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The effect of ethanol on erythrocyte carbonic anhydrase isoenzymes
activity: An in vitro and in vivo study
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Abstract

The ethanol is a widely consumed as sedative-hypnotic drug throughout the world. In this study, the effects of ethanol were
investigated on carbonic anhydrase (CA) enzyme activities both iz vitro in human erythrocyte and in vivo in Sprague-Dawley
rat erythrocyte. For i vitro study, the human carbonic anhydrase-I (HCA-I) and -II (HCA-II) are purified by Sepharose
4B-L-tyrosine-sulphanilamide affinity chromatography. In vivo CA enzyme activity was determined colorimetrically by using
CO,-hydration method of Wilbur and Anderson. Rat blood samples were taken from each rat before and after the ethanol
administration at different times (1 h, 3 h, and 5h). Rat erythrocyte CA activity was significantly inhibited by pharmacological
dosage of the ethanol (2mL.kg™ ") for up to 3h (p < 0.001) following intraperitoneally administration. The ethanol showed
in virro inhibitory effects on HCA-I and HCA-II hydratase activity, determined by colorimetrically using the CO,-hydratase
method. The inhibitor concentrations causing up to 50% inhibition (ICse) were 2.09 M for HCA-I (%:0.9273) and 1.83 M
for HCA-II (r2:9749). In conclusion, it was demonstrated that carbonic anhydrase enzyme in erythrocytes was significantly

inhibited by the ethanol both in iz vitro and n vivo.
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Introduction

Carbonic anhydrase (CA; Carbonate hydrolyase, EC
4.2.1.1) zinc containing metalloenzymes is a ubiqui-
tous enzyme present in organisms belonging to all
branches of the evolutionary tree, from archaea to
mammals [1] and is a well-characterized pH
regulatory enzyme in most tissues. It catalyzes the
reversible hydration of carbon dioxide (CO,) to
hydrogen carbonate (HCO3) and proton (HT).
Therefore, they play key roles in diverse processes,
such as physiological pH control, gas balance and
calcification [2]. At least 15 isoforms of CA have been
identified in vertebrates with different physiological
and pathological roles [3—5]. Among CA isoforms of
the cytosolic ones (CA-I, CA-II, CA-III, CA-VII) and
mitochondria (CA-V), CA-I is found together with
CA-II in erythrocytes. CA-II is the most widely

distributed CA in the eye, kidney, central nervous
system and inner ear [3,6—9].

The activity of CA isozymes in human erythrocytes
has been shown to vary considerably under certain
pathological and physiological conditions. Moreover,
changes in CA activity have been associated with some
metabolic diseases such as, diabetes mellitus and
hypertension [9—11]. The inhibition of CA has been
shown to impair H" secretion into the proximal small
intestinal lumen, thereby decreasing bicarbonate
resorption. In addition, the inhibition of CA leads to
decreased acidification of urine, the production of
alkaline urine and eventually metabolic acidosis [12].

Ethanol is a widely consumed as sedative-hypnotic
drug throughout the world [13]. The interaction of the
ethanol with intracellular signal transduction path-
ways has been linked to disturbances in cell
proliferation and survival [14]. Such perturbations
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may play a role in the pathogenesis of certain disorders
of tissue and organ function associated with acute and
chronic alcohol exposures, including neuronal
degeneration, cirrhosis, myopathy, and cardiomyo-
pathy. Also, the ethanol intake may lead to oxidative
damage in several tissues including erythrocytes and
plasma [15-18].

Although oxidant effects of the ethanol in erythro-
cytes are known, its effects on erythrocyte CA
isozymes have not been studied yet. Therefore, in
this n vitro and i vivo study we aimed to investigate
the effects of the ethanol consumption on erythrocyte
CA-I and CA-II activities.

Materials and methods
Chemuicals

Protein assay reagents, Sepharose-4B and chemicals
for electrophoresis were obtained from Sigma-Aldrich
Co. (Sigma-Aldrich Chemie GmbH Export Depart-
ment Eschenstrasse 5, 82024 Taufkirchen, Germany).
Para-aminobenzene sulfonamide and L-tyrosine were
from E. Merck (Merck KGaA Frankfurter strasse 250,
D-64293 Darmstadt Germany). All other chemical
substances used were analytical grade and obtained
from either Sigma-Aldrich or E. Merck.

Purification of HCA-I and HCA-II by affinity
chromatography

The haemolysate preparation and Sepharose 4B-L-
tyrosine-sulfanilamide affinity chromatography were
performed according to the our previously published
method [5,9]. Purified CA enzyme was dialyzed for
24 h against 0.05 M Tris-SO4/1 mM 2-mercaptoetha-
nol (pH 7.4). All procedures were performed at 4°C
[19]. Protein concentrations in the column effluents
were determined at 280 nm spectrophotometrically.

In vitro studies

The effect of increasing concentrations of the ethanol
on human CA isozyme activity was determined
colorimetrically using hydratase activity. Carbonic
anhydrase activity was assayed by following the
hydration of CO, according to the method described
by Wilbur and Anderson (1976). CO,-Hydratase
activity was calculated by using the equation % s
where 7y, and z; are the times for pH change of the
nonenzymatic and the enzymatic reactions, respect-
ively, and this was used to express enzyme unit (EU).
CO2-hydratase activity of enzyme was determined at
room temperature in a veronal buffer (pH: 8.6) with
Bromo Timol Blue as indicator and satured carbon
dioxide solution as substrate in a final volume of
4.2 ml. The time (in seconds) taken for the solution to
change from blue to yellow was measured.
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In vivo studies

Eight adult Sprague-Dawley rats (200-250g) were
selected for intraperitoneally administration of the
ethanol (2 mL.kg ') using animal protocols laid down
by institutional guidelines. Blood samples (0.5 mL)
were taken from each rat prior to the ethanol
administration as well as at 1 h, 3 h and 5 h intervals
thereafter. They were placed into test tubes containing
EDTA (2mM) and subjected to centrifugation at
2500 X gfor 15 min at 4°C (HERMLE Z383K). The
erythrocyte pellet was washed three times with cold
0.16 M KCI and the supernatant discarded. One
volume of erythrocyte pellet was suspended in five
volumes of ice water to give an erythrocyte haemo-
lysate. Carbonic anhydrase has hydratase activity
in vivo. Hence, in our 2 vivo studies, we preferred the
hydratase activity of carbonic anhydrase. It was
determined as colorimetrically by using the CO,-
hydratase method [9,19].

Protein determination

Quantitative protein determination was done by
absorbance measurement at 595nm according to
Bradford, with bovine serum albumin as standard [20].

Haemoglobin determination

Haemoglobin (Hb) concentration in haemolysate was
determined by cyanmethaemoglobin method
described by Beydemir et al. [21].

SDS polyacrylamide gel electrophoresis

Discontinuous polyacrylamide gel electrophoresis was
performed under denaturing conditions after HCA-I
and HCA-II purification according to the Laemmli’s
method [21]. For HCA-I, 40 mg samples were applied
to the electrophoresis medium in line 1, For HCA-II,
20mg samples were applied to the electrophoresis
medium in line 2, respectively. Gel was stained
overnight in 0.1% Coommassie Brilliant Blue R-250
in 50% methanol and 10% acetic acid, then distained
by frequently changing the same solvent, without dye.
The electrophoretic pattern was photographed (see
Figure 1).

Statistical analyses

Data were expressed as the Mean * S.D. (standard
deviation). Statistical analysis comprised significance
testing of the difference between means (control vs
test) using a two-tailed Student’s ztest at the levels:
0.05, 0.01 and 0.001.

Results and discussion

The ethanol content of various beverages varies
between 2.5% (beer) and 55% (strong spirit). As
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Figure 1. SDS-polyacrylamide gel electrophoresis of HCA-I and
HCA-II are purified by affinity gel (HCA: Human carbonic
anhydrase, lane 1 is HCA-II, lane 2 is HCA-I).

well as some beneficial effects, the ethanol exerts
serious side-effects in the central nervous system
(CNS), liver and other tissues. It is known that the
ethanol increases the generation of reactive oxygen
species and leads to oxidative damage in erythrocytes
[24,25]. In fact, the ethanol causes several haemolytic
disorders due to both direct and indirect effects [13].
Additionally, the ethanol metabolite acetaldehyde
inside of the erythrocyte has the ability to generate
free radical species and to cause deleterious effects on
erythrocytes [26]. Although several effects of the
ethanol and its metabolites on erythrocytes have been
reported previously, there has been no report to
analyse its effects on erythrocyte CA enzymes. Given
the importance of CA in pH regulation in most tissues,
the effects of increasing concentration of the ethanol
on human erythrocyte HCA-I and HCA-II isozymes
were undertaken in this study

Table I.

HCA-I and HCA-II were purified by Sepharose 4B-
L-tyrosine-sulfanylamide affinity chromatography
(Table I). As can be seen in Figure 1, the purity of
both isoenzymes was confirmed by SDS-PAGE. The
overall purification, HCA-I and HCA-II isozymes
were obtained with a yield of 55.78 and 60.03, specific
activities of 4311.8 and 13515.4U/mg proteins
respectively. Also, these isoenzymes were purified
600.9 and 1883.4-fold, respectively (Table I). The
range of the ethanol concentrations used was
considered adequate to show enzyme inhibition
effects. ICso was 1.83 M for HCA-I (r2:0.99273)
and 2.09 M for HCA-II (r?: 0.9749). In this regard, it
was evident from in vitro studies that HCA-I and
HCA-II were inhibited by the ethanol at 0.14—
4.61 mM concentrations (Figure 2 and 3).

After the ethanol intake, blood level rises to a peak
within 30—90 min [27]. The half-life of the ethanol in
plasma is highly variable, but a single dose of the
ethanol will be disposed of for 6-8 h at all or even
more [27]. In this study, it was demonstrated that CA
enzyme activities were inhibited 1 h after the ethanol
administration and inhibition was continued signifi-
cantly for 3 h in rats (Table II). These results suggest a
correlation between plasma peak level of the ethanol
and maximal inhibition of CA enzyme activity, and
between the plasma half-life of the ethanol and
continuity of inhibition. Maximal inhibition of rat
erythrocyte CA enzyme activity by 2mL.kg ! the
ethanol was within 3 hour (p < 0.01; Table II) after
intraperitoneally the ethanol administration. Hence
there is accordance between in wvivo and n vitro
inhibitory effect of the ethanol on CA activity.
Moreover, the results of our study show that the
ethanol itself is a highly potent inhibitor of erythrocyte
CA isoenzyme both in i vivo and i vitro conditions.

The inhibition of CA is known to result in metabolic
acidosis and may be is an ethological factor of
metabolic acidosis occurred after the ethanol con-
sumption which reported with several studies [28,29].
Acutely the ethanol impairs acid-base regulation, and
acidosis seen in alcohol-intoxicated patients. Although
the pathophysiology is complex, we think that one of
the reason of metabolic acidosis due to the ethanol

Purification scheme of HCA-I and HCA-II from human erythrocytes by Sepharose-4B-L-tyrosine-sulfanilamide affinity

chromatography (HCA: Human carbonic anhydrase). Experimental analysis were performed at +4°C. CA enzyme activity was determined
colorimetrically using CO,-hydration method of Wilbur and Anderson. The enzyme unit (EU) was calculated by using the Equation (to-tc/tc)
where to and tc are the times for pH change of the nonenzymatic and the enzymatic reactions, respectively.

Total Spesific
Purification Activity  Total volume  Protein  Total protein  Activity  Activity  Yield  Purification
step (U/mL) (mL) (mg/ml) (mg) (9)] (U/mg) (%) factor
Haemolysate 775 156 108 16848 120900 7.176 100 1
Sepharose-4B- HCA-I 2932 23 0.68 15.64 67436 4311.8 55.78 600.9
L-tyrosine-sulfanilamide
affinity chromatography
HCA-II 3514 21 0.26 5.46 73794 13515.4 60.03 1883.4
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Figure 2. Effect of the ethanol at different concentrations on

human erythrocyte CA-I activity (CA-I: Carbonic anhydrase
isoform-I).

may be is the CA inhibition in erythrocytes. But the
complexity of pathogenesis of acidosis in the ethanol
intoxication requires further studies to rule out
pathophysiology. In alcohol-intoxicated patients due
to vomiting with resulting hypovolemia, saline and
glucose solutions are administered to regulate elec-
trolyte and acid-base disturbances. Probably in the
treatment of alcohol intoxication CA enzyme will be
one of the study subjects.

Conclusion

Since carbonic anhydrase produces and uses protons
and bicarbonate ions, it plays a key role in the
regulation of pH and fluid balance in different parts of
human body. Especially, in stomach lining it plays a
role in secreting acid, while the same enzyme helps to
make pancreatic juices alkaline and saliva neutral. The
transport of the protons and bicarbonate ions
produced in kidney and eyes influence the water
content of the cells at these locations. Thus carbonic
anhydrase isozymes perform different functions at
their specific locations. On the other hand, their
absence or malfunction can lead to diseased states,
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Figure 3. Effect of the ethanol at different concentrations on

human erythrocyte CA-II activity (CA-II: Carbonic anhydrase
isoform-II).
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Table II.  The in vivo effects of dosage of ethanol (2mL.kg™ ! body
weight) on rat red blood cell CA activity (CA: Carbonic anhydrase,
n: 8).

Time after administration (h) Total CA activity (%)

0 100.00 = 4.13
1 85.29 + 5.92%
3 66.60 * 4.89%*
5 92.56 * 3.12

! Results are expressed as the Mean + Standard Deviation, 7 = 8;
2 % p<0.05, ** p < 0.01, vs control by Student’s 7 test. Control
value is enzyme activity before ethanol administration; 0 h.

ranging from the loss of acid production in the
stomach to kidney failure.

In conclusion, the ethanol showed i vitro and in vivo
inhibitory effects on erythrocyte CA isozymes activi-
ties. The CA inhibitors can cause of some side effects
mentioned above. In this circumstance, the usage of
ethanol in a patient with metabolic acidosis or the
other diseases may cause serious side effects and
worsen the clinical course. For this reason, the ethanol
must be carefully used and their dosages should be
very well ordered to decrease the side effects. But
further studies are required to definitively establish its
role on enzymes.
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