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Abstract Chinese herbs nephropathy (CHN) is a rapidly progressive interstitial ne-

phropathy reported after the introduction of Chinese herbs in a slimming regimen
followed by young Belgian women. It is characterised by early, severe anaemia,
mild tubular proteinuria and initially normal arterial blood pressure in half of the
patients. Renal histology shows unusual extensive, virtually hypocellular cortical
interstitial fibrosis associated with tubular atrophy and global sclerosis of glo-
meruli decreasing from the outer to the inner cortex. Urothelial malignancy of
the upper urinary tract develops subsequently in almost half of the patients.

Suspicion that the disease was due to the recent introduction of Chinese herbs
in the slimming regimen was reinforced by identification in the slimming pills of
the nephrotoxic and carcinogenic aristolochic acid (AA) extracted from species
of Aristolochia. This hypothesis was substantiated by the identification of pre-
mutagenic AA-DNA adducts in the kidney and ureteric tissues of CHN patients.
Finally, induction of the clinical features (interstitial fibrosis and upper urothelial
malignancy) typical of CHN in rodents given AA alone removed any doubt on
the causal role of this phytotoxin in CHN, now better called aristolochic acid
nephropathy (AAN).
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AAN is not restricted to the Belgian cases. Similar cases have been observed
throughout the world, but AA is sometimes incriminated on the basis of the
known content of AA in the herbs. The possibility remains that in some indi-
viduals in whom AA has not been demonstrated, other phytotoxins might be
implicated.

Biological and morphological features of AAN are strikingly similar to those
reported in another fibrosing interstitial nephropathy of still unknown aetiology,
Balkan endemic nephropathy (BEN). Interestingly, AA was incriminated as the
cause of BEN many years ago, a hypothesis yet to be fully explored. The intake
of AA and the presence of tissular AA-DNA adducts in patients with an unequiv-
ocal diagnosis of BEN remains to be demonstrated.

The tragic phenomenon of CHN, recognised only 10 years ago, has been at
the root of significant research and progress both in nephrology and oncology. It
has provided a fascinating opportunity to understand the link between a fibrosing
interstitial nephropathy and urothelial carcinoma. It allows the categorisation of
interstitial nephritis on the basis of histological findings, of initiating toxic sub-
stances and of associated clinical features. Finally, it has led to the withdrawal in
several countries of a previously unsuspected carcinogenic and nephrotoxic sub-

stance.

1. Breakthrough

During the first half of 1992, Vanherweghem et
al.l'l were puzzled by the discovery in Brussels,
Belgium, of several young women under the age of
50 years who developed end-stage renal disease due
to interstitial nephritis. All patients had followed the
same slimming regimen at the same clinic in Brus-
sels, suggesting that it was the cause of the nephrop-
athy. The regimen, prescribed since 1975 apparently
without untoward effects, included intradermal
injections of artichoke extract and euphyllin, and
pills containing fenfluramine, diethylpropion, me-
probamate, powders of pancreas, of laminaria and
of cascara, fucus extracts, and acetazolamide (table
I). From May 1990 onwards, the pancreas and lam-
inaria powders along with the fucus extract were
replaced by belladonna extract and two herbs
imported from China, Magnolia officinalis and
Stephania tetrandra, raising the hypothesis that
these herbs were responsible for the development
of the disease. The disease was initially designated
as ‘Chinese herbs nephropathy’ (CHN).[?!

© Adis Infernational Limited. All rights reserved.

Table I. Slimming regimens (values presented in mg) [reproduced
from Vanherweghem et al.,['l with permission from Elsevier Science.
The Lancet 1993; 341: 387-91]

Formula 1 Formula 2
(1975- (May 1990-
May 1990) May 1992)
Injection?
Artichoke extract 0.2 0.2°
(chophytol S)
Euphyllin 0.5 0.5
Capsule A°
Fenfluramine 17-25 17-25
Diethylpropion 17-25 17-25
Meprobamate 0-50 0-50
Capsule B°®
Pancreas powder 100 0
Laminaria powder 50 0
Fucus extract 50 0
Cascara powder 20-150 20-150
Acetazolamide 25-45 25-45
Belladonna extract 0 1-2
Stephania tetrandra 0 100-200
Magnolia officinalis 0 100-200

a Intradermal injection once a week.
b Withdrawn July 1991.

¢ Three times a day, orally.

Drug Safety 2003; 26 (1)
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2. Clinical Data

Characteristically, the disease runs a subacute
course despite cessation of toxic exposure, with
initially normal blood pressure in half of the pa-
tients, early severe anaemia, normoglycaemic glu-
cosuria and mild tubular proteinuria. The urine
sediment is usually normal. Aseptic leucocyturia
is found in half of the cases.3-%1 The rate of pro-
gression of renal failure is significantly related to
the duration of the slimming regimen!*! and to the
cumulative dose of S. tetrandra,l”l and inversely
related to the interval between withdrawal of Chi-
nese herbs and diagnosis.[*! Corticosteroid therapy
has been claimed to slow the progression of renal
failure.8]

3. Pathology

The interstitial fibrosis initially reported on the
basis of a few renal biopsies!'! has been sub-
sequently integrated into a unique pathological
picture!?9! (figure 1): extensive hypocellular inter-
stitial sclerosis, tubular atrophy and global glomer-
ular sclerosis decreasing from the outer to the inner
cortex, including the columns of Bertin; mild to
severe hyalinisation, fibromucoid or fibrous inti-
mal thickening mainly of interlobular arteries, and
normal or collapsed residual glomeruli. The possi-
bility of the subsequent development of urothelial
malignancy was suggested by the constant pres-
ence of mild to moderate atypia of the epithelial
lining of the collecting ducts and of the pelviurete-
ric urothelium discovered in nephroureterectomy
specimens.[210.11] Indeed, foci of papillary and in
situ transitional cell carcinoma were observed in
two of these patients in both pelves and ureters, and
in one of the pelves, respectively.l'>!13] These find-
ings were confirmed in several patients’ native
kidneys and ureters at the time of renal transplan-
tation or shortly thereafter: urothelial malignancy
was indeed observed in 40-46% of patients with
CHN mainly in the upper urinary tract.[1%-11]
Clearly, the ingested Chinese herbs also had a car-
cinogenic effect on the urothelium.

© Adis Infernational Limited. All rights reserved.

4. Differential Diagnosis

The association of interstitial fibrosis with
urothelial atypia and malignancy is reminiscent of
two other nephropathies, analgesic nephropathy
(AN) and Balkan endemic nephropathy (BEN).

A history of long-term analgesic consumption
distinguishes AN from the other nephropathies.
Like CHN, classic AN is characterised by marked
early anaemia and slowly progressive renal im-
pairment.['51 Blood pressure level is influenced by
the degree of renal failure. Overall it is elevated,
usually mildly, in 40-50% of the patients. In con-
trast to CHN, sterile pyuria is present on urinaly-
sis!®! and renal colic, with occasionally reversible
acute renal failure and macro- or microscopic hae-
maturia, is occasionally reported. The latter results
from sloughing and elimination of necrotic papillae.

On morphological grounds, the hallmark of
classic AN is diffuse renal papillary necrosis, a
feature that is absent in CHN. Papillary necrosis
starts in the mid-papilla and may subsequently be-
come calcified and associated with secondary
patchy cortical areas of interstitial fibrosis and tu-
bular atrophy leading to cortical retractions. In
contrast to the situation in CHN, these areas con-
tain inflammatory cells, are not predominantly
subcapsular and spare the columns of Bertin.['7]
On renal imaging, both kidneys are atrophic, with
bumpy contours and papillary calcifications. To-
gether with a history of analgesic abuse, these
features are taken to be diagnostic of AN.[!8] In
CHN, renal atrophy is homogeneous with very few
mild cortical retractions and no calcifications.[?)
Urothelial cancer of the upper urinary tract associ-
ated with urothelial atypia is frequently found in
AN, but with a lower incidence (5-24%) than
in CHN.[20.21]

In contrast to AN, the analogy between CHN
and BEN is striking on clinical and on histological
grounds. Blood pressure is elevated in around 40%
of patients with advanced renal failure.?? In both
conditions, anaemia develops early and may be
severe,[?3] and mild tubular proteinuria, glucosuria
and aseptic leucocyturia are found.!>-%241 Upper

Drug Safety 2003; 26 (1)
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Fig. 1. Kidney section of patient with end-stage Chinese herbs nephropathy. (Top) Diffuse atrophy of cortex (C) including columns
of Bertin (B) down to the renal sinus. Slight involvement of the pyramids (M). (Haematoxylin and eosin stain, x 4). (Bottom left):
Hypocellular interstitial fibrosis and tubular atrophy are more marked in medullary ray (arrows) and the outer cortical labyrinth. Tubules
are still visible in the inner cortical labyrinth (arrowhead). [Periodic acid-Schiff stain, x 30]. (Bottom right): Severe fibrous intimal
thickening of interlobular artery. Acellular interstitial sclerosis with few atrophic tubules. (Hematoxylin and eosin stain, x 280) [repro-
duced from Cosyns et al.,>' with permission from Blackwell Publishing. Kidney Int 1994; 45: 1680-1688; Kidney Int 2001; 59:

2164-2173].

urothelial cancer develops with the same frequency
(40%)25] and is associated with atypia, a constant
finding in CHN. The pathological lesions of CHN
are amazingly close to those of BEN: both kidneys
are symmetrically small and shrunken, with a
smooth outline. On histological examination there
is widespread remarkably acellular or hypocellular
interstitial fibrosis and tubular atrophy associated

Adis International Limited. All rights reserved.

with only focal mononuclear cellular infiltration
and either normal or globally sclerosed glomeruli.
Fibrotic changes are more conspicuous in the cor-
tex than in the medulla and progress from the sub-
capsular area to the deep cortex.[26-31 Interest-
ingly, interlobular fibroelastosis, which is absent
to moderate in early stages of CHN! and found in
only 35% of pre-uraemic BEN kidney samples,[26]

Drug Safety 2003; 26 (1)
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is a symptom that becomes severe in later stages
of both diseases,[>3%] suggesting that it is second-
ary to the progressive kidney destruction.

Several differences between the two diseases
should be pointed out. BEN is characterised by a
familial™3-331 and an environmental clustering.[?>!
The sex ratio in BEN is approximately 1 : 1, in
contrast to the female preponderance in CHN. The
latter probably reflects the almost exclusive fe-
male attendance at the slimming clinic. Progres-
sion towards end-stage renal failure is more rapid
in CHN (a few months) than in BEN (decades).[25]
Finally, the development of urothelial malignancy
requires a much longer exposure in BEN: induc-
tion times of 20 and 27 years, respectively, have
been calculated for renal pelvic and urinary blad-
der carcinomas associated with BEN.I*# In con-
trast, in CHN, exposure to the toxic slimming reg-
imen averaged 20 months with a delay between the
end of the regimen and the discovery of urothelial
malignancy ranging from 2 to 6 years.['%!1] The
single pathological difference between the two dis-
eases lies in the more extensive and constant in-
volvement of the columns of Bertin in CHN than
in BEN.[30.35]

The similarities between CHN and BEN sug-
gest a common aetiological agent. As discussed in
section 5, aristolochic acid (AA), the mutagenic
and nephrotoxic alkaloid extracted from the plant
Aristolochia,30#11is the main cause of CHN. It has
also been incriminated many years ago in the gen-
esis of BEN,[*2l a hypothesis yet to be fully ex-
plored.[24344]

5. Aetiology

The aetiopathogenesis of CHN has been dis-
puted. Serotonin, a vasoconstrictive agent en-
dowed with renal interstitial fibrotic properties, !
claimed to be injected at the time of mesotherapy
in CHN patients,*®47] as well as the concomitant
consumption of analgesics or of ochratoxin A
(OTA) [both fibrogenic and carcinogenic sub-
stances] have been incriminated but not con-
firmed. Renal failure with or without urothelial

© Adis Infernational Limited. All rights reserved.

carcinoma has been observed in some CHN pa-
tients despite the absence of mesotherapy or of
regular analgesic or tobacco consumption./!!]
OTA was not identified in the pills used in the
slimming cure.l!l Only a small number of renal
tissue samples contained weakly positive OTA-
related DNA adducts.[11-48]

The possibility of confusion between Chinese
herbs by the Chinese export company was initially
entertained but, at first, neither OTA nor AA was
found in the capsules taken by the patients.!'l How-
ever, the Chinese Medicinal Material Research
Center at the Chinese University of Hong Kong
quickly recognised Aristolochia fangchi, a non-
prescribed AA-containing herb, in a sample of
Chinese herbs imported into Belgium under the
name of S. tetrandra (fangji).[*! Tetrandrine, the
alkaloid present in the latter herbs, was not found
in the slimming pills,l'! whereas variable amounts
of AA were subsequently identified in 10 of 12
batches of so-called S. tetrandra herbs imported in
Belgium;%! the absence of AA in the original pill
samples was attributed to analytic difficulties. The
maximal daily dose of AA has been estimated at
0.025 mg/kg bodyweight for an average of 13
months!!!>11 These observations supported the hy-
pothesis that AA had inadvertently been included
in the slimming pills perhaps as a result of confu-
sion between ‘fangji’ and ‘fangchi’ and that this
nephrotoxic and carcinogenic alkaloid was the
cause of CHN.! The role of AA remained to be
further evaluated.

5.1 Aristolochic Acid

AA is the active principle extracted from
Aristolochia.!>® The roots or thizomes provide
0.24-0.40% essential oil, tannin, resin, B-sito-
sterin, allantoin and a yellow, bitter and acidic
substance, designated as AA. AA is a mixture of
structurally related nitrophenanthrene carboxylic
acids, 8-methoxy-6-nitro-phenanthro-(3,4-d)-1,3-
dioxolo-5-carboxylic acid (AAI) and 6-nitro-
phenanthro-(3,4-d)-1,3-dioxolo-5-carboxylic acid
(AAII), differing from each other only by one

Drug Safety 2003; 26 (1)
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Fig. 2. Metabolic transformation of aristolochic acid (AA)l and AAll (reproduced from Krumbiegel et al.,[5% with permission from Taylor
and Francis Group. Xenobiotica 1987; 17: 981-91; www.tandf.co.uk/journals). Dotted arrow indicates a postulated reaction.
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methoxy group (figure 2). Besides these major
components, extracts of species of Aristolochia
also contain several derivatives such as aristo-
lactams predominantly’®3 and AAIII, AAllla,
AAIV and AAIVa in minor quantities.[34-5%1 Most
importantly, analysis by high pressure liquid chro-
matography of the so-called S. tetrandra herbal
powder used to prepare the slimming pills showed
that AA was actually present within the natural
mixture, as both AAI and AAII were found in two
of the three tested samples.[>7->8]

AA has been used in Europe, South America
and the Far East as herbal medicine in obstetrics,
in the treatment of tumours, and especially in folk
medicine as snake venom antidotes.[%0-2] During
the last century, AA was used for its antiviral, anti-
bacterial and antineoplastic properties.[63-65]

There is little information in the literature re-
garding the metabolism of AA in mammals.[06] Af-
ter oral administration of AAI and AAII to several
species, Krumbiegel et al.’®] showed that most AA
metabolites in urine and faeces were reduction
products (figure 2).

Under aerobic conditions, AAI is extensively
demethylated into AAla and then reduced to
aristolactam Ia, a stable metabolic end-product.
Under anaerobic conditions a minor amount of
AAIl is reduced to aristolactam I and eventually to
aristolactam Ia. In contrast, AAII is not metabo-
lised aerobically. Under anaerobic conditions, it
undergoes a rapid reduction of the nitro group to
the amino derivative and subsequent ring closure
to aristolactam II. Only a minor amount of aristo-
lactam II is subsequently transformed: after a single
dose of AAII, only trace amounts of aristolactam
Ia can be found in urine and faeces.[>"]

Reductive replacement of the nitro group of
AAI or AAII produces aristolic acid I and 3,4-
methylenedioxy- 1-phenanthrenecarboxylic acid,
respectively. Demethylation of aristolic acid pro-
duces 3,4-methylenedioxy-8-hydroxy-1-phenan-
threnecarboxylic acid. Whether the latter com-
pound can also evolve from AAII awaits further
elucidation.

© Adis Infernational Limited. All rights reserved.

Metabolic transformations of AA differ among
species. Rats and mice show identical metabolite
patterns. In contrast, urine samples of guinea-pigs,
rabbits, and to an even greater extent dogs and
humans, do not yield all the metabolites identified
in rats. Metabolites produced by reductive replace-
ment of the nitro group of AAI and AAII are found
in rats, mice, guinea-pigs and rabbits, but not in
dogs and humans.[>!

5.2 Evidence for the Aetiological
Role of Aristolochic Acid in Chinese
Herlbs Nephropathy

AA is a known nephrotoxic agent inducing
acute renal failure and tubular lesions in several
species; acute tubular damage has been reported
after a single intravenous injection of 1 mg /kgl¢7]
inrabbits and after less than 1 mg/kg/day for 3 days
or more in humans.[%8] A similar effect in rats and
mice requires administration of much higher
amounts: 20 and 30 mg/kg, respectively.[%] Dogs,
cats, frogs and porpoises do not develop acute tu-
bular lesions after AA administration.[67]

AA is also a potent carcinogen in rodents. Its
mutagenicity has been established in several short-
term tests.[3¥-411 Time- and dose-dependent multi-
systemic tumours have been observed in rats and
mice after long-term oral intake of AA.[36:371 All
rats given a daily oral intake of 10 mg/kg develop
tumours within 3 months, mainly in the fore-
stomach and bladder.

Mutagenic and carcinogenic effects of AA are
associated with the formation of AA-DNA ad-
ducts.l’% Nitroreduction of AA is essential to pro-
duce the DNA-binding species.l’®! Using the 32P-
postlabelling assay,”! Pfau et al.l’?) demonstrated
that on metabolic activation both in vitro and
in vivo in various rat organs, AA binds covalently
to the exocyclic amino group of DNA purine
nucleotides, leading eventually to the formation
of DNA adducts. In vitro, DNA adducts are pro-
duced by the reaction of enzymatically activated
AA with 3’-purine phosphonucleosides.[”?l Enzy-
matic activation of AA may be achieved by butter-

Drug Safety 2003; 26 (1)
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milk xanthine oxidase, rat DT-diaphorase, nicotin-
amide adenine dinucleotide phosphate: cytochrome
P450 (CYP) reductase, CYP1A1 and CYP1AZ2, per-
oxidases and ram seminal vesicle prostaglandin-H-
synthase.[°®! These adducts obtained in vitro were
assigned to the 7-(deoxyadenosin-NO°-yl)-aristo-
lactam I (dA-AAI), the 7-(deoxyadenosin-N°-yl)-
aristolactam II (dA-AAII), the 7-(deoxyguanosin-
NZ2-yl)-aristolactam I (dG-AAI) and the 7-(deoxy-
guanosin-N2-yl)- aristolactam II (dG-AAII) and
have been used as reference compounds for iden-
tification and quantification of DNA adducts in the
target organ (forestomach) of male Sprague-
Dawley rats treated orally with AA.[7!1 The pattern
produced included dA-AAI, dA-AAII, dG-AAI
and dG-AAIL"? According to the structure of the
formed AA-DNA adducts, an intermediate cyclic
nitrenium ion with a delocalised positive charge is
postulated as the ultimate electrophilic species
binding to the exocyclic amino groups of purine
nucleotides.[°0731 It is noteworthy that the lifelong
persistence of AA-DNA adducts in AA-treated an-
imals makes their detection in tissues a valid bio-
logical marker even years after cessation of AA
exposure.[!1:57]

5.3 Carcinogenic Potential of
Aristolochic Acid

The suspected aetiological role of AA found in
the slimming pills was substantiated by the 3%P-
postlabelling method and cochromatographic ana-
lyses with authentic markers: AA-DNA adducts
were identified in the kidney tissue of patients with
CHN. One major DNA adduct was identified as
dA-AAI and two minor DNA adducts as dG-AAI
and dA-AAII, respectively, in all of eight kidney
samples and in one ureter removed from six pa-
tients a mean of 20 months [range 9—44] after the
end of the slimming regimen.7! These DNA ad-
ducts were absent in six control end-stage kidneys
from patients with various renal diseases different
from CHN. These specific adducts are similar to
those reported in the DNA of AA-treated rats, the
dA-AAI being the major adduct.[”!] These results

© Adis Infernational Limited. All rights reserved.

have been subsequently confirmed in a second,
larger series of CHN patients with a longer interval
between the end of AA exposure and the nephro-
ureterectomy.l'!l As a result, the levels of AA-
DNA adducts were lower (levels of predominant
adduct, dA-AAI, equal to 70-530 and 1.2-165 per
10° nucleotides in the first and second series, re-
spectively). The detection of specific DNA adducts
up to 89 months after toxic exposure suggests non-
reparable genomic lesions. This is in line with the
apparently life-long persistence of AA-DNA ad-
ducts in the kidneys of rats given AA.I57-741 Alto-
gether these findings conclusively demonstrate
that CHN is associated with the intake of AA and
that the amount of AA is sufficient to alter cellular
DNA. The absence of OTA in the slimming pills
used in the slimming curel!! and the finding of only
a small number of renal tissue samples weakly pos-
itive for OTA-related DNA adducts in tissue sam-
ples taken late as well as shortly after renal trans-
plantation indicate that OTA does not play a key
role in CHN.[1148]

Specific DNA adducts within the genomic DNA
have an important biological significance as pre-
mutagenic lesions providing a pathophysiological
clue for the associated urothelial atypia and can-
cer.[111] This has been verified for the principal
AA-DNA adduct found in the tissues of CHN pa-
tients, the dA-A Al adduct.['1:57.73] C-Ha-ras proto-
oncogenes are activated with high frequency by an
A — T transversion mutation in codon 61 from
CAA to CTA in AAl-induced forestomach carci-
nomas in rats.l’®! ‘In vitro’ primer extension stud-
ies with site-specifically adducted oligonucleo-
tides containing AA-DNA adducts suggest a
higher mutagenic potential of adenine adducts than
of guanine adducts.[””1 The p53 tumour suppressor
gene is overexpressed in malignant urothelial cells
of 4/4 CiS and/or papillary transitional cell carci-
noma developed in CHN patients,!'” a finding that
suggests this gene is mutated in AA-associated ma-
lignancy. Sequencing analysis of the papillary
transitional cell carcinoma resected from the blad-
der in one CHN patient showed the existence of an

Drug Safety 2003; 26 (1)
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A — Ctransversion and of a G — A transition mu-
tation in exon 7 of p53; in codon 230, ACC (Thr)
is mutated to CCC (Pro), and in codon 248, CGG
(Arg) is mutated to CAG (GlIn) [C. Lurquin, per-
sonal communication]. This result has to be further
investigated by the analysis of p53 mutations in a
large number of urothelial tumours from CHN pa-
tients. Of note, codons 248 and 230 for exon 7 of
human p53 were found to be, respectively, a strong
and weak AA-DNA binding site in vitro.[’8 It is
of interest to note that codon 248 of p53 is a mu-
tational hotspot in many tumours, whereas muta-
tion in codon 230 has been reported only once so
far.[79.80]

The mechanism of the carcinogenic activity of
AA remains to be determined.[%0] Site-specifically
synthetic adducted oligonucleotides obtained in
vitro after modification with AAI and AAII have
been used as templates in primed DNA replication
reactions with prokaryotic (sequenase)’”! and eu-
karyotic (human pol )8 DNA polymerases.
Analysis of nucleotide incorporation directly
across from all AA purine adducts showed a pref-
erential incorporation of dCMP opposite the
deoxyguanosine adducts. In contrast, no preferen-
tial incorporation of dAMP and dTMP was found
opposite the deoxyadenosine adducts. These find-
ings suggest that the mutagenic potential of AA
results from dAMP incorporation by DNA poly-
merase opposite the adenine adducts. This is in line
with the frequent A — T transversion mutation
observed in the c-Ha-ras gene of AA-induced
tumoral cells in rodents.

5.4 Nephrotoxic Potential of
Aristolochic Acid

In contrast to the well known acute nephrotoxic
and carcinogenic effects of AA, little is known
about its chronic nephrotoxicity. NZW rabbits
given AA intraperitoneally 0.10 mg/kg/day for
17-21 months develop not only urothelial atypia
(at 17 and 21 months) and malignancies (at 21
months) but also impaired renal function (at 16
months) and extensive interstitial fibrosis (at 17
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months) which is hypocellular and presents a con-
spicuous decreasing corticomedullary gradient of
intensity, two characteristic features of CHN.I4!
The intensity of the renal lesions varied between
animals and allowed a more refined pathological
analysis. The mildest lesions concerned the
straight part (S3) of the proximal tubule of super-
ficial nephrons; more severe lesions further in-
volved the convoluted parts (S1, S2) of the proxi-
mal tubule, also of superficial nephrons. The most
severe lesions also affected the proximal tubules
of the deep nephrons. These data are compatible
with a toxic effect of AA on tubular cells, first of
the S3 and then of the more proximal S1 and S2
segments of proximal tubules with an attendant in-
terstitial fibrosis. The preferential involvement of
superficial nephrons might account for the cortico-
medullary gradient of interstitial fibrosis. In con-
trast, normal rats given a higher dosage of AA
orally (10 mg/kg/day) for 3 months developed
urothelial atypia and malignancies 3 months later
but no renal failure or interstitial fibrosis.[>8 In rats
given an intraperitoneal AA dose of 5 mg/kg/day
for 4 months, renal dysfunction and hypocellular
interstitial sclerosis developed at 4 and 6 months,
respectively. Neither a corticomedullary gradient
for fibrosis nor urothelial atypia and tumours are
reported.[82] In previously dehydrated rats, AA
10 mg/kg/day given subcutaneously during 35
days increased serum creatinine (at day 10) and
produced interstitial fibrosis (at day 35) with
marked lymphocytic infiltration and without doc-
umented evidence of a characteristic cortico-
medullary gradient. Urothelial atypia and malig-
nancies were reported at days 10, 35 and 105 and
malignancies at 3 months.!l The variation in in-
terstitial fibrosis induced by AA in rats might
result at least in part from different routes of ad-
ministration.

The cellular mechanisms of AA toxicity have
been recently delineated!®3! in an established
model of proximal tubule cells, the OK cell line. A
transient exposure to AA significantly decreases
expression of megalin, forms specific DNA ad-
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ducts similar to those found in kidneys from CHN
patients, and permanently inhibits tubular protein
reabsorption.!83] Whether a DNA mutation is also
responsible for the kidney-destructive fibrotic pro-
cess awaits further elucidation. It is of interest to
note that p53 mRNA expression is increased in
both kidneys of rats with a unilateral ureteral ob-
struction, suggesting that p53 is also involved in
renal fibrosis.[34]

The relevance of these rodent models of chronic
AA intoxication to the understanding of CHN
should now be examined. The presence of exten-
sive flattened proximal tubular cells in CHN pa-
tients(?°1 associated in the two last animal models
with interstitial oedema is reminiscent of acute tox-
icity studies.l67-691 Repeated proximal tubule epi-
thelial cell damage might lead to inflammation and
fibrosis. The early development of tubular protein-
uria and glucosuria observed in CHN patients and
in these AA-treated animals together with the re-
ported adult onset of Fanconi syndrome in patients
after the consumption of Chinese herbs containing
AABI strongly suggest that proximal tubule
cells play a key role in the pathogenesis of CHN
lesions. Several other findings are common to
CHN patients and AA-treated rodents: arterial
blood pressure remains normal;!'*] serum creati-
nine increases;!!41:821 mild tubular proteinuria de-
velops; 1451821 normoglycaemic glucosurial!4>1]
and anaemial!4! are noted; and upper urinary tract
cancer and urothelial atypia develop.l'*>! Interest-
ingly, arterial and glomerular lesions are absent in
rodents,!1451] whereas arteries are normal in the
early stages of CHN.P] Fibroelastosis of the inter-
lobular arteries is present in all patients with end-
stage CHN.P?1 These data are compatible with the
hypothesis that the renal vasculature is not the
primary target of AA toxicity but that vascular
lesions are secondary to the progressive kidney
destruction.

Some differences between CHN patients and
AA-treated rodents should be pointed out. CHN
patients progress to end-stage renal failure within
a few months or years, whereas serum creatinine
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levels rise slowly in AA-treated rodents!!#-82 un-
less they are dehydrated, which accelerates renal
functional impairment.’3!1 The daily dosage of AA
used is highest in rats, 200—400 times that calcu-
lated in CHN patients,[!!>1 and lower in rabbits (4
times that calculated in CHN patients). This could
reflect interspecies differences in the susceptibility
to AAI%7] due to differences in the metabolic trans-
formation of AA between humans and rodents.[>!
Alternatively, the toxicity of AA might have been
potentiated in humans by the other compounds
contained in the herbal preparation. Urothelial
malignancies develop earlier in humans (2-6
years)[!011] than in rodents when their respective
life expectancies are taken into account.

Taken together, the experimental data and the
clinical observations are compatible with the fol-
lowing hypothetical scheme. AA induces tubular
cell lesions in the S3 and subsequently in the S1
and S2 segments of proximal tubules, initially in
the superficial and later in deep nephrons, with an
attendant interstitial hypocellular fibrosis with a
striking corticomedullary gradient. These tubular
lesions account for the various tubular disorders
encountered in CHN. AA does not initially affect
the vasculature but progressive renal destruction is
associated with secondary arterial lesions. The mu-
tagenic potential of AA is responsible for the de-
velopment of urothelial malignancies. Whether it
is also involved in the tubular lesions remains to be
explored.

6. Time to Abandon the Term
Chinese Herbs Nephropathy

Compelling evidence now demonstrates that
CHN is not restricted to the young women given
the suspected slimming phytotherapy. The world-
wide use of AA since antiquity indicates that the
pathological picture of CHN has not been recog-
nised in the past and that the Belgian epidemic is
only ‘the tip of the iceberg’.[3-91:92] This assump-
tion has been confirmed by two recent observa-
tions made in China and in the UK. A Chinese
woman presented with clinical features of subacute
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interstitial nephritis after consumption of pills
bought in Shanghai (Pan Long Yun Hai Pharma-
ceutical Co. Ltd, Chuxiong City, China).[3] The
components mentioned on the package insert were
root of Panax quinquefolius (Xiyangshen), root of
Cynanchum otophyllum (Qingyangshen), root of
Rubia yunnanensis (Xiaohongshen), rhizome of
Rheum officinale (Dahuang), leaf of Nelumbo
nucifera (Heye) and others, without mention of
Aristolochia. Renal biopsy disclosed hypocellular
interstitial fibrosis with severe tubular atrophy.
Glomeruli were either globally sclerosed or nor-
mal by light microscopy. AA was identified in the
pills and the major AA-DNA adduct, dA-AAI has
been demonstrated in a fragment of the frozen kid-
ney biopsy. A second woman, living in the UK,
developed rapidly progressive interstitial nephritis
after 2 years’ treatment of eczema with a herbal
preparation Mu Tong (Aristolochia manshurien-
sis) containing AAs.!”! A preterminal renal biopsy
sample showed a virtually hypocellular cortical in-
terstitial fibrosis typical of CHN. Three years after
renal transplantation she developed multifocal
urothelial malignancies of both native pelves and
ureters. dA-AAI was demonstrated in native ure-
teric and renal tissue samples.[®>) None of the other
substances contained in the Belgian slimming cure
were ingested by these two patients; they are thus
not required to induce CHN lesions. Thus, the mor-
phological and biological features of CHN ob-
served in rodents given AA alone, together with
these two last observations, remove any doubt con-
cerning the aetiological role of AA in the genesis
of CHN. Therefore, the interstitial nephropathies
in which the unequivocal role of AA has been fully
demonstrated should better be called AA nephrop-
athy, or AAN. This term is preferred to the term
CHN not only for scientific reasons,[®3! as it points
more precisely to the culprit, but for addressing the
possible prejudicial character of the latter term,
which may imply to readers that Chinese herbs in
general cause renal impairment.[9-981 However,
use of the term AAN requires demonstration of AA
intake and, whenever possible, of a typical renal
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morphological picture including hypocellular in-
terstitial fibrosis with a decreasing corticomedull-
ary gradient together with urothelial atypia and oc-
casional malignancy along with AA-DNA adducts
in the urinary tract tissue.

6.1 Patients with Aristolochic
Acid Nephropathy

Although an accurate number is difficult to es-
tablish because of duplicate publications, more
than 100 patients have developed AAN caused by
the Belgian slimming regimen.[®”) Renal histology,
available in about 50 patients,[1:29-13.48.100] showed
the typical hypocellular interstitial fibrosis with a
decreasing corticomedullary gradient of intensity
in all the cases. Urothelial atypia and malignancy
were found, respectively, in virtually all210-13.48,100]
and in nearly halft!0-13.1001 of the cases. AA-DNA
adducts have been identified in the kidney tissue
in more than 40 patients tested.[!148-57.73]

Itis interesting to note that only a small fraction,
about 3%!191 to 5%,1101 of the patients who fol-
lowed the slimming regimen, developed the dis-
ease. This may result from differences in the con-
tent of AA in the batches of so-called S.
tetrandra,['1% in the patient’s compliance to the
regimen and in the susceptibility to toxic and/or
carcinogenic substances, which is partially deter-
mined by the genetic polymorphism of the cyto-
chrome P450-dependent mono-oxygenases in-
volved in the metabolic activation of toxic
compounds.[192] The effect of the genetic polymor-
phism on the enzymatic activation of AA by pa-
tients with AAN remains to be evaluated. (6]

Outside the Belgian epidemic, at least 65 cases
of CHN have been reported worldwide and most
of these cases could be classified as AAN pa-
tients. The ingested herbs correspond to the fol-
lowing: Mu Tong (A. manshuriensis);[**9>1031 Kan
Mokutsu or A. manshuriensis (‘Tenshin-toki-shig-
yaku-ka-gosyuyu-syokyo-to’[83:88] and ‘toki-shig-
yaku-ka-gosyuyu-syokyo-to’1%4); Aristolochia pisto-
lochia;'%]1 species of Stephania;1%¢-108] 3 Chinese
herbal remedy called Akebia 14;°9 a combination
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of various herbs without mention of the Aristo-
lochia species (content mentioned in section 6)13
and including,®® among others, alismatis rhizoma
[Alisma orientale], ginseng [Panax ginseng], Jap-
anese angelica root [Angelica autiloba], Poria
sclerotium [Poria], atractylodis lanceae rhizoma
[Atractylodes lanceal, Atractylodes rhizome
[Atractylodes japonica] and astragali radix [Astra-
galus membranaceus]); and a Chinese herb mix-
ture named ‘Kidney-Protection’.871 In several
cases, the names of the consumed herbs are not
reported!(80-:88.1091 or are available in Chinese or Jap-
anese characters only.[!10-1121 AA has been identi-
fied in all but threef®8:103.1951 of the herbal prepara-
tions used by these patients. In these cases, we rely
on the identification of the herb and its reputed AA
content. AA intake by the patient reported by Pena
et al.[1%] is likely, since the ingested herb belongs
to the genus Aristolochia. In the cases reported by
Li et al.,[193] the evidence of AA intake is limited
to the possibility that A. manshuriensis was in-
cluded in the Chinese herbal remedy Mu Tong,
whose name may derive from A. manshuriensis
and whose content has proved to be AA in cases of
AAN.1949] Finally, seven of eight patients reported
from the literature in Japan by Tanaka et al.l8] as
CHN patients may be probably classified as AAN
patients, as four of them took ‘Tenshin-toki-
shigyaku-ka-gosyuyu-syokyo-to’ (Kan Mokutsu),
which was found to contain AA in cases of AAN,
and three of them consumed ‘Boui-ougi-to’ and
‘Ryutan-shakan-to’, which may derive from spe-
cies of Aristolochia.

Renal histology available in all of these pa-
tients!85-89.93-95,103-106,109-1111 revealed interstitial
fibrosis which was hypocellular in all the cases.
Because of the small size of biopsy material in the
majority of these cases, the topography of the
interstitial fibrosis is not reported and urothelial
atypia are mentioned only twice.[®3106] Of note,
glomerular mesangial matrix increase and double
contour appearance of capillary walls was seen in
one case.!3% Upper urinary tract malignancy devel-
oped in two cases.[8695] The kidney tissue tested
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for the presence of AA-DNA adducts in two pa-
tients was found to be positive.">%1 Of note,
Fanconi syndrome is reported in few of these pa-
tients.[83-90]

It is also interesting to note that in China, de-
spite the use of AA for centuries, adverse effects
have been only occasionally reported. They may
have been overlooked. Alternatively, they may be
less frequent because AA is given without admix-
ture of Western drugs such as fenfluramine and
acetazolamide, which may have potentiated the
toxicity of AA in the Belgian epidemic. An epide-
miological study collecting anamnestic, clinical,
pathological and molecular data (identification of
AA-DNA adducts in the kidney and urinary tract
tissues) is mandatory before the secular use of AA
is proved innocent.

6.2 Patients with Phytotherapy-Associated
Interstitial Nephritis

After considerable discussion on the Am J
Kidney Dis Discussion Forum (27 January 2001)
and on the NEPHROL e-mail discussion group
concerning whether the term CHN is prejudicial
and should be abandoned,®®! it has been recom-
mended that the term ‘phytotherapy-associated in-
terstitial nephritis’ (PAIN)I®7-98! be used to desig-
nate patients in whom phytotherapy has been
incriminated without the causative agent being
identified. More than 30 such patients, at least,
have been reported.[8:113-1151 One report con-
cerned a 36-year-old female patient who presented
after 6 months of malaise and progressive weight
loss with normal blood pressure (146/90mm Hg),
anaemia (haemoglobin 8.3 g/dl), increased serum
creatinine (203 pumol/L), mild proteinuria (0.78
g/24h) and normal urinary sediment.[''3] Both kid-
neys had a reduced size. Renal biopsy showed
mainly extensive hypocellular interstitial fibrosis
with tubular atrophy. No medical data or history
could account for this progressive renal failure ex-
cept the consumption of Jia Wey Guo Sao pills (six
pills, 3—4 times/day) during the last 7 years until
admission. The pills contained Angelica sinensis
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radix 90mg, Rethmania radix et rhizoma 90mg,
ligustici rhizoma 50mg, Paeonia lactiflore radix
50mg, ginseng radix 35mg, Eucommia cortex
20mg and mel (honey) 165mg. Contamination of
the pills by Aristolochia is unlikely, as the pills
were made from the Chinese plants directly rather
than from the plants reduced to powders, which
makes them all look alike. Renal failure requiring
renal replacement therapy has recently been re-
ported in ten Chinese and 20 Taiwanese patients
after consumption of various unidentified herbs for
various purposes.[!!4115] Finally, one of the pa-
tients reported from the Japanese literature as a
CHN patient had ingested unidentified herbs in-
cluded in ‘health food’ without mention of AA
identification.[®8 Whether phytotoxins other than
AA may cause pathological changes similar to
those of AAN awaits further evaluation. These ob-
servations suggest that PAIN is more common than
previously thought. They demonstrate the neces-
sity of investigating the use of herbal remedies and
their possible toxicity in cases of renal failure of
unknown origin.[!15]

7. Conclusion

The dramatic history in Belgium of AA-
induced nephropathy has led to the withdrawal of
a formerly unsuspected carcinogenic and nephro-
toxic substance. Several countries, including
Canada, Australia, Germany and the UK, banned
the use of herbs containing AA.[11%] It has provided
a fascinating opportunity for understanding the
association between fibrosing interstitial nephrop-
athy and urothelial carcinoma. It has further al-
lowed detection of a worldwide problem, the ex-
tent of which is now under investigation. Finally,
it allows categorisation of interstitial nephritis on
the basis of histological findings, of initiating toxic
substances and of associated clinical features.

The tragic phenomenon of CHN recognised
only 10 years ago has thus been at the root of
significant progress both in nephrology and on-
cology.[3

© Adis Infernational Limited. All rights reserved.
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