NLM Citation: LiverTox: Clinical and Research Information on Drug-

‘ ) o Induced Liver Injury [Internet]. Bethesda (MD): National Institute of
m U.S. National Library of Medicine  Diabetes and Digestive and Kidney Diseases; 2012-. Black Cohosh.

National Center for Biotechnology Information [Updated 2014 May 20].
Bookshelf URL: https://www.ncbi.nlm.nih.gov/books/

Black Cohosh
» Updated: May 20, 2014.
\ Y
iveriox

livertox.nih.gov

OVERVIEW

Introduction

Black cohosh is a popular herbal medication derived from a plant of the buttercup family indigenous to North
America (Actaea racemosa, syn Cimicifuga racemosa), which is claimed to have estrogen-like effects and is used
primarily for relief of symptoms of menopause. In recent years, products labeled as black cohosh has been
implicated in many instances of clinically apparent, acute liver injury, some cases of which have been severe and
led to emergency liver transplantation or death.

Background

Black cohosh (Cimicifuga racemosa; Actaea racemosa) is a perennial plant indigenous to the eastern United
States and Canada. It has been long employed as a traditional Native American medicine to treat malaise,
gynecological disorders, kidney disorders, malaria, rheumatism, and sore throat. The plant is referred to by
many names, including black root, black snakeroot, bugbane, cimicifuga, cohosh bugbane, macrotnys, and
rattlesnake root. Black cohosh supplements are made from its roots and rhizomes. Black cohosh is commonly
used for the relief of symptoms associated with menopause and has been shown to be effective in ameliorating
these symptoms in controlled trials. The constituents of black cohosh include triterpenes glycosides and
polyphenols. Black cohosh was initially believed to have estrogen-like activity and modulate tissue specific
subtypes of the estrogen receptor; more recent investigations suggest that it may have serotonergic activity. Black
cohosh is available in multiple preparations either as an herbal product on its own or as a component of an
herbal supplement. Phytochemical analyses have shown that some black cohosh products are mislabeled and
contain Chinese Actaea species instead. Side effects of black cohosh may include hypotension, bradycardia,
central nervous system effects, nausea, and vomiting.

Hepatotoxicity

In prospective clinical trials involving more than 1200 patients, black cohosh was not associated with serum
enzyme elevations during treatment and no cases of clinically apparent liver injury were reported. However,
products labeled as black cohosh have been linked to more than fifty instances of clinically apparent liver injury
that have ranged in severity from symptomatic elevations in serum enzymes without jaundice, to acute self-
limited hepatitis, prolonged hepatitis with cholestasis, autoimmune hepatitis, and acute liver failure requiring
liver transplantation or with a fatal outcome. The latency to onset of liver injury ranged from 1 to 48 weeks, but
was usually within 2 to 12 weeks. The clinical presentation was typically with jaundice and a markedly
hepatocellular pattern of injury with liver biopsy histology resembling acute viral hepatitis. Some instances of an
autoimmune hepatitis-like clinical syndrome have been described with high levels of autoantibodies, chronic
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hepatitis on liver biopsy and a clinical response to prednisone. In some cases, black cohosh appeared to have
precipitated an autoimmune hepatitis that was self sustained and relapsed when immunosuppression was
withdrawn; while in other instances the hepatitis with autoimmune features resolved spontaneously after
discontinuation of black cohosh or after a short course of prednisone. In several instances, the implicated
product has been retrieved and found to contain Chinese Actaea species rather than black cohosh, and the role
of Actaea racemosa in causing liver injury remains controversial.

Mechanism of Injury

Black cohosh does not appear to be inherently hepatotoxic, and the clinical features of cases suggest that the liver
injury is an idiosyncratic reaction which may be immunologically mediated. The specific component of black
cohosh responsible for the hepatic injury is not known. As with many HDS products, unknown adulterants or
herbals mislabeled as black cohosh may be the actual cause of hepatic injury.

Outcome and Management

The severity of liver injury ranges from moderate elevations in liver enzymes to acute hepatic failure and death.
However, mild disease with spontaneous resolution with stopping the herbal is more common. Cases with
autoimmune features or prolonged symptomatic cholestasis may benefit for a course of immunosuppression
with prednisone, with or without azathioprine. However, the dose of prednisone should be kept to a minimum
and attempts should be made to withdraw immunosuppression once the hepatitis has resolved. There is no
evidence for cross sensitivity to the liver injury between black cohosh and more conventional estrogen
preparations nor with other herbals.

Drug Class: Herbal and Dietary Supplements

CASE REPORTS

Case 1. Acute liver failure after taking an herbal preparation with black
cohosh.

[Modified from: Lontos S, Jones RM, Angus PW, Gow PJ. Acute liver failure associated with the use of herbal
preparations containing black cohosh. Med J Aust 2003; 179: 390-1. PubMed Citation]

A 52 year old woman developed fatigue and lethargy, followed by jaundice approximately 3 months after starting
a liquid herbal preparation that contained black cohosh. She stopped the botanical when she became ill, but
subsequently developed jaundice. The preparation was made and provided by a pharmacist and contained fluid
extracts of several botanicals, including ground ivy (Nepeta hederacea), golden seal (Hydrastis canadensis),
ginkgo (Ginkgo biloba), oats seed (Avena sativa) and black cohosh (Cimicifuga racemosa). She had no history of
liver disease, alcohol abuse or risk factors for viral hepatitis and was not taking other medications. On
examination, she was deeply jaundiced, but had no signs of hepatic encephalopathy. Serum bilirubin was 21.5
mg/dL, ALT 1380 U/L, alkaline phosphatase 230 U/L and INR 3.0. Other causes of acute liver failure were said to
be excluded. During the initial week, she developed evidence of hepatic failure with progressive hepatic
encephalopathy and worsening coagulation, leading to liver transplantation approximately 4 weeks after
admission. The explanted liver showed massive necrosis.

Key Points

Medication: Herbal mixture with black cohosh
Pattern: Hepatocellular (R=11.3)

Severity: 5+ (liver transplantation for acute liver failure)
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Table continued from previous page.

Medication: Herbal mixture with black cohosh
Latency: 3 months
Recovery: None

Other medications: Other herbals in the liquid mixture included ground ivy, goldenseal, ginkgo and oats seed

Comment

This patient developed an acute liver failure of unknown cause approximately 3 months after starting an herbal
preparation that was claimed to contain black cohosh. The other components have not been implicated in cases
of acute liver failure, but may have contributed due to herb-herb interactions. This case was the initial report of
hepatotoxicity attributed to black cohosh. The possibility that the liver injury was unrelated to black cohosh and
due to a adulterant or mislabeled herbal or was due to a coincidental, idiopathic or unusual viral cause of acute
liver failure cannot be completely excluded. However, the clinical presentation with a strongly hepatocellular
pattern of injury and a gradual progression to hepatic failure over several weeks, even after stopping the herbal,
has been described in other cases of severe acute liver injury attributed to black cohosh.

Case 2. Acute liver failure arising during chronic therapy with black
cohosh.

[Modified from: Lynch CR, Folkers ME, Hutson WR. Fulminant hepatic failure associated with the use of black
cohosh: a case report. Liver Transpl 2006; 126: 989-92. PubMed Citation]

A 54 year old woman developed fatigue and weight loss 6 months after starting black cohosh (1000 mg daily) for
menopausal symptoms. She had a history of hypothyroidism and was receiving levothyroxine (100 pg daily). The
fatigue persisted, and she noted onset of forgetfulness and loss of 10 pounds before seeking medical help. She
had no history of liver disease, drank alcohol regularly but not to excess, and had no risk factors for viral
hepatitis. On examination, she had tenderness over the liver but was not obviously jaundiced. Serum
aminotransferase levels were markedly elevated (ALT 1003 U/L, AST 1014 U/L) with modest increases in
alkaline phosphatase (266 U/L) and total bilirubin (2.4 mg/dL). Tests for hepatitis A, B and C were negative as
were tests for herpes simplex, cytomegalovirus and Epstein-Barr virus infection. Autoantibodies were negative.
Ultrasound and computerized tomography of the abdomen showed no evidence of biliary obstruction or
abnormalities of the liver. The prothrombin time was elevated (INR 1.4). A liver biopsy showed severe bridging
hepatocellular necrosis and with panlobular inflammation and interface hepatitis, but without fibrosis,
compatible with a severe acute hepatitis. Prednisone was started, but her condition worsened. After two weeks,
serum aminotransferase levels were still high and total bilirubin rose to 20.6 mg/dL. She developed hepatic
encephalopathy and worsening coagulation (INR 2.6). Repeat ultrasonography showed reduced liver size. She
underwent deceased donor liver transplantation 39 days after admission, but expired during the operation as a
result of excessive hemorrhage. Autopsy showed a shrunken liver with extensive necrosis, minimal inflammation
and regenerative nodules.

Key Points

Medication: Black cohosh

Pattern: Hepatocellular (R=10.9)

Severity: 5+ (acute hepatic failure, liver transplantation and death)
Latency: 6 months to initial symptoms, 8 months to jaundice

Recovery: None
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Table continued from previous page.
Medication: Black cohosh

Other medications: Levothyroxine 100 pg daily

Comment

Acute hepatitis with progressive hepatic failure arose 6 to 8 months after starting black cohosh for menopausal
symptomatology. No other obvious cause was present and the patient was taking no other medication that might
be considered hepatotoxic. While autoimmune hepatitis was considered and she was treated with prednisone,
there were no autoantibodies or other features of this diagnosis and there appeared to be little response to
immunosuppression. The clinical presentation and course was similar to other cases of liver injury attributed to
black cohosh. The longer latency to onset was atypical, but similar variability in latency to onset of severe
hepatotoxicity occurs with other agents that cause idiosyncratic acute liver injury, such as isoniazid and
troglitazone.

Case 3. Chronic hepatitis associated with black cohosh use.

[Modified from case 2 of: Pierard S, Coche JC, Lanthier P, Dekoninck X, Lanthier N, Rahier J, Geubel AP. Severe
hepatitis associated with the use of black cohosh: a report of two cases and an advice for caution. Eur |
Gastroenterol Hepatol 2009; 21: 941-5. PubMed Citation]

A 58 year old woman developed fatigue and weakness while taking black cohosh (80 mg of root extract daily) in
addition to medications for hypertension (irbesartan 150 mg daily), hypothyroidism (levothyroxine 100 ug
daily), hypercholesterolemia (simvastatin 20 mg daily), and diabetes (insulin). She had no history of liver
disease, alcohol abuse, or risk factors for viral hepatitis. Physical examination was unremarkable. Laboratory
testing, however, showed elevations in serum ALT (318 U/L), AST (214 U/L) and GGT (95 U/L) with normal
bilirubin, albumin, total protein, INR, platelet and white blood cell counts. Tests for hepatitis A, B and C as well
as Epstein Barr virus and cytomegalovirus infection were negative. Smooth muscle antibody was weakly positive
(titer 1:40). A liver biopsy showed interface hepatitis and lobular inflammation with portal fibrosis suggestive of
chronic hepatitis. Simvastatin was stopped, but she did not improve (Table). Accordingly, three months later
black cohosh was discontinued. Within two weeks serum aminotransferase levels decreased and two months
later her symptoms had resolved and liver tests were normal.

Key Points

Medication: Black cohosh (80 mg daily)

Pattern: Undefined, probably hepatocellular

Severity: 1+ (enzyme elevations and symptoms without jaundice)
Latency: Unclear

Recovery: 2 months after stopping

Other medications: Simvastatin, irbesartan, levothyroxine, insulin

Laboratory Values

Time After Presentation ALT (U/L) AST (U/L) Bilirubin (mg/dL) Other

0 183 214 Normal Asthenia
Simvastatin discontinued

3 months 527 663

Black cohosh discontinued
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Table continued from previous page.

Time After Presentation ALT (U/L) AST (U/L) Bilirubin (mg/dL) Other

3.3 months 85 96

5 months 45 43 Symptoms resolved
Normal Values <34 <44 <1.2
Comment

The case report lacked information on duration of black cohosh use and several important clinical details
(alkaline phosphatase levels, ANA results), but the timing of improvement in relationship to stopping black
cohosh was very supportive of the link between the herbal and the chronic hepatic injury. Drugs that cause
idiosyncratic acute hepatitis arising within 6 months of starting therapy may, if continued long term, also cause
chronic hepatitis, sometimes with autoimmune features (examples being methyldopa, nitrofurantoin, isoniazid).
In these instances, the time to onset of injury can be many months or years after starting the medication,
particularly if it is given intermittently.

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Black Cohosh — Generic

DRUG CLASS

Herbal and Dietary Supplements

SUMMARY INFORMATION

Fact Sheet at National Center for Complementary and Integrative Health, NIH

Fact Sheet at Office of Dietary Supplements, NIH

CHEMICAL FORMULA AND STRUCTURE

DRUG CAS REGISTRY NUMBER MOLECULAR FORMULA STRUCTURE
Black Cohosh 84776-26-1 Herbal mixture Not applicable
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separate reports, but on analysis none were considered “certain” or even “probable”, which, nevertheless, led to
recommendation that black cohosh be labeled with a cautionary statement regarding liver injury).

Garcia-Cortés M, Borraz Y, Lucena MI, Peldez G, Salmerdn J, Diago M, Martinez-Sierra MC, et al. [Liver injury
induced by “natural remedies”: an analysis of cases submitted to the Spanish Liver Toxicity Registry]. Rev
Esp Enferm Dig 2008; 100: 688-95. Spanish. PubMed PMID: 19159172.

(Among 521 cases of drug induced liver injury submitted to Spanish registry, 13 [2%] were due to herbals, none
were attributed to black cohosh).

Chalasani N, Fontana R], Bonkovsky HL, Watkins PB, Davern T, Serrano J, Yang H, Rochon J; Drug Induced
Liver Injury Network (DILIN). Causes, clinical features, and outcomes from a prospective study of drug-
induced liver injury in the United States. Gastroenterology 2008; 135: 1924-34. PubMed PMID: 18955056.

(Among 300 cases of drug induced liver disease in the US collected between 2004 and 2008, 9% of cases were
attributed to herbal medications or dietary supplements, but none were attributed to black cohosh).

Pierard S, Coche JC, Lanthier P, Dekoninck X, Lanthier N, Rahier J, Geubel AP. Severe hepatitis associated with
the use of black cohosh: a report of two cases and an advice for caution. Eur ] Gastroenterol Hepatol 2009;
21: 941-5. PubMed PMID: 19404202.

(Two cases with histological features of chronic hepatitis during black cohosh therapy for menopausal symptoms: 62
year old woman developed abdominal pain 3 months after starting black cohosh [bilirubin normal, ALT 322
U/L, GGT 320 U/L, ANA 1:320], with resolution upon stopping [transient worsening when given prednisolone
and azathioprine]; 58 year old woman developed fatigue sometime after starting black cohosh for menopausal
symptoms [bilirubin normal, ALT 318 U/L, GGT 95 U/L], with persistence of abnormalities on continuing and
rapid improvement upon stopping black cohosh: Case 3).

Naser B, Liske E. Teschke R. Liver failure associated with the use of black cohosh for menopausal symptoms.
Med J Aust 2009; 190: 99-100; author reply 100. PubMed PMID: 19278034.

(Two letters in response to Chow [2008] raising the issue of alcohol as a cause of the liver injury and the possibility
of other causes such as herpes simplex, adenovirus and Wilson disease; reply by authors stating that these
etiologies were unlikely).

Teschke R. A U.S. review determined that black cohosh products should be labeled with a cautionary statement.
Menopause 2009; 16: 214; author reply 214-5. PubMed PMID: 19131847.

(Letter in response to Mahady [2008] questioning the use of the Naranjo rather than the RUCAM scale in assessing
causality in cases of black cohosh hepatotoxicity; authors reply stating that the causality assessment was done by
expert consensus opinion and the Naranjo scale was used only as an aid).

Teschke R, Schwarzenboeck A. Suspected hepatotoxicity by Cimifugae racemosae rhizome (black cohosh, root):
Critical analysis and structured causality assessment. Phytomedicine 2009; 16: 72-84. PubMed PMID:
19010650.

(Among 42 reports of severe hepatotoxicity received by the European Medicine Agency, only 4 were considered as
possible or probable; application of RUCAM to these 4 cases by the author yielded scores in the “excluded” range
[-1 to -3], largely because of other possible diagnoses [autoimmune hepatitis, herpes] and other drugs used).

Teschke R, Bahre R, Fuchs J, Wolft A. Black cohosh hepatotoxicity: quantitative causality evaluation in nine
suspected cases. Menopause 2009; 16: 956-65. PubMed PMID: 19339903.

(Analysis of 9 cases of suspected black cohosh hepatotoxicity using RUCAM suggested that none could be considered
even possibly related, largely because of competing diagnoses, other medications being taken and lack of
information on course and outcome).
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Navarro VJ. Herbal and dietary supplement hepatotoxicity. Semin Liver Dis 2009; 29: 373-82. PubMed PMID:
19826971.

(Review of the problems of causality assessment in herbal and dietary supplement [HDS] associated liver disease,
including the variable clinical presentations, the complexity and lack of information on their components,
absence of controlled trials demonstrating safety and efficacy, the possibility of contamination or incorrect
labeling and frequent underreporting of herbal use by patients. Black cohosh is discussed as a potential cause of
severe acute hepatitis).

Vannacci A, Lapi F, Gallo E, Vietri M, Toti M, Menniti-Ippolito F, Raschetti R, et al. A case of hepatitis
associated with long-term use of Cimicifuga racemosa. Altern Ther Health Med 2009; 15: 62-3. PubMed
PMID: 19472866.

(37 year old woman developed jaundice 6-8 months after starting black cohosh for menopausal symptoms [bilirubin
1.5 mg/dL, ALT 20 times ULN, GGT slightly increased], with persistent ALT abnormalities until use of the
herbal was admitted, resolution occurring within 1 month of stopping).

Guzman G, Kallwitz ER, Wojewoda C, Chennuri R, Berkes ], Layden TJ, Cotler S]. Liver injury with features
mimicking autoimmune hepatitis following the use of black cohosh. Case Report Med 2009; PubMed PMID:
20130783.

(Two women, ages 42 and 53, developed fatigue 6 and 8 months after starting black cohosh for menopausal
symptoms [bilirubin 3.1 and 2.0 mg/dL, ALT 1457 and 443 U/L, Alk P 94 and 188 U/L, ANA 1:20-1:40], biopsy
showing changes suggestive of chronic hepatitis and both responding to corticosteroids).

Mahady G, Low Dog T, Sarma DN, Giancaspro GI. Suspected black cohosh hepatotoxicity—causality
assessment versus safety signal. Maturitas 2009; 64: 139-40. PubMed PMID: 19781876.

(Letter in response to Teschke [2009] mentioning that there have been 82 reports of hepatotoxicity attributed to
black cohosh and that a product warning is warranted).

Betz JM, Anderson L, Avigan MI, Barnes ], Farnsworth NR, Gerden B, Henderson L, et al. Black Cohosh:
considerations of safety and benefit. Nutrition Today 2009; 44: 155-62. [Not in PubMed].

(Summary of a 2007 NIH workshop on the safety of black cohosh and making recommendations for future research
and analysis).

Jacobsson I, Jonsson AK, Gerdén B, Hédgg S. Spontaneously reported adverse reactions in association with
complementary and alternative medicine substances in Sweden. Pharmacoepidemiol Drug Saf 2009; 18:
1039-47. PubMed PMID: 19650152.

(Review of 778 spontaneous adverse event reports of herbals to the Swedish Registry includes 38 [5%] related to
black cohosh, including 3 related to enzyme elevations and 3 various hepatic reactions).

Barnes J. Black cohosh (black snakeroot, Cimicifuga racemosa (L.) Nutt., Actaea racemosa L.). ] Prim Health
Care 20105 2: 79-80. PubMed PMID: 20690409.

(Review mentions that a systematic review conducted in 2007 of 6 controlled trials of black cohosh extracts in 1112
women found evidence of efficacy to be "uncertain” and several spontaneous reports of hepatotoxicity have been

published).

Reuben A, Koch DG, Lee WM; Acute Liver Failure Study Group. Drug-induced acute liver failure: results of a
U.S. multicenter, prospective study. Hepatology 2010; 52: 2065-76. PubMed PMID: 20949552.

(Among 1198 patients with acute liver failure enrolled in a US prospective study between 1998 and 2007, 133 [11%)]
were attributed to drug induced liver injury of which 12 [9%] were due to herbals, 1 to black cohosh).
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Teschke R. Black cohosh and suspected hepatotoxicity: inconsistencies, confounding variables, and prospective
use of a diagnostic causality algorithm. A critical review. Menopause 2010; 17: 426-40. PubMed PMID:
20216279.

(Author performed a reanalysis of 69 cases of suspected liver injury from black cohosh using RUCAM and
concluded that 27 were excluded, 21 unlikely, 8 unrelated, 12 unassessable, and only 1 possibly related).

Mahady G, Low Dog T, Sarma ND, Giancaspro GI, Griffiths J. The causal relationship between the use of black
cohosh-containing products and hepatotoxicity. Menopause. 2010;17:1088-9; author reply 1089. PubMed
PMID: 20827114.

(Letter in response to Teschke [2010] arguing that the modified RUCAM he used made most cases unassessable and
that several groups have agreed that black cohosh has a "signal of safety concern”; author replies addressing the
need of an improved causality instrument).

Painter D, Perwaiz S, Murty M. Black cohosh products and liver toxicity: update. Can Adverse Reaction Newsl
2010; 20: 1-2 [Not in PubMed]

(Among 4 cases of suspected black cohosh hepatotoxicity reported to Health Canada, analysis of retrieved samples
showed that none contained authentic black cohosh, but had phytochemical profiles consistent with presence of
other related herbal species).

Firenzuoli F, Gori L, Roberti di Sarsina P. Black Cohosh Hepatic Safety: Follow-Up of 107 patients consuming a
special Cimicifuga racemosa rhizome herbal extract and review of literature. Evid Based Complement
Alternat Med 2011; 2011: 821392. PubMed PMID: 21660145.

(Among 107 women treated with black cohosh extract for at least one year, none had clinical or biochemical
evidence of liver injury).

Jiang B, Ma C, Motley T, Kronenberg F, Kennelly E]J. Phytochemical fingerprinting to thwart black cohosh
adulteration: a 15 Actaea species analysis. Phytochem Anal 2011; 22: 339-51. PubMed PMID: 21337649.

(Analysis of 15 Actaea species by HPLC and LC-MS methods showed a characteristic pattern of polyphenols and
triterpene glycosides in Actaea racemosa extracts; a specific marker compound [cimifugin] was found in most
other species, but not racemosa [black cohosh]).

Naser B, Schnitker ], Minkin M]J, de Arriba SG, Nolte KU, Osmers R. Suspected black cohosh hepatotoxicity: no
evidence by meta-analysis of randomized controlled clinical trials for isopropanolic black cohosh extract.
Menopause 2011; 18: 366-75. PubMed PMID: 21228727.

(Meta analysis of 5 randomized controlled trials of black cohosh [Remifemin] found no significant changes in mean
ALT, AST or GGT levels among black cohosh and placebo recipients; among 7 patients who developed significant
rises in liver tests during therapy, none were judged to be related to black cohosh therapy).

Teschke R, Schmidt-Taenzer W, Wolft A. Spontaneous reports of assumed herbal hepatotoxicity by black
cohosh: is the liver-unspecific Naranjo scale precise enough to ascertain causality? Pharmacoepidemiol Drug
Saf 2011; 20: 567-82. (2 PubMed PMID: 21702069.

2 cases of suspected black cohosh hepatotoxicity were evaluated by the RUCAM and Naranjo causality scales: scores
ranged from -2 to +2 by RUCAM [none even possible] and -1 to +2 by Naranjo [6 possible]).

Teschke R, Schwarzenboeck A, Schmidt-Taenzer W, Wolft A, Hennermann KH. Herb induced liver injury
presumably caused by black cohosh: a survey of initially purported cases and herbal quality specifications.
Ann Hepatol 2011; 10: 249-59. PubMed PMID: 21677326.

(Review of problems of causality assessment in cases of liver injury attributed to herbal medications focusing upon
black cohosh).
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Naser B, Schnitker ], Minkin M]J, de Arriba SG, Nolte KU, Osmers R. Suspected black cohosh hepatotoxicity: no
evidence by meta-analysis of randomized controlled clinical trials for isopropanolic black cohosh extract.
Menopause 2011; 18: 366-75. PubMed PMID: 21228727.

(In a meta analysis of 5 placebo controlled trials of black cohosh including 1020 women, there were no differences in
mean ALT or AST values between placebo and treatment recipients).

Wang Y], Dou ], Cross KP, Valerio LG Jr. Computational analysis for hepatic safety signals of constituents
present in botanical extracts widely used by women in the United States for treatment of menopausal
symptoms. Regul Toxicol Pharmacol 2011; 59: 111-24. PubMed PMID: 20920542.

(Computer analyses of chemical structures of compounds found in botanicals used to treat menopausal symptoms
identified several predicted to cause hepatic injury, including protocatechuic acid in black cohosh).

Mahady G, Low Dog T, Sarma ND, Griffiths ], Giancaspro GI. Response to Teschke et al. Pharmacoepidemiol
Drug Saf 2012; 21: 339-40; author reply 336-8. 22407603. PubMed PMID: 22407603.

(Letter in response to Teschke [2011] arguing that the calculation of RUCAM scores was based upon the author's
modifications of the scoring system that resulted in all cases being unlikely or excluded).

Teschke R, Wolff A, Frenzel C, Schulze ], Eickhoft A. Herbal hepatotoxicity: a tabular compilation of reported
cases. Liver Int 2012; 32: 1543-56. PubMed PMID: 22928722.

(A systematic compilation of all publications on the hepatotoxicity of specific herbals identified 185 publications on
60 different herbs, herbal drugs and supplements, but neither black cohosh or Cimicifuga racemosa are listed).

Bunchorntavakul C, Reddy KR. Review article: herbal and dietary supplement hepatotoxicity. Aliment
Pharmacol Ther 2013; 37: 3-17. PubMed PMID: 23121117.

(Systematic review of the literature on HDS associated hepatotoxicity mentions that black cohosh has been
implicated in causing liver injury in at least 6 publications).

Bjornsson ES, Bergmann OM, Bjornsson HK, Kvaran RB, Olafsson S. Incidence, presentation and outcomes in
patients with drug-induced liver injury in the general population of Iceland. Gastroenterology 2013; 144:
1419-25. (In a population based study of drug induced liver injury from Iceland, 96 cases were identified
over a 2 year period [2010-12], including 15 attributed to herbals or dietary supplements, but none
specifically to black cohosh). PubMed PMID: 23419359.

Navarro VJ, Seeff LB. Liver injury induced by herbal complementary and alternative medicine. Clin Liver Dis
2013; 17: 715-35. PubMed PMID: 24099027.

(Review of herbal hepatotoxicity including discussion of black cohosh, which has been linked to liver injury ranging
from asymptomatic increases in ALT levels to acute liver failure and hepatitis with autoimmune features).

Abdualmjid R], Sergi C. Hepatotoxic botanicals - an evidence-based systematic review. ] Pharm Pharm Sci 2013;
16: 376-404. PubMed PMID: 24021288.

(Extensive review of the hepatotoxicity of botanicals mentions the main active constituents of black cohosh are
terpene glycosides and discusses 3 case reports of serious liver injury from its use).

Lim TY, Considine A, Quaglia A, Shawcross DL. Subacute liver failure secondary to black cohosh leading to
liver transplantation. BM]J Case Rep 2013; 2013. pii: cr2013009325. PubMed PMID: 23833086.

(60 year old woman developed jaundice 2 weeks after starting black cohosh for menopausal symptoms [bilirubin
27.7 mg/dL, AST 2385 U/L, Alk P 151 U/L, INR 1.57], with progressive worsening requiring liver
transplantation 3 weeks later).
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Enbom ET, Le MD, Oesterich L, Rutgers ], French SW. Mechanism of hepatotoxicity due to black cohosh
(Cimicifuga racemosa): Histological, immunohistochemical and electron microscopy analysis of two liver
biopsies with clinical correlation. Exp Mol Pathol 2014; 96: 279-283. PubMed PMID: 24657312.

(Two women, ages 65 and 55 years, developed jaundice while taking black cohosh preparations for an unknown
period [peak bilirubin 6.6 and 5.4 mg/dL, ALT 92 and 2061 U/L, Alk P 368 and 156 U/L], resolving within 3
months of stopping).
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