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Abstract
Objective Thalassemia disease is a genetic haemoglobin-
opathy usually associated with an iron overload and some
degree of organ impairment. The impact of the disease on
the drug metabolising enzyme cytochrome P450 (CYP) is
not known. CYP2E1 and CYP3A4 are responsible for the
metabolism of a large number of drugs and changes in their
activities may have clinical consequences.
Methods Haemoglobin E-β thalassemia paediatric, blood
transfusion-dependent patients apparently without compli-
cations (n=35) and healthy controls (n=42) were recruited
in this study. The ratios of plasma 6-hydroxychlorzoxazone
to chlorzoxazone, and urinary 6-beta-hydroxycortisol (6β-
OHF) to cortisol were used as indices for CYP2E1 and
CYP3A4 activities, respectively. Blood and plasma samples
were assayed for parameters of clinical biochemistry,
oxidants and antioxidants.
Results There were significant increases in serum iron,
protein carbonyl and lipid peroxidation in thalassemia
patients, whereas there was a decrease in blood glutathione,
but unchanged plasma nitric oxide metabolites. CYP2E1

activity in the patients was unchanged; however, when the
patients were stratified by splenectomy status, CYP2E1
activity was increased in non-splenectomised patients in
comparison with the controls and splenectomised subjects.
On the other hand, 6β-OHF/cortisol ratios increased mark-
edly in patients associated with depressed growth hormone
levels. There were no correlations between CYP2E1 activity
and oxidant stress or antioxidant parameters.
Conclusions This report is the first demonstration that
thalassemia major is associated with an alteration of
CYP2E1 and CYP3A4 activities; this could modify the
sensitivity of thalassemia patients to the toxic or therapeutic
effects of drugs.
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Introduction

The hepatic drug-metabolising cytochrome P450 (CYP)
enzymes are responsible for the detoxification and metabol-
ic activation of the majority of clinically used drugs and
many chemical toxicants. There is substantial inter-individ-
ual variation in the activity of CYP enzymes in humans,
which can result in decreased or increased susceptibility to
the beneficial or adverse effects of drugs. The activity of
CYP enzymes including CYP1A2, CYP2E1 and CYP3A4
has been reportedly depressed in the presence of the liver
diseases [1, 2]. CYP3A4—the most abundant CYP enzyme
in human liver—is involved in the metabolism of more than
50% of currently used drugs. Although the hepatic content
of CYP2E1 is much less than that of CYP3A4, the activity
and expression of CYP2E1 has been suggested to be
linked to oxidative stress and chemical-induced hepatotox-
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icity, including alcoholic liver disease and non-alcoholic
steatohepatitis [3, 4].

β-Thalassemia is a genetic disease in which an abnormal
beta-globin gene results in decreased or absent production
of the normal beta globin chain [5]. When β-thalassemia is
inherited together with a haemoglobin E (HbE) allele, the
resulting condition, HbE-β thalassemia (HbE-β Thal), is
sometimes characterised by a severe, transfusion-dependent
thalassemia major [5]. A decrease in, or absence of, normal
globin chain synthesis results in ineffective erythropoiesis,
and an excess of unpaired globin chain in the red blood
cells is responsible for autooxidation of proteins and lipid
peroxidation of membranes, which leads to haemolytic
anaemia [6] The release of iron by haemolysis and the
continuing requirement for blood transfusion in thalassemia
major inevitably leads to a state of iron overload and the
ensuing generation of reactive oxygen species [7].

Iron overload has been demonstrated to be associated with
many complications found in thalassemia major, including
heart disease and endocrine dysfunction such as growth
hormone deficiency, hypogonadism and liver fibrosis [8–10].
Endocrine complications are the most frequent and early
complications in thalassemia, especially in patients in
developing countries [10]. Deficiency of growth hormone
in children has recently been shown to involve CYP3A
activity [11, 12]. Consistent with this is the observation that
hypophysectomized rats exhibit a large increase in CYP3A
expression [13]. In addition, spleen enlargement and a
hyperdynamic state of the circulatory system are very
commonly found in HbE-β Thal patients [5], due primarily
to chronic anaemia compensation. Splenectomy is an
established therapeutic intervention in these patients. Hyper-
dynamic state in spleen-intact patients may affect liver blood
perfusion [14, 15], which may eventually change the hepatic
drug metabolising enzyme activity. To date, there have been
no reports concerning the effect of thalassemia disease on
drug metabolising enzymes. In this study, we assessed CYP
enzyme activities in paediatric thalassemia patients, because
this population is less likely to be afflicted by the overt liver
diseases usually found in adult patients [9, 16] that could
confound the study.

The present study was aimed at CYP2E1 and CYP3A4,
as the activities of these two enzymes may be affected in
thalassemia patients, and altered activity may have clinical
significance. The study used chlorzoxazone, a widely
accepted metabolic test probe for assessment of CYP2E1
activity [17]. Many test probes are currently available for
CYP3A4, such as midazolam, triazolam and nifedipine;
however, either they require intravenous administration or
they introduce certain risks of adverse drug events, and thus
they are unsuitable for the vulnerable population in this
study. The ratio of endogenous 6β-hydroxycortisol (6β-
OHF) to cortisol in urine has been suggested as a useful

CYP3A4 probe [18], and the cortisol metabolic ratio has
indeed shown a good response to enzyme inducers or
inhibitors of CYP3A4 [19].

Methods

Materials

NADPH, glucose-6-phosphate (G6P), glucose-6-phosphate-
dehydrogenase (G6PD) grade II from yeast, nitrate
reductase from Aspergillus species were obtained from
Boehringer (Mannheim, Germany). Reduced glutathione,
5,5 dithio-bis-2-nitrobenzoic acid (DTNB), phenacetin, β-
glucuronidase, cortisol, 6β-hydroxycortisol, chlorzoxazone
(CZX), 6-hydroxychlorzoxazone (6OH-CZX), guanidine
hydrochloride, dinitrophenylhydrazine (DNPH), glutathione
reductase from baker's yeast, were obtained from Sigma (St.
Louis, MO). Meta-phosphoric acid (MPA), 1-methyl-2
vinyl-pyridinum trifate (M2VP) were obtained from Fluka
(Buchs, Switzerland.). Other chemicals were of analytical
grade.

Subjects

Forty two healthy subjects and 35 thalassemia patients
participated in the study. Healthy school pupils (19 male
and 23 female) with an average age of 10.2±1.5 years
(mean±SD) were carefully screened by physical examina-
tion, routine liver function tests, kidney function tests,
haemoglobin typing and haematological examinations.
They were non-anaemic and had no abnormal haemoglo-
bin. None of them currently took medication. The thalas-
semia group was paediatric patients of the Department of
Paediatrics, Srinagarind Hospital, Khon Kaen University,
who have been diagnosed as HbE-β Thal and previously
characterised for beta globin gene mutation. All patients
received regular blood transfusion approximately every 3–
4 weeks to maintain pretransfusion haemoglobin levels of
9 g/dl, and all have been under iron chelation therapy with
deferrioxamine. Of the 35 subjects, 18 were splenectomised
(10 male and 8 female) and 17 were non-splenectomised (7
male and 10 female) with average ages of 12.6±1 and
11.4±0.9 years, respectively. All patients had no signs of
liver cirrhosis or cardiac complications upon physical
examination and were apparently healthy and without any
concurrent illnesses. Medication in the patients was
reviewed and none was known to affect CYP2E1 and
CYP3A4 activities. All subjects and their parents were
given an explanation regarding the proposed study and
written informed consent was obtained prior to the study.
The study protocol was approved by the Ethics Review
Committee of Khon Kaen University.
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Study protocol

All subjects were fasted overnight. Morning urine samples
(8.00–9.00 A.M.) were collected for cortisol, 6β-hydroxy-
cortisol and hydroperoxide assays. For the study of
CYP2E1 activity, chlorzoxazone (250 mg) was powdered
and suspended in syrup before being administered orally.
Fasting was maintained for an additional 2 h. Venous blood
samples (approximately 5 ml) were drawn before and
exactly 2 h after drug administration, and aliquots were
analysed for complete blood count, liver function and iron
studies. Samples were stored at −80°C for subsequent
analyses. Samples from the predose period served as
controls and were used for determinations of oxidant and
antioxidant parameters. Some serum samples were also
analysed for growth hormone levels by radioimmunoassay
using an Active Growth Hormone IRMA assay kit
(Diagnostic System Laboratories, Webster, TX).

Oxidants and antioxidants assays

Assay of malondialdehyde (MDA) was performed in plasma
as thiobarbituric acid reactive products (TBAR) [20]. Accu-
mulation of nitrate and nitrite, the end-products of nitric
oxide (NO) metabolism used as an index of NO synthase
activity, was measured in plasma samples. Nitrate and nitrite
were assayed according to a previous described method [21]
with modifications. Plasma samples were deproteinised by
ultrafiltration using centrifugal concentrators with a molec-
ular weight cut-off of 10 kDa (Nanosep, Pall Filtron, East
Hills, NY). The nitrate in the samples was reduced to nitrite
by nitrate reductase, and the mixture was then reacted with
the Griess reagent. The absorbance of the samples was
measured in a microplate reader at a filter wavelength of
540 nm. Protein oxidation, assessed as the protein carbonyl,
was assayed by a previously described method [22]. In brief,
diluted plasma was treated with 15 mM DNPH in 3.6 M HCl
for 1 h in the dark. Protein was precipitated, washed, then
dissolved in 6 M guanidine and an absorbance reading taken
at 360 nm. The carbonyl content was determined from the
absorbance of the DNPH-treated sample subtracted from that
of the corresponding non-treated sample, using a molar
extinction coefficient of 22,000 M−1 cm−1. Concentration of
urinary hydroperoxides was determined by the ferrous ion
oxidation xylenol orange (FOX) method [23].

Glutathione (GSH) and glutathione disulphide (GSSG)
were assayed using M2VP as a glutathione scavenger. A
100 μl sample of whole blood was reacted with 10 μl
33 mM M2VP (in water) or distilled water and samples
were stored for subsequent analysis. Samples were treated
with 5% metaphosphoric acid to precipitate protein, and
supernatants were used to assay for glutathione according
to a previously described enzymatic method [24, 25].

Assay of cortisol and 6β-hydroxycortisol

Cortisol and its metabolite, 6β-hydroxycortisol (6β-OHF) in
urine were determined by high performance liquid chroma-
tography (HPLC) based on a previously described method
[18]. Briefly, 1 ml urine was added to 1 g Na2SO4 containing
phenacetin (2 μg /ml) as an internal standard. The mixture
was extracted by extraction solvent (ethyl acetate: diethyl
ether 40:60). The organic phase was washed with 1 M NaOH
saturated with Na2SO4 and evaporated to dryness. The residue
was reconstituted in mobile phase and injected into an HPLC
column (YMC Pack-pro C18, 5 μm, 4.6×50 mm; YMC,
Kyoto, Japan). Separation was achieved by gradient elution
with eluent A, consisting of 50 mM KH2PO4, and acetic acid
(99.8:0.2 v/v), and eluent B, consisting of 100 % acetonitrile,
using the following gradient profile: t=0–10 min, 85 %
eluent A; 10–13 min, 85%–80% eluent A; 15–20 min, 80%–
73% eluent A; 25–27 min, 73%–50% eluent A; 30–35 min,
50%–85 % eluent A. Retention times were 11.5 min for 6β-
OHF, 30.4 min for phenacetin, and 40.0 min for cortisol.
Eluent was monitored with a UV detector set at 245 nm.
Analytical precision was evaluated by intra- and inter-day
assay validation at four different concentrations of 6β-OHF
(35–400 ng/ml) and cortisol (15–150 ng/ml). The coefficient
of variation values of the intra-day assay and inter-day assay
were less than 9% and 10%, respectively for 6β-OHF and
less than 5% and 7%, respectively for cortisol. The detection
limit of 6β-OHF and cortisol was less than 10 ng/ml.

Assay of chlorzoxazone and metabolite

CZX and its metabolite 6OH-CZX in plasma were analysed
by HPLC as previously described [26, 27] with modifica-
tions. Briefly, 200 μl plasma samples were incubated
overnight at 37°C with β-glucuronidase (1,500 U/ml) and
phenacetin (60.3 ng/ml) as an internal standard. Protein was
precipitated with 0.72 M perchloric acid and the supernatant
was extracted with ethylacetate. The organic phase was
evaporated and dissolved in a mobile phase consisting of
0.1 M ammonium acetate, acetonitrile and tetrahydrofurane
(73:22:5 v/v). A 20 μl aliquot was injected into an HPLC
column (Luna C18, 5 μm, 150×4.6 mm, Phenomenex,
Torrance, CA) and eluent was monitored with a UV detector
set at 287 nm. Retention times were 7.41 min for 6OH-CZX,
10.8 min for phenacetin, and 20.3 min for CZX. The
coefficient of variation values of the intra-day assay and
inter-day assay were less than 5% and 6%, respectively, for
CZX and less than 7% and 9%, respectively, for 6OH-CZX.

Statistical analysis

Results were expressed as mean±SD. Comparisons between
control and patient groups with or without splenectomy were
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performed using an analysis of variance and post-hoc test
with Duncan’s multiple comparison procedures. The compar-
isons between two groups were done using Student’s t-test or
Mann-Whitney rank-sum test as appropriate. Association
between metabolic ratios of 6OH-CZX/CZX and 6β-OHF/
cortisol with oxidant or physiological parameters was
analysed by Pearson’s correlation. Stepwise multiple regres-
sion was used to identify significant determinants for
predicting ratios of 6OH-CZX/CZX and 6β-OHF/cortisol.
P values less than 0.05 were considered significant.

Results

Blood chemistry

The results of haematological and blood chemistry assays in
control and thalassemia groups are shown in Table 1. The
haemoglobin levels of patients were lower than those of
controls and the serum iron profile clearly showed evidence
of chronic iron overload, as serum ferritin, serum iron,
transferrin saturation (%) were increased and total iron
binding capacity (TIBC) decreased. The total bilirubin,
aspartate amino transferase (AST), and uric acid levels were
increased in thalassemia subjects (P<0.05), whereas alanine
amino transferase (ALT) levels were unchanged (P=0.26).

Oxidant stress in thalassemia

The oxidant status of the patients was quantified by
measurements of blood GSH, lipid peroxidation, protein
oxidation and NO formation in plasma and urinary hydro-
peroxides. Blood GSH was dramatically decreased, where-
as protein carbonyl, MDA and urinary hydroperoxides were
increased when compared with the control group, as shown
in Table 2. However, levels of NO metabolites in the
plasma were remained unchanged.

Since splenectomy in thalassemia patients may be
implicated in disease status, analyses of haematological
and biochemical data were performed according to splenec-
tomised status. There were no significant differences
between splenectomised and non-splenectomised patients
regarding haemoglobin, uric acid, ALT and bilirubin levels,
whereas there was a slight increase in AST levels (P<0.05).
Parameters of iron profile, including serum ferritin, serum
iron and TIBC, were significantly elevated in splenecto-
mised subjects when compared with non-splenectomised
subjects: (mean±SD) 2551±1,207 and 1646±1,650 ng/ml,
185±27 and 142±29 μg/ml, and 216±25 and 158±52 μg/dl,
respectively, P<0.05. However, there was no differences
between the two groups of patients in all oxidant
parameters, including blood GSH, MDA, protein carbonyl,
NO metabolites and urinary hydroperoxides.

CYP2E1 metabolic ratio

Plots of chlorzoxazone metabolic ratios—an indicator of
CYP2E1 activity—are shown in Fig. 1. The 6OH-CZX/
CZX ratios varied about 8–10 fold in both patient and
control groups. The metabolic ratio of patients and control
groups was not significantly different: mean (95% confi-
dence interval: 95% CI), 0.42 (0.35–0.49) and 0.40 (0.34–
0.46), respectively, P>0.05). The association between the
6OH-CZX/CZX ratio and other relevant parameters was
explored. Multiple regression analysis was performed to
identify determinants of CYP2E1 activity and it was
apparent that splenectomy status was the most significant
predictor (P<0.01). The patient group was then stratified by
splectomy status. The non-splenectomised patients had
significantly higher 6OH-CZX/CZX ratios compared with
splenectomised patients [mean (95%CI): 0.51 (0.40–0.62)
and 0.33 (0.25–0.39), respectively] and controls (Fig. 1)
(P<0.05).

Table 1 Haematological and blood chemistry data of subjects

Control (n=42) Thalassemia (n=35)

Hb (g/dl) 13.0±0.57 7.8±1.06*
Serum ferritin (ng/ml) 56.9±23.6 2111±1490*
Serum iron (μg/ml) 75.4±32.2 161.0±35.1*
TIBC (μg/dl) 312.4±42.9 183.0±51.4*
Transferrin saturation (%) 24.3±9.9 81.4±8.4*
Total bilirubin (mg/dl) 0.44±0.16 1.95±0.58*
ALT (U/l) 14.6±4.9 19.5±24.6
AST (U/l) 26.0±4.7 39.1±27.2*
Uric acid (mg/dl) 4.1±0.76 5.1±1.28*

*Significant difference from controls, P<0.05
Values represent mean±SD
Hb Haemoglobin, TIBC total iron binding capacity, ALT alanine amino
transferase, AST aspartate amino transferase

Table 2 Oxidative and antioxidant status of controls and HbE-β Thal
subjects

Controls
(n=45)

Thalassemia
patients (n=35)

Whole blood GSSG (μM) 15.9±3.8 8.9±9.6*
Whole blood GSH (μM) 756±194 266±132*
Plasma protein carbonyl
(nmol/mg protein)

0.72±0.3 0.95±0.23*

Plasma MDA (μM) 2.78±1.24 4.00±1.26*
Plasma nitrate + nitrite (μM) 37.6±8.7 35.3±14.4
Total urinary hydroperoxides
(μM)

13.2±6.5 16.3±4.9*

*Significant difference from control group (P<0.05)
Values were represent mean±SD
GSH Glutathione, GSSG glutathione disulphide, MDA
malondialdehyde
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Cortisol metabolic ratio

The urinary 6β-OHF/cortisol ratio was used as an index of
CYP3A4 activity. The ratios varied from around 10-fold to
16-fold for patients and controls, respectively. Thalassemia
patients showed a higher cortisol metabolic ratio than the
control group (Fig. 2) regardless of splenectomy status:
mean (95%CI): 5.13 (4.24–6.02) and 2.27 (1.80–2.75),
respectively, P<0.05. Splenectomised patients had a slight-
ly lower cortisol ratio than non-splenectomised subjects:

mean (95%CI): 4.50 (3.29–5.71) and 5.81 (2.64–7.16),
respectively, P>0.05.

The 6β-OHF/cortisol ratio was well correlated with
oxidant and serum iron parameters, including blood GSH,
TIBC, transferrin saturation, haemoglobin and bilirubin, with
correlation coefficients of −0.55, −0.61, 0.48, −0.58 and 0.52,
respectively, P<0.05. The relationship between cortisol ratio
and TIBC is showed in Fig. 3. However, when analyses were
performed only in the patient group, the correlation became
not significant (Fig. 3, inset) except for transferrin saturation,
which showed a weak correlation r=−0.38, P<0.05. As
growth hormone deficiency may be associated with expres-
sion of CYP3A4 [12], some samples were assayed for
growth hormone levels. Growth hormone levels in thalasse-
mia patients (males=8 and females=8) were significantly
lower than in controls (males=6, females=6), mean (95%
CI), 0.80 (0.12–1.48) and 2.98 (0.90–5.06), respectively,
P<0.05.

Discussion

The effects of thalassemia disease on the drug-metabolising
enzyme cytochrome P450 have not been previously
reported. To the best of our knowledge, this report is the
first demonstration to show that the activities of CYP2E1
and CYP3A4 are altered in thalassemia disease. Our study
was carried out in transfusion-dependent paediatric HbE-β
Thal patients who had apparently no signs of complica-

Fig. 1 Scatter plots of plasma
6-hydroxychlorzoxazone/chlor-
zoxazone (6OH-CZX/CZX)
ratios between controls (n=42)
and thalassemia subjects
(n= 35), stratified as splenec-
tomised (n=18) and non-
splenectomised patients (n=17).
Vertical bars 25th, 50th
(median) and 75th percentiles.
* Significant difference from
non-splenectomised patients,
P<0.001

Fig. 2 Scatter plots of urinary 6β-hydroxycortisol (6β-OHF)/cortisol
ratios between controls (n=42) and thalassemia subjects (n=35).
Vertical bars 25th, 50th (median) and 75th percentiles. * Significant
difference from control group, P<0.001
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tions. CYP2E1 activity, assessed by chlorzoxazone meta-
bolic ratio, was increased in patients who had not had
splenectomy. On the other hand, cortisol metabolic ratios
were increased in patients compared with controls. The
patients exhibited increased oxidative stress, which is
consistent with previous reports [28, 29]. The iron profile
of patients indicated an iron overload status. This may be
due to suboptimal iron chelation, as most patients in the
study were administered desferrioxamine in a relatively low
dose. Economic constraints and compliance of (paediatric)
patients are the main problems impeding adequate drug
doses in these patients.

CYP2E1 has been reportedly down-regulated in oxida-
tive stress conditions induced by ischemic/reperfusion [30],
inflammation cytokines [31] and iron overload [32].
Moreover, CYP2E1 is known to be induced by ethanol
and other small hydrocarbon molecules as well as by
various conditions including diabetes and fasting [33].
There is a high incidence of endocrine disorder including
diabetes in thalassemia [8–10]; however, our patients have
no symptoms, and laboratory tests indicate no diabetes. In
addition, thalassemia patients exhibit iron overload, where-
as iron overload has been shown to inhibit the induction of
CYP2E1 by ethanol [32]. Therefore, induction of CYP2E1
or stabilisation of CYP2E1 protein in non-splenectomised
patients cannot be explained on the basis of the iron
overload or oxidant status.

Chronic anaemia in thalassemia patients causes a hyper-
dynamic circulation with increased cardiac output and

decreased peripheral resistance [34]. Moreover, thalassemia
major is almost always complicated with hypersplenism
and, consequently, there is increased splenic and probably
portal blood flow [14, 15]. CZX is known to be a high
hepatic clearance compound [35], hence its hepatic clear-
ance is significantly increased by an increase in portal
blood flow. Hypersplenism is reported to result in a
significantly higher splenic and portal blood flow than with
a normal-sized spleen [36]. Consequently, there is a greater
reduction in portal blood flow with previous hypersplenism
than in normal-sized spleens following splenectomy [36].
Therefore, it is inferred that splenectomy may affect
thalassemia patients with hypersplenism while not neces-
sarily affecting non-thalassemia with non-splenomegaly
patients. This view is consistent with the results of our
study, which showed that splenectomy has a negligible
effect on cortisol metabolic ratio, as cortisol is a low hepatic
clearance compound [37]. Currently, there are no reports on
the effect of hypersplenism on drug pharmacokinetics.
Since the change in CYP2E1 ratio is relative small, any
impact on clinical drug use and chemical exposure remains
to be investigated.

A marked increase in the cortisol metabolic ratio is
inversely correlated with body iron profile (TIBC and
transferrin saturation) and oxidant status (blood GSH).
However, this correlation was no longer apparent if
analyses were performed in the patient group only (Fig. 3
inset). This suggests that the observed association between
cortisol ratio and GSH or iron parameters does not

Fig. 3 Scatter plot of correla-
tion between total iron binding
capacity (TIBC) and urinary
6β-OHF/cortisol ratio in the
entire study population: closed
circles Haemoglobin E-β
thalassemia (HbE-β Thal)
patients, open circles controls.
Inset A similar plot for the
thalassemia population only
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represent a simple relationship between CYP3A4 activity
and redox status or iron profile in thalassemia. CYP3A4 is
known to be inducible by various chemicals, for instance
anticonvulsants, rifampicin, and ritonavir, as well as
endogenous compounds including bile acids and cortisol
[38]. However, none of our patients were currently exposed
to these compounds. In contrast, plasma cortisol in
thalassemia is known to be lower than in healthy
individuals [10]. In searching for an explanation of how
CYP3A4 activity is up-regulated in thalassemia disease, it
can be noted that growth hormone is recognised to be an
important determinant of the regulation of CYP3A [39].
Hypophysectomised rats showed marked increases in
CYP3A protein and mRNA expression, whereas replace-
ment with growth hormone, but not thyroid hormone,
normalised CYP3A levels [13]. Human hepatocyte cultures
treated with growth hormone pulses showed suppression of
CYP3A4 mRNA and protein levels [40]. A small suppres-
sion of CYP1A2 and CYP2D6, but not CYP2E1, was also
observed after growth hormone treatment [40]. In a recent
study, children with growth hormone deficiency showed a
significant increase in urinary 6β-OHF/cortisol ratios in
both sexes [12]. Thalassemia disease has been reportedly
implicated in endocrine dysfunction, and growth hormone
deficiency has a high prevalence (>50%) in children with
thalassemia [10]. Our results are consistent with this latter
report in that HbE-β Thal patients have significantly lower
levels of growth hormone than matched control children. It
is suggested that the deficiency in growth hormone is likely
to be responsible for the elevation of CYP3A4 activity.
Although there is some evidence for differential sexual
regulation of rat or human CYP3A isoforms [12, 40], we
observed no difference in 6β-OHF/cortisol ratios between
male and female patients. Since there was no correlation
between growth hormone levels and 6β-OHF/cortisol ratios
(r=−0.26, P>0.18), growth hormone may play a permissive
role in the regulation of CYP3A4.

The 6β-OHF/cortisol ratio has been used extensively to
evaluate induction or depression of CYP3A4 [19, 41].
Nevertheless, some limitations in the use of this ratio for
assessing the CYP3A4 activity have become apparent. It
has been recognised that many CYP3A4 probes do not
yield consistent results and that they are not strictly
correlated to each other [42]. Further study is needed to
verify the induction of CYP3A4 activity in thalassemia
patients and to investigate the mechanisms underlying the
induction. The increased CYP3A4 activity would cause
increased rate of metabolism, enhanced oral first-pass
metabolism and reduced oral bioavailability, with a result-
ing decrease in plasma drug concentration. Patients may be
at increased risk of therapeutic failure. This may have an
impact on drugs used in thalassemia patients, particularly
many cardiovascular agents and immunosuppressive

agents, which are important drugs used in this group of
patients. It is concluded that HbE-β Thal patients have an
altered CYP2E1 activity, particularly in non-splenectomised
subjects, whereas CYP3A4 activity is increased, probably
due to growth hormone insufficiency. The modification of
these CYP enzymes may be of clinical significance.
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