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Abstract

In recent years, aristolochic acid has been promoted vigorously as the causal agent of the
Balkan endemic nephropathy because of similarities to some other nephropathies,
association with DNA adducts and a perception of human exposure via bread. Critical
evaluation of the literature exposes flaws in these aspects, and there has been consistent
failure of experimental toxicology to mimic either the slow silent bilateral atrophy of the
Balkan disease or the transitional cell carcinomas in the upper urothelium. It seems yet
premature to promote the curious Balkan disease as aristolochic acid nephropathy without
the epidemiological rigour necessary in biomedical research.
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Introduction

Resolution of idiopathy in human disease
has challenged physicians and research
scientists since Robert Koch (1) defined
experimental rigour for attributing microbial
aetiological agents to the important plagues
of tuberculosis, cholera and anthrax. Koch’s
postulates apply equally in plant pathology
and, with suitable paraphrasing, in
toxicology. Re-emphasis of the continuing
need for rigour across diagnostic medical
practice in general has been marked by the

Royal Society of Medicine by re-publishing
the seminal paper by Hill (2) recently in its
journal (3).

The curious syndrome of Balkan endemic
nephropathy (BEN) has commanded much
thought, study, conjecture, experiment and
controversy since its recognition in the
mid-1950s. Restricted location within parts
of Bulgaria, Yugoslavia and Romania
represented marked geo-political isolation
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Key points

e Balkan endemic nephropathy (BEN) and
associated cancer is a unique entity.

e Equating BEN with  Aristolochia
poisoning needs proof of exposure and
mimicry.

e Aristolochia exposure
BEN  homes is
contradicted.

e Balkan ethnobotanical use of Aristolochia
clematitis infusions is not focal in BEN
homes.

o Lifetime aristolochic acid/DNA adducts
in tumour do not prove carcinogenesis.

e Mimicking the silent renal atrophy and
urothelial cancer in animals is elusive.

calculation for
erroneous and

that spanned isolation from Western
Europe through the Ilatter half of the
century and the regional disturbances of
the Yugoslav wars of the 1990s. It was even
forbidden to admit to its occurrence in
Romania in the Ceausescu era, whereas in
Bulgaria the inhabitants of an endemic
village (Karash) were relocated to a
nonendemic area close to Sofia, in an
attempt to cover up the problem. However,
following a visit to the hyperendemic village
of Erghevitza, the disease was publicised
(4) and putative aetiology was discussed,
including a passing consideration of
Aristolochia (Birthwort). This arable weed
plant, Aristolochia clematitis, is endemic in
many parts of Eastern Europe and was
known to be toxic to horses (5). Since
1961, food spoilage moulds (6) had become
recognised as sources of some potent
environmental toxicants, Barnes and
Austwick (7) at the Medical Research
Council Toxicology Unit in UK researched
the focal nephrotoxicity of common Balkan
Penicillium moulds isolated from a
Romanian nephropathy village.
Concurrently, Krogh (8) in Denmark was
experimentally  attributing  the new
mycotoxin ochratoxin A, originally sourced
from a South African Aspergillus, as
causing the chronic nephropathy plaguing
the Danish bacon industry in the 1970s
although the Danish source of ochratoxin
A was yet another Penicillium mould.
Through plausible aetiological
extrapolation to the chronic Balkan renal
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disease (9), ochratoxin A became a major
focus of research concerning nephropathy
in pigs and poultry and became a concern
as potentially being a risk factor for human
nephropathy. General food-safety concerns
escalated when the 1989 National
Toxicology Program report showed this
toxin to be the most potent renal
carcinogen for the male rat (10). However,
there was then no established case of acute
or chronic human poisoning with
ochratoxin A, and this situation persists.
Meanwhile in Western Europe, a local
epidemic of ‘Chinese herbs nephropathy’ in
Belgian women in the 1990s, also in some
cases leading to urothelial cancer, was
attributed to a formulation error in a
Chinese herbal slimming medication
involving accidental inclusion of Asian
material in which aristolochic acids (AA)
were the characteristic alkaloid (11).
However, Aristolochia spp. have long
formed a part of the oriental Materia
Medica in herbal formulations (12), and the
general toxicity and carcinogenicity of AA
were already well established in animals
(13, 14) and occasionally in the orient.
From initial consideration of AA’s putative
involvement in BEN, a considerable
research literature is now asserting that
the Belgian nephropathy and BEN are both
AA nephropathy (15). It is time to make
objective evaluation of that bio-medical
literature; we do it from quite long personal
experience and because of continuing need
for evidence-base in epidemiology (16).

Experimental attempts to mimic the
Belgian ‘Chinese herbs nephropathy’

Early attempts to find an experimental
animal model for the Belgian disease used
female rabbits (17). Daily intraperitoneal
delivery of a mixture of AAs I and II (0.1
mg/kg b.w., ratio: 44:56 and determined
as non-lethal) to 12 animals for up to or
nearly 2 years caused marked glucosuria
and proteinuria, extensive renal tubular
atrophy and interstitial fibrosis in a context
of reduced feed intake and poor
concomitant growth. One rabbit died, but
three developed urinary tract tumours (one
in situ renal cell carcinoma in two outer-
medullary nephrons, one tubulopapillary
adenoma (5 x 13 mm) and one high-grade
transitional cell carcinoma in mid-ureter
together with an extensive peritoneal
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papillary malignant mesothelioma invading
the submesothelium). Concerning the
latter, and in view of earlier findings (13,
14) of stomach tumours in response to
gavage administration of a high dose of AA
to rats, repeated intraperitoneal
administration to the rabbits may have
first caused the mesothelioma from which
the ureter tumour was a metastasis.
Discrimination between the latter two
neoplasms by immunohistochemistry had
not been done; if archived tissues still
exist, this could resolve the inter-
relationship. All the rabbit pathology above
had arisen from a dosage regimen six times
greater than that estimated for the human
intake leading to  Chinese herbs
nephropathy. Notably, a gavage
administration of much higher dose in rats
(10 mg/kg b.w.) 5 days per week for 3
months had previously (18) caused no
nephropathy, but significant squamous cell
tumours were observed at the point of
delivery (forestomach) 3 months later. A
60-fold lower dose (0.15 mg/kg b.w.),
mimicking the rate implicit in the Belgian
women’s slimming regimen, led to one or
two stomach tumours. Therefore, neither
rat nor rabbit seems to be a perfect model
here, at least for wurothelial tumours.
Nevertheless, the rabbit experiment was
judged to support a causal role alone for
AA in the Belgian disease. However, daily
intraperitoneal injection, although
experimentally convenient, is hardly
desirable ethically or scientifically to mimic
oral/dietary exposure.

Further aetiological application of
experimental rabbit study to BEN is
difficult because of the even greater

disparity between the dosage used (17) and
the mis-calculated estimate of the amount
Balkan nephropathy subjects’ exposure to
A. clematitis seeds in bread (19) if exposure
was to match that in Asian contexts where
some herbal medicines contain AA.

towards
urothelial

Experimental AA
mimicking BEN
tumours

exposure
and/or

The slow bilateral renal atrophy of BEN and
the development of urothelial tumours often
appear to be concurrent processes, but the
former probably arises first. A common cause
is assumed in Chinese herbs nephropathy,
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though not universally accepted (20), but
there is increasing recognition that chronic
kidney disease itself may be a risk factor for
cancer (21). Thus, it is prudent to keep an
open mind concerning ‘association’ (22)
between the renal atrophy and the cancer in
the renal pelvis or upper ureter, whether
directly caused by a single toxic entity
common to all BEN cases or multifactorial or
regionally distinctive. In this context, we refer
to our metabolomic findings (23) that
illustrated significant difference between BEN
cohorts in the Vratza region of Bulgaria and
the Dobreta Turnu Severin region in
Romania, but not between control groups.

Seriousness of outcome during the Belgian
epidemic, extending also to a few cases in
UK involving both renal disease and
urinary tract cancer, presented a scenario
that had interesting parallel with BEN,
except for the relatively much longer time-
span in the latter. Nevertheless, although it
could be desirable to mimic the slow silent
bilateral renal atrophy of BEN, preferably
with the characteristic general preservation
of glomerular structure until a late stage of
disease, this would be huge experimental
challenge. There had been no US National
Toxicology Programme study on AA to
provide guidance, and this is still the case.
Therefore, short-term animal experiments,
expected to reveal obvious outcomes such
as tumourigenesis, have been made.

First experiment addressing the mysterious
aetiology of the BEN was made by Ivic (24).
Occasionally, this seminal work is cited
(25), but there are several exceptions (11,
20, 26) and particularly the recent
International Agency for Research on
Cancer (IARC) monograph (27). The full
article of the Ivic is very difficult to source,
which may account, for example, for De
Broe (28) also not mentioning the notable
rat experiment that appears since not to
have been included in considering a
putative role of AA in BEN. Ten albino rats
had been given injections of an aqueous

percolate of A clematitis seeds.
Unfortunately neither the percolation
method, quantitative dose, frequency

(single or daily) of administration, nor any
description of route (intraperitoneal or
subcutaneous) and anatomical site(s) is
given. However, rapidly growing
polymorphocellular  sarcomas  became
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evident in all rats at injection sites within 3
months; these were the only tumours
found. Ivic also describes an experiment
with rabbits, given powdered A. clematitis
seeds per os at a minimum daily dose of 20
mg powder/kg b.w. for up to 14 months.
Within a month, proteinuria became
evident and renal histology already showed
changes in  peripheral sub-capsular
tubules together with some tubular
epithelial repair and ‘enormous nuclei’.
Thereafter, histopathological changes
progressed, whereas the kidney surface
became corrugated, but no renal tumours
were seen. All these pathologies were
probably due to AA although contrary to a
statement (22) that Ivic found AA in wheat
flour, the original publication refers only to
the plant seeds because alkaloid analysis
was not available. It is however possible to
estimate a daily AA intake by applying a
6.5 mg/g value for A. clematitis seeds (19).
This translates to 130 pg AA/kg b.w., of an
order similar to that used in the study of
Cosyns et al (17), also in the rabbit.
Nevertheless, no urothelial tumours
occurred.

The only experiment to yield significant
proliferative nephropathy is that Cui et al
(25) who gave AA I to 14 female Sprague
Dawley rats for 3 days (total dose 150
mg/kg b.w.). Rats were sluggish and
anorexic for a week. Six months later,
proliferations within renal tissue
(unilateral or bilateral), designated by the
authors as pre-neoplastic lesions,
occurred in 13/14 rats in the form of
nodules, the smallest of which were
already 2-3 mm in diameter, whereas
larger ones extended through the capsule.
Four unilateral renal tumours occurred,
designated as an oncocytoma, and three
mesenchymal tumours, but notably, there
were no transitional cell tumours in
urothelia. Consequently, the experiment
could not support a tumourigenic activity
that modelled the transitional cell
carcinomas associated with BEN, even
after a large acute insult from AA 1.
Nevertheless, the range of renal neoplastic
proliferations in these rats was striking.
Their extent of genetic change might have
been revealed by comparing measurement
of DNA ploidy distribution in these
kidneys with the marked aneuploidy
found in rat renal tumours arising from
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chronic dietary exposure to ochratoxin A
(29), but this could not be arranged.

Pharmacokinetic study of the AA-
containing Chinese herb medication Radix
Aristolochiae in beagle dogs (5-6 Kg)
involved either a single intragastric

administration or daily doses for up to 6
months (30). Dosage of the AA component
on a body weight basis was not defined,
but may be implied from the study of Bao-
Ping et al (31) as 2.5 mg/kg b.w.. After a
single (fasted) dose, the short plasma half-
life was not more than one hour. During
the chronic dosing study, there were
several unscheduled deaths and significant
renal histopathological changes occurred,
as expected from doses in the mg/kg b.w.
range. After one month’s dosing, no toxin
was detectable in plasma, although by 3 or
6 months, a value of ~0.3 ug/ml was
recorded. A month after dosing had ceased,
no AA was detected in plasma. Because
canines are often used for chronic toxicity
tests in humans, the tendency of AA not to
accumulate in vivo, even during high daily
dose, raises questions about the
pharmacokinetics of small occasional
human exposures, especially with a very
short plasma half-life. In any case, it would
be interesting, relative to findings in our
recent rat study (32), whether
immunohistochemistry could similarly
reveal cryptic pre-neoplastic renal lesions
in the canines above (30) studied after 6-
month exposure to intragastric AA.
Presumably, authors of the canine study
may still have wax blocks of the kidneys.

AA/DNA adducts

Schmeiser et al (33) extended earlier
toxicological works (13, 14), by
demonstrating DNA adducts in organs of
Wistar rats after five doses of AAT or AA II
(as sodium salt, 10 mg/kg/day by gavage).
Adducts were found, for example, both in
forestomach, where AA-derived tumours
can occur, and in liver where they do not
occur, though unfortunately blood was not
analysed. Only AA II produces adducts in
bladder, where some extension of ureter
transitional cell epithelium  occurs.
Notably, authors perceived no direct
correlation between adduct formation and
carcinogenesis. Further research (34)
followed the same dosing regimen with AA 1
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to 40 male Wistar rats 5 days a week for 12
weeks. Thereafter over 15 weeks,
papillomatosis was evident in the stomach
of all decedent or euthanized animals, and
squamous cell carcinomas were evident in
18 animals in forestomach alone, in ear
duct alone (normally very rare) or together.
Additionally, 58% of rats developed
adenocarcinomas or sarcomas in the small
intestine. In one rat, with squamous cell
carcinoma in the stomach and a small
carcinoma in intestine, adenocarcinoma
also occurred in kidney, but was not
further attributed either as a primary
tumour or as a metastasis. Clearly, that
treatment had been highly carcinogenic in
response to a large cumulative dose (~600
mg/kg b.w.). Nevertheless, there were no
urothelial tumours.

In the context of the Belgian nephropathy,
Cosyns et al (11) cite that AA feeding in the
rat generates apparently lifelong AA/DNA
adducts (35). The abstract of the latter
study states that a 13.8-mmol AA dose (4.7
g, presumably an error) generated renal
adducts for up to 36 weeks. Further, in the
study of Fernando et al (35), it is cited (36)
that six presumably morbid kidneys
removed from Belgian Chinese herbs
nephropathy  patients had AA/DNA
adducts up to 44 months after the end of
the contaminated herbs consumption.
Concurrently reported, an approximately 1-
mg oral dose of AA I sodium salt had been
given to male Wistar rats (200-240 g);
AA/DNA adducts were detected in kidneys
up to 36 weeks later in spite of notable
quantitative decay during the first month.
Thus, a similar residual adduct situation
probably prevailed in the study of Cui et al
(25). However, lifelong adduct persistence
in adult rats (11) has not been confirmed
experimentally; the data had been obtained
after a moderately large acute oral dose of
AA (5 mg/kg b.w.). Other literature
indicates that AA has a very short plasma
half-life (30).

Recent finding of DNA adducts in kidneys
of several Belgian cases of AA nephropathy
more than 20 years after the original
adulterated Chinese herbs exposure had
ceased to be remarkable (37). However, just
finding the biomarker in human tissues is
an imprecise indicator of when exposure
may have occurred, and also whether the
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pattern observed could have been
generated during a long period of
occasional exposure. It is not known
whether ‘old’ adducts retain the capacity to
yield a mutation through mis-repair, but if
so, it would be important to know the
distribution of adducts across organs and
tissues and how that fits with where
tumours arise. We have no problem with
the formation of AA/DNA adducts in vivo
after ingestion of AA, one of us having
produced them in rat kidney for an EC
project, but apparent omission to analyse
non-renal tissues in most publications on
AA toxicity reflects poor design. Adducts
can persist for up to 9 months also in rat
kidney after a single, quite large, 5 mg/kg
b.w. dose (38), but more helpful data after
low-dose chronic exposure are
unfortunately lacking.

Several recent publications have tabulated
AA-DNA adducts in tissues of Belgian
‘Chinese herbs nephropathy’ patients, BEN
urothelial tissues and more widely in animal
studies (39-42). Surprisingly, no adduct
analysis of blood seems to have been made,
even where blood samples have been taken
(42, 43), ignoring the intimate opportunity
for access of toxin to nucleate leucocytes.
An analogous situation has prevailed
concerning OTA for many years although
the presence of DNA adducts in blood has
recently been reported (44). Consequently,
for AA-DNA adducts, there remains general
uncertainty about reported quantitative
measurements in vascularised tissues. A
very recent publication (45) reports
enhanced AA-DNA adduct formation by OTA
in rats, with indirect implication for ideas
about OTA in BEN tumourigenesis. This
had already been recognised generically (46)
for OTA on account of common complex
aneuploidy in rat renal/OTA tumours and
Romanian @ BEN  urothelial tumours.
However, it is important to remember that,
although mis-repair of adducts can be a
route to cancer, occurrence only indicates
exposure, and exposure is an important
dimension of satisfying Koch’s postulates in
epidemiology.

Natural exposure to AAs for residents of
BEN villages

Attribution of historic AA exposure of BEN
patients to AA to contaminated bread (19)
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has already been discussed critically (23),
and we illustrated occurrence of A.
clematitis in the Romanian village of
Erghevitza, which is historically notable as
hyperendemic for BEN, and described
some local ethnobotanical usage of leaves
of the plant in preparations for both
internal and external use. However, a
question arises whether it is plausible that
prospective BEN patients in certain
households in specific Balkan villages had
been consuming bread each day made from
a wheat flour component containing, for
each person, approximately seven mature
seeds (150 mg) of A. clematitis, during at
least the past seven decades, whereas
other neighbours in mosaic format have

not. Because there are diametrically
opposing publications concerning A.
clematitis contamination of wheat in

Croatia (19, 47), it is regrettable that this
matter has not been resolved since it arose
from the same city. At least it seems that
the weed does not usually produce ripe
seed at the time of wheat harvest. Even if a
second generation of blooming and seed
formation in A. clematitis occurs during the
year, this wusually takes place in
September, long after the wheat harvesting
season. It is unfortunate that medical
epidemiology has not thought laterally and
agriculturally in this topic. Thus, it is
astonishing that in the past decade, so
much medical and scientific opinion
accepts a deduction, that is without any
factual quantitative basis. The seven-fold
mis-calculation factor (19) of hypothetical
intake of AA in bread in BEN households
via ‘co-mingling of seed with wheat’ is of
the same order as the rat lifetime dose
range for ochratoxin A (OTA) to cause
either a high incidence of renal tumours or
none (10, 48). This is a significant
dose/response relationship. Not just one
(as proposed, 19) but seven mature seeds
would need to have been in the daily bread
intake of a particular person in a
hyperendemic BEN village, and still the
error is  perpetuated (49). Simple
independent  agricultural survey in
hyperendemic BEN villages across the
Balkans could easily reveal the natural
growth dynamics between wheat and its A.
clematitis weed. Concurrent measurement
of AA biosynthesis in fruits of all stages
between and within the branching plants
will easily show a real relationship between
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a value of 0.65% AA in ripe seed (19) and
the value in seed within A. clematitis plants
that might occur at wheat harvest. Even
published illustration shows temporal
disconnect between a ripe wheat crop and
green immature A. clematitis (50). Already,
Ivic had recorded (24) that in the 1960s, A.
clematitis was common as an agricultural
weed in some wheat fields near a
nephropathic area in what is now Southern
Serbia. In contrast, the weed was mainly
restricted to field edges, roadsides and
barren land surrounding the highly
nutritious soils of the Voivodina located
north-west of Belgrade, at the latitude,
topography and elevation in which are
there other hyperendemic BEN hotspots.
Ivic had never seen A. clematitis in the
corn-fields of the Voivodina.

A very recent publication (51) raises a new
question as to whether AA can cause renal
cell carcinoma because AA adducts
(exclusively dA-AL-I) were found in peri-
tumoural cortex of patients in non-BEN
Romanian counties receiving sparing
surgery for renal cell carcinoma. Adducts
were not found in comparable tissues from
non-Balkan  locations. Unfortunately,
analogous experimental animal findings
cannot be attributed to AA because no
consistent analogous urological tumours
have yet been caused. Claims for renal cell
carcinoma causation are cautious, partly
because no AA exposure via contaminated
bread could reasonably be envisaged,
although ethnobotanical sources might
easily cause sufficient intake to generate
persistent AA/DNA addicts. However,
authors did not cite (25) as being the only
description of experimental AA renal
neoplasms although hardly mimicking
renal cell carcinoma. They also omitted the
rather obvious deduction that consistent
traces of AA adducts in kidney cortex of
non-BEN area residents of southern
Romania disconnect the occurrence in BEN
patients from having compelling diagnostic
value for BEN tumour aetiology. Notably,
AA has not caused renal carcinoma in the
rat (33). Thus, the absence of a DNA
adduct with dA-AL- II [lacking the methoxy
substituent of AA I] (51) could be
consistent with the perceived hypothetical
relevance of dA-AL- [ to renal cell
carcinoma aetiology. However, AA I is a
preferred toxin for modelling BEN in view of
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current popular focus on A. clematitis as its
cause (25, 32).

Attempt to mimic rat mnephropathy
findings of Cui et al (25)

We have recently sought to repeat the
general protocol of Cui et al (25) in strain
and gender of seven rats, gavaged dose on
a body weight basis, frequency and route of
administration and duration thereafter,
and subsequent study of pathology (32). In
the study of Cui et al (25), AA1l (>95 %
purity) had been isolated from Aristolochia
manshuriensis Kom, predictably similar to
the commercial AA1 we used (32). However,
our rats were likely to have had only their
first oestrus (52). They were therefore a
little younger when dosed than rats in the
study of Cui et al (25), but were retained a
month longer to compensate, predictably
even to improve finding tumours.
Therefore, the absence of any gross
neoplasms in that study, particularly in
stomach and throughout the urinary tract,
or of microscopic evidence of tumours in
kidney sections stained with H & E, are in
spite of giving the quite large AA insult
(cumulative semi-acute AA dose 150 mg/kg
b.w.). Presumably, AA/DNA adducts could
still have been detectable there; we had
anticipated at least one renal tumour.
However, immunohistochemical probing of
renal sections for p-S6 ribosomal protein
(42) revealed proliferation in a proximal
tubule closely matching the morphology of
a classical pre-neoplastic lesion (53) but
quite different from the illustration as
shown by Cui et al (25). It is of concern
that corroboration of Cui et al (25) was not
possible; also our concept of a pre-
neoplastic lesion is very different. The pre-
neoplastic proliferation is also reminiscent
of the periphery of a matching small
neoplastic lesion in a rat given protracted
exposure to dietary OTA (Figure 2A in 54).
Extensive serial sectioning and
immunohistochemical staining for S6
protein in our present AA rat kidneys
might have revealed other examples if
resources had been available.

Female Sprague Dawley rats were also
exposed continuously to infusion of A.
clematitis leaves as drinking water for 6
months without any clinical effect or renal
histopathology (42). The cumulative dose
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was several times greater than the acute
dose given in the study of Cui et al (25).
Although only on a pilot scale, tolerance of
AA in drinking water (nearly 1 mg daily)
hardly encourages expectation of health
risk to humans of Balkan ethnobotanical-
scale exposure. Nevertheless, tumour
absence might represent a low-dose part of
a thresholded dose/tumour incidence
curve, based on log dose/response
relationships for chemical carcinogens for
which nephrocarcinogenic OTA is the
perfect model (55), albeit via chronic
exposure. Of course, there is yet no
experimental basis for this concerning AA.
In the context of thresholded
carcinogenesis, Kuiper-Goodman et al (56,
Figure 1) illustrate National Toxicology
Program rat renal cancer data for OTA (10)
that at first sight matches the principle
elaborated in the study of Waddell (55).
However, the graphical plot is extrapolated
awkwardly to zero as if the carcinogenic
principle was not thresholded,
unfortunately failing to cite issues raised in
the study of Waddell (55). Such literature
might adversely influence expectations
concerning AA in competing attitudes to
the two carcinogens OTA and AA as
aetiological candidates for BEN
tumourigenesis. In further development of
the threshold principle (55), it was
concluded that a logarithmic function for
adducts does not predict a threshold for
adduct formation; functionally, a threshold
is crossed when pre-neoplastic foci appear.
Further, adducts may be present without
any progression to pre-neoplastic foci, and
pre-neoplastic foci may be present without
progression to tumours. Until firm
experimental data become available, such
as through a lifetime exposure toxicology
study, it may be wise to regard AA as
conforming to the principle in the study of
Waddell (55). Hence, assuming that the
urothelial carcinogen in BEN is AA, even
when verified quantitative exposure is
uncorroborated and may be vanishingly
small, is as unsound for clinical medicine
as is the selective use of literature in the
scientific work.

The present diagnosis of a pre-neoplastic
lesion in the outer medulla 7 months after
AA exposure ceased raises the question of
whether DNA adducts had persisted there
instead of in the transitional cell lining of
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the renal pelvis, to model a human BEN
tumourigenesis. Of course, adducts may be
everywhere in a body, and more
comprehensive study is required. Further,
it is important not to be mis-led by the
IARC monograph (27) concerning rat
tumours in the renal pelvis because we are
unable to find verification of this in the
cited literature (13, 14, 18, 34, 57).
Further, finding AA-DNA adducts in renal
cortex of only 70% of BEN cases [56% in
males, 80% in females] (42) hardly justifies
the claim that AA is the cause of both the
bilateral renal atrophy and any urological
tumour found during nephroureterectomy
in BEN patients. Koch’s postulates would
not have been satisfied. In any case,
human renal pelvis tumours should have
been analysed for DNA  adducts,
considering that tubular epithelium in
renal cortex is not a conventional site for
BEN-associated renal tumours. Association
is a dangerous word in epidemiology.

It is notable that in the Belgian
nephropathy, an average cumulative AA
intake was of the order of 0.6 g over about
20 months, after which it was 2-6 years
before urothelial malignancy was
discovered in some women. In contrast,
even the full development of renal failure
after BEN diagnosis may take 15-20 years.
Because only after a fatal accident might
early transitional cell proliferation in
urothelia be recognised in a ‘potential’ BEN
patient, its place in the BEN syndrome
dynamics is unclear and the temporal
duration of tumourigenesis is unknown
although probably it can be measured in
years. In any case, the present intense
focal over-expression in rats of p-S6
ribosomal protein in a key urological site
for tumourigenesis provides perhaps for
the first time a biomarker of AA-induced
malignancy other than near-administration
sites associated with severe local toxicosis.
The latter may be regarded as an artefact
of high-dose experimentation, but attempts
to translate directly to BEN circumstances
might require completely unreasonable
quantitative exposure to AA.

We are not yet aware of genome data on any
other urological cancer of plant or fungal
toxin origin, such as the abundant rat renal
tumours from OTA (10), with which to verify
a unique diagnostic signature claimed (58,

Aristolochic acid and the Balkan endemic nephropathy

59) for AA in BEN tumours. It is
unfortunate that other tumours in BEN
cases, e.g. in lung caused by tobacco
smoke, seem not yet to have been studied.
For example, would that mutational
signature in a lung tumour implicate AA as
the cause, as tentatively perceived for renal
cell carcinoma (51)? Would that
transformation represent the initial genome
error in a pre-neoplastic lesion, or part of
the progression of changes during tumour
growth? A more comprehensive study of
human tumourigenesis in Balkan
nephropathy hyperendemic foci is needed
concerning risks from AA exposure from
whatever firmly measured source. The
present uncertainties do not help in
predicting that AA causes the urothelial
tumours in BEN patients, even if this was
so in the Belgian herbs cases with high and
protracted AA intake. This is particularly so
because evidence of focal dietary AA
exposure in BEN hyperendemic villages is
unreliable and the intake via ethnobotanical
practices is probably only on a homeopathic
scale and also occurs in geographically
unrestricted, beyond the boundaries of the
BEN areas.

Conclusions

Disconnect between putative animal models
and human urothelial susceptibility to AA
tumourigenesis may of course be an
inescapable natural barrier in
experimentation. Indeed, the alarm caused
over 20 years ago by the discovery of OTA as
the most potent renal carcinogen in the
male rat (10), with the potential commercial
impact on pig kidney, cereals, beer, coffee
and red wine as risk commodities for
human urological disease, is hardly justified
with  hindsight. There is no clearly
documented case of human ochratoxicosis,
and no case of experimental transitional cell
carcinoma from OTA in an animal model
that might link it with BEN. Notably, it is
important not to be confused by transitional
cell hyperplasia, a non-neoplastic and non-
metastasising proliferation within the renal
pelvis, illustrated  for  chronic rat
ochratoxicosis in a classic renal toxicology
text (Figure 11 in 60) although not sourced
from the cited reference (10).

Consequently, we are not yet persuaded
that AAs caused and continue to cause
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BEN, because uncertainty abounds in
satisfying rigorous epidemiological criteria
concerning exposure to the toxin,
interpretation of DNA adduct findings,
specificity of a molecular signature and all
the work with putative animal models. BEN
deserves thoughtful, objective, rigorous and
even humble approach to its epidemiology.
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