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Abstract: The connection between structure and activity oéngsical environmental molecules such as polycyclic
aromatic hydrocarbons (PAHs) are quantitatively levgqal of three main research directions: one isrrigfg to
spectroscopy studies, including mass spectrosadppmatography, and astrophysics; the secondtitireapproaches
several toxicity studies made on the PAHs effetts, ecotoxicity, mutagenity, carcinogenity, citeimty, and the
biodegradable features; the third direction unfatdsnputational aspects of PAHs. The in silico bio/activities are
nowadays provided by OECD Toolbox in silico fagilithis is a program which can predict activitiéfeets using various
regression techniques, so that the laboratoryngest no longer needed. As an application, Toolbesults on some
chlorinated PAHs molecules — specifically the valdfer bioaccumulation aquatic on Pimephales prosyedauatic
toxicity (LC50) on Pimephales promelas, and cargarity on Rats TD50 are inter correlated alonghtteast mammalian
cancer EROD (ethoxyresorufd-deethylase) activity are inter-correlated on admgurface towards assessing structural
rules of Cl-addition and extended catafused beszomenvironmental fate of toxicity.

Keywords: chemical structure, biological activity, ToolBécility, CI-PAH, inter-species activity hyper-sade.

1. Introduction humans, including carcinogenicity [2-4]. The prdsen
communication shortly review some of the important
In recent years, due to the increasing impact tHéndings of the PAHs chemical structure and biobadi
pharma and food chemistry in special have on theamu activities; then it presents an original way of meeaistic
and environment life, the scientific and economingdrest hierarchy of action inter-species for a given claxs
forced the international communities (OECD- Orgatian ~ chlorinated PAHSs.
of economic cooperation and development, EUC-Ewanpe
Commissions, just to name a few) [1] to adopt
memorandums regulating the design and use of cladésnic
towards lower toxicity and higher biodegrability.
Moreover, nowadays the scientific tendency to repla
more and more the in vivo and even in vitro experits
with in silico (computational) and in cerebro (ceptual)
approaches of the structure-activity relationshisl in
establishing the chemical-biological mechanism of
interactions. Accordingly, a newly synthesized cluain
with nanostructure (i.e. having more than few eletaey
bonds) is theoretically and experimentally chandoéel
firtly for its eco-toxicity and biodegrability bwtlso the in-
depth interactions with organisms targeting cetluad
DNA degradation, carcinogenicity overall, see Feglir
In particular, the polycyclic aromatic hydrocarbons
(PAHs) class comes in the middle of academic and
chemical technology research since their versatiii#ing Figure 1. Diagrammatical representation of multigharacterization of
produced by a diversity of human and industrialvitis chgmi_cal nanostructure c_ompounds w!th environmém_p.hct: from first
. - . . principle sand computations to experimental spectpic modeling of
while belng unde,r Curre,nt debate thelr tO)_(|C|ty atihet the toxicity, ecotoxicity, eco-fate (bio accumudetdj till the cellular and
degree of affection their produce in environmend an biological molecular toxicity
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2. PAHSs: structure, properties, activities using ultraviolet photoelectron spectroscopy (UPS).
Molecules like coronene, pyrene and their methorg a

) ) ) keton-derivatives as polycyclic aromatic hydrocarho

One of the main pollutants in the environmentmay be studied, and their theoretical and experiaten
Polycyclic aromatic hydrocarbons (PAHS) class lar@wn  electron binding energies of different MOs can be
for their photoinduced toxicity, which present ttypes of compared with TCNQ (tetracyanoquinodimethane) as a
mechanisms: photosensitization reactions (consider® \yell-known classical acceptor. The studied compsund
being dominant) with the formation of reactive o#pg demonstrate how the functional groups can tune the

species (ROS) and photomodification to more toXignolecules’ electronic state, providing moderate atoor
photoproducts. Both may be rationalized by QSAR @®d strong acceptor properties [9].

on photoinduced toxicity of PAHs such as light apson, Fullerenes are a class of chemicals which are
generation of free radicals, or bioaccumulation oéynthesized by evaporation of carbon from at veighh
compounds in the biological tissue [5]. temperatures (that could reach the order of several

Polychlorinated naphthalenes (PCNs) were onq®ousand degrees Celsius). Recently, new methods of
known for their usage as lubricants, wood presem®s! synthesis are experimented, while the recent coatiputl
plasticizers, and as by-product in technical sysith@f methods as finite-temperature, non-equilibrium dgns
PCBs, but recently they become one of the mostdabts, fynctional tight-binding molecular dynamics (DFTBIM
wood preservatives, plasticizers, and as by-prodoct simulations for the dynamic self-assembly processes
technical synthesis of PCBs. The most communecsadft giant fullerene cages during benzene combustione hav
those molecules the industrial area, such as npalici showed that PAH and subsequent fullerene self-dsigem
waste incinerators(MWIs), metal refining, and pulfoliow a disordered pathway from the opening of the
industry. Their standard gas-phase enthalpiésrofation  aromatic hydrocarbon feedstock benzene molecules ov
may be in silico evaluated by using, for instandensity the aggregation to clusters consisting of linead an
functional theory (DFT) and second-order Muellerpranched polyacetylene-like radical open chaintovied
Plesset(MP2) theory [6]. by slow ring condensation which becomes fastemtiee

Polycyclic aromatic hydrogens are in the attentdn hydrogens are removed from the system [10].
scientists also because it represent one of thgedaclasses Finally, remarkably, in many astronomical objects
of environmental carcinogens. In order to know meveut \as notice unidentified IR (UIR) bands, whose are
the structure of those molecules, recently the g88C sysceptible to be attributed to PAHs at their origihe
C,sHi, - CoH, that takes place in an ion trap massnethod for assessing their presence requires, theless,

spectrometer it was studied. Using DFT calculatiod the the calculation of the highly accurate fundamental
approximation of Koopmans' Theorem, it was showat thfrequencies and intensities not only for small rooles,
the lowest energy structure is obtained from thedr form but for largest one (PAHs molecule can contain betw30

+ L o . and 50 carbon atoms). After testing of several oeshit
of C,,H, . In addition, it was proven the utility of using a : : .
seems like the most accurate and economical apprioac

computational chemistry approach, in order to fimdre order to compute the IR spectra for PAHs was theY#3
data about a series of unusual ion suclcgst, [7]. functional in conjunction with the 4-31G basis s€he
However, even if the PAHs molecules are nof€ported studies are promising in this directiolthcugh
carcinogenic, it was proved that the metaboliteshese the discussion continues nowadays [11].
molecules are. Those carcinogens derivates areokrémy
diol epoxides in which the epoxide group is locdtedides . . e
the bay region of the molecule. A common examplaof 3- PAHS! inter-species toxicity’s hierarchy
PAH, benzo[a]- pyrene (B[a]P), is activated by cyimme
P450 producing the ultimate carcinogen benzo[&lps¥
7,8-diol-9,10-epoxide (BPDE). Among the substances '_I'he Toolbox software, as developed by OECD,
found in nature, one of them is ellagic acid (EfAgund provides thoughtful_ rgad-across se_arch baseq on the
most in red raspberries, which is capable of chalhyic analogue_s categorization of the given _chemlca_l and
reacting with the B[a]P metabolites and preventthg hypothesis of mechanistically mode o_f action. Thairm
covalent binding of BPDE to DNA. But, because o it features - and resume of the al_gorlth_m was recently
toxicity at high concentrations, ellagic acid mayt be an present_ed_ and a_pplled on a paradlgma_nc sho_rt is€ll-o
ideal drug. Further studies will have to find a way PAHSs aiming for inter-species inter-activity coatibn, see
designing novel ellagic acid derivatives that wailbo take Tabl_f_}hl arr]‘d ref. [12t]];. h its sh that . tal
into account their bioavailability and pharmacokice [8]. ‘e human-rat-fish resutts show that environmenta
From the nanostructure point of view, it is knoviratt in fate is cIoser_ to the ecotoxicity that_ to carcinuige and
functionalized polycyclic aromatic hydrocarbons {3 thatt r;prlTaT IS more etxp(t)hsetd t'?h ft'ﬁh hetl,za%;.rarsfer
the electronic state of the graphene-like hydromanbart is potentially toxic reagents that with the rat's naetion, a
tuned by the functional group. In order to find niywes of matter reflected in teh order of activities disgdyin Table

donor and acceptor molecules, concerned PAHs adéesit 1 as well as in Figure 2.
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TABLE 1. The the chlorinated polycyclic aromatidimcarbons (CIPAH) activities as: the EROD (ethospreifin-O-deethylase)
activity is taken from literature as the relativeténsity of CIPAH-induced cytochrome P450 (CYP)vigtin human breast cancer
MCF-7 cells [13]; the computed activities with Tookbtacility are Environmental Fate: [Bioaccumulati@guatic] on Pimephales
Promelas 96h [10L/kg wet], BioFATIg,, Ecotoxicological Information: [Aquatic ToxicityflC50 on Pimephales Promelas 96h Ti0
mg/L], LC5Q, Carcinogenity on Rats TD50 [T0mol/kg], TD5Gus[12].

CI-PAH Structure ACTIVITY
BioFATEp, LC505, EROD TD5@ats
9-chloro phenanthrene (9-ClPhe) 1.90 3.47T 1.2 472
9,10-dichloro phenanthrene (9,10,8He) 1.724 1.3 1.4 4.05
3,9,10-trichloro phenanthrene (3,9,1QRte) 4.22 0.828 4.4 3.84
1-chloropyrene (1-CIPy) 4.08 1.3 1.3 0.00511
6-chlorobenzo[a] pyrene (6-CIBaP) 422 0.33 9 3.46°

"Predicted by Filling-in-the Data-Gap by Toolbox CE facility [v.1.1.01/2009] with OASIS basesurfauarcotis;
“by DNA binding of PAHs

!
-

-CIPhe LC50 Pp

C'g BioFATE

Figure 2. The (second order) interpolation of tbe-kio-activity hyper-surface as obtained by repn¢isg the eco-bio fate response for each of the
chlorinated PAHs

The hyper-surface Figure 2 provides nevertheless an 4. Conclusion
interesting way for asses the eco-biological attisi
hierarchies among inter-species for a given pool of The current importance of the PAHs in general on
molecules. For the present case, one can see th#igoe environment and every-day life is argued by various
features such as: qualitative  structure-activity ~ circumstances,  from
spectroscopical to computational to bio-ecotoxigalal
- For given PAH structure the chlorine additionand carcinogenicity level. For given compounds,eher
drastically changing the biological fate of the abed chlorinated-PAHS, the inter-activity hyper surfabeilt
compound, inducing increasing effect on mammaliangpon preliminary inter-species correlation hiergrcis
(human breast cancer and rats’ carcinogenicity); advanced as a proper tool in computationally ptadjcthe
addition and catafusing increasing effects of CH3Aon
- Maintaining single addition of chlorine the highe bio-ecotoxicity effects.
activity fate is recorded as the skeleton PAH prtse

more pronounced bay to be further linked with tloe-e ACKNOWLEDGEMENT
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