Effects of Astaxanthin on Lipopolysaccharide-Induced
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Purpose. Astaxanthin (AST) is a carotenoid that is found in
marine amimals and vegetables. Several previous studies have
demonstrated that AST exthibits a wide vadety of biological
activities including antioxidant, antitumor, and anti-Helicobac-
tey pylori effects. 1n this study, attention was (ocused on the
antioxidant effect of AST. The object of the present study was
0 investigate the efficacy of AST in endotaxin-induced uveitis
(EIU) in rats. In addition, the effect of AST on endotoxin-
induced nitrc oxide (NO), prostaglandin E2 (PGE2), and tumor
necrosis factor (INF-« production in a mouse macrophage
cell ine (RAW 264.7) was studied in vitro.

MeTtEODS. EIU was induced in male Lewis rats Dy a footpad
injection of lipopolysaccharide (LPS). AST or prednisolone was
administered intravenously at 30 minutes before, at the same
time as, or at 30 minutes after LPS treatment. The number of
infiltrating cells and protein concentration in the aqueous hu-
mos collected at 24 hours after LPS treatment was determined.
RAW 264.7 cells were pretyeated with vagious concentrations
of AST for 24 hours and subsequently siimulated with 10
pg/mL of LPS for 24 hours. The levels of PGE2, TNF-o, and NO
producdon were determined in vivo and in vitro.

Resurts. AST suppressed the development of EIU in a dose-
dependent fashion. The anti-inflammatory effect of 100 mg/kg
AST was as strong as that of 10 mg/kg prednisolone. AST also
decreased production of NOQ, activity of inducible nitric oxide
synthase (NOS), and production of PGE2 and TNF-» in
RAW264.7 cells in vitro in a dose-dependent manner.

Concrusions. This study suggests that AST has a dose-deperr-
dent ocular antiinflammatory effect, by the suppression of NO,
PGE2, and TNF-a production, through directly blocking NOS
enzgme activity. (Invest Opbthalmol Vis Sci. 2003;44:
2694-2701) DOJ:10.1167/iovs.02-0822
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adotoxirinduced uveids (BIU) is an animal model of acute

afitenior segment intraoculac inflammation that is induced
by ap injection of lipopolysaccharide (IPS) or lipoteichoic
acid.’” In this model, LPS may directly activate the vascular
endothelium, macrophages, and other cells. Cellular infiltragon
and protein extravasation in the antetior part of the eye
reaches 2 maximum at 20 t 24 hours after LPS treatment.® In
the vitreous and retina, cefjular lnfiltration reaches a maximuo
at 48 hours after LP$ treatment.” Exposure to outer bactecial
toxins such as LPS simulates celfular inflammatory responses
and releases factors, such as nitric oxide (NO),*? prostaglandin
E2 (PGE2),'°-!2 cytwokines including nwmnor necrosis factor
(TNF)-o,*> and eicosanold mediators, that promote inflamma-
tory responses. In particulat, increased plasma TNF-a levels
during endotoxemia and Gram-negative sepsis contributes to
lethality as suggested by the protecive effects afforded by
TNF-a neutralizing antibodies.**

Three types of nitric oxide synthase (NOS) Isoforms have
been identified in cells. Bndothelium NOS and neural NOS are
both constitutive NOS. The NO produced by constitutive NOS
acts to maintain nogmal vasoactivity in an actjve state of vaso-
dilation through a Ca*%dependent pathway and acts as a
neurotransmitter in nevron signal transmission. NOS in macco-
phages and hepatocytes is inducible (DNOS and its activation is
Ca*? independent. After exposure to endogenous and exoge-
nous stimulators, INOS is induced quantitatively in various
cells, such as macrophages, smooth muscle cells, and hepato-
cytes to trgger several disadvantageous cellular responses and
cause inflammagion.® Therefore, NO production induced by
iNOS may reflect the degree of inflammation. Thus, we can
evaluate the effect of an anti-inflammatory drug by measuring
NO levels. N-nitro-1-arginine methyl estesr (LNAME) showed
effective inhibitory activity in LPS-induced NO production by
directly blocking the NOS enzyme acuvitles. '8

Carotenoids are a family of more than 700 namral Lipid-
soluble pigments that are only produced by phytoplankton,
algae, plants, and a [imited number of fungi and bacteria.
Astaxanthin (AST) is one of the most common carotenoids and
is found in the red pigment of crustacean shells (crabs,
shrimps, for example), salmon, and the asteroldean.’® The
chemical structure of AST is shown in Figure 1. The AST of the
xanthopliylls geoup possesses no provitamin A activity in con-
trast 10 a<carotene. The AST content of salmon js 1.7 to 2.6
mg/100 g Severa) previous studies have demonstrated that AST
exhibits a wide variety of biological activities, including anti-
oxidant 2° antinumor,?! and anti-Hellcobacier pylor! effects.”?
The andoxidant activities of carotenoids are related to the
stabillty of formed free radicals after they react with active free
radicals. Asa result, AST could suppress the production of NO.
Sevesal in vitro and in vivo scudies have indicated that LNAME
suay also function 2s an antiinflammatory mediator.**'® There
has been no repoct on the effects of AST on LPSinduced
inflammation in vivo or in vitco.

In the present study, we investigated the influence of AST
on LPS-induced uveltis in rats. In additiont, we also investigated
the NO production in RAW 264.7 cells treated with AST in
vitro to clarify the anu-inflamryatory effect. Furthermore, In
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Ficure 1. Chemical structure of astaxanchin.

vivo, the anfi4dnflammatory potency of AST was compared with
that of prednisolone. Also, in vitro, the inhibitory effect of AST
on NO production was compared with that of -NANE, a
known inhibitor of NO production.

MATERIALS AND METHODS

Animals Groups and ¥IU Induction

Eight-week-old male Lewis rats, weighing 180 to 220 g, were nsed. EIU
was induced by injection into ope foorpad of 200 ug of LPS from
Sabnonolla typbimurium (Sigma, St Louis, MO) that bad been diluted
in 0.2 mL of sterile water.

The rats were injected intravenously with 1, 10, or 100 mg/kg AST
(Sigma) or 10 mg/kg prednisotone (Sigma) ia 1 ml/kg §0% polyethyl-
ene glycol (Wako, Osaka, Japan). Bach compound was administered a
three ume points: simultancously and 30 minutes before and afier the
LPS injection. For the LPS group, 60% polyethytcne glycot was admin-
tered intravenously on the same schedule as the AST group,

Animals were handled and cared for according (o the ARVO Seate-
ment for the Use of Anjmals in Ophthalmic and Vision Research.

Number of Infiltrating Cells and Protein
Conceniration in Aqueous Humor

Swzuma reported that cellutar mfilafon in the agueous humor
reached a maximum level at 24 hours after LPS treatment in this
model.” The number of cells infilrating the agueous humor and the
aqueous humor protein concentratiop were used zs indicators of the
degree of anterior inflammation.

At 24 hours after LPS {njection, rars were killed and the agqueous
humor was collected immedjately. Briefly, the aqueous humor was
collected from both eyes by an antedor chamber puncture (15-20
pL/rac) with a 30-gauge needle under a susgical microscope. Por cell
counting, the aqueous humor sample was suspended in an equal
amoupt of Tlrk stain solution, and the cells were covated, uslag a
hemocytomerer under a light microscope. The number of cells per
ficld (2 equivalent of 0.1 mL) was rpanally counted, and the aumber
of cells per microfiter was obtained by averaging the results of four
fields from each sample. The total protein concentration in the aque-
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FiGure 2. Effect of astaxanthin on
cellalac infiliration in the aquesus hu-
mor. The agucous humor was col-
fected 24 hours after LPS treatment.
Cell numbers arc expressed as the
mean > SD (2 = 8). No infiltrating
cells were dewcted in the aqueous

Number of Inflitreting celts (x105 cells/ml)
b
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ous humor samples was measured with a bicinchoninic acid (BCA)
protein assay kiv (Piexce, Rockford. IL). The aqueous humor samples
were stored I ice water andl testing, and cell counts, and Lotal protein
concentrations were measured on the day of sample collection.

Determination of NO Levels in Aqueous Humor

The 1ol levet of nitrate plus oitrite in the aqueous humor was mea-
sured by using a total pitrite colorimetric assay kit (Oxis International,
Portland, OR), according to the manufacnsrer’s Jastruction. The aque-
ous humor from both eyes of a rat was diluted up to 50 uL and used
for ooe assay. The NO assay was repeated opee or cwice.

Levels of TNF-a and PGE2 in Aqueous Humor

The levels of TNF« and PGE2 in the aqueous humor obrained from rats
with EIU were asscssed with a commercially availabte FLISA kit R&D
Systems, Minneapots, MN), according (o the manufacturer's instruc-
tions. The FLISA assay was performed in duplicate. The data cepresent
the mean of eight determinadons = SD.

Cell Culiture and LPS Stimulation

RAW 264.7, a mouse macrophage cell line, was obtained from the
Amerjican Type Culrure Collecion (Manassas, VA). Cells were cuttured
in RPM L1640 medium supplemented with 2 mM glutamine, antibjotics
Q00 U/mL each of penicillin and streptomycin), and 10% heatinact-
vated fetal bovine serum (GibcoBRL, Grand Island, NY) and maip-
talned at 37°C in a humidified cubator contining 5% CO,. RAW
264.7 cells were seeded outo a 24-well plate (5 X 10* cefls/well) for
expetiments. The cclls wege pretreated with 2.5, 5, 12.5, and 25 uM
AST for 24 hours a0d subsequenty stimulated with 10 ug/mL of LPS
from 8. pypbimurim for 24 houss, unless otherwise stared.

AST was dissolved 1o 0.01% dimethyl sulfoxide (DMSO). For the
control group, RAW cells were cultured with 0.01% DMSO alone. The
cffects of AST were compared with those of 1I'NAME, a knovwa inhibitor
of NO production.

Determinaton of Nitrite Concengration

in Medium

NO was measured as its ¢nd product, nifrite, by usiog Gricss reagent
(Sigma), as described elsewhere.? The culture sapernatant 100 ud)
was mixed with 100 gL of Griess reagenc for 10 minuzes, agd the
absorbance at 550 nm was measured ip 4 microplate reader. The
concentration of pitrite i the samples was determined with reference
to a sodjum nitrite standard curve. The dam represent the mean of
clght determinarions * SD.

Determination of INOS Enzyme Activity

A NO synthase assay kit (Calbiochem-Novabiochem, San Diego, CA)
was used 10 determine iINOS enzyme activity. AST- or LNAME-pre-
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humor from rats without LPS (con-
raf group). The dose of predaisolonc
was 10 mg/kg. **P < 0.0}, compared
with the cootrol group.

.
100

Astaxanthin (mg/kg)

preduisolone
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5 1 ex T ¢ proein concentsavon in the aque-
] 5 ous humor. The agueous humor
n?: was collected 24 hours after LPS
l—‘l_l treacment. Each value represents
0 T T T T T T the mean = SP {n = 8). The dose of
control LP§ 1 10 100 predoisolone predaisolone was 10 mg/kg. P <
. 0.05 and <P < 0.01, compared
Astaxanthin ( mg/kg ) with the LIPS group,
treated ccils were incubared with LPS (10 wg/ml) for 24 hours. The RESULTS
cells were washed three times with PBS, scraped into cold PBS, and
centrifuged at 500g for 10 minutes at 4°C. The cell pellet was resuss  Number of Inflammatory Cells
peaded in 0.4 mL of hypotonic buffct that contained 10 mM HEPES, 10 in Aqueous Humor

mM KCl, 1 mM dithiothreitol, 1 mM phenylmethylsuifonyl fluoride,
and 0.2 mM EDTA (pH 7.4). The rotal protein concentratons in
soluiion samples were measured using a BCA protein assay kit (Pierce).

Levels of TNF-a and PGE2

The levels of TNF-a and PGE2 in the medium were measured by ELISA
(R&D Systems) according 1o the manufactuser’s instruction. The ELISA
assay was performed io duplicate.

Cell Viability

Fot determinadion of cell viability, 50 mg/mL of methylthiazol-2-y12.5-
dipbenyl tetrazolinm bromide (Sigma) was added o 1 mL of cell
suspension (8.3 X 104 cclls/ml in 24-well plates) for 24 hours, and the
MTT formazan formed was dissolved in acidie-2-propanol. Optical
density was measured with a plate reader used at 590 am. The optical
density of the Formosan formed by untreated cells was taken as 100%.

Statistical Analysis

The values were expressed as mean + SD. A Student’s unpaired #-est
was used to assess the statstical significance of differences. P < 0.05
was tegarded as significaot.
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In the LPS group, the number of inflammatory cells that infil-
trated the aqueous humor 24 hours after LPS treatment was
26.9 * 4.7 X 10° cells/mL (mean * SD, n = 7). The group
treated with 100 mg/kg of AST showed a significanty reduced
number of inflammatory cells (5.4 * 4.3 X 1¢° cells/mL)
compared with the control group (P < 0.01, Fig. 2). The effect
of 100 mg/kg AST on the number of cells in the aqueous humor
was almost the same as that for 10 mg/kg prednisolone (5.7 =
4.3 X 10° cells/mL, Fig. 2). Treatment with 10 mg/kg of AST
showed a mild reduction in number of cells (19.6 * 7.7 X 10°
cells/mY), and there was no significant difference from the LPS
group. No infiltrating cells were detected in the aquecus bu-
mor from rats without LPS (control group).

Aqueous Humor Protein Concentration

The protein concentration In the aqueous humor of rats with-
out LPS (control group) was 2.0 * 0.5 mg/mL and in that of
gats with LPS was 20.1 % 2.8 mg/mL. The protein concentra-
tions in the groups treated with 10 mg/kg and 100 mg/kg AST
were significantty lower than that in the LPS group (10 mg/kg:
15.3 = 2.6 mg/mlL, P < 0.05; 100 rmg/kg: 6.2 * 1.7 mg/mL, P <
0.01, Fig. 3). The reducdon of protein concentration in the AST
100-mg/kg group was almost the same as that in the pred-

FIGURE 4. Effect of astaxanthin on
NO levels In the aqueous humor. The
agueous humor was collected 24
hours after LPS treaument. Each value

control LPS 1 10

<
*
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*
*

represents mean = SO (n = 8). The
dose of prednisolooe was 10 mg/kg.

P < 0.01, compared with the LPS
group.
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PsGure 5. Effect of astaxanthin ou E 200 +
TNF-« conceatrations ip the aqueons
humor. The aqueous humor was col-
lecred 24 bours after LPS trearment. ) . .
Each value represencs the mean * 5D LI;S Il 10 160 min‘lsolone
(n = 8). The dose of prednisolone control L
was 10 mg/kg. P < 0.01, compared
with the LPS group. Astaxanthin (mg/kg)

sdsolone group (6.5 * 2.3 mg/ml, Fig. 3). Treament with 1
mg/kg of AST produced only a mild reduction in protein
concentration (17.7 % 3.2 mg/ml), and there was no signifi-
cant difference from level in the LPS group.

Levels of NO in EIU

The NO production in the LPS group was 122.0 * 39.1 uM (2
= 8). The NO production in the groups weated with AST
differed significantly from that in the IPS control group, in a
dose-dependent manner. (1 mg/kg: 49.1 £ 23.2 uM, P < 0.01;
10 mog/kg: 21.1 = 2.3 mg/miL, P < 0.01; 100 mg/kg: 12.1 + 2.9
pM, P < 0.01; Fig. 4). The reduction in NO producton in the
AST 100-mg/kg group was almost the same as that in the
prednisolone group (13.3 £ 3.2 uM, Fig. 4). The NO concen-
tration. in the aqueous humor of rats without LPS (control
group) was 5.7 * 0.4 uM.

Levels of TNF-a in Aqueous Humoer

In the LPS group, the TNF-e concentration in the aqueous
humor was 792.3 = 140.1 pg/mL. The TNE-a concentration in

the AST group showed a tendency to decrease in a dose-
dependent fashion. Treatment with AST significantly reduced
the TNFE-a concentration compared with that of the LPS group
(1 rog/kg: 287.6 * 42.8 pg/ml, P < 0.01; 10 mg/kg: 241.0 =
27.5 pg/mL, P < 0.01; 100 mg/kg: 223.1 * 243 pg/ml, P <
0.01, Fig. 5). The reduction in TNF-« concentration in the AST
100-mg/kg group was almost the same as that in the pred-
nisolone group (233.0 * 2.3 pg/ml, Fig. 5). However, TNF-«
was not detected in the aqueous humor of the control rats.

PGE2 Concentration in EXU

The PGE2 concentration in the LPS control group was 10.2 =
1.7 ng/mL. Treatment with AST significantly reduced PGE2
concentration, compared with that in the LPS group (1 mg/kg:
2.6 = 0.9 ng/mL, P < 0.01; 10 mg/kg: 1.2 = 0.4 ng/mlL, P <
0.01; 100 mg/kg: 0.8 = 0.3 ng/mL, P < 0.01; Fig. 6). The
reduction in PGE2 concentration in the AST 100-mg/kg group
was almost the same as that in the prednisolone group (1.0 *
0.3 ng/mL, Fig. 6). PGE2 was not detected in the aqueous
humor of the control rats.
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Figure 6.  Effect of astaxapthio on .
PGE2 concentrations in the aquoous _— *¥
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F16URE 7. FEffect of astaxapthin on
o NO production in LPS- induced RAW

264.7 cclls. RAW cells were pre-

treated with various concentrations

of astaxanthin apd L-NAMR for 24

. hours. Astaxanthin- or LNAME-pre-
treated RAW cells were incubated

with LPS (10 pg/ml) for 24 hours.
The nitrite concenctration in the cud-
wre supernatanis was determined
for NO production. RAW cells in the

I &

noomel group were culwurced with

T — T T T T

LPS 25 § 125 25 25

1L

5 125 25 0.01% DMSO, Data ase expressed as

(uvD the mean *+ SD (2 = 8). "2 < 0.01,

NO Production in RAW 264.7 Cells

The content of nitrite without LPS in RAW 264.7 cells (controt
group) was 4.2 = 0.9 uM (z = 8). After the treatment with 10
pe/mL of LPS for 24 hours (LPS group), nitrite concenteation in
the medum increased substantially, by approxirnately 10-fold
(41.7 * 4.4 pM). Treatment with 2.5, 12.5, or 25 uM AST
significantly reduced NO production compared with that in
the LPS group (2.5 pM: 28.7 £ 6.5 uM, P < 0.0}; 12.5 pgM:
15.6 * 1.4 uM, P < 0.01; 25 uM: 11.5 % 2.5 puM, P < 0.01; Fig.
7). The effect of 25 pM AST on LPS-induced NO production in
RAW 264.7 cells was almost the same as that of 25 uM 1-NAME
(10.3 * 1.6 uM, Rig. 7). AST did not decrease cell viability in
RAW 264.7 cells when these cells were incubated with 25 oM
AST alone for 24 hours (data not shown).

iNOS Enzyme Activity

NOS enzyme activity in RAW 264.7 cells without stimulation
was 0.54 * 0.20 nmol/min per milligram protein (2 = 8). After
LPS stimulation, the NOS enzyme aclivity was approximately
™o times higher than in the nommal group (1.23 * 0.16
nmol/min per milligram protein). Enzyme activity showed a
tendency to decrease in the AST-wreated group in a dose-
dependent manner. Treatment with, AST significantly reduced
INOS activity compared with that in the LPS group (5 pM:
0.97 = 0.28 nmol/min per milligram protein; £ < 0.05, 12.5
uM: 0.88 = 0.28 nmol/min per milligram protein, P < 0.01;

3.0 1

1.5

-( Tn

Q5

INOS activity ( nmol/min/mg protein )

L-NAME compared with the LPS group.

and 25 pM: 0.66 * 0.22 nmol/min per milligram protein, P <
0.01, Fig. 8). The effect of 25 pM AST on LPSinduced NO
production in RAW 264.7 cells was almost the same as that of
25 uM L-NAME (10.3 % 1.6 gM).

TNF-a Concentration

The TNF« conceptration induced by LPS was approximately
10 times higher than in the nomnal group. The TNF-a concen-
tration in the AST group showed a tendency to decrease in a dose-
dependent manner. Treatment with AST significantly reduced
TNE-« concentration compared with that in the LPS group (5
M 893.0 = 95.0 pg/mL, P < 0.05; 12.5 ub: 501.8 = 86.7
pg/mlL, P < 0.01; and 25 uM: 375.3 % 35.9 pg/mL, P < 0.01;
Fig. 9). Treatment with 1-NAME significantly reduced TNF-a
levels compared with those of the LPS group. However, the
TNF-a levels of the 25-uM AST group was significantly fower
than those of the 25-uM LNAME group (AST; 375.3 * 35.9
pg/tl versus L-NAME; 787.0 = 117.0 pg/mL, P < 0.01, Fig. 9).

PGE2 Concentration

The PGE2 congcentration induced by LPS was approximately
four times higher than in the normal group. The PGE2 concen-
tration in the AST group showed a tendency to decsrease in
conjunction with decreases in AST concentrations. Treatment
with. AST significantly reduced PGE2 concentration compared
with that in the LPS group (12.5 uM: 4529.4 £ 598.2 pg/ml,

Ficure 8. Effect of astaxaothin on
NOS acyvity in LPFSinduccd RAW
264.7 cells. RAW cells were pre-
treated with various concentrations
of astaxagthin and LNAME for 24
houss. Asmaxanthip- o 1-NAME-pre-
trcated RAW cells were jncubated
with LPS (10 pg/mL) for 24 hours.
RAW cclls in the pormal group were

control  LP§ 25 5 125 25 25

culauced with 0.01% DMSO. Dawz are

cxpressed as the mezn + SD (z = 8).
“P < 0.05 and **P < 0.01, comparcd
with the LPS group.
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Figure 9. Effect of astaxantlvin op TNF-w levels i LPSHnfected RAW 264.7 cells. RAW cells were pretreated with varous coacentratons of
astaxanthin and -NAME for 24 hours. Astaxanthin- or I-NAME-pretreated RAW cells were incubated with LPS (10 ug/mE) for 24 hours. RAW cells
of normat group wezre culcured with 0.01% DMSO. Data are expressed 25 the mean * SD (7 = 8). *P < 0.05 and ™P < 0.01, compared with the

LPS group.

P < 0.01; and 25 uM: 3797.7 * 401.7 pg/ml, P < 0.01; Fig.
10), Treatment with L-NANE showed mild PGE2 concentration
reduction and there were no significant differences from the
IPS group.

DISCUSSION

The results of this study indicate that AST suppresses the
development of BIU in a dose<dependent fashion. In particular,
the ocular antiinflammatory effect of 100 mg/kg of AST was as
strong as that of a 10-mg/kg dose of prednisolone.
Carotenolds are known to take pagt in protecting marine
animals against damage from free radicals and singlet oxygen
reactive species.” AST has a strong quenching capability

12000

against damage from singlet oXygen in vitro®>— 80 times stros-
ger than e-tocopherol and twice as strong as B-carotene. 2223 1t
is understandable why AST has a strong singlet oXygen-quench-
ing capability, considering its moleculas structure. The reactiv-
ity to other molecular oxygen decxreases, because singlet-oxy-
gen-associated, carbon-centered radicals of AST can form more
stable resonance structures by the attachment of the carbonyl
group and the hydroxyl group to the Bionone ring of AST.*
AST can remove the chain carrying lipid peroxyl radicals in the
liposomal suspension more efficiently than B<arotene but less
efficiently than a-tocopherol, because the hydrogen bonds by
the carbooyl group in the B4onone ring of AST and hydropho-
bic association by the polyene chain allows AST to fit in the
membrane phospholipid structure well. -

E
E 5000
£ L
E I T I
= 6000 4 I
2;3- T &%
8 o
~
Fﬂ m -
1 1
0 T T T L} T T T 1 T T
control LPS 235 5 125 28 25 5 125 pLy
®M)
Astaxanthin L-NAME

FiGURE 10. Effect of astaxanthin on PGE2 concentrations in LPS-infectcd RAW 264.7 cells. RAW cells were pretreated with vagious concentranons
of astaxanthin and L-NAME for 24 hours. Astaxapthit- or 1I:NAME-pretreated RAW 264.7 cells were incubated with LPS (10 wg/mL) for 24 hou_t&
RAW 264.7 cells of the notmal group were cultured with 0.01% DMSO. Data are expressed as the mean = 5D (2 = 8). *P < 0.0}, compared wich

the LPS group.
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To elucidate the antiinflammatory mechanism of AST, we
focused our attention on the antioxidant effect of AST and
measured the conceptration of NO in the aqueous humor in
vivo. AST suppressed the NO production in the aqueous hu-
mor In a dose-dependent manner. Also, we investigated the
effect of AST on LPSinduced NO production and PGE2 and
TNF-o levels in the RAW 264.7 macrophage cell, with -NAME
as a positive control. AST decreased NO production and iNOS
enzyme activity in a dosedependent manner, thus agreeing
with the results of the in vivo experiment. These results dem-
onstrate that AST suppresses NO production by directly inhib-
idng the NOS enzyme activity simifar to the NOS inhibitor
1-NAME. Large amounts of NO production induced by bacterial
lipopolysaccharide or cytokines play an important role in en-
dotoxemia and inflammatory conditions.*® Therefore, we pro-
pose that AST, which inhibits NO production through inhibit-
ing INOS enzyme activity, has beneficial therapeutic effects in
the treatment of inflamaration. Our results indicate that the com-
pound, even at the concentration of 25 uM, did not change cell
viability. Therefore, inhibition of LPS-induced NO producton by
AST was not the result of its cytotoxicity on the cells.

TNF-w is a plelotropic cytokine produced principally by
activated macrophages and monocytes and also has an major
role in the nonspecific resistance against various infectious
agents.?®2? The results of the present study indicate that AST
decreased TNF-a concentration in a dose-dependent manner,
both in vivo and in vitro. The results of TNF-« inhibition by AST
correspond to the results of Inhibited NOS activity and de-
creased NO production, with the application of AST.

The mechanism of the NO-induced suppression of TNF
syathesis is not known. A potential link is PGE2. It has been
reported recently that NO activates cyclooxygemse enzymes
and thereby leads 10 a marked increase in PGE2 production.>®!
A suppressive effect of PGE2 on TINF synthesis through elevated
CAMP Jevels has been convincingly demonstrated.?®>! -3 In the
present study, AST suppressed the levels of LPS-induced PGE2 and
TNFw in 2 dosedependent manner in vivo and in vitro. Our
results support the aggument for a regulatory role of NO on TNF
production in the pathophysiofogy of EIU.

In sumueary, in the cusrent study AST had a dose-dependent
anu-dnflammatory effect on EIU. In pasticular, the ocular anti
inflammartory effect of 100 rug/kg of AST was as strong as that
of 10 mg/kg prednisolone. A possible mechanism for the ocu-
lar anti-inflammatory effect of AST is the suppression of pro-
duction of NO, PGE2, and TNF-a by directly blocking NOS
enzyme activily. These results suggest that AST may be a
promising agent for the treatment of ocufar inflammation.
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