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Chronic pain, particularly neuropathic pain, is a 
major clinical problem that is difficult to treat 
(Zhuo, 2007). Despite an intensive search for 
new analgesics in the last several decades, the need 
for novel therapeutic strategies remains unmet  
because virtually every blockbuster drug for the 
treatment of chronic pain produces aversive side 
effects (Mogil, 2009; Harrison, 2011). Marijuana 
has been used to treat chronic pain for thousands 
of years (Burns and Ineck, 2006; Murray et al., 
2007). However, the widespread use of medical 
marijuana is still controversial because the plant 
produces both therapeutic and psychoactive 
effects. Marijuana consists of 400 chemical 
compounds, and 60 of them are structurally 
related cannabinoids. 9-tetrahydrocannabinol 
(THC) and cannabidiol (CBD) among cannabi-
noids are major psychoactive and nonpsychoactive 

components of marijuana, respectively (Howlett 
et al., 2002; Costa, 2007). There is strong evi-
dence suggesting that nonpsychoactive cannabi-
noids can also alleviate chronic inflammatory 
and neuropathic pain in animals (Costa et al., 
2007; Izzo et al., 2009). Several recent clinical 
studies have demonstrated that combination of 
THC and CBD can be an effective therapeutic 
option for patients with neuropathic pain and 
other types of chronic pain (Nurmikko et al., 
2007; Turcotte et al., 2010; Lynch and Campbell, 
2011). However, there is a need to improve the 
efficacy and tolerability of these agents in treating 

CORRESPONDENCE  
Li Zhang:  
lzhang@mail.nih.gov

Abbreviations used: CBD,  
cannabidiol; DD-CBD,  
didesoxy-CBD; DH-CBD, 
dehydroxyl-CBD; GlyR,  
glycine receptor; HSQC,  
heteronuclear single quantum 
coherence; i.t., intrathecal; 
LPPG, lyso-1-palmitoylphos-
photidylglycerol; NOESY, 
nuclear Overhauser effect  
spectroscopy; PGE2, prostaglan-
din E2; PWL, paw withdrawal  
latency; PWT, paw withdrawal 
threshold; SNL, spinal nerve in-
jury; THC, tetrahydrocannabinol.

Cannabinoids suppress inflammatory  
and neuropathic pain by targeting  
3 glycine receptors

Wei Xiong,1 Tanxing Cui,3,4,5 Kejun Cheng,2 Fei Yang,6 Shao-Rui Chen,7 
Dan Willenbring,3,4,5 Yun Guan,6 Hui-Lin Pan,7 Ke Ren,8 Yan Xu,3,4,5  
and Li Zhang1

1Laboratory for Integrative Neuroscience, National Institute on Alcohol Abuse and Alcoholism, and 2Chemical Biological 
Research Branch, National Institute on Drug Abuse, National Institutes of Health, Bethesda, MD 20892

3Department of Anesthesiology, 4Department of Pharmacology & Chemical Biology, and 5Department of Structural Biology, 
University of Pittsburgh School of Medicine, Pittsburgh, PA 15213

6Department of Anesthesiology and Critical Care Medicine, Johns Hopkins University, School of Medicine, Baltimore, MD 21205
7Center for Neuroscience and Pain Research, Department of Anesthesiology and Perioperative Medicine,  
The University of Texas MD Anderson Cancer Center, Houston, TX 77030

8Department of Neural and Pain Sciences, University of Maryland Dental School, Baltimore, MD 21201

Certain types of nonpsychoactive cannabinoids can potentiate glycine receptors (GlyRs), an 
important target for nociceptive regulation at the spinal level. However, little is known about the 
potential and mechanism of glycinergic cannabinoids for chronic pain treatment. We report that 
systemic and intrathecal administration of cannabidiol (CBD), a major nonpsychoactive compo-
nent of marijuana, and its modified derivatives significantly suppress chronic inflammatory and 
neuropathic pain without causing apparent analgesic tolerance in rodents. The cannabinoids 
significantly potentiate glycine currents in dorsal horn neurons in rat spinal cord slices. The 
analgesic potency of 11 structurally similar cannabinoids is positively correlated with cannabi-
noid potentiation of the 3 GlyRs. In contrast, the cannabinoid analgesia is neither correlated 
with their binding affinity for CB1 and CB2 receptors nor with their psychoactive side effects. 
NMR analysis reveals a direct interaction between CBD and S296 in the third transmembrane 
domain of purified 3 GlyR. The cannabinoid-induced analgesic effect is absent in mice lacking 
the 3 GlyRs. Our findings suggest that the 3 GlyRs mediate glycinergic cannabinoid-induced 
suppression of chronic pain. These cannabinoids may represent a novel class of therapeutic 
agents for the treatment of chronic pain and other diseases involving GlyR dysfunction.

© 2012 Xiong et al. This article is distributed under the terms of an Attribution–
Noncommercial–Share Alike–No Mirror Sites license for the first six months after 
the publication date (see http://www.rupress.org/terms). After six months it is 
available under a Creative Commons License (Attribution–Noncommercial–Share 
Alike 3.0 Unported license, as described at http://creativecommons.org/licenses/
by-nc-sa/3.0/).
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assembly (Lynch, 2004). The role of the 3 subunit 
in modulating inflammatory pain has been the 
focus of many discussions. The 3-containing 
GlyRs are abundantly located in the lamina II of 
the spinal dorsal horn, an area known for inte-
grating nociceptive information. Experimental evi-
dence suggests that prostaglandin E2 (PGE2), a 
critical mediator of central and peripheral pain sen-
sitization, selectively inhibits the 3 GlyR function 
(Ahmadi et al., 2002; Harvey et al., 2004, 2009). 
Such disinhibition of the 3 GlyRs is found to 
contribute to the mechanism of chronic inflamma-

tory pain induced by the intraplantar injection of CFA (Harvey 
et al., 2004, 2009).

Our recent study suggests that cannabinoid potentiation 
of GlyRs can produce a potent analgesic effect in mice (Xiong 
et al., 2011). The idea was mainly based on the results obtained 
in the tail flick test, a measure of transient nociception which 
only resembles the normal physiological state (Grossman  
et al., 1982). It is important to determine whether allosteric 
facilitation of GlyRs by cannabinoids contributes to the 
treatment of pathological or chronic pain states. Here, we 
demonstrate that glycinergic cannabinoids suppress inflam-
matory and neuropathic pain without significantly causing 
major psychoactive side effect and analgesic tolerance. The 
suppression of pathological pain by glycinergic cannabinoids 
is mediated through an 3 GlyR-dependent mechanism. We 
also provide mechanistic details of drug–receptor interaction 
and strategies for future studies to develop a new generation 
of glycinergic cannabinoid-based agents for the treatment of 
chronic pain and other diseases involving GlyR dysfunction.

RESULTS
Glycinergic cannabinoids suppress persistent inflammatory 
pain in both mice and rats
Previous studies have shown that both CBD and dehydroxyl-
CBD (DH-CBD) potentiated IGly in HEK 293 cells expressing 

chronic pain. One primary obstacle to development of  
these agents is the uncertainty about the molecular targets for 
cannabinoid-induced analgesic effects. For instance, the role of 
spinal CB1 receptors (CB1Rs) in the pain process is debatable. 
Some studies suggest that activation of CB1Rs in the spinal 
dorsal horn can facilitate pain (Pernía-Andrade et al., 2009; 
Zhang et al., 2010; Zeilhofer et al., 2012). Notably, THC- 
induced analgesia in the tail flick reflex, a test for nociceptive 
pain threshold, remains intact in mice devoid of CB1 receptors 
(CB1/; Zimmer et al., 1999; Howlett et al., 2002).

Recent studies have shown that glycine receptors (GlyRs) 
are an important target for cannabinoids in the central nervous 
system. For instance, several synthetic and phytocannabinoids, 
including THC and CBD, can potentiate glycine currents (IGly) 
in native neurons isolated from the ventral tegmental area, amyg-
dala, hippocampus, and spinal cord and in various heterologous 
cells expressing recombinant GlyRs (Hejazi et al., 2006; Yang  
et al., 2008; Ahrens et al., 2009a,b; Demir et al., 2009; Foadi  
et al., 2010; Xiong et al., 2011, 2012; Yevenes and Zeilhofer, 
2011a,b). GlyRs are thought to play an important role in the  
antinociceptive process (Harvey et al., 2004, 2009; Zeilhofer, 
2005; Lynch and Callister, 2006; Pernía-Andrade et al., 2009; 
Zeilhofer et al., 2012). There are four isoforms of the  subunits 
(1–4) and a single isoform of the  subunit. The adult form  
of GlyRs are composed of  and  subunits in a pentameric 

Figure 1. Suppression of inflammatory pain by CBD 
and DH-CBD in mice. (A) Time course of heat pain hypersen-
sitivity in mice after 20 µl CFA paw injection (1:4 in saline). 
Each data point represents the mean from 10–15 mice.  
(B) The analgesic effect of i.p. (50 mg/kg, n = 10) and i.t. (50 µg,  
n = 10) injection of DH-CBD or vehicle in mice 2 h after CFA 
injection. (C) The analgesic effect of the repeated application 
of i.p. injection of 50 mg/kg DH-CBD (n = 10) in mice after 
CFA injection. Note that the analgesic effect was nearly identi-
cal after repeated applications of DH-CBD during a period of 
two consecutive days after CFA injection. (D) Traces of IGly in 
the absence and presence of 1 µM DH-CBD and 1 µM CBD in 
HEK 293 cells expressing the 3 GlyRs. (E) Time course of 
CBD- (n = 7) and DH-CBD (n = 9)–induced potentiation on IGly 
in HEK 293 cells expressing the 3 GlyRs. (F) Dose-dependent 
analgesic effects of CBD (n = 10) and DH-CBD (n = 10)  
applied i.p. and i.t. in mice with CFA paw injection. Data are 
representative of two to three independent experiments  
(*, P < 0.05; ***, P < 0.001) and expressed as mean ± SEM.


