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IDENTIFICATION AND QUANTITATION OF 13 CANNABINOIDS IN WHOLE BLOOD BY UHPLC -MS/MS

INTRODUCTION
Since the legalization of hemp in 2018, several of the more than 120 identified 
phytocannabinoids have become popular for recreational and naturopathic medical 
use. Detection and quantitation of these compounds is important for safety and 
compliance as their use is now widespread. The method developed by our laboratory 
provides a detailed analysis of whole blood specimens, evaluating the presence of 
13 cannabinoids including Cannabidiol (CBD) and CBD metabolites at concentrations 
from 0.200 to 150 ng/mL.

OBJECTIVE
Develop an analytical method for the extraction, detection, and quantitation of 
Cannabidiol (CBD), Cannabinol (CBN), (-)-�©��-THC, (-)-�©��-THC, 7-Carboxy Cannabidiol 
(7-COOH-CBD), 7-Hydroxy Cannabidiol (7-OH-CBD), 11-Hydroxy-THC (11-OH-THC), 
�©��-Carboxy-�7�+�&�����©��-COOH-�7�+�&�������©��-Carboxy-�7�+�&�����©��-COOH-THC), Cannabigerol 
(CBG), Cannabidiolic Acid (CBDA), Cannabicyclol (CBL), and Cannabichromene (CBC) 
in whole blood by LC-MS/MS for a controlled dosing research study. 

EXTRACTION METHOD
400 µL of whole blood sample was mixed well with 40 µL of internal standard solution 
and 1 mL of cold 0.1% Formic Acid in Acetonitrile in appropriately labeled silanized 
glass culture tubes. 500 µL of 0.1% Formic Acid in DI H 2O was added to each tube, 
and the resulting mixture was loaded onto an Agilent Captiva EMR�² Lipid 3 mL 
Cartridge inserted in a silanized glass culture tube. Tubes were centrifuged with 
cartridges in place to elute the samples. Following elution, the cartridge was rinsed 
with 80:20 Acetonitrile:DI H2O and centrifuged again to elute the rinse into the same 
tube. A liquid-liquid extraction was then performed using the combined eluent and 2:1 
Hexanes:Ethyl Acetate; the organic components were subsequently dried and 
reconstituted with 0.1% Formic Acid in 50:50 DI H 2O:Methanol.

This UHPLC-MS/MS method demonstrated selectivity, 
accuracy, and reproducibility for the analysis of 
hundreds of samples in federally-sponsored research 
studies. Its application reliably identified and 
quantitated 13 cannabinoids at pg/mL levels, 
contributing to the scientific knowledge of cannabinoid 
metabolism and distribution in whole blood. 

CONCLUSION

Table 1: Analyte LOD/LOQ and ULOL Accuracy and Precision

INSTRUMENT PARAMETERS
Figure B: Representative Chromatogram and Structures of Method Analyte Components in Positive and Negative Ionization Modes

RESULTS / DISCUSSION
A single-point calibrator at 5.0 ng/mL was used for quantitation. A low control at 
2.0 ng/mL (40% of the calibrator), two positive controls at 6.25 ng/mL (125% of the 
calibrator), and two negative controls were run with each analytical batch, with one of 
the negative controls and one of the positive controls injected at the end of the batch 
to bracket donor samples. In addition to the low and positive controls, a conversion 
control was included in each batch. The conversion control was used for monitoring 
the potential conversion of CBD and its metabolites to �©��-THC �D�Q�G���©��-THC and 
corresponding metabolites, and contained CBD, 7-OH-CBD, 7-COOH-CBD, and CBDA 
at 5.0 ng/mL.
Linearity was determined and assay limits of detection and quantitation (LOD/LOQ) 
and upper limit of linearity (ULOL) were established through the analysis of 
cannabinoid-analyte spiked UTAK negative whole blood samples at concentrations 
ranging from 0.1 ng/mL to 150 ng/mL. Accuracy and precision were assessed for 
5 replicates of each of 14 concentration levels, including 40%, 50%, 100%, 125%, 
150%, and 200% of the calibrator. For LOD/LOQ assessment, at the 0.1 ng/mL level, 
no analytes had replicates that met quantitative acceptability criteria of within ± 20 of 
target, and no replicates met all qualitative acceptance criteria (see Table 4). 
Replicates for CBD, CBN, �&�%�'�$�����©��-THC, 7-COOH-CBD, 7 OH-CBD, 11-OH-THC, 
�©��-COOH-THC, �D�Q�G���©��-COOH-THC passed qualitatively and were within ± 20 of target 
at 0.2 ng/mL. Replicates for all analytes met quantitative and qualitative acceptance 
criteria at the 0.5 ng/mL level. At the upper limit of linearity, replicates for all analytes 
met full acceptance criteria at 50.0 �Q�J���P�/�����D�Q�G���U�H�S�O�L�F�D�W�H�V���I�R�U���&�%�1�����©��-�7�+�&�����©��-THC, 
7-COOH-CBD, 11-OH-THC, �©��-COOH-THC�����©��-COOH-THC, CBG, CBL, and CBC met full 
acceptance criteria at 150 ng/mL. 
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The potential of sample matrix components to 
interfere with the analytical method was 
evaluated by testing ten random negative 
whole blood samples, extracted unaltered and 
with cannabinoid analytes spiked at 40% of the 
calibrator concentration (2.0 ng/mL). Results 
showed no indication of methodic ion 
suppression or enhancement, as component 
recovery was consistent and spiked samples 
passed with analyte concentrations within 
± 20% of target. All samples passed with 
acceptable chromatography as no qualitative 
issues were observed, and no interfering peaks 
were present in the negative samples that 
could be problematic in quantitation or 
identification. 

Table 5: Evaluation of Matrix Effect

Interference was assessed for the compounds listed 
in Table 6 at 500 ng/mL, which includes illicit, over -

the-counter, and commonly prescribed drugs. The 
compounds were spiked in groups into a negative 

whole blood sample as well as a whole blood sample 
containing the cannabinoid analytes at 40% of 
calibrator concentration (2.0 ng/mL). Negative 
samples met acceptance criteria for a negative 

control, lacking acceptable analyte peak shape and 
ion ratios and having analyte peak area counts less 

than 10% of the calibrator. The 2.0 ng/mL spiked 
samples passed all qualitative acceptance criteria. 

Quantitatively, all analytes were within ± 20% of 
target concentration with the exceptions of CBG and 
CBL. CBG and CBL yielded lower concentrations but 

were within 10% of acceptable range; no 
interference was seen with chromatography or 

internal standard recovery for either analyte. 
Throughout the interference study, no peaks were 

observed that were greater than the assay LOQ 
(0.2 or 0.5 ng/mL, analyte dependent), which could 
create possible quantitation or identification issues. 

All results were considered acceptable for validation.

Table 6: Interference Compounds Investigated (500 ng/mL)

Carryover was tested 
by injecting negative 
samples after the 
ULOL (50 ng/mL and 
150 ng/mL) spiked 
samples. Carryover 
passed for the 
negative samples, with 
no analytes having 
acceptable peak shape 
or ion ratios, and all 
analyte peak area 
counts less than 10% 
of the calibrator. The 
carryover limit was set 
equal to the ULOL for 
each analyte.

Table 3: Evaluation of Carryover
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Table 2: UHPLC-MS/MS Parameters

Table 4: Quantitative Acceptance Criteria

Figure A: Analyte Linearities


