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Oxidative Stress in Rats Exposed to 2,3,7,8-Tetrachlorodibenzo-p-Dioxin with
Emphasis on the Magnetic Properties of Iron Atom in Hemoglobin
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Abstract: Dioxin is the name generally given to a class of super-toxic chemicals, formed as a by-product of the
manufacture, molding, or burning of organic chemicals and plastics that contain chlorine. It is the nastiest, most
toxic man-made organic chemical; its toxicity is second only to radioactive waste. Female rats of 4-6 weeks old
were used in this experiment to study the oxidative stress of 2,3,7,8-tetrachlorodibenzo-p-dioxin and its effects
on the magnetic properties of the iron atom in hemoglobin of rats. Rats were divided into two groups: G1 that
contained 10 rats as control and G2 contained 15 rats received 0.25% of the lethal dose (LDs,) of Dioxins
compounds (17 congeners) orally. Hemoglobin magnetic susceptibility, auto-oxidation rate, different
hemoglobin derivatives concentration, antioxidants activity (SOD and glutathione peroxidase) and molar
heme concentration were measured. Hemoglobin magnetic susceptibility in the group exposed to dioxin
showed lesser negative value with elevated abnormal derivative concentrations. Also, higher auto-oxidation
rate with increased anti-oxidant activity was recorded in dioxin intake group as compared to the control group.
It was concluded that 2,3,7,8-tetrachlorobinzo-p-dioxin is highly toxic to the infrastructure of hemoglobin as it
affects the hemoglobin magnetic properties by shifting the molar magnetic susceptibility to the ferromagnetic
region as a result of abnormal hemoglobin derivatives formation. This may result in converting an amount of
hemoglobin to forms unable to carry out normal functions of blood.
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INTRODUCTION

The halogenated aromatic hydrocarbons are a group
of ubiquitous, toxic environmental contaminations of
which the chlorinated dibenzo-p-dioxins are considered to
be the most potent compounds [1]. These groups of
compounds have been shown to induce toxicity,
primarily through interaction with the aryl hydrocarbon
receptor (AHR), [2], a cytosolic protein belonging to the
basic-helix superfamily of DNA-binding proteins [3].
Among the dibenzo-p-dioxins, 2,3,7,8-tetrachlorobinzo-p-
dioxin (TCDD), commonly known as dioxin, exhibits the
greatest toxicity, has been shown to cause a wide range
of biochemical and pathological changes in mammalian
and non-mammalian species [4].

Dioxin form as unwanted impurities in the
manufacturing of chlorophenol and its derivatives.
Also, it is produced during the combustion of

municipal, sewage-sludge, hospital and hazardous wastes.
Combustion, in presence of a chlorine donor, seems to be
a major source of these compounds. High levels of dioxins
are also emitted from metallurgical industries including
copper smelters, electric furnace in steel mills and wire
reclamation incinerators. Trace levels are detectable in
emissions from motor vehicles using leaded gasoline or
diesel fuel, in forest fires and in residential wood burning
[5]. The elimination half life of 2,3,7,8-tetrachlorodibenzo-
p-dioxin in humans is approximately 7-11 years [6].

TCDD produces a wide spectrum of toxic effects,
most of its toxicity is due to oral exposure. Very few
percutaneous and no inhalation exposure data are
available in the literature. There is a wide range of
difference in sensitivity to TCDD lethality in animals. The
signs and symptoms of poisoning with chemicals
contaminated with TCDD in humans are analogous to
those observed in animals [7].
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Dioxin are absorbed by passive diffusion. After
being absorbed, these compounds are rapidly distributed
to tissues with high lipid content. In most animals
studied, the major site of dioxin retention is the liver.
Broad species variations have been observed in
metabolism and excretion [8].

The position that humans occupy regarding
metabolic fate and excretion relative to other species is
still undetermined. A healthy adult volunteer who
ingested 1.14 ng kg™ of H-TCDD in corn oil had almost
complete absorption (>87%) through the gastrointestinal
tract and 90% of the body burden of TCDD sequestered
in fat [9]. Dioxin residues including TCDD have been
found in adipose tissue, blood serum and breast milk
of the general population from highly industrialized
countries [10].

Oxidative stress can be viewed as the disturbance in
the oxidant-antioxidant balance in favor of the former. It is
well established that acute high-dose exposure to TCDD
results in oxidative stress in multiple tissues and species
[11]. Oxidative stress from TCDD exposure in laboratory
animals increases the production of reactive oxygen
species (ROS), lipid peroxidation and DNA damage
[12, 13]. Oxidative stress following TCDD administration
is aryl hydrocarbon (Ah) receptor-mediated [14]. A recent
study demonstrated that TCDD causes a sustained
oxidative stress response in female C57BL/6J mice that
persists as long as 8 weeks following administration of
5 mg kg™ on 3 successive days [15]. In addition, recent
studies reported an elevation of oxidative stress markers
in the brain following subchronic doses as low as 0.45 ng
TCDD/kg/day [16]. However, oxidative stress resulting
from low-dose subchronic TCDD exposure has not been
fully characterized and a relationship between TCDD
tissue concentration and the corresponding oxidative
stress response has not been clearly defined.

One possible mechanism of TCDD-mediated ROS
production has been proposed to involve the cytochrome
P450s [17]. Due to their membership in the Ah gene
battery, CYP1A1 and CYP1A2 have been suggested to be
associated with TCDD-mediated oxidative stress [18]. One
proposed pathway is through the metabolic activation of
estrogen via TCDD-induced cytochrome P450 enzymes
[19]. The involvement of cytochrome P450s in the
production of ROS during normal enzyme function has
long been known [20-22] and may also contribute to
TCDD-induced ROS. Although water is a normal product
of the electron transfer in the CYP450 catalytic cycle,
hydrogen peroxide can be produced by specific isoforms
in addition to other ROS. The physiologic consequence
of this free radical formation has not been thoroughly
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investigated. The large induction of CYP1A1, 1A2 and
IB1 by TCDD may result in increased free radical
formation.

This work was design to study the oxidative stress
following exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin.
Special interest was given to the changes in the magnetic
properties of the iron atom in hemoglobin of exposed rats.

MATERIALS AND METHODS

1-Experiment Animals: Female rats of 4-6 weeks old were
obtained from the Animal House of the National Research
Centre, animals were maintained for acclimatization before
initiation of the experiment, pass through normal day and
light periods, with prevailing temperature of 22+1°C,
humidity 40-60% and allowed free access to food and
water. The initial rat weight was approximately 100 g.
These young rats were in a rapid growth phase and were
selected to simulate the rapid growth phase seen in
human. Experimental design was modulated in 25 rats
divided into two groups: G1 that contained 10 rats as a
control group and G2 contained 15 rats received 0.25% of
the lethal dose (LD,,) of dioxins orally [9].

2-Dioxin Standard: Congeners labeled (17) with C" and
17 native congeners at equal preparation was delivered
from Chemishes und Verterinarunt-ersuchungsant reiburg,
Germany. It is a stock standard solution containing pg
WHO-TEO (TCDDs/PCDFs) of 17 congeners labeled with
C" and 17 native congeners at equal preparation. The
initial concentration of Dioxin congeners were 1pL contain
10 pg of 17 active congeners.

3-Treatment of rats: Experimental animals received 50 pL
from standard of dioxins. Dose calculated as a function of
the body weight, hence 1 pL dioxin stock contains 10 pg
of 17 congeners. These doses were applied to female
rats using a stomach tube daily for one week. This dose
was equal to 0.25 of LDj, of dioxin. After one week of
treatment blood samples were collected and rats were
sacrificed.

Blood samples were collected on heparin for
investigating some biochemical and biophysical
parameters. Samples were centrifuged at 800 rpm for
10 min at 4°C and plasma was removed. Packed cells were
washed with 5 volume of saline at 20°C. This step was
repeated three times. Packed cells were lysed with two
volume of deionized water and the mixture was
centrifuged at 5000 rpm for 30 min at 4°C to obtain the
hemoglobin solution on which the experiments were
carried out.
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4-Determination of magnetic susceptibility: Magnetic
susceptibility of hemoglobin is measured using the well
known Alert method [23]. The force excreted on the
sample tube in the magnetic field is determined with a
commercial semimicro-balance. This rests upon a
mechanical stage, adjustable in two directions, which
permit adjustment of the sample between the shoes.
Thermal disturbances of the magnetic field (3 to 10 KG)
are provided by a water-cooled Wiess magnet. The air gap
is 3.8 cm. Fluctuations in the laboratory supply direct
current voltage frequently call for a special supply for the
magnet. The alternating current supply is fed via a
magnetic stabilizer (constant voltage transformer) to an
adjustable transformer and rectifier in a two-way rectifier
stage. The magnet current can be controlled by the
regulating transformer.

AC source

Thermocouple

Variable transformer with control
Two-way rectifier

Magnet

Semi-micro balance

Power supply for the heating jacket
Magnetic constant voltage supply.

Calculation: Volume magnetic susceptibility is given from

LSS W pp

+1 —E
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volume magnetic susceptibility

weight change of the sample in and outside
the field

same parameter of the water

weight of sample

weight of water

density of sample

density of water

Ky is the volume magnetic susceptibility of water
at the temperature of the measurements.

K, =-0.72145 x 10-6 — 0.000108 (t-20) x 10
K, is the volume magnetic susceptibility of air
which is 0.029 x 10

Molar magnetic susceptibility is given from:

Molar Mag. Sus. = K¢ x molecular weight
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5-Determination of heme concentration: Hemoglobin was
converted to globin and heme using 20 ml of HCl-acetone
(3:10 v/v) solution. Hemoglobin was introduced through
the solution drop by drop, the mixture was vigorously
stirred by a magnetic stirrer for 15 min. Heme was obtained
by centrifugation for 10 min. at 2500 rpm. Heme was
dissolved in 20 nM NaOH, stirred well in the dark for at
least 10 min, diluted with an appropriate volume of water
to achieve a desired concentration of 2 mM hemin in 5
mM NaOH and the solution centrifuged to separate
undissolved materials. Hemin concentration was
determined in 5 mM NaOH using an extinction coefficient
58.4 at 385 nm when application in Beer-Lamber law.

6-Determination of auto-oxidation rate: Measurement of
auto-oxidation rate was carried out spectrophotometrically
as described by [24] in air saturated 0.1 M phosphate
buffer of pH 7.05 with 2 mg mL~' HbO,. The reaction was
following the absorbance at fixed wavelength, usually at
630 nm, as a function of time hence, the rate by which the
abnormal function of hemoglobin (Met-Hb) is a function
of the absorbance peak at the characteristic wave length
630 nm as mentioned by Beer-Lamber law.

The pH was checked before and after each
experiment and spectra of hemoglobin were recorded in
order to confirm the absence of hemichrome during auto-
oxidation rate measurements.
7-Determination of hemoglobin derivatives
concentrations: The millimolar extinction coefficients were
put into four linear equations with the four unknown
concentrations of hemoglobin pigments (C-HbO,, CHbCO,
C-MetHb and C-SHbD).

A% =505 Cyypo, +5.35 Cypeo + 9:04 Cpperrp *+ 72 Cop

(1)
A% =11.27 Cypyo, +1427 Cipco + 4.1 Cpgerpa +8-1 Cop

)
A7 =1537 Cyyo, +10.0 Cygpeo + 41 Cypegy + 81 Copp

3)
620
A0 =024 Cypo, +033 Cppeo + 335 Copery +208 Coppy

“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 [25]
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This linear system of equations was solved by
mathematical manipulation, using the Gaussian elimination
method. For matrix calculation to yield the following
equations:

A%0 0442293 4% 10106551947 +0.0515769 47

Table 1: Hemoglobin of different ligand derivatives of rats received dioxin

(Mean=SE)
Group S-Hb Met-Hb Hb-CO HbO,
Control 0.534+0.03  1.41+0.52 2.41+0.086 92.15+0.27

Experimental 0.761£0.02* 2.01+0.47** 3.85£0.086** 86.78+0.23**

* Significant at P<0.05 ** Significant at P<0.01

Coty = 18.895404
(5) Table 2: Hemoglobin molar magnetic susceptibility of rats received dioxin
(Mean£SE)
Couvra— 90602343480 — £77 ~26060235 £ ~35295898 gy, Group Magnetic susceptibility
’ 66.750821 Control -0.974+0.025
(6) Experimental -0.694+0.067**
* Significant at P<0.05 ** Significant at P<0.01
Conc= AP 223168314™ +16074415 Cygy gy, +7.9681188 Cgy
2330495 Table 3: Molar heme concentration of rats received dioxin (Mean+SE)
(7) Group Molar heme concentration
ASOO_S 35 C _g04C 120 Control 3.58+0.17
Crp 0, = : HbCO — 7 Met.Hb — '-< ~SHb Experimental 5.47+0.24*

5.05
®)

Where Asy, Ase, As;; and Ag,, are the absorbances
of hemoglobin solution at the wavelengths 500, 569, 577
and 620 nm, respectively.

8-Determination of Super Oxide Dismutase (SOD)
activity: Determination of super oxide dismutase
(SOD) activity was carried out by a RANDOX kit
package [26].

9-Determination of Glutathione peroxidase activity:
Determination of glutathione peroxidase activity is carried
out by a RANDOX kit package [27].

Data were analyzed statistically by application of
t-test to determine the significances of the results.

RESULTS
Table 1. showing the different hemoglobin
concentrations in rats treated with 2,3,7.8-
tetrachlorodibenzo-p-dioxin  as.  Significant(P<0.05)

increases in all abnormal hemoglobin derivatives were
determined as compared to the control group. A
significant(P<0.01) decrease was recorded regarding the
oxy-hemoglobin form.

Significant (P<0.01) decrease of the negative value of
the molar hemoglobin magnetic susceptibility is shown in
2,3,7,8-tetrachlorodibenzo-p-dioxin treated rats compared
to control (Table2).

* Significant at P<0.05 ** Significant at P<0.01

Table 4: Glutathione peroxidase and Super Oxide Dismutase (SOD)

Group Glutathione peroxidase (U/ml) SOD activity (U/ml)

Control 3787.61+864.41
8218.33+£927.53 **

112.5+9.48
154.07+£5.27 **

Control

Experimental G-I

* Significant at P<0.05 ** Significant at P<0.01

Measuring the molar heme concentration showed a
significant (P<0.05) decrease after application of 2,3,7,8-
tetrachlorodibenzo-p-dioxin as compared to control
(Table 3).

Antioxidant enzymes activity obviously show a
highly significant (P<0.01) increase either in superoxide
dismutase or glutathione peroxidase in rats received
2,3,7,8-tetrachlorodibenzo-p-dioxin than those represented
the control group (Table 4).

Fig. 1 obviously shown the difference between the
hemoglobin absorption spectrum of rats received 2,3,7,8-
tetrachlorodibenzo-p-dioxin as compared to the control.

Dioxin
Control

500 600 T —700

Fig. I: Hemoglobin absorption spectrum of rats received
dioxin
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Ag30 nm .
Dioxin Group
Control
Time
1 2 3 4 5 6 7

Fig. 2: Hemoglobin auto-oxidation rate of rats received
dioxin

The most characteristic feature in the curve represent
dioxin group is the appearance of a new peak at 630 nm
that was characteristic to the formation of a new form of
hemoglobin that is already oxidized by O,.

Plotting of the relation between the absorbance value
of the hemoglobin spectrum at wavelength 630 nm against
time is shown as the auto-oxidation rate of hemoglobin
(Fig. 2), the sharper the line,the higher the auto-oxidation
rate is, that is very clear in the line represent the dioxin

group.
DISCUSSION

Free radicals are defined as chemical species that
possess one or more unpaired electrons. The term
“Reactive Oxygen Species (ROS)” collectively described
free radicals such as O,, OH" and other non-reactive
oxygen derivatives such as hydrogen peroxide (H,O,)
and hypochlorous acid (HOCI) [28]. Formation of free
radical in toxicity situations is confirmed by many
reports. Oxidative stress is considered a possible
molecular mechanism involved in toxicity [29, 30]. These
ROS are generated by metabolic processes and their
concentrations can be increased by environmental stimuli.
To prevent ROS from damaging cellular components,
organisms have detoxification
mechanisms e.g. super oxide dismutase and glutathione
peroxidase:

evolved multiple

) 02.7 LoHY Super Oxide Dismutaseﬁ H202 " 02

Glutathione peroxidase

ROOH +2 GSH

ROH + H,O+ GSSG

The obtained data in this study showed that the
antioxidant activity increased concomitant with exposure
to dioxin. This increased activity could be attributed to
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the higher formation rate of free radicals in this group,
with higher consumption rate of antioxidants. Also, this
increase in the antioxidant activity coincides with data
obtained from measurement of the different hemoglobin
derivatives concentrations. Whereas, an increase in all
forms of abnormal hemoglobin derivatives (S-Hb, CO-Hb
and Met-Hb) was evident. These derivatives increases as
a result of the oxidation processes of the normal
oxyhemoglobin in which the iron atom (ferrous state) is
able to carry out its normal function as carrying oxygen
and carbon dioxide to and from lungs and tissues. On the
other hand, concentration of oxy-hemoglobin showed a
dramatic decrease in animals received dioxin, a finding
that may explained by lowering in the oxygen affinity of
hemoglobin in cases of dioxin toxicity.

Elevated met-hemoglobin concentration is shown
again in the absorption spectrum of hemoglobin (Fig. 1),
a new peal at 630 nm which is specific to met-hemoglobin
is obviously shown in spectrum of the animal received
dioxin.

A normal physiological function of hemoglobin is the
reversible binding of oxygen which can occur with the
heme iron in the reduced (ferrous) state. In normal human,
hemoglobin undergoes auto-oxidation to met-hemoglobin
(oxidized form) at a rate of about 3% per day. Normally the
methemoglobin can be restored to a functional form
through reductive processes that take place in the red cell
to maintain a maximum level of methemoglobin about 1%
of the total hemoglobin. Met-hemoglobin reductase is the
enzyme involved in this process [31]. The rate of normal
dissociation of oxyhemoglobin to methemoglobin is
highly dependent on the tertiary and quaternary structure
of hemoglobin molecule. The higher rate of auto-oxidation
(Fig. 2) in animals received TCDD may be related to the
higher ROS formation rate.

Iron in hemoglobin derivatives is found in various
electronic structures depending on both its oxidation
state and on the group which occupies the sixth legend
position. Magnetic susceptibility of hemoglobin is one
of the most common properties that give a true picture
of the molecule magnetic state. The sign and magnitude
of the magnetic susceptibility can be used to give an
approximate classification of the material and this can be
summarized as follow:

K<0 Diamagnetic K>0 Paramagnetic and K>>0 Ferromagnetic

So, higher negative value of the molar magnetic
susceptibility moving the hemoglobin molecule toward
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the diamagnetic property in which the molecule has a
higher molecular oxygen affinity. In this state iron atom
can carry out the normal transition between higher Fe™"
to lower state Fe™ normally as a basic phenomena to
change its oxygen and carbon monoxide affinity.

A non-significant increase in the molar heme
concentration is recorded in rats received dioxin, this
increase could be explained by one of the following ways
(1) in toxic hemoglobin the tertiary structure of the
molecule is unbalanced to the extent of affecting the
linkage between globin moiety and heme atom so this
force may be broken down releasing free molar heme (2)
after the maturation of the globin moiety, its sterochemical
structure is dramatically affected that in role affects the
heme affinity of these globin moieties, so the binding
between them is essentially absent [32].

Finally, it was concluded that 2,3,7,8-
tetrachlorodibenzo-p-dioxin has a great effect on the
magnetic properties of hemoglobin by shifting its
magnetic susceptibility to the ferromagnetic region in
which it cannot carry out its normal functions. 2,3,7,8-
tetrachlorodibenzo-p-dioxin also plays a role in the
hemoglobin oxidation process that may resulted in
formation of non-functional hemoglobin forms. These
findings are concomitant with increasing the auto-
oxidation rate of hemoglobin to a level normal body
antioxidants cannot control it.
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