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In-vitro study of methylglyoxal and aspirin effects on

fibrinolysis parameters

Fahima D. Pouya, Javad Zavar-reza and Beman A. Jalali

Methylglyoxal is a reactive «, 3 dicarbonyl aldehyde
compound that originates from various biochemical
pathways. Some studies suggest that increased
methylglyoxal in blood leads to changes in fibrinolysis;
however, the precise mechanism is not clear. The aim of this
study was to compare different concentrations of
methylglyoxal and aspirin on fibrinolysis in the plasma of
healthy individuals in vitro. Different concentrations of
methylglyoxal (5, 50, 100, and 500 wmol/I) and aspirin (1, 10,
and 100 mg/I) were added to the plasma citrate. They were
incubated at 37°C for 24 h. Then, fibrinolysis parameters
were analyzed by the turbidimetric procedure at 405 nm.
The Independent Samples t-test was utilized to compare
them (P<0.05). Findings revealed that methylglyoxal at
500 wmol/I with aspirin 100 mg/l had significant changes in
the maximum lysis velocity (0.163 = 0.003), half-time lysis
(240 +10.00), the total lysis time (485 + 5.00), lag time in
lysis (126 +5.77), compared with methylglyoxal at

500 pumol/I (0.104 + 0.005), (276 + 5.77), (570 = 10.00), and
(186 = 5.77), respectively (P<0.05). Methylglyoxal at

500 pmol/I with aspirin 1 mg/I did not significantly change
in either parameter (P>0.05). Methylglyoxal at 100 umol/I

Introduction

Atherosclerosis (AS) is the major cause of coronary artery
disease. It chiefly involves the large and middle muscular
arteries, especially the aorta, coronary and cerebral
arteries [1]. This takes place during a person’s lifetime,
but the rapid formation depends on risk factors. When the
lipid-rich plaques are separated from vessel walls, the
vessels will be damaged and thrombus formation will
occur. Clotting disorders are the cause of many deaths.
Clot formation is the most important cause of the onset of
acute coronary syndromes and sudden death caused by
ischemia [2,3].

Modern diets can cause modern diseases. Research has
linked a metabolite of sugar, methylglyoxal (MGO), to
the development of diabetic complications, but the exact
mechanism has not been fully elucidated [4]. MGO,
which is a very active compound of —a, B dicarbonyl
aldehyde [5-7], is formed during cellular metabolism,
glucose oxidation, and peroxidation of lipids or carbo-
hydrates are produced in the food and beverages. Highly
reactive dicarbonyl attacks the lysine, arginine and
cysteine residues of long-lived proteins, to form irrever-
sible advanced glycation end products (AGEs) [8]. An
excess of MGO formation can increase ROS (reactive
oxygen species) production and cause oxidative stress.
MGO reacts with proteins, DNA and other bimolecular,
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with aspirin 1 mg/I did not significantly change in either
fibrinolysis parameter (P>0.05), compared with
methylglyoxal at 100 umol/I. Methylglyoxal at 5 pumol/I with
aspirin (1, 10, 100 mg/1) changed in all fibrinolysis
parameters (P<0.05), compared with methylglyoxal at

5 pmol/Il. The other concentrations were compared in the
same way. Aspirin (more than 1 mg/I) had more effect on
higher concentrations of methylglyoxal. It increased the
velocity of lysis of the clot and shortened clot lysis. Blood
Coagul Fibrinolysis 24:715-718 © 2013 Wolters Kluwer
Health | Lippincott Williams & Wilkins.
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and is a major precursor of AGEs and AGEs are also
associated with the aging and age-related diseases [4].

Under physiological conditions, the glyoxalase system
degrades MGO and keeps plasma MGO levels low.
Hyperglycemia associated with diabetes drives several
damage pathways and raises concentrations of the reac-
tive dicarbonyl, MGO that leads to endothelial damage
and atherosclerosis [6,9,10]. By western blotting and mass
spectrometry fibrin(ogen), and some other proteins were
identified as putative main targets for MGO-derived
modification [11].

Treatment of plasminogen with methylglyoxal results
in the decreased number of NH2 side chains. This
structural modification is associated with profound func-
tional alterations. In-vivo fibrinolysis could be impaired
under pathological conditions, for example, increased
methylglyoxal formation in diabetes mellitus [12]. To
prevent this, several compounds have been studied, one
of which is aspirin (nonsteroidal anti-inflammatory drug),
because aspirin inhibits platelet function used in treating
atherosclerotic cardiovascular disease [13]. Aspirin has an
anti-inflammatory property that inhibits cyclooxygenase
-2(COX-2) which prevents the synthesis of proinflamma-
tory prostaglandins. It increases the endothelial nitric
oxide synthesis. Nitric oxide 1is responsible for
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maintenance and repair of vascular endothelium, and it
has a role in preventing cardiovascular syndrome [14,15].
Another function of aspirin is acetylation of fibrinogen
that is one of coagulation factors. The structure of acetyl-
ated fibrinogen makes clot lysis easier [16].

Thus, because of the importance of cardiovascular
disease, the aim of the study was to study the effects
of MGO and aspirin on fibrinolysis parameters iz vitro.

Materials and methods

Isolation of plasma

Blood samples taken from 50 healthy people (aged
between 25 and 35 years) who had fasted for 10h over-
night. They were without cardiovascular disorders,
allergy and lipid or carbohydrate metabolism disorders,
untreated with drugs. Human blood samples were
collected into sodium citrate (3.8%) and immediately
centrifuged (4500 x g, 5min) to get plasma. Then, the
pooled plasma was frozen at —20°C to be used for
fibrinolysis study.

Measuring fibrinolysis parameters

Fibrinolysis was evaluated with a slightly modified
method by Williams ez a/. [17]. As 400 pl citrated plasma
was diluted at 37°C with 400wl of a buffer (PBS)
(20 mmol/l Na,HPO,, 20 mmol/l NaH,PO,, 0.15mol/l
NaCl, pH 7.4) containing 25l enzyme Streptokinase
750 U/ml (Sigma), 5 .l calcium chloride 2 mol/l (Merck),
and 3 pl human thrombin 0.5 U/ml (Sigma). Clot assem-
bly kinetics were monitored spectrophotometrically at
405 nm in duplicate aliquots. Then, by obtaining kinetic
curves (OD/time) for aliquots, the maximum lysis
velocity (LMV, maximum AOD/s), half-lysis time
[HL'T, (s)], the total lysis time [TL'T, (s)] and lag time
in lysis [L'T, (s)] were determined.

In the next step, a MGO solution with 10 mmol/l was
prepared, of which various amounts of MGO (5, 50, 100,
and 500 wmol/l) were prepared in 400 pl plasma. They
were incubated for 24 h at 37°C with non-MGO plasma.
They were analyzed for fibrinolysis parameters.

After that, various amounts of aspirin [acetylsalicylic acid
(ASA)] (1, 10, and 100 mg/l) were prepared in 400 ul
plasma. They were incubated for 24h at 37°C with
nonaspirin plasma. They were analyzed for fibrinolysis
parameters.

Finally, every amount of MGO concentration was
collected into different amounts of aspirin in 400 pl
plasma consecutively. They were incubated for 24 h at
37°C with different MGO concentrations (5, 50, 100,
and 500 wmol/l). They were analyzed for fibrinolysis
parameters.

Results

The SPSS software package (SPSS Inc., Chicago, Illinois,
USA) was utilized to analyze data by applying Indepen-
dent Sample #-test to compare groups. All the values in
this study were expressed as means £ SD (P < 0.05).

Measuring methylglyoxal parameters

After collecting MGO into plasma, it was observed that
fibrinolysis parameters altered. MGO 500 pmol/l had a
significant decrease on LMV (0.104 4+0.005) compared
with the non-MGO group LMV (0.12040.003)
(P <0.05).

It was also observed that HL'T (276+5.77), TL'T
(570 £10.00), LT (186+£5.77), had significant increase
compared with the control group with HL'T (195 £ 5.00),
TLT (430+£4.04), LT (119.00+2.51), respectively
(P<0.05) (Table 1).

MGO 50 pmol/l had a significant increase on HL'T
(244 £6.02), TL'T (488+£12.05), L'T (136 £5.77), com-
pared with the control group with HL'T (195 #£5.00),
TLT (430+£4.04), LT (119.00+2.51), respectively
(P<0.05). They are reported in Table 3, and results
for other concentrations are incorporated in Tables 2

and 4.

Measuring aspirin parameters

In the study, aspirin had significant effects on parameters
(P<0.05), that is, when 100mg/l was applied, L'T
(70.00 £5.00), TLT (290 £6.00) and HL'T' (140 £6.02)
decreased significantly, but LMV (0.192 £0.004)
increased significantly compared with the nonaspirin

group (Table 5).

Concentrations of 1 and 10 mg/l underwent significant
alterations compared with the nonaspirin group as shown
in Table 5 (P < 0.05).

Measuring methylglyoxal and aspirin parameters
When various concentrations of MGO and aspirin were
mixed together, the following results were obtained:

Table 1 Comparison of different concentrations of methylglyoxal (500 pmol/I) with aspirin on fibrinolysis parameters (24 h, 37°C)
Variables LMV P HLT P TLT P LT P
MGO 500 pmol/I 0.104 +0.005 - 276 +5.77 - 570+ 10.00 - 186 £5.77 -
MGO 500 pmol/l + ASA 100 mg/I 0.163+0.003 0.000* 240+ 10.00 0.005* 485 +5.00 0.000* 126 +£5.77 0.000*
MGO 500 pmol/l + ASA 10mg/I 0.113+0.003 0.062 265 +5.00 0.057 532+ 7.21 0.006* 176 +5.29 0.078
MGO 500 pmol/l +ASA 1mg/I 0.109 +0.005 0.139 270+5.00 0.205 559 +9.53 0.240 182 £5.29 0.360

ASA, acetylsalicylic acid or aspirin; HLT (s), half-lysis time; LMV (maximum AOD/s), maximum lysis velocity; LT (s), lag time of lysis; MGO, methylglyoxal; TLT (s), total lysis

time; Variables are given as (mean+ SD). *statistically significant (P < 0.05).
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Table 2 Comparison of different concentrations of methylglyoxal (100 pwmol/I) with aspirin on fibrinolysis parameters (24h, 37°C)

Variables LMV P HLT P TLT P LT P
MGO 100 umol/l 0.111+0.003 - 255 +5.00 - 526+ 11.54 - 155+ 5.00 -
MGO 100 umol/l + ASA 100 mg/I 0.174 +£0.005 0.000* 226 +5.77 0.003* 471+£13.52 0.006* 110+ 10.00 0.002*
MGO 100 umol/l +ASA 10 mgl/| 0.131+£0.010 0.034* 238 +8.08 0.041* 485+13.22 0.015* 146+ 2.88 0.067
MGO 100 umol/l +ASA 1 mgl/l 0.115+£0.005 0.398 251+ 1258 0.692 520+ 20.00 0.643 150+ 10.00 0.482

ASA, acetylsalicylic acid or aspirin; HLT (s), half-lysis time; LMV (maximum AOD/s), maximum lysis velocity; LT (s), lag time of lysis; MGO, methylglyoxal; P, P-value; TLT (s),
total lysis time; Variables are given as (mean £ SD). *statistically significant (P < 0.05).

MGO 500 umol/l with ASA 100mg/l significantly
decreased HL'T (240£10.00), TLT (485+5.00), and
LT (126 +5.77) but increased LMYV (0.163 & 0.003) com-
pared with the MGO group with 500 pwmol/l, as were HL'T
(276 £5.77), 'TL'T (570+£10.00), L'T" (186+5.77), and
LMV (0.104 £ 0.005), respectively (P < 0.05) (Table 1).

In the group MGO 500 pmol/l with ASA 1mg/l, there
were no significant changes in fibrinolysis parameters
compared with the MGO 500 wmol/l group. The com-
parison of the other concentration is shown in Table 1.

MGO 100 wmol/l with ASA 100mg/l had significant
changes compared with the MGO 100 wmol/l in all fibrin-
olysis parameters (P < 0.05) (‘Table 2). The comparison of
the other concentrations in the group is shown in Table 2.

MGO 50 pumol/l in the three concentrations of ASA
significantly changed in all parameters of clot lysis com-
pared with the MGO 50 pwmol/l, but L'T was not signifi-
cant as MGO 100 pmol/l with ASA 100 mg/1 (Table 3).

MGO 5pmol/l in the three concentrations of ASA
significantly changed in all parameters of clot lysis com-
pared with MGO 5 pmol/l (Table 4).

Discussion

Oxidative stress is one of the pathogenic factors in the
development of endothelial dysfunction in experimental
models of diabetes [18]. MGO has been shown to
increase production of reactive oxygen species (ROS)
in other animal models of disease [19]. Apart from
directly increasing ROS production, MGO can also
increase oxidative stress by inducing AGE formation [20].

In the in-vitro study it was observed that MGO
increased the time for clot lysis. Various concentrations
of MGO (100 and 500 pmol/l) decreased significantly the
maximum velocity of lysis compared with the non-MGO
group. Lerant ez a/. [12] showed treatment of plasminogen
with methylglyoxal results in the decreased number of

NH2 side chains. This structural modification is related
with profound functional alterations: the rate of activation
by streptokinase, tissue-type plasminogen activator, uro-
kinase-type plasminogen activator and trypsin decreased.
In the present work, the other parameters, HL'T, TLT,
LT significantly increased in the concentrations com-
pared with the non-MGO group. Therefore, increased
HL'T, TL'T, L'T are reasons for formation of fibrin clots
resistant to lysis in the presence of MGO, therefore,
leading to thrombus in patients with high MGO. Lund
et al. [11] noted that MGO modification may also influ-
ence fibrinolysis, as a cleavage site for plasmin between
R491 and H492 of the a-chain involved an arginine that
was modified #z vitro by 5pmol/l MGO, but in the
present work, MGO 5pumol/l showed no significant
change in fibrinolysis parameters. It did not mean that
there was no change in the concentration, but it was not
significant (Table 4).

The study revealed that aspirin properties affected clot
lysis. It raised clot lysis, that is, it shortened the time
needed for clot lysis and increased the velocity of clot
lysis in the presence of MGO. Ajjan er a/. [13] demon-
strated by scanning electron microscopy thicker fibers
with looser clot structure when clots were made from
aspirin-treated fibrinogen. The lower density of fibrin
fibers and larger pores of clots made from aspirin-treated
fibrinogen may be important for perfusion of plasmino-
gen and plasminogen activators into the clot, so it makes
clot lysis easier. More studies are warranted to fully
evaluate the /7 vivo best dose of aspirin in using a
monoclonal antibody and acetylation of lysine residues
on the a-chain of aspirin-treated fibrinogen [13]. This
posttranslational modification in the fibrinogen molecule
may lead to changes in charge distribution and possibly
conformation [21]. Alternatively, acetylated fibrinogen
may affect the rate of conversion of plasminogen to
plasmin by tissue plasminogen activator, or it may
increase affinity to t-PA or plasmin, resulting in increased

Table 3 Comparison of different concentrations of methylglyoxal (50 umol/1) with aspirin on fibrinolysis parameters (24 h, 37°C)

Variables LMV P HLT P TLT P LT P
MGO 50 umol/l 0.115+0.005 - 244 +6.02 - 488+12.05 - 136+£5.77 -
MGO 50 umol/l + ASA 100 mg/I 0.181 +0.007 0.002* 198 +£18.92 0.016* 403 +15.27 0.002* 90 +10.00 0.002*
MGO 50 umol/l +ASA 10 mgl/| 0.138£0.003 0.005* 221+7.63 0.016 448+ 2.30 0.005* 118+£2.30 0.007*
MGO 50 umol/l +ASA 1mgl/l 0.130£0.005 0.023* 223 +5.77 0.012* 463+5.77 0.030* 128+2.88 0.089

ASA, acetylsalicylic acid or aspirin; HLT (s), half-lysis time; LMV (maximum AOD/s), maximum lysis velocity; LT (s), lag time of lysis; MGO, methylglyoxal; TLT (s), total lysis
time; Variables are given as (mean +SD). *statistically significant (P < 0.05).
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Table 4 Comparison of different concentrations of methylglyoxal (5 pmol/I) with aspirin on fibrinolysis parameters (24 h, 37°C)

Variables LMV P HLT P TLT P LT P
MGO 5 umol/l 0.121+0.003 - 206 +5.77 - 438+ 7.63 - 125 +6.02

MGO 5 umol/l + ASA 100 mgl/I 0.185+0.005 0.000* 137 £7.50 0.000* 3884 12.58 0.004* 80 +5.00 0.001*
MGO 5 pumol/l +ASA 10 mg/I 0.1444+0.006 0.004* 181 +10.40 0.022* 401419.42 0.037* 91+7.63 0.004*
MGO 5 umol/l + ASA 1 mg/| 0.137 4+0.007 0.030* 182+ 6.80 0.010* 412 +£13.11 0.040* 108 +7.63 0.037*

ASA, acetylsalicylic acid or aspirin; HLT (s), half-lysis time; TLT (s), total lysis time; LMV (maximum AOD/s), maximum lysis velocity; LT (s), lag time of lysis; MGO,
methylglyoxal; Variables are given as (mean +SD). *statistically significant (P < 0.05).

Table 5 Comparison of different concentrations of aspirin on fibrinolysis parameters (24h, 37°C)

Variables LMV P HLT P TLT P LT P
Control 0.120+0.003 - 195+£5.00 - 430+ 4.04 - 119+ 251 -
ASA 100 mg/I 0.192+0.004 0.000* 140+£6.02 0.000* 290 +6.00 0.000* 70+5.00 0.000*
ASA 10mg/I 0.147 +£0.003 0.001 171 £3.51 0.003 356+ 7.63 0.000* 106 +5.29 0.016
ASA 1 mg/l 0.135+0.005 0.012 181+£5.77 0.039 390+ 10.00 0.003* 111+3.60 0.027

ASA, acetylsalicylic acid or aspirin; HLT (s), half-lysis time; LMV (AOD/s), maximum lysis velocity; LT (s), lag time of lysis; TLT (s), total lysis time; Variables are given as
(mean +SD). *statistically significant (P < 0.05).
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