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HUMAN AND EXPERIMENTAL FEATURES OF ARISTOLOCHIC ACID
NEPHROPATHY (AAN; FORMERLY CHINESE HERBS NEPHROPATHY - CHN):

ARE THEY RELEVANT TO BALKAN ENDEMIC NEPHROPATHY (BEN)?
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Summary. Chinese herbs nephropathy, a rapidly progressive interstitial nephropathy, has been reported in young
Belgian women given a slimming regimen including Chinese herbs. It is characterized by early, severe anemia, mild
tubular proteinuria, and normal arterial blood pressure. Renal histology shows an extensive, remarkably a- or hypo-
cellular interstitial fibrosis associated with tubular atrophy and global sclerosis of glomeruli with a decreasing
cortico-medullary gradient. A 40% to 46% prevalence of upper urothelial malignancy of the upper urinary tract has
been reported.
The nephrotoxic and carcinogenic aristolochic acids (AAs), extracted from the Aristolochia species, have been
identified in herbs included in the slimming pills. The hypothesis that these alkaloids were the cause of CHN was
substantiated by the identification of pre-mutagenic AA-DNA adducts in the kidney tissue of CHN patients. The causal
role of AAs in CHN has eventually been demonstrated by the induction of the salient biologic and morphologic
features of CHN in rabbits fed pure AAs without other components of the slimming regimen.
Biological and morphological features of human and experimental AA-induced nephropathy are strikingly similar to
those reported in BEN suggesting that AAs play also an etiological role in BEN, a hypothesis considered many years
ago and yet to be fully explored. Confirmation of this hypothesis requires evidence that patients with an unequivocal
diagnosis of BEN have ingested foods containing AAs and harbour AA-DNA adducts in their renal tissue.
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Chinese herbs nephropathy (CHN)
Breakthrough
During the first semester of 1992, JL Vanher-

weghem et al noticed a significant increase in the num-
ber of women who were on hemodialysis in Brussels for
interstitial nephritis (1). All patients were women under
the age of 50 years who had followed the same slim-
ming regimen at Clinic X in Brussels. This nephropathy
is characterized by a subacute course, normal blood
pressure, early anemia, normoglycemic glucosuria and
tubular proteinuria (2). The regimen included intrader-
mal injections of artichoke extract, euphyllin and pills
containing fenfluramine, diethylpropion, cascara pow-
der, acetazolamide, belladonna extract and meproba-
mate as well as two herbs imported from China, Mag-
nolia offcinalis and Stephania tetrandra. These herbs
had been added from May 1990 onwards, raising the
hypothesis that they may be responsible for the intersti-
tial nephropathy.

Pathology
The few kidney biopsies available in the initial re-

port (1) disclosed an interstitial fibrosis. The availability
in 1992-1993 of 4 nephroureterectomy specimens re-
moved at the time of renal transplantation in 3 such pa-
tients allowed us to provide subsequently a more com-
prehensive analysis of the nature and topography of the
kidney lesions. A unique pathological picture emerged
(3) which was confirmed a few months later by others
on the basis of renal biopsies (4): extensive hypocellular
interstitial sclerosis, tubular atrophy and global glo-
merular sclerosis decreasing from the outer to the inner
cortex, including the columns of Bertin; severe fibro-
mucoid to fibrous intimal thickening of mainly inter-
lobular arteries, normal or collapsed residual glomeruli;
constant association with mild to moderate atypia of the
collecting ducts epithelium and pelviureteric urothe-
lium.

The development of urothelial malignancy in one of
the young women (5) strongly supported the suggestion
that the ingested Chinese herbs had a carcinogenic ef-
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fect on the urothelium. We thus decided in 1994 to re-
move both native kidneys and ureters in all patients with
CHN at the time of transplantation or shortly thereafter.
We discovered a 40% prevalence of urothelial carci-
noma in situ (6) and, thus, established the final patho-
logical hallmark of CHN: a constant association of renal
subcapsular, hypocellular interstitial fibrosis with uro-
thelial atypia leading to carcinomas in approximately
40% of the cases. This picture has been recently con-
firmed in a larger series of CHN patients; a similar inci-
dence of urothelial cancer (46%) was found (7).

Etiology
The Chinese Medicinal Material Research Center at

the Chinese University of Hong Kong recognized Aris-
tolochia fangchi, a nonprescribed aristolochic acid
(AA)-containing herb in a sample of the incriminated
herbs imported into Belgium under the name of Stepha-
nia tetrandra (fangji) (8). This prompted Vanher-
weghem et al to look for the presence of AA, the alka-
loid found in the plant Aristolochia, in the herbs im-
ported in Belgium to prepare the slimming pills. Vari-
able amounts of AA were indeed found in 10/12 of
these batches (9). In contrast, no tetrandrine, the alka-
loid derived from Stephania tetrandra, was found. This
raised the suggestion that AA had inadvertently been
included in the slimming pills due to a confusion be-
tween "fangji" and "fangchi" and led to the suspicion
that this alkaloid was the cause of CHN, a hypothesis
disputed by a few others (10-12).

AA is the active principle extracted from Aristolo-
chia plants (13). AA is a mixture of structurally related
nitrophenanthrene carboxylic acids, AAI and AAII be-
ing the major components. Noteworthy, both compo-
nents were found in 2/3 samples of the so-called
Stephania tetrandra herbal powder used to prepare the
slimming pills (14, 15).

AAs have a strong carcinogenic effect in rodents.
The mutagenicity of AA has been established in several
short-term tests (16-19).Time- and dose-dependent
multisystemic tumors have been subsequently docu-
mented in rats and mice after chronic oral intake of AA
(20, 21). After daily oral intake of 10 mg/kg, all rats
developed tumors mainly in the forestomach and blad-
der within 3 months.

Mutagenic and carcinogenic effects were found to be
associated with the formation of pre-mutagenic AA-
DNA adducts (22).

In order to substantiate the suspected etiologic role
of AAs in CHN, we looked in collaboration with the
Heidelberg group for the presence of AA-DNA adducts
in 8 kidneys and 1 ureter from 6 CHN patients. Using
the 32P postlabelling method (23) and cochromato-
graphic analyses (TLC and HPLC) with authentic mark-
ers, we identified 1 major DNA adduct as the 7-(deoxy-
adenosin-N6-yl)-aristolactam I (dA-AAI), and 2 minor
DNA adducts as the 7-(deoxyguanosin-N2-yl)-aristo-
lactam I (dGAAI) and the 7-(deoxyadenosin-N6-yl)-
aristolactam II (dA-AAII), respectively, in all the kid-

ney samples and in the ureter removed from these 6
patients up to 44 months after the end of the slimming
regimen (14, 24). The specificity of these DNA adducts
was established by their absence in end-stage kidneys
taken from 6 control patients with various renal diseases
different from CHN. These results have been recently
confirmed (7). They conclusively demonstrate that CHN
is associated with the intake of AAs and that the amount
of AAs was sufficient to alter cellular DNA. AA’s pre-
mutagenic activity provides a pathophysiological clue as
to the cause of the constant urothelial atypia found in
patients with CHN as well as for the multifocal TCC
observed in 40%-46% of them (6, 7).

In contrast with the well known carcinogenicity of
AA in rodents and with its acute nephrotoxicity charac-
terized by acute tubular necrosis in several species (25-
27), little is known about its potential chronic nephro-
toxicity.

In 1970, Ivic reported the presence of renal intersti-
tial fibrosis but not of urothelial atypia or carcinomas in
NZW rabbits after eleven months of oral intake of
Aristolochia seeds (28). We wondered whether chronic
administration of the alkaloid AA given in isolation, i.e.,
without inclusion of the other substances of the slim-
ming regimen, could induce urothelial malignancies,
renal interstitial fibrosis and the biologic features char-
acterizing CHN. In female NZW rabbits given an AAs
dose equivalent to 10 times that reported in CHN pa-
tients for 17 and 21 months, we found extensive hypo-
cellular interstitial fibrosis with tubular atrophy pre-
dominantly in medullary rays and superficial cortex
(29). It was associated with extensive, mainly proximal,
tubular epithelial cell flattening, interstitial edema and
scanty lymphocytic infiltration. Moreover, urothelial
atypia and a flat high-grade TCC invading the lamina
propria were found in all treated animals and in one 21
months AA-treated rabbit, respectively. AA-treated
animals had glucosuria from 4 months onwards, tubular
proteinuria and a raised serum creatinine level. They
became anemic but remained normotensive. Classifica-
tion of AA-treated rabbits according to the severity of
interstitial fibrosis in the outer cortical labyrinth (OCL)
allowed us to classify the animals into three patterns, all
of which include an extensive involvement of medullary
rays (MR). In pattern I, interstitial fibrosis is almost
restricted to MR and corresponding outer medulla
(OM). This suggests that the initial insult occurs in the
straight part (S3 segment) of the proximal tubules of the
the superficial nephrons. In pattern II, fibrosis extends
to the outer cortical labyrinth (OCL) suggesting subse-
quent involvement of the convoluted parts (S1 and S2
segments) of the proximal tubules of the superficial
nephrons. In pattern III, additional involvement of the
inner cortical labyrinth (ICL) and the corresponding
OM suggests an extension of the injury to the proximal
tubules of deep nephrons. This progression of interstitial
fibrosis provides an explanation for its decreasing inten-
sity from the OCL to the ICL in these animals. Finally,
the kidneys of AA-treated rabbits contained the same
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AA-DNA adducts as those found in the renal tissue of
CHN patients (29).

In conclusion, we have demonstrated in this model
that in addition to their well known carcinogenic activ-
ity, AAs cause renal interstitial fibrosis with several
morphological and salient biological features of CHN.
Moreover, induction of these changes by AAs alone
without association with the other compounds pre-
scribed in the slimming regimen indicate that AAs play
likely a significant role in the pathogenesis of CHN.

Aristolochic acid nephropathy (AAN):
Time to abandon the term CHN.
Several clues suggested that CHN was not restricted

to the young women who followed the suspected slim-
ming phytotherapy. We recently reported a Chinese
female who presented with clinical features of subacute
interstitial nephritis after consumption of pills bought in
Shangai (30). Renal biopsy disclosed mainly subcapsu-
lar hypocellular interstitial fibrosis with severe tubular
atrophy. Glomeruli were either globally sclerosed or
normal by light microscopy. Subsequently, AAs were
detected in the pills and the major AA-DNA adduct,
dA-AAI, was identified in a fragment of the frozen kid-
ney biopsy. This observation of CHN features in a pa-
tient who had been exposed to AAs without having in-
gested the other substances contained in the slimming
regimen together with the recent demonstration that
AAs given to rabbits as a single drug induced similar
features, removes any doubt about the causal role of
AAs in the so-called CHN. We have thus proposed to
designate the interstitial nephritis in which the une-
quivocal role of AAs has been fully documented by the
name of AA nephropathy (AAN). Accordingly, Belgian
epidemy (1-7, 14, 24, 32) and outside patients (30-31,
33) with so-called CHN may be now better called AAN.

Are human and experimental features
of AAN relevant to BEN ?
The association of interstitial fibrosis with urothelial

atypia and malignancy characterizing AAN in rabbits
and humans is reminiscent of another interstitial fi-
brosing nephropathy, the Balkan endemic nephropathy
(BEN). BEN is a chronic tubulointerstitial disease char-
acterized by both a familial (34, 35) and an environ-
mental clustering (35). Diagnosis is made in the third to
the fifth decade of life with a slight predominance of
females in families farming in some villages of Ruma-
nia, Croatia, Bosnia, Serbia and Bulgaria in an area of
about 400 to 500 km2 along the tributaries of the Da-
nube (35-36).

Several findings are common to BEN patients and to
either AAN patients or to AAs fed rabbits. Arterial
blood pressure remains normal whereas serum creatin-
ine increases, mild tubular proteinuria, normoglycemic
glucosuria and anemia develop. Tumors develop in all

settings. The main target for malignancy is the urothe-
lium of the upper urinary tract in the animal model as
well as in humans. Moreover, the incidence of urothelial
malignancy in BEN and AAN patients is identical
(40%) (6, 35) and associated with urothelial atypia, a
constant finfing in AAN patients and rabbits. On mor-
phological grounds, mainly subcapsular regenerative
tubular epithelia of mainly proximal tubules, hypocel-
lular interstitial sclerosis and tubular atrophy with nor-
mal or sclerosed glomeruli are found in renal biopsies
and end stage kidneys from AAN (3, 4) and BEN pa-
tients (35-42). Arterial and glomerular lesions are absent
in the rabbit model indicating that the renal vasculature
is not a primary target of AAs. It is of interest to note
that arteries are normal also in the early stages of AAN
(4) and that arteriolar hyalinosis and fibroelastosis of the
interlobular arteries are seen in all patients with end-
stage AAN (3) as well as in 35% of biopsies from pa-
tients with more or less advanced BEN (41). This sug-
gests that vascular lesions observed in AAN and BEN
patients are secondary to the progressive kidney de-
struction.

However, some differences between AAN and BEN
patients, and rabbits with AAN should be pointed out.
Involvement of the columns of Bertin in BEN autopsied
patients appears less prominent than in AAN patients (3,
42-43). On clinical grounds, four findings in AAN pa-
tients differ from BEN: firstly, the sex-ratio in BEN is
approximately 1/1, in contrast to the female preponder-
ance in human AAN; this reflects the almost exclusive
female attendance of the X clinic. Secondly, AAN pa-
tients progress to end-stage renal failure within a few
months or years, in contrast with the slow evolution of
BEN and of AAN in rabbits over time. This could re-
flect a higher level of toxic exposure in AAN than in
BEN patients and interspecies differences in the sus-
ceptibility to the toxic agent as suggested by the differ-
ences in the metabolic transformation of AAs between
humans and animal species (44). Alternatively, it may
be hypothesized that toxicity of AAs is potentiated in
humans by its admixture with other compounds con-
tained in the herbal preparation. Finally, the develop-
ment of urothelial malignancy requires a much longer
exposure time in BEN patients and in rabbits with AAN.
Induction times of 20 and 27 years have been calculated
for renal pelvic and bladder carcinomas associated with
BEN, respectively (45). Urothelial malignancy has been
detected in rabbits 21 months after the start of AA expo-
sure. In contrast, in AAN patients, the delay between the
end of AA intake and the diagnosis of urothelial malig-
nancy was approximately 2 to 6 years (6).

The final demonstration that AAs play a role in BEN
requires evidence that patients with an unequivocal di-
agnosis of BEN have ingested foods containing AAs,
present the typical biological and morphological char-
acteristics of AAN and harbour AA-DNA adducts in
their renal tissue.



52 JP. Cosyns

References
 1. Vanherweghem JL, Depierreux M, Tielemans C et al. Rapidly

progressive interstitial renal fibrosis in young women: associa-
tion with slimming regimen including Chinese herbs. Lancet
1993; 341: 387-391.

 2. Reginster F, Jadoul M, van Ypersele de Strihou C. Chinese
herbs nephropathy presentation, natural history, and fate after
transplantation. Nephrol Dial Transplant 1997; 12: 81-86.

 3. Cosyns JP, Jadoul M, Squifflet JP et al. Chinese herbs ne-
phropathy: A clue to Balkan endemic nephropathy? Kidney Int
1994; 45: 1680-1688.

 4. Depierreux M, Van Damme B, Vanden Houte K, Vanherweghem
JL. Pathologic aspects of a newly described nephropathy related
to the prolonged use of Chinese herbs. Am J Kidney Dis 1994;
24: 172-180.

 5. Cosyns JP, Jadoul M, Squifflet JP et al. Urothelial malignancy
in nephropathy due to Chinese herbs. Lancet 1994; 344: 188.

 6. Cosyns JP, Jadoul M, Squifflet JP et al. Urothelial lesions in
Chinese-herb nephropathy. Am J Kidney Dis 33: 1999; 1011-
1017.

 7. Nortier JL, Muniz Martinez MC, Schmeiser HH et al. Urothe-
lial carcinoma associated with the use of a Chinese herb (Aris-
tolochia fangchi). N Engl J Med 2000; 342: 1686-1692.

 8. But PPH. Need For Correct Identification Of Herbs In Herbal
Poisoning. Lancet 1993; 341: 637.

 9. Van Haelen M, Vanhaelen-Fastre R, But P, Vanherweghem JL.
Identification of aristolochic acid in Chinese herbs. Lancet
1994; 343:174.

 10. Colson CR, De Greef KE, Duymelinck C et al.: Role of seroto-
nin in the development of Chinese herbs nephropathy? Nephrol
Dial Transplant 1999; 14 (Suppl 4): 16.

 11. McIntyre M. Chinese herbs: risk, side effects and poisoning:
the case for objective reporting and analysis reveals serious
misinterpretation. J Altern Complement Med 1998; 4: 15-16.

 12. Malak J. Chinese herb nephropathy is not a (dex)fenfluramine
nephropathy but a serotonin nephropathy. J Altern Complement
Med 1998; 4: 131-132.

 13. De Smet PAGM. Aristolochia species, In De Smet PAGM,
Keller K, Hansel R, Chandler RF (eds), Adverse effects of
Herbal drugs, Springer-Verlag, Berlin, 1992, p. 81-89.

 14. Bieler CA, Stiborova M, Wiessler M et al. 32P-post-labelling
analysis of DNA adducts formed by aristolochic acid in tissues
from patients with Chinese herbs nephropathy. Carcinogenesis
1997; 18: 1063-1067.

 15. Cosyns JP, Goebbels RM, Liberton V et al. Chinese herbs ne-
phropathy-associated slimming regimen induces tumours in the
forestomach but no interstitial nephropathy in rats. Arch Toxi-
col 1998; 72: 738-743.

 16. Robisch G, Schimmer O, Göggelmann W. Aristolochic acid is a
direct mutagen in Salmonella typhimurium. Mutat Res 1982;
105: 201-204.

 17. Maier P, Schawalder HP, Weibel B, Zbinden G. Aristolochic acid
induces 6-thioguanine-resistant mutants in an extrahepatic tissue
in rats after oral application. Mutat Res 1985; 143: 143-148.

 18. Frei H, Würgler FE, Juon H et al. Aristolochic acid is muta-
genic and recombinogenic in Drosophila genotoxicity test. Arch
Toxicol 1985; 56: 158-166.

 19. Schmeiser HH, Pool BL, Wiessler M. Mutagenicity of the two main
components of commercially available carcinogenic aristolochic
acid in Salmonella typhimurium. Cancer Lett 1984; 23: 97-101.

 20. Mengs U, Stotzem CD. Renal toxicity of aristolochic acid in
rats as an example of nephrotoxicity testing in routine toxicol-
ogy. Arch Toxicol 1993; 67: 307-311.

 21. Mengs U. Tumour induction in mice following exposure to
aristolochic acid. Arch Toxicol 1988; 61: 504-505.

 22. Arlt VM, Wiessler M, Schmeiser HH. Using polymerase arrest
to detect DNA binding specificity of aristolochic acid in the
mouse H-ras gene. Carcinogenesis 2000; 21: 235-242.

 23. Stiborova M, Fernando RC, Schmeiser HH et al. Characteriza-
tion of DNA adducts formed by aristolochic acids in the target
organ (forestomach) of rats by 32P-postlabelling analysis using
different chromatographic procedures. Carcinogenesis 1994;
15: 1187-1192.

 24. Schmeiser HH, Bieler CA, Wiessler M, et al. Detection of DNA
adducts formed by aristolochic acid in renal tissue from patients
with Chinese herbs nephropathy. Cancer Res 1996; 56: 2025-2028.

 25. Mehes J, Decsi L, Varga F, Kovacs S. Selektive chemische
Ausschaltung der Harnkanälchen. I. Ordnung bei Kaninchen.
Naunyn-Schmiedeberg's. Arch exp Path u Pharmak, 1958; 234:
S 548-565.

 26. Jackson L, Kofman S, Weiss A, Brodovsky H. Aristolochic
acid (NSC-50413): Phase I Clinical study. Cancer Chemother
Rep 1964; 42: 35-37.

 27. Mengs U. Acute toxicity of aristolochic acid in rodents. Arch
toxicol 1987; 59: 328-331.

 28. Ivic M. The problem of etiology of endemic nephropathy. Acta
Fac Med Naiss 1970; 1: 29-37.

 29. Cosyns J.-P, Dehoux J.-P, Guiot Y et al. Chronic aristolochic
acid toxicity in rabbits: a model of Chinese herbs nephropathy?
Kidney Int 2001; 59, 2164-2173.

 30. Gillerot, G., Jadoul, M., Arlt, V.M et al. Aristolochic acid ne-
phropathy in a Chinese patient: time to abandon the term “Chi-
nese herbs nephropathy”? Am J Kidney Dis 2001; 38, E26.

 31. Vanherweghem JL, Cuykens JJ, Vandenbergh P et al. Valvular
heart disease and Chinese-herb nephropathy. Lancet 1998; 351:
991.

 32. Arlt VM, Pfohl-Leszkowicz A, Cosyns J.-P and Schmeiser,
HH. Analyses of DNA adducts formed by ochratoxin A and
aristolochic acid in patients with Chinese herbs nephropathy.
Mutat. Res, 2001; 494, 143-150.

 33. Lord GM., Cook T, Arlt VM, Schmeiser HH et al. Urothelial
malignant disease and Chinese herbal nephropathy. The Lancet
2001; 358, 1515-1516.

 34. Danilovic V, Djurisic M, Mokranjac M et al. Néphrites
chroniques provoquées par l’intoxication au plomb par voie di-
gestive (farine). Presse Med 1957; 65: 2039-2040.

 35. Stefanovic V. Balkan endemic nephropathy: a need for novel
etiological approaches. Q J Med 1998; 91: 457-463.

 36. Polenakovic MH, Stefanovic V. Balkan nephropathy, in Cam-
eron JS, Davison AM, Grünfeld JP, Kerr D, Ritz E (eds), Ox-
ford Textbook of Clinical Nephrology, Oxford University
Press, New York, 1992: p. 857-866.

 37. Hall PW III, Dammin GJ. Balkan nephropathy, in Renal Pa-
thology with Clinical and Functional Correlations, edited by
Tisher CG, Brenner BM, Philadelphia, J.B. Lippincott Co,
1989: p. 913-924.

 38. Sindjic M, Zguricas MJ: Pyelonephritis and endemic ne-
phropathy, in Endemic Nephropathy, edited by Puchlev A,
Dinev IV Milev B, Doichinov D, Sofia, Publishing House of
the Bulgarian Academy of Sciences, 1974: p. 178

 39. Ferluga D, Hvala A, Vizjak A et al. Renal function, protein ex-
cretion, and pathology of Balkan endemic nephropathy. III.
Light and electron microscopic studies. Kidney Int 1991; 40
(Suppl 34): S57-S67.

 40. Vizjak A, Trnacevic S, Ferluga D, Halilbasic A. Renal function,
protein excretion and pathology of Balkan endemic nephropathy.
IV. Immunohistology. Kidney Int 1991; 40 (Suppl 34) S68-S74.

 41. Ferluga D, Hvala A, Vizjak A et al. Hantan nephropathy (HN)
and Balkan endemic nephropathy (BEN): Tubulointerstitial or
vascular renal diseases? (abstract) Path Res Pract 1991; 187: 686.

 42. Sindjic M, Calic-Perisic N, Velimirovic D, Anojcic B. Renal
vascular changes and their possible role in the pathogenesis and
morphogenesis of endemic Balkan nephropathy, in Endemic
(Balkan) Nephropathy, edited by Strahinjic S, Stefanovic V,
Proceedings of the 4th Symposium, Nis, 1979, p 113-122.

 43. Sindjic M. Rezultati autopsijskih i biopsijskih istrazivanjá bu-
breznih promena u obolelih od endemske nephropatijè. Doktor-
ska teza na Medicinskom Fakultetu Univerze u Beogradu,
Beograd, 1981

 44. Krumbiegel G, Hallensleben J, Mennicke WH et al. Studies on
the metabolism of aristolochic acids I and II. Xenobiotica 1987;
17: 981-991.

 45. Cukuranovic r, Ignjatovic M, Stefanovic v. Urinary tract tu-
mours and Balkan nephropathy in the south Morava river basin.
Kidney Int 1991; 40 (Suppl 34): S80-S84.


