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Kynurenic acid protects against the homo-
cysteine-induced impairment of endothelial cells
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Abstract:

Kynurenic acid (KYNA) is a tryptophan metabolite produced in the kynurenine pathway. In the central nervous system, KYNA ex-
erts neuroprotective and anticonvulsant effects by mechanisms associated with its antagonist activity against the ionotropic gluta-
mate and �-7 nicotinic receptors. Its presence has been documented not only in cerebrospinal fluid and brain tissue, but also in the
periphery. However, KYNA’s function outside the brain has not been fully elucidated. In this study, experiments performed on bo-
vine aorta endothelial cell cultures showed for the first time that KYNA exerts a protective activity against the homocysteine-
induced impairment of endothelial cells. The addition of KYNA significantly increased endothelial cell migration and proliferation,
which is diminished by homocysteine. KYNA also protected cells against homocysteine-induced cytotoxicity. Our data suggest that
increasing KYNA levels in blood vessels may have a significant impact on the endothelium in hyperhomocysteinemia.

Key words:

kynurenic acid, homocysteine, endothelial cells

Abbreviations: BAEC – bovine aortal endothelial cells,
DMEM – Dulbecco’s modified Eagle’s medium, FBS – fetal
bovine serum, KYNA – kynurenic acid, LDH – lactate dehy-
drogenase, MTT – 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide

Introduction

Homocysteine is a sulfur-containing amino acid that
functions as an intermediate in methionine metabo-

lism [26]. Even a moderate elevation in homocysteine

levels is widely recognized as a risk factor for cardio-

vascular disease and venous thrombosis [13]. Further-

more, epidemiological and experimental studies have

linked moderate hyperhomocysteinemia with several

neurodegenerative conditions (e.g., stroke, Alzheimer’s

disease, Parkinson’s disease, and glaucoma) [2, 12].

While the exact mechanism of homocysteine-induced

atherothrombosis has yet to be fully elucidated, it is

widely accepted that endothelial dysfunction plays

a key role in this process [21, 22].
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Kynurenic acid (KYNA), an intermediate in the
tryptophan metabolic pathway, is an endogenous
competitive blocker of the strychnine-insensitive
glycine co-agonist site of the N-methyl-D-aspartate
(NMDA) receptor [1] and a noncompetitive inhibitor
of the �-7 nicotinic acetylcholine receptor [4]. There-
fore, in the central nervous system, KYNA is consid-
ered to take part in glutamatergic and cholinergic neu-
rotransmission. However, KYNA’s presence has been
documented not only in brain tissue [18] and cerebro-
spinal fluid [16], but also in the periphery [6, 8, 10].
Recent work has shown that KYNA is a ligand for the
orphan G protein-coupled receptor, GPR35, which is
localized mainly in immune and gastrointestinal tis-
sues [23].

This study demonstrates for the first time that
KYNA elicits a protective effect against the homo-
cysteine-induced inhibition of endothelial cell prolif-
eration and migration. Moreover, KYNA protected
those cells against homocysteine-induced cytotoxicity.

Materials and Methods

Drugs

DL-homocysteine and kynurenic acid were purchased
from Sigma-Aldrich (USA). All other drugs were of
the highest available purity.

Bovine aorta endothelial cell culture

Bovine aorta endothelial cell (BAEC) cultures were
prepared as previously described [25]. Vessels were
taken from freshly slaughtered steers and heifers and
separated from the surrounding tissue. After being
rinsed with phosphate-buffered saline, the vessels were
filled with a 0.25% trypsin solution and incubated at
37°C for 15 min. The endothelial cell suspension was
collected and centrifuged at 250 × g for 10 min. The
cell pellet was then resuspended in the culture medium,
which consisted of Dulbecco’s modified Eagle’s me-
dium (DMEM) (Sigma, St Louis, MO, USA), 10% fe-
tal bovine serum (FBS) (Life Technologies, Karls-
ruhe, Germany), penicillin (100 U/ml) (Sigma), strep-
tomycin (100 �g/ml) (Sigma), and heparin (20 U/ml)
(Sigma). Cells were grown at 37°C in a humidified at-
mosphere of 95% air and 5% CO2 in 75 cm2 tissue

culture flasks (Nunc, Roskilde, Denmark). The endo-
thelial cells appearance was confirmed by the typical
cobblestone morphology, as well as by immunostain-
ing for von Willebrand factor (Dakopatts, Denmark).
In the experiments, BAECs that had been passaged
2 to 6 times were used.

Cell proliferation assessment

Endothelial cells growing on 96-well plates (Nunc,
Roskilde, Denmark) at a density of 2 × 104 cells/ml
were allowed to proliferate in the culture medium
alone (control) or in the presence of the tested com-
pounds at 37°C in a 95% air and 5% CO2 atmosphere.
After 96 h of incubation the cells’ growth was as-
sessed by means of a MTT assay according to the
method described by Rzeski et al. [11]. The yellow
tetrazolium salt, 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT), is metabolized by
viable metabolically active cells into purple formazan
crystals. Endothelial cells were incubated for 3 h with
a 0.5 mg/ml MTT solution (Sigma) and the resulting
formazan crystals were solubilized overnight in 10%
SDS in 0.01 M HCl. The product was quantified spec-
trophotometrically by measuring absorbance at 570 nm
using an E-max Microplate Reader (Molecular De-
vices Corporation, Menlo Park, CA, USA).

Cytotoxicity assay

The influence of DL-homocysteine and KYNA on
BAEC viability was measured by means of a lactate
dehydrogenase (LDH) detection kit (Tox-7, Sigma)
according to the method described by Rzeski et al.
[11]. The assay is based on the measurement of LDH
released into the culture medium from damaged cells.
The submonolayers of BAECs (2 × 105 cells/ml)
growing on the 96-well plates were incubated for 24 h
in culture medium alone (DMEM with 2% FBS), or
with KYNA and DL-homocysteine at 37°C in a 95%
air and 5% CO2 atmosphere. At the end of the incuba-
tion time, the culture supernatants were collected and
incubated with the substrate mixture for 30 min in the
dark at room temperature. The reaction was stopped
by adding 1 M HCl. The absorbance was quantified
spectrophotometrically at 450 nm using an E-max Mi-
croplate Reader.
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Cell migration assessment

The migration of endothelial cells was assessed by
means of a previously described wound assay [11].
Endothelial cells were plated at the amount of 1 × 106

cells on 4 cm2 culture dishes (Nunc) and incubated for
24 h. At this point, the cell monolayer was scratched
with a pipet tip (P300). The medium and dislodged
cells were removed and the plates were rinsed twice
with PBS. Next, fresh culture medium was applied
(DMEM with 2% FBS) and the number of cells that
had migrated into the wound area after 24 h was esti-
mated in the control cultures and the cultures treated
with DL-homocysteine and/or KYNA. Plates were
stained by means of the May-Grünwald-Giemsa
method. Cultures were observed with an Olympus
BX51 System Microscope (Olympus Optical Co.,
LTD, Tokyo, Japan) and micrographs were prepared
using the analySIS software (Soft Imaging System
GmbH, Münster, Germany). Cells that had migrated
into the wound area were counted in 50 selected
wound areas taken from 4 micrographs. The results
are expressed as the percent of cells that migrated to
the wound area relative to control culture.

Statistical analysis

Data are presented as the mean value and standard er-
ror of the mean (SEM). Statistical analyses were car-
ried out using one-way ANOVA and Bonferoni post-

hoc tests. Differences in means were considered sig-
nificant if p < 0.05.

Results

DL-homocysteine (0.25–1.5 mM) diminished BAEC
proliferation (MTT assay) in a concentration depend-
ent manner with an IC50 = 0.853 mM (data not
shown). By itself, KYNA concentrations of 0.01 and
0.1 mM did not affect the proliferation of BAECs.
However, a KYNA concentration of 1 mM did de-
crease BAEC proliferation by 25% (data not shown).
Therefore, in subsequent experiments KYNA was
used in concentrations up to 0.1 mM.

KYNA (0.1 mM) provided partial protection from
the antiproliferative action of DL-homocysteine (0.5

mM) in BAECs. KYNA (0.01 mM) was ineffective in
this respect (Fig. 1).

In the wound assay, DL-homocysteine (2 mM) re-
duced the number of endothelial cells migrating to the
wound area. This effect was abolished by co-exposing
the BAECs to 0.1 mM KYNA. At this concentration,
the KYNA alone did not influence the migration of
endothelial cells (Fig. 2).

The LDH tests revealed that DL-homocysteine in
high concentrations exerts a cytotoxic effect on BAECs
in a dose dependant manner. DL-homocysteine at
3 mM decreased the viability of BAECs by 36%.
KYNA at 0.01 and 0.1 mM significantly ameliorated
the cytotoxicity induced by DL-homocysteine. At
both concentrations KYNA by itself did not affect the
viability of the BAECs (Fig. 3).

Discussion

It is widely accepted that dysfunction of the endothe-
lium is an initial step in homocysteine-induced athero-
genesis. Although the exact mechanism of homocys-

�����������	��� 
������ ����� ��� ������� 753

Kynurenate and the homocysteine-induced impairment of endothelial cells
��������� �	
���� 	� ��

Fig. 1. .		��� �	 067! �� �������������������� ���������� �	 �!.�
�����	�������5 �!.�� ���� �*����� �� ������� ������ ����� 8����
����9� '5" �� ��������� ���� 8067! '5"9� '5- �� ������������ 8:�!
'5-9� �� ����*����� �� '5'" �� '5" �� ��������� ���� ��� '5- �� ���
���������� 8067! ; :�!95 !	��� #< � �	 ����������� ���� ����� ���
�������� �� ����� �	 �� �)) �����5 ���� ��� �*������� �� �������
�	 ������� �����	�������= ��� ���� > �.�= � ? ( ����������� �*�����
�����= @ � A '5'- ��5 �������� � � A '5'-� ��5 ������������



teine-induced atherothrombosis has yet to be fully
elucidated, research has shown that homocysteine
causes endothelial cell damage, mainly as a result of

increased vascular oxidant stress [24]. Numerous in

vitro studies have shown that at micromolar concen-
trations homocysteine exerts anti-angiogenic proper-
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ties [7] and decreases the bioavailability of endothe-
lium-derived nitric oxide [19]. At higher micromolar
concentrations, homocysteine induces apoptosis [5,
15, 27] and decreases the migration of endothelial
cells [7].

Our study confirmed that DL-homocysteine in
moderate concentrations inhibits the proliferation and
migration of BAECs and at high concentrations exerts
a cytotoxic effect. Moreover, we are the first to dem-
onstrate that micromolar concentrations of KYNA of-
fer protection against DL-homocysteine-induced inhi-
bition of proliferation and migration in endothelial
cells and that KYNA ameliorates the cytotoxic effect
of DL-homocysteine in BAECs.

KYNA is a tryptophan metabolite formed as part of
the kynurenine pathway. Its neuroactive properties in
the central nervous system have been widely investi-
gated, and its function as an antagonist of the gly-
cine-site of NMDA and of the �-7 nicotinic acetyl-
choline receptors is well established [1, 4]. Recently,
it has been shown that KYNA is a ligand for the or-
phan G-protein coupled receptor, GPR35 [23]. Our
previous study [25] revealed that endothelial cells are
able to produce KYNA from its precursor kynurenine.
Interestingly, we showed that KYNA production in

BAECs was strongly and dose-dependently inhibited
by homocysteine, with an IC50 value of 54 �M [25].
Similarly, homocysteine concentrations of 400 and
500 �M reduced KYNA synthesis in rat aortic slices
[14]. On the other hand, Stazka and co-workers [14]
showed that homocysteine concentrations of 40–100
�M, which are relevant to values found in hyperho-
mocysteinemia, increased the formation of KYNA in
aortic slices. They also reported that the application of
homocysteine raised KYNA serum levels and in-
creased the amount of KYNA within the endothelium
in vivo [14]. Moreover, a positive correlation between
KYNA serum concentration and homocysteine was
demonstrated in stroke patients [20].

KYNA is present in the blood, and its basal level in
human plasma varies from 4.4–28.4 nM [3, 20]. Re-
cently, we showed that KYNA can be effectively ab-
sorbed from the digestive system. It was found that
after intragastric administration of KYNA to rats the
plasma levels of KYNA reached micromolar concen-
trations (~3.4 �M) [17]. It should be noted that in our
in vitro experiments even moderate micromolar con-
centrations of KYNA effectively counteracted the
harmful effects of homocysteine. Thus, the physio-
logical, protective effects of KYNA against the homo-
cysteine-induced impairment of endothelial cells
should be considered.

Additionally, since KYNA is present in food [17],
it can be hypothesized that a diet containing KYNA
rich foods may have an antiatherosclerotic effect, at
least in patients with elevated levels of homocysteine.
This can be of great importance since the currently
available data on the safety and efficacy of long-term
B-vitamin supplementation do not provide evidence
to support it having a beneficial effect in patients at
risk of cardiovascular disease [9].

Our results support the hypothesis that KYNA may
have a protective influence on the endothelium during
hyperhomocysteinemia. Further studies are needed to
assess the role of KYNA in atherosclerosis.
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