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Abstract

Inhibitory effects of some antibiotics on purified human erythrocyte glutathione reductase were investigated. Human erythrocyte
glutathione reductase was purified 2800-fold (29% yield) at 4°C using 2/, 5'-ADP Sepharose 4B affinity gel and Sephadex G-200
gel filtration chromatography. SDS polyacrylamide gel electrophoresis showed a single band for the enzyme. Imipenem, rifamycin,
sulfanylacetamide, ceftazidime, chloramphenicol, seftriaxon, vancomycin, cefuroxime and ornidazole exhibited inhibitory effects
but clindamycin, lincomycin, amoxicillin, amikacin exhibited activatory effects on the enzyme in vitro. The 1Cs, values of
imipenem, rifamycin, sulfanylacetamide, ceftazidime, chloramphenicol, seftriaxon, vancomycin, cefuroxime and ornidazole were
0.030, 0.146, 0.59, 2.476, 2.36, 2.88, 4.83, 15.43 and 19.632mM, respectively, and the K; constants were 0.06 = 0.01,
0.275 £ 0.10, 0.85 £ 0.05, 3.59 = 0.51, 3.85 = 0.40, 3.71 = 0.60, 15.11 £ 2.50, 23.50 = 2.94 and 28.49 = 6.50mM,
respectively. While imipenem, rifamycin, sulfanylacetamide, ceftazidime, chloramphenicol and seftriaxon cefuroxime and
ornidazole showed competitive inhibition, vankomycine displayed noncompetitive inhibition.
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Introduction also been reported in several diseases, such as acquired
immune deficiency syndrome (AIDS) [4], Parkinson’s
disease [5] and diabetes [6,7]. A major role of GSH in
erythrocytes is the prevention of hemoglobin denatura-
tion, preserving the integrity of erythrocyte membrane
sulthydryl groups and detoxification of the xenobiotics
and reactive oxygen species in red blood cells [8]. GR
has been purified from erythrocytes, using different
purification procedures all of which involve several
chromotographic steps [9—14]. The effects of many
commonly used drugs on human, sheep and rat
erythrocytes GR enzyme activities have been investi-

Glutathione (y-L-glutamyl-L-cysteinylglycine; GSH)
has many important functions: It is an antioxidant, is
involved in the detoxification of xenobiotics, and serves
as a cofactor in isomerization reactions [1]. Gluta-
thione has an important role in the synthesis and
degradation of proteins, regulation of enzymes,
formation of the deoxyribonucleotid precursors of
deoxyribonucleic acid (DNA) and protection of cells
against free radicals and reactive oxygen species [2].
Responsible for the reduction of GSSG to GSH is the
enzyme glutathione reductase (GR; NADPH: oxidized

glutathione oxidoreductase, EC 1.6.4.2), a flavopro-
tein which uses NADPH as electron donor for the
reduction reaction. GR enables several vital functions
of the cell, such as the detoxification of free radicals and
reactive oxygen species as well as protein and DNA
biosynthesis, by maintaining a high ratio of
GSH/GSSG [3]. Decreased glutathione levels have

gated [15—18]. However, no reports could be found in
the literature on the effects of imipenem, rifamycin,
sulfanylacetamide, ceftazidime, chloramphenicol, sef-
triaxon, vancomycin, cefuroxime and ornidazole on
human erythrocyte GR.

The aim of this study was purifying human
erythrocyte GR and the determination of inhibition
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or activation effects of some antibiotics on the
purified GR.

Materials and methods
Materials

Sephadex G-200, NADPH, GSSG, protein assay
reagents and chemicals for electrophoresis were
obtained from Sigma Chem. Co. 2/, 5-ADP Sepha-
rose-4B was obtained from Pharmacia. All other
chemicals used were of analytical grade and obtained
from either Sigma-Aldrich or Merck.

Activity determination

Enzymatic activity was measured by Beutler’s method
[19]. One enzyme unit is defined as the oxidation of
1 pmol NADPH per min under the assay condition at
25°C, pH 8.0.

Preparation of the hemolysate

Fresh human blood samples were collected in tubes
containing EDTA, then centrifuged (15 min,
2,500 X g) and plasma and buffy coat (leucocytes)
were removed. The packed red cells were washed three
times with KCI1 (0.16 M), hemolyzed with 5 volume of
ice-cold water and then centrifuged (48°C, 10,000 X g,
for 30 min) to remove the ghosts and intact cells [15].

Ammonium sulphate precipitation

The hemolysate was subjected to precipitation with
ammonium sulphate (between 30% and 70%).
Enzyme activity was determined both in the super-
natant and in the precipitate for each respective
precipitation. The precipitate was dissolved in
phosphate buffer (50 mM, pH = 7.0). The resultant
solution was clear, and contained partially purified
enzyme. This solution was dialysed at 4°C in 1 mM
EDTA + 10 mM K-phosphate buffer (pH 7.5) for 2h
with two changes of buffer [15]. Partially purified
enzyme solution was kept at 4°C.

Purification of the glutathione reductase

2', 5'-ADP Sepharose-4B affinity chromatography. Two
grams of dried 2/, 5'-ADP Sepharose-4B was used for
a column (1 X 10cm) of 10 mL bed volume. The gel
was washed with 300 mL of distilled water to remove
foreign bodies and air, suspended in 0.1 M K-acetate
+0.1 M K-phosphate buffer (pH 6.0), and packed in
the column. After settling of the gel, the column was
equilibrated with 50mM K-phosphate buffer
including 1mM EDTA, pH 6.0, by means of a
peristaltic pump. The flow rates for washing and
equilibration were adjusted to 20 mL/h. The dialyzed
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sample obtained previously was loaded onto the 2/, 5'-
ADP Sepharose-4B affinity column and the column
was washed with 25 ml of 0.1 M K-acetate +0.1 M K-
phosphate, pH 6, and 25ml of 0.1 M K-acetate
+0.1M K-phosphate, pH 7.85. Washing was
continued with 50 mM K-phosphate buffer including
1mM EDTA, pH 7.0, until the final absorbance
difference became 0.05 at 280 nm. The enzyme was
eluted with a gradient mixture of 0 to 0.5 mM GSH
+1mM NADPH in 50 mM K-phosphate, containing
1mM EDTA (pH 7.0). Active fractions were collected
and dialyzed with equilibration buffer. All of the
procedures were performed at 4°C [15].

Sephadex G-200 gel filtration chromatography. Dried
Sephadex G-200 (2 g) was used for a 165 mL column
(2 X 50cm) bed volume. The gel was soaked in
distilled water at 90°C for 5 h. After removal of the air
in the gel, it was loaded onto the column and the flow
rate adjusted to 15mL/h by means of a peristaltic
pump. Then the column was equilibrated with 50 mM
Tris-HCI1 450 mM KClI buffer, pH 7.0, until the final
absorbance difference became 0 at 280nm. The
dialyzed sample was mixed with 5% glycerol. The final
sample was loaded onto the column and elutions were
collected in 2 mL aliquots. In each fraction, enzyme
activity was determined at 340 nm. Active fractions
were collected and stored at — 20°C for testing enzyme
purity by electrophoresis [15].

Protein determination

The protein content in all samples was quantified
spectrophotometrically at 595 nm according to Brad-
ford’s method [20], using bovine serum albumin as
standard.

SDS polyacrylamide gel electrophoresis (SDS-PAGE)

The control of enzyme purity was carried out using
Laemmli’s procedure [21] with 3% and 8% acryl-
amide concentrations for running and stacking gel,
respectively. E. coli -galactosidase (116,000), rabbit
phosphorylase B (97,400), bovine albumin (66,000),
chicken ovalbumin (45,000) and bovine carbonic
anhydrase (29,000) were used as standards (Sigma:
MW-SDS-200).

In vitro drug effects

In order to determine the effects of some drugs
on human GR, concentrations of imipenem
(0.01-0.08 mM), rifamycin (0.116—0.347 mM), sul-
fanylacetamide (0.36—0.72 mM), ceftazidime (0.915—
3.66 mM), chloramphenicol (0.771-3.60 mM), sef-
triaxon (18.89-37.78 mM), vancomycin (3.45-
10.35mM), cefuroxime (4.896-31.824mM),
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Table I. Purification of GR from human erythrocyte.
Total volume Activity Total activity Protein Specific activity  Yield  Purification

Purification step (mL) (U/mL) ) (mg/mL) (Ulmg) (%) factor
Hemolysate 180 0.32 57.80 32 0.01 100 1
Ammonnium sulfate 50 0.75 37.60 35 0.02 65

precipitation (30—70%)
2/, 5'-ADP Sepharose 24 1.35 32.40 0.39 3.45 53.60 345

4B affinity chromatography
Sephadex G-200 gel 20 0.84 16.80 0.03 28 29 2800

filtration chromatography

ornidazole (7.59-37.95mM), were added to the
reaction medium. The enzyme activity in the absence
of drug was used as a control (100% activity). The ICs,
values were obtained from activity (%) vs. drug
concentration plots and regression analysis graphs
were drawn by a statistical package (SPSS-for
windows; version 10.0) (student -test; n = 3).

In order to determine K, constants for the
inhibitors, the substrate (GSSG) concentrations
were 0.015, 0.04, 0.07, 0.10, and 0.15 mM. Inhibitors
(drugs) solutions were added to the reaction medium,
at 3 different fixed concentrations of inhibitors in 1 ml
of total reaction volume. Lineweaver-Burk graphs [22]
were drawn by using 1/V vs. 1/[S] values and K;
constant were calculated from these graphs.

Results

The purification of the enzyme led to a specific activity
of 28 EU/mg protein, a yield of 29% and a purification
coefficient of 2800 (Table I). SDS polyacrylamide gel
electrophoresis was performed after the purification of
the enzyme, and the electrophoretic pattern was
photographed (Figure 1).

IC5¢ values of imipenem, rifamycin, sulfanylaceta-
mide, ceftazidime, chloramphenicol, seftriaxon, vanco-
mycin, cefuroxime and ornidazole were 0.030, 0.146,
0.59, 2.476, 2.36, 2.88, 4.83, 15.43 and 19.632mM,
respectively, and the K; constants were 0.06 = 0.01,
0.275 = 0.10, 0.85 = 0.05, 3.59 £ 0.51, 3.85 = 0.40,
3.71 = 0.60, 15.11 £2.50, 23.50 =2.94 and
28.49 £ 6.50 mM, respectively (Table II).

Discussion

Human GR from erythrocytes was purified in
this study by hemolysate preparation, ammonium
sulphate precipitation, 2/, 5-ADP Sepharose 4B
affinity chromatography and gel filtration chromatog-
raphy. The purified preparation was characterized
with a specific activity of 28 EU/mg protein, a yield
of 29% and a purification coefficient of 2800.
These figures tend to validate the procedure used in
the study. SDS-PAGE showed the high purity of the

enzyme.

The undesirable biological effects of oxidative
agents, such as free radical and reactive oxygen species
(ROS), are eliminated by enzymatic and nonenzymatic
antioxidant defense systems. Enzymatic defense is
provided by many enzyme systems such as glutathione
reductase, glutathione peroxidase, glutathione S-
transferase, superoxide dismutase, catalase, aldoketor-
eductase and DNA repair enzymes [1,23]. Particularly,
GR is essential for the maintenance of cellular
glutathione in its reduced form, which is highly
nucleophilic for many reactive electrophiles [24].

Nitro aromatic compounds can either be strong or
weak inhibitors of erythrocyte GR [26]. Similar results
were obtained in different studies [16-18]. As
summarized by Asahi et al [27], several enzymes
have been shown to be inactivated or modified by NO.
The modifications of these enzymes can be classified
into two groups: NO binding to the iron of iron-
cofactor-containing enzymes such as guanylyl cyclase,
aconitase, cytochrome c oxidase and cyclooxygenase;
and NO interacting with the SH group of enzymes
containing a catalytically essential thiol such as GR

Figure 1. SDS-PAGE bands of GR (Lane 1: Hemolysate; Lane 2:
Ammonium sulfate precipitation; Lane 3-4: Gel filtration
chromatography; Lane 5: Standards: E.Coli Bgalactosidase
(116,000), rabbit phosphorylase B (97,400), bovine albumin
(66,000), chicken ovalbumin (45,000), and bovine carbonic
anhydrase (29,000); Lane 6: 2/, 5'-ADP Sepharose 4B affinity
chromatography.



Table II.  K; and ICs, values obtained from regression analysis
graphs for GR in the presence of different drugs.

Iso K;
Drugs (mM) (mM Inhibition type
Imipenem 0.030 0.060 £ 0.01 Competitive
Rifamycin 0.146 0.275 £ 0.10 Competitive
Sulfanylacetamide 0.590 0.850 £ 0.05 Competitive
Ceftazidime 2.476 3.590 £ 0.51 Competitive
Chloramphenicol 2.360 3.850 + 0.40 Competitive
Seftriaxon 2.880 3.710 £ 0.60 Competitive
Vancomycin 4.830 15.110 = 2.50 Non-competitive
Cefuroxime 15.430 23.500 = 2.94 Competitive
Ornidazole 19.632  28.490 *= 6.50 Competitive

[27]. It was shown that aminoglycosides (streptomy-
cin, gentamycin, netilmycin) generally activate eryth-
rocyte GR [16—18] and we had similar results for
amikacin.

However, to the best of our knowledge, the
inhibitory effects of the drugs described here on
erythrocyte GR have not previously been studied.

In order to show inhibitory effects, while the most
suitable parameter is the K; constant, some research-
ers use the ICs5q value. Therefore, in this study, both
the K; and IC5, parameters of these drugs for GR were
determined.

As shown in Table II, the K; values were 0.06 = 0.01,
0.275 = 0.10, 0.85 = 0.05, 3.59 £ 0.51, 3.85 = 0.40,
3.71 £ 0.60, 15.11 £2.50, 23.50 *2.94 and
28.49 = 6.50mM for imipenem, rifamycin, sulfanyla-
cetamide, ceftazidime, chloramphenicol, seftriaxon,
vancomycin, cefuroxime and ornidazole, respectively,
and the corresponding I1Cs, values were 0.030, 0.146,
0.59, 2.476, 2.36, 2.88, 4.83, 15.43 and 19.632mM,
respectively. K; values and ICs, values show
that imipenem was the most potent inhibitor
followed by rifamycin, sulfanylacetamide, ceftazidime,

100 6 y= 1006723,378)(

Activity%

T T T T
0 0.02 0.04 0.06 0.08 0.1
[Imipenem] mM

Figure 2. Activity % vs [Imipenem] regression analysis graphs for
human erythrocytes GR in the presence of 5 different imipenem
concentrations.
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Figure 3. Lineweaver-Burk graph for 5 different substrate (GSSG)

concentrations and 3 different imipenem concentrations for
determination of K;.

chloramphenicol, seftriaxon, vancomycin, cefuroxime
and ornidazole, respectively.

In this investigation, these drugs showed highly
inhibitory effects on the GR enzyme activity of human
erythrocyte and the use of these drugs may have an
undesirable effect on the enzyme, besides reducing
fatty acid synthesis.

The plasma level of drugs used clinically is as
follows; imipenem ~0.315, rifamycin ~0.0695,
ceftazidime ~0.366, chloramphenicol ~0.617,
seftriaxon~ 0.302, vancomycin ~0.345, cefuroxime
~0.294 and ornidazole ~0.455 mM [25]. By taking
into these concentrations into account, the inhibition
data calculated from plots were found to be ~ > 80%,
~16.4%, ~6.7%, ~11.2%, 0%, ~2.6%, and ~ 1%,
respectively. Here, only the IC5, and Lineweaver-Burk
graphs for imipenem are shown (Figures 2 and 3).
According to these data, if it is required to give
imipenem and rifamycin to patients, their dosage
should be very well controlled to decrease hemolytic
and other side effects.
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