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In vitro effects of some drugs on human red blood cell glucose-6-
phosphate dehydrogenase enzyme activity
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Abstract
In vitro effects of oraeprazole, morphine sulphate, remifentanyl, ketamine and vankomycin were investigated on human red
blood cell glucose-6 phosphate dehydrogenase (G-6PD) (E.C. 1.1,1,49) enzyme activity purified from human red blood cell
by 2', 5'ADP-Sepharose 4B affinity gel. The obtained I50 values of omeprazole, morphine, remifentanil, ketamine and
vankomycin were 3.24, 43.58, 97.6, 64.16 and 0.903 mM, respectively and the Kj constants for omeprazole, morphine and
vankomycin were 8.22 ± 2.055, 25.93 ± 6.482j and 2.71 ± 0.677 mM, respectively and they were non competitive
inhibitors.
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Introduction

Glucose-6 phosphate dehydrogenase (G-6PD) cata-
lyzed the first step of pentose phosphate metabolic
pathway and this is unique source for NADPH
synthesis in red blood cells [1,2], These reactions
appear to be necessary for maintenance of cellular
integrity. NADPH production is decreased in G-6PD
deficiency. The most important role of NADPH is
reduction of glutathione [3,4].

Omeprazole is a proton-pump inhibitor for acid-
related diseases, which is the world's largest-selling
gastrointestinal product [5]. Vankomycin has been
an important drug against bacterial pathogens [6].
Anesthetics are widely used in dental pain, and in
the therapy of chronic and pain and ketamine, or
ketamine hydrochloride, has been used in human
medicine for pediatric burn cases and dentistry [7].
Morphine is a naturally occurring substance in the
opium poppy and it is a potent narcotic analgesic,
its primary clinical use being in the management of
moderately severe and severe pain. After heroin,
morphine has the greatest dependence liability of
the narcotic analgesics in common use [8].

Remifentanyl is a new opioid of the fentanyl family
being an analog of fentanyl (4-piperidyl aniHde)
with a methyl-ester group that allows the molecule
to be hydrolyzed by esterases in plasma and tissues.
Rapid onset and metabolism make it an easy drug
to control for achieving the desired depth of
anesthesia, although these aspects are also the
drug's main drawbacks [9].

Omeprazole, morphine sulphate, remifentanyl,
ketamine and vankomycin are widely used world-
wide as drugs but their inhibition kinetics on human
G-6PD have not been reported in detail. Here we
report for the first time effects on human G-6PD
activity of these drugs. In conclusion, when these
drugs are used in patients with G-6PD deficiency,
their inhibitory effects on this enzyme must be taken
into account.

Materials and methods

Materials

2', 5' ADP-Sepharose 4B was purchased from
Pharmacia. NADP"*", glucose 6-phosphatej protein
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assay reagent and chemicals for electrophoresis were
purchased Sigma Chem. Co. All other chemicals used
were analytical grade and purchased from either
Sigma or Merck.

Preparation of affinity gel

2', 5' ADP-Sepharose 4B C2g dried) gel used for
10 mL column volume was washed with distilled water
to remove foreign bodies and air eliminated. Gel was
suspended in O.IM K-acetate/0.1 M K-phosphate
buffer (pH 6.0) and then packed in a small column
(1 X 10 cm) and equilibrated with the same buffer.
The gel was washed with equilibration buffer by
peristaltic pump. The flow rates for washing and
equilibration were 50mL/h [10].

Preparation of hemolysate

Fresh human blood collected in ependorph tubes with
EDTA was centrifuged at 2500 X g for 15 min and
the plasma and leukocyte coat removed by drip. The
packed red cells were then washed with KCl solution
(0.16M) three times, the samples centrifuged at
2500 X g on each occasion and the supernatants
removed. The erythrocytes were hemolysed with 5
volumes of ice-cold water and centrifuged at 4°C,
10 000 X g for 30 min to remove the ghosts and intact
cells [5,6]. Ammonium sulphate (35-65%) precipi-
tation was made on the hemolysate, the ammonium
sulphate being slowly added for completely dissol-
ution, and the mixture was centrifuged at 5000 X g
for 15 min. The precipitate was dissolved in 50 mM of
phosphate buffer (pH 7.0), then dialysed at 4°C in
50 mM K-acetate/50mM K-phosphate buffer (pH
7.0) for 2h with two changes of buffer [10].

Purification of G~6PD by affinity chromatography

The dialysed sample was loaded on a 2', 5' ADP-
Sepharose 4B affinity column and the gel was washed
with 25 mL of 0.1 M K-acetate/0.1 M K-phosphate
(pH 6.0), with 25 mL of O.IM K-acetate/0.1 M
K-phosphate (pH 7.85), and finally, with O.IM
KCl/O.lM K-phosphate (pH 7.85). Elution was
carried out with 80 mM K-phosphate -I- 80 mM KCl
-H0.5mM NADP'-KlOmM EDTA (pH 7.85)
solution at 20mL/h flow rate. Eluates were collected
in 2 mL tubes and their activity was separately
determined. All of the procedures were performed at
4°C [H]- Quantitative protein determination was
measured spectxophotometrically at 595 nm accord-
ing to Bradford's method, with bovine serum albumin
as a standard [12]. SDS Polyacryamide Gel Electro-
phoresis was conducted on the purified enzyme
according to Laemmli's method using 4% and 10%
acrylamide concentration for stacking and running gel
respectively, containing 0.1% SDS (Figure 1) [13].

Figure 1. SDS-polyacrylamide gel electrophoresis of G-6PD
purified by affinity gel. Lane 1 and 2 are standard albumin
(66.000) and lanes 3-4 are G-6PD.

Measurements of G-6PD activity

G-6PD activity was measured spectrophotometrically
at 25°C according to Beutler's method which depends
on the reduction of NADP^ by G-6PD in the presence
of glucose 6-phosphate. The reaction medium was
maintained at 25''C and contained 0.1 mM Tris-HCl
(pH = 8.5) with 0.5mM EDTA, lOmM MgCla,
0.2 mM NADP^ and 0.6 mM (G6-P) in a total
volume of 1 mL. One unit of enzyme (EU) activity was
defined as the amount of enzyme reducing 1 |i.mol
NADP+ per 1 min at pH 8.5. [14].

Inhibition studies

For I50 values, omeprazole, morphine sulphate,
remifentanyl, ketamine and vancomycin were studied
as inhibitors. Activies were measured for omeprazole
(0.12-5.79 mM cuvette concentration), morphine
sulphate (0.66-52.8mM), remifentanyl (41.28-
206.4mM), ketamine (4.557-91.15 mM) and van-
comycin (0.344-3.44mM). Drugless cuvette activity
was accepted as 100%. For each drug a [Drug]-
activity % graph was drawn at five different inhibitor
concentrations (Figures 2-6). Drug concentrations
which produce 50% inhibition (150) were calculated
from the graphs.

To calculate Ki values for omeprazole, morphine
and vancomycin the substrate concentrations between
were 0.012-0.060mM. Inhibitor solutions were
added to the reaction medium, resulting in three
different fixed concentrations of inhibitors in 2.5 mL
total reaction volume as well as five substrate
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Figure 2. Activity % -[Omeprazole] regression analysis graphs for
human erythrocytes G-6PD in the presence of 5 different
omeprazole concentrations.

concentrations. Using ifV vs 1/[S] values, regression
analysis was carried out and the equations obtained
from the analysis were used to draw Lineweaver-Burk
graphs for each fixed inhibitor concentration. Ki
values were calculated from these Lineweaver-Burk
graphs (Figures 7, 8 and 9).

Statistical analysis

Data are presented as mean ± standard deviation
(SD). Three parallel measurements were analysed by
Student's t test.

Results

Human G-6PD was purified by 2', 5' ADP-Sepharose
4B gel affinty column. As shown in Table I, specific
activity was calculated for the hemolysate and purified
enzyme solution as 62.96 EU/mg protein, a yield of
28.33% and a purification coefficient of 2248-fold.
Purification steps were controlled by SDS-PAGE.
Serutn albumin was used as standard (Figure 1). As
shown Figures 2-6 and Table II, the obtained Igo

[Vankomycin] mM

Figure 4. Activity % -p/ankomycin] regression analysis graphs for
human erythrocytes G-6PD in the presence of 5 different
vankomycin conceDtrations.

values for omeprazole, morphine, remifentanyl,
ketamine and vankomycin were 3.24 mM,
43.58mM, 97.6mM, 64.16mM, and 0.903mM,
respectively. Ki values (Tables II) were calculated
from Lineweaver- Burk graphs (Figures 7 and 8)
and the Kj constants for omeprazole, morphine and
vankomycin were 8.22 mM, 25.93 mM, and
2.71 mM, respectively. These three drugs were found
to be non competitive inhibitors.

Discussion

Currently, there many patients with G-6PD deficiency
disorder in some regions of Turkey and world-wide
G-6PD deficiency is frequently seen in African,
Mediterranean, Middle Eastern and Far Eastern
nations and their lineages with a frequency ranging
from5%-40% [11,15].

Pamaquine used in malaria therapy resulted in some
severe side-effects in some patients [16] i.e. dark
colored urine, jaundice and anemia. Later, G-6PD
deficiency was found in these individuals. Use of this
and some other drugs cause hemolysis and are
connected with complication. The importance of

10 20 30 40

[Morphine sulphate] mM

50 60

Figure 3. Activity % -[Morphine Sulphate) regression analysis
graphs for human erythrocytes G-6PD in the presence of 5 different
morphine sulphate concentrations.

40 60
[Ketamine] mM

Figure 5. Activity % -[Ketamine] regression analysis graphs for
human erythrocytes G-6PD in the presence of 5 different ketamine
concentrations.
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Figure 6. Activity % -[Remifentanyl] regression analysis graphs for

human erythrocytes G-6PD in the presence of 5 different
remifentanyl concentrations.

G-6PD in metabolism has been well known for many
years. GSH is used as an antioxidant defense
mechanism and its production requires NADPH to
be synthesized in the pentose phosphate metabolic
pathway in which G-6PD and 6PGD participate [17].
For this reason, G-6PD and 6PGD have been
considered as antioxidant enzymes [18].

Inhibitory effects of many drugs on G-6PD enzyme
activity in different animal species and human beings
have been reported in many investigations [19]. For
example, it has been reported that thiamphenicol,
amikacin, gentamicin, netilmicin, chloramine-T and
CUSO4 inhibit rainbow trout erythrocyte G-6PD [20].
Effects of many drugs such as antibiotics, analgesic
and anesthetic have been investigated on human G-
6PD [21], sheep erythrocyte G-6PD [22] and sheep
liver G-6PD [23]. Several study reports concerning
strong inhibitory effects of antibiotic and anaesthetic
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Figure 7. Lineweaver-Burk graphs for G-6PD in presence of three
constant omeprazole and live different substrate concentrations.
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Figure 8. lineweaver - Burk graphs for G-6PD in presence of three
constant morphine sulphate concentrations and five different
substrate concentrations.

drugs on erythrocytes G-6PD enzyme have been
published [21,24]. Some anesthetics have been
reported to inhibit Ca^+-ATP as and NaVCa^^
exchanger of the synaptosomal plasma membrane
[25]. The an other study, anesthetics inhibited
Na^,K"^-ATPase, Mg^"^-ATPase and acetylcholin-
esterase activity from rat cerebral cortex [24].

In the present study, an investigation of the effects
of some selected drugs on human erythrocyte G-6PD
was proposed. For this purpose, G-6PD was purified
2248-fold from human erythrocytes in 28.36 yield by
ammonium sulfate precipitation and then 2',5'-ADP
Sepharose 4B affinity chromatography.

Omeprazole is a proton-pump inhibitor for acid-
related diseases. Morphine is a narcotic and anes-
thetics and is widely has been used since the
nineteenth century [5,9]. Ketamine is a non-barbitu-
rate, rapid-acting disassociate anesthetic used on both
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Figure 9. lineweaver-Burk graphs for G-6PD in presence of three
constant vankomycin concentrations and five different substrate
concentrations.
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Table I. Purification scheme of glucose 6-phosphare dehydrogenase from human erythrocytes.

Purification step

Haemolysate
Ammonium sulfate
precipitation (35-65)%
2',5'- ADP sepharose 4B
affinity chromatography

Activity
(EU/ml)

1.2
1.3

3.4

Total
volume (ml)

80
25

8

Protein
(mg/ml)

42.2
0.93

0.054

Total
protein (mg)

3376
23.25

0.432

Total
activity (EU)

96
32.5

27.2

Specific
activity

(EU/mg)

0.028
1.39

62.96

Yield
(%)

100
33.85

28.33

Purification
factor

1
49.64

2248

Table II. K, and Î o values obtained from Lineweaver-Burk graphs for G-6PD in the presence of three fixed inhibitors and five substrate
concentrations for omeprazole, morphine sulphate, and vankomycin. I50 values for remifentanyl and ketamine.

Inhibitor

Omeprazole

Morphine

Vankomycin

Ketamine
Remifentanyl

[I] (mM)

1,200
3.474
5.790
6.600

13.20
26.40
0.688
1.376
2.752
-

-

Ki values (mM)

9.002
8.330
7.330

27.73
23.48
26.58
2.73
2.81
2.59

-

-

Mean K| values (mM)

8.22 ± 2.055

25.93 ± 6.482

2.71 ±0.677

-

-

I50 value (mM)

3.24

43.58

0.903

64.16
97.6

Inhibition type

Noncompetitive

Noncompetitive

Noncompetitive

-

-

animals and humans [7]. Remifentanyl is a short-
acting, esterase-nietabolized opioid analgesic drug
[9]. Vankomycin is a glycopeptide antibiotic and but
has some side effects such as neurotoxicity and
nephrotoxicity [6]. The effects on G-6PD activity of
these drugs (omeprazole, morphine, remifentanyl,
ketamine and vankomycin) was investigated in vitro
and the kinetic constants (K̂  and I50 values) reported.

Ki values were calculated from Lineweaver-Burk
graphs (Figures 7 and 8). K, constants for omeprazole,
morphine and vancomycin were 8.22 mM, 25.93 mM,
and 2.71 mM, respectively (Table II). In addition to Kj
constants, the types of inhibition of the three drugs
were obtained the Lineweaver-Burk graphs, all three
drugs showed non competitive inhibition. As shown
Table I and Figures 2-6, for all these drugs the
inhibitor concentrations causing 50% inhibition were
determined from Activity%- [Drugs] graphs. The
obtained I50 values of omeprazole, morphine, remi-
fentanyl, ketamine and vankomycin were 3.24 mM,
43.58mM, 97.6mM, 64.16mM, and 0.903 mM,
respectively. As evident from I50 values, G-6PD
inhibition by vankomycin is higher than that observed
for the other four compounds. In previous study, it
was shown that vankomycin (I50 = 8 mM) have an
inhibitory effect on sheep lens G-6PD activity in vitro
[25]. In this study we found that human G-6PD
enzyme activity was inhibited by vankomycin.

I50 values of omeprazole, morphine and vankomy-
cin approximate the obtained K̂  values as shown in

Table II. Vancomycin, omeprazole and morphine may
worsen the health of patients who have a deficiency of
the glucose 6-phosphate dehydrogenase enzyme. As
shown in Table II, the inhibitory effects of ketamine
and remifentanyl on human glucose 6-phosphate
dehydrogenase enzyme is lower than the others drugs.

Vankomycin was found to be the most potent
inhibitor although all of these drugs show inhibitory
effects on G-6PD enzyme activity. Owing to the wide
use of these drugs in both human and animals, their
effect on G-6PD activity is important. For this reason,
if these drugs are given to a patient with G-6PD
deficiency, their dosages should be carefully con-
sidered to prevent their side-effect on red blood cells.
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