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ABSTRACT

The complexization between folic acid and typical polyaromatic hydrocarbon (phenanthrene) was studied by using
FTIR and UV spectra. The negative values of Gibbs free energies for these interactions at different temperatures
showed that the process is spontaneous, in the direction of equilibrium and changed with the increasing in
temperature. The enthalpy of interaction had appositive value that means the process is endothermic and the system
requires input of energy. The experiments confirmed that combination was through z-z donor-accepting interaction
and inducing the protonation process in folic acid upon strengthening electron accepting ability of the acid so the
changing of their charge distribution and the surroundings became necessarily. In another words, this inferred that
not only biotransformation process of folic acid, but also the toxicity of polyaromatic hydrocarbons could be
understood.

Keywords: Folic acid, phenanthrene, polyaromatic hydrocarbospectroscopic studies, thermodynamic
parameters.

INTRODUCTION

Folic acid, (N- [[2-Amino-1,4-dihdro-4-oxo-6-ptefid/l) methyll] amino] benzoyl] —-L- glutamic acidO,
hematopoietic vitamin presents, free or combinetth whe or more additional molecules of L(+) glutaracid, in
liver, kidney, mushrooms, spinach, green leaved, gnasses [1].Folic acid, which plays as a key rig-carbon
metabolism, is essential for biosynthesis of sdvesapounds. The pterin ring changed by reductagrae to
tetrahydrofolate which receives one carbon fragsénim donors (monocarbonic units) such as seglyeine, and
histidine then transfers them to intermediateshim $ynthesis of amino acids, purines, thymine, pyrimidine
found in DNA[2,3]

Polyaromatic hydrocarbons are a group of organimpmmunds consisting of two or more fused benzergsrihey
are priority pollutants in many industrial areasl axcur in living organisms at significant concetiins near these
sites [4].

The natural levels of ultraviolet radiation in sight enhance the toxicity of polyaromatic hydroearb in aquatic
animals [5] and aquatic plants [6] which resulnfroxidation to more toxic from [7], photosensitiza reaction

[8], or combination of both of them [9]. Polyaroneathydrocarbons toxicity and transformation haveerbe
demonstrated [10, 11].
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The aim of this paper is to study the complexizatietween folic acid with a typical polyaromaticdngcarbon
(phenanthrene) by using FTIR and UV spectroscogigsthermodynamic parameters then comparing thes regut
results with the recent studies.

EXPERIMENTAL SECTION
Materials: (All materials were from BDH chemicals Ltd Podingland)

Solution:

Folic acid stock solution of (7*I0M) concentration was prepared in 100ml methanoltewél:1) as a solvent.
Phenanthrene stock solution of (6*M\) was prepared in methanol as a solvent. Othartisols of folic acid and
phenanthrene were prepared by dilution from itskstmlution at pH (7.4).

Spectrophotometric M easurements

Absorption spectra were taken with the UV-Vis spmmhotometer 1650 PC, Shimadzu, Japan. The absmrhn
folic acid and phenanthrene were measured in a Vength (200-400 nm). The rate constant for therawtion of
phenanthrene and folic acid in a series of solstifinl) complex were prepared by mixing (4 **10folic acid
stock solution with phenanthrene solution in a safy( 1* 10°to 6 * 10° ) concentrations and the absorbance was
recorded with time at constant temperature (2548)°C in a time interval (0 — 25) min.

FTIR spectroscopy [12] : Microscopic FTIR-spectfahe complex formed between folic acid and phelmamte as
well as the spectra of folic acid and phenanthreeee recorded at FTIR spectrophotometer (IR Presti?l.
Shimadzu, Japan) after packed with potassium b idoom temperature. Solid folic acid and phdmame were
used directly to obtain microscopic FTIR spectrdujlevthe samples of complex were prepared by miximg
appropriate quantity of folic acid with phenantreen

RESULTSAND DISCUSSION

The absorption law, also known as the Beer-Lamlbertor just Beer's law, tells us quantitatively htdve amount
of attenuation depends on the concentration ohtisorbing molecules and the path over which abisorpiccurs.
In the simplest case, in which the molecules of absorbing solute act independently of each otined,in which
the influence of a colorless solvent is constarhwbncentration each molecule of solute absorbs#me fraction
of the light transmitted by a given thickness ofuson decreases exponentially with increasing eoi@tion of
solute, or the absorbance increases linearly waititentration [13].

As an experimental model phenanthrenal¢nor) with o- phenanthroline or pyridine (humic— acceptor) that
forms a complex give a primary explanation of tepehdence o the environmental transformation ofgsomatic
hydrocarbons on the surrounding [14].

Recently, Y. He et al. reported that these proses$eolyaromatic hydrocarbons are strongly depdnaie the
interaction between polyaromatic hydrocarbons &edcb-existing compounds [12].

In our present study, folic acid or phenanthrenietism of six different concentration ranging fraf@*10° M to

6*10° M) at pH 7.4 were prepared and the spectrum wamrded . For the studying of the interaction betwiesdic

acid and phenanthrene, UV spectra showed thatdolit has a strong absorb around (283 nmjfor transition of
pterin ring at pH 7.4 [15] while absorption band mifenanthrene (250 nm) assignedrta transition of this
conjugated system.

As a result a straight line obtained showing tf@tq acid or phenanthrene ) solutions obey bdaws and the slope
equal to the molar absorptivity™ at Anma,=283 nm ) for folic acid andif;,=250 nm ) for phenanthrene. The
behavior of folic acid and phenanthrene solutiogzasately in their solvent at human physiologiddl 4, were
studied first to make sure that there substances stable in their solvent.

The mixture of folic acid and phenanthrene showsti#i in A, and a change in the absorbance due to a complex
formation between them and the existent of thelibgiuim (Table (1) ). The new band (244 nm) foridohcid —
phenanthrene complex which is in the same rangeuofprevious studies for naphthalene — folic acdplex
(235,296) nm, fluorine- folic acid complex (217,8Hm, (210,302) nm for folic acid —acenaphthyleoenplex,

and (247,330) nm for folic acid- acenaphthene cemfil6].
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. FTIR spectra of folic acid and phenanthrene before and after interaction.
Table (1): Valuesof themolar absorptivity at pH 7.4 and Amax

Phenanthrer-folic acid complex

Folic acic
Phenanthrer

Figure-1-

HEL

complex changed as the temperature changed, acdldextdhe maximum value near the normal temperatutiee
22]. The enthalpy of a reaction can be deteechi[23] by measuring the equilibrium constantdosystem a

human body (37°C).
different temperature then from the slope of tesulting liner van't Hoff plot of Ink versus (1/T). The entropy

The thermodynamiparameters and their relation to equilibrium ofd#d biochemical systems were calcule
change for the system can then be calculat&f£AH°-TAS).

calculated [20]. The equilibrium constant for théeraction of phenanthrene witolic acid was then calculated.
[21,

determine the equilibrium constant of these comggeX he concentration of the complex formed atliggivim was
three different temperature (25

The equilibrium constant can be calculated by usthg continuous variation method [17.18.19].

experimenting, the formula of the complex betwedolic acid and the phenanthrene (1:1)
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Table (2): Thermodynamic parametersfor complex

Ke AG° AH° S
Temp- (K) | (L mol?) | (kamol®) | (Kamol®) | (Ka.molek™)
208 | 1.83x10 | -30.0304 | +50.3495 0.2697
310 | 5.07x1b | -33.8605 | +50.3495] _ 0.2716
313 | 4.31x10 | -33.7669 | +50.3495]  0.2687

So firstly the evidence of this complexization d@n noticed by the appearance of new band due torldisf the
complexization om-n transition of conjugatenl system so the accepting ability of proton increaSecondly from
the resulted thermodynamic values where the Gildesdnergy is deciding the direction of processespmsitions
of equilibrium in biochemical systems. The negatradues of Gibbs free energies for these interastat different
temperatures meant that process is spontaneotts iirection of equilibrium and changed with thereasing in
temperature. The enthalpy of interaction had atipesvalue that means that the process is endotbeand the
system requires input of energy. The positive dpthand entropy change also refer to the type tdraction
between the two molecules.

FTIR spectroscopy is an appropriate technique tderstand the organic compound reaction effects hen t
functional groups absorptions for both the reastamid the products. New absorption band appe@37atcnt for
folic acid — phenanthrene suggested the protonatidhe N atom on the pterin ring and producingosifive salt
may be resulted while the pure folic acid is chemazed with (3600-3000) hydroxyl stretching anbNstretching
vibrations, 1697 cfh for the C=0 bond stretching vibration of carboggbup, and 1636 cfhbelongs to C=0 bond
stretching vibration of- CONpgroup beside 1604 ¢hiNH- bending vibration [24].

The shift of IR band around 1500 ¢roonfirms the interaction between the folic acichepanthrene to produce a
complex of n-n electron donor- acceptor. The above IR bands wardur previous works which showed at 2376
cm® for naphthalene — folic acid complex, 2401 cfar fluorine — folic acid complex, 2381 cm-1 faslit acid —
acenaphthylene and 2372 twith acenaphthene [16].
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