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ABSTRACT
Dronabinol, delta-9-tetrahydrocannabinol (delta-9-THC) is a naturally occurring compound that as been extracted from  cannabis Salvia L.  
The objective was to develop and validate a method which is selective, precise and accurate  for  the determination of delta-9-THC and its  
major metabolite, 11-hydroxy-delta-9-THC (11-hydroxy-THC)  in Human plasma.  An HPLC-MS/MS method was developed using a simple 
liquid-liquid extraction procedure and two deuterium labeled analogs as the internal standards.  The method was linear over a 
concentration range of 0.250 to 250 ng/ml for both delta-9-THC and 11-hydroxy-delta-9-THC.  This method permits for the large scale 
analysis of these analytes for pharmacokinetic studies.

PURPOSE:

Dronnabinol is an orally active cannabinoid which, like other cannabinoids, has complex effects on the central nervous system, including 
central sympathomimetic activity.  Cannabinoid receptors have been discovered in neural tissues.  These receptors may play a role in 
mediating the effects of dronabinol and other cannabinoids. Several published analytical methods were developed citing derivatization and 
gas chromatographic procedures. 
In order to simplify the method and support  pharmacoknetics studies, a selective, sensitive, precise and accurate HPLC-MS/MS method 
was developed.

METHODS
A sample volume of 0.500 mL of human plasma was buffered with ammonium formate followed by the addition of internal standards 
(deuterium labeled analogs) and chloroform to extract the analytes of interest.  After vortexing, centrifuging and aspirating, the  organic 
phase was evaporated and reconstituted with mobile phase.   A sample of 20 µL was injected on to the HPLC-MS/MS system.  delta-9-THC, 
11-hydroxy-delta-9-THC and their respective internal standards were separated on a C-18 analytical column using a mobile phase 
consisting of methanol/ammonium formate  buffered with ammonium hydroxide at a flow rate of 0.325 mL/min.  MS/MS detection was on a 
Micromass Ultima mass spectrometer in positive mode using Electrospray Ionization.  Collision Energy was 25 eV for all analytes with  the 
monitored transition ions being:

Delta-9-THC Q1  315.0 Q3   195.0
INTSTD1 Q1  318.0 Q3   195.0
11-Hydroxy-Delta-9-THC Q1  331.0 Q3   192.0
INTSTD2 Q1  334.0 Q3   192.0
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Figure 1.  Chemical Structures of THC, 11-Hydroxy-THC and Internal 
Standards



RESULTS
Specificity, Sensitivity, Recovery, Stability and Linearity

Specificity

To ensure specificity of the extraction procedure six human plasma samples from different donors were assessed.  Aliquots of each plasma 
lot containing spiked amount of delta-9-THC and 11-hydroxy-delta-9-THC were analyzed. No significant interference was observed at the 
retention time of delta-9-THC, 11-hydroxy-delta-9-THC or the internal standards in all of the  blank human plasma samples.   Figure (2)

The lower limit of quantitation of 0.250 ng/mL was chosen for delta-9-THC and 0.250 ng/mL for 11-hydroxy-
delta-9-THC from  0.500 mL aliquots of human plasma (Figure 2).  Signal-to-noise (S:N Ratio > 20:1) was calculated using 3 times  the 
standard deviation of the root mean square noise.  A representative chromatogram  (Figure  3)  of the upper limit of quantitation is also 
presented.

Recovery

Recovery was determined for delta-9-THC and 11-hydroxy-delta-9-THC and the internal standards by comparing the respective peak areas.  
The peak area of the human plasma quality control samples at low, middle and high concentrations were compared to the peak area of the 
recovery samples.  The latter consisted of extracted plasma blanks with internal standard and mobile phase solutions containing delta-9-
THC and 11-hyroxy-delta-9-THC that were added during the reconstituting step in place of 100 µL of mobile phase.  The recoveries of delta-
9-THC, 11-hydroxy-delta-9-THC were acceptable at the concentration studied.  The mean recovery for delta-9-THC was 60.06%, mean 
recovery for 11-hydroxy-delta-9-THC was 79.71%.  

Figure 2.  Representative Matrix Blank with Internal Standard for Delta-9-
THC (upper two traces) and 11-Hydroxy-THC (lower two traces) 

Figure 3.  Representative Low Standard (0.500 ng/mL) of Delta-9-THC 
(upper two traces) and 11-Hydroxy-THC (lower two traces).



Figure 4.  Representative Calibration Curve for Delta-9-THC
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Figure 5.  Representative Calibration Curve for 11-Hydroxy-THC

Slope = 0.120522

Intercept = 0.00306238

R-Squared = 0.9982

Slope = 0.116642

Intercept = -0.00384568

R-Squared = 0.9964

Table 1.  Delta-9-THC Freeze/Thaw Stability

F reeze  T h a w  C y cle  1  F reeze  T h a w  C y cle  2  F reeze  T h a w  C y cle  3  

T h eo retica l 
C o n cen tra tio n  

T h eo retica l 
C o n cen tra tio n  

T h eo retica l 
C o n cen tra tio n  

 

0 .6 2 5  2 1 3  0 .6 2 5  2 1 3  0 .6 2 5  2 1 3  

M ea n  M ea su red  
C o n cen tra tio n  

0 .6 3 5  1 9 0  0 .6 8 6  2 1 6  0 .6 4 6  2 1 0  

P recisio n  (% C .V .) 4 .2 0  9 .7 2  2 .1 2  5 .2 6  1 0 .4 4  2 .3 5  

S ta b ility  (% ) 1 0 1 .6 0  8 9 .3 6  1 0 9 .8 1  1 0 1 .5 6  1 0 3 .3 6  9 8 .7 5  

N u m b er o f S a m p les 3  3  3  3  3  3  



R u n   
D ate  

C u rve  
N u m b er 

L ow    
(0 .250  n g /m L ) 

M id    
(0 .625  n g /m L ) 

M id    
(6 .25  n g /m L ) 

H igh    
(21 3  n g /m L ) 

0 2 -Ju l-2 0 0 3  1  0 .2 3 7  0 .6 0 5  6 .3 6  2 0 3  

    0 .2 0 7  0 .6 2 3  6 .2 4  2 1 0  

    0 .2 5 9  0 .5 6 2  6 .4 7  2 1 1  

    0 .2 3 5  0 .6 6 3  6 .3 0  2 1 0  

    0 .2 4 9  0 .6 1 6  6 .6 1  2 1 6  

    0 .2 5 6  0 .6 6 7  6 .4 5  2 2 1  

0 3 -Ju l-2 0 0 3  2  0 .2 6 6  0 .6 4 2  6 .2 6  1 9 9  

    0 .2 5 4  0 .6 4 0  6 .3 3  2 0 4  

    0 .2 4 8  0 .6 7 2  6 .1 6  2 0 9  

    0 .2 4 7  0 .7 0 6  6 .2 6  2 0 2  

    0 .2 3 1  0 .7 3 1  6 .3 9  2 0 0  

    0 .2 7 2  0 .7 0 8  6 .6 5  2 0 9  

0 7 -Ju l-2 0 0 3  3  0 .2 5 3  0 .5 9 9  6 .4 3  2 1 5  

    0 .2 6 0  0 .6 3 6  6 .6 2  2 2 2  

    0 .2 4 7  0 .6 4 0  6 .8 3  2 4 0  

    0 .2 5 1  0 .6 1 1  6 .5 8  2 1 6  

    0 .2 5 1  0 .6 5 0  6 .6 2  2 4 4  

    0 .2 5 8  0 .6 1 2  6 .8 3  2 4 2  

            

M ean    0 .2 4 9  0 .6 4 4  6 .4 7  2 1 5  

S .D .   0 .0 1 4 7  0 .0 4 2 6  0 .1 9 9  1 4 .0  

% C V    5 .9 0  6 .6 1  3 .0 8  6 .5 1  

% T h eore tica l   9 9 .6 0  1 0 3 .0 4  1 0 3 .5 2  1 0 0 .9 4  

% B ias    -0 .4 0  3 .0 4  3 .5 2  0 .9 4  

n    1 8  1 8  1 8  1 8  

            

O vera ll % C V    5 .5 3        

Table 4.  Between Run Precision and Percent Bias for 
Delta-9-THC QC Samples

R u n   
D ate 

C u rve  
N u m b er 

L ow    
(0 .250  n g /m L ) 

M id    
(0 .625  n g /m L ) 

M id    
(6 .25  n g /m L ) 

H igh    
(213  n g /m L ) 

0 2 -Ju l-2 0 0 3  1  0 .2 6  0 .7 0 3  5 .8 8  2 0 5  

    0 .2 8 7  0 .6 8 7  6 .1 6  1 9 6  

    0 .2 8 5  0 .7 1 7  6 .2 1  1 9 7  

    0 .2 9 5  * 0 .8 4 8  6 .1 8  2 0 6  

    0 .2 5 1  0 .6 8 6  6 .3 5  2 0 4  

    0 .2 8 2  0 .6 5 9  6 .4 6  2 0 7  

0 3 -Ju l-2 0 0 3  2  0 .2 3 9  0 .6 7 7  5 .9 8  1 9 9  

    0 .2 6 5  0 .5 6 3  5 .7 3  1 9 9  

    0 .2 7 0  0 .7 1 1  5 .9 8  1 9 6  

    0 .2 3 7  0 .6 9 1  6 .1 4  1 9 7  

    0 .2 6 3  0 .7 6 3  6 .0 4  1 9 0  

    0 .2 6 6  0 .6 5 7  5 .7 7  1 9 8  

0 7 -Ju l-2 0 0 3  3  0 .2 6 8  0 .6 0 5  6 .4 0  2 2 0  

    0 .2 6 7  0 .6 3 6  5 .9 8  2 1 9  

    0 .2 4 9  0 .6 6 8  6 .1 5  2 2 8  

    0 .2 5 6  0 .6 3 5  6 .3 0  2 1 9  

    0 .2 8 4  0 .6 4 8  6 .4 0  2 3 0  

    0 .2 5 7  0 .6 4 6  6 .2 1  2 3 1  

            

M ean    0 .2 6 6  0 .6 6 8  6 .1 3  2 0 8  

S .D .   0 .0 1 6 4  0 .0 4 6 1  0 .2 1 4  1 3 .2  

% C V    6 .1 7  6 .9 0  3 .4 9  6 .3 5  

% T h eore tica l   1 0 6 .4 0  1 0 6 .8 8  9 8 .0 8  9 7 .6 5  

% B ias    6 .4 0  6 .8 8  -1 .9 2  -2 .3 5  

n    1 8  1 7  1 8  1 8  

            

O vera ll % C V    5 .7 3        

            

*  S am p le  D eac tiva ted    G ru b b s  O u tlie r       

Table 5.  Between Run Precision and Percent Bias for 11-
Hydroxy-THC QC Samples



Stability

The stability of spiked human plasma samples following three freeze/thaw cycles was determined.  Triplicate 
samples spiked at known concentration for delta-9-THC and 11-hydroxy-delta-9-THC were subjected to three 
freeze/thaw cycles. The mean concentrations of the stability samples were compared to the theoretical 
concentrations.   Table (1) represent the means and standard deviations.

The stability of delta-9-THC and 11-hydroxy-delta-9-THC in spiked human plasma  after 23 hours at room 
temperature was determined.  Triplicate samples spiked at known concentrations of delta-9-THC and 
11-hydroxy-delta-9-THC  were kept at room temperature for approximately 23 hours before extraction.  The mean 
concentrations of the stability samples were compared to  the theoretical concentrations.  The 24 hour stability 
samples quantitated within 15% of theoretical. 

The stability of the extracted samples on the autosampler at ambient temperature was measured by comparing the 
mean concentration of reinjections at known concentrations of delta-9-THC and 11-hydroxy-delta-9-THC to the 
theoretical concentration of delta-9-THC and 11-hydroxy-delta-9-THC after 27 hours at ambient temperature. 
(Table 3) represent the mean measured concentrations.

Linearity

During the validation of delta-9-THC and 11-hydroxy-delta-9-THC, the calibration curves were shown to be 
acceptable from 0.250 ng/mL to 250 ng/mL for both delta-9-THC and 11-hydroxy-delta-9-THC using a weighted least 
square regression analysis.   Best-fit calibration lines of chromatographic response verus concentration were 
determined by weighted least square linear regression analysis with a weighting factor of 1/concentration squared.  
The assay was linear over the course of the validation with the regression coefficients R2 being greater than or 
equal to 0.9970 for delta-9-THC (Table 4)  and greater than or equal to 0.9968 for 11-hydroxy-delta-9-THC (Table 5).

Precision and Accuracy

Within and between run precision and accuracy was assessed by comparing the response ratios of replicate quality 
control samples (QC) at four levels to a calibration standard curve.  Within run data was assessed using six 
replicate QC samples for a given run  (Table 6).

Conclusion

The analytical method described is suitable for the analysis of delta-9-THC and 11-hydroxy-delta-9-THC in human 
plasma.  The method is selective, sensitive, precise and accurate.  A reproducible and selective method for the 
analysis of delta-9-THC and 11-hydroxy-delta-9-THC in human plasma using HPLC-MS/MS has been developed and 
validated.  A run time of 8 minutes per sample allows for high throughput of bioanalytical samples, makes full use 
of the HPLC-MS/MS system.  This analytical method has been successfully used for the routine analysis of clinical 
samples.
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