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a  b  s  t  r  a  c  t

The  objective  of  this  study  was  to  investigate  the  effects  of  iodine  (I2)  and/or  selenium  (Se)  deficiency
on  thyroid  hormones  and  hepatic  xenobiotic  metabolizing  enzyme  systems  using  a  triple  animal  model.
Three-week-old  male  Wistar  rats  were  fed  for  seven  weeks.  Se  deficiency  was  introduced  by  a  diet  con-
taining  <0.005  mg/kg  Se,  and  I2 deficiency  was produced  by  sodium  perchlorate  containing  drinking
water.  The  levels  of  plasma  thyroid  hormones  [total  T4 (TT4),  total  T3 (TT3)],  thyroid  stimulating  hor-
mone  (TSH);  total  microsomal  cytochrome  P450  (CYP450)  and  cytochrome  b5  (CYP  b5)  levels;  activities
of microsomal  NADPH-cytochrome  P450  reductase  (P450R),  microsomal  aniline  hydroxylase  (CYP2E1),
microsomal  7-ethoxyresorufin  O-deethylase  (EROD),  microsomal  7-pentoxyresorufin  O-depentylase
(PROD)  and  cytosolic  glutathione  S-transferase  (GST)  were  determined.  In  I2 deficiency  total  CYP450
YP450 levels,  activities  of  CYP2E1,  EROD  and  GST  decreased,  and  CYP  b5  content  increased  significantly.  In
Se-deficient  rats,  total  CYP450  level  and  CYP2E1  activity  increased,  and  EROD  and  GST  activities  and
CYP b5  level  decreased  significantly.  In combined  I2 and  Se  deficiency,  except  for  CYP450  content  and
CYP2E1  activity,  all enzyme  activities  and  CYP  b5  content  decreased  significantly  compared  to  control
group.  Overall  results  of  this  study  have  suggested  that  metabolism  of  xenobiotics  as  well  as  endogenous
compounds  is affected  by  Se and  I status.
ntroduction

Thyroid hormones regulate multiple metabolic processes and
lay an essential role in normal growth and development. Physi-
logical actions of thyroid hormones are produced predominantly
y the active hormone 3,5,3′-triiodothyronine (T3), and the major-

ty of circulating T3 is derived by the deiodination of thyroxine
T4) with the isozymes of iodothyronine 5′-deiodinase (DIOs) [1].
tructure and function of thyroid hormones require adequate avail-
bility of I2 and Se; thereby these two essential trace elements affect
omeostasis of thyroid hormone-dependent metabolic pathways
1]. As a structural component of thyroid hormones, I2 is the pri-

ary requirement for the thyroid function. Biosynthesis of thyroid
ormones involves thyroidal trapping of serum iodide by the thy-
oid gland, incorporation of I2 into thyrosine, coupling of iodinated
hyrosyl residues of thyroglobulin, and proteolytic cleavage of fol-
icular thyroglobulin to release the iodothyronines [2].  I2 deficiency
s known to induce a variety of disorders of thyroid function includ-

ng endemic goiter, considered as the greatest cause of preventable
rain damage and mental retardation, and more than two billions
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of people are reported to be at the risk of I2 deficiency disorders
throughout the world [3].

Selenium (Se) is the integral component of several major
metabolic pathways of cellular antioxidant defence and cellular
redox control [4].  Besides the fact that DIOs are selenoenzymes
[1,5], Se, as a component of the glutathione peroxidase (GPx) and
thioredoxine reductase (TRxR) enzyme families, is involved in the
protection of the thyroid gland from excess hydrogen peroxide and
reactive oxygen species (ROS) that are produced in thyrocytes for
the biosynthesis of thyroid hormones [5].  Therefore, Se is essen-
tial for thyroid function. In fact, human thyroid gland is among the
human tissues with the highest Se content per mass unit similar
to other endocrine organs and the brain. Like I2, Se is inadequately
available for man and livestock in many parts of the world, thus, the
deficiencies of I2 and Se may  have important impacts on the health
of large populations. Furthermore, occurrence of a combined I2 and
Se deficiency is possible and in fact severe cases were reported
as a cause of endemic myxedematous cretinism which resulted in
mental retardation [6].

Cytochrome P450 (CYP450) enzymes, the super family of hem-
proteins, are present in diverse forms of life from bacteria to

humans [7].  They are responsible for the metabolism of xeno-
biotics and play important roles in the activation of chemical
carcinogens, detoxification of numerous xenobiotics, as well as
oxidative metabolism of endogenous compounds. Their functions

dx.doi.org/10.1016/j.jtemb.2011.12.002
http://www.sciencedirect.com/science/journal/0946672X
http://www.elsevier.com/locate/mechrescom
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re under the control of several liver-enriched transcription fac-
ors and nuclear receptors, including nuclear thyroid hormone
eceptors [8].  The results of several clinical studies have suggested
hat oxidative metabolism of drugs and steroids is perturbed in
isease states in association with altered concentrations of cir-
ulating iodothyronines, and with therapeutic use of hormones
9,10]. Experiments in rodents have shown that most constitutive
epatic P450 enzymes are subject to hormonal regulation. Among
ther hormones, particularly iodothyronines contribute to the
egulation of constitutive P450s in rats and modulate xenobiotic-
nduced expression of P450s [11,12]. It has been demonstrated
hat iodothyronines act directly on human hepatocytes to regulate
he expression of several CYPs including CYP3A4, and this effect
ppears to be exerted at a pre-translational level [13]. Whereas Se
upplementation does not seem to affect the CYP3A4 activity [14],
nd there is no data available for Se deficiency. In fact, the studies
n the alterations of xenobiotic metabolizing enzyme systems in Se
eficiency are limited and their results are controversial [15]. More

mportantly, there is no data regarding the effects of combined I2
nd Se deficiency on CYP450 enzymes.

Taking together those available knowledge and data, present
tudy was undertaken to investigate the effects of I2 and/or Se defi-
iency on thyroid hormone levels, hepatic CYP450 and cytochrome
5 (CYP b5) contents and on the activities of hepatic enzymes
esponsible for detoxification or bioactivation of xenobiotics on

 triple animal model. Considering the frequency of inadequate
e and/or I2 intake among human populations, it was  expected
o obtain data contributing to envisage the alteration of drug

etabolism in humans with such nutritional deficiencies.

ethods and materials

hemicals

Rat thyroid stimulating hormone (TSH) kit was obtained from
iocode (Liège, Belgium) and total T4 (TT4) and total T3 (TT3)
adioimmunoassay kits were supplied by Abbott Laboratories (Illi-
ois, USA). All other chemicals were from Sigma–Aldrich (St.
ouis, MO,  USA) or Merck (Darmstad, Germany). Se deficient diet
<0.005 mg  Se/kg) was supplied by Scientific Animal Food and Engi-
eering (SAFE) Laboratories (Augy, France).

nimals and diets

Three-week-old, male Wistar rats, obtained from Hacettepe
niversity Experimental Animals Laboratory were used in the
xperiments. The animals were divided randomly in six groups and
ach group was housed in plastic cages with stainless-steel grid
ops. The cages were placed in a room with controlled temperature
23 ◦C), humidity (50%) and a 12-h light–dark cycle. Body weights
bws) were monitored weekly. Feeding period was  7 weeks. Eight
nimals were used for each group and received ad libitum diet and
ater. The animals were treated humanely and with regard for

lleviation of suffering, and the study was approved by Hacettepe
niversity Ethical Committee.

xperimental groups

(1) Control group (C) was fed regular rat chow (∼0.15 mg/kg Se)
nd drinking water; (2) I2 deficient group (ID) was fed the same

egular rat chow and received 1% sodium perchlorate containing
rinking water; (3) Se deficient group (SeD) was  fed Se-deficient
iet containing <0.005 mg  of Se/kg and received normal drinking
ater; (4) I2 and Se-deficient group (ISeD) received Se-deficient
 Medicine and Biology 26 (2012) 36– 41 37

diet (<0.005 mg  Se/kg) and 1% sodium perchlorate containing
drinking water.

Preparation of cytosolic and microsomal fractions

At the end of feeding period, overnight fasted animals
were weighed and then decapitated under i.p. thiopental anes-
thesia. Blood samples were collected into heparinized tubes
and the plasma was separated after centrifugation at 800 × g
for 15 min. Livers were rapidly removed, weighed and frozen
at −80 ◦C until the preparation of cytosolic and microsomal
fractions.

The homogenization of liver was carried out in a Teflon-
glass homogenizer in a volume of potassium chloride–Tris buffer
(0.154 M potassium chloride and 50 mM Tris–HCl, pH 7.4) to
obtain a 3 g/mL liver homogenate. Following centrifugation at
2500 × g for 10 min, separated supernatant was further centrifuged
at 10,000 × g for 10 min. The latter supernatant was  centrifuged at
105,000 × g for 60 min  and cytosolic supernatant was  collected and
used for the measurement of GST activity.

The microsomal pellet was re-suspended in a buffer containing
Tris–EDTA–sucrose (20 mM Tris, 5 mM EDTA and 0.25 M sucrose,
pH 7.4; 1 g liver tissue/mL). All samples, including plasma, micro-
somal and cytosolic fractions were aliquoted and stored in a freezer
at −80 ◦C until analysis.

Measured parameters and methods

Thyroid hormones
Plasma TSH, TT4 and TT3 levels were determined by radioim-

munoassay using commercial kits.

CYP450 and CYP b5 levels
CYP450 and CYP b5 contents in hepatic microsomes were deter-

mined according to the method of Omura and Sato [16] with
extinction coefficients of 91 mM−1 cm−1 (between 490 and 450 nm)
and 185 mM−1 cm−1 (between 424 and 409 nm), respectively.

NADPH-cytochrome reductase activity
Microsomal NADPH-cytochrome reductase (P450R) activity was

measured at 550 nm and 37 ◦C by monitoring the reduction of
cytochrome c in the presence of NADPH [17].

Xenobiotic metabolizing enzyme activities
Microsomal aniline hydroxylase (CYP2E1) activity was deter-

mined by measuring p-aminophenol production according to the
method of Imai et al. [18].

Microsomal 7-ethoxyresorufin O-deethylase (EROD) as a mea-
sure of CYP1A1, and 7-pentoxyresorufin O-depentylase (PROD)
as a measure of CYP2B1/2 activities were determined spec-
trofluorometrically from the amount of resorufin produced using
ethoxyresorufin and pentoxyresorufin as substrates, respectively,
at excitation and emission wavelengths of 530 and 585 nm [19].

Cytosolic glutathione-S-transferase (GST) activity was  deter-
mined using 1-chloro-2,4-dinitrobenzene as a substrate, according
to the method of Habig et al. [20].

Protein concentrations were determined by the standard
method of Lowry et al. [21].

Statistical analysis

Experimental data were analyzed with one-way analysis of vari-

ance (ANOVA) followed by the Student’s t-test using a Statistical
Package for Social Sciences Program (SPSS) for windows packed
program. The p values <0.05 were considered significant. All the
values are given as mean ± SEM. For TSH, values were also given
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s median, minimum and maximum. And for TSH median values,
ann–Whitney’s U test with Bonferroni correction was  performed.

esults

ody and liver weights

As shown in Table 1, after a 7-week treatment period, I2 defi-
iency caused a slight (∼10%, p < 0.05) decrease in bw of the animals,
hile Se deficiency, and combined I2 and Se deficiency caused
arked decreases (∼40% in SeD and ∼25% in ISeD, p < 0.05) com-

ared to control group. Liver weights were also significantly low in
ll treatment groups and followed the order of SeD < ISeD < ID < C.
owever, the relative liver weight (liver weight/100 g bw) was  sig-
ificantly low only in SeD group compared to controls. The weight,
ut not relative weight of thyroid gland decreased in SeD rats,
hereas I2 deficiency, and combined I2 and Se deficiency produced

ignificant increases in absolute and relative thyroid weights.

hyroid hormone parameters

I2 deficiency increased TSH (∼130%), decreased TT4 (∼70%) and
T3 (∼60%) levels significantly, thus, caused hypothyroidism. Se
eficiency did not alter TSH and TT3 levels, but increased TT4 sig-
ificantly (∼30%). Highest increases in TSH were observed in ISeD
roup (∼170%) along with a marked decrease in TT4 (∼75%), but TT3
evels did not differ from those of control and SeD groups (Table 2).

epatic xenobiotic-metabolizing enzyme assessments

The xenobiotic enzyme levels/activities measured in experi-
ental groups are shown in Fig. 1. I2 deficiency caused significant

hanges in all parameters measured except for the P450R and PROD
ctivities. Total CYP450 content (∼25%), activities of 204 microso-
al  CYP2E1 (∼30%) EROD (∼30%), and cytosolic GST 205 (∼80%)

ecreased significantly (p < 0.05) compared to those of control
roup, showing a general depression of xenobiotic-metabolizing
nzyme system in ID animals. However, the level of CYP b5 was
ound to be enhanced significantly.

The total CYP450 content (∼80%) and the activity of CYP2E1
∼75%) significantly increased in SeD rats. The activities of P450R
nd PROD did not change; but significant reductions were observed
n the level of CYP b5 and in the activities of EROD and GST (∼60%,
75% and ∼25%, respectively, p < 0.05).

In contrast to ID group, combined I2 and Se deficiency did not
ause significant alterations in total CYP450 content and CYP2E1
ctivity; but decreased markedly CYP b5 levels (∼60%), and P450R,
ROD, PROD, and GST activities (∼75%, ∼60%, ∼40% and ∼80%,
espectively) compared to control. Thus, while both I2 deficiency
nd Se deficiency states did not alter P450R, PROD activities, in
ombined I2 and Se deficiency significant decreases were observed.
n the other hand, except for GST and EROD activities all the activi-

ies or contents of the measured enzymes in ISeD were significantly
ower than those of SeD.

iscussion

Prolonged I2 deficiency results in hypothyroidism, elevates
SH secretion, disrupts thyroid function and eventually promotes
oiter formation. In the present study, I2 deficiency and resulting

ypothyroidism was evident by high TSH and low plasma TT4
nd TT3 levels along with increased thyroid weights. We  used
erchlorate to induce I2 deficiency, since it blocks effectively the
ptake of I2 by thyroid gland [22,23],  by competing with iodide
 Medicine and Biology 26 (2012) 36– 41

at the sodium-iodide symporter (NIS), the transport system that
transports I2 into the thyroid [24,25].

Highly elevated TT4 levels we observed in SeD rats are the
characteristics of Se deficiency which results in reduction of
Se-dependent enzyme activities (DIOs). The profile of thyroid hor-
mones in combined I2 and Se deficiency was similar to I2 deficiency
with its very high TSH and low TT4 levels, while it was similar to
Se deficiency with regard to the unchanged TT3 concentrations.
These results were in agreement with the data of our previous study
which was  designed similarly except for 5 weeks of feeding period
[26].

Effects of iodine deficiency on hepatic enzymes

Thyroid hormones regulate the basal rate of all cells, includ-
ing hepatocytes and thereby modulate hepatic function; the liver
in turn metabolizes the thyroid hormones and regulates their sys-
temic endocrine effects [27]. Thyroid effect on metabolic pathways
can be exemplified as follows: several forms of CYP450 proteins
including CYP2E1 are elevated in hypophysectomized rats [28];
microsomal GST protein levels in testis decrease in hypothyroidic
rats [28]; P450R expression is regulated by thyroid hormones
by pretranslational mechanisms [29]; thus, thyroid hormones are
involved in the regulation of CYP450 isozymes covering both Phase
I and Phase II enzymes [30,31].

In the present study we  observed marked decreases in total
CYP450 content, CYP2E1 and EROD activities in ID rats. These
results were in line with earlier reports and suggested that I2 defi-
ciency might lead to decreases in the metabolism of several drugs
and other xenobiotics that undergo biotransformation by these
enzymes. CYP2E1 is responsible for the metabolism of several flu-
rane anesthetics, as well as ethanol, acetaminophen, dapsone, and
theophylline [32]; and in the metabolism of latter drug, EROD is
also involved. It can be foreseen that the plasma levels of such
xenobiotics might increase in I2 deficiency and high level of phar-
macological activity as well as unwanted effects can be observed
as a consequence. Therefore, in clinically hypothyroid individuals
dose adjustments might be needed for drugs which are metabo-
lized by CYP2E1 and CYP1A1, especially for those like theophylline
that have a narrow therapeutic index [33]. On the other hand, the
marked decrease (∼80%) observed in cytosolic GST activity of ID
rats is of importance as the metabolic pathways through GSTs are
crucial steps in the biotransformation of several environmental
xenobiotics like benzo[a]pyrene, as well as anticancer drugs, so that
the decrease in cytosolic GST activity may  lead to a decrease in their
detoxification processes. The elevation in CYP b5 levels in our study
is also in accordance with previous literature data that shows both
hypothyroidism and hyperthyroidism induce hepatic microsomal
CYP b5 levels [34].

Effects of selenium deficiency on hepatic enzymes

Selenium with its several forms of cellular selenoproteins is
primarily involved in the modulation of intracellular redox equi-
librium and has a critical importance for the cellular antioxidant
defence [4].  Low dietary Se intakes are associated with health
disorders including oxidative stress-related pathologies and Se
supplementation was shown to modify the detoxification of sev-
eral carcinogens [4,13].  Se deficiency causes changes in the activity
of glutathione requiring enzymes [35], and despite the conflic-
tions existing data indicate significant alterations in xenobiotic
metabolism in Se deficient animals [14,36–38].  Although there was

no effect of Se status on the contents of P450 and CYP b5 in ear-
lier studies [14,37],  a significant induction (∼50%) of CYP450 was
reported recently [39], and oxidative stress caused by Se deficiency
was  suggested to be a possible trigger of CYP450 induction. These
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Table  1
Effects of iodine and/or selenium deficiency on body weight, liver weight and relative liver weight.

Body weight (g) Liver weight (g) Relative liver weight (g/100 g bw)  Thyroid weight (mg) Relative thyroid weight (mg/100 g bw)

Control 239.8 ± 5.7a 9.6 ± 0.3a 4.0 ± 0.1ac 26 ± 0.5a 11 ± 0.1a

ID 215.4 ± 8.3b 8.3 ± 0.2b 3.9 ± 0.1a 51 ± 1.2b 24 ± 0.1b

SeD 141.7 ± 4.8c 5.0 ± 0.2c 3.5 ± 0.1b 14 ± 0.5c 9.9 ± 0.1a

ISeD 179.3 ± 4.7d 7.4 ± 0.2d 4.2 ± 0.1c 53 ± 1.0b 29.4 ± 0.1b

Experimental groups for 7 weeks were on: control group (C), regular rat chow (∼0.15 mg/kg Se) and drinking water; iodine deficient group (ID), regular rat chow (∼0.15 mg/kg
Se)  and 1% sodium perchlorate containing drinking water; selenium deficient group (SeD), selenium-deficient diet (<0.005 mg/kg Se) and normal drinking water; iodine and
selenium-deficient group (ISeD), selenium-deficient diet (<0.005 mg/kg Se) and 1% sodium perchlorate. Values are given as mean ± SEM of triplicate measurements. Means
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ithin  each row that do not share same letters (superscripts) are significantly diffe

esults are in line with our current results, as well as those of a previ-
us study in which we reported increased level of lipid peroxidation
n SeD rats [26].

Among the alterations of metabolizing enzymes, the highest
ncrease we observed was the activity of CYP2E1 (∼75%). The effects
f Se deficiency on CYP2E1, as well as on CYP450 and CYP b5
ere in contrast to the effect of ID, whereas EROD and GST activ-

ties decreased in both SeD and ID rats. CYP2E1 is induced by
hronic alcohol consumption 10–20-fold. Alcohol induced activ-
ty of CYP2E1 and P450R is suggested to be associated with
nhanced production of ROS and enhanced activation of various
ro-carcinogens present in alcoholic beverages [40]. While higher
e status was shown to reduce the risk of esophageal and gastric
ancers in Se deficient populations, alcohol consumption was  also
inked to these particular cancer types. This pathology might thus
e associated with the induction of CYP2E1 in Se deficiency, partic-
larly in alcoholics, however, further research is needed for better
nderstanding of the issue [41,42].

ffects of combined iodine and selenium deficiency on hepatic
nzymes

The prominent results of this study were the alterations of hep-
tic enzymes observed in ISeD group. To our knowledge, there is
o study or published data concerning the effects of this com-
ined deficiency state on xenobiotic metabolizing enzymes and
heir electron donors. In the present study, the profile we  observed
n ISeD rats seemed to be based on and, thus, reflecting the effects
f Se deficiency rather than the effects of I2 deficiency. However,
he effect on individual enzymes was either more pronounced or
ompensated with the opposite effects of the two  deficiency states.
he total CYP450 content in ISeD animals was not different than the
ontrol, but higher than that of ID, and lower than that of SeD rats. In
act, all the enzyme levels or activities in ISeD rats were significantly
ower than those of SeD group, except for the activities of EROD
nd GST which were not different than SeD, and these two enzyme

ctivities were decreased by all the three types of deficiency states
ompared to control. While neither ID nor SeD altered the activi-
ies of PROD and P450R, they decreased significantly in combined
eficiency. The effects of ID and SeD on CYP b5 were in opposite

able 2
lasma TT4, TT3, and TSH levels in the experimental groups.

T3 (nmol/L) T4 (nmol/L) 

C (n = 8) 0.66 ± 0.07a 47.34 ± 2.14
ID  (n = 8) 0.27 ± 0.03b 14.15 ± 0.47
SeD  (n = 8) 0.63 ± 0.03a 61.91 ± 0.52
ISeD  (n = 8) 0.56 ± 0.05a 11.74 ± 2.94

xperimental groups for 7 weeks were on: control group (C), regular rat chow (∼0.15 mg/k
e)  and 1% sodium perchlorate containing drinking water; selenium deficient group (SeD
elenium-deficient group (ISeD), selenium-deficient diet (<0.005 mg/kg Se) and 1% sodium
n  parentheses, TSH median were also given with minimum (min) and maximum (max
ignificantly different from each other (p < 0.05).
om each other (p < 0.05).

direction and the effect of ISeD was  found to be similar to SeD, but
the lowering effect of ISeD was  significantly higher. The effects of
ID and SeD were also in opposite directions on CYP2E1, so that in
combined deficiency no alteration was  observed compared to both
control and ID.

The decreases of electron donors of CYP450 enzymes, the
CYP b5 content and P450R activities may  result in a decreased
reaction rate in CYP-catalyzed reactions. P450R is obligatory for
catalysis of many reactions of P450, particularly of those cat-
alyzed by CYP3A4. In the endoplasmic reticulum membrane,
P450R transfers the electrons from NADPH into the P450 catalytic
cycle [43]. Antibodies against P450R were shown to significantly
impair CYP3A-mediated drug metabolism in a concentration-
dependent manner [44]; and in recombinant enzyme systems,
CYP3A reactions cannot proceed without P450R. While increasing
concentrations of P450R enhance the metabolism of testosterone
in a concentration-dependent manner [45,46],  a reduction in
cholesterol metabolism was  shown in the hepatic deletion of
P450R gene in mice [47]. Similarly, CYP b5 participates in drug
metabolism augmenting the reactions mediated by some P450 iso-
forms, including CYP3A4. In recombinant systems, the metabolism
of testosterone, nifedipine, and midazolam, the three typical index
substrates for CYP3A, is enhanced by the addition of CYP b5
[45,46,48].  In human liver microsomes, the CYP b5 antibody inhib-
ited the metabolism of testosterone and nifedipine, suggesting that
CYP b5 is an essential component in the modulation of CYP3A
activity [44]. Therefore, the alterations in these critical compo-
nents of CYP450 system in combined I2 and Se deficiency are of
importance for xenobiotic metabolism as well as for endogenous
substances.

The decreases observed in both EROD and PROD activities might
also have important impacts on xenobiotic metabolism. PROD as an
indicator of CYP2B1/2 activity, is responsible for the metabolism of
environmental chemicals such as nicotine, arenes, arylamines and
nitrosamines [32]. The significant decrease observed in the activity
of PROD in ISeD might lead to decreased metabolism of those sub-

stances. As indicated before, GSTs play a major role in detoxication
of carcinogens [49] and the decrease observed in GST activity in all
deficiency states may  make those individuals more prone to the
effect of such chemicals.

TSH (ng/mL)

a 5.40 ± 0.60a (median: 6.30; min: 4.00; max: 8.00)
b 12.44 ± 1.50b (median: 10.45; min: 6.7; max 14.00)
c 4.08 ± 1.18a (median: 4.35; min: 2.9; max: 5.00)
b 14.99 ± 1.48b (median: 14.00; min: 8.6; max: 20.40)

g Se) and drinking water; iodine deficient group (ID), regular rat chow (∼0.15 mg/kg
), selenium-deficient diet (<0.005 mg/kg Se) and normal drinking water; iodine and

 perchlorate. Values are given as mean ± SEM of triplicate measurements. Besides,
) values. Means within each row that do not share same letters (superscripts) are
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Fig. 1. Hepatic CYP450 and CYP b5 contents, activities of drug-metabolizing enzymes in the experimental groups. (A) CYP450 levels; (B) CYP b5 levels; (C) P450R activity; (D)
CYP2E1  activity; (E) EROD activity; (F) PROD activity; (G) GST (cytosolic) activity. Experimental groups for 7 weeks were on: control group (C), regular rat chow (∼0.15 mg/kg
Se)  and drinking water; iodine deficient group (ID), regular rat chow (∼0.15 mg/kg Se) and 1% sodium perchlorate containing drinking water; selenium deficient group (SeD),
selenium-deficient diet (<0.005 mg/kg Se) and normal drinking water; iodine and selenium-deficient group (ISeD), selenium-deficient diet (<0.005 mg/kg Se) and 1% sodium
p hin ea
e

t
d
t
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erchlorate. Values are given as mean ± SEM of triplicate measurements. Means wit
ach  other (p < 0.05).

In conclusion, our findings indicate that the levels and/or activi-
ies of hepatic xenobiotic metabolizing enzymes and their electron
onors are significantly altered by I2 and/or Se deficiency in rats. As
he complexity of the function of thyroid hormones is a drawback
n the interpretation of such enzyme studies, and as the roles of Se

n biological systems are not fully elucidated, the explanation of the
esults is not straightforward. Further studies on a wider spectrum
hat may  provide more specific information and comprehension
n the effects of I2 and/or Se deficiency upon hepatic xenobiotic
ch bar that do not share same letters (superscripts) are significantly different from

metabolism, both in experimental animals and in humans are,
therefore, needed. Nevertheless, the results of the present study
emphasize the importance of I2 and Se status in hepatic xenobiotic
metabolism.
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