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Abstract: Cannabidiol (CBD) has emerged as a potential therapeutic agent. However, its low aque-
ous solubility hinders the development of effective parenteral formulations. The use of polymeric
microparticles as CBD carriers could resolve this challenge and allows to obtain an extended CBD
release after a single administration. Poly(lactic-co-glycolic acid) (PLGA), FDA approved for various
medical applications, is one the most used. Ionizing radiation is as an effective sterilizing method
for PLGA microparticles, which is essential for their parenteral administration. The aim of this work
was to evaluate the effect of gamma sterilization on the characteristics of CBD-loaded microparti-
cles. No differences in particle morphology and particle size were detected between sterile and non-
sterile formulations. All microparticles exhibited a spherical shape, a smooth surface, and an aver-
age particle size around 25 um. DSC analysis showed the absence of the CBD melting peak in sterile
and non-sterile CBD-microparticles. However, a reduction on PLGA glass transition was appreci-
ated in sterile formulations. A significant lower CBD content was also detected in sterile micropar-
ticles, indicating a CBD degradation during sterilization. Finally, a faster CBD release was appreci-
ated in sterile microparticles compared with their counterparts, due to the faster PLGA degradation
in sterilized microparticles. Due to the CBD degradation during sterilization process and the accel-
eration of the release of this drug from PLGA microparticles, gamma irradiation is not an adequate
method to sterilize CBD-PLGA-microparticles.
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1. Introduction

In the last decades, cannabinoids have emerged as potential therapeutic agents [1].
Among all cannabinoids, CBD, is one of the promising compounds, due to its lack of psy-
chotropic effect and its analgesic, neuroprotective, anticonvulsant, anxiolytic and anti-
cancer properties; being useful for the treatment of epilepsy, neuropathic pain, anxiety
disorders and cancer among others [2,3].

Despite CBD potential clinical interest, its low aqueous solubility and stability prob-
lems make difficult the development of effective parenteral formulations [4]. In fact, the
administration of CBD to animals requires the use of organic solvents like ethanol and
solubilizing agents like Cremophor [5]. In this way, the development of polymeric micro-
particles as CBD carriers may resolve these challenges, eliminating the use of these solu-
bilizing agents. These systems also allow an extended CBD release after a single admin-
istration [6,7], which is especially interesting in long term treatments.

Among all the available polymers, poly(lactic-co-glycolic acid) (PLGA), approved by
FDA and EMA for various medical applications, is one the most used for drug delivery
due to its high biocompatibility and tunable structural characteristics [8]. In fact, PLGA
microparticles have showed to be an excellent carrier for the vehiculi zation of CBD [6].
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Drug delivery systems intended for parenteral administration required to be ade-
quately sterilized. Among all available sterilization techniques, gamma irradiation has
been proposed as an effective sterilizing method for PLGA microparticles [9].

Therefore, the aim of this work was to evaluate the effect of gamma sterilization on
the characteristics of CBD-loaded-PLGA-microparticles.

2. Materials and Methods
2.1. Materials

Poly-(lactide-co-glycolic acid-resomer) RG®-502 (PLGA-502) were obtained from
Evonik® Industries (Essen, Germany), CBD was purchased from THC-Pharma (Frankfurt,
Germany) and Polyvinyl alcohol (PVA, Mw = 30,000-70,000) was supplied by Sigma-Al-
drich (St. Louis, MO, USA). All organic solvents, methanol, acetonitrile, and dichloro-
methane (DCM) were obtained from Fisher Scientific (Frederick, MA, USA). Potassium
di-hydrogen phosphate (KH2POs4), disodium hydrogen phosphate dehydrate
(NazHPO+2H20) and Tween® 80 were provided by Panreac (Barcelona, Spain).

2.2. Elaboration of CBD-Loaded-PLGA Microparticles

Microparticles were prepared by the oil-in-water (O/W) emulsion-solvent evapora-
tion technique using PLGA-RG®-502 as a polymer and a CBD:PLGA ratio of 10:100 (10-
Mps) and 20:100 (20-Mps) [10]. PLGA (500 mg) and CBD (50 or 100 mg) were dissolved in
5 mL of DCM and the resulting organic phase was dropped onto 250 mL of an aqueous
solution of PVA at 0.5% under stirring at 4000 and 6000 rpm for 10-Mps and 20-Mps, re-
spectively. Then, the resulting O/W emulsion was stirred at 200 rpm for 3—4 h and filtered
using a 5 um PTFE membrane. The collected microparticles were washed thrice with 50
mL of demineralized to remove residual PVA and lyophilized at =50 °C and 0.2 mbar with
a Lyo Quest freeze-drier (Azbil Telstar, S.L., Terrasa, Spain).

2.3. Sterilization of CBD-Loaded-PLGA-Microparticles

Both, 10 Mps and 20 Mps CBD-loaded microparticles were sterilized by gamma irra-
diation at the recommended dose of 25 kGy [11]. During sterilization, formulations were
placed in a container with dry ice to avoid formulation heating.

2.4. Characterization of CBD-Loaded-PLGA-Microparticles

Both sterile and non-sterile 10-Mps and 20-Mps were characterized as follows.

2.4.1. Particle Size and Morphology

The particle size was evaluated by laser diffraction with a Microtrac® S3500 Series
Particle Size Analyzer (Montgomeryville, PA, USA), expressing the mean particle size as
a volume diameter. Span values were also calculated using the following equation:

SPAN = D90 - D10/D50

where D10, D50 and D90 are the mean diameters determined at the 10, 50t and 90t par-
ticle distribution percentiles, respectively.

The shape and surface of the microparticles were evaluated by scanning electron mi-
croscopy ((SEM Jeol, JSM-6400, Tokyo, Japan) using the protocol described in [6].

2.4.2. DSC Analysis

Sterile and non-sterile CBD-loaded microparticles, pure CBD, raw PLGA and
CBD:PLGA physical mixtures were analyzed by DSC. Briefly, around 3 mg of each sample
were weighed and placed into sealed aluminum pans. Then, they were heated from 20 to
100 °C, cooled to 20 °C and heated again up to 100 °C using a heating rate of 10 °C/min
and an inert nitrogen atmosphere of 70 mL/min. The polymer glass transition temperature
of each sample was calculated in the second heating cycle.
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2.4.3. Drug Content and In Vitro Drug Release

The CBD content of non-sterile and sterile 10-Mps and 20-Mps microparticles were
analyzed by HPLC using the conditions described in [6]. Briefly, 10 mg of the formulations
were weighted and dissolved in 10 ml of DCM. Then, PLGA was precipitated by the ad-
dition of a mixture of methanol:acetonitrile:water at a ratio of 52:30:18. Then, the samples
were filtered and analyzed by HPLC.

In vitro CBD release was evaluated by determining the remaining CBD in the micro-
particles. Briefly, 10 mg of microparticles were suspended in 5 mL of PBS (pH.7.4) con-
taining Tween 80 at 0.5% (w/v) in a thermostatic bath at 37 + 0.5 °C and an agitation of 100
rpm. At predetermined time points (2h, 8 h, 1, 2, 4, 10, 14, 21, 28 and 31 days), the samples
were centrifuged, the supernatant was removed, and CBD contents were determined as
aforementioned.

Polymer degradation during the release studies was also studied. At specific time
points, the microparticles were centrifuged and washed thrice with distilled water. Then,
they were lyophilized and evaluated by SEM.

2.4.4. Statistical Analysis

Origin 2017 software (Origin Lab, MA, USA) was used to compile all the graphs and
perform the statistical analyses. The data were expressed as a mean + S.D. (standard de-
viation) of three experiments (n = 3) and T-student test was used to evaluate significant
differences (p < 0.05) between two groups.

3. Results
3.1. Effect on the Physicochemical Properties of CBD-Loaded Microparticles

As displayed in Figure 1, gamma irradiation did not induce changes on particle shape
and surface. Both the sterile and non-sterile formulations were spheres with a smooth
surface. A significant change (p value <0.05) in particle size was not detected either, show-
ing a mean particle size for all formulations, expressed as the volume diameter, around
25 uM (Table 1). Span values around or above 2 were observed, indicating that size the
distribution was not monodisperse, especially in microparticles loaded with CBD at a ra-
tio of 20:100, that exhibited a higher polydispersion.

Figure 1. SEM images of 10-Mps (A); 20-Mps (B); Sterile-10-Mps (C); and Sterile-20-Mps (D). Scale
bar: 50 pm.

In all microparticle formulations, the characteristic melting point of CBD, detected in
pure compound at 69.68 °C and CBD: PLGA physical mixtures (data not shown), was not
observed. Regarding PLGA glass transition temperature (Tg), a significant decrease (p
value <0.05) was appreciated in CBD-loaded formulations compared with raw PLGA and
unloaded formulations, indicating that CBD makes the polymer be plastic. However, a
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significant change in Tg value was not appreciated in gamma-irradiated microparticles
(Table 1).

Table 1. Characteristics of non-sterile and sterile cannabidiol (CBD)-loaded microparticles.

Formulation Process Particle Size Span  Tg (C) CBD Content (mg
Yield (%) (nm) CBD/100 mg Mps)
Non-sterile 10-Mps 89.25 +1.01 24.17 2.02 37.45 8.60 + 0.42
Sterile 10-Mps 23.42 1.95 37.28 742 +0.13
Non-sterile 20-Mps 81.05 +5.33 25.14 2.36 34.79 14.97 £ 0.20
Sterile-Mps 24.31 2.42 35.08 13.43 + 0.43

3.2. Effect on the Drug Content and Drug Release

Regarding CBD content, a significant decrease was observed in both sterile 10-Mps
and 20-Mps compared with their non-sterile counterparts (Table 1), indicating a CBD deg-
radation during gamma irradiation. A 13.75% and 10.28% of CBD loss was detected in
sterile formulations prepared with a CBD: PLGA ratio of 10:100 and 20:100, respectively.

A change in drug release profile was also detected in gamma irradiated formulations
(Figure 2), showing that these microparticles have a faster CBD release. While in non-
sterile 10-Mps formulations, an extended CBD release was observed for 40 days (with
more than 80% of the drug released), their sterile counterpart exhibited almost 90% of the
CBD released in 15 days. Similar data were obtained in 20-Mps formulations. While non-
sterile 20-Mps microparticles also released more than 80% of the CBD in 35 days, sterile
20-Mps almost reached 90% of the CBD release in 21 days.
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Figure 2. CBD release studies of non-sterile and sterile 10-Mps and 20-Mps.

Finally, as displayed in Figure 3, polymer degradation analyses during release stud-
ies demonstrated a higher polymer erosion in both sterile 10-Mps and 20-Mps formula-
tions. While in sterile formulations microparticles started to lose their shape and showed
a high pore formation at day 14, non-sterile formulations, although exhibiting signs of
corrugations, maintained their spherical shape and did not exhibit a high pore formation,
indicating a slower polymer erosion.



Proceedings 2021, 78, 31

5 of 6

14 days

21 days

Sterile 20-Mps

Figure 3. SEM images of non-sterile and sterile CBD-loaded PLGA microparticles during release studies after 14 and 21

days.

4. Discussion

Gamma irradiation is one of the sterilization methods recommended to adequately
sterilize PLGA microparticles [9]. However, this process may alter physicochemical prop-
erties of the formulations, and consequently, their safe and efficacy, as it has been reported
by many authors. For this reason, it is important to evaluate the effect of this sterilization
technique.

Several authors have reported that gamma irradiation induces changes in the mor-
phology of PLGA microparticles and also favors particle aggregation, which increases the
mean particle size and polidispersion. These changes have been detected, for example, in
naproxen, diclofenac and clonazepam-loaded microparticles which were gamma irradi-
ated at 25 kgy [12,13]. However, in developed CBD-loaded microparticles, the use of
gamma irradiation at this dose did not produce changes either in its morphology or in
particle size and particle distribution, preserving gamma-irradiated formulations and the
spherical shape and the particle size around 25 pm of the non-sterile counterparts.
Changes in particle size and polydispersity were not detected either in gamma-irradiated
methotrexate PLGA microparticles [11].

DSC analyses demonstrated the absence of a CBD characteristic melting point in both
non-sterile and sterile CBD-loaded microparticles, indicating that the drug was dissolved
or molecularly dispersed within the polymer matrix [14] and that no crystallization oc-
curred during sterilization. No effect on polymer glass transition temperature was also
observed, probably due to the use of dry ice to protect the samples, as reported in indo-
methacin loaded PLGA microparticles, where non-protected samples showed a decrease
in the Tg value.

However, gamma irradiation significantly influenced the CBD content and CBD re-
lease. On the one hand, a CBD loss of around 10% and 13% was appreciated in sterile
formulations loaded with CBD at drug:polymer ratios of 20:100 and 10:100, respectively.
This could be attributed to the degradation of the superficial CBD that was not completely
entrapped in the polymer matrix induced by gamma irradiation. On the other hand, a
faster CBD release was appreciated in sterilized formulations compared with their coun-
terparts, which is probably attributed to a decrease in polymer molecular weight that has
been reported by other authors in other gamma-irradiated formulations [15,16]. The lower
molecular weight in sterilized formulations can also explain the faster polymer erosion
that was detected in sterilized CBD-loaded microparticles.

5. Conclusions

Due to the CBD degradation during sterilization process and the acceleration of the
release of this drug from PLGA microparticles, gamma irradiation is not an adequate
method to sterilize CBD-PLGA-microparticles. The sterility of the microparticles could be
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achieved by the previous sterilization of the aqueous and the organic phases followed by
the microparticle elaboration in aseptic conditions.
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