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Abstract

This study was carried out to establish the effect of aminophylline (theophylline ethylenediamine) synthetic analogue of
theophylline on serum total protein, albumin, iron, total iron binding capacity (TIBC) and transferrin in Wistar rats. The
experimental animals were divided into 4 groups of 6 rats each. Group 1 received physiological saline as a placebo and served
as a control. Groups II, III, and IV received 2.5 mg/kg, 5.0 mg/kg and 7.5 mg/kg body weight respectively of aminophylline daily
for 5 days. Blood obtained from the sacrificed animals 24 hours after the last treatment was transferred into iron-free centrifuge
tube, allowed to clot and serum obtained was used for analyzing. The results showed that there was a significant dose
dependent increase (P<0.5) in mean serum iron and significant dose dependent decrease (P<0.05) in TIBC and serum
transferrin in Wistar rats treated with different concentration of aminophylline when compared with control rats. However, mean
values of total protein, and albumin in experimental animals showed no significant difference when compared with the control.
The results of this study suggest that acute administration of aminophylline may affect serum iron, transferrin and TIBC levels
and the consequences of this effect are discussed in relation to iron transport and erythropoiesis.

INTRODUCTION

Aminophylline also called theophylline ethylenediamine, a
synthetic analogue of theophylline, is a pure alkaloid.
Theophylline (1,3-diethylxanthine) is the xanthine usually
employed in clinical medicine (Rang et al, 2000). Typical
alkaloids are derived from plant sources e.g. tea leaves (Thea
sinusis) and cocoa where it is in combination with caffeine
and small amount of theobromine. They have marked
physiological action on man and other animals (Eleojo et al,
2004). Xanthine derivatives aminophylline and theophylline
used primarily for their bronchodilatory effects often in
patients with myocardial failure and/or pulmonary oedema
(Bracket et al, 1990). They directly relax smooth muscles in
the bronchi and pulmonary vasculature, increase gastric acid
secretion and inhibit uterine contraction. They also have
weak chronotropic and iontropic action, stimulate CNS and
can cause respiratory stimulation (Brater et al, 1993).

There have been reports in the literature about the several
effects aminophylline exerts on different organs and systems
of both the human body and animals. These effects include
its diuretic and natriuretic properties explained by its
requirement of intact adenosine Ai receptors (Rieg et al,
2004), bronchiodilation in the bronchioles, increase in heart
rate, central nervous system stimulation (Goel et al, 2004).

Its effect on serum electrolytes and glucose; skin, urinary
tract (Brater et al, 1981), where hypokalaemia,
hypophosphataemia, hypercalcaemia, hyperglycaemia and
metabolic acidosis; cutaneous allergic reactions and urinary
retention respectively are the results. Albumin binding and
inhibition or iron absorption by administration of beverages
containing theophylline is also documented (Goodman et al,
1996).

However, there has been no previous work relating to the
effect of aminophylline (theophylline ethylenediamine)
synthetic analogue of theophylline on iron transport and
erythropoiesis. On this account it is therefore the aim of this
work to relate the effect of this drug on the serum total
protein albumin, iron and transferrin which could aid in
discovering some of the adverse effect of aminophylline on
iron transport and erythropoiesis.

MATERIALS AND METHODS

Twenty four white albino rats of Wistar strain were bought
from Food Science and Technology Department of Federal
University of Technology, Owerri, Nigeria and were held in
the Animal House of College of Medicine and Health
Sciences, Imo State University, Owerri, Nigeria. They had
free access to water and commercial diet (Agro feed)
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products of Guinea Farms Ltd, Ibadan, Nigeria. The animals
were acclimatized with laboratory conditions for one week.
The weight of the animals prior to the study ranged between
200 g – 300 g.

DRUGS

Aminophylline injections (Maxheal Pharmaceutical
Company, India) were purchased from a standard pharmacy
shop in Owerri, Nigeria. They were stored in the refrigerator
until they were used for the experiment.

EXPERIMENTAL DESIGNS

The rats were randomly allocated to 4 experimental groups
(n=6 in each group). Each group were numbered and housed
individually in wired screen bottom cages made of stainless
steel and equipped to separate urine and faeces of the rats.

Group I (control) animals received a placebo (physiologic
saline)
Group II received aminophylline (2.5 mg/kg/day),
Group III received aminophylline (5.0 mg/kg/day
Group IV received aminophylline ( 7.5 mg/kg/day.

The drug was administered to the animals by oral
compulsion for 5 days. Food and water were provided ad
libitum throughout the period.

BLOOD SAMPLE COLLECTION

Twenty four hours after the last doses were administered, the
animals were anaesthetized with chloroform vapour, quickly
brought out of jar and sacrificed. Whole blood was collected
by cardiac puncture from each animal into clean, dry
centrifuge tubes. The blood were allowed to stand for about
30 minutes to clot, and further centrifuges at 10,000 rpm for
5 minutes using Wisperfuge model 1384 centrifuge
(Samson, Holland). Serum was separated from clot with
Pasteur pipette into sterile serum sample tubes and used for
biochemical assays. Collection of sample was done between
8-10 am since serum iron levels is affected by the time of the
day among other parameters (Laurell et al,1949).

BIOCHEMICAL ASSAY

Serum total protein was measured using the Biuret method
of Doumas (1975). Serum albumin was measured by the
modification of Bromocresol Green method of Mcpherson
and Everald (1972). Serum iron was determined using the
method of international committee for standardization in
haematology, ICSH (1978). In this method, the serum
sample is treated with a buffered reagent, which prevents
precipitation of proteins and provides an acid medium for

the dissociation of the Fe 3+ - transferrin complex and

reduction of Fe 3+ to Fe 2+ . Addition of coloured reagent

results in the formation of a deeply coloured ferrozine – Fe 2+

complex with an absorbance maximum at 562nm. The
presence of thiourea in the colour reagent binds copper and
prevents formation of a ferrozine- CU complex for the
determination of the Total iron binding capacity, TIBC using
the method of ICSH (1978), the serum is treated with excess
iron. Part of the iron binds with apotransferrin and the
remainder is removed by passing the treated sample through
a column prepared with MgCO3. The iron in the filtrate is

determine in the same manner as the iron in serum and is a
measure of the TIBC. Serum transferrin concentration was
calculated from TIBC concentration using the formular
TIBC/1.45.

Statistical Analysis: statistical evaluation of data was
performed by using one-way analysis of variance (ANOVA)
followed by Duncan's multiple range test (DMRT) (Duncan,
1957).

RESULTS

The mean values of serum total protein, albumin and
globulin in both normal and experimental animals are shown
in table I. The mean values of total protein, albumin and
globulin in serum showed no significant difference (P>0.05)
in animals treated with different concentrations of
aminophylline when compared with the values from control
group. Hence the aminophylline has little or no effect on the
levels of serum total protein, albumin and globulin.

Table II shows the mean values of serum iron, TIBC and
transferrin concentrations in both the experimental and
control groups. The results indicate that the mean values of
serum iron for the test group II, III and IV were higher
(P<0.05) when compared with the mean value of the control
(group I). This shows that aminophylline induces a
significant increase in serum levels of iron in rats and the
effect was found to be dose dependent. However, there was a
statistically significant decrease in both TIBC and serum
transferrin levels in the test group (P<0.05) when compared
with the value of the control.

DISCUSSION

The results obtained in this study showed that the mean
values of total protein and albumin in the experimental
group; group II treated with 2.5 mg/kg/day of aminophylline
group III treated with 5.0 mg/kg/day and group IV treated
with 7.5 mg/kg/day were not significantly different (P>0.05)
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when compared with the control group treated with placebo
(physiological saline). It could be inferred that
aminophylline has no effect on the total protein and albumin
levels in serum.

From the results also there was a significant increase in the
serum iron in the experimental groups II, III, IV (P<0.05)
when compared with the mean value of serum iron in the
control group (I) and this was found to be dose dependent.
Also there was a significant decrease in both serum total iron
binding capacity (TIBC) and serum transferrin levels in the
experimental groups (II, III IV) (P<0.05) when compared
with control group.

Aminophylline has been found to have both diuretic and
natriuretic properties (Rieg et al, 2004). Theobromine,
another methyl xanthine has also been found to raise serum
iron and lower serum TIBC and transferrin (Elego et al,
2004) conforming this study, but this is no literature on the
effect of aminophylline on serum iron, TIBC, and transferrin
in both humans and animals. The mechanism of action of
this result is not clear. However, since almost all of the iron

in serum is bound to transferrin in the form of Fe 3+ -protein
complex (Murray et al, 2000), it is expected that with raised
serum iron, the level of transferrin should also be elevated
but evidence obtained in this study is to the contrary hence
elevation in serum iron and a fall in TIBC and serum
transferrin. Joseph (1954) had reported that methyl xanthines
are transported in blood bound to proteins. Aminophylline, a
methyl xanthine is bound to plasma protein and since
transferrin constitute part of the globulin fraction of plasma
protein, such a binding of aminophylline unto transferrin
could probably inhibit or block the receptor site for iron,
thus iron is not bound and serum levels of iron are elevated
(Eleogo et al, 2004). This may explain the observed rise in
serum iron and the decrease in serum transferrin and TIBC
in rats treated with different concentrations of
aminophylline.

Increased erythropoiesis is associated with an increase in
iron supply from the plasma (Katzung et al, 2001) and to
meet this increase demand for iron, transferrin normally one-
third saturated with iron will have to bind and transport more
iron to the bone marrow, however, with aminophylline
affecting the binding of iron to transferrin, this essential
metal cannot be transported to the erythroid marrow, thus
adversely affecting erythropoiesis and may induce iron
deficiency anaemia. It is however, suggested that further
research be done on humans and proper advice given to
health workers since aminophylline is a common drug given

to ashmatic patients especially in developing countries like
Nigeria.

Figure 1

Table 1: Mean values of total protein and albumin in both
aminophylline treated and control animals

Figure 2

Table 2: Mean values of serum iron, TIBC transferrin in
both aminophylline treated and control Animals
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