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Abstract
Aimslbackground-The subcutaneous in-
jection ofbacterial endotoxin in Lewis rats
produces an acute intraocular inflamma-
tion evolving over a 24 hour period. This
endotoxin induced uveitis (EIU) is char-
acterised by a biphasic protein exudation
and a cellular infiltrate composed ofmac-
rophages and polymorphonuclear neutro-
phils (PMNs). This model was used to
study the mechanism of cellular infiltra-
tion in ocular inflammation.
Methods-EIU was induced by a subcuta-
neous injection of lipopolysaccharide
(LPS) (S typhimurium) at 350 igIkg. The
levels of cytokine induced neutrophil
chemoattractant (CINC) were measured
every 2 hours in the serum and in the
aqueous humour by ELISA. The intra-
ocular inflammation was quantified by
protein measurement and leucocyte
counting.
Results-The kinetics ofCINC production
in the systemic circulation showed a rapid
rise, peaking 2 hours after LPS injection,
followed by a progressive decline over the
next 8 hours. In the eye, the CINC levels
increased above the serum levels 10 hours
after EIU induction corresponding to the
time of cellular infiltration. When leuco-
cyte entry in the eye was inhibited by 56%
and 64% with an antiadhesion molecule
antibody, there was only a slight reduction
in the aqueous humour CINC levels of 90/o
and 16%, respectively, indicating that
CINC was produced by ocular tissue cells.
The specific effect ofCINC in the eye was
confirmed when a direct intraocular in-
jection of250 ng of purified CINC was fol-
lowed by significant PMN infiltration, in
the absence ofprotein exudation.
Conclusion-The data indicate that the
production of the CINC chemotactic fac-
tor by ocular tissue participates in the
inflammatory reaction in EIU.
(BrJ3 Ophthalmol 1996;80:649-653)

Bacterial endotoxins are associated with a vari-
ety of pathophysiological disorders. Endotox-
ins have been implicated in liver and kidney
failure, as well as in adult respiratory distress
syndrome.' The biological activity of endotox-
ins has been attributed to the lipid A moiety of
cell wall lipopolysaccharide (LPS).' The best
studied effect of endotoxin is the induction of
cardiovascular shock. Experimental studies

uncovered a cascade ofinflammatory cytokines
mediating the vascular collapse. Tumour ne-
crosis factor a (TNF-a) and interleukin 1 p
(IL-I,B) play a critical role in triggering this
reaction.3 Other mediators, including IL-6,
IL-8, lipid derivatives such as prostaglandin E2
(PGE2), leukotriene B4, and platelet activating
factors (PAF), are also involved." Several cell
types participate in this response, with the
macrophage and the vascular endothelial cells
playing a central role.4
An intraocular inflammation termed endo-

toxin induced uveitis (EIU) is also caused by a
systemic injection of endotoxin.'" EIU sensi-
tive strains include Lewis rats, C3H/HeN
mice, and albino rabbits. The ocular disease in
rats is characterised by an early progressive
protein exudation within 2-4 hours after LPS
injection, followed by a cellular infiltration
starting 6-10 hours later and accompanied by
a surge in protein entry into the eye. The
inflammation is maximal at 24 hours, and lasts
approximately 48 hours. The main infiltrating
cell types are the polymorphonuclear neutro-
phils (PMNs) and the monocytes.' 13 14 An
advantage of this model is that it allows for a
separate analysis of the inflammatory mecha-
nism inside the eye in parallel and in
association with the intravascular compart-
ment.

We used the EIU model to analyse the
nature and kinetics of chemotactic cytokines
involved in acute anterior uveitis. These
chemokines constitute a family of factors regu-
lating the traffic ofleucocytes from the blood to
peripheral tissues. This family is subdivided in
the two subgroups CXC and CC according to
the presence or absence of one amino acid
between two shared conserved cysteine resi-
dues.'5 This structural division corresponds to
distinct roles. The CXC family mainly attracts
PMN leucocytes, and the CC family is active
on lymphocytes and monocytes. IL-8 is one of
the best known member of the CXC family.
IL-8 is produced by numerous inflammatory
and organ specific cells.'5 In rodents, the func-
tion of IL-8 appears to be accomplished by
cytokine induced neutrophil chemoattractant
(CINC). CINC is an 8 kDa peptide of the
CXC family with a 70%-72% structural
homology to the human GRO factors.'5'7
Functionally, CINC shares more similarity
with IL-8. However, contrary to IL-8 which
can attract both PMNs and T lymphocytes,
CINC chemotaxis is restricted to PMN
cells.'7 18 Like IL-8, the secretion of CINC is
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induced by LPS and by various cytokines such
as IL-1 0and TNF-a."
We report a study of the dynamics of

intraocular CINC production in relation to its
intravascular levels, and the role of this
cytokine in the mechanism of EIU.

Materials and methods
INDUCTION OF OCULAR INFLAMMATION
EIU was induced in male Lewis rats weighing
250 to 275 g (Charles River, Raleigh, NC,
USA) by a subcutaneous injection of Salmo-
nella typhimurium LPS (Lot No 10720JA,
Difco Laboratories, Detroit, MI, USA) at 350
pg/kg in 0.1 ml phosphate buffered saline
(PBS). At the indicated time points, serum and
aqueous humour were collected after euthana-
sia by carbon dioxide inhalation. The aqueous
humour of the two eyes of each rat were
pooled, and 1 jil was placed on a silanated glass
slide (Digene, Beltsville, MD, USA) and
allowed to dry at room temperature. The cells
were counted under a microscope after stain-
ing with 0.4% Trypan blue solution under a
cover slip. The remaining aqueous humour was
centrifuged at 10 000 g to remove the cells and
the protein content was measured by the Coo-
massie colorimetric assay (Pierce, Rockford,
IL, USA) in duplicate in microtitre plates, by
reference to an albumin standard. CINC levels
were measured as indicated below.

INHIBITION OF INTRAOCULAR CELL INFILTRATION
WITH ANTIADHESION MOLECULE ANTIBODY
In some experiments, the cellular infiltration
into the eye was inhibited by an intraperitoneal
injection of 2.0 mg per rat ofthe antibody (Ab)
1B6 (generous gift of Dr K Sokolowski, Repli-
Gen Corporation, Cambridge, MA, USA) 4
hours after LPS administration. 1B6 is a
mouse antirat monoclonal Ab blocking cellular
adhesion through the CD1lb chain of the
Mac-i adhesion molecule. 1B6 is an IgG1 and
does not produce complement cell lysis. The
aqueous humour was collected 16 hours after
LPS injection for cell counting and measure-
ment of the CINC level.

INTRAOCULAR CINC INJECTION
The rats were anaesthetised with sodium pen-
tobarbitone injected intraperitoneally at 50
mg/kg (Anpro Pharmaceutical, Arcadia, CA,
USA) and with topical application on the eye
of proxymetacaine hydrochloride (propara-
caine hydrochloride) 0.5% (Alcon Inc, Hu-
macao, Puerto Rico). The anterior chamber
was opened through a corneal stab incision
with a 15° Alcon ophthalmic knife and partially
drained of aqueous humour. Synthetic CINC
peptide, certified to be free of LPS by Peptide
International (Louisville, KY, USA) was in-
jected at 250 ng in 10 ,dl PBS in one eye with a
glass micropipette. The contralateral eye re-
ceived PBS alone. The aqueous humour was
collected 4 hours later for protein measure-
ment and cell count (optimal time determined
by preliminary clinical observations of the
anterior chamber at 1, 2, 3, 4, 6, and 8 h after
injection).

SERUM AND AQUEOUS HUMOUR CINC
MEASUREMENT
CINC levels were measured by sandwich
enzyme linked immunosorbent assay (ELISA)
as described previously.'9 Briefly, Immulon-1
plates (Dynatech Laboratories Inc, Chantilly,
VA, USA) were coated overnight at 4°C with
an affinity purified goat anti-CINC Ab (7
pg/ml, 100 jl/well) diluted in 0.1 M bicarbon-
ate buffer pH 9.6. Additional binding sites
were blocked by a 2 hour incubation at 37°C
with 5% milk in 50 mM TRIS-HCI normal
saline +0.05% Tween-20 (TBS-T) buffer pH
7.5. Dilutions of serum and aqueous humour
samples in TBS-T (100 0/well) were incu-
bated for 2 hours at 22°C. A standard curve
was constructed with purified CINC (Peptide
International, Louisville, KY, USA) at a
concentration range of 20.00 to 0.35 ng/ml.
Captured CINC was reacted with rabbit
anti-CINC (Peptide International) at
1:20 000 for 2 hours at 22°C, followed by alka-
line phosphatase labelled goat anti-rabbit IgG
for 45 minutes. The reaction was developed
with the Gibco BRL ELISA amplification sys-
tem (Gibco BRL, Gaithersburg, MD, USA).
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Figure I (A)Kinetics ofprotein exudation and cellular
infiltration in the eye after subcutaneous lipopolysaccharide
(LPS) injection (350 uglkg). Each time point represents
five animals. The protein concentration was measured by
Coomassie blue microassay. The number of leucocytes per p1
was counted after drying and staining with trypan blue.
The protein exudation followed a biphasic curve with the
highest peak approximately synchronous with the celular
infiltration. (B) Serum and aqueous humour (AH)
samples were collected at 0, 1, 2, 4, 6, 8, 10, 12, and 16
hours after subcutaneous LPS injection. Cytokine induced
neutrophil chemoattractant (CINC) levels were measured
by sandwich ELISA, with reference to a standard curve of
purified CINC. Each time point represents the average
(SEM) of measurements fromfive animals. An intraocular
positive gradient ofCINC is observed 10 hours after LPS
injection.
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Figure 2 Rats were injected subcutaneously with
lipopolysaccharide (LPS) and treated 4 hours later with
2 mg of the 1B6 anti-CDilblCD18 (Mac-1) Ab, or

phosphate buffered saline (PBS) vehicle control, injected
intraperitoneally. The aqueous humour was collected 16
hours after LPS injection, and the CINC levels measured as

above in relation to the number of infiltrating leucocytes. A
marked decrease in cellular infiltration was associated with
only a slight decrease in CINC levels in the aqueous
humour of the anti-Mac-1 antibody treated rats.

STATISTICAL ANALYSIS

The unpaired Student's t test was used for the
comparison of means of protein or CINC
levels between groups, and the paired t test was
used for the comparison of measurements
between eyes injected with CINC and the con-

tralateral control eyes. The cell counts between
different groups of rats were compared with
the Mann-Whitney rank sum test. Differences
were considered significant at a p value s 0.05.
The calculations were done with the STATVIEW

700

600

_ 500

a" 400

a)-) 300

C 200

100

Cells
= Proteins

* p=0.047
t p = 0.596

t t

CINC PBS Naive

10

9

8
7

6
5

4

3

2

E

c0

Figure 3 Intraocular injection of CING (250 ng in 1i0 1d

PBS) induced an important cellular infiltration of the eye
in comparison with the contralateral eye injected with PBS
alone. CINC did not induce protein exudation in the
aqueous humour.

V.4.01 software for Macintosh (Abacus Con-
cepts Inc, Berkeley, CA, USA).

Results
KINETICS OF INTRAOCULAR INFLAMMATION
AFTER LPS INJECTION
Protein leakage was detected in the anterior
chamber of the eye 2 hours after subcutaneous
LPS injection. The kinetics of the exudation
are shown in Figure IA. The protein level rises
early to a peak at 4 hours followed by a slow
decrease broken by a sharp surge beginning
between 8 and 10 hours after LPS. Cells were
first observed in the eye at the 10 hour time
point, and their number increased rapidly
between 10 and 12 hours (Fig 1A).

KINETICS OF SERUM AND OCULAR CINC LEVELS

In the serum, the level of CINC peaked 2
hours after LPS injection with a mean concen-
tration of 734 (SEM 54) ng/ml, and decreased
progressively during the following 8 hours (Fig
1 B). In the aqueous humour CINC was
detected 2 hours after LPS injection, and
started to increase above the serum level at 10
hours (Fig 1B). The increase of CINC concen-
tration in the aqueous humour above the
serum levels, in the later time points, corre-
sponded to the time of entry of leucocytes into
the anterior chamber of the eye (Table 1).

Production of CINC in the eye
In order to differentiate if the CINC measured
in the eye was produced locally and attracted
the leucocytes, or was secreted by the infiltrat-
ing cells themselves, we inhibited the cellular
infiltration and assessed its effect on the
intraocular CINC levels. Inhibiting leucocyte
adhesion by treating the animals with 1 B6
caused a 56% reduction in cellular infiltration
of the eye with 321 (12) cells/tl compared with
730 (155) cells/pd in the control group
(p=0.014) (Fig 2). However the aqueous
humour CINC level in these 1B6 treated rats
decreased by only 9% compared with the con-
trol treated rats (p=0.827) (Fig 2). In a second
experiment the 1 B6 treatment produced a
64% reduction in cells infiltration accompa-
nied by only a 16% decrease in intraocular
CINC levels compared with the controls.

Table 1 Correlation of the positive cytokine induced
neutrophil chemoattractant (CINC) gradient towards the
anterior chamber with leucocyte infiltration. Lewis rats were
injected subcutaneously with lipopolysaccharide at 350
uglkg. Serum and aqueous humour were collected at the
indicated time points

CINC gradient Aqueous humour
Time points towards the eye* cells *
(h) (nglml) (cellslpl)

0 0 (0) 0 (0)
1 -145 (34) 0 (0)
2 -694 (62) 0 (0)
4 -413 (46) 1 (1)
6 -213 (74) 2 (2)
8 -85 (10) 6 (1)

10 6 (8) 40 (15)
12 46 (7) 226 (70)
16 104 (28) 228 (38)

* CINC was measured in the serum and in the aqueous humour
by ELISA, and a gradient representing the intraocular level
minus the serum level was determined. Each time point repre-
sents the average (SEM) of measurements from five animals.
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Injection of CINC in the eye
The chemotactic effect of a direct intraocular
injection of CINC was evaluated. When CINC
was injected in the anterior chamber of the eye
of naive rats there was a significant influx of
cells into the aqueous humour. By Giemsa
stain the cells were almost exclusively PMNs
(not shown). The mean cell count in the CINC
injected eyes (n=5) was of 630 (213) cells/pl
compared with 31 (8) cells/4l in the eye
injected with PBS alone (p=0.047) (Fig 3).
CINC had no effect on protein exudation. The
mean protein concentration was of 1.46 (0.17)
mg/ml in the CINC injected eyes and 1.36
(0.16) mg/ml in the control eyes (p=0.59) (Fig
3). In naive non-injected rats, the mean protein
concentration was 1.41 (0.08) mg/ml.

Discussion
The study of animal models of endotoxic shock
and the injection of low doses of endotoxin in
human volunteers helped understand the
inflammatory cascade triggered by LPS.20 21 In
the blood, the LPS molecule attaches to a car-
rier protein (LBP), and in this complex form
interacts with the CD14 cell surface receptor
to activate monocyte.22 23 TNF-ax and IL-15
are released, causing a cardiovascular
shock.20 2425 TNF-a can be detected in circula-
tion half an hour after LPS injection and the
level peaks 30 minutes later.24 26-28 I-1
appears shortly after TNF-a and has a
synergistic effect on the production of other
inflammatory cytokines such as IL-6 and
IL-8.24 25 The circulating array of cytokines
induced by LPS is probably responsible for the
early rupture of the blood-aqueous barrier that
we observed in EIU. During the early phase of
EIU, the passive entry of the inflammatory
cytokines TNF-a and I-1 from the circula-
tion probably induces the intraocular produc-
tion of factors such as CINC by ocular tissue
cells. Indeed the messenger RNA of several
cytokines has been detected in the eye in EIU.29
The intraocular injection ofTNF-a was shown
to induce IL-6 production in the eye.'0 In addi-
tion, ocular specific cells in culture were able to
produce inflammatory mediators."-" A large
population of immunocompetent cells such as
resident macrophages and dendritic cells was
also observed in the eye.'s'6 In our observa-
tions the small amount of CINC found in the
eye up to 8 hours after LPS injection appears
to come from the circulation with the protein
exudate. At this time the gradient of CINC is
directed towards the intravascular compart-
ment and cells are not infiltrating the eye. Cel-
lular infiltration of the anterior chamber occurs
approximately 10 hours after LPS, when the
CINC gradient is favouring the eye. This later
increase in CINC presumably comes from
ocular cell synthesis, because at this time the
serum levels are lower than in the eye. In addi-
tion, these CINC levels are only slightly
affected when leucocyte infiltration is reduced
by anti-adhesion molecule Ab treatment. The
reported in vitro chemotactic dose-response
curve of CINC increases from 0.8 ng/ml to a
maximum at 250 ng/ml with a half maximum

level of 8 ng/ml.37 The CINC gradient level of
6 to 104 ng/ml that we measured in the eye
correlates well with these doses. We also
confirmed the chemotactic effect of CINC in
the eye by direct intraocular injection. The
observed effect was purely chemotactic for
PMN leucocytes and did not induce any
protein infiltration. In EIU, the activation of
circulating leucocytes by LPS certainly in-
creases the ability of the cells to enter the eye.
However, the activation of PMNs was not nec-
essary for the cells to migrate in the eye in
response to the tested dose ofCINC. One of
the contributing factors of ocular infiltration in
EIU is the induction of adhesion molecules on
the leucocytes and the vascular endothelium
induced by LPS."8 In humans the CD1 1/CD 18
adhesion molecule on PMN cells is upregu-
lated by IL-8.9 The high levels of CINC in the
blood of rats may play a similar role contribut-
ing to the priming of leucocytes for ocular
infiltration. The shifting of the chemotactic
gradient towards the eye as seen here with
CINC during the course of EIU may occur
with other chemotactic molecules.The use of
the EIU model to study these chemotactic gra-
dients should help to unravel the sequence of
events leading to ocular infiltration in uveitis.
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