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Abstract
Salvia Divinorum (SD) is used since ages by the Mazatec shamans for initiation purposes. SD 
contains a number of diterpenes of which Salvinorin A (SA) is the most remarkable compound, and 
to date it is the strongest psychedelic plant compound we know of. It high selective affinity to the 
Kappa Opioid Receptor (KOR) system, and also influences the endocannabinoid, the dopaminergic 
and the serotoninergic neurotransmitter systems. Its traditional use by Mazatec healersis related 
to the treatment of gastrointestinal disorders, headache, rheumatism and to palliative care. Due 
to the pharmacokinetic properties with a very short half-life time, SA itself is not easy to use for 
clinical purposes. However, due to its unique pharmacology, the scaffold of SA might be of use in 
development special and new compounds for the treatment of neuropathic pain.
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Introduction
Salvinorin A (methyl (2S,4aR,6aR,7R,9S,10aS,10bR)-9-acetyloxy-2-(furan-3-yl)-6a,10b-

dimethyl-4,10-dioxo-2,4a,5,6,7,8,9,10a-octahydro-1H-benzo[f]isochromene-7-carboxylate), is a 
strong psychedelic diterpene in SD, an ancient sacred plant for Mexican shamans, belonging to 
the family of the Lamiaceae. Since some decades dried leaves of the SD and its extracts have found 
its way into the global world as a psychoactive and legal food supplement [1]. The compound is 
identified as a new way to treat drug addiction [2]. Some isolated and rare cases of abuse of SA have 
induced legislation, and some countries started to criminalize SD, without clear or good reasons 
[3] Most people using SD do not transition to frequent or long-term use [4]. SD is mostly used 
most often to explore Altered States Of Consciousness (ASC) related to spiritual, mystical and 
transpersonal) experience [5]. SD is regarded as a sacred plant, is used in neo-shamanistic rituals, 
and it enables the user to enter the ‘Salvia Space’, resulting in valuable transpersonal insights. Earlier 
we discussed a comparable neo-shamanistic ritual using the Blue Nile Lilly extract and discussed 
the putative relevance of one of its compounds, nuciferine for psychiatry [6]. Salvinorin A might 
have a comparable use in medicine, both for a number of psychiatric disorders, such as substance 
dependency and abuse and depression [7,8]. Originally SD was and is used by Mazatec healers 
(practitioners known as a curandero, male or curandera, female) to cure diarrhea, headaches and 
rheumatism, and on the deathbed, as palliative treatment [9].

Brief Pharmacology of Salvinorin A
The psychoactive effects of Salvinorin A (SA) are quite psychedelic and much different from 

those induced by other psychoactive compounds, such as Cannabis, LSD, DMT etc. SA is a highly 
selective Κ-Opioid Receptor (KOR) agonist (Figure 1) [10]. The KOR a G protein-coupled receptor 
and is one of four related opioid receptors in the central nervous system that influence consciousness, 
motor control, mood and analgesia. SA also influences directly or indirectly the endocannabinoid 
system and dopaminergic systems and possibly the cholinergic system [11,12]. KOR receptor 
activation via Salvinorin A leads to the inhibition of dopamine turnover in the nucleus accumbens, 
leading to transient feelings of depression [13]. However, it has also dopaminergic activity on its 
own, independent of the KOR mechanism [14]. Most probably it has D2 agonistic properties [15]. 
Due to its KOR agonism, and its agonism for the cannabinoid CB1 receptor, SA received attention 
as a putative analgesic compound. We will present and discuss recent findings related to the anti-
neuropathic pain characteristics of SA.
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Salvinorin A in Neuropathic Pain
A search in Pubmed using keywords ‘Salvinorin A’ and ‘pain’ 

leads to the identification of 34 papers (PubMed search 10-12-18). SA 
is a remarkable molecule, the only natural diterpene compound with 
high affinity to the KOR system, with additional affinity for the CB1 
receptor [16]. These special pharmacological properties have raised 
interest in the scaffold of SA as a template for new anti-neuropathic 
compounds. A number of studies pointed out that SA has analgesic 
properties in various models [17-21].

Guida et al. [17] described the effect of SA on spinal cord level, 
where it reduced the neuronal hyperexcitability [17]. They also found 
an additional mechanism of action on the level of glia: SA reduces glia 
hyperactivation, comparable to the effects of the anti-inflammatory 
and analgesic autacoid palmitoylethanolamide.

Certain modifications of SA have already been tested in animal 
models of pain, including visceral pain, and had a longer duration of 
action compared to the mother compound SA [22,23].

A recent study specifically focused on neuropathic pain as an 
indication for SA or its derivatives, supportive for a central mechanism 
leading to the reduction of neuropathic pain. Coffeen et al. [23] tested 
the effects of SA administration directly in the Insular Cortex (IC) 
during chronic nociception through a neuropathic pain model [24]. 
Given the absence of clarity whether the analgesic activity of SD is 
induced via the KOR of the CB1 receptor, they also wanted to check 
whether the analgesia was mediated by the opioid or cannabinoid 
system via KOR or CB1 receptors, respectively. The pain test system 
was the sciatic nerve ligature (SNL) model in a hind paw. Twelve days 
after ligature, a cannula was inserted stereotaxically positioned on the 
left rostral agranular insular cortex (RAIC). In the SA group of 8 rats, 
the basal values obtained by plantar and mechanical nociception were 
assessed prior the sciatic ligature. 12 days after the nerve ligature, both 
tests were performed immediately and 1 h after microinjection of SA 
(11.55 nm/ lL, 2 lL/min). The same procedure with SA, while also 
adding a KOR antagonist (nor-binaltorphimine dihydrochloride, 
NOR-BNI), or a CB 1antagonist (AM-251). The results were a 
decrease in both mechanical and thermos-nociceptive response, 
immediately and 30 min after the administration of SA in the IC. 
The analgesic effect could be totally blocked by the co-administration 
of NOR-BNI and AM251 (the KOR and CB1 antagonists), and by 
administration of each antagonist separately, the blockade was less 
intense. Previously it was found that SA does not directly activate the 
CB1 receptor and Coffeen et al. [23] found that the anti-nociceptive 
effect of SA could be reversed with AM251. As a possible mechanism, 
the authors suggested crosstalk between KOR and CB1 receptors or 

the formation of heterodimers between these two different receptors. 
Due to the fact that oral administration of SA is not the most optimal 
way, the authors suggested an intranasal administration of a special 
formulation, leading to a swift access to the drug to the brain and 
they stated that currently, a multitude of such dosing devices are in 
development. They further suggested a delivery of SA by inhalation. 
Such new formulations might be of great use to treat neuropathic 
pain patients, as the onset of action is expected to be fast. Key for such 
development will be a correct dose-finding study, to avoid inducing 
the psychoactive effects of SA.

Conclusion
SA has an anti-inflammatory and analgesic profile, in addition 

to its profile as an anti-craving compound. In a neuropathic pain 
model, centrally applied SA could inhibit pain. The analgesic activity 
could be partly reduced by a KOR antagonist and a CB 1 antagonist. 
Application of both antagonists led to a complete abolishment of 
analgesia. New formulations of SA, making use of the intranasal 
way or by inhalation will be required to optimally develop SA as an 
analgesic therapy. Dose-findings studies will be quite important to 
find the lowest effective dose and avoid the psychoactive side-effects. 
The SA scaffold is unique and is currently used to develop new 
chemical entities for a number of indications.

References
1.	 Heinrich M, Casselman I. Ethnopharmacology-From Mexican 

Hallucinogens to a Global Transdisciplinary Science. In 
Ethnopharmacologic search for psychoactive drugs: 50th anniversary 
symposium. 2018;2:316-324.

2.	 El‐Khoury J, Baroud, E. Case series: Salvia divinorum as a potential 
addictive hallucinogen. Am J Addict. 2018;27(3):163-5.

3.	 Babu KM, McCurdy CR, Boyer EW. Opioid receptors and legal highs: 
Salvia divinorum and Kratom. Clin Toxicol. 2008;46(2):146-52.

4.	 Croff  JM, DeJong W. Predictors of Salvia divinorum Use Among a National 
Sample of Entering First-year US College Students. The International 
Journal of Alcohol and Drug Research. 2018;7(1):10-5.

5.	 Baggott MJ, Erowid E, Erowid F, Mendelson JE. Use of Salvia divinorum, 
an unscheduled hallucinogenic plant: a web-based survey of 500 users. 
Clinical Pharmacology and Therapeutics. 2004;75(2):72.

6.	 Keppel Hesselink JM. Blue nile flower rituals from the perspective of 
transpersonal psychology- the role of nuciferine and its putative value as 
an antipsychotic drug. Edelweiss Psyi Open Access. 2018;2(1):22-4.

7.	 Taylor GT, Manzella F. Kappa Opioids, Salvinorin A and Major Depressive 
Disorder. Curr Neuropharmacol. 2016;14(2):165-76.

8.	 Orton E, Liu R. Salvinorin A: A Mini Review of Physical and Chemical 
Properties Affecting Its Translation from Research to Clinical Applications 
in Humans. Transl Perioper Pain Med. 2014;1(1):9-11.

9.	 Roth BL, Baner K, Westkaemper R, Siebert D, Rice KC, Steinberg S, et al. 
Salvinorin A: a potent naturally occurring nonnitrogenous kappa opioid 
selective agonist. Proc Natl Acad Sci U S A. 2002;99(18):11934-9.

10.	Xu X, Ma S, Feng Z, Hu G, Wang L, Xie XQ. Chemogenomics knowledgebase 
and systems pharmacology for hallucinogen target identification-
Salvinorin A as a case study. J Mol Graph Model. 2016;70:284-95.

11.	Kivell B, Uzelac Z, Sundaramurthy S, Rajamanickam J, Ewald A, Chefer 
V, et al. Salvinorin A regulates dopamine transporter function via a kappa 
opioid receptor and ERK1/2-dependent mechanism. Neuropharmacology. 
2014;86:228-40.

12.	Ebner SR, Roitman MF, Potter DN, Rachlin AB, Chartoff EH. Depressive-
like effects of the kappa opioid receptor agonist salvinorin A are associated 

Figure 1: The diterpene Salvinorin A from Salvia divinorum: a non-opioid 
molecule with high affinity for the KOR receptor.

https://www.ncbi.nlm.nih.gov/pubmed/29596726
https://www.ncbi.nlm.nih.gov/pubmed/29596726
https://www.ncbi.nlm.nih.gov/pubmed/18259963
https://www.ncbi.nlm.nih.gov/pubmed/18259963
http://www.ijadr.org/index.php/ijadr/article/view/248
http://www.ijadr.org/index.php/ijadr/article/view/248
http://www.ijadr.org/index.php/ijadr/article/view/248
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1016/j.clpt.2003.11.270
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1016/j.clpt.2003.11.270
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1016/j.clpt.2003.11.270
http://edelweisspublications.com/edelweiss/article/blue-nile-flower-rituals-perspective-transpersonal-psychology-role-nuciferine-putative-value-antipsychotic-drug-2638-8073-poa-18-112.pdf
http://edelweisspublications.com/edelweiss/article/blue-nile-flower-rituals-perspective-transpersonal-psychology-role-nuciferine-putative-value-antipsychotic-drug-2638-8073-poa-18-112.pdf
http://edelweisspublications.com/edelweiss/article/blue-nile-flower-rituals-perspective-transpersonal-psychology-role-nuciferine-putative-value-antipsychotic-drug-2638-8073-poa-18-112.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4825947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4825947/
https://www.ncbi.nlm.nih.gov/pubmed/25346937
https://www.ncbi.nlm.nih.gov/pubmed/25346937
https://www.ncbi.nlm.nih.gov/pubmed/25346937
https://www.ncbi.nlm.nih.gov/pubmed/12192085
https://www.ncbi.nlm.nih.gov/pubmed/12192085
https://www.ncbi.nlm.nih.gov/pubmed/12192085
https://www.ncbi.nlm.nih.gov/pubmed/27810775
https://www.ncbi.nlm.nih.gov/pubmed/27810775
https://www.ncbi.nlm.nih.gov/pubmed/27810775
https://www.ncbi.nlm.nih.gov/pubmed/25107591
https://www.ncbi.nlm.nih.gov/pubmed/25107591
https://www.ncbi.nlm.nih.gov/pubmed/25107591
https://www.ncbi.nlm.nih.gov/pubmed/25107591


Jan M Keppel Hesselink Annals of Pain Medicine

Remedy Publications LLC. 2018 | Volume 1 | Issue 1 | Article 10063

with decreased phasic dopamine release in the nucleus accumbens. 
Psychopharmacology (Berl). 2010;210:241-52.

13.	Phipps SM, Butterweck V. A new digitized method of the compulsive 
gnawing test revealed dopaminergic activity of salvinorin A in vivo. Planta 
Med. 2010;76(13):1405-10.

14.	Seeman P, Guan HC, Hirbec H. Dopamine D2 High receptors stimulated 
by phencyclidines, lysergic acid diethylamide, salvinorin A, and modafinil. 
Synapse. 2009;63(8):698-704.

15.	Fichna J, Dicay M, Lewellyn K, Janecka A, Zjawiony JK, MacNaughton 
WK, et al. Salvinorin A has antiinflammatory and antinociceptive effects 
in experimental models of colitis in mice mediated by KOR and CB1 
receptors. Inflamm Bowel Dis. 2012;18(6):1137-45.

16.	Guida F, Luongo L, Aviello G, Palazzo E, De Chiaro M, Gatta L, et 
al. Salvinorin A reduces mechanical allodynia and spinal neuronal 
hyperexcitability induced by peripheral formalin injection. Mol Pain. 
2012;8:60.

17.	Listos J, Merska A, Fidecka S. Pharmacological activity of salvinorin A, the 
major component of Salvia divinorum. Pharmacol Rep. 2011;63(6):1305-9.

18.	Negus SS, O'Connell R, Morrissey E, Cheng K, Rice KC. Effects of 
peripherally restricted κ opioid receptor agonists on pain-related 
stimulation and depression of behavior in rats. J Pharmacol Exp Ther. 
2012;340(3):501-9.

19.	Ansonoff MA, Zhang J, Czyzyk T, Rothman RB, Stewart J, Xu H, et al. 
Antinociceptive and hypothermic effects of Salvinorin A are abolished in 
a novel strain of kappa-opioid receptor-1 knockout mice. J Pharmacol Exp 
Ther. 2006;318(2):641-8.

20.	McCurdy CR, Sufka KJ, Smith GH, Warnick JE, Nieto MJ. Antinociceptive 
profile of salvinorin A, a structurally unique kappa opioid receptor agonist. 
Pharmacol Biochem Behav. 2006;83(1):109-13.

21.	Paton KF, Kumar N, Crowley RS, Harper JL, Prisinzano TE, Kivell BM. 
The analgesic and anti-inflammatory effects of Salvinorin A analogue 
β-tetrahydropyranSalvinorin B in mice. Eur J Pain. 2017;21(6):1039-50.

22.	Sałaga M, Polepally PR, Zakrzewski PK, Cygankiewicz A, Sobczak M, 
Kordek R, et al. Novel orally available salvinorin A analog PR-38 protects 
against experimental colitis and reduces abdominal pain in mice by 
interaction with opioid and cannabinoid receptors. Biochem Pharmacol. 
2014;92(4):618-26.

23.	Coffeen U, Canseco-Alba A, Simón-Arceo K, Almanza A, Mercado F, 
León-Olea M, et al. Salvinorin A reduces neuropathic nociception in the 
insular cortex of the rat. Eur J Pain. 2018;22(2):311-8.

https://www.ncbi.nlm.nih.gov/pubmed/20217638
https://www.ncbi.nlm.nih.gov/pubmed/20217638
https://www.ncbi.nlm.nih.gov/pubmed/20217638
https://www.ncbi.nlm.nih.gov/pubmed/19391150
https://www.ncbi.nlm.nih.gov/pubmed/19391150
https://www.ncbi.nlm.nih.gov/pubmed/19391150
https://www.ncbi.nlm.nih.gov/pubmed/21953882
https://www.ncbi.nlm.nih.gov/pubmed/21953882
https://www.ncbi.nlm.nih.gov/pubmed/21953882
https://www.ncbi.nlm.nih.gov/pubmed/21953882
https://www.ncbi.nlm.nih.gov/pubmed/22913292
https://www.ncbi.nlm.nih.gov/pubmed/22913292
https://www.ncbi.nlm.nih.gov/pubmed/22913292
https://www.ncbi.nlm.nih.gov/pubmed/22913292
https://www.ncbi.nlm.nih.gov/pubmed/22358078
https://www.ncbi.nlm.nih.gov/pubmed/22358078
https://www.ncbi.nlm.nih.gov/pubmed/22128346
https://www.ncbi.nlm.nih.gov/pubmed/22128346
https://www.ncbi.nlm.nih.gov/pubmed/22128346
https://www.ncbi.nlm.nih.gov/pubmed/22128346
https://www.ncbi.nlm.nih.gov/pubmed/16672569
https://www.ncbi.nlm.nih.gov/pubmed/16672569
https://www.ncbi.nlm.nih.gov/pubmed/16672569
https://www.ncbi.nlm.nih.gov/pubmed/16672569
https://www.ncbi.nlm.nih.gov/pubmed/16434091
https://www.ncbi.nlm.nih.gov/pubmed/16434091
https://www.ncbi.nlm.nih.gov/pubmed/16434091
https://www.ncbi.nlm.nih.gov/pubmed/28158929
https://www.ncbi.nlm.nih.gov/pubmed/28158929
https://www.ncbi.nlm.nih.gov/pubmed/28158929
https://www.ncbi.nlm.nih.gov/pubmed/25265540
https://www.ncbi.nlm.nih.gov/pubmed/25265540
https://www.ncbi.nlm.nih.gov/pubmed/25265540
https://www.ncbi.nlm.nih.gov/pubmed/25265540
https://www.ncbi.nlm.nih.gov/pubmed/25265540
https://www.ncbi.nlm.nih.gov/pubmed/28975684
https://www.ncbi.nlm.nih.gov/pubmed/28975684
https://www.ncbi.nlm.nih.gov/pubmed/28975684

	Title
	Abstract
	Introduction
	Brief Pharmacology of Salvinorin A
	Salvinorin A in Neuropathic Pain
	Conclusion
	References
	Figure 1

