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Nitroglycerin induces hyperalgesia in rats—a time-course study
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Abstract

Nitroglycerin is a nitric oxide (NO) donor which activates nuclei involved in nociceptive transmission following systemic administration.

The effect of nitroglycerin on the nociceptive threshold was studied in rats by means of two experimental tests that explore different

modalities of pain: the tail-flick test and the formalin test. Nitroglycerin induced a significant reduction in the latency of the tail flick 2 and 4

h after its administration. Similarly, formalin-induced pain-related behaviour increased significantly 2 and 4 h after nitroglycerin

administration.
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1. Introduction

Nitroglycerin is a highly lipophilic organic nitrate which

releases nitric oxide (NO) by enzymatic and non-enzymatic

reactions (Harrison and Bates, 1993). Systemic nitroglycerin

activates neuronal groups in selected areas of the rat brain

involved in nociception (Tassorelli and Joseph, 1995; Tas-

sorelli et al., 2001, 1999). Several reports show that nitro-

glycerin induces spontaneous-like headache attacks in

migraine sufferers (Iversen et al., 1989; Sicuteri et al.,

1987), possibly related to sensitization phenomena, as

suggested by recent neurophysiological investigations in

healthy subjects (Sandrini et al., 2002).

Nitroglycerin-derived NO exerts a biological effect on

neuronal activity (Ma et al., 1995). In addition, systemic

nitroglycerin increases the levels of the neuronal isoform of

NO synthase (NOS) in the rat medulla (Pardutz et al., 2000).

Several reports suggest that NO is closely involved in the

development and maintenance of hyperalgesia (Ferreira et

al., 1999), which is likely to take place following the

activation of Ca2 +-dependent NOS. To our knowledge, only

one study has evaluated the effect of nitroglycerin on pain

transmission in animals, yielding conflicting results (Masue

et al., 1999).

In the present study, we evaluated the hyperalgesic effect

of nitroglycerin by means of two experimental animal

models of pain: the tail-flick test and the formalin test.

2. Materials and methods

2.1. Experimental protocol and groups

Adult male Sprague–Dawley rats (weight: 180–220 g)

were housed in plastic boxes in groups of 3, with water and

food provided ad libitum. They were kept on a 12-h/12-h

light–dark cycle and acclimatized to the test chamber before

testing.

The experimental protocol used in the present study

complies with European Union guidelines for the use

of experimental animals and was approved by the Ethics
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Committee of the IRCCS C. Mondino Institute of Neurol-

ogy.

Rats were randomly divided into groups, each compris-

ing 5–8 animals, and treated according to the following

schedule.

2.1.1. Experiment 1

Groups 1a, 1b and 1c: tail-flick latency was measured at

baseline and at 1 (1a), 2 (1b) and 4 (1c) h after nitroglycerin

administration.

Groups 1d, 1e and 1f: tail-flick latency was measured at

baseline and at 1 (1d), 2 (1e) and 4 (1f) h after vehicle

administration.

2.1.2. Experiment 2

Group 2a: i.p. injection of vehicle; formalin test per-

formed after 1 h.

Groups 2b, 2c and 2d: i.p. injection of nitroglycerin;

formalin test performed after 1 (2b), 2 (2c) and 4 h (2d),

respectively.

2.2. Drugs and vehicles

Nitroglycerin (Astra, Italy), dissolved in saline, alcohol

and propylene glycol, was injected i.p. at a dose of 10 mg/

kg (Tassorelli and Joseph, 1995; Pardutz et al., 2000).

Formaldehyde was mixed with saline to obtain 1%

formalin.

2.3. Tail-flick test

The test was performed with an Ugo Basile tail flick

instrument (model 7360) that allowed automatic recording

of the latency of the tail-flick response to radiant heat.

The number of seconds elapsing between activation of

the heat source and the rat flicking its tail away (latency)

was recorded. Each evaluation was calculated as the

mean of three measurements in three different parts of

the tail.

2.4. Formalin test

One animal at a time was placed in a plexiglas observa-

tion chamber (10� 20� 24 cm) equipped with an angled

mirror (45j angle) to facilitate observation of the injected

paw. Animals received a 100-Al s.c. injection of 1% for-

malin (formaldehyde diluted in 0.9% saline) into the mid-

plantar region of the left hindpaw. Pain-related behaviour

was quantified for 1 h by counting spontaneous flinches and

shakes of the injected paw: over 60-s periods for the first 5

min (min 1, 2, 3, 4 and 5) and thereafter following 4-min

pauses, for 1-min periods up to the hour (Tjolsen Aberge et

al., 1992). phase 1 was defined as the period from 1 to 5

min, phase 2 was defined as the period from 10 to 60 min

inclusive (Hao et al., 2000).

2.5. Statistical evaluation

Analysis of variance (ANOVA) for repeated measures

was used to evaluate the influence of time and treatments.

Differences between groups at specific time-points were

analysed by post-hoc t-test. A probability level of less than

5% was regarded as significant.

3. Results

3.1. Tail-flick test

Nitroglycerin induced a significant decrease in the la-

tency of the tail flick, compared to baseline, at 2 (� 30.2%)

and 4 h (� 35.1%); no significant difference was found

between the two time points (Fig. 1). On the contrary,

vehicle injection did not induce any significant change vs.

baseline in tail-flick latency at any time point.

Fig. 1. Time course of the hyperalgesic response induced by nitroglycerin

in the tail-flick test. Significant hyperalgesia was observed 2 and 4 h after

drug administration. Data are expressed as meanF S.D. White bar = rats

treated with vehicle; hatched bar = rats treated with nitroglycerin. *p< 0.05

and ** p< 0.03 vs. controls.

Fig. 2. Time course of nitroglycerin-induced hyperalgesia as detected in the

formalin test. The formalin-induced pain-related behaviour is expressed as

number of flinches and shakes during phase 1 (white bars) and phase 2

(hatched bars). Significant hyperalgesia was observed in both phases at 2 h

in phase 2 and at 4 h post-nitroglycerin administration. Data are expressed

as meanF S.D. *p< 0.03 vs. controls.

C. Tassorelli et al. / European Journal of Pharmacology 464 (2003) 159–162160



3.2. Formalin test

When the formalin test was performed 1 h after nitro-

glycerin administration, no significant change was observed

in either phase of the test (Fig. 2). Rats tested 2 h after

nitroglycerin injection (Group 2c) showed a significant

increase in the number of flinches and shakes during both

phases of the test, while rats tested 4 h after nitroglycerin

injection (Group 2d) showed a statistically significant

increase in the magnitude of flinches and shakes only during

phase 2.

4. Discussion

Several reports have suggested that NO has a hyper-

algesic effect (see Hoheisel and Mense, 2000 for a review),

and previous experimental studies have shown that some

NO donors, e.g., 3-morphosynodiomine and sodium nitro-

prusside, can intensify ongoing pain (Kitto et al., 1992;

Sousa and Prado, 2001). Masue et al. (1999) described

thermal hyperalgesia following intrathecal administration of

nitroglycerin in rats, but not following its systemic admin-

istration. In a previous report, we showed that systemic

nitroglycerin induces neuronal activation in the nucleus

trigeminalis caudalis (Tassorelli and Joseph, 1995), a very

important structure in nociceptive transmission. More

recently, our group has demonstrated that nitroglycerin

increases the nociceptive RIII reflex in humans following

its systemic administration (Sandrini et al., 2002).

In the present report, we provide a systematic analysis of

the hyperalgesic effect of systemic nitroglycerin by evaluat-

ing its activity in different experimental models of pain over

an extended period of time.

4.1. Tail-flick test

The tail-flick test reflects acute, physiological pain and

results from the activation of Ay and unmyelinated C

primary afferents. In the present study, we show that nitro-

glycerin induces hyperalgesia 2 and 4 h after drug admin-

istration. Nitroglycerin is a lipophilic substance that easily

crosses the blood–brain barrier, accumulating in the cere-

bral tissue (Torfgard and Ahnler, 1991), where its biological

effects last several hours (Tassorelli and Joseph, 1995;

Pardutz et al., 2000; Lambert et al., 2000). Nitroglycerin-

derived NO can easily diffuse across cell membranes, its

activity mirroring the effects of endogenous NO (Ma et al.,

1995). We can therefore speculate that nitroglycerin-induced

hyperalgesia may be related to a NO-mediated facilitation of

nociceptive transmission in both the peripheral tissue and

the spinal cord.

The failure of Masue et al. (1999) to find hyperalgesia

following systemic nitroglycerin administration may be

related to the much lower dose of drug used (10 Ag), which
might not have been able to reach the spinal cord in

biologically active amounts. Another explanation may be

their choice of vehicle: saline is not the most adequate

solvent for nitroglycerin.

4.2. Formalin test

This test constitutes a model of inflammatory pain and

consists of two distinct phases of pain-like behaviour. The

first results from the activation of primary afferent fibres (C-

fibre barrage), while the second is believed to reflect both

inflammatory-evoked sensory activity and facilitatory pro-

cesses in the spinal cord (Ito et al., 2001).

We describe a clear-cut time course for the nitroglycerin-

induced changes in the pain-related response to formalin

injection. No hyperalgesia was detected 1 h after nitro-

glycerin administration. At 2 h, significant hyperalgesia was

observed, which involved both phases of the test. Finally,

phase-2 hyperalgesia was detected at 4 h.

Pharmacological studies are presently ongoing in our

laboratory in order to better understand the mechanisms

underlying the time course of nitroglycerin-induced hyper-

algesia during the formalin test and the possible involve-

ment of differential mechanisms in the two phases. On the

basis of the data presented here, we can speculate that

nitroglycerin-formed NO may facilitate nociceptive trans-

mission, both at peripheral and spinal levels. The injury to

the peripheral tissue following formalin injection provokes

the release of excitatory neurotransmitters, such as gluta-

mate and substance P, from primary afferents and dorsal

horn neurons (Coderre et al., 1993). The subsequent gluta-

mate-mediated activation of NMDA receptors leads to a

Ca2 +-influx and initiates an enzymatic cascade, which

finally evokes the release of NO and prostaglandins (PGs)

(Kawamata and Omote, 1999). It has been hypothesized that

NO and PGs further increase glutamate release (Kawamata

and Omote, 1999), leading to an ongoing activity in primary

afferents, increased sensitivity of dorsal horn neurons and,

finally, central sensitization (Sousa and Prado, 2001).

Nitroglycerin is immediately available in peripheral tis-

sues, while it reaches its maximal concentration 2 h later in

the brain (Torfgard and Ahnler, 1991). Therefore, the

absence of nitroglycerin-induced hyperalgesia at 1 h, along

with the fact that the maximal hyperalgesic effect was

observed 2 h after the drug administration, seems to suggest

that the most important mechanism underlying nitrogly-

cerin-induced hyperalgesia is represented by the increased

availability of nitroglycerin-derived NO at central sites (i.e.,

spinal cord).

Additional mechanisms may be invoked to explain the

delayed appearance of nitroglycerin-induced hyperalgesia.

Pardutz et al. (2000) demonstrated an increased expression

of neuronal NOS in the cervical cord 4 h after the systemic

administration of nitroglycerin. Activation of neuronal NOS

may, in turn, interfere with ion channel activity and trans-

mitter release, to induce spinal (and/or supraspinal) synaptic

plasticity with a prolonged increase in synaptic length
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(Gerber et al., 2000). Nitroglycerin-induced activation of the

trigeminovascular system constitutes another possible

mechanism. Reuter et al. (2002) recently demonstrated that

systemic nitroglycerin infusion induces the expression of

genes that are involved in inflammatory processes at

meningeal level. The transcriptional events occur with a

delay of some hours (2 h for nuclear factor-kappaB and 6 h

for inducible NOS). Thus, it is likely that nitroglycerin-

evoked inflammatory response at meningeal level may

induce central sensitization, which might contribute to the

intensification of nociceptive behaviour observed 2 and 4 h

after its administration in the formalin test.

4.3. Conclusions

These findings provide further clues to the mechanism of

the hyperalgesic effect of nitroglycerin. Given the well-

known capability of the drug to induce spontaneous-like

attacks in migraineurs, these results also provide interesting

insight into the possible pathophysiological mechanisms

underlying migraine attacks.
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