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Abstract 

  It has been shown that systemic and local administration of ultra-low dose morphine induced a 

hyperalgesic response via mu-opioid receptors. However, its exact mechanism(s) has not fully 

been clarified. It is documented that mu-opioid receptors functionally couple to T-type voltage 

dependent Ca+2 channels. Here, we investigated the role of T-type calcium channels, amiloride and 

mibefradil, on the induction of low-dose morphine hyperalgesia in male Wistar rats. The data 

showed that morphine (0.01 μg i.t. and 1 μg/kg i.p.) could elicit hyperalgesia as assessed by the 

tail-flick test. Administration of amiloride (5 and 10 μg i.t.) and mibefradil (2.5 and 5 μg i.t.) 

completely blocked low-dose morphine-induced hyperalgesia in spinal dorsal horn. Amiloride at 

doses of 1 and 5 mg/kg (i.p.) and mibefradil (9 mg/kg ip) 10 min before morphine (1 μg/kg i.p.) 

inhibited morphine-induced hyperalgesia. Our results indicate a role for T-type calcium channels 

in low dose morphine-induced hyperalgesia in rats.  
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Introduction 

  A growing body of evidence suggests that μ opioid receptor agonists induce not only analgesia, 

but may also enhance sensitivity to pain in clinical and laboratory studies (Angst et al., 2003; Crain 

and Shen, 2001; Van Elstraete et al., 2005). Administration of high doses of morphine induces 

analgesia via pertussis toxin-sensitive inhibitory G protein (Gαi/o) which inhibits cAMP 

formation, Ca+2 conductance, and activation of K+ conductance leading to hyperpolarization of 

cells, thereby exerting an inhibitory effect and analgesia (Al-Hasani and Bruchas, 2011). However, 

the exact mechanism(s) underlying low doses morphine-induced hyperalgesia has not been fully 

clarified. 

  It has been suggested that the morphine excitatory effect may be due to the activation of opioid 

Gs coupled receptors (Crain and Shen, 2001; Esmaeili‐ Mahani et al., 2008). Shen and Crain 

showed Cholera toxin-B subunit (CTX-B) blocked low dose opioid-induced hyperalgesia (Shen 

and Crain, 2001), so it was suggested that the morphine excitatory effect may be due to the 

activation of GM1 ganglioside regulated opioid receptors coupled to Gs proteins, which were 



previously shown in sensory ganglion cell cultures to be blocked by cholera toxin-A (CTX-A) 

subunit as well as by CTX-B (Shen and Crain, 1990a; Shen and Crain, 1990b). Researchers  

showed that systemic and local low-dose morphine elicit hyperalgesia through activation of 

PLC/PKC, JNK1, JNK2, and c-Jun signaling pathway (Galeotti et al., 2006; Sanna et al., 2015). 

A dual effect of opioids on cAMP formation was reported in cell culture. DAMGO, a selective 

mu-opioid agonist, at a low concentration (10-9M), could stimulate cAMP production, whereas, at 

a higher concentration (10-7M), it could inhibit cAMP production (Fields and Sarn, 1997; 

Rubovitch et al., 2003). The interactions between opioid receptors and voltage-dependent calcium 

channels have been demonstrated by electrophysiological and biochemical methods(Attali et al., 

1989; Wilding et al., 1995). 

  Surprisingly, the effect of opioids on calcium channels is controversial so that both inhibition and 

activation have been reported (Johnson et al., 2006; Komai and McDowell, 2007; Xiao et al., 

2005). Mu-opioid agonists in low concentrations (1-10 nM) could elicit excitatory effects, i.e. 

prolongation of the calcium component of the action potential in the sensory neurons (Shen and 

Crain, 1989). It is documented that mu-opioid receptors functionally couple to T-type voltage 

dependent Ca+2 channels (Park et al., 2010; Yang et al., 2000). In addition, the involvement of T-

type Ca+2 channels on morphine antinociception, tolerance and dependence has been properly 

demonstrated in animal studies (Dogrul et al., 2002). T-type channels can modulate neuronal 

excitability which shows their role in pain neurotransmission at multiple sites including peripheral 

nociceptors, the spinal cord and the brain (Hildebrand and Snutch, 2006). For instance, using 

amiloride and mibefradil, two structurally distinct T-type Ca+2 channel blockers, is common in 

studies for clarifying the nociceptive and antinociceptive pathways in spinal dorsal horn (Bao et 

al., 1998; Bezprozvanny and Tsien, 1995; Tang et al., 1988; Wu et al., 2008; Yuan et al., 2009).  

 

  This study was designed to investigate the functional role of T-type Ca+2 channels in the induction 

of pain behavior following low doses of morphine. For this purpose, involvement of T-type 

calcium channel was assessed in the dorsal half of the lumbar spinal cord following exposure to 

hyperalgesic doses of morphine in rats. 

  

Materials and methods  

Animals  



  All experiments were carried out on male Wistar rats, weighing 200-250 g, that were housed four 

per cage under a 12 h light/dark cycle in a room with controlled temperature (22 ± 1 °C). Food and 

water were available ad libitum. Animals were handled daily (between 9:00 and 10:00 A.M) for 5 

days before the experiment procedure, in order to adapt them to manipulation and minimize 

nonspecific stress responses. 184 Rats were randomly divided into 6 groups and 24 subgroups 

(n=8) (Fig1). All in vivo procedures followed the guidelines on ethical standard for investigation 

of experimental pain in animals (Zimmermann, 1983) and approved by the Animal 

Experimentation Ethic Committee of Kerman Neuroscience Research Center (EC/KNRC/88-13). 

Drugs 

  Morphine hydrochloride (Temad, Iran), mibefradil and amiloride, T-type calcium channel 

blockers, (Sigma, USA) were dissolved in artificial cerebrospinal fluid (ACSF, 148 mM NaCl, 3 

mM KCl,0.8 mM MgCl2, 1.4 mM CaCl2, 1 . 5 m M N a 2HPO4, 0.2 mM NaH2PO4,0.1 

mg/ml of bovine serum albumin) (Hamann et al., 2003) and were given in a volume of 1 ml/kg 

(i.p.) and in a total volume of 10 μl (i.t.) by a microinjection syringe (Mi-croliter™ #702, Hamilton 

Co., USA). Control animals were received ASCF in the equal volume (10 μl (i.t.) or 1 ml/kg (i.p.)). 

Thermal nociception 

  Nociceptive threshold was assessed by modified tail-flick test (D'amour and Smith, 1941). The 

tail-flick latency for each rat was determined three times and the mean was designated as the 

baseline latency before drug injection. The intensity of the beam was adjusted to produce a mean 

control reaction time between 4 and 6 s. The cut-off time was fixed at 10 s in order to avoid any 

damage to the tail. By such modification, we were able to reveal potential subtle alterations that 

may occur in thermal nociception. After determination of baseline latencies, rats received 

intrathecal or intraperitoneal injection of drugs, and the reaction latencies were determined 15, 30, 

45, 60, 120, 180 and 240 min after injection.  

Intrathecal catheter implantation and drug delivery. 

  Animals were anesthetized with ketamine (50 mg/kg) and xylazine (5 mg/kg) i.p. An intrathecal 

catheter (PE-10) was implanted in each rat according to a previously published method (Abbasloo 



et al., 2016; Yaksh and Rudy, 1976). Animals that exhibited neurological deficits (e.g. paralysis) 

after the catheter implantation or during drug delivery were excluded from the experiments. All 

experiments were performed after a 7 day recovery period. At the end of the examination, the 

correct position of the cannula was either confirmed by administering 15 μl of 2% lidocaine which 

temporarily paralyzed the animals’ hind limbs and immediately cutting the lumbar area for 

macroscopic verification by looking approval (Fig 2). 

 

 

Statistical analysis  

  The results are expressed as mean ± SEM. The difference in mean tail-flick latency between 

groups over the time course of the study was determined by two or one-way analysis of variance 

(ANOVA), followed by the Newman-Keuls test. P < 0.05 was considered significant.  

 

Results  

The effect of amiloride on the hyperalgesic effects of intrathecal and intraperitoneal 

morphine.  

  As shown in Fig. 3, morphine (0.01 μg i.t.) produced a hyperalgesic response which appeared 30 

min after injection, reaching a peak 60 min after injection and persisting almost unchanged up to 

240 min. Pretreatment with amiloride (5 and 10 μg i.t.) completely blocked low-dose morphine-

induced hyperalgesia, while amiloride could not induce such blocking effect in dose of 2.5 μg. 

Maximum used dose of amiloride (10 μg i.t.) alone and vehicle did not have any nociceptive effect 

(Fig. 3A).  

 

  Fig.3B illustrates the dose response inhibitory effect of amiloride on the peak of morphine-

induced hyperalgesia at 60 minutes after the intrathecal injection. 10 minutes before morphine 

administration, intrathecal administration of 10 μg of amiloride had a complete effect on morphine-

induced hyperalgesia. But doses of 2.5 and 5 micrograms incompletely eliminated this effect. 

Administration of amiloride alone as well as amiloride solvent had no effect on pain threshold in 

the tail-flick test. Doses of 2.5 and 5 μg of amiloride alone had no effect on pain threshold in the 

tail-flick test (data were not shown).  

 



  Furthermore, intraperitoneal injection of 1 μg/kg morphine produced a hyperalgesic effect that 

reached a peak 30 min after injection and lasted for about 240 min. Administration of amiloride at 

doses of 1 and 5 mg/kg (i.p.) 10 min before morphine (1 μg/kg i.p.) similarly inhibited morphine-

induced hyperalgesia. Intraperitoneal injection of vehicle or 5 mg/kg amiloride alone did not show 

any nociceptive response (Fig.4). Doses of 1 mg of amiloride alone had no effect on pain threshold 

in the tail-flick test (data were not shown). 

 

Fig 3 and 4 near here  

 

The effect of mibefradil on the hyperalgesic effects of intrathecal and intraperitoneal 

morphine.  

  Intrathecal injection of 1 μg mibefradil as a T-type Ca+2 blocker 10 min before morphine (0.01 

μg i.t) did not properly inhibited morphine-induced hyperalgesia. In contrast, administration of 

mibefradil in doses of 2.5 and 5 μg could completely inhibit morphine hyperalgesia. 

Administration of mibefradil (5 μg i.t.) alone had no nociceptive effect (Fig. 5A).  

 

  Fig.5B illustrates the dose response inhibitory effect of mibefradil on the pick of hyperalgesia 

induced by intrathecal morphine (0.01 μg), 30 minutes after the injection.  

10 minutes before morphine administration, intrathecal administration of 2.5 and 5 μg of 

mibefradil had a complete effect on morphine-induced hyperalgesia. But dose of 1 micrograms 

mibefradil incompletely eliminated this effect. Doses of 1 and 2.5 (μg i.t.) of mibefradil alone had 

no effect on pain threshold in the tail-flick test (data were not shown). 

 

  The significant inhibitory effect of intraperitoneal injection of mibefradil (9 mg/kg ip) on pain 

induced by morphine (1 μg/kg i.p) shown in Fig.6. In contrast, 3 mg/kg ip of mibefradil did not 

blocked this effect (Fig. 6). Doses of mibefradil alone and vehicle had no effect on pain threshold 

in the tail-flick test (data of dose 3 mg/kg was not shown). 

 

Fig 5 and 6 near here  

 

 



 

 

Discussion 

  Although it has been demonstrated that administration of ultra-low doses of morphine could elicit 

a pronociceptive effect, its exact mechanism has not yet been fully identified. Our results showed 

that morphine (0.01 μg i.t. and 1 μg/kg i.p.) could elicit a hyperalgesic property. It has been 

previously reported that the hyperalgesic effect of morphine in both i.t. and i.p. groups is 

completely blocked by naloxone (Esmaeili‐ Mahani et al., 2008). Therefore, the observed 

hyperalgesia is performed by opioid receptor activation.  

In current study, administration of Amiloride and mibefradil, as T-type calcium channel blockers, 

completely reversed the hyperalgesic effects of morphine (Figs. 3, 4, 5 and 6). It is now evident 

that opioid receptor activation can significantly elevate intracellular free Ca+2 ([Ca+2]i) through 

plasma membrane Ca+2 entry, though its underlying mechanism(s) is not well understood 

(Samways and Henderson, 2006). 

  Using patch-clamp technique, Yang and colleagues have shown that morphine and methadone 

can decrease the T-type calcium currents in mouse neuroblastoma N1E115 cells(Yang et al., 

2000). Immunohistological studies showed that T-type voltage-gated calcium channel are 

expressed in soma of dorsal root ganglion neurons and their peripheral axons in rat and mouse 

(Rose et al., 2013) .They play a pivotal role in the processing of pain-related information(Heinke 

et al., 2004; Heinke et al., 2011). In addition, it has been demonstrated that T-type Ca+2 channels 

play a major pronociceptive role in acute and chronic pain states and pain perception (Bourinet et 

al., 2005; Zamponi et al., 2009). In addition, it has been shown that hyperexcitability in dorsal root 

ganglion (DRG) neurons is associated with the increased in the expression of T-type calcium 

channels (Li et al., 2017). 

  Our data revealed that the i.p. administration of mibefradil or amiloride can completely reverse 

the hyperalgesia induced by morphine.  

  It is documented that morphine can penetrate the brain-blood barrier (BBB) after peripheral 

administration, while a previous study showed that both mibefradil and amiloride exhibited limited 



BBB penetration (Miwa et al., 2011). Although their report is noticeable, the interference of dorsal 

root ganglion (DRG) neurons which is associated with the expression of T-type calcium channels 

is considerable as well. However, one study reported that systemic injections of mibefradil, in 

clinically relevant doses, induced mechanical and thermal antinociception in adult rats (Todorovic 

and Lingle, 1998). Peripheral co-administration of mibefradil with morphine can enhance 

morphine analgesia and completely block the development of analgesic tolerance (Dogrul et al., 

2002). 

  Matthew and collages also showed that intraperitoneal administration of the T-type Ca+2 channel 

blockers ethosuximide, trimethadione and mibefradil dose-dependently reverses capsaicininduced 

mechanical hyperalgesia. In addition, mibefradil reverses capsaicin-induced mechanical 

hyperalgesia (Matthews and Dickenson, 2001). It has been also reported that mibefradil exerts an 

anti-hyperalgesic response on formalin-induced paw flinching test (Takasusuki and Yaksh, 2011). 

Jucus and colleagues using patch-clamp technique demonstrated that selective pharmacological 

antagonism of T-type channels inhibits spontaneous synaptic release of glutamate and excitatory 

transmission in superficial laminae I-II of the dorsal horn (Jacus et al., 2012). So, we conclude that 

antihyperalgesic effects of mibefradil or amiloride are, at least partly, may mediated by inhibition 

of T-type channels in peripheral nociceptors. Therefore, it seems that peripheral action of T-type 

Ca+2 channel blockers can be useful to inhibit hyperalgesia and painful situation. 

  Beside T-type calcium channels, several studies indicated that L-type Ca+2 channels are also 

involved in opioid-induced intracellular Ca+2 elevation (Jin et al., 1992; Tang et al., 1994; Xiao et 

al., 2005), so we should be careful about interpretation of mibefradil and amiloride effects, because 

they are not the selective T-type calcium channel blockers. For instance, mibefradil exhibits 

moderate selectivity for both T-type and L-type calcium currents (Mehrke et al., 1994), while 

amiloride inhibits sodium channel and polycystin-2 channel (Giamarchi et al., 2010; Ji et al., 2012; 

Teiwes and Toto, 2007). Thus, to more accurately approve the role of T-type calcium in the 

induction of hyperalgesia by low dose morphine administration, it is necessary to use the selective 

T-type calcium blockers (such as Z944) in relative further investigations. 

  In another part of this study, we observed complete blockage of hyperalgesia induced by 

0.01microgram morphine (i.t) via intrathecal administration of mibefradil and amiloride does 

dependently. In 2001, Doğrul and colleagues showed that both µ-opioid receptors and T-type Ca+2 



channels are located in lamina I/II of the dorsal horn ,and Intrathecal injection of mibefradil 

potentiates both morphine- and [D-Ala(2), N mePhe(4), Gly-ol(5)] enkephalin (DAMGO)-induced 

antinociception (Doğrul et al., 2001). In vivo electrophysiological recording experiments in sham-

operated and CCI rats showed that intrathecal injection of ethosuximide dose-dependently reduces 

the responses of dorsal horn neurons to innocuous and noxious electrical, mechanical, and thermal 

stimuli (Matthews and Dickenson, 2001). 

  Taken together, evidence has emerged to support a pronociceptive role for T-type Ca+2 channels 

in modulating excitability and contributing to pain signaling within both peripheral nociceptors 

and spinal cord dorsal horn neurons. It seems that T type Ca+2 channel blockers might provide a 

new strategy for the treatment of a broad range of human pain conditions. 

  Finally, because of sex-dependent analgesic or hyperalgesic effect of opioids in rodents (Holtman 

Jr and Wala, 2005; Ji et al., 2006; Sarton et al., 2000), the role of T-type calcium channels in 

morphine-induced hyperalgesia in female rats is suggested to explore in future studies. In 

summary, we have provided direct in vivo evidence for the probable role of T-type voltage 

dependent calcium channel in opioid signaling in hyperalgesic doses in male rats. 
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Figure Legend  

Fig. 1.  Study protocol and animal groups. i.t. intrathecal ,. i.p., intraperitoneal. 

 

Fig. 2. Macroscopic verification of the intrathecal cannula placement. The lumbar area (A) was 

immediately cut and the correct position of the intrathecal cannula was verified macroscopically 

by looking approval (B). 

 

Fig. 3 A: The effect of 0.01μg morphine and morphine concomitant with different doses of 

amiloride (Amil), T-type calcium channel blocker, on nociceptive threshold. Amiloride (5 and 10 

μg i.t.) completely blocks the hyperalgesic effect of 0.01μg morphine. B: illustrates combined 



different intrathecal doses of amiloride (2.5, 5 and 10 μg) with morphine on pain threshold 60 

minutes after drug administration. Values represent mean ± SEM (n =8). ***P <0.001 as compared 

with control (vehicle-treated) group, +++P <0.001 as compared with morphine-treated group in 

the same time.  

Fig. 4 The Effect of amiloride (Amil), T-type calcium channel blocker, (1 and 5 mg/kg, i.p.) on 

hyperalgesia caused by intraperitoneal administration of morphine (1μg/kg): In rats that received 

5 mg/kg of amiloride 10 min before morphine, no hyperalgesia developed during the experiment. 

Values represent mean ± SEM (n =8). *P < 0.05, **P < 0.01 and ***P < 0.001 as compared with 

vehicle-injected rats at the same time. 

Fig.5 A: Illustrates significant induction of antihyperalgesic effect of mibefradil (Mibef) as a T-

type Ca2+ blocker at different doses (1, 2.5 and μg 5 i.t) on hyperalgesia induced by ultra-

intrathecal low dose of morphine (0.01μg). B illustrates this effect at 60 minus after injection. 

Values represent mean ± S.E.M. (n = 8). ***P <0.001 as compared with vehicle-treated group, 

+++P <0.001 as compared with morphine-treated group in the same time.  

Fig.6: Intraperitoneal antihyperalgesic effect of mibefradil (Mibef) (3 and 9 mg/kg, i.p.) on 

induction of hyperalgesia induced by morphine (Mor) (1 μg/kg, i.p.). Injection of mibefradil at 

dose of 9 mg/kg, i.p 10 min before morphine significantly and completely blocked the effect of 

morphine. Values represent mean ± SEM (n =8). *P < 0.05, **P < 0.01 and ***P < 0.001 as 

compared with vehicle-injected rats, +P <0.05 and +++P <0.001 as compared with morphine-

treated group in the same time.  
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