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ABSTRACT 

In recent years, nano technology has been extensively 

investigated. Due to the submicron particle size and unique 

physicochemical properties of nano particles, they overcome the 

problems of low Cannabinoid’s solubility and poor 

bioavailability. Although the structures of nano particles are 

simple, the further development of these materials is hindered 

by their stability. Cannabinoid’s nano particles with the 

average sizes of 10 to 100 nm usually require the addition of 

stabilizers such as polymers or surfactants to enhance their 

stability. The stability of nano suspensions and the 

dispersibility of nano particles are the key factors for the 

large-scale production of formulations. In this paper, the 

factors that affect the stability of Cannabinoid’s nano 

suspensions are discussed, and related methods for solving 

the stability problem is put forward. Methods: The Cannabinoid’s 

formulation developed in this study consisted of vitamin E 

acetate, Cremphor L, Tween-60, and distilled water. Results: The 

particle size of the formulated suspension were in the range of 

11.0 to 94 nm. 

Introduction 

Cannabinoids are chemical compounds found in the cannabis plant. 

There are more than 100 cannabinoids that have been isolated 

from cannabis1. Cannabidiol (CBD), tetrahydrocannabinol (THC) and 

cannabinol (CBN) are the most frequently studied species. 

Monitoring the cannabinoid composition of the extracts and 

purity of the isolated compounds is important to ensure the 



potency of prepared formulations as well as proper sample 

handling in the laboratory. CBD has a similar chemical structure 

to that of THC, but it has no psychotropic activity2–5. CBD is 

known to modulate the activity of many cellular effectors 

including CB1 and CB2 receptors3,6, 5HT1A receptors7, GPR558, μ- 

and δ-opioid receptors9, TRPV1 cation channels10, PPARγ11, and 

FAAH10. 

Δ9-Tetrahydrocannabinol (Δ9-THC) is the primary active 

constituents of Cannabis sativa, with its isomer Δ8-

Tetrahydrocannabinol (Δ8-THC) being a very minor component. Δ9-

THC has shown potential in the treatment of syndromes through 

its IOP lowering and neuroprotective effects12,13. The mechanism 

of action is not completely understood, though it has been said 

to have an agonistic action on the cannabinoid receptors CB1 and 

CB214,15. These receptors are expressed on the iris-ciliary, 

retina-choroid and the trabecular meshwork16. Δ9-THC, through 

these receptors, causes relaxation of the trabecular meshwork 

which results in increased aqueous humor drainage and subsequent 

IOP reduction13. Neuroprotective action of Δ9-THC was also 

recently studied by El-Remessy et al. in N-methyl-D-aspartate 

(NMDA) induced retinal toxicity13, making Δ9-THC a promising 

candidate therapy. Previous reports from our group have 

demonstrated the physicochemical characteristics and 

permeability and in vivo disposition of Δ9-THC and its relatively 

water-soluble prodrugs in the eye. The effects of ion pairing 

and micellar solutions on the disposition of Δ9-THC in the eye 

were studied in these previous reports17,18. 

Cannabinol (CBN) is the nonenzymatic oxidation by-product of THC 

and is most commonly an artifact found after prolonged storage, 

especially at higher temperatures. CBN was the first cannabinoid 

to be identified and isolated from cannabis19. This discovery was 



most likely due to rampant degradation of THC to CBN due to poor 

quality control, the transportation and storage conditions 

related to the 19th century; challenges that are still difficult 

to overcome in existing cannabis products20. A review of 

phytocannabinoids summarized the ability of CBN to inhibit the 

activity of a number of enzymes, including cyclooxygenase, 

lipoxygenase, and a host of cytochrome P450 (CYP) enzymes (e.g., 

CYP1A1, CYP1A2, CYP2B6, CYP2C9, CYP3A4, CYP3A5, CYP2A6, CYP2D6, 

CYP1B1, and CYP3A7)21. 

 

 

Figure 1: Cannabinoid Structures 

Nanotechnologies 

Nanotechnologies come with their own advantages and limitations. 

A best-in-class product designed with one nanotechnology does 

not guarantee the best-in-class formulation if that same 

technology is infused into another dosage form. Nanotechnology 

is an umbrella term used to define the products, processes, and 

properties at the nano-microscale that have resulted from the 

convergence of the physical, chemical, and life sciences. The 

National Nanotechnology Initiative (NNI) defines, 

“Nanotechnology as research and development at the atomic, 

molecular, or macromolecular levels in the sub-500-nm range (100 

– 500 nm) to create structures, devices, and systems that have 

novel functional properties”22. 

Ultrasound assisted nanosuspension preparation 



A vibrating ultrasonic probe immersed in a liquid will transmit 

alternating high- and low-pressure waves. These fluctuations 

cause the liquid molecular cohesive forces to break-down, 

pulling apart the liquid and creating millions of micro-bubbles 

(cavities), which expand during the low-pressure phases and 

implode violently during the high-pressure phases. As the 

bubbles collapse, millions of microscopic shock waves, micro jet 

streams, and eddies are generated at the implosion sites and 

propagated to the surrounding medium. Although this phenomenon, 

known as cavitation, lasts but a few microseconds, and the 

amount of energy released by each individual bubble is minimal, 

the cumulative amount of energy generated by the imploding 

cavities is extremely high promoting surface peeling, erosion, 

and particle breakdown. The volume of material that can be 

processed effectively with an ultrasonic processor is dependent 

on the power rating of the ultrasonic generator (power supply), 

and the diameter of the probe used with that power supply – the 

higher the rating of the power supply and the larger the 

diameter of the probe, the larger the volume of material which 

can be processed. The equipment of our choice for processing 

batches is Branson 550 model with a solid probe purchased from 

Fisher Scientific (Toronto, Canada). 

Materials And Methods 

Chemicals and Reagents 

Phyto cannabinoid analytical standards (> 98%) Δ9-THC, Δ8-THC 

CBD, and CBN were purchased from Millipore Sigma (Toronto, 

Canada). Liquid chromatography (LC) grade acetonitrile, 

methanol, formic acid and water for the mobile phase and sample 

preparation were purchased from Fisher Scientific (Toronto, 

Canada). 

Preparation of nanosuspensions 



Low concentrated (0.5 to 2 mg/ml) nano-suspension of a preferred 

cannabinoid preparation process.  

Process of the nano suspension formulation comprise of: 

a. Base preparation 

b. Adding preferred cannabinoids 

c. Adding Aqueous Medium (deionized H20) 

Base preparation comprises of mixing carrier oil, D-α Tocopherol 

and Cremophor EL. There are two options what to use as the 

carrier oil. First option is the cold pressed hemp oil. It has 

few advantages and the main one is the similarities to 

cannabinoids. Also, few disadvantages and the main one is the 

limitation. According to the health regulations, daily 

consumption should not be more than 7g/kg (for average human of 

70kg). Second option is the corn oil. Absolute advantage is the 

easy to digest by human metabolism. 

Thus, in clean bicker (200g) 10g of a carrier oil (of choice) 

was added, and then added 5 g of D-α Tocopherol and 50 g of 

Cremophor EL was added. Components were mixed together and when 

mix becomes clear 195g of Tween 60 was added. Resulting base was 

heated to 60°C and 0.5 to 2 g. of the preferred cannabinoid was 

added. Resulting mix was stirred slowly until absolutely clear 

and then transferred to 2000 ml clean bicker. Bicker with the 

mix was heated to 60°C in a water bath. Ultrasound mixing was 

applying for 3 minutes in order to minimize foam creation. 

Resulting nano suspension was cooled and average size of the 

droplets was performed. 

High concentrated (10 to 500 mg/ml) nano-suspension of a 

preferred cannabinoid preparation process. 



Thus, in clean bicker (200g) 10g of a carrier oil (of choice) 

was added, and then added 5 g of D-α Tocopherol and 50 g of 

Cremophor EL was added. Components were mixed together and when 

mix becomes clear 195g of Tween 80 was added. In order to 

prepare high concentrated nano-suspension the base content must 

be adjusted accordingly to the cannabinoid concentration. 

Appropriate resulting mix was stirred slowly until absolutely 

clear and then transferred to 2000 ml clean bicker. Bicker with 

the mix was heated to 60°C in a water bath. Ultrasound mixing 

was applying for 3 minutes in order to minimize foam creation. 

Resulting nano suspension was cooled and average size of the 

droplets was performed. 

Chemical Analysis 

Δ9-THC, Δ8-THC CBD, and CBN were analyzed by UHPLC/UV (Shimadzu 

SIL 40C XS).  

METHOD INFO 

Column: XBridge C-18; 5µm; 4.6x150mm; Internal Column Number:#59 

Mobile Phase: A – 0.1% Formic Acid in H2O; B - 0.05% Formic Acid 

in Methanol (HPLC Grade) 

Time Table: 

Minute   A%  B% 

 0.0    40.0  60.0 

 7.0    23.0  77.0 

 8.2     5.0  95.0 

14.0    40.0  60.0 

Stop Time: 18.0 Min.; 

Post Time: 2.0 min; 

Flow: 1.0 ml/min; 

Injection volume: 10µL; 

Detection UV: A – 210nm, B – 230nm; 

 

Mean Particle Size and Particle-Size Distribution 



The mean particle size and the width of particle-size 

distribution are important characterization parameters as they 

govern the saturation solubility, dissolution velocity, physical 

stability and even biological performance of nanosuspensions. 

Mean particle size distribution was measured by Anton Paar 

Litesizer Model 500. Diluted nanosuspension was added to the 

sample cell (quartz cuvette) and put into sample holder unit and 

measurement was carried out with help of software. Zeta 

potential of the optimized formulation was measured using the 

same instrument. Sample was added in specialized zeta cell and 

the same procedure was carried out as described earlier. Large 

magnitude values of zeta potential indicate higher stability of 

a suspension. For the purpose of determining the stability of 

prepared nanosuspension imparted by various stabilizers, the 

zeta potential of all the samples was measured. All the zeta 

potential measurements of nanosuspensions containing different 

stabilizers were carried out in triplicate with the mean values 

and standard deviations reported. 

 

Fig.2. Zeta potential of the nanosuspension 

Stability Study 

Three batches, each of nanosuspension and lyophilized 

nanosuspension were used for each storage condition. At periodic 



time intervals, the samples were withdrawn and analyzed for 

particle size and drug content. 

Saturation solubility determination 

Saturation solubility was assessed for both unprocessed pure 

drug and optimized nanosuspension. Accurately weighed 10 mg of 

pure cannabinoid and nanosuspension equivalent to 10 mg of it 

was separately introduced into a 25 ml stoppered conical flask 

containing 10 ml of distilled water. The sealed flask was placed 

in a rotary shaker at 37°C and equilibrated for 6 hours. The 

contents were then filtered, and the suitably diluted samples 

were analyzed using UV-visible spectrophotometer (Shimadzu-1900, 

Japan) at 285 nm, against distilled water as a blank. Each 

sample was prepared and analyzed in triplicate. 

Short-term physical stability 

Physical stability of the optimized nanosuspension for partially 

open vial was evaluated for a period of up to 1 month at ambient 

conditions (22°C). Nanosuspension was stored in a closed 

standard polymer cuvette provided by Anton Paar. The stability 

was assessed in terms of PSD, zeta potential, total weight and 

percent drug loading. 

Drug loading 

The amount of cannabinoid present as nano-sized drug particle 

in the dispersion was measured by UV-visible spectroscopy. Drug 

loading of cannabinoid in nanosuspension was found to be in the 

range of 15%-81%. Larger particles that were not in the 

submicron range must have settled down at the bottom, leading to 

low drug loading in various formulations of the nanosuspension. 

Results 

Quantification of Cannabinoids Using HPLC 

Linear calibration curves for Cannabinoids were obtained at 

ranges of 10–200. Their correlation coefficients (R2) were 



between 0.985 and 0.998. The lower limit of detection was 10 

ng/mL. In the intra-day analysis, precision and accuracy were 

15.8% at 10 ng/mL and 3.58% at 200 ng/mL, respectively. In the 

inter-day analysis, precision and accuracy were 8.20% at 10 

ng/mL and 2.88% at 100 ng/mL, respectively. These results 

satisfied the acceptance criteria (< 20 and 15% for the lower 

and higher concentrations, respectively). 

Characteristics of nano suspensions 

FIG. 1 shows the images taken by observing the appearance of 

each of the nanosuspension formulations (when viewed from the 

left side, CBD, Δ9-THC, Δ8-THC, and CBN). The mean particle size 

of transparent formulation immediately after the preparation, 

was determined to be 35.3 ± 1.8 nm (n = 5), for CBD; 22.0 ± 1.8 

nm (n = 5) for Δ9-THC, 22.0 ± 1.8 nm (n = 5) for Δ9-THC and 44.5 

± 1.8 nm (n = 5) for CBN, respectively. 

Discussion 

Nano-cannabinoids are to provide exceptionally high 

bioavailability and therapeutic effect, and are absorbed by the 

body, either orally or through the skin, very rapidly and 

completely. In fact, the uptake starts to occur in the mouth 

almost immediately upon oral administration. This means higher 

potency and faster onset of action for lower doses. In addition, 

nano-cannabinoids are water-compatible and can be easily mixed 

into beverages at essentially any desired concentration. To 

improve the absorption and bioavailability of cannabinoids, we 

developed a new nano sized formulation23-25. The appearance and 

particle diameter of nanosuspensions were the same during 

storage at 22°C./60% relative humidity (RH) for at least 18 

months (Nitrogen filled, closed vials and not exposed to a 

direct light). The appearance of the nanosuspensions preparation 

developed in this study was transparent and its particle 



diameter was small enough to be evaluated as Nano (< 45 nm as 

the mean value). The formulations solubilized and remained 

transparent even after extensive dilution with water 

(e.g., > 100 times diluted), indicating that this were a 

self-emulsifying system. The choice and concentration of 

stabilizer are selected to promote the particle size reduction 

process and generate physically stable formulations. To be 

effective, the stabilizer must be able to wet the surface of the 

drug and providing a steric or ionic barrier. In the absence of 

the appropriate stabilizer, the high surface energy of nanometer 

sized particles would tend to agglomerate or aggregate the drug. 

Physically stable nano formulations are obtained when the weight 

ratio of drug to stabilizer is 20:1 to 2:1. Too little 

stabilizer induces agglomeration or aggregation and too much 

stabilizer promotes Ostwald ripening. 

The process of identifying an appropriate stabilizer(s) for a 

drug candidate is empirical and can be accomplished using amount 

of drug in milligram. Pharmaceutical excipients such as the 

polysorbates, cellulosic, povidones and plutonic are usually 

used that are acceptable stabilizers for creating physically 

stable nanoparticle dispersions. NCs are noticeably easy to 

prepare, but then again, the stability and the selection of 

stabilizer(s) greatest challenging and critical step27. 

Advancement of nanosized particles makes high energy surfaces, 

which can spin to aggregate and Ostwald ripening, if 

stabilization isn't at an efficient level. Stabilizers can be 

non-ionic or ionic in nature and the general steadiness depends 

on the established DLVO-hypothesis came to either by means of 

electrostatic powers or steric block. 

1. Polymers: HPMC, HPC, MC28,29, PVP30, poloxamers30,31 

2. Nonionic: Polysorbates, Sorbitan esters, vitamin E TPGS32,33. 

3. Ionic: SDS29. 



In this study, we used several ingredients, i.e., water, 

Cremphor L, Tween-60, and vitamin E acetate (D-α Tocopherol) to 

emulsify cannabinoids for nanosuspensions. MCT Oil was used as a 

co-solvent to dissolve cannabinoids of our choice in the lipid 

phase, which was also used for Neoral®26, the commercially 

available microemulsion formulation of cyclosporine A. Tween-60, 

which was used as a surfactant, is generally known to be a non-

toxic and non-irritant material34,35. However, the Joint FAO/WHO 

Expert Committee on Food Additives (JECFA) recommended 

the acceptable daily intake of Tween-60 without any side 

effects to be 25 mg/kg body weight. 

Decrease in particle size to nano range results in improved 

saturation solubility as well as dissolution velocity36,37. 

The relation between the saturation solubility of a drug and its 

particle size is inversely proportional to each other 

(according) to which decrease in particle size results in 

increase in Surface area consequently saturation solubility of 

the drug38. Nanosuspension offers large surface area which 

increase the contact area of each particle and solvent system 

which tremendously increase the passing of drug from bulk to 

solution hence dissolution velocity is fastened39,40. This 

relationship can be expressed by simple Noyes Whitney equation: 

 

Where dC/dt is the rate of dissolution, D is the diffusion coefficient of a drug in solution, S 

is the effective surface area of a drug in contact with the fluid, C s is the saturation 

solubility of the drug in the diffusion layer, Ct is the concentration of the drug in the bulk 

medium and h is the diffusional distance over which the concentration gradient happens. 

 



The drop of particle size, increased saturation solubility, an 

enlarged surface area and a thinner diffusion layer can 

intensely increase the dissolution velocity, which ultimately 

improves bioavailability of drug in body41. Therefore, reduction 

in particle size is a good approach to successfully improve the 

drug bioavailability where the drug’s dissolution speed is the 

rate limiting step42. Via moving to nanonization from 

micronization, the rate of dissolution increases because of 

particle shell is further increase. In many cases, a low 

dissolution speed is related to low saturation solubility43 but 

by enhancing the saturation solubility concentration gradient 

between the blood and gut lumen, then the absorption by passive 

diffusion44. Like other nanoparticles, nanosuspensions showed up 

an increased or improved adhesiveness to tissue which generally 

led to an enhancement in oral absorption of poorly soluble drugs 

apart from the increased dissolution rate and saturation 

solubility45,46. It is well known that amorphous drugs possess a 

higher saturation solubility than crystalline drug material. 

Amorphous drug nanoparticles possess a higher saturation 

solubility as compared to equally sized drug in the crystalline 

state. Therefore, to achieve the highest saturation solubility47, 

a combination of nanometer size and amorphous state is ideal. 

The formulations developed all comprised surfactant (Cremophor 

or Labrasol, at 20% w/w), a separate oil phase, (a number of 

oils were tested which were proprietary forms of: glycerol 

monocaprylocaprate, caprylic/capric triglyceride, propylene 

glycol caprylate and propylene glycol dicaprylate/dicaprate were 

tested, typically at 4% w/w), and a co-surfactant (including 

Transcutol, PEG 400, glycerol, ethanol and propylene glycol, 

typically at concentrations between 20 and 35% w/w). 



For producing clear suspensions, the majority of droplets fall 

below 100 nm to create minimum turbidity. For nano-suspensions, 

the dimensions of the particulate phase are much smaller than 

the wavelength of light, causing weak light scattering and hence 

low turbidity. Therefore, nano-suspension tend to be transparent 

in appearance (Fig.1). 

The stable formulations are subjected to a stability test at 

40°C., at room temperature (22°C) and under the condition of 

storage under cooling (4°C). To determine the stability of a 

formulation, each formulation was stored in a transparent 

container in a thermostat at 40° C., at room temperature (22°C) 

and under cooling (4°C), and the stability is evaluated by the 

naked eyes at a predetermined time interval and observing the 

separation or precipitation in the formulation. In addition, 

during the test of formulation stability, the stability is 

determined by average size of the droplets for each formulation. 

Average size measurement reports are shown in Table 1. 

Table 1. Average size measurement results.  

Concentration of 

Cannabinoid 

(mg/ml) 

Date of 

creation 

Size at the 

initial date 

(nm) 

Size at 

January 7 2022 

(nm) 

0.5 06 Mar 2019 10.1 11.08 

1.0 09 May 2019 11.0 12.67 

2.0 09 Nov 2019 12.7 15.35 

5.0 09 Nov 2019 15.4 17.92 

10.0 09 Nov 2019 54.91 63.09 

125.0 09 Nov 2019 92.48 112.89 

500.0 09 Nov 2019 720.6 980.67 

It can be seen that the nano-emulsions including high 

concentrated APC are stable for the period of more than 36 

month. In certain cases, agglomeration of nano-suspension may 

occur. In this regard, proper dispersants may be employed to 

minimize agglomeration, alone or in combination with 



surfactants. Suitable co-solvents include, but are not limited 

to, transcutol, PEG 300-8000, glycerol, and ethanol48,49. 

Short-term physical stability  

The optimized nanosuspension formulation showed good physical 

stability. 1 ml of the optimized nanosuspension was placed into 

a standard polymer cuvette and total weight was recorded. All 

nanosuspensions were created at 19 Oct 2020. The results of the 

stability studies are shown in Table 2.  

Table 2. Average size measurement results.  

Nanosuspension of 

Cannabinoid at 

10mg/ml 

Initial 

total 

weight (g) 

Size at the 

initial date 

(nm) 

Size at 

January 7 2022 

(nm) 

CBD 3.26 19.88 37.69 

Δ9-THC 3.501 83.12 94.09 

Δ8-THC 3.808 37.37 76.19 

CBN 3.428 18.52 33.03 

The results showed that temperature has an influence on 

aggregation of nanoparticles and at room temperature, 

aggregation was higher compared to closed vials storage 

condition for liquid nanosuspension. When comparing liquid 

nanosuspension with lyophilized nanosuspension, aggregation was 

more in liquid state for both conditions. Refrigerated condition 

has no significant effect on particle size whereas room 

temperature condition has more detrimental effect. The 

conclusion is that higher temperature results in increase in 

particle size. The effect is more significant in liquid 

nanosuspension as compared to dry formulation. The increase in 

the particle size at room temperature is thought to be due to 

the aggregation of the particles. Another reason may be the 

Ostwald ripening resulting from fluctuations in room 

temperature. 



Fig.3 – 5 show the total weight decrease for semi-closed vials 

storage condition at room temperature 

 

Fig.3 Total weight of CBD nanosuspension 

 

Fig.4 Total weight of Δ9-THC nanosuspension 

 

Fig.4 Total weight of Δ8-THC nanosuspension 
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Fig.4 Total weight of CBN nanosuspension 

CONCLUSION  

Nanosuspension of preferred cannabinoid was successfully 

prepared using ultrasound homogenization as a wet milling 

technique. Preliminary investigative studies and evaluation of 

critical parameters like zeta potential, particle size 

distribution, and drug loading indicate that the combination of 

presented nano carrier and preferred cannabinoid exhibits a 

narrow range of size distribution of nanosuspension with a 

narrow particle size distribution and a stable zeta potential 

value −25.8 mV. All nanosuspension demonstrated prolonged 

particle size retention without agglomeration. This phenomena 

might be explained by electro steric stabilization of the 

nanosuspension due to higher electrostatic repulsive forces 

between the particles, as well as enhanced steric hindrance from 

the adsorbed polymer. As the effect of stabilizer type and ratio 

used provided an important direction for optimization of 

formulation parameters with respect to the mean particle size, 

drug loading, and zeta potential as evident from the results. 

Furthermore, the findings from envisaged research suggest 

ultrasonic homogenization as a reasonable, novel, and 

alternative top-down approach for the production of stable 

nanosuspension of preferred cannabinoids. However, further 

2.500

3.000

3.500

Total Weight



studies with suitable tools, like design of experiment, are 

imperative in order to explore the formulation and process 

variables minutely. 
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