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Abstract 

Cannabinoid based drugs exhibits promising results against neurodegenerative disorders such as 

Alzheimer’s disease, Parkinson’s disease and Huntington’s disease in animal models and humans. 

Cannabinoid based drugs either acts in receptor dependent or receptor independent fashion and are known 

to exhibit antiepileptic, anti-nausea, anti-emetic, anti-inflammatory, anxiolytic, anti-psychotic, and anti-

ischemic properties. Psychoactive and non-psychoactive cannabinoids based drugs majorly contains Δ9-

THC and CBD. Activation of CB1 and CB2 receptors plays a vital role in regulating the inflammatory 

issues. Cannabinoid inhibits the pro-inflammatory signals, inhibits the inflammatory cytokines production, 

interrupts the JAK/STAT pathway and furthermore promotes the phagocytosis of Aβ and thus acts as a 

potent anti-inflammatory drug. The anti-inflammatory potential of these drugs has led to the testing of these 

drugs against other human diseases also. This review article describes the role of cannabinoids in combating 

the issues of neurodegenerative disorders by acting as an anti-inflammatory agent. 
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Introduction  

Plant genus Cannabis belongs to the family Cannabaceae. Majorly three cannabis species have been 

described namely: C. sativa, C. indica, and C. ruderalis. Due to the long standing debates amongst 

taxonomists regarding classification of these variants into species, biochemical methods are generally used 

to classify cannabis variants. Cannabis possess high level of psychoactive cannabinoids and low levels of 

non/anti-psychoactive cannabinoid. Δ9-THC is a type of psychoactive cannabinoid on the other hand CBD 

falls under the category of non/anti-psychoactive cannabinoid which is generally referred as “marijuana”. 

Cannabis which possess the high level of CBD and lower insignificant level of Δ9-THC are referred to as 

“industrial hemp,” or “hemp.” 

Prominently leaves and flowering tops of cannabis plants contains cannabinoid compounds. Cannabis plant 

contains 489 distinct compounds belonging to 18 different chemical classes. Approximately 100 different 

phyto-cannabinoid compounds have been identified so far (1, 2). Cannabinoid compounds possess 

enormous potential to act as a therapeutic measures against various diseases. Several primary cannabinoids 

have been extensively studied so far namely Δ9-THC, CBD, cannabinol (CBN), cannabigerol (CBG), and 

tetrahydrocannabivarin (THCV), although there are many others also (1, 3-6). Presence of different 

cannabinoids in cannabis plant depends on the cannabis strain, climate, soil, and techniques of cultivation. 

These factors are also responsible for the potential activity of cannabinoid either as a therapeutic measure 

or the ability to induce adverse effects (7, 8).  

Delta9- THC is the prominent cannabinoid found to play a key role in physical and psychotropic effects of 

cannabis. All the cannabis species contains psychoactive compounds for e.g. Δ9-THC in variable amounts, 

C. sativa contains the highest concentration of Δ9-THC whereas ruderalis contains the least (9). On the 

other hand, other cannabinoids including CBD, CBN, and CBG either exhibits very little or no psychotropic 

properties, hence they are the prime focus of research because of their ability to act as an therapeutic 

measure against several deadly diseases. Δ9-THC was first isolated in 1964, and found to be a partial agonist 

of both CB1 and CB2 receptors, but also acts on other non-CB receptors too. CB1 receptor mediated action 

of Δ9-THC is found to be responsible for the psychoactive effects of cannabis, and is also thought to be 

mediated by to some extent by suppression of both glutamate and GABA release (10-14).  

CBD was first isolated in 1963, and seems to lack psycho-activity property and do not exhibit binding 

affinity towards CB1 or CB2 receptors. CBD are found to be involved in interaction with several enzymes, 

ion channel or other receptors which are responsible for its analgesic, antiepileptic, anti-nausea, anti-emetic, 
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anti-inflammatory, anxiolytic, anti-psychotic, and anti-ischemic properties (10, 11, 15-18). Analgesics and 

anti-inflammatory activity of CBD are mediated by the inhibition of cyclooxygenase and lipoxygenase. 

CBD exhibits enormous potential to act as an anti-inflammatory agent. Studies conducted on animal studies 

have revealed that CBD exhibits hundred times more potential to act as anti-inflammatory agent in 

comparison to aspirin (8, 19). CBD and Δ9-THC also possess antioxidant activities, which is found to be 

even more than α-tocopherol and ascorbate. CBD and Δ9-THC also reduces NMDA, α-amino-3-hydroxyl-

5-methyl-4-isoxazole-propionate and kainite receptor mediated neurotoxicities. (20-25). Hence CBD and 

Δ9-THC can be used as a potent drug to treat several neurodegenerative disorders. 

Chronic neuro-inflammation is found to be a major cause of neuro degeneration in alzheimer’s disease, 

parkinson’s disease and huntington’s disease. Various studies using the animal models have been carried 

out to study the beneficial effect of cannabinoids against inflammatory disorders. Various mouse model 

studies have revealed that, JWH015 a synthetic cannabinoid inhibits the pro-inflammatory signals thus acts 

as a potent anti-inflammatory drug. The CB2 selective agonist, JWH015 reduces the interferon-γ-induced 

up-regulation of CD40 thus interrupts the JAK/STAT pathway in cultured mouse microglial cell and thus 

suppresses the pro-inflammatory cytokines production and furthermore promotes the phagocytosis of Aβ 

(26). In response to ATP, intracellular Ca2 mobilization leads to the activation of microglial cells and thus 

induces the inflammatory response in cultured mouse glial cells. CBD in combination with the other 

synthetic cannabinoids WIN 55212-2 which is a mixed CB1/CB2 receptor agonist and JWH-133, a CB2 

receptor selective agonist reduces the ATP induced intracellular Ca2+ concentration in N13 microglial cell 

lines (27). The effects of these synthetic cannabinoids WIN 55212-2 and JWH-133 can be easily reversed 

by CB2 antagonist, SR144528 (100 nM). Hence it can be clearly said that CBD exhibits receptor dependent 

activity. Additionally, pro-inflammatory cytokine IL-6 which is induced by Aβ was reduced almost sixfold 

by 20 mg kg−1 CBD or 0.5 mg kg−1 WIN 55212-2 in vivo conditions (27). In vivo studies carried out by 

oral administration of JWH-133 (0.2 mg kg−1 day−1 for 4 months) in transgenic APP 2576 mice shows 

the reduction in microglial activation, reduced COX-2 and TNF-α mRNA and reduced cortical levels of 

Aβ, with no impact on cognitive performance (28). 

Several studies have revealed that PPARγ plays a major role in inducing anti-inflammatory action of 

cannabinoids. PPAR belongs to the nuclear hormone receptor family which are known to be involved in 

lipid and glucose metabolism, gene expression and in inducing inflammatory response. Studies conducted 

on cultured rat astrocytes reveals that induction of reactive gliosis on treatment with 1 mg mL−1 Aβ for 24 

h can be significantly reduced by CBD in a dosage dependent manner. Activity of CBD against 
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inflammatory response was reduced by PPARγ antagonism by GW9662, hence it can be clearly said that 

the antagonism of PPARγ affects the activity of CBD against inflammatory problems in a negative manner 

(29). Further, the studies have been confirmed by conducting the replicative study on hippocampal fractions 

isolated from adult rats. When the hippocampal fractions isolated from adult rats was injected with Aβ (10 

μg mL−1) to the CA1 region and further on intraperitoneal treatment with the CBD (10 mg kg−1), the 

similar results were obtained in vitro as that of the previous research conducted by Esposito et al. Another 

study conducted by Fakhfouri et al. (30) also reveals the relationship between cannabinoids and PPARγ in 

in vivo conditions. They also said that when Aβ is administered intrahippocampally to adult rats, a 

significant increment in PPARγ transcriptional activity and protein expression is seen which was further 

increased due to the administration of WIN 55212-2. The partial antagonism of PPARγ due to the i.c.v. 

administration of GW9662 reduces the beneficial effects mediated by WIN 55212-2. Above conducted 

studies completely supports the fact that PPARγ acts as a key mediator in inducing anti-inflammatory action 

of cannabinoids. 

 Generally in order to study the inflammation in the brain, the infusion of lipopolysaccharide into the fourth 

ventricle of young rats is commonly referred. Another study conducted by Marchalant et al. (31) reveals 

that administration of WIN 55212-2 (0.5 mg kg−1) injections daily significantly reduces the microglial 

activation in this model in the above mentioned young rat model. Natural process of aging also leads to the 

neuroinflammation. Cannabinoids can be used as a potent therapeutic measure to combat the issues of 

neuroinflammation in this context as well and thus efficiently provides neuroprotection. Another study 

conducted by Marchalant et al. (32) on 23 months aged rats, reveals that there is a significant reduction in 

the number of activated microglia in the hippocampus and dentate gyrus on the administration of WIN 

55212-2 injections of 2 mg kg−1 i.p. for 4 weeks which would have induces the complications of 

neuroinflammation. They also highlighted another fact that, WIN 55212-2 on incubation with CB1 receptor 

antagonists SR141716A and SR144528 is unable to exhibit its anti-inflammatory action. These findings 

clearly indicates that the WIN 55212-2 works in a receptor dependent fashion. Treatment with WIN 55212-

2 also reduces the mRNA levels of the pro-inflammatory cytokine IL-6 as well as the anti-inflammatory 

cytokine IL1-RA. A significant reduction in protein levels of TNF-α and IL-1β was observed along with 

the increment in IL1-RA (32). These findings strongly supports the role of cannabinoids in reducing the 

inflammatory burden during neurodegeneration at various stages. Hence, cannabinoids can be used as an 

effective measure to treat the complication of neurodegeneration.  
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Adult neurogenesis is referred to as the process in which new neurons are generated and gets integrated 

into the developed brain. A number of factors are found to be involved in the regulation of neurogenesis 

for e.g. neurotransmitter systems, inflammatory cytokines, adrenal and sex hormones and trophic factors. 

The production of new neurons and neuronal connections plays a pivotal role in order to sustain the normal 

neuronal functioning in various neurodegenerative disorders including AD and HD (33, 34). eCB system 

is found to be involved in the process of adult neurogenesis. DGLα and DGLβ are involved in the synthesis 

of endocannabinoid 2AG. DGLα and DGLβ null mice exhibits 80 and 50% reduction in 2AG synthesis 

respectively. These transgenic mouse were found to have impaired neurogenesis which may be due to the 

loss of 2AG-mediated transient suppression of GABAergic transmission at inhibitory synapses (35). 

Almost 50% reduction in neurogenesis in the dentate gyrus and subventricular zone has been observed in 

case of mice lacking CB1 receptors in comparison to the wild type (32, 36).  

In response to seizure, ischaemia and excitotoxic and mechanical lesions, a significant increase in migration 

of neurons and proliferation of neuronal precursor cell in neurogenic regions has been observed which also 

indicates that they can be used as a possible contributing factor in lesioned circuit repair (37-40). The 

administration of CB1 receptor antagonist SR141716A reduces the proliferation of KA-induced neural 

progenitor cells in CB1 receptor deficient mice as well as in wild-type mice. This fact clearly indicates that 

the expression of basic fibroblast growth factor and epidermal growth factor is CB1-dependent (41). BDNF 

is said to be very essential to maintain the survival of new neurons. A significant reduction in BDNF is 

observed in neurodegenerative conditions for e.g. HD (42, 43). De March et al in their study reveals that, 2 

weeks postexcitotoxic lesion in rats and the transient up-regulation of BDNF is highly related to high 

binding affinity and high protein expression level of CB1 receptor. On the contrary, under in vitro 

conditions BDNF (10 ng mL−1) increases the neuronal sensitivity towards the endocannabinoids 2AG and 

noladin ether as measured by Akt by phosphorylation (44). Activation of CB1 and CB2 receptors leads to 

the proliferation of neural progenitor cell which is vital for the generation and survival of new neurons (45, 

41). 

Conclusion 

From all the evidences presented in this review, it can be clearly said that neuro- inflammation are key 

mediators of various neurodegenerative disorders.  Neurodegenerative disorders such as AD, PD and HD 

are life threatening. Cannabinoids plays a miraculous role in combating the issues of neurodegeneration. 

Cannabinoids acts as an anti-inflammatory agent and thus efficiently inhibits the inflammatory signaling 



Journal of Biological and 
Chemical Sciences (JBCS) Singh et al., (2015) vol.2, no. 2, 198-207 

 

 
                 203 
 
                                                                                                                                                                 Scienceindoors 

pathways. They inhibits the pro-inflammatory signals, inhibits the inflammatory cytokines production, 

interrupts the JAK/STAT pathway thus acts as an effective measure to overcome the complication of 

neurodegeneration. Enormous potential of cannabinoids to act as an anti-inflammatory agent has led to the 

discovery of therapeutic measures which will help in combating the disease efficiently and will make us 

observe a drop in mortality rates due to complication of neurodegeneration. 

Conflict of interest statement 

There are no potential conflicts of interest among the authors regarding the publication of this 

manuscript. 

Acknowledgements  

We acknowledge the help provided by Maharishi Markendeshwar University, Mullana, Ambala, 

Haryana, India. 

 

 

 

 

 

 

 

 

 

 

 



Journal of Biological and 
Chemical Sciences (JBCS) Singh et al., (2015) vol.2, no. 2, 198-207 

 

 
                 204 
 
                                                                                                                                                                 Scienceindoors 

References 

1. Elsohly MA, Slade D. Chemical constituents of marijuana: The complex mixture of natural 

cannabinoids. Life Sci. 2005;78:539-548. 

2. Hill AJ, Williams CM, Whalley BJ, Stephens GJ. Phytocannabinoids as novel therapeutic 

agents in CNS disorders. Pharmacol Ther. 2012;133:79-97. 

3. Yamaori S, Kushihara M, Yamamoto I, Watanabe K. Characterization of major 

phytocannabinoids, cannabidiol and cannabinol, as isoform-selective and potent inhibitors 

of human CYP1 enzymes. Biochem Pharmacol. 2010;79:1691-1698. 

4. Zhu HJ, Wang JS, Markowitz JS, et al. Characterization of P-glycoprotein inhibition by 

major cannabinoids from marijuana. J Pharmacol Exp Ther. 2006;317:850-857. 

5. Balducci C, Nervegna G, Cecinato A. Evaluation of principal cannabinoids in airborne 

particulates. Anal Chim Acta. 2009;641: 89-94. 

6. Williamson EM, Evans FJ. Cannabinoids in clinical practice. Drugs. 2000;60:1303-1314. 

7. Mehmedic Z, Chandra S, Slade D, et al. Potency trends of Delta9- THC and other 

cannabinoids in confiscated cannabis preparations from 1993 to 2008. J Forensic Sci. 

2010;55:1209-1217. 

8. Hillig KW, Mahlberg PG. A chemotaxonomic analysis of cannabinoid variation in 

Cannabis (Cannabaceae). Am J Bot. 2004;91: 966-975 

9. Schultes RE, Klein WM, Plowman T, Lockwood TE. Cannabis: An example of taxonomic 

neglect. Bot Mus Lealf Harv Univ. 1974;23:337-367. 

10. Mechoulam R, Parker LA. The endocannabinoid system and the brain. Annu Rev Psychol. 

2013;64:21-47. 

11. Koppel BS, Brust JC, Fife T, et al. Systematic review: Efficacy and safety of medical 

marijuana in selected neurologic disorders: Report of the guideline development 

subcommittee of the American Academy of Neurology. Neurology. 2014;82:1556-1563. 

12. Pertwee RG. The diverse CB1 and CB2 receptor pharmacology of three plant 

cannabinoids: Delta9-tetrahydrocannabinol, cannabidiol and delta9-

tetrahydrocannabivarin. Br J Pharmacol. 2008;153:199-215. 



Journal of Biological and 
Chemical Sciences (JBCS) Singh et al., (2015) vol.2, no. 2, 198-207 

 

 
                 205 
 
                                                                                                                                                                 Scienceindoors 

13. Pertwee RG. Receptors and channels targeted by synthetic cannabinoid receptor agonists 

and antagonists. Curr Med Chem. 2010;17:1360-1381. 

14. Hajos N, Ledent C, Freund TF. Novel cannabinoid-sensitive receptor mediates inhibition 

of glutamatergic synaptic transmission in the hippocampus. Neuroscience. 2001;106:1-4. 

15. Govaerts SJ, Hermans E, Lambert DM. Comparison of cannabinoid ligands affinities and 

efficacies in murine tissues and in transfected cells expressing human recombinant 

cannabinoid receptors. Eur J Pharm Sci. 2004;23:233-243. 

16. Koppel BS, Brust JC, Fife T, et al. Systematic review: Efficacy and safety of medical 

marijuana in selected neurologic disorders: Report of the guideline development 

subcommittee of the American Academy of Neurology. Neurology. 2014;82:1556-1563. 

17. Pertwee RG. The diverse CB1 and CB2 receptor pharmacology of three plant 

cannabinoids: Delta9-tetrahydrocannabinol, cannabidiol and delta9-

tetrahydrocannabivarin. Br J Pharmacol. 2008;153:199-215. 

18. Brown AJ. Novel cannabinoid receptors. Br J Pharmacol. 2007;152:567-575. 

19. Parker LA, Rock EM, Limebeer CL. Regulation of nausea and vomiting by cannabinoids. 

Br J Pharmacol. 2011;163:1411- 1422. 

20. Izzo AA, Borrelli F, Capasso R, Di Marzo V, Mechoulam R. Non-psychotropic plant 

cannabinoids: New therapeutic opportunities from an ancient herb. Trends Pharmacol Sci. 

2009;30:515-527. 

21. Zuardi AW. Cannabidiol: From an inactive cannabinoid to a drug with wide spectrum of 

action. Rev Bras Psiquiatr. 2008;30:271-280. 

22. Williamson EM, Evans FJ. Cannabinoids in clinical practice. Drugs. 2000;60:1303-1314. 

23. Evans FJ. Cannabinoids: The separation of central from peripheral effects on a structural 

basis. Planta Med. 1991;57:S60- S67. 

24. Hampson AJ, Grimaldi M, Lolic M, Wink D, Rosenthal R, Axelrod J. Neuroprotective 

antioxidants from marijuana. Ann N Y Acad Sci. 2000;899:274-282. 

25. Hampson AJ, Grimaldi M, Axelrod J, Wink D. Cannabidiol and (-)Delta9-

tetrahydrocannabinol are neuroprotective antioxidants. Proc Natl Acad Sci U S A. 

1998;95:8268-8273. 



Journal of Biological and 
Chemical Sciences (JBCS) Singh et al., (2015) vol.2, no. 2, 198-207 

 

 
                 206 
 
                                                                                                                                                                 Scienceindoors 

26. Ehrhart J, Obregon D, Mori T, Hou H, Sun N, Bai Y et al. Stimulation of cannabinoid 

receptor 2 (CB2) suppresses microglial activation.  J Neuroinflammation. 2005:2: 29–41. 

27. Martin-Moreno AM, Reigada D, Ramirez BG, Mechoulam R, Innamorato N, Cuadrado A 

et al. Cannabidiol and other cannabinoids reduce microglial activation in vitro and in vivo: 

relevance to Alzheimer’s disease. Mol Pharmacol . 2011:79: 964–973. 

28. Martin-Moreno AM, Brera B, Spuch C, Carro E, Garcia-Garcia L, Delgado M et al. 

Prolonged oral cannabinoid administration prevent neuroinflammation, lowers beta-

amyloid levels and improves cognitive performance in Tg APP 2576 mice. J 

Neuroinflammation. 2012:9: 8. 

29. Esposito GSC, Valenza M, Togna GI, Latina V et al. Cannabidiol reduces Aβ-induced 

neuroinflammation and promotes hippocampal neurogenesis through PPARγ involvement. 

PLoS ONE. 2011: 6: e28668. 

30. Fakhfouri G, Ahmadiani A, Rahimian R, Grolla AA, Moradi F, Haeri A . WIN55212-2 

attenuates amyloid-beta-induced neuroinflammation in rats through activation of 

cannabinoid receptors and PPAR-gamma pathway. Neuropharmacology. 2012:63: 653–

666. 

31. Marchalant Y, Rosi S, Wenk GL . Anti-inflammatory property of the cannabinoid agonist 

WIN-55212-2 in a rodent model of chronic brain inflammation. Neuroscience. 2007:144: 

1516–1522. 

32. Marchalant Y, Brothers HM, Norman GJ, Karelina K, DeVries AC, Wenk GL. 

Cannabinoids attenuate the effects of aging upon neuroinflammation and neurogenesis. 

Neurobiol Dis. 2009:34: 300–307. 

33. Molero AE, Gokhan S, Gonzalez S, Feig JL, Alexandre LC, Mehler MF . Impairment of 

developmental stem cell-mediated striatal neurogenesis and pluripotency genes in a knock-

in model of Huntington’s disease. Proc Natl Acad Sci U S A. 2009:106: 21900–21905. 

34. Crews L, Rockenstein E, Masliah E . APP transgenic modeling of Alzheimer’s disease: 

mechanisms of neurodegeneration and aberrant neurogenesis. Brain Struct Funct. 

2010:214: 111–126. 



Journal of Biological and 
Chemical Sciences (JBCS) Singh et al., (2015) vol.2, no. 2, 198-207 

 

 
                 207 
 
                                                                                                                                                                 Scienceindoors 

35. Gao Y, Vasilyev DV, Goncalves MB, Howell FV, Hobbs C, Reisenberg M et al. Loss of 

retrograde endocannabinoid signaling and reduced adult neurogenesis in diacylglycerol 

lipase knock-out mice. J Neurosci. 2010: 30: 2017–2024 

36. Kim SH, Won SJ, Mao XO, Jin K, Greenberg DA. Molecular mechanisms of cannabinoid 

protection from neuronal excitotoxicity. Mol Pharmacol. 2006:69: 691–696. 

37. Gould E, Tanapat P . Lesion-induced proliferation of neuronal progenitors in the dentate 

gyrus of the adult rat. Neuroscience. 1997:80: 427–436. 

38. Arvidsson A, Kokaia Z, Lindvall O. N-methyl-D-aspartate receptor-mediated increase of 

neurogenesis in adult rat dentate gyrus following stroke. Eur J Neurosci. 2001: 14: 10–18. 

39. Parent JM, Valentin VV, Lowenstein DH . Prolonged seizures increase proliferating 

neuroblasts in the adult rat subventricular zone-olfactory bulb pathway. J Neurosci. 

2002:22: 3174–3188. 

40. Lie DC, Song H, Colamarino SA, Ming GL, Gage FH . Neurogenesis in the adult brain: 

new strategies for central nervous system diseases. Annu Rev Pharmacol Toxicol. 2004:44: 

399–421. 

41. Aguado T, Romero E, Monory K, Palazuelos J, Sendtner M, Marsicano G et al. The CB1 

cannabinoid receptor mediates excitotoxicity-induced neural progenitor proliferation and 

neurogenesis. J Biol Chem. 2007:282: 23892–23898. 

42. Zuccato C, Cattaneo E. Role of brain-derived neurotrophic factor in Huntington’s disease. 

Prog Neurobiol. 2007:81: 294–330. 

43. Cattaneo E, Zuccato C, Tartari M. Normal huntingtin function: an alternative approach to 

Huntington’s disease. Nat Rev Neurosci. 2005: 6: 919–930. 

44. Maison P, Walker DJ, Walsh FS, Williams G, Doherty P. BDNF regulates neuronal 

sensitivity to endocannabinoids. Neurosci Lett . 2009:467: 90–94. 

45. Palazuelos J, Aguado T, Egia A, Mechoulam R, Guzman M, Galve-Roperh I (2006). Non-

psychoactive CB2 cannabinoid agonists stimulate neural progenitor proliferation. FASEB 

J. 2006:20: 2405–2407. 


