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Abstract 

This article presents a disease fundamentally characterized by an alteration of the pain threshold. In this disease, the 
pain threshold can change and, in general, is lower, so pain is perceived before. The cause of the decrease is a continuous 
pressure stimulus of intensity above or close to the threshold that persists over time. The duration to reduce the 
threshold will depend on the degree of intensity: It will be longer if it is of lower intensity. In the absence of medication, 
the decrease in threshold is characterized by a sensation of electrical pain followed by allodynia, hyperalgesia, and 
dysesthesia in the affected area. The level of pain tolerance in that area drops, so the patient cannot support that area. 
The disease becomes completely disabling. The patient was diagnosed with universal hyperpathy; in fact, the decrease 
in the threshold can affect both somatic and visceral pain. Although the disease itself would have a minimum level of 
incidence worldwide, since the probability of survival of individuals is small, the content presented here is useful for 
the treatment of hyperpathy and the control of the pain threshold. Carbamazepine and topiramate turn out to be two 
medications that allow modulation of the threshold. Performing aerobic exercise is also essential. Furthermore, it is 
necessary to control the stimuli of the afferent pathways at all times, both in duration and intensity. 
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1. Introduction

Chronic pain is pain that persists after a cured disease or that arises as an alteration of the nervous system itself. 
Therefore, neuropathic pain involves changes or damage to the somatosensory system. Several options are accepted for 
the treatment of this condition: anticonvulsants, norepinephrine-serotonin reuptake inhibitors, and tricyclic 
antidepressants [1]. The first line of treatment for chronic pain includes the use of the first type of drugs. However, in 
most cases, treatments with antiepileptic drugs are not very effective and are accompanied by side effects that limit 
their use, especially when they must be carried out in the very long term, as in the case at hand. In general, the 
prescription of one drug or another corresponds to a trial-and-error strategy.  

Pain becomes centralized if the central nervous system becomes sensitized to pain, that is, if the pain threshold becomes 
lower. There are different mechanisms that can produce central sensitization [2]. Among them, the most interesting 
related to this article is the change in the genetic expression of Na+ channels both in the nociceptive terminals and in 
the dorsal root ganglia. It is also interesting to highlight the role of N-type Ca2+ channel blockers such as ziconotide. 
These channels are located in the terminal part of the primary afferent neurons. They reduce synaptic transmission and 
have powerful antinociceptive effects [3]. 

Digging deeper into the topic, loss-of-function mutations in the gene that encodes Nav1.7 in humans lead to the inability 
to feel pain. On the contrary, gain-of-function mutations cause opposite conditions characterized by episodic pain, such 
as primary erythromelalgia or extreme paroxysmal pain disorder [4]. Nav1.7 is a threshold channel that sets the gain of 
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the nociceptors. In fact, blocking this channel in animal models increases the pain threshold [5]. Carbamazepine (CBZ) 
treatment for painful peripheral neuropathy responded successfully by reinforcing channel inhibition [Error! 
Bookmark not defined.]. Mutations in the Nav1.8 channel also cause neuropathic pain and are treated with CBZ [6]. 

2. Clinical case 

This article is based on the case of a 56-year-old man. At 16 years old, due to injury, he spent a long period of time 
without practicing any type of aerobic exercise. Then he began to experience, first, electrical pain and then, continuously, 
burning pain in the area of the perineum. The patient suffered allodynia, hyperpathy, hyperalgesia, and dysesthesia in 
that area that he could not support. Treatment with the most common analgesics: non-steroidal anti-inflammatory 
drugs (NSAIDs) or corticosteroids failed. The inability to sit forced the patient to walk and stand for long periods of time, 
so he began to report the same symptoms on his heels. Intense physical exercise and the use of antishock foams in the 
supports managed to minimally recover the affected areas [7]. According to the literature, in the case of musculoskeletal 
pain, aerobic exercise activates descending pain-inhibiting mechanisms and/or endogenous opioid and cannabinoid 
systems [8]. At age 24, the patient's symptoms reappeared in both areas, he was diagnosed with universal hyperpathy, 
and was prescribed CBZ (50 mg daily). With this medication, the recovery of the pain threshold was faster (a few 
months, compared to the previous recovery that lasted several years). However, the patient always had to support the 
sensitive areas against foams, avoiding stimuli that exceed a certain level. CBZ and aerobic physical activity prevented 
sudden alterations in the pain threshold. The threshold was always gradually recovered, although it could no longer be 
returned to its original state.  

Threshold variations could also affect visceral pain. Thus, prolonged intravenous infusion of lidocaine (LDC) together 
with an NSAID caused chronic bladder pain in the patient. Currently, this pain makes it impossible for him to take 
practically any medication. The only medical test that reflects any significant finding is heel telethermography. 
Thermograms of both heels show a notable hypoemission pattern. Hyperpathy would deactivate local sympathetic 
function and pain could be maintained sympathetically [9]. At 55 years of age, the patient had acquired considerable 
tolerance to CBZ (1200 mg daily) and was prescribed topiramate (TPM, 150 mg daily) with the same success as CBZ. 
Finally, in this article we wanted to reflect on all the mechanisms of action of the drugs that can have an effect on the 
management of pain threshold control and, therefore, on the treatment of hyperpathy. 

3. Treatments and mechanisms of action 

Behind chronic pain lies a functional alteration that is generally unknown, to which is added the difficulty of finding an 
effective treatment. The problem is even greater when this treatment must be maintained throughout the life of the 
individual, as in the case at hand. 25 years of daily intake of CBZ caused liver damage in the patient that forced him to 
look for other therapeutic alternatives. The use of CBZ is associated with a high level of serum gamma-
glutamyltransferase (GGT) activity. In this sense, TPM allowed these levels to return to normal values, resulting in 
normalization of the activity of the hepatic CYP450 enzyme system [10]. 

The key to controlling the pain threshold for both drugs is based on their mechanisms of action. In Table 1 we have 
collected both. There are several common features in the mechanisms of CBZ and TPM. CBZ and TPM reduce the 
frequency of sustained repetitive firing of action potentials in central neurons. Specifically, they inhibit high frequency, 
not low frequency. This effect is exerted on voltage-gated Na+ channels [11,12]. Both drugs also block persistent Na+ 
currents, transported mainly by the Nav1.6 channel subtype, significantly influencing neuronal excitability [13]. Another 
essential common characteristic of both drugs is that they modulate voltage-gated Ca2+ ion channels [Error! Bookmark 
not defined.,Error! Bookmark not defined.]. Specifically, both drugs block the L-type channel [14]. This channel is 
involved in the processing of synaptic inputs at the somatodendritic neuronal level. TPM also blocks R- and N-type Ca2+ 
currents [Error! Bookmark not defined.,Error! Bookmark not defined.] and CBZ also has an effect on T-type 
currents [15]. Both medications affect different receptors [Error! Bookmark not defined.,Error! Bookmark not 
defined.,16,17], they also do not coincide in the modulation effect they exert on other systems that could affect pain 
transmission [Error! Bookmark not defined.,Error! Bookmark not defined.]. 

In view of the set of mechanisms, it is clear that two are common to both medications: the inhibition of Na+ and L-type 
Ca2+ channels. These two mechanisms may be responsible for the control of the pain threshold. In fact, the latter channel 
has a close relationship with migraine control [18]. To reinforce the previous hypothesis, we will discuss the 
mechanisms of action of other medications that have been used in the treatment of this condition with no success. In 
Table 1 we also include the mechanisms of action of oxcarbazepine (OXC), a derivative of CBZ with fewer side effects. 
However, the patient had to stop treatment with this drug due to a constant headache. In principle, OXC is also a blocker 
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of Na+ and Ca2+ channels [Error! Bookmark not defined.]. Therefore, it shares the main mechanisms of action of CBZ 
and TPM. However, the most significant difference is that CBZ interacts with Ca2+ channels mediated by L-type Ca2+ 
currents, while OXC exerts its effect through N-, P- and/or R-type currents [Error! Bookmark not defined.]. OXC shares 
another series of common mechanisms with CBZ, as reflected in Table 1, although we do not believe that they are 
significant for the case at hand [Error! Bookmark not defined.,Error! Bookmark not defined.]. 

Table 1 Mechanisms of action of CBZ, TPM and OXC 

CBZ TPM OXC 

-Inhibits neuronal Na+ channels 
(high freq.) 

-Blocks the persistent Na+ current 

-Inhibits T- and L-type Ca2+ 
channels 

-Modulates glutamate (NMDA) 
receptors 

-Inhibits NMDA-induced responses 

-Modulates adenosine receptors 

-Decreases the release of glutamate 

-Increases the dopaminergic 
transmission 

-Modulates peripheral 
benzodiazepine receptors 

-Modulates acetylcholine receptors 

-Decreases the release of cAMP 

-Induces the release of serotonin 

-Inhibits neuronal Na+ channels (high 
freq.) 

-Blocks the persistent Na+ current 

-Inhibits R-, N- and L-type Ca2+ 

channels 

-Modulates glutamate 
(AMPA/kainate) receptors 

-Inhibits kainate-induced responses 

 

 

 

 

-Modulates GABAA receptors 

-Enhances GABA-induced responses 

-Inhibits the production of carbonic 
anhydrase isoenzymes  

-Inhibits neuronal Na+ channels 
(high freq.) 

-Blocks the persistent Na+ current 

-Inhibits N-, P- and R-type Ca2+ 

channels 

 

 

 

-Modulates adenosine receptors 

-Decreases the release of glutamate 

-Increases the dopaminergic 
transmission 

-Modulates acetylcholine receptors 

 

Table 2 Mechanisms of action of GBP, PGB and LDC 

GBP PGB LDC 

 

-Inhibits Ca2+ channels (α2 
subunits)  

-Affects K+ channels 

-Decreases the release of 
glutamate 

-Moderately inhibits HCN 
channels 

 

 

-Inhibits Ca2+ channels (α2 
subunits)  

-Affects K+ channels 

-Decreases the release of 
glutamate 

 

-Inhibits neuronal Na+ channels (high, low) 

-Blocks the persistent Na+ current 

-Inhibits neuronal K+ channels 

-Modulates glutamate (NMDA) receptors 

-Modulates G-protein coupled (adenosine, 
GABAB,…) receptors 

-Inhibits HCN channels  

-Inhibits transient receptor potential (TRP) 
ion channels 

-Inhibits acid-sensing ion channels (ASICs) 

-Modulates acetylcholine receptors 

-Induces the release of serotonin 

-Decreases the release of pro-inflammatory 
mediators 

The importance of blocking Na+ channels is evident in the failure of other medications such as gabapentin (GBP) or 
pregabalin (PGB), the latter being considered the successor of the former in terms of its chemical structure. Both are 
Ca2+ channel blockers and have some effect on glutamate release [19] (Table 2). As Ca2+ current blockers, they differ 
from the previous ones in that they have a specific binding site known as α2 subunit. In the case of PGB, the patient 
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had to suspend the medication due to the appearance of muscle weakness and contractures as a result of practicing 
aerobic sports activity. 

Hyperpathy at the visceral level, specifically pain in the bladder, appeared after the systematic application of 
intravenous LDC infusions together with an NSAID, specifically ketorolac. The main cause of pain undoubtedly points 
to this second drug. LDC is a local anesthetic that shares, with CBZ and TPM, its ability to block Na+ channels [20-22] . 
In fact, Nav1.8 is five times more sensitive to LDC than Nav1.7 or the rest of the channels [Error! Bookmark not 
defined.]. Hyperpathy did not respond to treatment with this drug, implying that there are supraspinal mechanisms 
different from inhibition of Na+ channels. By comparing the mechanisms of CBZ and LDC, we can also rule out the 
possibility that NMDA or adenosine receptors, or even serotonin release, have effects in this disease. 

The patient also received several intrathecal injections of a potent local anesthetic, bupivacaine [23, 24] (BPV), as 
treatment, also without success. BPV has a prominent blocking effect on voltage-gated Na+ and K+ channels [Error! 
Bookmark not defined.,25] (Table 3). It coincides with CBZ and TPM in blocking the former type of channels. However, 
BPV also inhibits NMDA receptors and NMDA-evoked currents. NMDA receptors play a key role in dorsal horn plastic 
events responsible for central sensitization. CBZ also shares this characteristic, which suggests, as we had said before, 
that its influence is minor in this condition. BPV can also inhibit L-type Ca2+ channels if injected into the blood 
circulation; however, it is cardiotoxic, which excludes its therapeutic use through that route in that case [26].  

Table 3 Mechanisms of action of BPV, LCS and LTG 

BPV LCS LTG 

-Inhibits neuronal Na+ channels 
(high, low) 

-Blocks the persistent Na+ current 

-Inhibits neuronal K+ channels 

-Modulates glutamate (NMDA) 
receptors 

-Inhibits NMDA-induced responses 

 

 

-Inhibits neuronal Na+ channels 
(low) 

-Inhibits neuronal Na+ currents 

 

 

 

 

 

-Inhibits the production of 
carbonic anhydrase isoenzymes  

-Inhibits neuronal Na+ channels (high, 
low)  

-Inhibits neuronal Na+ currents 

-Inhibits N-, P- and Q-type Ca2+ 
channels 

-Decreases the release of glutamate 
and aspartate 

-Enhances GABA-induced responses 

-Activates HCN channels 

-Reduces neuroinflammation 

-Has neuroprotective effects 

Two other antiepileptic drugs, lacosamide (LCS) and lamotrigine (LTG), used to treat neuropathic pain, also failed to 
control the pain threshold. These medications once again produced chronic pain in the patient at the visceral level 
(bladder pain), so the patient's intolerance was immediate. LCS, unlike CBZ and TPM, enhances the slow inactivation of 
Na+ channels [27]and does not block Ca2+ channels. It has the same effect as TPM on carbonic anhydrases, which could 
rule out the influence of this factor on hyperpathy. For its part, LTG inhibits slow and fast activating Na+ channels in 
addition to permanent currents [Error! Bookmark not defined.,28]. In this sense, its characteristics are similar to 
those of the CBZ and the TPM. However, LTG inhibits R-, N- and P-type Ca2+ channels [29, 30], but not L-type channels. 
This fact would rule out its effectiveness in the treatment of hyperpathy.  

Table 4 Mechanisms of action of DLX, AMT and PRX 

DLX AMT PRX 

-Inhibits the reuptake of serotonin and 
noradrenaline 

-Induces the release of dopamine 

-Transports the reuptake of serotonin 
and noradrenaline 

-Induces the release of serotonin and 
noradrenaline 

-Selectively inhibits the 
reuptake of serotonin 

 

 

During some episodes of prevalence of the disease (low threshold), the patient has suffered depressive episodes. Table 
4 shows the mechanisms of action of some treatments that the patient has received. Duloxetine (DLX) and amitriptyline 
(AMT) caused intolerance in the patient, while paroxetine (PRX) was the only well tolerated drug. DLX is a serotonin 
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and noradrenaline reuptake inhibitor [31] while AMT, a tricyclic antidepressant, is a serotonin and noradrenaline 
reuptake transporter [32]. Even the last drug is used in the treatment of chronic pain. However, both medications lack 
direct use in controlling the threshold, since they cause chronic pain. In fact, everything points to the use of selective 
inhibitors for the treatment of depression in these patients. 

The use of a centrally acting analgesic with a morphine-related mechanism of action also had no significant effect on the 
patient. Specifically, we would be referring to tramadol (TMD) [33]. This fact would indicate that opioid agonists (Table 
5) are not effective drugs in this condition. We cannot assess whether it causes intolerance because the patient took it 
before LDC infusions. 

Table 5 Mechanisms of action of TMD, ZNS and FLN 

TMD ZNS FLN 

 

 

 

 

 

 

-Weakly modulates the  opioid 
receptors 

-Inhibits the reuptake of serotonin 
and noradrenaline 

-Inhibits neuronal Na+ channels 
(high) 

-Inhibits neuronal T-type Ca2+ 
channels 

-Increases the dopaminergic 
transmission 

-Increases the serotonergic 
transmission 

-Induces the release of GABA 

-Has neuroprotective effects 

-Inhibits neuronal Na+ channels 
(high)  

-Inhibits neuronal Na+ currents 

-Inhibits T- and L-type Ca2+ 
channels 

 

-Induces the release of serotonin 

-Reduces neuroinflammation 

 

Finally, we discuss two other drugs prescribed to the patient that allow us to draw some final conclusions. One of them 
is an anticonvulsant, zonisamide (ZNS). The effect of ZNS is based on the blockage of repetitive firing of voltage-gated 
Na+ channels [Error! Bookmark not defined.] and the reduction of voltage-sensitive Ca2+ currents (Table 5) [34]. This 
drug did not produce any results in the treatment of this condition, probably because it blocks T-type currents. In fact, 
it also caused him intolerance. The rest of the properties do not seem to be decisive [35]. There are several drugs with 
a very similar profile to ZNS. Among them, we can mention eslicarbazepine acetate [36], which is a derivative of 
carbamazepine that shares its basic chemical structure, phenytoin [37] or valproic acid [38], these last two with quite a 
few side effects.  

The last drug prescribed is flunarizine (FLN). This medication also shares the same mechanism of action as CBZ and 
TPM [Error! Bookmark not defined.,39,40] (Table 5), although it is primarily a Ca2+ channel blocker. It also has few 
side effects. This medication is prescribed for migraine, a disease that involves ion channels and many neurotransmitter 
systems. Its use made it possible to successfully replace part of the TPM dose. This fact confirms the initial hypothesis 
that hyperpathy is controlled by inhibiting Na+ and L-type Ca2+ channels. 

4. Conclusions 

Universal hyperpathy is a rare disease characterized by alterations in the pain threshold. If painless stimuli are 
perceived as painful by the individual, this patient sees their daily life completely altered. Pain manifests itself especially 
in the musculoskeletal system in the support areas, mainly the heels and perineal area, which for some reason have 
suffered sensitization above the threshold. However, it can also appear as visceral pain. 

The physiological mechanism responsible for controlling the threshold, as concluded in this article, is the blockade of 
voltage-dependent Na+ channels and L-type Ca2+ currents. Therefore, the most effective drugs for the treatment of this 
disease or, if preferred, for controlling the threshold are carbamazepine and topiramate. However, we should not forget 
that the descending inhibitory mechanisms induced by physical activity also intervene in the control of the threshold, 
as well as the absence of afferent (sensitive) activity of the peripheral nervous system during this activity.  

Compliance with ethical standards 

Statement of Ethical Approval 



International Journal of Multidisciplinary Research Updates, 2024, 08(01), 015–021 

20 

The authors consider that the study carried out complies with all applicable ethical requirements.  

Statement of informed consent 

Informed consent was obtained from all individual participants included in the study. 

References  

[1] Raouf M, Bettinger J, Wegrzyn EW, Mathew RO, Fudin JJ. Pharmacotherapeutic management of neuropathic pain 
in end-stage renal disease. Kidney Dis. 2020; 6(3):157-167. doi:10.1159/000504299.  

[2] Schwartzman RJ, Grothusen J, Kiefer TR, Rohr P. Neuropathic central pain: Epidemiology, etiology, and treatment 
options. Arch Neurol. 2001; 58(10):1547–1550. doi:10.1001/archneur.58.10.1547. 

[3] Brinzeu A, Berthiller J, Caillet J, Staquet H, Mertens P. Ziconotide for spinal cord injury‐related pain. Eur J Pain. 
2019; 23(9):1688-1700. doi:10.1002/ejp.1445. 

[4] Chang W, Berta T, Kim YH, Lee S, Lee SY, Ji RR. Expression and role of voltage-gated sodium channels in human 
dorsal root ganglion neurons with special focus on Nav1.7, species differences, and regulation by paclitaxel. 
Neurosci Bull. 2017; 34(1):4-12. doi:10.1007/s12264-017-0132-3. 

[5] Adi T, Estacion M, Schulman BR, Vernino S, Dib-Hajj SD, Waxman SG. A novel gain-of-function Nav1.7 mutation in 
a carbamazepine-responsive patient with adult-onset painful peripheral neuropathy. Mol Pain. 2018; 
14:174480691881500. doi:10.1177/1744806918815007. 

[6] Han C, Themistocleous AC, Estacion M et al. The novel activity of carbamazepine as an activation modulator 
extends from Nav1.7 mutations to the Nav1.8-S242T mutant channel from a patient with painful diabetic 
neuropathy. Mol Pharmacol. 2018; 94(5):1256-1269. doi:10.1124/mol.118.113076. 

[7] Jimenez-Saez JC, Jimenez-Rodriguez JJ, Muñoz S. Hyperpathy and aerobic exercise. Int J Sports Exerc Med. 2020; 
6(5). doi:10.23937/2469-5718/1510175. 

[8] Tan L, Cicuttini FM, Fairley J et al. Does aerobic exercise effect pain sensitisation in individuals with 
musculoskeletal pain? A systematic review. BMC Musculoskelet Disord. 2022; 23(1). doi:10.1186/s12891-022-
05047-9. 

[9] Chen SS, Zhang JM. Progress in sympathetically mediated pathological pain. J Anesthesia Perioper Med. 2015; 
2(4):216-225. doi:10.24015/japm.2015.0029. 

[10] Schmidt D, Elger CE. What is the evidence that oxcarbazepine and carbamazepine are distinctly different 
antiepileptic drugs? Epilepsy Amp Behav. 2004; 5(5):627-635. doi:10.1016/j.yebeh.2004.07.004. 

[11] Patsalos PN. Topiramate. In: Antiepileptic drug interactions. Springer London 2012:163-170. doi:10.1007/978-
1-4471-2434-4_24. 

[12] Ambrósio AF, Soares-da-Silva P, Carvalho CM, Carvalho AP. Mechanisms of action of carbamazepine and its 
derivatives, oxcarbazepine, BIA 2-093, and BIA 2-024. Neurochem Res. 2002; 27(1/2):121-130. 
doi:10.1023/a:1014814924965. 

[13] Sun GC, Werkman TR, Battefeld A, Clare JJ, Wadman WJ. Carbamazepine and topiramate modulation of transient 
and persistent sodium currents studied in HEK293 cells expressing the Nav1.3 -subunit. Epilepsia. 2007; 
48(4):774-782. doi:10.1111/j.1528-1167.2007.01001.x. 

[14] Bai YF, Zeng C, Jia M, Xiao B. Molecular mechanisms of topiramate and its clinical value in epilepsy. Seizure. 2022; 
98:51-56. doi:10.1016/j.seizure.2022.03.024. 

[15] Kito M, Maehara M, Watanabe K. Antiepileptic drugs-calcium current interaction in cultured human 
neuroblastoma cells. Seizure. 1994; 3(2):141-149. doi:10.1016/s1059-1311(05)80205-5. 

[16] Ghasemi M, Schachter SC. The NMDA receptor complex as a therapeutic target in epilepsy: a review. Epilepsy 
Amp Behav. 2011; 22(4):617-640. doi:10.1016/j.yebeh.2011.07.024. 

[17] Di Resta C, Ambrosi P, Curia G, Becchetti A. Effect of carbamazepine and oxcarbazepine on wild-type and mutant 
neuronal nicotinic acetylcholine receptors linked to nocturnal frontal lobe epilepsy. Eur J Pharmacol. 2010; 
643(1):13-20. doi:10.1016/j.ejphar.2010.05.063. 

[18] Ye Q, Yan LY, Xue LJ et al. Flunarizine blocks voltage-gated Na+ and Ca2+ currents in cultured rat cortical neurons: 
A possible locus of action in the prevention of migraine. Neurosci Lett. 2011; 487(3):394-399. 
doi:10.1016/j.neulet.2010.10.064. 



International Journal of Multidisciplinary Research Updates, 2024, 08(01), 015–021 

21 

[19] Sills G. The mechanisms of action of gabapentin and pregabalin. Curr Opin Pharmacol. 2006; 6(1):108-113. 
doi:10.1016/j.coph.2005.11.003. 

[20] Karnina R, Arif SK, Hatta M, Bukhari A. Molecular mechanisms of lidocaine. Ann Med Surg. 2021; 69:102733. 
doi:10.1016/j.amsu.2021.102733. 

[21] Hermanns H, Hollmann MW, Stevens MF et al. Molecular mechanisms of action of systemic lidocaine in acute and 
chronic pain: a narrative review. Br J Anaesth. 2019; 123(3):335-349. doi:10.1016/j.bja.2019.06.014. 

[22] Chevrier P, Vijayaragavan K, Chahine M. Differential modulation of Nav1.7 and Nav1.8 peripheral nerve sodium 
channels by the local anesthetic lidocaine. Br J Pharmacol. 2004; 142(3):576-584. doi:10.1038/sj.bjp.0705796. 

[23] Paganelli MA, Popescu GK. Actions of bupivacaine, a widely used local anesthetic, on NMDA receptor responses. 
J Neurosci. 2015; 35(2):831-842. doi:10.1523/jneurosci.3578-14.2015. 

[24] Scholz A, Kuboyama N, Hempelmann G, Vogel W. Complex blockade of TTX-resistant Na+ currents by lidocaine 
and bupivacaine reduce firing frequency in DRG neurons. J Neurophysiol. 1998; 79(4):1746-1754. 
doi:10.1152/jn.1998.79.4.1746. 

[25] Nilsson J, Elinder F, Århem P. Mechanisms of bupivacaine action on Na+ and K+ channels in myelinated axons of 
Xenopus laevis. Eur J Pharmacol. 1998; 360(1):21-29. doi:10.1016/s0014-2999(98)00631-1. 

[26] Rossner KL, Freese KJ. Bupivacaine inhibition of L-type calcium current in ventricular cardiomyocytes of 
hamster. Anesthesiology. 1997; 87(4):926-934. doi:10.1097/00000542-199710000-00028. 

[27] Rogawski MA, Tofighy A, White HS, Matagne A, Wolff C. Current understanding of the mechanism of action of the 
antiepileptic drug lacosamide. Epilepsy Res. 2015; 110:189-205. doi:10.1016/j.eplepsyres.2014.11.021. 

[28] Costa B, Vale N. Understanding lamotrigine’s role in the CNS and possible future evolution. Int J Mol Sci. 2023; 
24(7):6050. doi:10.3390/ijms24076050. 

[29] Stefani A, Spadoni F, Siniscalchi A, Bernardi G. Lamotrigine inhibits Ca2+ currents in cortical neurons: functional 
implications. Eur J Pharmacol. 1996; 307(1):113-116. doi:10.1016/0014-2999(96)00265-8. 

[30] Dibué-Adjei M, Kamp MA, Alpdogan S et al. Cav2.3 (R-Type) Calcium channels are critical for mediating 
anticonvulsive and neuroprotective properties of lamotrigine in vivo. Cell Physiol Biochem. 2017; 44(3):935-
947. doi:10.1159/000485361. 

[31] Gobert A, Rivet JM, Cistarelli L, Melon C, Millan MJ. α2-adrenergic receptor blockade markedly potentiates 
duloxetine- and fluoxetine-induced increases in noradrenaline, dopamine, and serotonin levels in the frontal 
cortex of freely moving rats. J Neurochem. 2002; 69(6):2616-2619. doi:10.1046/j.1471-4159.1997.69062616.x. 

[32] Lawson K. A brief review of the pharmacology of amitriptyline and clinical outcomes in treating fibromyalgia. 
Biomedicines. 2017; 5(4):24. doi:10.3390/biomedicines5020024. 

[33] Grond S, Sablotzki A. Clinical pharmacology of tramadol. Clin Pharmacokinet. 2004; 43(13):879-923. 
doi:10.2165/00003088-200443130-00004. 

[34] Leppik IE. Zonisamide: chemistry, mechanism of action, and pharmacokinetics. Seizure. 2004; 13:S5-S9. doi: 
10.1016/j.seizure.2004.04.016. 

[35] Krusz JC. Treatment of chronic pain with zonisamide. Pain Pract. 2003; 3(4):317-320. doi:10.1111/j.1530-
7085.2003.03035.x. 

[36] Soares-da-Silva P, Pires N, Bonifácio MJ, Loureiro AI, Palma N, Wright LC. Eslicarbazepine acetate for the 
treatment of focal epilepsy: an update on its proposed mechanisms of action. Pharmacol Res Amp Perspect. 2015; 
3(2):e00124. doi:10.1002/prp2.124. 

[37] Patocka J, Wu Q, Nepovimova E, Kuca K. Phenytoin - An anti-seizure drug: Overview of its chemistry, 
pharmacology and toxicology. Food Chem Toxicol. 2020; 142:111393. doi:10.1016/j.fct.2020.111393. 

[38] Kim JW, Oh HA, Kim SR et al. Epigenetically upregulated T-type calcium channels contribute to abnormal 
proliferation of embryonic neural progenitor cells exposed to valproic acid. Biomol Amp Ther. 2020; 28(5):389-
396. doi:10.4062/biomolther.2020.027. 

[39] Stefani A, Spadoni, Bernardi G. Voltage-activated calcium channels: Targets of antiepileptic drug therapy? 
Epilepsia. 1997; 38(9):959-965. doi:10.1111/j.1528-1157. 1997.tb01477.x. 

[40] Santi CM, Cayabyab FS, Sutton KG et al. Differential inhibition of T-type calcium channels by neuroleptics. J 
Neurosci. 2002; 22(2):396-403. doi:10.1523/jneurosci.22-02-00396.2002. 


