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Abstract

:

Growing consumer interest in hemp oilseed supplements requires quality control. Therefore, appropriate, effective and verified analytical methods are needed for the determination of some bioactive cannabinoids in them. The aim of the study is to present an extended (compared to our previous research) validated high performance liquid chromatography with diode array detection (HPLC-DAD) method for the determination of four cannabinoids (cannabidiol, cannabidiolic acid, cannabinol and delta-9-tetrahydrocannabinol) in an oil matrix, which was used to determine these cannabinoids in seven commercial hemp oil supplements. In our method, the isolation of the target compounds was based on liquid extraction with acetonitrile combined with the freezing (at −41 °C) of the oil phase. The results show that in some cases, the determined concentrations of cannabinoids in the tested supplements differ significantly from those declared by the manufacturers. As for the main medicinal cannabinoid (CBD) in hemp oil supplements, in two cases, the measured concentration was significantly lower (1.45 and 1.81%) than the declared (5 and 5%), and in the other supplements, the obtained results confirm the declared amount of CBD within the error range from 3.29 to 9.2%. Therefore, to ensure the safe and beneficial use of these supplements by consumers, it is necessary to monitor their cannabinoid composition.
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1. Introduction


Hemp (Cannabis sativa L.) is a dioecious annual plant belonging to the cannabis family (Cannabaceae) [1]. This plant is popularly known from their psychoactive activity and recreational use [2].



The most important group of bioactive compounds in cannabis is cannabinoids, of which cannabidiol (CBD), cannabidiolic acid (CBDA), cannabinol (CBN) and psychoactive delta-9-tetrahydrocannabinol (∆9-THC) are of particular importance. CBDA, a precursor to CBD, is found naturally in the leaves, and only under the influence of light or heat is transformed into a decarboxylated form (CBD) [3,4]. Generally, all these compounds are not dissolving in water but are well dissolved in organic solvents. Their hydrophobicity change in range of log P from 4.86 to 5.28 (6.99) (Table 1).



Cannabinoids interact in the body with the endocannabinoid system, which consists of CB1 and CB2 receptors and their ligands (cannabinoids). CB1 receptors are found mainly in the central nervous system, while CB2 receptors are found in the peripheral nervous system. The largest concentration of CB1 receptors is found in the brain, the liver, the pancreas and the digestive system, while CB2 receptors are more concentrated in cells of the immune and skeletal systems [7,8,9].



In recent decades, the therapeutic properties of cannabinoids have aroused the interest of scientists and physicians, as well as consumers. From among a variety of therapeutic activities of cannabis, especially analgesic, anti-cancer, anti-emetic and neuroprotective effects were reported [10,11,12,13,14,15,16,17].



The stimulation of CB1 receptors, which are found in many structures of the brain, is responsible for, e.g., the analgesic effect of cannabinoids [10,11]. The anti-cancer properties of cannabinoids include anti-proliferative, anti-metastatic, anti-angiogenic and anti-apoptotic properties in the treatment of lung, skin, breast, thyroid, pancreatic and prostate cancer [12,13]. These effects are due to the activation of CB1 and CB2 receptors by cannabinoids, the activation of which affects the biochemical and physiological state of cancer cells. Δ9-THC and its analogs have been shown to be effective in chemotherapy-induced nausea and vomiting [14,15]. The antiemetic mechanism of cannabinoids is explained by their action on CB1 receptors located in the medulla elongated brain stem, which controls gag reflexes.



The healing properties of cannabinoids can also be tried in the treatment of Parkinson’s and Alzheimer’s disease, glaucoma and multiple sclerosis [16,17].



Apart from the therapeutic effects described above, other positive therapeutic properties are mentioned, such as sedative, anxiolytic and hypnotic, without the associated side effects [18,19]. Thus, certain cannabinoids, especially CBD, CBDA and CBN, are widely accessible in the form of oil dietary supplements. Therefore, it is important to have appropriate reliable methods that will allow for control of the qualitative and quantitative composition of these preparations in terms of the cannabinoids content in them.



Cannabinoids were assayed predominantly by chromatographic methods, such as LC-MS [20,21], GC-MS [22], GC-FID [23], HPLC-DAD [24,25,26] and OPLC [27] or even using more sophisticated analytical techniques, for example NMR [28]. From among extraction techniques, UAE [25], dynamic maceration [29], SPME [30], MAE [31], QuEChERS [21] or SFE [32] were applied. A number of extraction solvents, such as ethanol [24], methanol [25], ethyl acetate/isopropanol (1/1, v/v) [33], methanol/chloroform (90/10, v/v) [34], hexane/isopropanol (9/1, v/v) [35] or methanol/water (80/20, v/v) [20], were also used. These compounds were mainly determined in plant materials [20,22,34,35] and hemp food [21,24,33,35], as well as in cosmetic and pharmaceutical [24,33] products.



At present, there is a relatively small number of papers presenting quantitative analysis of cannabinoids in oil matrices. The examples of determination of these bioactive compounds in oils may be indicated in several reports [24,25,33,36], which were published in recent years.



This work constitutes the extension of our previous examinations [37]. The present research is focused on the determination of main analytical parameters of the HPLC-DAD method for the determination of the next two cannabinoids (CBN and Δ9-THC) in an oil matrix, as well as analysis of seven commercial oil supplements, containing cannabinoids in various composition. To our knowledge, for the first time to isolate the tested cannabinoids from the oil matrix, liquid-liquid extraction was used with acetonitrile as an extraction solvent in combination with a freezing the oil phase at −41 °C.




2. Experimental


2.1. Standards and Reagents


The standard solutions of CBD, CBDA, CBN and Δ9-THC, each at concentration 1 mg per 1 mL of methanol or acetonitrile, were purchased from LGC Standards (London, UK). Methanol (MeOH) and acetonitrile (ACN), both of HPLC-gradient grade, were purchased from Merck (Darmstadt, Germany). Analytical grade 98.5% acetic acid was bought from Avantor (Gliwice, Poland). Deionized water was obtained from a demineralized water system HLP SUV (Hydrolab, Poznań, Poland).




2.2. Examined Materials


The standard oil samples were prepared from “Casa de Azeite” extra virgin olive oil, which came from the local market in Poland.



The following hemp oil supplements originating from different producers were subjected to the analysis. The declared composition of the supplements by the producers is given in brackets.



	
Supplement I: dark yellow hemp oil (5% CBD);



	
Supplement II: yellow-green hemp oil (5% CBD);



	
Supplement III: dark yellow hemp oil (5% CBD);



	
Supplement IV: dark brown hemp oil-resin (18.87% CBD, 27.01% CBDA, CBN 0.01%, 0.29% Δ9-THC)—this supplement was at the stage of implementation for sale and was not introduced to the market;



	
Supplement V: light yellow hemp oil (10% CBD);



	
Supplement VI: yellow hemp oil (5% CBD);



	
Supplement VII: dark yellow hemp oil (10% CBD).







2.3. Apparatus and Laboratory Equipment, Chromatographic Conditions


The samples were prepared using the following equipment: analytical balance (Radwag, Radom, Poland), vortex (Techno-Kartell, Noviglio, Italy), multifunctional rocker shaker (Grant Instruments Ltd., Cambridge, UK), sonic bath (Sonic & Materials Inc., Newtown, CT, USA), as well as low temperature freezer (Poleko, Wodzislaw Slaski, Poland) with the temperature regulation range from −80 to −40 °C.



Chromatographic analyses were performed with the use of liquid chromatography system LaChrom D-7000 (Merck-Hitachy, Japan) equipped with autosampler L-7200, pomp L-7100 and DAD L-7455. Separation of cannabinoids were conducted on a column Spheri-5, type C18 (250 × 4.6 mm, 5 µm). A mixture of 0.5% acetic acid in water (phase A) and acetonitrile (phase B) was used as the mobile phase, which flow was 1 mL/min, in a gradient mode. The gradient started from 30% phase A and 70% phase B, then phase A degreased to 20% and phase B increased to 80% for 5 min, and finally the gradient returned to the starting conditions for 5 min. The total time of analysis was 20 min. The column was thermostated to 25 °C. A total of 20 µL of a sample or a standard solution was injected into the column. The cannabinoids were detected at two waves: 220 and 240 nm.




2.4. Standard Oil Samples Preparation


Six samples of approx. 100 mg of olive oil were accurately weighed in 2 mL Eppendorf tubes on an analytical balance. In order to establish the calibration curves, the olive oil samples were prepared containing four tested cannabinoids at six concentration levels for each cannabinoid, i.e., 25, 12.5, 6.25, 3.125, 1.563, 0.781 µg/mL, by adding 20 µL of the standard solution of each cannabinoid at the appropriate concentration to the oil sample. The spiked olive oil samples were vortexed by 1 min and incubated for 1 h at room temperature. Next, 420 µL acetonitrile (500 µL acetonitrile minus 80 μL of acetonitrile/methanol originating from four standard solutions) was added and the sample was shaken for 15 min using a rocker shaker. To freeze the oil layer, the sample was kept horizontally in a freezer at −41 °C for 15 min. After that time, a liquid acetonitrile layer was quickly pipetted into an autosampler 1.5 mL vessel and twice diluted with acetonitrile. The content was vortexed by 30 s and was placed in the autosampler for HPLC analysis.




2.5. Determination of Main Analytical Parameters of the Method


The validation parameters (range of linearity, LOD and LOQ, precision at two analyte concentration levels, extraction recovery at two analyte concentration levels and its repeatability) for the cannabinoids CBN and Δ9-THC studied herein were calculated analogously as in our previous research [37] concerning development of the method for determination of two cannabinoids: CBDA and CBD in an oil matrix.




2.6. Supplements Preparation


In a 2 mL Eppendorf tube, approximately 100 mg of each supplement was accurately weighed and subjected to the extraction procedure with 500 µL of acetonitrile. The next steps were analogous to those described in the section concerning preparation of standard oil samples. As the concentrations of the studied cannabinoids in supplements were varied, the obtained extracts were appropriately diluted before analysis for determination of a particular compound.





3. Results and Discussion


Four cannabinoids were chromatographically separated to baseline during c.a. 12.5 min using slightly modified gradient conditions [37]. The retention times of the studied cannabinoids were: 6.60, 7.44, 10.52 and 12.39 min for CBDA, CBD, CBN and Δ9-THC, respectively (Figure 1). The order of elution of the four cannabinoids in the chromatographic system used is due to their hydrophobicity (Table 1). Exemplary chromatograms of a mixture of four standard cannabinoids in acetonitrile and in olive extract with the addition of these compounds are shown in Figure 1.



Due to its bioactive properties, CBD is the chief and most important component of hemp oil supplements while the allowed concentration of the psychoactive Δ9-THC in these products is strongly limited and should be below 0.2% (w/w). The other two cannabinoids (CBDA and CBN) usually coexist in natural products of hemp, and may modify their therapeutic properties.



The RP-HPLC-DAD method for simultaneous identification and determination of the four cannabinoids in an oil (olive oil) matrix was developed. Main validation parameters of this method, such as range of linearity, precision at two concentration levels, limits of detection and determination, extraction recovery at two concentration levels and its repeatability for each compound (for CBDA and CBD) were reported in [37]) and presented in Table 2.



The obtained extraction recovery values indicate that with the applied extraction solvent (acetonitrile), the best extraction results are for CBD, and the other cannabinoids give similar and a little bit lower extraction yields, which can be set in the following descending order: CBN > CBDA > ∆9-THC. This phenomenon is not quite in agreement with the increasing order of hydrophobicity of the cannabinoids: CBDA < CBD < CBN < ∆9-THC (Table 1) and, consequently, theoretically decreasing solubility of these compounds in polar solvents (e.g., ethanol or acetonitrile). It may only be indicated that the cannabinoids CBD and CBN, which are characterized by intermediate (in relation to the other two) hydrophobicity, are better extracted into the used relatively polar solvent. However, a similar relationship in extraction yield into a polar solvent, with the exception of ∆9-THC, may be found in the paper [24], where extraction (with 95% ethanol) efficiency decreased in the following order: CBD > CBN > CBDA.



The values of determined analytical parameters (Table 2) indicate that the proposed method is suitable for the study of hemp oil supplements. On the basis of a literature review, it may be generally stated that there is not a large number of reports publishing the results of cannabinoids analysis in oil matrix, and in most cases, there is lack of main validation data of the used analytical methods. Some available literature data were presented and compared with those of the proposed method in Table 3.



Due to the low admissible concentration level of Δ9-THC (0.2%, w/w) in hemp supplements, especially essential is the value of LOD/LOQ for this cannabinoid, which in our method is an appropriately low concentration level (0.65/1.95 μg/mL) and it is comparable with those cited in literature [33,36,38]. The proposed method requires a small amount of extraction solvent (0.5 mL) per sample, which is lower than those cited by other authors (5–10 mL). The simplicity and time consuming of the presented sample preparation method is comparable with those of other methods [24,25,33,36,38]; however, in one reported case [36], sample preparation was easier and only dilution with 2-propanol and IS solution was applied before injecting the sample to chromatograph. Although the precision of our method is slightly lower, especially in the case of CBDA and Δ9-THC, comparing its efficiency with that of other authors’ methods [24,25,33,36,38], it can be generally concluded that the proposed method is suitable for the analysis of hemp oil supplements to monitor the four cannabinoids tested. To verify the developed method on real samples, seven hemp oil supplements were subjected to analysis by this method. The obtained results were presented in Table 4.



In order to perform correct identification of the cannabinoids in the examined supplements, the retention times of standard cannabinoids in an olive matrix, as well as UV spectra corresponding to the compounds of interest, were considered. Analysis of each supplement was repeated at least three times. In all the supplements, three cannabinoids: CBDA, CBD and CBN were detected, but Δ9-THC was identified only in two supplements (IV and V). CBD, the main healing compound, was found in the analyzed products: I–VII in the following concentrations: 1.45; 4.82; 1.81; 18.25; 10.25; 4.54 and 10.28% (w/w), respectively. Comparing these results with the declared CBD content by the manufacturers, the conclusion is that in the case of the two supplements (I and III), the determined concentrations were considerably lower (1.45 and 1.81%) than the declared ones (5 and 5%). In the rest of the supplements, the obtained results confirm the declared CBD amount within the error range from 3.29 to 9.2%. In the case of one supplement (IV—oil-resin) the producer also provided information on concentrations of CBDA, CBN and Δ9-THC. The obtained results show that concentrations of CBDA, CBN and Δ9-THC were 25.75, 0.35 and 0.84%, respectively. Thus, it may be concluded that concentration of CBDA was lower but concentrations of CBN and Δ9-THC were higher than those declared. Especially, the concentration of Δ9-THC was higher than the permissible concentration level of this psychoactive compound in commercial hemp supplements.



The chromatograms of two selected supplement extracts are shown in Figure 2 and Figure 3.




4. Conclusions


The RP-HPLC-DAD method for the determination of four cannabinoids of therapeutic importance, present in oil matrix, was developed and validated. Main validation parameters of the method were estimated, which indicate that it is appropriate for analysis of these cannabinoids in hemp oil supplements. To our knowledge, it was the first time that an oil sample was prepared for cannabinoids determination using a small amount (0.5 mL) of acetonitrile as the extraction solvent combined with a freezing of fat phase at a low temperature (−41 °C).



The extraction method is green, simple, relatively quick and requires only basic laboratory equipment.



The reliability of the proposed method was confirmed by analysis of seven hemp oil supplements originated from different manufacturers. In several cases, the obtained results are quite different from those declared by producers. Thus, the general conclusion is that in order for the use of hemp supplements to be safe and beneficial for consumers, it is justified to develop appropriate methods and then use them for the determination of cannabinoids in such materials.



The presented method may be potentially useful for monitoring of qualitative and quantitative cannabinoid composition in commercially available hemp oil supplements in the context of the legal requirements for hemp products.
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Figure 1. Chromatograms of four cannabinoids - CBDA, CBD, CBN and Δ9-THC—(a) in an olive extract and (b) in acetonitrile (ACN). The compounds were detected at λ = 220 nm. 1—CBDA, 2—CBD, 3—CBN and 4—Δ9-THC. 
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Figure 2. Chromatograms of the analyzed oil-resin supplement IV- (a) original extract and (b) 500 times diluted extract. The compounds were detected at λ = 220 nm. 1—CBDA, 2—CBD, 3—CBN and 4—Δ9-THC. 
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Figure 3. Chromatograms of the analyzed oil supplement V- (a) original extract and (b) 100 times diluted extract. The compounds were detected at λ = 220 nm. 1—CBDA, 2—CBD, 3—CBN and 4—Δ9-THC. 
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Table 1. Structures and physicochemical properties of four cannabinoids: CBDA, CBD, CBN and ∆9-THC [5,6].
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	Cannabinoid
	Chemical Structure
	logS a
	-logKa b
	logPo/w c
	Observed Characteristic Absorption Maximum d (nm)





	CBDA

(cannabidiolic acid)
	 [image: Separations 08 00227 i001]
	−5.93
	3.41
	4.86 e
	270



	CBD

(cannabidiol)
	 [image: Separations 08 00227 i002]
	−5.69
	9.64
	5.20 e 5.79 f
	275



	CBN

(cannabinol)
	 [image: Separations 08 00227 i003]
	−5.74
	9.40
	5.21 e 6.23 f
	280



	∆9-THC

(delta-9-tetrahydrocannabinol)
	 [image: Separations 08 00227 i004]
	−6.11
	10.6
	5.28 e 6.99 f
	275







(a) S—solubility in water at 25 °C in mol/L; (b) Ka - acidic dissociation constant; (c) Pc/w—partition constant between octanol phase and water phase; (d) characteristic absorption maximum was observed for a particular cannabinoid in the used mobile phase; (e) average log P was taken from [5]; (f) log P was taken from [6].
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Table 2. Validation parameters for determination of CBDA, CBD, CBN and ∆9-THC in oil matrix by HPLC-DAD.






Table 2. Validation parameters for determination of CBDA, CBD, CBN and ∆9-THC in oil matrix by HPLC-DAD.





	Parameter
	CBDA
	CBD
	CBN
	∆9-THC





	Slope of the straight line, a
	27,598
	23,609
	39,194
	19,565



	Straight line intercept, b
	−4728.9
	45,721
	−15,196
	−11,745



	Linearity range (µg/mL)
	0.78–25
	3.12–50
	0.78–25
	1.56–25



	Determination coefficient, R2
	0.9986
	0.9976
	0.9976
	0.9993



	LOD (µg/mL)
	0.17
	1.94
	1.68
	0.65



	LOQ (µg/mL)
	0.78
	3.12
	5.03
	1.95



	Intra-day precision (RSD, %), at 2 µg/mL (n = 5)
	8.07
	- a
	4.79
	11.44



	Intra-day precision (RSD, %), at 20 µg/mL (n = 5)
	10.47
	5.38
	8.47
	9.09



	Extraction recovery with (RSD (%), at 2 µg/mL, n = 5)
	69.5 (7.1)
	97.3 (8.4)
	71.2 (10.6)
	67.1 (10.9)



	Extraction recovery with (RSD (%), at 20 µg/mL, n = 5)
	69.1 (10.6)
	109.5 (5.0)
	74.4 (4.9)
	66.9 (6.1)







(a) Not determined because this concentration laid below the linearity range of the method.
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Table 3. Comparison of the proposed method with other methods for HPLC-DAD determination of cannabinoids in oil matrix.
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	Cannabinoids
	Sample Amount
	Sample Preparation
	Extraction Solvent/Solvent Volume
	Range of Linearity (μg/mL)
	LOD/LOQ (μg/mL)
	Precision (RSD, %)
	Ref





	8 cannabinoids including CBDA, CBD, CBN and Δ9-THC
	50 mg
	Vortexing (for 30 s), onication (for 15 min) with vortexing every 5 min, filtration with 0.22 µm Teflon filters
	Methanol/10 mL
	5–250 for CBDA (R2 > 0.999)

1–50 for CBD

(R2 > 0.998)

0.5–25 for CBN (R2 > 0.999)

1.0–50 for Δ9-THC

(R2 > 0.998)
	- a
	1.2–2.0 (CBD)

0.5–3.1 (CBDA) 0.9–4.3

(Δ9-THC)
	[25]



	CBDA, CBD, CBN, Δ9-THC, THCA
	- b
	Vortexing and sonication (for 15 min), filtration through a 0.45 µm nylon membrane disc filters
	95% ethanol/- b
	0.5–1000
	- b
	3.0 (CBDA) 8.9 (CBD)
	[24]



	7 cannabinoids including CBDA, CBD, CBN and Δ9-THC
	250 mg
	Vortexing (for 15 min), filtration through 0.2 μm filter
	Ethyl acetate: isopropanol (1:1, v/v)/5 mL
	1–10 (CBD) c
	Δ9-THC: 1.0 c
	7.7% (CBD)c
	[33]



	7 cannabinoids including CBDA, CBD, CBN and Δ9-THC
	100 μL
	Dilution with 2-propanol and IS solution, then vortex mixing for 1 min and directly injected into apparatus
	- d
	1–10 (R2 > 0.994)
	1.0
	1.0–6.3 (CBDA) 0.4–3.9 (CBD) 0.1–6.1 (CBN) 0.6–3.7 (Δ9-THC)
	[36]



	CBD, Δ9-THC
	- a
	- a
	- a
	1–40 (R2 > 0.998)
	1.0
	0.51–2.02 (CBD) 0.64–1.28 (Δ9-THC)
	[38]



	CBDA, CBD, CBN and Δ9-THC
	100 mg
	Vortexing (for 1 min), rocker shaker (15 min), then fat freezing (15 min)
	Acetonitrile/0.5 mL
	0.78–25 (CBDA) 3.13–50 (CBD) 0.78–25 (CBN) 1.56–25 (Δ9-THC)
	CBD: 1.94/3.12 CBDA: 0.17/0.78 CBN: 1.68/5.03 Δ9-THC: 0.65/1.95
	5.0–8.4 (CBD) 7.1–10.6 (CBDA) 4.79–8.47 (CBN) 9.09–11.44

(Δ9-THC)
	This work







(a) The data were not given; (b) the details of sample preparation procedure, as well as some determined analytical parameters of the method, were not given for a particular studied cannabinoid in a particular matrix; (c) the data given for only one specific cannabinoid; (d) not applicable.
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Table 4. The contents of the four cannabinoids in the analyzed supplements.
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Supplement

	
Cannabinoids in the Examined Supplements (%, w/w)




	
CBDA

	
CBD

	
CBN

	
∆9-THC






	
I (5% CBD) a

	
1.04

	
1.45

	
0.02

	
- c




	
II (5% CBD) a

	
0.035

	
4.82

	
0.003

	
- c




	
III (5% CBD) a

	
0.84

	
1.81

	
0.008

	
- c




	
IV (oil-resin) b (27.01% CBDA 18.87% CBD

0.01 CBN

0.29% Δ9-THC) a

	
25.75

	
18.25

	
0.35

	
0.84




	
V (10% CBD) a

	
0.55

	
10.25

	
0.013

	
0.198




	
VI (5% CBD) a

	
0.30

	
4.54

	
0.009

	
- c








(a) Declared concentrations of the cannabinoids by the manufacturers were written in bold; (b) supplement IV was at the stage of implementation for sale and was not introduced to the market; (c) below the LOD of the method.
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