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Abstract: A randomized, placebo-controlled crossover trial utilizing vaporized cannabis con-

taining placebo and 6.7% and 2.9% delta-9-tetrahydrocannabinol (THC) was performed in 42 

subjects with central neuropathic pain related to spinal cord injury and disease. Subjects received 

two administrations of the study medication in a 4-hour interval. Blood samples for pharmacoki-

netic evaluation were collected, and pain assessment tests were performed immediately after the 

second administration and 3 hours later. Pharmacokinetic data, although limited, were consistent 

with literature reports, namely dose-dependent increase in systemic exposure followed by rapid 

disappearance of THC. Dose-dependent improvement in pain score was evident across all pain 

scale elements. Using mixed model regression, an evaluation of the relationship between plasma 

concentrations of selected cannabinoids and percent change in items from the Neuropathic Pain 

Scale was conducted. Changes in the concentration of THC and its nonpsychotropic metabolite, 

11-nor-9-carboxy-THC, were related to percent change from baseline of several descriptors (eg, 

itching, burning, and deep pain). However, given the large number of multiple comparisons, 

false-discovery-rate-adjusted P-values were not significant. Plans for future work are outlined 

to explore the relationship of plasma concentrations with the analgesic response to different 

cannabinoids. Such an appraisal of descriptors might contribute to the identification of distinct 

pathophysiologic mechanisms and, ultimately, the development of mechanism-based treatment 

approaches for neuropathic pain, a condition that remains difficult to treat.
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Introduction
The constituent in cannabis responsible for its psychoactive effects is delta-9-

tetrahydrocannabinol (THC). A total of 40 metabolites of this cannabinoid have been 

identified, of which two metabolites, 11-hydroxy-THC (11-OH-THC) and 11-nor-

9-carboxy-THC (THC-COOH), have been extensively investigated. 11-OH-THC 

is the most important psychotropic metabolite of THC, with a spectrum of activity 

similar to the parent molecule.1–3 THC-COOH is the most significant nonpsychotropic 

metabolite of THC. Interestingly, from a forensic point of view, THC-COOH has an 

unusually long elimination half-life in urine. Urine toxicology tests take advantage of 

this fact to detect the previous use of cannabis.4

Rigorous pharmacodynamic and pharmacokinetic studies involving THC and its 

metabolites have been published.3,5–7 THC concentrations are detectable immediately 
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after smoking cannabis.3 Psychotropic effects are perceived 

almost immediately, reaching a maximum after 15–30 min-

utes and declining within 3 hours.3 During this early period, 

THC plasma concentrations are a poor predictor of the 

extent of psychological effects. In fact, the peak “high” 

occurs, while plasma concentrations of THC are subsiding.8 

This delayed effect can be explained by taking into account 

the distribution of THC from blood, where concentrations 

are measured, to the central nervous system (CNS), where 

psychoactive effects are produced. The pharmacokinetics of 

THC are characterized by a rapid distribution phase during 

the first hour after inhalation of cannabis followed by a slower 

terminal elimination phase with a half-life of ~4 days.9 The 

distribution phase represents the rapid diffusion of THC 

from the blood into the tissues,3,10,11 including the CNS, the 

compartment responsible for the psychoactive effects. The 

blood and brain concentrations decrease in parallel in both 

compartments during the elimination phase.12 During this 

phase, 1–4  hours after inhalation, a correlation between 

plasma THC concentration and psychoactive effects is 

discernible.3,5,12,13 This delay in association between plasma 

concentration and effect is explained by the phenomenon 

of counterclockwise hysteresis, whereby the psychoactive 

response to the plasma concentration of THC moves in a 

counterclockwise direction over time.14 The response for a 

given plasma concentration is initially low but increases as 

the drug is distributed out of the plasma to its site of action. 

When psychoactivity (eg, feel drug) is plotted on the ordinate 

and drug concentration of THC on the abscissa, a counter-

clockwise loop is formed over time (Figure 1).7 It is worth 

noting that the peak change in the feel drug score occurs 

while plasma concentrations of THC are subsiding.

Whether an association between the THC plasma con-

centration and the change in analgesic response to cannabis 

has the same type of counterclockwise hysteresis as the psy-

choactive response is not known. Analyzing the relationship 

of THC concentrations with the magnitude in changes of 

pharmacodynamics variables related to analgesia (eg, 0–10 

numerical scales of pain intensity, burning, and aching) would 

help answer this question. Defining those cannabinoids that 

are associated with changes in pain descriptors would pre-

sumably enable optimization of an analgesic effect through 

selection of hybrid plants with high concentrations of these 

cannabinoids. The current study sought to provide some 

insight into this subject.

Materials and methods
Regulatory approvals
The study was overseen by the UC Davis and VA Northern 

California Institutional Review Boards, the Research Advi-

sory Panel of California, the US Food and Drug Administra-

tion (FDA), and the US Drug Enforcement Administration. 

Following approval by these entities, the National Institute 

on Drug Abuse (NIDA) provided bulk cannabis for experi-

mental use subject to existing concentrations of THC in their 

cannabis plant material supply program.15

Figure 1 Hysteresis relationship between “feel drug score” and simultaneously obtained plasma THC concentrations in six male subjects following the smoking of a single 
3.55% delta-9-THC marijuana cigarette7 
Note: Copyright ©1993 Wolters Kluwer. Reprinted with permission from Cone EJ, Huestis MA. Relating blood concentrations of tetrahydrocannabinol and metabolites to 
pharmacologic effects and time of marijuana usage. Ther Drug Monit. 1993;15(6):527–532. Promotional and commercial use of the material in print, digital or mobile device 
format is prohibited without the permission from the publisher Wolters Kluwer. Please contact healthpermissions@wolterskluwer.com for further information.
Abbreviation: THC, tetrahydrocannabinol.
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The protocol was registered with Clinical Trials.gov 

identifier NCT01555983 as part of a larger study evaluat-

ing the analgesic, neuropsychological, and psychomimetic 

response to vaporized cannabis in patients with spinal cord 

injury and disease.16

Participants
Participants were enrolled via recruitment from the UC Davis 

Medical Center Spinal Cord Injury Clinic, IRB-approved 

recruitment letters, and newspaper advertisements. Subjects 

with neuropathic pain, as defined by Leeds Assessment of 

Neuropathic Symptoms and Signs,17 between 18 years and 

70 years of age with a pain intensity of 4/10 were included 

in the study. Participants were excluded if they had current 

alcohol or substance use (other than medicinal cannabis), his-

tory of schizophrenia, bipolar disorder, and serious medical 

conditions that might affect participant safety (eg, cardiac, or 

pulmonary disease, hepatic, or renal disease) or were pregnant.

Procedures
Utilizing a crossover design with a randomized sequence

of study drug administration, participants who signed an 

informed consent were assigned to vaporized cannabis 

containing placebo and 2.9% and 6.7% THC during three 

8-hour visits. The main purpose of the study was to evaluate 

the efficacy and side profile of these study medications in 

patients with spinal cord injury and disease. The results were 

described elsewhere.16 Briefly, this study complemented the 

earlier investigative work that cannabis is a promising treat-

ment in selected pain syndromes caused by injury or diseases 

of the nervous system.18–24 

Many of the psychoactive side effects were THC concen-

tration dependent, with greater effects seen in the higher dose 

compared to the lower dose, with both active doses inducing 

a higher response than placebo. Safety and tolerability data 

were also evaluated.16 No participant withdrew from the 

study due to an experimental intervention. One participant 

felt syncopal and was found to be slightly hypotensive, which 

responded promptly to his mechanical wheelchair being 

adjusted from the sitting to the reclining position. There were 

no study-related serious adverse events.

Details concerning vaporization of cannabis were 

presented in an earlier publication.24 A cumulative dosing 

scheme was employed to determine dosing relationships 

for analgesia.25,26 Sixty minutes after baseline data were 

obtained, participants inhaled four cannabis puffs, and after 

240 minutes they inhaled an additional four to eight cannabis 

or placebo puffs. The second dosing was purposefully flexible 

as to the number of puffs permitted; experience showed that 

clinical trials with adaptable dose designs are almost twice 

more likely to demonstrate significant differences between 

medications and placebo than fixed-dose trials.27,28

Blood specimens
An indwelling 19 G intravenous catheter was inserted into 

an upper extremity upon admission to the UC Davis Clinical 

Research Center. Blood samples were collected within 5 min-

utes after the second vaporization session at 240 minutes and 

during recovery at 420 minutes. Specimens were collected in 

6 mL Becton Dickinson ethylenediaminetetraacetic acid K2/

gel tubes, stored on ice, and centrifuged for separation into 

plasma and erythrocytes within 2 hours of collection. Using a 

Pasteur pipette, the plasma was transferred into 2 mL Fisher 

polypropylene cryovials (catalog no: 10-500-26), sealed, 

and stored at -70°C for bulk processing at the conclusion 

of the study. Plasma samples were shipped overnight with 

dry ice to the Chemistry and Drug Metabolism Laboratory, 

Intramural Research Program, NIDA, National Institutes of 

Health, Baltimore, MD, USA.

Bioanalytical method
Cannabinoids were quantified by a previously validated 

liquid chromatography–tandem mass spectrometry (LC-

MS/MS) method.29 Briefly, blood samples were collected 

on ice, allowed to clot, and centrifuged to separate plasma 

within 2 hours of collection. Plasma was deproteinized with 

acetonitrile, and supernatants were diluted before solid-

phase extraction. The eluent was evaporated, reconstituted in 

mobile phase, centrifuged, and introduced into the LC-MS/

MS instrument. Linear ranges were 2–200 µg/L for THC, 

11-OH-THC, THC-COOH, cannabidiol (CBD), and can-

nabinol (CBN). Imprecision (coefficient of variation) was 

<10.5%, recovery was >50.5%, and bias was within ±13.1% 

of target for all analytes at three concentrations across the 

linear range.29

Pain assessments
The Neuropathic Pain Scale (NPS)30,31 assessed the patient’s 

self-reported pain level at baseline and following consump-

tion of cannabis or placebo. The NPS includes two global 

pain domains (pain intensity and unpleasantness), six specific 

pain qualities (sharp, dull, sensitive, hot, cold, and itchy pain), 

and two spatial qualities (deep and surface pain).32 Each item 

is composed of an 11-point ordinal scale anchored by 0 (no 

pain) to 10 (strongest pain imaginable sensation).

The NPS scores were collected immediately after the 

second dose (at 240 minutes) and 3 hours later (420 minutes) 

during the recovery phase. For each participant, the percent 
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changes in the NPS scores from baseline were calculated. 

No specimen was evaluated after the first vaporization ses-

sion as our earlier experience demonstrated no statistically 

significant analgesic effect at this early time point.24

In chronic pain studies, a greater consistency in the differ-

ence in the pain intensity, 0–10 numeric rating scale score, was 

demonstrated using the percent change compared to the raw 

change.33 The calculation of a percent change serves as a way of 

adjusting for baseline pain. This is an important consideration in 

situations where baseline pain is variable across patients. Fail-

ing to calculate treatment effects as a percent change across the 

range of baseline values may obscure true differences in group 

treatment effects within a study. In addition, the use of a pro-

portional measure correlates most consistently with clinically 

important differences reported on the Patient Global Impression 

of Change, a 7-point ordinal measure of change (eg, very much 

worse, much worse, minimally worse, unchanged, minimally 

improved, much improved, and very much improved).34

Statistical analysis
Unless stated otherwise, significance levels were set at 5% 

for all testing.

Cannabinoid dose and time effects
Mixed-effects linear regression with a random intercept was 

performed with terms for dose (2.9% vs 6.7% delta-9-THC) 

and time (240 minutes vs 420 minutes) for each of the five 

cannabinoids tested. The model also included the dose with 

a time interaction term. Each of the four pairs of dose–time 

combinations were compared with Tukey’s honestly sig-

nificant difference tests when significant interactions were 

identified. This multiple comparison method controls for an 

overall 5% significance level.

Plasma concentrations of THC and metabolites and 
comparisons among current, ex-, and naïve cannabis 
users
Plasma concentrations of cannabinoids are descriptively sum-

marized by dose, time, and previous cannabis use (current 

[within 30 days], former [but not current], and naïve cannabis 

users). Between groups, comparison was conducted with Krus-

kal–Wallis tests followed by Steel–Dwass pairwise comparison 

tests to determine whether significant differences among the 

subgroups existed. P-values for the Kruskal–Wallis tests and 

the direction of pairwise significant effects are reported.

Relationship of plasma cannabinoid concentrations 
and percentage change in NPS items
Linear mixed model regression was performed to test the 

relationships between plasma cannabinoid concentrations 

and percent change from baseline of the NPS scores, which 

were treated as continuous variables. A nonsignificant result 

for a cannabinoid reflects a repeated measures equivalent of 

a zero slope for correlation analysis between a cannabinoid 

and a pain feature. Subjects were treated as a random effect, 

and the NPS item baseline value was included in each model 

to adjust for the initial score. The interactions between can-

nabinoid and time point were tested to determine whether 

the cannabinoid effect on NPS differed between the second 

vaporization administration at 240 minutes and recovery at 

420 minutes. Unadjusted P-values for the interaction term are 

reported if significant at the 5% level. If not significant, the 

interaction term is removed from the model and the unadjusted 

P-value for the cannabinoid main effect is reported instead. 

Because of the large number of cannabinoid–NPS item 

combinations (50 were tested: five cannabinoids × ten NPS 

items), the Benjamini and Hochberg step-up false discovery 

rate (FDR)-adjusted P-values are also reported as a control for 

multiple testing.35 A 5% significance level was prespecified for 

these adjustments. Whereas an unadjusted P-value shows the 

probability of concluding that a significant relationship exists 

between the variables when none exists (ie, a false positive), 

FDRs estimate the expected proportion of false positives out 

of just the tests with significant results when multiple testing is 

performed. Linear mixed effects modeling was also performed 

to compare percent changes from baseline for each NPS item 

between doses separately for the second vaporization session 

and at the end of the visit (recovery).

Results
Demographics
A total of 42 participants were enrolled, among whom 69% 

were males with a mean age of 46.4 years; 62% were Cau-

casian, 17% Hispanic, 12% Black, 5% Asian, and 5% other. 

Of the 42 participants, 17 were current cannabis users, 21 

were ex-users, and four had never been exposed to cannabis 

prior to the study.

Amount of cannabis vaporized
The mean (range) of herbal cannabis vaporized was 45.9 mg 

(29.9–83.8 mg) during the 2.9% THC sessions and 56.3 mg 

(15.7–172.9 mg) during the 6.7% THC sessions. These values 

were derived from the research pharmacy’s accountability 

record of dispensed and returned cannabis. Thus, they are 

not precise estimates of inhaled quantities since an unknown 

amount of vapor escaped into the atmosphere during empty-

ing of the vaporizer bags at the end of each inhalation session. 

Thus, the nominal dose rather than the actual dose was used 

for all calculations.
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Cannabinoid pharmacokinetics
At the time of the second vaporization administration 

(240 minutes), the concentrations of THC, the main cannabi-

noid in the plant, were measurable in all subjects except one. 

THC concentrations were highly variable with relatively large 

coefficients of variation and increased proportionately with 

dose; the median concentrations were 23 µg/L and 47 µg/L 

for the low and high dose, respectively (Table 1). The major 

metabolites of THC, namely 11-OH-THC and THC-COOH, 

were measurable in a large number of subjects especially in the 

high-dose group. These metabolite concentrations also demon-

strated large intersubject variability and increased with dose.

The concentrations of CBD and CBN were below the limit 

of quantification (2 µg/L) in the majority of subjects and did 

not exceed 6.5 µg/L in the remaining subjects (details con-

cerning the supply of low CBD and CBN concentrations in 

cannabis supplied by NIDA Drug Supply Program are given 

in the “Discussion” section). Three hours after the second 

vaporization session (420  minutes), the concentrations of 

THC and 11-OH-THC were below the limit of quantification 

in the majority of subjects, while THC-COOH concentration 

was measurable in most subjects. These observations were 

consistent with the relatively long half-life of THC-COOH 

compared to THC and 11-OH-THC. Similar to THC, CBD 

and CBN concentrations were below the limits of quantifica-

tion in all subjects at 420 minutes.

The four pairs of dose–time combinations (2.9% at 

240 minutes, 6.7% at 240 minutes, 2.9% at 420 minutes, 

and 6.7% at 420 minutes) are presented in Table 2. Using 

Tukey’s honestly significant difference tests when signifi-

cant interactions were identified, the direction of dose and 

time effects are presented in Table 2. Statistically significant  

dose × time effects were evident (P=0.0003 for THC, 

P=0.0243 for 11-OH-THC). As expected, THC and 11-OH-

THC concentrations were higher with administration of 6.7% 

THC than with 2.9% THC at 240 minutes. Concentrations 

subsequently declined over the next 3 hours. As shown in 

Table 3, THC-COOH concentrations were evident after 

the second vaporization session (240 minutes) having been 

metabolized from THC following the first vaporization ses-

sion (60 minutes). THC-COOH concentrations did not vary 

significantly from those noted 3 hours later during recovery 

Table 1 Pharmacokinetic profile of cannabinoids and metabolites (cannabinoid and metabolite concentrations are reported in ng/ml)

Parameter Dose (%) Time (minutes) Delta-9-THC 11-OH-THC THC-COOH CBD CBN

N 2.9 240 37 37 37 37 37
Average 25.0 1.7 18.8 0 0.6
SD 19.1 1.9 33.0 0 1.2
Minimum 2.1 0 0 0 0
Median 23.3 1.9 2.4 0 0
Maximum 68.5 5.6 122.7 0 3.8
%CV 77 113 175 NA 199
N 6.7 240 37 38 38 38 38
Average 50.0 3.2 21.2 0.9 0.5
SD 39.7 3.5 32.0 1.6 1.3
Minimum 0 0 0 0 0
Median 46.8 2.51 7.59 0 0
Maximum 177.3 12.8 146.2 6.4 5.5
%CV 79 111 151 169 253
N 2.9 420 37 37 37 37 37
Average 0.9 0.2 17.5 0 0
SD 2.3 0.7 32.7 0 0
Minimum 0 0 0 0 0
Median 0 0 2.08 0 0
Maximum 9.98 3.54 115.72 0 0
%CV 260 354 187 NA NA
N 6.7 420 39 39 39 39 39
Average 1.2 0.4 19.6 0 0
SD 2.8 1.2 32.6 0 0
Minimum 0 0 0 0 0
Median 0 0 6.16 0 0
Maximum 13.92 6.46 147.88 0 0
%CV 235 326 166 NA NA

Notes: 2.9, 2.9% delta-9-THC; 6.7, 6.7% delta-9-THC; 240, 240 minutes (second vaporization administration); 420, 420 minutes (recovery period).
Abbreviations: CBD, cannabidiol; CBN, cannabinol; SD, standard deviation; %CV, percent coefficient of variation; THC, tetrahydrocannabinol; 11-OH-THC, 11-hydroxy-
THC; THC-COOH, 11-nor-9-carboxy-THC.
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(P=0.4756). Statistically significant dose × time effects were 

evident for CBD (P=0.0005) but not for CBN (P=0.7237). As 

the pharmacokinetics of CBD are similar to those of THC,3 

significant dose × time effects were reasonable.

Plasma cannabinoid and metabolite 
concentration comparisons among 
current, ex-, and naïve cannabis users
Summary statistics of the plasma concentrations of the pri-

mary active cannabinoid THC, the primary active metabolite, 

11-OH-THC, the primary inactive metabolite THC-COOH, 

and other cannabinoids (CBD and CBN) are presented in 

Table 3 for current, ex-, and naïve cannabis users. Consistent 

with the notion that cannabis smoking history plays a major 

role in cannabinoid detection,3 current users had statistically 

significant higher concentrations of these cannabinoids than 

ex-users at one or both of the two time points for THC, 

11-OH-THC, and THC-COOH (Table 3). Consistent with 

its long half-life, the magnitude of the differences between  

current and ex-users were greatest for THC-COOH at both 

time points. There were only four naïve cannabis subjects 

(including one without a vaporization session for 6.7% THC), 

which likely did not allow for sufficient power to detect 

significant differences for this subgroup.

Relationship of plasma cannabinoid 
concentrations and percentage change in 
NPS items
When compared to 2.9% THC cannabis, 6.7% THC can-

nabis provided more relief as indicated by a greater nega-

tive percent change from baseline for all tested parameters 

(Figure 2). However, statistical significance was attained 

for only two of the ten items of the NPS. Both burning and 

itching were reduced significantly more from baseline with 

the higher active THC dose than for the lower one (P=0.0395 

and P=0.0174, respectively). This occurred only after the 

second vaporization session at 240 minutes and not during 

recovery at 420 minutes.

The results of linear mixed effects modeling to test the 

relationships between mean plasma cannabinoid concentra-

tions and percentage change of the NPS items are presented 

in Table 4. The interaction with time was significant for the 

cannabinoid THC-COOH when estimating percent change of 

itching (P=0.0364). There was a larger reduction in itching for 

higher THC-COOH values at 240 minutes after the second 

vaporization (estimated effect size of 73% vs 48% reduc-

tion at the 90th vs 10th percentile of plasma THC-COOH 

concentrations, respectively), but essentially a trivial effect 

of THC-COOH on itching at recovery at 420 minutes (esti-

mated effect size of 48% vs 55% reduction for 90th and tenth 

percentiles of plasma concentrations, respectively). Only two 

cannabinoids in the absence of interaction with time had a 

significant relationship with percent change of a pain feature. 

Higher concentrations of the cannabinoid corresponded to 

more pain relief (beta coefficient [95% confidence inter-

val]): THC-COOH for deep pain (-0.005 [-0.008, -0.001], 

an effect size of 61% vs 27% reduction for THC-COOH 

at the 90th and 10th percentiles of plasma concentrations, 

respectively, P=0.0115). The (-0.004 [-0.007, -0.001] was 

a 50% vs 25% reduction for 90th and tenth THC percentiles 

of plasma concentrations, respectively, P=0.0105). Despite 

individual significance for these three cannabinoid–NPS item 

combinations, after adjusting for the FDR, significance was 

not sustained.

Discussion
For the most part, a neuropathic pain treatment is constrained 

by an inability to match an individual patient’s complaint 

with pain mechanisms to optimize a therapeutic approach. 

Evidence indicates that self-report verbal pain descriptors, 

such as those in the NPS, depict important pain dimen-

sions.36 The assessment of patterns of pain symptoms using 

descriptors might contribute to the identification of distinct 

Table 2 P-values and effects for linear mixed model estimation of plasma levels of delta-9-THC and metabolites

Effect Delta-9-THC 11-OH-THC THC-COOH CBD CBN

Dose <0.0001 0.0005 0.1973 <0.0001 0.5657
Time <0.0001 0.0008 0.4756 >0.99 0.0019
Dose × time 0.0003 0.0243 0.9215 0.0005 0.7237
Direction of effectsa 6.7 at 240>

2.9 at 240>
2.9 at 420=
6.7 at 420

6.7 at 240>
2.9 at 240>
2.9 at 420=
6.7 at 420

6.7 at 240>
2.9 at 240=
2.9 at 420=
6.7 at 420

Notes: aWhen statistically significant interactions were identified, the direction of effects is provided and presented vertically to provide comparisons of plasma concentrations.
Abbreviations: 2.9, 2.9% delta-9-THC; 6.7, 6.7% delta-9-THC; 240, 240 minutes (second vaporization administration); 420 minutes (recovery period); CBD, cannabidiol; 
CBN, cannabinol; THC, tetrahydrocannabinol; 11-OH-THC, 11-hydroxy-THC; THC-COOH, 11-nor-9-carboxy-THC.
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pathophysiologic mechanisms and the development of 

mechanism-based treatment approaches.37 Elucidation of 

a relationship between a reduction in the magnitude of a 

descriptor with an increased plasma concentration of a can-

nabinoid might foster a personalized approach to treatment. 

This method would be welcomed; despite optimization of 

current pharmaceutical therapy, neuropathic pain is unre-

lieved or inadequately treated in 40%–60% of patients.37

In the current study, the relationships between the 

percentage change of the NPS items and mean plasma can-

nabinoid concentrations were not significant after an FDR 

adjustment. Yet, distinct signals were evident that deserve 

further inquiry. Interactions with time occurred with one 

cannabinoid for estimating NPS items; changes in itching 

differed at 240 minutes and 420 minutes. Following a normal 

dose–response relationship, there was a larger reduction for 

itching at higher THC-COOH concentrations during the 

second vaporization session. THC-COOH and THC had 

significant relationships with the percent change for deep 

pain and burning, respectively. Inasmuch as THC-COOH 

possesses anti-inflammatory and analgesic properties,3,38,39 

an analgesic effect from this cannabinoid would entail a 

rational basis. That THC would alleviate burning pain would 

also be consistent with earlier experimental findings.20 Using 

the capsaicin intradermal human experimental pain model, 

significant negative correlations were found between pain 

perception and THC concentrations. Concordantly, a rodent 

model was consistent with analgesia resulting from CB1 

receptors activation by THC; other constituents of cannabis 

influenced this effect only minimally.40

Clearly, additional work correlating different cannabinoid 

concentrations with pain descriptors will be of value. In 

the future, it would be advisable to plot a pharmacokinetic 

(plasma concentration) vs pharmacodynamic (change in pain 

descriptor) relationship for various cannabinoids. This would 

require additional time points such as those illustrated in Fig-

ure 1. To synchronize the timing, one could have participants 

inhale cannabis ad libitum within 10 minutes so that blood 

Figure 2 Average percent changes for NPS comparing 2.9% delta-9-THC cannabis (black bars) to 6.7% delta-9-THC cannabis (gray bars) after the second vaporization and 
recovery sessions.
Abbreviations: NPS, Neuropathic Pain Scale; THC, tetrahydrocannabinol.
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Table 4 Linear mixed model estimation of the percent change from baseline of NPS items by cannabinoid blood levels, adjusted for 
baseline scores

NPS–cannabinoid b Standard  
error

95% confidence interval end points

Lower Upper P (unadjusted) P (FDR)

Intensity–THC -0.001 0.002 -0.004 0.003 0.6807 0.9662
Intensity–11-OH-THC 0.007 0.020 -0.032 0.046 0.7186 0.9662
Intensity–THC-COOH 0.000 0.002 -0.004 0.004 0.9737 0.9887
Intensity–CBD -0.050 0.046 -0.142 0.042 0.2858 0.9662
Intensity–CBN 0.003 0.047 -0.090 0.097 0.9408 0.9887
Sharpness–THC -0.001 0.002 -0.005 0.002 0.4683 0.9662
Sharpness–11-OH-THC 0.005 0.022 -0.037 0.048 0.8041 0.9662
Sharpness–THC-COOH -0.003 0.002 -0.007 0.001 0.1031 0.8592
Sharpness–CBD -0.046 0.050 -0.145 0.052 0.3524 0.9662
Sharpness–CBN 0.009 0.050 -0.092 0.109 0.8666 0.9662
Burning–THC -0.004 0.002 -0.007 -0.001 0.0105 0.2875
Burning–11-OH-THC -0.030 0.017 -0.064 0.004 0.0823 0.8592
Burning–THC-COOH -0.003 0.002 -0.008 0.002 0.1982 0.9662
Burning–CBD -0.045 0.039 -0.123 0.032 0.2509 0.9662
Burning–CBN 0.011 0.042 -0.071 0.094 0.7870 0.9662
Aching–THC -0.001 0.002 -0.006 0.003 0.5455 0.9662
Aching–11-OH-THC -0.004 0.024 -0.051 0.043 0.8696 0.9662
Aching–THC-COOH -0.002 0.003 -0.008 0.005 0.6063 0.9662
Aching–CBD -0.040 0.053 -0.144 0.065 0.4552 0.9662
Aching–CBN -0.010 0.057 -0.124 0.103 0.8546 0.9662
Cold–THC -0.002 0.004 -0.01 0.006 0.6517 0.9662
Cold–11-OH-THC 0.000 0.034 -0.068 0.069 0.9887 0.9887
Cold–THC-COOH -0.003 0.005 -0.013 0.007 0.5579 0.9662

Cold–CBD 0.006 0.082 -0.158 0.170 0.9397 0.9887
Cold–CBN -0.018 0.079 -0.176 0.140 0.8199 0.9662
Sensitive–THC 0.001 0.002 -0.002 0.004 0.5074 0.9662
Sensitive–11-OH-THC 0.009 0.018 -0.027 0.045 0.6297 0.9662
Sensitive–THC-COOH -0.003 0.003 -0.008 0.003 0.3237 0.9662
Sensitive–CBD -0.010 0.041 -0.090 0.071 0.8120 0.9662
Sensitive–CBN 0.058 0.045 -0.032 0.148 0.2012 0.9662
Itching–THC -0.002 0.002 -0.005 0.002 0.3407 0.9662
Itching–11-OH-THC -0.022 0.013 -0.048 0.005 0.1025 0.8592
Itching–THC-COOH -0.003 0.003 -0.009 0.003 0.0364* 0.6067
Itching–CBD -0.030 0.031 -0.093 0.033 0.3481 0.9662
Itching–CBN -0.031 0.033 -0.098 0.036 0.3520 0.9662
Unpleasant–THC 0.000 0.002 -0.004 0.004 0.9658 0.9887
Unpleasant–11-OH-THC -0.007 0.023 -0.052 0.038 0.7631 0.9662
Unpleasant–THC-COOH -0.004 0.003 -0.011 0.003 0.2155 0.9662
Unpleasant–CBD -0.015 0.050 -0.115 0.085 0.7664 0.9662
Unpleasant–CBN -0.024 0.055 -0.133 0.085 0.6687 0.9662

Deep pain–THC -0.001 0.002 -0.005 0.002 0.4321 0.9662
Deep pain–11-OH-THC -0.026 0.018 -0.062 0.010 0.1535 0.9662
Deep pain–THC-COOH -0.005 0.002 -0.008 -0.001 0.0115 0.2875
Deep pain–CBD -0.019 0.042 -0.101 0.064 0.6571 0.9662
Deep pain–CBN -0.009 0.044 -0.097 0.078 0.8321 0.9662
Superficial–THC -0.001 0.002 -0.004 0.002 0.6241 0.9662
Superficial–11-OH-THC -0.012 0.019 -0.050 0.026 0.5292 0.9662
Superficial–THC-COOH 0.003 0.002 -0.002 0.007 0.2134 0.9662
Superficial–CBD -0.034 0.043 -0.120 0.052 0.4327 0.9662
Superficial–CBN 0.020 0.046 -0.071 0.111 0.6715 0.9662

Notes: Significant unadjusted P-values are in bold. *P-value for interaction term. β, regression coefficient; P (FDR), false-discovery-rate-adjusted P-value.
Abbreviations: CBD, cannabidiol; CBN, cannabinol; 11-OH-THC, 11-hydroxy-THC; NPS, Neuropathic Pain Scale; THC, tetrahydrocannabinol; THC-COOH, 11-nor-9-
carboxy-THC.
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specimens could be obtained at 0.5 hours, 1 hour, 1.5 hours, 

2 hours, 2.5 hours, 3 hours, 4 hours, 6 hours, 8 hours, and 

12 hours after smoking initiation. Simultaneously, NPS items 

could be administered. To increase the power of the study, it 

might be advisable to query only the three descriptors found 

to have significant effects in the current study (ie, burning, 

itching, and deep pain). The approximate 0.5-hour time lag 

resulting from falling concentrations in plasma after smok-

ing and the rise in the CNS concentrations where analgesic 

effects are produced would not adversely affect the results 

given the time points chosen. During the redistribution phase, 

it would be expected that the response (ie, percent change in 

NPS items) would be proportional to the plasma cannabinoid 

concentrations, if in fact the cannabinoid being examined 

were responsible for the analgesic effect being queried.

The samples collected at 240 minutes and during recovery 

at 420 minutes in the current study permitted the evaluation 

of plasma concentrations during intervals when plasma THC 

concentration would have been expected to have reached 

equilibrium with the CNS. However, the sampling of concen-

trations only twice was certainly a limitation of the current 

study. Increasing the time points as described earlier would be 

expected to provide additional information and would permit 

pharmacokinetic analyses. For instance, this would allow 

interactions of THC with other cannabinoids to be evaluated 

through the determination of maximal plasma concentrations 

(C
max

), time to reach C
max

 (T
max

), and area under the plasma 

concentration–time curve from administration until the last 

sampling point (t) equal or above the lower limit of quantifica-

tion (area under the curve [AUC]
0–t

) for other cannabinoids. 

Dissimilarities between these pharmacokinetic values fol-

lowing the presentation of different doses of a cannabinoid 

(eg, CBD) with identical amounts of THC would indicate an 

interaction. The optimal circumstance would be where the 

other cannabinoid augments the analgesic effects of THC 

without significantly altering its plasma concentration. The 

combination may then allow for treatment at a lower dose 

of THC with the occurrence, potentially, of fewer adverse 

effects.

Thus far, there have been a limited number of studies 

involving interactions among cannabinoids. The exception 

to this statement is the combination of THC and CBD. GW 

Pharmaceuticals plc (Cambridge, UK) manufactures nabixi-

mols, trade name Sativex®, which is an extract of cannabis 

containing these two cannabinoids in a nearly 1:1 ratio on 

a milligram basis. Delivered as a mouth spray, Sativex® has 

been approved in more than 15 countries (including the UK, 

Spain, Italy, and Germany) for the treatment of spasticity.41 

Clinical studies also confirmed that patients with neuropathic 

pain derive benefit from this medication.42,43 The rationale 

for integrating these two cannabinoids is straightforward; 

CBD may counteract some of the negative effects of THC 

(eg, psychoactivity and anxiety).44–47

CBD does not bind to the known cannabinoid receptors.48 

Instead, it acts as an agonist of the transient receptor potential 

cation channel subfamily V member 1  (TRPV1) receptor 

where it is of equal potency to capsaicin.44,49 It also inhibits 

reuptake and hydrolysis of anandamide, one of the natu-

rally occurring cannabinoid receptor agonists.44,49 Although 

a primary analgesic effect has never been demonstrated 

clinically, CBD may reduce pain through both its TRPV1 

agonist activity and by modulating endocannabinoid levels. 

As an inhibitor of multiple cytochrome P450 enzymes (eg, 

CYP1A2, CYP2B6, CYP2C9, CYP2D6, and CYP3A4CBD), 

CBD may be expected to demonstrate pharmacokinetic 

interaction with other medications.50–54 However, a modula-

tion of THC’s effects by CBD has not been demonstrated to 

be due to a pharmacokinetic interaction at therapeutic doses. 

Specifically, no statistically significant differences in C
max

 or 

in the AUC were found between different doses of Sativex® 

with identical amounts of oral THC.6

The current study was not able to analyze the effect of 

CBD (nor CBN) on pain scores as negligible plasma con-

centrations were detected (Table 1). Presumably, the amount 

of these cannabinoids in the stock supplies provided by the 

NIDA at the time this study was initiated was minimal. In 

the interim, the availability of research grade cannabis plant 

material available from NIDA (NIDA Drug Supply Program, 

NIDA, National Institutes of Health Department of Health 

And Human Services, 6001 Executive Boulevard Bethesda, 

Maryland 20892-9555) has undergone substantial upgrading 

in terms of variability.15 THC and CBD can each be provided 

in low (<1%), medium (1%–5%), high (5%–10%), and very 

high (>10%) concentrations. NIDA will also offer to prepare 

cannabis with specific THC and CBD content by mixing 

batches to meet researcher needs.15 NIDA bulk cannabis 

contains relatively small amounts of other cannabinoids (eg, 

cannabichromene, cannabigerol, CBN, and tetrahydrocan-

nabivarin). Only time will tell if these other cannabinoids 

gain prominence because of beneficial effects and undergo 

preferential cultivation and harvesting in the future.

NIDA now allows a synthetic, pharmaceutical CBD to be 

produced under current good manufacturing practice (cGMP) 

conditions at an FDA-inspected and a Drug-Enforcement-

Administration approved facility. The availability of this 

cGMP product is limited to diseases with an FDA Orphan 

Drug Designation (ie, conditions affecting fewer than 200,000 

patients in the US).55 Insys Therapeutics, Inc. (Chandler, AZ, 
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USA) was granted this designation for its pharmaceutical 

grade CBD to treat pediatric seizures (eg, Dravet syndrome and 

Lennox–Gastaut syndrome), pediatric schizophrenia, infantile 

spasms, glioma, and glioblastoma multiforme.56 Given this 

restricted list, the use of monotherapy with CBD is not cur-

rently an option for a clinical trial evaluating pain treatments. 

However, the research grade cannabis plant material described 

earlier which is available from the NIDA Drug Supply Program 

provides the ability to explore different strengths of CBD to 

learn more about its potential for the treatment of chronic pain. 

As most patients in the US grow their own medical cannabis 

or purchase it from dispensaries,57 it would be appropriate to 

conduct clinical studies evaluating herbal cannabinoid prepara-

tions. Having the ability to evaluate the relationship between 

plasma concentrations and analgesia will be an obligatory 

step in this process. Further high-quality studies are needed 

to assess the impact of different cannabinoids on the analgesic 

response as well as the interactions among cannabinoids.
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