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Essential aminoacids with pKas and side chains.
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Electronegativities of the elements.

Selection of ionic radii (in pm).

Part A. Cisplatin-albumin interactions (4 points)
Cisplatin is most of the time administered to cancer patient via injection, i.e., it first comes in
contact in the blood circulation with serum proteins such as human serum albumin (HSA). Right
after injection the cisplatin concentration in the patient’s blood of about 20 µg.L-1; one day after
intravenous administration of cisplatin 65 to 98% of total Pt was bound to plasma proteins.
Controversial opinions still exist on the consequences of cisplatin binding to HSA. Some authors
postulate that human serum albumin forms a ‘‘reservoir’’ for the biologically active Pt species,
while others consider Pt binding to serum albumin as a form of drug inactivation. For example, it
was suggested that an excessive cisplatin affinity for HSA may prevent its effective tissue delivery,
thus hampering the antitumor actions. On the other hand, it was shown that hypoalbuminemic
patients respond poorly to cisplatin treatment. This exam evaluates molecular interactions between
cisplatin and HSA.
HSA is the most abundant protein in the plasma with an average blood content of 40–45 g.L-1 in
healthy humans. It is a 585 aminoacids, 66 kDa single-chain protein consisting of three domains I,
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II, and III. HSA is basically a helical protein containing 67% of alpha-helix secondary structures,
these helices being bound by 17 disulfide bridges. There is only
one free thiol (Cys34) in the whole protein, which is usually
considered as main site for heavy metal binding. However,
several methionines and histidines are present as well. Most of
HSA histidines have pKa values between 6.5 and 7.5, close to
that of free histidine, and are therefore likely to be exposed to
the solvent. Overall, HSA molecules have a negative surface
charge, which under normal pH conditions introduces repulsive
interaction between protein molecules that prevent aggregation.
Previous studies on cisplatin-albumin interactions had
suggested that platinum can induce cleavage of disulfide bonds
and bind to cystine sulphur only at high excess of platinum and very long incubation times, i.e., in
much harsher conditions than in this exam. In the following, disulfides will not be considered as
possible metallation sites for HSA.
Binding of cisplatin to HSA studied by UV-vis spectroscopy
In a 1998 study the binding between cisplatin and HSA was first studied by absorption
spectroscopy. HSA (fatty acid free) was dissolved in aqueous solution to 4% w/v (40 mg.mL-1)
containing phosphate buffer and 0.05 M NaCl. The solutions of cisplatin 0.0002 mM to 0.20 mM
were prepared by dissolving drug in double distilled water overnight to complete the cisplatin
hydrolysis. In the final step, the solution of drug was added dropwise to protein solution with
constant stirring to ensure the formation of homogeneous solution and to attain the desired drug
concentrations of 0.0001 mM, 0.001 mM, 0.01 mM and 0.1 mM with a final protein concentration
of 2% w/v. Equal volumes of cisplatin and HSA solutions were incubated for 2 h (at 37 °C), before
spectral measurements. The pH or pD of the solution was adjusted to 6.8 – 7.4 by the addition of
NaOH/NaOD or HCl/DCl (0.1 M).
1) The double reciprocal plot of 1/(A-A0) vs. 1/L0 is shown in Figure 1, where A0 is the initial
absorbance of the free HSA at 270 nm and A is the recorded absorbance at different
cisplatin concentrations L0 (mM). By assuming that there is only one type of interaction
between cisplatin and HSA, that this interaction is at the thermodynamic equilibrium, and
that the drug concentration is negligible compared to the protein concentration, express
1/(A-A0) vs. 1/L0, the binding constant Ka, the optical pathlength x of the spectrometer, the
initial concentration in protein [HSA]0, and the difference Δε between the extinction
coefficient of the metallated HSA and that of the metal-free HSA. (0.5 point)
2) Calculate numerically the binding constant Ka of cisplatin to HSA. (0.25 point)

Figure 1. The plot of 1/(A-A0) vs. 1/L0 (mM-1) for HSA and its cisplatin complexes where A0 is the
initial absorbance of protein (at 270 nm) and A is the recorded absorbance at different drug
concentrations (L0).
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Studies of HSA-cisplatin interactions in solution by two-dimensional 1H,15N HSQC NMR
The same year, Sadler et al. studied the cisplatin/HSA interaction by 15N-enrichment of cisplatin
followed by two-dimensional H,N through-bond correlation NMR experiments (HSQC) at
concentrations at which the protein is still soluble. Previous work showed that the 15N chemical
shift of the ammine is diagnostic of the ligand coordinated to platinum in the trans-position. If the
ligand trans to ammine is an oxygen-donor ligand, then the ammine chemical shift falls between 75 and -95 ppm, if trans to nitrogen/ chloride -55 to -70 ppm, and trans to sulfur between -40 and 50 ppm. In the following study, recombinant human albumin (rHA) is used instead of the native
HSA. These proteins are slightly different in terms of sequence, but their secondary and tertiary
structures are almost identical. In addition, previous experiments have shown that there were no
differences in the number and the chemical shifts of cross-peaks attributable to protein-bound drug
in spectra of rHA and HSA,
two
proteins
have Sites
identical
binding Binding
sites forSites on Hum
14724which implies that these
Cisplatin
Binding
on Human
14724
CisplatinAlbumin
cisplatin.
Figure 2A shows two-dimensional 1H,15N HSQC NMR spectra at various times during the reaction
of rHA with [15N]cisplatin (1 mM, 1:1) in a 10 mM phosphate buffer containing 100 mM KCl and
at pH 6.4, while Figure 2B and 2C) shows the time dependence over a 17 h period of volume
integrals of the main cross-peaks. Cross-peaks a, b, c, d, and e/f appeared in the first few hours of
reaction, grew in intensity up to 6–9 h, and either reached a plateau (peak b) or slightly decreased in
intensity (a, c, d, and e/f) at later times (Fig. 1, A and B). In contrast, cross-peaks a’ and d’, which
are close to the H2O peak, were intense in the early stages (up to 6 h), but had negligible intensities
after 17 h of reaction (Figure 2A). The increase in the intensities of the cross-peaks for bound
cisplatin was accompanied by a large decrease in the signal intensity of unbound drug (Pt in Figure
2A),14724
which had all reacted after 17Cisplatin
h (FigureBinding
2C). Sites on Human Albumin
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FIG. 3. Comparison of reactions of cisplatin with recombinant
human albumin at different cisplatin-albumin molar ratios.
Two-dimensional 1H,15N HSQC NMR spectra for the reaction of 1 mM
rHA with 0.5 mM [15N]cisplatin (A) or 2 mM [15N]cisplatin (B), plus 10
mM phosphate, 100 mM KCl, pH 6.4, at 28 h after mixing.
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NMR spectrum (Figure 4 right). Other strong peaks were observed in the ammine trans to oxygen
region of the spectrum, and probably represent hydroxy-bridged dimeric and polymeric platinum
species (data not shown).
Effect
Thiol Binding
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and Albumin
HSA.
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on Human
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no influence on the reaction of DTNB with SH-blocked rHA (Table II).
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Data presented as mean # S.D. values of three measurements; I and II refer to different albumin batches.
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FIG. 7. Gel filtration chromatography of recombinant human
albumin complexes with cisplatin. FPLC traces for rHA control (A);
rHA after a 24-h reaction with 1 mM cisplatin (1:1) in 10 mM phosphate,
100 mM KCl, pH 6.4 (B); and rHA after reaction with 2 mM cisplatin (1:2)
(C). An increase in the amount of dimers and formation of higher polymer
forms of rHA due to reaction with cisplatin can be seen (see text).
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Thiol blocking
Iodoacetamide is a thiol-specific electrophilic reagent; it is commonly used to bind covalently with
the thiol group of cysteine so proteins cannot form disulfide bonds. It is also an irreversible
inhibitor of all cysteine peptidases, with the mechanism of inhibition occurring from alkylation of
the catalytic cysteine residue. On reaction of Cys-34 iodoacetamide-blocked rHA with cis[PtCl2(15NH3)2], the 1H,15N cross-peaks a, b, c, d, and e/f were still observed in the two-dimensional
1 15
H, N HSQC NMR spectrum at various incubation times up to 17 h (Figure 5, left). The main
difference between spectra from the reactions of blocked and unblocked albumin was the absence
of cross-peaks a’ and d’ in spectra of SH-blocked rHA. Additionally, in the two-dimensional 1H,15N
HSQC NMR spectrum of SH-blocked rHA, the cross-peak for unbound cisplatin (peak Pt, Figure 5
left) was still visible after a reaction time of 17 h, while this signal disappeared from the spectrum
of unblocked albumin after 13 h incubation with cisplatin under similar conditions.
Methionine-blocking
The methionine residues of rHA were methylated by a 500-fold molar excess of iodomethane at pH
4.0. The reaction with iodomethane resulted in suppression of the singlet resonances assignable to
methionine S-CH3 groups in the region 1.9–2.3 ppm of the 1H NMR spectrum (data not shown).
Figure 5A (right) shows the two-dimensional 1H,15N HSQC NMR spectrum obtained after 13 h of
the reaction of [15N]cisplatin with methionine-modified rHA (1:1, 1 mM, in the presence of
chloride, pH 6.4). The intense signals in this spectrum can be assigned to free cisplatin and its
partially hydrolysed products. Only a very weak cross-peak e/f was observed in the ammine trans to
nitrogen/chloride region together with a weak signal at -46.2/4.13 ppm in the ammine trans to
sulfur region, probably attributable to cross-peak c with a low frequency 1H shift.
Histidine-modified rHA
Histidine residues of rHA were modified by reaction with diethylpyrocarbonate in 0.1 M phosphate
buffer pH 6.0. This procedure resulted in modification of 6 His imidazole rings, as calculated from
the absorption at 240 nm of the N-carbethoxyimidazole formed. Histidine modification produced
substantial changes in the 1H NMR spectrum of rHA, in particular, suppression of the six most
intense (sharp) resonances in the aromatic region of the spectrum (data not shown). The twodimensional 1H,15N HSQC NMR spectrum of histidine-modified rHA after 13 h of reaction with
[15N]cisplatin contained the same cross-peaks a, b, c, d, and e/f as the spectrum of unmodified
albumin (Figure 5B). The differences concerned a slight decrease in the relative intensities of crosspeaks d, e/f, and c, and a high frequency 1H shift of peak e/f in the spectrum of histidine-modified
rHA.
Answer the following questions:
3) What is the traditional, commonly accepted mechanism of action of the anticancer
metallodrug cisplatin? Make a scheme (0.25 point) and explain it in one readable paragraph
written in correct English (0.25 point).
4) Cite two serum proteins different from HSA but also involved in the transport of essential
metal ions. Say which metal they transport, and in which oxidation state these metals are
transported. (0.25 point)
5) Why did the authors vary the chloride concentration (100 mM vs. 0 mM) to study the
reaction of cisplatin with albumin? Which concentration is the most relevant for
understanding the interaction between cisplatin and HSA in the blood? (0.25 point)
6) Is the sulphur atom of Cys34 the stable binding site of cisplatin to rHA and HSA as usually
proposed for heavy metals? Justify with data from the text. (0.5 point)
7) Figure 6 shows ten possible adducts between cisplatin and rHA. To which of these species
may the peaks d and e/f be related to? Justify with data from the text. (0.25 point)
7/12
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8) Same question for the peaks a’ and d’. (0.25 point)
9) Same question for the peak a and b (0.25 point)
10) How does cisplatin on its own cross the cell membrane? (0.25 point)
11) How would HSA-binding of cisplatin modify the mechanism of drug uptake? Explain. (0.5
point)
12) Cite two different strategies to avoid cisplatin-HSA interaction in the blood and explain their
mechanisms. (0.5 points)

Figure 6. Notation A-J for ten possible adducts between cisplatin and rHA.

Part B. Interaction between lead and HSA (4 points)
Although decades of extensive research on lead poisoning has helped in significant reduction of
lead exposure in the biosphere still 300 million tons of this metal is circulating in soil and
groundwater. While effect of high dosages of this toxic metal in adults are quite evident, the effect
of low concentration of lead remains mostly unrecognized. In most cases, children affected with
lead poisoning although showed no clinical sign of toxicity, but are left with long term deficit with
IQ scores, learning disabilities and behavioral disorders. Although Environmental Protection
Agency (EPA) in the the USA limits the allowable level of lead in drinking water to 15 ppb (73
nM), recent studies show that there is no threshold for the adverse effect of lead. This universal
toxic metal, tends to substitute biological reactions mediated by calcium, iron, and other metal ions
and enzymes and leads to serious medical conditions such as improper brain development and
delayed neural development.
In a 2010 study from Saha et al. the interactions between Pb(NO3)2 (a model for lead in drinking
water) and HSA, the most abundant blood protein, were studied. In this paper, the authors first used
the excitation-emission matrix (EEM) method for fluorescence detection. The fluorescence signal
from a solution of HSA, placed in a quartz cell, was collected. An experimentally recorded EEM
consists of 31 individual emission spectra (in a spectral region from 260 nm to 600 nm) for a range
of the excitation wavelength from 250 to 400 nm. No significant changes were observed in the
shape of the EEM spectra for the lowest Pb(II) concentration (10-12 M); however, starting with as
little as 10 pM concentration of lead ions, a fluorescence peak at around 430 nm, when excited at
around 350 nm, becomes more and more noticeable (Figure 7). The evolution of this 430 nm
emission with increasing Pb(NO3)2 concentration is shown on the right of Figure 7.
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Figure 7. Excitation-emission matrix of HSA in a buffer solution (left) and in a buffer containing 10
pM Pb(NO ) (middle). Right: Semilogarithmic plot of the 430 nm fluorescence emission intensity
of an HSA solution as a function of lead concentration. Excitation wavelength: 350 nm.
In order to obtain more detailed information about the interacting sites of albumin with lead ions,
Raman spectra were also collected, on the one hand for pure HSA in buffer solution, and on the
other hand for HSA treated with different concentrations of lead ions (10-11 to 10-5 M). A typical
Raman spectrum of pure albumin in buffer solution is shown in the left of Figure 8. On the right,
difference spectra are shown between the spectrum recorded in presence of lead, and that recorded
in absence of it.
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As shown in Figure 8 (right) no variation of the Amide I band at 1653 cm-1 was observed upon lead
addition. However, major changes at around 1004 cm-1 and 1314 cm-1 appear. The change of
intensity of the 1314 cm-1 peak reflects the change in the C – H vibration, which may come from
the side chain of any amino acid. The vibration line at 1004 cm-1, although showing no significant
change in intensity for low concentration of lead (10-11-10-9 M), displays a substantial change for a
higher lead concentration (10-7-10-5 M). Both Trp and Phe can contribute to this line; however, the
absence of any significant changes in the other Trp Raman bands, manifest that there are, most
probably, no significant changes occuring at Trp site due to albumin interaction with lead ions.
To extract the most information about Tyr residue, multipeak fit of the band at 880 cm-1 was
performed, which contains the doublet 850/830 cm-1 band of Tyr residue as weak shoulder. Figure 9
(left) displays the deconvolution of Raman peak at 880 cm-1, fitted with Gaussian peaks at three
wavenumbers 830 cm-1, 850 cm-1 and 880 cm-1. There is no major change in the position of the
peaks; however, the amplitude ratio of the two peaks at 850 cm-1 and 830 cm-1 shows a gradual
J. Biophotonics 3, No. 10–11 (2010)
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In 1969 Stasik et al reported cases of acute tetraethyllead poisoning. One of the patients, a 32 year
old male with defective sense of smell caused presumably by an injury to the skull suffered several
# 2010he
years before, swallowed 3www.biophotonics-journal.org
spoonfuls of tetraethyl lead by mistake. Immediately afterwards
drank Verlag GmbH &
by WILEY-VCH
a large quantity of water and vomited profusely. Two hours later he was admitted to the Clinical
Department for Occupational diseases. At the time of admission the patient was conscious,
complained of headache, drowsiness and gastric pain. He was immediately administered 1.0 mg of
disodium calcium ethylene diamine tetraacetate and received a gastric lavage with Antidotum
metallorum “Sauter”, a pharmaceutical preparation based on sulfides. Inspite of this treatment he
went into coma within 8 h and died 34 h after admission.
Answer the following questions:
19) The ionic radius of lead in tetraethyllead is 65 pm. Is this metal ion harder or softer than
platinum in cisplatin? Justify. (0.25 point)
20) Cite two differences in the physico-chemical properties of tetraethyllead and Pb(NO3)2 that
play a role in the bioavailability and toxicity of lead in these two compounds. Which of
these two compounds is according to you the most dangerous to humans? (0.5 point)
21) Why according to you do the doctors give disodium calcium ethylene diamine tetraacetate
and sulphides as first aid treatment? Explain. (0.25 point)
22) The case explained above is a striking example of severe intoxication. However,
tetraethyllead used to be added in widely used commercial products such as fuel. On which
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toxicological principle are chemical compounds currently allowed to be sold on the market?
Which measurement needs to be made, who does it, and how do they do it? (0.5 point)
23) What is the “chemical burden” concept, and how was it discovered? Explain why this
discovery should change the system described in question 22. (0.5 point)
End of the exam.
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Metals and life exam
Datum: October 27th, 2015
Tijd: 2-5 pm
Zaal: C2
Docent: Dr. Sylvestre Bonnet
References for part A: Ivanov, A. I.; Christodoulou, J.; Parkinson, J. A.; Barnham, K. J.; Tucker,
A.; Woodrow, J.; Sadler, P. J. Journal Of Biological Chemistry, 1998, 273, 14721
1) HSA + Pt ! HSAPt
[HSA]0 L0
0
[HSA]0-x L0-x
x
The binding constant is K=[HSAPt]/[HSA][cisplatin]=x/([HSA]0-x)L0
In the hypothesis of weak binding [Pt]~L0 at the equilibrium
If l is the optical pathlength of the absorbance measurement then
𝐴! = 𝑙 ∙ 𝜀!"# ∙ 𝐻𝑆𝐴 !
𝐴 = 𝑙 ∙ 𝜀!"#$% ∙ 𝑥 + 𝑙 ∙ 𝜀!"# ∙ 𝐻𝑆𝐴 ! − 𝑥
𝐿! ∙ 𝐾!
Δ𝐴 = 𝐴 − 𝐴! = 𝑙 ∙ Δ𝜀 ∙ 𝑥 = 𝑙 ∙ Δ𝜀 ∙ 𝐻𝑆𝐴 ! ∙
1 + 𝐿! ∙ 𝐾!
1
1
1
1
1
=
∙ +
=𝑎 +𝑏
Δ𝐴 𝑙 ∙ Δ𝜀 ∙ 𝐻𝑆𝐴 ! ∙ 𝐾! 𝐿! 𝑙 ∙ Δ𝜀 ∙ 𝐻𝑆𝐴 !
𝐿!
!

!

So the intercept of the line is !∙!!∙ !"# and its slope is !∙!!∙ !"#
!

! ∙!!

Ka is given by the ratio of the intercept by the slope of the graph.
2)

3)
4)

5)
6)

7)

8)
9)

Slope=(13-8)/1400~0.0036 and Ka=intercept/slope=5/0.0036= 1400 M-1
Key points that should be in the text: hydrolysis, binding to DNA, kink, blocking of
transcription, apoptosis.
Transferrin transports iron in the form of Fe(III). Cerruloplasmin transports copper in the
form of Cu(II). Please not that metallothionein transport zinc inside the cell, not in the
blood; main Zn transporter protein in the blood is albumin. Please also note that hemoglobin
is an oxygen transporter based on iron(II), it is NOT an iron transporter.
Because hydrolysis of the Pt-Cl bond is dependent on [Cl-]
No, Cys34 binds quickly but only during a certain time, ie, it is not thermodynamically
stable. In the thiol blocking experiments a’ and d’ do not appear, whereas when there is no
thiol blocking they appear in a transient fashion and then disappear. Also, thiol content after
24h is only 0.1 smaller after cisplatin incubation, instead of really one cisplatin binding per
protein. Thus Cys34SH is an intermediate binding site, it not the final binding site for
cisplatin.
c,d, and e/f disappear when thiourea is added, so they correspond to monofunctional
adducts.
d and e/f disappear when there is no added chloride, so they hydrolyze and must correspond
to A or B.
Absence of cross-peaks a’ and d’ in spectra of SH-blocked rHA, so a’ and d’ represent
species D
Peaks a and b disappear when methionine are blocked, and they form specifically upon
reaction of rHA with [Pt(NH3)2(OH2)2]2+, so they correspond to bifunctional adducts bound
to methionine, thus of type C.
Note: it could not be J because the chemical shift should fall between -75 and -90 when in
trans position to an oxygen ligand
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10) Passive diffusion occurs partially as it is a small neutral molecule. In addition, uptake occurs
via the CTR1 transporter.
11) Several answers possible: 1) Large molecules/proteins or particles typically enter the cell via
endocytosis. Platination probably would not change that for HSA, so drug uptake
mechanism would completely change upon binding to albumin. 2) HSA is negatively
charged, so is the cell membrane, so HSA binding might prevent the drug to enter (it would
be trapped in the blood with impaired tissue delivery). The text was mentioning that hypoalbumimemic patients respond poorly to cisplatin, which is compatible with this second
answer as well.
12) One is the prodrug strategy: make a Pt(IV) that will be reduced inside the cell and deliver
there some Pt(II) complex. Pt(IV) complexes are kinetically inert so they should not bind to
HSA if they are soluble enough. A second strategy is encapsulation, for example in
liposomes (lipoplatin). You could also mention light activation, or using sulfur-based rescue
agents.
References for Part B: Saha, A.; Yakovlev, V. V. Journal of Biophotonics, 2010, 3, 670 and
Stasik, M.; Byczkowska, Z.; Szendzikowski, S.; Fiedorczuk, Z. Archives of Toxicology Springer
1969, 24, 283
13) they should have an aromatic backbone (necessary conditions, but not sufficient), thus Phe,
Tyr, and Trp
14) Tyr can be deprotonated and bind then via oxygen to metals. Trp is a weak metal binder;
although it formally has a nitrogen lone pair this lone pair is not available for coordination
to a metal ion as its electrons are delocalised over the side-chain, similar to an amide group.
Phenylalanine cannot bind as it has not heteroatom.
Note: saying that Phe can bind to Pb2+ because there is large change of the Raman signal at
1004 cm-1 upon lead addition was a wrong conclusion; Phe has no doublet to bind to lead,
so it must be other changes in protein-protein interactions upon lead binding, that must lead
to the changes in the Phe Raman signals.
15) No, since there is neither a significant change of the amide I band at 1653 cm-1 according to
Raman, and no change in the CD spectrum upon lead addition.
16) From Raman band at 1004 cm-1 (Fig 8) the environment of Phe is changing upon lead
addition, however it cannot bind directly. Another aminoacid involved is Tyr. According to
Fig. 9 Tyr environment changes as well, but as it may bind via its deprotonated phenol
group to the metal there is probably direct coordination to the metal ion in that case
17) HSA is negatively charged which prevents aggregation. However, according to DLS larger
aggregates form upon lead addition. This explains why all Phe Raman signals change: upon
aggregate formation pi-pi stacking might occur at the periphery of the protein that changes
the Raman spectrum. So, lead might coordinate to negatively charged regions of the protein
containing Tyr residues; due to the bicationic nature of Pb2+ it can bind twice, thus leading
to aggregate formation (dimer or trimer formation for example), which also leads to a
change in the spectroscopic signature of Phe.
18) Cisplatin binds transiently to Cys34, then ends up in Met and His binding sites, potentially
via bridging modes (where the proteins acts as a bidentate ligand); thus changes of the
secondary structure can be expected. In contrast, lead(II) is harder and binds to Tyr,
involving minor changes of secondary structure but aggregation of the protein
19) the three parameters to check are electronegativity (2.33 vs 2.28), ionic radius (65 vs 80),
and charge (4 vs 2). Pb(IV) is thus harder than Pt(II). Checking only the size was not
enough.
20) Pb(NO3)2 is ionic and hydrophilic, it will stay in aqueous solution. Tetraethyllead is neutral
and volatile, it will go through membranes, and intoxication can happen via the lungs.
Tetraethyllead is more bioavailable and more dangerous than Pb(NO3)2.
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Note that saying that Pb4+ in PbEt4 is more charged than in Pb(NO3)2 is correct but it does
not mean that the PbEt4 will be a better oxidant in the body: first, ethyl anioninc ligand
stabilize Pb4+, and second the compound might be reduced in the cells.
21) EDTA is a good chelator and might have a chance to coordinate/trap lead ions before they
do too much har mto the body. Same idea for sulfides: they might bind to heavy metals
thereby decreasing their toxicity.
22) On Paracelcius’ principle of “the dose makes the poison” (25%), ie, the dose of each
chemical felt by the population should be smaller than “acceptable daily intake”, which has
to be determined for each product to be sold on the market (25%). The industry producing
the product has to do it (25%), NOT the FDA!!! FDA controls the data and asks for more if
necessary. They also do the final approval. To do these tests, industries will determine the
LD50 dose on animals (rats) for which 50% of the rat population dies. Then, they lower the
dose and determine the NOAEL (No Observable Adverse Effect Level), ie the minimal dose
without any observable biological effects. Finally, they apply a security factor of 100, ie 10
to acknowledge the difference between rats and humans, and another factor 10 to account
for the genetic difference between people (25%).
23) Discovered by CDC in the USA (25%): large blood- and urine-testing program to measure
concentrations of metals and organic compounds, ie herbicides, pesticides, drugs, etc.
(25%). It was discovered that each human is in contact with low doses of many heavy
metals and toxic compounds (25%). It should change the system of allowing compounds on
the market because of interactions between pollutants: “0+0+0=60”, ie, three compounds
mixed at doses below their ADI give malformations when put together in the same rat
(25%).
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