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Background: Legalization of cannabis encourages the development of specific cultivars to
treat disease such as neuropathic pain. Because of the large number of cultivars, it is
necessary to prioritize extracts before proceeding to clinical trials.

Purpose: To compare extracts of two unique cannabis cultivars (CT-921, CT-928) for
treatment of neuropathic pain induced by constriction of sciatic nerve in mice and to
illustrate the use of this animal model to set priority for future trials.

Methods: Pain severity was measured by threshold force causing paw withdrawal. Dose—
response relationships and time course were determined for intravenously injected extracts of
cultivars and vehicle. The doses for allodynia relief were correlated with decreased respira-
tory rate, temperature and behavioral changes.

Results: Effective analgesic dose for 50 and 95% (EDsgan, and EDgsa,) was 15, and 29 mg/
kg for CT-921 and 0.9 and 4.7 for CT-928. At EDsga,, for both extracts, the duration was 120
min. At EDgsa,,, administration of CT-928 significantly decreased respiratory rate while CT-
921 did not. CT-928 decreased temperature more than CT-921. CT-928 produced frantic
hyperactivity not seen with CT-921. At equivalent analgesic doses, THC was much less in
CT-921 than in CT-928 suggesting interactions with components other than THC influenced
the analgesia. At equivalent analgesic doses, efficacy-to-adverse effect profile for CT-928
was worse than for CT-921.

Conclusion: Both extracts relieved neuropathic pain; however, CT-921 had a better effi-
cacy-to-adverse effect profile, a rational basis for prioritizing cultivars for future clinical
evaluation.

Keywords: cannabinoid analgesia, neuropathic pain, medical marijuana

Introduction

Cannabis preparations relieve distress in many people. Acceptance of cannabis as
an option for medical disorders remains controversial, partly because of limited
research in many countries. Although cannabis is readily available in Canada,
physicians are reluctant to prescribe cannabis without evidence of efficacy and
safety. The therapeutic benefit of a cannabis compound cannot be established by
consideration of anecdotal reports or a priori reasoning but requires empirical
research.

Certain cannabis extracts may have value in relieving chronic pain in humans.'
Neuropathic pain, a debilitating form of chronic pain often caused by disease and
nerve injury,2 is particularly difficult to treat clinically.3 Conventional medications
provide limited relief from chronic neuropathic pain with disabling side effects. One
cannabis extract containing high cannabidiol (CBD) and low A’-tetrahydrocannabinol
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(THC) concentrations markedly reduces the thermal hyper-
algesia and mechanical allodynia that develops after chronic
constriction injury of sciatic nerve (CCI).* This attenuation
by the cannabis extract is greater than THC alone® and is
similar in magnitude to the CBD-reduced reduction of
hypersensitivity to mechanical stimuli in this animal
model.’

Determining which specific cannabis cultivar should be
considered for the treatment of a medical condition
requires assessing the efficacy and safety, including
adverse effects. In industrial drug development, preclinical
evaluation of the effectiveness to adverse effects profile is
used to focus the scope of clinical trials on specific com-
pounds. This approach is rarely used in evaluating dispen-
sary cannabis preparations.® Rational analgesic use
requires determining which of the thousands of available
cannabis cultivars are safe and effective. For specific can-
nabis preparations, evidence is first needed to establish the
efficacy-to-adverse effect relationship.

In the present study, we examined this relationship
using the CCI model, a gold standard assay for neuro-
pathic pain.”® We compared the effects of the extracts of
two specific cultivars, CT-921 and CT-928, chosen from
pilot studies for their potential therapeutic efficacy.” The
extract of CT-921 contained a concentration ratio of THC:
CBD'"!"! of 1:20 while the extract of CT-928 had a ratio of
1:0.003.° However, cannabis cultivars contain over 120
cannabinoids, 120 terpenoids 26 flavonoids, and 11
steroids.'?'? Interactions of the components can influence
the effects of a cultivar, as demonstrated by an exaggera-
tion or attenuation of therapeutic benefits and adverse
effects of THC and CBD.'*!"

Several adverse effects were measured in this study.
Many commercial cannabis preparations contain high con-
centrations of THC and have CNS side effects such as
sedation, confusion, and psychosis that limit clinical
usefulness.'* The adverse effects accompanying cannabis
analgesia in mice generally relate to the THC content.*
CBD is not without untoward effects but it is not psy-
choactive and may offset some deleterious effects of
THC.*'>'® In these experiments, we measured several
behavioral and well-recognized temperature effects.'’
Respiratory rate also was measured'® since THC-induced
death in laboratory animals is attributable to respiratory
failure.'”?® Death rarely occurs clinically from cannabis
alone but the combination with an opioid may result in an

increased risk of respiratory depression.””

Our experiments demonstrate which of two efficacious
cultivars has a better relationship of efficacy-to-adverse
effects for the treatment of neuropathic pain. They also
illustrate the application of a drug development strategy to
determine which of a group of dispensary cannabis culti-
vars help to establish the priority for a clinical trial.

Materials and Methods

Animal Surgery

Procedures were approved by the University of British
Columbia’s Animal Care Committee (Approval No. Al5-
0115). The guidelines of the Animal Care Committee were
established for all procedures; animals were treated in
accordance with the Canadian Tri-Council and NIH
Guidelines for the Care and Use of Laboratory Animals.
A total of 252 Albino-Swiss female CD-1 mice (8 weeks
old), weighing 25-30 g, were group housed under
a 12 h light/12 h dark cycle with free access to food and
water. Surgery was performed on mice under isoflurane
anesthesia. A 0.5 cm skin incision was made below right
hip, parallel to the femur. A 2 mm polyethylene tubing
(PE-20) cuff was placed around the sciatic nerve, and the
wound sutured using 6-0 polypropylene.”* We initially
determined the effects of a cultivar extract in mice of
both sexes, seeking to confirm that cannabinoids are
more potent in producing antinociception in female
rats.”> Therefore, we compared the cultivar effects in
female to male mice at 1-week after surgery.

Treatment of Cultivar Extracts

Two seed head and leaf specimens of Cannabis sativa culti-
vars were purchased from CanniMed Therapeutics Inc.
(Saskatoon, Sask., Canada) [see Supplementary data for

details]. The extractions were performed by Cannevert
Therapeutics Ltd (Vancouver, Canada) and extracts were
designated CT-921 and CT-928. Each 5 g sample of
vacuum-dried seed heads of Cannabis sativa as supplied by
CanniMed was ground by hand using a mortar and pestle in
100 mL ethanol at room temperature. A filtrate of the extract
was concentrated at 65°C by rotary evaporation, decarboxy-
lated by heating to >100°C and stored under a nitrogen
atmosphere at —20°C until use. For an experiment,
a sample was dissolved in a vehicle solution containing
1:1:18 of absolute ethanol: ALKAMULS-620 castor oil
surfactant: 0.9% saline. Two preparations (extracts CT-921
and CT-928) were made suitable for intravenous (iv) admin-
istration by dissolution with vehicle solution. Injection
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volume was 30 puL for both extracts except for the highest
dose of CT-928 which was 40 pL. A blinded experimenter
administered the extracts into the mouse tail vein.
Evaluations of analgesia were performed by a separate,
blinded experimenter. For chemical assay, a sample was
dissolved in a small volume of ethanol and analyzed using
Shimadzu Prominence high-performance liquid chromato-
graphy. These data are presented in mg/kg of dried extract to

mouse body weight (Table 1).

Nociceptive Assessment

Von Frey filaments (North Coast Medical, Morgan Hill, CA)
were used for testing by applying pressure on hind paw
ipsilateral to the surgical cuff and recording the response.”*
Filaments were applied in ascending order through a mesh
floor to the plantar surface. Responses included flinching,
licking or biting of the paw, and hind paw withdrawal. The
filament was applied 5 times, each application for ~3 s, with
a 5 s interval separating each trial. The endpoint was three
responses out of five trials. If less than 3 responses, the next
higher filament value was used. If the filament on its own
lifted the paw the next lower value was used. Allodynia was
measured as a threshold response to withdrawal from stimu-
lation applied to the hind paw on the same side as the
implanted cuff. A threshold response that was lower than
the responses on the un-operated side or in control animals
demonstrated allodynia.

Assessment of Chronic Constriction
Injury Model

Tests for allodynia were performed by a blinded experimen-
ter on ipsilateral (operated) and contralateral (un-operated)
hind paws 1 day prior to surgery and 3, 7, 14, 21, 28, 35 and
42 days after surgery. Twenty naive mice (10 operated and
10 unoperated) were used for assessment of the CCI model.
Each mouse was marked on tail with a code for the measure-
ment of the baseline response before surgery. After surgery,

the animals were recorded in blind order by another

colleague. The allodynia tests were performed at 3, 7, 14,
21, 28, 35 and 42 days after surgery.

Effects of Extract Treatment

Dose-response relationships and time courses were deter-
mined after iv injections of the extracts. For the initial studies
on sex differences of the responses to CT-921, there was
sufficient material for only four doses. In all other experi-
ments, five doses each of CT-921 and CT-928 were used.
The mice were randomized to receive different concentrations
of extract (website: www.random.org). Forty mice received
CT-921 at 5.6, 11.3, 16.9, 22.6 and 45.1 mg/kg and 40 mice
received CT-928 at 0.6, 1.2, 2.3, 6.9 and 20.7 mg/kg (8 mice/
dose). Vehicle injection was used in eight mice (controls). The
dose—response relationships and time courses for the effects of
CT-921 and CT-928 provided the EDs, for analgesia (ie, the
most accurately determined point on dose-response curve).
The effects of the extracts on the responses to von Frey
filaments were determined at 10, 20, 40, 60, 120, and 240 min.

Efficacy-to-Adverse Effects Profile

Respiratory rate, rectal temperature and behavioral or locomo-
tor activity were measured by separate, blinded experimenters
and expressed with the anti-allodynia data. The experimental
humane endpoints of the UBC Facilities Grading System and
Response Guide for Rodents 2016 were followed to assess
animal health and welfare (see Supplementary data). All

experiments were performed by three individuals who were
blind to the chemical analysis, substance injection and analy-
sis, or analgesic assay. The researcher who performed the bio-
assays was blinded to the substance and its concentration.

Anti-Allodynic Effects

A dose-ranging study was performed for both extracts. In
the subsequent dose—response relationship study, threshold
responses to von Frey hair were established in groups of 8
mice at 20 min for vehicle and doses of 5.6, 11.3, 22.6 and
45.1 mg/kg for CT-921, and 0.6, 1.2, 2.3, 6.9, 20.7 mg/kg
for CT-928. Effective dose for analgesia in 95% of mice
(EDgsa,, obtained from dose—response relationship) was

Table | Cannabinoid Composition of Cannabis Extracts CT-921 and CT-928*

Extract CBDV CBDA CBGA CBG CBD THCV CBN THC CBC THCA
CT-921 0.14 1.76 0.09 9.70 0.0 0.03 0.49 1.56 -
CT-928 0 0.20 0.02 0.06 0.07 7.54 0.17 0.69

Note: *Data in mg/mL, corrected for moisture.

Abbreviations: CBDV, cannabidivarin; CBDA, cannabidiolic acid; CBGA, cannabigerolic acid; CBG, cannabigerol; CBD, cannabidiol; THCYV, tetrahydrocannabivarin; CBN,
cannabinol; THC, delta-9-tetrahydrocannabinol; CBC, cannabichromene; THCA, tetrahydrocannabinolic acid.
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chosen as a clinically significant response at which the
adverse effects could be determined.

Respiratory Rate

Immediately after iv injection, a mouse was placed into
a Falcon tube (3 cm diameter and 12 cm length) with
a darkened tip and multiple small holes. The effects on
respiratory rate were video recorded for a 10-min interval,
beginning at 20 min after injection. Another video record-
ing of a 10-min interval was made at 40 min after injec-
tion. A blinded experimenter analyzed the videos in both
CT-921 and CT-928 groups, each of 48 mice.

Body Temperature

Rectal temperature was measured with a thermistor probe
(BIOSEB, Pinellas Park, USA) inserted ~2 cm into the rectum
at 20 and 40 min after injection. The magnitude of the
hypothermic response to THC in mice varies markedly with
the ambient temperature.®® Therefore, the mice were acclima-
tized for 1 h to the experiment room maintained at 22-23°C.

Behavioral Activity

Behavioral activity was observed continuously for 4 h after
injection, either singly in a small chamber or in groups of 4
in their home cage. Behavior included locomotor activity
(walking, running, digging, cage climbing or hanging),
grooming, drinking and eating, standing on hind limbs,
sniffing air, occasional biting and remaining totally inactive.
Sleeping was considered immobility. Behavior was scored
on a Likert scale, from most to least active; categories
included hyperactive, normal or hypoactive. We used the
following criteria for hyperactive, normal, or hypoactive
animals which were scored by a blinded observer.
Hyperactive animals moved very fast, jumped, were sensi-
tive to touch, difficult to catch after injection (ie, for return
to cage), and if unrestrained, would run off the table.
Hypoactive animals often would sit without moving from
a cage corner and when placed in a cage with other mice,
would not interact with the others. These observations were
made by observers blinded to the test substances.

Statistical Analyses

To analyze the changes in allodynia over time following
surgery, we conducted a 2-factor repeated measures (RM)
ANOVA, with limb treatment (operated, unoperated and con-
trol) as the between-subjects factor, and time since surgery (0,
3,7,14,21,28,35 and 42 days) as the within-subjects factor.
Anti-nociceptive activity was determined at the time of

maximal effect (20 min post-injection) by comparing scores
to pre-drug baseline values, analyzed with paired sample
t-tests; an independent samples #-test also compared post-
drug treatment scores to a separate group (n = 8) of vehicle-
treated animals. Dose—response relationships were plotted as
dose (mg/kg) against log response (force in grams x 10,000)
using GraphPad Prism software (v7.0, GraphPad, San Diego,
CA). The number of mice was based on GPower analysis for
effect size and variance based on previous experiments and
pilot studies.”® The dose—response relationships were fitted
with a sigmoidal model.”” A one-way ANOVA was used to
assess effects on temperature and respiratory rate as well as the
effect of sex on reaction to cannabis. Differences were con-
sidered statistically significant at P <0.05. Behavioral data
were analyzed using Pearson’s chi-squared test with dose at
each time point as the independent variable, and Likert activity
score as the outcome measure.

Results

Chemical Profiles of Extracts

Table 1 presents the cannabinoid composition of CT-921
and CT-928 as provided by the company that performed
the extraction and analysis (see Methods). A comparison
of these data shows that all 10 cannabinoid concentrations
differed between the extracts. Notably, CT-921 contained
a higher concentration of CBD than THC (9.7 versus
0.02 mg/mL). CT-928 contained high THC (7.54 mg/mL)
and low CBD (0.49 mg/mL) concentrations. Other canna-
binoids present in low concentrations also may have rele-
vance for antinociceptive action (see Discussion).

Validity of Assay for Allodynia

The repeated measures ANOVA indicated a significant main
effect of limb treatment [F (2,27) = 94.19; P <0.001] as the
operated limb group exhibited significantly reduced paw
response thresholds compared to the other two groups.
There was also a significant main effect of time [F (7189) =
17.72, P <0.001]. Furthermore, there was a highly significant
treatment by time interaction [F(14,189) = 13.67; P <0.001].
Post-hoc analysis indicated that allodynia was present at 3
days after cuff placement and remained approximately con-
stant in magnitude until 28 days (Figure 1). The allodynia
diminished to mean control value at 6 weeks. The homolo-
gous area on the un-operated leg did not exhibit allodynia. At
7 days after surgery, the responses to von Frey filament testing
before and 20 min after vehicle injection were of similar
magnitude to the responses evoked in 48 naive male mice.
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Figure | Time course of mechanical allodynia induced by sciatic cuffing in adult female mice. Allodynia was measured as a threshold response to withdrawal from von Frey
filament stimulation applied to the hind paw on the same side as the cuffed sciatic nerve. A threshold response that is lower than the response in the control animal
demonstrates allodynia. Sidak’s multiple comparisons test indicated significant reductions in withdrawal thresholds of the operated paw compared to the un-operated paw on

days 3, 7, 14 and 21 (P <0.05), 28 (P <0.05) and 35 (P <0.05).
Abbreviations: Cl, confidence interval; n, number of animals.

The effects of CT-921 were determined in both male and
female mice injected with doses of 5.6 to 45.1 mg/kg (n =8 per
group). Females first showed a significant reduction in allody-
nia at a dose of 16.9 mg/kg (P = 0.006). A significant reduction
also was observed at 22.6 and 45.1 mg/kg (P = 0.006). Males
showed a significant reduction in allodynia only at the max-
imum dose of 45.1 mg/kg (see Supplementary Data). The

reduced allodynia in both sexes lasted ~2 h. On confirming
the previous studies,” we subsequently used females since the
reduction of allodynia in females first occurred at a dose less
than in males. Also, the special interest group on Sex, Gender,
and Pain, the International Association for the Study of Pain
recommends the use of both sexes, or females alone if limited
to one sex, to best translate preclinical findings into clinical
considerations.”®

Dose—Response Relationships of Anti-
Allodynic Effects

At 7 days post-surgery, a comparison of pre- to post-drug
treatment with CT-921 at doses of 5.6 [t(7) = 1.86, NS] and
11.3 mg/kg [t(7) = 1.33, NS] showed no effect on mechanical
allodynia, while doses of 16.9 [t(7) = 4.40, p < 0.005], 22.6
[t(7) = 11.28, p < 0.001] and 45.1 mg/kg [t(7) = 29.24,
P <0.001] decreased it (Figure 2A). Similarly, the post-drug

values for the two lower doses did not differ from the vehicle-
treated mice [t(14) = 0.94—1.39, NS] whereas the three higher
doses significantly increased values compared to controls [t
(14) =4.84-25.14, P <0.001]. The dose—response relationship
provided an effective dose at which analgesia was produced in
50% of mice (EDsgap)- The EDsga,, for CT-921 was 15.1 mg/
kg. CT-921 at 16.9 mg/kg produced a maximum response at
20 min which decayed over 2—4 h (Figure 2B). The EDgs A, for
CT-921 was 29 mg/kg.

At 7 days post-surgery, a comparison of pre to post-drug
treatment with CT-928 at the lowest dose of 0.6 mg/kg [t(7) =
2.20, NS] showed a mild but non-significant allodynia.
However, allodynia was significant with the 1.2 mg/kg dose
[t(7) = 3.49, P =0.01] and was more robustly significant with
the 2.3 mg/kg [t(7) = 11.85, P <0.001] and 6.9 mg/kg [t(7) =
11.46, P <0.001] doses (Figure 2C). Similarly, the post-drug
values for the lowest dose of 0.6 mg was only just significant
compared to the vehicle-treated mice [t(14) = 2.58, P <0.05]
while notably, the three higher dose values were significantly
different compared to controls [t(14) = 3.90-10.7, P <0.005].
The dose—response relationship provided an EDsga, of
0.9 mg/kg. Figure 2D shows the time course for the effect of
CT-928 at 2.3 mg/kg. At this dose CT-928 produced a large
increase in threshold at 10 and 20 min after injection; the
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Figure 2 Anti-allodynic effects following treatment with Cannabis extracts CT-921 and CT-928 at 7 days post-surgery. (A) CT-921 had anti-allodynic effects at doses greater
than | 1.3 mg/kg, at 16.9 (P =0.001), 22.6 and 45.1 mg/kg (P <0.05). The effective dose at which analgesia was produced in 50% of mice was |5.1 mg/kg as indicated (EDsga)-
(B) Time course of response to 16.9 mg/kg of CT-921. Analysis with a two-way ANOVA indicated significant increases in withdrawal thresholds compared to vehicle group
at post-injection times of 10 min (P = 0.01), 20 min (P = 0.001), 40 min (P = 0.01), 80 min (P = 0.03) and 120 min (P = 0.03). (C) CT-928 increased withdrawal threshold at
1.2 mg/kg (P = 0.05), 2.3 and 6.9 mg/kg (P <0.05). The EDsoan Was 0.9 mg/kg as indicated. (D) Time course of response to .2 mg/kg of CT-928. Significant differences were

apparent at 10—40 min (P <0.05) and 60 min (P = 0.01).
Abbreviations: Cl, confidence interval; n, number of animals.

response declined from maximum values and lasted 24
h. The EDgs4,, for CT-928 was 4.7 mg/kg.

Eight mice administered CT-928 at the highest dose
(20.7 mg/kg) exceeded the humane endpoints. Two of the
eight mice died spontaneously before euthanization could be
performed. The remaining six mice showed a reduced rate of
breathing (<95 breaths/min), open mouth breathing and cya-
nosis. These mice were euthanized with isoflurane and CO, as
per UBC Animal Care Guidelines (UBC Facilities Grading
System and Response Guide for Rodents 2016).

Body Temperature

Figure 3A shows that CT-921 at 5.6, 11.3, 22.6 and
45.1 mg/kg, respectively, decreased mean temperature by
4% (P = 0.24), 5% (P = 0.02), 11% (P <0.05) and 14%

(P <0.05). Figure 3B shows that CT-928 at 0.6, 1.2, 2.3
and 6.9 mg/kg, respectively, decreased mean temperature
by 3% (P = 0.135), 8% (P <0.05), 10% (P <0.05) and 18%
(P <0.05). EDgs5a,, of CT-928 reduced mean temperature
by 6.0°C (P <0.05). CT-921 at EDgs,, reduced tempera-
ture by 4.3°C (P <0.05). CT-928 decreased mean rectal
temperature more than CT-921 (P = 0.02).

Respiratory Rate

Both CT-921 and CT-928 depressed mean respiratory rate
at 20 min after iv injection in conscious mice (Figure 3C
and D). Previous studies showed similar respiratory
depression by cannabis extracts or pure THC in anesthe-
tized animals.'® CT-921 at 5.6, 11.3, 22.6 and 45.1 mg/kg,
respectively, decreased mean respiratory rate from 208
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Figure 3 Dose—response relationships of Cannabis extracts CT-921 and CT-928 for temperature and breathing rate. The dose-response relationship shows the effective
dose at which analgesia was produced in 95% of mice (EDgsan). (A) CT-921 at 8 (P = 0.02), 16 and 32 mg/kg (P <0.05) decreased rectal temperature at 20 min after injection.
(B) CT-928 at 0.5, |, 2 and 6 mg/kg decreased temperature at 20 min after injection (P <0.05). At EDgsa,, CT-928 decreased temperature by 6 °C. (C) CT-921 at 16 and
32 mg/kg decreased breathing rate (P = 0.0083, P <0.05). CT-921 at EDgsa,, did not reduce breathing rate (P = 0.03). (D) CT-928 reduced breathing rate at | (P = 0.001), 2

(P =10.001) and 6 mg/kg (P <0.05). Dotted lines in each panel indicate EDgsa,,.
Abbreviations: Cl, confidence interval; n, number of animals.

breaths/min (vehicle administration) to 195 (6%), 171
(18%), 156 (25%) and 100 (52%) breaths/min (P = 0.1,
P =04, P = 0.1 and P <0.05). CT-921 at EDgsa,
depressed mean respiratory rate from 208 to 155 breaths/
min. However, this depression was not statistically signifi-
cant while the depression by CT-928 at EDgss,, was sta-
tistically significant. CT-928 at low doses (0.3-0.6 mg/kg)
did not change respiratory rate but at higher doses (1.2, 2.3
and 6.9 mg/kg), respectively, decreased mean respiratory
rate from 217 breaths/min (vehicle administration) to 136
(37%), 115 (47%) and 85 (61%) breaths/min (P <0.05 and
P <0.05; Figure 3D). CT-928 at EDgyss, depressed mean
respiratory rate from 217 to 108 breaths/min. In summary,

CT-921 produced less severe respiratory depression than
CT-928 when administered in equianalgesic doses, includ-
il’lg the ED95An.

Behavioral Activity

Behavioral activity determined from the same mice used in
Figure 2 is compiled for CT-921 in Table 2. The chi-squared
analysis indicated a significant main effect of the dose of CT-
921 on behavior at each of the three different time points [X*
(4,N=40)>32.48, P=0.001]. CT-921 at doses (5.6, 11.3 mg/
kg) below EDspa, did not have an effect on behavior. At
16.9 mg/kg (near EDsga,), CT-921 decreased spontaneous
locomotion in 5 of 8 mice, measured upon return to the cage.
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Table 2 Behavior After Intravenous Injection of CT-921

Dose | Vocalization | Activity Activity Activity

(mg/ 0-20 min During During During

kg) 0-20 min 20-40 40-120

min min

5.6 0/8 normal normal normal
8/8 8/8 8/8

1.3 0/8 normal normal normal
8/8 8/8 8/8

16.9 0/8 normal 3/8 hypoactive | hypoactive
hypoactive 5/8 | 8/8 8/8

22.6 0/8 hypoactive hypoactive | hypoactive
8/8 8/8 8/8

45.1 0/8 hypoactive hypoactive | hypoactive
8/8 8/8 8/8

At22.6 and 45.1 mg/kg, CT-921 reduced locomotor activity in
all mice. The effect of CT-921 at 16.9 mg/kg on locomotion
lasted for 2 h, and >2 h at the higher doses. CT-921 injection
reduced the response to intruder entry into the home cage in 5
of 8 mice at 16.9 mg/kg, and in 8 of § mice at 22.6 and 45.1 mg/
kg; this effect lasted >2 h (data not compiled in Table 2).
Behavioral activity determined from the same mice
used in Figure 2 is compiled for CT-928 in Table 3. The
chi-squared analysis indicated a significant main effect of
the dose of CT-928 on behavior at each of the three
different time points [X* (8, N = 40) > 5128, P =
0.001]. Within a minute after iv injection of CT-928 at

Table 3 Behavior After Intravenous Injection of CT-928

doses greater than 0.6 mg/kg, mice exhibited hyperactive
behavior. Behavior in 6 of 8 mice at 1.2 mg/kg and all
mice at 2.3 and 6.9 mg/kg consisted of aggressively biting
the restrainer, fighting, jumping, attempts to escape and
hypersensitivity to light touch. The responses were bipha-
sic — hyperactivity for ~20 min gradually followed by
hypoactivity lasting >2 h. Administration of CT-928 at
EDsoan and EDgsa, resulted in agitation and hyperactivity
in contrast to the calmness of mice treated with CT-921.

Discussion

In this study, we demonstrate the ability of two specific
cannabis cultivars, CT-921 and CT-928, to alleviate pain
induced by chronic compression of the sciatic nerve of
a mouse, an accepted model of human neuropathic pain.
A comparison of the analgesic efficacies and selected side
effects of both extracts revealed the best profile consistent
with further testing in a clinical trial. While both com-
pounds were effective in relieving pain, one had fewer
potentially severe side effects. The efficacy-to-adverse
effect profile provides an evidence-based rationale for
prioritizing one specific cannabis extract over the other
for further development as an analgesic for neuropathic
pain. The profile determination provides a means for
choosing which of thousands of cultivars has the greatest
potential as a clinical analgesic.

The most striking adverse effect was the depression of
respiration in conscious mice. CT-928 at a dose that pro-
vided analgesia equal to a dose of CT-921, produced greater
respiratory depression. At EDgs for analgesia, CT-928

Dose (mg/kg)

Vocalization

Activity During

Activity During

Activity During

agitated episodes
6/6

0-20 min 0-20 min 20-40 min 40-120 min
0.6 1/8 normal slightly hyperactive 4/8 normal
8/8 hypoactive 4/8 8/8
1.2 2/8 hyperactive 6/8 hyperactive 6/8 hypoactive 7/8
hypoactive 2/8 hypoactive 2/8 normal /8
23 3/8 hyperactive hyperactive hypoactive
8/8 8/8 8/8
6.9 3/8 hyperactive hyperactive hypoactive
8/8 8/8 8/8
20.7 6/8 1 hypoactivity with b I

Notes: TTwo mice died of rapid onset respiratory depression before they could be euthanized: *Six mice suffered respiratory distress and were
euthanized as per Animal Care Guidelines.
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significantly depressed respiratory rate but CT-921 did not.
For comparison, there is little literature about the respiratory
effects of
Intraperitoneal THC (10 mg/kg) in rats reduces respiratory

cannabinoids in  conscious  animals.
rate by <15% during wakefulness and sleep states.”” Studies
in anesthetized cats and rats show that iv administration of
Cannabis extract or THC reduces respiratory rate in a dose-
dependent manner,'® producing a maximum of >60%
depression at 1.5-2.0 mg/kg THC.*® THC at iv doses of
>10 mg/kg causes terminal depression of respiration in the
barbiturate anesthetized cat.*' However, the type of anesthe-
sia would likely have contributed to the THC effects in the
previous investigations.** In the present studies, a high dose
of CT-928 resulted in respiratory depression but did not
meet the humane endpoints, requiring euthanization. The
greater reduction of respiratory rate by CT-928 than CT-921
compromised the safety in conscious animals administered
CT-928.

At analgesic doses, both extracts produced the adverse
effects on behavior and body temperature. CT-928 caused
aggressive behavior followed by long-lasting hypoactivity,
similar to other cannabis extracts with a high THC
concentration.”’” At EDgs for analgesia, temperature
decreased much more after administration of CT-928
than CT-921. CT-928 caused a 6°C decrease in core tem-
perature - a remarkable reduction in the conscious animal.

In controlled studies in humans, cannabis and THC
produce only mild respiratory depression.’® The effects of
THC, morphine and other depressants on respiration are
similar in animal experimentation.>! While cannabis side-
effects in social use are non-life threatening, the situation in
individuals using opioids or with chronic illness is more
complex. Minimizing adverse effects is a sensible strategy
in choosing which cultivars to investigate. Decreased risk of
respiratory depression results in an increased safety aspect
for a cannabis analgesic. However, the extent that such
adverse effects of cannabis in mice correspond to those in
human studies requires further investigation.

Cannabis cultivar extracts may decrease the opioid dose
needed for analgesia®® reducing the possibility of opioid
side effects and addiction. An analgesic synergy with an
additive side effect on locomotion has been demonstrated
with a cannabinoid—opioid combination in an animal model
of neuropathic pain.>> THC can increase the analgesic
potency of opioids but has varying effects on ventilation

22,36 21,33

in monkeys, consistent with clinical studies.

Clinical trials would require testing combinations of opioids
with selected cultivars. Considering thousands of available

cultivars, clinical trials of all candidate cultivars would be
a Herculean task. Preclinical elimination of candidates by
establishing the best adverse effect/efficacy profile renders
efficient clinical trial testing feasible.

CT-921 and CT-928 contained THC and CBD and both
cannabinoids likely contributed to the analgesic effects. The
amount of THC-related antinociception by CT-928 at
EDsoan was greater than that if THC was administered
without the other components of the cultivar extract. This
has been previously shown for iv administration of
a cannabis extract versus pure THC in the mouse tail-flick

mode1.37 11,38

CBD by itself reduces mechanical allodynia
and in combination with a low dose of THC, enhances the
antinociception without THC-like side effects in the CCI
model.* Other constituents of cannabis extracts on their own
have antinociceptive effects.*’

At equivalent analgesia (EDgsa,) CT-921 contains less
than 20% of the THC present in CT-928. Therefore,
a component or components additional to THC in CT-
921 must contribute to the equivalent analgesia (cf. Ref.
11). This effect was also evident from the effects of both
extracts on temperature. CT-921 would require twice its
EDogsan to produce the same 6°C decrease caused by CT-
928 at EDgsap.

Due to many interacting components in an extract,
advancement to therapeutic use requires identification of
a specific cultivar (cf. Table 1 and Ref. 12). This is
extremely complex because of limitations in plant pheno-
typing, chemotyping and genotyping.*® A practical method
for establishing the reproducibility of the therapeutic
action of a specific cultivar is the maintenance of an
assemblage of specific plant cultivars and utilizing an
animal test (ie, a bioassay). A specific cultivar extract
shown to be effective in an animal model and subsequently
in humans may be altered by cultivation. Preclinical test-
ing of each batch of preparation would provide a guarantee
of the stability of the growing process. To ascertain that
each batch will be effective one should repeat the original
animal testing to see if the desired effect is unchanged.
After initial demonstration of feasibility, detailed protocols
and rigid procedures must be followed.

Neuropathic pain is very difficult to treat. Both specific
cannabis cultivar extracts CT-921 and CT-928 alleviated
neuropathic pain in an accepted mouse model. However,
CT-921 (low THC, high CBD) had lesser side effects than
did CT-928 (high THC, low CBD), resulting in a better
efficacy-to-adverse effect profile. Prior to acceptance for
clinical therapy, the adverse effects and efficacy must be
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ascertained in humans, a difficult and expensive process.
Animal testing identifies compounds with the greatest
chance of clinical success and reduces the developmental
costs of clinical trials of >700 classified cultivars. It can
also confirm the efficacy of the drug that remains after
continuing cultivation. Here, the difference between the
efficacy-to-adverse effect profiles of two cultivars in
a model of neuropathic pain illustrates the use of animal
testing to establish the priority for clinical testing.

Conclusion

Two dissimilar cannabis extracts, CT-921 and CT-928, pro-
duced analgesia. At equianalgesic doses, CT-921 had no
important side effects, while CT-928 produced a significant
depression of respiratory rate and body temperature and
produced undesirable behavior. The use of efficacy-to-
adverse effect profile is a rational basis for choosing between
specific cannabis cultivars for further investigations in the
treatment of neuropathic pain. This maximizes the chance of
success of an expensive clinical trial.
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