toxins or other drugs.207,208 For example, some 

Chinese patent medicines contain small amounts of prescription drugs such as antibiotics. 

These drugs may also be contaminated with heavy metals, such as lead or mercury. CAM 

agents can also interact with traditional medicines. One such example is the interaction of 

St. Johns Wort with indicavir and cyclosporin.209,210 This interaction was highlighted when 

patients who had undergone heart transplants developed rejection episodes after starting St. 

Johns Wort, presumably because of the induction of cyto-chrome P4503A4 by St. Johns 

Wort.

There are also natural nutrient:nutrient interactions, such as zinc interacting with copper. 

Thus, high-dose zinc supplementation will impair copper absorption and can induce copper 

deficiency. Indeed, as described previously, zinc is used therapeutically in Wilson’s disease 

for this exact “side effect” of producing copper deficiency.211

Last, nutrition supplement studies receive much lay press publicity, and this may 

inappropriately increase concerns about nutrition supplements/ CAM agents and may 

inappropriately decrease their use by the public. One such example is a recent meta analysis 

of “high-dose” vitamin E.212 This study used highly selected patient populations that did not 

include trials on liver disease. Vitamin E, as discussed previously, is highly effective at 

preventing hepatotoxicity and fibrosis induced by a variety of toxins and infectious agents in 

experimental animals. Many initial clinical trials of vitamin E in liver disease have 

demonstrated favorable results. However, many patients and physicians have stopped using 

high-dose vitamin E supplementation because of just this one study.

Conclusions

Malnutrition and isolated nutrient deficiencies are quite common in liver disease, especially 

in more advanced liver disease. There are emerging data that certain nutrition 

supplements/CAM agents may not only correct nutrition deficiencies but may also have 

therapeutic effects. This is especially important in the areas of fibrosis (where no effective 

FDA agents are approved) and in the rapidly expanding area of NAFLD. We frequently use 

zinc supplementation as an adjunct therapy for hepatic encephalopathy and regularly give 

zinc supplements to patients with cirrhosis because they are almost always zinc deficient. 

Many of our patients already are taking supplements such as milk thistle and SAMe, and we 

attempt to provide patients with information on dosing, potential side effects, and issues 

concerning product safety. Individual and multicenter trials supported by the NIH evaluating 

agents such as vitamin E, milk thistle, and SAMe are ongoing, and we eagerly await 

preliminary results.
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Figure 1. 
Betaine facilitates methionine regeneration from homocysteine.
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Table 1

Selected other CAM therapy in liver disease

Agent and references Description

TJ-9172–177 TJ-9 consists of 7 different herbs and has been used extensively in China and Japan.
 There are multiple potential mechanisms of action, including decreasing stellate cell
 activation, decreasing TGF beta and platelet-derived growth factor (PDGF), and
 decreasing hepatic fibrogenesis. It also can act as an antioxidant and can increase
 IL-10. It has been used in clinical trials with some benefit in hepatic fibrosis;
 however, there are some safety issues, including pulmonary fibrosis.

Phyllanthus amarus 178 – 180 Phyllanthus amarus has been used mainly to treat hepatitis B. Some studies have
 suggested that this agent is as effective as interferon at clearing hepatitis B virus or
 may act in concert with interferon in clearing the hepatitis B virus, but these data
 are controversial.

Picrorrhiza kurroa 181,182 Picrorrhiza kurroa is an herb from northwest India that protects against a variety of
 hepatotoxins, such as galactosamine, alcohol, carbon tetrachloride, aflatoxin. The
 clinical utility of this drug is not well documented.

CH-100183,184 CH-100 is a blend of 19 different herbs used in China to treat liver disease. It has
 immunomodulatory and anti-inflammatory effects.

Compound 861185–187 Compound 861 is a traditional Chinese medicine. It is an extract from 10 different
 herbs. It has fairly prominent antifibrotic activities. It decreases stellate cell
 activation in vitro and fibrogenesis in vivo in experimental animals. It has been
 used extensively in the treatment of chronic hepatitis B in Asia, with generally
 positive effects on hepatic fibrosis.

Green tea polyphenols188–190 They have prominent antioxidant and anti-inflammatory properties, block endotoxin
 lethality, endotoxin-stimulated TNF production, and NFkB activation in experimental
 animals. They also block experimental ischemia/reperfusion and stellate cell
 activation, but there are few human data.

Ginseng191,192 Panax notoginseng (PNG) has been used in Chinese medicine for centuries, and it
 has hepatoprotective effects in experimental animals. It has been shown to
 decrease oxidative stress, lipid peroxidation, TNF production, and stellate cell
 activation. There is limited human information in liver disease.

TGF, tumor growth factor; TNF, tumor necrosis factor.
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Table 2

Selected CAM agents and related hepatotoxicity

Herb/supplement and
references

Action

Aristolochia194 The root of Aristolochia debilis contains the highly toxic aristolochic acid, which caused hepatitis in
 a woman whose tea contained the herb. Liver function improved after about 3 months.

Bajiaolian195 Bajiaolian has been used in treatment of tumors and snakebites. However, several patients
 developed abdominal pain, as well as elevation of their liver enzymes within 2 hours of ingestion.

Black cohosh196 Black cohosh is a popular herbal remedy used for treatment of menopausal symptoms. However,
 there are multiple reports of hepatotoxicity, including fulminant hepatic failure.

Cascara sagrada197 Cascara is a tree native to North America, and its extracts from dried bark are used as stimulatory
 laxatives. A man developed cholestatic hepatitis, as well as portal hypertension. After stopping the
 laxative, his symptoms improved over time.

Celandine198 Celandine can cause acute hepatitis. Approximately 10 cases were seen within a 2-year period in a
 German hospital, and all patients recovered within 6 months.

Chaparral199,200 Chaparral is an herb used especially for respiratory tract infections. Liver damage had been
 associated with using this herb; however, liver function improved after cessation of this agent.

Eternal life201 A Chinese herbal remedy called “eternal life” has been associated with 2 cases of hepatotoxicity.

Germander202 Germander has been used for nearly 2 millennia for the treatment of fevers and abdominal
 disorders. In 1986, germander was marketed to treat obesity, and up to 30 cases of acute
 hepatitis were reported in France. This association with liver damage caused products containing
 the herb to be removed from the market. Previously used for its antimicrobial and anti-inflammatory
 activity, some cases did cause severe liver damage. Some animal models showed that germander
 formed active metabolites that depleted glutathione stores and caused apoptosis.

Kava kava193 Kava has been documented to have caused hundreds of cases of hepatic damage worldwide.
 Symptoms usually occurred after about 3–16 weeks of kava use, leading to various liver toxicities,
 ranging from transient liver enzyme elevations to fulminant liver failure. Three proposed
 mechanisms of hepatotoxicity include inhibition of cytochrome P450, reduction of liver glutathione
 stores, and inhibition of cyclooxygenase activity.

LipoKinetix203 A dietary supplement used for weight loss, LipoKinetix has caused acute hepatitis and fulminant
 hepatic failure.

Ma huang204 Ma huang, or ephedra, has been used in weight loss and increasing energy. It has been implicated
 in acute hepatitis, as well as its more common side effects.

Pennyroyal205 Pennyroyal, or Mentha pulegium, use has been associated with severe hepatotoxicity, including 1
 fatality.

Pyrrolizidine
 alkaloids206

Pyrrolizidine or mixtures containing this herbal ingredient have been reported to induce portal
 hypertension, ascites, and eventual hepatic failure. This herbal constituent has been found to cause
 veno-occlusive disease, leading to the above problems, and has also been associated with severe
 hepatitis and hepatocellular carcinoma.

Senna201 A very common herbal used in Western medicine as a laxative, senna has been reported to cause
 toxic hepatitis after overdosing.

Skullcap196 Scutellaria lateriflora, or skullcap, has been reported to cause veno-occlusive disease and liver
 failure.
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