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Abstract

Balkan endemic nephropathy (BEN) occurs in Serbia, Bulgaria, Romania, Bosnia and Herzegovina, and Croatia. BEN has been char-
acterized as a chronic, slowly progressive renal disease of unknown etiology. In this study, we examined the influence of soluble organic
compounds in drinking water leached from Pliocene lignite from BEN-endemic areas on plasma lecithin-cholesterol acyltransferase
(LCAT) activity. We found that changes for all samples were the most prominent for the dilution category containing 90% plasma
and 10% of diluting media. Water samples from BEN villages from Serbia and Romania showed higher LCAT inhibiting activity
(p = 0.02) and (p = 0.003), respectively, compared to deionised water and non-endemic water. A secondary LCAT deficiency could result
from this inhibitory effect of the organic compounds found in endemic water supplies and provide an ethiopathogenic basis for the devel-
opment of BEN in the susceptible population.
� 2007 Elsevier Ltd. All rights reserved.

Keywords: BEN; LCAT; Pliocene lignite; Organic compounds; Medical geology

1. Introduction

Balkan endemic nephropathy (BEN) occurs with a high
rate of prevalence in Serbia, Bulgaria, Romania, Bosnia
and Herzegovina, and Croatia (Stefanović and Cosyns,
2004). The first cases described in Serbia and Bulgaria date
to the late 1950’s (Danilović et al., 1957; Tanchev and
Dorossiev, 1991). BEN is characterized as a chronic, slowly
progressive familial tubular interstitial renal disease of
unknown etiology (Ferluga et al., 1991).

The etiology of BEN has been the subject of numerous
studies yielding the publication of quite a few hypotheses
(Apostolov et al., 1975; Atanasova et al., 2005; Ivic,
1970; Krogh et al., 1977; Maksimovic, 1991; Toncheva

et al., 1991, 1998). These hypotheses may be categorized
into two main groups (Stefanovic et al., 2006) (Table 1).

Although data published on these various hypotheses
presented some indication of their relevance to the etiology
of BEN, none of them has provided conclusive evidence
linking all facts related to BEN etiology and its clinical
characteristics. Due to these inconsistencies and various
features of the disease, most researchers favour the idea
of a multifactorial etiology for BEN.

In this study, we propose a new idea on the possible rela-
tionship between the Pliocene lignite (Feder et al., 1991;
Orem et al., 2004) and decreased LCAT activity hypotheses
(Pavlovic et al., 1991) and their mutual or combined role in
the etiology of BEN. The Pliocene lignite hypothesis is
based on the assumption that naturally occurring toxic
organic compounds in lignite, or in weathered lignite,
may be leached by groundwater and thus contaminate
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drinking water supplied by wells in BEN-endemic villages.
Several classes of aromatic (including heterocyclic mole-
cules with nitrogen and oxygen and phenolic structures)
and aliphatic organic compounds have been found in larger
numbers and higher concentrations in water from wells and
springs in BEN-endemic villages, compared to water from
control wells and springs in non-endemic villages, suggest-
ing a possible role for these organic contaminants in the eti-
ology of BEN. High molecular weight (HMW) organics
(possibly similar to humic acids) may also play a role, as
they are frequently encountered in high concentrations in
the endemic village drinking water supplies. Many of these
compounds are still unidentified, or only tentatively identi-
fied, but a likely candidate for a BEN-causing molecules
could be among them. The absolute concentrations of the
organics are typically low (individual compounds usually
<l lg/L), which might account for the long time required
for the kidney lesion to reach a critical threshold and the
clinical phase of the disease to develop (Orem et al.,
2004). The Pliocene lignite hypothesis emphasises the role
of environmental factors involved in etiology of BEN,
accounts for the distinctive geographic restriction of
BEN, and provides a basis for investigating the possible
wider impact of coal derived toxic organic compounds in
groundwater on human health (Feder et al., 1991, 2002
Orem et al., 2004, 2002; Tatu et al., 2003).

Norum and Gjone (1967) described familial deficiency
of lecithin-cholesterol acyltransferase (LCAT) (EC
2.3.1.43) in 1967. LCAT is a serum enzyme, which converts
the free cholesterol of lipoprotein into esterified choles-
terol. They showed that familial renal disease can develop
secondary to LCAT deficiency and associated lipid abnor-
malities. LCAT deficiency is associated with percentage
increase of free cholesterol and decrease of esterified cho-
lesterol, and disturbances in lipoprotein particle structure.
Lipid disorders affect, along with the kidneys, other organs,
such as cornea and erythrocytes with clinical manifesta-
tions of proteinuria, usually associated with renal insuffi-
ciency, corneal opacities and haemolytic anaemia. The
gene encoding LCAT is localized in region q21–22 on chro-
mosome 16. Clinical manifestations of familial LCAT defi-

ciency are highly variable, although it is characterized by
no or only low LCAT activity. This may suggest that addi-
tional environmental factors and genes of minor impor-
tance modulate expression of the disease (Idzior-Walus
et al., 2006; Borysiewicz et al., 1982). A study by Pavlovic
in 1991 showed that a certain proportion of healthy sub-
jects from BEN families have a peculiar form of lipid
abnormalities associated with an abnormal LCAT activity,
and a possible association between these abnormalities and
the etiology of BEN was raised for the first time. It is well
known that there are two types of LCAT deficiency i.e.,
primary and secondary ones. Familial type of LCAT defi-
ciency described by Norum and Gjone in 1967 is the pri-
mary one with genetic background and there are a great
number of papers published since then dealing with various
patterns of lipid abnormalities, etiology of LCAT defi-
ciency, modes of inheritance, etc. Secondary type of LCAT
deficiency is encountered in chronic liver and renal dis-
eases. What we actually propose here is a peculiar type of
secondary LCAT deficiency, induced by environmental fac-
tors and leading to a peculiar type of chronic renal failure.

2. Materials and methods

2.1. Plasma sample preparation

In order to examine the possible bifactorial character of BEN etiology,
we examined the influence of soluble organic compounds in drinking water
supplies on plasma LCAT activity, using organic matter concentrates
from drinking water collected from BEN villages and control sites. Con-
trol plasma samples were prepared from human blood. Peripheral blood
samples were collected from six healthy subjects with no previous history
of renal or liver disease, metabolic disorder, normal lipoprotein profile in
plasma, and normal renal function. The blood samples were taken after
12 h of over night fasting in test tubes kept on ice and centrifuged after
15 min in a refrigerated (4 �C) centrifuge for 10 min at 3000 rpm. Obtained
plasma samples were kept at �20 �C. Plasma samples were diluted in series
with water concentrates in increasing step values of 10%. In this way, we
provided nine categories of diluted media with the volume of plasma
ranging from 90% to 10%.

2.2. Water sample preparation

Water samples were collected from endemic and non-endemic loca-
tions in Serbia and Romania. Two well water samples were collected from
two endemic villages in Romania (Erghevita and Pietris villages, Drobeta
Turnu Severin endemic area), and a well water sample and a tap water
sample were collected from an endemic village (Petka) located in the
Lazarevac BEN endemic area in Serbia. For each sample, 50 l of water
were collected. One set of organic concentrates from a non-endemic area
from Romania and another one from endemic villages from both Serbia
and Romania were used in this study. Control samples were diluted in
deionised water in the same manner as the test samples. Organic con-
centrates from drinking water samples were prepared using tangential flow
ultrafiltration, with 50 liters of clear water yielding 100 ml of final volume
of ultrafiltrate. While the endemic well water sample concentrates showed
a yellowish or brown color, the non-endemic well water sample concen-
trate from Romania and the tap water sample concentrate from Serbia did
not exhibit any significant color. Moreover, HPLC–MS analysis has
revealed a similar qualitative and quantitative composition of the endemic
well water concentrates in terms of abundances and numbers of major
peaks, showing similar molecular ions (molecular weights 265, 293 and

Table 1
Classification of hypotheses on BEN etiology

Exogenous (environmental) factors Endogenous factors

Lead intoxication Genetic predisposition
Selenium deficiency Genetic polymorphism
Chronic intoxication with Aristolochia

clematitis (aristolochic acid)
Chromosomal
aberrations

Ochratoxin A Changes in enzyme
activity – secondary
LCAT deficiency

Chronic toxicity from drinking ground water
containing organic compounds leached
from Pliocene lignite

Viral disease

Exogenous (environmental) and endogenous factors are considered to be
involved in the causation of the disease.
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321 Da, respectively) to those generated from a humic substances standard
(Sigma–Aldrich, St. Louis, MO, USA).

2.3. Lecithin-cholesterol acyltransferase assays

LCAT activity kits (Roar Biomedical, New York, NY, USA) were
used for the measurement of LCAT activity with fluorescence detection.
Fluorescence was recorded using a Fluorolog-3 spectrofluorometer
(HORIBA, Jobin Yvon, France) in a 1 ml quartz cuvette, at a 90� angle.
Both excitation and emission slits were set to 2 nm. The excitation
wavelength was 340 nm, and emission spectra were recorded between 360
and 500 nm. Spectra were online corrected for light source variations. All
measurements were done in triplicate for each plasma sample and the
presented data are the average values. Activity was assessed as a change in
470/390 nm emission intensity. Plasma LCAT was incubated with fluo-
rescently labeled substrate. The intact substrate fluoresces at 470 nm.
During hydrolysis by LCAT, the monomer emission at 390 nm increases.
The emission intensities of 390 nm and 470 nm represent the emission of
the substrate hydrolyzed (390 nm) and not hydrolyzed (470 nm). A ratio
of the two emission intensities (470/390) will indicate an increase in con-
centration of 390 nm emitters and simultaneous decrease in concentration
of 470 nm emitter in the presence of LCAT (Idzior-Walus et al., 2006).

Means and SDs were calculated for all dilution categories, and means
were compared using the T-test in Microsoft Excel 2003 statistical tools
‘‘Analysis ToolPak.‘‘

3. Results

When we compared the average values of the LCAT
inhibiting activity (390/470 nm ratio) of organic concen-
trates isolated from drinking water samples in various dilu-
tion categories, we found that changes for all samples were
the most prominent for dilution category #1 (Table 2), con-
taining 90% plasma and 10% of diluting media. T-test
results for the initial measurements (category #1) with
10% of DW or water concentrates are presented in Table
3. Organic concentrates of well drinking water samples
from BEN villages (BEN-S) from Serbia (Fig. 1), as well
as from Romania (BEN-R) (Fig. 2) showed significantly
higher LCAT inhibiting activity (p = 0.02) and
(p = 0.003), respectively, compared to deionised water
(DW). Tap water concentrates from Serbia (collected from
an endemic area) (TW-S) (Fig. 3) showed significantly
higher LCAT inhibiting activity compared to DW
(p = 0.009), while organic concentrates of drinking water
samples from non-endemic sites in Romania (Non-BEN-

R) showed no significant difference compared to DW
(p = 0.098) (Figs. 3 and 4).

Category # 1 values for TW-S LCAT inhibiting activity
showed significant differences compared to BEN-S
(p < 0.0001) (Fig. 1), and BEN-R (p = 0.011) (Fig. 5), but
no differences with Non-BEN-R (Table 3). Value of Non-
BEN-R LCAT inhibiting activity showed significant differ-
ences, compared to BEN-S (Fig. 5) and BEN-R (Fig. 2),
(p = 0.021) and (p = 0.017) respectively (Table 3). No sig-
nificant differences between BEN-S and BEN-R values
were found (p = 0.143) (Fig. 3, Table 3).

Dilution curves for TW-S and BEN-S samples (Fig. 1)
showed a polynomial behaviour with an initial increase

Table 2
The average values and standard deviation of water concentrates0 LCAT inhibiting activity (390/470 nm ratio) in various dilution categories

Category # (sample dilution percent) Specimens

DW* TW-S** BEN-S*** N-BEN-R**** BEN-R*****

9 (10%) 0.149 ± 0.007 0.132 ± 0.001 0.124 ± 0.001 0.139 ± 0.009 0.120 ± 0.006
8 (20%) 0.146 ± 0.008 0.129 ± 0.005 0.120 ± 0.003 0.147 ± 0.007 0.132 ± 0.002
7 (30%) 0.152 ± 0.008 0.139 ± 0.009 0.126 ± 0.001 0.146 ± 0.005 0.132 ± 0.002
6 (40%) 0.154 ± 0.006 0.133 ± 0.010 0.133 ± 0.002 0.140 ± 0.001 0.129 ± 0.001
5 (50%) 0.146 ± 0.004 0.125 ± 0.005 0.122 ± 0.001 0.132 ± 0.003 0.129 ± 0.004
4 (60%) 0.141 ± 0.004 0.133 ± 0.006 0.133 ± 0.008 0.126 ± 0.005 0.130 ± 0.005
3 (70%) 0.140 ± 0.006 0.130 ± 0.010 0.134 ± 0.005 0.122 ± 0.004 0.116 ± 0.002
2 (80%) 0.128 ± 0.003 0.133 ± 0.002 0.130 ± 0.002 0.108 ± 0.003 0.111 ± 0.003
1 (90%) 0.125 ± 0.006 0.107 ± 0.013 0.115 ± 0.003 0.097 ± 0.003 0.101 ± 0.006

DW*: Deionized water; TW-S**: Tap water Serbia; BEN-S***: BEN Serbia; Non-BEN-R****: Non-BEN Romania; BEN-R*****: BEN Romania.

Table 3
T-test values for the initial measurements (category #1) with 10% of DW
or water concentrates

Samples Specimens

TW-S** BEN-S*** Non-BEN-R**** BEN-R*****

DW* p = 0.009 p = 0.002 p = 0.098 p = 0.003
TW-S** – p = 0.000 p = 0.134 p = 0.011
BEN-S*** – – p = 0.021 p = 0.143
Non-BEN-R**** – – – p = 0.017

DW*: Deionized water; TW-S**: Tap water Serbia; BEN-S***: BEN Ser-
bia; Non-BEN-R****: Non-BEN Romania; BEN-R*****: BEN Romania.

Fig. 1. LCAT activity (470/390 nm ratio) of DW, TW-S, and BEN-S
samples for various dilution categories (% of water).
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of LCAT inhibiting activity followed by slight increase and
then a drop to the final value, which was significantly lower
compared to the initial one (p = 0.015 and p = 0.004)
(Fig. 1). Dilution curves for DW, Non-BEN-R and BEN-
R samples (Fig. 2) showed an initial decrease of LCAT
inhibiting activity followed by steady increase reaching
highly significant low final values (p = 0.006, p = 0.001,
and p = 0.012) compared to the initial ones (Fig. 2).

In order to illustrate substantial differences between
Non-BEN and BEN samples’ LCAT inhibiting activities
in various dilution categories were pooled into Serbian
and Romanian Non-BEN samples, and samples from
BEN areas (Fig. 6). Pooled Serbian and Romanian data
from both Non-BEN and BEN villages (Fig. 6) showed sig-
nificantly higher LCAT inhibiting activity values compared
to DW (p = 0.013 and p = 0.001). Pooled data from BEN
villages had significantly higher LCAT inhibiting activity
compared to Non-BEN values (p = 0.001) (Fig. 6).

4. Discussion

The possible simultaneous role of coal-derived toxic
organic compounds and decreased enzyme LCAT activity
in the etiology of BEN was tested here for the first time.
Results support the new multifactorial hypothesis of
BEN etiology.

This new hypothesis may account for both the geo-
graphic distribution of BEN, and many of its medical fea-
tures. Well water from BEN villages contains higher
numbers and concentrations of both extractable and high
molecular weight organic compounds compared to con-

Fig. 2. LCAT activity (470/390 nm ratio) of DW, Non-BEN-R, and
BEN-R samples for various dilution categories (% of water).

Fig. 3. LCAT activity (470/390 nm ratio) of DW, TW-S, and Non-BEN-
R samples for various dilution categories (% of water).

Fig. 4. LCAT activity (470/390 nm ratio) of DW, BEN-S, and BEN-R
samples for various dilution categories (% of water).

Fig. 5. LCAT activity (470/390 nm ratio) of DW, TW-S, Non-BEN-R,
BEN-S, and BEN-R samples for various dilution categories (% of water).

Fig. 6. Pooled LCAT activity (470/390 nm ratio) of DW, TW-S plus Non-
BEN-R, and BEN-S plus BEN-R samples for various dilution categories
(% of water).
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trols (Orem et al., 2004). We presume that in this study
these compounds contributed to higher LCAT inhibiting
activity of Serbian and Romanian drinking water samples
from both Non-BEN and BEN villages (Figs. 1 and 2).
On the other hand, the higher abundance of organic com-
pounds in drinking water samples from BEN villages
caused much higher LCAT inhibiting activity compared
to Non-BEN ones. This finding indicates that there is pre-
sumably a clear-cut distinction of drinking water qualities
coming from those two localities, which is well documented
in Fig. 6, presenting pooled Serbian and Romanian data. It
is possible that the LCAT inhibitory effect to be due to the
complex chemical mixtures represented by the groundwater
supplies in the endemic areas, rather than to an individual
compound. This would also explain, at least in part, the
fact that Serbian tap water concentrates have a stronger
inhibitory effect compared to distilled water. Hydrogeolog-
ically, the tap water and the well water from the endemic
villages have a similar source (i.e., aquifers with more or
less extensive contact with the Pliocene lignite layers), how-
ever, the former being treated and filtered through water
plants before being distributed to the population. It is
likely that the filtration process will remove a significant
part of the organic contaminants, while the remaining ones
could be responsible for the inhibitory effect. The tap water
supply system was introduced in Serbian BEN villages in
the 1960s when the untreated ground water supplies were
suspected to carry the agent for BEN and although a slight
decrease in the incidence disease has been noted since then,
BEN still occurs in those villages.

On the basis of these results showing higher LCAT-
inhibiting activity of organic compounds we propose here
the concept of cause and effect events in the pathogenesis
of BEN. We hypothesize that organic compounds in drink-
ing water from BEN villages inhibit LCAT activity and may
cause plasma lipid abnormalities and consequent changes of
cellular membrane lipid composition that can trigger the
pathogenic mechanisms responsible for the development
of BEN. Proteins in a biological membrane are surrounded
by a shell or annulus of ‘solvent0 lipid molecules (Lee, 2005).
The structures of the solvent lipid molecules are important
in determining the conformational state of a membrane
protein, and hence its activity, through charge and hydro-
gen bonding interactions between the lipid head groups
and residues in the protein, and through hydrophobic
matching between the protein and the surrounding lipid
bilayer (Mall et al., 1998, 2000). Membrane lipids play the
major role in the complex area of cell death, comprising
apoptosis and various forms of programmed cell death
(Cristea and Degli Esposti, 2004). The possibility that
changes in cell membrane lipids may promote or block
membrane lipid alteration of mitochondria and other
organelles, attracted increasing interest in the field of cell
death (Cristea and Degli Esposti, 2004; Degli Esposti,
2003). Since it seems increasingly evident that mitochondria
play an important role in the regulation of programmed cell
death via release of pro-apoptotic agents and/or disruption

of cellular energy metabolism (Olson and Kornbluth, 2001;
Mignotte and Vayssiere, 1998), it may well be that, by
changing mitochondrial function, a pathology caused by
coal-derived organic compounds, thereby lipid abnormali-
ties produce triggering pathogenic mechanism(s) responsi-
ble for the development of BEN.

The extent and characteristics of cellular membrane
lipid alterations caused by LCAT inhibiting activity of
organic compounds and their role in the etiology of BEN
and associated urothelial cancer remains to be elucidated.
The need to raise the question for defining healthy drinking
water based on new criteria seems feasible. The question is
whether we could use LCAT activity as a novel tool for
assessing potential pathogenicity of any environmental fac-
tor(s), and whether the LCAT activity can be a part of
‘‘bio-effect assessment index’’ and therefore reflect general
toxicity in an integrative manner (Broeg et al., 2005).

Our ongoing work is exploring the contribution of fac-
tors mentioned in this study to multifactorial etiology
and occurrence of BEN as a global issue in order to deter-
mine the role of environment in human pathology. BEN
and BEN-like diseases (chronic renal failure and renal/
upper urinary tract cancer) linked to toxic organic com-
pounds derived from coal in drinking water supplies may
be widespread, offering a most interesting venue of research
for the field of environmental medicine and medical geol-
ogy in general.
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