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UPDATE

Deodorants and
Breast Cancer?
Not normally produced in
human metabolism, the alkyl
esters of p-hydroxybenzoic
acids (parabens) are a “general-
ly recognized as safe” (GRAS)
class of compounds used
commercially as antimicro-
bial preservatives in a wide
variety of foods, pharmaceu-
ticals, and cosmetics, includ-
ing deodorants and antiper-
spirants. Parabens have been
shown to be weakly estro-
genic in laboratory studies.

In a recent paper in the
Journal of Applied Toxicology
(2004, 24, 5–13), British
researchers demonstrated
that, of 20 human breast
tumor samples examined, all
20 contained parabens—a
troubling finding given that
estrogen is considered the
major etiological factor in the
development of breast cancer.
In animal studies, parabens
have been shown capable of
topical absorption. Their
presence in preparations
directly applied to the under-
arms of millions of women
daily has raised fears of the

ability of these compounds
to migrate the short distance
needed to potentially endan-
ger susceptible breast tissues.

In this study, the parabens
were determined using a
combination of HPLC and
tandem MS. The parabens
detected consisted of the orig-
inal ester forms commonly
used commercially, giving
evidence that these com-
pounds could be absorbed
and retained in the body
without significant hydrolysis
by tissue esterases.

As pointed out in an
editorial commentary in the
same issue ( J. Appl. Toxicol.
2004, 24, 1–4), caveats to
the study include the fact
that normal breast tissues
were not analyzed for their
paraben load, and that the
source(s) of the compounds
detected were not directly
determined, only speculated
upon. Of particular impor-
tance is that a causal relation-
ship was not determined,
despite the correlative fact
that breast cancer rates have
risen in parallel with the
increased commercial use
of such compounds.

According to the editorial,
“It is obvious that extraneous
synthetic organic chemicals
serve no useful function in the
human breast, but the ques-
tion is, have they caused
harm?” The one clear message
from the paper, however, is the
need for rapid and significant
added research to implicate or
refute this potential source of
danger. Equally significant,
this report lends doubt to the
universal applicability of
GRAS toxicology assump-

tions, especially with regard to
previously unexamined effects
such as estrogenic activity.

Mark S. Lesney

Light Conversion
Efficiently transforming solar
energy into electricity is a
desirable alternative to nuclear
energy for reducing fossil-fuel
consumption. Silicon-based
photovoltaic cells offer 17%
efficiency or more for this
process and are regularly used
to power equipment such as
satellites, calculators, and
remote radiotelephones.
Photoelectrochemical cells
using other semiconductor
materials in a system with
photosensitizer molecules,
or dyes, have also attracted
significant interest. Although
these devices have not, by
and large, caught up to the
efficiencies of silicon solar
cells, they hold great promise
for cheaper and easier prepa-
ration as well as substantial
potential for performance
improvements.

Dye-sensitized nanoporous
TiO2 cells have garnered
particular attention since
Michael Gratzel’s Swiss lab
achieved 10% efficiency for

such a device in the early
1990s. Henrique Toma and
colleagues at the Universi-
dade de São Paulo in Brazil
recently investigated the
photosensitization of TiO2
with a new supramolecu-
lar system—namely Zn
porphyrins attached to Ru
polypyridyl complexes (see
figure; Inorg. Chem. 2004,
43, 396–398).

Ru(II) bipyridine and
phenanthroline complexes
are known for their strong
absorption of visible light,
which occurs by a process of
metal-to-ligand charge trans-
fer (i.e., the highest-energy
electron in the ground state
is in a Ru orbital, and it is
photoexcited to the lowest
unoccupied molecular
orbital, or LUMO, which
comes from the ligand struc-
ture). This directional elec-
tronic flow is ideal for light-
harvesting applications. In
other words, the electrons
that were transferred to the
pyridyl ligand can be moved
through other attached chem-
ical moieties and finally
toward an active material
from which the electricity
can be used.
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Structure of p-hydroxybenzoic
acid.
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Atomic-force micrography image showing differences between (a) an
untreated TiO2 nanoporous film and (b) film treated with tetra-[Ru(phenanthro-
line)2Cl]+ and Zn(tetrapyridylporphyrin). (Adapted with permission from Toma, H.;
et al. Inorg. Chem. 2004, 43, 396–398.)
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Toma’s group found that
the Ru complex/Zn porphyrin
compounds demonstrated
high photoelectrochemical
activity. This prompted them
to conduct electrochemical
and fluorescence experiments
on TiO2 films coated with
the supramolecular struc-
tures. These measurements
showed that the key process-
es of electron injection, in
which charge is transferred
from the supramolecular
orbitals to the TiO2 conduc-
tion band, and dye regenera-
tion, in which the ground
state of the Ru molecule is
reestablished, are energetical-
ly favorable using either of
the Ru/Zn molecules. In
addition, both have good
photoconversion efficien-
cies—the Ru-bipyridine-
containing molecule exhibit-
ed 13% efficiency.

The data also indicate
that the electron injection
occurs through an attach-
ment between the central
Zn(II) ion and the hydroxyl
groups of the TiO2 surface.
The significance of the
Zn porphyrin was further
confirmed by theoretical
calculations carried out by
the researchers that showed
the LUMO, from where

injection occurs, is con-
tributed almost completely
from the porphyrin moiety. 

The scientists did notice
from some of their experi-
mental results that supramol-
ecules might have undergone
some aggregation when
deposited on the TiO2 film.
This, they say, could hinder
the efficiency of photoenergy
conversion. Thus, further
optimization of the coating
process to avoid aggregation
could lead to even better
results.

David Filmore

Aerosols from 
the Amazon
Atmospheric volatile organic
compounds (VOCs, aerosols)
are of tremendous impor-
tance to understanding the
earth’s climate. They can
scatter and absorb solar
radiation and can act as
condensation nuclei for the
formation of clouds and
precipitation.

Vegetation is known to
contribute large amounts of
VOCs to the atmosphere.
Magda Claeys and colleagues
from Belgium, Germany,
Australia, and Brazil found
that considerable quantities
of organic aerosols from the

Amazon rain forest are actu-
ally formed from isoprenes,
contrary to conventional
thought (Science 2004, 303,
1173–1176).

Researchers assumed that
isoprenes did not react in
the atmosphere to produce
secondary organic aerosols
(SOAs) that could condense.
They believed that photo-
oxidation of isoprene resulted
in gaseous products such as
formaldehyde, methacrolein,
and methyl vinyl ketone.

However, 2-methylthre-
itol and 2-methylerythritol,
which contain the isoprene
skeleton, were found in the
atmosphere but not in any
plant matter. The compounds
were also diastereoisomers,
suggesting an atmospheric
conversion and not an enzy-
matic biological mechanism.

The researchers found the
aerosols because they used
electron ionization and
methane chemical ionization
GC-MS. Previous studies
used methylation of carboxylic
groups and GC-MS or LC-
MS, which may have made it
difficult to find and identify
neutral polyols.

Claeys et al. suggest that
while the photo-oxidation
of isoprene has a low yield,
the large amount of isoprene
emission from forests repre-
sents a major source of
SOAs. They believe that
these SOAs act as cloud
condensation nuclei, causing
the production of haze over
the Amazon rain forest.
These findings may help
make climate models more
accurate.

Michael J. Felton ◆

Electrokinetic Focusing.
National Institute of Standards
and Technology researchers
report a new method for
concentrating and separating
hydrophobic species. Called
micellar affinity gradient focus-
ing (MAGF), the technique is a
combination of micellar electro-
kinetic chromatography and
temperature gradient focusing.
MAGF provides higher sensitivity
than CE and theoretically unlimit-
ed concentration enhancement.
(J. Am. Chem. Soc. 2004, 126,
1936–1937)

Origin of Life. Researchers
at Arizona State University and
the SETI Institute investigate
the possibility that amino acids
from meteorites could have
helped to impart our planet’s
biological propensity for L chiral
compounds. Nonracemic alanine
and isovaline (the most common
amino acids in meteorites) were
used to catalyze the formation
of sugars from glycolaldehyde
and formaldehyde, which 
could have been present on
prebiotic earth. (Science 2004,
303, 1151)

Rapid Bacterial ID. Figur-
ing out what bacteria are pres-
ent in infections or on food has
been helped recently by using
MS and “fingerprinting” the
results to particular species. MS
may not be the best method
because of sample prep time
and expense. E. Consuelo Lopez
Diez and Royston Goodacre use
UV resonance Raman spec-
troscopy (UVRR), along with
mathematical clustering, to
successfully identify several
species of bacteria. (Anal.
Chem. 2004, 76, 585–591)

Denaturants Revisited.
Protein denaturants such as
urea, sugars, and trimethyl-
amine N-oxide are thought
to affect protein stability by
making or breaking the struc-
ture of water. However, Gary
Pielak and colleagues at the
University of North Carolina
apply thermodynamic analysis
to calorimetric data to show
that this is not how these denat-
urants work. The researchers
discuss other possible theories.
(J. Am. Chem. Soc. 2004, 126,
1958–1961)
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