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Abstract

Interaction of antihypertensive drugs with minerals can occur during digestion in the
digestive tract of patients. The aim of this study was to estimate the influence of hypoten-
sive drugs on the bioavailability of magnesium, iron, zinc and copper from shelled pea du-
ring in vitro enzymatic digestion.

The degree of release of magnesium, iron, zinc and copper from shelled pea was de-
termined with and without (the control) addition of hypotensive drugs. Four antihyperten-
sive drugs in standard doses (one tablet per sample) were analysed: Metocard (β-blocker),
Cardilopin (Ca-antagonist), Apo-perindox (angiotensin-converting-enzyme inhibitor ACE-I)
and Indapen (diuretic). The samples were subjected to enzymatic digestion under in vitro
conditions. The content of minerals in shelled pea before and after enzymatic digestion
was determined by flame atomic absorption spectrometry (AAS).

It was found that Indapen (indapamide) significantly decreased the release of magne-
sium, iron and zinc from shelled pea. The degree of release of magnesium was lower in
samples with Metocard (metoprolol) than in the control. The release of copper was signifi-
cantly reduced by Cardilopin (amlodipine).

Indapamide, metoprolol and amlodypine decreased the release of minerals from  pea
in vitro enzymatic digestion of shelled pea.

Key words: food-drug interaction, mineral bioavailability.
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WP£YW WYBRANYCH LEKÓW HIPOTENSYJNYCH NA BIODOSTÊPNOŒÆ
SK£ADNIKÓW MINERALNYCH Z GROCHU £USKANEGO W PROCESIE

TRAWIENIA ENZYMATYCZNEGO IN VITRO

Abstrakt

Podczas trawienia mo¿e dojœæ do interakcji miêdzy lekami hipotensyjnymi a sk³adnika-
mi mineralnymi w przewodzie pokarmowym pacjentów. Celem pracy by³o okreœlenie wp³y-
wu leków hipotensyjnych na biodostêpnoœæ magnezu, ¿elaza, cynku i miedzi z grochu ³u-
skanego w warunkach trawienia enzymatycznego in vitro.

Stopieñ uwolnienia magnezu, ¿elaza, cynku i miedzi z grochu ³uskanego oceniano
w próbkach z dodatkiem i bez dodatku (próba kontrolna) leków hipotensyjnych. Analizowa-
no  cztery leki hipotensyjne w dawkach standardowych (jedna tabletka w próbie): meto-
card (β-bloker), cardilopin (antagonista wapnia), apo-perindox (inhibitor konwertazy angio-
tensyny (ACE-I)) i indapen (diuretyk). Próbki poddano trawieniu enzymatycznemu
w warunkach in vitro. Zawartoœæ sk³adników mineralnych w grochu ³uskanym przed i po
trawieniu enzymatycznym okreœlono za pomoc¹ spektrofotometrii atomowo-absorpcyjnej
(AAS).

Stwierdzono, ¿e indapen (indapamid) istotnie zmniejszy³ uwalnianie magnezu, ¿elaza
i cynku z grochu ³uskanego. Stopieñ uwalniania magnezu by³ ni¿szy w próbkach z meto-
cardem (metoprolol) ni¿ w próbkach kontrolnych. Uwalnianie miedzi by³o istotnie mniejsze
pod wp³ywem cardilopinu (amlodypina).

Indapamid, metoprolol i amlodypina zmieniaj¹ stopieñ uwolnienia sk³adników mineral-
nych z grochu ³uskanego w procesie trawienia enzymatycznego in vitro.

S³owa kluczowe: interakcje ¿ywnoœæ-lek, biodostêpnoœæ sk³adników mineralnych.

INTRODUCTION

Disorders in the mineral budget of patients with hypertension have been
observed in several studies (KESTELOOT et al. 2011, SULIBURSKA et al. 2011b). It
is known that many nutritional and non-nutritional factors influence absorp-
tion of minerals from food, their excretion and metabolism. Both in vitro
and in vivo studies show that bioavailability of minerals depends on the food
content of various antinutrients,  such as oxalic acid, phytates, dietary fi-
bres and polyphenols, which act as mineral binders or chelators (OATWAY et
al. 2001, SANDBERG 2002, SKIBNIEWSKA 2002). The degree of mineral release
from food products also depends on the processing technology (Suliburska et
al. 2009a)

Experimental results show that drugs can also affect the mineral status
in patients. Hypotensive drugs influence specially the levels of magnesium,
potassium, sodium and calcium in the organism. Treatment with ACE-I and
loop diuretics results in a decrease in the serum concentration of magnesi-
um and high losses of this element with urine. However, it has also been
shown that lisinopril saves magnesium in patients with congestive heart
failure (OLADAPO, FALASE 2000). It was found that thiazides had a beneficial
effect on calcium metabolism in elderly individuals (OTT et al. 2008). GOLIC
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et al. (1998) found that treatment of hypertensive patients with captopril
or enalapril may result in zinc deficiency.

Interaction of antihypertensive drugs with minerals can occur during
digestion in the digestive tract of patients. The aim of this study was
to estimate the influence of selected hypotensive drugs on the bioavailabili-
ty of magnesium, iron, zinc and copper from shelled pea during in vitro
enzymatic digestion.

MATERIAL AND METHODS

Food sample
The experimental material was shelled pea, purchased on the local mar-

ket (the city of Poznan, 2010). Food samples were ground in an electrical
mill under laboratory conditions and passed through sieves to divide into
fractions with particles having the maximum diameter of less than 2 mm.
Samples were dried at 105oC.

Drugs
In the experiment, four antihypertensive drugs were used: Metocard

(β-blocker), Cardilopin (Ca-antagonist), Apo-perindox (ACE-I) and Indapen
(diuretic). Characteristics of the drugs are shown in Table 1.
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Enzymatic digestion
Samples were divided into five groups: the control, Metocard, Cardilo-

pin, Apo-perindox and Indapen. The control samples comprised only the prod-
uct without any drugs. One tablet of a given drug was added the other
samples.

In vitro enzymatic digestion was performed according to SKIBNIEWSKA et
al. (2010). In the experiment, one dose of each drug (equivalent of 1 tablet)
was analyzed. Each tablet of a given drug was crushed in a mortar and
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mixed with a sample (2 g) of finely ground shelled pea in conical beakers,
filled with deionised water (20 ml) and shaken for 10 min. In order to cre-
ate suitable conditions for pepsin activity, pH was brought to 2 using 0.1 M
HCl aqueous solution (Suprapure, Merck). Afterwards, pepsin solution (0.5 ml
100 ml–1) was added to the homogenate. Next, the samples were placed in
a thermostat shaker (37OC) for 2 hours. During the incubation, pH was main-
tained or corrected by addition of 6 M HCl aqueous solution whenever nec-
essary. After 2 hours, the digested samples were treated with 6% NaHCO3
aqueous solution (Extrapure, Merck) to bring pH to 6.8-7.0, subjected to
pancreatin solution (10 ml/40ml of homogenate) and placed in a thermostat-
ic shaker (37oC) for 4 hours. Afterwards, the digested samples were centri-
fuged for 15 min (4000 rpm min–1) and clear solution was quantitatively
transferred to quartz crucibles, where it was treated with a mixture of con-
centrated nitric (65% w/w) and perchloric (70% w/w) acids (2:1 v/v) (Su-
prapure, Merck). The samples were placed in a thermostatic block and heat-
ed until complete mineralization.

Control samples were also prepared, in which the product was digested
without any addition of the drugs. For each drug, a reagent sample was
made, which contained one tablet of a given drug and reagents. All samples
were subjected to enzymatic digestion.

In order to determine the total content of minerals in native products,
food samples (2 g) were ashed in a muffle furnace at 450oC until complete
mineralization and then dissolved in 1N nitric acid. All samples were ana-
lyzed in triplicate.

Determination of minerals
The content of minerals in native, in vitro digested food products (with

and without drugs) was determined by atomic absorption spectrometry (AAS-3,
Zeiss spectrometer) with air-acetylene flame, after diluting each sample ade-
quately with deionized water (for Fe, Zn, Cu) or with LaCl3 (0.3% solution,
for Mg). The methods were validated by simultaneous assays of the refer-
ence material (Soya Bean Flour, INCT-SBF-4), at the accuracy 93.1%, 97.2%,
94.5% and 103.1% for Mg, Fe, Zn and Cu, respectively. The content of min-
erals in food products was expressed in mg 100 g–1 dry mass, while the
degree of release for a mineral (its potential bioavailability) was expressed
as a percentage of the mineral released vs its total content.

Statistical analysis
The experimental results were given as means ± SD of three parallel

measurements. The statistical analysis was carried out using Statistica 7.0
software and Anova was performed at the significance level α=0.05.
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RESULTS AND DISCUSSION

Table 2 shows the total content of minerals in shelled pea. This table
also presents the amount of minerals (mg) released from 100 g of products
(the control sample). This index may reflect their potential bioavailability.
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Table 3 presents the degree of release of minerals in samples with or
without the drugs. In some cases, the analysed drugs affected the degree of
release of minerals from pea. It was found that Indapen  caused a markedly
lower release of magnesium, iron and zinc from shelled pea when compared
with the control sample. The amount of available copper was significantly
lower in samples with Cardilopin than in samples without any drugs. Moreo-
ver, Metocard markedly reduced the release of magnesium from the product.
Apo-perindox did not affect the release of analysed minerals from shelled pea.

Like all chemical compounds, pharmaceuticals may interact with nutri-
ents. These interactions can lead to reduced or increased release of miner-
als from food and may affect the bioavailability of minerals.

ACE inhibitors, e.g. captopril and enalapril, have functional groups such
as sulphydryl groups or carboxyl groups, whose capacity for binding zinc
determines the mineral status of the organism (GOLIK et al. 1998). Angi-
otensin converting enzyme inhibitors bind metal ions (iron, copper and zinc)
and through this mechanism drugs may interfere with metal-catalyzed reac-
tions (free radical generation) or metal absorption and excretion (FERNANDES

et al. 1996, LEARY et al. 1992). In our previous study, we observed some
interaction between perindopril and magnesium and iron (SULIBURSKA et al.
2011a). Contrary to that finding, in the present experiment, perindopril did
not markedly affect the release of minerals from shelled pea.

In this study, metaprolol decreased the concentration of magnesium in
the supernatant after digestion. No information was found in literature which
would indicate direct interaction between metoprolol and magnesium or other
elements. However, another β-blocker – carvedilol – is a metal chelator and
exhibits antioxidant activity (OETTL et al. 2001).  It was also found that pro-
pranolol (a β-blocker) and verapamil (a Ca-antagonist) have significant inhib-
itory impact on peroxidation in tissues in the presence of iron ions (ARUOMA

et al. 1991).
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Several studies have shown that administration of indapamide is associ-
ated with hyponatremia and other electrolytic disorders, especially hypoma-
nesemia and depressed zinc in the organism (KHEDUN et al. 1995, PAK 2000,
YONG et al. 2011). It is known that indapamid forms complexes with copper
when the conditions are suitable (RADI 2003). Under the in vitro digestion
performed in this study, indapamid did not result in the release of copper,
but decreased the release of the other minerals, i.e. magnesium, zinc and
iron. In our previous study, indapamid affected potential bioavailability of
copper from buckwheat (SULIBURSKA et al. 2011a). Moreover, in another ex-
periment we found out that amlodipin and indapamid induced an evident
increase in the activity of pepsin (SULIBURSKA et al. 2009a). Higher activity of
digestive enzymes can influence the release of minerals from complexes with
other components in shelled pea. Both Cardilopin (amlodipine) and Indapen
(indapamid) significantly decreased the release of some minerals from the
product.

These differences, observed in our previous and the present experiments,
may have been caused by the fact that buckwheat groats and pea differ
significantly in terms of their composition. Pea contains much more pro-
teins and fiber but less fat than buckwheat groats (PERIAGO et al. 1998,
CHRISTA, SORAL-ŒMIETANA 2008). Individual ingredients in a product may inter-
act with drugs, thus affecting the release of minerals. Moreover, the differ-
ences in the results from our experiments on buckwheat and pea may be
due to their effect on pH. Buckwheat is acidic and this can enhance the
effects of indapamine and amlodipine on pepsin. In contrast, pea is alkaline
and the effect of these drugs on pepsin in its presence could be weakened.

CONCLUSIONS

1. Indapamide, amlodipine and metoprolol affected the release of magne-
sium, iron, zinc and copper from shelled pea in vitro enzymatic digestion.

2. Hypotensive drugs may diminish the potential bioavailability of min-
erals.
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