
Medical Cannabis
and Cannabinoids

Basic Science - Research Article

Med Cannabis Cannabinoids 2023;6:148–159
DOI: 10.1159/000534473

Received: July 17, 2023
Accepted: October 2, 2023
Published online: November 7, 2023

Absorption and Bioavailability of Novel
UltraShear Nanoemulsion of
Cannabidiol in Rats

Mahmoud A. ElSohly Iram Shahzadi Waseem Gul

ElSohly Laboratories, Inc., Oxford, MS, USA

Keywords
Cannabidiol · UltraShear nanoemulsion · Bioavailability ·
Pharmacokinetics · Absorption

Abstract
Introduction: Cannabidiol (CBD) has several potential
benefits and therapeutic uses, especially in pain, inflam-
mation, and anxiety. CBD has high hydrophobicity and very
low solubility in water. CBD has also shown exceptionally
low oral-gastrointestinal (oral-GI) bioavailability. In this
study, we aimed to examine the oral gastrointestinal ab-
sorption and subsequent bioavailability of CBD in a nano-
emulsion formulation prepared by Pressure BioSciences’
UltraShearTM technology.Methods: CBD nanoemulsion (2%)
was provided by Pressure BioSciences, Inc. (South Easton,
MA), and CBD pharmacokinetic parameters were evaluated
in male Sprague-Dawley rats using LC-MS/MS technology.
Results: Bioavailability of orally delivered CBD UltraShear
nanoemulsion was calculated to be 18.6% at 6 h and 25.4%
at 24 h. While oral-GI bioavailability is unsurprisingly limited
by first-pass metabolism, it is nonetheless notable that CBD
bioavailability for oral-GI UltraShear nanoemulsion CBD is
roughly 3–4x higher than the typical bioavailability for oral-
GI CBD delivered in oil solution or conventional edible
formats. Conclusion: This study has provided a compelling
demonstration of unprecedented speed and efficiency of
oral-GI CBD absorption of CBD UltraShear nanoemulsions,

achieving 10% of levels achieved for direct IV injection
within 30 min and 80% of IV levels in 24 h. Notably, within
just the first hour post-administration, the bioavailability
of oral CBD from UltraShear nanoemulsion formulation
exceeded the typical 6% total CBD oral bioavailability
benchmarks reported for CBD edibles and ultimately
achieved 3–4X these levels within 6–24 h.
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Introduction

Cannabidiol (CBD) is a non-psychotropic compound
derived from the cannabis plant. CBD interacts subtly
with the CB1 and CB2 receptors in the body, which bind
strongly to THC and are responsible for its psychotropic
effects [1]. CBD also interacts with certain serotonin
receptors, vanilloid receptors, adenosine receptors, and
ion channels, which may explain its potential therapeutic
effects in a variety of medical conditions [2]. Epidiolex® is
the first FDA-approved prescription CBD drug for the
control of epileptic seizures associated with Lennox-
Gastaut syndrome [3] and Dravet syndrome [4]. CBD
enjoys common over-the-counter use for managing pain,
inflammation, anxiety, stress, posttraumatic stress dis-
order, sleep disorders, and skin conditions. Early research
suggests that CBD reduces spasticity in multiple sclerosis
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[5] and may lessen the severity of neurological symptoms
associated with Alzheimer’s disease [6], Parkinson’s
disease [7], and schizophrenia [8].

Despite its potential benefits, the therapeutic use of
CBD is hampered by its high hydrophobicity and very
low solubility in water. CBD has shown exceptionally
low oral-gastrointestinal (oral-GI) bioavailability, with
only about 6% of the bioactive compound reaching the
systemic circulation [9, 10], limited by both
• Low oral-GI absorption efficiency of current com-
mercial preparations, and

• Highly efficient transformation in first-pass meta-
bolism (before reaching systemic circulation) into
primary metabolites CBD-7-COOH and 7-OH-CBD
among others.
Current commercial topical CBD products are gen-

erally reported to have even lower systemic bioavailability
[11]. Improving the oral-GI bioavailability of CBD
products is an active area of research. CBD capsules
containing nanospheres of lyophilized powder in bio-
degradable polymer are in a phase 2 trial planned for the
treatment of opioid addiction [12]. Preclinical studies of
CBD oral cocrystals with tetramethylpyrazine are being
carried out by Artelo Biosciences for the treatment of
posttraumatic stress disorder, inflammatory bowel dis-
ease, and stroke [13].

CBD therapeutics must be specifically formulated
according to their intended delivery route, which include
inhalation, oral-GI, sublingual, buccal, intranasal,
transdermal, and rectal, among others. For oral-GI
delivery, significantly increased absorption and subse-
quent bioavailability of several lipophilic compounds
encapsulated in nanoemulsions have been shown to
correlate with oil droplet size reduction [14, 15]. Spe-
cifically, the intestinal absorption of CBD is markedly
increased when delivered as an oral nanoemulsion where
oil droplet size is extremely small [16].

Several different approaches to increase CBD solubility
in water and to enhance its absorption and bioavailability
have been undertaken including encapsulation into
amphiphilic clathrate structures such as cyclodextrins
[17]; combining the oil phase with dry powders of bio-
degradable polymer substances such asmaltodextrin [18];
chemical modifications rendering higher polarity [19];
and preparation of oil-in-water nanoemulsions [20].

Nanoemulsions have recently attracted the attention of
pharmaceutical formulation developers as effective media
to deliver hydrophobic active ingredients via oral,
transmucosal, and transdermal routes. Nanoemulsions
are kinetically stable mixtures of oil droplets of submicron
size coated by emulsifiers. Stability of nanoemulsions is a

function of several factors; mainly, the choice of emulsifiers
and the physical preparation method that define nano-
emulsion droplet size and polydispersity. Emulsification
requires blending immiscible oil and water phases using
mechanical shear that can be achieved by rotor-stator
homogenizers, ultrasonic equipment, and high-pressure
homogenizers. Rotor-stator homogenizers are incapable of
achieving sufficient shear rates to produce nanometer-size
emulsions. Ultrasonic equipment, while capable of deliv-
ering enough energy to make nanoemulsions, tends to
generate polydisperse nanoemulsions with a broad range
of droplet sizes, which facilitates nanoemulsion break-
down. High polydispersity negatively affects nano-
emulsion stability and interferes with filter sterilization.

High-pressure homogenization is a relatively new
approach that uses pressures reaching or exceeding
30,000 psi to generate intense fluid shear forces producing
highly monodisperse nanoemulsions of oil-encapsulated
bioactives [21]. Currently, commercialized high-pressure
homogenization technologies face operational efficiency
limitations due to fouling or clogging in their shearing
valve designs and significant downtime associated with
clearing these valves and reestablishing operational
qualification. Pressure BioSciences, Inc. has recently in-
troduced UltraShear™ technology for high-pressure
homogenization, delivering unprecedented shear rates
of up to 109s−1 and incorporating a “dynamic valve”
design featuring self-clearing capabilities while in con-
tinuous operation. This design innovation offers important
benefits in operational efficiency improvement and eco-
nomic viability for nanoemulsion production of CBD and
a diverse range of other products requiring low droplet
size, monodisperse, stable nanoemulsions for effective
delivery of hydrophobic active compounds.

Generally, formulations with droplet sizes below 100
nm and appropriate use of emulsifier appear to be stable
for extended periods of time when stored refrigerated or
at room temperature. Moreover, these formulations are
readily miscible with water and can be sterilized by
microfiltration. Absorption of nanoemulsified active in-
gredients is expected to be considerably higher compared
to the same hydrophobic molecules administered as
tinctures or as solutions in oil mixed with powdered
material such as maltodextrin. However, bioavailability of
nanoemulsified CBD has not been sufficiently studied via
any of its potential administration pathways. This study
aimed to fill significant gaps in this understanding by
examining the oral-GI absorption and subsequent bio-
availability of CBD in a nanoemulsion formulation
prepared by Pressure BioSciences’ UltraShear™ tech-
nology [22, 23].
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Table 1. Mass spectrometric conditions and the transitions for all analytes and internal standard

Analyte: CBD IS: CBD-d3 Analyte: CBD-7-COOH Analyte: 7-OH-CBD IS: tolbutamide

MRM transitions Q1 – m/z 315 Q1 – m/z 318 Q1 – m/z 343 Q1 – m/z 329 Q1 – m/z 269
Q3 – m/z 193 Q3 – m/z 134 Q3 – m/z 230 Q3 – m/z 267 Q3 – m/z 169

Resolution – Q1 and Q3 Unit Unit
Capillary voltage, KV 3.90 3.20
Cone voltage, V 40 40 40 46 40
Collision energy, V 20 18 26 26 16
Ionization/polarity Positive Negative
Dwell time, ms 0.025 0.025
Ionization source Electrospray ion source Electrospray ion source
Desolvation gas flow, L/h 800 800
Source temperature 500°C 200°C
Sample preparation method Protein precipitation Protein precipitation
Retention time, min 2.68 1.48 1.53 1.43
Calibration range 5.60–560 ng/mL 5.0–500 ng/mL 5.0–500 ng/mL NA

Table 2. HPLC conditions

Mobile phase Solvent A: acetonitrile
Solvent B: 0.2% formic acid in Milli-Q water

Chromatographic method Gradient
Flow rate 0.3 mL/min
Column Acquity UPLC® BEH Phenyl (50 × 3.0 mm, 1.7 µm)
Injection volume 2 µL
Run time 5.0 min
Sample cooler temperature 10°C
Column oven temperature 40°C
Rinsing solution MeOH:Milli-Q water (80:20, v/v)

Table 3. Time versus plasma concentration (ng/mL) of CBD and metabolites, CBD-7-COOH and 7-OH-CBD, after oral administration
of 5 mg CBD nanoemulsion

Rat 1 Rat 2 Rat 3 Rat 4

CBD CBD-7-
COOH

7-
OH-
CBD

CBD CBD-7-
COOH

7-
OH-
CBD

CBD CBD-7-
COOH

7-
OH-
CBD

CBD CBD-7-
COOH

7-
OH-
CBD

0 min BLQ BLQ BLQ BLQ BLQ BLQ BLQ BLQ BLQ BLQ BLQ BLQ
5 min BLQ 19.5 6.5 BLQ 10.85 BLQ 10.86 11.03 BLQ 8.67 39.48 7.52
10 min 7.7 192.79 BLQ 12.98 124.78 10.66 19.76 61.72 7.98 7.64 170.62 8.6
15 min 19.67 1,052.24 6.04 19.98 394.48 6.77 53.78 206.66 13.21 67.47 430.81 28.75
30 min 147.99 1,943.91 28.75 28.21 338.66 26.39 147.16 481.66 48.1 442.85 781.5 60.99
1 h 326.29 759.87 58.01 20.36 221.14 BLQ 144.57 745.11 49.97 252.32 755.78 55.02
2 h 111 704.5 31.21 111.35 413.16 27.39 100.23 315.1 20.96 125.51 377.25 36.45
4 h 54.41 291.65 55.73 46.38 334.28 10.75 60.4 350.28 16.86 98.73 368.14 32.23
6 h 42.32 194.4 28.4 36.78 278.51 19.53 13.82 473.84 16.48 83.24 259 18.42
24 h 7.92 64.81 BLQ BLQ 26.4 BLQ BLQ 48.74 5.5 BLQ BLQ BLQ

Below limit of quantitation (BLQ), lower limits of quantitation (LLOQ): CBD 5.6 ng/mL, CBD-7-COOH 5.0 ng/mL, 7-OH-CBD
5.0 ng/mL.
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Materials and Methods

Standards and Reagents
A solution of 10 mg/mL CBD standard in a mixture of ethanol:

Kolliphor ELP:water (1:1:8) was used for intravenous injection and
was prepared in-house. 7-OH-CBD and CBD-7-COOH as well as
d3-CBD and tolbutamide were purchased from Cerilliant. Ace-
tonitrile and other solvents were ACS grade.

CBD nanoemulsion (2%) was provided by Pressure BioSci-
ences, Inc. (South Easton, MA, USA): CBD isolate (>98% pure
CBD, Mile High Labs, Boulder, CO, USA) was dissolved 1:5 (w/w)
in virgin hempseed oil (Jedwards International, Braintree, MA,
USA) and combined 1:10 with a continuous phase containing
glycerol, polysorbate 80, and deionized water. The final mixture,
containing 20 mg/mL CBD, 10% hempseed oil, 10% glycerol, and
9% polysorbate 80, was pre-blended using a hand-held high-speed
rotor-stator homogenizer (Omni International, a Perkin Elmer
Company, Kennesaw, GA) at 10,000 RPM. The resulting crude
emulsion was nanoemulsified by six consecutive passes through a
BaroShear™ Mini high-pressure homogenizer (Pressure BioSci-
ences). Resulting nanoemulsion showed a mean droplet size of
about 60 nm and very low polydispersity index (PDI = 0.22, well
within the <0.3 target range considered acceptable for lipid-based
carriers in drug delivery applications), as characterized by a Li-
teSizer 500 dynamic light scattering instrument (Anton Paar USA,
Ashland, VA, USA) [24]. The final CBD concentration of 20mg/mL
in the formulation was verified by solid-phase extraction followed by
HPLC assay at ProVerde Laboratories (Milford, MA, USA).

Animal Studies
Male Sprague-Dawley rats (200–250 g) were used to evaluate

CBD pharmacokinetic parameters. The animals were individually
housed in filter-top cages and kept in the University of Mississippi
Vivarium. All procedures were performed in compliance with the
University of Mississippi Animal Care and Use Committee (IA-
CUC) and following the National Institute of Health (NIH)
guidelines (Protocol #22-003). Before initiation of the study, a

jugular cannula was placed in each animal. All animals were fasted
overnight and divided into two groups. Four animals were used in
the oral-GI nanoemulsion test group and three animals in the
intravenous control group. Zero-min time-point blood samples
(200 µL) were drawn before drug administration. UltraShear CBD
nanoemulsion formulation was given orally at 5 mg/animal
(0.25 mL of a 20 mg/mL preparation) by gavage. The intravenous
(IV) route dose was 1 mg/animal (0.1 mL of a 10 mg/mL mixture)
given via the jugular cannula. Blood samples (200 µL–300 µL) were
collected in Terumo microcentrifuge tubes (Capiject) coated with
EDTA (0.78mg/tube) at 5 min, 10min, 15min, 30min, 1 h, 2 h, 4 h,
6 h, and 24 h for both orally and IV administered CBD for-
mulations. The plasma was separated by centrifugation of the
blood samples at 3,000 RPM for 5 min at 4°C (Legend Mach 1.6R,
Thermo Sorvall). Plasma (100 µL) was stored at −20°C until
analysis.

Plasma Extraction Method
A 50 µL aliquot of plasma from each blood collection time was

transferred into 1.5-mL Eppendorf tubes. Samples were treated
with 100 µL of 100% acetonitrile containing internal standard
(20 ng/mL of d3-CBD or tolbutamide) and vortexed for 2 min.
Samples were then centrifuged at 13,000 rpm for 10 min at 4°C,
and 100 µL of supernatant was transferred into inserts in 1.0 mL
vials and capped with polyethylene plugs prior to analysis using
UPLC-MS/MS.

LC/MS/MS Analysis
Water Acquity (Xevo TQ-S) LC-MS/MS was used for the

analyses of the plasma samples. The UPLC system was an Acquity
UPLC® with BEH Phenyl Column (50 × 3.0 mm, 1.7 µm), and the
injection volume was 2 µL. The column oven temperature was set
to 40°C, while the sample cooler temperature was 10°C. Flow rate
was 0.3 mL/min, and the total run time was 5 min. The mobile
phase was acetonitrile and Milli-Q water containing 0.2%
formic acid.

Table 4. Time versus plasma concentrations (ng/mL) profile of CBD andmetabolites, CBD-7-COOH and 7-OH-CBD, in plasma after IV
administration of 1 mg control CBD

Time Rat 5 Rat 6 Rat 7

CBD CBD-7-COOH 7-OH-CBD CBD CBD-7-COOH 7-OH-CBD CBD CBD-7-COOH 7-OH-CBD

0 min BLQ BLQ BLQ BLQ BLQ BLQ BLQ BLQ BLQ
5 min 842 306 BLQ 849 546 40.1 563 428 124
10 min 588 477 BLQ 969 175 BLQ 743 553 212
15 min 484 243 BLQ 641 310 BLQ 670 880 BLQ
30 min 202 678 BLQ 203 743 BLQ 391 589 33.6
1 h 117 178 BLQ 154 225 BLQ 142 158 30.3
2 h 41.9 65.4 13.3 62.4 66.6 BLQ 93.3 119 17.2
4 h 15.4 20.1 BLQ 21.9 38.9 BLQ 54.6 63.3 BLQ
6 h 10.3 BLQ BLQ 8.66 23.3 BLQ 28.1 BLQ BLQ
24 h BLQ 12.7 BLQ 7.54 BLQ BLQ N/A N/A N/A

Below limit of quantitation (BLQ), lower limits of quantitation (LLOQ): CBD 5.6 ng/mL, CBD-7-COOH 5.0 ng/mL, 7-OH-CBD 5.0 ng/
mL. N/A, data not available.
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a b

Fig. 1. Time versus concentration profile of CBD and its metabolites, CBD-7-COOH and 7-OH-CBD, in plasma
after oral administration of 5 mg CBD UltraShear nanoemulsion. a Individual results are shown for each of 4 rats
tested. b Average of all rats, with standard deviation brackets (n = 4). Lower limits of quantitation (LLOQ): CBD
5.6 ng/mL, CBD-7-COOH 5.0 ng/mL, 7-OH-CBD 5.0 ng/mL. Values BLQ were rounded to zero for purposes of
averaging.
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Table 1 shows the mass spectrometric conditions and the
transitions for all analytes. Table 2 shows the HPLC conditions.

Pharmacokinetics Calculations
Tables 3 and 4 show the pharmacokinetic raw data. The area

under curve (AUC) was determined using the trapezoidal method.
CBD total absorption in either ng/mL or as AUC is calculated as
CBD equivalents (CBDE) with adjustment for molecular weight
(MW) differences of CBD metabolites versus CBD with the fol-
lowing equation:

CBDE � CBD + CBD − 7 − COOH ×
MW CBD( )

MW CBD−7−COOH( )
( ) + 7

−OH − CBD ×
MW CBD( )

MW 7−OH−CBD( )
( )

The relative absorption A(OGI/IV) was determined using the
following equation:

A OGI/IV( ) � 100 × CBDE AUC OGI( ) ×
Dose IV( )

CBDE AUC IV( ) × Dose OGI( )

a b

Fig. 2. Time versus concentration profile of CBD and CBD-7-COOH in plasma after IV administration of 1 mg
control CBD. a Individual results are shown for each of 3 rats tested. bAverage of all rats, with standard deviation
brackets (n = 3). Lower limits of quantitation (LLOQ): CBD 5.6 ng/mL, CBD-7-COOH 5.0 ng/mL, 7-OH-
CBD 5.0 ng/mL. Values BLOQ were rounded to zero for purposes of averaging.
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where OGI = oral-GI, and IV = intravenous. The relative bio-
availability F(OGI/IV) was determined using only unmetabolized
CBD levels, using the following equation:

F OGI/IV( ) � 100 × CBD AUC OGI( ) ×
Dose IV( )

CBD AUC IV( ) × Dose OGI( )

Results and Discussion

The plasma concentrations of CBD, CBD-7-COOH,
and 7-OH-CBD were evaluated through time intervals
from 5 min to 24 h in 4 rats following oral-GI admin-
istration of CBD UltraShear nanoemulsion (Table 3;

Fig. 3. Liver metabolism of CBD to its primary carboxy and hydroxy metabolites.

Table 5. Area under curve (AUC) calculations of oral CBD UltraShear nanoemulsion 5 mg/rat results at 6 h

CBD
AUC

Relative
bioavailability, %

CBD-7-COOH (CBD
equivalents) AUC

7-OH-CBD (CBD
equivalents) AUC

Total CBD
equivalents AUC

Relative total
absorption, %

Rat 1 621.8 20.60 2,917.9 230.8 3,770.4 57.90
Rat 2 326.8 10.80 1,698.8 89.5 2,115.1 32.50
Rat 3 460.1 15.20 2,128.8 133.2 2,722.1 41.80
Rat 4 836.9 27.70 2,202 197.8 3,236.6 49.70
Avg
(n = 4)

561.4 18.60 2,236.9 162.8 2,961.1 45.50

Std Dev 190.3 6.30 437.7 55 613.1 9.40

Relative bioavailability of CBD from oral-GI UltraShear nanoemulsion (F(OGI/IV)) after 1st pass metabolism. Relative total ab-
sorption of CBD equivalents from oral-GI UltraShear nanoemulsion (A(OGI/IV)) includes metabolites after 1st pass metabolism.

154 Med Cannabis Cannabinoids 2023;6:148–159
DOI: 10.1159/000534473

ElSohly/Shahzadi/Gul

https://doi.org/10.1159/000534473


Fig. 1). In three out of four animals individually and for all
four animals on average, the maximum plasma CBD
concentration was reached between 30 min and 1 h after
oral administration. For the fourth animal, the plasma
CBD concentration peak was measured at 2 h. CBD was
detected in plasma for up to 6 h in all animals. By 24 h, the

plasma CBD level was below limit of quantation (LOQ) in
3 out of 4 animals. In 3 out of 4 animals, the maximum
CBD-7-COOH concentration was observed between
15 min and 30 min and for the fourth animal at 1 h. In
three out of four animals, the maximum 7-OH-CBD
concentration was observed between 30 min and 1 h and

Table 6. Area under curve (AUC) calculations of IV CBD Control 1 mg/rat results at 6 h

CBD
AUC

Dose-adjusted
(5X) CBD AUC

CBD-7-COOH (CBD
equivalents) AUC

7-OH-CBD (CBD
equivalents) AUC

TOTAL CBD
equivalents AUC

Dose-adjusted (5X) total
CBD equivalents AUC

Rat 5 467.3 2,336.3 554.2 19.0 1,040.4 5,202.2
Rat 6 596.1 2,980.6 666.7 3.2 1,265.9 6,329.7
Rat 7 751.0 3,755.2 765.8 84.8 1,601.7 8,008.3
Avg
(n = 3)

604.8 3,024.0 662.2 35.6 1,302.7 6,513.4

Std
dev

116.0 580.1 86.5 35.3 230.6 1,152.9

Table 7. Area under curve (AUC) calculations of oral CBD UltraShear Nanoemulsion 5 mg/rat results at 24 h

CBD
AUC

Relative
bioavailability, %

CBD-7-COOH (CBD
equivalents) AUC

7-OH-CBD (CBD
equivalents) AUC

TOTAL CBD
equivalents AUC

Relative total
absorption, %

Rat 1 1,073.9 27.9 4,964.0 474.0 6,512.0 83.4
Rat 2 657.9 17.1 4,105.7 256.7 5,020.3 64.3
Rat 3 584.5 15.2 6,254.0 321.5 7,159.9 91.7
Rat 4 1,586.1 41.3 4,246.5 355.5 6,188.0 79.3
Avg
(n = 4)

975.6 25.4 4,892.6 351.9 6,220.0 79.7

Std
Dev

398.8 10.4 850.7 78.9 776.0 9.9

Relative bioavailability of CBD from oral-GI UltraShear nanoemulsion (F(OGI/IV)) after 1st pass metabolism. Relative total ab-
sorption of CBD equivalents from oral-GI UltraShear nanoemulsion (A(OGI/IV)) includes metabolites after 1st pass metabolism.

Table 8. Area under curve (AUC) calculations of IV CBD Control 1 mg/rat results at 24 h

CBD
AUC

Dose-adjusted
(5X) CBD AUC

CBD-7-COOH (CBD
equivalents) AUC

7-OH-CBD (CBD
equivalents) AUC

Total CBD
equivalents AUC

Dose-adjusted (5X) total
CBD equivalents AUC

Rat 5 560.0 2,799.8 654.5 19.0 1,233.4 6,167.0
Rat 6 741.9 3,709.6 850.6 3.2 1,595.7 7,978.3
Rat 7* 1,003.9 5,019.7 765.8 84.8 1,854.6 9,272.8
Avg
(n = 3)

768.6 3,843.0 757.0 35.6 1,561.2 7,806.0

Std
Dev

182.2 911.2 80.3 35.3 254.8 1,273.8

*24-h data missing for rat 7: gap-filled with 0’s to complete 24-h AUC calculation.
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for the fourth animal at 2 h. Fast absorption of the parent
CBD compound and rapid first-pass metabolism of oral-
GI CBD from the UltraShear nanoemulsion formulation
are indicated by the very early appearance, and higher
combined levels, of the CBD-7-COOH and 7-OH-CBD
metabolites relative to levels of the parent CBD molecule.

It is noted that there is high interanimal variability in
CBD metabolism (as expected) and a second maximum
for CBD-7-COOH and an increase in the metabolite level
after 2 h in animal 4. It is thought that the second
maximum in animals 1, 2, and 3 might be the result of
dumping of metabolites in the bile into the general

a

b

Fig. 4. a Average “CBD Equivalent” plasma concentration for rats administered CBD via oral UltraShear
nanoemulsion versus via IV injection, including metabolites adjusted for MW differences versus CBD.
b Comparison of average oral/IV total absorption of “CBD equivalents” versus bioavailability for “CBD only”
after first-pass metabolism.
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circulation and thus the rise. On the other hand, the rise
in CBD-7-COOH in animal 4 could be the result of more
delayed absorption through the normal enterohepatic
circulation than through the lymphatic system compared
to the other animals.

For a comparative “gold standard” baseline, CBD con-
centration over time was also measured in 3 additional rats
that received 1 mg of intravenous control CBD via jugular
cannula (Table 4; Fig. 2). CBDwas detected in plasma for up
to 6 h in all animals after IV injection. After 24 h, plasma
CBDwas below LOQ in 2 out of 3 animals. It is noted that a
maximum CBD-7-COOH concentration was initially
found at 5–10 min followed by another maximum at 15–30
min. However, a secondary maximum in CBD-7-COOH
concentration was also observed in the rats receiving oral-
GI administration of nanoemulsion, which suggests that the
explanationmay lie in common biological pathways at work
in both sets of animals, such as discussed above regarding
the interanimal variability in the oral-GI rats. The maxi-
mum CBD-7-COOH concentration was observed between
15 and 30 min and remained above LOQ for only 4–6
h. Only low levels of 7-OH-CBD were sporadically detected
after IV administration. In contrast to the rapid conversion
of CBD to CBD-7-COOH observed in the oral treatment
group, the plasma levels of CBD and CBD-7-COOH are
roughly equivalent in the IV group, reflective of the fact that
IV administration circumvents the first-pass metabolism
encountered in the rats receiving CBD via the oral-GI route.

Figure 3 illustrates the primary liver metabolism of
CBD. CBDmetabolism is thought to go through at least 9
different pathways involving several cytochrome P450
enzymes, resulting in formation of approximately 40
distinct metabolites [25, 26]. The most significant met-
abolic pathways are thought to involve CYP2C19 enzyme
and result in hydroxylation at positions 6 or 7. CYP3A4
also contributes to hydroxylation at position 6. The
present study focused only on quantitative analysis of the
parent CBD compound and its most prominently ob-
served metabolites: 7-OH-CBD and its immediate
downstream metabolite: CBD-7-COOH.

Considering the oral-GI administration route studied
herein, it is extremely significant to note that plasma
levels of CBD and/or its metabolites were easily detectable
at the very first testing point in the plasma of all four
animals, just 5 min after oral administration of the Ul-
traShear nanoemulsion, and were sharply increased
(including metabolites) in the plasma of all animals at
10 min. The rapid attainment of measurable levels of not
just CBD but also its conversion into much higher levels
of the carboxy and/or hydroxy metabolite products in the
plasma of all four animals already at the 5 and 10 min

time points, and the achievement of Cmax for the average
total of CBD and metabolites combined at 30 min, clearly
indicates extremely rapid absorption of the UltraShear
nanoemulsion in the gut. Indeed, comparing the effi-
ciency of oral-GI absorption of CBD UltraShear nano-
emulsion in rats 1–4 versus IV injection in rats 5–7 (both
populations were assessed in “CBD equivalents,” mea-
suring parent CBD combined with metabolites after
correction for MW differences, to ignore the rapid CBD
conversions in first-pass metabolism for the oral-GI
route), the average Oral/IV relative total absorption of
CBD equivalents (A(OGI/IV)) exceeded 45% at 6 h and
reached nearly 80% by 24 h (Tables 5–8; Fig. 4).

Relative bioavailability (F(OGI/IV)) of the orally
administered UltraShear CBD nanoemulsion was
calculated compared to the dose-adjusted AUC values
derived from control rats that received intravenous
CBD in a conventional (i.e., not nanoemulsion) for-
mulation. Based on these results, the relative bio-
availability of orally delivered CBD UltraShear
nanoemulsion was calculated to be 18.6% at 6 h and
25.4% at 24 h. While oral-GI bioavailability is un-
surprisingly limited by first-pass metabolism, it is
nonetheless notable that CBD bioavailability for oral-
GI UltraShear nanoemulsion CBD is roughly 3–4X
higher than the typical bioavailability for oral-GI CBD
as reported in the introduction above.

Relevant pharmacokinetic parameters for the oral-
GI CBD UltraShear nanoemulsion and control IV
groups are presented in Tables 6 and 8. The average
half-life of CBD in plasma is similar in rats receiving
oral nanoemulsion (5.3 +/− 1.5 h) compared to IV
injection of the conventional formulation (4.4 +/− 0.9
h). While standard deviation and %CV data have been
calculated and presented for mathematical com-
pleteness in the analyses herein, it should be noted that
for population sizes of 3 and 4 animals, respectively,
the standard deviation and %CV results are of limited
utility.

Conclusions

This study has provided a compelling demonstration of
unprecedented speed and efficiency of oral-GI CBD ab-
sorption of CBD UltraShear nanoemulsions, achieving 10%
of levels achieved for direct IV injection within 30 min and
80% of IV levels in 24 h. Notably, within just the first hour
post-administration, the bioavailability of oral-GI CBD
UltraShear nanoemulsions in systemic circulation following
first-pass metabolism exceeded the typical 6% total oral-GI
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CBD bioavailability benchmarks reported for CBD edibles
and ultimately achieved 3–4X these levels within 6–24 h.

While it is anticipated that rapid first-pass metabolism in
the oral-GI route limits the bioavailability of CBD in systemic
circulation, it is clear that the CBDUltraShear nanoemulsion
effectuates extremely fast total absorption and correspond-
ingly higher parent CBD survival through first-pass meta-
bolism. Indeed, this study indicated that the total absorption
of CBD UltraShear nanoemulsion, including the majority of
the CBD converted intometabolites by first-passmetabolism
immediately following GI absorption, reached 45–50%
within 6–8 h and 80% in 24 h of the total CBD bioavailability
measured from IV injection. This observation offers great
promise for possible rapid absorption and increased bio-
availability via alternative non-oral-GI delivery, including
potential sublingual, buccal, intranasal, rectal, and possibly
transdermal routes. These results strongly invite additional
testing of alternative delivery routes. Notably, in our hands,
the most successful existing commercial CBD formulations
in sesame seed oil or other vegetable oils (including Epi-
diolex®) exhibit bioavailability of <10% in the same can-
nulated Sprague-Dawley rat animal model [27].
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