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Abstract
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Background: Drug induced liver injury (DILI) is an important cause of acute liver injury and accounts for
approximately 10% of all cases of acute hepatitis. Both prescription and natural health products (NHPs) have
been implicated in DILI. There is a dearth of studies on NHPs induced liver injury.

Case Presentation: A previously healthy 37-year-old female presented with subacute hepatitis, in the context
of a previous admission to a separate institution, months prior for undiagnosed acute hepatitis. Importantly,
she had disclosed taking complex regiments of natural health products (NHPs) for months. Her only other
medication was rivaroxaban for her homozygous Factor V Leiden deficiency. She had an extensive work up
for causes of acute and unresolving hepatitis. She discontinued several but not all of her NHPs after her initial
presentation for acute hepatitis at the first institution and continued taking NHPs until shortly after admission
to our institution. The predominant pathological features were that of drug induced liver injury, although an
abnormal amount of copper was noted in the core liver biopsies. However, Wilson's disease was ruled out
with normal serum ceruloplasmin and 24-urine copper. After 2 months of stopping all the NHPs, our patient
improved significantly since discharge, although there is evidence of fibrosis on ultrasound at last available

Conclusion: NHPs are a well-established but poorly understood etiology of DILI. The situation is exacerbated
by the unregulated and unpredictable nature of many of the potential hepatotoxic effects of these agents,
especially in cases of multiple potential toxic agents. This highlights the importance of acquiring a clear
history of all medications regardless of prescription status.
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Background

Drug induced liver injury (DILI) is an important cause
of acute liver injury, accounting for approximately 10%
of all cases of acute hepatitis [1]. DILI has an incidence
of 14 to 19 cases per 100,000 persons and it is the most
common cause of acute liver injury in the western world,
accounting for 50% of cases of acute liver failure [2].

The pathogenesis of DILI is due to a complex inter-
action of toxic metabolites, immune response and a
series of events that starts with intracellular disruption,
necrosis, and immunogenic reaction [3]. Injury may be
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direct hepato-toxicity, through conversion of a xeno-
biotic substance to an active toxin. Alternatively, the in-
jury may be engendered through immune mechanisms,
such as conversion of a cellular protein into an immuno-
gen [3]. Drug reactions may be intrinsic, which means
the drug’s effect is predictable and dose dependent such
as acetaminophen toxicity. Idiosyncratic reactions are a
function of the host’s specific characteristics. For
example, certain individuals are more likely to form
haptens that act as immunogens and therefore cause an
adverse reaction by immune-mediated mechanisms of
hypersensitivity [2, 3]. Some drugs can alter P450’s
enzymatic activities and heighten the toxicity profile of a
co-ingested drug, and these complex interactions can
lead to clinically significant DILI. The diagnosis is made

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-019-1122-x&domain=pdf
http://orcid.org/0000-0003-3015-0723
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Tyler.Pitre@medportal.ca

Pitre et al. BVIC Gastroenterology (2019) 19:199

typically on a clinical basis, using history and identifying
a culpable agent(s). Biopsy in the context of DILI is
typically reserved for ruling out competing diagnosis.

Both prescription and natural health products (NHPs)
have been found to be associated in DILI [4, 5]. There is
a myriad of prescription medications implicated in the
development of DILI. For example, of the top ten agents
responsible for DILI, nine of them are antimicrobials,
with Amoxicillin-Clavulanate topping that list [2].

There are several naturopathic products associated
with hepatotoxicity; however, the incidence of those
products causing liver injury and the pathogenesis behind
them, remains largely unknown [5, 6]. In the United
States, the proportion of NHPs causing DILI increased
from 7 to 9% in 2004-2007 to 19 to 20% in 2010-2014
[2]. Many of the supplements implicated in DILI are usu-
ally combined products instead of individual ones. The
most common phenotype for NHPs induced DILI is hepa-
tocellular hepatitis and mixed cholestatic biochemistry,
some can lead to fulminant liver failure, requiring liver
transplantation [2]. Our case report represents an example
of the difficulty of determining the etiology of acute liver
injury in the context of multiple NHPs, with uncertain
liver toxicity, being taken in conjunction with prescription
medications that have known, albeit rare, liver toxicity.

Case presentation

A previously healthy 37-year-old Caucasian female pre-
sented to our institution with a two-month history of
jaundice, pruritus and generalized fatigued; having already
presented to a different institution for acute hepatitis
months prior. Figure 1 highlights a rough timeline of her
clinical presentation.

Approximately 1 month prior to her presentation at
the first institution, she had treated non-specific abdom-
inal discomfort with various formulations of NHPs
through the advice of her naturopathic doctors. Some of
her NHPs are summarized in Table 1. She denied any
other accompanying symptoms with her prior abdominal
discomfort. She noted that 1 day after taking an increas-
ing number of NHPs, she had sudden right upper quad-
rant pain and dark urine. Notably, this was a different
pain than her pre-existing abdominal discomfort. She
had a long clinical course at the first institution; she was
given a full work up. She was followed in the community
on discharge and unfortunately did not have significant
improvements in her liver enzymes and clinical status,
which led to a first biopsy. She came to us for further
management.

On presentation to us, the patient was vitally stable
and had no evidence of hepatic encephalopathy. She was
visibly jaundiced. Abdominal exam was negative for asci-
tes, jugular venous pressure was not elevated but there
was mild bilateral pitting pedal edema. There were no
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stigmata of chronic liver disease. There was no hepatos-
plenomegaly on exam.

Her past medical history was significant only for
homozygous Factor V Leiden deficiency, discovered after
an isolated deep vein thrombosis (DVT) diagnosis dur-
ing pregnancy. For DVT prophylaxis, she was prescribed
Rivaroxaban and was taking this medication correctly
for years as prescribed. She had no significant travel his-
tory, no previous blood transfusion, nor ingestion of
undercooked meat to suggest acquisition of hepatitis E.
There was no family history of liver disease.

All relevant laboratory findings are summarized in
Table 2. Initial laboratory investigations revealed signifi-
cant transaminitis and decreased synthetic liver function.
Her complete blood count was within normal limits.
Her viral hepatitis workup was negative; this was inclu-
sive of serology for hepatitis A/B/C/E, EBV and immu-
noglobulins for CMV infection and HIV antibody/
antigen screen was negative. In addition, she had tests
for Bartonella, Syphilis, and Malaria smears; ova and
parasites tested at the previous institution that were
negative. Her metabolic workup was also negative for
Hemochromatosis, Wilson’s disease (WD), and alpha-1-
antitrypsin deficiency. In addition, she also had a nega-
tive antinuclear antibody panel. Other relevant tests
included normal an alcohol level and non-detectable
acetaminophen level.

Ultrasound showed a liver with nodularity, with no
evidence of hepatic vein or inferior vena cava throm-
bosis. However, an ultrasound completed months prior
in February showed normal hepatic architecture without
evidence of cirrhosis. A follow up ultrasound in March
revealed a thin rim of fluid around the liver and gallbladder,
favoring a reactive cause and interval liver parenchymal
edema, consistent with acute hepatitis. She also had a
magnetic resonance cholangiography (MRCP) in March,
which was also unremarkable. Computed Tomography
(CT) studies revealed a lobulated liver contour and
lobar redistribution. There was also evidence of portal
hypertension with splenomegaly. The liver paren-
chyma had a nodular morphology, suggestive of re-
generation, seen in Fig. 2. The pattern of disease on
CT is often seen in Budd Chiari syndrome, but can
also be consistent with liver necrosis and regeneration
after fulminant hepatitis due to drug toxicity. A bi-
opsy was completed at another institution in April, a
month prior to our admission and revealed subacute
severe hepatitis with areas of confluent panacinar
dropout (about 50% of specimen area affected) with
no pathological features of Budd-Chiari. There was
also no evidence of fibrosis or cirrhosis from this bi-
opsy. The pathologist’s report suggested drug induced
liver injury as a possible diagnosis. Portal hyperten-
sion was confirmed by measuring the wedge pressure
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First biopsy, >50% necrosis
found; suggesting acute

Began taking NHPs hepatitis

Discharge, ALT=144 U/L

\ 4

January l‘cbr‘uury [arch April

First admission, ALT=1266,
U/L, decreased to 610 U/L on
discharge

Slow recovery, ALT not
recovering; offered biospy

and final recovery after definitively stopping her NHPs

.\Ax_\

Admission to our institution,
AST=628 U/L. Second
biospy, <5% necrosis,

subacute hepatitis, stopped
taking NHP

Fig. 1 Showing a timeline of our patient’s clinical journey, measured grossly in month intervals. AST is shown as a measure of her slow recovery

June July August

September

Follow up ultrasound and
slip lamp test, ALT=61 U/L

in the right hepatic vein, showing an elevated
hepatic-venous pressure gradient of approximately 14
mmHg (normal is <5 mmHg).

At our institution, the patient was treated with oral N-
acetylcysteine and oral vitamin K 5mg daily for 3 days
and daily ursodiol acids at 13 mg/kg. After 1 week, her
synthetic liver function marginally improved but she also
developed new clinically relevant ascites. It was revealed
that the patient was still taking multiple naturopathic
medications including alpha-lipoic acid and magnesium

Table 1 Natural health regimens from January to May 2019

(MgS) and it was recommended that she discontinue
these immediately.

During her admission, she was worked up by hepatol-
ogy for liver transplant candidacy. Fortunately, a repeat
trans-jugular core liver biopsy revealed minimal necrosis
(less than 5%), with evidence of significant regeneration.
Rhodamine staining for copper detected an abnormally
high deposition. Again, no evidence of fibrosis or cirrho-
sis was seen. A diagnosis of drug induced liver injury
from NHPs was favored, after she disclosed a significant

Drug Dose Route Duration Liver Toxicity Score Interactions
Ashwagandha 600 mg PO 5 days @ None available
Copper Unknown PO 1 month A No interaction
Ascorbic Acid 3.75-725¢g \% Three treatments E No interaction
L-Carnitine 1.259-3.75¢g v Three treatments No reports/unknown No interaction
Acetylcysteine 05gto 2759 \% Three treatments E No interaction
B-Complex 100 0.50 mL to 1.00 mL v Three treatments No reports/unknown No interaction
Magnesium Sulfide 025¢g v Three treatments No reports/unknown No interaction
Selenium Chloride 100mcg to 200mcg PO BID for 4 months Cirrhosis in animal studies, No interaction
no studies in humans

Bicarbonate 8.4% 1.25mL v Three treatments No reports/unknown Not available
Rivaroxaban 15mg PO Daily, 2014 to Feb. 2019 B No interaction
Combined Ingredients of N/A N/A N/A A Not available

Herbal medications (Herbalife)

Risk defined by Livertox database, which is an evidenced based database from the National Institutes of Health [7]. Drug interactions were tested on all available
drugs below using IBM Micromedex drug reference version v2080. A = Well established cause of clinically apparent liver injury. B=Highly likely cause of clinically
apparent liver injury. C=Probable cause of clinically apparent liver injury. E = Unlikely cause of clinically apparently liver injury
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Table 2 Values of relevant tests performed on admission to our institution and discharge

Test Value Admission Discharge References
AST 967 161 5-45U/L

ALT 628 144 0-44 U/L

ALP 328 238 38-150 U/L
GGT 182 33 0-49 U/L
Albumin 25 28 35-50g/L

PTT 48 32 26-38s

INR 1.6 1.6 08-1.2

Total Bilirubin 2772 3571 0-20.4 umol/L
Direct Bilirubin 1919 2302 0-8.5 umol/L

HIV Ag/Ab screen
Variella Zoster IgG
Anti-EBNA
CMV IgG
HAV IgM
HBV
Hepatitis B e Antibody
Hepatitis B e Antigen
Surface Ag
Core Ab
Surface Ab
HCV Ab Screen
HEPE
Hemochromatosis
Cysteine C282Y
Histidine H63D
Ceruloplasmin
Ferritin
Alpha-1-antitrypsin
Alpha-fetoprotein
Alcohol
C-Reactive Protein
Anti-GBM screen
Anti-myeloperoxidase
Anti-proteinase
Anti M-2 Antibodies
Anti-SM Antibodies
Anti-LKM antibodies
ANA panel

Non-reactive
Immune
Positive*
Immune

Non-reactive

Non-reactive
Non-reactive
Non-reactive
Non-reactive
412.8 mlU/mL (Immune)
Non-reactive

Negative serology

Negative
Negative
318
2210
143

7 ug/L
Negative
2.70 mg/L
<02 Al
<02 Al
<0.2 Al
Negative
Negative
Negative

* Negative

200-600 mg/L
6.5-204 pg/L
10-19g/L
1-8ug/L

AST aspartate aminotransferase, ALT alanine transaminase, ALP alkaline phosphatase, GGT gamma-glutamyl transferase, PTT partial thromboplastin time, INR
International normalized ratio, EBV epstein-barr virus serology, CMV IgG cytomegalovirus Immunoglobulin, HBV hepatitis B virus serology, HEPC hepatitis C virus
serology, HEPE hepatitis E virus serology, ANA antinuclear antibody, Anti-LKM anti-liver-kidney-microsomal antibodies, Anti-SM antibodies anti-smooth muscle
antibodies, Anti M-2 anti mitochondrial-2 antibodies. Anti-GBM Anti-glomerular basement membrane

*Evidence of past infection

*Including anti-dsDNA, Chromatin, Ribosomal P, SS-A/Ro,SS-B/La, Centromere B, Smooth muscle, Sm/RNP, RNP, Scli-70, Jo-1
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Fig. 2 Computed Tomography scan showing unusual parenchymal enhancement with a “flip flop” pattern of reduced enhancement of the
peripheral liver in the arterial phase and retention in the portal venous phase

history of NHPs usage, that had been on-going from her
earliest clinical issues until early in her admission to us.
She had not disclosed this ongoing usage until the
second day of admission to us. She agreed to completely
stop taking them.

WD was also considered due the abnormally high level
of copper found on the first pathological specimens.
However, a 24-h urinary copper and hepatic copper
content from her second liver biopsy were subsequently
done and were both negative for WD. She also had a
negative slip lamp test for Kayser Fleischer rings on last
follow up.

She was discharged home with hepatology follow up.
In the next 2 months, her liver enzymes and synthetic
function progressively normalized and she reports not
continuing with any NHPs. The most recent follow up
ultrasound reveals a liver with a coarsened echotexture.

Discussion and conclusion

This case illustrates the difficulty of deriving a precise
etiology of acute liver injury in the context of complex,
unregulated naturopathic regimens in the background of
known liver toxic agents. Direct oral anticoagulants have
been known to be hepatotoxic with growing evidence.

Ximelagatran, an early factor Ila inhibitor, was with-
drawn from the market due to significant hepatotoxicity
[7]. Rivaroxaban has been implicated, albeit rarely, in a
few case studies and is listed as risk B (highly likely to
cause clinically apparent liver injury) by LiverTox [7-9].
However, most of this risk is believed to be during the
initial introduction of Rivaroxaban [10]. Meanwhile, our
patient had been on Rivaroxaban without adverse effects
since 2014, making this unlikely to be the cause of her
liver injury.

Acute-on-chronic liver injury was considered, given
the evidence of nodular liver on ultrasound, as well as
portal hypertension. However, she did not report any
signs or symptoms of liver disease until she began taking
her NHPs. The previous ultrasounds prior to coming to
our institution did not support a diagnosis of underlying
cirrhosis. Furthermore, both of her biopsies did not sug-
gest evidence of cirrhosis. Both pathologists separated by
time and taken at two different institutions, suggested
acute and subacute liver injury as the diagnosis. Portal
hypertension occurs typically in the context of cirrhosis
but can also happens commonly in acute liver injury
[11]. The pathophysiology for portal hypertension in the
context of acute liver injury is not well understood but
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may be due to massive necrosis and reticulin collapse,
leading to architectural distortion of hepatic microcircu-
lation [11]. This is consistent with our patient’s biopsy
report which revealed massive necrosis and panacinar
dropout, which can engender reticulin collapse.

Her ultrasound in June and her follow up ultrasound
in August have signs of nodularity and coarse echotex-
ture. Her most available FIB-4 score 2.29, which is not
supportive of cirrhosis but does not rule out fibrosis."
Her acute liver injury, due to its prolonged nature, may
have caused sufficient architectural distortion to cause
fibrosis, which was exacerbated by the patient’s contin-
ued taking of her NHPs during her clinical journey, des-
pite advice from her physicians.

A review of the literature was undertaken to explore
possible liver outcomes in association with her naturo-
pathic medications. Ashwagandha is a plant root extract,
which has a LiverTox profile of C, suggesting a probable
cause of apparent liver injury. Vitamin C, even at mega
doses, is unlikely to cause clinically significant liver in-
jury. No case reports were found on alpha lipoic acid or
probiotics. Our patient was prescribed several regimens
of combined intravenous injections which are summa-
rized in Table 1. None of these products have individual
high-risk liver toxicity profiles or case reports, but in
combination, liver toxicity increases. In addition to these
IV treatments, she was prescribed selenium chloride,
which has some evidence of causing cirrhosis in animal
studies, but no significant liver toxicity has been re-
ported in humans [12]. Finally, there have been multiple
case reports on Herbalife, which is a naturopathic medi-
cation consisting of a combination of various products
[13]. These products have a high LiverTox profile; class
A (established cause of clinically apparent liver injury)
[9]. Using IBM Micromedex drug reference software,
there were no interactions between any of her medica-
tions, inclusive of Rivaroxaban and her known NHPs, al-
though some NHPs were not available for comparison
(see Table 1).

Complicating the diagnosis was the finding of abnor-
mally high copper levels found on pathology. Upon fur-
ther questioning, our patient had been ingesting copper
in February for approximately 1 month but was unable
to recall the dosage. Copper is a well-established cause
of acute and chronic liver disease at high doses. Interest-
ingly, our patient’s second biopsy, with the abnormally
high copper levels, coincided with a ceruloplasmin level
of 318 mg/L and a dry copper weight that was not con-
sistent with WD. As mentioned, our patient had unusual
but insufficient copper deposition in her biopsy for a
diagnosis of WD.

"With AST = 56, ALT = 61, Platelets = 116,000, age = 37.
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A case report of a 37-year-old female with acute liver
injury in the context of complex natural health products
was presented. The association between natural health
products and acute liver injury is well established but
poorly understood. The combination of various naturo-
pathic medications may lead to more sustained liver
injury and hepatotoxicity than ingestion of individual
products alone. Our case raises the importance of clini-
cians inquiring about non-prescription medications in
evaluating the potential harmful effects of various na-
turopathic products.

Abbreviations
CT: Computed tomography; DILI: Drug induced liver injury; DVT: Deep vein
thrombosis; NHPs: Natural Health Products; WD: Wilson's disease

Acknowledgements
We would like to acknowledge the patient for allowing us to write this case
report on a very important and interesting topic.

Authors’ contribution

All' authors have read and approved the current manuscript. TP was a senior
medical student following the patient during her stay. He is the main author.
He completed the literature review, as well as contributed to each section of
the case report. He approved and copy-edited the manuscript. JM was a
senior medical resident during the patient’s stay. She contributed to all
sections of the manuscript as well as contributed to literature review. JV was
a senior medical resident during the patient’s stay. She contributed to all
sections of the manuscript as well as contributed to literature review. RB was
the most responsible physician for the patient. He contributed to all sections
of the manuscript and copyedited. JZ was the consulting hepatologist. She
edited and contributed to all sections of the manuscript.

Funding
None.

Availability of data and materials
The datasets generated and analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Patient provided written consent as per the protocol through the Nova
Scotia Health Authority. No identifying information is used the case report.

Competing interests
The authors declare that they have no competing interests.

Author details

"Michael G. DeGroote School of Medicine (Waterloo Regional Campus),
McMaster University, Hamilton, Canada. “Faculty of Medicine, Dalhousie
University, Halifax, Canada.

Received: 8 August 2019 Accepted: 17 November 2019
Published online: 27 November 2019

References

1. Zimmerman HJ. Drug-induced liver disease. Clin Liver Dis. 2000;4(1):73-96,
vi Available from: http://www.ncbi.nlm.nih.gov/pubmed/11232192.
[cited 2019 Jun 15].

2. Hoofnagle JH, Bjérnsson ES. Drug-Induced Liver Injury — Types and
Phenotypes. Longo DL, editor. N Engl J Med. 2019;381(3):264-73 Available
from: http://www.nejm.org/doi/10.1056/NEJMra1816149. [cited 2019 Jul 21].

3. Lee WM. Drug-Induced Hepatotoxicity. N Engl J Med. 2003,349(5):474-85
Available from: http://www.nejm.org/doi/abs/10.1056/NEJMra021844.
[cited 2019 Jun 15].


http://www.ncbi.nlm.nih.gov/pubmed/11232192
http://www.nejm.org/doi/10.1056/NEJMra1816149
http://www.nejm.org/doi/abs/10.1056/NEJMra021844

Pitre et al. BVIC Gastroenterology

(2019) 19:199

Garcia-Cortés M, Robles-Diaz M, Ortega-Alonso A, Medina-Caliz |, Andrade
RJ. Hepatotoxicity by Dietary Supplements: A tabular Listing and Clinical
Characteristics. Int J Mol Sci. 2016;17 Available from: https://www.ncbi.nim.
nih.gov/pubmed/27070596. Cited 2019 Jun 15.

Stournaras E, Tziomalos K. Herbal medicine-related hepatotoxicity. World J
Hepatol. 2015;7(19):2189-93 Available from: https:.//www.ncbi.nlm.nih.gov/
pmc/articles/PMC4561772/.

Bunchorntavakul C, Reddy KR. Review article: herbal and dietary supplement
hepatotoxicity. Aliment Pharmacol Ther. 2013;37(1):3-17 Available from:
http://doiwiley.com/10.1111/apt.12109. [cited 2019 Jun 15].

Licata A, Puccia F, Lombardo V, Serruto A, Minissale MG, Morreale |, et al.
Rivaroxaban-induced hepatotoxicity. Eur J Gastroenterol Hepatol. 2018;30(2):
226-32 Available from: http://www.ncbi.nlm.nih.gov/pubmed/29120909.
[cited 2019 Jun 15].

Cordeanu M, Gaertner S, Bensalah N, Mirea C, Hamade A, Stephan D.
Rivaroxaban induced liver injury: A cholestatic pattern. Int J Cardiol. 2016;
216:97-8 Available from: http://www.ncbinlm.nih.gov/pubmed/27140342.
[cited 2019 Jun 15].

LiverTox: Clinical and Research Information on Drug-Induced Liver Injury.
National Institutes of Health, Rockville, Updated 01 November 2018.
Available from: https:/livertox.nih.gov. Cited 2019 Jun 15.

Lambert A, Cordeanu M, Gaertner S, Nouri S, Alt M, Stephan D. Rivaroxaban-
induced liver injury: Results from a venous thromboembolism registry.
Int J Cardiol. 2015;191:265-6 Available from: http.//www.ncbi.nlm.nih.
gov/pubmed/25981364. [cited 2019 Jun 15].

Navasa M, Garcia-Pagan JC, Bosch J, Riera JR, Bafnares R, Mas A, et al. Portal
hypertension in acute liver failure. Gut. 1992;33(7):965-8 Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1379414/.

JK MF, Broussard DL, Melstrom P, Hutchinson R, Wolkin A, Martin C, et al.
Acute Selenium Toxicity Associated With a Dietary Supplement. Arch Intern
Med. 2010;170(3):256 Available from: http://www.ncbi.nlm.nih.gov/
pubmed/20142570. [cited 2019 Jul 2].

Elinav E, Pinsker G, Safadi R, Pappo O, Bromberg M, Anis E, et al. Association
between consumption of Herbalife® nutritional supplements and acute
hepatotoxicity. J Hepatol. 2007;47(4):514-20 Available from: http://www.
ncbi.nlm.nih.gov/pubmed/17692424. [cited 2019 Jun 15].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.ncbi.nlm.nih.gov/pubmed/27070596
https://www.ncbi.nlm.nih.gov/pubmed/27070596
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4561772/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4561772/
http://doi.wiley.com/10.1111/apt.12109
http://www.ncbi.nlm.nih.gov/pubmed/29120909
http://www.ncbi.nlm.nih.gov/pubmed/27140342
https://livertox.nih.gov
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1379414/
http://www.ncbi.nlm.nih.gov/pubmed/20142570
http://www.ncbi.nlm.nih.gov/pubmed/20142570
http://www.ncbi.nlm.nih.gov/pubmed/17692424
http://www.ncbi.nlm.nih.gov/pubmed/17692424

	Abstract
	Background
	Case Presentation
	Conclusion

	Background
	Case presentation
	Discussion and conclusion
	Abbreviations

	Acknowledgements
	Authors’ contribution
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

