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INTRODUCTION

Cannabidiol (CBD) is a specific substance obtained 
from plants of the Cannabis genus that are called 
cannabinoids. Its distinct medicinal application and 
absence of significant adverse effects were recently 
evaluated in a broad scientific review carried out by the 
World Health Organization (WHO, 2018), which later 
contributed to the recognition of the medicinal potential 
of the plant by the United Nations (UNODC, 2020).

The anti-inflammatory activity of CBD is one of its 
most outstanding biological properties. Costa et al. (2004; 
2007) demonstrated that low doses of this cannabinoid 
were necessary to induce a good anti-inflammatory 

effect in Wistar rats. Bioactive compounds with these 
characteristics have been studied and evaluated as 
alternatives to traditional synthetic anti-inflammatory 
drugs, such as ibuprofen (IBU), as they can produce 
satisfactory results with a lower risk of adverse effects 
(Wisniewski-Rebecca et al., 2015). CBD (Garrett, Hunt, 
1974), IBU (Friuli et al., 2018), and many other drugs 
have low aqueous solubility, that is, poor bioavailability 
when administered neat. An alternative to increase the 
bioavailability of a drug with this characteristic is to 
complex it with a biocompatible carrier, allowing a 
more effective and controlled release/dissolution. The 
controlled release allows the active concentration of this 
drug to be maintained within its appropriate therapeutic 
range for a longer period, promoting a more effective 
treatment. In addition, it may reduce some adverse 
effects, since less of the drug is required during treatment 
(Almeida et al., 2018).

Experimental acute anti-inflammatory activity of 
preparations with complexed cannabidiol in carriers

Daniel Ribeiro Grijó1*, Edvalkia Magna Teobaldo da Rocha2, 
Vitor de Cinque Almeida3, Ciomar Aparecida Bersani Amado2, 

José Eduardo Olivo1, Oswaldo Curty da Motta Lima1

1Departamento de Engenharia Química, Universidade Estadual de Maringá, Maringá, Brasil, 
2Departamento de Farmacologia e Terapêutica, Universidade Estadual de Maringá, Maringá, 

Brasil, 3Departamento de Química, Universidade Estadual de Maringá, Maringá, Brasil

Cannabidiol (CBD) is a bioactive compound with promising anti-inflammatory results but has 
low aqueous solubility. Complexation of drugs with this characteristic in carriers is an alternative 
to improve their efficiency. This study aimed to prepare and characterize CBD complexes in 
different carriers, and to evaluate the anti-inflammatory effect of such preparations using an 
experimental model of edema induction in rat paws. The results were compared to a reference 
drug, ibuprofen (IBU). The carriers evaluated were beta cyclodextrin (bCD) and activated 
charcoal (AC). Quantification of the drugs in the complexes was determined, and different 
qualitative analyses were also performed. Oral treatments in single doses with CBD showed 
inhibitory effects similar to that of IBU, potentiating its bioactivity without significant adverse 
effects. CBD*bCD doses at 4.375, 8.75, 17.5, and 35 mg/kg significantly reduced the intensity of 
edema compared to equivalent doses of pure bioactive. In contrast, CBD*AC did not generate 
benefits. There was no significant inhibitory effect on myeloperoxidase activity, requiring more 
specific analyses to assess this parameter. The results suggest that the CBD*bCD complexation 
is perfectly feasible, increasing its anti-edematogenic efficacy in the experimental model used.

Keywords: Cannabidiol. Beta cyclodextrin. Activated charcoal. Anti-inflammatory activity.

*Correspondence: D. R. Grijó. Departamento de Engenharia Química 
(D90). Universidade Estadual de Maringá (UEM). Avenida Colombo 5790, 
Maringá, Brasil, 87020900. Phone: + 55 44 991 832 007. Email: dr.grijo@
gmail.com. ORCID: https://orcid.org/0000-0002-9312-5974

Brazilian Journal of 
Pharmaceutical Sciences

http://dx.doi.org/10.1590/s2175-97902023e221000

Daniel R. Grijó, Edvalkia M. T. Rocha, Vitor C. Almeida, Ciomar A. B. Amado, José E. Olivo, Oswaldo C. M. Lima
e221000

11



Page 2/11	 Braz. J. Pharm. Sci. 2023;59: e221000

Daniel R. Grijó, Edvalkia M. T. Rocha, Vitor C. Almeida, Ciomar A. B. Amado, José E. Olivo, Oswaldo C. M. Lima

Pharmaceutical carriers commonly used are made 
up of natural or synthetic polymers (Assadpour et al., 
2023). Biopolymers called cyclodextrins, formed by 
α-1,4-glycosidic bonds between D-glucose monomers, 
have provided significant increases in the aqueous 
solubility of cannabinoids. Among these, beta-
cyclodextrin (bCD, n=7 monomers) has been the most 
studied (Mannila et al., 2007; Lv et al., 2019). According 
to Wittkowski (2017), the purification process for bCD 
is cheaper and faster than for alpha (n=6) or gamma 
(n=8) cyclodextrin. Interesting results using activated 
charcoal (AC) to alternatively carry IBU were obtained 
in bench studies simulating human conditions (in vitro) 
(Miriyala et al., 2017; Yaneva, 2019). AC has a high 
ability to interact with drugs due to its large surface 
area, and, because of its biocompatibility, it is already 
used in medicine for the treatment of intoxication. 
In recent years, its production has been based on the 
use of renewable, safe, cheap, and available in large 
quantities precursors such as agro-industrial waste 
(Juurlink, 2016). 

Cannabis, in addition to being a plant rich in 
bioactive substances, can be cultivated to obtain 
high-quality fibers, in which case it is commonly 
called hemp. Fibers do not have significant levels of 
cannabinoids and are intended for various industrial 
applications, such as the production of textiles and 
composites. The mechanical processing of these fibers 
generates a low value-added waste called tow (Chandra, 
Lata, ElSohly, 2017). Studies show that AC produced 
from hemp fiber derivatives may present larger surface 
areas and lower production costs compared to other 
lignocellulosic materials (Dizbay-Onat et al., 2018; 
Hossain et al., 2018). In addition, other studies have 
shown that fungi grow exclusively on hemp fibers 
(Siwulski et al., 2010), which is a promising alternative 
method to increase the surface area of AC (Wang et 
al., 2011; Wang et al., 2019).

The present study aimed to prepare and characterize 
cannabidiol complexes in different carriers (commercial 
bCD and AC produced from hemp tow) and to evaluate 
the anti-inflammatory effect of such preparations using 
the acute inflammation model from the induction of 
edema in paws of Wistar rats. 

MATERIAL AND METHODS

Inputs and authorizations

The cannabidiol (CBD) used in this work, 
manufactured by Isodiol (Iso International, LLC 
– California/USA), is internationally registered as 
ISO99TM – Bioactive Anhydrous Hemp OilTM. The 
product (lot F191106), with a purity greater than 99%, 
was obtained from Cannabis plants that have a delta9-
tetrahydrocannabinol (Δ9-THC) content < 0.3%, regulated 
by the United States Agricultural Improvement of Act 
2018 (USA, 2018). Product packaging details are shown 
in Figure S1 of the supplemental material. The use of 
this bioactive in a Doctoral Thesis of the Department 
of Chemical Engineering of the State University of 
Maringa, state of Paraná, Brazil, the country where the 
research was conducted, was authorized by the National 
Health Surveillance Agency (ANVISA/Brazil), under 
the internal records AEP 005/2020, AI-468-2020 and 
AEP 004/2021.

Ibuprofen (IBU), a reference synthetic anti-
inflammatory, was purchased from a compounding 
pharmacy (Pharmakon, CNPJ: 03.446.178/0001-59), 
and its high purity was confirmed with a Sigma Aldrich 
primary standard (Product I4883). The beta-cyclodextrin 
(bCD) used was purchased from Sigma Aldrich (Product 
C4767) and the activated charcoal (AC) was produced 
from hemp fiber tow purchased in Brazil (Casa Monteiro, 
CNPJ: 17.866.832/0001-98). Interestingly, according to the 
commercial registration number (NCM: 5302.10.90), this 
fiber tow was not raw material derived from Cannabis 
(NCM: 5302.10.90) (Brazil, 2008) but from some of the 
plants that are known as “false hemp” (ASTM, 2003).

Production and characterization of activated 
charcoal

The proximate composition of the precursor (tow) 
was gravimetrically analyzed following the D1762-84 
Standard (ASTM, 2007). Cadmium (Cd), copper (Cu), 
iron (Fe), nickel (Ni), and zinc (Zn) heavy metal contents 
were evaluated by atomic absorption spectroscopy, 
using previously dried samples (105 °C for 3 h; 1.5 g) 
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subjected to heating (450 °C for 10 h) and dilution (10 
mL concentrated nitric acid and later in distilled water, 
up to a total volume of 50 mL) (Linger et al., 2002). The 
tow was also subjected to analysis by Fourier Transform 
Infrared Spectroscopy and Attenuated Total Reflectance 
Module (FTIR-ATR), conducted (Bruker, Tensor II) with 
a resolution of 4 cm-1 and 128 scans/min in the range 
between 4,000 and 800 cm-1.

The cultivation of Pleurotus ostreatus fungi on 
precursor (hemp tow), before pyrolysis, was evaluated 
in an attempt to obtain an AC with a larger surface 
area, as described by Wang et al. (2019) with other 
lignocellulosic matrices. The use of AC as a carrier, as 
proposed by Miriyala et al. (2017) and Yaneva (2019), 
may be more efficient with these characteristics, due to 
its greater adsorption capacity. Thus, a smaller amount 
of its complex will be necessary to obtain the required 
dose (desorbed drug). The cultivation procedure was 
carried out using a substrate with 75% moisture stored 
in an Erlenmeyer flask, obtained from a mixture of 10 
g tow (cut with approximately 3 cm) and 30 g distilled 
water. The amount of 1 g spawns (inoculum seed) was 
added to the previously sterilized medium (120 °C for 20 
min) and the cultivation was conducted in the absence 
of light at 27 ± 2 °C (Inácio et al., 2015).

AC was produced from the initial carbonization 
of the sample (15 g) in an inert atmosphere of nitrogen 
(N2 at 100 mL/min), at 20 °C/min up to 500 °C and 
after 1.5 h 20 °C/min up to 850 °C. Subsequently, the 
inert gas flow was changed to carbon dioxide (CO2, 100 
mL/min for 1.5 h). Finally, the system was cooled in 
an inert atmosphere at -40 °C/min. The AC produced 
was washed with a 0.1 M HCl solution to remove ash 
and with ultrapure water until pH normalized. Then, 
it was filtered (cellulose acetate membrane), dried (105 
°C for 24 h), and sieved (< 400 mesh). The exact size 
of the AC was measured using a laser particle analyzer 
(Bettersizer, S2-WD), and its surface area by nitrogen 
fission (QuantaChrome, Nova1200).

Complexation in different carriers

Complexation of CBD (314.47 g/mol) in bCD 
(1134.98 g/mol) was performed in a molar proportion of 

1:2 (Mannila et al., 2007), from the drip of an ethanolic 
solution of 20 mg CBD/mL in an aqueous solution of 14.5 
mg bCD/mL kept under agitation for 6 h. The volumetric 
ratio of these two solutions was 1:10 (Frömming, Szejtli, 
1994). The formed complex was cooled to 5 °C for 1 h, 
vacuum filtered through a cellulose acetate membrane, 
and dried at 40 °C for 12 h. The same conditions were 
used for the complexation of IBU into bCD, however, 
due to its molecular weight of 206.27 g/mol, the molar 
ratio was 0.76.

Complexation experiments in AC were initially 
conducted with the IBU, from a solution of 690 mg/
mL (Miriyala et al., 2017). However, the concentration 
(250 mg/mL) had to be reduced to avoid the formation 
of crystals on the surface of the complex after vacuum 
filtration (Figure S2, supplementary material). 
Complexation of CBD in AC was performed from a 
solution of 100 mg/mL, due to its lower solubility in 
ethanol (Cayman, 2015, 2017) and smaller amount 
available for research. Complexation of each active was 
carried out by adding 9 mL ethanolic solution containing 
the active to 500.0 mg of the AC produced, followed by 
stirring at 200 rpm at 35 °C for 24 h. The complexes 
formed were vacuum filtered through cellulose acetate 
membranes and dried at 40 °C for 24 h.

Quantification was conducted on an HPLC with 
ultraviolet detection (Varian, 920-LC), using a C18 
column with 50 x 2.0 mm; 2.8 mm (Varian Pursuit XRs 
ULTRA) maintained at 30 °C. The mobile phase with a 
flow rate of 0.5 mL/min was binary A/B, being A water 
with 0.1% formic acid and B methanol. The gradient of B 
was 20% for 0.5 min; 20 to 98% between 0.5 and 3.5 min; 
98% between 3.5 and 5.5 min; returning to 20% between 
5.5 and 7 min; and maintained at 20% up to 13 min. IBU 
was used as an internal standard in the quantification of 
CBD and vice versa, from 2 µL injections detected at 
220 nm. The different points of each calibration curve 
were obtained from the mixture of the active solution 
(between 0.1 and 1.5 mg/mL) and the internal standard 
(1 mg/mL), in equal volumes (500 µL each).

The complexation efficiency in AC was measured in 
triplicate from a 10 mg aliquot of the complex added to a 
1 mL volumetric flask. The flask volume was completed 
with ethanol and after 40 min agitation, alternating 
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complexed in AC kg−1; (ix) bCD; (x; xi; xii) 8.75; 17.5; 35 
mg IBU complexed in bCD kg−1; (xiii; xiv; xv) 8.75; 17.5; 
35 mg CBD kg−1; (xvi; xvii; xviii) 8.75; 17.5; 35 mg CBD 
complexed in AC kg−1; (xix; xx; xxi; xii) 4.375; 8.75; 17.5; 
35 mg CBD complexed in bCD kg−1. Pure doses were 
defined considering similar studies in the literature (Costa 
et al., 2004; Wisniewski-Rebecca et al., 2015). The animal 
care, research, and euthanasia protocols followed the 
principles and guidelines adopted by the Brazilian College 
of Animal Experimentation (COBEA). All experimental 
procedures were approved by the Animal Research Ethics 
Committee of the State University of Maringa (CEUA/
UEM 7125020919 and CEUA/UEM 4591170220).

The animals received an intraplantar injection 
(intradermal) of 100 μL carrageenan solution (200 μg/
paw) in the left hind paw to induce the inflammatory 
response. The same volume of vehicle (100 μL 0.9% 
saline solution) was injected into the right hind paw. 
The volume of both paws was determined using a digital 
plethysmograph (Ugo Basile), before the induction of 
the response and 1, 2, and 4 hours after the application of 
the injurious stimulus. The edema volume was calculated 
by the difference between the increase in volume of the 
left hind paw and the increase in volume of the right 
hind paw: 

where:	 VLt
 is the volume of the left hind paw after a certain time;  

	VL0
 is the volume of the left hind paw prior to the 

induction;
	 VR0t

 is the volume of the right hind paw after a 
certain time;

	 VR0
 is the volume of the right hind paw prior to 

the induction.

The effective dose that reduces the inflammatory 
response by 50% compared to the control value (mean 
effective dose, ED50) was estimated for each treatment 
by non-linear regression (Abotsi et al., 2017), based on 
the result expressed 4 h after edema induction.

Myeloperoxidase (MPO) activity was evaluated 
using the homogenate supernatant of the plantar tissue. 

between vortexing for 10 s and ultrasonic bath for 5 min, 
the solution was transferred to a disposable syringe (3 
mL) and filtered (hydrophilic PTFE 0.22 µm). Shoyama et 
al. (1983) demonstrated that a 1:1 methanol/water mixture 
could be used to analyze the complexation efficiency in 
bCD since the drug has a high solubility in alcohol and 
bCD in water. However, suspended solids were observed 
after mixing a 500 mL sample with a 500 mL internal 
standard ethanolic solution. Dimethylsulfoxide (DMSO) 
was chosen to measure the complexation efficiency of 
drugs in bCD, since it has high compatibility with CBD 
(Cayman, 2015), IBU (Cayman, 2017), water, and ethanol 
(Gaylord, 2014).

Complexation was also qualitatively evaluated 
by FTIR-ATR, X-Ray Diffractometry (XRD), 
Thermogravimetry (TG), Differential Thermogravimetry 
(DTG), Differential Scanning Calorimetry (DSC), and 
using a fusiometer. XRD analyses (Shimadzu LabX 
6000) were conducted using CuKα radiation and 
measurements were determined with a voltage of 40 
kV, current of 30 mA, rate of 2° min-1, acquisition time 
of 1 s, and continuous mode interval of 5 ≤ º 2θ ≤ 40. 
The TG, DTG, and DSC analyses were performed on a 
simultaneous thermal analyzer (STA 449 F3 Jupiter®, 
NETZSCH) with 5 - 8 mg of each sample in alumina 
crucibles and a heating ramp from 25 to 900 °C at 20 ° C 
min−1 under 50 mL min−1 N2 atmosphere. The experiments 
in a fusiometer (Gehaka, PF1500) were carried out after 
inserting the solid samples into capillaries previously 
sealed with fire, which were subjected to heating from 
45 to 300 °C at a rate of 20 °C/min.

Anti-inflammatory activity

Anti-inf lammatory activity was evaluated in 
male Wistar rats with body weight from 200 to 220 g. 
Animals were kept in an appropriate environment with 
a temperature of 23 ± 2 °C, a light/dark cycle of 12 h, 
and free access to water and chow. The treatment was 
dissolved in carboxymethylcellulose (CMC 0.5%) and 
administered as a single oral dose 1 h before the induction 
of the inflammatory response. Rats were divided into 
22 groups: (i) untreated; (ii) CMC; (iii; iv; v) 8.75; 17.5; 
35 mg IBU kg−1; (vi) AC; (vii; viii) 8.75; 17.5 mg IBU 
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At the end of the experimental period (4 h), animals 
were anesthetized and euthanized using a high dose 
of isoflurane (5%). The left paw tissue was collected 
and placed in an Eppendorf tube containing 0.6 mL 
phosphate-buffered saline solution (PBS, 4 mM, pH 
5.4). The sample was homogenized using a Potter 
homogenizer and centrifuged at 6,000xG, 4 °C for 15 
min. The supernatant (0.1 mL) was placed in a 96-well 
microplate, in triplicate, and then 2.9 mL of a 50 mM 
PBS solution, pH 6, containing 0.19 mg/mL O-dianidisine 
dihydrochloride and 0.0005% hydrogen peroxide, was 
added. The reaction was quenched with a 1.46 M sodium 
acetate solution (pH 3) and the enzyme activity was 
determined by the end-point technique, by measuring 
the absorbance at a wavelength of 460 nm.

Results were presented as mean ± standard error 
of the mean (S.E.M.). Data were tested by analysis 
of variance (ANOVA), followed by Tukey’s test. The 
significance level was set at P < 0.05.

RESULTS AND DISCUSSION

Production and characterization of activated 
charcoal

The hemp fiber tow used as a precursor for the 
production of AC showed 8.74 ± 0.06 % moisture, 71.77 
± 0.01 % other volatiles, 0.91 ± 0.05 % ash, and 18.57 
± 0.13% fixed carbon. The levels were close to those 
described in the literature for Cannabis fibers, although 
the raw material used was possibly a “false hemp”. 
Pejic et al. (2008) described a moisture content of 8.2%. 
Branca, Di Blasi, Galgano (2017) described an ash content 
of 0.6%, despite a lower fixed carbon content (4.9%). 
Marrot et al. (2021) observed significant variations in 
the proximate composition of raw materials derived from 
hemp stem. The composition of heavy metals copper, 
zinc, cadmium, nickel, and iron were, respectively, 1.71 
± 0.35, 34.95 ± 0.30, 1.42 ± 0.09, 1.32 ± 0.24, and 178.12 
± 0.58 ppm, with correlation coefficients R² ≥ 0.9990. 
The copper composition was close to that described 

by Angelova et al. (2004) (1.7    1.8 ppm), but zinc and 
cadmium were slightly higher (35.0 > 18.9 and 1.4 > 0.4, 
respectively). The nickel composition was slightly lower 
than described by Linger et al. (2002) (1.3 < 6.9) and the 
iron composition was the highest among the heavy metals 
analyzed (Fe > Zn > Cu > Ni), as described by Khan et 
al. (2008). The sample mass lost during calcination was 
98.57 ± 0.01%.

The FTIR-ATR spectrum of hemp fiber tow is 
illustrated in Figure S3 (Supplemental Material). As 
observed here, and corroborating Garside, Wyeth 
(2003), this technique is not the most suitable for 
distinguishing natural lignocellulosic fibers such as 
sisal, ramie, jute, flax, cotton, and hemp. However, the 
spectral bands observed in the present study, related to 
functional groups of hemicellulose at 2,918 and 2,850 
cm-1, lignin at 1,736 and 1,622 cm-1, and cellulose at 665, 
608, 559, and 519 cm-1, are similar to those reported 
by Yang et al. (2007).

Table I lists the adsorbents produced, describing the 
experimental conditions used and the results obtained. 
Previous tests on fiber supplementation for the cultivation 
of Pleurotus were conducted, but no significant changes 
in fungal development were detected (Figure S4, 
supplemental material). Charcoal production from pure 
tow (Batch #1) and tow subjected to fungi pre-treatment 
without supplementation (Batch #2) was evaluated, but 
there was no significant increase in porosity as reported 
by Wang et al. (2019). The low lignin content of tow, 
external fibers of hemp stalks (Morin-Crini et al., 2018), 
is an important factor that differentiated it from the 
raw material used in this reference study. In addition, 
Siwulski et al., (2010) tested and evidenced good fungal 
development only in internal fibers of hemp stalks. Thus, 
it was decided to produce AC from the precursor without 
pre-treatment and consequently without autoclaving 
(Batch #3). Later experiments were carried out from the 
AC obtained from pyrolysis with optimized parameters 
using a greater amount of tow (scale-up, Batch #4-5), 
which resulted in an increase in yield with a smaller 
surface area.
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Figure 1a shows the nitrogen adsorption and 
desorption isotherms of the chosen AC (Batch #4-
5). There were no large variations in the volume 
of adsorbed N2 with the gradual increase in the 
relative pressure of the system. According to Sing et 
al. (1985), this is a characteristic of a microporous 
adsorbent. However, a subtle hysteresis during nitrogen 
desorption was observed, which characterizes the 
presence of mesopores. These characteristics corroborate 
the data presented in Table I.

The pore size distribution is shown in Figure 1b. 
The data (in red) show that 75% of the pores of the AC 

produced are micropores, as described in Table I. The 
predominance of micropores is also evidenced because 
the largest peaks of the size distribution (in blue) are in 
the range smaller than < 2 nm. According to Thongpat 
et al. (2021), microporous activated carbons are suitable 
for adsorbing gaseous and non-drug molecules. Figure 
1c shows the result obtained from the laser particle size 
analyzer. Particles with 38 µm, directly related to the 400-
mesh sieve, represent the majority of the AC produced. 
However, although all particles had previously passed 
through this sieve, only 45.12% had the expected size, ≤ 38 
µm. Actually, the particle size ranged from 2 to 200 µm.

TABLE I – Adsorbents produced from the pyrolysis of different hemp tow samples

CONDITIONS / RESULTS Batch#1 Batch#2 Batch#3 Batch#4 Batch#5

Sterilization (120°C, 20 min) yes yes no no no

Pre-treatment with Pleurotus no yes no no no

Initial mass of precursor (g) 15.29 15.30 15.33 25.02 60.09 ± 0.01

Carbonization (N2; 500°C; 2h) yes yes yes yes yes

Activation (CO2; 850°C; 1.5h) no no yes yes yes

Mass Yield (%) 16.55 22.42 7.12 10.53 14.97 ± 0.46

Adsorbent area, ABET (m²/g) 101.42 118.44 787.29 474.05

Micropore area (m²/g) 93.13 116.41 646.31 425.37

External surface area (m²/g) 8.29 2.03 140.99 48.68

Total pore volume (cm³/g) 0.063 0.053 0.517 0.309

Micropore volume (cm³/g) 0.052 0.056 0.298 0.231

Average pore size (nm) 2.50 1.79 2.63 1.31
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Complexation in different carriers

The experiments using ethanolic solutions of the 
20 mg actives/mL showed the possibility to complex 
a higher content of CBD in bCD (22.90% w/w) than 
IBU (11.33% w/w). Quantitative HPLC results were 
obtained from calibration curves with R² ≥ 0.9937. A 
direct comparison of the complexation content of the 
two drugs in AC cannot be made because the preparation 
method was different, but a content (w/w) of 3.96% of 
CBD and 11.20% of IBU was obtained. 

Figures 2-4 qualitatively demonstrate the complexation 
of CBD in the carriers. Similar results obtained from the 
IBU are shown in Figures S5-S7 of the supplemental 
material. In the FTIR-ATR analysis, the spectral bands 
3,517; 3,071, and 1,377 cm-1 allow the differentiation of 
CBD from its psychotropic isomer 9-THC, based on 
comparisons with previous studies (SWGDRUG, 2005). 
According to Lin-Vien et al. (1991), these spectral bands 
refer to the groups -OH, =CH2, and C-CH3, respectively. 
Additionally, it was possible to confirm the complexation 
of the bioactive from the dotted spectral bands present in 
the complexes and absent in the pure carriers.

FIGURE 1 – Characteristics of the AC produced: a) nitrogen adsorption and desorption isotherms, indicating microporous 
adsorbent with the presence of mesopores (hysteresis); b) pore size distribution, showing the majority presence of micropore (< 
2 nm, yellow zone); c) particle size, mostly close to 38 µm (400 mesh sieve).
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FIGURE 3 – XRD spectra demonstrating CBD complexation in carriers (bCD and AC).

FIGURE 2 – FTIR-ATR spectra demonstrating CBD complexation in carriers (bCD and AC), also showing in green the spectral 
bands of the bioactive that allow to differentiate it from its psychotropic isomer D9-THC (§ 3517 cm-1 -OH, ‡ 3071 cm-1 =CH2, 
and * 1377 cm-1 C-CH3).

The XRD spectrum obtained from the CBD sample 
showed crystallinity peaks with the values of 2theta 
(2θ) 9.82, 10.32, 16.70, 17.48, 19.66, 20.66, 22.22, and 
22,78, similar to those described by Vlad et al. (2021). 
Crystallinity of the pure drugs (CBD and IBU) was not 
observed in both complexes (with AC and with bCD), 

confirming the efficiency of complexation procedures. 
The main crystallinity peaks of IBU (2θ = 6.14, 16.82, 
18.82, 19.12, 20.24, 22.44) are different from those of 
CBD, demonstrating that the technique can distinguish 
the two pure drugs.
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Thermal analysis via DSC showed that the melting 
temperature of CBD and IBU is, respectively, 73.11 and 
80.33 °C, and the enthalpy of melting of both, -27 and 
-24 kJ/mol, is endothermic. The results obtained with the 
fusiometer showed that the melting temperature of CBD 
is 70.5 °C and of IBU is 79.7 °C, both slightly lower than 
those obtained via DSC. Furthermore, the TG plot of pure 
bCD demonstrates a mass loss at temperatures below 100 
°C. Abarca et al. (2016) demonstrated that this can be 

attributed to the evaporation of surface water commonly 
present in this carrier. The absence of a melting peak 
of the complexes with bCD proves that there was an 
improvement in their thermal stability. The characteristics 
of the degradation range of pure bCD and its complexes 
are different, proving the complexation of drugs. AC does 
not show peaks of phase change or abrupt degradation, 
as expected, and no melting peaks of its complexes are 
observed, also proving the increase in thermal stability.

FIGURE 4 – Thermal analysis of pure and/or complexed CBD: a-e) via Thermogravimetry (TG in %, green), Differential 
Thermogravimetry (DTG in %/min, red) and Differential Scanning Calorimetry (DSC in mW/mg, blue); f) via fusiometer.
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Effect of treatment with pure or complexed drugs 
on carrageenan-induced acute inflammatory 
response

Intraplantar injection of carrageenan provoked 
a local inflammatory response manifested by edema 

formation and an increase in the number of leukocytes 
recruited at the injury site, mainly neutrophils indirectly 
determined by the increase in MPO activity, corroborating 
other studies (Wisniewski-Rebecca et al., 2015; Strzepa, 
Pritchard, Dittel, 2017; Almeida et al., 2018). These results 
are presented in Figure 5-7.

FIGURE 5 – Effect of treatments on the development of carrageenan-induced paw edema in Wistar rats: a) ibuprofen (IBU); b) 
cannabidiol (CBD); c) ibuprofen complexed in beta cyclodextrin (IBU*bCD); d) cannabidiol complexed in beta cyclodextrin 
(CBD*bCD); e) ibuprofen complexed in activated charcoal (IBU*AC); f) cannabidiol complexed in activated charcoal (CBD*AC). 
Notes: The treatment was administered orally, in a single dose, 1 h prior to the intraplantar injection of carrageenan (200 µg/
paw) in one of the hind paws; The volumes are expressed as the mean ± standard error of mean (4 to 7 animals/group). ANOVA 
by Tukey’s test: #p ≤ 0.05, ##p ≤ 0.01, and ###p ≤ 0.001, compared with the control group (CMC = †; bCD = ‡; AC = §.).
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Figure 5a shows a significant inhibitory effect on 
induced edema obtained with all tested doses (8.75, 17.5, 
and 35 mg/kg) of pure IBU, corroborating Wisniewski-
Rebecca et al. (2015). Figure 5b shows that the treatment 
with pure CBD also inhibited the intensity of edema, 
being proportional to the utilized dose. Although the 
CBD at a dose of 8.75 mg/kg significantly reduced the 
formation of edema 1 h after the carrageenan injection, 
this effect was not sustained in subsequent hours (2h and 4 
h). The highest dose of CBD (35 mg/kg) had a significant 
inhibitory effect 4 h after the inflammatory response 
induction. Costa et al. (2004) applied daily doses of this 
bioactive compound using a similar methodology and 
demonstrated that 40 mg/kg could inhibit 100% edema 
after four days. These authors demonstrated that lower 
doses (7.5, 10, and 20 mg/kg) even showed significant 
inhibitions in the first hours, but after four days they 
inhibited only about 65% edema. It is important to 
emphasize that CBD does not have significant adverse 
effects (WHO, 2018; UNODC, 2020) and that its effective 
doses for anti-edematogenic action seem to be lower than 
other promising bioactives, such as anethole (Wisniewski-
Rebecca et al., 2015) and curcumin (Almeida et al., 2018).

Figure 5c shows that treatments with the IBU*bCD 
complex, at all doses tested (8.75; 17.5, and 35 mg/kg), 
were similar to the effect of treatments with pure IBU. 
On the other hand, Figure 5d shows that the treatment of 
animals with the three doses of CBD complexed in bCD 
resulted in a greater anti-edematogenic effect compared to 
the respective doses of pure CBD. Moreover, the effect of 
treatment with the lowest dose of this complex (4.375 mg 

CBD*bCD/kg) was equivalent to treatment with double 
the pure bioactive dose (8.75 mg CBD/kg). Figures 5e and 
5f show that the inhibitory effects in animals treated with 
CBD*AC and IBU*AC were not significantly different 
from those treated with pure CBD and IBU.

Table II shows the relative percentages of inhibition 
of inflammatory edema, obtained after the treatment of 
rats, of the different groups, with the pure or complexed 
drugs compared to control groups. Figure 6a shows that 
the complexation of IBU in bCD caused a small increase 
in anti-inflammatory activity since the mean effective 
dose of the pure form was ED50 IBU = 30.5 mg/kg, and 
with this complex, ED50 IBU*bCD = 24.3 mg/kg. Figure 
6b shows that the tested doses of pure CBD were not 
sufficient to generate a 50% inhibition of edema, but 
that the mean effective dose of this pure bioactive can 
be estimated at ED50 CBD = 49.7 mg/kg using the non-
linear fit of experimental data. Comparatively, the data 
demonstrate that pure IBU provided slightly higher anti-
inflammatory activity than pure CBD (ED50 IBU < ED50 
CBD). However, there was a more significant increase in 
anti-inflammatory activity with the complexation of this 
bioactive in bCD (ED50 CBD*bCD = 21.3 mg/kg). CBD 
complexed in bCD showed higher anti-inflammatory 
activity than the reference drug complexed in the same 
carrier (ED50 CBD*bCD < ED50 IBU*bCD). There was 
no significant difference in the mean effective dose with 
the complexation of CBD in AC (ED50 CBD  ED50 
CBD*AC = 52.7 mg/kg). The ED50 IBU*AC was not 
estimated because only two doses of this treatment were 
analyzed.
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TABLE II – Relative percentages of inhibition on the development of paw edema induced by carrageenan in Wistar rats obtained 
from treatments with pure ibuprofen (IBU) and ibuprofen complexed in beta cyclodextrin (IBU*bCD) or activated charcoal 
(IBU*AC), as well as treatments with pure cannabidiol (CBD) and cannabidiol complexed in beta cyclodextrin (CBD*bCD) 
or activated charcoal (CBD*AC).

Treatment, mg/kg  1 h  2 h  4 h Treatment, mg/kg  1 h  2 h  4 h

35.00 IBU † 48% 50% 52% 35.000 CBD † 30% 37% 47%

17.50 IBU † 29% 30% 41% 17.500 CBD † 31% 23% 23%

08.75 IBU † 32% 28% 29% 08.750 CBD † 49% 34% 22%

35.00 IBU*bCD ‡ 36% 31% 51% 35.000 CBD*bCD ‡ 62% 44% 61%

17.50 IBU*bCD ‡ 25% 27% 53% 17.500 CBD*bCD ‡ 34% 19% 43%

08.75 IBU*bCD ‡ 34% 25% 30% 08.750 CBD*bCD ‡ 55% 39% 41%

04.375 CBD*bCD ‡ 49% 27% 28%

35.000 CBD*AC § 45% 34% 44%

17.50 IBU*AC § 30% 40% 36% 17.500 CBD*AC § 03% 18% 31%

08.75 IBU*AC § 13% 29% 34% 08.750 CBD*AC § 00% 04% 26%

Note – The treatment was administered orally, in a single dose, 1 h prior to the intraplantar injection of carrageenan (200 µg/
paw) in one of the hind paws; Values were calculated in relation to groups of control rats: CMC = † or bCD = ‡ or AC = §.

FIGURE 6 – Relative percentages of edema inhibition after 4 h of inflammatory induction and their non-linear regressions 
(y=a*(x^b)) to estimate the mean effective dose (ED50): a) treatments with pure ibuprofen (IBU R²=0.996: a=11.69, b=0.43) and 
ibuprofen complexed in beta cyclodextrin (IBU*bCD R²=0.952: a=19.25, b=0.30); b) treatments with pure cannabidiol (CBD 
R²=0.939: a=6.33, b=0.53) and cannabidiol complexed in beta cyclodextrin (CBD*bCD R²=0.980: a=18.05, b=0.33) or activated 
charcoal (CBD*AC R²=0.994: a=10.90, b=0.38).
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CONCLUSIONS

The hemp f iber derivative used showed 
physicochemical characteristics similar to those described 
in the literature, although it may not be a product derived 
from Cannabis. Fungi cultivated on this lignocellulosic 
material developed significantly without the need for 
supplementation, but a significant increase in the surface 

area of the charcoal was not found under the simplified 
experimental design analyzed. A more detailed evaluation 
of these parameters is recommended for a future study, 
as well as a comparison of results obtained when using 
external and internal fibers of stalks. 

The characterization analyses of the AC produced 
showed that the adsorbent was predominantly 
microporous, justifying the low ability to complex 

FIGURE 7 – Effect of treatments with cannabidiol in pure form (CBD), complexed to beta cyclodextrin (CBD*bCD), and 
complexed to activated charcoal (CBD*AC), as well as these respective forms with ibuprofen (IBU, IBU*bCD, and IBU*AC), 
on the myeloperoxidase (MPO) activity in the plantar tissue of Wistar rats. Notes: The treatment was administered orally, in 
a single dose, 1 h prior to the intraplantar injection of carrageenan (200 µg/paw) in one of the hind paws; The data obtained 
four hours after edema induction are expressed as the mean ± standard error of the mean (4 to 7 animals/group); There were no 
statistically variations (ANOVA by Tukey’s test).

treatment used (dose, route of administration, time of 
treatment). Therefore, the hypothesis that both pure and 
complexed drugs have an inhibitory effect on MPO in 
other experimental models and longer-term treatment 
cannot be ruled out. Studies by other authors have 
shown that CBD treatments in rats reduced plasma 
levels of prostaglandin E2 (PGE2), cyclooxygenase 
(COX) activity, production of oxygen-derived free 
radicals, and nitric oxide concentration in the inflamed 
paw tissue (Costa et al., 2004; 2007).

The effect of dif ferent t reatments on 
myeloperoxidase activity, an indirect marker of cell 
recruitment to the lesion site, can be seen in Figure 
7. As observed, none of the treatments significantly 
reduced MPO activity. The lack of a significant effect 
on cell recruitment, despite the inhibitory effect on 
edema, can be explained by considering some factors: 
the drugs used can inhibit or reduce the production/
release of different inflammatory mediators, the model 
and the experimental protocol selected for the study, the 
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the analyzed drugs. In addition, the complexation 
methodology requires a large amount of pure active due 
to its high solubility in solvents such as ethanol. This 
factor adds an undesirable high cost to the process.

The complexation of the two drugs in bCD was 
efficient, in which the complexation capacity of CBD 
in this carrier was greater than that of IBU (22.90 and 
11.33% w/w, respectively). This may be related to the 
lower solubility of CBD in water and ethanol, indicating 
that this complexation methodology has excellent 
potential for drugs with low aqueous solubility. XRD was 
the qualitative technique that best demonstrated results 
to prove the efficiency of drug complexation in carriers.

In the evaluation of in vivo anti-inflammatory 
activity, pure CBD showed an inhibitory effect on paw 
edema at similar doses to those of IBU. This important 
cannabinoid showed a significant increase in inhibitory 
activity when complexed to bCD, unlike that observed 
with the reference drug complex. On the other hand, 
the CBD*AC complex showed no extra effect compared 
to the pure bioactive. This demonstrates that bCD is a 
promising carrier for the development of oral medications 
with this Cannabis derivative.
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SUPPLEMENTARY MATERIAL

FIGURE S1 – Isodiol CBD packaging details (ISO99TM, 1 g).
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FIGURE S2 – Initial tests of complexation from IBU to AC, evidencing the problematic formation of crystals.

FIGURE S3 – FTIR-ATR spectrum of hemp fiber tow.
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FIGURE S4 – Analysis of the influence of supplementation on the cultivation of Pleurotus in hemp tows (T: tow without 
supplementation; R: tow supplemented with rice bran; C: tow supplemented with Czapek-Dox Broth DIFCO – 30.0 g/L of 
sucrose, 3.0 g/L of sodium nitrate, 1.0 g/L of dipotassium phosphate, 0.5 g/L of magnesium sulfate, 0.5 g/L of potassium 
chloride and 0.01 g/L of ferrous sulfate): a) purchased tows; b) after adding approximately 1 g of “spawns”; c) after fungal 
development for 12 days.

FIGURE S5 – FTIR-ATR spectra demonstrating IBU complexation in carriers (bCD and AC).
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FIGURE S6 - XRD spectra demonstrating IBU complexation in carriers (bCD and AC).

FIGURE S7 – Thermal analysis of pure and/or complexed IBU: a-c) via Thermogravimetry (TG in %, green), Differential 
Thermogravimetry (DTG in %/min, red) and Differential Scanning Calorimetry (DSC in mW/mg, blue); f) via fusiometer.


