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Blockage of Electrical Synapses Can Alleviate Neuropathic Pain?*

Le blocage des synapses électriques peut soulager les douleurs neuropathiques ?
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Résumé Les patients souffrant de douleurs neuropathiques
(DN) ont des sensations anormales de douleurs dues à un
mauvais contrôle de la transmission des signaux de la dou-
leur. Les neurones GABA, glycine et parvalbumine des
cornes dorsales médullaires et épinières communiquent par
des synapses électriques formées de jonctions communi-
cantes constituées de connexine 36 (Cx36). Ces neurones
auraient une fonction de portail, bloquant ou autorisant la
transmission de la douleur au cerveau. Un dysfonctionne-
ment dans ce mécanisme entraînerait des DN. Par consé-
quent, les auteurs de cet article ont voulu étudier le rôle de
la méfloquine, un bloqueur de Cx36, et l’expression de Cx36
dans un modèle de DN obtenu par constriction chronique du
nerf infraorbitaire (CCI-IoN) chez le rat. Cx36 est surex-
primé spécifiquement dans les neurones GABA de la corne
dorsale de la moelle épinière médullaire en conditions neu-
ropathiques. La méfloquine a permis de diminuer l’allodynie
mécanique chez les rats CCI-IoN. Ces résultats suggèrent
que les jonctions communicantes qui contiennent la Cx36

sont impliquées dans l’allodynie mécanique des douleurs
orofaciales en conditions neuropathiques. Cela suggère que
les neurones GABA jouent un rôle important dans la percep-
tion de douleur et que de futures études sont nécessaires.
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Neurons and glial cells can be mechanically and electrically
linked to each other through gaps junctions that allow direct
intercellular communication. Gap junctions are found in dif-
ferent tissues such as cardiac, neuronal, or epithelial cells.
Gap junctions are specialized transmembrane channels,
composed of various connexins. Specific connexins can be
found in neurons and glial cells. For instance, connexin 32
(Cx32) is mainly expressed in oligodendrocytes [1] while
connexin 43 (Cx43) is identified in astrocytes [2]. Gap junc-
tions of the GABAergic neurons in the medullary dorsal
horn (MDH) are specifically made of the connexin 36
(Cx36) [3]. Connexins can be involved in pathological
pain conditions, for example, Cx43 in the trigeminal gan-
glion has been involved in nociceptive hypersensitivity [4].
Cx36 specific coupling of GABA neurons is also believed to
function as a gate allowing or not pain transmission to the
brain [5]. Therefore, GABA neurotransmission plays a
major role in pain and a defective function in its transmission
could lead to neuropathic pain [6]. According to this data, it
seems to be interesting to study the role of connexins present
in GABAergic neurons in pain transmission. It appears rele-
vant to find a way to block the communication between
those neurons to block the pain transmission. This process
could be done by blocking the connexins. Hence, this could
represent a novel target to treat neuropathic pain (NP). Oua-
chikh et al. focuses specifically on the Cx36 expressed in the
GABAergic neurons in their paper. Their work aims to study
the role of the electrical synapses formed by Cx36 in a model
of NP in the CCI-IoN rats. They studied the localization and
expression of Cx36 in the medullary dorsal horn (MDH) of
neuropathic rats and the antiallodynic effect of mefloquine,
a Cx36 specific blocker connexins. Chronic constriction
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injury of the rat’s infraorbital nerve (CCI-IoN) was per-
formed unilaterally to create a model of neuropathic pain.
After 21 days’ post-operation, CCI-IoN-lesioned and sham
rats were sacrificed and the distribution along with the level
of expression of Cx36 was studied by immunohistochemis-
try in the MDH. CCI-IoN rats showed increased staining of
Cx36 compared to sham rats. In particular, the cell bodies of
the GABA (GAD67/65) and parvalbumin-expressing neu-
rons and some glycine (GlyT2) cells showed staining In
addition, the authors used a pharmacological approach with
mefloquine a specific blocker of Cx36. Intracisternal injec-
tion of mefloquine significantly reduced the pain response to
vibrissal pad stimuli, using Vos et al.’s method, from 3 to
36 min after injection in CCI-IoN NP rats but not the injec-
tion of saline solution or treatment of sham operated rats.
This argues that increased expression of Cx36, and possible
enhancement of the coupling between GABAergic or Glyci-
nergic neurons in the MDH, is responsible for allodynia in
CCI-IoN NP rats (Fig. 1).

It has been shown previously that cell expression of the
protein kinase C gamma (PKCy) is inversely correlated with
the expression of GABA markers (GAD67 and parvalbu-
min) in the MDH of the CCI-IoN rats. The expression of
PKCy is a marker for central sensitization, therefore, the
authors wanted to investigate if PKCy expressing cells also
express Cx36. To evaluate this, immunofluorescence was
performed in the MDH of CCI-IoN rats. It was observed
that PKCy labeling was highly present in cells in the laminae
IIi and III contrary to Cx36 staining that was highly
expressed in the laminae IIo and limited in IIi. The two stain-
ing did not co-localize. These data suggest that PKCy posi-
tive cells subtype do not express Cx36. Contrary to the

PKCy cells, parvalbumin expression is known to decrease in
CCI-IoN animals. For this reason, the authors wanted to
know how parvalbumin is expressed in normal rats
(sham rats) and its relation with the PKCy cells. Double
labeling and confocal microscopy revealed that parvalbumin
was highly expressed in cells in the laminae IIi with only
limited expression in the laminae III, similarly to PKCy
cells. However, the double labeling did not reveal any
co-localization of parvalbumin and PKCy cells. These
results demonstrated that parvalbumin is not expressed in
excitatory PKCy cells.

The aim of this publication was to study the expression
of Cx36 in MDH and its role in orofacial neuropathic pain.
The authors performed chronic constriction injury of the
rat’s infraorbital nerve (CCI-IoN) to create a model of oro-
facial neuropathic pain. CCI-IoN increased the amount of
Cx36 in parvalbumin, GABAergic and glycinergic cells in
MDH of rats. These neurons function as a gate in the trans-
mission of pain. Therefore, Cx36 could also play a role
because its expression is increased in these specific neurons
and in this specific neuropathic model. The authors then
tested the specific inhibitor of Cx36 mefloquine on NP.
Interestingly, the use of mefloquine induced a reduction in
pain behaviors that lasted 36 minutes. This suggests that
Cx36 plays a major role in pain transmission and specifi-
cally in neuropathic pain. Therefore, its blockage can alle-
viate allodynia.

Mefloquine can only able to provoke short-term effect.
Indeed, 36 minutes is really transient and its use in humans
would not be really useful. In addition, it is unclear if the
prolonged use of this substance could lead to side effects
or toxicity. Therefore, supplementary studies are needed to

Fig. 1 Blockade of Cx36 in CCI-IoN model rat with mefloquine alleviate pain behaviour. CCI-IoN rats are rats that received a chronic

constriction injury of infraorbital nerve to model neuropathic pain. In those rats, we have increased of the Cx36 expression on GABA

and Glycines neurons. Cx36 is the neuronal connexin 36 creating gap-junctions between neurons allowing communication between

themselves. The injection of mefloquine (a Cx36 blocker) in CCI-IoN rats alleviate their pain
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control the pharmacokinetic and pharmacodynamic of this
drug for further process.

It is also important to notice that mefloquine only allevi-
ate NP, but it does not treat the cause. Indeed, the increase of
Cx36 seems to directly correlate with an increase in pain but
a direct link is still missing between these two aspects. More-
over, it is still unclear if mefloquine administration could
decrease Cx36 expression. Another interesting approach
may be to reduce the expression of Cx36 in NP conditions
and it could be done by a knockout of Cx36. However, this
technique has already been used and it has induced several
adverse effects such as decreased synchronization between
interneurons in the cortex and impaired cerebellar motor
learning [7]. So another possibility would be to do a knock-
down of Cx36 in the CCI-IoN model with silencing RNA
specific for Cx36. Doing a knockdown would probably
reduce the adverse side effects [8].

Today, neuropathic pain is a serious clinical issue and
there is increasing number of patients suffering from it.
Even if there are several different approaches to treat neuro-
pathic pain, the complexity and diversity of chronic pain
mechanisms complicate the research and development of
new treatments. Some pharmacological and genetic techni-
ques are really promising because they are able to induce
changes in the connexin expressions that last within a
range from 90 minutes to 86 days. But as stated above, a
pharmacological approach might not be enough to target
the specific causes of neuropathic pain. Therefore, more
focused and directed research that aims to unravel the
mechanisms of this pathology could lead to more effective
and permanent treatments [8].
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