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  SUMMARY POINTS    

    •     This chapter focuses on the theoretical 
antioxidant capacity of cannabidiol (CBD), using 
density functional theory calculations.  

  •     Structural properties of CBD are compared with 
related derivatives.  

  •     Antioxidant properties are compared with trolox, 
a simplifi ed model of  α -tocopherol.  

  •     Theoretical properties of CBD and derivatives are 
associated to electron or hydrogen transfer.  

  •     The antioxidant property of CBD may be related 
to its electron and hydrogen abstraction at the 
phenol position.  

  •     Phenol and alkyl moieties increase the highest 
occupied molecular orbital (HOMO) energies, 
and decrease the ionization potential (IP) values.  

  •     The lowest O  �    H bond dissociation energies 
(BDE OH ) are related to the phenol position.  

  •     The limonene moiety has a slight higher 
relevance than phenyl-pentane.  

  •     Antioxidant mechanisms in biological system 
and their applications are discussed.      

 

      LIST OF ABBREVIATIONS 

    6–311++G(2d,2p)     Largest basis sets  
  ArO •      Phenoxyl free radical  
  ArO  −       Phenoxyl anion radical  
  ArOH •+      Phenol cation free radical  
  ArOH     Neutral phenol  
  B3LYP      Hybrid functional Becke and three-

parameter Lee–Yang–Parr  
  CBD     Cannabidiol  
  CBD-O •      Cannabidiol semiquinone radical  
  CBD-OH     Neutral cannabidiol  
  CBD-OH •+      Cannabidiol cation free radical  
  DFT     Density functional theory  
   E      Energy  
   E  GAP      Energy gap or bandgap  
   Δ Eiso     Stabilization energy    

  KEY FACTS OF ANTIOXIDANT 
CAPACITY    
    •     The antioxidant capacity can be determined using 

experimental and theoretical methods.  
  •     Quantum mechanical methods can provide descriptors 

to be related with the antioxidant capacity of molecules.  

  •     Density functional theory calculations have been 
employed to evaluate electron or hydrogen transfer of 
antioxidant compounds.  

  •     Antioxidant mechanisms can be determined using 
structure–activity relationship.  

  •     In general, the electron transfer is related to the 
ionization potential, and the bond dissociation energy 
to the hydrogen transfer.  

  •     A high antioxidant capacity depends on the number 
and position of hydroxyl groups or electron donating 
groups.  

  •     The antioxidant capacity of any molecule can be 
compared to every structural fragment of parent 
molecule.      

C0465.indd   e122C0465.indd   e122 16/12/16   1:03 AM16/12/16   1:03 AM



 INTRODUCTION e123

VI. EFFECTS OF SPECIFIC NATURAL AND SYNTHETIC CANNABINOIDS

  Eq.     Equation  
  FES •      Free radical species  
  FESH     Free radical species  
  HOMO     Highest occupied molecular orbital  
  IP     Ionization potential  
  LUMO     Lowest unoccupied molecular orbital  
  P450     Cytochrome P450  
  PPAR γ       Peroxisome proliferator-activated 

receptor gamma  
  R •      Alkyl free radical  
  R -      Alkyl anion radical  
  RH     Alkyl radical  
  SAR     Structure–activity relationship  
  TLX     Trolox  
  THC     ( − ) Δ  9 -Tetrahydrocannabinol     

  INTRODUCTION 

 The use of cannabidiol (CBD) or 2-[(1R,6R)-6-isopro-
penyl-3-methylcyclohex-2-en-1-yl]-5-pentylbenzene-1,3-
diol ( Fig. e12.1   ) as an antioxidant and neuroprotective 
agent is well known in the literature ( Moldzio et al., 2012 ; 
 Hayakawa et al., 2007 ;  Di Marzo, Bifulco, & de Petrocel-
lis, 2004 ). The CBD is a very low endogenous ligand of 
cannabinoid receptors CB1 and CB2, however, its metab-
olism by fatty acid amide hydrolase and monoacylglyc-
erol lipase induces antinociceptive effects ( Hohmann & 
Suplita, 2006 ;  Walker & Huang, 2002 ). 

 Currently, its clinical recommendation as analgesic is 
growing ( Fox & Bevan, 2005 ;  Meng, Manning, Martin, & 
Fields, 1998 ). In fact, this compound has several biologi-
cal effects and potential uses, such as antiinfl ammatory 
( Naftali, Mechulam, Lev, & Konikoff, 2014 ), anticancer 
( Murase et al., 2014 ), ischemia ( Gonca & Darıcı, 2014 ), 
antimicrobial ( Appendino et al., 2008 ), and anxiolytic 
( Almeida et al., 2013 ). Nevertheless, it has poor solu-
bility in water, and good solubility in organic solvents 
( Mannila, Järvinen, Järvinen, & Jarho, 2007 ). 

 Unlike other cannabinoids, CBD contains two pheno-
lic groups. It has antioxidant activity suffi cient to pro-
tect the liver against binge alcohol-induced steatosis, 
by a mechanism including inhibition of oxidative stress 
( Yang et al., 2014 ). It has a cardioprotective effect in rats 
exposed to doxorubicin toxicity by free radical scaveng-
ing ( Fouad, Albuali, Al-Mulhim, & Jresat, 2013 ). Actually, 

tests in mouse during hepatic microsomal metabolism 
indicate that CBD prevents the generation of reactive 
oxygen species ( Usami, Yamamoto, & Watanabe, 2008 ). 
Some CBD properties were observed in previews in an 
in vivo study, where this compound attenuates cisplatin-
induced nephrotoxicity by decreasing oxidative stress 
through oxygen or nitrogen free radical species, infl am-
mation, and cell death ( Pan et al., 2009 ). Other studies 
using colon cancer lines showed that CBD has a chemo-
preventive effect ( Aviello et al., 2012 ). 

 An experimental study showed that cannabinoids 
can prevent Alzheimer disease in an animal model by 
preventing the infl ammation caused by microglia cells 
which are activated by the binding of amyloid protein 
( Steffens et al., 2005 ). Nevertheless, the evaluation of the 
neuroprotective effect of cannabinoids in a rat model of 
Parkinson disease has confi rmed the importance of the 
antioxidant mechanism, and the cannabinoid receptor-
independent properties ( García-Arencibia et al., 2007 ). 

 In addition, pain and infl ammation are other ma-
jor clinical signs that can be triggered by a free radical 
mechanism. Nonetheless, CBD exerts an orally effec-
tive therapeutic agent in rat models of chronic infl am-
matory and neuropathic pain ( Costa, Trovato, Comelli, 
Giagnoni, & Colleoni, 2007 ). CBD has been shown to 
be extensively metabolized by experimental animals 
and humans, in the liver, predominantly by cyto-
chrome P450 enzymes from oxidation reactions ( Stout 
&  Cimino, 2014 ). The hydroxylation reactions on limo-
nene and  n -pentyl moieties were the main metabolites 
( Jiang, Yamaori, Takeda, Yamamoto, & Watanabe, 2011 ; 
  Yamaori, Ebisawa, Okushima, Yamamoto, & Wata-
nabe, 2011 ). In fact, cytochrome P450 enzymes catalyze 
a variety of reactions (mainly oxidation), converting 
chemicals to potentially reactive products, as well as 
producing less toxic compounds. The majority of these 
reactions can be intermediated by electron or hydrogen 
abstraction mechanisms ( Guengerich, 2001 ). 

 In accordance with the literature, two main mecha-
nisms are proposed to explain the protective role for an-
tioxidants for phenol derivatives ( Leopoldini, Chiodo, 
Russo, & Toscano, 2011a ;  Galano, Macías-Ruvalcaba, 
Campos, & Pedraza-Chaverri, 2010 ;  Galano, 2011 ;  Iuga, 
Alvarez-Idaboy, & Russo, 2012 ;  Chiodo, Leopoldini, 
Russo, & Toscano, 2010 ;  Leopoldini, Marino, Russo, & 
Toscano, 2004 ;  Leopoldini, Russo, & Toscano, 2006 ;  Leo-
poldini, Russo, & Toscano, 2007 ;  Leopoldini, Russo, & 
Toscano, 2011b ). One is the H-atom transfer mechanism, 
in which a free radical R •  removes a hydrogen atom from 
the antioxidant (ArOH) (Eq.  e12.1 ), and the other one is the 
one-electron transfer mechanism, where the antioxidant 
compound can give an electron to the radical (Eqs.  e12.2 
and e12.3 ). In addition to these mechanisms, the radicals 
arising from both reactions (ArO •  and ArOH •+ ) must be 
stable, in order to prevent chain radical reactions.   
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 FIGURE e12.1      Chemical structure of CBD.     Molecular structure of 
CBD has three different chemical moieties: limonene  (green) , phenol 
 (blue) , and aliphatic group  (red) .   
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 i i+ → +R ArOH RH ArO  (e12.1)  

   i i+ → +− +R ArOH R ArOH  (e12.2)  

   i i+ → +− −R ArO R ArO  (e12.3)  

   An understanding about its mechanism and the role 
played by the different structural features of CBD, de-
fi ning how these functional moieties are responsible 
for its antioxidant properties, can be elucidated using 
molecular modeling ( Borges et al., 2013 ). Thus, the 
relationship among electronic properties, antioxidant 
capacity of CBD, and its possible antioxidant mecha-
nism can be determined using theoretical methods. 

 Here, a systematic study of the infl uence of the phe-
nol, limonene, and  n -pentyl-benzene groups on the 
antioxidant properties of CBD is reviewed ( Borges 
et al., 2013 ) ( Fig. e12.2   ). In addition, the properties of CBD 
and related derivatives were compared with a simplifi ed 
model of  α -tocopherol (trolox, (±)-6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxilic acid) ( Huang, Ou, & 
Prior, 2005 ). The structural and electronic characteristics 
of CBD obtained using the Density Functional Theory 
(DFT) methodology ( Frisch et al., 2004 ) is reviewed with 
the objective of shedding light on the possible oxidation 
mechanism of CBD, and its relationship with its puta-
tive antioxidant properties. The studies performed here 
assessed the energies of the highest occupied molecular 
orbital (HOMO), and the lowest unoccupied molecular 
orbital (LUMO), ionization potential (IP), stabilization 
energy ( Δ Eiso), and hydroxyl bond dissociation energy 
(BDE OH ) ( Queiroz, Gomes, Moraes, & Borges, 2009 ). 

 The adiabatic IP were calculated as the energy dif-
ference between the neutral molecule and its respec-
tive cation free radical (Eq.  e12.4 ). On the other hand, 
the semiquinone radical stability is usually calculated by 
the hydroxyl bond dissociation energies (BDE OH ). The 
BDE OH  values were calculated as the energy difference 
between the neutral molecule and its respective semiqui-
none, plus the hydrogen radical (Eq.  e12.5 ). 

 = −+E EIP [ ArOH ] [ ArOH]  (e12.4)  

   
i i= + −E E EBDE [ ArO H ] [ ArOH]OH  (e12.5)     

  CONFORMATIONAL STUDIES 

 The fi nal molecular geometry of CBD and related de-
rivatives ( Fig. e12.3   ) can be obtained by using the DFT 
methods and B3LYP functional ( Kohn, Becke, & Parr, 1996 ; 
 Parr & Pearson, 1983 ) with the 6–311++G(2d,2p) basis sets 
( Parr, Szentpaly, & Liu, 1999 ). 

 From the optimized geometries, it was possible to ob-
serve that the structure of CBD does not have intermolecu-
lar hydrogen bond from the oxygen atom of both phenolic 
moieties. In this case, the hydrogen of two phenolic groups 
have a great electronic repulsion with the 3-methyl-cyclo-
hexene and 6-isopropene-cyclohexene rings, due to the 
difference of polarity ( Borges et al., 2013 ;  Borges, 2015 ). 

 The geometry of CBD is not planar, having strong re-
pulsion between hydroxyl groups and the limonene ring. 
The CBD has two rings (phenol and cyclohexene) and fi ve 
radicals ( n -penthyl, two hydroxyl phenolic, methyl, and 
isopropene). In fact, the transverse positions between resor-
cionol and limonene rings are responsible for the semirigid 
characteristic of CBD. Thus, when hydroxyl groups are re-
moved (D1), there is a decrease in the molecular rigidity.  

  FRONTIER MOLECULAR ORBITALS 
ON ANTIOXIDANT CAPACITY OF 

CANNABIDIOL 

 The fi nal geometries were used for the calculations of 
the antioxidant properties for CBD and related deriva-
tives.  Table e12.1    presents the frontier orbital energies, 
IP, and the O  �    H bond dissociation energies of the mol-
ecules studied ( Borges, 2015 ). 

 Comparing the HOMO properties from CBD and oth-
er hydroxylated derivatives (D2, D3, and D4) with TLX, a 
more similar value with the nonphenolic derivatives (D1, 
D5, and D6) was observed. The TLX and CBD molecules 
showed HOMO values of –5.42 and –6.02 eV, respec-
tively. This indicates that the phenol moiety increases the 
HOMO values. In fact, the hydroxyl group has great infl u-
ence on the HOMO contributions, as shown in  Fig. e12.4   . 

 The electronic effect in the phenolic compound is 
mainly infl uenced by other functional groups, such as   

HO

O
CH3

H3C

CH3

CH3
COOHCH3

H
H3C

CBD

HO

CH3

CH3

H

H

OH

H3C
D1

CH3

CH3

H

HH3C

D2

HO

CH3

H

H

OH

H3C
D3H3C

HO CH3

OH

D4

HO CH3

OH
D5

CH3

D5 TLX

 FIGURE e12.2      The structure of CBD and related derivatives.     Mo-
lecular fragmentation of chemical structure of CBD.   
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the limonene ring and the  n -penthyl moiety that have a 
participation in the inductive or resonance effects, and 
can indicate a reactive point of scavenging free radicals 
due to the H-abstraction after electron transfer. The num-
ber of resonance structures or electron donating groups, 
such as alkyl groups (limonene ring and  n -penthyl moi-
ety) linked to the  ortho - or  meta -positions of the phenol 
moiety, can be related to the highest nucleophilicity of 
CBD and its hydroxylated derivatives. 

 The HOMO energy is an important electronic param-
eter for describing the antioxidant ability of a molecule, 
since this property can be related to electron transfer re-
actions. Nevertheless, sometimes its application is very 
limited. In fact, a molecule with low values of HOMO 
energy has a weak electron donating ability. On the con-
trary, a higher HOMO energy implies that the molecule 
is a good electron donor ( Queiroz et al., 2009 ;  Borges 
et al., 2013 ). However, it is interesting to note that CBD 
and its hydroxylated derivatives (D2, D3, and D4) had 
the lowest values of GAP energy, indicating their low 

electron transition energy between HOMO and LUMO, 
when compared with the highest GAP values of nonphe-
nolic derivatives (D1, D5, and D6). 

 In  Fig. e12.4 , the most nucleophilic positions were de-
termined by the main HOMO contributions of the phe-
nol moieties. Additional contributions from the alkyl 
groups (limonene ring and  n -penthyl moiety) linked to 
the phenol moieties can be also observed. However, the 
most important electron donating groups for TLX are 
ether and methyl moieties.  

  ANTIOXIDANT CAPACITY BY 
ELECTRON TRANSFER USING 

IONIZATION POTENTIAL 

 The nucleophilicity of CBD and its related deriva-
tives can be expressed by the ionization potential (IP) 
value, calculated as the necessary energy for the abstrac-
tion of an electron of a molecule. The IP value is another   

D1 CBD 

D3  2D

D5 D4 

TLX D6 

 FIGURE e12.3      The optimized structures of the neutral molecules studied.     The molecular structures of CBD and related derivatives 1-(6-iso-
propenyl-3-methyl-cyclohex-2-enyl)-4-pentyl-benzene (D1), 2-(6-isopropenyl-3-methyl-cyclohex-2-enyl)-benzene-1,3-diol (D2), 2-methyl-5-pen-
tyl-benzene-1,3-diol (D3), 5-pentyl-benzene-1,3-diol (D4), pentyl-benzene (D5), limonene (D6), and trolox (TLX), show three different atoms: 
carbon  (gray) , hydrogen  (white) , and oxygen  (red) .   
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important electronic parameter used to evaluate the an-
tioxidant ability of molecules. In fact, IP value represents 
the ease of an electron transfer, and it is the fi rst studied 
antioxidant mechanism that represents the electron do-
nation capacity ( Queiroz et al., 2009 ). 

 Thus, a molecule with a low IP value can easily suffer 
an oxidation process, such as CBD and TLX that have IP 
values of 168.34 and 164.69 kcal mol  − 1 , respectively. CBD 
and TLX have an IP value of 168.34 and 164.69 kcal mol  − 1 , 
respectively. This difference indicates that the number of 

 TABLE e12.1       Calculated Electronic Properties for CBD and Related Derivatives ( Borges, 2015 )  

Compound HOMO (eV) LUMO (eV) GAP (eV) IP (kcal mol  − 1 )  Δ Eiso (kcal mol  − 1 ) BDE OH  (kcal mol  − 1 )

CBD  − 6.02  − 0.46 5.56 168.34 3.65 100.83

D1  − 6.24  − 0.35 5.89 174.35 9.66 —

D2  − 6.12  − 0.46 5.66 176.11 11.42

D3  − 6.06  − 0.45 5.61 178.01 13.31

D4  − 6.14  − 0.46 5.68 185.88 21.19 —

D5  − 6.71  − 0.39 6.32 193.62 28.93 —

D6  − 6.42  − 0.29 6.12 186.73 22.03 —

TLX  − 5.42  − 0.56 4.85 164.69 0 92.11

  Orbital energies (HOMO, LUMO, and GAP), ionization potential (IP), stabilization energy ( Δ Eiso), and bond dissociation energy of hydroxyl groups (BDE OH ) for 
cannabidiol (CBD) and related derivatives 1-(6-isopropenyl-3-methyl-cyclohex-2-enyl)-4-pentyl-benzene (D1), 2-(6-isopropenyl-3-methyl-cyclohex-2-enyl)-benzene-
1,3-diol (D2), 2-methyl-5-pentyl-benzene-1,3-diol (D3), 5-pentyl-benzene-1,3-diol (D4), pentyl-benzene (D5), limonene (D6), and trolox (TLX).  
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TLX D6 

 FIGURE e12.4      The HOMO for CBD and its related derivatives.     HOMO superfi cies  (blue and yellow)  show all groups involved in inductive 
or resonance effects for molecular stabilization, after an electron or hydrogen transfer for CBD and related derivatives 1-(6-isopropenyl-3-methyl-
cyclohex-2-enyl)-4-pentyl-benzene (D1), 2-(6-isopropenyl-3-methyl-cyclohex-2-enyl)-benzene-1,3-diol (D2), 2-methyl-5-pentyl-benzene-1,3-diol 
(D3), 5-pentyl-benzene-1,3-diol (D4), pentyl-benzene (D5), limonene (D6), and trolox (TLX) ( Borges, 2015 ).   
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alkyl and ether groups at  ortho - and  para -position of the 
phenol ring in the TLX decreases its   IP value, and also 
increases the electron-donating capacity. 

 Actually, the lowest IP values for the hydroxylated 
derivatives (D2, D3, and D4), when compared with the 
highest IP values for the nonphenolic derivatives (D1, 
D5, and D6), show that the TLX and CBD molecules 
have a more electron donation capacity due to their elec-
tron donating groups. 

 The stabilization energy ( Δ Eiso) of CBD and related 
derivatives is compared with TLX. The determination of 
 Δ Eiso is frequently used as a simple method to predict 
the antioxidant ability to trap free radicals or scavenging 
effects of molecules. Here, it is related with the experi-
mental method trolox equivalent antioxidant capacity 
(TEAC). These results show that the lowest  Δ Eiso values 
are for CBD and its hydroxylated derivatives (D2, D3, 
and D4). The electronic capacity for the cation free radi-
cal stabilization of these compounds can be considered 
high, when compared with the nonphenolic derivatives 
(D1, D5, and D6) ( Borges, 2015 ).  

  ANTIOXIDANT CAPACITY BY 
HYDROGEN TRANSFER USING BOND 

DISSOCIATION ENERGY 

 In addition, the hydroxyl bond dissociation energies 
(BDE OH ) for the molecules represent the ease of hydro-
gen donation presented by the CBD and TLX to give 
semiquinone derivatives. The BDE OH  represents the ease 
of the hydrogen transfer, and it is the second antioxidant 
mechanism. The BDE OH  values for CBD and TLX are 
100.83 and 92.11 kcal mol  − 1 , respectively. These proper-
ties indicate a great infl uence of the ether and alkyl moi-
eties on the  ortho - and  para - positions, than the limonene 
ring and the  n -penthyl moiety of CBD on the BDE OH  val-
ues. The energy difference between these two molecules 
is 8.72 kcal mol  − 1  ( Borges, 2015 ). 

 In fact, a good agreement between HOMO and IP val-
ues was observed ( Borges, 2015 ). However, the antioxi-
dant capacity of CBD can be determined by free radical 
stability generated after the electron or hydrogen ab-
stractions, where the highest energy may be found after 
a hydrogen abstraction due to the  π -delocalized system 
between the phenol, cyclohexene, and  n -penthyl moi-
eties ( Borges et al., 2013 ). 

 These theoretical properties are important in sev-
eral oxidation processes by electron or hydrogen trans-
fer. Thus, the oxidation in biological system can be in-
hibited by diverse molecules, in accordance to their 
 antioxidant capacity, which can act on different path-
ways ( Leopoldini et al., 2011a,b ;  Galano et al., 2010; 
Galano, 2011 ;  Iuga et al., 2012 ;  Chiodo et al., 2010; Leop-
oldini et al., 2004, 2006, 2007; Borges et al., 2013 ). Hence, 

the elimination of free radical species (FES • ) using CBD 
as an antioxidant can occur through two reactions, that 
is, electron (Eq.  e12.6 ) or hydrogen (Eq.  e12.7 ) transfer, 
converting them in long-lived and less reactive radicals, 
mainly at the propagation and termination steps. 

 i i+ → +− +FES CBD-OH FES CBD-OH  (e12.6)  

   i i+ → +FES CBD-OH FESH CBD-O  (e12.7)  

   Therefore, the electron or hydrogen transfer of CBD is 
all from the phenolic group. In fact, when compared to 
the TLX molecule, CBD has a good antioxidant activity, 
and none of their derivatives is more active than itself.  

  ANTIOXIDANT MECHANISMS IN 
BIOLOGICAL SYSTEM, AND THEIR 

APPLICATIONS 

 A neuroprotective effect was observed for CBD and 
( − ) Δ  9 -tetrahydrocannabinol (THC), independent of the 
cannabinoid receptor. These compounds demonstrated 
their antioxidant potential by cyclic voltammetry. They 
have also prevented hydroperoxide-induced oxidative 
damage much better than other antioxidant compounds. 
CBD has more protective effect against glutamate neuro-
toxicity than either ascorbic acid (ASC) or  α -tocopherol 
(TOC), indicating that it is a potent antioxidant com-
pound ( Hampson, Grimaldi, Axelrod, & Wink, 1998 ) 
(see  Fig. e12.5   ). Among the molecular mechanisms of 
neuroprotection presented by THC and CBD, one can 
highlight the attenuation of peroxynitrite on retinal 
neurotoxicity induced by  N -methyl- d -aspartate ( El-
Remessy et al., 2003 ). Other antioxidant mechanism of 
CBD is observed by the reduction of neuroinfl ammation 
and promotion of hippocampal neurogenesis through 
PPAR γ  involvement ( Esposito et al., 2011 ). In addition, 
the neuroprotective effects might be due to the antioxi-
dant properties of cannabinoids ( Lastres-Becker, Molina-
Holgado, Ramos, Mechoulam, & Fernández-Ruiz, 2005 ). 

 CBD has an excellent safety and tolerability profi le 
in humans, and a great therapeutic potential for the 
treatment of diabetic complications and cardiovascular   
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 FIGURE e12.5      Structure of THC and vitamins C and E.     Molecular 
structure of THC, ASC, and TOC.   
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disorders, by attenuating oxidative/nitrative stress, in-
fl ammation, cell death, and fi brosis ( Rajesh et al., 2010 ). 
In fact, the treatment with CBD decreases doxorubi-
cin toxicity by reducing cardiac dysfunction, oxida-
tive/nitrative stress, and cell death. It reduces dam-
age on cardiac mitochondrial function and biogenesis 
( Fouad et al., 2013 ;  Hao et al., 2015 ), and has also pro-
tected mouse liver from acute alcohol-induced steatosis 
through multiple mechanisms, including attenuation of 
alcohol-mediated oxidative stress ( Yang et al., 2014 ). Its 
effi cacy in vivo as a neuroprotective agent, preventing 
binge ethanol-induced brain injury, can be understood 
due to its lipophilic properties ( Hamelink, Hampson, 
Wink, Eiden, & Eskay, 2005 ). CBD also presented a stron-
ger antioxidative power than THC in an in vitro study 
using the 1,1-diphenyl-2-picryhydrazyl (DPPH) radical 
( Hayakawa et al., 2007 ). In fact, the scavenging activ-
ity using DPPH assay showed that cannabinoid deriva-
tives exhibited in vitro antioxidative action ranging from 
669 ± 11.1 (THC) to 356 ± 29.5 (CBD)  μ g trolox (a vitamin 
E derivative)/mg ( Moldzio et al., 2012 ).  

  CONCLUSIONS 

 The antioxidant mechanism of CBD was reviewed by 
a Quantum Chemical approach. Its antioxidant potential 
can be related to electron and hydrogen abstraction. The 
limonene ring and the  n -penthyl moiety are responsible 
for the stabilization of the cation free radical, or its semi-
quinone forms. Several resonance structures are attrib-
uted for these alkyl groups. These groups contribute to 
increase the HOMO value, and to decrease the IP and the 
BDE OH  values. The calculated properties showed that the 
CBD molecule has a good antioxidant profi le. None of 
the CBD derivatives was more antioxidant than the CBD. 
The CBD antioxidant mechanisms in biological system, 
and their applications as neuroprotective, cardioprotec-
tive, and cytoprotective effects were related with other 
antioxidant molecules.  

  MINI-DICTIONARY 

    Antioxidant       Antioxidants are natural or synthetic derivatives that 
prevent free radical reactions, inhibiting the formation of these 
radicals, scavenging them, or by promoting their decomposition 
and then reducing tissue damages.  
  Antioxidant and cancer       Free radicals are highly reactive, and 
have the potential to cause damage to cells, mainly of DNA and 
proteins, including damage that may lead to cancer. In general, 
many antioxidants are used as chemopreventive effects on 
carcinogenesis.  
  Antioxidant and infl ammation       In general, antioxidant 
molecules have potent antiinfl ammatory properties, and exert 
chemopreventive effects on carcinogenesis.  
  Antioxidant and neuroprotection       Antioxidant decreases the lipid 
peroxidation of membrane, and oxidative damage of proteins; 

these biological properties are associated with a variety of chronic 
pathological problems, such as the neurodegenerative diseases.  
  Antioxidant capacity       A powerful antioxidant molecule delays 
or prevents oxidation of a substrate signifi cantly, by chemical or 
physical quenching. Its antioxidant capacity is only related to 
other similar analogs or parents.  
  Antioxidant mechanisms       The antioxidant mechanisms are 
related to balance concentrations between free radicals and 
antioxidant defense systems.  
  Antioxidant theoretical parameters       The main physicochemical 
parameters related to antioxidant properties are the ionization 
potential and the bond-dissociation energy that involves electron 
or hydrogen atom transfer.  
  Density functional theory (DFT)       A quantum mechanical and 
computational method used in physics, chemistry, and materials 
science. It investigates the electronic and conformational structure 
of atoms and molecules.  
  Free radical species       Reactive oxygen, nitrogen, or carbon species 
have high chemical reactivity, when compared with sugar, 
proteins, nucleic acids, and lipids. They are responsible for cellular 
aging, mutagenesis, carcinogenesis, infl ammation, coronary heart 
and neurodegenerative diseases.  
  Molecular modeling       Molecular modeling is a method developed 
by the association between theoretical methods and computational 
techniques. It can be used as an artifi cial model of molecular 
behavior. It is used in computational chemistry, drug design, 
computational biology, and materials science for studying 
molecular structures, or theoretical predictions.  
  Structure–activity relationship       Orbital energies and electron or 
hydrogen abstraction energies are the main quantum chemical 
descriptors that can be considered in structure–antioxidant activity 
relationship. They can also be related with chemical stability and 
nucleophilicity. These values are correlated with the experimental 
antioxidant activity obtained by using physical, chemical, or 
biological methods.     
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