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In Vitro Effects of Liquid Cardiac Drugs on Human
Catalase Enzyme

Sivi Kalp llaclarinin insan Katalaz Enzimi Uzerindeki
In Vitro Etkileri

ABSTRACT

Objective: When liquid medications are administered intravenously, the first cellular
defense encountered by the drug is erythrocytes. Catalase is the main antioxidant system in
erythrocytes. Drug-related catalase inhibition can cause adverse effects. Although catalase
is a well-known enzyme, studies investigating drug-catalase interactions are scarce in the
literature. Therefore, we investigated the impact of liquid cardiac drugs on human erythrocyte
catalase activity in vitro.

Method: Catalase activity was determined by a spectrophotometric method using a procedure
developed by Aebi. Liquid cardiac drugs were incubated with human blood in vitro. IC50 values
were compared among the drugs.

Results: The most potent inhibitors were noradrenaline (IC.: 4.61 pM), adrenaline (IC;:
32.58 pM), and amiodarone hydrochloride (IC.: 41.86). Dopamine hydrochloride (IC,;:
429.15 pM) and lidocaine hydrochloride (ICSO: 453.1 pM) showed less inhibitory effects on
catalase activity compared with adenosine (IC,;: 58.49 pM), atropine sulfate (IC,: 68.75
pM), dobutamine hydrochloride (IC,,: 80.79 pM), glyceryl trinitrate (IC,;: 86.66 pM), and
heparin sodium (IC: 92.4 yM).

Conclusion: Noradrenaline, adrenaline, and amiodarone hydrochloride have strong inhibitory
effects on catalase activity. Catalase inhibition may be responsible for the side effects of
these drugs. Therefore, when these drugs are used in treatment, their dosages and duration
of administration should be carefully controlled to prevent adverse effects due to catalase
enzyme inhibition.
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OzET

Amag: intravendz ilaglar damara uygulandiginda, ilacla ilk karsilasan savunma mekanizmasi
eritrositlerdir. Katalaz, eritrositlerde bulunan temel antioksidan enzimdir. ilaca bagli katalaz
inhibisyonu, ilag yan etkilerine yol agabilir. Katalaz iyi bilinen bir enzim olmasina karsin,
literattrde ilac-katalaz etkilesimini arastiran calisma sayisi siniridir. Bu nedenle bu calismada,
sivi kardiyak ilaglarin katalaz aktivitesi Uzerindeki etkileri in vitro olarak arastirildi.

Yontem: Katalaz aktivitesi, Aebi tarafindan gelistirilen ve spektrofotometrik temele dayanan
yontem kullanilarak degerlendirildi. Ilaclar in vitro kosullarda insan kani ile etkilesime tabi
tutuldu. Elde edilen IC,, degerleri karsilagtinldi.

Bulgular: En glgli katalaz inhibitorleri noradrenalin (IC,: 4,61 pM), adrenalin (IC,;: 32,58
pM) ve amiodaron hidroklorir (IC,;: 41,86 uM) olarak belirlendi. Dopamin hidroklortrin (IC,:
429,15 pM) ve lidokain hidroklorlriin (ICSO: 453,1 pM) katalaz inhibisyonu Uzerindeki etkilerinin
oldukga dstik oldugu saptand. Diger ilaglarin IC, degerleri ise adenozin iin 58,49 pM, atropin
sUlfat igin 68,75 pM, dobutamin hidroklor(r icin 80,79 pM, gliseril trinitrat icin 86,66 pM ve
heparin sodyum igin 92,4 pM olarak bulundu.

Sonug: Noradrenalin, adrenalin ve amiodaron hidroklorlr, katalaz enzimi Uzerinde gUgld
inhibitor etkiye sahiptir. Katalaz inhibisyonu, bu ilaglarin yan etkilerinden sorumlu olabilecek
mekanizmalardan biri olabilir. Bu nedenle s6z konusu ilaglar tedavide kullanilirken, katalaz
inhibisyonu ile iliskili olasi yan etkilerin énlenmesi amaciyla ilag dozlari ve uygulama s(releri
dikkatle kontrol edilmelidir.

Anahtar Kelimeler: Katalaz, inhibisyon, in vitro
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Catalase is a tetrameric enzyme containing four polypeptide
chains, each consisting of more than 500 amino acids. It
contains four heme (porphyrin) groups that enable the enzyme
to react with hydrogen peroxide (H,0,)." Catalase catalyzes the
decomposition of H,0, into water and molecular oxygen without
the formation of free radicals.? Catalase is a ubiquitous enzyme
found in almost all organisms exposed to oxygen.3

Oxidative stress causes the production of hydrogen peroxide
and free radicals. Reactive oxygen species, such as the hydroxyl
radical, superoxide radical, and hydrogen peroxide, are produced
during metabolism. These radicals attack and damage DNA,
lipid membranes, and proteins. These oxidant products affect
membrane lipids and make the cell membrane more fragile.* The
toxic effects of oxidative agents are eliminated by enzymatic and
non-enzymatic antioxidant defense systems. Enzymatic defense
systems include catalase, superoxide dismutase, glutathione
reductase, glutathione peroxidase, and glutathione S-transferase.>¢
Gaetani et al.” reported that dependence on glutathione reductase
and glutathione peroxidase mechanisms did not increase until
more than 98% of catalase was inactivated. Catalase is the primary
regulatory mechanism protecting the body from the toxic effects of
hydrogen peroxide and reactive oxygen species.® As an antioxidant,
catalase removes toxic free radicals and hydrogen peroxide that
may contribute to oxidative stress-related diseases at the cellular
level. Furthermore, Tarnai et al.” showed that erythrocyte catalase
activity is the main regulator of free radical and hydrogen peroxide
metabolism, and that any deficiency in catalase may lead to the
accumulation of hydrogen peroxide derivatives with toxic effects.

Erythrocytes are the first tissues to interact with foreign
substances entering the body or with intravenously administered
drugs. Therefore, erythrocyte catalase comes into direct contact
with drugs. Any inherited or drug-related deficiencies in catalase
may increase the toxic effects of oxygen radicals and hydrogen
peroxide.®

In recent years, interest in drug-enzyme interaction studies has
increased. Some drugs have toxic side effects, and understanding
the mechanisms underlying these effects is important for
diagnosis and treatment. Although catalase is a well-known
enzyme, catalase inhibition related to cardiac drugs has not been
sufficiently investigated. Therefore, this study aimed to investigate
and compare the effects of cardiac drugs on catalase activity.

Materials and Methods

Potassium dihydrogen phosphate, dimethyl sulfoxide (DMSO),
and hydrochloric acid used in the study were obtained as
analytical-grade reagents from Sigma-Aldrich Co.

This study was conducted in vitro using blood samples obtained
from five female and five male participants aged between
20 and 40 years who presented to the cardiology outpatient
clinic and were found to be healthy after clinical examination.
Participants who smoked cigarettes, consumed alcohol, or
used any medications were excluded from the study. Samples
were centrifuged at 1000 x g for 20 minutes at 4°C, and the
supernatant was removed. The packed erythrocytes were
washed three times with 0.9% NaCl and then hemolyzed in
cold water. The pH of the hemolysate was adjusted to 8.5 with
a solid Tris base.
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ABBREVIATIONS

BSA Bovine serum albumin
DMSO Dimethyl sulfoxide
H,0, Hydrogen peroxide

The detailed optimization of the purification method was
described in the study by Cikrikci et al.”® As a result of affinity
gel optimization studies, it was determined that the most
appropriate equilibration buffer was 25 mM Tris base/0.05 M
NaCl (pH: 8.5), while the most appropriate washing buffer was
25 mM Tris base/26 mM NaCl (pH: 9.5).

Subsequently, purification was performed using Na,HPO, (pH:
5) buffers prepared at different concentrations (0.05 M, 0.1 M,
0.15 M, and 0.2 M). The highest activity for the elution buffer
was obtained with 0.2 M Na,HPO, (pH: 5). Purification was
carried out using all prepared optimum buffer solutions. The 25
mL hemolysate was applied to an affinity column containing
o-aminohexyl agarose-1,2,3-triazole-5-carboxylic acid, pre-
equilibrated with 25 mM Tris base/0.05M NaCl (pH: 8.5). The
affinity gel was washed with 25 mM Tris base/26 mM NaCl (pH:
9.5) buffer, and catalase was eluted with 0.2 M Na,HPO, (pH: 5).

Catalase activity was determined by a spectrophotometric
method using a procedure developed by Aebi."" According to
this method, the H,0, substrate added to the experimental
environment is converted into water and oxygen by catalase.

One unit of catalase activity (enzyme units, EU) was defined as
the amount of enzyme that catalyzed the decomposition of 1
pmolH,0, (30 mM) at 25°C in phosphate buffer (50 mM, pH 7.0)
in 60 seconds. Enzyme activity was determined by measuring the
decrease in H,0, absorbance at 240 nm. Activity was calculated
as the amount of enzyme (EU) that consumes 1 pmol H,0, per
minute, using an extinction coefficient of ¢ = 0.04 mmol™ x cm™
at 240 nm. The inhibitory effects of the drugs on catalase activity
were tested in vitro. All measurements were repeated at least
three times for each sample. Quantitative protein determination
was performed at 595 nm using the Bradford method. Bovine
serum albumin (BSA) was used as a standard, and a purification
table was prepared. To assess the purity of the purified catalase
and determine its molecular weight, SDS-PAGE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis) was performed
according to the Laemmli method.

In this study, the H,0, substrate was used to determine the
IC,, values of the drugs. The inhibitor concentration required
to reduce catalase activity by 50% (IC,,) was calculated from
plots of activity (%) versus inhibitor level. All drugs used in
this study inhibited the catalase enzyme at micromolar levels.
Catalase activity was measured in the presence of different
drug concentrations, and percentage activities were calculated.
Control activity in the absence of drugs was accepted as 100%.

For most of the tested cardiovascular drugs, dose-specific Cmax
values are not reported in official product information because
of continuous intravenous infusion and rapid pharmacokinetics.
Therefore, only approximate steady-state plasma concentrations
reported in clinical pharmacokinetic studies can be used for
comparison. These concentrations are generally several orders
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Table 1. Summary of the purification procedure for human erythrocyte catalase using ®-aminohexyl agarose-3-amino-1,2,4-

trizole-5-carboxylic acid affinity column chromatography

Purification Total colume  Activity Total activity Protein Total protein  Specific activity  Yield Purification
step (mL) (EU/mL) (EU) (mg/mL) (mg) (EU/mg) (%) (Fold)
Hemolysate 10 120.5 1205 1570.20 15702 0.077 100 -
Catalase 3 146.7 440 4.02 12.06 36.484 2.72 473.8
EU, Enzyme units.

Table 2. IC,, values of cardiac drugs for catalase inhibition

Drug IC,, (pM) Cmax (pM)

Noradrenaline 4.61 0.6

Adrenaline 32.58 0.3

Amiodarone hydrochloride 41.86 3.70

Adenosine 58.49 0.80

Atropine sulfate 68.75 0.07

Dobutamine hydrochloride 80.79 3.0

Glyceryl trinitrate 86.66 0.022

Heparin sodium 92.4 0.70

Dopamine hydrochloride 429.15 3.0

Lidocaine hydrochloride 453.1 18

IC50 values are presented as the mean + standard error of the mean of
three parallel measurements (P < 0.05).

of magnitude lower than the IC,, values obtained in vitro.
Therapeutic plasma concentrations of the tested cardiac drugs
were obtained from established pharmacological references and
clinical pharmacokinetic studies.' Concentration ranges were
converted to micromolar units using molecular weight values to
allow comparison with IC, values.

Enzyme activity (%) values at different concentrations of each
drug were determined by statistical analysis using Microsoft
Office 2010 Excel. Enzyme activity in the absence of drugs
was accepted as 100% activity. IC50 values (50% inhibition
of enzyme activity) were determined using activity (%)-drug
concentration graphs. Statistical analyses were performed using
one-way analysis of variance (ANOVA).

The study was approved by Balikesir University University of
Health Sciences Non-Interventional Research Ethics Committee
(ApprovalNumber: 17.12.2024, Date: 2024/234), and conducted
in accordance with the Declaration of Helsinki. Informed consent
was obtained from all participants. Authors declare they did not
use artificial intelligence (Al)-assisted technologies (such as
large language models [LLMs], chatbots, or image creators) in
the production of this study.

Results

Quantitative protein determination was performed using the
Bradford method for catalase purified from human erythrocytes
by affinity chromatography. Catalase was purified from human
erythrocytes with a specific activity of 39.801 EU/mg, a 473.8-fold
purification, and a yield of 2.72% (Table 1). To determine enzyme
purity and molecular mass, SDS-PAGE was performed, and a single
band was observed at an approximate molecular weight of 60 kDa
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Figure 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) of human erythrocyte catalase (CAT) purified using an
affinity gel. Line 1: Protein standards (a: 180 kDa, b: 130 kDa, c:
100 kDa, d: 70 kDa, e: 55 kDa, f: 40 kDa, g: 35 kDa, h: 25 kDa). Line
2: Human erythrocyte CAT.

(Figure 1). The activity of purified catalase was assayed at different
temperatures (10, 20, 30, 40, 50, and 60°C), and the optimum
reaction temperature was determined to be 30°C.

The inhibitory effects of liquid cardiac drugs commonly used in the
treatment of cardiac diseases on catalase activity were evaluated
in this study. The most potent inhibitors were noradrenaline
(IC,,: 4.61 pM), adrenaline (IC,,: 32.58 pM), and amiodarone
hydrochloride (IC,,: 41.86 pM). Dopamine hydrochloride (IC:
429.15 pM) and lidocaine hydrochloride (IC,;: 453.1 pM)
showed less inhibitory effects on catalase activity compared with
adenosine (IC.: 58.49 pM), atropine sulfate (IC,: 68.75 pM),
dobutamine hydrochloride (IC.: 80.79 pM), glyceryl trinitrate
(IC,,: 86.66 pM), and heparin sodium (IC,: 92.4 uM). Activity
(%)-inhibitor level graphs were plotted for all drugs, and IC,;
values were calculated from these graphs (Figure 2, Table 2).

Discussion

In this study, the in vitro effects of liquid formulations of
frequently used cardiac drugs on erythrocyte catalase activity
were investigated.

Noradrenaline (IC,: 4.61 pM), adrenaline (IC.;: 32.58 pM),
and amiodarone hydrochloride (IC,: 41.86 pM) were identified
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Figure 2. Inhibition curves of drugs on catalase activity (noradrenaline,
adrenaline, amiodarone hydrochloride, adenosine, atropine sulfate,
dobutamine hydrochloride, glyceryl trinitrate, heparin sodium,
dopamine hydrochloride, and lidocaine hydrochloride).

as the most potent catalase inhibitors in our study. Dopamine
hydrochloride (IC.;: 429.15 pM) and lidocaine hydrochloride
(IC,,: 453.1 pM) showed minimal effects on catalase activity.

Many diseases are associated with malfunction, deficiency,
or inhibition of the catalase enzyme. These diseases can be
classified into neurological, metabolic, and other categories.
Parkinson's disease, Alzheimer's disease, bipolar disorder, and
schizophrenia are neurological disorders; type 1 and type 2
diabetes mellitus, osteoporosis, and hypertension are metabolic
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diseases; and Crohn's disease, gastric and colorectal cancer,
asthma, acatalasemia, anemia, Wilson's disease, Helicobacter
pylori-infected gastritis, and vitiligo are other disease groups
associated with catalase enzyme dysfunction.'-"6

The importance of catalase has been well recognized for many
years. Although a large amount of data is available on catalase,
there are few reports in the literature addressing enzyme-
related drug side effects and drug-catalase interactions.
Drugs reported to interact with catalase include piroxicam,
ketoprofen, diclofenac sodium, sulfamethoxazole, nidazole,?
sodium nitroprusside,’” efavirenz, lamivudine, nevirapine,
abacavir,? oxytetracycline,’® 4-aminoantipyrine,' acetylsalicylic
acid, ampicillin sodium, paracetamol, potassium penicillin,
amoxicillin, and gentamicin sulphate.?

As mentioned above, catalase dysfunction, deficiency, or
inhibition causes a wide variety of diseases and symptoms.
Because of this broad spectrum of diseases and symptoms, it
is difficult to directly attribute the side effects of drugs that
potently inhibit catalase solely to catalase inhibition. Catalase
may also be indirectly or partially involved in the side effects of
these drugs. In the present study, noradrenaline, adrenaline, and
amiodarone hydrochloride were identified as the most potent
catalase inhibitors.

Amiodarone is a class Il antiarrhythmic drug commonly used to
treat atrial and ventricular arrhythmias.?" It affects all phases of
the cardiac action potential. Amiodarone causes serious dose-
and duration-related side effects and toxicity?? in many organs,
including the lungs, thyroid, heart, liver, gastrointestinal tract,
skin, and eyes, during and after treatment. These adverse effects
include hyperthyroidism, hypothyroidism, pulmonary fibrosis,
corneal microdeposits, liver dysfunction, and myopathy.?324

Oxidative stress is thought to be the main factor in amiodarone-
induced damage. Amiodarone has been shown to cause oxidative
damage through a decrease in antioxidants and an increase in
reactive oxygen species.?

Silva Santos et al.?¢ showed that amiodarone causes oxidative
damage to proteins and lipids and decreases catalase and
superoxide dismutase activities. In our study, amiodarone was
also found to be a potent catalase inhibitor, consistent with
the findings of Silva Santos et al.2® We suggest that one of the
reasons for the common side effects observed with amiodarone
may be related to catalase inhibition. Given the significant role of
oxidative stress in amiodarone-related toxic effects, antioxidant
therapies may represent promising strategies to reduce these
toxic effects in the future.

Adrenaline is widely used worldwide in cardiopulmonary
resuscitation and the treatment of shock. Adrenaline acts
through alpha- and beta-adrenergic receptors, leading to
vasoconstriction, increased heart rate, and enhanced myocardial
contractility.?” Similarly, noradrenaline is commonly used as a
vasoactive drug in treatment.

Although adrenaline and noradrenaline are frequently used as
inotropes in the treatment of cardiogenic shock in intensive
care units, evidence supporting their effectiveness and safety is
limited. They have not been shown to have a positive effect on
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mortality and are reported to have numerous side effects in many
studies.®®? Harmful effects of inotropes include progressive
cardiac remodeling and arrhythmias, which may lead to adverse
outcomes.?9-32 These effects become more pronounced with
prolonged treatment. Adrenaline can undergo auto-oxidation to
generate H,0, and other free radicals.* Free radical species can
disrupt the polyunsaturated phospholipids of cell membranes
through lipid peroxidation.?* Loss of membrane integrity results
in cell death. Louis et al.3® reported that noradrenaline toxicity
caused widespread cell death via noradrenaline-mediated auto-
oxidation products. Similarly, adrenaline induces genotoxic
effects on DNA mainly through the generation of reactive
oxygen species.

Another factor affecting catalase activity is glucose. Both
adrenaline and noradrenaline stimulate B-adrenergic receptors
in pancreatic tissue and increase glucagon secretion, resulting
in elevated blood glucose levels. It has been suggested that
increased blood glucose inhibits catalase activity.3¢37 This
mechanism may help explain catalase inhibition by inotropic
agents.

In our study, adrenaline and noradrenaline were identified as
potent catalase inhibitors. Catalase inhibition may therefore
represent one of the mechanisms responsible for the side effects
of these drugs.

A common feature of adrenaline, noradrenaline, and amiodarone
is that they are associated with numerous side effects and
toxicities, the incidence of which increases with prolonged
treatment. Long-term treatment with these drugs may induce
chronic oxidative stress. We conclude that catalase inhibition
may be one of the mechanisms contributing to the adverse
effects of these drugs.

In our study, lidocaine was the drug that inhibited catalase
activity the least. Cano-Europa et al.3® showed that lidocaine
enhances catalase activity in the amygdala in a rat model. In
that study, lidocaine may have stimulated antioxidant defense
responses by altering reactive oxygen species production.
Similarly, Lee et al.*®* demonstrated that lidocaine dose-
dependently protects endothelium-dependent vasorelaxation
against reactive oxygen species-induced damage via hydrogen
peroxide scavenging in a rabbit abdominal aorta model.
These studies indicate that lidocaine does not inhibit catalase
activity in oxidative stress models; on the contrary, it has been
associated with increased catalase activity in response to
oxidative stress.

Limitations

First, the results of this in vitro study need to be supported by
human and animal studies. Second, liquid medications are often
used during hospitalization and are typically discontinued or
switched to tablet (oral) formulation upon discharge. Therefore,
the duration of patient exposure to liquid medications is shorter
than that of tablet formulations. The metabolism of the tablet
formulations in the body may differ from that of intravenous
forms. After oral administration, tablets are absorbed from the
intestines and subsequently enter the bloodstream. During this
process, these drugs are exposed to stomach acid, interact with
intestinal microbiota and other intestinal enzymes, and are
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rapidly metabolized by the liver. In contrast, liquid medications
administered intravenously come into direct contact with
the blood and interact with erythrocyte catalase. Therefore,
investigating the interaction of catalase with tablet formulations
may also be beneficial. Third, this study investigated only
catalase-drug interactions. Studies including other oxidative
stress markers would be valuable for further evaluation of drug-
related side effects. Additional oxidative stress biomarkers
were not assessed, which limited the comprehensiveness of
the oxidative status evaluation. Fourth, sex-specific analyses
were not performed, which may limit the generalizability of
the findings across sexes. Fifth, the IC,; values obtained in our
experiments were higher than typical plasma concentrations,
which may reduce the direct clinical relevance of the results.
Sixth, the absence of positive controls (known catalase
inhibitors) limits the contextual interpretation of the magnitude
of inhibition observed. Seventh, although our data suggest that
catalase inhibition may play a role in the underlying mechanism
of the observed side effects, a direct causal clinical relationship
cannot be established. Further studies are needed to confirm this
potential association.

Conclusion

Our study demonstrated that adrenaline, noradrenaline,
and amiodarone have strong inhibitory effects on catalase
activity. A common feature of these drugs is their association
with numerous side effects and toxicities. We conclude that
catalase inhibition may be one of the mechanisms responsible
for the adverse effects of these drugs. Therefore, when
these drugs are used in clinical treatment, their dosages and
duration of administration should be carefully controlled to
prevent side effects related to catalase enzyme inhibition.
These results are of interest for further research on catalase-
drug interactions. Our data suggest that catalase inhibition
may be involved in the mechanisms underlying the observed
adverse effects; however, direct clinical causality cannot be
established. Additional studies are needed to validate this
potential association.
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