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bstract

Inhibitory effects of some drugs on hepatic glucose 6-phosphate dehydrogenase from Lake Van fish (chalcalburnus tarischii pallas, 1811) were
nvestigated. For this purpose, initially liver glucose 6-phosphate dehydrogenase was purified 899-fold in a yield of 46.24% by using 2′,5′-ADP
epharose 4B affinity gel. In order to control the purification of enzyme was done SDS polyacrylamide gel electrophoresis. SDS polyacrylamide
el electrophoresis showed a single band for enzyme. A constant temperature (+4 ◦C) was maintained during the purification process. Enzyme
ctivity was determined with the Beutler method by using a spectrophotometer at 340 nm.

Vankomycine, sulfanylamide, sulfanylacetamide, nidazole, ciprofloxacin, amoxicillin and KMnO4 were used as drugs. These drugs exhibited
nhibitory effects on the enzyme.
IC50 values of vankomycine, sulfanylamide, sulfanylacetamide, nidazole, ciprofloxacin, amoxicillin and KMnO4 were 1.88, 0.037, 0.032,
.178, 2.26, 643.5 and 0.0002 mM, and the Ki constants 1.18 ± 0.148, 0.119 ± 0.021, 0.075 ± 0.015, 1.15 ± 0.21, 7.69 ± 0.67, 1007 ± 69, and
.001 ± 0.00022 mM, respectively. While vankomycine and nidazole showed competitive inhibition, others displayed noncompetitive inhibition.
i constants and IC50 values for drugs were determined by Lineweaver–Burk graphs and plotting activity percentage versus [I], respectively.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Glucose 6-phosphate dehydrogenase (E.C.1.1.49; G6PD) is
he key and first enzyme of the pentose phosphate metabolic
athway, catalyzing the conversion of glucose 6-phosphate
o 6-phosphogluconate in the presence of NADP+. The main
hysiological function of G6PD is to produce NADPH and
ibose 5-phosphate. NADPH and ribose 5-phosphate are essen-
ial for reductive biosynthesis, nucleic acid and membrane
ipids synthesis [1–3]. NADP+ is reduced to NADPH by glu-
athione reductase in erythrocytes using glutathione as substrate.
lutathione prevents hemoglobin denaturation, preserves the
ntegrity of red blood cell membrane sulfhydryl groups, and
etoxifies hydrogen peroxide and oxygen radicals in the red
lood cells [4,5]. A decrease in G6PD may result in NADPH
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nd reduced glutathione deficiency in erythrocytes; scarcity of
educed glutathione in erythrocytes causes early haemolysis in
pleen [6].

When one molecule palmitate is synthesized in the biosynthe-
is of fatty acids, 14 NADPH molecules are used. Six of these 14
ADPH molecules come from the pentose phosphate pathway.
ssentially, the pentose phosphate pathway is more active in
dipose tissues compared with muscles, showing that the G6PD
nzyme is very important in the biosynthesis of fatty acids [3,7].
ADPH plays an important role in initiating protein synthesis

8]. Fish in general require more dietary protein than do other
ertebrates. NADPH is essential to the growth and proliferation
rocesses, serving as hydrogen and electron sources for a vari-
ty of reductive biosynthetic reactions, including the synthesis
f fatty acids and cholesterol [9].
The effects of many drugs on rainbow trout, human and rat
6PD enzyme activities have been investigated [10–13]. How-

ver, no reports could be found in the literature on the effects
f vankomycine, sulfanylamide, sulfanylacetamide, nidazole,
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iprofloxacin, amoxicillin and KMnO4 on Lake Van fish liver
6PD.
Vankomycine, sulfanylamide, sulfanylacetamide, nidazole,

iprofloxacin, amoxicillin have been key players against bac-
erial pathogens [14]. KMnO4 is used for Larnea sickness. All
rugs above are used in fish sickness.

The aim of this study was purifying Lake Van fish (Chalcal-
urnus tarischii) liver G6PD and (The pH of Lake Van is 9.5
nd the depth is 450 m) determination of inhibition or activation
ffects of some drugs on Lake Van fish hepatic G6PD activities
ere investigated.

. Materials and methods

.1. Materials

2′,5′-ADP Sepharose 4B was purchased from Pharmacia.
ADP+, glucose 6-phosphate, protein assay reagent, and chem-

cals for electrophoresis were purchased from Sigma Chem. Co.
ll other chemicals were analytical reagent grade and purchased

rom either Sigma or Merck.

.2. Preparation of the homogenate

Wild Lake Van fish samples were obtained from Lake Van
pH 9.5; depth, 450 m) (Van, Turkey). The Lake Van Fish (n = 5)
sed in this study were mature, healthy, adult fish with an average
eight of 80–100 g.
Fresh Lake Van fish liver (8 g) was cut with a knife.

xcess blood, foreign tissues and membranes were removed
rom the samples. Tissue was suspended in 100 ml of 5 mM
hosphate buffer (pH 7.4) containing 458 mM saccharose,
nd was homogenized using a mixer at top speed for 3 min.
hen, the material was homogenized by ultrasonic homoge-
izer for 5 min. After that, the homogenate was centrifuged at
2,100 rpm (21,200 × g) for 60 min, and the supernatant was
emoved. This process was repeated three times and tempera-
ure was maintained at 4 ◦C during the homogenization process
15].

.3. 2′,5′-ADP sepharose 4B affinity chromatography
2′,5′-ADP Sepharose 4B Affinity Chromatography was done
ccording to Ninfali et al. [16], Morelli et al. [17] and Muto and
an [18].

T

e
1

able 1
urification scheme of glucose-6-phosphate dehydrogenase from Lake Van fish liver

urification step Activity
(U/ml)

Total
volume
(ml)

Prot
(mg

omogenate 4.75 28 124
′,5′-ADP sepharose 4B affinity chromatography 4.1 15 0
Materials 143 (2007) 415–418

.4. Activity determination and optimal pH determination

The enzymatic activity was measured by Beutler’s method
19]. One enzyme unit was defined as the enzyme amount reduc-
ng 1 �mol NADP+ per minute.

.5. Protein determination

Quantitative protein determination was spectrophotometri-
ally measured at 595 nm according to Bradford’s method [20],
ith bovine serum albumin being used as a standard.

.6. SDS polyacrylamide gel electrophoresis (SDS-PAGE)

Enzyme purity was determined using Laemmli’s procedure
21], and was carried out in 3% and 8% acrylamide concentra-
ions for stacking and running gel, respectively.

.7. Inhibition studies

In order to determine IC50 values, activities were calculated
ith a 0.60 mM substrate (G6P), 25 ◦C, optimum pH (pH 8.5;
.1 M Tris–HCl) and different inhibitor concentrations. Drugless
uvette activity was taken as 100%. The inhibitor concentrations
ausing 50% inhibition (IC50) were determined from the graphs.

In order to determine Ki constants in the media with or
ithout inhibitor, the substrate (G6P) concentrations were 0.06,
.12, 0.18, 0.24, and 0.30 mM. Inhibitors (drugs) solutions were
dded to the reaction medium, resulting in three different fixed
oncentrations of inhibitors in 1 ml of total reaction volume.
ineweaver–Burk graphs [22] were drawn by using 1/V versus
/[S] values and Ki constant were calculated from these graphs.
egression analysis graphs were drawn using inhibition percent-
ge values by a statistical package (SPSS-for windows; version
0.0) on a computer (Student’s t-test; n = 3).

. Results

G6PD was purified 899-fold in a yield of 46.24% by using
′,5′-ADP Sepharose 4B affinity gel (Table 1). SDS polyacry-
amide gel electrophoresis was performed after the purification
f the enzyme, and the electrophoretic pattern was photographed
Fig. 1). Optimal pH of G6PD has been found as 8.5 in 0.1 M

ris–HCl.

IC50 values of vankomycine, sulfanylamide, sulfanylac-
tamide, nidazole, ciprofloxacin, amoxicillin and KMnO4 were
.88, 0.037, 0.032, 1.178, 2.26, 643.5 and 2.10−4 mM, and

ein
/ml)

Total
protein
(mg)

Total
activity
(U)

Specific
activity
(U/mg)

Yield
(%)

Purification
factor

3.472 133 0.038 100 1
.12 1.8 61.5 34.16 46.24 899
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Fig. 1. SDS-PAGE bands of G6PD (Lane 2; standards: rabbit myosin (205,000),
E. coli �-galactosidase (116,000), rabbit phosphorylase B (97,400), bovine
albumin (66,000), chicken ovalbumin (45,000), and bovine carbonic anhydrase
(29,000)). Lane 1: Lake Van Fish liver G6PD.
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ig. 2. Activity percentage vs. [vankomycine] regression analysis graphs for
ake Van Fish liver G6PD in the presence of five different vankomycine con-
entrations.

he Ki constants 1.18 ± 0.148, 0.119 ± 0.021, 0.075 ± 0.015,
.15 ± 0.21, 7.69 ± 0.67, 1007 ± 69, and 0.001 ± 0.00022 mM,
espectively (Figs. 2 and 3).

. Discussion
It is known that many drugs have adverse effects on the organ-
sm when used for therapeutic or other purposes [23]. These
ffects may be dramatic and systematic [10]. A good example of

a
0
1
t

ig. 3. Lineweaver–Burk graph in five different substrate (G6P) concentrations
nd in three different vankomycine concentrations for determination of Ki.

his is that in 1926 pamaquine used for malaria treatment caused
evere adverse effects in patients within a few days, resulting
n black urination, hyperbilirubinemia, a dramatic decrease in
lood Hb levels, and finally death, which occurred in cases of
evere G6PD deficiency [7]. Similarly, acetazolamide inhibits
arbonic anhydrase (CA) resulting in with severe diuresis [24].
herefore, investigation of the effects of some drugs on the
nzyme activity of glucose 6-phosphate dehydrogenase from
ake Van fish liver is very important.

Lake Van fish liver G6PD enzyme was purified with a 46.24
f yield and 899-fold in 5 or 6 h by using 2′,5′-ADP Sepharose
B affinity gel chromatography (Table 1) in this study. Fig. 1
xhibits the SDS-PAGE done for the determination of purity of
he enzyme. A high purity for the enzyme has been obtained.

Inhibitory effects of many drugs on G6PD enzyme activities
n different animal species and human beings have been reported
n many investigations [10,11,25]. For example, it has been
eported that thiamphenicol, amikacin, gentamicin, netilmicin,
hloramine-T and CuSO4 inhibit rainbow trout erythrocyte
6PD [12,13]. Effects of many drugs such as antibiotics, anal-
esic and anesthetic were investigated on human erythrocytes
6PD [26], sheep erythrocyte G6PD [25] and sheep liver G6PD

27].
However, to the best of our knowledge, the inhibitory effects

f these drugs on G6PD in Lake Van fish liver have not been
tudied.

In order to show inhibitory effects, while the most suitable
arameter is the Ki constant, some researchers use the IC50 value.
herefore, in this study, both the Ki and IC50 parameters of these
rugs for G6PD were determined.

IC50 values of KMnO4, sulfanylacetamide, sulfanilamide,
idazole, vankomycine, ciprofloxacin and amoxicillin were
.0002, 0.032, 0.037, 1.178, 1.88, 2.26, and 643.5 mM,

nd the Ki constants were 0.001 ± 0.00022, 0.075 ± 0.015,
.119 ± 0.021, 1.15 ± 0.21, 1.18 ± 0.148, 7.69 ± 0.67, and
007 ± 69 mM, respectively. Ki values show that KMnO4 had
he highest inhibitor effect, followed by sulfanylacetamide,



418 M. Ciftci et al. / Journal of Hazardous

Table 2
Ki and I50 values obtained from regression analysis graphs for G6PD in the
presence of different drugs concentrations

Drugs Ki (mM) IC50 (mM)

KMnO4 0.001 ± 0.00022 0.0002
Sulfanylacetamide 0.075 ± 0.015 0.032
Sulfanylamide 0.119 ± 0.021 0.037
Nidazole 1.15 ± 0.21 1.178
Vankomycine 1.18 ± 0.148 1.88
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iprofloxacin 7.69 ± 0.67 2.26
moxicillin 1007 ± 69 643

ulfanilamide, nidazole, vankomycine, ciprofloxacin and amox-
cillin, respectively. IC50 values showed the same trend (Table 2).

Inhibitory effect of vankomycine on human erythrocyte
6PD (IC50: 0.903 mM and Ki: 2.7 mM) [28], rainbow trout

rythrocyte G6PD (IC50: 4.789 mM and Ki: 1.466 mM) [29],
nd sheep lens G6PD (IC50: 8 mM) [30] were reported, suggest-
ng higher affinity of Lake Van fish liver G6PD to vankomycine
ompared with sheep lens and rainbow trout erythrocyte G6PD.

In this investigation, these drugs showed highly inhibitory
ffects on the G6PD enzyme activity of Lake Van fish liver. By
sing the obtained Ki and IC50 values, undesirable side effects of
hese drugs on G6PD activity and body metabolism and fatty acid
ynthesis can be reduced. The dosages of drugs used in fishery
arms as follows: vankomycine ∼0.0267, sulfanylamide ∼0.64,
ulfanylacetamide ∼0.5, nidazole ∼0.0234, ciprofloxacin
0.02, amoxicillin ∼0.028 and KMnO4 ∼0.063 mM [14]. By

aking into these concentrations account, the inhibition data cal-
ulated from plots were found to be 1, 100, 100, 1, 1, 1 and
00%, respectively. According to these data, sulfanylamide, sul-
anylacetamide and KMnO4 should not be used in fishery farms,
ut other drugs may be used quite carefully.

Besides, today in the world, the number of fish farmers is
ising and a lot of antibiotics and drugs are used in the treatment
f fish diseases. The fish eaters take the metabolic products of
hese drugs with nutrient chain. These metabolic products may
ave side effects. If it is required to give to fish, half-lives of drugs
nd drug metabolites must also be taken into consideration.
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