
Basic Science - Research Article

Med Cannabis Cannabinoids 2022;5:129–137

Evaluations of Skin Permeability of Cannabidiol 
and Its Topical Formulations by Skin Membrane-
Based Parallel Artificial Membrane Permeability 
Assay and Franz Cell Diffusion Assay

Riley D. Kirk     Toyosi Akanji     Huifang Li     Jie Shen     Saleh Allababidi      

Navindra P. Seeram     Matthew J. Bertin     Hang Ma 

Department of Biomedical and Pharmaceutical Sciences, College of Pharmacy, University of Rhode Island, Kingston, 
RI, USA

Received: April 6, 2022
Accepted: August 13, 2022
Published online: October 10, 2022

Correspondence to: 
Matthew J. Bertin, mbertin @ uri.edu
Hang Ma, hang_ma @ uri.edu

© 2022 The Author(s).
Published by S. Karger AG, Basel

Karger@karger.com
www.karger.com/mca

DOI: 10.1159/000526769

Keywords
Cannabidiol · Skin permeability · Parallel artificial 
membrane permeability assay · Franz cell diffusion · 
Stability

Abstract
Introduction: Cannabinoids including cannabidiol (CBD) 
have attracted enormous interest as bioactive ingredients 
for various dermatological and/or cosmeceutical uses. How-
ever, topical applications of cannabinoids might be limited 
without a fundamental understanding of their skin perme-
ability. Herein, we aimed to evaluate the skin permeability of 
CBD and its topical formulations using artificial skin mem-
brane assays. The solubility and stability of CBD in various 
surfactants that are commonly used in topical applications 
were also evaluated. Methods: CBD and two CBD-incorpo-
rated topical formulations (cream and gel) were prepared for 
this study. Computational predictions (SwissADME and 
DERMWIN™) and the parallel artificial membrane permeabil-
ity assay (PAMPA) were used to evaluate the skin permeabil-
ity of CBD isolate. The Franz cell diffusion (in vitro release 
testing) assay was used to evaluate the skin permeability of 
CBD formulations. The solubility and stability of CBD in sur-

factants were assessed by high-performance liquid chroma-
tography and mass spectrometry analysis. Results: CBD iso-
late showed favorable skin permeability in the SwissADME 
and DERMWIN™ predictions (−Log Kp of 3.6 and 5.7 cm/s, 
respectively) and PAMPA (−LogPe value of 5.0 at pH of 6.5 
and 7.4). In addition, CBD had higher solubility (378.4 μg/mL) 
in surfactant Tween 20 as compared to its solubility in poly-
isobutene. In an acidic environment (pH 5 and 6), Tween 20 
maintained the CBD content at 81% and 70% over 30 days, 
respectively. CBD in the formulations of cream and gel also 
had moderate skin permeability in the Franz cell diffusion 
assay. Conclusion: Data from artificial membrane-based as-
says support that CBD is a skin permeable cannabinoid and 
the permeability and stability of its formulations may be in-
fluenced by several factors such as surfactant and pH envi-
ronment. Findings from our study suggest that CBD may 
have suitable skin permeability for the development of der-
matological and/or cosmeceutical applications but further 
studies using in vivo models are warranted to confirm this.
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Introduction

The skin is the largest organ covering the human body 
[1]. It is composed of various layers of cells that together 
act as a barrier to keep unwanted biological and chemical 
substances from permeating and entering the body [2]. 
The avascular outermost layer of the skin, called the epi-
dermis, is comprised of keratinocytes, Merkel cells, mela-
nocytes, and Langerhans cells which participate in the 
protection against inflammation and immunological re-
sponses [2–4]. The most superficial layer of the epidermis 
is the stratum corneum, which is the most difficult layer 
to permeate and is the rate-limiting step in the penetra-
tion process. Below the epidermis is the vascular dermis 
layer, which contains additional cell types such as fibro-
blasts but also free nerve endings which play a significant 
role in pain sensation [2, 3]. Based on the skin’s physio-
logical structure, suitable formulations for skincare prod-
ucts can be designed to deliver cosmeceuticals to a spe-
cific location such as muscles or blood vessels. In addi-
tion, transdermal formulations can facilitate the 
absorption and systemic circulation of active ingredients 
to achieve their biological effects [5].

Plants-based natural products have been historically 
used as active components in various topical formula-
tions. Among these natural products, phytocannabinoids 
including cannabidiol (CBD) have emerged as trending 
ingredients in skincare products for the management of 
various skin conditions [6]. The use of CBD as a cosme-
ceutical ingredient is supported by several preclinical 
studies showing that CBD may exert promising biological 
activities including anti-inflammatory, antioxidant, and 
anti-apoptotic effects in skin cells [3, 7–11]. For instance, 
it has been reported that CBD showed antioxidant activ-
ity by protecting epidermal cells from ultraviolet light-
induced oxidative stress [7]. However, CBD’s cosmeceu-
tical applications may be limited by its physico-chemical 
characteristics including unfavorable solubility and sta-
bility in certain environments. For instance, the addition 
of surfactants may be required to overcome the low solu-
bility of CBD for certain formulations [12], and the incor-
poration of CBD into different formulations may make it 
susceptible to aerobic oxidation, resulting in its undesir-
able color change [13]. Therefore, further understanding 
of CBD’s physico-chemical properties including its sta-
bility, solubility, and permeability in the presence of sur-
factants is critical for the development of CBD-based sk-
incare products. Several studies have explored CBD’s skin 
permeability in different pharmaceutical models. For in-
stance, an in vitro diffusion model using human skin cells 

showed that CBD (as in a formulation consisting of aque-
ous propylene glycol, ethanol, and Brij 98) had the highest 
skin permeation profile (up to 300 nM) [14]. Further-
more, a study using a modified Franz diffusion assay with 
human epidermis demonstrated that CBD’s permeability 
can be greatly affected by vehicle solutions. A mixture of 
propylene glycol/water (80/20; v/v) was the best vehicle 
solution for enhancing CBD’s skin permeation rate and 
skin retention [15]. In addition, a novel formulation (a 
CBD-loaded O/A microemulsion microemulgel) was de-
veloped to enhance the locally acting performance of 
CBD for dermatological applications [16]. Additionally, 
a recent study analyzed the levels of CBD in several can-
nabis-infused consumer products, which revealed that 
many commercial products contain little to no detectable 
CBD [17]. This study also showed that CBD in these 
products may not penetrate the skin depending on their 
formulation. To date, CBD’s skin permeability in cosmet-
ic formulations is not well characterized. Herein, we 
aimed to evaluate the permeability of CBD (isolate in sur-
factants) and its topical formulations using membrane-
based in vitro models including the parallel artificial 
membrane permeability assay (PAMPA) and the Franz 
cell diffusion (in vitro release testing [IVRT]) assay.

Materials and Methods

Chemicals
CBD (purity 99.46%) was obtained from DB Labs (Las Vegas, 

NV, USA). Materials used for the PAMPA experiments including 
PAMPA sandwich, buffers, and reference compounds including 
warfarin, piroxicam, verapamil, and progesterone were purchased 
from Pion Inc. (Billerica, MA, USA). Cellulose and Strat-M® 
membranes were purchased from Millipore Sigma (Burlington, 
MA, USA). Supor PES membranes (pore size 0.1 and 0.45 μM) were 
purchased from Pall Corporation (Port Washington, NY, USA). 
Silky Cream Base (BAS-SLKC-01), natural gel base (BAS-
NATGE-01), polyisobutene (PIB), mineral oil, phytosqualane, and 
propylene glycol were purchased through MakingCosmetics (Red-
mond, WA, USA). Polysorbate 20 NF (Tween 20) was purchased 
from Letco Medical (Decatur, AL, USA). Polysorbate 80 (Tween 
80) was purchased through Fisher Scientific (Waltham, MA, USA). 
Sodium lauryl sulfate (SLS) was purchased from Gallipot (St. Paul, 
MN, USA). Simugel and phytosqualane were kindly provided by 
Seppic (Fairfield, NJ, USA).

In silico Skin Permeability Prediction
Two computational methods, namely, SwissADME and 

DERMWINTM, were used to predict the skin permeability of CBD 
using the previously reported method [18, 19]. Skin permeability 
(Log Kp) and other solubility constants including the partition co-
efficient between n-octanol and water (Log Po/w) and molar solu-
bility in water (Log S) from estimated aqueous solubility (ESOL) 
were determined.
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Parallel Artificial Membrane Permeability Assay
The skin permeability of CBD isolate in aqueous and in various 

surfactants was evaluated using a skin membrane-based in vitro 
model. The PAMPA was completed following Pion’s suggested 
procedures in the instruction manual, version 4 [18, 19]. Briefly, 
the stock solution of CBD isolate and the reference compounds 
including warfarin, piroxicam, verapamil, and progesterone were 
prepared in DMSO to reach a concentration of 10 mM. Next, pH 
(6.5 and 7.4)-adjusted buffer solution (1 mL) was added to wells in 
the PAMPA plate, and samples (5 µL; at 50 µM) were added and 
thoroughly mixed with buffer solution. Then, samples (200 µL) 
were added to the donor (bottom) plate in the Pion sandwich mod-
el and the acceptor sink buffer (200 µL) was added to each well of 
the acceptor plate. The sandwich model was incubated at room 
temperature and kept stirring using a stir bar (Pion Inc.) for 4 h. 
After incubation, the UV absorbance of solutions in the donor and 
acceptor plates was measured on the SpectraMax plate reader con-
nected to a computer operating the PAMPA software to obtain the 
−LogPe value. To assess the PAMPA results measuring the skin 
permeability of CBD in various surfactants, similar procedures 
were used for the assay but mass spectrometry (MS), instead of UV 
absorbance, was used to quantify the CBD content using the meth-
ods described below.

Quantification of CBD Using High-Performance Liquid 
Chromatography and LC-MS Analysis
The levels of CBD present in the solubility and stability assays 

were determined by high-performance liquid chromatography 
(HPLC) analysis. Prior to the HPLC analysis, samples containing 
lipophilic surfactants were prepared using a C-18 solid-phase ex-
traction (SPE; 100 mg) column from Agilent Technologies (Santa 
Clara, CA, USA). The HPLC analysis was performed on a Thermo 
Scientific instrument (Dionex UltiMate 3000, Waltham, MA, 
USA) with a C18 column (Thermo C18; 250 × 4.6 mm, 5 μm), and 
a solvent system consisting of aqueous formic acid (0.05%; A) and 
acetonitrile (B) was used as the mobile phases eluting via an iso-
cratic method with 20% of A at a flow rate of 0.6 mL/min for 9 min. 
Based on the concentrations of CBD in different experimental 
models, for instance, in the stability assay versus the PAMPA and 
IVRT assay, two analytical methods were used to determine the 
CBD levels. In the stability experiments, the CBD content was 
monitored by a diode-array detector at a wavelength of 210 nm and 
the relative quantity of CBD was measured using the area under 
the curve using standard linear regression (online suppl. Fig. S1; 
for all online suppl. material, see www.karger.com/
doi/10.1159/000526769). The levels of CBD solubilized in different 
surfactants following the PAMPA were quantified by LC-MS anal-
ysis (Thermo Scientific ISQ system paired with a Dionex HPLC 
system). LC-MS analysis was performed with a Thermo C18 col-
umn (250 × 4.6 mm, 5 μm) and a solvent system consisting of 
0.05% formic acid in water (A)/acetonitrile (B) using a 15-min iso-
cratic method at 80% B and a flow rate of 0.6 mL/min.

Solubility and Stability of CBD in PIB and Surfactants
Oil-based carrier PIB and surfactants including polysorbate 20 

(Tween 20), polysorbate 80 (Tween 80), and SLS were evaluated as 
a solubilizer of CBD into aqueous solution. In a falcon tube (Sigma, 
Burlington, MA, USA), CBD (5 mg) and surfactant (at a final con-
centration of 10%; w/w) were mixed with phosphate buffer saline 
(PBS; 12 mL). Solutions were thoroughly mixed and placed still at 

room temperature for 24 h. CBD in each solution was extracted 
with an SPE column (100 mg; Agilent Technologies) eluted with 
methanol for further HPLC analysis. The stability of CBD in 
Tween 20 aqueous solution (10%; w/w) at different pH conditions 
was determined by the HPLC analysis. CBD solutions (200 μg/mL) 
at different pH conditions (pH = 4, 5, 6, and 7) were prepared and 
kept at room temperature for 30 days. The concentration of CBD 
in each solution at different timepoints (day 1, 7, 14, and 30) was 
measured by HPLC analysis with a linear regression based on area 
under the curve (online suppl. Fig. S1 and S3).

Preparation of CBD in Cream and Gel Formulations
Two creams were used to evaluate CBD permeability in the so-

lution. The first, a commercially available cream (obtained from 
MakingCosmetics Inc.; www.makingcosmetics.com), was a silky 
cream base (BAS-SLKC-01). CBD isolate powder (1% w/w) was 
added directly to this base and dispersed using a homogenizer for 
2.5 min. The second cream was formulated using ingredients from 
the compounding laboratory at the College of Pharmacy at the 
University of Rhode Island. The formulated cream (referred to as 
in-house formulation) contained equal parts propylene glycol, 
phytosqualane, and mineral oil to comprise 50% (w/w) of the total 
formulation. CBD isolate powder (1% w/w) was added directly to 
the propylene glycol, mixed thoroughly, and added to the other 
oils. Next, surfactant SIMULGEL (7%) was added to the lipophilic 
phase mixture, followed by the addition of deionized water (42%). 
The cream was homogenized for 2.5 min. Each formulation was 
inspected to ensure a smooth texture and no signs of phase separa-
tion. Formulations were then centrifuged 9 times at 5,000 rpm in 
5-min intervals to confirm no phase separation. Both formulations 
did not show any separation of the 2 phases after centrifugation.

Franz Cell Diffusion Assay
The Franz cell diffusion assay was performed using the report-

ed method with minor modifications [20]. One day prior to the 
assay, the receptor buffer (3% surfactant; w/w; in PBS) was pre-
pared in 50 mL falcon tubes and pre-warmed in a water bath 
(Bransonic® CPXH Ultrasonic Baths; Danbury, CT, USA) at 32°C 
overnight. Tween 20 showed the best solubility for CBD (online 
suppl. Fig. S3–S5) and was selected as a suitable surfactant. De-
pending on membrane brand and type, cellulose acetate mem-
branes were hydrated 1 day prior to running the assay by submerg-
ing the membrane in PBS in a beaker with parafilm (Bemis Com-
pany, Neenah, WI, USA) covering the top [21]. On the day of the 
assay, the Franz cell water bath was pre-warmed to 32°C for 30 min 
prior to beginning. After the water had been warmed, the pre-
soaked membranes were applied to the apparatus using forceps. 
Next, 12 mL of acceptor buffer was added via a glass pipette into 
each Franz cell. Pure CBD (dissolved in a vehicle solvent of sterile-
filtered DMSO; 1 mL) or 200 mg of the formulation was added us-
ing a pipette for pure compound and a syringe (PermeGear, Hel-
lertown, PA, USA) for formulations. The tops of the cells were 
clamped and covered in parafilm to prevent evaporation. At each 
given timepoint, 600 µL of the sample was removed from the spout 
of the Franz apparatus, transferred into an Eppendorf tube (Sigma, 
Burlington, MA), and replaced with 600 µL of new acceptor buffer.

The IVRT Data Analysis
The IVRT experiments were performed using the reported 

method with minor modifications [22]. Each sample (600 μL) tak-
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en from the acceptor well was subjected to the IVRT analysis. Sur-
factant from the sample was first removed by extraction with a 
C-18 SPE column prior to the analysis of CBD content using the 
aforementioned LC-MS method. Elution time was compared with 
that of the standard curve (online suppl. Fig. S4). A linear regres-
sion of CBD standards was calculated (R2 = 0.9759), and concen-
trations of CBD were interpolated. For the initial timepoint col-
lected in the Franz cell assay, the calculated IVRT was determined 
using the formula: drug concentration/1,000 × 12. For each time-
point following, the calculation was adjusted to account for the 
addition of buffer in the acceptor well using the following equa-
tion: (drug concentration × 12 + 0.6 × [sum of sample concentra-
tions]/1,000).

Results

CBD Isolate Shows Favorable Skin Permeability in the 
Computational Prediction, PAMPA, and Franz Cell 
Diffusion Model
The theoretical skin permeability of CBD isolate was 

first evaluated by a computational model SwissADME 
and DERMWINTM. CBD’s −Log Kp, a theoretical indica-
tor of skin permeability, was predicted to be 3.6 and 5.7 
cm/s by the SwissADME and DERMWINTM model, re-
spectively, suggesting that CBD is skin permeable. This 
prediction was further validated by experimental data ob-
tained from the PAMPA. CBD had a −LogPe value of 5.0, 
whereas the reference standards including warfarin (low 
permeability), piroxicam (medium permeability), and 
verapamil and progesterone (high permeability; see their 
computational-based skin permeability in online suppl. 
Table S1) had −LogPe values of 5.75, 5.41, 5.04, and 4.93 
at pH 6.5, respectively (Fig. 1a). The CBD −LogPe value 
was similar to that of the highly permeable standard com-
pounds. In a slightly basic condition (pH 7.4), CBD’s −
LogPe was 5.0, which is similar to verapamil’s (5.05) and 
progesterone’s (5.13) (Fig.  1b). Data from the PAMPA 
showed that CBD had similar −LogPe values as compared 
to known skin permeable compounds including vera-
pamil and progesterone at pH 6.5 and 7.4, suggesting that 
CBD may have favorable skin permeability. This was fur-
ther supported by data obtained from the Franz cell dif-
fusion assay (IVRT) showing that the CBD was able to 
penetrate the Franz cell membrane and was detected in 
the diffusion compartment. CBD was detectable at 30 
min and gradually increased in concentration to 16.80, 
30.59, and 44.08 μg/mL at 60, 120, and 240 min, respec-

Fig. 1. Permeability of CBD evaluated by 
the PAMPA model. The PAMPA sandwich 
was created with the donor (bottom), arti-
ficial skin membrane, and skin sink buffer 
as the acceptor (top). CBD was incubated 
in the PAMPA sandwich for 1 h at room 
temperature, and then, the UV profiles of 
the donor and acceptor plates were read on 
the SpectraMax plate reader connected to 
the PAMPA software to calculate the −Log-
Pe values. CBD shows passive permeability 
in the skin PAMPA model (n = 6). The pas-
sive permeability of CBD was evaluated at 
two pH conditions 6.5 (a) and 7.4 (b).

Fig. 2. In vitro permeability profile of CBD isolate obtained by us-
ing the Franz cell diffusion IVRT assay (n = 3). Surfactant from the 
sample was first removed by extraction with a C-18 SPE column 
prior to the analysis of CBD content using the LC-MS method.



Skin Permeability of CBD and Its 
Formulations

133Med Cannabis Cannabinoids 2022;5:129–137
DOI: 10.1159/000526769

tively (Fig. 2). The CBD content reached a plateau from 
360 to 720 min at 47.6–51.8 μg/mL, respectively. Data 
from the artificial membrane-based assays suggest that 
CBD isolate may be able to penetrate the skin barrier. We 
next sought to evaluate the skin permeability of CBD in 
topical formulations (i.e., creams). However, given that 
CBD is a relatively lipophilic compound with low solubil-
ity in aqueous solutions [12], it is critical to use proper 
surfactants to solubilize CBD for its topical formulations. 
Herein, the solubility and stability of CBD in several sur-
factants were studied.

CBD Is Soluble and Stable in Surfactant Tween 20
The solubility of CBD in the oil carrier PIB (in PB and 

PBS) and a panel of surfactants (at 10% w/w in the final 
solution) including Tween 20, Tween 80, and SLS was 
evaluated (Fig. 3). CBD was more soluble in surfactants 
Tween 20, Tween 80, and SLS with a concentration of 
378.4, 388.0, and 399.8 μg/mL, respectively, and less sol-
uble in PIB with PBS or PB with a concentration of 47.3 
and 55.7 μg/mL, respectively. Tween 20 was selected as 
the surfactant for further evaluations of CBD’s stability at 
different pH conditions as it is a common surfactant used 
in various topical formulations. In the presence of Tween 
20, CBD had minor degradation up to a period of 7 days 

as its level decreased by 9.6, 15.0, 14.3, and 9.1% at pH 4, 
5, 6, and 7, respectively (Fig. 4). The degradation became 
significant by 14 days as the CBD level was reduced to 
17.1–34.9% at different pH conditions. Notably, CBD at 
moderate acidic conditions (pH 5 and 6) maintained the 
highest level of stability with concentrations of 81% and 
70%, respectively. In contrast, CBD in pH 7 solution 
showed the highest degradation over the 30-day period as 
its level was reduced to 50%. We further evaluated wheth-
er CBD solubilized in Tween 20 at different pH condi-
tions can be detected in the PAMPA. The LC-MS analysis 
showed that CBD was detectable in the acceptor wells 
with concentrations of 32.5, 27.5, 39.0, and 41.3 μg/mL at 
pH 4, 5, 6, and 7, respectively. These data suggest that 
CBD in the presence of Tween 20 was more skin perme-
able at pH 6 and 7 (Fig. 5).

CBD in the Cream Formulations Is Detectable by the 
Franz Cell Diffusion Assay
The skin permeability of CBD in a commercial cream 

and an in-house formulated cream was assessed using the 
Franz cell diffusion assay. Prior to the testing, a mem-
brane compatibility test with Supor PES membranes was 
conducted to confirm that the membranes did not inter-
fere with the release of CBD (online suppl. Fig. S5). CBD 
in the in-house made cream formulation showed feasible 
skin permeability as CBD was detected in the diffusion 
compartment at the timepoint of 30 min. The CBD con-
tent increased from 2.7 to 25.2 μg/mL from 30 to 480 min, 
respectively (Fig. 6). The CBD content in the IVRT for the 
BAS-SLKC-01 cream formulation was much lower as 
CBD in the diffusion compartment was not detected un-
til the timepoint of 120 min (0.8 μg/mL), and then gradu-
ally increased to 1.4, 3.0, and 4.1 μg/mL at 240, 360, and 
480 min, respectively.

Discussion

CBD’s extensive use in cosmetics necessitates further 
evaluations of its stability and permeability through the 
skin. Cannabinoids are susceptible to UV degradation, 
chemical rearrangements, and oxidation [23]. Lindholst 
determined that when organic solvents, such as ethanol 
and chloroform, are used, both temperature and light ex-
posure influence the stability of cannabinoids [24]. How-
ever, most of the published studies that are available have 
been completed using the resin forms of Cannabis or 
their alcohol extracts. In skincare, alcohol extracts with 
solvent present and pure resin are rarely used. Rather, the 

Fig. 3. Solubility of CBD in various surfactants including PIB (in 
PBS and PB), Tween 20, Tween 80, and SLS. The concentrations 
are expressed as mean ± standard error (n = 3). CBD (5 mg) and 
different surfactants (at a final concentration of 10%; w/w) were 
mixed with PBS (12 mL). Solutions were thoroughly mixed and 
placed still at room temperature for 24 h. CBD in each solution was 
extracted with a SPE column (100 mg), and the CBD content was 
determined by the HPLC analysis.
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lipophilic cannabinoids would be incorporated into 
aqueous-based products using surfactants or simply add-
ed to creams without surfactants. It is well established 
that light and temperature play the most significant role 
in degradation [24, 25]. We found that in a PBS and 10% 
w/w Tween 20 solution, which is more relevant in skin-
care formulations than alcoholic preparations, CBD 
shows the most degradation at pH 6 and pH 7 compared 
to pH 4 and pH 5 (Fig. 4). Many skincare products are 
already formulated to be slightly acidic, often using ingre-
dients such as citric acid to maintain the barrier function 
of the acid mantle on the skin [26]. In our current study, 
CBD was evaluated with multiple in vitro assays to evalu-
ate the passive permeability of CBD through biomimetic 
skin membranes. The first assay employed was the PAM-
PA model, which evaluated CBD’s permeability, and 
compared it to the reference compounds with known skin 
permeability and pharmacokinetics (online suppl. Table 
S1). CBD showed a similar permeability profile to the en-
dogenous steroid progesterone suggesting that CBD is 
moderately permeable through the skin.

Fig. 4. a–d Stability of CBD in surfactant 
Tween 20 at various pH conditions (pH = 
4, 5, 6, and 7). The stability of the CBD-
surfactant solution was evaluated using a 
LC-MS method, and CBD degradation was 
monitored by measuring the accumulation 
of breakdown products. The CBD content 
was expressed as percent of cumulative 
degradation over a 30-day timespan, and 
values are expressed as mean ± standard er-
ror (n = 3).

Fig. 5. Permeability of CBD in surfactant Tween 20 at different pH 
conditions (pH = 4, 5, 6, and 7) determined by the PAMPA model. 
Data are expressed as mean ± standard error (n = 3). Statistical 
significance was determined by analysis of variance (ANOVA), 
and significant differences of CBD content at different pH condi-
tions are shown with different letters.
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Conceptually similar to PAMPA, the Franz cell diffu-
sion assay was employed to determine the rate at which 
CBD in various formulations penetrated synthetic skin 
membranes using the IVRT assay with a cellulose acetate 
membrane. Although skin-tissue-derived membranes 
may be a preferred model, their physiological conditions 
can be affected by various factors including the differ-
ences in age, race, and site of skin. Thus, in our current 
study, an artificial membrane, i.e., the cellulose acetate 

membrane representing the general biological features of 
the skin with desired feasibility and reproducibility [27], 
was selected to study the skin permeability of CBD for-
mulations. This method was also used in a recently re-
ported study showing that CBD’s concentration and skin 
permeability in various cannabis-infused consumer 
products can be contrasting due to their formulations 
[17]. Thus, it is crucial to analyze the skin permeability of 
CBD using the IVRT assay with a cellulose acetate mem-
brane in topical formulations. When comparing formula-
tions of CBD in a commercially available formulation 
(i.e., BAS-SLKC-01; purchased from MakingCosmetics 
Inc.) and an in-house made formulation (i.e., Emul Gel 
cream), the IVRT indicated the release of CBD in the in-
house formulation was much higher compared to the 
BAS-SLKC-01 cream (Fig. 6). The observed difference in 
permeability may be due to the nonuniformity of CBD in 
the formulation. The permeability of CBD may have been 
influenced by the presence of penetration-enhancing oils 
in the lipophilic phase of the Emul Gel cream. In addition, 
propylene glycol, a commonly used excipient in various 
formulations, has been reported to enhance the transder-
mal permeability of many drugs [28]. Data from the IVRT 
experiments with two CBD cream formulations suggest 
that the permeability of CBD can be greatly influenced by 
ingredients in the oil phase (e.g., coconut, almond, jojoba, 
and avocado oils) and the manufacturing process (i.e., in-
corporating CBD in the pre-formulated cream vs. adding 
CBD in the excipients) [29], which is crucial for the opti-
mization of CBD’s formulation for topical applications. 
Surfactants in different pH conditions also play a pivotal 
role in CBD’s skin permeability in topical recipes and for-
mulations. As we observed in the PAMPA, CBD’s perme-
ability can be affected by adding surfactants at varying pH 
environments (Fig. 1, 4). Findings from the current study 
showed that CBD is skin permeable in the PAMPA mod-
el. Furthermore, CBD may penetrate the skin barrier in 
cream formulations as supported by findings from the 
Franz cell diffusion assay. However, these findings are 
based on experiments using artificial skin membranes, 
which may not reflect the physiological conditions of hu-
man skin tissue warranting further studies using in vivo 
models to confirm.

Conclusion

CBD isolate showed moderate skin permeability in the 
PAMPA and Franz cell diffusion assays. CBD is stable in 
surfactants including Tween 20 at slightly acidic condi-

Fig. 6. In vitro release profiles of CBD in two cream formulations 
obtained by the Franz cell diffusion assay (n = 3). The in vitro re-
lease profiles of CBD are tested in two formulations including the 
in-house (a) and BAS-SLKC-01 creams (b), and the CBD content 
in each cram was determined by the LC-MS method.
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tions (pH = 5 and 6). Therefore, CBD may maintain its 
stability in topical products by keeping the product cool, 
away from light, and at slightly lower pH conditions. Li-
pophilic creams might be considered a favorable base for 
compounding CBD into different formulations. Howev-
er, previous studies have shown that hydrophilic gels in-
corporating CBD via specific vehicles are effective in 
terms of permeation and CBD retention on the skin [15]. 
These formulations should also be further explored. Ad-
ditionally, nanotechnology-based and solid-state formu-
lations may prove as innovative and effective in terms of 
CBD delivery to the skin [15, 30]. Further studies are war-
ranted to assess CBD’s permeability using models with 
human skin tissue. Findings from the current study pro-
vide critical information for the development of topical 
products containing CBD.
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