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Introduction 

 
The toxicity of a substance is the measure of its in-

compatibility with normal biological function. Toxicity 
measurements are usually performed by quantifying the 
alteration of given biological characteristics from the ge-
netic to the molecular, cellular, tissue, and organism levels 
(e.g. gene expression, enzyme functionality, fertilization 
efficiency, growth, behavior) upon exposure to known 
added concentrations of a specific substance. Biomonitor-
ing programs use a battery of bioassays to screen such a 
variety of routes of contamination, involving a diversity of 
organisms (bacteria, crustaceans, bivalves, fishes) possibly 
at different stages of development (embryo, larvae, adult). 
Because of the complexity and cost of such an endeavor, 
there is a strong interest in simplifying toxicity assessment. 
A common alternative is to use microorganisms with natu-
ral bioluminescence (BL). Actually, bioluminescent micro-
organisms have become increasingly used in environ-
mental toxicity testing due to their ease of use and the 
potential to rapidly report on toxic events. The assumption 
is that decreases in bioluminescence, i.e. the biological 
production of visible light with an ecological function, 
reflect the toxicity of a given condition, because light 
emission is a measure of the health and metabolism of the 
luminescent organism1−4. 

From the organisms involved in the toxicity measure-
ments the most commonly used are bacteria with the natu-
ral BL. The light of several hundred cells may be deter-
mined with a luminometer. Bacterial bioluminescence is 
actually chemiluminescence that requires an enzyme 
luciferase. Although amino acid sequences of bacterial 
luciferases differ, they all emit light with maximum at 490 
nm and the emission requires both reduced flavin mononu-
cleotide and a long-chain aliphatic aldehyde5. Chemo-
physical and biological toxicants that affect cell respira-
tion, the rate of protein or lipid synthesis, cell's integrity 
and especially membrane function, have a strong effect on 
in vivo luminescence. Hence, toxicants of different charac-
teristics such as pesticides, herbicides, chlorinated hydro-
carbons, heavy metals etc., exert a dramatic and measur-

able effect on the bacterial luminescence system.  
Presently, at least fourteen species of BL bacteria in 

four genera (Vibrio, Photobacterium, Shewanella and 
Photorhabdus) are known to produce visible lumines-
cence. They are found predominantly in the marine envi-
ronment and according to our knowledge only marine lu-
minescent bacteria are used for the assessment of water 
pollution in a number of commercial assays (Microtox, 
ToxScreen, Biotox). It is well known that the use of ma-
rine BL bacteria also brings some imperfections. One of 
them is the need for addition of salt to all freshwater sam-
ples being assayed which may inadvertently alter the toxi-
cant properties of the sample, and hinders the development 
of potentially more advanced in situ toxicity monitoring 
systems. Moreover, the temperature optimum for the culti-
vation of marine bacteria is relatively low (15 °C for Vi-
brio fischeri) and bioluminescence of marine bacteria is 
relatively sensitive to the changes in temperature which is 
another imperfection.   

On the other hand, terrestrial BL bacteria of the genus 
Photorhabdus are not used for the toxicity measurement. 
The genus Photorhabdus (previously designated as Xenor-
habdus) was proposed by Boemare et al.6 and includes 
terrestrial gram-negative bacteria of the family Enterobac-
teriaceae, which are mainly found in association with en-
tomopathogenic nematodes Heterorhabditis sp. Besides 
species found in nematodes, Photorhabdus asymbiotica 
was obtained from human clinical specimens only. Photor-
habdus species are the only known terrestrial bacteria with 
natural BL, all other bioluminescent bacterial species were 
isolated from marine sources7.  

The aim of the study was to analyse the BL emitted 
by Photorhabdus species and subspecies and to verify 
whether bioluminescence of Photorhabdus sp. can be very 
sensitive indicator of the presence of toxicants in water or 
water solutions. 

  
Material and methods 

 
Type strains: Eight presently known bioluminescent 

Photorhabdus species and subspecies were kindly pro-
vided by Czech Collection of Microorganisms (CCM, 
Brno, Czech Republic): P. asymbiotica CCM 7074T, P. 
asymbiotica subsp. australis CCM 7293T, P. luminescens 
subsp. akhurstii CCM 7075T, P. luminescens subsp. kayaii 
CCM 7294T, P. luminescens subsp. laumondii CCM 
7076T, P. luminescens subsp. luminescens CCM 7077T, P. 
luminescens subsp. thracensis CCM 7295T and P. temper-
ata CCM 7078T. Photobacterium leiognathi (TANI1) was 
purchased as a part of the commercial kit CheckLight Tox-
Screen On-Site Test (CheckLight, Haifa, Israel). 

The effects of temperature, salinity and pH on the 
bacterial BL were tested in bacteria cultivated on medium 
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DSMZ 423. Salinity and pH were adjusted using NaCl, 
HCL and NaOH. For testing the effects of metal ions, bac-
teria were cultivated at 25 °C in Hank�s Balanced Salt 
Solution (5.40 mmol l−1 KCl; 0.44 mmol l−1 KH2PO4; 0.81 
mmol l−1 MgSO4 . 7 H2O; 0.14 M NaCl; 4.17 mmol l−1 
NaHCO3; 0.36 mmol l−1 Na2HPO4 . 12 H2O; 5.05 mmol l−1 
glucose; 1.26 mmol l−1 CaCl2; pH 7.4). The concentration 
of bacteria was adjusted to optical density of 1.0 at 400 nm 
(corresponding to 2.4⋅108 cells ml−1). 

Luminometrical analyses: BL of bacterial suspensions 
was measured using Luminometer Orion II (BERTHOLD 
Detection Systems, Germany). The kinetics of changes in 
BL activity were analysed within 30 minutes in 1 min in-
tervals.  

 
Results and Discussion 

 
In our first experiments, Photorhabdus species and 

subspecies (43 h old cultures with bright cells, initial bac-
teria concentration = 2.4⋅108 cells ml−1) were cultivated on 
medium DSMZ 423 at the temperature range of 20�30 °C 
and the BL  activity of bacterial suspension was measured 
after 6, 24 and 48 hours of cultivation. All strains emitted 
reliably measurable BL, however among Photorhabdus 
species and subspecies tested, BL of P. temperata and P. 
luminescens subsp. thracensis reached the brightest BL 
intensity (Table I). BL of P. temperata was independent on 
the cultivation temperature, BL of P. luminescens subsp. 
thracensis reached maximum at 30 °C. The highest BL 
was emitted by both bacteria after 48 h cultivation. It is in 
agreement with literature data. Cultures of Photorhabdus 
sp. are capable of logarithmic growth in complex media, 

with doubling time of approximately 1.5 h at 30 °C. Dur-
ing the early stage of growth, there is a very low BL be-
cause of limitation for aldehyde and low levels of 
luciferase. In the late logarithmic growth, rapid rise in BL 
coincides with a burst of luciferase and aldehyde synthesis, 
a pattern that is consistent with autoinduction. Bacteria are 
emitting the highest BL intensity during the stationary 
phase, which begins from 30 to 40 hours of cultivation8,9.  

Cultures of P. temperata and P. luminescens subsp. 
thracensis were selected for following experiments where 
the effect of salinity and pH was tested. Exact concentra-
tions of bright bacterial cells collected from the cultures of 
selected two strains in stationary phase (2.4⋅108 cells) were 
prepared. The salinity was adjusted using NaCl to 0.5, 1.0, 
1.5 or 2.0 % and bacterial BL was measured continuously 
for the time period of 30 minutes. Longer time intervals 
were not tested because the decrease of BL after 15 or 30 
minute co-cultivation of bacteria with metal ions is usually 
used for the calculation of EC50

4.  As shown in Table II, 
BL of both Photorhabdus temperata and P. luminescens 
subsp. thracensis was quite stable and independent on the 
salinity. While no effect of salinity was observed, BL sig-
nal of bacteria cultivated in pH 6.2 was about 30 % lower 
in comparison with bacteria cultivated in pH 8.2. It was 
the reason why we decided to use HBSS in further experi-
ments. HBSS is the buffer withour aldehyde (sometimes 

Table I 
Bioluminescence [RLU] of Photorhabdus temperata and P. luminescens subsp. thracensis after 6, 24 and 48 h incubation 
at different temperatures  

Incubation 
[hours]  

P. temperata P. luminescens subsp. thracensis 
         20 °C                         25 °C                                   30 °C 20 °C                       25 °C                                30 °C 

6 771 834 2240 597 708 495 
24 5851 6696 4277 1893 3061 10880 
48 16440 14300 13250 2561 3732 21300 

Table II 
The effect of salinity on bioluminescence [RLU] of bacte-
ria after 30 min cultivation of bright cells 

  
  0.5 1.0 1.5 2.0 
Photorhabdus  temperata 4325 4827 4918 4465 
Photorhabdus  
luminescens 
subsp. thracensis 

1064 1230 1049 1017 

Salinity [%]  

Fig. 1. The bioluminescence of Photorhabdus temperata culti-
vated in the presence of 0.1 M CdCl2 in comparison with un-
treated control 
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used as an external enhancer of BL) which does not inter-
fere with BL emitted and ions and glucose present in the 
buffer ensure the viability of bacteria and their proper me-
tabolism7.  

In the final set of experiments, effect of CdCl2, Cu-
SO4, NiSO4, HgCl2, and K2Cr2O7 was tested. Bacteria P. 
temperata and P. luminescens subsp. thracensis were sen-
sitive to metal ions and BL of these strains was decreased 
in the presence of metal ions similarly in both strains. The 
effect of 0.1 mM CdCl2 on the BL of P. temperata is 
shown in fig. 1. It is quite obvious that the proper time for 
the calculation of EC50 value is 30 minutes after the begin-
ning of cultivation. Ulitzur and co-authors4 used Check-
Light ToxScreen On-Site Test containing bacteria Photo-
bacterium leiognathi and reached EC50 for cadmium ions 
about 100 times lower in comparison with our results. 
Such high sensitivity is caused by the presence of the spe-
cial buffer in the kit which favours the detection of heavy 
metals and amplifies their bioeffects. In the last set of ex-
periments we used the pure culture of Photobacterium 
leiognathi (from the kit) without the buffer. The effect of 
CdCl2 on BL of Photobacterium leiognathi was quite com-
parable with effects reached using P. temperata and P. 
luminescens subsp. thracensis (see Table III). It proves 
that BL of terrestrial bacteria can be affected by metal ions 
comparably with marine bacteria.  

It can be concluded that P. temperata and P. lumines-
cens subsp. thracensis are sensitive indicator of the pres-
ence of inorganic toxicants in water or water solutions. 

These terrestrial bacteria could be potentially used for 
routine testing of water toxicity.   

 
We would like to thank the Collection of Microorgan-

isms (Brno, Czech Republic) for bacterial cultures. This 
study was elaborated in the frame of research plan 
AVOZ50040507and supported by grant GA CR 
525/06/1196. 
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Table III 
Bioluminescence [RLU] of bacterial strains after 5�30 minutes incubation at 25 °C  with 0.1 mM CdCl2 

Photobacterium leiognathi  Photorhabdus temperata  Photorhabdus luminescens subsp. 
thracensis  

Control              CdCl2 Control              CdCl2 Control              CdCl2 
5 5017 3170 760 649 954 751 
15 6261 1462 910 377 1208 465 
30 6850 561 1028 134 1564 241 

Time  
of incubation 
[min]  
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Introduction 

  
Mycotoxins are toxic metabolites produced by a di-

verse groups of fungi, namely by those of ubiquitous 
Aspergillus, Penicillium, Fusarium, Alternaria, Claviceps 
genera1. Some mycotoxins could be used as bioterrorist 
weapons. The risk of such an attack is now considered to 
be real because the exposition to mycotoxins can have a 
wide range of adverse biological effects including hemor-
rhagic, hepatotoxic, nephrotoxic, neurotoxic, estrogenic, 
teratogenic, mutagenic and carcinogenic ones. Mycotoxins 
would be suitable as chemical warfare agents for the ac-
tions of sabotage, because their use is not associated with 
any primary alarming signs such as blast, fire or suspicious 
odors and because there are no real-time detection and 
alarm systems for these toxins.  Therefore, there would be 
no reason to escape and then it would be too late to do so 
after the signs of intoxication become evident2. The abuse 
of mycotoxins for purposes of the biological warfare does 
not seem to be a purely theoric threat. There is some evi-
dence that Iraqi scientists were developping aflatoxins as 
part of Iraqi biowarfare programme during the 1980s3. The 
potent acute toxicity and chemical stability of mycotoxins 
Aflatoxin B1 (AFB1), fumonisin B1 (FB1), ochratoxin A 
(OTA), T-2 toxin and deoxynivalenol (DON) make them 
apt to be weaponized for bioterrorism2,3. The prospect of 
their abuse is all the more higher that publicly available 
literature includes information on the production of these 
mycotoxins by fermentation and on their extraction and 
purification2.  

Therefore, the surveillance of mycotoxins seems justi-
fied. In the Czech Republic, this surveillance is being as-
sured by the National Authority for Nuclear Safety under 
the Act No. 281/2002 of the Czech Rep. Law Collection. 

The prevention of bioterrorist acts implies the introduction 
of various measures ranging from keeping the evidence on 
plants and toxins via guaranteeing their traceability to con-
trols of handling with mycotoxins and inspections to labo-
ratories. The human exposure to mycotoxins can be gener-
ally proved by determining the intake of mycotoxins and 
by analyzing the biomarkers of mycotoxins in human 
blood plasma, serum or urine. In this regard, the fact that 
OTA in serum and AFM1 (metabolite of AFB1) in the urine 
of blood donors are monitored in the common Czech 
population provides an undoubtful advantage. 

 
Af la toxins (AF s )  

 
AFs are nontoxic but they are converted into highly 

toxic forms through oxidative metabolism by cytochrome P 
4502. Aflatoxin B1 is the most potent hepatocarcinogen3,4 
although its effects vary with species, age, sex, and general 
nutrition1. The liver is the primary organ affected for the 
acute toxicity of AF3,4. Acute aflatoxicosis results in death; 
chronic aflatoxicosis results in cancer, immune supression, 
and other pathological conditions1. The main cause of 
death from acute intoxication is liver hemorrhage, fatty 
infiltration. In 1974, the acute lethal dose for adults was 
determined to be approximately 10 to 20 mg of aflatox-
ins3,4. The hepatocarcinogenicity of AFB1 is associated 
with its biotransformation to highly reactive electrophilic 
epoxide that forms covalent adducts with DNA, RNA and 
proteins. Damage to DNA is thought to consist in the ini-
tial biochemical lesion resulting in the expression of the 
pathologic tumor growth2,4. After oral uptake AFB1 is effi-
ciently absorbed and metabolized prior to excretion by 
fecal and urinary route3,4 , e.g. aflatoxin M1 (ref.4). Oltipraz 
may prevent carcinogenesis and acute intoxication2,5.  

Increased incidence of death from lung cancer among 
workers who were exposed to grain dust particles of pea-
nut contaminated with AFs indicate that inhalation could 
also become an important route of exposure during attacks 
with AF-containing weapons2,4. The inhalation is the most 
effective and hazardous route of exposure2,4−6. The serious 
effects of exposure to AF via the respiratory tract was 
demonstrated by the rapid appereance (30 min post-
exposure) of AF-DNA adducts in rat liver DNA2.  

 
Ochra toxin A (OTA) 

 
Acute (or chronic) OTA toxicity is derived from its 

ability to inhibit protein synthesis5 . OTA inhibits the reac-
tions in which phenylalanine is implicated 5. These inter-
actions seem to explain the effective protection from OTA 
intoxication by the artificial sweetener phenylalanine or 
aspartame7. OTA is suspected to have nephrotoxic, immu-
nosuppressive, genotoxic, carcinogenic and teratogenic 
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effects on humans5. The IARC/WHO classifies OTA as a 
possible human carcinogen, included in category 2B5. 
Most of the nephrotoxic effects5−7 and the genotoxicity 
(mutagenicity) induced by OTA were prevented by aspar-
tame which is effective as a prophylactic and for flushing 
out the toxin even 2 weeks after intoxication7. Toxicoki-
netic studies on animals have demonstrated that at least of 
90 % OTA administered orally or intraperitonneally are 
bound to plasmatic proteins, that´ s why OTA has very 
long half�live of excretion (35 days)5. Free OTA is readily 
excreted through urine5.  Findings of high OTA levels in 
serum of the patients suffering from Balkan endemic neph-
ropathy (BEN) led to hypotheses about the association 
between the nephrotoxicity of OTA and BEN and also the 
incidence of renal system tumours in the population of the 
affected Balkan regions5,8.  

Nevertheless, there a case of inhalation exposure to 
OTA has also been reported and inhalation of OTA was 
considered to be the reason of the acute renal failure 
within 24 h (ref.2).  

 
Fumonis in  B 1  (FB1) 

 
The structural similarity between sphinganine and 

FB1 led to hypothesise that the adverse effects of this my-
cotoxin in human liver, kidney, lung, and nervous system 
are due to a disruption of sphingolipid metabolism or of 
the function of sphingolipids2,5.  

In pigs, acute forms of toxicity include cardiotoxicity 
and pulmonary edema2. FB1 induces an increase in the 
concentration of sphingosine and sphinganine in the left 
ventricle and the aorta, affecting cardiac output and de-
creasing arterial oxygen without changes in pulmonary 
cappilaries2−5. The current theory is that the increased con-
centrations of sphingosine and sphinganine inhibit L-type 
calcium channels2.  

 
Tr ichothecenes  

 
Trichothecenes constitute another important group of 

mycotoxins highly relevant to human health. T-2 toxin is 
an example of trichothecenes, type A, and DON is an ex-
ample of trichothecenes, type B5,9. DON is metabolized in 
vivo by de-epoxidation to DOM-15,9 and to DON-
glucuronide10. After an oral administration of deoxyniva-
lenol some 7 % of unmetabolized compound was recov-
ered in urine of sheep5. Acute toxicity of DON is charac-
terized by intestinal disorders and emesis. Dermatological 
lesions, hematological changes (hemorrhage), immunosup-
pressive, teratogenic as well as nephrotoxic effects have 
also been reported5,6,9. Humans seem to be quite sensitive 
to DON2. At low doses, DON causes anorexia and at 
higher doses it induces vomiting by unknown mechanisms. 
Anorexia and emesis could result from its neurotoxicity2.            

In humans, T-2 toxin causes alimentary toxic aleukia1 

and induces apoptosis in progenitors of megakaryocytes2. 
Clinical symptoms of intoxications are e.g. inflammation 
and hemorrhaging of digestive tract, edema, leucopenia, 

degeneration of the bon marrow and even death. In an 
outbreak of T-2 toxicosis in China, victims suffered from 
nausea, diziness, vomiting, chills, abdominal distension, 
thoracic stuffiness and diarrhea, with a period of latency 
from 10 to 30 min (ref.2). T-2 toxin is 10- to 50-fold more 
toxic when inhaled than when taken orally2.  

In mice, inhalation of T-2 toxin for 10 min was suffi-
cient to induce death in less than 5 hours (ref.2). T-2 toxin 
is also readily absorbed through intact skin2. 

 
Results and discussion 

 
Moni tor ing the  levels  of  mycotoxins  in  the 
Czech Republ ic  

 
In the Czech Republic, the data on this normal expo-

sure of the population are available thanks to programme 
of monitoring the mycotoxins in biological materials. OTA 
and AFM1 have been monitored in serum and urine of 
blood donors since the 1990s. The validated and accredited 
method of reversed phase HPLC with fluorescence detec-
tion has been employed for purposes of the OTA detection 
and quantification. As for OTA, of 2, 408 samples 
(investigated in 1994�2005) 2, 246 (93.3 %) samples of 
blood serum turned out to be positive (with levels ≥ 
0.1 µg l−1 /LoQ/), the mean was 0.28 µg l−1,the median 
was 0.2 µg l−1, and the 90 % percentile was 0.5 µg l−1. The 
ochratoxin A levels ranged from 0.1 to 13.7 µg l−1 of 
sera11. As for AFM1, the cleaning of AFM1 in urine has 
been carried out using immunoaffinity columns. The vali-
dated and accredited immunochemical method ELISA has 
been used for quantification of AFM1 in human urine. 
From 205 samples (investigated in 1997−1998) 118 sam-
ples (58 %) were positive (with levels ≥ 125 pg l−1 of 
urine /LoQ/). When calculated to a level of creatinine in 
urine, the average was 391 pg g−1, the median was 
127 pg g−1, and the 90 %percentile was 585 pg g−1. The 
aflatoxin M1 levels ranged from 19 to 19,219 pg g−1 of 
creatinine11.   

Moreover, in order to face the bioterrorist challenges, 
two analytical methods have been developped for needs of 
the National Authority for the Nuclear Safety of the Czech 
Republic: one for the determination of AFM1 in human 
urine by HPLC with fluorescence detection and another 
for the determination of DON in human urine by HPLC 
with UV detection after cleaning and separation of these 
analyts on immunoaffinity columns. 

Mycotoxins are impractical as tactical weapons. Table 
I shows that very large amounts of pure mycotoxin re-
quired to produce even 10 % of an effective tactical 
weapon are dwarf when compared with even larger 
amount of fungal culture required for the production of 
mycotoxins, reaching absurdity in the case of DON2,12. 
Furthermore, method for chemical decontamination and 
effective destruction of mycotoxins (e.g. aflatoxins, OTA) 
can be simply based on the use of household bleach (5.5 % 
sodium hypochlorite in water)2. On the other hand, the 
production of fungal weapons does not require elaborate 
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facilities for the growth of fungi, sophisticated equipment 
for the purification of the toxins or highly trained personal. 
Toxigenic fungi almost always produce several toxins at 
the same time. The toxicology of mixtures of toxins is 
more difficult to evaluate which may complicate the de-
sign of countermeasures2. Poisoning of water or food 
might be used by bioterrorists but poisoning of crops in the 
field or of grains in granaries and poisoning of central 
water reservoirs would probably be ineffective because 
large amounts of mycotoxins would be required. In gen-
eral, inhalation of mycotoxins is more dangerous than their 
ingestion. Inhalation of spores of mycotoxigenic moulds 
containing mycotoxins has adverse effects on humans and 
animals1,2. Therefore, dispersion of mycotoxins through 
the ventilation systems of public buldings or subway sta-
tions might be a method of choice for bioterrorists´ attacks 
because it could result in poisoning of many people within 
a short time. With regard to the existence of these threats, 
precise knowledge of the normal exposure of the popula-
tion is one of prerequisites necessary for detection of po-
tential attacks. At present, the health risk resulting from 
the exposure to mycotoxins from foodstuffs is estimated to 
be relatively low in the Czech Republic11.                            

 
Conclusion   

 
Mycotoxins could be theorically used by small poor 

terrorist organizations to poison food and water sources. 
Crude concentrated or dried extracts of readily grown fun-
gal cultures could be used and preferred as weapons be-
cause toxigenic fungi almost always produce several tox-
ins at the same times. Their action is often synergical and 
they mutually potentiate their effects. However, it is the 
dispersal of mycotoxins in indoor air which appears to be 
the most effective method for a bioterrorist attack. That�s 
why precise knowledge of the symptoms of intoxication 

with mycotoxins, biochemical mechanisms of their action, 
new methods for rapid determination of mycotoxins´ bio-
markers (e.g. aflatoxin M1 and DON or its metabolites in 
human urine by HPLC) is necessary.  

 
The study was supported by the System of Monitoring 

of the Environmental Impact on the Population Health in 
the Czech Republic and by State Office for Nuclear Safety 
in the Czech Republic. The authors wish to express their 
thanks for the valuable informations to Mr. Professor Av-
ishay-Abraham Stark from Tel Aviv University, Israel. 
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Table I  
Mycotoxins as tactical weapons2 

Toxin Species 
 

LD50 
[mg kg−1] 

10 % of tactical 
amount a 

Medium Yield 
 

Amount of  
culture needed  

AFB1 human 0.15−0.3 48−96 [t b]  liquid medium 300 [mg 1−1]  1.4 ⋅ 107 [ l ]  
OTA mouse 50 16,000 [t]  wheat solid culture 4 [g kg−1] 4 ⋅ 106 [t] 
FB1 
  

monkey 
  

0.11 c 
  

35 [t] 
  

corn solid culture 32 [g kg−1] 
mycelium 

1, 100 [t] 
  

DON mouse 78  25,000 [t] corn solid culture 175 [mg kg−1] 1.4 ⋅ 108 [t] 
T-2 toxin mouse 0.25 80 [t] rice solid culture 357 [mg kg−1 ] 2.2 ⋅ 106 [t] 
Ricin mouse 0.0025  800 [kg e ]    
Botulinum toxin mouse 2.5 [ng kg−1 ] 0.80 [kg e ]    

a The amount needed to cause 50 % lethality over 10 km2, assuming that the acute toxicity for humans is similar to that for mice. The 
calculation is based on the linear relationship between the LD50 in mice and that of Franz and Zajtchuk2, b Calculation according to LD50 
in humans, c No observable effect level in monkeys, d  7.5 % of the world annual grain consumption (1.904 ⋅109 tons), e Values2 were 
adapted to 10 km2 from information of Franz and Zajtchuk12, where calculations were done for 100 km2 
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Introduction 
 

Chronic autoimmune diseases represent risk of nega-
tive pregnancy outcome, which is caused either by used 
drugs or chronic conditions. Management of treatment has 
changed from recommendation of pregnancy termination 
to tolerance of pregnancy. However physicians are still 
afraid from the drug usage during pregnancy for their pre-
sumed teratogenic potential, and they risk relaps of disease 
during non-treated pregnancy or in early postnatal period. 
In our study we present pregnancy outcomes of women 
suffered from idiopatic bowel diseases (Crohn´s disease 
and ulcerative colitis) and treated and non-treated cases of 
multiple sclerosis. We collected the cases of patiens, that 
contact CZTIS (Czech Teratology Information Service). 
The diseases were not complicated by hypertension or 
endocrine dysbalance that perform an important risk them-
selves. Immunosuppressants in combination with corticos-
teroids are the most frequent therapy in inflammatory 
bowel disease reported by clinicians. Drugs combined 
were antibiotics, aminosalicylates, nutritive intervention or 
immunomodulatory cytokines. According to data, both 
active form of disease and all drugs used in inflammatory 
bowel disease treatment are associated with increased risk 
of premature births and low birth weight following intrau-
terine growth retardation (IUG)1. However, our CZTIS 
small sample of pregnancy outcomes is not consistent with 
reported embryotoxicity risk nor with reported type of 
therapy. Monotherapy of mesalazine followed by combi-
nation therapy (prednison + azathioprine + mesalazine) 
were the most frequent queries on Crohn´s disease treat-
ment. The lowest birth weight of healthy newborns was 
2480 g in the 40th week of pregnancy. Treatment of ul-
cerative colitis in followed pregnacies was mesalazine 
monotherapy. Pregnancy outcomes of women with this 
type of bowel disease were even 3300�4050 g all in term 
deliveries. In small number of multiple sclerosis treatment 
during pregnancy, we did not record significant increase of 
embryotoxicity. Although our sample of pregnancy out-
comes is limited, it could contribute to the findings, that 
when the disease is maintained in remission, the treatment 

itself does not increase the embryotoxicity risk. 
 

Idiopatic bowel disease (IBD) and multuple sclerosis 
(MS) � characteristics of diseases 

 
The first peak of onset is in young age, around the age 

of 20, the second peak is recorded after the age of 50. 
years. Typical is North � West geographic predominance, 
with prevalence 20 (IBD) � 100 (MS) 100 000-1. Etiology 
is multifactorial, genetic backround in combination with 
environmental factors.   

 
Mult ip le  sc leros is  

 
Multiple sclerosis (MS) is autoimmune demyelinating 

disease of central nervous system. Myelin antigens are 
supposed to be target structure, resulting in myelin sheath 
damage followed by diffuse axonal damage. Pregnancy is 
a factor significantly decreasing number of relapses 
(PRIMS, prospective study). Prevalence in the Czech re-
public is 70 100 000-1. Pregnancy should be planned to 
clinically stabilized period, 6-12 months after last attack. It 
is recommended to stop any treatment 3 to 6 months be-
fore pregnancy. If the attack occurs they use low-dose of 
corticosteroids or intravenous immunoglobulins. Treat-
ment should be started immediately after delivery other-
wise risk of attack increase two times2. 

  
Id iopat ic  bowel  diseases( IBD)  

 
Crohn´s disease is chronic non-specific inflammatory 

disease of small and large intestine. It manifests with diar-
rhoea, pain in abdomen, absorption impairment and mal-
nutrition. Chronic bleeding may cause anemia. Stenosis of 
intestine often requires surgical treatment. Crohn´s disease 
in pregnancy results in increase risk of low birth-weight, 
spontaneous abortion, prematurity and perinatal complica-
tions. However, when it is in remission, the risk of nega-
tive pregnancy outcome is not increased. 

 
Ulcerative colitis is chronic non-specific inflamma-

tory disease of rectum and/or sigmoid part of large intes-
tine. It manifests predominantly with diarrhoea, rectal 
bleeding, obstipation, fever, and weight loss. It resembles 
intestinal infection. It is connected often with extraintesti-
nal symptoms (uveitis, erythema nodosum, arthritis, 
pyodermia). The risk factors perform dietary practice. 
Pregnancy with ulcerative colitis is often without any com-
plications. When it is inactive during conception, it re-
mains inactive during whole pregnancy. In active form of 
disease is increased risk of spontaneous abortions and pre-
term deliveries. 

Treatment of IBD perform immunosupressants, corti-

L15 
THE RISKS OF AUTOIMMUNE DISEASES THERAPY IN PREGNANCY 
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costeroids, aminosalicylates, antibiotics, alternatively new 
drug, anti- TNF, Infliximab3. 

  
Characteristics of drugs used  

 
Risks for drugs used by our patients that are an-

nounced for treatment during pregnancy4-7. 
Mesalazine (acetyl-5-aminosalicylic acid) was not 

genotoxic in vitro. It has no influence on ductus arteriosus 
as other NSAIDs. Prospective study following 165 preg-
nancies exposed to mesalazine, 146 of them were exposed 
during first trimester, did not demonstrate any embryotox-
icity. There was slightly increased probability of preterm 
delivery. Mesalazine in recommended doses does not in-
crease embryotoxicity risk in comparison with non-
exposed population. Mesalazine in pregnancy is consid-
ered as drug of choice in therapy of inflammatory bowel 
diseases (in doses up 3 g day-1).  

Prednisone and Methylprednisone are the most frequent 
used glucocorticoids. Both as other corticoids induce palate 
cleft in mice. However the results of epidemiological studies 
are not consistent. It is not possible to exclude any risk of 
cleft palate, as well as IUGR and preterm rupture of fetal 
membranes. However absolute risk of cleft is not higher as 
1 %. Common dosage is 10�40 mg, in serious conditions till 
100 mg per day. Higher risk results from very high dosage 
by the lupus erythematodes treatment.  

Azathioprine is anti-metabolite used in combination 
with other drugs for the immunosuppressive treatment. It 
is metabolized into 6-merkaptopurine. Both, original sub-
stance as well as metabolite is cytotoxic purine analogs 
with strong embryotoxic effect. Control epidemiological 
study was not done because result of azathioprine is com-
bined with other drugs and basic disorder. However results 
from smaller studies prove that treatment by azathioprine 
in common dosage (1-2 mg per day) does not represent 
a risk of malformations but it increases significantly risk of 
prematurity and IUGR (till 40 %). Chromosomal aberra-
tions in fetus are not supposed.  

Infliximab is monoclonal antibody anti- TNF alfa 
used for treatment of Crohn´s disease unresponsible to the 
corticoids and immunosupressants. In animal studies was 

without negative effect on fertility, however this antibody 
does not react with TNF of rodents therefore this experi-
ment is not valid for the assessment of human toxicity. 
Reported outcomes of pregnancies exposed during first 
trimester were in 3 cases spontaneous abortion and 6 
healthy children. The most recent study including exposed 
97 pregnancies does not demonstrate higher risk. It seems 
that risk is not high even the information is not sufficient. 

Amantadine is an antiviral drug that is also used in 
Parkinsonian-like disorders. Amantadine was found to 
increase the incidence of congenital malformations in rats 
in dose 10 times higher than therapeutical. No malforma-
tions occurred in rabbits and rats at lower maternal doses. 
There were described individual cases of the exposure to 
amantadine during pregnancy and one small study involv-
ing 64 pregnancies with first trimester prescription. In this 
population, five births with defects were reported, which 
was higher than expected (risk 7.8 % ) One defect in-
volved the heart, therefore Amantadine is not recom-
mended during pregnancy.  

Glatiramer is a mixture of synthetic polypeptides 
composed of four naturally occurring amino acids, L-
alanine, L-glutamic acid, L-lysine, and L-tyrosine. Its mo-
lecular weight, 5000 to 9000 Daltons approximately, 
probably may prevent transport cross placental barier. It is 
indicated in patients with multiple sclerosis. It is believed 
to induce the formation of antigen-suppressor cells specific 
for myelin-based protein and thereby inhibit some of the 
immunologically mediated damage. The manufacturer 
reports that reproduction studies using doses up to 18 and 
36 times higher than human dose in rats and rabbits, re-
spectively, did not uncover signs of adverse effects on 
fetal development. There were published only few cases 
and a series of more than 400 pregnancies in women who 
were treated with glatiramer acetate. Six (3.1 %) of 193 
liveborn infants are said to have had congenital anomalies, 
which were different in each case. Its potential to decrease 
attack frequency prevails possible risk for fetus. 

Endobulin (IVIG) is a mixture of normal polyvalent 
immunoglobulins obtained from healthy donors. It is used for 
treatment of immunodeficiency and for immuno-modulation 
and treatment of inflammation. Immunoglobulins cross pla-

Table I 
Crohn´s disease was treated by the mesalazine monoterapy (4×) or by azathioprine (1×), in other cases by combination 
above mentioned drugs with prednisone or infliximab. Except for one abortion and one case with hypotrophy, 8 cases re-
sulted in birth of healthy newborn in term with normal birth weight  

Crohn´s disease
Treatment Pregnancy outcomes

Vol.abort Abortion Prematurity/hypotrophy Normal/ healthy
Mesalazine 1 0 0 3x in term > 2500g
Azathioprine 0 0 0 1x in term > 2500g
Azathioprine, prednisone 0 0 0 1x in term > 2800g
Azathioprine, prednisone, mesalazine 0 0 1x in term; 2480/45 2x in term > 2500g
Azathioprine, mesalazine, anti-TNF 0 1 0 0
Mesalazine, anti-TNF 0 0 0 1x in term > 2500g
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centar barrier however no negative impact of pregnancy was 
observed. Alergic reaction may be risky, only.  

 
Results 

 
Mesalazine followed by azathioprine was the most 

frequent treatment of idiopatic bowel diseases. Another 
recorded therapy was combination of azathioprine and 
corticoids or azathioprine, prednisone, and mesalazine. 
Pregnacy outcomes were deliveries of healthy newborns 
with normal birth weight (more than 2500 g). We recorded 
only two pregnancies terminated by spontaneous abortion 
in pregnancies exposed to Infliximab in combination with 
mesalazine or azathioprine (Tables I, II).  

Comparing our group of MS patients (prospective 
study following treated pregnancies) with the group of 
patients, that delivered babies at the Clinical Department 
of Gynaecology and Obstetrics, 3rd Faculty of Medicine 
(retrospective study comprising non-treated pregnancies), 
we revealed no significant difference between both groups. 

Pregnancy outcomes in both groups were deliveries of 
healthy newborns with normal (more than 2500 g) birth 
weight. Birth weight of newborns of non treated mothers 
was even 3400 g on the average (Table III). 

 
Conclusions 

 
Almost all outcomes of our followed pregnancies 

were deliveries of healthy newborns, in term, with birth 
weight more than 2500 g. These findings are not consistent 
with published data, presenting risk of preterm labour, 
prematurity and IUGR. We did not record any inborn de-
velopmental defect. Both, cases of spontaneous abortion 
and low birth weight could be assigned to more severe 
course of chronic disease, requiring more intensive treat-
ment with Infliximab (anti-TNF). More cases of low birth 
weight in newborns of women affected by Crohn´s disease 
are probably caused by absorption impairment resulting in 
malnutrition.  

In group of mothers suffering from MS, we did not 

Table II  
Ulcerative colitis was treated by mesalazine alone or in combination with prednisone or completed moreover by azathio-
prine. Infliximab was not used. Pregnancy resulted in 5 cases in birth of healty newborn with normal birth weight. Treat-
ment by combination three drugs resulted in spontaneous abortion 

Ulcerative colitis
Treatment Pregnancy outcome

Vol.abort Abortion Prematurity/hypotrophy Normal/healthy
Mesalazine 0 0 0 4x in term > 2500g
Mesalazine, prednisone 0 0 0 1x in term; 3750/54
Mesalazine, prednisone, azathioprine 1 1 0 0

Table III 
Pregnancy women suffered sclerosis multiplex resulted in all cases except for one abortion in birth of healty newborn with 
normal birth weight. That was slighly higher in patients without any treatment. Abortion may be considered as a result of 
intensive treatment or it may be a natural prenatal lost during pregnancy. It is not possible to postulate valid conclusion on 
the base of single case. There were observed no malformation or intrauterine growth retardation  

Sclerosis multiplex � prospective study
Treatment Pregnancy outcomes

Vol.abort Abortion Prematurity/hypotrophy Normal/healthy
Without treatment 0 0 0 0
Prednisone (attack, dose 2g) 0 0 0 3x in term > 2500g
Prednisone, azathioprine 0 0 0 2x in term > 2500g
Prednisone , azathioprine, amantadine 0 0 0 1x in term > 2500g
Prednisone, amantadine, interferon 0 1 0 0
Prednisone, glatiramer 0 0 0 1x in term > 2500g
Sclerosis multiplex � retrospective study
Treatment Pregnancy outcomes

Vol.abort Abortion Prematurity/hypotrophy Normal/healthy
Without treatment 0 0 0    6x in term; mean 3300g       
Prednisone (attack) 0 0 0 2x in term > 2500g
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record any significant difference between treated and non 
treated pregnancies. Our study does not support recom-
mendations of the Centre of demyelinisating diseases, to 
terminate all the therapy 3 months before conception. We 
agree only with increase of embryotoxic risk in case 
treated by cytotoxic drugs (cyclophosphamide, meth-
otrexate, amantadine) during the first trimester. However, 
in the case that pregnancy does not occur within 3 months, 
all period of non treated disease can continue more than 
a year, that considerably increase the risk of attack requir-
ing more intensive treatment. Mesalazine as drug of choice 
in the treatment of IBD is followed by corticoids and 
azathioprine.  Glatiramer, if necessary, can be used in at-
tack control in the 2nd and the 3rd trimester. We recom-
mend an extended prenatal diagnosis with a detailed fetal 
ultrasound. For possible temporal hypofunction of suprare-
nal gland of newborn after exposition of high doses of 
corticoids at perinatal period, detailed examination of new-
born should be required. Nevertheless, the risk for mother 
and baby remains the disease itself. Treatment interruption 
during pregnancy increases risk of relapses during preg-
nancy and after delivery. However, our results, in general 
consistent with other larger studies, are still insufficient for 
statistical embryotoxicity risk assessment for small num-
ber of cases.  

 

We appreciate the help of Pavla Nováková, M.D., 
PhD. and the Clinical Department of Gynaecology and 
Obstetrics, 3rd Faculty of Medicine, Charles University, 
Prague, Czech Republic. 
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Introduction 

 
Amphetamines are powerful central nervous system 

stimulants. Chronic abuse of amphetamines causes halluci-
nations and psychosis, in addiction to dysphoria and de-
pression upon withdrawal1. Designer drugs of methyl-
enedioxyphenylalkyl amine type are abused as recreational 
drugs at all-night techno dance parties. Users of these 
drugs describe feelings of understanding, euphoria, com-
municativeness, and emphaty, almost without showing 
hallucinogenic effects2−5. These drugs have been men-
tioned as psychoactive chemicals by Shulgin4 and on 
www.sites (e.g. http://www.erowid.org., http://
www.lycaeum.org). Abuse of amphetamines and ampheta-
mine derived designer drugs remains a serious social prob-
lem worldwide. These drugs have not only led to intoxica-
tions, but they have also caused driving impairments6−8. 
Gas chromatography (GC) or liquid chromatography (LC) 
methods have been used for the determination of ampheta-
mines and amphetamine derived designer drugs in biologi-
cal matrices9−15, SPE extraction (solid phase extraction) 
and L-L extraction (liquid-liquid extraction) have been 
applied as a pre- analytical steps 16−19 of GC-MS or LC-
MS assays (MS mass spectrometry). 

 
Material and Methods 

  
MAMP-d5 deuterated methamphetamine internal 

standard (IS) was obtained from Lipomed AG (Arlesheim, 
Switzerland). Sulphate of AMP amphetamine and hydro-
chlorides of MAMP methamphetamine, EPH ephedrine, 
NOREPH norephedrine, MDA 3,4-methylene-
dioxyamphetamine, MDMA 3,4-methylenedioxy-
methamphetamine (ecstasy), MDEA 3,4-methylenedioxy-
N-ethylamphetamine and MBDB N-methyl-benzodioxo-
lylbutanamine were purchased from UNDCP United Na-
tions International Drug Control Programme  (Vienna, 
Austria). HFBA heptafluorobutyric anhydride was ob-
tained from Fluka (Stenheim, Germany). Solvents were 

obtained from Penta (Chrudim, Czech Republic), and 
chemicals from Lachema (Brno, Czech Republic) and 
were of analytical grade. Isolute Confirm HCX cartridges 
(130 mg, 10 ml) were obtained from International Sorbent 
Technology IST (Mid Glamorgan, UK). 

Blank human urine samples were obtained from  vol-
unteers. Authentic human urine samples were submitted to 
laboratory for toxicological analysis. 

SPE extraction: 2 ml of urine samples were processed 
in accordance with IST SPE Application Note20 after addi-
tion of 5 µl (20 ng µl−1) IS MAMP-d5. The analytes were 
eluted with 2 ml of methanol-aqueous ammonia (98:2 v/v) 
into glass vial. Before elution, tartaric acid solution 0.1 ml 
(0.1 mg ml−1) was added. The eluates were evaporated to 
dryness under a stream of air at 40 °C. L-L extraction: 2 
ml of urine samples were after addition of 5 µl (20 ng µl−1) 
IS MAMP-d5 and 0.5 ml M-NaOH extracted with 3 ml of 
benzene. After 5 min of extraction and centrifugation 2 ml 
of organic layer were separated into glass vial. The eluates 
were evaporated as described above. Derivatization was 
carried out after addition of 50 µL of HFBA at 70 °C 30 
min. After cooling, the derivatization extracts were mixed 
with 0.1 ml of cyclohexane, the mixtures were centrifuged, 
and 0.2 ml of an aqueous 0.5 M-Na3PO4 solution was 
added. The organic layers were transferred to new vials 
and 1 µL was injected to GC-MS system11. 

 
GC-MS analys is  

HP-5 MS capillary column (30 m × 0,25 mm i.d. × 
0,25 µm film thickness) and Finnigan MAT Magnum ion 
trap GC-MS system (A200S GC autosampler, 3400 gas 
chromatograph (Varian Instrument Group)) were used. GC 
conditions were as follows: SPI injection mode, carrier gas 
helium, flow rate 1 ml min−1, column temperature initially 
65 °C for 2 min and increased to 250 °C at 20 °C min−1 
and was held at this temperature for 10 min. MS condi-
tions were as follows: transfer line heater 270 °C, electron 
ionization (EI) mode, full scan, ionization energy 70 eV, 
mass range m/z 35 to 500, seconds/scan 0.500. 

The presence of analytes was screened for by extrac-
tion of characteristic fragment ions from the total ion chro-
matograms (m/z): 240 for AMP, NOREPH; 254 for 
MAMP, EPH, MDMA; 135 for MDA; 268 for MDEA, 
MBDB; 258 for MAMP-d5 IS. 

Quantification was carried out by comparison of peak 
area ratios (analyte versus IS) with calibration curves in 
which peak area ratios of spiked calibrators were plotted 
against their concentrations. 

 
Assay  evaluat ion for  ur ine  analys is  

Aliquots of drugs free urine were spiked with 5 µl 
(20 ng µl−1) IS MAMP-d5 and the corresponding analytical 

L16 
COMPARISON OF SOLID PHASE EXTRACTION AND LIQUID-LIQUID EXTRACTION  
IN AMPHETAMINE- LIKE DRUGS ANALYSIS OF HUMAN URINE USING  
GAS CHROMATOGRAPHY-MASS SPECTROMETRY 
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standard solutions to obtain calibration samples at concen-
trations of 0, 5, 10, 20, 50, 100, 500, 1000 and 2000 ng ml−1 
of each analyte. Samples at each concentration were ana-
lyzed in doublets by SPE and L-L extractions. The regres-
sion line was calculated using a weighted [1/
(concentration)2] least-squares regression model. The 
means and standard deviations (SD) of slopes and inter-
cepts as well as the coefficients of determination (R2) were 
calculated. 

Samples for repeatability study (n=6) at concentra-
tions 50 ng ml−1 and 500 ng ml−1 were prepared by spiking 
2 ml drugs free urine with the corresponding analytical 
standard solutions and extracted by SPE and L-L methods. 
After SPE and L-L extraction 5 µl (20 ng µl−1) IS MAMP-
d5 was added to each eluate, extracts were evaporated, the 
residues were derivatized and analyzed as described 
above. Repeatability was calculated (as RSDs).  

Samples for extraction study (n=6) at concentrations 
50 ng ml−1 and 500 ng ml−1 were prepared by the same 
manner as the samples for repeatability measurment. The 
control samples (n=6) were prepared at concentrations 50 
ng ml−1 and 500 ng ml−1 by adding the analytical standard 
solutions with 5 µl (20 ng µl−1) IS MAMP-d5 into vials and 
evaporated. After evaporation, the residues of extraction 
and control samples were derivatized and analyzed as de-
scribed above. Extraction efficiencies (means and SDs) 
were estimated by comparison of the peak area ratios 
(analyte vs IS) from extraction samples and control sam-
ples for each analyte at each concentration. 

Limit of detection (LOD) and limit of quantification 
(LOQ) were based on a signal-to-noise (S/N) ratios. Drugs 
free urine samples spiked by mixtures of standards used 
for determination of calibration parameters were assayed 
to determine LOD (S/N greater than 3:1) and LOQ (S/N 
greater than 10:1).  

 
Results and Discussion 

 
The analytes were isolated from 2 ml urine by a 

mixed-mode SPE extraction and L-L extraction. The 
evaporation carried out at 40 °C and the most volatile ana-
lyt AMP proved loss at a low concentration levels. The use 
of HFBA for derivatization can cause high background 
levels and degradation of the stationary phase of the GC 
column. Therefore, the heptafluoro (HFB) derivatives 
were extracted into cyclohexane and any excess reagent 
was removed from the organic phase by washing with 
sodium phosphate solution11.  

 
GC-MS analys is  

The characteristic ions for HFB derivatives were cho-
sen from the corresponding full-scan mass spectra. The 
presence of analytes were screened for by characteristic 
fragment ions. Peaks, that apeared in the extracted frag-
mentograms of the screening ions were checked. Quantifi-
cation was carried out by comparison of the peak area 
ratios (analyte vs IS) with calibration curves obtained with 
spiked calibrators. 

Assay  evaluat ion for  ur ine  analys is  
Doublets of matrix calibrators at eight different con-

centrations from 5 to 2000 ng ml−1 were analyzed. A 
weighted linear regression model was used to account for 
unequal variances across the calibration range. In Table I 
(SPE extraction) and Table II (L-L extraction), slopes, 
intercepts (means ± SDs) and coefficients of determination 
of calibration curves are shown. The SDs of the slopes 
corresponded to RSDs values for all analytes, showing, 
that callibration curves were reproducible. The measure-
ment of calibration dependence allowed to determine ex-
tent of linearity in the concentration range from 10 to 
2000 ng ml−1 for all analytes for SPE extraction and extent 
of linearity from 5 to 2000 ng ml−1 for L-L extraction, 
except AMP. Correlation coefficients of amphetamines 
and derived drugs exceeded 0.98 for both extraction meth-
ods. 

Repeatability and extraction efficiency for all analytes 
in urine samples was tested on concentration levels 50 and 

Table I 
Slopes, y-intercepts and coefficients of determination of 
calibration curves in doublet of GC-MS assay for am-
phetamines and amphetamine derived drugs (SPE extrac-
tion)19 

                           Linearity of calibration curves  
 slope y-intercept  
AMP              0.0003±0.0001      0.0018±0.0003       
MAMP              0.0024±0.0002      0.0107±0.0218   
EPH               0.0111±0.0012      0.4575±0.0425      
NOREPH      0.0046±0.0003      0.6769±0.0917       
MDA             0.0052±0.0002      0.0852±0.0515       
MDMA         0.0009±0.0001      0.0225±0.0112       
MDEA          0.0012±0.0001     −0.0015±0.0181       

R2 
0.9725 
0.9998 
0.9819 
0.9957 
0.9999 
0.9960 
0.9969 

MBDB          0.0003±0.0001     −0.0025±0.0138       0.9987 

Table II 
Slopes, y-intercepts and coefficients of determination of 
calibration curves in doublet of GC-MS assay for ampheta-
mines and amphetamine derived drugs (L-L extraction) 

                           Linearity of calibration curves  
 slope y-intercept  R2 
AMP                  0.0005±0.0001 −0.0011±0.0003      0.9949 
MAMP          0.0005±0.0001      0.0067±0.0023       0.9992 
EPH               0.0072±0.0001    −0.2119±0.0036      0,9975 
NOREPH      0.0018±0.0008      0.1478±0.0907       0.9819 
MDA             0.0047±0.0002     −0.0346±0.0289      0.9992 
MDMA             0.0010±0.0001      0.0077±0.0005   0.9990 
MDEA          0.0012±0.0001      0.0013±0.0023       0.9984 
MBDB          0.0012±0.0001      0.0018±0.0078       0.9951 
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500 ng ml−1 (n=6). The criteria for repeatability were filled 
for all analytes (<15 % RSD). The results are shown in 
Table III (SPE extraction) and Table IV (L-L extraction). 
The contents of target drugs in extracted samples were 
compared with of contents of target drugs in control sam-
ples. Extraction recoveries for all analytes in urine samples 
were tested at concentration levels 50 and 500 ng ml−1 and 
established in range 60−99 % (SPE extraction) and 58−99 % 
(L-L extraction). Limits of detection for all analytes except 
AMP were established at 5 ng ml−1 and limits of quantifica-
tion for MAMP, EPH, NOREPH, MDA, MDMA, MDEA, 
MBDB at 10 ng ml−1 (SPE extraction). Limits of detection for 
all analytes were established below 5 ng ml−1 and limits of 
quantification at 5 ng ml−1 except AMP (L-L extraction). 
LOD for AMP was established at 20 ng ml−1 and LOQ at 50 
ng ml−1 for SPE extraction and L-L extraction.  

Conclusion 
 

In this study, GC-MS method is presented for screen-
ing as well as identification and quantification of ampheta-
mines and /or designer drugs of ecstasy type in human 
urine. The mixed-mode solid phase extraction and liquid-
liquid extraction methods are both suitable to use as a pre-
analytical step of amphetamines and amphetamine derived 
designer drugs GC-MS assay. The effectivity of both ex-
traction methods is comparable. This procedure should be 
suitable for the confirmation of immunoassay positive 
results for amphetamines and amphetamine derived de-
signer drugs of ecstasy type. 

 
The study has been supported by the grants of The 

Czech Ministry of Education MSM 111100001, MSM 
111100005 and grant of The Czech Ministry of Health IGA 
MZ NR 9365-3/2007.  
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Table III 
Extraction efficiencies and repeatability of GC-MS assay 
for amphetamines and amphetamine derived drugs at con-
centration levels 50 and 500 ng ml−1 (SPE extraction)19 

                 Extraction efficiency
(mean±SD) [%]        

Repeatability RSD [%] 

        50 ng ml−1   500 ng ml−1   50 ng ml−1  500 ng ml−1  
               (n=6)              (n=6)              (n=6)              (n=6)              
AMP                    60.3±11.8      89.2±7.8  9.7             7.7 
MAMP                  88.4±8.6       96.2±4.8  8.8             4.9 
EPH              94.3±7.6        98.2±4.6          6.9             3.6 
NOREPH      92.2±7.4        94.5±6.2          5.4             2.8 
MDA             96.4±4.2       98.3±3.2          3.8              2.3 
MDMA         96.2±4.3        99.3±3.6          3.2             1.2 
MDEA          92.4±6.8        91.4±7.6          4.7             2.2 
MBDB          95.5±6.4        96.4±3.8          3.9             1.7 

Table IV 
Extraction efficiencies and repeatability of GC-MS assay 
for amphetamines and amphetamine derived drugs at con-
centration levels 50 and 500 ng ml−1 (L-L extraction) 

                 Extraction efficiency
(mean±SD) [%]        

Repeatability RSD [%] 

        50 ng ml−1   500 ng ml−1   50 ng ml−1  500 ng ml−1  
               (n=6)              (n=6)              (n=6)              (n=6)              
AMP                  58.3±12.6 85.5±6.8       10.4             8.5 
MAMP          83.2±9.1       94.8±5.2         8.1             5.2 
EPH               92.3±8.2       96.7±4.8        7.2             4.4 
NOREPH      91.3±7.9       94.0±6.2        5.9              3.8 
MDA             95.8±5.2       97.2±3.9        4.4              2.9 
MDMA         95.4±4.8       98.6±4.2         3.9             2.2 
MDEA          93.5±7.4       92.0±7,3         5.3             2.8 
MBDB          96.7±8.3       96.9±4.5         4.8             2.5  
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Introduction 

 
Over the last year the abuse of the fly agarics Amanita 

muscaria and Amanita pantherina, attained of novel ex-
pansion, mainly among young people. Psychotropic effect 
of this mushrooms is caused by isoxazole derivatives ibo-
tenic acid and muscimol and by muscarine1,2. Amounts 
and mutual proportions of those toxins show considerable 
variability and are dependent on the growing season, on 
the locality of growth and number by other factors. Such 
complexity significantly increases the risk connected with 
abuse of this mushrooms. 

 
Toxins of Amanita pantherina and Amanita muscaria 

 
Amanita pantherina and Amanita muscaria are mor-

fologically and chemically very similar3. The poisoning 
syndrome due to this fly agarics has been called 
�mycoatropinic�, as the symtoms are similar to those in-
duced by atropin-containing plants4−6. The principal tox-
ins, responsible for the hallucinogenic effect are ibotenic 
acid7, muscimol8 (decarboxylation produkt ibotenic acid) 
and muscarine. Others are muscazon9, whose pharmacol-
ogical activity is minor compared to the previous sub-
stances, and stizolobic and stizolobinic acids10, whose 
pharmacological activities are still unclear11,12 (fig. 1).  

 

Ibotenicac id and muscimol  
 
Ibotenic acid and muscimol have the structural similari-

ties with glutamic acid and γ-aminobutyric acid (GABA). 
Both of them react as false neurotransmitters12−14. Latency 
of the abuse is 30 min to 3 or 4 h after ingestion. The 
symptoms caused by this toxins are tiredness, convulsions, 
dizziness, euphoria, hallucinations, mydriasis, depression, 
muscle twitches, slow transition to coma4,15−17. 

 
Muscar ine  

 
Muscarine, due to its structure bind on the cholinergic 

receptors, acts on the part of the peripheral parasympa-
thetic nervous system, which uses acetylcholin as a media-
tor18. Symptoms of the abuse start 30 min to 2 h after in-
gestion. They involve miosis, visual and auditory aesthe-
sia, enhanced perspiration, salivation and lacrimation (so 
called PSL syndrome) and asthmatic respiration4,15−17. 

 
Methods of the determination of the toxins of Amanita 
pantherina and Amanita muscaria 

 
High-performance  l iquid chromatography  
(HPLC) 

 
There are a sensitive HPLC ion-interaction method 

for the separation and determination of muscimol and ibo-
tenic acid in the extract from Amanita muscaria. The tox-
ins of the mushroom were extracted with water and sonica-
tion and then injected into the chromatographic system 
equipped with a C18 column and UV detector19. In other 
works muscimol and ibotenic acid were determined in the 
methanolic extract from Amanita muscaria by the HPLC 
with a C18 column and UV detector20 or by HPLC/DAD 
as derivatives after dansylation21.  

 
Gas  chromatography-masss  pect romet ry   
(GC-MS)  

 
Analysis of diastereomers of muscarine in Amanita 

muscaria was performed by gas chromatography22. In the 
study23, followed the older work24, hallucinogenic con-
stituents were determined in Amanita mushrooms by gas 
chromatography-tandem mass spectrometry. After evapo-
ration of the methanolic extracts from the mushroom, the 
residues were derivatized with a mixture N,O-bis
(trimethylsilyl)trifluoroacetamide (BSTFA), 10 % tri-
methylchlorosilane (TMCS) and ethyl acetate and then 
injected into the chromatographic system.  

 

L17 
IDENTIFICATION AND DETERMINATION OF THE TOXINS OF Amanita muscaria AND Amanita pantherina 
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Fig. 1. Chemical structure of the ibotenic acid (I), muscimol 
(II), muscarine (III), muscazon (IV), stizolobic acid (V) and 
stizolobinic acid (VI) 
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Liquid chromatography-mass  spect rometry  
(LC-MS)  

 
There are several reports on the contents of musci-

mol, ibotenic acid or muscarine by LC/MS. The methano-
lic extracts containing the toxins were derivatized with 
dansyl chloride followed by ethylation and then were de-
termined by LC-ESI/MS21. Dansyl chloride reacts with 
primary and secondary amino group and provides very 
stable derivates with good retention to reversed-phase 
columns. The detectable concentration of ibotenic acid and 
muscimol was in the units of ppm. Also muscarine, musci-
mol and ibotenic acid were determined by LC-MS/MS 
from A. muscaria25. The aqueous extracts of the mush-
rooms were directly injected into the chromatographic 
system and separated on C18 column. The detectable con-
centration of ibotenic acid and muscimol was in the units 
of ppm too. Hydrophilic interaction liquid chromathogra-
phy (HILIC) on amide-based stacionary phase in combina-
tion with ESI tandem MS/MS was employed to separate 
polar mushrooms toxins − amanitins and phallotoxins 
(toxins from Amanita phalloides) and muscarine26.  

 
Conclusions 

 
In the cited works, concentration of the toxins 

(ibotenic acid, muscimol and muscarine) were higher in 
the cap of the mushrooms then in the stems. 

Although there are the articles on the concentrations 
of ibotenic acid, muscimol and muscarin from Amanita 
muscaria and Amanita pantherina, practically there are not  
the work describing economically and time-saving analyti-
cal method to the identification and determination of this 
toxins from biological matrix as urine, blood or gastric 
content. Until nowadays diagnosis of poisoning is maked 
by a microscopic examination. 
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Introduction 

        
Polysaccharide constituents of fungal, plant and certain 

bacterial cell walls, belong to the naturally occurring agents 
with a broad spectrum of bio-modulatory activities1−3. The 
β-D-glucans belong to the class of compounds known as 
biological response modifiers (BRMs), which stimulate the 
immune system of the host and exert a wide range of im-
munopharmacological activities that enhance protection 
against viral, bacterial, fungal and parasitic infections. The 
β-glucans also exhibit radioprotective, immunoadjuvant, 
antioxidant, antimutagenic and anticarcinogenic effects4−8. 
Due to the need to identify new bio-protective agents and to 
determine their mechanisms of action, the aim of the present 
research was to assess the potential DNA-protective activity 
of carboxymethyl glucan (CMG) using the DNA-topology 
assay and compare its bio-modulatory potential with that of 
other polysaccharides included among BRMs. Moreover, 
the DNA excision repair deficient strain uvs12 of the unicel-
lular green alga Chlamydomonas reinhardtii was used for 
bio-protective activity assessment against methylmethane 
sulphonate induced cytotoxicity and mutagenicity.  

 The DNA-topology assay responds sensitively to 
a metal occurrence and free radical generation in a reaction 
medium. The assay is based on the electrophoretic detec-
tion of changes induced in a plasmid DNA topology 
through a conversion of a supercoiled DNA (form I) to 
relaxed DNA (form II) or to linear DNA (form III). These 
changes in the DNA topology are related to the induction 
of single- or double-strand DNA breaks by genotoxic/
oxidative agent. When appropriately applied, this tech-
nique can be also used for monitoring of natural com-
pounds with the DNA bio-protective activities9. Similarly 
as in bacteria and yeast, the collection of repair deficient 
strains of C. reinhardtii is available10, and can be used for 
genotoxicity/antigenotoxicity assessment.  

Materials and methods    
   
Chemicals  

 
All polysaccharides: carboxymethyl glucan (CMG); 

carboxymethyl chitin glucan (CMChG); sulphoethyl chitin 
glucan (SEChG); glucomannan (GM); sulphoethyl glucan 
(SEG); carboxyethyl chitosan (CECh) were isolated at the 
Institute of Chemistry of Slovak Academy of Sciences in 
Bratislava. Insoluble derivatives of β-D-glucan were solu-
bilized by carboxymethylation, sulphoethylation which 
was detailed described by Machová et al.11. Methyl-
methane sulphonate (MMS) (Aldrich) was of the highest 
purity available. Analytical purity grade iron (II) sulfate 
heptahydrate (FeSO4 . 7 H2O) and hydrogen peroxide 
(30 % H2O2) were commercially available.  
  
DNA-topology assay  

 
Two variants of experiments were performed. In both 

the potential cleavage of a supercoiled plasmid DNA was 
made in the 20 µl reaction mixture of sodium phosphate 
buffer (10 mM, pH 7.0) containing the sample of 
a supercoiled plasmid DNA (200 ng). In the 1st variant of 
experiments aimed at comparison of 6 polysaccharides to 
induce DNA breaks, the supercoiled plasmid DNA  was 
exposed for 30 min at 37 °C in the dark to CMG  (1 mg ml−1); 
CMChG (1 mg ml−1); SEChG (1 mg ml−1); SEG (1 mg ml−1);  
SEChG (1 mg ml−1); GM (1 mg ml−1); CECh (1 mg ml−1). 
In the 2nd variant of experiment the plasmid DNA was 
exposed either to Fe2+ (10 µM), or H2O2 (1 mM) alone or 
in combination with CMG (0.5 mg ml−1, 1 mg ml−1, 2 
mg ml−1). The sample was exposed to Fe2+ with CMG, for 
15 min at 37 °C in the dark, and to H2O2 with CMG for 30 
min at 50 °C. The induced single-strand breaks were as-
sayed by measuring the conversion of supercoiled DNA 
(form I) to relaxed circular DNA (form II), while double-
strand breaks were estimated on its conversion to linear 
DNA (form III). Plasmid DNA isomers migrated as dis-
crete bands in agarose gel during electrophoresis (1.5 % 
agarose, Sigma, USA; 60 min/60 V) in the minigel appara-
tus. The DNA was made visible by staining with ethidium 
bromide (1 µg ml−1, Sigma, USA) and UV illumination 
(Ultra-Lum Electronic UV Transilluminator, USA). Percent-
age of supercoiled, relaxed, and linear DNA forms was de-
termined by densitometry using a computer program 
(UTHSCA, Image Tool for Windows, Version 1.27)9.
  
Algal  (Chlamydomonasre inhardt i i )   
b io-protec t iv i ty  assay  

 
Algal (excision repair deficient) strain uvs12 of the 

unicellular green alga Chlamydomonas reinhardtii, iso-

L18 
BIO-MODULATORY EFFECT OF MICROBIAL POLYSACCHARIDE CARBOXYMETHYL GLUCAN  
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lated at the Department of Genetics, Faculty of Natural 
Sciences, Comenius University, Bratislava11 was treated 
with MMS (0.1−0.5 %) and simultaneously with MMS and 
CMG (10−6 M) for 30 min in the dark, and then plated on 
agar dishes. Survival was evaluated by microscopic 
method which enabled to distinguish algal cells died due to 
cytotoxic and due to mutagenic (lethal mutations) effect of 
MMS. (Results are means of five experiments.) For statis-
tic analysis Wilcoxon's two sample test was used.  

  
Results and discussion 

  
Similarly as a measurement of DNA strand breaks by 

the modified alkaline comet assay2; the Trolox equivalent 
antioxidant capacity assay1; the electron paramagnetic 
resonance spectroscopy12, also the DNA-topology assay 
has its advantage because it may provide specific informa-
tion about DNA damage, and possible mechanism of ac-
tion of the biologically active polysaccharide which can 
either increase or reduce the level of DNA strand breaks. 

 Results on electrophoretic monitoring of the DNA 
topology are shown in fig. 1. The plasmid DNA was ex-
posed to CMG and other polysaccharide preparations 
(CMG, line 2; SEChG, line 4; SEG, line 5; GM, line 6; 
CECh, line 7) and with exception of CMChG they did not 
induce DNA breaks and any changes in the DNA topol-
ogy. Moreover, a resulting gel lines looked like these of 
the untreated control plasmid DNAs (fig. 1, lines 1 and 8), 
and percentage of their DNA forms (Table I) were also 
similar to these in the controls. 

 In addition, the effects of CMG on suppression of 
DNA relaxation (during co-incubation with Fe2+) due to 
iron chelatation, and on stimulation of DNA relaxation 
(during co-incubation with H2O2) were verified in the 
dose-dependent experiments (fig. 2). These results corre-
spond with results obtained in experiments with another 
biologically active fungal polysaccharides: SEChG13 and 
GM3, both potent iron chelators. 

 Results obtained after simultaneous treatment of 
algal excision repair deficient strain uvs12 with MMS and 
CMG documented that it exerted bioprotective effect 
(Table II), because cytotoxicity and frequency of lethal 
mutations induced by MMS were reduced in the presence 
of CMG. Antigenotoxic effect of CMG may be explained 
either by MMS inactivation (acting as desmutagen) or by 
stimulation of non-damaged repair mechanism(s), proba-
bly recombination repair (acting as bioantimutagen).  

 The established antimutagenic activity of CMG 
demonstrated by a suppression of the mutagenic and toxic 
effects of cyclophosphamide in mice5 and documented on 
bacterial, yeast and plant genetic models in our previous 
experiments14 as well as in experiments using repair defi-
cient alga C. reinhardtii in this work, spoke in favour of 
the possibility to use it as a chemopreventive agent. How-
ever, biological and consequential medicinal importance of 
CMG is based on the nature and mode of action of the 
counteracting genotoxic compound as well as the experi-
mental model system used.  

 
Conclusion 

 
 Two experimental techniques, the DNA-topology 

assay and the algal bio-protectivity assay were used to 
evaluate the bio-modulatory effects of CMG - biologically 
active carboxymethylated derivative of β-D-glucan, iso-
lated from the cell wall of yeast Saccharomyces cerevisiae. 
In the DNA-topology assay CMG like other biologically 
active polysaccharides (SEChG, SEG, GM, CECh) did not 
induce any damages to DNA. Only CMChG exerted DNA 
breakage and subsequent increase of the DNA form II 
content. In the DNA-topology assay, CMG protected plas-
mid DNA from breaks induced by Fe2+ due to its chelating 
activity and slightly enhanced damage induced by H2O2. 
Antigenotoxic effect of CMG revealed in the algal bio-
protective assay may be explained by its desmutagenic 

II
III
I

 1     2     3     4     5     6    7     8

Fig. 1. Electrophoretic monitoring of the DNA topology of the 
plasmid DNA treated with CMG line 2; CMChG  line 3;  SEChG 
line 4; SEG line 5; GM line 6; CECh line 7; control − lines 1 and 8 

Table I 
Levels of the DNA topological forms after treatment with biologically active polysaccharides 

Line 1 2 3 4 5 6 7 
Molecular 
weight 

Control CMG 
[250 kDa] 

CMChG 
[59 kDa] 

SEChG 
[40 kDa] 

SEG 
[240 kDa] 

GM 
[30 kDa] 

Control 

Form I,  %  94.59 95.94 17.56 89.18 97.30 100.00 95.07 
Form II,  %  5.41 4.06 39.21 10.82 2.7 0.00 4.93 
Form III,  %  0.00 0.00 43.23 0.00 0.00 0.00 0.00 

Sample of polysaccharide  
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and/or bioantimutagenic activity. The results imply that 
CMG is a polysaccharide with marked biological activities 
and suggest its potential application as a promising natural 
chemopreventive agent. 

 

This work was supported by: APVT-20-00264, VEGA 
No 1/2337/05, 2/7033/07. 
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Fig. 2. Concentration-dependent activity of CMG (0.5�
2.0 mg ml−1) on suppression of DNA relaxation during co-
incubation with Fe2+ and on stimulation of DNA relaxation dur-
ing co-incubation with H2O2 

Table II  
Bio-protective effect of CMG against MMS-induced cyto-
toxicity and mutagenicity in excision repair deficient strain 
uvs 12 of Chlamydomonas reinhardtii 

Algal strain uvs12 
Concentration 
of MMS [ % ] 

−CMG +CMG 

Control 100.00 100.00 
0.1 82.27 83.52 
0.2 23.73 21.77 
0.3 7.68 11.95 
0.4 2.88 6.89 
0.5 1.22 3.96 

Survival [%]  
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Introduction 

 
Workers in tire plants are exposed especially to 1,3-    

-butadiene (BD) and to a lesser extent to styrene. Black 
sooths parts, contain polycyclic aromatic hydrocarbons 
(PAHs). According to IARC, BD is classified as probable 
human carcinogen (group 2A). Genotoxic effects of individ-
ual above chemicals were described in several studies1−6. 
BD induces chromosomal changes in vivo in blood cells of 
mice7−8, as well as increases micronuclei frequency in bone 
marrow of mice9. Both the 1,2-epoxy-3-butene (EB) and 
1,2,3,4-diepoxybutane (DEB) metabolites induce chromo-
somal aberrations (CAs) in rats10. In summary, the BD 
metabolites are mutagenic and clastogenic in all systems 
following the order of DEB > EB > EB-diol11−13. The BD-
exposed workers who were carriers of glutathione S-
transferase (GST) GSTT1-null genotype had significantly 
higher aberration frequencies14, suggesting importance of 
inter-individual differences in metabolic and DNA-repair 
activity in humans. Such differences may be caused by 
polymorphisms in genes encoding biotransformation and 
DNA-repair enzymes15. GSTs catalyze the reaction of 
glutathione with a wide variety of organic compounds to 
form thioethers. A higher frequency of chromosome-type 
breaks was observed in GSTT1-null smokers. The effect of 
GSTM1-null and polymorphism in XRCC1 codon 399 on 
the frequency of CAs was modified by smoking16. Mer-
capturic acids have proved to be very suitable biomarkers 
for human exposure to a variety of industrial chemicals. 
When mercapturic acid metabolites were first proposed as 
biomarkers for occupational exposure to BD17, assays were 

developed to measure 1-hydroxy-2-(N-acetylcysteinyl)-3-  
-butene and 2-hydroxy-1-(N-acetylcysteinyl)-3-butene (i.e. 
-isomeric mixture of both forms M2) and 1,2-dihydroxy-4-
-(N-acetylcysteinyl)-butane (M1). End-of-shift excretion 
of global thioethers after styrene exposure was found to 
significantly correlate with styrene exposure as well as 
with inhaled cigarette smoke18.  

The purpose of this study was to conduct a biomoni-
toring study in tire plant workers by employing CAs in 
peripheral blood lymphocytes and the urinary levels of 
thioethers. Association with genetic polymorphisms in 
genes encoding principal metabolizing enzymes GSTM1, 
GSTT1 and GSTP1 as biomarkers of individual suscepti-
bility to procarcinogens was assessed as well. 

 
Materials and methods 
 
Character is t ic  of  workers  

 
We analyzed relationship between total chromosomal 

aberration frequencies (CAs), chromatide-type (CTA) and 
chromosome-type of aberrations (CSA) in peripheral 
blood lymphocytes, the urinary levels of thioethers and 
genetic polymorphisms in glutathione S-transferase genes 
GSTM1, GSTT1 and GSTP1 in 65 tire plant workers. They 
were classified according to exposure to important xenobi-
otics into high exposure Group I (N=42), and low expo-
sure Group II (N=23). Group I consisted of  weighers and 
operators of mixing machines. Group II was recruited from 
workers in the inner tube press operation as confectioners 
of inner tubes in tires. The detailed characteristics of indi-
vidual groups are shown in Table I.  

 
Chromosomal  aberra t ions  assay  

 
CAs were analyzed in peripheral blood lymphocytes 

in two separate tubes using previously described method19. 
Structural CAs include chromosomal breaks and ex-

L19 
CHROMOSOMAL ABERRATIONS AND URINARY LEVEL OF THIOETHERS  IN RELATION  
TO POLYMORPHISMS IN GSTM1, GSTT1 AND GSTP1 GENES IN TIRE PLANT WORKERS  

Table I 
Characteristics of study population stratified for occupa-
tional exposure  

  Group I Group II 
Age±S.D. 45.4±8.2 43.8±7.6 
Employment±S.D. 10.8±6.5 9.2±7.2 
Gender M/F 42/0 17/6 
Smoking S/NS 22/20 8/26 

M � males, F � females, S.D. � standard deviation,  
S � smokers, NS � non-smokers 
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changes visible in arrested metaphase-stage cells and they 
were divided CTAs and CSAs. 

 
Determinat ion  of  ur inary  thioe thers  

 
Thioethers (mercapturates) were identified in the 

urine samples by photometric method. Concentration of 
thioethers in µmol was corrected by concentrations of the 
concomitantly excreted creatinine in mmol for finally con-
centration in µmol mmol−1 creatinine20,21.  

 
Assessment  of  genet ic  polymorphisms  
in  genes  encodIng GSTs  

  
The GSTM1 (deletion), GSTP1 (alleles Ile/Val in 

codon 105 of exon 5) and GSTT1 (deletion) polymor-
phisms were analyzed by the multiplex PCR method22. 

  
Sta t i s t ica l  analys is  

 
The analysis was performed using Statgraphics pro-

gram, version 7 (LEAD Technologies, Manugistics, Cam-
bridge, MA) with employment of non-parametric tests 
(Mann-Whitney, Kruskal-Wallis and Spearman correla-
tion).  

 
Results 

 
The highest frequency of CAs was found among the 

mixing operation staff, i.e. Group I., where it reached 
2.21±0.16 % (SEM) and was significantly higher than that 
identified among the inner tube press operation staff, i.e. 
Group II 0.78±0.20 % (P<0.001). In the Group I were 
detected significantly higher 1.33±0.18 % CTA types of 
CAs (P<0.001), Table II. The levels of thioethers were 
higher in group II in comparison with group I. The fre-
quencies of CAs in individuals with GSTM1-plus genotype 
were significantly higher (P<0.01) than in those with 
GSTM1-null genotype (2.73±0.31 % vs.1.38±0.28 %). The 
same significantly higher frequencies (P<0.05) we de-
tected in CTA and CSA types of CAs. The frequencies of 
CSA types of CAs for individuals with GSTT1-null geno-
type were statistically higher than in individuals with 
GSTT1-plus genotype (1.56±0.36 % vs. 0.70±0.17 %; 

P<0.05). Individuals with wild-type Ile/Ile GSTP1 and as 
well with variant Val/Val genotype had the higher fre-
quency of CAs as compared to those with heterozygous 
Ile/Val genotype (Table III.). The exposure to high con-
centrations of xenobiotics in the tire plant results in signifi-
cantly higher CAs frequency, whereas the GSTM1-plus 
polymorphism seems to be associated with more effective 
clearance of intermediates arising from the chemicals. We 
did not observe relationships between CAs frequency and 
the urinary levels of thioethers in Group I and II, and so in 
polymorphisms examined genes. 

 
Discussion 

 
Epidemiological studies show the close connections 

of the occupational BD exposure with the increased risk of 
leukaemia23. BD induces the DNA aducts24,25 and haemo-
globin adducts26. The detoxification process of reactive 
BD metabolites is of particular importance. Especially the 
conjugation pathway with glutathione catalyzed by GSTs 
attracts attention, since about 60 % of reactive BD metabo-
lites are processed via this route27. On the contrary to BD, 
only 1% of styrene oxide, a reactive metabolite of styrene 
is metabolized via conjugation with glutathione28. Results 
on the possible association of GSTT1 and GSTM1 poly-
morphisms with cytogenetic biomarkers in BD-exposed 
workers have also provided some support for the in vitro 
findings. An elevated frequency of CAs was observed in 
GSTT1-null workers14. Our data support these observa-
tions. The CAs were significantly higher in the Group I, 
with high exposure (P<0.001). We evaluated levels of 
urinary thioethers as terminal products of metabolism after 
conjugation of the electrophilic substances with glu-
tathione. Levels of thioethers in the urine were higher in 
the Group II, with low exposure, and associated with the 
GSTM1 polymorphism. The urinary thioethers levels were 
higher in GSTM1-plus carriers (P=0.026) in comparison 
with GSTM1-null ones. Regression analysis (R=0.316; 
P=0.006) and analysis of variance (F=0.16; P=0.006) con-
firmed the relationship between GSTM1 polymorphism 
and levels of urinary thioethers. We may assume that 
faster elimination of the toxic substance results in its lesser 
harm for the organism. Haufroid29 pointed out the inter-
individual differences between final products of the sty-

Table II 
Types of structural chromosomal aberrations [%]±SEM of aberrant cells and urinary  thioethers [µmol mmol−1 creatinine]
±SEM in study population stratified for occupational exposure  

         CAs       CTA    CSA      Thioethers 
Group I (42) 2.21±0.16***   1.33±0.18*** 0.88±0.18 3.47±0.34 
Group II (23) 0.78±0.20   0.39±0.19 0.39±0.26   4.29±0.41 

CAs � chromosomal aberrations (total), CTA � chromatide-type aberrations, CSA � chromosome-type aberrations,  
*** (P<0.001), SEM � standard error of mean 
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rene metabolism in the urine (mandelic acid, phenylgy-
oxalic acid) and specific mercapturic acids. GSTM1 poly-
morphism provided the best explanation for the different 
PHEMA excretion as it was 6-times lower in individuals 
with the GSTM1-null genotype (P<0.0001). Various ge-
netic polymorphisms may have an impact on the incidence 
of different diseases, partially tumors, and on the 
genotoxic effects induced by the occupational exposure to 
genotoxic substances30. It would be ideal to develop tools 
for monitoring of individual susceptibility and set the 
�positive� and �negative� genotypes in order to minimize 
the risks associated with exposure in susceptible individu-
als. 

In conclusion, our study showed that individual sus-
ceptibility estimated by analysis of GST polymorphisms 
greatly influences biomarkers of exposure (elimination of 
thioethers) and biomarkers od biological effect (CAs). 
Further clarification of puzzled posture brought by this 
study should help to establish principles of effective moni-
toring occupational and environmental exposures and 
minimization of their hazards. 

 
The study was supported by grants VEGA grant 

1/3397/06 (SR) and by IGA MZ NR 8563-5/2005 (CR). 
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Introduction 

 
Limescale layers on the walls and particularly on the 

heating coils of a tea-kettle are formed by sedimentation of 
calcium and magnesium salts, which are present in dis-
solved form in various concentrations in each drinking or 
supply water. Their content is expressed by s.c. general 
water hardness, which is composed of two parts: 
�carbonate� and �non-carbonate� (�permanent�) hardness. 
The first part corresponds to the amount of hydrogen car-
bonates which can be removed by boiling. As permanent 
water hardness, a source of limescale, the content of hy-
drogen carbonates is denoted, which are chemically trans-
formed into insoluble calcium, magnesium respectively 
carbonates. The formed limescale layers decrease the effi-
ciency of the heating, increase the energy consumption; 
they increase the risk of bacterial colonies to grow on very 
rugged relief. The most frequently used process to remove 
the limescale are the chemical ways − although speediest 
and the most effective, from a medical point of view, are 
potentially corrosive for the wall of the oesophagus and 
stomach. Various commercial products as a possible 
source of ingestion are available to every household. Over 
35 000 exposures to caustic agents, including 24 known 
fatalities reported in 1987 in the USA1. The majority of 
cases has been accidental ingestion1,2. Injury can result in 
some cases in death or prolonged hospitalization and life-
long disability due to necrosis of the eosophagus or stom-
ach2. Although it has been suggested that pH, viscosity, 
concentration of consequential ingredients, amount in-
gested, contact time, and premorbid state of the esophagus 
all may contribute to the outcome of injury, no marker exists 
to accurately predict a product's potential for injury2−4. pH is 
often fails to predict the extent of injury after exposure. pH-
value 3.0 of a drink is medically important as corrosive dam-
age can be expected below this value. The other important 
limits represent pH-values 4.5, 6.5, and the neutral value 

7.0 (original pH of used drinking water)5. pH-value of 
drinking water must be kept within 6.5−9.5 in the Czech 
Republic (CR); pH of packed drinking water and water in 
containers5 must be higher then 4.5. For comparison, pH 
values of different beers amount to 2.5−5.0, colas are in 
range of 2.0−3.0. Thus reliance on pH alone might result 
in clinical errors in patient management2. Therefore pa-
rameter denoted as titratable acid reserves (TAR) (or water 
acidity) was suggested as more appropriate estimate of the 
corrosive potential2,4,6. TAR is defined as the ability of 
sample to neutralize alkaline reacting compounds, e.g., 
NaOH. It corresponds to the sum of CO2 and humin acids 
in case natural waters. �Total TAR� corresponds to the 
sum of carbon dioxide and all present acids (humin acids, 
limescale remover etc.)7. The aim of this investigation was 
to study the factors affecting severity of limescale remover 
ingestion and to compare some commonly used limescale 
removers. The research was divided into: 1) Recherché of 
remover ingestions in years 2000−06 according to the 
phone calls to the Czech Toxicological Information Centre 
(TIC), 2) Experiments realized to get reliable comparable 
parameters of the common commercial and chemical 
agents used for limescale removing in the CR. 

 
Methods 

 
Data on limescale remover ingestion obtained in 

2000−2006 was collected from the Czech TIC-database 
of answered phone calls and medical reports. The severity 
in terms of reaction of five of the most common (in CR) 
commercial limescale removers (denoted A to E) and 2 
other similar compounds were characterized by compari-
son of time and temperature changes of pH and their TAR. 
Their compositions are as follows: Remover A contained: 
amidosulphonic acid (ASA) 100 % (m V−1); remover B: 
ASA 5−15 % , ortophosphoric acid (OPA) 5 %, tensides 
2 % (0.2 L diluted by 0.8 L of water); remover C: citric 
acid (CA) 100 % (25 g solved in 1.0 L of water); remover 
D: ASA acid 5−15 % and remover (0.1 L diluted by 0.3 L 
of water); E: ASA 5−15 % (0.15 L diluted by 0.5 L of 
water). pH were determined with a digital pH-meter �WTW 
inoLab-Level 2� (inoLab, CR) applying a combined glass/
calomel reference electrode (Schott − BlueLine). All measure-
ments were performed at room temperature (the samples after 
heating up to the boiling point were cooled using the water bath).  

 
Results and discussion 
 
S i tuat ion in  Czech Republ ic  2000− 2006 

 
Between 2000−2006 the TIC answered 361 calls, i.e., 

about 50 enquiries p.a. following limescale remover inges-

L20 
POTENTIAL FALLOUTS OF ACCIDENTAL INGESTION OF LIMESCALE REMOVERS 
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tion (271 adults and 90 children). Number of both sexes 
was approximately equal. 91 % of questions concerned 
diluted solutions, only 9 % dealt with intake of concen-
trated remover. In all cases unintentional ingestion was 
noticed. Most enquiries were up to 1 hour after ingestion. 
At the time of the call (within 1−2 hours after ingestion) 
68 % of patients did not exhibit any symptoms. The re-
maining 32 % had mild symptoms only (burning in oral 
cavity or retrosternally but rarely causing digestive diffi-
culties). In 32 % a remover containing ASA was ingested, 
in 21.2 % with CA, in 19.3 % combination of CA + ASA 
or OPA, in 15 % with ASA and OPA, in 5 % with OPA, 
and in 10 % the composition of removers was unknown. 
Information obtained during calls from years 2005 and 
2006 generated detailed data from medical reports. In 
2005, 48 calls were answered (30 adults and 18 children), 
68.4 % patients experienced no symptoms, 36.6 % mild 
symptoms (burning in oral cavity (58.3 %) or retroster-
nally (16.7 %), and causing digestive difficulties (25 %). 
Subsequent oesophagoscopy was performed in 11 % of 
subjects and no pathological findings were revealed. In 
2006, 45 enquires were obtained (30 adults and 
15 children). Only 3 patients ingested concentrated re-
mover and subsequent oesophagoscopy was performed: 2 
revealed no pathological findings and 1 patient presented 
with hyperaemia only. 19 subjects were examined otorhi-
nolaryngologically, no pathology was found. 79 % experi-
enced no symptoms, 21 % only mild symptoms (burning 
in oral cavity (84 %) or retrosternally (15 %), but rarely 
causing digestive difficulties (1 %). In 73 % the remover 
solution was consumed with tea, in 11 % with coffee or 
milk, 10 % as a plain remover solution and 6 % concen-
trated remover. 

 
Chemical  analys is  of  the most  common 
removers  

 
Water used to prepare tested remover solutions, 

amounted to pH 7.1 before boiling, and 7.2 after boiling. 
Coffee prepared from this water exhibited pH 6.6 and tea 
pH 6.3. If coffee was prepared from remover C (diluted 
CA) pH 3.1 was determined, if remover D was used 

(diluted ASA) pH 1.7 was found. Tea prepared from re-
mover C exhibited pH 3.0, when remover D was used, 
pH 1.7 was recorded. The tea-kettles, their heating ele-
ments were slightly covered by limescale at the start of our 
experiments. Therefore we can suppose that relatively 
small parts of agents were neutralized by limescale com-
pound. Limescale remover solutions (prepared as recom-
mended by the manufacturer) were placed into the kettle 
and its pH value was recorded at the temperature 20 °C 
(fig. 1). pH values were in range of 1.3 to 2.0. The solu-
tions were cooled down up to 20 °C after boiling. The pH-
values stayed unchanged or increased slightly (from ∆pH 0 
to ∆pH 0.85). In the following 15 hrs pH did not change 
substantially. In case of remover A (ASA 100 %), pH in-
creased in subsequent two hrs by 0.2 (up to 1.6) and in 
remover C (5−15 % of ASA, 5 % of OA, and 2 % of ten-
sides), pH increased in following 3 hrs by 0.8 (up to 3.2). 
It is possible to ascribe this increase to the dissolution of 
the limescale sediment from the walls and from the heating 
coil. In the following hours pH of all removers was practi-
cally constant or decreasing and reached its original pH-
value that was recorded straight after boiling. TAR of re-
mover solutions was examined. The amount of NaOH 
necessary for achievement of chosen pH in 100 mL of the 
limescale remover was determined (fig. 2). Titration 
curves of diluted HCl 1:10 and 1:100 were recorded, too. 
This acid is commonly used for effective limescale remov-
ing. The TAR reaction (pH 6.00) of 3 of the most common 
limescale removers and of CA with a time interval of up to 
24 hrs (ref.8,9)  was measured. The time changes of the 
titration curves were recorded. For comparison, TAR of 
1 % acetic acid (AA) was measured (Table I). TAR of 
remover solutions is relatively low; it is comparable with 
vinegar (8 % AA) in 3 fold dilution with water. 

 
Conclusion 

 
It is clear that remover B has the highest TAR to 

achieve pH 7, i.e., it may be the most effective as 
limescale remover. However, at the same time, it might 
have the highest corrosive potential for the gastrointestinal 
tract. Remover E exhibited the lowest TAR of all men-

Fig. 1. Time changes of pH of 5 tested limescale removers (A-
E, composition in �Reagents and Materials�) 

Fig. 2. Titration curves (realized by NaOH) of 100 mL of 5 
tested limescale removers (A-E, composition �Reagents Materi-
als�), and HCl diluted 1:10 and 1:100  
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tioned pH values. Remover A has the second highest TAR. 
Measurements of pH and TAR of diluted limescale remov-
ers A, B, C and D in 4 time intervals up to 24 hrs has 
shown relatively low values that are either lower or com-
parable with about 8 % acetic acid, i.e. commercially 
availably vinegar. It is possible to conclude that the TAR 
curve course, slope did not change in time substantially. It 
slightly decreases in time, as part of the remover is con-
sumed by the reaction with limescale. pH values and neu-
tralization capacities could be affected by presence of active 
compounds, e.g., surfactants. Partially the remover is buff-
ered by the consumables buffering capacity (coffee, tea, 
soup etc.). In agreement with our previous findings2,8−11, the 
pH did not correspond with objective findings (expected 
corrosive damage typical for such a low pH values). This 
could explain why the mucous membranes were not seri-
ously injured post-contact with removers. One reasons of 
the relatively low TAR might be the dissolution of the 
limescale sediment from the walls and from the heating 
coil. This finding corresponds with the clinical status of 
persons who ingested these removers either as pure solu-
tion or in a beverage. The number of enquiries following 
limescale remover ingestion in the TIC database in years 
2000−2006 has been relatively constant since 2000 
(resulting in approx 50 enquiries p.a.) and no serious 
course with concomitant complications has been recorded.  

 
This study was supported by the GA ČR (No. 

203/07/1195) and by MEYS CR (project MSM No. 
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Table I 
Measurements of TARs up to pH 6 at time intervals of 24 hrs 

Initial 
pH 

TAR  
[mmol NaOH 100 mL-1 of tested solution]  

Percentage change of TAR [%]  

  0 2 4 24 0 2 4 24 
Remover A 1.3 33.1 30.2 29.5 29.1 100.0 91.2 89.0 87.9 
Remover B 2.3 12.0 11.0 10.9 10.7 100.0 91.7 91.0 89.0 
Citric acid (100 %) 2.8 36.0 34.5 33.5 32.5 100.0 95.9 93.1 90.4 
Remover D 2.3 88.0 92.1 83.6 46.0 100.0 104.0 95.0 52.3 
Acetic acid (1 %) 2.8 11.1 11.3 11.2 11.0 100.0 102.0 101.0 99.0 

Remover \ Time   



Chem. Listy 101, s73−s310 (2007)                                                         12. mezioborová česko-slovenská toxikologická konference 

s141 

PETER ONDRA, KATEŘINA ZEDNÍKOVÁ,  
IVO VÁLKA 
 
Institute of Forensic Medicine and Medical Law, Faculty 
Hospital, Hněvotínská 3, 775 09 Olomouc  
ondrap@fnol.cz, katkaz@tunw.upol.cz, valka@fnol.cz 
 

Key words: benzodiazepines, identification, determination, 
FPIA, GC-ECD, GC-MS 

 
Introduction 

 
Recently, benzodiazepines have become one of the 

most important groups of so-called toxicologically signifi-
cant substances. Not only because of their  frequent occur-
rence as positive findings in forensic as well as in clinical 
toxicogical analyses but also due to the high incidence of 
abuse. More than 4670 samples were analysed  for benzo-
diazepines over a  period of the six years (2001−2006) in 
our department. Around one third were  positive. Thus, 
benzodiazepines are currently the most frequently found 
substances in our toxicological routine.  

Although identification and determination of benzodi-
azepines in biological material are analytically well man-
aged1−32, certain problems sometimes do arise, especially 
in the interpretation of the results. Such problems in some 
laboratories can lead to incorrect conclusions.  

 
Experimental 

 
Screening analys is  of  benzodiazepines  (BZD) 

 
Immunoassays have become the most commonly used 

routine preliminary tests for benzodiazepines in urine in 
most of toxicological laboratories in the Czech Republic. 
Their major advantage is that they do not require any sam-

ple preparation.  In our laboratory we use Fluorescence Po-
larisation Immunoassay (FPIA) on the AxSYM system 
(Abbott Laboratories) with a cut-off value set to 200 ng ml−1. 

 
Thinlayer  chromatography (TLC) 

 
TLC is suitable for the detection of parent forms of 

BZD, especially in gastric contents, as well as for screen-
ing of some BZD  metabolites, particularly in urine. Use of 
HPTLC plates and the Bratton-Marshall reagent enables 
sensitive detection of the metabolites of flunitrazepam, 
clonazepam and nitrazepam as well as some other metabo-
lites (in the form of benzophenones) after acid hydrolysis.  

 
Gas  chromatography − mass  spect rometry   
(GC-MS)  

 
GC-MS is suitable for the selective detection of BZD 

metabolites in urine after enzymatic hydrolysis using beta-
glucuronidase, solid phase extraction (SPE) on Bond Elut 
Certify columns (Varian) and derivatization by silylation. 

Instrumentation: Gas chromatograph Trace GC, Mass 
spectrometer Polaris Q (Thermo Finnigan), capillary col-
umn Rtx -5MS (15 m × 0.25 mm × 0.25 µm, Restek), tem-
perature program: 210 °C (1 min),  20 °C min−1 to 290 °C  
(10 min), full scan mode (40�450 AMU). 

 
Gas  chromatography wi th  e lect ron  capture   
de tec tor  (GC-ECD) 

 
GC-ECD is used for simple, rapid, sufficiently sensi-

tive and cost effective determination of BZD in blood 
(serum). 

Sample preparation (�freeze-out method�): 0.5 ml 
serum + internal standard (lorazepam) + 0.05 ml 2 M 
TRIS buffer pH 9 + 0,15 ml butyl acetate mixed, centri-
fuged and frozen-out (1 hour by  �20 °C). 

L21 
BENZODIAZEPINES IN CLINICAL AND FORENSIC ANALYSIS 

Table I 
Summary of analyses of benzodizepines in 2001−2006 

  Total number 
of analyses focused on BZD  

Positive results  Quantitative analyses  

Year Dead Live Together Dead Live Together Dead Live Together Dead Live Together 
2001 160 461 621 18 171 189 10 53 63 1 15 16 
2002 187 547 734 26 197 223 20 84 104 4 15 19 
2003 186 609 795 27 233 260 20 61 81 4 11 15 
2004 233 573 806 41 182 223 35 64 99 8 13 21 
2005 257 590 847 36 194 230 29 74 103 9 18 27 
2006 256 617 836 46 219 265 36 73 109 12 56 68 

Together 1279 3397 4676 194 1196 1390 150 409 559 38 128 166 

False negative results  
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Instrumentation: Gas chromatograph AutoSystem XL 
(Perkin Elmer) with ECD, capillary column DB 5 (15 m × 
0,25 mm × 0,25 µm, J & W), temperature programme: 
180 °C (1 min), 20 °C min−1 to 250 °C, then 10 °C min−1 
to 280 °C (10 min). 

 
Results and discussion 

  
Table I shows the total number of analyses on BZD 

carried out in our department over the six-year period, 
including the positive findings. The number of false nega-
tive results of immunochemical screening with subsequent 
positive findings is another monitored parameter together 
with the number of quantitative analyses. 

Despite the undeniable advantages of immunoassays 
for BZD screening of urine there are also some drawbacks. 
These can be of major importance especially when inter-
preting the results. The main problems are both false posi-
tive and false negative results.  

False positivity was sporadically observed in cases 
when a high concentration of indomethacin, cocaine, 
methadone, sertraline or trazodone was determined in bio-
logical material. For this reason positive results obtained 
from immunochemical methods should always be con-
firmed by another independent method. There are, how-
ever, some laboratories in our country (mainly biochemi-
cal) which do not respect this general rule.  

False negativity mainly occurred when the urine con-

tained metabolites of  bromazepam, flunitrazepam, nitraze-
pam and clonazepam for which the assay is less sensitive, 
but rarely  also diazepam and alprazolam gave the false-
negative results. This is a significant problem because the 
false negativity occurs even in cases of intoxication 
through some of the above mentioned BZD.  

Table II shows some interesting examples of false 
negativity (FPIA results were lower than the cut-off 
value). 

The first part (A) summarizes cases in which both 
FPIA analysis of urine and subsequent TLC analysis of 
urine (and − if available − of gastric contents) proved 
negative. In reported cases therapeutic concentrations of 
BZD in blood/serum were found and positivity of the find-
ings was not recognized until examination of a blood/
serum samples using the GC-ECD method. 

The part (B) displays examples where concentrations 
of BZD were found even above the therapeutic levels in 
spite of a negative preliminary FPIA results and, in some 
cases, also after negative TLC analysis of urine and gastric 
contents. 

  
Conclusion 

 
The results presented here show that despite the well-

known advantages of immunoassays in screening analysis 
of urine for drugs of abuse (including BZD), it is necessary 
to confirm practically all benzodiazepine results obtained 

Table II 
Examples of false-negative results in BZD analysis by means of immunochemical and chromatographic methods  

Group AxSYM (U) 
[ng ml−1] 

TLC (U) or GC-MS (U) TLC (GaC) GC-ECD (B) Concentration [mg l−1] 

A  24 negative negative diazepam 0,02 - therap.conc. 
152 negative negative flunitrazepam 0,01 - therap.conc. 
152 negative negative  bromazepam 0,13 - therap.conc 
43 negative negative  diazepam 0,12 - therap.conc. 
43 negative negative nordiazepam 0,17 - therap.conc. 
76 negative negative bromazepam 0,10 - therap.conc. 

B  17 7-aminoflunitrazepam negative flunitrazepam 0,13 - toxic conc. 
86 negative negative clonazepam 0,42 - toxic.conc 
33 negative midazolam midazolam 0,60 - therap.-toxic. 
33 negative midazolam clonazepam 0,11-  toxic.conc. 

134 ACB, MACB negative diazepam 
nordiazepam 
flunitrazepam 

0.06 - therap.conc. 
0.07 - therap.conc. 
0,06 - toxic.conc 

188 7-aminoclonazepam negative clonazepam 0,14 - toxic.conc. 
188 α-hydroxyalprazolam negative alprazolam 0,05 - terap.conc. 

U � Urine, GaC U � Urine, GaC � Gastric contens, B � Blood, ACB � 2-amino-5-chlorbenzofenone,   
MACB � 2-methylamino-5-chlorbenzofenone 
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in this way. Immunochemical screening of urine should be 
always followed by identification of BZD and their me-
tabolites in urine or better in both urine and gastric con-
tents using e.g. TLC, GC-MS and subsequent BZD confir-
mation/quantitation in blood, for example using GC-ECD.  

Only complex toxicological analysis of biological 
material (urine, gastric contents and blood) using immuno-
chemical as well as chromatographical methods permits 
toxicological laboratories to give valid interpretation of 
results, thus contributing to objective evaluation of the 
level of intoxication in forensic as well as clinical practice.  
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