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Pentoxifylline has been shown to decrease endotoxin-induced tumor necrosis factor alpha production and
reverse the inflammatory actions of interleukin-1 (IL-1) and tumor necrosis factor on leukocyte function.
Because of the potential role of this cytokine-leukocyte interaction in the pathogenesis of bacterial meningitis,
we investigated the ability of pentoxifylline to modulate meningeal inflammation in the rabbit meningitis model.
PentoxifyHline treatment (initially an intravenous ij,ection of 20 mg/kg followed by 6 mg/kg per h) started 20
min before intracisternal iu'ection of 20 ng of Haemophilus influenzae type b lipooligosaccharide (endotoxin)
reduced significantly concentrations in cerebrospinal fluid of leukocytes (P < 0.0001), protein (P < 0.001), and
lactate (P < 0.001) during the 9-h infusion compared with values in intravenous-saline-treated rabbits. When
pentoxifylline was given 1 h after H. influenzae type b endotoxin, the mean peak lactate and leukocyte
concentrations in cerebrospinal fluid were significantly lower than those in control animals. Pentoxifylline also
significantly decreased lactate and protein concentrations (P < 0.05) and tended to diiminish leukocyte counts
(P = 0.08) compared with results in control animals after antibiotic-induced release of endotoxin in animals
with H. influenzae meningitis. In this regard, dexamethasone was superior to pentoxifylline and no synergism
was observed when the drugs were combined. Additionally, pentoxifylline attenuated meningeal inflammatory
changes induced by intracisternal inoculation of 10 ng of rabbit recombinant IL-1, compared with results in
either dexamethasone- or saline-treated animals. We conclude that pentoxifylline is effective in this animal
model in modulating the meningeal inflammatory response following intracisternal inoculation ofH. influenzae
type b endotoxin or organisms or rabbit recombinant IL-1,B.

Significant advances in antimicrobial therapy of bacterial
meniriitis have been made in recent years; however, the
morbidity and mortality rates attributable to this infectious
disease remain high. An area of intense interest is assess-
ment of new therapeutical modalities that regulate the in-
flamniatory response in acute bacterial meningitis. It has
been speculated that the inflammatory response does little to
control the infection and likely has an adverse effect on the
central nervous system (4, 9). One of the principal protago-
nists of this inflammatory response is the polymorphonu-
clear leukocyte. Several hours after meningeal infection an
intense influx of leukocytes occurs. Bacterial cell wall frag-
ments and endotoxin have been shown to induce production
of inflammatory mediators, such as tumor necrosis factor
(TNF) and interleukin-1 (IL-1), by macrophages and other
cells (6, 25, 28; B. Wispelwey, W. J. Long, J. M. Castracane,
and W. M. Scheld, Program Abstr. 28th Intersci. Conf.
Antimicrob. Agents Chemother., abstr. no. 873, 1988).
These cytokines stimulate the function of neutrophils and
provoke degranulation, superoxide production, and in-
creased leukocyte adherence to endothelium (1). The hy-
droxyl radicals and several enzymes released by neutrophils
after activation are thought to have deleterious effects on
brain tissue (5). Agents that can reduce leukocyte influx into
cerebrospinal fluid (CSF) and/or modify their inflammatory
activities could be beneficial in preventing brain damage.
Because of its fibrinolytic activity and ability to inhibit

platelet aggregation, pentoxifylline [1-(5-oxo-hexyl)-3,7-dim-
ethylxanthine] has been used for several years for treatment
of patients with intermittent claudication resulting from
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occlusive arterial disease (27). Recently, it has been found
that pentoxifylline can improve survival rates and decrease
organ damage in different animal models of bacterial infec-
tion (3, 13, 31, 34, 40; H. S. Bjornson, C. Cave, and A. B.
Bjornson, 25th ICAAC, abstr. no. 674, 1985). Moreover,
pentoxifylline can reverse or counteract many of the effects
of endotoxin and endotoxin-induced cytokines on leukocyte
function (33). For example, neutrophils that have been
activated by inflammatory cytokines and incubated with
pentoxifylline had decreased superoxide production, de-
creased degranulation, and decreased adherence to endothe-
lial cells. In addition, recent evidence indicates that pentox-
ifylline can also depress in vitro production of TNF by
macrophages (32).

In view of these properties, we investigated the efficacy of
pentoxifylline in modulating the meningeal inflammatory
response in rabbits that occurs after intracisternal inocula-
tion of Haemophilus influenzae type b or administration of
H. influenzae type b lipooligosaccharide (endotoxin) or
rabbit recombinant IL-1 beta (rrIL-1p).

MATERIALS AND METHODS
Bacterial strain. H. influenzae type b strain DL42 is a

non-f3-lactamase-producing organism isolated from the CSF
of a child with meningitis. This strain is fully virulent in the
infant rat model for invasive H. influenzae type b disease and
belongs to lipooligosaccharide antigenic group 2, which is
the predominant endotoxin antigenic type among invasive
strains of this pathogen (11).

Preparation of live H. influenzae type b inoculum for
intracisternal inoculation. H. influenzae type b strain DL42
was grown in brain heart infusion broth supplemented with
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NAD and hemin (10 jig of each per ml). After overnight
incubation, the culture was centrifuged at 300 x g at 4°C for
20 min. The supernatant was removed and the cells were
suspended in phosphate-saline buffer (pH 7.2) at a final
inoculum of 1 x 105 to 2 x 105 colonies per ml.

Preparation of H. influenzae type b endotoxin. Endotoxin
was purified from cells of H. influenzae type b strain DL42
by using the hot phenol-water method described by West-
phal and Jann (41) as modified by Johnson and Perry (14).
The purity of this endotoxin preparation was confirmed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
followed by silver staining (37) and Western (immuno-) blot
analysis with hyperimmune rat serum to H. influenzae type
b DL42 (16). It has been shown previously that H. influenzae
type b endotoxin, in either its purified form or as an integral
part of the outer membrane of H. influenzae, when injected
intracisternally induces meningeal inflammation and altera-
tion of blood-brain barrier permeability (26, 35). Intracister-
nal inoculation of 20 ng of H. influenzae type b endotoxin
consistently induced substantial changes in the indices of
meningeal inflammation (35); this amount of endotoxin is
contained in approximately 2 x 106 H. influenzae type b
cells. Because CSF samples from patients with H. influenzae
type b meningitis contain from 104 to 107 colonies per ml, 20
ng of H. influenzae type b endotoxin was chosen as an
appropriate inoculum to induce meningitis in our studies.

Preparation of rrIL-113. rrIL-1p was kindly provided by
Masaru Yoshinaga, Kumamoto University, Kumamoto, Ja-
pan. This molecule was purified from Escherichia coli
HB101 strains previously transformed with an rrIL-lp-
containing plasmid (21). Twenty picograms of rrIL-1 cor-
responds to 1 U when estimated by thymocyte comitogenic
assay. The amount of endotoxin contained in this prepara-
tion is approximately 1 pg/ml, as measured by Limulus
assay.

Cytolytic assay for TNF. TNF activity was determined by
using a L929 cell line assay previously described by Flick
and Figgord (10) with some modifications (25). The degree of
cytotoxicity was quantified spectrophotometrically (490 nm)
by using a computerized automated enzyme-linked immuno-
sorbent assay plate reader (model 2550 enzyme immunoas-
say reader; Bio-Rad Laboratories, Hercules, Calif.). Equiv-
alent concentrations of recombinant human TNF were
determined for experimental samples by interpolation of the
recombinant human TNF standard curve run simultaneously
(0.1 pg/ml to 1 ,ug/ml). The lower limit of detectability of this
assay was 10 pg/ml. Samples were assayed in quadruplicate,
and a standard deviation within 10% of the mean was
observed. To verify the specificity of the assay, samples
were preincubated with polyclonal anti-TNF antibody,
which showed complete elimination of the cytotoxicity.
TNF is stable for long periods when stored at -70°C.
To rule out the possibility that pentoxifylline was cyto-

toxic to L929 cells, different amounts of the drug (1 ng to 1
,ug) were added directly to these cells and tested for cytolytic
activity. No cytolytic activity was observed.
Measurement of lactate and protein in CSF. CSF samples

were analyzed for lactate by a kinetic enzymatic method that
uses the reaction of lactate with P-NAD+ in the presence of
lactate dehydrogenase to produce NADH and pyruvate. The
production of NADH was quantitatively monitored at an
A340 on a model 2600 spectrophotometer (Gilford Instrument
Laboratories, Inc., Oberlin, Ohio) with a deuterium source.
The precision of the method was tested by running a known
standard of 40 mg/dl (UV test 826-UV; Sigma Chemical Co.,

St. Louis, Mo.) 10 times over the course of 1 day. The
coefficient of variation was 2.1%.

Protein concentrations were determined by the turbidity
method. Turbidity produced by sulfosalicylic acid when
added to a solution containing protein is proportional to the
concentration of the protein in the solution. Turbidity was
measured with a spectrophotometer set at 420 nm. A protein
standard (no. p-7656; Sigma) as a control was assayed with
each run.

Experimental drug. Pentoxifylline (Trental) was supplied
by Hoechst-Roussel Pharmaceuticals Inc., Somerville, N.J.,
in 5-ml vials containing 20 mg of the drug per ml. Pentoxi-
fylline was administered in an intravenous (i.v.) injection of
20 mg/kg of body weight followed by continuous infusion of
6 mg/kg per h for 6 to 12 h. This dosage was chosen on the
basis of data from previous studies in several animal models
of infection (3, 13, 31, 34, 40; Bjornson et al., 25th ICAAC).

Meningitis model and in vivo experiments. A model of
experimental meningitis originally described by Dacey and
Sande (7) was used in a modified form. New Zealand White
male rabbits (2 to 3 kg) were anesthetized with intramuscular
injections of ketamine (40 mg/kg of body weight) and ace-
promazine (3 mg/kg) and immobilized in a stereostatic frame.
A spinal needle (3.5 inches, 20 gauge) was introduced into
the cisterna magna, and 0.2 ml of CSF was withdrawn. The
animals were then inoculated intracisternally with 0.2 ml
containing 20 ng of H. influenzae type b endotoxin, 2 x 104
colonies of live H. influenzae type b organisms, or 10 ng of
rrIL-1p.
H. influenzae type b lipooligosaccharide experiments.

Twenty-seven rabbits received 20 ng of endotoxin intracis-
ternally. Fourteen of those were treated with a continuous
i.v. infusion of normal saline (3 ml/lkg of body weight per h)
starting 20 min before endotoxin inoculation. The other 13
rabbits received a continuous i.v. infusion of pentoxifylline
in a regimen (see above) providing the same infusion volume
and rate as that employed in controls. Both treatment
regimens were maintained for 9 h. CSF samples of 0.2 ml
were obtained at 1, 3, 6, and 9 h after endotoxin inoculation
and analyzed immediately for leukocyte counts with a Neu-
ber hemacytometer (American Optical Corp., Buffalo,
N.Y.).
The efficacy of pentoxifylline was also assessed when

administered i.v. 1 h after H. influenzae type b endotoxin
was given intracisternally. Eight animals were inoculated
intracisternally with 20 ng of endotoxin, and treatment with
saline or pentoxifylline commenced 1 h later and continued
for 8 h.
The effect of CSF sampling on meningeal inflammatory

indices is believed to be minimal because the total volume of
CSF in a 2- to 3-kg rabbit is 4 to 5 ml and it is possible to
withdraw at one time as much as 1.6 to 1.7 ml of CSF from
the cisternae magnae of these animals; this was not done in
any of our experiments. Immediately after collection, CSF
samples were centrifuged (3,500 x g, 5 min) and the super-
natant was stored at -70°C until assayed for TNF, protein,
and lactate concentrations.
H. influenzae type b organism experiments. Thirty-five

rabbits were inoculated intracisternally with an inoculum of
2 x 104 colonies of live H. influenzae type b organisms
contained in 0.2 ml. At 6 h after inoculation, the animals
were treated with the following four regimens.

(i) Eight animals received a continuous i.v. infusion of
normal saline (3 ml/kg of body weight per h).

(ii) Eight rabbits were treated with an i.v. injection of 1 mg
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FIG. 1. Modulation of H. influenzae lipooligosaccharide (LOS)-induced meningeal inflammation by treatment with pentoxifylline (PTX).
Saline (n = 14 rabbits) or pentoxifylline continuous I.V. infusions (n = 13) were started 30 min before intracisternal inoculation of
lipooligosaccharide and maintained for 9 h. (A) Leukocyte and TNF concentrations in CSF. NS, Not significant. (B) Lactate and protein
concentrations in CSF.

of dexamethasone per kg of body weight 30 min after a saline
infusion, as described above, was started.

(iii) Eight animals received an i.v. injection of 20 mg of
pentoxifylline per kg of body weight followed by a continu-
ous infusion of 6 mg/kg per h (3 ml/kg per h).

(iv) Eleven rabbits were treated with a combination of
regimens ii and iii. All infusions were maintained for a 6-h
period. In addition, all animals received ceftriaxone (100
mg/kg i.v.) 30 min after infusions were started. Samples of
0.2 ml of CSF were obtained at 6, 8, 10, and 12 h after H.
influenzae type b inoculation and processed as described for
the endotoxin experiments.

IL-1 experiments. Sixteen rabbits were inoculated intra-
cisternally with 10 ng of rrIL-l, (0.2 ml) 30 min after having
undergone one of the three following regimens.

(i) Six animals received a continuous i.v. infusion of
normal saline (3 ml/kg per h).

(ii) Six animals were treated with saline as described
above and in addition received 1 mg of dexamethasone i.v.
per kg.

(iii) Four rabbits received an i.v. injection of pentoxifylline
(20 mg/kg) followed by a continuous infusion of 6 mg/kg per
h (3 mi/kg per h). All infusions were maintained for 12 h.
Two CSF samples were obtained from each animal at 6-h
intervals and processed as described above.
The 10 ng of rrIL-1 has been shown to consistently

induce CSF pleocytosis when inoculated intracisternally in
rabbits (unpublished observations).

Statistical analysis. All data are presented as means + 1
standard deviation. Two-way analysis of variance was used
to assess the effect of independent treatments with time for
the following variables: leukocyte, lactate, protein, and TNF
concentrations. If the interaction of groups by time was

significant at the 0.10 level, then pairwise comparisons were
made for groups at each specific time and within a group for
different time periods. A Bonferroni approach (20) was
employed for the pairwise comparisons, with the 0.05 level
considered significant. A chi-square test was used to com-
pare independent proportions at a particular time point, and
the two-tailed Student t test was used to compare means at
specific points. Values of P < 0.05 were considered signifi-
cant.

RESULTS

Endotoxin experiments. In initial experiments, 14 rabbits
were treated with saline and 13 were treated with pentoxi-
fylline. There were significantly lower leukocyte, protein,
and lactate concentrations in CSF during the pentoxifylline
infusion than during the saline infusion period (Fig. 1). At 3
h after endotoxin inoculation, all saline-treated animals had
leukocytes present in CSF, compared with only 4 of 13 (30%)
rabbits that received pentoxifylline (P < 0.001).
The TNF concentrations were 51 and 38% lower at 1 and

3 h, respectively, after endotoxin intracisternal inoculation
in pentoxifylline-treated animals than in controls (P not
significant; Fig. 1).
When pentoxifylline was initiated 1 h after endotoxin was

given intracisternally, the mean peak concentrations of
leukocytes and lactate were significantly lower than those in
saline-treated animals (Table 1). The peak concentrations of
protein and TNF were not significantly affected by pentox-
ifylline therapy.
H. influenzae type b experiments. The 35 animals employed

in this set of experiments were divided into four treatment
groups (saline alone, pentoxifylline alone, dexamethasone
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TABLE 1. Mean peak CSF inflammatory indices in rabbits
treated 1 h after H. influenzae endotoxin administration'

Treatment Lactate Protein TNF
group and cyteS/MM3 concn concn concn
P value' (mg/dl) (mg/dl) (ng/ml)

Saline 7,050 ± 2,620 48.2 ± 6.0 98.3 ± 21.0 21.3 ± 7.4
Pentoxifylline 2,800 ± 1,240 34.0 + 4.2 85.4 ± 23.2 19.7 + 8.8

P value <0.05 <0.01 NSC NS

aValues are means ± 1 standard deviation.
b n = 4 for both groups. P from two-tailed Student t test.
c NS, Not significant.
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alone, and pentoxifylline plus dexamethasone). All animals
were treated with ceftriaxone either simultaneously with
dexamethasone or 30 min after saline or pentoxifylline
infusions. Before treatment (6-h values), the four groups of
rabbits were comparable with regard to the CSF inflamma-
tory indices (Fig. 2). There were highly significant differ-
ences over the 6-h treatment period in the mean leukocyte,
lactate, protein, and TNF concentrations in CSF in those
rabbits that received dexamethasone alone or dexametha-
sone plus pentoxifylline compared with the results for saline-
treated animals. A significant difference in protein and
lactate concentrations (P < 0.05) was also observed in those
animals that received pentoxifylline alone compared with
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FIG. 2. Modulation of antibiotic-induced meningeal inflammation in rabbits infected with H. influenzae type b (Hib) by treatment with
various regimens. Continuous i.v. infusions of saline or pentoxifylline (PTX) were started 30 min before ceftriaxone i.v. administration and
maintained for 6 h. Dexamethasone (DXM) was given simultaneously with ceftriaxone. (A) Leukocyte counts; (B) TNF concentrations; (C)
lactate concentrations; (D) protein concentrations. There were 8 rabbits in each single-treatment group, and 11 animals received combined
treatment. NS, Not significant.
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TABLE 2. CSF inflammatory indices in rabbits after intracisternal inoculation of 10 ng of rrIL-1Ia

Treatment No. of leukocytes/mm3b at: Lactate concnl (mg/dl) at: Protein concnd (mg/dl) at:
group(n) Oh 6h 12h Oh 6h 12h Oh 6h 12h

Control (6) 0 957 ± 521 898 ± 523 17.9 ± 3.4 42.5 ± 11.5 32.4 + 6.2 33.3 ± 9.4 44.3 ± 17.3 43.8 ± 8.9
Dexamethasone (6) 0 517 ± 400 573 ± 278 16.1 + 4.6 40.5 + 10.1 32.1 ± 7.2 32.8 ± 7.4 33.5 ± 8.9 51.1 ± 24.5
Pentoxifylline (4) 0 43 ± 32 125 ± 114 18.9 ± 3.2 23.5 ± 4.0 30.7 ± 7.8 24.5 ± 5.4 17.8 ± 10.8 27.8 ± 21.2

a Values are means ± 1 standard deviation.
b p = 0.047 between controls and dexamethasone-treated rabbits; P < 0.001 between either controls or dexamethasone-treated rabbits and those that received

pentoxifylline (analysis of variance over time).
P not significant between either controls or dexamethasone-treated rabbits and pentoxifylline-treated group.

d P = 0.005 between either controls or dexamethasone-treated rabbits and pentoxifylline-treated rabbits (over time).

results in saline-treated rabbits (Fig. 2) but not in leukocyte
counts (P = 0.08) and in TNF concentrations (P = 0.10).

IL-1 experiments. A 10-ng amount of rrIL-l, was admin-
istered intracisternally to 16 rabbits; six of them received
saline, six received dexamethasone, and four were treated
with pentoxifylline. Treatments were given 30 min before
rrIL-13 inoculation. The mean leukocyte counts were signif-
icantly lower in dexamethasone- (analysis of variance, P =
0.047) and pentoxifylline-treated animals (analysis of'vari-
ance, P' = 0.001) compared with values for control animals
(Table 2). Dexamethasone did not significantly affect the
protein and lactate concentrations in CSF. By contrast,
rabbits that received pentoxifylline had significantly fewer
leukocytes and'lower protein concentrations in CSF than did
the animals in the other two treatment groups'. Lactate
concentrations were lower at 6 h only in pentoxifylline-
treated rabbits compared with the other two rabbit groups,
but this difference was not significant. TNF was not detected
in any of the CSF samples from'these animals.

DISCUSSION

Pentoxifylline is a phosphodiesterase inhibitor and known
vasoactive drug with proved clinical efficacy in various
circulatory disorders (8). It improves microcirculation as a
result of its rheologic effects on erythrocytes, platelets, and
plasmatic components, resulting in a decrease of whole-
blood viscosity (19, 30). Recently, pentoxifylline was found
to be of great benefit in different experimental sepsis models,
including sepsis caused by gram-positive and gram-negative
bacteria. This drug was shown to increase the survival of
mice after i.v., intraperitoneal, or subcutaneous challenge
with Staphylococcus aureus (17). Neonatal rats with intra-
peritoneal E. coli infections were also protected by pentox-
ifylline treatment (3). Using mice given i.v. endotoxin,
Schade and co-workers (29) found that pentoxifylline dra-
matically increased survival when administered from 24 h
before to 2 h after endotoxin injection. Welsh and colleagues
(40) reported that pentoxifylline diminished extravascular
protein accumulation and neutrophil sequestration in the
lungs of dogs given i.v. endotoxin. Additionally, Ishizaka et
al. (13) demonstrated that continuous infusion of pentoxifyl-
line attenuated acute lung injury in septic guinea pigs.
By different experimental approaches (12, 29, 39) it has

been shown that this drug interferes with augmented granu-
locyte-endothelium interactions, by modulating intravascu-
lar granulocyte hyperreactivity as well as by stimulating
antiaggregatory activity of the vessel endothelium. Pentoxi-
fylline has inhibitory effects on neutrophils in vitro, and
these effects are most marked when the neutrophils have
been preexposed to inflammatory cytokines (33). Prominent
among these cytokines are TNF and IL-1, which are pro-

duced by macrophages and other cells. These molecules
activate neutrophils to increase their stickiness and adher-
ence to endothelial cells, to increase the oxidative burst
re'sulting in the production of superoxide and other active
oxygen species, and to increase the rate of granule enzyme
release on stimulation (22). In addition, these cytokines
promote the entry of leukocytes into injured tissues. Ther-
apy that would inhibit or block the activity of the inflamma-
tory cytokines on neutrophils and endothelial tissue could
possibly be beneficial in diminishing tissue damage, believed
in part to result from the liberation of harmful products on
neutrophil degranulation.
The exact mechanism of the anti-inflammatory activities

of pentoxifylline is unknown. Studies attempting to elucidate
the mechanism of pentoxifylline on neutrophils showed that
intracellular'cyclic AMP concentrations were increased and
concentrations of intracellular free ionized calcium were
decreased (12, 32). These changes could affect the functional
activities of neutrophils. Additionally, pentoxifylline ap-
pears to inhibit granulocyte fun'ction after activation but has
a negligible effect on resting neutrophils (12, 32). Whether
these effects on neutrophil function along with decreased
production or activity of the cytokines explain the modula-
tion of meningeal inflammation observed in this study is
unknown at this time.
TNF and IL-1 have been detected in CSF of children with

bacterial meningitis, and their presence correlated signifi-
cantly with the meningeal inflammatory indices (23). In
addition, animal studies indicate that both cytokines play a
role in mediating the inflammatory cascade that is triggered
by H. influenzae type b or its lipooligosaccharide '(25;
Wispelwey et al., 28th ICAAC).

Corticosteroids prevent the production ofTNF by macro-
phages incubated with endotoxin but only if the steroids are
present before endotoxin comes in contact with macro-
phages (2, 15, 18). We demonstrated previously that i.v.
administration of dexamethasone simultaneously with or
prior to intracisternal inoculation of H. influenzae type b
endotoxin substantially reduced TNF concentrations in CSF
and modulated meningeal inflammation in rabbits, compared
with minimal effects when dexamethasone was given 1 h
after endotoxin inoculation (25). Additionally, early admin-
istration of dexamethasone considerably attenuated the
brisk inflammatory changes and reduced significantly TNF
concentrations following antibiotic-induced bacterial lysis
(24).

Pentoxifylline has been recently shown to suppress endo-
toxin-induced mononuclear cell-derived'TNF by more than
50% by reducing TNF mRNA accumulation and TNF super-
natant bioactivity (32). In the present study, peak TNF
concentrations in CSF were reduced by more than a third in
pentoxifylline-treated animals, but this change was not sta-
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tistically significant and is unlikely to be responsible for the
marked modulation of meningeal inflammation that occurred
in endotoxin-induced meningitis.
The leukocyte margination and adherence to endothelial

cells mediated by cytokines in response to microbial prod-
ucts or endotoxin can be inhibited by pentoxifylline (33).
These leukocyte properties could be responsible for the
complex cascade of events that provokes increased blood-
brain barrier permeability and allows entry of leukocytes
into CSF. In this regard, at 3 h post-intracisternal endotoxin
inoculation only 30% of rabbits receiving pentoxifylline had
leukocytes in CSF, compared with all of the animals treated
with saline.
Of potential clinical importance, pentoxifylline reduced

significantly the peak concentrations of leukocytes and lac-
tate in CSF when administered 1 h after intracistemal
inoculation of endotoxin. This effect occurred without a
reduction in TNF activity in CSF, suggesting that pentoxi-
fylline attenuated cytokine-induced leukocyte-endothelium
interactions. This contention is supported by the observation
of High and associates (K. High, B. Wisepelwey, W. J.
Long, Jr., E. J. Hansen, and W. M. Scheld, 29th ICAAC,
abstr. no. 711, 1989) that pentoxifylline modulated signifi-
cantly the usual endotoxin-induced increase in blood-brain
permeability to protein and leukocytes in experimental men-
ingitis.
The brisk inflammatory response that is produced by

antibiotic-induced bacterial lysis has been well described
(24, 36, 38). Lysis of H. influenzae bacteria involves the
explosive release of bacterial cell wall fragments and endo-
toxin-containing particles into the CSF. Pentoxifylline sig-
nificantly reduced protein and lactate concentrations in CSF
and moderately decreased leukocyte counts. Dexametha-
sone was superior to pentoxifylline in modulating these
inflammatory changes, and no appreciable synergism was
observed when dexamethasone and pentoxifylline were used
together. We do not know whether other indices of menin-
geal inflammation, such as intracranial pressure, blood-brain
barrier permeability, or arachidonic acid metabolism, are
altered by pentoxifylline treatment.
Our knowledge of the interrelationships of the inflamma-

tory pathways in the subarachnoid space is still incomplete.
Wispelwey et al. (28th ICAAC) have reported that IL-1
could act as an important mediator in the inflammatory
changes observed in bacterial meningitis secondary to intra-
cisternal inoculation of endotoxin or H. influenzae type b
organisms in rats. rrIL-1 inoculated intracisternally pro-
duced an intense inflammatory response in our animal
model, and TNF did not participate in that process. Pentox-
ifylline was found to be superior to dexamethasone in
modulating the meningeal inflammatory response after intra-
cistemal inoculation of 10 ng of rrIL-1. These results
suggest that this agent might exert beneficial effects late in
the course of an infection, when inflammatory cytokines
have already been produced and released.

In summary, findings of the present study indicate that
continuous infusion of pentoxifylline ameliorates the inflam-
matory changes in CSF that occur after H. influenzae type b
endotoxin exposure either by direct inoculation or following
antibiotic-induced bacterial lysis. In addition, pentoxifylline
markedly modulated leukocyte counts and lowered protein
concentrations after intracistemal inoculation of rrIL-13.
These data provide a paradigm for further studies examining
the potential role of pentoxifylline in decreasing meningeal
inflammation and/or preventing brain damage caused by

cytokine overproduction and leukocyte-endothelium inter-
actions.
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