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Abstract

Diabetes is associated with a hypercoagulable state which may accelerate atherosclerosis, thrombosis and the diabetic microvascular
complication. Endogenously produced a-dicarbonyl compounds are linked to the pathophysiology of diabetic complications. The effects
of a-dicarbonyl compounds on coagulation parameters in vitro and the anticoagulant activities of aqueous extracts from guava leaves
were examined. Incubation of plasma with glyoxal or methylglyoxal at 0.1 mM showed a significant decrease in thrombin clotting time
(TT) (P < 0.05). However, they exhibited slight prolongation of the prothrombin time (PT) at 0.5 mM and no effect on the activated
partial thromboplastin time (APTT). In order to define the action mechanism of the hypercoagulant activity, coagulation factors such
as fibrinogen and antithrombin III activity were evaluated. The fibrinogen contents in plasma were decreased slightly with increasing
concentrations of glyoxal and methylglyoxal. Moreover, methylglyoxal inhibited antithrombin III activity and over 80% of the activity
was lost at 1.2 mM methylglyoxal. In contrast, guava leaf extracts exhibited significant inhibition of TT shortening induced by methyl-
glyoxal. Guava leaf extracts and its active phenolic compounds including ferulic acid, gallic acid and quercetin also displayed a protective
effect against methylglyoxal-induced loss of activity of antithrombin III. Thus, guava leaf extracts are a potent antiglycative agent and
anticoagulant, which can be of great value in the preventive glycation-associated cardiovascular diseases in diabetes.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Patients with diabetes mellitus are known to have an
increased risk of cardiovascular disease, including athero-
sclerosis. Eighty percent of type II diabetic patients die of
thrombotic complications; 75% of these deaths result from
cardiovascular events and the remainder is due to cerebro-
vascular events and peripheral vascular complications
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(Carr, 2001; Marks & Raskin, 2000). The pathogenic fac-
tors contributing to cardiovascular disease associated with
diabetes are not fully understood. Platelet hypersensitivity,
endothelial cell dysfunction and alterations in coagulation
mechanisms have been observed in diabetic patients and
are implicated as possible factors contributing to vascular
complications. Many investigators have shown that dia-
betic patients have enhanced platelet function and hyperco-
agulability (Bell, 1996). The hypercoagulation in diabetes is
observed in increased plasma levels of the coagulative fac-
tors, including fibrinogen, factor VII, VIII, XI and XII, in
decreased concentration of antithrombotic factors includ-
ing antithrombin III and protein C (Carr, 2001; Schneider
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& Sobel, 2001). In the screening test for the coagulation
pathway, the prothrombin time (PT) and activated partial
thromboplastin time (APTT) were also shorter in diabetics
(Acang & Jalil, 1993).

The hypercoagulable state in diabetes is possibly related
to hyperglycemia (Ceriello, 1993). Aoki et al. (1996) indi-
cated that good glycemic control might help to correct a
hypercoagulable state in diabetic patients. Hyperglycemia
is regarded as one key causal factor in the development
of diabetic vascular complications. A large body of evi-
dence converges to point to glycation as one key molecular
basis of diabetic complications due to hyperglycemia (Carr,
2001; Gugliucci, 2000). In the glycation reaction, the chem-
ical reaction between the aldehyde group of sugars and the
amino group of proteins termed nonenzymatic glycation to
form early glycation products (Amadori or fuctosamine).
These early glycation products are considered to be inter-
mediates in the reaction to form a-dicarbonyl compounds
such as deoxyglucosone, methylglyoxal and glyoxal. They
form afterwards irreversible advanced glycation end prod-
ucts (AGEs) which include heterogeneous structures of
complex modifications (Gugliucci & Menini, 2002). Early
products and AGEs accumulate in various tissues. They
are capable of producing cross-linking of proteins and play
an important role in diabetic pathology. Glycation of anti-
thrombin III by glucose has been shown to decrease the
binding to heparin and some in vivo data suggesting sus-
ceptibility for antithrombin III glycation in uncontrolled
diabetes mellitus (Ceriello et al., 1990). Gugliucci and
Menini (2002) also reported that a dose-dependent
decrease in antithrombin III activity was shown when
plasma was incubated with methylglyoxal. Moreover,
AGEs exhibited an enhancing effect on platelet aggregabil-
ity (Hasegawa, Suehiro, Higasa, Namba, & Kakishita,
2002). These data suggest that a-dicarbonyl compounds
and AGEs may contribute to hypercoagulation and plate-
let hypersensitivity, resulting thrombus formation in the
vasculature of diabetes patients.

Blood coagulation and platelet aggregation are crucial
events in the pathogenesis of thrombotic disease. Therefore,
the anticoagulant and antithrombotic agents also play
major roles in preventing cardiovascular diseases. Several
antithrombotic agents, such as heparin and aspirin, have
been used for prevention and treatment of thromboembolic
disorders. However, the use of heparin may be accompanied
by side effects such as bleeding complications and a high
incidence of aspirin resistance in diabetics has been reported
(Watala et al., 2004). Therefore, there has been renewed
interest in the use of natural compounds as anticoagulant
and antithrombotic compounds for diabetes patients.

Based on the above mentioned observations, it appears
that glycation, hypercoagulability and platelet dysfunc-
tions contribute to the development of cardiovascular
pathogenesis in diabetes. Therefore, the agents with anti-
glycation, anticoagulant and antiplatelet properties would
have priority for search to alleviate diabetic complications.
Guava (Psidium guajava L.) is widely cultivated and its
fruit is popular in Asia. Guava was also used as a hypogly-
cemic in folk medicine. The leaves and skin of the fruit
have greater effects. Guava tea, the infusion of dried guava
fruit and leaves has recently become popular as a drink in
Taiwan. Cheng and Yang (1983) reported that guava juice
exhibit hypoglycemic effects in mice. The potent antioxi-
dant activity in guava leaf extracts were previously
reported and attributed to their phenolic compounds
(Chen & Yen, 2007). Moreover, the guava leaf extracts also
exhibited excellent antiglycation effect, being a rather pow-
erful and effective inhibitor on low density lipoprotein gly-
cation in both glucose- and glyoxal-induced models (Hsieh
et al., 2005). In the present study, the inhibitory effects of
guava leaf extracts against hypercoaulant effects induced
by a-dicarbonyl compounds to evaluate the possible capac-
ity of guava leaf extracts as anticoagulant in alleviating the
development of cardiovascular complications in diabetes
were examined.

2. Materials and methods

2.1. Material and chemicals

Psidium guajava L. budding leaves were provided by the
local Sur-Tou Agricultural Community Association in
Chang-Hua, Taiwan, their origins were identified and
proved by the Institute of Medical Herb (Taichung,
Taiwan). Glucose, glyoxal, methylglyoxal, aminoguandine,
THROMBOMAX�HS WITHCALCIUM (T9561),
ALEXIN� (A1801/A1926), ACCUCLOT� THROMBIN
TIME (A8713/A4589) and FIBRINOGEN (886) were pur-
chased from Sigma Chemical Co. (St. Louis, MO, USA).
Protein assay kit purchased from BIO-RAD Co. (Hercules,
CA). All other reagents were of analytical grade.

2.2. Sample preparation

Twenty grams of guava leaves were repeatedly extracted
thrice with boiling water (200 ml) for 30 min. The extracts
were filtered through a Whatman No. 2 paper and com-
bined; the filtrate was lyophilized and pulverized. The per-
cent yield (%, w/w on the starting dry base) of guava leaf
extracts was 9.05.

2.3. Plasma preparation

Blood from healthy, euglycemic and normolipidemic
volunteers was obtained by venipuncture and collected in
evacuated tubes. Sodium citrate (0.38% final concentra-
tion) was used as an anticoagulant. Blood was centrifuged
at 583g, at 4 �C for 10 min and separated plasma was
immediately frozen at �80 �C until use.

2.4. Plasma glycation and coagulation parameters

Plasma (5.0 mg/ml final concentration) was incubated
under sterile conditions in the absence or presence of
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glucose (20–160 mM final concentration), glyoxal (0.1–
2.5 mM final concentration) or methylglyoxal (0.1–2.5
mM final concentration) for a period of 2 h. Samples were
incubated in the presence or absence of guava leaf
extracts (0.001–0.05 mg/ml) or aminoguanidine
(0.05 mM). Reactions were stopped by freezing at
�80 �C and samples were processed on the same day.
To rule out direct interference of guava leaf extracts on
enzymatic activities, controls containing extracts with no
addition of glucose, glyoxal or methylglyoxal were also
run in parallel. The PT, APTT, thrombin clotting time
(TT), and fibrinogen level were measured and recorded
in a coagulometer (model KC4A, Amelung, German).

2.5. Plasma glycation and antithrombin III activity assay

Antithrombin III activity was measured with a chro-
mogenic method as the reciprocal of the residual throm-
bin activity in a chromogenic assay using SAR-PRO-
ARG-pNA as a specific thrombin substrate (Frantzen,
Abildgaard, & Aasen, 1983). Briefly, plasma diluted 1:4
(v/v) in 10 mM PBS (pH 7.4) was incubated at 37 �C
for 48 h with 1.2 mM methylglyoxal and 0–0.5 mg/ml
guava leaf extracts. The reaction mixture (80 lL) was
added to 90 lL thrombin solution (30 NIH U/ml) and
6 lL Heparin (1 U/lL), and incubated at 37 �C for
exactly 20 min. Then, 20 lL of SAR-PRO-ARG-pNA
(3.1 mM) was added and incubated at an ambient tem-
perature for 2 min, and the absorbance was read at
385 nm.

2.6. HPLC analysis of phenolic compounds

Dried guava leaf extracts (20 mg) were dissolved in
10 ml 1 M HCl and then heated in a boil water bath
for 1 h. After acid hydrolysis, the cooled solution was
reextracted thrice by ethyl ether (20 ml). The combined
ethyl ether layer was evaporated to dryness under nitro-
gen and the residue was redissolved in methanol
(2.35 mg/ml final concentration) and was filtered through
a 0.2 lm filter and analyzed by HPLC. HPLC performed
with a Hitachi liquid chromatograph (Hitachi, Ltd.,
Tokyo, Japan) consisting of a model L-6200 pump,
and a model L-4200 UV–Vis detector set at 280 nm. A
reversed phase C18 Luna column (15 · 0.2 cm; particle
size 5 lm, Phenomenex, Torrance, CA,) was used for
HPLC analysis. The mobile phase consisted of two sol-
vents; acetonitrile contained 17.5 mM glacial acetic acid
(A) and 1% acetic acid (B). The solvent gradient in vol-
umetric ratios was as follows: initial 10% A linear gradi-
ent to 25% A in 8 min; linear gradient to 80% A in
22 min and hold for 5 min; linear gradient to 10% A in
10 min. The flow rate was 0.2 ml/min. Phenolic com-
pounds were identified by comparison of their retention
time (Rt) values and UV spectra with those of known
standards and determined by peak areas from the
chromatograms.
2.7. Statistical analysis

All analyses were run in triplicate and mean values
reported. Statistical analyses were performed according to
the SAS Institute User’s Guide. Analyses of variance were
performed using the ANOVA procedure. Significant differ-
ences (P < 0.05) between the means were determined using
Duncan’s multiple range test.

3. Results

3.1. Effects of various AGEs precursors on PT, APTT, TT,

and fibrinogen level

The effects of glucose, glyoxal and methylglyoxal on
coagulation were evaluated by assays of APTT, PT, TT
and fibrinogen content. As shown in Fig. 1, glucose did
not change APTT, PT, TT and fibrinogen content. Glyoxal
and methylglyoxal prolonged PT 44.95 ± 0.78 and
47.15 ± 0.21 s at concentration of 0.6 mM, respectively.
However, TT was significantly decreased by incubation
of plasma with glyoxal or methylglyoxal at 0.1 mM
(P < 0.05). The fibrinogen contents in plasma were
decreased slightly with increasing the concentrations of
glyoxal.

3.2. Protective effect of guava leaf extracts on a-dicarbonyl

compounds-induced hypercoagulation

The protective effect of guava leaf extracts on the
a-dicarbonyl compounds-induced TT reduction is shown
in Fig. 2. TT was reduced significantly by glyoxal and
methylglyoxal at concentration of 0.1 mM. Guava leaf
extracts (0.001 mg/ml) exhibited significantly inhibition
on hypercoagulation induced by methylglyoxal, whereas
no inhibition was observed in APTT, PT and fibrinogen
assays at the same concentration (data not shown).

3.3. Determination of phenolic compounds in guava leaf

extracts

Fig. 3 shows the chromatogram of mixed standards and
guava leaf extracts. The results of HPLC analyses showed
that three main peaks were found in guava leaf extracts at
280 nm. Gallic acid (Rt = 4.96 min), ferulic acid (Rt =
35.87 min) and quercetin (Rt = 40.99 min) were identified
by comparison of their retention time values and UV spec-
tra with those of known standards. The contents of three
phenolic compounds in guava leaf extracts are shown in
Table 1. The contents of gallic acid and quercetin were
slightly higher than that of ferulic acid.

3.4. Effects of guava leaf extracts and its active compounds

on methylglyoxal-induced loss of activity of antithrombin III

Table 2 shows the effects of guava leaf extract and its
active compounds on methylglyoxal-induced loss of activ-
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Fig. 1. Effects of various AGEs precursors on human plasma coagulation. Plasma was incubated with glucose (0–30 mM), glyoxal (0–0.6 mM) or
methylglyoxal (0–0.6 mM) at 37 �C for 2 h. Data expressed in mean ± standard deviation from triplicate experiments. *P < 0.05 versus controls.
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ity of antithrombin III. Methylglyoxal inhibited signifi-
cantly antithrombin III activity and over 80% of the activ-
ity was lost at 1.2 mM methylglyoxal. Guava leaf extracts
displayed a protective effect against methylglyoxal-induced
loss of activity of antithrombin III. Dose dependency of the
effects is apparent. The content of ferulic acid, gallic acid
and quercetin in 1 mg guava leaf extracts was 9.42, 12.18
and 12.26 lg, respectively (Table 1). Additions of these
main phenolic compounds into methylglyoxal/plasma reac-
tion system at the same levels present in guava leaf extracts
also inhibited the activity loss of antithrombin III induced
by methylglyoxal. There were no significant differences
(P > 0.05) between the protective effects provided by indi-
vidual phenolic compounds. However, combination of
three main phenolic compounds exhibited more protective
effect on methylglyoxal-induced loss of activity of anti-
thrombin III. Table 2 also shows that aminoguanidine,
an antiglycation agent, exhibited very well preventive effect
against methylglyoxal-induced loss of antithrombin III
activity at 4 mM.
4. Discussion

In humans with diabetes mellitus, many studies show
disturbances of hemostatic and fibrinolytic mechanisms,
namely, activation of blood coagulation (Ceriello et al.,
1994), hypofibrinolysis (Garcı́a-Frade et al., 1990), and
platelet hyperaggregation (Winocour, 1994). It is well rec-
ognized that these abnormalities are associated with the
development of diabetic complications and the increased
incidence of cardiovascular events in diabetic subjects
(Kwaan, 1992).

The hypercoagulable state in diabetes is possibly related
to hyperglycemia. Endogenously produced a-dicarbonyl
compounds, such as glyoxal and methylglyoxal are
involved in hyperglycemia and AGEs formation. There-
fore, our attention was focused on the effects of a-dicar-
bonyl compounds on coagulation. The concentrations of
glyoxal and methylglyoxal in plasma of diabetes patients
were 229 ± 127 nM (Agalou, Karachalias, Thornalley,
Tucker, & Dawnay, 2002) and 742 ± 141 nM (Nemeta,
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Fig. 2. Effects of guava leaf extracts on the AGEs precursors-induced
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Turkb, Duvnjakc, Carc, & Varga-Defterdarovic, 2005),
respectively. In the present study, the coagulant properties
were assessed by APTT, PT and TT assays using human
plasma incubated with a-dicarbonyl compounds at physio-
logical concentrations. The results showed that glucose,
glyoxal and methylglyoxal did not change APTT which
was the screening test for the intrinsic coagulation pathway
and common coagulation pathway. The PT, the screening
test for the extrinsic coagulation pathway and common
coagulation pathway, was slight prolonged by glyoxal
and methylglyoxal at concentration of 0.6 mM. Prolonga-
tion of PT can be due to deficiency in any factors involved
in the extrinsic and common pathway of blood coagulation
or the presence of inhibitors (deGruchy, 1983). However,
the possible mechanisms of PT prolongation induced by
a-dicarbonyl compounds are remains as a matter to be
studied further.

The TT is another important screening procedure for
disorders of thrombosis and hemostasis as well as the pres-
ence of heparin. TT testing is a rapid assay procedure that
measures the polymerization of fibrinogen to fibrin. Gly-
oxal and methylglyoxal could reduce TT at concentration
of 0.1 mM (Fig. 1). Moreover, the decreasing of TT
induced by methylglyoxal was inhibited significantly by
adding 0.001 mg/ml guava leaf extracts (Fig. 2). Shortening
of TT could be attributed to the variation in fibrinogen
content or thrombin–antithrombin activities. The results
shown in Fig. 1 indicated that the contents of fibrinogen
changed unapparently by incubation of plasma with meth-
ylglyoxal. Antithrombin III is the most important physio-
logical thrombin inhibitor and its reduction may be a
contributing factor to hypercoagulability (Altes et al.,
1995). To elucidate the hypercoagulant mechanism of
methylglyoxal, its effect on activity of antithrombin III
was measured using chromogenic substrates in the presence
of heparin. As the data in Table 2 indicated the activity of
antithrombin III was inhibited more than 80% after incu-
bation of plasma with methylglyoxal at a concentration
of 1.2 mM. A similar finding was reported by Gugliucci
and Menini (2002) that over 70% of the antithrombin III
activity was lost at 1 mM methylglyoxal. The well inhibi-
tion by addition of aminoguanidine into reaction system
showed that the glycation played an important role in the
inactivation of antithrombin III induced by methylglyoxal.
Antithrombin III possesses a lysine-rich domain which is
the glycation target. Glycation of antithrombin III may
induce decreased heparin binding and result in loss of enzy-
matic activity (Ceriello et al., 1990; Gugliucci & Menini,
2002).

While search for synthetic new anticoagulants contin-
ues, much attention has been focused on potent anticoagu-
lants in natural compounds, in particular herbal plant and
fungus. Various anticoagulant-active fractions have been
isolated and characterized from marine algae (Matsubara
et al., 2001), fungus (Han, Yao, Yang, Liu, & Gao, 2005)
and edible mushroom Auricularia auricular (Yoon et al.,
2003). Mary, Babu, and Padikkala (2003) indicated that
herbal formulation containing the extracts of nine plants
exhibited anticoagulant, platelet antiaggregatory in rats.
In the present study, guava leaf extracts also displayed well
anticoagulant effects and protection on loss of activity of
antithrombin III induced by methylglyoxal. The guava leaf
extracts have shown excellent antioxidant and antiglyca-
tion properties (Chen & Yen, 2007; Hsieh et al., 2005).
Therefore, guava leaf extracts can be of great value in the
preventive glycation- and oxidation-associated cardiovas-
cular disease.

Several kinds of compounds, such as chitosan, glucan,
polysaccharides (Han et al., 2005; Yoon et al., 2003), pro-
tein (Yamaji et al., 2005), sulphated flavonoids (Gugliel-
mone, Agnese, Núñez, Susana, & Cabrera, 2002), tannins
(Dong, Chen, Kini, & Xu, 1998), tea catechins (Kang
et al., 1999) and triterpenes (O’Neill et al., 1998) have
shown potent anticoagulant and/or antithrombotic activi-
ties. In a previous report, the content of total phenolic
compounds, as gallic acid equivalents, in guava leaf
extracts was 165.61 mg/g (Hsieh et al., 2005). As shown
in Fig. 3 and Table 1, the main phenolic compounds in
guava leaf extracts were quercetin (12.26 mg/g), gallic acid
(12.18 mg/g) and ferulic acid (9.42 mg/g). Moreover, addi-
tions of quercetin, gallic acid and ferulic acid individually
into reaction system could effectively inhibit the activity
loss of antithrombin III induced by methylglyoxal (Table
2). Ferulic acid showed the same inhibitory effects even
though at the lowest dosages. The inhibition effects of com-
bination of these three phenolic compounds at the same
levels present in guava leaf extracts (1 mg) approximate
to that of guava leaf extracts. These results suggested that
these phenolic compounds were also the main anticoagu-
lants in guava leaf extracts. Ferulic acid and its precursors,
p-coumaric acid and caffeic acid are synthesized in plants.



Fig. 3. HPLC chromatogram of guava leaf extracts and its active compounds. A, gallic acid; B, ferulic acid; C, quercetin.

Table 1
The contents of main phenolic compounds in guava leaf extracts

Phenolic compounds Content (mg/g)a

Ferulic acid 9.42 ± 2.29
Gallic acid 12.18 ± 1.71
Quercetin 12.26 ± 0.69

a Data represent mean ± standard deviation from three experiments.
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Ferulic acid occurs in cereals and vegetables such as rice,
wheat, oat, tomatoes, asparagus, olives and many other
plants. Recently, focus has been placed on physiological
potential of ferulic acid (Anselmi, Centini, Andreassi,
Buonocore, & Rosa, 2004). In vivo and in vitro studies
have shown that ferulic acid and its sodium salt have anti-
thrombotic and platelet aggregation inhibitory activities
(Yin, 1980). Sodium ferulate is an effective component of
Chinese herb and has been widely used in China to treat
cardiovascular and cerebrovascular diseases and to prevent
thrombosis for several decades (Wang & Ou-Yang, 2005).
Besides, quercetin sulphate also showed anticoagulant
activity. Guglielmone et al. (2002) demonstrated that quer-
cetin sulphate obtained from Flaveria bidentis (Asteraceae)
showed significant prolongation on the APTT and PT,
enhancing thrombin inhibition by heparin cofactor II and
markedly inhibited platelet aggregation. Therefore, pheno-
lic compounds may play an important role in the anticoag-
ulant ability of guava extracts.



Table 2
Protective effects of guava leaf extracts and its active compounds on methylglyoxal-induced antithrombin III inactivation

SamplesA Antithrombin III activity % of controlB

Plasma control 100.00 ± 5.20a

Methylglyoxal (1.2 mM) 17.77 ± 4.58f

Methylglyoxal (1.2 mM) + aminoguanidine (4 mM) 78.90 ± 6.44b

Methylglyoxal (1.2 mM) + guava leaf extracts (0.05 mg/ml) 30.67 ± 4.46e

Methylglyoxal (1.2 mM) + guava leaf extracts (0.5 mg/ml) 51.37 ± 3.64cd

Methylglyoxal (1.2 mM) + guava leaf extracts (1 mg/ml) 57.13 ± 2.34c

Methylglyoxal (1.2 mM) + ferulic acid (9.42 lg/ml) 22.12 ± 2.54ef

Methylglyoxal (1.2 mM) + gallic acid (12.18 lg/ml) 21.93 ± 2.04ef

Methylglyoxal (1.2 mM) + quercetin (12.26 lg/ml) 23.66 ± 8.17ef

Methylglyoxal (1.2 mM) + ferulic acid (9.42 lg/ml) + gallic acid (12.18 lg/ml) + quercetin (12.26 lg/ml) 43.83 ± 3.83d

A Plasma was incubated with or without methylglyoxal (1.2 mM) at 37 �C CO2 incubator in the absence or the presence of aminoguanidine, guava leaf
extract, quercetin, ferulic acid and gallic acid.

B Data represent mean ± standard deviation from three experiments. Different letters between each treatments denote significantly different (P < 0.05).
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In summary, the hypercoagulable state in diabetes may
be related to a-dicarbonyl compounds formed in hypergly-
cemia and attributed to their inhibition on the activity of
antithrombin III. The observation that guava leaf extracts
are effective inhibitors on methylglyoxal-induced hyperco-
agulation, suggest that further investigations of the anti-
thrombotic effects of guava leaf extracts in diabetes are
required.
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