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Abstract
Systemic administration of selective platelet-activating factor (PAF) antagonists that
block either plasma membrane or intracellular PAF binding sites attenuate the late-phase
nociceptive response to formalin in rats. Inasmuch as these antagonists both cross the
blood-brain barrier, and selectively attenuate the late-phase of nociception, we have
suggested that PAF may be an important central mediator of inflammatory-based pain. In
the present study we investigated the effect of central administration of PAF antagonists
on formalin-induced nociception. Intra-cerebral ventricular (i.c.v.) injections of either BN
52021 (a plasma membrane PAF receptor antagonist) or BN 50730 (an intracellular PAF
binding site antagonist) diminished the late-phase nociceptive response to formalin.
These findings suggest that PAF acts within the central nervous system (CNS) - at both
plasma membrane and intracellular sites - to mediate inflammatory-based pain
processing.
Background
Platelet-activating factor (PAF; 1-0-alkyl-2-acetyl-sn-glycero-3-phosphocholine)
is a potent phospholipid mediator with widespread pathophysiological effects [1]. PAF
exerts cellular actions through two high affinity intracellular membrane-binding sites and
via a low-affinity plasma membrane receptor [2]. The binding of extracellular PAF to
plasma membrane receptors activates diverse intracellular signal transduction pathways,
including those involving calcium, cyclic AMP (cAMP), inositol 1,4,5-triphosphate (IP3),
and diacylglycerol (DAG) [3]. Intracellular PAF can bind to microsomal sites to elicit
gene expression in neuronal and glial cell lines [4,5]. The intracellular PAF binding sites
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are also the locus at which PAF elicits the release of prostaglandin E2 (PGE2) from
astrocytes [6,7].
Subplantar injection of PAF into the rat’s hindpaw has been shown to increase
sensitivity to pain [8], suggesting that PAF modulates pain by acting at the site of injury.
We previously demonstrated that systemic administration of distinct PAF antagonists
attenuated the late-phase, but not early-phase, of the nociceptive response to formalin in
rats [9]. While PAF has the potential to act peripherally to mediate inflammatory
processes, we hypothesized that this phospholipid could also be acting centrally,
considering that the PAF antagonists used in this study readily cross the blood-brain
barrier, and that PAF binding sites are known to be present in the central nervous system
(CNS) [10].
We recently demonstrated that intra-hippocampal administration of BN52021 (an
antagonist selective for plasma membrane PAF receptors) attenuated the late-phase
nociceptive response. In contrast, BN 50730 (which selectively inhibits intracellular PAF
binding sites) administered into the hippocampus had no influence on the behavioral
expression of nociception [11]. These findings suggest that PAF mediates nociception, in
part, by activating plasma membrane PAF receptors within the hippocampus.
Intracellular PAF binding sites within the hippocampus do not appear to be involved in
the processing of nociceptive information. In the present study, we investigated the
effects on nociception of intra-cerebral ventricular (i.c.v.) injections of the structurallydistinct PAF antagonists, BN 52021 and BN 50730. We found that the central
administration of either PAF antagonists alleviated the late-phase nociceptive response,
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suggesting the involvement of both plasma membrane and intracellular PAF binding sites
in the central processing of inflammatory-based nociception.
Methods
Animals
Fifty-six male Sprague Dawley rats weighing 300-350 g (Charles River;
Wilmington, MA) were housed in groups of 2-3 in polycarbonate cages. Animals were
maintained under standard environmental conditions (room temperature: 20-20 °C;
relative humidity: 55-60%; light/dark schedule: 12/12 hr) with free access to standard
laboratory chow and tap water. All experiments were carried out in accordance with The
National Institutes of Health Guide for the Care and Use of Laboratory Animals and the
Ethical Guidelines for investigation of experimental pain in conscious animals issued by
the ad-hoc Committee of the International Association for the Study of Pain.
Surgical Procedures
Rats were anesthetized with sodium pentobarbital (55 mg/kg i.p.), and placed into
a stereotaxic instrument, with the skull on an even horizontal plane. The coordinates used
for placement of the 27-guage guide cannula were from bregma: 1.0 mm posterior, 1.5
mm lateral to the left, and 4.5 mm ventral from the skull, according to the atlas of
Paxinos and Watson [12]. Cannulae were secured to the skull with jewelers’ screws and
dental cement. A stainless steel stylet maintained cannula patency during the 7-10 day
recovery period.
Drug Injections
BN 50730 (a generous gift from Biomeasure; Milford, MA) and BN 52021
(Biomol; Plymouth Meeting, PA) were dissolved in 45% hydroxy-β-cyclodextrin in
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distilled water (HBC) (Sigma-Aldrich; St. Louis, MO). Drugs (at concentrations of 1, 10,
or 20 µg/0.5 µl) or HBC vehicle were administered into the left lateral ventricle 20 min
prior to formalin injection. The concentrations of the antagonists used in this study were
based on previous studies that found them to be centrally effective at impairing various
forms of memory processing [13,14].
Formalin Test
Nociceptive responses were examined using the formalin test described
previously [15]. The Plexiglas formalin test box (32cm x 30cm x 35cm) had mirrors in
the lower chamber and behind the box to provide unobstructed observation of paws.
Animals were habituated to the test chamber for 45 min on the day prior to formalin
testing. On the day of testing, each rat was placed in a towel and the vehicle or PAF
antagonist (either BN 52021 or BN 50730) administered. The rat was then placed in the
test box for 20 min, at which time the rat was removed from the box and injected
subcutaneously (s.c.) (i.e. into the plantar surface of the right hind paw) with 50 µl of 1%
formalin using a 27-gauge needle. Immediately after injection the animal was exposed to
the test box for 60 min, and the amount of time it elevated the injected paw was scored as
a behavioral measure of pain. Behavioral scoring was carried out by experimenters
blinded to treatment condition.
Histology
At the completion of behavioral testing, rats were deeply anesthetized with a 1.0ml injection of sodium pentobarbital, and perfused with saline followed by 10% formalin.
Brains were removed and subsequently sectioned through the cannula-tract region. The
20-µm sections were then stained with Cresyl violet, and the gelatinized slides
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dehydrated and coverslipped. Cannula placements were examined for verification of
needle tip location using the atlas of Paxinos and Watson [12].
Statistical Analysis
Data are expressed as means +/- SEM and p values < 0.05 were considered
statistically significant. Experimental groups were compared using a one-way analysis of
variance (ANOVA) with repeated measure (5 min blocks of time) followed by Scheffe’s
post hoc test. Independent t-tests were used to examine the effects of the PAF antagonists
on the individual 5 min bins of time post-formalin as well.
Results
The late-phase of the nociceptive response in rats was significantly affected by
intra-cerebral administration of BN 52021 (Fig. 1). ANOVA analysis indicated a
significant main effect of Time [F(11,308) = 5.62, p < 0.001], as would be expected
considering the dynamic nature of the formalin response. A significant Treatment effect
was also revealed [F(3,28) = 3.77, p < 0.05]. Scheffe’s post hoc analysis indicated that
the responses of rats receiving 20, 10, or 1 µg BN 52021 differed significantly from those
of control-treated rats (p’s < 0.05). Independent t-tests revealed that rats receiving BN
52021 (20, 10, or 1 µg) exhibited significantly attenuated levels of paw elevation between
30 and 45 min post-formalin; the highest two concentrations also decreased paw
elevation at 50 min post-formalin (p’s < 0.05).
The late-phase of the nociceptive response was also significantly affected by
intra-cerebral BN 50730 administration (Fig. 2). ANOVA analysis revealed significant
main effects of Time [F(11,297) = 5.39, p < 0.001] and Treatment [F(3,27) = 3.4, p <
0.05]. Scheffe’s post-hoc analysis revealed that the nociceptive responses of rats
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receiving either 20 or 10 µg of BN 50730 differed significantly from the HBC-treated
control rats (p’s < 0.5). Independent t-tests indicated that rats receiving the two highest
concentrations of BN 50730 exhibited significantly attenuated levels of paw elevation
between 35 and 45 min post-formalin (p’s < 0.05).
Discussion
These data show that the central administration of two structurally-distinct PAF
antagonists - which act to block either plasma membrane or intracellular PAF binding
sites - attenuated the late-phase nociceptive response to formalin in rats (Figs 1 and 2).
A feature of the formalin test in rodents is that animals display two behaviorally
distinct phases. The early-phase starts immediately after injection, and is the result of
direct chemical stimulation of chemosensitive nociceptors by the irritant formalin [15,16]
The late-phase is thought to result from peripheral inflammatory processes at the site of
injury, sensitization within the spinal cord, as well as from functional changes in that
occur in supraspinal regions [17].
PAF appears act at the site of injury to modulate pain processing, as evidenced by
findings that show PAF injections into the rat hindpaw increase sensitivity to other
painful stimuli and to those that are not normally of painful [8]. However, we found that
systemic administration of BN 50730 or BN 52021 increased the early nociceptive
response (albeit not significantly) to formalin [9]. Thus, the decrease in late-phase
nociception caused by PAF antagonists delivered systemically cannot be attributed to a
reduction in the early-phase response. Since BN 50730 and BN 52021 readily cross the
blood-brain barrier, and PAF receptors are expressed in the CNS [10], we hypothesized
that PAF could be acting as an endogenous central nociceptive mediator.

7

Considerable evidence suggests the involvement of the hippocampus in pain
processing in humans [18] and in nociceptive behaviors in rodents [19]. The
hippocampus appears to have a selective role in the late-phase of formalin-induced
nociception [20], and contains relatively high levels of PAF receptor mRNA and protein
and PAF binding sites [10]. In previous work, we investigated the significance of plasma
membrane and intracellular PAF binding sites in hippocampal nociceptive processing.
While plasma membrane PAF receptors are required for hippocampal processing of
nociceptive information, the intracellular PAF binding sites were deemed to have little
influence on hippocampal processing [11].
The current findings suggest that both plasma membrane and intracellular PAF
binding sites are involved in the processing of nociceptive information at central sites of
action. We have previously illustrated the importance of hippocampal plasma membrane
PAF receptors in nociception [11]; the central sites of intracellular PAF action in the
processing of painful information remain to be determined. We have hypothesized that
PAF might be required to activate intracellular PAF sites within the spinal cord to
mediate spinal sensitization, and thus behavioral nociception [9,11].
Peripheral inflammation activates dorsal horn astrocytes, causing these reactive
cells to produce inflammatory mediators such as prostaglandins [21]. Reactive astrocytes
are involved in the maintenance of the late-phase of the nociceptive response [22]. We
have shown that PAF - acting at intracellular binding sites - rapidly increases PGE2
release from primary rat astrocytes [6,7]. Thus, centrally-administered BN 50730 may
decrease the late-phase nociceptive response to formalin by decreasing astrocytic PGE2
release in the dorsal horn of the spinal cord. Indeed, PGE2 is produced in the spinal cord
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after inflammation or tissue injury and may facilitate nociceptive transmission in the
spinal cord [23].
Conclusion
In conclusion, the late-phase of the nociceptive response to formalin was
significantly reduced in rats receiving intra-cerebral injections of structurally-distinct
PAF antagonists. These findings suggest that both plasma membrane and intracellular
PAF binding sites are involved in the central processing of information related to the
processing of inflammatory-related nociception.

9

Abbreviations:
ANOVA = analysis of variance
cAMP =cyclic adenosine monophosphate
CNS = central nervous system
DAG = diacylglycerol
HBC = 45% hydroxyl-β-cyclodextrin
i.c.v. = intra-cerebral ventricular
PAF = platelet-activating factor
PGE2 = prostaglandin E2
Competing interest: The authors have applied for a patent related to the use of
PAF antagonists as potential anti-inflammatory agents. The data collected and
presented in this manuscript provide basic knowledge as to PAF’s site of action in
nociceptive processing.

Authors’s contributions: LAT and RJW participated in the conception and
interpretation of the study. All authors read and approved the final manuscript.
Acknowledgements: This study was supported in part by grants from The
Natural Science and Engineering Research Council (Grant No.283351-04 and
300789-04; L.A.T) and The National Institutes of Mental Health (Grant No. 5RO1 MH28783-24; R.J.W.) and The Center for Brain Sciences and Metabolism
Charitable Trust. The authors thank Veronica Afonso for her technical assistance.

10

References
[1]

Vane JR, Bakhl YS, Botting RM: Cyclooxygenases 1 and 2. Ann Rev
Pharmacol Toxicol 1998, 38:97-120.

[2]

Marcheselli VL, Rossowska MJ, Domingo M-T, Braquet P, Bazan NG:
Distinct platelet-activating factor binding sites in synaptic endings and in
intracellular membranes of rat cerebral cortex. J Biol Chem 1990, 265:91409145.

[3]

Ishii S, Shimizu T: Platelet-activating factor (PAF) receptor and genetically
engineered PAF receptor mutant mice. Prog Lipid Res 2000, 39:41-82.

[4]

Bazan NG: Platelet-activating factor is a synapse messenger and an
intracellular modulator of gene expression. J Lipid Med Cell Signal 1994,
10:83-86.

[5]

Squinto SP, Block AL, Braquet P, Bazan NG: Platelet-activating factor
stimulates a Fos/Jun/AP-1 transcriptional signaling system in human
neuroblastoma cells. J Neurosci Res 1989 24:558-566.

[6]

Teather, LA, Lee, RKK, Wurtman, RJ: Platelet-activating factor increases
PGE2 release from an astrocyte-enriched cortical cell culture system. Brain
Res 2002, 946:87-95.

[7]

Teather LA, Wurtman, RJ: Cyclooxygenase-2 mediates platelet-activating
factor-induced prostaglandin E2 release from rat primary astrocytes.
Neurosci Letters 2003, 340:177-80.

11

[8]

Dallob A, Guindon Y, Goldenberg MM: Pharmacological evidence for a role of
lipoxygenase products in platelet-activating factor (PAF)-induced
hyperalgesia. Biochem Pharmacol 1987, 36:3201-3204.

[9]

Teather, LA, Magnusson, JE, Wurtman, RJ: Platelet-activating factor
antagonists decrease nociception in rats. Psychopharmacology 2002, 163:430433.

[10]

Mori M, Aihara M, Kume K, Hamanoue M, Kohsaka S, Shimizu T:
Predominant expression of platelet-activating factor receptor in the rat brain
microglia. J Neurosci 1996, 16:3590-3600.

[11]

Teather, LA, Afonso, VM, Wurtman, RJ: Inhibition of platelet-activating factor
receptors in hippocampal plasma membranes attenuates the inflammatory
nociceptive response in rats. Brain Res 2006, 1097:230-3.

[12]

Paxinos G, Watson C: The rat brain in stereotaxic coordinates, (2nd edition). San
Diego: Academic Press; 1986.

[13]

Teather, LA, Packard, MG, Bazan, NG: Effects of posttraining
intrahippocampal injections of platelet-activating factor and PAF
antagonists on memory. Neurobiol Learn Mem 1998, 70:349-63.

[14]

Teather, LA, Packard, MG, Bazan, NG: Differential interaction of plateletactivating factor and NMDA receptor function in hippocampal and dorsal
striatal memory processes. Neurobiol Learn Mem 2001, 75:310-324.

[15]

Dubuisson D, Dennis SG: The formalin test: a quantitative study of the
analgesic effects of morphine, meperidine, and brain stimulation of rats and
cats. Pain 1977, 4:161-174.

12

[16]

Jongsma H, Pettersson LME, Zhang Y-Z, Reimer MK, Kanje M, Waldenstrom A,
Sundler F, Danielson, N: Markedly reduced chronic nociceptive
response in mice lacking the PAC1 receptor. NeuroReport 2001, 12:2215-2219

[17]

Coderre TJ, Vaccarino AL, Melzack R: Central nervous system plasticity in the
tonic pain response to subcutaneous formalin injection. Brain Res 1990,
535:155-158.

[18]

Ploghaus A, Tracey I, Clare S, Gati JS, Rawlins NP, Matthews PM: Learning
about pain: The neural substrate of the prediction error for aversive events.
Proc Natl Acad Sci 2000, 97:9281-9286

[19]

Yeung JC, Yaksh TL, Rudy TA: Concurrent mapping of brain sites for
sensitivity to the direct application of morphine and focal electrical
stimulation in the production of antinociception in the rat. Pain 1977, 4:23-40

[20]

McKenna JE, Melzack R: Analgesia produced by lidocaine microinjection into
the dentate gyrus. Pain 1992, 49:105-112

[21]

Fu K-Y, Light AR, Maixner W: Relationship between nociceptor activity,
peripheral edema, spinal microglial activation and long-term hyperalgesia
induced by formalin. Neuroscience 2000, 101:1127-1135

[22]

Watkins LR, Milligan ED, Maier SF: Glial activation: a driving force for
pathological pain. Trends Neurosci 2003, 25:1-9.

[23]

Watkins LR, Martin D, Ulrich P, Tracey KJ, Maier SF: Evidence for the
involvement of spinal cord glia in subcutaneous formalin induced
hyperalgesia in the rat. Pain 1997, 71:225-235

13

Figure Headings

Fig. 1. Formalin-evoked nociceptive responses in rats that received BN 52021 (20, 10 or
1 µg/0.5 µl) or vehicle control (HBC = hydroxy-β-cyclodextrin) by injection into the
lateral ventricle 20 min prior to paw injections. Data are expressed as means =/- SEMs.
Indications of significance for single 5 min bins were not included in order to maintain
the clarity of the figure (see results in text).

Fig. 2. Formalin-evoked nociceptive responses in rats that received BN 50730 (20, 10 or
1 µg/0.5 µl) or vehicle control (HBC = hydroxy-β-cyclodextrin) by injection into the
lateral ventricle 20 min prior to paw injections. Data are expressed as means =/- SEMs.
Indications of significance for single 5 min bins were not included in order to maintain
the clarity of the figure (see results in text).
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