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RoC Background Document for Aristolochic Acids

FOREWORD

The Report on Carcinogens (RoC) is prepared in response to Section 301 of the Public
Health Service Act as amended. The RoC contains a list of identified substances (i) that
either are known to be human carcinogens or are reasonably be anticipated to be human
carcinogens and (ii) to which a significant number of persons residing in the United

States are exposed. The Secretary, Department of Health and Human Services (HHS), has
delegated responsibility for preparation of the RoC to the National Toxicology Program
(NTP), which prepares the report with assistance from other Federal health and

regulatory agencies and nongovernmental institutions.

Nominations for (1) listing a new substance, (2) reclassifying the listing status for a
substance already listed, or (3) removing a substance already listed in the RoC are
reviewed in a multi-step, scientific review process with multiple opportunities for public
comment. The scientific peer-review groups evaluate and make independent
recommendations for each nomination according to specific RoC listing criteria. This
background document was prepared to assist in the review of aristolochic acids. The
scientific information used to prepare Sections 3 through 5 of this document must come
from publicly available, peer-reviewed sources. Information in Sections 1 and 2,
including chemical and physical properties, analytical methods, production, use, and
occurrence may come from published and/or unpublished sources. For each study cited in
the background document from the peer-reviewed literature, information on funding
sources (if available) and the authors’ affiliations are provided in the reference section.
The draft background document was peer reviewed in a public forum by an ad hoc expert
panel of scientists from the public and private sectors with relevant expertise and
knowledge selected by the NTP in accordance with the Federal Advisory Committee Act
and HHS guidelines and regulations. This document has been finalized based on the peer-
review recommendations of the expert panel and public comments received on the draft
document. Any interpretive conclusions, comments, or statistical calculations made by
the authors or peer reviewers of this document that are not contained in the original

citation are identified in brackets [ ].
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A detailed description of the RoC nomination review process and a list of all substances
under consideration for listing in or delisting from the RoC can be obtained by accessing
the 12th RoC at http://ntp.niehs.nih.gov/g0/9732. The most recent RoC, the 11th Edition
(2004), is available at http://ntp.niehs.nih.gov/go/19914.
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Criteria for Listing Agents, Substances or Mixtures in the Report on Carcinogens

U.S. Department of Health and Human Services
National Toxicology Program

The criteria for listing an agent, substance, mixture, or exposure circumstance in the RoC
are as follows:

Known To Be Human Carcinogen:

*
There is sufficient evidence of carcinogenicity from studies in humans , which indicates
a causal relationship between exposure to the agent, substance, or mixture, and human
cancer.

Reasonably Anticipated To Be Human Carcinogen:

There is limited evidence of carcinogenicity from studies in humans , which indicates
that causal interpretation is credible, but that alternative explanations, such as chance,
bias, or confounding factors, could not adequately be excluded,

or

there is sufficient evidence of carcinogenicity from studies in experimental animals,
which indicates there is an increased incidence of malignant and/or a combination of
malignant and benign tumors (1) in multiple species or at multiple tissue sites, or (2) by
multiple routes of exposure, or (3) to an unusual degree with regard to incidence, site,
or type of tumor, or age at onset,

or

there is less than sufficient evidence of carcinogenicity in humans or laboratory
animals; however, the agent, substance, or mixture belongs to a well-defined,
structurally related class of substances whose members are listed in a previous Report
on Carcinogens as either known to be a human carcinogen or reasonably anticipated to
be a human carcinogen, or there is convincing relevant information that the agent acts
through mechanisms indicating it would likely cause cancer in humans.

Conclusions regarding carcinogenicity in humans or experimental animals are based on
scientific judgment, with consideration given to all relevant information. Relevant
information includes, but is not limited to, dose response, route of exposure, chemical
structure, metabolism, pharmacokinetics, sensitive sub-populations, genetic effects, or other
data relating to mechanism of action or factors that may be unique to a given substance.
For example, there may be substances for which there is evidence of carcinogenicity in
laboratory animals, but there are compelling data indicating that the agent acts through
mechanisms which do not operate in humans and would therefore not reasonably be
anticipated to cause cancer in humans.

E3

This evidence can include traditional cancer epidemiology studies, data from clinical studies, and/or data
derived from the study of tissues or cells from humans exposed to the substance in question that can be
useful for evaluating whether a relevant cancer mechanism is operating in people.
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Executive Summary

Introduction

Aristolochic acids are a family of nitrophenanthrene carboxylic acids that occurs
naturally in plants in the Aristolochiaceae family, primarily of the genera Aristolochia
and Asarum. Botanical products from plants containing aristolochic acids are used in
traditional folk medicines, particularly in Chinese herbal medicine, and have been used

inadvertently as part of a weight-loss regimen.

“Aristolochic acids” were nominated by the National Institute of Environmental Health
Sciences (NIEHS) for possible listing in the Report on Carcinogens based on the
International Agency for Research on Cancer (IARC) classification that herbal remedies
containing plant species of the genus Aristolochia are carcinogenic to humans (Group 1)
and that naturally occurring mixtures of aristolochic acid are probably carcinogenic to

humans (Group 2A).

Human Exposure

The risk of human exposure to aristolochic acids remains a global problem. Aristolochia
and related plants have been used since ancient times in traditional herbal medicines for
obstetrics treatment and for treatment of snakebite, scorpion stings, fever, infection,
diarrhea, and inflammation. In contemporary medicine, Aristolochia plant products have
been used in therapies for arthritis, gout, rheumatism, and festering wounds. Herbal
preparations containing aristolochic acids have also been used inadvertently as part of a
weight-loss regimen. Individuals may potentially be exposed to aristolochic acids by
ingesting plants and botanical products made from plants that contain these compounds
or by ingesting herbal products contaminated with aristolochic acids. In one well-
documented occurrence, between 1,500 and 2,000 individuals were exposed to
aristolochic acids at weight-loss clinics in Belgium in the 1990s. In addition, exposure to
aristolochic acids has been proposed to result from contamination of wheat flour by seeds
of A. clematitis growing in wheat fields in the Balkan states. Exposure to aristolochic
acids has also been reported for other countries, including the United States; two cases of

renal failure in the United States have been linked to ingestion of herbal products
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containing aristolochic acids. The use of botanical products in the United States has
increased dramatically since the early 1990s, with 10% of adults in the United States
reportedly ingesting herbal medicines in 1999 and a total of $4.2 billion spent on herbs

and other botanical remedies in 2001.

More than 100 suppliers of botanical products that potentially contain aristolochic acids
have been identified in recent years. In 2001, the FDA issued warnings to consumers,
health care professionals, and industry associations concerning herbal products
containing aristolochic acids. Other countries, including the United Kingdom, Germany,
Canada, and Australia, have banned these herbs. Nevertheless, botanical products
potentially containing aristolochic acids are still available legally in other countries and

can be bought via the Internet.

Human Cancer Studies

The available literature evaluating the association between exposure to aristolochic acids
and cancer in humans consists of case reports, prevalence studies, and clinical studies
among individuals with kidney disease. The relationship between aristolochic acids and
urothelial cancer was first reported in a Belgian population with a kidney disease known
as Chinese herbal nephropathy (CHN). The subjects had consumed Chinese herbs as part
of a weight-loss regimen. The weight-loss clinics had changed the weight-loss regimen to
include powders from Magnolia officinalis and Stephania tetrandra, which was
subsequently found to contained aristolochic acids but not tetrandrine. Botanical products
containing aristolochic acids were suspected as the cause of herbal medicine nephropathy
because: (1) the nephropathy developed immediately after ingestion of the herbs, and in
some cases, it was reversible after the patient discontinued the herbs; (2) the lack of
exposure (in most cases) to agents known to be risk factors for nephropathy; (3) the
identification of aristolochic acid in the herbal products; and (4) the identification of
aristolochic acid-DNA (AA-DNA) adducts in tissues (usually kidney or urothelial tissue)
in some of the cases. The identification of aristolochic acids as the cause of the renal
disease led to the introduction of the term aristolochic acid nephropathy (AAN) to
describe those cases in which the herbs are proven to contain aristolochic acid. More than

100 cases of AAN in Belgian and greater than 170 cases of AAN have been reported in
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other geographical location including other western nations such as the United States, and
Great Britain, and Asian countries such as Japan, Taiwan, and China. In contrast with the
Belgian cases, cases in other countries have involved use of the Chinese herbs containing
aristolochic acids for many different purposes, including weight loss, nutritional

supplementation, health promotion, and treatment of a variety of diseases or conditions.

After the publication of several case reports of urothelial cancer occurring among AAN
patients, two prevalence studies were conducted among the Belgian patients. Both studies
reported a high prevalence [40% (4/10) in the Cliniques Universitaires St.-Luc study, and
46% (18/39) in the Hospital Erasme Study] of urothelial cancer among women receiving
renal transplants as a result of AAN. Both studies identified aristolochic acids in the
botanical products consumed by the patients and detected AA-DNA adducts in kidney
tissue from the patients, demonstrating that the patients were exposed to aristolochic
acids. The study of patients from the Hospital Erasme reported that the prevalence of
urothelial cancer was higher among patients who consumed a higher dose of the
aristolochic acid—containing plant Aristolochia fangchi, but that AAN patients with and
without urothelial cancer did not differ significantly with respect to other risk factors for
urothelial cancer, such as the use of non-steroidal anti-inflammatory drugs, analgesics,

etc. Neither study had an unexposed comparison group.

In 2002, an IARC working group reviewed the available literature (which consisted
mainly of the two prevalence studies, and the case reports of AAN and urothelial cancer)
and concluded that there was sufficient evidence in humans for the carcinogenicity of
herbal remedies containing plant species of the genus Aristolochia and limited evidence
in humans for the carcinogenicity of naturally occurring mixtures of aristolochic acids.
Since the IARC (2002) review, there have been an update of the prevalence study of
urothelial cancer developing in AAN patients in Belgium, additional case reports of AAN
and urothelial cancer developing in patients with AAN (both in Belgium and worldwide),
several clinical investigations of urothelial cancer among kidney-transplant or dialysis

patients in Taiwan or China, and studies on aristolochic acids and BEN.
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A 15-year follow-up of the Belgian patients from the Hospital Erasme found a similar
prevalence rate of urothelial cancer occurring in AAN patients compared with the earlier
report by Nortier and colleagues. [ The follow-up identified a few more cases of cancer,
and included most but not all the previous cancer cases.] In addition, the follow-up study
found an increased incidence of urinary bladder cancer among cases with urothelial
cancer. Similar to the earlier publications, the cumulative dose of Aristolochia in AAN
patients who developed urothelial cancer was significantly higher than the dose
consumed by AAN patients who did not develop cancer. A case report of urothelial
cancer from the Belgian epidemic was also reported in a patient who did not have severe
renal disease. There were also additional case reports of urothelial cancer in AAN in
patients outside of Belgium, which supports the role of aristolochic acids as a cause of

upper urothelial cancer.

Two clinical studies among Chinese patients with renal disease (renal-transplant or
dialysis patients) reported an increased incidence or prevalence of transitional-cell
carcinoma (TCC) among patients consuming Chinese herbs or drugs containing
aristolochic acids compared with non-exposed patients; OR =37 (95% CI =11 to 216) in
a study of 283 dialysis patients and RR = 5.85 (P < 0.0001) in a study of 1,429 renal
transplant patients. Two other clinical studies evaluating TCC mortality or incidence
among Taiwanese patients with renal disease (dialysis or kidney-transplant patients)
reported that consumption of TCC was a risk factor for Chinese herb use (relative hazard
was 5.2 among transplant patients and 6.21 among dialysis patients); however, the

exposure assessments were not specific for aristolochic acids intake.

Aristolochic acids have been proposed to be a risk factor for urothelial cancer associated
with Balkan endemic nephropathy (BEN). BEN is a chronic tubulointerstitial disease
endemic to Serbia, Bosnia, Croatia, Bulgaria, and Romania that has similar morphology
and clinical features to AAN. Exposure to aristolochic acids is proposed to occur from
consumption of wheat contaminated with seeds from A. clematitis. AA-DNA adducts
have been detected in renal tissue of BEN patients and in urothelial and renal cortical
tissues from BEN patients with upper urothelial cancers. One study reported that the

majority (78%) of p5S3 mutations (in tumors with p53 mutations) in urothelial tumors
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from patients living in endemic areas were A:T — T:A transversions, which the authors

stated was a mutational signature for exposure to aristolochic acid.

In summary, exposure to aristolochic acids has been associated with a progressive
interstitial renal fibrosis in several populations (primarily in Belgium, the Balkans, and
China). An increased incidence or prevalence of upper urothelial tumors has been
detected in individuals with aristolochic acid—associated end-stage renal failure. In some
studies, AA-DNA adducts have been detected in urothelial tissues from the cancer
patients, demonstrating exposure to aristolochic acids. Studies of renal-transplant or
dialysis patients have reported elevated risks for urothelial cancer associated with

consumption of herbal products containing aristolochic acids.

Studies in Experimental Animals

Aristolochic acids (administered orally or by injection) induced tumors at multiple sites

in mice, rats, and rabbits. Most studies administered a mixture of aristolochic acids I and
IT; however, aristolochic acid I alone was used in two studies. Many of these studies used
a small number of animals and were of relatively short duration; only a few included
statistical analyses. Female mice given aristolochic acids orally developed forestomach,
stomach, kidney, lung, and uterine tumors and malignant lymphomas. Oral administration
of aristolochic acids caused forestomach, kidney, renal pelvis, urinary bladder, ear duct,
thymus, small intestine, and pancreatic tumors. Single cases of hematopoietic system,
heart, lung, mammary gland, pituitary gland, and peritoneal tumors were also reported.
Male Wistar rats exposed by daily s.c. injections of aristolochic acids developed
urothelial carcinoma of the renal pelvis and malignant fibrohistiocytic sarcoma at the
injection site. Aristolochic acids, given by i.p. injections, induced kidney tumors, a
urinary-tract tumor, and a mesothelioma of the peritoneal cavity in female New Zealand
White rabbits. A single i.p. injection of aristolochic acids initiated liver carcinogenesis in
male F344 rats when coupled with a liver-cell-proliferative stimulus. The IARC working
group concluded that there was sufficient evidence in experimental animals for the

carcinogenicity of aristolochic acids.
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Three studies were reviewed that investigated the carcinogenicity of extracts of
Aristolochia species (one study each for A. manshuriensis, A. clematitis, and A. contorta)
when administered orally or by injection. Tumors of the forestomach and kidney were the
most prevalent findings following oral administration, but one study reported tumors of
the mammary gland, thyroid gland, and skin. Injection-site polymorphocellular sarcomas
also were reported in one study. One study exposed rats of both sexes to a weight-loss
regimen of herbal ingredients that contained aristolochic acids, and the male rats

developed forestomach papillomas and squamous-cell carcinomas.

Absorption, Distribution, Metabolism, and Excretion

Aristolochic acids are absorbed from the gastrointestinal tract and distributed throughout
the body, as evidenced by observation of specific DNA adducts in kidney, urinary tract,
liver, lung, brain, stomach, and other tissues of humans and experimental animals. The
available data indicate that aristolochic acid I is metabolized by both oxidative and
reductive pathways, whereas aristolochic acid II is metabolized only by a reductive
pathway. The metabolites of aristolochic acid I in rats and mice include aristolactam I,
aristolactam Ia, aristolochic acid Ia, aristolic acid I, 3,4-methylenedioxy-8-hydroxy-1-
phenanthrenecarboxylic acid, and a decarboxylated metabolite. The metabolites of
aristolochic acid II include aristolactam II, aristolactam Ia, and 3,4-methylenedioxy-1-
phenanthrenecarboxylic acid. Only aristolactam I and II have been reported in humans,
although full metabolic profiles determined through sensitive techniques have not been
reported. Phase II metabolites include the N- and O-glucuronides of aristolactam Ia, the
N-glucuronide of aristolactam II, and the O-glucuronide, O-acetate, and O-sulfate esters
of aristolochic acid Ia. The metabolites are excreted in the urine and the feces. Reported
half-lives in New Zealand White rabbits for aristolochic acids I and II were 0.12 hours
and 0.27 hours, respectively. Studies in rats show that the metabolites of aristolochic acid
I are excreted within 24 hours, whereas metabolites of aristolochic acid II are still present

i the urine at 72 hours.
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Toxicity

The kidney is the primary target organ for aristolochic acid toxicity in both animals and
humans. As mentioned above, consumption of botanical products containing aristolochic
acids has been associated with AAN, which is characterized by mild tubular proteinuria,
extensive interstitial fibrosis, tubular atrophy, global sclerosis of glomeruli, rapid
progression to renal failure, and associated anemia. AAN has been described in more
than 100 cases (all but 1 in women) exposed at a weight-loss clinic in Belgium and in
more than 100 other sporadic cases in Europe, Asia, and the United States. Another
clinical presentation of AAN (adult-onset Fanconi syndrome) has been described in a few
cases in China, Korea, Japan, and Germany, and is characterized by proximal tubular

dysfunction, and a generally slower progression to end-stage renal disease.

Aristolochic acids cause renal toxicity in rats, mice, and rabbits. Rats and mice exposed
to high doses (given orally or by intravenous injection) of aristolochic acids developed
renal failure. The primary features include tubular necrosis, elevated plasma creatinine
and urea levels, atrophy of the lymphatic organs, superficial ulceration of the
forestomach, hyperplasia and hyperkeratosis of the squamous epithelium, and renal
failure in rats. Interstitial fibrosis was also observed in some, but not all, studies in rats
and mice. Sustained intoxication of rats by aristolochic acids has been proposed to result
in altered regeneration of tubular epithelial cells and apoptosis leading to irreversible

tubular atrophy and to deposition of collagen by fibroblasts.

In rabbits, aristolochic acids given by i.p. injection caused renal hypocellular interstitial
fibrosis, which decreased from the outer to the inner cortex, fibrosis of the gastric
mucosa, and urothelial atypia. Species and strain differences in susceptibility are

apparent. The dose levels of aristolochic acids required to induce acute tubular necrosis in
rats and mice (20 and 30 mg/kg b.w., respectively) are higher than the dose level (around
1 mg/kg b.w.) needed in rabbits or humans. BALB/c and C3H/He mice were more
susceptible than C57BL/6 mice to the nephrotoxic effects. Most animal studies used
purified aristolochic acids rather than the crude extracts or relatively unprocessed

botanical material (e.g., ground, dried root) consumed by humans. A study comparing
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two botanical products, with similar chemical composition except for the presence of
aristolochic acids, resulted in renal toxicity in rats only with the product (A.

manshuriensis) containing aristolochic acids.

Aristolochic acids and their aristolactam derivatives are cytotoxic to cells growing in
culture, including rat and human kidney cells and macrophages. The degree of toxicity
varies according to cell type and chemical structure (of the individual aristolochic acids

or aristolactams).

Genetic Damage and Mechanistic Data

Aristolochic acids are metabolically activated by reductive pathways to form reactive
intermediate cyclic N-acylnitrenium ions that form adducts (dA-AAIL dG-AAI, dA-AAII,
and dG-AAII) at purine bases in DNA. A number of cytosolic and microsomal enzymes
(CYPIA1, CYP1A2, NADPH:CYP reductase, prostaglandin H synthase, DT-diaphorase,
xanthine oxidase, COX, and NAD(P)H:quinone oxidoreductase) are capable of

bioactivating aristolochic acids to the reactive species.

DNA adducts have been detected in vitro, in experimental animals exposed to
aristolochic acids or botanical products containing aristolochic acids, and in human tissue
from AAN patients, from urothelial cancer patients exposed to botanical products
containing aristolochic acids, and from patients with Balkan endemic nephropathy. The
predominant and most persistent adduct, dA-AAI (lifelong in rats and at least 89 months
in humans), appears to be responsible for most of the mutagenic and carcinogenic
properties of aristolochic acids. Mutagenic activity studies of AA-DNA adducts found

that the adenine adducts have a higher mutagenic potential than the guanine adducts.

Aristolochic acids (purified I or II, or mixtures) are mutagenic in a variety of
experimental conditions, including bacteria, cultured cells, and in vivo studies in rodents.
Aristolochic acid I has been tested the most extensively. In in vitro assays, aristolochic
acids induced mutations in Salmonella typhimurium and in cultured cells, including hprt
mutations in rat fibroblast-like and Chinese hamster cells, forward mutations in mouse
lymphoma cells and p53 DNA-binding domain mutations in two studies with human p53

knock-in (Hupki) mouse fibroblast cell cultures. Mutational analysis identified mutations

X1V 9/2/08
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in the p53 DNA-binding domain in one-third (6 of 18) to one-half (5 of 10) of the
established Hupki mouse fibroblast cultures; A:T — T:A transversions were
predominant, occurring in at least 80% of the cell lines with mutations. Aristolochic acid
mixtures or plant extract caused mutations in S. typhimurium and Drosophila
melanogaster (sex-linked recessive lethal), and aristolochic acid II caused mutations in S.
typhimurium. Studies in experimental animals showed that exposure to aristolochic acid
mixtures or plant extracts caused mutations in granulation tissue from Sprague-Dawley
rats, lacZ mutations in the forestomach, kidney, and colon tissue from Muta mice, and cll
mutations in liver and kidney tissue from Big Blue rats. Exposure to aristolochic acid I
also caused mutations in granulation tissue from Sprague-Dawley rats. A:T — T:A
transversions were the predominant mutation type in the Muta mice and Big Blue rat

studies.

DNA binding studies show that aristolochic acids bind to adenines in codon 61 in the H-
ras mouse gene and to purines in the human p53 gene. Mutational spectra studies in
tumors of rodents exposed to aristolochic acids identified an A:T — T:A transversion in
codon 61 of the c-Ha-ras gene in forestomach tumors (rats and mice), lung tumors (rats
and mice), and ear-duct tumors (rats). No mutations were identified in rats with chronic
renal failure not exposed to aristolochic acids. Similar findings have been reported in
humans. Aristolochic acid adducts have been identified in renal and urothelial tissue as
well as in other tissues such as liver, pancreas, and lymph nodes of AAN patients and in
the renal cortex of 4 BEN patients and in tumor tissue of 3 long-term residents of
endemic villages who had upper urinary tract (transitional-cell) malignancies. A:T —
T:A transversion mutations in the p53 gene have been identified in urothelial tumors
from an AAN patient and in 10 of 11 patients with urothelial cancer living in the region
endemic for BEN; 8 of the 9 patients with adequate tissue samples for histopathologic
analysis had changes in their renal cortex that were diagnostic or suggestive of BEN.
Another study reported that p53 is over expressed in urinary-tract tumors collected from
patients with AAN and identified A — C and G — A mutations in the p53 gene from a
patient with a papillary transitional-cell carcinoma of the bladder. The high frequency

(78%) of A:T — T:A transversions in upper urothelial tumors associated with exposure
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to aristolochic acids is in contrast to the much lower frequency of approximately 5% seen
for p53 mutations in bladder and ureter tumors with other causes, and some researchers

have proposed it as a signature for human exposure to aristolochic acids.

Aristolochic acids also caused other types of genetic damage. Aristolochic acids I and 11
and mixtures were genotoxic in the SOS chromotest in Escherichia coli, and aristolochic
acid mixtures caused sex-chromosome loss and somatic recombination in D.
melanogaster. In mammalian in vitro studies, aristolochic acid mixtures caused
chromosomal aberrations, sister chromatid exchange, and micronuclei in human
lymphocytes, and aristolochic acid I caused chromosomal aberrations and sister
chromatid exchange in Chinese hamster cells. Neither aristolochic acid I nor II induced
DNA strand breaks in rat hepatocytes, but aristolochic acids have caused DNA damage in
porcine proximal tubular epithelial cells and human hepatoma cells. In mammalian in
Vvivo studies, aristolochic acids [composition not specified] did not induce unscheduled
DNA synthesis in the pyloric mucosa of male rats. DNA damage was reported in kidney
cells from male Sprague-Dawley rats administered a single oral dose of aristolochic
acids. One study reported that intravenous injections of aristolochic acid mixtures
increased the frequency of micronucleated polychromatic erythrocytes in bone marrow
cells from NMRI female and male mice, but another study found no increase in
micronucleated reticulocytes in peripheral blood from male Muta mice exposed orally to

a mixture of aristolochic acids I and II.

A possible mechanism for the dose-dependent urothelial proliferation induced in rats fed
an aristolochic acid mixture has been proposed based on altered expression and
phosphorylation of cell-cycle proteins. The aristolochic acid mixture induced expression
of cyclin D/cdk4 and cyclin E/cdk2, increased phosphorylation of the retinoblastoma
(Rb) tumor suppressor protein, and decreased Rb/E2F complexes, thus freeing E2F to

facilitate the promotion of cell-cycle transition from the G1 to the S phase.
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Abbreviations

AA: aristolochic acid

AA I: aristolochic acid I

AA1I: aristolochic acid II

AAN: aristolochic acid nephropathy

APCI: atmospheric pressure chemical ionization
AR: aristolactams

B-CD: B-cyclodextrin

BD: basal diet

BEN: Balkan endemic nephropathy

BQ: below the limit of quantitation

b.w.: body weight

CAM: complementary and alternative medicine
CE: capillary electrophoresis

CHN: Chinese herb nephropathy

CHO: Chinese hamster ovary

CI: confidence interval

CV: cyclic voltammetry

CZE: capillary zone electrophoresis

D: aristolochic acid D

dA-AAL: 7-(deoxyadenosin-N°-yl)-aristolactam I
dA-AAIL: 7-(deoxyadenosin-N°-yl)-aristolactam II
dAMP: deoxyadenosine monophosphate

DAD: photodiode array detector

dCMP: deoxycytidine monophosphate
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dG-AAI: 7-(deoxyguanosin-N-yl)-aristolactam I
dG-AAIIL: 7-(deoxyguanosin-N-yl)-aristolactam II

dTMP: deoxythymidine monophosphate

DSHEA: Dietary Supplement Health and Education Act
ELISA: enzyme-linked immunosorbent assay

ESI: electrospray negative ion;

FDA: Food and Drug Administration

FESI-MEKC: field-enhanced sample injection—micellar electrokinetic chromatography
FLD: fluorescence detector

GST: glutathione-S-transferase

HID: highest ineffective dose

HPLC: high-performance liquid chromatography

IARC: International Agency for Research on Cancer

ICsp: half maximal inhibitory concentration

i.p.: intraperitoneal

L.v.: intravenous

LC: liquid chromatography

LED: lowest ineffective dose

LIF: laser-induced fluorescence

LOD: limit of detection

MDHPC: 3,4-methylenedioxy-8-hydroxy-1-phenanthrenecarboxylic acid
MDPC: 3,4-methylenedioxy-1-phenanthrenecarboxylic acid
MEEKC: microemulsion electrokinetic chromatography;
MeO: methoxy

MPT: mitochondrial permeability transition
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MS: mass spectrometry

MTT: 3-(4,5-dimethylthiazole)-2,5-diphenyltetrazolium bromide
N: sample size

NA: not available

N/A: not applicable

NADPH: nicotinamide adenine dinucleotide phosphate, reduced form
NAG: N-acetyl-B-glucosaminidase

ND: not detected

NDT: not determined

NF: not found

NI: not identified

NIEHS: National Institute of Environmental Health Sciences
NR: not reported

NS: not specified

NT: not tested

OA: orotic acid

OH: hydroxyl

OTA: ochratoxin A

Pap: papillomas

ppm: parts per million

RH: relative hazard

SCC: squamous-cell carcinoma

SCE: sister chromatid exchange

SIR: standardized incidence ratio

SMR: standardized mortality ratio

9/2/08

XIiX



RoC Background Document for Aristolochic Acids

sp.: species (singular)

spp.: species (plural)

TCC: transitional cell carcinoma
TLC: thin layer chromatography
TG: thioguanine

UV: ultraviolet
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1 Introduction

Aristolochic acids are nitrophenanthrene carboxylic acids found primarily in the
Aristolochiaceae family of plants. “Aristolochic acids” were nominated by National
Institute of Environmental Health Sciences (NIEHS) for possible listing in the Report on
Carcinogens based on the finding by the International Agency for Research on Cancer
(IARC) that naturally occurring mixtures of aristolochic acids are probably carcinogenic
to humans (Group 2A). For the purposes of this document, “aristolochic acids” is used to
refer to either individual aristolochic acids (e.g., aristolochic acid I or aristolochic acid 11
that were administered as pure preparations in animal studies) or to mixtures of

aristolochic acids that occur naturally in botanical products.

Botanical products containing aristolochic acids have been used in traditional herbal
medicine as antirheumatics, as diuretics, in the treatment of edema, in wound healing, in
obstetrics (to facilitate childbirth), and for other conditions such as hemorrhoids, cough,
and asthma. Aristolochic acids have been detected in plants of both the Aristolochia
(notably A. clematitis, A. contorta, A. debilis, A. fangchi, A. indica, A. manshuriensis, and
A. serpentaria) and Asarum genera of the family Aristolochiaceae. Botanical products
containing aristolochic acid are described in the literature by various terms, including
herbal preparations, herbal remedies, Chinese herbs, Chinese herbal medicines, and

slimming (weight-loss) regimens including Chinese herbs.

1.1 Chemical identification
“Aristolochic acids “ is a generic name for a family of nitrophenanthrene carboxylic acids

that have been reported to occur in plants in the Aristolochiaceae family (EMEA 2000).
This family includes about 450 plants in 6 genera. Most plants reported to contain
aristolochic acids belong to the genus Aristolochia or Asarum (FDA 2001b). These plants
occur in moist woodlands of temperate and tropical regions worldwide (Starr et al. 2003).
Various Aristolochia and Asarum species have been used in herbal medicines since
antiquity in obstetrics and in treatment of snakebite, festering wounds, and tumors, and
they remain in use today, particularly in Chinese herbal medicine (IARC 2002, Kohara et
al. 2002). All parts of the plant are used in herbal preparations (see Table 1-1 for

9/2/08 1
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examples), and aristolochic acids are present in the roots, stems, leaves, and fruit (EMEA

2000, IARC 2002).

The aristolochic acid content of plants or botanical preparations varies depending on the
plant species, where it was grown, the time of year, and other factors. However,
aristolochic acid I (also called aristolochic acid A) and its demethoxylated derivative,
aristolochic acid II (also called aristolochic acid B), are the most widely studied; their
structures are shown in Figure 1-1. Other compounds found in these plants include other
aristolochic acids (e.g., 111, Ila, IV, IVa), aristolactams, and dioxoaporphines (Cosyns
2003, Kumar et al. 2003). Aristolochic acids I and II are the most common marker
compounds used to evaluate the presence of the family of aristolochic acids in plant
samples. Related nitrophenanthrenes, such as the aristolactam derivatives of aristolochic
acids, have been reported in a wider variety of plant families (Kumar et al. 2003). This
document focuses on aristolochic acids I and II because they are found in most of the
herbal medicines prepared from Aristolochia species, occur at relatively high
concentrations, and have been associated with toxic and carcinogenic effects. Some

chemical identification information for aristolochic acids I and II is listed in Tables 1-2

and 1-3.

Table 1-1. Examples of Aristolochia species used in botanical products

Aristolochia species Parts used in

(location) herbal medicine Aristolochic acid components

A. fangchi (China) root AA LI, Illa

A. manshuriensis stem AA 1, 11, IllIa, IV, IVa; aristolic acid II

(China)

A. contorta (China) fruit, herb AA 1, 11, IlTa, VIIa; 7-MeO-8-OH-AA; AA III methyl
ester; AA IV methyl ester; aristolic acid; AA BII methyl
ester

A. debilis (China) fruit, herb, root AA 1 11, IlIa, IV, IVa; 7-OH-AA I; 7-MecO-AA T,
7-MeO-AA I; AA III methyl ester

A. clematitis (Europe) herb, root AA L 11, 111, IIIa, IV, IVa

A. indica (India) root AA 1, IVa, IVa methyl ester lactam; aristolic acid

Sources: TARC 2002, Kumar et al. 2003, Mix et al. 1982, Pailer et al. 1965, Yuan et al. 2007b.
AA = aristolochic acid; MeO = methoxy; OH = hydroxyl.
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0 COOH 0 COOH
< NO. < NO
e} 2 0 2
OCH,
Aristolochic acid I Aristolochic acid IT

Figure 1-1. Chemical structures of aristolochic acids | and 11

Table 1-2. Chemical identification of aristolochic acid |

Characteristic Information

Chemical Abstracts Index name 8-methoxy-6-nitrophenanthro[3,4-d]-1,3-dioxole-5-carboxylic
acid

CAS Registry number 313-67-7

Molecular formula C7H;;NO,

Synonyms 8-methoxy-3,4-methylenedioxy-10-nitrophenanthrene-1-
carboxylic acid, aristolochic acid A, aristolochin, birthwort,
3,4-methylenedioxy-8-methoxy-10-nitro-1-
phenanthrenecarboxylic acid

Sources: ChemIDPlus 2004a, IARC 2002.

Table 1-3. Chemical identification of aristolochic acid 11

Characteristic Information

Chemical Abstracts Index name | 6-nitrophenanthro[3,4-d]-1,3-dioxole-5-carboxylic acid

CAS Registry number 475-80-9
Molecular formula C16HoNOg
Synonyms aristolochic acid B, 3,4-methylenedioxy-10-nitrophenanthrene-1-

carboxylic acid, 3,4-methylenedioxy-10-nitro-1-phenanthroic acid,
3,4-methylenedioxy-10-nitro-1-phenanthrenecarboxylic acid

Sources: ChemIDPlus 2004b, IARC 2002.

1.2 Physical-chemical properties
Aristolochic acid I is a crystalline solid. Other selected physical and chemical properties

of aristolochic acid I are summarized in Table 1-4 (see the Glossary for property
definitions). The molar extinction coefficient (¢) for aristolochic acid I in ethanol is 6,500
at 390 nm, 12,000 at 318 nm, and 27,000 at 250 nm (O'Neil et al. 2006). A solution of
aristolochic acid I in acetonitrile/ethanol (1:4) was reported to be stable for 30 days when

refrigerated and protected from light (Trujillo et al. 2006). No information was located on
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the physical or chemical properties of aristolochic acid II other than its molecular weight

of 311.3 (IARC 2002).

Table 1-4. Physical and chemical properties of aristolochic acid |

chloroform, diethyl ether, ethanol

benzene, carbon disulfide

Property Information
Molecular weight 341.3
Melting point (°C) 281-286
Boiling point (°C) NF
Density NF
Solubility
water slightly soluble
acetic acid, acetone, aniline, alkalies, soluble

practically insoluble

Octanol/water partition coefficient (log K,y)

3.48

Vapor pressure NF
Vapor density NF
Henry’s law constant NF
Critical temperature NF
Dissociation constant (pK,) NF

Source: TARC 2002.
NF = not found.

1.3 Metabolites

Krumbiegel et al. (1987) identified the following metabolites of aristolochic acid I in

rodents: aristolactam I, aristolactam Ia, aristolochic acid Ia, aristolic acid I, and 3,4-

methylenedioxy-8-hydroxy- 1 -phenanthrenecarboxylic acid. The principal metabolite of

aristolochic acid I in rats was aristolactam Ia (46% of the dose in urine and 37% in the

feces). Metabolites of aristolochic acid II in rats and mice included aristolactam II,

aristolactam Ia, and 3,4-methylenedioxy- 1-phenanthrenecarboxylic acid. These all were

considered minor metabolites, because the largest proportion of the dose that could be

accounted for in rats was as aristoloctam II at only 4.6% in the urine and 8.9% in the
feces. In addition, Chan et al. (2007a) recently identified a metabolite formed from

decarboxylation of aristolochic acid I that is whoen with other Phase I metabolites of

aristolochic acids in Table 1-5.
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Only aristolactam I and aristolactam II were identified in urine samples collected from 6
healthy human volunteers given a mixture of aristolochic acids I and II over several days
(Krumbiegel et al. 1987). More information on metabolites and metabolism is provided

m Section 5.1.

Table 1-5. Metabolites of aristolochic acids | and Il identified in rodents

Metabolite Molecular weight Structureo
Aristolactam I 2933 <:NH
L,
Aristolactam Ia 279.3 <:NH
L
T
Aristolochic acid Ia 3273 <0
L,
Aristolic acid 1 296.1

o/\o
: O' L
o] o]
2 3
“ I

3,4-Methylenedioxy-8-hydroxy-1- ° I
LT 282.1
phenanthrenecarboxylic acid O

Aristolactam II 263.3 o
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Metabolite

Molecular weight

Structure

3,4-Methylenedioxy-1-
phenanthrenecarboxylic acid

266.3

COCH

o i

Decarboxylated metabolite

297.3

Source: Chan et al. 2007a, Krumbiegel et al. 1987.

1.4 Aristolochic acid analogues

As mentioned above, aristolochic acids are a complex mixture of nitrophenanthrene

carboxylic acids that are primarily found in plants in the family Aristolochiaceae. In

addition to aristolochic acids, other chemically related compounds found in these plants

include aristolactams and dioxoaporphines. The dioxoaporphines are thought to function

as intermediates in the biosynthesis of aristolactams, which are precursors of aristolochic

acids (Kumar et al. 2003). The structures of aristolochic acids I and II are shown in

Figure 1-1 (above), and examples of the structures of aristolactams are shown in Table 1-

5 (above). The general structure of the aristolactams is shown in Table 1-6, which also

shows the structures of some other aristolochic acids and the basic structure of

dioxoaporphines.

Table 1-6. Selected naturally occurring analogues of aristolochic acids | and 11
identified in plants of the family Aristolochiaceae

Compound

Molecular weight

Structure

o COOCH;
<O ‘ NO,

Aristolochic acid I methyl ester 355.3 O
o COOaH
L.
7-Hydroxy aristolochic acid I 357.3 O
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Compound

Molecular weight

Structure

0O0CH;

NO,

O/\O

HaCO

Aristolochic acid II methyl ester 3253
o COOH
L -
Aristolochic acid I1I 341.3 O
: o COOH
Aristolochic acid IIla (aristolochic acid C) 327.2 }/
e
o COOCH;
L -
Aristolochic acid III methyl ester 355.3 O
: o COOH
L -
Aristolochic acid IV 371.3 O
: o COOBH
UL -
Aristolochic acid I'Va (aristolochic acid D) 357.3 O
o COOCH;
LT -
Aristolochic acid IV methyl ester 385.3 O
HsCO O OCH;
o COOH
<o O NOz
Aristolochic acid V* 371.3 ‘O

OCH3;
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Compound

Molecular weight

Structure

z O/\o
g C
o
’ O
(<3
o]
o
=z ==
K

Aristolochic acid Va 357.3
OH
o COOH
Aristolochic acid Via 357.3 ° ' v
Aristolochic acid VII 371.3
o I : COOH
Aristolochic acid VIla 357.3
OH
Aristolochic acid E 357.3
Variable O H
Aristolactams (numerous compounds) (depending on R " O
groups)” ‘
Variable . O .
Dioxoaporphines (numerous compounds) (depending on R N O
groups)’

Rg

Re

Source: Kumar et al. 2003, Priestap 1985a, 2008.

#Structure incorrectly reported in Kumar et al. 2003, but corrected based on Priestap 1987.

® Where R; =—-OH or —-OCH;, R, =—OCH;, R; + R,

®Where R|,—Ry = -H, -OH, —-OCH3;, or -CH; and R, + Ry = -OCH,O-.

=-0OCH,0-, and R; and R4.=-H, —OH, or —-OCH3;.
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2 Human Exposure

Aristolochic acids occur naturally in plants, primarily of the genera Aristolochia and
Asarum, that grow in temperate and tropical climates worldwide. Human exposure to
aristolochic acids occurs primarily through the use of these plants in traditional and folk
medicines. This section reviews the use (Section 2.1), production (Section 2.2),
measurements of exposure (Section 2.3), occurrence and exposure (Section 2.4), and

regulations and guidelines (Section 2.5) for aristolochic acids.

2.1 Use
As mentioned in Section 1, Aristolochia plants have been used since ancient times in

traditional herbal medicines in many parts of the world. Aristolochic acids have been
reported to have antibacterial, antiviral, antifungal, and antitumor effects (Kupchan and
Doskotch 1962, Zhang et al. 2004). The name Aristolochia (meaning the best delivery or
birth) is thought to be of ancient Greek origin and reflects centuries of use in obstetrics
(Frei et al. 1985). Other traditional uses included treatment for snakebite, scorpion stings,
fever, infection, diarrhea, and inflammation (Arlt et al. 2002b, Jiménez-Ferrer et al.
2005). In more recent times, aristolochic acids have been tested or used in conventional
pharmaceuticals. For example, in the early 1960s, they were tested for antitumor effects
in mice (Kupchan and Doskovitch 1962) and in clinical trials, but the trials were
discontinued when the aristolochic acid preparation was shown to be nephrotoxic
(Jackson et al. 1964). In contemporary medicine, Aristolochia plant extracts have been
used in therapies for arthritis, gout, rheumatism, and festering wounds (Arlt et al. 2002b).
Its anti-inflammatory properties encouraged the development of pharmaceutical
preparations in Germany; however, uses in contemporary medicine were discontinued in
Germany and other countries after the carcinogenic and mutagenic properties of
aristolochic acids were first reported in the early 1980s. The U.S. Food and Drug
Administration’s (FDA’s) “Approved Drug Products with Therapeutic Equivalence
Evaluations” (“Orange Book™) does not list any prescription or over-the-counter products
(current or discontinued) that contain or contained aristolochic acids. Some of the
aristolochic acid—containing plants used in traditional herbal medicines and the

conditions treated are shown in Table 2-1.
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Over 100 cases of nephropathy were reported in Belgium in the 1990s among women
who had consumed Chinese herbs containing aristolochic acids as part of a slimming
(weight-loss) regimen (see Section 3.1). Aristolochic acid nephropathy (AAN) became
recognized as a worldwide disease after additional cases of aristolochic acid—associated
nephropathy and carcinoma were reported in the United States, Europe, and Asia.
Exposure to aristolochic acids from wheat contaminated with seeds from Aristolochia
clematitis is proposed to be a risk factor for endemic Balkan nephropathy (EN or BEN)
(see Section 3.4) (Grollman et al. 2007, de Jonge and Vanrenterghem 2008).

In the early 2000s, the FDA (2000, 2001a, 2001c) issued warnings to healthcare
professionals, industry associations, and consumers regarding the safety of botanical
products and dietary supplements containing aristolochic acids. In its warning, the FDA
recommended that all botanical remedies known or suspected of containing aristolochic
acids be discarded (see Section 2.6 for further information on regulatory actions).
Nevertheless, plants containing aristolochic acids continue to be used in traditional and
folk medicines for a number of indications and have subsequently been shown to be
available on the Internet (Gold and Slone 2003a, 2003b, Schaneberg and Khan 2004, see
also Appendix A). Aristolochic acid—containing products, including Aristolochia species
and products for which substitutions of other plants appear to have occurred have been

reported on the Dutch market (Martena et al. 2007).

As described above, exposure to Aristolochic acids occurs mainly from
Aristolochiaceous plants, especially the genera of Aristolochia and Asarum. The fruits of
Aristolochia contorta and A. debilis are traditionally used as Ma Dou Ling for the
treatment of hemorrhoids and of cough and other conditions related with lung in Chinese
medicine (Chen and Chen 2004b). Their roots were used as Qing Mu Xiang for distention
and pain of the chest and abdomen, diarrhea, and snakebite, while their stems with leaves
were used as Tian Xian Teng for the treatment of chest and abdominal pain, hernia pain,
neuralgia, liver cancer, and sexually transmitted diseases. Other Aristolochiaceous plants,
such as A. manshuriensis (Guan Mu Tong), A. kaempferi (Da Ye Ma Dou Ling), and A.
moupinensis (Huai Tong Ma Dou Ling) are used legally as Mu Tong (usually derived

from Clematis armandii or C. montana) or its complementary or alternative in different
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parts of China. Chuan Mu Tong (C. armandii stem) is used mainly for the treatment of
urethritis, to relieve pain, and to promote lactation. Some Aristolochiaceous plants, such
as the roots of A. fangchi (Guang Fang Ji) and A. heterophylla (Han Zhong Fang Ji), are
also used as source plants of Fang Ji, which was originally obtained from the
Menispermaceous plant Stephania tetrandra and used for the treatment of edema. [The
overlapping use of different plants as one crude drug or one plant used as different crude

drugs can increase the risk for exposure to aristolochic acids.]
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Table 2-1. Medical uses of some plants containing aristolochic acids

Geographic
Plant species Common name | growth range Medical uses
A. clematitis birthwort E. and S.E. as an abortifacient, anti-inflammatory,
Europe, N.E. antipyretic, immune system stimulant, or
United States emmenagogue; to treat colic, wounds, or

ulcers

A. contorta ma dou ling E. Asia as an antiseptic, or sedative; to treat
hemorrhoids, cough, asthma, epigastric pain,
arthralgia, or edema

A. debilis ma dou ling E. Asia as an antiseptic; to treat cough, asthma, pain,
arthralgia, edema, hemorrhoids, gastric
disorders, hypertension, dizziness, headache,
boils, snakebite, or insect bites

A. elegans elegant South America as an antiseptic, antipyretic, or emmenagogue;

Dutchman’s pipe to Mexico to treat snakebite or scorpion stings

A. fangchi guang fang ji E. Asia as a diuretic, antipyretic, or analgesic; to treat
lung disorders or rheumatic arthritis

A. indica Indian birthwort S. Asia as an emmenagogue, abortifacient, or
antipyretic; to treat snakebite or diarrhea

A. kaempferi yellowmouth E. Asia to treat lung ailments, hemorrhoids, or ascites

Dutchman’s pipe

A. macrophylla pipevine E. United States | as an antiseptic; to treat swelling of the feet or
legs
A. molissima xun gu feng E. Asia as a diuretic or anti-inflammatory; to treat
arthralgia or pain
A. manshuriensis Manchurian E. Asia as an anti-inflammatory, diuretic,
birthwort emmenagogue, or galactagogue
A. reticulata Texas Dutchman’s | S.W. United as a stimulant or to promote sweating; to treat
pipe States stomach disorders,
A. rotunda snakeroot Europe as an abortifacient, diuretic, emmenagogue, or
antihelminthic; to treat cough or wounds
A. serpentaria Virginia snakeroot | S.E. United as an anti-inflammatory, diuretic, expectorant,
States or antipyretic; to treat circulatory or kidney
disorders, toothache, stomach pain, or
snakebite
Asarum canadense | wild ginger E. and N.W. as a diuretic, antihelminthic, antibiotic, or

United States

contraceptive; to treat colds, flu, cough,
cramps, wounds, or asthma

Sources: Dharmananda 2001, FDA 2001b, Gold and Slone 2003a, IARC 2002, Jiménez-Ferrer et al. 2005,

PFAF 2005.

Uses other than in herbal medicines include cultivation as ornamental plants (Starr et al.

2003). For example, A. littoralis is native to Brazil but is cultivated as an ornamental vine

in Hawaii and Florida. Several Aristolochia species are available on the Internet from

various greenhouses and nurseries.

12
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In addition to use in studies of toxicity and carcinogenicity, aristolochic acids are used in
biochemical studies as relatively selective inhibitors of phospholipase A, (see Section

5.2.3).

2.2 Production
Aristolochic acid compounds are produced commercially as reference standards and as

research chemicals (IARC 2002). No data were found on producers or production

volume; however, Chemical Sources International (2006) identified nine U.S. suppliers
of aristolochic acid A (aristolochic acid I), one supplier each of aristolochic acids B and
D (aristolochic acids II and IV), three suppliers of aristolochic acid C (aristolochic acid

IITa), and three suppliers of aristolochic acid, sodium salt.

No specific data on U.S. production, imports, or sales of botanical products that may
contain aristolochic acids were identified; however, there are many U.S. suppliers of
products that may contain aristolochic acids. Gold and Sloan (2003a) identified 112
botanical products that may contain aristolochic acids that were available for purchase
over the Internet (see Appendix A). Estimates for the use of one traditional Chinese herb
(A. manshuriensis or guan mu tong) in China were reported by Hu et al. (2004). They
estimated that approximately 6,400 metric tons of guan mu tong could have been

consumed in China during a 20-year period beginning in 1983.

2.3 Measurements of Exposure
This section discusses methods for analysis of aristolochic acids (2.3.1) and biological

indices of exposure in humans (2.3.2).

2.3.1 Analysis methods
A number of methods have been developed for analysis of aristolochic acids in plant

extracts, including thin-layer chromatography, gas-liquid chromatography (Rao et al.
1975), and nuclear magnetic resonance (Hanna 2004), but high-performance liquid
chromatography (HPLC) and capillary electrophoresis (CE) are the most commonly used
separation methods (Li et al. 2005a). Detection methods also have varied over time, with
ultraviolet (UV) light absorption being most common in the past, but mass spectrometry

(MS), electrochemical detection (ED), diode-array detection (DAD), laser-induced
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fluorescence (LIF) detection, fluorescence detection, and other methods have also been

reported in more recent publications (Chan et al. 2007a,b).

Extraction methods may be particularly important in the analysis of aristolochic acids. An
early attempt to analyze the aristolochic acid content of the herbal preparation for the
Belgian weight-loss regimen through pre-purification extractions with chloroform,
methanol, and a methanol-water mixture (1:1 by volume) was unsuccessful
(Vanherweghem et al. 1993). However, Vanhaelen et al. (1994) later reported that these
pre-purification extractions might have partly destroyed aristolochic acids, and
Vanhaelen et al. were able to demonstrate with a thin-layer chromatography (TLC)
method that 11 of 12 samples labeled as Stephania tetrandra contained aristolochic acids
and only 2 samples contained tetrandrine, a constituent expected to be present in a

preparation containing S. tetrandra.

The FDA issued a Laboratory Information Bulletin for the determination of aristolochic
acids in traditional Chinese medicines and dietary supplements (Flurer et al. 2001). This
method was based on an extraction method used by German regulators, and the extract
was analyzed for aristolochic acids via HPLC with ultraviolet (UV)/visible detection at
390 nm. The presence of aristolochic acids was confirmed via liquid
chromatography/mass spectrometry (LC/MS) with either an ion-trapping mass
spectrometer or a triple-quadrupole mass spectrometer. Trujillo et al. (2006) achieved a
limit of quantification (LOQ) of 2 pg/g [2 ppm or 5.9 x 10 mol/g] by systematically
optimizing the FDA reference method with regard to the test sample size, the grind size
for the sample, and the solvent extraction. The authors also varied the injection volume
and detection wavelength to determine the optimal chromatographic conditions. A
subsequent publication by Sorenson and Sullivan (2007) reported the results of a
collaborative study involving 11 laboratories (only 10 complete sets of data were
generated, as one laboratory conducted only the LC/UV portion and another conducted
only the LC/MS portion) and 13 materials prepared for the study from Aristolochia
manschuriensis [A. manshuriensis] stem, Aristolochia spp. root, Akebia trifoliata stem,

Clematis armandii stem, and Stephania tetrandra root, either as the native material or
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with fortification with Aristolochia spp. root. The method has been adopted by AOAC
International as Method 2007.05 (AOAC 2007).

Recent publications have reported improvements in sensitivity for the detection of
aristolochic acids I and II. Zhou et al. (2006) reported a method for capillary
electrophoresis with electrochemical detection that had a limit of detection (LOD) of 4.0
x 10 M for aristolochic acid I and 1.0 x 10”7 M for aristolochic acid II. They compared
their analysis method with five other published methods, three that used CE and UV
detection and two based on LC with either UV or MS detection. The LC/MS method
provided a similar LOD of 3.5 x 10™® M for aristolochic acid I and a slightly higher LOD
of 4.8 x 10® M for aristolochic acid II. Zhou et al. also reported that the
electropherograms (fingerprint profiles) differed among medicinal herbs and could be

used to identify specific herbs.

An enzyme-linked immunosorbent assay (ELISA) was reported to have a LOD for
aristolochic acid I (0.7 ng/mL, or ~ 2 x 10 M), but its LOD for aristolochic acid I was
similar to the other methods (18 ng/mL, or ~ 6 x 10™® M) (Yu et al. 2006). Shi et al.
(2007) described results for an online concentration method with micellar electrokinetic
chromatography (MEKC) for CE of aristolochic acids I and II that had detection limits of
11 ng/mL for both compounds (LOD for AAT=3.2 x 10® M; LOD for AA I = 3.5 x 10"
 M). A method reported by Hsich et al. (2006) using CE with LIF detection achieved
LODs of 8.2 x 10” M for AATand 5.4 x 10” M for AA II.

The LOD for the detection methods may differ for pure aristolochic acids and

aristolochic acids as part of a botanical mixture; the LOD generally is higher for the more
complex mixtures. Jong et al. (2003) reported a theoretical LOD of 10 ng/mL for pure
aristolochic acid I. The lowest reported value for an Asarum plant extract was 3.3 ng/g;
however, no LOD was reported for aristolochic acid in the sample matrix. Kite et al.
(2002) determined the LOD within sample matrices using crude methanol extracts of
Aristolochia species and reported that the LOD for aristolochic acid I ranged from 250 pg
in a sample with low levels of interfering substances to 2.5 ng in a matrix with high levels

of interference (0.125 to 1.25 pg/g, based on extraction from 2 mg of herbal remedy).
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Similarly, Shi et al. (2007) reported a detection limit for aristolochic acids I and II added
to a Chinese medicine preparation (Guanxinsuhe drop-pills) of 110 ng/g, although the
detection limit for pure aristolochic acids I and II as reported above was an order of

magnitude lower at 11 ng/mL.

2.3.2 Biological indices of exposure
Aristolochic acid-DNA (AA-DNA) adducts have been identified in the kidneys of

patients with Chinese herb nephropathy using **P-post-labeling analysis (Arlt et al.
2001b, Arlt et al. 2001a, Cosyns 2003, Gillerot et al. 2001). These adducts are specific
markers of exposure to aristolochic acids I and II (Bieler et al. 1997). See Section 5 for
further discussion of AA-DNA adducts. Grollman et al. (2007) described the use of
liquid chromatography electrospray ionization/multistage mass spectrometry (LC-
ESI/MS/MS?) as a means of specifically confirming the chemical identity of the dA-AL-I
and dA-AL-II adducts using synthetic adduct standards.

2.4 Occurrence and Exposure
This section describes the occurrence of aristolochic acids in plants (2.4.1), in food or

animals (insects) (2.4.2), and in botanical products, including potential human exposure

from botanical products (2.4.3), and potential occupational exposure (2.4.4).

2.4.1 Occurrence in plants
The geographical distribution of plants containing aristolochic acids is discussed below.

In addition, a variety of aristolactams have been reported to occur in the Aristolochiaceae
and sporadically in related plant families, including a few instances in the genus Piper
(family Piperaceae) and one report each in Stephania (Menispermaceae) and

Schefferomitra (Annonaceae) (Kumar et al. 2003).

Geographical distribution

More than 30 Aristolochia species are native to the United States, and they are present in
most states (Figure 2-1) (USDA 2005). The most widely distributed native species
include A. serpentaria (Virginia snakeroot), A. tomentosa (wooly Dutchman’s pipe), A.
macrophylla (pipevine), and A. clematitis (birthwort). In addition, some non-native
species are grown as ornamentals or have escaped cultivation and become naturalized

(Starr et al. 2003). Worldwide, there are an estimated 200 to 350 Aristolochia species,
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1 and virtually all of them contain aristolochic acids (Dharmananda 2001, Starr et al.

2 2003).

[ | Alaska
[ Hawaii
[ ] Fuertao Rico

[ Yirgin Islands

ARISTZ

Figure 2-1. Distribution of Aristolochia species within the United States
Source: USDA 2005, Plants occur in states colored green.
Plants of the genus Asarum have been used by Native Americans to treat various
conditions (see Table 2-1) and are still used in herbal medicines in the United States
(Schaneberg et al. 2002, Gold and Slone 2003a). Asarum species (wild gingers) are
widely distributed in the United States (Figure 2-2). Another genus of the family
Aristolochiaceae, Hexastylis (plants in this genus are known as littlebrownjug or

heartleaf), is a group of rare plants related to Asarum and endemic to the southeastern

O 0 9 N n K~ W

United States. Aristolochic acids were found in this species in one study (see below).
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1 alaska
1 Hawai
[ Fuerto Rico ASARLU

[ ¥irgin Islands

Figure 2-2. Distribution of Asarum species within the United States
Source: USDA 2005, Plants occur in states colored green.

Concentrations in plants

A number of studies have reported concentrations of aristolochic acids I and II in
medicinal plants as summarized in Table 2-2. The plants in which aristolochic acids were
analyzed include several species of plants used in traditional Chinese medicine

(Hashimoto et al. 1999, Lee et al. 2001, Jong et al. 2003, Zhai et al. 2006, Zhang et al.
2006b, Zhou et al. 2006, Wu et al. 2007a, Yuan et al. 2007). Samples were obtained from
medicinal plant stores (seeds or roots) or from preserved laboratory plant materials, or
were collected specifically for some studies. Aristolochic acids were found in almost all
samples from Aristolochia species; however, considerable variability in the aristolochic
acid content was reported. Li et al. (2004a,b) also demonstrated that the aristolochic acids
(AA T and AA II) content of A. fangchi and A. manshuriensis varied by geographic
region. Furthermore, Aristolochia plants collected from several areas in one province did

not contain detectable levels of aristolochic acids.

Only trace levels were reported in samples from Asarum in the report by Hashimoto et
al.; however, Jong et al. analyzed additional Asarum species for aristolochic acid I and
reported the highest level in A. crispulatum. Aristolochic acids were found only in

species belonging to the family Aristolochiaceae, and were not detected in medicinal
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plants from three other genera (Clematis, Stephania, and Akebia) and three plant families
(Menispermaceae, Ranunculaceae, and Lardizabalaceae) (Zhou et al. 2006, Wu et al.
2007a). However, one study has reported that aristolactams, which are known both as
precursors of aristolochic acids in plants and as their metabolites in animals (see Table 1-
5), were detected in at least two other plant families (Kumar et al. 2003); aristolactams II
and BII occur in Stephania cepharantha (Menispermaceae family) and in Schefferomitra

subaequalis (Annonaceae family), but no quantitation of these molecules was provided.

Most studies measured aristolochic acids I and II, and in general levels of aristolochic
acid I were higher. In addition to the aristolochic acids I and II concentrations (see Table
2-2), Zhang et al. (2006b) also determined concentrations of three additional aristolochic
acids (IVa, Va, and 9-OH aristolochic acid I) and two aristolactams (I and II) for
medicinal parts (fruit, root, or herb, i.e., stem and leaves) of four different Aristolochia
species (A. contorta, A. debilis, A. manshuriensis, and A. fangchi). Aristolochic acids I
and II were the major components measured in most instances, but A. contorta (fruit,
herb, and root) contained relatively large amounts of aristolochic acid IVa [ranging from
79 to 3,360 ppm of crude drug], and the two aristolactams were detectable only in
medicinal parts from this species [ranging from 6 to 358 ppm for aristolactam I and from
14 to 91 ppm for aristolactam II]. Hong et al. (1994) identified 11 aristolochic acid
derivatives, including aristolactams and other compounds, in extracts from Aristolochia
cinnabarina roots, and Wu et al. (1994) identified 14 aristolochic acid derivatives in

extracts from stems and roots of Aristolochia kankauensis.
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Table 2-2. Identification of aristolochic acids I and Il in medicinal plants

Aristolochic acid content [ppm]

Botanical name AA | AA I Reference
Aristolochia debilis 790-1,080 80-180

Aristolochia manshuriensis 1,690-8,820 140-1,000 Hashimoto et al
Aristolochia fangchi 1,030-2,220 40-220 1999 '
Asarum splendens trace ND

Asarum himalaicum trace ND

Aristolochia fangchi 437-668 144414

Avristolochia con%orta <1-83 <1-115 Lee etal. 2001
Asarum heterotropoides 42 ND

Asarum crispulatum 3377 ND

Asarum forbesii 106 ND

Asarum himalaicum 18 ND

Asarum sieboldii 3 ND

Asarum debile 18 ND Jong et al. 2003
Asarum maximum 86 ND

Asarum ichangense 53 ND

Asarum fukienense 17 ND

Asarum fukienense (hot MeOH extract) 12 ND

Aristolochia debilis (root) 980 350

Aristolochia debilis (fruit) 270 46

Aristolochia debilis (stem) ND ND Zhou etal. 2006
Aristolochia manshuriensis (stem) 230 53

Aristolochia contorta (fruit) 687-1770 20-185

Aristolochia debilis (herb) 102409 24-98

Aristolochia contorta (herb) 33-257 ND-110

Aristolochia debilis (root) 1,190-4,710 240-1,690 Zhang et al. 2006b
Aristolochia contorta (root) 2,790-5,480 1,060-1,860

Aristolochia manshuriensis (stem) 1,880-9,720 256-1,880

Aristolochia fangchi (root) 637-4,770 60-398

Aristolochia fangchi (root) 12,980 2,424

Aristolochia manshuriensis (stem) 10,850 2,977

Aristolochia contorta (fruit) 4,695 574 Zhai et al. 2006
Aristolochia contorta (root) 6,421 6,108

Aristolochia contorta (herb) 10,460 6,325

Aristolochia contorta (fruit) 1,540 350

Aristolochia manshuriensis (stem) 3,380 831

Aristolochia fangchi (root) 4,280 1,200

Aristolochia debilis (root) 2,610 875 Yuan et al. 2007
Aristolochia contorta (herb) 168 49

Aristolochia mollissima (herb) 145 38.2

Asarum heterotropoides (herb) 68.2 45

Aristolochia fangchi (root) 40-400 5-70

Aristolochia heterophylla (root) 200->400 70-170

Aristolochia manshuriensis (stem) 40-400 20-70

Aristolochia mollissima (stem, leaf) 30-400 ND

Aristolochia tubiflora (root) 40-400 <70 Wu et al. 2007a
Aristolochia contorta (fruit) 80-800 70-700

Aristolochia heterotropoides (leaf) 40-400 ND

Asarum heterotropoides (leaf) <400 ND

Asarum sieboldii (root) <400 ND

ND = not detected.
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Aristolochic acids also occur in North American species of Aristolochiaceae (Schaneberg
et al. 2002,McMillin et al. 2003). Results from these two studies are summarized in
Table 2-3. The Schaneberg et al. study reported what the authors described as
unexpectedly high levels of aristolochic acids in Hexastylis arifolia (common name,
littlebrownjug). No current medicinal uses for this plant were identified, but Schaneberg
et al. observed that this and other species of Hexastylis had traditional uses that did pose
some health hazard. However, they also noted that Hexastylis is probably not collected

today because of its scarcity.

Table 2-3. Identification of aristolochic acids I and 11 in North American plants

Aristolochic acid content [dry wt., ppm]
Botanical name AA | AA I Reference
Aristolochia macrophylla 3,900 6,600 Schaneberg et al.
Avristolochia serpentaria 1,300 97 2002
Hexastylis arifolia 2,100 6,600
Asarum canadense BQ-370 ND
Asarum caudatum BQ ND
Asarum wagneri ND ND
Asarum canadense (dry root) 6-18.4° NR McMillin et al. 2003
Essence of wild ginger 0.048° NR

BQ = detected below the limit of quantitation; ND = not detected; NR = not reported.
"Results were reported as aristolochic acid.

2.4.2 Occurrence in foods or insects

Extracts from Asarum canadense (Canadian snakeroot or wild ginger) and Aristolochia
serpentaria (Virginia snakeroot) are permitted for use as flavoring substances in foods or
beverages; however, the latter is restricted to use only in alcoholic beverages (CFR
2003). No information was identified on use of either Asarum canadense or Aristolochia
serpentaria in any specific food or beverage products. It has been proposed that
contamination of wheat flour by Aristolochia species growing as weeds adjacent to wheat
fields might be responsible for some cases of Balkan endemic nephropathy (see Section
3.4) (Hranjec et al. 2005). Aristolochic acids also occur in several species of butterflies
whose larvae feed on Aristolochia plants (IARC 2002), including species of the genera
Atrophaneura, Battus, Pachliopta, and Troides.
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2.4.3 Occurrence and concentrations in botanical products
This section discusses first the occurrence of aristolochic acids as a contaminant in herbal

products and then its occurrence and concentrations in botanical preparations made from

plants that contain aristolochic acids.

Occurrence as a contaminant in herbal preparations

Herbal preparations can pose a number of quality-related problems, including
contamination with prohibited or restricted substances, substitution of ingredients,
contamination with toxic substances, and differences between the labeled and actual

product contents (MCA 2002).

Two herbal remedies prepared from Aristolochia debilis or A. contorta, known,
respectively, as Tian-Xian-Teng (herbs, including the stems and leaves of the plants) and
Ma-Dou-Ling (the fruits of the plants), appear in the official 2005 Chinese pharmacopeia
(Zhang et al. 2006b). However, three additional crude drugs derived from Aristolochia
species that were listed in the 2000 edition of the Chinese pharmacopeia were cancelled
by the Chinese State Food and Drug Administration in 2003 and 2004 because the
content of aristolochic acid in the drugs was high enough to cause AAN. These drugs
were Qingmuxiang (the roots of A. debilis), Guangfangji (the roots of A. fangchi) and

Guanmutong (the stems of A. manshuriensis).

The complexity of herbal nomenclature systems used in traditional medicines
(particularly traditional Chinese medicines) can lead to confusion and increased risk of
inadvertent exposures to aristolochic acids. It is sometimes a practice in traditional
Chinese medicine to substitute one similarly named plant species for another, and the
similarity of the Chinese names for Aristolochia species and other innocuous herbs can

result in unintended exposure to Aristolochia (Flurer et al. 2001).

Wau et al. (2007a) described three categories of nomenclature used in traditional Chinese
medicine with examples of each involving botanicals containing aristolochic acids. (1) A
one-to-one category describes one plant part from one plant species corresponding to one
herb. The herb guan mu tong refers to the stem of Aristolochia manshuriensis, while herb
mu tong is derived from Akebia species (bai mu tong) or Clematis species (chuan mu

tong), which do not contain aristolochic acids (EMEA 2000, IARC 2002, Zhu 2002). (2)
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A multiple-to-one category describes multiple herbs derived from different parts of the

same species of plant. The three herbs ma dou ling, qing mu xiang, and tian xian teng are

derived, respectively, from the fruit, root, and stem of A. debilis or A. contorta. (3) A

one-to-multiple category describes one herb that refers to multiple plant species. The herb

fang ji refers to the root of either A. fangchi (guang fang ji), Stephania tetrandra (han
fang ji), Cocculus trilobus, or C. orbiculatus (mu fang ji) (EMEA 2000, IARC 2002). A.

fangchi belongs to the Aristolochiaceae family, while the latter three belong to the

Menispermaceae family and do not contain aristolochic acids. [The first and third

categories described by Wu et al. have the greatest potential to contribute to the

unintended substitution of botanical material containing aristolochic acids for material

that does not contain it.] Possible substitutions for “fang ji,

“ma dou ling” are listed in Table 2-4.

Table 2-4. Plant species supplied as “fang ji,” “mu tong,” “mu xiang,” and “ma dou ling”

99 ¢

mu tong,

mu xiang,” and

Aristolochia debilis

gua lou

Trichosanthis kirilowii

Supplied as Pinyin name Botanical name Part used
Fang ji han fang ji Stephania tetrandra root
guang fang ji Aristolochia fangchi
mu fang ji Cocculus trilobus
Cocculus orbiculatus
Mu tong guan mu tong Aristolochia manshuriensis stem
chuan mu tong Clematis armandii
Clematis montana
bai mu tong Akebia quinata
Akebia trifoliata
Mu xiang ging mu xiang Aristolochia debilis root
mu xiang Aucklandia lappa
guang mu xiang Saussurea lappa
tu mu xiang Inula helenium
Inula racemosa
chuan mu xiang Vladimiria souliei
Vladimiria souliei var. cinerea
Ma dou ling ma dou ling Aristolochia contorta fruit

Sources: EMEA 2000, IARC 2002, Zhu 2002.
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Substitutions arising because of name confusion have also been reported between
botanicals used in Japanese herbal medicines and botanicals with similar names used in
Chinese herbal medicines. In a study of an outbreak of Chinese herb nephropathy in
Japan (see Section 3.1.2), Tanaka et al. (2001) suggested that plant species in Japanese
preparations of Chinese herbal medicines could have been substituted because similar
Japanese and Chinese names refer to different plants in Japan and China (see Table 2-5).
Confusion may also occur among Japanese names that are similar but refer to different
herbal medicines; “sei-mokkou” refers to Aristolochia debilis (supplied as “qing mu
xiang” in Chinese herbal medicines, see Table 2-5), while the Japanese names “mokkou”

and “sen-mokkou” refer to plants of other genera (EMEA 2000).

Table 2-5. Confusion of names for botanicals in Japanese and Chinese herbal
medicine preparations

Botanicals used & corresponding plant name

In Japanese herbal In Chinese herbal Chinese medicines used in Japan
medicine medicine containing “mokutsu” or “boui”

Mokutsu kan-mokutsu toki-shigyaku-ka-gosyuyu-syokyo-to
Akebia quinata Aristolochia manshuriensis toki-shigyaku-to

gorin-san

kami-gedoku-to

sho-hu-san

tu-do-san

ryutan-syakan-to

Boui kou-boui boui-ougi-to
Sinomenium acutum Aristolochia fangchi boui-bukuryo-to

kanchu-boui sokei-kakketsu-to

Aristolochia heterophylla

Source: Tanaka et al. 2001.

Plant substitutions such as those described above can cause serious disease of death, as
shown in Belgium in the early 1990s, where over 100 cases of irreversible nephropathy
were reported after Aristolochia fangchi was inadvertently substituted for Stephania
tetrandra to prepare diet pills (see Section 3.1.1). A follow-up investigation analyzed 46
batches of powders that were labeled as Stephania and found that 30 contained
aristolochic acids and no tetrandrine, 7 contained tetrandrine and no aristolochic acids, 5
contained both, and 4 did not contain either compound (Vanherweghem 1998).

Vanherweghem estimated that between 1,500 and 2,000 persons were exposed to the
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Stephania-labeled powders that contained aristolochic acids ranging from below the
detection limit (< 0.02 mg/g) to 2.9 mg/g [2,900 ppm]. A publication by Koh et al. (2006)
suggests that substitutions of A. fangchi for S. tetrandra may still occur. Samples labeled
as “fang ji,” i.e., S. tetrandra, purchased in local medicinal shops in Singapore were

found to contain aristolochic acids. Of 10 samples analyzed, 9 were found to contain
aristolochic acids (levels not reported) with “chromatographic fingerprints” similar to A.

fangchi.

Substitution of an aristolochic acid—containing plant due to name confusion was also
documented in Hong Kong (Liang et al. 2006). Herba Aristolochia Mollissimae [A.
mollissima] and Herba Solani Lyrati share a common name transliterated as either “bai
mao teng” or “pak mo tang” (Lo et al. 2005). Liang et al. confirmed the presence of 280

+ 105 pg/g of aristolochic acid I in four samples of Herba Aristolochia Mollissimae.

Herbs are most often traded under their Chinese pinyin names, rather than Latin
taxonomic names, and different plants can have similar pinyin names. In many cases, the
plant compositions of herbal preparations have changed over time and may vary across
regions of China. This can lead to confusion, particularly for herbalists who are
inexperienced in traditional Chinese medicine. Once a botanical material is dried and
ground, it is difficult to determine its identity without sophisticated chemical analysis.
Wau et al. (2007a) recommended that the confusions among botanical products could be
avoided if more emphasis could be placed on the importance of the pharmaceutical name,
which they describe as defining “the species name, the plant part, and sometimes the

special process performed on the herb, including cultivating conditions.”

Occurrence and concentrations in botanical preparations

Several studies have reported that herbal preparations used in Belgium, China, Taiwan,
Japan, Australia, and Switzerland contained aristolochic acids (see Section 3 for further
discussion of aristolochic acids content of various herbal preparations). These data are
summarized in Table 2-6. Vanhaelen et al. (1994) analyzed samples taken from
Stephania tetrandra herb powders that were distributed in Belgian pharmacies between

July 1990 and August 1992. Relatively high concentrations of aristolochic acids were
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detected in 13 of 14 batches. Aristolochic acids also were found in samples of a Chinese
herbal medicine taken by patients presenting with renal complications in Japan (Tanaka

et al. 2000a). Gillerot et al. (2001) analyzed pills from a Chinese herbal preparation
purchased in Shanghai, China. These pills were used by a 46-year-old woman for 6
months before she developed severe anemia and subacute renal failure. The aristolochic
acids content of the herbal pills was determined to be about 0.07%. Lee et al. (2001)
analyzed weight-loss powders and pills used in Taiwan. Five weight-loss pills and 11
weight-loss powders were collected directly from patients admitted to a hospital in Taipei
because of slight renal failure. Aristolochic acids were found in 3 of 5 pills and 9 of 11
powders. Samples of 42 commercial Chinese plant mixtures sold for use in weight-loss
regimens in Switzerland were analyzed for aristolochic acid I (Ioset et al. 2003). Four of
the preparations were confirmed to contain aristolochic acid I by TLC and
HPLC/UV/MS, and the presence of aristolochic acid I was suspected in two additional
preparations. Aristolochic acid I was quantified by UV and MS methods in two samples
of powder reported to consist of either a single herb (han fang ji, i.e., Stephania tetrandra
root) or a mixture of 8 herbs (ba zheng san). The single herb preparation contained
0.044% [440 ppm] by UV and 0.040% [400 ppm] by MS, while the mixture of 8 herbs
contained 0.009% [90 ppm] by UV and 0.014% [140 ppm] by MS. Over-the-counter
Chinese prepared medicines purchased at a local store in Taiwan between January and
September 2001 were analyzed for aristolochic acids I and II by Ho et al. (2006) using
HPLC and UV detection. Aristolochic acid I was quantified in 8 out of 11 and
aristolochic acid II in 5 out of 11 samples (neither aristolochic acid I nor II was detectable

in 3 of the samples).
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Table 2-6. Aristolochic acid contents of herbal preparations
Herbal Aristolochic acid contents [ppm]

product
Location form AA | AA I Total Reference
Belgium powder NR NR <20-1,560 Vanhaelen et al. 1994°

powder NR NR 1,800-2,900
China pill 700 NR 0.3 mg/pill Gillerot et al. 2001°
Taiwan pill <1-39 <1-124 <1-163 Lee et al. 2001°

powder <1-598 <1-148 < 1-694
Japan NS 1.1-6.7 1.3-6.7 3.1-15.1 Tanaka et al. 2000a*
Switzerland | powder 90-440 NR NR Toset et al. 2003°
Taiwan NS ND-19.97 ND-3.95 Ho et al. 2006

NR
nmol/g nmol/g

Australia NS 8, 40 8,210 NR Cheung et al. 2006*

AA 1 = aristolochic acid I; AA II = aristolochic acid II; NR = not reported; NS = not specified.
"Range of values reported from 12 (upper row) and 2 (lower row) batches of S. tetrandra powders

distributed in Belgium from 1990 to 1992.

"Sample of a Chinese herbal preparation purchased in Shanghai for “waste discharging and youth keeping”

purposes.

‘Range of values from 5 weight-loss pills and 11 weight-loss powders collected from renal-failure patients
treated in Taipei.

Samples of the same herbal medicine collected from two patients with glycosuria.

¢ Range of values from 2 weight-loss powders purchased in Switzerland.
Range of values from 11 kinds of over-the-counter Chinese herbal medicines known to be consumed by
patients prior to hospitalization for acute renal failure.
£ Values for 2 manufactured herbal products marketed under the Chinese proprietary names “Dao Chi Pian”
and “Chuan Xiong Cha Tiao San.”

Botanical products containing aristolochic acids also can be bought in the United States

and other countries via the Internet (Gold 2003, Gold and Slone 2003a,b). Schaneberg

and Khan (2004) analyzed 25 herbal products suspected of containing aristolochic acids;

of the products purchased from Internet Web sites, 9 were manufactured in the United

States and the rest in China. Aristolochic acids I and II were detected in 6 of the products,

each of which contained six or more plants in the product matrix (see Table 2-7). The

authors also estimated the daily doses of aristolochic acids I and II for individuals who

took the maximum suggested dose. Nine of the products listed Asarum or wild ginger as

an ingredient, but no aristolochic acids were detected in those products. Specific

instances of botanical products containing aristolochic acids being sold after the ban or

restrictions were in place have also been reported from Australia. Cheung et al. (2006)

reported that 2 of 7 manufactured herbal products purchased in Melbourne, Australia

after aristolochic acids-containing herbs and products were banned in 2003 contained
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aristolochic acids [one sample had 8 ppm of aristolochic acids I and II, and the other
sample had 40 ppm of aristolochic acid I and 210 ppm of aristolochic acid II]. No
aristolochic acids were detected in 21 samples of Chinese raw herbs purchased at the
same time. Recalls of products containing aristolochic acids have been reported by the
U.S. Food and Drug Administration beginning in 2000 and continuing with the report of
a recall of two products in 2008 (see Appendix B, Table B-4 and Appendix C, Table C-

).

Table 2-7. Aristolochic acid contents and estimated daily dose from herbal products
purchased over the Internet after they were banned in many countries

Aristolochic acid | Aristolochic acid I

Product label Concentration Daily dose Concentration Daily dose
ingredients [ppm] (mg/day.) [ppm] (mg/day)
Long Dan Xie Gan Wan 50 0.07 ND N/A
Long Dan Xie Gan Wan 40 0.05 ND N/A
Lung Tan Xie Gan 110 0.48 90 0.40
Lung Tan Xie Gan Wan 90 0.40 80 0.35
Gaun Xin Su He Wan 80 0.16 30 0.06
Aristolochia root 280 0.64 140 0.32

Source: Schaneberg and Khan 2004.
N/A = not applicable; ND = not detected.

Exposure from using botanical products

Individuals who use herbal medicines that contain Aristolochia or Asarum species are the
most likely to be exposed to aristolochic acids. Herbal preparations are available in
several forms (e.g., capsules, extracts, teas, or dried herbs). The herbs may be ingested or
applied to the skin (e.g., to treat wounds); thus, exposure may occur through ingestion or
skin contact. However, no published studies of skin absorption of aristolochic acids in
humans or experimental animals were found. Exposure could potentially occur through
direct contact with the plants, either in their natural habitats or as cultivated ornamentals.
Direct contact with Asarum canadense leaves has been reported to cause dermatitis
(PFAF 2005).

No estimates were found of the number of people in the United States who are exposed to
aristolochic acids in herbal medicines, but two cases of renal failure resulting from

ingestion of herbal products containing aristolochic acids have been reported in the
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United States (Meyer et al. 2000, CR 2004, Grollman et al. 2007). According to the
reports, one of the cases, which was reported by both Meyer et al. and Consumer
Reports, was clearly exposed to products containing aristolochic acids before the FDA
issued a safety warning in 2000 for botanical products containing aristolochic acids;
however, the second case involved exposure that might have continued even after the
safety warning. The use of herbal products is much greater in China, and a few estimates
for consumption and exposure in that country are available. TARC (2002) reported that
about 320 metric tons of dried stems of A. manshuriensis were consumed in China in
1983, but no data were reported for other years or other countries. However, Hu et al.
(2004) estimated from this report that approximately 6,400 metric tons of guan mu tong,
i.e., A. manshuriensis, involving an estimated 1 billion patients, could have been
consumed in China during a 20-year period beginning in 1983. [However, their estimates,
based on 6 g per day with a 10-day course, would result in potential exposure to 100
million rather than 1 billion patients, even assuming that each patient was treated with
only one course of guan mu tong.] Although no data specific for Aristolochia or Asarum
herbal product use in the United States were found, several reports indicate the use of
complementary and alternative medicine (CAM), including botanical products, has
increased in the 1990s and 2000s (Barnes et al. 2004, Bent and Ko 2004). It has been
reported by the Centers for Disease Control and Prevention that 29% of adults in the
United States used CAM in 1999, and 10% of the adults ingested herbal medicines
(Straus 2002). In addition the total spent for dietary supplements in the United States in
2001 was $17.8 billion of which $4.2 billion was spent on herbs and other botanical
remedies (Marcus and Grollman 2002).

Exposure to aristolochic acids from herbal medicines has also been reported in other
countries (see Section 3). Case reports from China indicate that renal failure has occurred
after ingestion of herbal medicines for 6 months or less. Gillerot et al. (2001) reported
that a 46-year-old Chinese woman developed anemia and renal failure after taking two
herbal pills per day for 6 months. A sample of the pill powder confirmed the presence of
aristolochic acids (see Table 2-6). [The estimated total intake of the herbal powder and
aristolochic acids (based on an average amount of herbal powder per pill of 430 mg and

an aristolochic acids content of 0.3 mg per pill) over 6 months (~180 days) would be

9/2/08 29



(8]

O o0 9 N n s

10
11

12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

RoC Background Document for Aristolochic Acids

about 154 g of herbs and 110 mg of aristolochic acids.] Lo et al. (2004) reported a case of
acute renal failure in a 75-year-old man who had taken an herbal medicine as a tonic for

10 days. The total dose of A. fangchi was estimated to be about 100 mg.

2.4.4 Occupational exposure
Herbalists are potentially exposed to aristolochic acids while gathering plants and while

preparing or applying botanical products. Gardeners, landscapers, or nursery workers that
handle or transplant Aristolochia or Asarum plants could potentially be exposed to
aristolochic acids. However, occupational exposures to aristolochic acids have not been

documented.

2.5 Regulations and guidelines
This section summarizes regulations and guidelines applicable to botanical products

containing aristolochic acids in the United States (2.5.1) and other countries (2.5.2).

2.5.1 United States

Some botanical products are regulated as dietary supplements by the FDA under the
Dietary Supplement Health and Education Act (DSHEA) of 1994 (FDA 1995). Under
DSHEA, the manufacturer and distributor of a product are responsible for assuring the
safety of the product. No FDA premarket safety review is required for ingredients that
were marketed as food before 1994. However, manufacturers are required to record
adverse events and to report to the FDA serious adverse events reported to them about
their products. The FDA may restrict a substance if it poses a significant and
unreasonable risk under the conditions of use on the label or as commonly consumed, but
the burden of proof is with the FDA. Label requirements for dietary supplements under
DSHEA include the following: product name; net quantity of contents; ingredients and
amounts; supplement facts, including serving size, amount, and active ingredient; list of
other ingredients for which no daily value has been established; and the name and address
of the manufacturer, packer, or distributor. Product claims are limited; if claims are made,
the product label generally must contain a disclaimer that the product has not been
evaluated by the FDA and is not intended to diagnose, treat, cure, or prevent any disease.

Products that are intended to diagnose, treat, cure, or prevent a disease generally meet the

30 9/2/08



\S}

O 0 9 N n K~ W

10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26
27
28
29

RoC Background Document for Aristolochic Acids

definition of a drug and must meet the safety and efficacy standards set by the FDA in
order to be legally marketed in the United States.

The FDA (2000, 2001a,c) issued warnings to health care professionals, industry
associations, and consumers regarding safety concerns for botanical products containing
aristolochic acids. This warning covered botanical products that included species of the
genera Aristolochia, Asarum, Bragantia, Stephania, Clematis, Akebia, Cocculus,
Diploclisia, Menispermum, or Sinomenium, mu tong, fang ji, guang fang ji, fang chi, kan-
mokutsu, or mokutsu. A complete list of the botanicals of concern identified by the FDA

is included in Appendix B.

The FDA urged practioners who prescribe botanical remedies to discard any products that
may contain aristolochic acids. Likewise, manufacturers and distributors were urged to
review their manufacturing procedures to ensure that botanical products are free of
aristolochic acids. An import alert also was issued to provide for the immediate detention
without physical examination of any botanical dietary ingredients that either are labeled

as Aristolochia or may be confused with it unless there is analytical evidence that the
product does not contain aristolochic acids. The consumer advisory urged consumers to
immediately discontinue use of any botanical products that contain or likely contain

aristolochic acids (FDA 2000, 2001a, 2001c¢).

Under 21 CFR Part 111 (Current Good Manufacturing Practice in Manufacturing,
Packaging, Labeling, or Holding Operations for Dietary Supplements), FDA requires
manufacturers to establish and meet specifications for the identity, purity, strength, and
composition of dietary supplements and for limits on contamination for dietary
supplements that they manufacture. Because of the critical importance of ensuring the
proper identity of dietary ingredients, the FDA also requires each firm that uses a dietary
ingredient to perform its own testing or examination for identity of each dietary
ingredient prior to use. The FDA has established a procedure that allows for submission
to, and review by, FDA of an alternative to the required 100 percent identity testing of
components that are dietary ingredients, provided certain conditions are met. The FDA

has provided information to assist in the selection of the most appropriate and reliable
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identity test and the general principles for consideration in setting performance standards

for such tests.

2.5.2 Other countries
The United Kingdom banned the use of herbs that contain aristolochic acids in 1999.

Canada, Germany, and Australia have also banned use of these herbs (Kessler 2000).

Zhu (2002) noted that because of the reports of nephropathy due to Aristolochia
manshuriensis in China, the 2000 Chinese Pharmacopoeia for the first time listed guan
mu tong as toxic, and future editions are expected to reinstate Akebia species as the

official source of mu tong.

2.6 Summary
The risk of human exposure to aristolochic acids remains a global problem. Native

Avristolochia spp. have been used as herbal remedies for millennia in virtually every
country throughout the world, including Europe, Asia, Africa, and North and South
America. Many of these plants are still used in herbal medicines today even though their
use has been restricted or banned in the United States and other countries. Individuals
may potentially be exposed to aristolochic acids by ingesting plants and botanical
products made from plants that contain these compounds or by ingesting herbal products
contaminated with aristolochic acids. Between 1,500 and 2,000 people were exposed to
aristolochic acids at a weight-loss clinic in Belgium from May 1990 to October 1992.
Exposure to aristolochic acids has also been reported in other countries, including the
United States; two cases of renal failure in the United States were linked to ingestion of
herbal products containing aristolochic acids. The use of botanical products in the United
States has increased dramatically since the early 1990s, with 10% of adults in the United
States reportedly ingesting herbal medicines in 1999 and a total of $4.2 billion spent on
herbs and other botanical remedies in 2001. More than 100 suppliers of botanical
products that potentially contain aristolochic acids have been identified in recent years. In
2001, the FDA issued warnings to consumers, health care professionals, and industry
associations concerning herbal products containing aristolochic acids. Other countries,

including the United Kingdom, Germany, Canada, and Australia, have banned these
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herbs. Nevertheless, botanical products potentially containing aristolochic acids are still

available legally in other countries and can be bought via the Internet.
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3 Human Cancer Studies

Several Aristolochia species and other related plant species (such as Asarum species)
containing aristolochic acids have been used in traditional herbal medicines to treat
various conditions such as edema, urinary infections, inflammation, and pain (see Section
2.1). The inadvertent use of Aristolochia in weight-loss preparations in Belgium has been
responsible for much of the exposure discussed in this section. An IARC working group
convened in 2002 to evaluate some traditional herbal medicines concluded that there was
(1) sufficient evidence in humans for the carcinogenicity of herbal remedies containing
plant species of the genus Aristolochia and (2) limited evidence in humans for the
carcinogenicity of naturally occurring mixtures of aristolochic acids. The IARC review
was based largely on two case-series reports that found a high percentage of urothelial
cancer in women suffering from Chinese herb nephropathy (CHN or herbal medicine
nephropathy) and undergoing prophylactic nephroureterectomy because of end-stage

renal failure.

Three main terms have been used in the literature to designate the renal disease due to
consumption of herbs. These are CHN, aristolochic acid nephropathy (AAN), and
phytotherapy-associated interstitial nephritis (PAIN). CHN is a general term that has been
applied to all cases with a progressive interstitial renal fibrosis caused by consumption of
Chinese herbs irrespective of the content of aristolochic acids and includes patients with
AAN and PAIN. The identification of aristolochic acids as the cause of the renal disease
led to the introduction of AAN to describe those cases in which the herbs are proven to
contain aristolochic acid. PAIN has been used more recently to describe cases similar to
CHN but without documentation of aristolochic intake (that is consumption of herbs
known or proven to contain aristolochic acid) (Gillerot et al. 2001, Solez et al. 2001,
Cosyns 2002a). Use of the term PAIN to describe these cases avoids the possible
prejudicial use of CHN, which could imply that Chinese herbs in general cause renal
impairment. The term PAIN is not yet widely used in the literature; therefore, this
document will generally use the term, “herbal medicine nephropathy,” when AAN is not

appropriate because exposure to aristolochic acids had not been confirmed.
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The available literature consists of case reports, prevalence studies, and clinical studies
among individuals with kidney disease. Because the cancer studies involved patients with
herbal medicine nephropathy or AAN, the overall findings of case reports evaluating the
relationship between this disease and consumption of herbal remedies containing
aristolochic acids are summarized briefly in Section 3.1. Case reports and the prevalence
studies on urothelial tumors are described in Section 3.2. Clinical studies evaluating the
prevalence or incidence of urothelial cancer among kidney-transplant or dialysis patients
who consumed Chinese herbs are described in Section 3.3. Balkan endemic nephropathy
and its association with urothelial cancer are described briefly in Section 3.4 because of a
possible relationship with aristolochic acids. Section 3.5 discusses issues important to the
evaluation of the human studies on botanical products containing aristolochic acids, and

Section 3.6 summarizes the findings.

3.1 Studies on herbal medicine nephropathy or AAN
Case reports of herbal medicine nephropathy or AAN that have been associated with

consumption of herbs containing aristolochic acids are summarized in Table 3-1.

3.1.1 Belgian epidemic

Herbal medicine nephropathy or CHN was first reported in Belgian women who had
consumed Chinese herbs as part of a weight-loss regimen. Vanherweghem et al. (1993)
reported 2 cases of a rapidly progressive interstitial renal fibrosis occurring in 2 women
less than 50 years old who had followed the same weight-loss regimen prescribed at the
same Brussels-area clinic shortly before their diseases were diagnosed. Although the
incidence of chronic interstitial nephritis is high in Belgium, it is generally associated
with high intake of analgesics, and there is usually a 10- to 20-year gap between onset of
disease and renal failure. Because of the unique characteristics of these 2 cases and
because the women had normal renal function before starting the weight-loss regimen,
the authors conducted an epidemiological survey of women under 50 who were treated at
the seven principal dialysis units in Brussels from 1989 to 1992. Seven additional women
under age 50 were identified who had a diagnosis of interstitial nephritis and had
followed a weight-loss regimen from the same clinic as the 2 index cases. In 1990, the

clinic had changed the weight-loss regimen to include powders from Stephania tetrandra
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and Magnolia officinalis. The Chinese name for S. tetrandra is “fang ji,” which is similar
to the name for Aristolochia fangchi (“guang fang ji”) (see Section 2.4.3 and Table 2-4).
A subsequent publication showed that most of the herb powders delivered to the Belgian
clinic under the name S. tetrandra from 1990 to 1992 contained aristolochic acids but not
tetrandrine, a compound expected to be present in a preparation made from S. tetrandra,
suggesting that A. fangchi was used in place of S. tetrandra (Vanhaelen et al. 1994).
Aristolochic acids are known nephrotoxic agents that cause acute renal failure and tubular

lesions in experimental animals and humans (as reviewed by Cosyns 2003).

Arlt et al. (2002b) reviewed case reports of renal disease and cancer and consumption of
aristolochic acids. They reported that 86 patients with herbal medicine nephropathy had
been treated at the Hospital Erasme, in Brussels (reported in publications mainly by
Vanherweghem and colleagues), and 18 patients with herbal medicine nephropathy had
been treated at the Cliniques Universitaires St.-Luc, in Brussels (reported mainly by
Cosyns and colleagues). All of the patients had taken a Chinese herbal remedy,

prescribed for weight loss, which contained A. fangchi, and all but one of the patients
were women. A number of studies published by Cosyns and coworkers or
Vanherweghem and coworkers have (1) detected aristolochic acids in the preparations
used by the patients, (2) detected aristolochic acid-DNA (AA-DNA) adducts in renal and
urothelial tissues from the herbal medicine nephropathy patients (Bieler et al. 1997,
Schmeiser et al. 1996) (in all 38 samples from Hospital Erasme and 8 from the Cliniques
St.-Luc) (Arlt et al. 2002b), (3) reported a significant correlation between the cumulative
consumption of A. fangchi (substituted for S. tetrandra) and renal-failure progression rate
(Martinez et al. 2002), and (4) reported correlations of the rate of renal-failure
progression with the duration of Chinese herb treatment and with the interval between
withdrawal of treatment and diagnosis of disease (Reginster et al. 1997). Based on these
studies, as well as studies in other countries (see below), it has been proposed that CHN

be renamed aristolochic acid nephropathy (AAN) (Arlt et al. 2002b).

Vanherweghem (1998) estimated that about 5% of the exposed population (i.e., patients
taking the weight-loss regimen from May 1990 to October 1992) developed renal disease.

The mean average exposure per patient was about 900 mg of powder per day for 6 to 12
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months. Reasons for the relatively low prevalence of renal disease may be batch-to-batch
variation in the amount of aristolochic acids in the herbal remedies, variation in genetic
(e.g., metabolic enzymes) or gender susceptibility to the toxin, variation in compliance
with the weight-loss regimen, or variation in and possible synergy with the other agents

in the Chinese herbal medicines (Meyer et al. 2000, Chang et al. 2001).

3.1.2 Worldwide cases of herbal medicine nephropathy or AAN
The Arlt et al. (2002b) review reported that more than 170 cases of AAN had been

identified outside Belgium, and additional cases reports of AAN have been published
since that review. As of 2004, 11 additional cases had occurred in Europe outside of
Belgium (Arlt et al. 2004b). In addition, a case in Belgium not related to the weight-loss
regimen epidemic has been reported (Vanherweghem et al. 1998). Cases of AAN or
herbal medicine nephropathy have been reported from France (Arlt et al. 2002b, 2004b)’,
Germany (Krumme et al. 2001), Spain (Pena et al. 1996), the United Kingdom (Lord et
al. 1999, 2001, Cronin et al. 2002), the United States (Meyer et al. 2000), China or Hong
Kong (Gillerot et al. 2001, Arlt et al. 2002b, Lo et al. 2004, Lo et al. 2005)?, Japan
(Izumotani et al. 1993, Ubara et al. 1999, Tanaka et al. 2001, Arlt et al. 2002b)°, Korea
(Lee et al. 2004), and Taiwan (Yang et al. 2000, Chang et al. 2001, Yang et al. 2002b,
Tsai et al. 2005, Hong et al. 2006, Yang et al. 2006). In contrast with the Belgian cases,
cases in other countries have involved use of the Chinese herbs containing aristolochic
acids for many different purposes, including weight loss, nutritional supplementation,
health promotion, and treatment of a variety of diseases or conditions (see Table 3-1).
[The cases discussed below and summarized in Table 3-1 are limited to those that were
either published in English or published in another language but included in a review

published in English.]

Aristolochic acids (usually aristolochic acids I and II) were identified in most of the
herbal preparations used by these patients, and AA-DNA adducts were identified in the

patient’s tissue in a few of the studies. The aristolochic acids—containing herbs that were

'Arlt et al. 2002b cited the following publications in French: Pourrat et al. (1994) and Stengel and Jones
(1998).

*Arlt et al. 2002b also cited the following publications in Chinese: Chen et al. (2001) and Li et al. (2001).
3Arlt et al. 2002b also cited the following two publications in Japanese: Tanaka et al. (1997a,b).
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described as present or potentially present in the herbal preparations used in these studies

included the following:

e A. fangchi— in fang chi (Lo et al. 2004) and boui (Izumotani et al. 1993,
Tanaka et al. 2001),

e A. manshuriensis— in mu tong (Lord et al. 1999, Liet al. 2001, Lord et al.
2001, Arlt et al. 2002b, Lo et al. 2004, Tsai et al. 2005), kan-mokutsu
(Nishimagi et al. 2001, Tanaka et al. 2001, Kazama et al. 2004), and
longdan xieganwan (Laing et al. 2006),

e A. pistolochia— in herbal tea (Arlt et al. 2002b),
e A. mollissima— in pak mo tang (Lo et al. 2005),
e A. heterophylla— in boui (Izumotani et al. 1993, Tanaka et al. 2001),

e Asarum spp. (wild ginger or xi xin)— in duhuo tisheng tang (Yang et al.
2006).

As with the cases in Belgium, name confusion (for example, between Japanese and
Chinese names) may also have resulted in the substitution of Chinese herbs containing
aristolochic acids in the herbal remedy (see Section 2.4.3 and Table 2-5). In some cases,
the herbs consumed were not reported, and in other cases, Aristolochia-related species

were not listed as ingredients, but aristolochic acids were detected in the herbal remedy.

The review of the worldwide case reports has suggested that AAN has two clinical
presentations. (See also Section 5.2.2 for a discussion of the time course of the acute and
chronic phases of experimental AAN in Wistar rats exposed to aristolochic acids by
subcutaneous injections [Pozdzik et al. 2007]). The first presentation, which has been
reported mainly in women from Belgium and other Western countries, is characterized by
severe interstitial fibrosis and subacute renal failure with anemia. The fact that most of
the cases have been reported in women may be due to the association of most of the
Belgian cases with a weight-loss clinic, which appears to have had a predominantly

female clientele; the rest of the European cases occurred equally in men and women.

The second presentation, which manifests itself as Fanconi syndrome, has been observed
in men and women and is more common in Asian countries (see Table 3-1); however,
Chen et al. (2001) reported 58 cases of AAN at a hospital in Beijing that were divided
into three types: (1) acute AAN (N =4), (2) tubular dysfunction AAN, which included
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Fanconi syndrome in some cases (N = 7), and (3) chronic AAN (N = 47). Fanconi
syndrome is characterized by proximal tubular dysfunction and slowly progressive renal
dysfunction reported to be reversible when exposure to aristolochic acids ceased (Lee et
al. 2004). Reported cases of Fanconi syndrome (Izumotani et al. (1993), Ubara et al.
(1999), Krumme et al. (2001), Lee et al. (2004) and Tsai et al. (2005)) improved when
exposure to herbal medicines containing aristolochic acids was interrupted; however, this
improvement was temporary for some patients even though they did not resume use of
the herbal medicine (Lee et al.). [It should be noted that an acute, limited phase of
intoxication will not necessarily be followed by a chronic phase, but only recovery from a
chronic phase could be interpreted as true reversibility of AAN.] Although this
presentation has mostly been reported from Asian countries, the case reported by
Krumme et al. (2001) was that of a Caucasian man in Germany. Hypokalemia with
paralysis has been reported in 2 AAN patients with Fanconi syndrome (Yang et al.
2002a, Tsai et al. 2005), and cases of AAN with Fanconi syndrome that rapidly
progressed to renal failure have been documented (Lee et al. 2004, Hong et al. 2006).
Almost all of the reported cases were in adults, but the case reported by Hong et al.
(2006) occurred in a 10-year-old boy. Reasons for the slower and possibly reversible
progression of symptoms have been the subject of speculation (Tanaka et al. 2000a,
Tanaka et al. 2001), but no data have been presented to explain the differences. Tsai et al.
(2005) stated that as of 2005, 24 cases of Fanconi syndrome secondary to AAN have
been reported, mostly following consumption of the herb A. manshuriensis. In contrast,

the Belgian cluster of cases followed consumption of A. fangchi.
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Table 3-1. Case reports of herbal medicine nephropathy or aristolochic acid nephropathy (AAN)?

Characteristics of herbal

Country AA AA-DNA No. of | medicine nephropathy
(Institution) | Reference(s) Use Herbal product detected adducts cases | /AAN
Belgian weight loss epidemic
Belgium Arlt et al. 2002b, weight-loss contained A. fangchi | [ and II +in 38 of 38 | 84 end-stage renal failure (N =
. Vanhaelen et al. patients 50), chronic renal failure (N =
(Hospital -
Erasme) 1994, analyzed 28), deceased (N = 6)
Vanherweghem et al. hypocellular, outer cortical
1993, interstitial fibrosis
Vanherweghem 1998
Belgium Arlt et al. 2002b, weight-loss contained A. fangchi | [ and II +in 8 of 8 18 end-stage renal failure (N =
(Clini Bieler et al. 1997, patients 16), chronic renal failure (N =
niques Cosyns et al. 1994a, analyzed 2)
Universitaires Schmeiser et al .
St.-Luc) cmelser X hypocellular, outer cortical
1996, Cosyns et al. interstitial fibrosis
1999, Kanaan et al.
2003
Other cases from Western countries
France Sten%el and Jones weight-loss “Preparation Number | + +in2of2 44 end-stage renal failure
1998", Arlt et al. 287 patients . hypocellular, outer cortical
2004b, Pourrat et al. analyzed interstitial fibrosis
1994
Germany Krumme et al. 2001 | hyperuricemia and | “Akebia 14” ITand II NDT 1 Fanconi syndrome, reversible
prostatism interstitial fibrosis
Spain Pena et al. 1996 pain relief A. pistolochia NDT NDT 1 end-stage renal failure
(taken as an infusion) hypocellular interstitial
fibrosis
Belgium Vanherweghem et al. | arthralgias Labelled as ITand II NDT 1 rapidly progressive renal
1998 Stephania, but S. failure
tetrandra not . interstitial fibrosis
detected by chemical
analysis
9/2/08 41
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Characteristics of herbal

Country AA AA-DNA No. of | medicine nephropathy
(Institution) | Reference(s) Use Herbal product detected adducts cases | /AAN
United Lord et al. 1999 eczema mu tong (A. ITand II + 2 rapidly progressive renal
Kingdom manshuriensis or failure
Species of akebia or interstitial fibrosis
clematis)
(taken as an infusion)
United Cronin et al. 2002 hepatitis B NR lTand II NDT 1 renal failure and bone marrow
Kingdom suppression
interstitial fibrosis
United States | Meyer et al. 2000 pain relief NR + NDT 1 renal failure and bone marrow
suppression
interstitial fibrosis
United States | Grollman et al. 2007 Herbal remedy NDT + | end-stage renal failure
containing
Aristolochia
Cases from Asian countries
China Gillerot et al. 2001 health various roots and I, II, and AR | + 1 rapidly progressive renal
leaves failure
hypocellular interstitial
fibrosis
China Chen et al. 2001° Chinese traditional | NR + NDT 58 chronic AAN with chronic
drugs renal failure (N = 47), acute
AAN with acute renal failure
(N =4), Fanconi syndrome (N
=7)
interstitial fibrosis
China Li et al. 2001 mu tong (A. NDT NDT 51 AAN (tubulointerstitial

manshuriensis)

nephropathy)

interstitial fibrosis

42
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Characteristics of herbal

Country AA AA-DNA No. of | medicine nephropathy
(Institution) | Reference(s) Use Herbal product detected adducts cases | /AAN
Hong Kong Lo et al. 2004 tonic herbal mu tong (A. ITand II NDT 1 acute renal failure (recovery)
remedy manshuriensis) and with underlying focal
fang chi (A. fangchi) segmental glomerolosclerosis
interstitial fibrosis
Hong Kong Lo et al. 2005 Crohn'’s disease pak mo tang (A. I + 1 end-stage renal failure
mollissima) hypocellular interstitial
fibrosis
Hong Kong Laing et al. 2006 “liver longdan xieganwan NDT NDT | end-stage renal failure
enhancement” (A. manshuriensis) interstitial fibrosis
Japan Izumotani et al. 1993 | obesity boui (A. fangchi and | NDT NDT 1 Fanconi syndrome, somewhat
A. heterophylla) reversible®
no interstitial fibrosis
Japan Tanaka et al. 1997b° | Chinese herbal NR + NDT 1 NA
remedy
Japan Ubara et al. 1999 health promotion various roots’ + NDT 1 Fanconi syndrome, partly
reversible
hypocellular interstitial
fibrosis
Japan Nishimagi et al. 2001 | edema kan-mokutsu (A. I NDT | progressive renal failure
manshuriensis)® interstitial fibrosis
Japan Tanaka et al. 2001 coldness of kan-mokutsu (A. I, I and D NDT 13" Fanconi syndrome (N = 9)
also described in extrem@t'}es, atopic manshuriensis) _and hypocellular, outer cortical
Tanaka et al. 2000a, | dermatitis, boui (A. fangchi interstitial fibrosis
Tanaka et al. 1997a nephrotic and/or A.
syndrome heterophylla)®
Japan Kazama et al. 2004 sterility kan-mokutsu (A. NDT NDT 1 Fanconi syndrome
manshuriensis) interstitial fibrosis
Korea Lee et al. 2004 weight loss NR ITand II NDT 1 Fanconi syndrome and

subsequent renal failure
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Characteristics of herbal

Country AA AA-DNA No. of | medicine nephropathy
(Institution) | Reference(s) Use Herbal product detected adducts cases | /AAN
Taiwan Yang et al. 2000 various purposes NR NDT NDT 12 PAIN'
1nclud1ng. Welght' most cases had rapid
loss, nutritional deterioration of renal function
supplement
Taiwan Chang et al. 2001 nutritional NR NDT NDT 20 PAIN'
supplement, weight rapidly progressive renal
loss, and treatment .
failure
of non-renal
disease
Taiwan Yang et al. 2002a seizure and tonic NR ITand II NDT 2 1* patient: subacute renal
Yang et al. 2001 encouragement failure, interstitial fibrosis
leg edema 2" patient: Fanconi syndrome
with hypokalemic paralysis;
hypocellular interstitial
fibrosis
Taiwan Tsai et al. 2005 leg edema mu tong (A. I NDT Fanconi syndrome with
manshuriensis) hypokalemic paralysis,
reversible
No renal biopsy
Taiwan Hong et al. 2006 health NR ITand II NDT I Fanconi syndrome with
improvement progressive renal failure and
anemia
interstitial fibrosis
Taiwan Yang et al. 2006 lower back pain or | duhuo tisheng tang, ITand II NDT 1 progressive deterioration in

nausca

which contains xi xin
(wild ginger, Asarum
spp)

renal function, not reversible

interstitial fibrosis

AA = aristolochic acids; AAN = aristolochic acid nephropathy, AR = aristolactams I and II; D = aristolochic acid D; NA = not applicable; NDT = not
determined; NR = not reported; + = positive result; PAIN = phytotherapy-associated interstitial nephritis.
*Other cases may have been reported in the non-English literature, but the studies summarized here are limited to those reported in the English literature or
reviewed in the English literature.
"As cited by Cosyns et al. (1999) and Arlt et al. (2002b) [the original publication was not in English and was not reviewed].

44
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¢ Pfohl-Leszkowicz et al. 2007 did not detect AA-DNA adducts from the two “positive” by Arlt et al. 2004b cases (see Sections 3.4 and 3.5.1).

Four is the total number of non-overlapping cases reported by Stengel and Jones 1998, Pourrat et al. 1994), and Arlt et al. 2004b.

Reversible after first hospital admission, but the patient resumed taking the drugs, and the condition improved but was not completely reversible after the second
hospital admission.

*Some ingredients were similar to those reported in other cases; none of the herbs were Aristolochia species.

£ Chinese medicines that contained kan-mokutsu included toki-shigyaku-ka-gosyuyu-syo-kyo-to, tenshin-toki-shigyaku-ka-gosyuyu-syokyo-to, and ryutan-
shakan-to, and the medicine consumed that contained boui was boui-ougi-to.

" Number of cases includes cases from references in the Japanese literature (N = 8) in addition to cases discussed in the report (N = 5); the 5 cases described in
this report appear to include the same cases described by Tanaka et al. 1997a (N = 1) and Tanaka et al. 2000a (N = 2).

" AA has not been identified in the herbs consumed by the patients; however, they are included in the table because they were reported in the Arlt et al. 2002b
review.

J A 10-year-old boy.
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3.2 Urothelial cancer
Cases of urothelial cancer have been reported among patients with AAN. Most of these

cases have occurred among the Belgian patients (Cosyns et al. 1994b, Vanherweghem et
al. 1995, Reginster et al. 1997, Kanaan et al. 2003, Nortier et al. 2003,), but a few cases
have also been reported in the United Kingdom (Lord et al. 2001, Laing et al. 2006),
Taiwan (Chang et al. 2001, Yang et al. 2000, 2001), France (Arlt et al. 2004b), and Hong
Kong (Lo et al. 2005). The case reports are summarized in Table 3-2.

3.2.1 Case reports of urothelial cancer related to the Belgian epidemic

Cosyns et al. (1994a) reported mild to moderate atypia and atypical hyperplasia of the
urothelium in two of three women (aged 27 to 32) with severe renal failure resulting from
ingestion of weight-loss pills containing Chinese herbs. One of these women

subsequently developed transitional-cell carcinoma (TCC) of the bladder (papillary, low-
grade, without evidence of invasion), ureters (microscopic, low- to intermediate-grade),
and renal pelvis (microscopic, low-grade) (Cosyns et al. 1994b). A subsequent
publication reported the presence of AA-DNA adducts in kidney tissue from these three
patients (Schmeiser et al. 1996).

Shortly after the Cosyns et al. (1994b) publication, another case of cancer, a papillary
TCC of'the renal pelvis, occurred among the Belgian women with herbal medicine
nephropathy who had followed the weight-loss regimen (Vanherweghem et al. 1995).
The 42-year-old woman had also used analgesics, which are a risk factor for renal disease
and urothelial malignancies. The authors stated that they thought the timing of renal
disease correlated better with consumption of herbal products than analgesics, and that
the rapid progression and histological aspects were more typical of herbal medicine

nephropathy than of disease caused by analgesics.

Reginster et al. (1997) identified 2 cases of urothelial cancer in a retrospective analysis of
15 cases of women with herbal medicine nephropathy (aged 27 to 59) who were followed
between 1991 and 1995. The purpose of the study was to compare the clinical pattern and
progression of renal function in herbal medicine nephropathy patients with that in

patients with interstitial nephropathies of other origins. The authors reported that one

woman had a papillary TCC of the urinary bladder and microinvasive urothelial

46 9/2/08



A OW N =

O o0 3 O Wn

10

12

13
14
15
16
17
18
19
20
21
22
23
24

25
26

27
28
29
30

RoC Background Document for Aristolochic Acids

carcinoma of the ureter; she later developed two more papillary bladder tumors. This
patient is the same one whose case was reported by Cosyns et al. (1994b), as described
above. The other woman had in situ urothelial carcinoma of the ureter, and her case is

one of the cases reported in the prevalence study by Cosyns et al. (1999).

Kanaan et al. (2003) reported that a 53-year-old woman presenting with severe renal
failure developed a non-invasive papillary TCC of the urinary bladder. The patient
reported attending the Belgian weight-loss clinic before the addition of A. fangchi
(substituted for S. tetrandra) to the weight-loss regimen; however, pathological
examination of the kidneys showed lesions typical of AAN, and AA-DNA adducts were
detected in the right kidney. (This patient is one of the 7 cases, identified as of 2002, with
urothelial cancer from the Cliniques Universitaires St.-Luc treatment center, but is not

one of the 4 cases included in the prevalence study described below.)

All of the cases reported above were in patients with severe renal failure. However,
Nortier et al. (2003) reported a case of invasive carcinoma of the ureter in a 69-year-old
woman that developed without severe renal failure. The woman presented with
pyelonephritis [kidney infection] associated with hydronephrosis [inability of urine to
drain from the kidneys] and with elevated serum creatinine levels. She had taken the
Belgian weight-loss regimen containing A. fangchi, at an estimated cumulative dose of
189 g [it was not clear whether the cumulative dose referred to the weight-loss regimen
as a whole or just to the A. fangchi] between 1991 and 1992 and had not been exposed to
well-known nephrotoxic agents; however, she was an active smoker. AA-DNA adducts
were detected in postmortem tissues from the kidney, liver, pancreas, and lymph nodes,
with the highest levels occurring in the kidney (81 + 22 per 10° nucleotides). Smoking-

related adducts were detected in the lung tissue.

3.2.2 Prevalence studies in the Belgian cases with herbal medicine nephropathy or
AAN

Two case-series studies (one from each of the two major treatment centers in Brussels)
determined the prevalence of urothelial cancer among Belgian women who had renal
transplants as a result of herbal medicine nephropathy. The case series associated with the

Cliniques Universitaires St.-Luc studied 10 patients who had received renal transplants
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from September 1992 through August 1998 (Cosyns et al. 1999). These patients
underwent recommended nephroureterectomies during or after renal transplantation
because of reported cases of urothelial cancer (described above). These women had
followed a weight-loss regimen, prescribed at the same clinic between 1990 and 1992, for
an average of 20 months, and were subsequently diagnosed with CHN (herbal medicine
nephropathy). Renal transplantation occurred 9 to 67 months (average 34 months) after
the weight-loss regimen was discontinued. AA-DNA adducts had previously been
detected in the kidneys of 6 of the patients and were described in another publication [the
study evaluated only 6 patients] (Bieler et al. 1997). Histologic analysis was performed
on 19 native kidneys and ureters. High-grade TCC in situ of the urinary tract was found
in 7 samples from 4 of 10 [40%] patients (aged 27, 42, 41, and 59). One of the patients
had invasive TCC of the ureter and noninvasive papillary TCC. [This is the same case
that was reported by Cosyns et al. [1994b] and described in Section 3.2.1.] The urothelial
lesions were located in the renal pelvis (3 patients), upper ureter (4 patients), midureter (1
patient), and lower ureter (3 patients). All 10 patients had moderate atypia of the
medullary collecting ducts, renal pelvis, and ureter. Tumor suppressor protein pS3 was
overexpressed in the pelviureteric urothelium in all patients. The authors stated that the
observed prevalence of urothelial cancer (40%) was greater than would be predicted on
clinical grounds (13%). The authors excluded smoking and the immunosuppressive
regimen as potential causes of cancer, because only 1 of the 4 patients with cancer was a
smoker, compared with 5 of the 6 patients without cancer, and because the duration of
immunosuppression was identical between patients who developed cancer and those who
did not. Arlt et al. (2002b) stated that the number of cases of urothelial carcinoma had

risen to 7 as of January 2002.

Nortier et al. (2000) and Nortier and Vanherweghem (2002) reported on the prevalence
of urothelial carcinoma among patients at the Hospital Erasme. At the time of their study,
105 patients with herbal medicine nephropathy had been treated at this center, of whom
43 had reached end-stage renal failure. Because of the case reports of urothelial cancer
occurring in herbal medicine nephropathy patients, 39 of the patients with end-stage renal
failure agreed to undergo the recommended prophylactic removal of their nonfunctioning

kidneys and ureters. The diagnosis of CHN was based on consumption of the weight-loss
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pill containing A. fangchi and rapidly progressive deterioration of renal function, which
was confirmed by histological findings. All of the patients had consumed the pills, with

an average of 13.3 months of consumption, and end-stage renal failure occurred 3 to 85
months after the patients had stopped taking the pills. Cumulative doses (mean ingested
dose) of all the components in the pills were calculated for each patient from
prescriptions obtained from pharmacists. The intended components in the pills included

S. tetrandra (actually A. fangchi), M. officinalis, acetazolamide, fenfluramine (an appetite
suppressant), and diethylpropion [an appetite suppressant]. In addition, each patient was
interviewed for smoking status and the use of analgesics, nonsteroidal anti-inflammatory

drugs, and mesotherapy (injections of artichoke extracts or theophylline).

Urothelial cancer was found in 18 of the 39 patients (prevalence = 46%, 95% confidence
interval [CI] = 29% to 62%), and 77 kidneys and 78 ureters were available for histologic
evaluation (Nortier et al. 2000). One patient had a papillary bladder tumor, and the other
17 patients had carcinoma of the ureter, renal pelvis, or both. Mild to moderate urothelial
atypia was found in 19 of the 21 patients without urothelial cancer. AA-DNA adducts
were detected in the kidneys of the patients with herbal medicine nephropathy (samples
were available from 38 of the 39 patients, and total adduct levels ranged from 1.7 to 175
per 10° nucleotides) but not in 8 patients (controls) with end-stage renal failure unrelated
to herbal medicine nephropathy. Adduct levels did not differ between the patients with
and without urothelial cancer. Tissue samples from 25 kidney specimens with a diagnosis
of neoplasia (12 specimens), dysplasia (7 specimens), or no abnormalities (6 specimens)
were also analyzed for adducts of the mycotoxin ochratoxin A (OTA) with DNA. Low
levels of OTA-related DNA adducts (1.3 to 6.8 per 10° nucleotides) were detected in
tissue from 2 of 12 patients with cancer and 2 of 7 with dysplasia; no adducts were
detected in the control patients. The cumulative doses of A. fangchi, M. officinalis, and
acetazolamide were significantly higher in patients with urothelial cancer than in patients
without cancer; these compounds were almost always prescribed together. The
prevalence of urothelial cancer was significantly higher (P = 0.05) in the 15 patients who
received a total dose of A. fangchi greater than 201 g (10 cases) than in the 24 patients

who ingested less than 200 g (8 cases). Patients with and without urothelial cancer did not
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differ significantly with respect to smoking status or the use of mesotherapy, nonsteroidal

anti-inflammatory drugs, or analgesics.

Lemy et al. (2008) reported on the 15-year follow-up of patients from the Hospital
Erasme. The subjects were selected from a cohort of 112 [6 more than reported by
Nortier and colleagues in the 2000 and 2002 publications] patients with AAN who were
seen at the Hospital Erasme from 1992 to 2007; 54 patients (11 more than the 2000 and
2002 publications) had developed end-stage renal disease. Patients [N = 38, which
included 32 of the patients reported in the 2000 and 2002 publications] were enrolled in
the follow-up study if they had (1) a functional kidney transplant, (2) surgical removal of
their kidneys and ureters and biopsy of the bladder, and (3) a history of regular
cystoscopies. [Seven patients from the previous study were not included in the updated
study because they either died before kidney transplantation or did not agree to regular
cytoscopy of the bladder.] Upper-tract urothelial carcinoma was found in 17 AAN
patients; 12 of these patients developed cancer of the urinary bladder during follow-up.
Urinary bladder cancer was diagnosed 68 to 169 months after cessation of aristolochic
acids exposure. Similar to the earlier publications, the cumulative dose of Aristolochia
ingested by patients with AAN who developed upper-tract urothelial cancer (236 + 90.8
g) was significantly higher than for AAN patients who did not develop cancer (156 +
70.3 g). No significant relationship was found between cumulative dose of Aristolochia

and development of bladder cancer.

3.2.3 Case reports of urothelial cancer outside Belgium
Case reports of urothelial cancer in patients with AAN or herbal medicine nephropathy

have also been reported in Taiwan, the United Kingdom, France, and Hong Kong. Two
studies in Taiwan have reported 3 cases of bladder TCC among a series of patients
undergoing renal biopsies because of unexplained renal failure. Yang et al. (2000)
detected 2 cases of cancer [1 case not tissue proven] among 12 patients undergoing
biopsies from 1995 to 1998, and Chang et al. (2001) detected 1 bladder carcinoma among
20 patients undergoing biopsies from 1994 to 1998. In both studies, the patients had taken
Chinese herbal regimens (plant extracts, pills, or powders) for a variety of reasons, and

their medical histories did not reveal any known cause for deterioration of renal function.
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The pathological lesions and clinical features were similar to those observed in herbal
medicine nephropathy, and most of the patients had normal renal function before using
the herbal preparations. Aristolochic acids were not measured in the herbal regimen, and
the authors of the studies stated that they could not identify the etiologic agents. [These
studies are reviewed here because they were included in the reviews by IARC (2002)
and/or Arlt et al. (2002b)]. Another study in Taiwan reported papillary TCC in a 57-year-
old woman with subacute renal failure and severe anemia. Aristolochic acids I and II
were detected in the Chinese herbs that she had taken for “control of seizure and tonic

encouragement” (Yang et al. 2001).

Lord et al. (2001) reported invasive TCC in the renal pelvis and ureter of a 49-year-old
woman who had developed end-stage renal failure after taking an herbal remedy
containing aristolochic acid. [This case is 1 of 2 cases of AAN that were reported in an
earlier publication [Lord et al. 1999] and are summarized in Table 3-2.] AA-DNA
adducts were detected in both ureteral (40 per 10° nucleotides) and renal tissues (3.8 per
10° nucleotides). The authors stated that the woman did not have any confounding factors
at the time of presentation with AAN; she was a nonsmoker and was not taking any other

medicine.

A case of urothelial cancer was reported in a 34-year-old French woman who had taken
an herbal drug, “Preparation Number 28,” as part of a weight-loss regimen. The herbal
drug was later shown to contain aristolochic acids (Arlt et al. 2004b). The woman
developed rapidly progressive renal failure and died in 2000. Autopsy revealed extensive
and severe renal interstitial fibrosis suggestive of AAN and high-grade TCC in the right
urinary tract, with invasive liver metastases. Higher levels of AA-DNA adducts were
detected in lung, spleen, adrenal gland, liver, and ureter, and lower levels were detected
in urinary bladder, brain, and kidney [adduct levels for a second patient reported in the
same publication were low for one kidney and the highest reported in the study for the
other kidney] (see Section 5.3.1 for adduct levels in all tissues examined). DNA adducts
were also detected in the small intestine and stomach. The lower level of adducts in the
kidney compared with the ureter differs from the Belgian studies, which reported that

adducts were higher in renal than in ureteral tissue.
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Lo et al. (2005) reported a case of TCC in a 60-year-old man from Hong Kong who had
consumed an herbal remedy (pak mo tang) containing A. molissemae [A. mollissima] for
chronic Crohn’s disease and recently diagnosed colon cancer. A. mollissima was thought
to have been inadvertently substituted for another herb at the level of the wholesaler. The
man developed nephropathy, characterized by hypocellular interstitial fibrosis, 2 months
after taking the herbal remedy and end-stage renal failure 12 months after taking the
remedy. The cumulative dose of A. molissima at the time of end-stage renal failure was
800 g [compared with 190 g for A. fangchi previously reported by Martinez et al. 2002].
A bladder polyp histologically compatible with a diagnosis of TCC was detected by
cystoscopy. Aristolochic acid I was detected in the herbs, and AA-DNA adducts were
detected in the renal biopsy sample. The authors stated that they could not definitely
prove this was a case of AAN because the patient had also taken mesalazine, which also
causes interstitial nephritis, but the clinical pattern appeared to be more characteristic of
an aristolochic acid—induced nephropathy. This was the first suspected case of AAN

associated with consumption of A. mollissima.

Another case report from the United Kingdom described the occurrence of TCC in the
urinary bladder of a 30-year-old Chinese man who had consumed the Chinese herb
Longdan Xieganwan for at least 5 years to “enhance” his liver (Laing et al. 2006). The
authors reported that Longdan Xieganwan contained (prior to 2002) A. manshuriensis
root (caulis); however, the authors did not analyze the product for aristolochic acids or
the patient’s tissues for AA-DNA adducts. The patient presented with symptoms of renal
toxicity, and renal biopsy showed that he had interstitial fibrosis consistent with CHN.
The patient progressed to end-stage renal failure after the diagnosis of bladder cancer.

This case was reported after aristolochic acids had been banned in several countries.
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Table 3-2. Case reports of urothelial cancer

Reference

Exposure

Study population
or description of
patients

Number
(prevalence) of
cancer cases

Effects: Tumor location and
characterization or other
effects

Comments

Case reports in Belgium

Cosyns et al. Consumption of weight-loss 27-yr-old woman 1 papillary TCC of bladder and First patient identified with AAN
1994b agent containing A. fangchi with severe renal microscopic TCC of renal pelvis | in the Belgian epidemic who
AA-DNA adducts detected in | failure and ureters developed urothelial cancer
the kidney Schmeiser et al. Tumor detected as a result of
1996 nephroureterectomy performed at
the time of renal transplantation
Vanherweghem | Consumption of weight-loss 42-yr-old woman 1 papillary TCC of renal pelvis Patient also used analgesics
etal. 1995 agent containing A. fangchi with rapidly and mutlifocal in situ TCC of

progressive renal
failure

adjacent urothelial epithelium

Reginster et al. | Consumption of weight-loss 15 women aged 27— 2 Ist patient: papillary TCC of Patients not screened for tumors;
1997 agent containing A. fangchi 59 with CHN* bladder and microinvasive tumors detected as a result of
AA-DNA adducts were urothelial carcinoma of ureter nephroureterectomies performed at
detected in the renal tissues of 2nd patient: in situ carcinoma of | the time of kidney transplants
5 patients ureter (performed on 5 patients)
(Schmeiser et al. 1996)
Kanaan et al. Probably consumption of 53-year-old woman 1 TCC in situ of ureter This patient is one of the 7 cases of
2003 weight-loss agent urothelial cancer identified from

AA-DNA adducts detected in
the right kidney (patient 8,
Table 1 in Arlt et al. 2001b)

Papillary TCC of bladder

the 18 AAN patients treated at the

Clinques St. Luc (reviews by Arlt
et al. 2002b)

Nortier et al.
2003

Consumption of weight-loss
agent containing A. fangchi
AA-DNA adducts detected in
kidney, liver, pancreas and
lymph nodes

69-yr-old woman

poorly differentiated tumor in
left ureter with invasion of
adjacent adipose tissue and
lymph nodes

First cancer case reported from
patient without severe renal failure

Woman was an active smoker

Belgian prevalence studies
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Study population
or description of

Number
(prevalence) of

Effects: Tumor location and
characterization or other

Reference Exposure patients cancer cases effects Comments

Cosyns et al. Consumption of weight-loss 10 women aged 27— 4 Tumor types included Includes patient described by

1999 agent containing A. fangchi; 59 who received (40%) 1 papillary bladder TCC, 1 Cosyns et al. 1994a and Reginster

Cliniques average duration 20 mo renal transplants invasive TCC of ureter, and etal. 1997

Universitaires AA-DNA adducts detected in | 1992798 and TCC insitu of the renal pelvis Arlt et al. reported that as of 2002,

St.-Luc tissues of subset (7/10) of underwent , and ureter 7 patients with urothelial cancer

patients nephroureterectomies had been identified at this hospital

1 of 4 patients with cancer was a
smoker, compared with 5 of 6
patients without cancer
Most tumors detected as a result of
nephroureterectomies performed at
the time of renal transplant

Nortier et al. Consumption of weight-loss Cohort: 105 patients 18 Tumor description Women also interviewed for

2000, Nortier agent containing A. fangchi; with AAN (46%) 1 urinary bladder tumor; the rest | smoking status and use of

and
Vanherweghem
2002

Hospital Erasme

average duration 13 mo

AA-DNA adducts detected in
kidneys of all available
samples (N = 38)

39 women (mean age
54) with end-stage
renal failure (total =
43) and who
underwent
nephroureterectomies

95% CI = 29-62

of the tumors in renal pelvis and
ureter

Other effects

comparison of cumulative dose
of herbal remedy in patients with
and without cancer

Ingredient P-value
A. fangchi 0.035
M. officinalis 0.026
acetazolamide 0.012
fenfluramine 0.130
diethylpropion 0.200

prevalence of urothelial cancer
vs. total dose of A. fangchi

Dose Prevalence
>201g 66.7% (10/15)
<200 g 33.3% (8/24)*

analgesics, nonsteroidal anti-
inflammatory drugs, and
mesotherapy; no significant
difference was found in the use of
these agents or smoking status
between the patients with and
without urothelial cancer

Most tumors detected as a result of
nephroureterectomies performed at
the time of renal transplant

Weight-reducing pills could
contain A. fangchi (substituted for
S. tetrandra), M. officinalis,
acetazolamide, fenfluramine, and
diethylpropion, the first three of
which were almost always
prescribed together

54
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Study population
or description of

Number
(prevalence) of

Effects: Tumor location and
characterization or other

Reference Exposure patients cancer cases effects Comments
Lemy et al. Consumption of weight-loss Cohort: 112 AAN 17 UCC Tumor description Includes 32 of the 39 patients
2008 agent containing A. fangchi; patients (44.7%) 17 cases of upper tract reported by Nortier and colleagues.
Update (15 year average duration 13.3 mo 38 women (of 54 15 bladder cases | urtothelial cancer (renal or Seven of Fhose. patients were not
follow-up after | AA-DNA adducts detected in with end-stage renal (39.5% ureter) lr}cluded in this study because they
exposure) of kidneys of all available disease) receiving incidence) Follow-up: 15 cases developed cither died before kidney
Nortier and samples (N = 37) kidney transplants bladder cancer transplation or chose not to have
colleagues and followed for regular bladder follow-up.
. bladder cystoscopies Other effects Seven patients from the previous
Hospital Erasme Mean cumu_lative d(_)se (g) of study were not included in the
ingested Aristolochia in AAA updated study because they either
patients with and without cancer | died before kidney transplantation
ucc 236 +90.8 or did not agree to regular bladder
No UCC 156 +70.3%* | follow-ups.
Bladder UC 215+£90.3
No Bladder UC 177 £ 86.2
Case reports outside of Belgium
Yang et al. Consumption of Chinese 12 patients with 2 TCC of the bladder; 1 case not Same study described in Table 3-1
2000° herbal regimens C'HN.undergoing tissue proven Cancer detected after renal biopsy
Taiwan [Herbal products and tissues | Piopsies 1995-98

not analyzed for AA or AA-
DNA adducts”]

aged 28-67, mean =
46.6

11 women and 1 man

cancer detected in 2
women, aged 51 and
34
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Study population
or description of

Number
(prevalence) of

Effects: Tumor location and
characterization or other

Reference Exposure patients cancer cases effects Comments
Chang et al. Consumption of Chinese 20 patients 1 TCC of the urinary bladder Same study described in Table 3-1
2001 herbal regimens undergoing biopsies Cancer detected in patient with
Taiwan [Herbal products and tissues 1994-98 hepatitis C
not analyzed for AA or AA- aged 32-57, mean = Cancer detected after renal biopsy
DNA adducts”] 443
14 women and 6 men
cancer detected in
50-yr-old man
Yang et al. Consumption of Chinese herb | 57-yr-old woman 1 papillary TCC of the ureter Same study described in Table 3-1
2001 AA 1 and II detected in herb with sub-acute renal Cancer detected after
Taiwan product failure nephroureterectomies

Lord et al. 2001

United
Kingdom

Consumption of herbal
remedy containing mu tong
(A. manshuriensis or Akebia or
Clematis spp.)

AA adducts detected in
ureteric and renal cancer

49-yr-old woman
with end-stage renal
failure

invasive TCC of renal pelvis and
ureter

One of two AAN cases reported by

Lord et al. 1999 (see Table 3-1)

Arlt et al. 2004b

Consumption of “Preparation

34-yr-old woman

TCC of right urinary tract with

Further follow-up of 1 of the 2

Number 28” with CHN invasive liver metastases CHN cases reported by Stengel
France ] dJ 1998

AA detected in herbal remedy and Jones

AA-DNA adducts detected in

ureter, kidney, and tissues

outside urinary tract®
Lo et al. 2005 Consumption of pak mo tang | 60-yr-old man with 1 bladder polyp compatible with Same case as in Table 3-1
Hong Kong (A. mollissima) end-stage renal TCC Patient also consumed mesalazine,

AA T detected in herbal
remedy

AA-DNA adducts detected in
renal biopsy tissue

failure

which can cause interstitial
nephritis (less than 1 in 500)

56
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Study population
or description of

Number
(prevalence) of

Effects: Tumor location and
characterization or other

Comments

Reference Exposure patients cancer cases effects
Laing et al. Consumption of Longdan 30-yr-old man with TCC of the bladder Same study described in Table 3-1
2006 Xieganwan renal toxicity that
United (A. manshuriensis root developed into end-
Kingdom [caulis]; [however, herbal stage renal failure
after cancer

product not analyzed for AA])

[Tissues not analyzed for AA-
DNA adducts]

diagnosis.

AA= aristolochic acid; CHN = Chinese herb nephropathy; CI = confidence interval, TCC = transitional cell carcinoma.
*P=0.05,* *P <0.01.
*This study was included in the table because it was reviewed by Arlt et al. 2002b and/or IARC 2000.
® Pfohl-Leszkowicz et al. 2007 did not detect AA-DNA adducts in this patient, but did detect ochratoxin A-related DNA adducts (see Section 3.5.1 and 5.3.1).
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3.3 Clinical studies of urothelial cancer and consumption of Chinese herbs
Four clinical studies that reported on the incidence or prevalence of TCC among renal-

transplant or dialysis patients who had consumed Chinese herbs were identified. Two of

the studies were specific for herbs containing aristolochic acids

Wau et al. (2004c) conducted a retrospective analysis of 730 kidney-transplant patients
(432 men and 298 women) who were followed at a hospital in central Taiwan from 1983
to 2003. The prevalence of TCC is high in Taiwan, especially in the endemic areas of
black foot disease in southern Taiwan, which is partially explained by arsenic
contamination of underground water. Medical records, clinical records, and outcomes
were reviewed retrospectively, and the mean follow-up was 72.2 = 54.4 months. Cancer
developed in 63 [8.6%] of the patients, of whom 30 [4.1%] had TCC of the urinary tract.
The standardized mortality ratio (SMR) for TCC was 3.98 (95% CI = 2.69 to 5.70) and
was higher in women (SMR = 8.76, 95% CI = 5.27 to 13.66, 19 deaths) than men (SMR
=1.92, 95% CI = 0.96 to 3.45, 11 cases). Multivariate analyses with the Cox proportional
hazard model were used to evaluate potential risk factors for TCC. A significant risk (P <
0.01) was found for Chinese herb use (relative hazard [RH] = 5.2). Significant relative
hazards (P < 0.05) were also found for age at the time of kidney transplant (RH = 1.1),
female sex (RH = 2.9), use of analgesics (RH = 2.6), and intake of underground water
(RH = 2.5). The authors stated that limitations of exposure assessment (lack of
information on the types of Chinese herbs consumed and retrospective collection of data)
prevented them from directly confirming an association between aristolochic acids and

TCC.

Another study in Taiwan reviewed the records of 1,537 chronic dialysis patients who
were followed from 1993 to 2002 (cumulative period of observation 5,337 patients-years)
(Chang et al. 2007a). The standardized incidence ratio (SIR) was calculated using sex-
specific and age-specific incidence rates from the Cancer Registry Annual Report in
Taiwan. Potential risk factors were evaluated using the Cox proportional hazard model.
The incidence of TCC among these patients was 1.69%, which was significantly higher
than expected from the Taiwanese population (SIR =48.2, 95% CI = 32.8 to 70.9, 26
cases). TCC of the upper urinary tract was found in 14 patients. Of the 26 cases of TCC,
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10 cases reported use of Chinese herbs, and 2 cases were diagnosed with CHN (as
confirmed by biopsy). The relative hazard ratio for Chinese herb use was 6.21 (P < 0.01).
The authors stated that Taiwan has the second-highest prevalence rate of end-stage renal
disease in the world, and that TCC is the most common carcinoma in Taiwanese dialysis

and kidney-transplantation patients.

Liet al. (2005b) queried the use aristolochic acids—containing drugs among 283 (118
men and 165 women) uremic patients undergoing dialysis in a study from China. Use of
aristolochic acids—containing drugs, AAN, and determination of TCC were obtained from
the patient’s medical history and a survey questionnaire. TCC diagnosis was confirmed
by tissue pathology. The authors found a higher prevalence [33.3%] of TCC among
individuals with a history of taking aristolochic acids—containing Chinese drugs (22/66)
than among individuals who did not report use of aristolochic acids—containing drugs
(2/198) (Liet al. 2005b) [OR =37, 95% CI = 11 to 216]. (The use of aristolochic acids—
containing drugs was not clear in 19 patients, and no TCC cases were identified among
these patients). The majority of the TCC cases with a history of taking aristolochic acids—
containing drugs had taken Long Dan Xiegan pills. The average time between the
beginning of taking the aristolochic acids—containing drugs and the development of TTC
was 10 years. The locations of the tumors were in the bladder (N = 7), ureters (N = 4),

renal pelvis (N = 3), or a combination of the bladder, ureters, or pelvis (N = 4).

Liet al. (2008) conducted a retrospective review of a cohort of 1,429 Chinese renal
transplant patients at a single hospital center (from 1996 to 2005), and reported that the
TCC incidence was 1.89%. The 27 patients (21 females and 6 males) who developed
TCC did not have any malignancies before transplantation, and were followed up for 18
to 132 months (mean = 71.2 months). TCC was confirmed by pathological diagnosis and
locations were in the bladder (N = 18) or upper urinary tract (pelvis or ureter, N = 11);
two patients had tumors in both the bladder and pelvis. The patients were treated with an
immunosuppresion regimen (including cyclosporine), and some patients were found to
have cyclosporine-related toxicity. Of the 27 patients with TCC, 16 had taken Chinese
herbs containing aristolochic acids for more than 2 months before renal transplantation.

The incidence of TCC was 5.42% in the group consuming aristolochic acids—containing
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herbs and 0.97% in the group that did not consume aristolochic acids—containing herbs
(RR =5.85, P <0.0001). In addition to aristolochic acids exposure, the authors stated that

female sex and immunosuppression were associated with the development of TCC.

3.4 Balkan endemic nephropathy and associated urothelial cancer
Balkan endemic nephropathy (BEN), a disease endemic to Serbia, Bosnia, Croatia,

Bulgaria, and Romania, is discussed here because consumption of food products
containing aristolochic acids (A. clematitis) has been suggested to be an environmental
cause of BEN. BEN is a household chronic tubulointerstitial disease with insidious onset
and slow progression to terminal renal failure (Stefanovic et al. 2006). A review by
Nikolic (2006) reported that more than 20,000 patients were diagnosed with BEN in the
period from 1955 to 1998.

In part because BEN and AAN have similar morphology and clinical features, exposure
to aristolochic acids has been proposed to be a risk factor for BEN as well as for AAN.
BEN has a slower progression to end-stage renal failure, and the slow onset of the
nephropathy is more reminiscent of the East Asian cases of AAN with Fanconi syndrome
than the rapid onset seen in the Belgian cohort. However, most of the Asian cases had a
rapidly progressive course without Fanconi syndrome (Cosyns 2003), and some cases
with a more indolent evolution were found in the Belgian epidemic. The marked
similarity of the pathological changes in the renal cortex, as well as the similarities of the
overall clinical presentations, led to the earliest suggestions of a similar etiologic agent

(Cosyns et al. 1994a).

There is also evidence that BEN patients may have been exposed to aristolochic acids.
Ivic (1970) reported that flour used to bake bread, which is a dietary staple, is derived
from locally grown wheat and may be contaminated with seeds from A. clematitis. [A.
clematitis or birthwort is a common weed in wheat fields in the endemic area.] Hranjec et
al. (2005) conducted a cross-sectional study on BEN in an endemic region of Croatia.
The subjects included 28 cases with endemic nephropathy (meeting WHO requirement),
and two control groups: (1) 30 non-endemic controls who were patients with other types
of renal disease and (2) 30 apparently healthy residents in the endemic village. A detailed

questionnaire was administered that queried exposure to potentially toxic factors, medical
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history, diet, agricultural practices, tobacco use, and alcohol consumption. The
questionnaire also evaluated the frequency (for the categories of observed “always” plus
“sometimes”) of seeing A. clematitis in the fields 20 to 30 years ago. The authors
reported that this observation was significantly more frequent in subjects with endemic
nephropathy (78.2%) than in subjects with other renal disease (33.3%) or in healthy
controls of the endemic regions (38%). No significant differences were found between
the groups with respect to educational level or tobacco use; the authors did not present
data on other factors such as diet and alcohol consumption. Other researchers have
questioned whether these findings establish the exposure to aristolochic acids in these
regions (Long and Voice 2007, Peraica et al. 2008). However, Grollman et al. (2007) was
able to detect AA-DNA adducts in renal tissue from four BEN patients (whose diagnosis
was confirmed using the WHO criteria) from Croatia but not in five patients with
common forms of chronic renal disease, demonstrating that these BEN patients had been

exposed to aristolochic acids.

Both BEN and AAN are associated with an increased risk of urothelial cancer. The
Nikolic (2006) review stated that over 2000 cases of upper urothelial tumors were
diagnosed in Serbia from 1955 to 1998. Stewart et al. (2003) reported excess risks of
kidney and bladder cancer among dialysis patients with end-stage renal failure (N =
831,804) in the United States, Europe, Australia, and New Zealand. Most causes of
primary kidney disease also were associated with excess kidney and bladder cancer; the
standardized incidence ratios for BEN were 26.2 (95% CI = 13.1 to 46.9, 11 observed
cases) for kidney cancer and 18.2 (95% CI = 9.4 to 31.8, 12 observed cases) for bladder
cancer. Although most urinary-tract carcinoma patients from villages with high
prevalence of BEN have symptoms of severe renal disease, many do not (Petronic et al.

1991, Radovanovic et al. 1991).

Grollman et al. 2007 detected AA-DNA adducts in urothelial and renal cortical tissues
from 3 long-term residents of endemic villages who had upper urinary tract malignances.
The authors also analyzed p53 mutations and histopathology in a study of 11 patients
with upper urothelial cancer who resided in the endemic villages for a minimum of 15

years. Histopathologic analysis was available for 9 patients, 8 of whom exhibited changes

9/2/08 61



v R W N -

O 0 9 N

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

RoC Background Document for Aristolochic Acids

in their renal cortex that were diagnostic or highly suggestive of BEN. P53 mutations
were observed in all 11 patients, and tumors in which > 10% of the tumor cells stained
positive with a p53 antibody were used in the mutational analysis. The authors reported
that the majority (78%) of the mutations were A:T — T:A transversions, which they

stated was a mutational signature for exposure to aristolochic acids (see Section 5.3.5).

Other suspected environmental causes of BEN and the associated urothelial cancer are
the mycotoxin ochratoxin A (OTA) and long-term exposures to polycyclic aromatic
hydrocarbons in the water originating from Pliocene coal beds. Of these other factors,
OTA is probably the most studied. OTA is classified by IARC (1993) as a possible
human carcinogen (Group 2B) and is listed in the Report on Carcinogens as reasonably
anticipated to be a human carcinogen (NTP 2004) based on sufficient evidence for
carcinogenicity in experimental animals but inadequate evidence in humans. OTA causes
liver tumors in mice and renal tumors in rats and male mice. It also causes renal toxicity
and nephropathy in experimental animals. Some but not all studies have found higher
exposure (as measured by OTA in food stuff, intake of OTA, OTA levels in blood or
urine) in individuals from endemic areas versus non-endemic areas (as reviewed by
Stefanovic et al. 2006, Long and Voice 2007, Mally et al. 2007, Pfohl-Leszkowicz and
Manderville 2007). Some studies have also reported higher OTA blood concentrations in
patients with kidney disease compared with healthy individuals; however, it is not clear
whether accumulation of OTA is a consequence rather than the cause of impaired renal
function (Mally et al. 2007). OTA-related DNA adducts (as well as AA-DNA adducts)
were detected in kidney tissues from individuals with urothelial cancer or ureteral
stenosis living in areas where BEN is endemic and in 30% of human kidney tissue from
Balkan patients suffering from nephropathy and urothelial cancer (Arlt et al. 2002a,
Pfohl-Leszkowicz et al. 2007, Stefanovic et al. 2006) [see Section 5.3.1, “Studies in
humans with AAN or BEN”]. However, Mally et al. (2007) noted that OT A-induced
renal lesions in rats are different than those seen in BEN. The FAO/WHO Expert
Committee on Food Additives (EFSA 2006) concluded that the “various studies in

humans have associated OTA with an endemic kidney disease observed in the Balkans
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(Balkan Endemic Nephropathy and related Urinary Tract Tumours), but convincing

epidemiological evidence associated with OTA exposure is currently lacking.”

3.5  Discussion
Two case-series studies (including a 15-year follow-up update of one of the studies)

(Cosyns et al. 1999, Nortier et al. 2000, Nortier and Vanherweghem 2002, Lemy et al.
2008) have reported a high prevalence of urothelial cancer among women with end-stage
renal failure thought to be caused by ingestion of herbal remedies containing aristolochic
acid; [ however, these studies did not include an unexposed group of patients,
complicating the evaluation of causality]. Because most of the studies of urothelial cancer
have occurred in patients with herbal medicine nephropathy leading to end-stage renal
failure, it is important to consider the available data evaluating the relationship between
consumption of aristolochic acids and herbal medicine nephropathy and characteristics of
urothelial cancer in herbal medicine nephropathy patients versus patients with end-stage
renal failure from other causes. Another important issue is the location of the urothelial
tumors in humans. The strengths and weaknesses of the available studies are also

discussed below.

3.5.1 Association between botanical products containing aristolochic acids and
nephropathy

Numerous case reports or reports on clusters of patients (as described in Section 3.1 and
Table 3-1) have documented the development of nephropathy characterized by severe
interstitial fibrosis, often with renal failure and anemia, in patients who consumed
Chinese herbal preparations. The association between nephropathy and the consumption
of Chinese herbal preparations was supported by (1) the timing of exposure and disease;
in most cases, the nephropathy developed immediately after ingestion of the herbs, and in
some cases, it was reversible after the patient discontinued the herbs (usually in patients
with Fanconi syndrome); (2) the young age of the patients; and (3) lack of exposure (in

most cases) to agents known to be risk factors for nephropathy.

Arlt et al. (2001b) evaluated the role of OTA in causing herbal medicine
nephropathy/AAN or urothelial cancer. OTA is nephrotoxic in humans and animals and

is carcinogenic in rodents. It is a widespread contaminant in food and is a suspected risk
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factor for BEN (see Section 3.4); however, it was not detected in the weight-loss regimen
used in Belgium. These authors reported that AA-DNA adducts were detected in urinary
tract tissues of 5 of 5 patients with herbal medicine nephropathy (followed at Cliniques
Universitaires St.-Luc), and OTA-related DNA adducts were detected in 2 kidneys and 1
ureter from 3 of the patients; the levels of AA-DNA adducts were about 50 times higher
than the levels of OTA-related DNA adducts. The detection of OTA-related DNA
adducts requires different chromatographic conditions from those routinely used for
lipophilic adducts like AA-DNA adducts; however, Artl et al. demonstrated that both
OTA-related and AA-DNA adducts were detected when analyzed under conditions
suitable for assaying OTA-related adducts (see Section 5.3.1). Nortier et al. (2000)
reported that low levels of OTA-related DNA adducts were found in 4 of 25 kidney
samples from the Belgian patients with herbal medicine nephropathy; however, the levels
of the major AA-DNA adduct identified in the kidneys of herbal medicine nephropathy
patients were about 20 times those of the OTA-related DNA adducts. The authors
concluded that OTA is not likely to have a key role in herbal medicine nephropathy.

In contrast to these findings, Pfohl-Leszkowicz et al. (2007) detected OTA-related DNA
adducts but not AA-DNA adducts in DNA samples isolated from kidney tissues from a
French patient (see Table 3-2) with AAN and urothelial cancer and a Belgian AAN
patient. Arlt et al. (2004b) detected AA-DNA adducts from kidney tissues from both the
Belgian patient [which may have been used as a positive control] and from two French
patients (one of which was the same as that analyzed by Pfohl-Leszkowicz et al.) using a
nuclease P1 enrichment **P-postlabeling method. Pfohl-Leszkowicz et al. (2007) used
chromatographic conditions that were optimized for detecting OT A-related DNA adducts
but presumably could detect both types of adducts. The discrepancy between the different
findings is unclear, and the existence of OTA-related DNA adduct formation is
controversial (Turesky 2005, EFSA 2006, Mally et al. 2007) (see also Section 5.3.1,
“Studies in humans with AAN or BEN” for additional discussion of methodology in

adduct detection and Section 5.3.5, “Mutation spectra in tumors from animals or humans’

for additional discussion of putative OTA-DNA adduct formation).
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Most studies have shown that the herbal preparations to which herbal medicine
nephropathy patients were exposed contained aristolochic acids, and several studies have
detected AA-DNA adducts in tissue (usually from kidneys or ureters) from herbal
medicine nephropathy patients, demonstrating that the patients were exposed to
aristolochic acids. Few case studies have evaluated whether other ingredients in the
Chinese herbal preparation could be responsible for or contribute to the nephropathy, and
some authors have suggested that unidentified herbal ingredients may play a role in
causing nephropathy; this seems to be more common for the cases in Asian nations, most
of which have manifested as Fanconi syndrome. The data supporting an association
between aristolochic acids and herbal medicine nephropathy include the following:

(1) exposure to aristolochic acids alone causes nephropathy in experimental animals, (2)
intravenous administration of aristolochic acids caused renal toxicity in humans (Jackson
et al. 1964), (3) herbal medicine nephropathy has been identified in patients from
different countries, using botanical products for a wide variety of purposes, and using
complex herbal mixtures, the commonality being the presence of plant species containing
aristolochic acids, and (4) AA-DNA adducts occurred in patients at higher levels than

adducts from other suspected ingredients.

3.5.2 Urothelial cancer in patients with end-stage renal failure from other causes
Although the fraction of patients who developed AAN from exposure to botanical

products containing aristolochic acids was about 5% (see Section 3.1.1), urothelial cancer
occurred at a high prevalence (40% and 46% in two studies, see Table 3-2) among
patients in the Belgian epidemic with end-stage renal failure associated with AAN.
Although renal disease or dialysis is a risk factor for urothelial cancer, the prevalence of
cancer in AAN patients appears to be higher than that observed among patients with end-
stage renal disease in general. However, the prevalence studies of AAN patients were
very small and were conducted specifically to look for urothelial cancer. Wu et al.
(2004¢) summarized the data from several large studies of kidney-transplant patients and
reported that the prevalence of cancer (at all sites) ranged from 4% to 18%, with an
average of 6%. In Western nations, the predominant cancers in transplant patients were
squamous-cell carcinoma of the skin and virus-related tumors. In contrast, TCC was the

most common cancer in the Taiwanese study, with a prevalence of 4.1% in 730 kidney-
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transplant recipients (Wu et al. 2004c¢) (see Section 3.3). Li et al. (2008) reported that the
incidence of TCC was 1.89% among Chinese renal-transplant patients; TCC is the
predominant malignancy [this study also included patients consuming aristolochic acids—

containing Chinese herbs, see Section 3.3].

Marple and MacDougall (1993) reviewed the literature on the development of cancer in
patients with end-stage renal cancer. They reported that most studies of dialysis patients
have reported an excess of cancer, including urinary tract and renal cancer; cancer (at all
sites) occurred in approximately 1.4% to 10% of the dialysis patients in these studies.
They calculated a prevalence of renal cancer to be 84 cases per 100,000 (based on finding
67 cases of renal cancer among 79,842 end-stage renal disease patients). Acquired cystic
kidney disease appears to be a risk factor for renal cancer, and renal cancer is reported to
occur in 6% to 20% of these patients. Analgesic nephropathy is associated with an
increased risk of urinary-tract tumors. The prevalence of TCC among analgesic
nephropathy patients undergoing kidney transplants has been reported to be between 5%
and 24% (as cited by Cosyns et al. 1999). Ou et al. (2000) reported that the incidence of

TCC among dialysis patients in Taiwan was 0.89% in a study of 1,910 patients.

Cosyns et al. (1999) noted that urothelial tumors associated with exposure to aristolochic
acids occurred after short durations of exposure (an average of 20 months), low levels of
exposure (an average of 0.015 mg/kg b.w.), and short intervals between the end of
aristolochic acids intake and identification of the tumor (approximately 2 to 6 years). In
contrast, other toxin-induced urothelial tumors require longer exposure and have longer
induction times; for example, phenacetin abuse is associated with induction times of 22

years for renal pelvic cancer and 29 years for urinary bladder cancer.

3.5.3 Localization of the TCC tumors
Most of the TCC tumors reported in the Belgian epidemic studies were located in the

renal pelvis and/or upper ureter; Lemy et al. 2008 reported that all 17 tumors from the
Belgian cohort (Hospital Erasme) were located in the upper urothelial tract. Urothelial
tumors associated with BEN are predominantly upper urothelial carcinomas (Nikolic
2006). This is in contrast to TCC that have been associated with exposure to other

carcinogens. For example, upper urothelial cancers represent only 5% of all detected
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TCC from exposure to phenacetin and arsenic (Genega and Porter 2002). [The bladder
tumors that were observed in the studies on aristolochic acids exposure may arise from
“seeding” of the upper urothelial tumors.] Lemy et al. (2008), in the 15-year update of the
Belgian cohort, reported an increased risk for the development of urinary bladder tumors

in patients who had upper urothelial cancers.

3.5.4 Strengths and weaknesses of the studies

[The two prevalence studies of urothelial cancer in patients with AAN and end-stage
renal failure (Cosyns et al. 1999, Nortier et al. 2000) are limited by the lack of an
unexposed control group and small sample size. However, the primary strength of both
studies was that exposure to aristolochic acids was demonstrated as evidenced by AA-
DNA adducts detected in kidney or ureteral tissues from the cancer patients. Additional
strengths of the study by Nortier and colleagues include (1) quantification of the
cumulative dose of A. fangchi, (2) demonstration that higher doses of A. fangchi were
associated with a higher frequency of urothelial cancer, (3) evaluation of OTA-related
DNA adducts in tissue from cancer patients, and (4) evaluation of potential risk factors
for urothelial cancer, such as smoking and the use of analgesics (see Section 3.2.2 for a
description of the findings).] Neither of these reports contains information concerning
urinary-tract carcinoma in the 95% of the population exposed to the weight-loss regimen
with no signs of impaired renal function. There is no published evidence that this
population has been observed for the development of urinary-tract carcinoma, and the
development of urinary-tract carcinoma in patients with little or no impairment of renal

function cannot be ruled out.

[The two clinical investigations among Chinese patients with renal transplants or dialysis
patients have the advantage of an unexposed group, and thus a risk estimate can be
calculated. However, the exposure assessment and pathology of the renal disease in these
studies are not as well described. Both of these studies were retrospective analyses.
Neither study measured aristolochic acids in the herbal products or analyzed tissues for
AA-DNA adducts. In the study reported by Li et al. 2008, it appears that information on
use of Chinese herbs was obtained from medical records, and there is no information on

the types of drugs or herbs used. The authors stated that drug or herb use had to occur
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two months prior to transplant but did not state whether it occurred before renal disease.
There is no information on the pathology of the kidney disease, i.e., whether any of the
patients had AAN. Another limitation of this study is that the subjects were renal-
transplant patients who had taken immunosuppressive drugs. The study by Li et al.
(2005b) is more informative, and exposure was obtained from a questionnaire and from
medical records. Although the documentation is not that clear (English translation), the
study provides some information on the herbal remedies or Aristolochia species taken
(Longdan Xiegan or A. manshurienesis), and length of time the herb was taken. It also
stated that consumption of aristolochic acids—containing herbs occurred prior to renal
function injury. The study also provides more information on renal pathology and notes
that some of the patients (29 of 66) in the aristolochic acids group were diagnosed as
having AAN associated with end-stage renal failure. The clinical studies from Taiwan
(Wu et al. 2004c¢, Chang et al. 2007a) did not evaluate exposure specific for aristolochic
acids and thus are not as informative for the evaluation of potential carcinogenicity of

aristolochic acids.]

The literature on urothelial cancer associated with BEN is limited by the absence of an
analytical epidemiology study evaluating specific exposure to aristolochic acids and
urothelial cancer. Strengths of the literature are the detection of the AA-DNA adducts and
mutational analysis of p53 mutations from urothelial tumors associated with BEN.
However, only a small number of subjects was evaluated, and it is unclear whether the

p53 mutations and AA-DNA adducts were evaluated in the same subjects.

3.6  Summary
The IARC (2002) working group evaluated numerous case reports and two prevalence

studies of urothelial cancer that occurred in people who consumed botanical products
containing aristolochic acid, and concluded that there was sufficient evidence in humans
for the carcinogenicity of herbal remedies containing plant species of the genus
Aristolochia. Their conclusion was based on (1) the identification of AA-DNA adducts in
the patients with cancer, confirming that the cancer patients were exposed to aristolochic
acids; (2) the high percentage of urothelial cancer (an uncommon tumor) detected in

patients with AAN; and (3) demonstration of a dose-response relationship between
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consumption of A. fangchi and the prevalence of tumors. There are no human cancer
studies available on exposure to aristolochic acids per se (that is, consumption of
aristolochic acids that were not part of a botanical preparation). IARC concluded that
there was limited evidence in humans for the carcinogenicity of naturally occurring

mixtures of aristolochic acids.

Since the IARC (2002) review, there have been an update of the prevalence study of
urothelial cancer developing in AAN patients in Belgium, additional case reports of AAN
and urothelial cancer developing in patients with AAN (both in Belgium and worldwide),
several clinical investigations of urothelial cancer among kidney-transplant or dialysis

patients in Taiwan or China, and a study on aristolochic acids and BEN.

The 15-year follow-up of the Belgian patients (Lemy et al. 2008) from the Hospital
Erasme found a similar prevalence rate of urothelial cancer occurring in AAN patients
compared with the earlier report by Nortier and colleagues. [ The follow-up identified a
few more cases of cancer, and included most but not all the previous cancer cases.] In
addition, the follow-up study found an increased incidence of urinary bladder cancer
among cases with urothelial cancer. Similar to the earlier publications, the cumulative
dose of Aristolochia in AAN patients who developed urothelial cancer was significantly
higher than the dose consumed by AAN patients who did not develop cancer. A case
report of urothelial cancer from the Belgian epidemic was also reported in a patient who
did not have severe renal disease. There were also additional case reports of urothelial
cancer in AAN in patients outside of Belgium, which supports the role of aristolochic

acids as a cause of upper urothelial cancer.

Two clinical studies among Chinese patients with renal disease (renal-transplant or
dialysis patients) reported an increased incidence or prevalence of TCC among patients
consuming Chinese herbs or drugs containing aristolochic acids compared with non-
exposed patients; OR =37 (95% CI = 11 to 216) in the study of 283 dialysis patients (Li
et al. 2005a) and RR = 5.85 (P < 0.0001) in the study of 1,429 renal transplant patients
(Liet al. 2008). Two other clinical studies evaluating TCC mortality or incidence among

Taiwanese patients with renal disease (dialysis or kidney-transplant patients) reported
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that consumption of Chinese herbs was a risk factor for Chinese herb use (relative hazard
was 5.2 among transplant patients [Wu et al. 2004c] and 6.21 among dialysis patients
[Chang et al. 2007a]); however, the exposure assessments were not specific for

aristolochic acids intake.

Aristolochic acids have been proposed to be a risk factor for urothelial cancer associated
with BEN. BEN is a chronic tubulointerstitial disease endemic to Serbia, Bosnia, Croatia,
Bulgaria, and Romania that has similar morphology and clinical features to AAN
patients. Exposure to aristolochic acids is proposed to occur from consumption of wheat
contaminated with seeds from A. clematitis. AA-DNA adducts have been detected in
renal tissue of BEN patients and in urothelial and renal cortical tissues from BEN patients
with upper urothelial cancers. One study reported that the majority (78%) of p53
mutations (in tumors with p53 mutations) in urothelial tumors from patients living in
endemic areas were A:T — T:A transitions, which the authors stated was a mutational

signature for exposure to aristolochic acids.

In summary, exposure to aristolochic acids has been associated with a progressive
interstitial renal fibrosis in several populations (primarily in Belgium, the Balkans, and
China). An increased incidence or prevalence of upper urothelial tumors has been
detected in individuals with aristolochic acids—associated end-stage renal failure. In some
studies, AA-DNA adducts have been detected in urothelial tissues from the cancer
patients, demonstrating exposure to aristolochic acids. Studies of renal-transplant or
dialysis patients have reported elevated risks for urothelial cancer associated with

consumption of herbal products containing aristolochic acids.
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4 Studies of Cancer in Experimental Animals

The carcinogenic effects of aristolochic acids (administered as aristolochic acid I, a
mixture of aristolochic acids I and II, or a mixture of herbal ingredients containing
aristolochic acids) have been investigated in mice (oral administration), rats (oral and
parenteral administration), and rabbits (parenteral administration). The IARC working
group (IARC 2002) concluded that there was sufficient evidence in experimental animals

of carcinogenicity of aristolochic acids.

The general toxicity of aristolochic acids in experimental animals is summarized in

Section 5.2.2.

4.1 Mice
Only one study in mice given aristolochic acids (77.2% aristolochic acid I, 21.2%

aristolochic acid 1) was reported in the literature (Mengs 1988). The author described
this as a screening study designed to provide evidence of any possible carcinogenic
effect. A group of 39 female NMRI mice [age not specified] were given the mixture of
aristolochic acids at a dose of 5 mg/kg b.w. daily by gavage for 3 weeks. The control
group consisted of 11 mice that were given the solvent vehicle only [the authors did not
identify the vehicle]. Exposed animals were sacrificed at scheduled intervals starting at
the end of the exposure period and extending to 56 weeks. All organs were histologically
examined, and all tumors were examined microscopically. Low-grade regenerative
hyperplasia of forestomach squamous epithelium with hyperkeratosis was observed at 3
weeks but these changes improved during the next 6 weeks. Low- to middle-grade
papillomatosis of the forestomach occurred in all exposed mice at 18 and 26 weeks. The
first signs of forestomach malignancy were observed at 37 weeks (squamous-cell
carcinoma), and by 56 weeks, all remaining mice had developed these tumors. Other
neoplastic lesions (some of which were first observed at 26 weeks) included cystic
papillary adenoma of the renal cortex, alveologenic lung carcinoma, uterine hemangioma,
malignant lymphoma, and an adenocarcinoma of the glandular stomach. No neoplastic
lesions were observed in the control group after 56 weeks. These data are summarized in

Table 4-1. No statistical analyses were reported.
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Table 4-1. Neoplastic lesions in female NMRI mice exposed to aristolochic acids (5

mg/kg b.w.) for 3 weeks and observed for up to 56 weeks

Number of mice with tumors

Group:
time of No. Forestomach Stomach Uterus
sacrifice of adeno- Kidney Lung heman- Malignant
(wk) mice Pap ScC carcinoma | adenoma | carcinoma gioma lymphoma
Control 11 0 0 0 0 0 0 0
Exposed

3? 10 0 0 0 0 0 0 0

9 4 0 0 0 0 0 0 0

18 4 4 0 0 0 0 0 0

26 3 3 0 0 1 0 0 1

37 5 4 1 1 1 2 0 2

48 5 4 1 0 3 3 0 3

56 8 0 8 0 6 8 3 4
Total 39 15 10 1 11 13 3 10

Source: Mengs 1988.

Statistical analysis not reported
Pap = papilloma; SCC = squamous-cell carcinoma.
*End of treatment period.

4.2 Rats

The carcinogenicity of aristolochic acids in rats has been investigated following acute

exposure (3 days), subchronic exposure (1 to 3 months), and chronic exposure (6 to 12

months). In addition, one two-stage study was reviewed that tested aristolochic acids as

an initiator. These studies are reviewed below. No lifetime (two-year) studies were

identified.

4.2.1 Acute exposure

Qiu et al. (2000) investigated the long-term effects of acute renal injury in groups of 30

or 40 female Sprague-Dawley rats [age not reported] orally administered decoctions (i.e.,

hot water extracts) of A. manshuriensis at 30 or 50 g/kg per day for 7 consecutive days,

or 20 g/kg per day for 15 days. Renal function was assessed, and histological

examinations were conducted at the end of treatment and after 1, 3, and 6 months with

sacrifice of 6 rats per group at 0, 1, and 3 months. [The remaining animals were

presumably sacrificed at 6 months, but the paper is not clear on this point as the data are

presented as percentages of animals with tumors and do not specify the number of

animals examined and survival data were not provided] At the end of treatment, there

was evidence of acute renal injury in all dosed groups that exhibited a dose-dependent

pattern. Histopathological changes included acute tubular necrosis. Renal function was

72
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approaching normal values by month 1, and was nearly restored at 3 to 6 months after
treatment. Tubular lesions showed gradual recovery after 1 month and were nearly
resolved at 3 and 6 months. However, at 6 months, renal preneoplastic lesions and
extrarenal tumors were observed in all dosed groups, and renal tumors (including 4 renal
mesenchymal tumors and 1 nephroblastoma) were observed with the two higher doses
(Table 4-2). Extrarenal tumors included skin (appendage epithelial), thyroid gland
(follicular epithelial), and mammary gland (ductal epithelial) tumors. These lesions were

not observed in the control group.

Table 4-2. Neoplastic and preneoplastic lesions observed in female Sprague-Dawley
rats 6 months after exposure to decoctions of A. manshuriensis for 7 to 15 days

o Renal
Duration Initial preneoplastic Renal Extrarenal
Dose (g/kg) (days) No. rats lesions (%) tumors (%)* | tumors (%)b
0 15 30 0 0 0
20 15 30 100 0 12.5
30 7 30 100 25 12.5
50 7 40 100 42.8 14.4

Source: Qiu et al. 2000

Statistical analysis not reported?

* Renal tumors included 4 renal mesenchymal tumors and 1 nephroblastoma.

® Extrarenal tumor sites included skin (appendage epithelial), thyroid gland (follicular epithelial), and
mammary gland (ductal epithelial); however, the number of animals with these tumors was not provided.

Cui et al. (2005) examined the carcinogenic activity of aristolochic acid I following
short-term, high-dose exposure in female Sprague-Dawley rats [age not reported]. The
exposed group of 24 rats was administered aristolochic acid I at a dose of 50 mg/kg b.w.
in distilled water by gavage for 3 consecutive days. The control group of 20 rats was
given distilled water. Survival was 100% in the exposed and control groups. Blood and
urine samples for renal function tests were collected from 6 randomly selected rats on day
8 and at 1, 3, and 6 months after treatment. Four rats were sacrificed on day 8, 3 rats each
at 1 and 3 months, and the remaining 14 rats at 6 months, and all rats were necropsied.
Samples of liver, kidney, heart, brain, and any tissue with an abnormal appearance were
fixed for histological examination. At day 8, plasma urea and creatinine, urine volume,
and urinary glucose, protein, and N-acetyl-B-glucosaminidase were significantly higher in
exposed rats than in controls. However, all these parameters returned to their normal

levels at 1, 3, and 6 months. No signs of preneoplastic lesions or tumors were observed
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before 6 months; however, preneoplastic proliferation of the kidney occurred in all 14
rats sacrificed at 6 months, and renal tumors (3 mesenchymal and 1 oncocytoma) were
observed in 4 of 14 rats (Table 4-3). In addition, a mammary ductal carcinoma occurred

in 1 rat in the exposed group. No preneoplastic lesions or tumors occurred in the control

group.

Table 4-3. Neoplastic and preneoplastic lesions in female Sprague-Dawley rats
exposed to aristolochic acid I (50 mg/kg b.w.) for 3 days and observed for up to 6
months

Renal preneoplastic Mammary -ductal
Group No. of rats proliferation ((%))? Renal tumors ((%)) | carcinoma ((%))
Control 10 0(0) 0(0) 0(0)
Exposed 14 14 (100)** 4 (28.6) 1(7.1)

Source: Cui et al. 2005.

**Significantly different from the control group at P < 0.01 by Fisher’s exact test.

"Described as small nodules (2-3 mm) with white granules on the surface and varying degrees of
hyperplasia.

°[The study authors reported this as significantly greater (P < 0.05) than in the control group; however, the
actual P-value for Fisher’s exact test is 0.094.]

4.2.2 Subchronic to chronic exposure

Ivic (1970) very briefly described the development of tumors at a non-specified injection
site in 10 albino rats [strain, sex, and age were not reported, and no estimate of the
potential dose was provided by the authors] injected with an aqueous extract (percolate)
of Aristolochia clematitis seeds. All 10 rats developed polymorphocellular sarcoma that
grew rapidly. The author reported that the findings were confirmed in control tests, but no
description of these studies was included; however, this appears to be the earliest
published report of tumorigenic effects of an aristolochic acids—containing botanical

product.

Mengs et al. (1982) exposed groups of 30 male and 30 female Wistar rats (10 weeks old)
to aristolochic acids as the sodium salts (77.2% aristolochic acid I and 21.2% aristolochic
acid IT) by gavage in distilled water at a dose of 0.1, 1, or 10 mg/kg b.w. for 7 days per
week for 3 or 6 months. Some rats in the low-dose group were also exposed for 12
months. The control group was given distilled water by gavage. Animals were sacrificed
after 3, 6, 9, 12, or 16 months. Mortality was exposure related. Samples of thyroid,

thymus, lung, heart, liver, pancreas, spleen, stomach, small and large intestine, kidney,
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adrenal gland, urinary bladder, gonads, prostate, uterus, and all tissues with abnormal
appearance were fixed for histological examination. Blood and urine samples also were
collected before and throughout the study. After 3 months, blood and urine samples gave
no indication of toxic effects; however, severe papillomatosis of the forestomach with
occasional signs of malignancy was noted in the mid- and high-dose groups. At the 6-
and 9-month sacrifice times for these groups, metastatic squamous-cell carcinoma of the
forestomach, anaplasia of the tubular epithelium, adenoma of the renal cortex, and
hyperplasia and papilloma or carcinoma of the renal pelvis and urinary bladder. There
was high treatment-related mortality in the high-dose group. Eleven males and 9 females
died from malignant forestomach tumors with metastases before the 9-month sacrifice.
One male in the mid-dose group died from a metastatic forestomach tumor after 6
months, and one female in the low-dose group died of a mammary carcinoma after 16
months. One female rat in the control group died after 12 months [cause of death was not
specified]. Forestomach tumors first appeared in the low-dose group at 12 months.
Histological examinations were not possible for 6 animals because of advanced autolysis
or cannibalism. Tumor incidences increased with dose and time, but no statistical

analyses were reported (Table 4-4). No tumors occurred in the control group.
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Table 4-4. Incidence [and %] of neoplastic lesions in Wistar rats exposed to aristolochic acids for 3 to 12 months and observed
up to 16 months

Exposure | Time of Dose Renal
duration sacrifice (mg/kg Forestomach Kidney pelvis Urinary bladder Total
(mo) (mo) b.w.) N | papilloma ‘ carcinoma | adenoma | carcinoma | carcinoma | papilloma | carcinoma tumors
Males
3 3 0.0 9 0 0 0 0 0 0 0 0
0.1 9 0 0 0 0 0 0 0 0
1.0 9 71[77.7] 0 0 0 0 0 0 7[77.7]
10.0 10 10 [100] 0 0 0 0 0 0 10 [100)
6 6 0.0 10 0 0 0 0 0 0 0 0
0.1 10 0 0 0 0 0 0 0 0
1.0 11 6 [54.5] 3[27.3] 0 0 0 0 0 9[81.8]
10.0 18 51[27.8] 13 [72.2] 51[27.8] 0 8 [44.4] 3[16.7] 3[16.7] 18 [100]
3 9 1.0 9 3 [33.3] 6 [66.7] 1[11.1] 0 0 0 0 9[100]
3 12 0.0 6 0 0 0 0 0 0 0 0
0.1 7 2 [28.6] 2 [28.6] 0 0 0 0 0 4[57.1]
12 16 0.0 5 0 0 0 0 0 0 0 0
0.1 4 0 4 [100] 0 0 0 0 0 4 [100]
Females
3 3 0.0 9 0 0 0 0 0 0 0 0
0.1 9 0 0 0 0 0 0 0 0
1.0 9 8 [88.9] 0 0 0 0 0 0 8 [88.9]
10.0 10 10 [100] 0 0 0 0 0 0 10 [100]
6 6 0.0 10 0 0 0 0 0 0 0 0
0.1 10 0 0 0 0 0 0 0 0
1.0 10 7[70] 0 0 0 0 0 0 7 (70)
10.0 13 5[38.5] 8 [61.5] 0 2 [15.4] 0 1[7.7] 1[7.7] 13 [100]
3 9 1.0 11 7 [63.6] 2[18.2] 0 0 0 0 0 10 [90.97°
10.0 4 0 4 [100] 4 [100] 0 0 1 [25] 0 4 [100]
3 12 0.0 7 0 0 0 0 0 0 0 0
0.1 6 2 [33.3] 0 0 0 0 0 0 2 [33.3]
12 16 0.0 4 0 0 0 0 0 0 0 0
0.1 5 3 [60] 1 [20] 0 0 0 0 0 5[100]°

Source: Mengs et al. 1982.
N = number of rats examined histologically, no statistical analysis reported

“Includes a pituitary gland adenoma in 1 rat.

"Includes a mammary gland carcinoma in 1 rat.
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Mengs (1983) investigated the histopathogenesis of forestomach carcinoma caused by
oral administration of aristolochic acids to 8-week-old male Wistar rats (same
formulation and composition as Mengs et al. 1982). Rats in the exposed group received
daily doses of 10 mg/kg b.w. in distilled water by gavage for up to 6 months. The control
group received an equivalent volume of distilled water. Rats were sacrificed at
predetermined intervals starting 1 day after the first dose. In rats killed before 180 days,
only the stomach and esophagus were histologically examined, but in rats killed after 180
days, all organs and metastatic lesions were examined. Extensive necrosis of the
squamous epithelium was noted 2 days after the first dose. This was followed by
regeneration and hyperplasia, papillomatosis, and squamous-cell carcinoma. Hyperplasia
was pronounced by the 14th day, and papillomas were noted after 28 days. Thereafter,
papillomas increased in size and number, and squamous-cell carcinomas appeared after
90 days. Lesion progression is outlined in Table 4-5. No statistical analyses were

reported.
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Table 4-5. Histopathogenesis of forestomach carcinoma in male Wistar rats exposed
to aristolochic acids (10 mg/kg b.w.) for 1 to 180 days

Days
after 1st No. of rats Lesion
dose examined Histological findings incidence (%)
1 5 swelling of cells and nuclei 5 (100)
necrosis of some cells 3 (60)
2 5 massive epithelial necrosis 5 (100)
3 5 extensive necrosis with destruction of basal cell layer 5 (100)
4 11 necrosis, onset of regeneration 11 (100)
9 14 hyperplastic epithelium 14 (100)
14 8 marked hyperplasia and hyperkeratosis 8 (100)
28 8 more advanced hyperplastic changes 8 (100)
small nodular papilloma 1 (12.5)
42 8 single papilloma up to 3 mm high 8 (100)
57 8 multiple papillomata up to 4 mm high 8 (100)
70 8 forestomach completely lined with papillomata 8 (100)
90 10 papillomatosis up to 6 mm high 10 (100)
first signs of malignant change 4 (40)
180 18 papillomatosis 5(27.7)
invasive squamous-cell carcinoma 13 (72.2)
metastases 8 (44.4)

Source: Mengs 1983.

Schmeiser et al. (1990) exposed 40 male Wistar rats (8 weeks old) to aristolochic acid I

(as the sodium salt dissolved in water) at a dose of 10 mg/kg b.w. by gavage 5 days per

week for 3 months. The control group (8 rats) was given water only by gavage. After the

end of the exposure period, the rats were killed over a 15-week period when they showed

weight loss or symptoms of pain or when tumors were visible or palpable in the

peritoneal cavity. The data are summarized in Table 4-6. A representative portion of the

tumors was fixed for histological examination; however, some of the tumors of the

pancreas and small intestine were reported to be too small for histology. All exposed

animals showed papillomatosis of the forestomach, and 15 of 40 (38%) showed

squamous-cell carcinoma. Adenocarcinoma, sarcoma, or unknown tumor type (not

determined morphologically due to small size) of the small intestine occurred in 23 of 40

(58%) and squamous-cell carcinoma of the ear duct occurred in 7 of 40 (18%). In

addition, adenocarcinoma of the kidney, lymphoma, and metastasis of squamous-cell

carcinoma in the lung and pancreas occurred in 1 rat each, and pancreatic tumors of
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unknown type (not determined morphologically due to small size) occurred in 2
additional rats. No tumors were detected in the control group. No statistical analyses were

reported.

Table 4-6. Neoplastic lesions in male Wistar rats exposed to aristolochic acid I (10
mg/kg b.w) for 3 months and observed up to 7 months

Tumor incidence (%)*

Tumor location Tumor type Control (N=8) | Exposed (N = 40)

Forestomach squamous-cell carcinoma 0 15 (38)

Ear duct squamous-cell carcinoma 0 7 (18)

Small intestine adenocarcinoma, sarcoma, or not 0 23 (58)
determined

Pancreas not determined or squamous-cell 0 3(7.5)°
carcinoma metastasis

Kidney adenocarcinoma 0 1(2.5)

Hematopoietic lymphoma 0 1(2.5)

system

Lung squamous-cell carcinoma metastasis 0 1(2.5)

Source: Schmeiser et al. 1990.
*No statistical analysis reported.
*Includes one metastatic tumor.

Hadjiolov et al. (1993) studied the effects of diallyl sulfide on aristolochic acids—induced
tumors in male BD-6 rats [age not reported]. Aristolochic acids (10 mg/kg b.w. in
distilled water) and diallyl sulfide (150 mg/kg b.w. in corn oil) were administered by
gavage. [The authors did not specifically identify whether they used aristolochic acid I or
a mixture of aristolochic acids I and I1.] Four groups of 20 rats each were exposed for 12
weeks as follows: Group 1 received aristolochic acids twice weekly; Group 2 received
aristolochic acids twice weekly plus diallyl sulfide 4 hours before each dose of
aristolochic acids; Group 3 received aristolochic acids twice weekly plus diallyl sulfide
24 hours and 4 hours before each dose of aristolochic acids; and Group 4 received diallyl
sulfide 4 times a week for 12 weeks. The study was terminated at 46 weeks, after all
animals had died. Target organs included the forestomach, kidney, urinary bladder, and
thymus. Tumor incidence was evaluated with the chi-square test. Survival was
significantly lower in Group 1 than in the other groups. Early deaths were attributed to
severe forestomach papillomatosis accompanied by hemorrhage. Incidences of

hyperplastic lesions and tumors are shown in Table 4-7 for Groups 1, 2, and 3. Tumor
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data for Group 4 were not reported. Proliferative and neoplastic lesions of the

forestomach, urinary bladder, and thymus occurred in male BD-6 rats exposed to

aristolochic acids. Pretreatment with diallyl sulfide significantly reduced the incidence of

malignant tumors (primarily forestomach tumors) but did not affect the incidence of

papillomatosis or hyperplasia. The authors concluded that pretreatment with diallyl

sulfide was associated with a delay in conversion of papillomas to malignant forestomach

tumors.

Table 4-7. The modifying effects of diallyl sulfide on aristolochic acids-induced

hyperplastic lesions and tumors in male BD-6 rats

Incidence (%)

Organ Lesion N AA AA + DAS1 | AA + DAS2
Forestomach | hyperplasia 20 17 (85) 14 (70) 16 (80)
papillomatosis 20 | 20(100) 19 (95) 12 (60)
squamous-cell carcinoma or sarcoma 20 9 (45) 2 (10)** O***
Urinary hyperplastic urothelium 20 8 (40) 529 7 (35)
bladder papillomatosis 20 4 (20) 2 (10) 3 (15)
transitional-cell carcinoma 20 1(5) 0 0
Thymus thymoma 20 2 (10) 0 0
total tumors® 20 | 12 (60) 2 (10)** Q***

Source: Hadjiolov et al. 1993.
AA = aristolochic acids (Group 1: 10 mg/kg b.w. by gavage twice weekly for 12 weeks); DAS1 = 1 dose
of diallyl sulfide before each AA dose (Group 2: 150 mg/kg b.w. by gavage 4 h before); DAS2 = 2 doses
of diallyl sulfide before each AA dose (Group 3: 150 mg/kg b.w. by gavage 4 and 24 h before).
**P < 0.01; ***P < 0.001 significant by the chi-square test compared with Group 1.
*The sum of squamous-cell carcinoma or sarcoma, transitional-cell carcinoma, and thymoma.

Cosyns et al. (1998) exposed groups of 8-week-old male and female Wistar rats to

aristolochic acids (44% aristolochic acid I and 56% aristolochic acid II) or to a weight-

loss regimen of herbal ingredients that contained aristolochic acids. In the first

experiment, 8 male and 8 female rats were given aristolochic acids at a dose of 10 mg/kg

b.w. in olive oil by gavage for 5 days a week for 3 months. The control group (6 males

and 6 females) received the vehicle only. All animals were sacrificed 3 months later. In

the second experiment, groups of 8 male and 8 female rats were given an herbal mixture

designed to mimic the weight-loss regimen associated with the Belgian epidemic of CHN

(i.e., AAN) (see Section 3.1.1). These rats received weekly intradermal injections of

artichoke extract and euphyllin, and herbal pills were dispersed in olive oil and
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administered through a gastric tube. The bulk of the herbal pill consisted of Magnolia
officinalis powder and powder prepared from the Chinese herb identified as Stephania
tetrandra but which contained aristolochic acids (91% aristolochic acid I and 9%
aristolochic acid II) at a concentration of 2.2 mg/g. The estimated daily dose of
aristolochic acids from the weight-loss regimen was 0.15 mg/kg b.w. [This was about 10
times the average daily intake of aristolochic acids (0.015 mg/kg b.w.) reported by
Cosyns et al. (1999) for the individuals treated at the Belgian clinic; see Section 3.1.1.]
Exposure lasted for 3 months, and the animals were sacrificed 11 months after exposure
ended. The control group (8 males and 8 females) received only the vehicle by gastric
tube and saline-solution injections. Mortality was not affected by exposure to aristolochic
acids or the herbal mixture; however, four rats exposed to aristolochic acids (2 of each
sex), 8 rats exposed to the herbal mixture (4 of each sex), and 4 control rats (1 male and 3
female) died accidentally. Tumor incidence data are shown in Table 4-8 and discussed

below. P-values were not reported for tumor incidence data

In the experiment with aristolochic acids, body-weight depression was observed in the
exposed males but not the exposed females. Male rats developed more tumors than
females. Tumors of the forestomach, small intestine, and kidney were the most prevalent
in male rats. Other tumors observed included one transitional-cell sarcoma of the bladder
and 1 fibrosarcoma of the heart. All male rats in the exposed and control groups
developed benign and malignant hyperplasia of the prostate. Forestomach papillomatosis

and tumors of the small intestine or kidney occurred in female rats.

Body weight was not affected by exposure to the herbal mixture. Forestomach papillomas
and squamous-cell carcinomas occurred in male rats given the weight-loss regimen but
not in controls. One female rat exposed to the herbal mixture developed a forestomach

papilloma; however, this tumor also occurred in two female rats in the control group.
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Table 4-8. Tumor incidence [and %] in Wistar rats exposed to aristolochic acids or an herbal weight-loss regimen for 3
months and held up to 6 months (aristolochic acid) or 11 months (weight-loss regimen)

Urinary
Dose Forestomach Small intestine Kidney Bladder Heart
(mg/kg leiomyo- angio- osteo- carci- fibro-
Exposure |Sex (N)| b.w.) |papilloma| carcinoma | sarcoma | sarcoma | sarcoma | adenoma malignantb noma sarcoma
Aristolochic | M (6) 0 0 0 0 0 0 0 0 0 0
acids M (6) 10 5183.3] 3 [50] 5[(83.3] 3 (50) 1[16.7] 4[66.7] 0 1[16.7]| 1][16.7]
F (6) 0 0 0 0 0 0 0 0 0 0
F (6) 10 5183.3] 0 2 [33.3] 1[16.7] 0 0 2 [33.3] 0 0
Weight-loss | M (7) 0 0 0 0 0 0 0 0 0 0
regimen® M (4) 0.15 2 [50] 2 [50] 0 0 0 0 0 0 0
F (5) 0 2 [40] 0 0 0 0 0 0 0 0
F 4) 0.15 1[25] 0 0 0 0 0 0 0 0

Source: Cosyns et al. 1998.
“Included a mixture of various herbs and other treatments that was designed to mimic the weight-loss regimen prescribed at the Belgian clinic in the early 1990s.
®Malignant tumor of unclear histogenesis
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Groups of 24 male Wistar rats (4 weeks old) were given daily subcutaneous (s.c.)
injections of aristolochic acids (40% aristolochic acid I and 60% aristolochic acid II) at a
dose of 1 or 10 mg/kg b.w. in polyethylene glycol for 35 days (Debelle et al. 2002). The
control group (18 rats) was injected with a 50:50 mixture of distilled water and
polyethylene glycol. All rats received a single intraperitoneal (i.p.) injection of
furosemide at a dose of 4 mg/kg b.w. 1 week before the start of aristolochic acids
exposure and were maintained on a low-salt, normal protein diet. Six animals from each
group were killed on days 10 and 35 for renal function and histological analyses.
Surviving rats were observed until day 105. Kidney, lung, liver, and skin (at the injection
site) were fixed for histologic examination, and blood and urine samples were collected.
Body weight was depressed in the high-dose group. The high dose of aristolochic acids
was associated with nephropathy, including tubular atrophy and interstitial fibrosis.
Urothelial dysplasia was observed in both the low- and high-dose groups by day 10, and
low-grade urothelial carcinoma of the renal pelvis was detected in 3 rats in the high-dose
group by day 105. In addition, malignant fibrohistiocytic sarcoma developed at the
injection site in 2 of 6 rats in the low-dose group and in 7 of 11 rats in the high-dose

group that survived until the end of the study.

Hwang et al. (2006) investigated the subchronic toxicity of aristolochic acids and
aqueous extracts of dried fruits from A. contorta (described as A. fructus by the authors)
in male and female Sprague-Dawley rats (4 weeks old). Ten rats per sex per group were
administered daily doses of extracts of A. fructus at 0, 21.35, 213.5, or 2,135 mg/kg by
gavage for 90 days and were killed at the end of the treatment period. These doses were
equivalent to 0.05, 0.5, and 5 mg/kg of aristolochic acids. Other groups were dosed with a
mixture of aristolochic acids (44% aristolochic acid I and 56% aristolochic acid II) at 0,
0.05, 0.5, and 5 mg/kg for 90 days. There were significant decreases in body-weight gain
in the high-dose groups compared with controls. No excess mortality was reported in the
treatment groups, and clinical signs, hematology, and serum biochemistry in the
treatment groups and controls were similar. Two male rats in the A. fructus high-dose
group and one male rat in the aristolochic acids high-dose group developed carcinoma of
the transitional epithelium of the renal pelvis. Forestomach papillomas and carcinoma

occurred in both sexes in both high-dose groups. Results are summarized in Table 4-9.
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Table 4-9. Tumor incidences in Sprague-Dawley rats treated with extracts of A.
fructus or aristolochic acids for 90 days and killed at the end of the treatment period

Tumor incidence [%]*
Sex Dose Carcinoma Forestomach Forestomach
Treatment (N) (ma/kg) (Renal pelvis) papilloma Carcinoma
A. fructus M (10) 0 0 0 0
extract 21.35 0 0 0
213.5 0 0 0
2135 2 [20] 71[70] 3 [30]
F (10) 0 0 0 0
21.35 0 0 0
213.5 0 0 0
2135 0 8 [80[] 2 [20]
Aristolochic M (10) 0 0 0 0
acids 0.05 0 0 0
0.5 0 0 0
5 1[10] 9 [90] 9 [90]
F (10) 0 0 0 0
0.05 0 0 0
0.5 0 0 0
5 0 10 [100] 1 [10]

Source: Hwang et al. 2006.
a .. .
Statistics not provided

4.3  Two-stage study
Rossiello et al. (1993) noted that aristolochic acids are known to be carcinogenic in the

forestomach, renal pelvis, and urinary bladder but not the liver of the rat. The authors
speculated that aristolochic acids were not carcinogenic in rat liver because the doses
tested were not necrogenic. To test whether aristolochic acids were necrogenic to rat
liver, male F344 rats [age not reported] were administered a single i.p. injection at a dose
of 10 mg/kg b.w. [the authors did not report whether they used aristolochic acid I or a
mixture of aristolochic acids I and II]. Control animals were injected with 0.9% saline,
and a positive-control group was administered carbon tetrachloride in corn oil by gavage.
Rats were sacrificed at 24, 48, and 72 hours after injection, and livers were processed for
histological examination. Another experiment was designed to test whether aristolochic
acids would initiate development of hepatic foci and nodules when coupled with a liver-
cell proliferative stimulus. Rats were given i.p. injections of aristolochic acids at 10
mg/kg b.w. 18 hours after undergoing a partial hepatectomy. After a 1-week recovery

period, the rats were divided into two groups, one maintained on the basal diet (control)
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and the other on basal diet containing 1% orotic acid as a promoter. Rats were killed at 10

weeks or 10 months after exposure to aristolochic acids.

An i.p. dose of aristolochic acids at 10 mg/kg b.w. was not necrogenic to rat liver.
However, the second experiment demonstrated that the non-necrogenic dose of
aristolochic acids was capable of initiating hepatic foci. Glutathione-S-transferase 7-7
positive (GST") foci were detected at 10 weeks in rats given orotic acid as a promoter. At
10 months, all rats in both groups exposed to aristolochic acids had GST" foci, but the
incidence of liver nodules was higher in the promotion group (75%) than the control
group (14%) (Table 4-10). The authors reported that the nodules were histologically
similar to those generated by genotoxic carcinogens and that they exhibited significantly
higher incorporation of tritiated thymidine than the surrounding liver tissue; however, no

statistical analyses were reported.

Table 4-10. GST" foci and nodules in livers of male F344 rats initiated with
aristolochic acids (10 mg/kg b.w) after partial hepatectomy and promoted with 1%
orotic acid®

No. of foci Eer cm? % of rats % of rats with No. of nodules
Exposure + SD with foci nodules® per rat
AA +BD 7.8+4.9 100 14 1
AA +0OA 7.7+4.0 100 75 4+1

Source: Rossiello et al. 1993.

AA = aristolochic acids, BD = basal diet, OA = orotic acid.

“Rats received aristolochic acid 18 hours after 2/3 partial hepatectomy and were allowed to recover for one
week before receiving diet with orotic acid (AA + OA group). Rats were killed at 10 months.

"Means of 5 to 6 animals.

“The number of animals was not reported.

4.4 Rabbits

Cosyns et al. (2001) noted that rats given aristolochic acids or a mixture of herbal drugs
in their study in Wistar rats (Cosyns et al. 1998) did not develop chronic nephrotoxicity,
despite developing digestive and urinary tract tumors. Therefore, they investigated the
chronic toxicity of aristolochic acids (44% aristolochic acid I and 56% aristolochic acid
IT) in another animal model (female New Zealand White rabbits, 15 weeks old) to
determine whether aristolochic acid