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ABSTRACT 

The purpose of this study was to investigate the in 
vitro effects of six commonly used veterinary medical 
drugs (KilloxacinTM, GentavetTM, GeosolTM, PrimoxalTM, 
LypectinTM and Penoksal-laTM) on erythrocyte bovine car-
bonic anhydrase (CA, EC 4.2.1.1) activity. The enzyme was 
purified by affinity chromatography, and the purity was 
confirmed by SDS–PAGE. Inhibition or activation effects 
of six different antibiotics on the purified enzyme were 
determined using the CO2-hydratase activity method. IC50 
values of the drugs that caused inhibition were determined 
by means of Activity % vs [Inhibitor] diagrams. The con-
centrations of KilloxacinTM, GentavetTM, GeosolTM, Pri-
moxalTM and LypectinTM that inhibited 50% of the enzy-
matic activity were 9.25, 3.79, 0.72, 6.59 and 2.12 mM, 
respectively. On the other hand, the enzyme activity was 
increased by Penoksal-laTM. 
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1. INTRODUCTION 

Carbonic anhydrases (CAs, EC 4.2.1.1) are wide-
spread zinc-containing metalloenzymes in all living or-
ganisms [1-6]. Several CA isozymes are responsible for 
important physiological and pathological functions, such 
as pH and CO2 homeostasis, respiration and transport of 
CO2/HCO3

− between metabolizing tissues and the lungs, 
electrolyte secretion in a variety of tissues/organs, tonic 
modulation of brain excitability through modulation of 
amino acid receptors and biosynthetic reactions (such as 
gluconeogenesis, lipogenesis and ureagenesis); prominent 
pathological effects include acceleration of plaque deposi-
tion in Alzheimer's disease and exacerbation of excitotox-
ic neuron injury [7].  
 

* Corresponding author 

Sixteen isozymes have been described so far, that dif-
fer in their subcellular localization, catalytic activity and 
susceptibility to different classes of inhibitors [8]. Five of 
these isozymes are cytosolic (CA I, CA II, CA III, CA VII 
and CA XIII), two are mitochondrial (CA VA and CA VB), 
one is secreted in saliva (CA VI), five are membrane bound 
(CA IV, CA IX, CA XII and CA XIV), and three are “acata-
lytic” (CA VIII, CA X and CA XI) [9]. It has been report-
ed that CA XV isoform is not expressed in humans or in 
other primates, but it is abundant in rodents and other 
higher vertebrates [10]. The two major CA isozymes (CA I 
and CA II) are present at high concentrations in the cytosol 
of erythrocytes, and CA II has the highest turnover rate of 
all the CAs [7]. It has been reported that the activity levels 
of CA isozymes in erythrocytes vary considerably under 
certain pathological and physiological conditions. Changes 
in CA activity have been associated with metabolic dis-
eases, such as diabetes mellitus and hypertension [11, 12].  

CA enzymes purified from various organisms have 
been shown to be inhibited by several compounds. Sul-
fonamides and their derivatives are clinically used inhibi-
tors for CAs [13]. Metal-complexing anions, such as cya-
nide, (thio)cyanate, hydrogen sulfide, azide, sulfate, per-
chlorate, as well as some antibiotics like ampicillin, se-
fazolin, gentamicin and pesticides including deltame-
thrin, diozinon, parathion-methyl and nuarimol were also 
shown to be inhibitors on CA enzyme activity [14-16]. 
Many chemical substances and synthesized compounds 
affect metabolisms by changing enzyme activities. Chemi-
cals are generally known to activate or inhibit several 
body enzymes in vitro and in vivo [17-22], and affect the 
metabolic pathways. An antibiotic is a substance or a 
compound that kills or inhibits the growth of bacteria. 
Antibiotics belong to the broader group of antimicrobial 
compounds, used to treat infections caused by microorgan-
isms, including fungi and protozoa. They are ineffective 
against viruses which either kill microorganisms or stop 
them from reproducing [23].  

The great number of diverse antibiotics currently avail-
able can be classified in different ways, e.g., by their 
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chemical structure, their microbial origin, or their mode of 
action. They are also frequently designated by their effec-
tive range [24]. With recent progress in medicinal chemis-
try, most antibiotics are now semisynthetic that is, modi-
fied chemically from original compounds found in nature, 
as is the case with ß-lactams (which include the penicil-
lins produced by Penicillium, the cephalosporins, and the 
carbapenems) [25]. Many antibiotics have been used in 
treatments. There are only a few literature reports related 
with changing of enzyme activities. It has been reported that 
some increasing or decreasing enzyme activity levels were 
found, such as aspartate aminotransferase (AST; SGOT), 
alanine amino transferase (ALT; SGPT) and alkaline phos-
phatase [26-30].  

 
Although, the inhibitory effects of several different 

chemicals on CA have been studied in most tissues and 
red blood cells, no study has yet been reported on bovine 
erythrocyte CA related to in vitro effects of antibiotics, 
such as KilloxacinTM, GentavetTM, GeosolTM, PrimoxalTM 
LypectinTM and Penoksal-laTM. Therefore, in this present 
study, we have purified carbonic anhydrase from bovine 
erythrocytes and examined the in vitro effects of these im-
portant antibiotics on purified enzyme. Since the changes in 
CA activity have been associated with metabolic diseases, 
therefore, the outcomes of this work may help with the 
control of animal diseases.  

 
 
2. MATERIALS AND METHODS 

2.1. Materials 

Sepharose 4B, L-tyrosine, sulfonamide, protein assay 
reagents, phenol red and chemicals for electrophoresis were 
obtained from Sigma-Aldrich Co. All other chemicals were 
of analytical grade. Medical drugs were provided by local 
pharmacy. 

 
2.2. Purification of carbonic anhydrase from bovine erythro-
cytes by affinity chromatography 

Erythrocytes were purified from fresh bovine blood 
obtained from a slaughter-house at Balikesir. The blood 
samples were centrifuged at 3,000 rpm for 20 min, and then 
the plasma and buffy coat were removed. The red cells 
were isolated and washed twice with 0.9% NaCl, and hemo-
lyzed with 1.5 volumes of ice-cold water. The ghost and 
intact cells were removed by centrifugation at 20,000 rpm 
for 30 min at 4 °C. The pH of hemolysate was adjusted to 
8.7 with solid Tris, and applied to the prepared Sepharose 
4B-L-tyrosine-sulfonamide affinity column equilibrated with 
25 mM Tris–HCl/22 mM Na2SO4 (pH 8.7) [29]. The affini-
ty gel was washed with the same buffer. The bovine CA 
was eluted with 0.1 M NaCH3COO/0.5 M NaClO4 (pH 
5.6). The absorbance of the protein in the column effluents 
was determined spectrophotometrically at 280 nm. CO2-
hydratase activity in the eluates was determined, and the 
active fractions were collected. The purified enzyme was 
stored at 4 °C, in order to maintain activity. 

2.3. Total protein determination 

The absorbance at 280 nm was used to monitor the 
protein in the column effluents. Quantitative protein de-
termination was achieved by absorbance measurements at 
595 nm according to Bradford [32], with bovine serum al-
bumin standard. 

 
2.4. Sodium Dodecyl Sulphate-Polyacrylamide Gel Electropho-
resis (SDS-PAGE) of the enzyme 

SDS-PAGE was performed in order to verify the pu-
rified enzyme. It was carried out in 12 and 3% acrylamide 
concentrations for the running and the stacking gel, re-
spectively, containing 0.1% SDS according to Laemmli 
[33]. Sample (20 mg) was applied to the electrophoresis 
medium. Gel was stained for 1.5 h in 0.1% Coomassie 
Brilliant Blue R-250 in 50% methanol and 10% acetic 
acid, and then destained with several changes of the same 
solvent without the dye.  

 
2.5. CA Enzyme Activity Assay 

The CA enzyme activity was assayed by following the 
hydration of CO2 according to the method described by 
Wilbur and Anderson [34]. CO2-hydratase activity of the 
enzyme was determined at room temperature in a 0.15 M 
Na2CO3/0.1 M NaHCO3 (pH 10.0) buffer using phenol 
red (pH 8.6) as an indicator, and saturated carbon dioxide 
concentration as substrate in a final volume of 4.2 ml. 
Duration (in seconds) of the colour change from red to 
yellow in solution was measured in a 10-ml glass tube with 
1 cm diameter. The enzyme unit (EU) was calculated using 
the equation (t0−tc/tc), where t0 and tc are the times for pH 
changes of the non-enzymatic and enzymatic reactions, 
respectively. 

 
2.6. In vitro studies for antibiotics 

In this study, KilloxacinTM, GentavetTM, GeosolTM, 
PrimoxalTM, LypectinTM and Penoksal-laTM were used as 
antibiotic drugs. Different concentrations of the antibiot-
ics (for Killoxacin™ 9,27x10–4, 18,53x10–4, 27,8x10–4, 
37,07x10–4, 46,33x10–4, 55,6x10–4, 64,87x10–4, 74,13 x10–4, 
83,4x10–4 and 92,67x10–4 M;  for GentavetTM 3,63x10–4, 
7,27x10–4, 10,9x10–4, 14,53x10–4, 18,17x10–4, 21,8x10–4, 
25,43x10–4, 29,07x10–4, 29,07x10–4, 32,7x10–4 and 
36,3x10–4 M;  for Geosol™ 3,37x10–4, 6,73x10–4, 10,1x10–4, 
13,47x10–4, 16,83x10–4, 20,2x10–4, 23,57x10–4 and 26,93 
x10–4 M; for Primoxal™ 2,63x10–3, 5,27x10–3, 7,9x10–3, 
10,53x10–3, 13,17x10–3, 15,8x10–3, 18,43x10–3, 21,07x10–3, 
23,7x10-3 and 26,3x10-3M; for LypectinTM 6,73x10–4, 
13,47x10–4, 20,2x10–4, 26,93x10–4, 33,67x10–4, and 40,4 
x10-4M and for Penoksal-laTM 4,56 x10–4, 9,12 x10–4, 
13,68 x10–4, 18,25 x10–4, 22,81 x10–4 and 27,37 x10-4M ) 
were added to the enzyme activity determination medium 
in 4.2 ml of total volume. Duration (in seconds) of the 
colour change from red to yellow in solution was meas-
ured in a 10-ml glass tube with 1 cm diameter. Control 
cuvette activity in the absence of inhibitor was taken as 
100%. All compounds were tested in triplicate at each con-
centration used. The enzyme unit (EU) was calculated using 
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the equation (t0-tc/tc), where t0 and tc are the time periods 
for pH change of the nonenzymatic and enzymatic reac-
tions, respectively. For each inhibitor, an Activity%- [In-
hibitor] graph was drawn (Fig. 1). 

 
 
3. RESULTS 

In this study, bovine erythrocyte CA was purified, 
with a simple one step method, by using Sepharose 4B-L-
tyrosine-sulfonamide affinity gel with the elution buffer 
0.1 M NaCH3COO/0.5 M NaClO4 (pH 5.6). Purity of the 
enzyme was confirmed by SDS–PAGE (data not shown). 
Inhibiton or activation effects of drugs on enzyme activity 
were tested under in vitro conditions. Inhibition graphs, 
using the drugs with concentrations as described in Sec-
tion 2.6, are shown in Fig. 1. IC50 values were calculated 

from Activity %- [I] graphs and are given in Table 1. Car-
bonic anhydrase activity in the absence of a drug was ac-
cepted as 100% activity. LypectinTM has been shown to be 
the strongest inhibitor against CA activity (Fig. 1b). Con-
versely, Penoksal-la™ considerably stimulated the en-
zyme activity at the applied concentrations (Fig. 1f).  

 
TABLE 1 - Concentrations of the drugs causing 50% inhibition of 
bovine erythrocyte carbonic anhydrase activity.  

Antibiotics IC50 (mM) 
KilloxacinTM 9.25 
GentavetTM 3.79 
GeosolTM 0.72 
PrimoxalTM 6.59 
LypectinTM 2.12 
Penoksal-laTM stimulated the activity 
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FIGURE 1 - Effect of KilloxacinTM (a), GentavetTM (b), GeosolTM (c), PrimoxalTM (d), LypectinTM (e) and Penoksal-laTM (f) drugs on the en-
zyme activity of bovine. A purified carbonic anhydrase from bovine was assayed for hydratase activity in the presence of various concentra-
tions of the above drugs. IC50 values were determined from these graphs. 
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4. DISCUSSION 

Most of the chemicals change the activity of an en-
zyme by combining within a way that influences the bind-
ing of substance and/or its turnover numbers. Chemicals 
that reduce an enzyme activity in this way are known as in-
hibitors. Many inhibitors are substances that structurally 
resemble their enzyme’s substrate but either do not react, 
or react very slowly, compared with the substrate. Such 
inhibitors are commonly used to probe the chemical and 
conformational nature of a substrate-binding site as part 
of an effort to elucidate the enzyme‘s catalytic mechanism 
[24]. Many chemicals at relatively low dosages affect the 
metabolism of biota by altering normal enzyme activity, 
particularly inhibition of a specific enzyme [35]. The im-
portance of CA isoenzymes for pH homeostasis, 
gas/fluid/ion exchange processes, digestion, bone resorp-
tion, renal function, fertilization and many other funda-
mental physiological processes have been reported [1, 3]. 
Carbonic anhydrase has been purified from different or-
ganisms and the effects of several metal ions, various 
chemicals, organic compounds and drugs on its activity 
have been investigated [14-20, 24, 31, 35]. It has been 

reported that the most common inhibitors for CA are sev-
eral medical drugs [38, 39]. In addition, some sulfonamide 
derivatives, antiepileptic drugs and melatonin have been 
used for inhibition of CA activity in vivo and in vitro [24]. 
However, there was not much information available on 
inhibition of bovine carbonic anhydrase enzyme by 
antibiotics. In the present study, effect of certain medical 
drugs on bovine erythrocyte carbonic anhydrase was inves-
tigated. An antibiotic is a substance or compound that kills, 
or inhibits the growth of, bacteria. Antibiotics belong to the 
broader group of anti-microbial compounds, used to treat 
infections caused by microorganisms, including fungi 
and protozoa. KilloxacinTM, GentavetTM, GeosolTM, Pri-
moxalTM, LypectinTM and Penoksal-laTM veterinary medi-
cal drugs were chosen for the investigation of inhibition or 
activation effects on bovine carbonic anhydrase. All six 
antibiotics contain active substances (enrofloxacin, gen-
tamicin sulfate, oxytetracycline, sulfamethoxazol, linco-
mycin and dihydrostreptomycin, respectively. The struc-
tures of the active substances of the used antibiotics are 
shown in Fig. 2.  
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FIGURE 2 - Structures of the active substances of the used antibiotics. 
The results of the present study show for the first time 

that erythrocyte CA activity from bovine is inhibited by 
commonly used antibiotics (KilloxacinTM, GentavetTM, 
GeosolTM, PrimoxalTM and LypectinTM) at different levels 
and stimulated by Penoksal-laTM (Fig. 2). LypectinTM was 
the most effective inhibitor for bovine erythrocytes car-
bonic anhydrase. In literature, for any animal, there is no 
data available for these antibiotics effect on carbonic anhy-
drase. Ayik et al. [36] studied the in vitro inhibitory effects 
of some disinfectants on enzyme activity of carbonic anhy-
drase from rainbow trout (Oncorhynchus mykiss) gills. 
They reported that IC50 values of malachite green, meth-
ylene blue, potassium permanganate, chloramine-T and 
copper sulphate were determined as 0.05 mM, 0.023 mM, 
0.15 mM, 0.32 mM and 5.39 mM. On the other hand, Sinan 
et al. [24] and Beydemir et al. [38] studied the effect of 
various antibiotics including gentamicin sulfate (Genta-
vetTM) on human carbonic anhydrase (HCA-I and HCA-II). 
Sinan et al. [24] reported that IC50 values of sodium ampi-
cillin were 0.00163 mM on HCA-I and 0.00114 mM on 
HCA-II. Beydemir et al. [38] also reported that HCA-I 
and HCA-II were inhibited by sodium ampicillin. Sinan et 
al. [24] also found that cefazolin sodium had minimum 
effect on HCA-I and HCA-II (0.00358 mM and 0.00308 
mM, respectively) when comparing the other antibiotics.  

 
In this study, IC50 value of gentamicin sulfate was 

found to be 0.00147 mM for bovine carbonic anhydrase. 
On the other hand, Sinan et al. [24] reported that gentamicin 
sulfate had inhibition effects on each enzyme (HCA-I and 
HCA-II), and IC50 values of gentamicin sulfate were found 
to be 0.00235 mM and 0.00253 mM. The importance of CA 
from several different sources has been reported. Espe-
cially, the necessity of CA activity in animals has been 
emphasized expressing its essential functions to remove 
excessive CO2 from alveolar cells of mammary gland, to 
maintain intracellular pH [24]. In conclusion, the present 
study has revealed the serious inhibitory effects of some 
commonly used antibiotics against CA activity from bovine 
for the first time. CA is an important enzyme found both in 
erythrocytes and some other organs such as kidneys and 
eyes. Therefore, inappropriate usage of these antibiotics is 
undesirable for this enzyme. 

 
Herein, a strategy for the purification of the CA en-

zyme was developed. Bovine carbonic anhydrase was puri-
fied by affinity chromatography, specifically designed for 
CA enzyme. Some antibiotics, investigated for their effects 
in our study, showed different degrees of inhibition on 
bovine CA. We have not come upon before a similar study. 
For the antibiotics that showed inhibition effects, the IC50 
values of the chemicals causing inhibition were determined 
by means of activity percentage-[I] diagrams (Fig. 1). The 
concentrations of KilloxacinTM, GentavetTM, GeosolTM, Pri-
moxalTM and LypectinTM that inhibited 50% of the enzymat-
ic activity were 9.25 mM, 3.79 mM, 0.72 mM, 6.59 mM 

and 2.12 mM, respectively. On the other hand, enzyme 
activity was increased by Penoksal-laTM.  

Most of the drugs affect the enzyme systems as an ac-
tivator or inhibitor [40-42]. Many drugs exhibit the same 
effects both in vivo and in vitro, but some of them may 
not show the same effects on enzymes [43]. Many antibi-
otics are being used in therapies, but there are few reports 
related to changes in enzyme activities [42]. 

 
Chemical compounds showing inhibitory effects on 

bovine CA give rise to effects bound to the active center or 
other parts of enzymes. On the other hand, it can be said 
that the reason of IC50 values` changing, with respect to the 
enzyme, depend on the range, number and kind of enzyme 
amino acids. 
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ABSTRACT 

The effects of 60-d Cd exposure on the growth of Ory-
za saliva L. seedlings at tillering stage were studied 
using soil culture experiments. Cd concentrations in the 
treatments are 0 (control), 5, 10, 20, 40, and 80 mg kg-1 
CdCl2·2.5H2O. Research findings showed that under 5, 10, 
20, 40 and 80 mg kg-1 Cd exposure, tiller numbers de-
creased by -2.28%, 14.92%, 6.99%, 25.13% and 39.92%, 
respectively, compared with those of the control. The dry 
biomass of shoots decreased by 7.25-35.23% and, accord-
ingly, that of roots by 6.67-45.00%. The concentrations of 
NO3

-, NH4
+ and soluble protein were normal at low Cd 

exposure (5 mg kg-1), while all changed significantly at 
high Cd exposure (≥10 mg kg-1). In 10, 20, 40 and 80 mg 
kg-1 Cd treatments, free proline concentrations in the root 
increased significantly (P <0.05) by 30.65, 63.07, 134.97 
and 148.94%, respectively, and also in the leaf by 23.26%, 
24.86%, 45.13% and 55.68% (P <0.05). At the same time, 
concentrations of nitrate reductase, glutamine synthetase 
and glutamate synthase linearly decreased in tissues of both 
leaves and roots (R2 >0.92, n = 18). However, the activi-
ties of glutamate dehydrogenase in leaves and roots rose 
markedly (P < 0.05) with Cd treatments ≥10 mg kg-1. 
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1. INTRODUCTION 

Cadmium (Cd) was reported to be a wide-spread heavy 
metal pollutant in natural and artificial environment in 
China resulting from agriculture and industrial activities, 
such as pigments, mining, smelting and electroplating, etc 
[1, 2]. Cd is highly toxic to humans, animals and plants;  
it can enter the food chain through uptake of cadmium- 
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polluted foods and, therefore, poses a serious hazard to 
human health and ecosystem [3]. In China, according to a 
recent report, agricultural field area polluted by Cd was 
above 2 million hm2, and the agricultural products polluted 
by Cd were above 14.6 hundred million kg per year [4].  

The stress of Cd would affect plant growth [5, 6] and 
plant metabolism, such as nitrogen metabolism [7], photo-
synthesis [8], carbohydrate metabolism [9], sulphate as-
similation [10]; and the influences of Cd on plant metabo-
lism is mainly through inactivating several key enzymes of 
nitrogen metabolism, including nitrate reductase (NR) 

[7, 11], glutamine synthetase (GS), glutamate synthase 
(GOGAT) [12, 13] and glutamate dehydrogenase (GDH) 
[14].  

Especially, Cd pollution can reduce the rice produc-
tion [16], which is the world’s 2nd largest crop and the 
most popular food in China [15], and tillering stage is one 
of the most important stages during rice growth and also 
essential to the rice yield, population structure and photo-
synthesis. However, the effect of Cd on nitrogen metabo-
lism in rice tillering period has been rarely studied. The 
purpose of this study was to examine the influences of Cd 
on the plant growth, the activities of nitrate reductase (NR), 
glutamine synthetase (GS), glutamate synthase (GOGAT), 
glutamate dehydrogenase (GDH) and NO3

-, NH4
+ , soluble 

protein content as well as proline content both in roots and 
leaves of Oryza saliva L. This study may provide new 
insight on the function of plant nitrogen metabolism un-
der Cd stress in rice tillering period. 

 
 
2. MATERIALS AND METHODS 

2.1. Soil preparation and plant culture  

The soil was collected from the 0-20 cm depth of a 
paddy soil in Guilin (25°16′ N, 110°17′ E), China. Selected 
properties of the air-dried soil are shown in Table 1. Soil 
samples were mixed thoroughly with basal fertilizers 
(100 mg N kg-1 dry weight (DW) soil as ammonium nitrate, 
and 80 mg P kg-1 and 100 mg K kg-1 as KH2PO4). Six  


