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Abstract: Dioxins are a group of 210 chemicals that have similar structures and chemical properties and are not
mtentionally produced.. Not all dioxins have the same toxicity, the most toxic chemical in this group 1s 2,3,7,8-
Tetrachlorodibenzo-para-dioxin (2,3,7,8-TCDD). This work aimed to study the effect of dioxin as a toxic
compound on the structure and function of hemoglobm as a macromolecule (conformational changes) in
exposed rats. This study was conducted on 30 female rats of 4-6 weeks old, divided into 2 groups G, (10 rats)
served as normal control and G, (20 rats received, 0.25% of the lethal dose (ILD50) of dioxins compounds
(17 congers) orally. Results revealed decrease in the oxygen tension at which Hb 1s half saturated (P;) in rats
received dioxin which indicates a drop in its affinity to oxygen. All forms of abnormal Hb derivatives increased
concomitant with dramatic decrease n oxy-Hb in exposed rats as a result of the oxidation process of the normal
oxy-Hb as well as the increment of heat content AH and molecular disorder AS confirmed the unstabilzation of
Hb molecule through the elevation of hydrogen bonds, maintaining the tertiary structure of Hb molecule. There
was a rise in the percentage of dielectric increment for exposed rats than control group as a result of its

unfolding and/or increase in the molecular size (quaternary structure of Hb).
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INTRODUCTION

Dioxin is the name given to a group of persistent,
very toxic organic chemicals that consists of a pair
of benzene ring, two oxygen atoms and four chlorine
atoms, the most toxic form of which 1s 2,3,7.8- Tetra
chlorodibenzo-p-dioxin (TCDD)[1,2].

Dioxin builds up in the living tissue (biaccummulate)
over time, so even exposures to small doses may
accumulate to dangerous levels [3].

Today, concentrations of dioxing are found in
all humans, as they are constantly exposed to
dioxing through their diet. Dioxins are persistent and
once  exposure these compounds remam in
human tissues, particularly fatty tissues, for extended
period  [4]. general
population almost exclusively from ingestion of
food, specially, through the of fish,
meat and dary products since dioxins are fat soluble

readily climb [5].

oceurs,
time Dioxin enters the

consumption

Atmospheric dispersion, deposition and subsequent
accumulation i the food chain seen to be the major
pathways of exposure to the general population. Residues
of these chemicals have been detected in soil, sediment,
fish, meat, cow's milk, human adipose tissue and mother
milks. The elimination half life of TCDD in humans is
approximately 7-11 years [6].

One of the earliest findings of dioxing toxicity in
amimals was that, 1t caused birth defects m mice at
very low levels [7]. This finding led to dioxin- being
characterized as one of the most potent teratogenic
environmental agents [8].

Once dioxin enters the body, the blood stream readily
distributes 1t to all organs [9], As dioxin does not dissolve
well in the blood, it stays there for only a short time and
tends to accumulate in fatty tissues, where is does
dissolve and m liver which becomes very fatty. Its
distribution to the various internal organs depends on
blood flow to a given organ, relative organ size and the
exposure dose [10].
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Dioxins produce a toxicity syndrome, characterized
by progressive weight loss and delayed lethality m rats,
mice, rabbits, guinea pigs, hamsters and non human
primates [11]. Acute toxicity has not been observed
among highly exposed humans despite the occurrence of
high accidental exposures that exceed the doses known to
produce acute toxicity in guinea pig [12].

MATERIALS AND METHODS

Experiment Animals: Female rats of 4-6 weeks old were
obtained from the Animal House of the National
Research Centre. Animals were maintained under a control
condition one week before imtiation of the experiment,
passes several times of light/dark cycles, under average
ambient temperature of 22+1°C, humidity of 40-60% and
allowed free access to foods and water.. Experimental
design was modulated mn 30 rats divided into two groups:
G, mcluded 10 rats served as the control group and G,
included 20 rats received 0.25% of the lethal dose (L.D.,)
of dioxins orally [13,14].

Dioxin Standard: A seventeen congeners labeled with C"
and " native congeners at equal proportion was delivered
from Chemishes und Verterinaruntersuchungsant reiburg,
Germany, The stock standard solution contaimng pg
WHO-TEQ (TCDDs/PCDFs) of 17 congeners labeled
with C"” and " native congeners at equal proportion,
each pl of Dioxin congeners contains 10 pg of 17
congeners labeled with C"” and " native congeners at
equal proportion.

Treatment of rats: Fifty pl from dioxin standard was orally
administrated to female rats using a stomach tube daily for
one week. This dose equals to 0.25 of LD,, of dioxin
standard for rats [13,14]. After one week of treatment,
blood samples were collected and rats were sacrificed.

Blood samples that collected for the biochemical and
biophysical parameters study were collected in tubes
contaimng heparin, blood was centrifuged at 800 rpm for
10 min at 4°C, then the plasma was removed and packed
cells was washed with 5 volume saline at 20°C, this step
was repeated three times. Packed cells were lysed with
two volume of deionized water and then mixture was
centrifuged at 5000 rpm for 30 mm at 4°C to obtain the
hemoglobin  solution on which  experiments were
carried out.

Hemoglobin of different ligand derivatives: The millimolar
extinction coefficients were put into four linear equations
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with the four unknown concentrations of hemoglobin
pigments (Cinczs Crncos Chparn, and Cayp, ).

A =505y +535 Cype + .04 Cpy +7.2Cy

(1)
A =1127 Cpy + 1427 Cyep + 41Ty, +81Cy,
(2)
AT =1537Cye, +10.0 Cppog + 41 Cy gy, +8.1 Cyp
(3)
A™ =024 Cype. +0.33 Cypeg + 335 Cppny +20.8 Cyp,
(4

Where the absorption bands at wavelengths 500, 569,
577 and 620 nm represent the absorption maxima of
Met-Hb, HbCO, HbO, and SHb, respectively.

The above linear system of equations can be
represented in the matrix form as:

505 535 904 7.2 Cao, A
11.27 1427 410 81 Chpco | _ | 4%
1537 100 410 81| |Cpm| |47
0.24 033 335 208 C 4

620

(5)

This linear system of equations was solved by
mathematical mampulation, using the Gaussian elimmation
method. For matrix calculation [15] to yield the following
equations:

_ APV 044220347 + 010655194 + 0.0515760 4"

Gt 18.895404
(6)
_ 9.06023434™ — A" ~2.69602354" ~35.295898 Cigy
i 66.750821
7
c = AP —223168314™" +16074415 C,,,,, + 79681188 C,,,
e 2330495
(8)
Co - A =535C 00 =904 Chue =72 Com
5.05
(9)

Where A A’ A™ and A™ are the absorbances
of hemoglobin solution at the wavelengths 500, 569, 577
and 620 nm, respectively.

Blood gas measurements: Determination of oxygen
in blood samples has been achieved through the use
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of pH blood Gas Analyser Model Corning 166
manufactured in England within 15 minutes from
taking samples.

The partial pressure In mmHg of blood oxygen
was measured through the use of chrktype staw
Severinghious electrodes simultaneously. P, represents

the partial pressure of blood oxygen at half concentration.

Thermodynamic parameters: In this experiment, the
absorbance of hemoglobin solution of concentration
(3.4x107° M in heme), at the spin or spin heme-heme
interaction band (A™™®) were measured at various
temperature in the range 25-40°C, 5°C intervals, using
temperature controlled spectrophotometer. The spin state
constant (K), at each temperature, was calculated by
using the following equation [16,17]:

A578
1-4" (10)
Dielectric Measurements: The dielectric dispersion for
5% aqueous solution of Hb was measured at 25°C in
frequency range 0.1 and 10 MHz for rats received dioxin
compared to the normal control group through the use of
a Loss Factor meter type 1033,RFT., Funkwerk Erfurt.
Germany. The Hb samples were measured by the cell type
pw 9510/60, manufactured by Philips. The sample cell has
two squared platinum black electrodes each having an
area of 0.8x0.8 cm’ with an intermediate distance of 1 cm.
The cell with the sample 15 kept at 25°C+0.1 m a
temperature controlled incubator Kotterman type 2771
Germany. The value of € (Relative permittivity of the
sample in the cell) was calculated at each frequency from
the constant K (the cell constant that depend on the cell
dimensions) and C, (The residual capacitance) and the
measured values of C, also the loss tangent (tan &) was
obtained from the measured values of the resistance R
and C 1n farad as

1 e’

= -
2% FRC & (1)

The dielectric loss " was calculated from the relation
g"=g"tan 8

(12)

The conductivity (0) was then calculated from the
relation

=2 fes, =CIK (13)
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For spherical macromolecules the dielectric relaxation
time depends on the viscosity of the liquid 1 and its
absolute temperature T. Viscosity measurements of each
Hb solution was carried out with an ostwald viscometer
at concentration of 5% and 25°C bidistilled water
was used first at fixed volume to pass through certain
height of the Ostwald's capillary, then the efflux of water
t; is determined three times and an average value was
taken also the averaged efflux times t; for both the Hb of
rats intake dioxin and the control group were determined,
then the viscosity coefficient m,for each sample was
calculated as

m_ (An)

n, (fit) (14)

Where 1), 18 the viscosity coefficient of water, f; and
f, are the densities of water and solute molecules
respectively.

Statistical analysis: Data were computed in form of
means and standard error (SE) and statistically analyzed.

RESULTS

The obtamned data in Table 1 reveal that, the non
functional hemoglobin (Met-Hb, S-Hb and Hb-co)
increased (P<0.01) in G, as compared to the control group.
Also, the oxy-Hb ( functional Hb) decreased (P<<0.01) in
(G, group.

Oxygen tension at half concentration and at pH 7.4 of
Hb of rats received dioxin are shown in Table 2. Mean
value of P.,in vivo as well as P, 7.4 decreased (P<0.01)
in G, as compared to normal rats, as well as the spin state
band of Hb A../A.,

Spin state constant (K) and the free energy AF
were calculated from the measured absorbance A ., at
temperature T= 298K through Arrhimus equation:

Table1: Hb of different ligand derivatives of rats received dioxin

(Mean+SE)
Group Met-Hb S-Hb Hb-co HB-0O,
Control G, 1.45+0.61  0.623+0.034  3.01+0.089 91.06+0.32

Experimental G, 2.34+0.53%% 0.862+£0.031%* 4.2320.096%* 84.69+0.38%*
FP<0.05 #HP<0.01

Table 2: Oxygen tension at half saturation and spin state band of Hb of rats
received dioxin (Mean+SE)

Group P50, mmHg Pypat 7.4 Agral Asag
Control Gy 36.2+0.4 40.62+1.6 1.056
Experimental G, 20.03+0.2% 23.26=1.41%* 1.032%*

P < 0.05 ¥¥P<0.01
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Table 3: Spin constant and thermodynamic of Hb of expenmental rats recerved diozn (Meant5E)

Group Spin state constant K AF Jimole AH Jimole A5 Jimole K
Control Gl 0.812+0.000325 4.853x102£0 432 S7.562103£0 185 -26.658£0.00765
Expenmental G2 0.601£0.00026%* 9.16x102£0.221%* S567R103£0.2162%* -20.325+£0.065**

*P<0.05 **p<0.01

Table 41 Values ofthe static gg and infinite £,, dielectric constant, dielectric increment per g per 1000 ml, cole-cole parameter o, relaxation time 1, in A sec.,

vigcosity coefficient 7 in potse and molecular radius in nm (Mean3E)

G #* * " *
Toup e’ E) 5;3 o Tﬁ Ul T
Control Gy 50.14£0 53 95.55¢0.46 0.44+0.005 0.01252+0-000035 0.245+0.00062 0.0252+0.00029 2.974£0.013
Experimental O 47.15+0.69 104.73£0.55 06780003 0.10142+£0.00028 0.433£0.00057 0.0142+0.00042 3.7030+.0004
*Fitted parameters from the computer program
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Fig. 1: Relationship between natural logarithm of spin
state constant (K) of iron heme and L

T
K= 7‘45?8
(1 'Asa's)

The values of In K were plotted as a function of 1/T
as shown in figure 1. From the slope of the lines the
enthalpy (AH°) was calculated through the use of

equation:

JdInK

LS
T

AH =-
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Frequency ( MHz )

Fig. 2: The variation of relative permittivity (£, (9);
dielectric loss ("), (0); conductivity (8), (») with
frequency for 5% aqueous normal control Hb
solution at 25°C

It is clear that the slope of this relation is remarkable
shifted away from the control group

From Table 3, spin state constant (K) of heme iron
decreased (P<0.01) in G,, compared to control group. An
opposite behavior was observed in free energy (AF) and
(A5) in (G,) regarding reference group.

Figures 2.3 illustrate the results of the relative
permittivity £, the dieleciric loss £ and conductivity S were
measured in the frequency range 0.1 to 10 MHz for normal
control rats and G. respectively. These figures indicate
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Fig. 3: The variation of relative permittivity (9, (°);
dielectric logs (™), (); conductivity (S), (») with
frequency for 5% aqueous (G,) Hb solution at
2SR

that Hb has a critical frequency f ranging from 0.5 to
0.6 MHz at 25°C & 5% aqueous solution of hemoglobin.

Table 4 illustrates the values of the static g and
infinite g, dielectric constant, dielectric increment per g
per 1000 ml, cole-cole, the relaxation time 7, viscosity
coefficient ) in poise and molecular radius in nm for G,
compared to reference group.

The molecular radiug of Hb (1) was calcul3ated from the
data of relaxation time through , _ m

P ke

The results indicated that the radius of Hb molecule
increased as well as the relaxation time in G, compared to
normal conirol

The dielectric increment (A;) per g per liter was
calculated from T,= & ;“3» where C is the concentration
of Hb zolution in g/liter

The results of the dielectric increment indicated a
higher value in G, compared to normal control.

Figures 4,5 show cole- cole plot (" vs £ for
normal control and G; respectively. From these
figures, the values of the cole-cole parameter () for
all samples are deduced and given in Table 4, these
results revealed that there is a wide distribution of the
relaxation times of Hb molecules of G; compared to
reference group. The curve fitting analysis has shown
that, the cole —cole model gave a better fit for the
dielectric data.
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Fig. 5: Cole-Cole plot for a sample of (G ) Hb

53

0 =%0476"



World J. Zool., 2 (2): 49-56, 2007

DISCUSSION

The goal of this study was to evaluate the effect of
dioxin as the prototype for the toxicity of this chemical
class on the structure and the function of Hb. It is well
known that proteins are dynamic systems that wriggle and
breathes (their motion 1s essential to their function [18].

Hb -0, affinity depends mainly on the heme- heme
interaction and the spin state of heme iron [19] Ag/AL,.
Tt is clear that, the markedly decrease in P, in exposed rats
goes hand by hand with the increase m met-Hb. S-Hb
and Hb-CO (non functional groups or the number of
autooxidized ferric Hb subunits. The dependence of HbO,
affinity on the met-Hb level and the amount of partially
autooxidized (Ferric) Hb subunits was reported [20,21].
This finding could be explained according to the shift of
Hb towards T- quaternary or tertiary structure, with high
oxygen affinity i.e low P, concomitant with significant
decrease n spin state band, draw a line of evidence about
the unstabilization of Hb macromolecule.

The obviously increase in the concentration of
(Met-Hb,5-Hb and Hb-co in exposed rats represents an
evidence of the inactivation of the couple enzymes related
to elevated of oxidizes Hb. Moreover. It 1s safely to
suggest that in rats received dioxin, the tendency of
reduced enzyme activity, could extend to the enzymes
mvolved the Met-Hb reductase system within the red cell,
this suggestion comes from the fact that, when there 1s
oxidation- reduction disorder namely Met-Hb reductase
system, a higher Met-Hb should be found, Tt could be due
to such toxins from dioxin [22,23].

Formation of free radical in toxicity situation is
confirmed by many reports [24]. Oxidative stress is
considered a possible molecular involved toxicity.
The rate of normal dissociation of oxyhemoglobin to
methemoglobin 1s highly dependent on the tertiary and
quaternary structure of hemoglobin molecule [25].

S-Hb has not been completely characterized, it is
unable to camry oxygen and unlke Met-Hb it can't be
converted back to Hb. The lughly clearly increase in
S-Hb is attributed to disorder in oxidation — reduction
potential [26].

Free energy of any reaction tells in which direction
and how far a reaction will go, m order to reach
equilibrium. When it occurs under standard condition,
AF® of Hb proceeds toward equilibrium its value is
negative. Thus, in the present work, as AF° mcreases in
(G,, compared to normal control which sigmify the high
affinity of Hb to oxygen.
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The enthalpy AH® (heat content) of the molecule
indicates that the reacting system releases to or absorbs
heat from its surrounding at constant temperature and
pressure. When the reacting system loses heat the sign of
AH® is negative. The marked increment of heat content in
G, means that the system loses heat to the surrounding,
which sigmfy unfolding of Hb as a globular protemn [27,28]

Entropy or molecular disorders imncreases during
chemical such as oxidation (conversion to Met Hb or
physical process such as oxygenation). The clearly
increase m molecular disorder or entropy in G, compared
to reference group 1s resulting from the oxidation potential
which appeared as hybrid of Hb and Met-
Hb.(unstabilization of Hb probably though the elevation
of hydrogen bonds) [29-31].

Dielectric relaxation techmique, gives more useful
information about some biophysical properties of the
molecule such as the relaxation time ty, the shape of the
molecule and the viscosity coefficient 1). The variation of
the conductivity S as a fimction of frequency can be
considered as another view point for treating the
dispersion data in the & region. Tt was shown that at high
frequency end, the conductivity curve 1s still elevated for
control group while flattening appeared in G,

It is clear from the dielectric relaxation data in this
study that both the relaxation time and radius of the Hb
molecules increased for G, as compared to normal control.
The behavior of the relaxation time and molecular radius(r)
is similar, the shift towards lower or higher frequencies
fc, as indicated from the & dispersion is attributed to
changes 1in moelecular radius. Since smaller molecules
have shorter relaxation times and hence larger critical
frequencies [32-35].

There is a marked increase in the dielectric increment
for G,, as compared to the control group. Theoretical
treatment of the dielectric relaxation data to calculate the
cole —cole parameter « for the Hb of G, as compared to
form of the
conformational changes in the hemoglobin. The values

normal control, illustrates another
of ¢ show a very wide distribution of relaxation time.
The shape of Hb molecule in the reference group is not
completely spherical, so Cole-Cole plot (€" vs €') is nearly
semi circle. The shape of Hb molecule tends to deviate
from the spherical form (Fig; 4-5) 1.e an increase m the
unfolding.

Tt could be concluded that, the different degree of
unfolding of Hb as a globular protemn coincides with the
change in hydrophobic/ hydrophilic ratio, the change in
the tertiary structure of Hb molecule results in a change in



World J. Zool., 2 (2): 49-56, 2007

its molecular shape from nearly spherical to non spherical

form with different values of the parameter ¢¢. This finding

is attributed to an increase in the surface charges of Hb

molecule, with high affinity of Hb to oxygen and a

decrease in the delivery of oxygen to tissue and/or the

increase 1 the molecular size in Hb of rats received dioxin,

give an evidence for the failure of Hb m ruming its
metabolic activity.

10.
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