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Phytocannabinoids from Cannabis sativa plant 

Overview  

Centuries ago the extracts of Cannabis sativa plant were used as a pain relievers and anti-

inflammatory agents. Currently, the topic of pharmacology features of cannabinoids already 

became a great research focus and it is rapidly growing. The increasing research focus on the 

naturally occurring therapeutic value possessing phyto-compounds such as cannabinoids, could 

be explained by the fact that many of the synthetic medical drugs are lacking therapeutic 

efficiency or/and may elucidate drastic side effects. The C. sativa contains 3 major classes of 

bioactive molecules: flavanoids, terpenoids and phytocannabinoids. The family of 

phytocannabinoids compromises approximately 60 types of therpenophenolic compounds which 

are the most important and the highest therapeutic value possessing complex chemicals of C. 

sativa plant. Phytocannabinoids are the only natural analogs of the endocannabinoids (see 

below). Phytocannabinoids are accumulated in the glandular structures of Cannabis plants, 

known as trichomes. Depending on the species, Cannabis can accumulate Δ(9) -

Tetrahydrocannabinol (Δ(9) -THC) which is a major psychoactive ingredient and/or cannabidiols 

(CBD) which are nonpsychoactive ingredients of Cannabis plant [1].  

The most common, therapeutic value possessing, but nonpsychoactive cannabinoids from C. 

sativa are Cannabidiol (CBD), Cannabionic acid (CBDA), Cannabichromene (CBC), 

Cannabicyclol (CBL), Cannabivarin (CBV), Cannabigerol (CBG),Tetrahydrocannabivarin (THCV), 

Cannabichromevarin (CBCV), Cannabigerovarin (CBGV), Cannabigerol Monoethyl Ether 

(CBGM) [1]. 

Family of nonpsychoactive phytocannabinoids have a very low affinity towards CB1 and CB2 - 

endocannabinoid system related receptors [2]. However they are modulating pharmacological 

effects by utilizing other endocannabinoid system related receptors, i.e transient receptor 

potential (TRP) channels [3], the peroxisome proliferators - activated receptor g (PPARg) GPR55, 

the putative abnormal-CBD receptor, 5-hydroxytryptamine receptor subtype 1A (5-HT1A), glycine 

a1 and a1b receptors, the adenosine membrane transporter phospholipase A2, lipoxygenase 

(LOX) [4] and cyclooxygenase-2 (COX-2) enzymes [5, 13], and Ca2+ homeostasis regulation 

system [6]. For example, the phytocannabinoid based anti-inflammatory action occurs via 

inhibition of inflammatory - COX-2 protein during inflammation, or inhibition of inactivation of 

endogenous cannabinoid anadamide which is as an intracellular messenger for regulating of ion 

channel activity [4, 7]. In addition CBD driven modulation of intracellular Ca2+ concentration is 

related with many therapeutic effects e.g. - one of them is anticancer effect via generation of 

reactive oxygen species (ROS) for induction of apoptosis in the cancer cells [8, 13].  
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Within the human body the CB1 and CB2 receptors are interacting with the endogenous 

ligands - endocannabinoids, which should not be confused with their analogs - 

phytocannabinoids. The physiological action of endocannabinoids and psychoactive 

phytocannabinoids is driven via their interactions with the specific class of Gαi protein-coupled 

receptors known as a Central Cannabinoid Receptor (CB1) and Peripheral Cannabinoid Receptor 

(CB2), respectively. The highest abundance of CB1 is located in the central nervous system 

(basal ganglia, hippocampus, cerebellum and cortex), where they are mediating cannabinoid 

related psychoactive effects. In addition the CB1 receptors are present in the nerve-terminals of 

testis, uterus, vascular endothelium, eye, spleen, ileum and in adipocytes. In addition, the CB2 

receptors are distributed within the immune system of the body, in the enriched areas of B 

lymphocytes [9].  

The molecules of endocannabinoids are interacting with CB1 and CB2 receptors via moieties 

of esters, ethers, long-chain polyunsaturated fatty acids and amides [10]. The function of 

endocannabinoids is mainly related with regulation of release of various neurotransmitters in the 

peripheral and neural tissues, regulation of fat and energy metabolism and they are very 

important in inflammation processes. Therefore the components of endocannabinoid system -

CB1 and CB2 receptors and endogenous cannabinoids are the targets for the treatment of 

neurodegenerative (Parkinson’s, Alzheimer’s and Huntington’s diseases), inflammatory pain, 

multiple sclerosis, glaucoma, neuropathic pain obesity and oncological diseases [9].  
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Anti cancer effect of phytocannabinoids (anti-proliferative effect on 
tumors)  

 
Pro-apoptotic anti tumor properties of phytocannabinoids 
Psychoactive Δ(9) –THC/A and non-psychoactive CBD, CBG, CBC, and CBDA exerts anti 

proferative/ pro-apoptotic effects for high variety of tumor cell lines: human breast carcinoma, 

human prostate carcinoma, lung  human colorectal carcinoma, human gastric adenocarcinoma, 

C6 rat glioma, rat basophilic leukemia and transformed thyroid cells [11, 12] .  

The researches demonstrated the CBD associated anti-metastatic and pro-apoptotic effects 

on human glioma cells and tumor regression in vivo. The pro-apoptotic action of CBD in vitro is 

could be related with early production of ROS and concomitant activation of initiator caspases -8 

and -9, thus converging into the activation of the downstream effector caspase-3. The CBD 

induced and CB2 mediated reduction of tumor burden, reduction of viability and induction 

apoptosis of cancer cells such as leukemia could be also associated with the production of ROS. 

The CBD related inhibition of glioma cells in vivo was related with modulation of the LOC 

pathway, which is known as pro-carcinogenic [12, 13 and 14].  

Finally, CBD exerts anti metastatic activities and have a potential to reduce carciniomas – e.g. 

breast, prostate tumour aggressiveness via down-regulated the expression of Id-1 (a key 

regulator of the metastatic potential of carcinomas [15, 16 and 17].  

 

Drug resistance problem during cancer treatment  
CBD might have a very important role in reduction of multi-drug resistance of tumor cells, 

which is very important during cancer treatment for modulation of particular drug pharmacological 

efficiency. The recent investigation showed that CBD and CBN inhibits ATP binding cassette 

(ABC) transporters, which are important in the multi-drug resistance of tumor cells, i.e. CBD 

showed high inhibition activities for P- glycoprotein (ABCB1) multi-drug resistance related protein 

1 (ABCC1/MRP1) and breast cancer resistance protein [18, 19, 20] .  

 

Diminishing cancer treatment side effects  
The treatment of cancer with the chemotherapy drugs leads to the physiological side effects 

such as intensive vomiting. Recently, experimental evidence from animal experiments showed 

that cannabinoids are suppressing vomiting and nausea. That may be especially useful in treating 

symptoms of nausea and anticipatory nausea in chemotherapy patients. The conventional 

pharmaceutical agents are not capable controlled it well. Experimental results suggest that 
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nonpsychoactive CBD and/or acts as anti-emetic/anti-nausea effectors by indirect activation of 

the somatodendritic 5-HT(1A) autoreceptors [21].  

 

The potentials of cannabinoids for treatment of neurological 
disorders  

 

Neuroprotection and activities in neurodegenerative diseases 
Combination of strong antioxidant, anti-apoptotic properties and ability to modulate – restore 

Ca2+ homeostasie in neuronal cells are the key features of nonpsychotropic phytocanabinoids for 

stipulation of positive effects in the pathophysiological-neurodegenerative disease related 

processes. Therefore CBD might become a therapeutic for treatment of neurodegenerative 

diseases such as Parkinson’s, Alzheimer’s and Huntington’s [25].  

The balanced Ca2+ homeostasie is essential for prevention of apoptosis in neuronal cell 

because it prevents triggering of apoptotic signalling [22]. In addition CBD had diminished 

Alzheimer’s disease related b-amyloid peptide (Ab) effects – oxidative, apoptotic and 

inflammatory damage of neuronal cell lines via mediation of Wnt–b-catenin pathway [23]. In 

addition, CBD reduces neuroinflammation and oxidative stress, which are essential for 

Alzheimer’s disease, by attenuating, the expression of glial pro-inflammatory proteins, - glial 

fibrillary acidic protein, nitric oxide synthase (iNOS) and interleukin 1b (IL-1b) [22, 23].  

The research results, using Parkinson’s disease animal models, where 6-hydroxydopamine 

was directly injected into the medial forebrain of bundle rats, showed that CBD can reduce 

neurodegeneration of nigrostriatal dopaminergic projections by prevention of dopamine depletion 

and tyrosine hydroxylase deficits [24]. The series of experiments with other Parkinson’s disease 

animal models showed that CBD had also altered the N-acetylaspartate/total creatine ratio which 

is directly related with increased neurogenesis or synaptogenesis. Finally the CBD reduced 6-

hydroxydopamine induced Parkinson’s disease related oxidation stress in the rat substantia 

nigra. The decreased levels of oxidation stress were reflected by decreased levels of copper-zinc 

superoxide dismutase [4, 25].  

 

Epilepsy 

The CBD exhibits pharmacological features such as antiepileptiform and antiseizure potential 

which could be very useful for antiepileptic activity [26, 27]. Recent research results with animal 

models showed that CBD had attenuated artificially induced convulsions and resulted in reduction 

of Ca2+ oscillations under high-excitability in cultured hippocampal neurons. The molecular 
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mechanisms stipulating modulation of Ca2+ abundance could be mediated via CBD interaction 

with mitochondrial Na2+/Ca2+-exchanger [28, 29].  
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Anxiety and sleep 
Experimental results showed that CBD exerts benzodiazepine receptor-independent anxiolytic 

action in the different animal models. Preliminary studies in healthy human volunteers confirmed 

the anxiolytic action of CBD, which could related with the activation of post-synaptic 5-HT1A 

receptors in the periaqueductal gray matter. In addition preclinical studies showed that CBD is a 

potential adjuvant in exposure-based psychotherapies for treatment of anxiety disorders which 

are related to an inappropriate retention of aversive memories. Possible action of CBD for the 

diminishing of fear memories could be related with the indirect activation of the CB1 receptor. 

Finally, the CBD exerts the alerting and sleep-inducing actions. In humans the low doses of CBD 

results in effect of altering while the high dosage induced sedative effect [see review- 30].   

 

Psychosis 

Studies with volunteers and in psychotic patients showed that CBD exerts antipsychotic 

actions. Interestingly, the pharmacological action of CBD is similar to the “classical” 

antipsychotics therapeutics – haloperidol and clozapine, which might have crucial side effects, 

such as catalepsy [31].  

 

The role of phytocannabinoids in anti-pain and anti-inflamatory 
effects  

 

General inflammation  
The results from investigation of CBD effects of inflammation using animal models showed 

that CBD exerts analgesic effects for neuropatic and inflammatory pain, acute edema and chronic 

arthritis. The anti-paint, action of CBD could be mediated by TRPV1 (member of Transient 

receptor potential (TRP) superfamily). Anti-arthritic effects of CBD is resulted by combination of 

immunosuppressive and anti-inflammatory effects [see reviews -32, 45] 

 

Intestinal inflammation  
Scientific evidence shows that nonpsychoactive cannabinoids could be very beneficial in 

treating of inflammatory bowel disease (IBD). One of the studies showed that Cannabigerol 

(CBG) resulted in attenuation of murine model colitis, reduction of nitric oxide production in 

macrophages and reduced ROS formation in intestinal epithelial cells. Production of nitric oxide in 

macrophages is modulated by the CB2 receptor. By taking into account these results CBG could 

be considered for clinical experimentation in IBD patients.  
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In addition, another study proved that CBD is a potential therapeutic for normalisation of 

hypermotility of intestines during intestinal inflammation. This phenomena was explained by 

possible action of CBD for down-regulation of the endocannabinoid-degrading enzyme FAAH in 

the inflamed gut [33, 34]. 

 

Skin inflammation  
The CBD is a potential therapeutic for treatment of an inflammatory skin disease such as 

Edema and Psoriasis which is caused by abnormal keratinocyte differentiation, hyperproliferation 

and infiltration and inflammatory elements. The CBD is acting in the two ways – (i) mediating 

inhibitory effect of the proliferation of epidermal keratinocyte in a cannabinoid receptor-

independent manner and (ii) reduces inflammation via indirect reduction of the levels of some 

nuclear factors and activator protein-1 in activated T-cells. Both of these factors are critical 

regulators of IL-2 and interferon-g (IFN-g) [35, 36]. 

 

Arthritis and Joint damage    
Studies using animal models showed that orally administered CBD exerted 

therapeutic/suppressive effect on the clinical arthritis and joint damage. The findings of the 

research suggested that the therapeutic actions of CBD are related with the suppression of a 

major mediator of arthritis, a proinflammatory cytokine citokine -TNF-α. In summary the anti-

arthritic action of CBD could be the resulted by combination of immunosuppression, especially of 

a T helper 1 response and an anti-inflammatory action - reducing TNF in the synovium. Another 

studies showed anti arthritic action, using Anti-IL-12 and anti-TNF antibodies which synergistically 

suppressed the progression of murine collagen-induced arthritis [see review -37].  

 

Other poteintial therapeutic actions of Phytocannabinoids 
 

Cerebroprotectant and myocardial effects 
The CBD exerts cannabinoid receptor-independent and long-lasting cerebroprotectant effects. 

The investigation with animal models showed that CBD improved post-insult brain metabolic 

activity, reduced brain edema, reduced temporary occlusion of carotid arteries related seizures. 

The neuroprotective CBD effects could be related with an increase cerebral blood flow which is 

resulted from cardiac hemodynamic and ventilatory improvements via mediation by 5-HT1A 

receptor. Another cerebroprotectant mechanism could be related with anti-inflammatory action of 

CBD, where CBD is inhibiting DNA-binding, high-mobility group box1 (HMGB1) related protein in 
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the monocyte/macrophages followed by preventing glial activation and neurological impairment 

induced by cerebral ischemia [38, 39, 40]. 

Worth mention in that CBD showed cardioprotective effects in vivo during myocardial 

ischemia. The experimental data derived with animal models showed that CBD reduced infarct 

area via reduction of myocardial inflammation which was also reflected by lowered IL-6 levels [41, 

42].   

 

Diabetic complications 
Anti-inflammatory, antioxidant and neuroprotective actions of CBD might play an important role 

against complications of non-obese diabetes [42, 43].   

Retinal damage: CBD reduced oxidative stress, exerts anti-inflammatory and neuroprotective 

effects in retinal microglial cells, and prevents retinal cell death and vascular hyperpermeability 

[44].  

Protection of pancreatic islets: the protective effects of CBD could be related with reduction 

of inflammatory effects in pancreatic islets cells. The experimental data showed that CBD 

reduces pro-inflammatory cytokine IL-12 produced by splenocytes and increased levels of of the 

anti-inflammatory IL-10 [45].  
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Table, Summary of Nonpsychotropic therapeutic Phytocannabinoid from C. Sativa 

action  

Compound from C. Sativa Effect 

Cannabidiol (CBD)  Anti-tumor (anti cancer), attenuation of catalepsy, 

immunosuppressive, anti-inflammatory, anti-

psychotics, anti-pain, suppressing vomiting and 

nausea, neuroprotective, anti-ischemic, retina 

protection during non obsessive diabetes, anti-

epileptic, anxiolytic (anti-panic) 

Cannabidiolic-acid (CBDA) Anti-tumor (anti cancer), anti-inflammatory, anti-

psychotics, anti-pain, neuroprotective, anti-

ischemic, suppressing vomiting and nausea, 

anxiolytic (anti-panic) 

Cannabigerol (CBG) Reduces effects of multiple sclerosis, antiemetic, 

anti-inflammatory agent  

Cannabichromene (CBC) Anti-tumor (anti cancer), anti-inflammatory, anti-

psychotics, anti-pain, neuroprotective, anti-ischemic 

Cannabigerovarin (CBGV) Anti-inflammatory  
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