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Abstract: The detection of glutathione reductase inhibitors (GRIs) has recently ARTICLE HISTORY
become very popular due to their use as malarial and cancer drugs. Today, N

steroidal compounds have several clinical roles due to their potent Rec_elved. Fepruary 25, 2020
immunomodulating and anti-inflammatory properties. In this study, GR Revised: April 02, 2020
inhibitory capacity of some corticosteroids (dexamethasone, prednisolone and  Accepted: May 09, 2020
methylprednisolone) has been reported. Amongst these steroidal molecules

dexamethasone showed the weakest inhibitory effect on GR enzyme. ICso  kev\WORDS

values were determined by drawing % activity-[lI] graphs for these

corticosteroids showing inhibition effects. These corticosteroids have Steroid,

inhibition ranging micromolar for GR with 1Csq values. These corticosteroids — Glutathione reductase,
exhibit very potent inhibitory activity against GR enzyme at low micromolar  |nhibition,

concentrations when compared to well-known GRIs. Oxidative stress,

Cancer

1. INTRODUCTION

Glutathione reductase (EC 1.6.4.2, GR) is a homodimeric enzyme with flavin adenine
dinucleotide (FAD) as a prosthetic group in its active site. This enzyme catalyzes the conversion
of oxidized glutathione (GSSG) to reduced glutathione (GSH) using nicotinamide adenine
dinucleotide phosphate (NADPH) molecules. GR is involved in balancing the intracellular
redox system. For the GR enzyme, both GSSG and NADPH, analogs of their substrates, and
complexes containing many different ligands have been investigated in detail by the enzyme's
high-resolution crystal structures [1-3]. It has been reported that the glutathione reductase
enzyme from Baker’s yeast (Saccharomyces cerevisiae) shows 50% similarity to Escherichia
coli (E. coli) and human GRs and all of them exhibit well-preserved secondary structural
elements [3,4]. Inhibition of the GR enzyme has been studied using many different compounds.
As a result of these trials, it was observed that there was a decrease in GSH / GSSG ratio and
an increase in NAD(P)H / NAD(P)" ratio [4-6]. In some studies, it has been determined that the
inhibition of the GR enzyme does not affect the production of free radicals or the expression of
other enzymes involved in GSH biosynthesis [6-8]. However, the strong activity of the GR
enzyme in cancer cells helps to provide resistance to various chemotherapeutic drugs. High
intracellular GSH levels provide an advantage for tumor cells to survive, especially in lung,
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breast, larynx, colon and bone marrow cancers [7,8]. Considering this situation, it can be seen
that substances that inhibit the GR enzyme can be used for anticancer treatment.

The term steroid is used for a wide variety of molecules with different physiological
effects. More specifically, corticosteroids are a class of chemical that are both synthesized in
the lab and have naturally produced hormonal effects. Glucocorticoids usually regulate
metabolism and inflammation. Mineralocorticoids regulate sodium and water levels.
Corticosteroids are in a spectrum ranging from glucocorticoid effects to only mineracocorticoid
effects, and steroid compounds are selected based on their suitability to a particular treatment
[9]. Many clinical roles of steroid molecules have been associated with potent anti-
inflammatory and immunomodulatory properties [10]. Dexamethasone, prednisolone and
methylprednisolone are synthetic corticoids. All three are used as medicines for many diseases,
especially anti-inflammatory therapy (Table 1).

Table 1. Substances tested, medical usage and molecular structures.
Compound Medical usage Molecular structure

Inflammation, Rheumatoid

Dexamethasone arthritis

Ulcerative colitis, Asthma,
Crohn's disease, Rheumatoid

Prednisolone .
arthritis

Methylprednisolone Acrthritis, Bronchidal
inflammation

In this study, the GR enzyme inhibitory potential of some corticosteroids
(dexamethasone, prednisolone and methylprednisolone) was tried to be determined. For this
purpose, both in silico (docking) and in vitro experiments were carried out.

2. MATERIAL and METHODS
2.1. Measurement of Glutathione Reductase Activity

GR enzyme activity was performed according to the Beutler method [11]. In order to
determine the activity of GR enzyme from baker's yeast, the decrease of NADPH in the
presence of the substrate GSSG (oxidized glutathione) was done by spectrophotometrically at
340 nm under the assay condition at 25°C, 100 mM Tris-HCI buffer pH 8.0 [5].

2.2. Inhibition Studies

First, 1mg of each corticosteroid was dissolved in 1mL DMSO and then diluted to various
concentrations with pure water. To determine GR inhibition activity, five serial dilutions of the
inhibitors were measured. The reaction system was composed of 5-30 pL inhibitor sample, 200
uL buffer (0.1M, pH 8.0: Tris-HCI), 660-695 pL pure water, 50 pL GSSG, 50 pL NADPH and
10 pL enzyme (0.3 units/mL). The reaction was initiated upon addition of the enzyme. The
reaction system was prepared at room temperature in a quartz cuvette. The blank reading was
composed of all chemicals except the inhibitor. The absorbance of the reaction mixture was
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measured at 340 nm within 3 minutes from the start of the reaction on a Thermo Scientific
Evolution 200 Series UV-VIS spectrophotometer. The absorbance for each reaction mixture
was measured three times within 3 minutes of adding the enzyme, and the results were reported
as mean + standard deviation. The inhibition properties are reported as I1Cso values that were
determined graphically from inhibition curves of log inhibitor concentration versus percent of
inhibition. ICsp values represent the concentration of inhibitor required for 50% inhibition of
the enzyme.

2.3. In silico Studies

In silico placement studies were conducted to investigate interactions between ligand
(corticosteroid substance) and amino acid residues around the active site of the GR enzyme
(PDB: 1DNC). In silico docking figures and values are taken from Swissdock (Figure 1 and
Table 2).

3. RESULTS and DISCUSSION

GR, which is an antioxidant enzyme, performs a very important task by performing the
regulation of GSH in the redox metabolism in the cells of many living things. It is involved in
the formation of deoxyribonucleotides in GSH redox hemostasis. The viability of fast-
proliferating cells and cells that are resistant to oxidative stress is relatively dependent on the
regeneration of GSH. Therefore, potential GR inhibitors play an important role in the
development of antitumor and antiparasitic drugs [2,12,13]. In this study, we demonstrated the
in vitro inhibitory effects of prednisolone, methylprednisolone and dexamethasone
corticosteroid drugs on the GR enzyme. These corticosteroid drugs were found to be highly
potent inhibitors of GR enzyme at submicromolar level as shown in the Table 1. The ICso (uM)
values of the compounds was determined as 0.0116, 0.0210 and 0.0352 for prednisolone,
methylprednisolone and dexamethasone, respectively. For carmustine (N, N-bis (2-chloroethyl)
-N-nitro) known as a strong and specific GR inhibitor, the 1Cso value for the same enzyme was
obtained as 647 UM [14]. When the ICso values we obtained for the corticosteroids we used in
our study were compared with carmustine; Approximately 55.77 times prednisolone,
methylprednisolone 30.8 times and dexamethasone 18.38 times lower show the same effect. In
experiments performed on GR enzyme by Grellier et al., [15] it was determined that nitro
aromatic substances containing quinoline ring affect GR enzyme. Therefore, it has been
reported that it can be used as antistimulants and anticancer drugs [15]. In studies conducted by
different research groups on GR enzymes isolated from different sources, some drugs and
chemicals containing different functional groups were found to have an inhibition effect [14-
19]. The aim of these studies in the literature and our study is the same, to identify new drug
molecules in which GR inhibitors can be used in treatment (primarily diseases such as cancer
and malaria). For this purpose, there are two major advantages of trying substances previously
used as drugs. The first is that there is no need to conduct very costly and time consuming
human cytotoxicity experiments. The second is that the production system already exists.

We also made in silico studies of these three corticosteroid drugs, which we determined
to be effective GR enzyme inhibitors. Prediction binding models between these three molecules
and GR enzyme we obtained from PDB through Swisdock program were created. For this
purpose, the fully flexible placement methodology of these ligands and the estimated AG values
and binding models were determined by Swissdock on the simulation of protein residues of the
GR enzyme. Prednisolone was placed in the binding site of methylprednisolone and
dexamethasone GR enzyme. Estimated AG scores and corresponding binding interactions of
fixed inhibitors in GR targets are shown in Table 2. In addition, docking models for three
corticosteroids with GR enzyme are shown in Figure 1. In addition to these data, the graphs we
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use to determine ICso values experimentally for three corticosteroids with GR enzyme are

shown in Figure 2.

Table 2. Inhibition values and docking scores for the enzyme GR used in the research.

Inhibitor GR ICs (UM)* Estimated AG, kcal/mol
Prednisolone 0.0116 + 0.0002 -7.42
Methylprednisolone 0.0210 + 0.0005 -7.23
Dexamethasone 0.0352 + 0.0017 -7.02
Carmustine? 647.00 -

*Mean from at least three determinations. ?Ref [19].

Figure 1. 3D docking binding models of prednisolone, methylprednisolone and dexamethasone with
GR enzyme, respectively.
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Figure 2. ICso inhibition graph of GR enzyme with prednisolone, methylprednisolone and

dexamethasone, respectively.

Medicines are molecules used to treat or prevent diseases. In recent years, both
pharmaceutical companies and scientists have been extensively investigating whether drug
molecules are used outside of the diseases in which they are used for treatment. This is done
because the time to register a new molecule as a medicine is very long and expensive. A
standardized production process in a molecule used as a drug and the completion of all phase
studies provide an important advantage. In this reported study, the inhibition effects of three
different corticosteroid drugs on GR enzyme were tried and also docking studies with human
GR enzyme were done and shown in Figure 1, Figure 2 and Table 2. When the values obtained
in Table 2 are examined, it is seen that both experimental and theoretical data are compatible
for GR enzyme. In our study, it was found that the most effective GR inhibitor from the
corticosteroids tested was prednisolone and the placement score supported this. When these
findings were compared with literature [15-18], it was determined that these three
corticosteroids we tried were very effective GR inhibitors. In the literature, both known as a
strong GR inhibitor (ICso: 647 uM) and used as a cancer drug, carmustine has high toxicity and
causes inhibition of human DNA synthesis, causing various side effects [19]. The GR enzyme
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plays a critical role in thiol homeostasis, maintaining a high GSH / GSSG ratio [20]. Although
physiologically essential, the human cellular GSH pool can also increase tumor formation and
resistance to anticancer drugs. It is also seen as the target enzyme in the treatment of viral
infections such as malaria and HIV [21]. Here we report these three corticosteroids that we use
in our study as potent GR inhibitors. The 1Cso values of these corticosteroids were found to be
18.38 to 55.77 times lower than the carmustine we used as positive control, so these compounds
were considered to be potent GR enzyme inhibitors.

4. CONCLUSION

Resistance in the use of cancer drugs is the most important reason for failure in the
treatment of cancer. Many cancer drugs induce the production of intracellular reactive oxygen
species (ROS) as part of their mechanism of action. Resistance to such drugs develops by
increasing the level of intracellular GSH of the cancer cell. Increasing intracellular oxidative
stress increases the sensitivity of cancer cells to anticancer drugs. GR inhibition is a new
approach that can be used in cancer treatment. GR enzyme inhibitors are similarly seen as the
target enzyme in the treatment of viral infections such as malaria and HIV by increasing the
intracellular oxidative stress level of the host cell. Here we report these three corticosteroid
drugs (prednisolone, methylprednisolone and dexamethasone) that we found to be potent GR
inhibitors in our study. Strong enzyme inhibitors can have inhibitory effects even at very low
concentrations. Therefore, it is thought that their toxicity and, therefore, their side effects will
be less. It showed a very strong inhibitory effect against GR for corticosteroid drugs used in
this study. Blockade of GR occurs as an atherapic method to treat various oncological diseases
or some viral infections. These results indicate that these corticosteroids have the potential to
be used in the treatment of cancer or some viral infections, but should be confirmed by in vivo
and/or clinical trials for more precise results.
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