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The antiinflammatory drug indomethacin, an inhibitor of prostaglandin synthesis,
prevents the generalized Shwartzman reaction produced in rabbits by two intravenous
injections of bacterial endotoxin. Indomethacin has this effect if given before the first
but not the second injection of endotoxin. Measurements of circulating white blood
cells, platelets, partial thromboplastin time, prothrombin time, fibrinogen, plasmino-
gen, and soluble fibrin were made at several times after either the first or second
injection of endotoxin in treated and nontreated rabbits. Four hours after the first
injection of endotoxin, leukopenia and thrombocytopenia were somewhat greater in
treated rabbits and the prolongation of the activated partial thromboplastin time was
shortened. Twenty-one hours after injection of endotoxin, leukocytosis and elevation of
plasma fibrinogen were not as great in treated animals. Four hours following the second
injection of endotoxin a decrease in fibrinogen, prolongation of the prothrombin time,
and the elaboration of soluble fibrin were consistently found in rabbits with the
generalized Shwartzman reaction. In treated rabbits, none of these changes occurred.
Indomethacin prevents the generalized Shwartzman reaction by preventing the devel-
opment of the prepared state in this endotoxin model. (Am J Pathol 90:7-22, 1978)

SEVERAL OF THE EFFECTS of circulating bacterial endotoxin in-
volve the elaboration of prostaglandins and related substances and can be
inhibited by indomethacin, a potent inhibitor of prostaglandin synthetase.
Pvrogen-induced fever in rats is associated with elevations of prostaglan-
dins of the E series in the cerebrospinal fluid and can be inhibited by
indomethacin.! An altered vascular permeability is produced by the direct
injection of prostaglandins in the rabbit eve,? prostaglandins are elevated
in ocular inflammation produced by endotoxin,® and the ocular response
to both local and intravenous endotoxin can be inhibited by in-
domethacin.** Finally, prostaglandins are elaborated in endotoxin shock
in dogs,® and this shock can be prevented by indomethacin pretreatment.®

The following study was undertaken to determine the effects of in-
domethacin on the generalized Shwartzman reaction produced in rabbits
by two intravenous injections of endotoxin given 21 hours apart. It was
found that indomethacin prevented the reaction if given before the first or
preparatory endotoxin injection and that the prevention was the result of a
failure of intravascular coagulation. No prevention was found if in-
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domethacin was given before the second or provocative endotoxin injec-
tion.

Materials and Methods
Generalized Shwartzman Reaction

Two intravenous injections of bacterial endotoxin were made 21 hours apart and the
generalized Shwartzman reaction was determined by the presence of glomerular fibrin
thrombi on histopathologic study 4 hours after the second injection. The endotoxin
employed was the lipopolysaccharide of Escherichia coli 055:B5 (Difco Laboratories, De-
troit, Mich.) and each injection contained 200 ug dissolved in 2.0 ml of sterile isotonic saline.

Indomethacin

Indomethacin was given in varying quantities via oral and intraperitoneal routes before
the first or before the second injection of endotoxin.

Oral Administration
A suction catheter (18 French, Bard Parker) was inserted into the stomach. Both 3 and 1
hours before endotoxin, indomethacin dissolved in 10 ml of water was administered. The

quantities varied from 40 to 160 mg/kg at each time period, and initially the contents of
commercially available capsules were used.

Intraperitoneal Administration

Indomethacin sodium was prepared from indomethacin powder (Merck, Sharpe and
Dohme Research Laboratories, West Point, Pa). The aqueous solution was prepared fresh
daily by neutralizing with Na,CO, (anhydrous) by adding 0.012 to 0.023 g of Na,CO; to
8.0 ml of water containing 20 to 60 mg/kg of indomethacin. Intraperitoneal injections
were made 1 hour before the first or 1 hour before the second injection. Untreated animals
were injected with the diluent only.

Animal Studies

New Zealand white male and female rabbits weighing 1.8 to 2.2 kg were fed rabbit chow
and given water ad libitum. The experiments were divided into two parts.

Effects of Dosage and Route of Administration of Indomethacin

Rabbits were pretreated with various quantities of indomethacin. Oral pretreatment
consisted of 40, 100, or 160 mg/kg of indomethacin given twice, ie, 3 and 1 hours before
the first or second injection of endotoxin. Intraperitoneal pretreatment was with 20, 40, or
60 mg/kg of indomethacin given once, ie, 1 hour before the first or before the second
injection of endotoxin. In all hematologic studies, intraperitoneal injections with 40 mg/kg
of indomethacin was the form of treatment.

Hematologic Studies

Blood samples were taken at varying times either after the first or after the second
endotoxin. To facilitate the obtaining of blood, a small skin incision was made over the
middle portion of the central ear artery and a fine polyethylene tubing was inserted into
the artery (Intramedic R; Clay Adams, Parsippany, NJ). This operative procedure required
5 minutes with a minimum of trauma and was performed with a local anesthetic (lido-

caine [Xylocaine] hydrochloride 1% ). The patency of this arterial line was maintained by a
continuous pump infusion of sterile pvrogen-free saline at a rate of 2.5 ml/hr (Unita I, B.
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Braun, Melsunger, West Germany). All blood samples were taken from this arterial tubing.
All tubing and containers were siliconized. Each sample of blood was anticoagulated with
3.8% trisodium citrate (7.2 ml blood: 0.8 ml citrate). Samples were routinely obtained
before the first or second injection of endotoxin and 0.5 and 4 hours after the injection. In
some rabbits additional samples were obtained before indomethacin pretreatment and 2
and 21 hours after the first or second endotoxin injection.

To prepare plasma, the blood was centrifuged at 2300 rpm for 20 minutes, the plasma
was pipetted, and portions were quick frozen in acetone cooled by dry ice. These speci-
mens were stored at —70 C until used. Determinations of prothrombin time, activated
partial thromboplastin time, and the protamine sulfate serial dilutions were performed
within 30 minutes of collection. Fibrinogen and plasminogen determinations were done on
the frozen plasma samples.

Hematocrit. Microhematocrits were performed on all blood samples with heparinized
capillary tubes (Capilets; Dade Laboratories, Miami, Fla.).

White Blood Cell and Platelet Counts. The Unopette system (Becton-Dickinson, Ruth-
erford, NJ) was used; 20 ul of blood was added to 2 ml of 1% ammonium oxalate. Total
white blood cell counts were made in a standard fashion, and the number of rabbit
heterophils was determined by counting 200 cells on stained blood smears. Platelet counts
were made by phase microscopy.’

Prothrombin Time. A one-stage prothrombin test * was performed using a fibrometer
(B.B.L., Becton-Dickinson, Rutherford, NJ).

Activated Partial Thromboplastin Time. A modification of the method of Nye and
Brinkhous was used.® Four milliliters of Thrombofax reagent (Ortho Diagnostics, Raritan,
NJ) was prepared with 4.0 ml of kaolin in Owren’s buffer. Plasma (0.10 ml) was mixed with
reagent (0.10 ml) and incubated for 3 minutes with mixing. CaCl, (0.025 M) was added
and the time of clotting was determined by fibrometer.

Fibrinogen. A modification ' of the method of Blomback and Blomback ™ was used.

Plasminogen. The determination of plasminogen was by a caseinolytic method.* Hu-
man urokinase (Hoffman-La Roche, Basel, Switzerland) was employed as activator (400
CTA units) and a-casein (Worthington Biochemicals, Freehold, NJ) was used as substrate.
A pooled sample of plasma from 10 normal rabbits was used for control purposes. Values
are expressed as a percent of starting values for each rabbit.

Circulating Soluble Fibrin. The serial-dilution protamine sulfate test (SDPS) was em-
ployed.” Dilutions of protamine sulfate of 1/5, 1/10, 1/20, 1/40, and 1/80 were made. A
positive test was determined by the presence of fibrin strands or gel in dilutions of 1,/20 or
higher after standing 30 minutes at room temperature.™

Experimental Design for Hematologic Study

Blood samples were taken just before and at selected times either after the first or after
the second endotoxin.

Rabbits were divided into the following groups for hematologic study:

After the first endotoxin injection (No. of rabbits in each group)

Group A Endotoxin alone (11)

Group B Indomethacin 40 mg/kg 1 hour before endotoxin (9)
Group C Normal rabbits (11)

Group D Indomethacin 40 mg/kg in normal rabbits (9)

After the second endotoxin injection (No. of rabbits in each group)

Group E Endotoxin alone (13)

Group F Indomethacin 40 mg/kg 1 hour before first endotoxin injection (9)
Group G Indomethacin 40 mg/kg 1 hour before second endotoxin injection (10)
Group H Indomethacin 40 mg/kg 22 hours before sampling (normal rabbits) (7)
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Histopathologic Studies

Kidnevs were removed 4 hours following the second injection of endotoxin. fixed in
Zenker's solution, washed, and processed for light microscopy. Sections were stained by
hemotoxylin and eosin and phosphotungstic acid hematoxvlin. Fibrin strands and clumps
in capillaries of renal glomeruli indicated the generalized Shwartzman reaction.

Statistical Evaluation

The Student t test was used to evaluate the significance of differences between mean
values and mean percent changes in values. A P value of <0.01 was considered significant.

Results
Effect of Dosage and Route of Administration of Indomethacin

The effects of varving quantity, route of administration, and timing of
indomethacin treatment are recorded in Table 1. Indomethacin given
orally in quantities of 100 mg/kg, 3 and 1 hours prior to the first endotoxin
injection, prevented the generalized Shwartzman reaction in all but 1 of 8
rabbits. A single intraperitoneal injection of indomethacin of 40 mg/kg 1
hour before the first injection of endotoxin was equally effective in pre-
vention; 20 mg/kg given by this route was somewhat less effective, and 3
of 8 rabbits developed the generalized Shwartzman reaction. Treatment
with indomethacin prior to the second injection was not successful in
preventing the reaction, regardless of quantity of indomethacin used or
route of administration emploved (Table 1). In all subsequent hematolo-
gic studies, indomethacin in quantities of 40 mg/kg was given intra-
peritoneally 1 hour prior to either the first or second injection of endo-
toxin.

Table 1—Effect of Indomethacin on the Generalized Shwartzman Reaction

Incidence of generalized Shwartzman

reaction
Dosage and route of administration Treated Endotoxin Alone
Oral indomethacin
Before first endotoxin injection
40 mg/kg 3 and 1 hr before 4/4 4/5
100 mg/kg 3 and 1 hr before 1/8 8/8
Before second endotoxin injection
40 to 100 mg/kg 3 and 1 hr before 6/6 5/5
160 mg/kg 3 and 1 hr before 6/7 6/8
Intraperitoneal indomethacin
Before first endotoxin injection
40 mg/kg 1 hr before 1/9 7/8
20 mg/kg 1 hr before 3/8 7/8

Before second endotoxin injection
40 to 60 mg/kg 1 hr before 5/6 6/6
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Hematologic Studies

Results are presented in graphic form in Text-figures 1 and 2. Average
values and standard deviations before and 4 hours after either the first or
second injection of endotoxin are given in Tables 2 and 3. Values recorded
just before the second injection of endotoxin are actually 21 hours follow-

First Endotoxin Second Endotoxin
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A,8,C.D E 1+E NI 14N E+E  I+E+E E+14E
No. d‘:mmds an ) o) () (0/13) /9 (910)
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Text-ricuRe 1—Effects of indomethacin on the generalized Shwartzman reaction. White blood
cells (WBC) and platelets. Group A = endotoxin only; Group B = indomethacin before endotoxin;
Group C = normal rabbits; Group D = indomethacin in normal rabbits; Group E = endotoxins 21
hours apart; Group F = indomethacin before first of two endotoxins; Group G = indomethacin before
second of two endotoxins. Bars represent average values just before and 4 hours after first or second
endotoxin. Times after second endotoxin are 21 and 25 hours after first endotoxin. Significant
differences between mean percent changes are underlined.
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Text-FictRe 2—Effects of indomethacin on the generalized Shwartzman reaction. Activated
partial thromboplastin times (Act PTT). prothrombin times (PT). plasma fibrinogens. Group A =
endotoxin only: Group B = indomethacin before endotoxin: Group C = normal rabbits: Group D =
indomethacin in normal rabbits; Group E = endotoxins 21 hours apart: Group F = indomethacin
before first of two endotoxins: Group G = indomethacin before second of two endotoxins. Bars
represent average values just before and 4 hours after first or second endotoxin. Times after second
endotoxin are 21 and 25 hours after first endotoxin. Significant differences between mean percent

changes are underlined.
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ing the first endotoxin (Table 3). Samples were taken additionally at 0.5,
2, and 21 hours after the first endotoxin injection and in some cases prior
to indomethacin. Average values of these determinations did not further
contribute to interpretation and are not included in the tables.

Hematocrits at 0 and 4 hours decreased by no more than 15% and
averaged a 6% decrease. No attempt was made to correct for this blood
loss in the presentation of the results of hematologic studies in normal
control and treated normal control rabbits (Groups C and D, Text-figure 1)
(Table 2) which were available for direct comparison. Neither the method
of blood sampling nor the loss of blood had other than minimal effects on
results in normal rabbits.

Leukocytes and Platelets

A significant leukopenia and thrombocytopenia occurred 4 hours fol-
lowing endotoxin in both nontreated (Group A) and treated groups
(Group B, Text-figure 1) (Table 2). Four hours following the first in-
jection of endotoxin, a somewhat greater decrease in total leukocytes,
heterophils, and platelets was noted in treated rabbits (—84.2 + 8.3%,
—90.2 + 7.8%, —51.1 £+ 15.5% ) compared with nontreated rabbits (—72.6
+ 19.8%, —73.6 + 26.3%, —33.8 + 22.0%), but in no case was the
difference statistically significant (Text-figure 1).

Twenty-one hours following the first and just before the second endo-
toxin injection (Text-figure 1 and Table 3), the average WBC count was
12,110 + 6970/cu mm, with 80.9 + 5.5% heterophils in rabbits given
endotoxin alone and 8064 + 3044/cu mm with 72.9 + 16.3% heterophils
in rabbits pretreated with endotoxin. Four hours following a second
injection of endotoxin, mean percent decreases in WBC counts of 75.9 +
7.3% and in heterophils of 83.3 + 8.0% were noted in nontreated rabbits
(Group E), and mean percent decreases in WBC counts of 54.8 + 14.3%
and in heterophils of 62.4 + 17.7% were noted in rabbits pretreated with
indomethacin prior to the first endotoxin (Group F). The mean percent
changes in both WBCs and heterophils were significantly different in the
two groups, and this difference was primarily due to the extent of the
leukocytosis prior to the second endotoxin injection in untreated rabbits.
In rabbits pretreated with indomethacin prior to the second injection of
endotoxin (Group F) the mean percent decrease in leukocytes was not
significantly different from the other groups (Text-figure 1 and Table 3).

Twenty-one hours following the first injection of endotoxin, the num-
bers of platelets were decreased in a similar fashion in all groups. Follow-
ing a second injection of endotoxin, the mean percent decreases were not
significantly different in any group (Text-figure 1 and Tables 2 and 3).
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Activated Partial Thromboplastin Time

Four hours following the first injection of endotoxin, the activated
partial thromboplastin time was increased by a mean percent change of
69.7 + 54.0% in untreated rabbits and 43.7 £ 63.4% in treated rabbits.
Because of the marked variability from rabbit to rabbit these changes
were not significant (Text-figure 2 and Table 2). Four hours following a
second injection of endotoxin, all groups showed a prolongation of the
activated partial thromboplastin time of approximately the same magni-
tude (Text-figure 2 and Table 3).

Prothrombin Time

Four hours following the first injection of endotoxin, a prolongation of
the average prothrombin time was noted in both treated and untreated
rabbits. The mean percent change was essentially the same in the two
groups; although the prothrombin times were increased, the change was
not significantly different from normal rabbits and normal rabbits given
indomethacin (Text-figure 2 and Table 2).

Four hours following the second endotoxin injection, no change in
average prothrombin time was observed in rabbits pretreated with endo-
toxin prior to the first endotoxin injection (Group F). But in rabbits
receiving endotoxin only (Group E) and rabbits treated prior to the second
endotoxin injection (Group G), the mean percent prolongation of the
prothrombin times was 16.3 + 7.0% and 16.2 + 11.0%, respectively; both
changes are significantly different from those of Group F (Text-figure 2
and Table 3).

Fibrinogen

Four hours following the first injection of endotoxin, a decrease in
plasma fibrinogen of a similar magnitude was noted in all groups (Text-
figure 2 and Table 3). Twenty-one hours after the first endotoxin injection
the average plasma fibrinogen in untreated rabbits was 4.54 + 1.26
mg/ml and 3.49 + 0.47 mg/ml in rabbits pretreated with indomethacin
(0.05 > P > 0.02). The average plasma fibrinogen was 2.68 + 0.89 mg/ml
21 hours after cutdown in normal rabbits and significantly different from
rabbits receiving endotoxin alone (0.01 < P < 0.001). The average plasma
fibrinogen level 21 hours after indomethacin was 3.24 + 0.54 mg/ml
(Group H), and this value was not significantly different from the normal
(0.3 < P > 0.2) (Table 3).

Four hours following a second endotoxin injection, a slight increase in
plasma fibrinogen was noted in rabbits pretreated with indomethacin
prior to the first injection of endotoxin (Group F). By contrast, 4 hours
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after a second endotoxin injection in untreated rabbits (Group E) and
rabbits treated only just prior to the second endotoxin injection (Group
G), there was a mean percent decrease of 20.3 + 16.0% and 32.0 + 15.0%,
respectively (Text-figure 2 and Table 3); both values are significantly
different from those of Group F (0.01 < P > 0.001 and 0.001 < P,
respectively).

Plasminogen

Four hours following the first endotoxin injection a mean percent
decrease was noted in treated and nontreated rabbits of 18.2 + 13.0% and
14.5 £+ 15%, respectively, but these changes were not significantly differ-
ent from normal controls due to a wide scatter of results (Table 2). Four
hours following a second injection of endotoxin, no definite changes could
be detected in any group.

Circulating Soluble Fibrin

Results are seen in Tables 2 and 3. Four hours after the first endotoxin
injection approximately two thirds of both treated and untreated rabbits
had positive tests (Table 2). Four hours following a second injection of
endotoxin, virtually all rabbits developed evidence of circulating soluble
fibrin with the exception of Group F rabbits pretreated with indomethacin
prior to the first injection of endotoxin (four ninths positive).

DI .

The generalized Shwartzman reaction can be prevented by in-
domethacin, an inhibitor of prostaglandin synthetase. This effect was
observed if indomethacin was given before the first but not the second
injection of endotoxin. Prevention was associated with an absence of
fibrinogen consumption, no prolongation in prothrombin time, and for-
mation of soluble fibrin in some animals only. By contrast, rabbits not
treated in this manner showed a decrease in circulating fibrinogen, a
prolongation of the prothrombin time, and a consistent production of
soluble fibrin. The effect of indomethacin thus constitutes a prevention of
the state of preparation for the generalized Shwartzman reaction and
provides an opportunity to study the events that are important in the
prepared state.

Of the hematologic parameters observed following the first injection of
endotoxin, several differences were noted in treated animals. Four hours
following the first endotoxin injection, there was a tendency toward a
somewhat greater decrease in leukocytes and platelets compared with
values in untreated rabbits, and the prolongation of the activated partial
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thromboplastin time was not as great in treated rabbits, but none of these
differences by themselves was significant. Twenty-one hours after endo-
toxin administration, elevations in plasma fibrinogen and leukocytosis
were somewhat less in treated rabbits, but again the average values by
themselves were not significantly different from values in untreated rab-
bits. The mean percent decrease in leukocytes was significantly greater 4
hours following a second endotoxin injection in untreated rabbits, primar-
ilv because of the leukocytosis before endotoxin administration in this
group.

From the present study, it would appear that prostaglandins and re-
lated products are important in preparation and that indomethacin pre-
vents their formation. It should be pointed out that large quantities of
indomethacin were needed to produce these effects, and conceivably a
toxic effect has been produced. Different species, however, vary greatly in
the levels of indomethacin required to have a therapeutic effect,’® and it
has been demonstrated that indomethacin in approximately the quantities
used in the present study does not have a pronounced effect in rabbits if
given daily over a 9-day period.*® It is also possible that indomethacin may
have functions other than the inhibition of prostaglandin synthesis.
Northover'” has suggested that indomethacin may reduce influx of cal-
cium into endothelial cells and thus prevent their damage by histamine.

A variety of therapeutic agents inhibit the generalized Shwartzman
reaction, but prevention by an action(s) on the preparatory phase is
somewhat unique. Most agents are effective just prior to provocation, a
timing definitely not effective in the present study. Anticoagulants such as
heparin prevent the reaction if given just prior to provocation,' and
dicumarol is effective if the animals are anticoagulated throughout the
experiment.’® Corticosteroids can prevent the generalized Shwartzman
reaction if given just before the second endotoxin injection, presumably
through their effects on blood clotting factors.? It is also well recognized
that treatment with corticosteroids over a 3-day period can induce a state
of preparation so that a single injection of endotoxin is required to
produce a generalized Shwartzman reaction, an effect attributed in part to
sensitization to a-adrenergic stimulation.?* We have been unable to in-
duce a state of preparation with indomethacin.?® A variety of therapeutic
agents known to produce vasodilation diminish the incidence of the
generalized Shwartzman reaction if given before the second injection.?
Dipyridamole, a potent inhibitor of platelet aggregation and a vasodil-
atory drug, inhibits intravascular fibrin accumulation induced by endo-
toxin.** Finally, a-adrenergic blocking agents can prevent the generalized
Shwartzman reaction in pregnant rats.?
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Both leukocytes and platelets have been defined as important elements
in the generalized Shwartzman reaction. Changes in both total white
blood cells and heterophils occurred in the present study and the expected
changes were to some extent altered by indomethacin. Exudate white cells
primed with endotoxin can produce a disseminated intravascular coagu-
lation and the generalized Shwartzman reaction.?® It is well known that a
leukopenia induced by nitrogen mustard prevents the reaction ¥ and that
exudate leukocytes can restore the reaction in leukopenic animals.? It has
been suggested that a substance(s) is elaborated in white blood cells that
has a capacity to interact with soluble fibrin and thus cause fibrin deposi-
tion and the generalized Shwartzman reaction,™ a theory originally pro-
posed by Thomas et al.®

Little is known of the effects of indomethacin on leukocytes. A reduced
phagocytic capacity of treated leukocytes has been demonstrated in
vitro,® and it has been established that prostaglandins are released from
human neutrophils on contact with zymosan, a release that is inhibited by
indomethacin.®* Although it would be tempting to incriminate the leuko-
cyte or a leukocyte product as important, evidence is insufficient from the
present study.

Indomethacin is also a potent inhibitor of platelet aggregation and
release of prostaglandins,®® but in the present study there was little
evidence of a selective effect in treated rabbits. A lack of correlation
between decreases in platelet numbers and the development of the gener-
alized Shwartzman reaction has been noted by others.® It is possible that
a platelet or white cell function could be altered without being reflected in
numbers of circulating formed elements. It has been found that to pro-
duce an inhibition of the reaction by an immune platelet depletion, it is
necessary to remove virtually all platelets.®*

The combination of a leukocytosis and an elevated fibrinogen prior to
the second endotoxin greatly enhances the chances that intravascular
fibrin deposition will occur.®® Indomethacin decreased bath of these pa-
rameters in the present study, but exactly how these changes are related to
the state of preparation is not known.

It has been proposed that the state of preparation involves at least three
components: a-adrenergic sensitization, reticuloendothelial blockade,
and altered fibrinolysis.*® Any one or all of these could be affected by
indomethacin. A blockade seems unlikely, for indomethacin apparently
decreases phagocytic function in vitro.* The fibrinolytic system may be
altered, but this change could not be demonstrated in the present study. It
seems most likely that a sensitization to a-adrenergic stimulation is inhib-
ited by indomethacin. Prostaglandins are known to modulate the response
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to adrenergic stimulation, and PGE, and PGE; can inhibit the effects of
norepinephrine on perfused segments of isolated rabbit artery, an inhibi-
tion reversed by indomethacin.®” Prostaglandins may also play a role in
the stimulation of corticotropin secretion in response to stress,* raising the
possibility of another possible mechanism whereby a-adrenergic sensiti-
zation could be prevented by indomethacin by preventing the release of
corticosteroids during the Shwartzman reaction.*

An interesting aspect of the present study was the failure of consump-
tion of fibrinogen in previously treated rabbits. Indomethacin may di-
rectly interfere with fibrinogen svnthesis or utilization or alternately cause
an elaboration of a substance(s) that has these effects. It is equally possible
that indomethacin may prevent the elaboration of a tissue thromboplastin
or “potential”’ thromboplastin activity and that this prevention is due to
an inhibition of synthesis of prostaglandins and related products through-
out the body. The ocular response to circulating endotoxin is primarily
due to an alteration in vascular permeability,*® but endothelial injury also
occurs, in part as fibrin forms locally.** We have assumed that ocular blood
vessels and vessels of the choroid plexus are uniquely sensitive to the
effects of endotoxin, but conceivably blood vessels in different regions and
in particular anatomic sites may be equally sensitive.** Multiple foci in
blood vessels throughout the body might be the sites of development of
thromboplastic or potential thromboplastic activity that triggers a massive
clotting episode when a second injection of endotoxin is given. Conceiv-
ably, indomethacin could prevent the development of this activity.
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