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Following a short treatment for irritable bowel with the following herbs: Astragalus propinquus,
Codonopsis pilosula, Paeonia sp., Atractylodes macrocephala, Pueraria sp., Poria cocos, Dioscorea opposita,
Patriniae, Psoralea corylifolia, Alpinia katsumadai, Glycyrrhiza uralensis and Dolomiaea souliei sp. a 43-year-
old woman developed acute severe liver failure requiring liver transplantation. Histopathological
examination of the liver showed massive hepatic necrosis in keeping with drug/chemical toxicity.
Surgery was followed by multiorgan failure and death. While numerous studies have evaluated the effect
of polypharmacy, the study of multiple concurrent herb use is only just emerging, despite the popularity
of herbal medicine use in the western world. As this case demonstrates that fulminant hepatic failure and
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Death death may be caused by the concomitant use of a number of herbal products, the possibility of untoward
Polypharmacy effects from herbal polypharmacy must be increasingly considered in the evaluation of medicolegal
Polyherbacy cases.

Hepatitis B
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1. Introduction

Polypharmacy refers to the “use of multiple drugs, or more than
are medically necessary” and is an increasing problem in the
elderly and in those with chronic disease [1]. The additive and
interactive effects of multiple prescribed medications increase the
likelihood of drug reactions and associated morbidity and
mortality [2]. Considerable attention has, therefore been devoted
in recent years to determining the incidence of this problem,
identifying its manifestations, and instituting preventive meas-
ures. These investigations have, however, focused on prescription
medications rather than on herbal medicines.

The use of herbal medicines in Western countries has increased
in recent times with adverse effects being reported due to a range
of factors, often derived from a single preparation [3,4]. The
popularity of herbal medicine use (and the inevitable associated
adverse drug reactions) prompted Ness and co-workers [5] to coin
the term “polyherbacy” to describe the use of multiple natural
health products [5,6]. A case is reported to demonstrate that
significant adverse effects may also arise from this “polyherbacy”.
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2. Case report

A 43-year-old Asian woman with a past medical history of
irritable bowel syndrome had a normal colonoscopy six months
earlier. She was taking no regular medications, despite an
underlying chronic hepatitis B infection. Two and a half weeks
prior to her death she consulted a traditional Chinese doctor for her
irritable bowel and was prescribed treatment for 10 days with the
raw forms of the following herbs: Astragalus propinquus, Codo-
nopsis pilosula, Paeonia sp., Atractylodes macrocephala, Pueraria sp.,
Poria cocos, Dioscorea opposita, Patriniae, Psoralea corylifolia, Alpinia
katsumadai, Glycyrrhiza uralensis and Dolomiaea souliei sp. Blood
tests, including general biochemistry and a full blood count
performed by her general practitioner some time before the fatal
episode had all been normal except for a low vitamin D level.
Specifically there were no biochemical indications of liver or
kidney dysfunction.

Within hours of commencing the course of herbal treatment
she became unwell with nausea, vomiting, lethargy, sweats, chills
and myalgia. This was attributed to a flu-like illness and she was
prescribed Panadeine (paracetamol and codeine). She subsequent-
ly took 1g of paracetamol each day for two days. Her condition
deteriorated and on hospital assessment she was noted to have a
metabolic acidosis and evidence of both liver and renal failure. The
diagnosis of severe drug-induced acute liver failure was made that
required liver transplantation. Histopathological examination of
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the excised liver showed massive hepatic necrosis most in keeping
with drug/chemical toxicity. Surgery was followed by multiorgan
failure and death six days after the onset of the acute illness.

Autopsy examination confirmed multiorgan failure with diffuse
edema and congestion of both lungs with patchy pneumonic
consolidation, focal hemorrhage in the interventricular septum of
the heart and elsewhere, in keeping with terminal coagulopathy, a
recent liver transplant with intact anastomoses, cortical pallor of
both kidneys and mild cerebral edema. The liver transplant was
histologically normal with no features of hyperacute rejection.

Post mortem microbiology performed on a specimen of lung
tissue yielded a pure growth of Klebsiella pneumoniae. PCR testing
for respiratory viruses, herpes simplex virus, varicella zoster virus,
cytomegalovirus, enteroviruses and Bordetella pertussis was nega-
tive and no acid fast bacilli were detected. Analysis of blood taken
on the day of admission to hospital revealed therapeutic levels of
paracetamol and codeine (paracetamol 11-16.6 mg/L, codeine
0.02 mg/L), with no alcohol or other significant common drugs. In
2005 antenatal serology screen had been negative for hepatitis B
surface antigen. The full hepatitis serology on the second day of
admission to hospital detected hepatitis B surface antibody
(102 mIU/mL) and hepatitis B core total antibody, but not hepatitis
A IgM antibody, hepatitis B surface antigen, hepatitis B core IgM
antibody or hepatitis C antibody. Her hepatitis C virus RNA was
negative and PCR for hepatitis B viral load in blood was 203 IU/mL.
Analysis of the prescribed herbal medicines revealed no common
drugs, organophosphorus or organochlorine compounds, heavy
metals or aflatoxins, although unfortunately it was not possible to
test for other potential contaminants such as nitrosamines. Death
was due to multi-organ failure and bronchopneumonia compli-
cating acute liver failure. Although paracetamol overdose is one of
the most common causes of hepatic necrosis, based on the
decedent’s account of her limited use of Panadol and Panadeine
only after her illness commenced, and the corroborative toxicology
results, paracetamol toxicity appears unlikely to be the cause in
this case.

3. Discussion

Traditional herbal medicines have been associated with a
number of adverse reactions due to a variety of factors which have
resulted from either the deliberate or accidental substitution of
herbs, inadequate processing, or the addition of prescription
pharmaceutical drugs [3,7,8]. Although this may result in serious
side effects and even death, the exact role played by herbal
products in medicolegal cases is usually unclear as documentation
of herbal medicines at death scenes is often neglected by
investigating police officers, product labels may not accurately
reflect content, and toxicological identification of organic com-
pounds in traditional forensic laboratories is difficult [3,9,10]. For
this reason a newer metabolomics approach using DNA sequencing
may provide a more effective approach [11].

Herbal preparations may also contain toxic substance that are
either deliberate additives, such as heavy metals, or accidental
contaminants such as pesticides and herbicides [8]. None of these
were identified in the reported case. A study of 251 Asian herbal
products being sold in California, USA, found that 36 contained
arsenic, 35 had mercury and 24 lead [12]. Acute lead and mercury
poisoning have been reported. Organic toxins including highly
poisonous substances such as aconite root may also be added [13].
Chan su is a traditional medicine used for treating sore throats,
boils and palpitations that contains the venomous secretions of
Chinese toads (Bufo melanostictus Schneider or Bufo bufo gargar-
izans Cantor). The bufadienolides have a digoxin-like effect and
may cause cardiac arrhythmias, seizures or coma [14]. Sudden
death has occurred if Chan su is injected [15].

In the reported case serious and fulminant liver necrosis
followed the concurrent ingestion of a series of different herbal
preparations. The list of causes for fulminant hepatic failure is long
and includes various viruses, toxins, idiosyncratic reactions to
various drugs, vascular causes and certain metabolic conditions. It
has also been reported to result from idiosyncratic hypersensitivity
reactions to certain herbal medicines, the effects of which can
range from transiently high liver enzyme levels to lethal hepatic
failure [16]. While most cases are caused by hepatotoxins integral
to the preparations, interactions with prescription medications
may also occur [17]. Hepatitis may follow consumption of a variety
of herbs including germander (Teucrium chamaedrys) and those of
the Aristolochia species. Hepatic veno-occlusive disease may be
caused by comfrey (Symphytum officinale) and skullcap (Scutellaria
laterflora) ingestion. As in the reported case fulminant liver failure
requiring transplant (or resulting in death) may occur. This has also
occurred with pennyroyal (Mentha pulegium), kava (Piper methys-
ticum), Jin bu huan, Syo saiko to, and Ma huang [18,19].

The striking feature in the reported case was that the decedent
had been relatively well with normal laboratory parameters
immediately prior to commencing the course of herbal medicines.
In examining the 12 herbal agents taken by the decedent, there are
a number that have been associated with hepatotoxicity [20]. For
example, studies point to possible hepatotoxic effects of Glycyr-
rhiza roots [21-23] and another report that examined the
incidence of acute hepatitis in Chinese herb users identified an
increased risk in those taking formulae containing Radix Paeoniae
and Radix Glycyrrhizae [24]. The risks of traditional Chinese
medicine-induced hepatotoxicity may also be exacerbated in
patients with chronic hepatitis B, which may be relevant in this
case [21]. However, the two most likely candidates in this case are
Atractylodes macrocephala and Psoralea corylifolia. Rhizomes of
Atractylodes macrocephala have been reported to be associated
with hepatotoxicity [22,23]. These rhizomes contain the hepato-
toxin atractyloside [25]. Herbal medicines containing other
atractyloside producing plants are also associated with hepatotox-
icity [26].

Psoralea corylifolia also has an association with significant
hepatotoxicity [20]. A case of acute cholestatic hepatitis in a
patient taking an excessive dosage of P. corylifolia seeds prescribed
for osteoporosis has been reported [27] and a further three cases of
hepatotoxicity from consumption of dried seeds of P. corylifolia at
the prescribed doses have also been reported [28]. Furthermore,
158 cases of adverse reactions characterized by cholestatic liver
damage were reported from herbal preparations whose main
component was dried seeds of P. corylifolia [29].

Extracts of P. corylifolia are hepatoxic in rats [29], more
commonly in females. P. corylifolia extracts contain numerous
phytochemicals, but of most significance are the furocoumarins
(psoralen, isopsoralen, psoralenoside and isopsoralenoside) and
the meroterpene bakuchiol. The furocoumarins and bakuchiol
have been shown to be cytotoxic [30,31]. Of relevance to this report
is that some coumarin metabolites are also hepatotoxic. Coumarin
is metabolised by a variety of cytochrome P450s: CYP2A6, CYP3A4,
CYP1A and CYP2E1 [32]. The hepatotoxic metabolite o-hydrox-
yphenylacetaldehyde is produced by CYP1A and CYP2E1 [32].
Inhibition of CYP3A4 is likely to push metabolism through the
CYP1A and CYP2E1 pathways, increasing the concentration of
hepatotoxic metabolites. Significantly, several of the herbal agents
consumed by the decedent inhibit CYP3A4.

Astragalus propinquus and Codonopsis pilosula ssp. tangshen
extracts both inhibit CYP3A4 [33]. As well, extracts of Atractylodes
macrocephala increase the concentrations of Astragalus glycosides
by an as yet undetermined mechanism [34]. Thus, this herbal
mixture, with potentially toxic furocoumarins and inhibitors of
CYP3A4 could direct the metabolism of these furocoumarins into a
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more toxic pathway; combined with an at-risk subject (female
with hepatitis), this may have produced an unfortunate synergism
resulting in severe hepatotoxicity.

It is, however, recognized that sparse information is available on
the presumed hepatotoxicity of several of these agents; for
example, extracts from Glycyrrhiza glabra (from which liquorice
is derived) is used extensively in TCM as a demulcent and
expectorant and rarely results in an overdose.

Clinical and diagnostic complications arising from polyphar-
macy with herbal medicines include the inability to determine
causative active compound(s), and difficulty in diagnosing the type
of drug interaction. Treating polypharmacy due to herbal
medicines may also present more challenges than polypharmacy
with conventional medicines, due to inaccuracies between
reported and actual ingredients of herbal products [9,35]. The
decedent’s multiple herb use meant that the crucial identification
of active ingredient(s) in order to treat and counteract the toxicity
was not possible. Consequently, critical information regarding the
type of drug interaction could also not be classified at the time.
When the type of interaction is known, it may be possible to treat
and manage adverse effects [36]. The type of interaction may be
additive (the sum of the effect of the drugs/agents taken
exclusively), synergistic (greater than the sum of effect of either
drugs/agents taken exclusively) or antagonistic (the sum of the
interaction is less than the effect of the drugs/agents taken
exclusively) [35-37]. Unfortunately without knowing the active
ingredients of herbal medicines treatment is restricted to simply
symptomatic management [36,38].

In summary, these studies indicate a possibility that the
decedent's fulminant hepatic failure could have been mediated by
one or more of the 12 ingredients of her herbal medicine
prescription. The most likely scenario is of coumarin-induced
hepatotoxicity from Psoralea corylifolia, possibly exacerbated by
pharmacokinetic interactions with Astragalus propinquus, Codo-
nopsis pilosula and Atractylodes macrocephala. There may also have
been a direct toxic effect from Atractylodes macrocephala itself.
Linking the observed hepatotoxicity to Psoralea corylifoliawas made
difficult by alternate names for the medicine, and that the most
extensive reports of hepatotoxicity from Psoralea corylifolia con-
taining medicines are not easily available outside China. There also
exists a possibility that the underlying chronic hepatitis B infection
may have predisposed the decedent to such areaction. Whether the
addition of modest doses of paracetamol could have further
compounded the situation is open to question, although CYP3A4
inhibition by the components of the herbal medicine is likely to be
protective. Toxic reactions to Glycyrrhiza uralensis or Paeoniae or an
idiosyncratic reaction to one of the other constituents or to an
undetected contaminant also cannot be excluded.

As it has been reported that individuals in Western countries
are more likely to use herbal treatments with multiple ingredients
than people in third-world countries, who tend to use single-
ingredient herbal preparations to treat disease [39], the possibility
of untoward effects from herbal polypharmacy must be increas-
ingly considered in the evaluation of medicolegal cases.
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