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Abstract

Diabetes is a disease in which premature development of conditions which increase blood coagulation are the
leading cause of death. A reduction in the consequences of elevated glucose levels is the main focus of clinical
treatment. It has been determined that the addition of glucose to anti-coagulated human blood, followed by
incubation for 24 hours results in the generation of a hypercoagulable state, which is evaluated by reduction in
whole blood clotting time. Incubation for 2 hours did not show the same change in clotting. Furthermore, the addition
of glucono-delta-lactone, a low-toxicity food additive mitigated the hypercoagulable state which may, in part, be
produced by tissue factor generated by up-regulated monocytes. This demonstration of in vitro glucose toxicity may
broaden our clinical knowledge of the diabetic state. Also, glucono-delta-lactone warrants additional studies to
confirm its anticoagulant properties.
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Introduction
There are presently over 20 million diabetic individuals in the U.S.

which costs about $245 billion per year, of which $176 billion is
medical in nature and $69 billion in other economic loss. Diabetic care
is the major cost to the Medicare system [1].

Hyperglycemia in the absence of diabetes was found to enhance clot
formation and inhibit the fibrinolytic pathway of clot dissolution. Up
to 50% of all ST-segment elevation in heart attacks is present with
hyperglycemia and 25% are diabetic. Elevated glucose level is a poor
prognostic indicator for these patients with or without diabetes [2].

The hemostatic pathways are altered by diabetes. Increases in
procoagulant factors are accompanied by decreasing fibrinolysis
resulting in faster clot formation and lower tendency for the clot to
dissolve once formed. Tissue Factor (TF), the initiator of the extrinsic
clotting cascade is elevated in diabetes as well as glucose levels [3].

Patients with elevated glucose levels or diabetic patients have poorer
outcomes after acute ischemic stroke. A possible explanation put forth
was related to increase TF-PCA (TF procoagulant activity) levels. The
elevated glucose level may be the nidus for the observed outcomes [4].

Increased TF levels are found to be a major cause of cardiovascular
complications in diabetes. The monocyte, an immune cell, when
activated can generate TF, a potent procoagulant [5,6].

Since elevated glucose levels and monocyte activation to yield TF
are in excess in the diabetic state, one could consider the effect of
adding glucose to human blood and determining whether increased
TF is generated. Furthermore, evaluation as to whether the addition of
a possible anticoagulant, glucono-delta-lactone (GDL) can mitigate
these phenomena would be of importance [7].

It has been shown that the addition of endotoxin to human blood
increases monocyte TF activity and can be mitigated by treatment with
GDL during or after incubation as measured by determining the
changes in the whole blood clotting time [8].

GDL and its derivatives are naturally occurring small molecules
(178 molecular weight units). In humans about 450 mg/kg are
generated from endogenous sources, as it is the first oxidation product
of glucose. The LD50 after oral administration to rats is above 6000
milligrams/ kilogram. The conference recommendation was based on
safety studies; the chemicals in this category are currently of low
priority for further work.

That GDL when added to human blood showed significant
anticoagulant properties was unexpected. It is low toxicity, stable, and
almost 100,000 tons are produced yearly for food and other purposes.

Experimental Design
Refrigerated citrated whole blood samples (CWB) were obtained

from University Hospital’s clinical laboratory with prior Institutional
Review Board (IRB) approval. These CWB samples were treated with
exogenous glucose (6.0 or 12.0 mM) to yield a hyperglycemic
condition and then incubated. The incubation times were 2 hours and
24 hours. After incubation aliquots of the sample had their clotting
time (seconds) determined using a Diagnostica Stago ST4 Coagulation
Analyzer. This instrument is sensitive to increasing viscosity of the
clotting sample and determines the clotting time. This study was
repeated with the addition of GDL at final blood concentrations of 3
and 4 mg/ml.

Paired-t test was used for statistical analysis.

Results
Does exogenous glucose decrease the clotting time of blood?
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Effect of incubation time on glucose induced changes in clotting
time at 2 hours versus 24 hours.

The addition of glucose to CWB and incubating the sample
followed by the determination of the clotting time shows that at 2
hours (n = 6) incubation glucose at 6.0 mM had a Clotting Time (CT)
of 328 ± 70 seconds versus the control of 279 ± 70 seconds. No
significant reduction in CT. When incubated for 24 hours (n = 30) the
glucose sample had a CT of 165±65 seconds compared to the control
value of 215 ± 89. Glucose initiated a significant reduction in CT (p <
0.01).

Does GDL prolong the clotting time of a glucose-induced clotting
time reduction?

To determine whether GDL shows anticoagulant properties on
blood samples in which glucose (12.0 mM) was incubated for 24 hours
alone and with GDL.

The test samples (n = 18) contained

1. 0 glucose, 0 mg/ml GDL
2. 12.0 mM glucose, 0 mg/ml GDL
3. 12.0 mM glucose, 3 mg/ml GDL
4. 12.0 mM glucose, 4 mg/ml GDL

The clotting times were A) 236 ± 79, B) 201 ± 71, C) 243 ± 70, and
D) 334 ± 107 seconds.

Two-tailed p values are as follows: A and B p < 0.05, C vs. B p <
0.01, D vs. B p < 0.001.

Thus GDL mitigates the hypercoagulable state induced in human
blood incubated with glucose.

Conclusion
Since elevated glucose levels and monocyte activation to yield TF

are in excess in the diabetic state, one wonders the effects of adding
glucose to human blood and determining whether increased TF is
generated. Also, whether the addition of glucono-delta-lactone (GDL)
can mitigate the phenomena could be of interest.

It has been shown that the addition of endotoxin to human blood
increases monocyte TF activity and this can be mitigated by treatment
with GDL during and after this incubation before determining the
changes induced in the whole blood clotting time [7,9].

GDL was found to inhibit the activation of human blood clotting
induced by tissue factor and thrombin independently. In addition,
GDL significantly prolonged the clotting times of these bloods when a
combination of procoagulant TF and thrombin were utilized. The
significant increase in clotting time induced by GDL for TF and
thrombin individually as well as when TF and thrombin were
combined was p < 0.001 [10].

Glucose toxicity arises from a reduction of insulin secretion due to
chronic hyper-glycemia. This poor control of glucose levels leads to
cardiovascular complications, the major cause of death in diabetes
[11].

It has been found that in the diabetic population there is a reduction
in the blood CT in both inactivated blood and endotoxin-activated
samples. This hypercoagulable condition evaluated in a lab, may in

part lead to the many prothrombotic clinical complications in this
disease syndrome.

In this study, the measurement of “glucose Toxicity” in vitro is
evaluated by monitoring clotting changes induced in human CWB.
Exogenous glucose is added to CWB in the amount necessary to have a
hyperglycemic condition. The samples were then incubated at varying
glucose levels and time frames after which calcium ion was added to
initiate clotting in these citrated samples.

Glucono-delta-lactone (GDL), a possible anticoagulant candidate
was also added in different concentrations to evaluate clotting changes.

Our findings are that at the concentrations of exogenous glucose
added to CWB samples produced no clotting change with a 2 hour
incubation period. However, at 24 hours incubation a significant
reduction in clotting time was found in the glucose containing aliquot.
In other words, a hypercoagulable state was generated. GDL when
added to these glucose-activated samples was found to increase the
clotting time.

The major findings of this study show that, firstly, glucose when
added to human CWB and incubated for 24 hours induced a
hypercoagulable condition in the CWB. Secondly, GDL, a small low
toxicity molecule, has the ability to reverse the hypercoagulable state
initiated by glucose in vitro.
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