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Abstract
Objectives: To determine the serum levels of methylglyoxal (MG) and carbonic anhydrase (CA) activity in
known cases of type-II diabetes mellitus with insulin resistance and to compare them with age-sex matched
healthy controls.
Methods: Eightysix participants were enrolled for the present case-controlled study with ages ranging from 25
to 44 years. The analytes measured were fasting blood glucose, serum insulin, methylglyoxal and carbonic
anhydrase assay by standard procedures. Further carbonic anhydrase activities were measured in erythrocytes
haemolysate and the effect of methylglyoxal on erythrocyte membrane was studied. The effects of methylglyoxal
on erythrocyte carbonic anhydrase activity and insulin reactivity were also measured.
Results: The mean serum levels of insulin, fasting blood glucose, carbonic anhydrase activity, methylglyoxal and
body mass index (BMI) was significantly higher (p<0.001) in patients compared to the controls. The carbonic
anhydrase activity was directly proportional to increasing blood glucose concentration. The haemolysate
prepared from the erythrocytes of patients and controls also showed significantly higher carbonic anhydrase
activities in patients than the controls. Increased carbonic anhydrase activity in a dose-dependent manner with
methylglyoxal was also observed.
Conclusion: Insulin resistance is accompanied by increased activity of carbonic anhydrase which is significantly
related to increasing methylglyoxal levels.
Keywords: Essential hypertension, Carbonic anhydrase, Lipid profile (JPMA 62: 417; 2012).

Introduction
Carbonic anhydrase is well-characterised and widely
distributed in all living organisms. In mammals, carbonic
anhydrases (CAs, EC 4.2.1.1) are found in at least 14
different isoforms localised in cytosol, mitochondria,
membrane bound and are also secreted in saliva. CA is a
pH-regulating enzyme in most tissues.1 Changes in CA
activity have been associated with altered metabolism,
especially in diabetes mellitus. The activities of CA has
been widely studied and linked with various diseases where
changes in catalytic activities have been demonstrated.2-5
The catalytic and inhibitory mechanisms of these enzymes
are understood in great detail, and this greatly helped to
design some potent inhibitors of clinical interest.6 The
modulations of enzyme kinetics of carbonic anhydrase have
been proposed for treatment and prophylaxis of obesity.7,8 A
study conducted elsewhere suggests the presence of antiCA antibodies in subjects with metabolic syndrome.9
Studies also propose CA activity as a potential candidate for
a biomarker of diabetes mellitus for the early detection of
insulin resistance because the changes in CA activities were
proportional to the severity of diabetes.10
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Since glycation may change the structure and
functional properties of CA activities, the patho-physiology
of diabetes can be linked to modulation of CA activities in
diabetes.11 Studies have been conducted on the role of
methylglyoxal in glycation of proteins to yield irreversible
advanced glycated end products (AGEs), leading to crosslinking or degradation of proteins causing various chronic
complications associated with diabetes.12,13
Studies also report the association of MG levels with
oxidative stress, as stress leads to depletion of cellular
antioxidants by the overwhelming production of free
radicals.14 Since the glyoxalase enzymatic activities are
linked with the antioxidants status, oxidative stress indirectly
causes increased MG levels, not merely by increasing its
synthesis, but by decreasing the capability of MG degrading
enzyme glyoxalase. Various studies have focussed on the
toxicity of MG in diabetes, but very few studies have reported
its effect on CA activities. Keeping in view all this, we
designed the current study to establish the link between
changes of CA activities in conditions with insulin resistance
and also to observe whether MG could be responsible in
those changes. The study tried to determine the serum levels
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of MG and CA activity and also the CA activity in the
erythrocyte haemolysates in patients having type-II diabetes
mellitus with insulin resistance. The results were
subsequently compared with age-sex matched healthy
controls. Furthermore, in-vitro studies on erythrocytes were
conducted to elucidate whether the increased levels of MG
had any effect on the CA activity.

Patients and Methods
This case-controlled study was carried out in the
Department of Biochemistry, College of Medicine and J. N.
M. Hospital, Kalyani, West Bengal University of Health
Sciences, India, for a period of one year from November
2009 to October 2010.
Eightysix participants (46 males; 40 females) were
enrolled for the study with ages ranging from 25 to 44 years.
Fortysix insulin-resistant diabetic patients (Type II, NIDDM;
26 men and 20 women, 29-44 years of age) and 40 healthy
controls (22 men and 18 women, 25-39 years of age) were
recruited for the study. The patients were selected randomly
from among those referred from the OPD for investigation.
The sample size (n) was determined using the calculation n =
4 x (SD)2/L2 (Mahajan, BK fifth edition)15 where allowable
error (L) was taken as 1 and SD (of CA activity) taken as 3.
The study was pre-approved by the Ethical Committee of the
Institution Review Board. Informed consent from both
patients and controls were obtained before their recruitment
for the study. The inclusion criteria entailed patients with
fasting blood glucose levels >126 mg/dl and BMI > 25 kg/m2.
Patients with hypertension, dyslipidaemia, current smokers
and those on insulin therapy were excluded. Also, patients on
lipid-lowering drugs and antioxidant vitamin supplements
were also excluded.
Twelve-hour fasting blood samples were collected
from healthy volunteers and patients with insulin resistance.
The patients selected for the study were registered in the Out
Patients Department (OPD) of the College of Medicine &
JNM Hospital, Kalyani. Ten ml of blood samples were
collected from the participants, of which 5ml blood was
collected in a sterile test tube, allowed to clot and then
carefully centrifuged at 3000 rpm for 10 minutes. Clear
serum were collected and kept in — 4°C until tests were
performed. Serum samples obtained were used for analysis of
biochemical parameters. For in vitro study in RBC model,
packed cells were prepared from the remaining 5 ml of blood
collected with heparin. The blood samples were centrifuged
at 3000 rpm for 10 minutes and the plasma and buffy coat
were removed. After the packed red cells were washed with
NaCl (0.9%), the erythrocytes were haemolysed with chilled
distilled water. The ghost and intact cells were removed by
centrifugation at 4°C, 20,000 rpm for 30 minutes. Fasting
blood glucose (FBG) was assayed with the glucose oxidase
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method. The insulin levels were determined from the patient's
serum using ELISA method of assay. Methylglyoxals were
estimated according to the modified form of Racker.16
Twenty-five µl of serum samples were added to 350 µl of
DNPH [0.1% DNPH in 2N HCl].Then to each tube 2.125 ml
of distilled water was added. Then it was incubated for 15
minutes at 37°C. After the incubation, 1.5 ml 10% NaOH was
added and absorbance was read at 576 nm using Microlab
300 semi-auto analyser. For CA, the assay system consisted
of 100 µl of sample (serum) containing 1.4 mL of 0.05 M
Tris-SO4 buffer (pH 7.4) and 1.5 mL of 3mM p-nitrophenyl
acetate. The change in absorbance at 348 nm was measured
over a period of 3 minutes, before and after adding the
sample. One unit of enzyme activity was expressed as 1 µmol
of released p-nitrophenol per minute at room temperature.
Further, the erythrocytes were washed with normal
saline, and haemolysate was prepared from the erythrocytes
with distilled water and the CA activity was determined in the
haemolysate from the patients and the healthy controls.
Further in vitro investigations were undertaken to
demonstrate the effect of MG on insulin reactivity, on
erythrocytes membrane integrity and erythrocyte CA activity:
Two experiments were done to study the effect of
methylglyoxal RBC membrane. Two ml of packed cells were
prepared from the heparinised blood of a normal volunteer.
The packed erythrocytes were washed three times with
normal saline. In the first experiment the packed RBCs were
diluted (1:10) with the normal saline. One ml each of diluted
packed cells was taken in six test tubes. Serial dilutions of
MG were added to all the test tubes except for the first test
tube where only normal saline was added. These were
incubated at room temperature for one hour. Lactate
dehydrogenase (LDH) levels of each of the samples were
measured to asses the amount of haemolysis as a result of
erythrocyte membrane damage using standardised reagent
kits (E-Merck).
Evidence of RBC membrane damage was further
confirmed by making hanging drop preparations from each of
the test tubes and observing them under a microscope.
For in vitro effect of MG on erythrocyte CA activity,
each of the above test tubes was centrifuged and the CA
activity measured in the partially haemolysed contents as per
the assay method already described.
For in vitro assessment of erythrocyte CA activity, the
pH of the haemolysate was brought to 8.5 with solid Tris and
thereafter assayed as described above. Acetazolamide
inhibitor was simultaneously used in a parallel set of test tube
in the dose of 10 microgram/ml to confirm the observation on
the CA activity.
Methylglyoxal was procured from Sigma Chemicals,
USA. Dinitrophenyl Hydrazine was from Merck chemicals
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and the rest of the chemicals used were of analytical grade
and purchased locally.
The data from the patients and the controls were
compared by using the Student's t-test. The values were
expressed as mean ± standard deviation (SD). Microsoft
Excel for Windows 2003 was used for statistical analysis. Pvalues <0.05 were considered as indicating statistical
significance.

Results
The mean serum levels of insulin, fasting blood
glucose, CA activity, MG and BMI was significantly higher
(p<0.001) in patients compared to the controls (Table). When
analysed for relationship of CA activity with glucose
concentration, it was found to be directly proportional to
increasing blood glucose concentration (Figure-1). The
haemolysate prepared from the erythrocytes of patients and
controls also showed significantly higher (p < 0.01, two
tailed, unpaired student's t test) CA activities (Unit/mgHb) in
patients (12.4 ± 2.3) than controls (22 ± 2.8). A similar set of
experiments done simultaneously with the same haemolysate
samples after incubation with acetazolamide showed
comparatively reduced CA activity in patients (2.9 ± 1.2) and
controls (5.3 ± 1.6) ( (Figure-2).

Figure-2: Carbonic anhydrase in hemolysate (Unit/mg Hb) prepared from patients
and control RBC's.

Carbonic Anhydrase Activity in Haemolysates (U/mg Hb)

When further in-vitro studies were conducted to
Figure-3: Carbonic anhydrase activity in haemolysate (U/mgHb) prepared from
RBC's incubated with different concentrations of methylglyoxal.

CA Activity in Haemolysate (Unit/mg Hb)

Figure-1: Serum Carbonic anhydrase activity in relation to different fasting blood
glucose levels.

Table-1: Clinical and Laboratory parameters of Study Subjects.
Parameter

Age (yrs)
Sex (M/F)
Fasting Blood Glucose (mg/dl)
BMI (kg/m2)
Insulin (Units/L)
Carbonic anhydrase (Units/ml)
Methylglyoxal (µmol/L)

Healthy Controls Patients
(n=40)
(n=46)
41.5 ± 1.5
26/20
74.0 ± 12.0
21.67 ± 2.87
5.3 ± 1.1
5.8 ± 0.6
51.9 ± 4.5

42.2 ± 1.8
22/18
275.4 ± 10.8
25.87 ± 3.98
23 ± 0.5
8.1 ± 1.3
89.64 ± 6.8

p Value

NS
NS
<0.001
<0.001
<0.001
<0.001
<0.001

FBG indicate Fasting Blood Glucose, AC indicate Carbonic Anhydrase Activity, MG
indicate Methyl Glyoxal; NS indicates no significance; P 0.05 considered significant
by unpaired, two tailed, student's t test.
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Figure-4: Carbonic anhydrase activity in haemolysate (U/mgHb) prepared from
RBC's incubated with Normal saline, methylglyoxal and acetazolamide.

observe the role of MG on CA activity, we observed
increased CA activity in a dose-dependent manner with
methylglyoxal (Figure-3).
When haemolysate was prepared after RBCs
incubated with methylglyoxal, the CA activity (Unit/mgHb)
was found to increase (15.4 ± 1.8) significantly (p<0.05,
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unpaired t test) than the activity of the enzyme (10.68 ± 1.4),
while the same RBCs incubated in the buffered saline and the
esterase activity was purely due to the CA enzyme per se was
proved by incubation with acetazolamide, which decreased
the esterase activity (1.2 ± 0.45). Further, the activity of
esterase was slightly increased (2.12 ± 0.72) when incubated
with acetazolamide and methylglyoxal (Figure-4).

Discussion
The study observed significantly higher (p<0.0001)
levels of blood glucose and insulin levels in patients
compared to the healthy controls which was similar to the
observations of an earlier study conducted which had
observed higher insulin and blood glucose levels in American
Blacks.17
Our study showed that insulin resistant patients had
higher BMI (overweight) which is supported by another
study which had also observed similar findings and
concluded that though obesity was an important risk factor
for ischaemic heart disease, variations in BMI alone poorly
reflected the risk of IHD associated with features of insulin
resistance syndrome.18
Elevated methylglyoxal levels have been reported in
insulin-resistance syndrome in previous studies. Our study
also observed serum MG levels in insulin resistant patients
to be significantly higher compared to the controls.
Berlanga et al, 2005, earlier reported the toxicity of
methylglyoxal in insulin resistance. Their study
demonstrated that the toxicity of MG on rats by prolonged
exposure resulted in impairment of wound healing and
diabetes-like vascular damage. Their study also
demonstrated the usefulness of MG in arresting cellular
growth, but it also increased serum creatinine levels,
induced hypercholesterolaemia (all p <0.05) and impaired
vasodilation (p <0.01) compared with controls.1,19 This
oxoaldehyde compound is formed significantly in diabetes,
causes rapid glycation of proteins and thus deforms the
functional properties of proteins.20
The consistently elevated blood glucose flows to
sorbitol pathway causes increased utilisation of Nicotinamide
Adenine Dinucleotide Phosphate-Oxidase (NADPH), which
subsequently increases trios-phosphate concentration and
thus generates excessive amounts of MG.21 Our study
demonstrated the lysis of erythrocytes in insulin-resistant
patients by in vitro experiment with increasing concentrations
of MG, supported by the increasing concentration of lactate
dehydrogenase release from lysed erythrocytes.
Research based on MG toxicity on insulin signaling
pathway has earlier demonstrated that MG impairs signal
transduction independently by the formation of intracellular
reactive oxygen species.22 Another study23 has linked the role
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of MG to different insulin resistance states, including diabetes
and hypertension. That study also investigated the effects of
MG on insulin signaling transduction. The experimental
study involved Sprague-Dawley (SD) rats who were fed with
fructose for nine weeks resulting in an insulin-resistant state,
accompanied with increased triglyceride and insulin levels,
high blood pressure and decreased insulin-stimulated glucose
uptake by adipose tissue. Their study reported a close
correlation between insulin resistance with elevated MG
levels in serum and adipose tissue. It concluded that the
increase in endogenous MG impairs insulin-signaling
pathway and decreases insulin-stimulated glucose uptake in
adipose tissue, which may contribute to the development of
insulin resistance.23
Changes in activities of CA have been associated with
altered metabolism, especially in diabetes mellitus. A study
which was conducted to investigate the possible role of CA in
erythrocytes from normotensive and essential hypertensive
subjects, reported CA activities to be statistically significant
between normotensive and essential hypertensive. The CA
activities were much lower in patients than the normotensive
controls.24
The CA activity as the total esterase activity in serum,
observed in our study with insulin-resistant patients, was
higher and increased with corresponding increase in blood
glucose levels. This is in line with an earlier study which
reported similar lines of observation.25 Our findings also
showed that the CA activity in the erythrocyte haemolysate
was significantly higher in the patients with insulin resistance
compared to the controls.
Our in vitro study showed that the haemolysate from
control erythrocytes incubated with MG had increased CA
activity in dose-dependant manner. In another set of
experiment with specific CA inhibitor acetazolamide, the
above findings were further confirmed. Thus MG mediated
increase of CA activity is associated with the insulin
resistance state. This alteration of the CA activity could be
involved in changes of intra cellular micro pH level and
consequently may alter the activity of any of the several
enzymes involved in the insulin signaling pathway. Further
extensive studies, however, are required on this aspect.
Our in vitro study also illustrated the dose-dependant
decrease of insulin reactivity after incubation with MG. An
earlier study demonstrated the formation of methylglyoxalinsulin adducts at an arginine residues of insulin molecule,
when MG was incubated with insulin. A significant decrease
of glucose uptake induced by MG-insulin adducts was also
observed in skeletal muscle cells. MG alone had no effect on
glucose uptake or the transcriptional expression of insulin
receptor. Unlike native insulin, MG-insulin adducts did not
inhibit insulin release from pancreatic ß-cells. The
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degradation of MG-insulin through liver cells was also
decreased. Hence, MG modifies insulin by attaching to
internal arginine residue in ß-chain of insulin. The formation
of this MG-insulin adduct decreases insulin-mediated glucose
uptake, impairs autocrine control of insulin secretion, and
decreases insulin clearance. These structural and functional
abnormalities of insulin molecule may contribute to the
pathogenesis of insulin resistance.12 A study involving type-I
diabetes mellitus patients looked for the toxic effects of
reactive aldehydes MG and glyoxal in young, complicationfree type-I patients by assessing activity of the ubiquitous
membrane enzyme, Na+/K+ ATPase. Erythrocyte membrane
Na+/K+ ATPase activity was elevated in diabetes mellitus
patients compared to the controls which suffices the effect of
methylglyoxal in erythrocyte membrane enzymes.26
However, with the information based on the research
on CA activity in insulin-resistant patients and with the
observation from our study it is suggested that MG is a toxic
compound whose synthesis corresponds with higher blood
sugar levels, especially in diabetic with insulin resistance.
The increased amount of MG involves glycation of proteins,
which changes the structural and functional properties as
evidenced by lysis of erythrocytes membrane, insulin
reactivity and elevated CA activity in our study.

Conclusion
Insulin resistance is accompanied by increased
activity of carbonic anhydrase which is significantly related
to increasing methylglyoxal levels. Therefore, apart for
normal routine blood glucose determination, it is suggested to
measure serum methylglyoxal and carbonic anhydrase
activity as well in patients with insulin resistance. Further
study on CA activities and the effect of MG in these patients
may help to find out new therapeutic targets which can
modulate resistance to insulin.
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