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Antiaggregant Effects of Biogenic Chloramines
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Alanine and taurine sharply potentiate antiaggregant effects of hypochlorite on platelets
in platelet-rich plasma. This effect is determined by more pronounced action of chlor-
amine derivatives, products of interaction of added amino acids with hypochlorite.
Platelets are more sensitive to the inhibitory effects of amino acid chloramine derivatives
(biogenic chloramines) compared to erythrocytes and neutrophils. The antiaggregant
effects of biobenic amines, as covalent platelet inhibitors, in platelet-rich plasma are
characterized by their increased reaction capacity with molecular targets in cells. Quan-
titative parameter of this initial selectivity (ratio of rate constant of inactivation of platelet
receptors to rate constant of side reaction with plasma proteins) far surpasses 1. N,N-
Dichlorotaurine is a perspective antiaggreant among the studied biogenic chloramines.
This agent is stable and exhibits specific pharmacological activity in all test systems,
including animal model of thrombosis.
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Phagocytizing cells generate hypochlorite anions
(hypochlorous acid) in the myeloperoxidase-cata-
lyzed reaction and chloramine derivatives of animo
acids and related compounds (biogenic chlorami-
nes) as the secondary products of this reaction [19-
21]. Hypochlorite produces a bactericidal effect
[19] and modifies other cells [10,13,23]. Experi-
ments an erythrocytes and neutrophils showed that
chloramine derivatives of biogenic compounds are
less cytotoxic than hypochlorite [15,24]. This is
why the compounds containing amino groups, e.g.
amino acids, taurine, efc., in some cases can be
considered as traps of “active chlorine” and used
for cell protection from oxidative damage caused
by hypochlorite [15,19]. At the same time, there are
data on modifying effects of chloramines on some
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cells [17,23]. We showed that chloramine deriva-
tives of amino acids inhibit aggregation capacity of
rabbit and human platelets [2,3,5,6,9-11].

Here we compared the effects of chloramine
derivatives of amino acids and taurine on platelets,
erythrocytes, and leukocytes, studied the mecha-
nism of the antiaggregant effect of chloramine deri-
vatives on platelets, and initial selectivity of the
antiaggregant effect of biogenic chloramines.

MATERIALS AND METHODS

Amino acids, taurine, ADP, luminol, phorbol-12-
myristate-13-acetate (PMA, Sigma), and sodium
hypochlorite (NaOCl; Aldrich) were used. The con-
centration of NaOCI was measured by the method
of iodometric titration. Chloramine derivatives of
amino acids were produced in the reaction with
NaOClI, molar concentration of amino acids in the
reaction mixture by 10% surpassed that of NaOCI.
N,N-Dichlorotaurine was obtained by adding tau-
rine into NaOCI solution (1:2 final molar ratio).
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The formation of N-chloramino acids was moni-
tored spectrophotometrically by the presence of a
maximum (at 253-255 nm for monochloro deriva-
tives and at 300 nm for N,N-dichlorotaurine) in the
adsorption spectrum. The concentration of chlor-
amine derivatives of amino acids and taurine was
measured by the method of iodometric titration.

Experiments were performed on rabbit and hu-
man platelets in the whole blood, platelet-rich plas-
ma (PRP), and isolated blood cells.

For obtaining PRP, rabbit blood was stabilized
with 3.8% sodium citrate (9:1 v/v) and centrifuged
at 460g for 15 min. For isolation of platelets, EDTA
(I mM) was added to PRP followed by centrifuga-
tion at 1850g for 7 min. The pellet was resuspen-
ded in phosphate buffered saline (137 mM NaCl,
2.7 mM KCl, 6 mM Na,HPO,, 1.47 mM NaH,PO,,
1 mM MgSO,, 5 mM glucose, 0.5 mM EDTA, pH
7.4) and recentrifuged under the same conditions.
The pellet was resuspended in the same buffer with-
out EDTA.

The blood from healthy donors drawn from the
ulnar vein was mixed 6:1 with acid cictrate (85 mM
triple-substituted sodium citrate, 71 mM citric acid,
11 mM D-glucose). PRP was prepared by centri-
fugation of the blood at 210g for 15 min.

Polymorphonuclear leukocytes were isolated
from the peripheral rabbit blood stabilized with so-
dium citrate. Erythrocytes were precipitated by ad-
ding 500 kDa dextran to the blood. Cells in the
supernatant were fractionated by differential cen-
trifugation in a density gradient. The cells were
suspended in phosphate buffered saline and stored
at the temperature of melting ice. The obtained
fraction of polymorphonuclear leukocytes consis-
ted primarily of neutrophils (90-93%). Cell viability
evaluated by trypan blue exclusion test was 95-
97%. During chemiluminescence (CL) recording,
luminol was added to neutrophil suspension (10°
cell/ml) to a final concentration of 0.02 mM. Chlor-
amine derivatives of amino acids and taurine and
NaOCl were added to the cell suspension 5 min
before PMA and luminol.

For isolation of erythrocytes, the pellet after
isolation of PRP was twice washed with buffered
physiological saline (10 min at 460g).

Platelet aggregation (PA) in the whole blood
was recorded by the impedance method on a Whole
Blood Aggregometer-591 (Chrono-log Corpora-
tion). The method of PA measuring in the blood
consists in the follows: two electrodes are placed
into the blood; when electric current flows in the
circuit, platelet monolayer covers the electrodes.
Addition of an agonist to the blood leads to platelet
aggregation, the aggregates adhere to platelets co-

465

vering the electrodes and the impedance increases.
Changes in the impedance are proportional to PA
degree. The quantitative parameter of PA was the
change in blood impedance recorded 8 min after
addition of the agonist (10 uM ADP) and CaCl, (1
mM). The results are presented as AA/AA,, where
AA, and AA are changes in impedance in control
and experimental samples, respectively.

Human PA in the plasma was induced by ad-
ding 0.4-2.0 uM ADP and recorded on a turbidi-
metric Platelet Ionized Calcium Aggregometer (Chro-
no-log Corporation). The quantitative measure of
PA was maximum change in light transmission of
the suspension recorded after attaining a plateau on
the light transmission curve. The aniaggregant ef-
fect of the test compounds was quantitatively char-
acterized by the magnitude of aggregation inhibi-
tion (R) standardized to the control: R=(AT,-AT)/
AT,, where AT, and AT are changes in light trans-
mission in control and experimental samples, re-
spectively. The AT value characterizes (approxi-
mate proportionality) the number of cells in aggre-
gates.

Aggregation of isolated rabbit platelets resul-
ting in the formation of only small aggregates was
studied by kinetic method based on recording of
small-angle light scattering [12]. A beam of He-Ne
laser (632.8 nm) passed through a sample of plate-
let suspension in a rectangular cuvette. Light scatter
within 0.5-7.0° was recorded using a combination
of diaphragms. PA was induced by adding 0.2 uM
ADP.

PA in rabbit plasma was induced by adding
ADP (10 uM) and studied by the tirbodimetric me-
thod on an aggregation analyzer (Biola).

Hemolysis of isolated erythrocytes was recor-
ded on a Biola aggregation analyzer. The degree
of hemolysis was evaluated by the increase in light
transmission in erythrocyte suspension in phosphate
buffer (5x10° cell/ml) recorded over few hours.

Luminol CL in neutrophil suspension was re-
corded on a lumiaggregometer (P.I.C.A., CL chan-
nel, Chrono-log Corporation).

RESULTS

At first we studied possible protective effect of
taurine and alanine during inhibition of human and
rabbit PA with NaOCIl. NaOClI (final concentration
0.5 mM) or physiological saline (control) was ad-
ded to PRP samples containing 10 mM taurine or
5-10 mM alanine or without additives. PA was ana-
lyzed after 5 min using agonist ADP (10 uM). Ala-
nine and taurine were used in relatively high con-
centrations sufficient for trapping considerable amount
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of NaOCIl against the background of competition
with other active chemical groups in the plasma. A
surprising result was obtained. Alanine and taurine
did not protect platelets and even potentiated the
antiaggregant effect of NaOCl by ~1.7 times (Table
1). In the absence of NaOClI, alanine and taurine
had no effect on PA. These findings suggest that
platelets, in contrast to other blood cells, are very
sensitive to the modifying effect of biochloramines.

In further experiments we studied the effect of
chroramines on isolated rabbit platelets, erythro-
cytes, and neutrophils. Aggregation capacity of
isolated platelets was evaluated by changes in the
initial aggregation (formation of small aggregates),
in particular, changes in small-angle light scatter
over 1-2 min. We found that ADP-induced aggre-
gation of isolated platelets (2.4x10% cell/ml) was
suppressed by N,N-dichlorotaurine in a concen-
tration of 10 uM by 50% (Table 1). Chloramine
derivatives of amino acids produced similar effects.

Damage to erythrocytes (5x10°¢ cell/ml) evalua-
ted by the degree of hemolysis after 4-5 h (sharp
increase in light transmission of erythrocyte sus-
pension) was observed at far higher concentration
of chloralanine (1 mM, Fig. 1). At the same time,
erythrocytes were easily hemolyzed under the ef-
fect of 0.01 mM NaOCI (Fig. 1) as was shown in
previous studies [13-15].

Then, we studied the effects of biochloramines
on leukocytes. The processes of phagocyte acti-
vation accompanied by the formation of reactive
oxygen forms are usually studied by the CL me-
thod using chemical activators. Here we measured
CL in the neutrophils—luminol system on non-ac-
tivated cells and under conditions of their stimula-
tion with PMA. It was found that N-chlorophenyl-
alanine and other chloramines sharply increase lumi-
nol CL in the suspension of non-activated neutrophils.
The CL intensity in this case was higher than CL of
luminol solutions induced by N-chlorophenylala-
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nine, but is similar to CL of a mixture of luminol,
N-chlorophenylalanine, and H,O, in a concentra-
tion of 20-30 nM. Hence, intensification of CL in
the neutrophils—Iuminol system in the presence of
N-chlorophenylalanine does not depend on cell ac-
tivation, but is determined by direct co-oxidation of
luminol by chloramine and H,O, [1].

N,N-dichlorotaurine in a final concentration of
0.010-0.025 mM did not change luminol lumin-
escence in the suspension of PMA-stimulated neu-
trophils. After increasing the concentration of N,N-
dichlorotaurine to 0.05 mM, the intensity of CL
measured in maximum increased by 1.5 times (Fig.
1). Similar results were obtained for N-chlorotau-
rine and N-chlorophenylalanine. At the same time,
NaOCI (0.01-0.04 mM) sharply inhibited luminol
luminescence caused by activated cells (Fig. 1). It
can be hypothesized that similarly to nonactivated
cells, in PMA-activated neutrophils the increase of
CL in the presence of N,N-dichlorotaurine (0.05
mM) was determined by its direct action on lumi-
nol, but not on cells. Thus, chloramine derivatives
of amino acids and taurine in the studied concen-
trations had no effect on the production of reactive
oxygen species recorded by luminol CL in leuko-
cyte suspension.

For more precise comparison of the sensitivity
of platelets and other blood cells we should stan-
dardize the amount of the acting compound for
equal volumes of the cell substances, because bio-
chloramines cause irreversible chemical modifica-
tion of cells. The erythrocyte volume 20-fold sur-
passes the volume of a single platelet [16], i.e. the
total volumes of 20 mln platelets and 1 mln ery-
throcytes are similar. The above data suggest that
aggregation activity of 20 mln platelets decreases
2-fold under the effect of ~1.7 nmol chloramine,
while damage to 1 mln. erythrocytes leading to
hemolysis requires 200 nmol chloramine. If the
effect of chloramines is standardized for equal sur-

TABLE 1. Inhibition of PA with NaOCI and N,N-Dichlorotaurine (M+m)

Platelet sample Additives Inhibition, %

Rabbit PRP Alanine, 5-10 mM 0+10
NaOCl, 0.5 mM 39+2

Alanine, 5-10 mM, then NaOCI, 0.5 mM 68.0+2.5
Human PRP Taurine, 10 mM 0+5
NaOCl, 1 mM 41+4

Taurine, 10-10 mM, then NaOCI, 1 mM 714

N,N-dichlorotaurine, 0.25 mM 40%7

Isolated rabbit platelets N,N-dichlorotaurine, 10 uM 53+12
NaOCl, 20 uM 52+9
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Fig. 1. Kinetic curve of erythrocyte hemolysis (a) and intensity of luminol-enhanced CL in neutrophil suspension (b) under the effect of
chloramines and NaOCI. a: 1) N-chloralanine, 1 mM; 2) N-chloralanine, 1.6 mM; 3) NaOCI, 0.01 mM. Concentration of erythrocytes in the
sample 5x10° cell/ml. b: 1) control; 2-4) N,N-dichlorotaurine in concentrations of 0.005, 0.025, and 0.050 mM, respectively; 5) addition of
NaOCI, 0.04 mM Chemiluminescence maximum in the control is taken as 100%. Concentration of neutrophils in the sample, 106 cell/ml.

Neutrophils were stimulated with PMA, 0.1 pg/ml.

face of cells, theproportion of the acting amount of
chloramines for platelets and erythrocytes is 3-fold
lower. Thus, platelets are characterized by 100-fold
higher sensitivity to the modifying effects of chlor-
amines than erythrocytes.

It is known that chloramine derivatives of amino
acids are polar water-soluble compounds, which
cannot penetrate into cells. Hence, their inhibitory
effect on PA is a result of interaction with surface
structures. Extracellular domains of receptors for
agonists and(or) fibrinogen can be molecular tar-
gets for chloramines on the platelet surface. In-
deed, analysis of published data on the structure of
most important aggregation receptors on platelet
surface (ADP receptors P2Y, and P2Y,,, collagen
receptors, receptors for von Willebrand factor (gly-
coprotein Ib), fibrinogen (glycoprotein IIb/IlIa),
and thrombin) showed that they contain a con-
siderable number of reactive sulfur-containing ato-
mic groups.

In biochloramines active chloramine group oxi-
dizes thiol and thioester groups of amino acid resi-
dues in proteins. The most possible result of cova-
lent modification of proteins by biochloramines is
conversion of these groups into a sulfinic acid re-
sidue.

ADP-induced PA in PRP is inhibited by a num-
ber of chloramine derivatives of amino acids, the
antiaggregant effect of these compounds depends
on their structure [2,6]. First, comparison of anti-

aggregant activity of biochloramines with different
location of chloramine group in the molecule sho-
wed that the compounds where the chloramine group
is located at a distance of 3-5 carbon atoms from
the carboxyl group are most effective. The exist-
ence of a negatively charged group at the site of bio-
chloramine interaction with the plasma membrane
responsible for this structural feature was hypothe-
sized [6]. Second, it was found that antiaggregant
effect of chloramine derivatives of amino acids on
platelets in PRP after addition of ADP depends on
their molecular weight (size of molecule) [2] (Fig.
2). Some compounds with low molecular weight (N-
chloroglycine, N-chloralanine, N-chloroserine, van
der Waals volumes within 0.083-0.100 nm?®) produce
more pronounced antiaggregant effect, which in-
creased with decreasing the molecular weight (Fig.
2). It is quite possible that these compounds unlike
others (N-chloroleucine, N-chlorophenylalanine)
can interact with chemical groups of platelets loca-
ted in cavities of the plasma membrane and surface
proteins inaccessible for chloramines with higher
molecular weight.

Pronounced specific pharmacological activity
against the background of weak (permissible) side
effect is an important characteristic of drugs. This
can be attained, if the preparation selectively modi-
fies the targets, platelet proteins in our case. Blood
plasma contains a considerable number of sulfur-
containing chemical groups, which can be attacked
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Fig. 2. Inhibition of PA (/; left ordinate) and initial selectivity (//,
right ordinate) in rabbit PRP after addition of chloramine derivatives
of amino acids, 1 mM. Platelets were activated by adding 10 uM
ADP. 1) glycine; 2) alanine; 3) serine; 4) treonine; 5) leucine; 6)
glutamine; 7) phenylalanine.

by the chloramine group [22]. Therefore, the anti-
aggregant effect of chloramine derivatives of amino
acids in PRP reflects the balance of their interaction
with platelets and other components.

It can be expected that in PRP diluted with
autologous plasma the antiaggregant effects of chlor-
amine derivatives of amino acids will decrease due
to their enhanced utilization in the reaction with
plasma components. Indeed, preliminary dilution of
PRP by 1.6 times with autologous plasma reduced
the antiaggregant effect of N-chloramino acids by
15-20% compared to non-diluted PRP (final con-
centration of the test compounds in both series was
1 mM). The effect of low-molecular-weight N-chlor-
amino acids under these conditions remained un-
changed, probably because the number of platelets
also decreased after dilution in parallel with in-
creasing the content of reactive chemical groups of
the plasma. Thus, the differences between the stu-
died compounds were preserved after dilution of
PRP with autologous plasma. The compounds for
which the antiaggregation effect did not depend on
their molecular weight were more intensively utili-
zed in reactions with plasma components and wea-
ker inhibited PA than in case of non-diluted PRP.

Platelet inhibitors are widely used for the pre-
vention of arterial thromboses. Of these agents,
covalent inhibitors are more effective. They sup-
press platelet functions via chemical modification
of molecular targets. The efficiency of covalent
inhibitors depends on their two main properties.
The first property is long-term (ideally, permanent,
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for the whole cell life-time) inhibition of platelet
function. The second property stems from the first
one and consists in cumulative effect of low doses
of the inhibitor in the body. This allows administra-
tion of low single doses thus reducing side effects.

Covalent inhibitors include acetylsalicylic acid
(aspirin) and thienopyridines [18,25]. Among thie-
nopyridines, clopidogrel, (2-chlorophenyl)-(6,7-
dihydro-4H thieno[3,2-c]pyridine-5-yl)-acetic acid,
is most widely used [18]. The effect of acetylsali-
cylic acid as a covalent inhibitor consists in trans-
location of the acetyl group to the hydroxyl group
of serine-530 of platelet cyclooxygenase I (pro-
staglandin H,-1 synthase) with the formation of O-
acetylserine [25]. In case of thienopyridines, the
antithrombotic effect is produced by a metabolite
formed in the liver and carrying an active sulfhyd-
ryl group. This metabolite covalently modifies ADP
receptor (P2Y,, purine receptor) by reacting with
the thiol group of cisteine with the formation of
mixed disulfide [18].

The search for new platelet inhibitors are in pro-
gress all over the world. We propose biogenic chlo-
ramines as new covalent inhibitors of platelets [2-11].

Pronounced specific pharmacological activity
against the background of weak (permissible) side
effect is an important characteristic of drugs. This
can be attained, if the preparation selectively mo-
difies the targets, certain platelet proteins in our case.
In case of reversible noncovalent inhibitors, the selec-
tivity at the level of molecular targets is well known
and is determined by the formation of a specific
complex with active center of the target molecule.

At least two different mechanisms can deter-
mine the selectivity of covalent inhibitors. It can
result from physiological processes (secondary se-
lectivity), when chemical modifications of blood
proteins are eliminated. Another mechanism is ini-
tial selectivity, when covalent inhibitor exhibits
increased affinity for molecular targets on the plate-
let. Addressed effect of the inhibitor consists in
inactivation of platelet receptor; let y is the rate
constant of this reaction. In PRP, the targeted reac-
tion is paralleled by side reactions of the inhibitor
with reactive chemical groups of plasma proteins;
let k is the integral rate constant of these reactions.
It follows that y/k ratio can be used as a qualitative
parameter of initial selectivity of chloramine inhi-
bitors. Theoretical analysis of the kinetics of these
reactions and data of turbidimetry analysis of PA
in PRP showed that this ratio can be determined
from the degree of aggregation and concentrations
of reactive chemical groups of plasma proteins [4].
The inhibitory effect of the studied biochloramines
on PA in PRP is characterized by pronounced ini-
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Fig. 3. Adsorption spectra of N,N-dichlorotaurine (a) and its effect on platelets in the whole blood (b). a: adsorption spectrum of N,N-
dichlorotaurine (0.75 mM) immediately (7) and 1 (2), 2 (3), and 4 (4) months after synthesis. N,N-dichlorotaurine solution was stored in
a concentration of 150 mM at 7°C. D is optical density of solution in a 1-cm cuvette. b: typical kinetic curves of ADP-induced PA in whole
rabbit blood. 1) control; 2 and 3) addition of N,N-dichlorotaurine in concentrations of 0.005 and 0.125 mM, respectively. Arrow: addition

of ADP (10 pM) and CaCl, (1 mM).

tial selectivity, because yk>1 (Fig. 2). The value of
initial selectivity is useful during testing of potential
covalent inhibitors of platelets as the criterion of
their efficiency.

The observed regularities of the action of chlor-
amine derivatives of amino acids on platelets allo-
wed us to start the development of a new anti-
thrombotic drug [8]. N,N-Dichlorotaurine (N,N-
dichlor-2-aminoethansulfonic acid) is the most promising
agent in this respect. N,N-Dichlorotaurine solution
is characterized by high stability during long-term
storage (4 months), which is seen from the absence
of changes in adsorption spectra (Fig. 3) and iodo-
metric titration data. We were first who obtained
N,N-dichlorotaurine in a solid state [7]. This agent
exhibits pronounced antithrombitic effect. After
addition of N,N-dichlorotaurine in moderate con-
centrations (~ tens millimoles per liter) to whole
blood, ADP-induced PA recorded by the impedan-
ce method was markedly suppressed (Fig. 3). These
data suggest that platelets are highly sensitive to N,N-
dichlorotaurine and selectively interact with this agent
in the blood. Experiments on intact rabbits showed
that ADP-induced PA in PRP decreased by 81+11%
one hour after intravenous injection of N,N-dichloro-
taurine (estimated concentration in the blood was
~1 nM). No toxic effects were noted after intra-
venous injection of N,N-dichlorotaurine to rabbits.

We compared antithrombotic activity of N,N-
dichlortaurine and some other biochloramines on
the mouse model of thrombosis. Intravenous injec-
tion of chloramine derivatives of amino acids and
N,N-dichlortaurine reduced mouse mortality from

thombosis induced by intravenous injection of ADP
[5]. After intravenous injection of a mixture contai-
ning 15 pg collagen and 7 pg epinephrine, mouse
survival in the control group was 24%. Preliminary
injection of N,N-dichlortaurine (estimated concen-
tration in the blood ~0.25 mM) improved mouse
survival to 71% (p<0.01). The therapeutic dose of
N,N-dichlortaurine in the studied model was by one
order of magnitude lower than the dose producing
toxic effect. Thus, N,N-dichlortaurine exhibits pro-
nounced specific pharmacological antiaggregant
activity and is a potential drug substance.

REFERENCES

1. M. A. Murina, N. S. Belakina, and D, I, Roshchupkin, Bio-
fizika, 49, No. 6, 1099-1105 (2004).

2. M. A. Murina, D. I. Roshchupkin, N. N. Kravchenko, and V.
1. Sergienko, Ibid., No. 6, 1279-1285 (1997).

3. M. A. Murina, E. L. Savel’eva, and D. I. Roshchupkin, /bid.,
51, No. 2, 299-305 (2006).

4. M. A. Murina, V. L. Sergienko, and D. I. Roshchupkin, Mole-
cular, Membrane, and Cellular Bases of Biosystem Functioning
[in Russian], Minsk (2006), pp. 221-223.

5. M. A. Murina, O. D. Fesenko, V. I. Sergienko, et al., Byull.
Eksp. Biol. Med., 134, No. 7, 44-47 (2002).

6. M. A. Murina, N. A. Chudina, D, I, Roshchupkin, et al., Ibid.,
138, No. 12, 632-634 (2004).

7. Patent of Russian Federation No. 2161483, M. A. Murina, D.
I. Roshchupkin, and V. I. Sergienko, Official Bulletin of Patent
and Trademark Committee of the Russian Federation, (2001),
No. 1, (reg. 10.01.01, priority from 04.02.98).

8. Patent of Russian Federation No. 1834659, M. A. Murina, D.
1. Roshchupkin, and V. I. Sergienko, /bid, (1993), No 30, p.
62, (reg. 13.10.92, priority from 18.04.88).



470 Bulletin of Experimental Biology and Medicine, Volume 144, Supplement 2, 2007

9. D. I. Roshchupkin, V. V. Berzhitskaya, and M. A. Murina,
Biofizika, 43, No. 2, 323-328 (1998).

10. D. I. Roshchupkin, M. A. Murina,N. N. Trunilina, and V. L.
Sergienko, 1bid., 40, No. 3, 569-575 (1995).

11. D. I. Roshchupkin, M. A. Murina, N. V. Adnoral, et al., Fiziol.
Cheloveka, No. 3, 113-120 (1998).

12. Patent of Russian Federation No. 2067764, D. 1. Roshchupkin
and A. Yu. Sokolov, Official Bulletin of Patent and Trademark
Committee of the Russian Federation, No. 28, 225 (1996).

13. F. Dallegri, A. Ballestrero, G. Frumento, and F. Patrone, J. Clin.
Lab. Immunol., 20, 37-41 (1986).

14. M. B. Grisham, M. M. Jefferson, and E. L. Thomas, J. Biol.
Chem., 259, No. 11, 6757-6772 (1984).

15. I. Koyama, K. Nakamori, T. Nagahama, ef al., Adv. Exp. Med.
Biol., 403, 9-18 (1996).

16. P. Latimer, Appl. Optics., 22, 1136-1143 (1983).

17

18.

19.

20.
21.

22.

23.

24.

25

. J. Marcinkiewicz, A. Grabowska, J. Bereta, and T. Stelma-
szynska, J. Leukoc. Biol., 58, 667-674 (1995).

J.-M. Pereillo, M. Maftouh, A. Andrieu, et al., Drug Metab.
Dispos., 30, No. 11, 1288-1295 (2002).

A. Slivka, A. F. LoBuglio, and S. J. Weiss, Blood, 55, No. 2,
347-350 (1980).

E. L. Thomas, Infect. Immun., 25, No. 1, 110-116 (1979).

E. L. Thomas, P. M. Bozeman, M. M. Jefferson, and C. C.
King, J. Biol. Chem., 270, No. 7, 2906-2913 (1995).

E. L. Thomas, M. B. Grisham, and M. M. Jefferson, J. Clin.
Invest., 72, No. 2, 441-454 (1983).

H. Wahn and S. Hammerschmidt, Biochim. Biophys. Acta.,
1408, No. 1, 55-66 (1998).

C. E. Wright, H. H. Tallan, Y. Y. Lin, G. E. Gaull, Annu. Rev.
Biochem., 55, 427-453 (1986).

. K. K. Wu, Semin. Vasc. Med., 3, No. 2, 107-112 (2003).




