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Abstract
Background: Pethidine, an opioid analgesic is used for pain management. Clomipramine a tricyclic antidepressant primarily used for mood
management is also used to treat pain. The objective of this study was to investigate the potentiation of the analgesic effects of sub-threshold
dose of pethidine by a tricyclic antidepressant, clomipramine. Methods: The antinociceptive activities of clomipramine and pethidine alone and in
combination were investigated in Swiss albino mice using the formalin test. Normal saline was employed as the control. Ten animals were used in
each experiment. Results: Pethidine 5mg / kg failed to cause any significant effect while the 6.25, 7.5, 8.75 and 10.0mg /kg showed highly
significant antinociceptive effect (p< 0.01) compared to the controls in the late phase of formalin test. Clomipramine 0.5 mg / kg did not show any
significant effect while 0.75 mg / kg caused a significant effect (p< 0.05) while 1.00 and 1.25mg /kg caused a very highly significant
antinociceptive effect (p< 0.001) in the late phase of formalin test compared to the vehicle treated animals. The combination of pethidine 5mg / kg
and clomipramine 0.75mg / kg caused a highly significant antinociceptive effect (P<0.01) in the late phase of formalin test. Conclusion: This
study demonstrates a marked reduction in the time spent in pain behaviour produced by the combination of low dose pethidine and clomipramine
in the late phase of formalin test. The findings demonstrate the potentiation of a narcotic analgesic by a tricyclic antidepressant.
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Background
Antidepressants are widely used in the management of pain conditions and syndromes [1-3]. They have also been found to alleviate pain in the
depressed and the non-depressed patients [1,2,4]. They provide a decrease in the perception of pain in both animals and humans [1,2].
The Tricyclic antidepressants (TCAs) are used primarily in the clinical treatment of mood disorders such as major depressive disorder, as well as
chronic pain, neuralgia or neuropathic pain, and, headache or migraine [5]. The TCAs show efficacy in the clinical treatment of a number of
different types of chronic pain, notably neuralgia or neuropathic pain and fibromyalgia. The precise mechanism of action in explanation of their
analgesic efficacy is unclear, but it is thought that they indirectly modulate the opioid system in the brain downstream via serotonergic and
noradrenergic neuromodulation, among other properties. They are also effective in migraine prophylaxis, though not in the instant relief of an
acute migraine attack. They are also effective to prevent chronic tension headaches [5-8].
In experimental studies, Tricyclic antidepressants have been used in pain management and produced antinociception in man [9], in arthritic rats
[10], in the tail flick test and in the inflammatory pain model in rats [11].
Clomipramine (Anafranil) a tricyclic antidepressant (TCA) was developed in the 1960s by the Swiss drug manufacturer Geigy (now known as
Novartis) and has been in clinical use worldwide ever since. Clomipramine has been shown to be effective in treating patients with central pain
[12]. It has been shown to potentiate the antinociceptive effects of morphine in the carageenin test in rats [11].
Pethidine is a fast-acting opioid analgesic drug and was the first synthetic opioid. It is indicated for the treatment of moderate to severe pain, and
is delivered as a hydrochloride salt in tablets, as a syrup, or by intramuscular, subcutaneous or intravenous injection. It has also been used for pre
medication during surgery and post operation pain management. For much of the 20th century, pethidine was the opioid of choice for many
physicians and it has been prescribed for acute pain and for chronic severe pain [13].
The aim of this study was to investigate the potentiation of the analgesic effects of sub-threshold dose of pethidine (Demerol) by a tricyclic
antidepressant, clomipramine.
Methods
Animals
Adult Swiss albino mice of both sexes weighing 20–26 g were used. The animals were kept under normal laboratory conditions of light,
temperature and humidity and allowed access to food and water ad libitum for at least seven days, before the commencement of the experiments
[14]. Institutional approval was sought and granted by the Department of Medical Physiology and the School of Medicine, University of Nairobi
and. The “Principle of Laboratory Animal Care” [14] guidelines and procedures were also followed in this study [14]. All the tests were carried out
in the daytime and in a quiet laboratory setting with ambient illumination and temperature similar to those of the animal house. Animals were
allowed to acclimatize to the test laboratory setting an hour before the experiments commence. The animals were randomly divided into groups of
10 per each dosage of drug and vehicle.
Standard drugs
The reference drugs used were: Clomipramine (Novartis), Batch number 19F0075, Pethidine (Demerol) hydrochloride (AstraZeneca Pty Ltd), Batch
number 20020510 and Formalin (Sigma), Batch number 031140.
Administration
Standard drugs and vehicle (normal saline) were injected 40 microlitres intraperitoneally (i. p.) using a 17 gauge needle thirty minutes prior to the
formalin test. Clomipramine dosages used were; 0.25, 0.50, 0.75, 1.00, and 1.25mg/kg, while pethidine (Demerol) hydrochloride the dosages were
5.0, 6.25, 7.5, 8.75 and 10 mg/kg. In the combined drugs experiment the dosage used were pethidine (Demerol) hydrochloride (5mg/kg) and
clomipramine (0.75mg/kg). Sensorimotor test To evaluate possible nonspecific muscle relaxant or sedative effects of the drugs, animals were
tested on an apparatus that consisted of three rods, diameter 2.5 cm, with the height of 20, 32, and 64 cm. Animals were placed on top of each
rod for 20 seconds to test their sensorimotor function. The animals were selected 24 h previously by eliminating those mice which did not remain
or had no firm grip on the rods for two consecutive periods of 60 s. Animals were injected with the drugs one hour before the test. Control animals
received the same volume of vehicle (0.9% NaCl) solution 40 microlitre i. p. one hour before being tested. The cut-off time used was 20s.
Formalin- induced licking
Swiss albino mice (20–26 g) were treated with Clomipramine (0.25, 0.50, 0.75, 1.00, and 1.25 mg/kg), pethidine (Demerol) hydrochloride (5.0,
6.25, 7.5, 8.75 and 10 mg/kg) and in the combined drugs experiment pethidine (Demerol) hydrochloride (5 mg/kg) and clomipramine (0.75
mg/kg) one hour before formalin injection. The procedure was similar to that described previously [15,16]. Using a microliter syringe and a 26
gauge needle, 20µl of 1% formalin in 0.9% Normal saline was injected subcutaneously into the dorsal side of the right hind paw of each animal.
The animal was returned to the observation chamber immediately after injection and the observation period started. The amount of time (in
seconds) the animal spends in paw elevations, rapid paw shakes, flinches, biting and /or licking of the injected paw were recorded using a stop
watch in five minutes blocks for a period of sixty minutes. The animals’ behaviour was also recorded in terms of whether it was quiet, active or
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asleep during the period of the experiment. The amount of time spent licking the injected paw was scored. Ten animals were used in each
experiment.
Statistical analysis
Cumulative data in both phases of formalin test scores (early 1-10min. and late 15-60min) following formalin injection were pooled and analysis
was done using one-way ANOVA followed by Shaffes post-hoc test. The differences in the test- versus control (vehicle treated) values were
considered to be statistically significant at P < 0.05. Data is expressed as mean ± S.E.M (standard error of the mean). The dose was the
independent variable.
Results
Sensorimotor test
The clomipramine (0.25, 0.50, 0.75, 1.00, and 1.25mg /kg), pethidine (Demerol) hydrochloride (5.0, 6.25, 7.5, 8.75 and 10mg /kg) and in the
combined drugs experiment pethidine (Demerol) hydrochloride (5mg / kg) and clomipramine (0.75mg / kg) given one hour before sensorimotor
testing, did not affect the motor performance of animals when compared with the control group response.
Formalin test
Figure 1 presents the data from intraperitoneal injection of pethidine in the late phase of formalin test. Pethidine 5mg / kg failed to cause any
significant effect (540.0 ± 57.6) compared to the controls (611.5 ± 66.7) while the 6.25 mg / kg (379.8 ± 32.6), 7.5 mg / kg (291.7 ± 33.1) and
8.75 mg / kg (326.1 ± 44.8) doses showed a highly significant antinociceptive effect on the time spent in pain behaviour (p< 0.01). The 10.0mg
/kg (248.6 ± 58.7) dose showed a very highly significant reduction (p < 0.001) in the time spent in pain behaviour compared to the vehicle treated
animals (611.5 ± 66.7).
Figure 2 shows the results of intraperitoneal injection of clomipramine in the late phase of formalin test. Clomipramine 0.5 mg / kg (471.1 ± 12.4)
dose did not show any significant effect in the late phase of formalin test compared to the vehicle treated animals (529.7 ± 40.9). The 0.75 mg /
kg (439.4 ± 34.8) caused a significant effect (p<0.05) on the time spent in pain behaviour. Clompramine 1.00 mg / kg (298.2 ± 33.3) and 1.25mg
/ kg (306.5 ± 29.0) caused a very highly significant antinociceptive effect (p< 0.001) in the time spent in pain behaviour in the late phase of
formalin test compared to the vehicle treated animals (529.7 ± 40.9).
Figure 3 illustrates the potentiation of pethidine by clomipramine after intraperitoneal injection of the drugs in the late phase of formalin test. The
combination of pethidine (Demerol) 5 mg/kg and clomipramine 0.75mg / kg (373.3 ± 47.9) caused a highly significant reduction (P<0.01) in the
time spent in pain behaviour compared to the vehicle treated animals (555.4 ± 40.0) in the late phase of formalin test.
Discussion
Formalin test is widely used as a tonic pain model to assay antinociceptive activity of chemical compounds [17]. It is generally accepted that
centrally acting analgesics have effects on both phases whereas peripherally acting analgesics will affect only the first phase [18,19]. This is
because the injection of formalin results in the release of various neurotransmitters including glutamate and aspartate in the dorsal horn [20].
Therefore the early phase of the formalin test represents the transmission of nociceptive impulses while second or late phase of the formalin test
represents the events of central sensitization and wind-up phenomena [17,21].
In this study the early phase of formalin test did not show any significant difference between the combination of pethidine and clomipramine and
the when each drug was used alone.
The analgesic effects of different pethidine (Demerol) dosages on the late phase of formalin test were evaluated and the 5mg /kg dose did not
show any significant effect compared to the controls (P>0.05). The pethidine (Demerol) dosages of 6.25, mg / kg and above significantly reduced
the amount of time spent in pain behaviour in the formalin test.
Clomipramine 0.25mg / kg failed to cause any significant difference on the time spent in pain behaviour in the late phase of formalin test
compared to the vehicle treated animals. Significant reduction in the time spent in pain behaviour (P<0.05) in the late phase of formalin test was
achieved following the administration of 0.75mg / kg dose and above.
The combination of clomipramine 0.75 mg / kg and the sub threshold parental dose of pethidine (Demerol) 5mg / kg showed a significant
reduction (P<0.01) on the time spent in pain behaviour in the late phase of formalin test compared to the vehicle treated animals. Clomipramine
potentiated the sub threshold dose of pethidine (Demerol) and the analgesic effects of the combination were more potent than each drug dose
used alone. Similar results have been reported with amytriptiline and morphine in the tail flick test [22].
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Conclusion
In conclusion, this study demonstrates a significant antinociception produced by the combination of low dose pethidine (Demerol) and
clomipramine in the late phase of formalin test. The findings demonstrate the potentiation of a narcotic analgesic by a tricyclic antidepressant.
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Figures
Figure 1: Pethidine late phase of formalin test. Each group represents the mean ± SEM of 10 animals. **p<0.01, ***p<0.001 when compared
with the control value subsequent to ANOVA
Figure 2: Clomipramine late phase of formalin test. Each group represents the mean ± SEM of 10 animals. *p<0.05, ***p<0.001 when compared
with the control value subsequent to ANOVA
Figure 3: Combination of pethidine and clomipramine in the late phase of formalin test. Each group represents the mean ± SEM of 10 animals.
*p<0.05, **p<0.01 when compared with the control value subsequent to ANOVA
References
1.

Sharav Y, Singer E, Schmidt E, Dionne RA and Dubner R. The analgesic effect of amitriptyline on chronic facial pain. Pain. 1987;
31(2):199-209. This article on PubMed

2.

Max MB, Kishore-Kumar R and Schafer SC. Efficacy of desipramine in painful diabetic neuropathy: a placebo-controlled trial. Pain. 1991;
45:3-9 . This article on PubMed

3.

Onghena P and Van Houndenhove B. Antidepressant-induced analgesia in chronic non-malignant pain: a meta analysis of 39 placebocontrolled studies. Pain. 1992; 49: 205-219. This article on PubMed

4.

Leijon G and Boivie J. Central post-stroke pain-a controlled trial of amitriptyline and carbamazepine. Pain. 1989; 36(1): 27-36. This
article on PubMed

5.

Micó JA, Ardid D, Berrocoso E, Eschalier A. Antidepressants and pain. Trends Pharmacol Sci. 2006 Jul;27(7):348-54. This article on
PubMed

6.

Botney M, Fields HL. Amitriptyline potentiates morphine analgesia by a direct action on the central nervous system. Ann Neurol. 1983
Feb;13(2):160-4. This article on PubMed

7.

McQuay HJ, Tramèr M, Nye BA, Carroll D, Wiffen PJ, Moore RA. A systematic review of antidepressants in neuropathic pain. Pain. 1996
Dec;68(2-3):217-27. This article on PubMed

8.

Benbouzid M, Gavériaux-Ruff C, Yalcin I, Waltisperger E, et al. Delta-opioid receptors are critical for tricyclic antidepressant treatment of
neuropathic allodynia. Biol Psychiatry. 2008 Mar 15;63(6):633-6. This article on PubMed

9.

Richeiner SH, Bajwa ZH, Kahraman SS, Ransil BJ, and Warfield CA. Utilization pattern of tricyclic antideppressants in a multidisciplinary
pain clinic: a survey. Clin J Pain. 1997; 13(4): 324-9. This article on PubMed

Page number not for citation purposes

4

10. Butler SH, Weil-Fugazza J, Godefroy F, Besson JM. Reduction of arthritis and pain behaviour following chronic administration of
amitriptyline or imipramine in rats with adjuvant-induced arthritis. Pain. 1985 Oct;23(2):159-75. This article on PubMed
11. Ardid D, Guilbaud G. Antinociceptive effects of acute and 'chronic' injections of tricyclic antidepressant drugs in a new model of
mononeuropathy in rats. Pain. 1992 May;49(2):279-87. This article on PubMed
12. Panerai AE, Monza G, Movilia P, Bianchi M, Francucci BM, Tiengo M. A randomized, within-patient, cross-over, placebo-controlled trial on
the efficacy and tolerability of the tricyclic antidepressants chlorimipramine and nortriptyline in central pain. Acta Neurol Scand. 1990
Jul;82(1):34-8. This article on PubMed
13. Kaiko RF, Foley KM, Grabinski PY, Heidrich G, Rogers AG, Inturrisi CE, Reidenberg MM. Central nervous system excitatory effects of
meperidine in cancer patients. Ann Neurol. 1983 Feb;13(2):180-5. This article on PubMed
14. Guide for the use of laboratory animals DHHS, PHS, NIH Publication No. 85-23 (1985 Revised)
15. Dubuisson D, and Dennis SG. The formalin test: A quantitative study of the analgesic effects of morphine, meperidine, and brain stem
stimulation in rats and cats. Pain. 1977; 4: 161-174. This article on PubMed
16. Bannon AW, Malmberg AB. Models of nociception: hot-plate, tail-flick, and formalin tests in rodents. Curr Protoc Neurosci. 2007
Oct;Chapter 8:Unit 8.9. This article on PubMed
17. Coderre TJ, Melzack R. The contribution of excitatory amino acids to central sensitization and persistent nociception after formalininduced tissue injury. Journal of Neuroscience. 1992; 12: 3665-3670. This article on PubMed
18. Shibata M, Ohkubo T, Takahashi H, Inoki R. Modified formalin test: characteristic biphasic pain response. Pain. 1989; 38: 347-352. This
article on PubMed
19. Tjolsen, A, Berge OG, Hunskaar S, Rosland JH and Hole K. The formalin test: an evaluation of the method. Pain. 1992; 51: 5-17. This
article on PubMed
20. Skilling SR, Smullin DH, Larson AA. Differential effects of C- and N-terminal substance P metabolites on the release of amino acid
neurotransmitters from the spinal cord: potential role in nociception. Journal of Neuroscience. 1990; 10: 1309-1318. This article on
PubMed
21. Vaccarino AL, Marek P, Kest B, Weber E, Keana JF, Liebeskind JC. NMDA receptor antagonists, MK-801 and ACEA-1011, prevent the
development of tonic pain following subcutaneous formalin. Brain Research. 1993; 615: 331-334. This article on PubMed
22. Taiwo YO, Fabian A, Pazoles CJ and Fields HL. Potentiation of morphine antinociception by monoamine reuptake inhibitor in the rat
spinal cord. Pain. 1985; 21 (4): 329-337. This article on PubMed

Page number not for citation purposes

5

Page number not for citation purposes

6

Page number not for citation purposes

7

Page number not for citation purposes

8

