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Abstract
Objective: This research examined whether a cannabidiol 
(CBD)-opioid pharmacotherapy could attenuate cisplatin-
induced tactile allodynia. Methods: Mice (C57BL/6) were giv-
en 6 doses of 2.3 mg/kg cisplatin intraperitoneally (IP) on 
alternating days to induce tactile allodynia as quantified us-
ing an electric von Frey (eVF). Test groups in Experiment 1 
received either vehicle, 0.1 or 2.5 mg/kg morphine, 1.0 or 2.0 
CBD, or the 2 drugs in combination. Test groups in Experi-
ment 2 received either vehicle, 0.1 or 2.5 mg/kg morphine, 
1.0, 2.0, 3.0, or 4.0 mg/kg NB2111 (a long-acting CBD ana-
logue), or the 2 drugs in combination. Drugs were adminis-
tered IP 45 min before eVF assessment. Results: Cisplatin 
produced tactile allodynia that was attenuated by 2.5 mg/kg 

morphine. Both CBD and NB2111 produced dose-depen-
dent attenuation of tactile allodynia. CBD and NB2111, given 
in combination with sub-analgesic doses of morphine, pro-
duced attenuation of tactile allodynia equivalent to 2.5 mg/
kg morphine. Conclusions: While both CBD and NB2111, ei-
ther alone or in combination with sub-analgesic doses of 
opioids, exhibited analgesic effects, NB2111 could be capa-
ble of superior analgesia over time by virtue of enhanced 
pharmacokinetics. © 2018 The Author(s) 

Published by S. Karger AG, Basel

Introduction

Cisplatin is a common agent in chemotherapy used to 
treat a variety of cancers. Unfortunately, cisplatin has a 
dose-limiting effect, wherein 50–85% of all patients de-
velop peripheral neuropathy 3–6 months into treatment. 
Cisplatin-induced neuropathy (CIN) presents in a “stock-
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ing and glove” distribution causing tingling paresthesia, 
numbness, and allodynia [1, 2]. Pain management for 
CIN includes anticonvulsant, antidepressant, and non-
steroidal anti-inflammatory drugs. These drugs prove to 
be well tolerated in patients but show little efficacy in 
treating CIN [2–4]. While opioids can provide effective 
CIN pain relief, 76–96% of all patients report aversive side 
effects that include sedation, nausea, and fatigue which 
limit usefulness and diminish patients’ quality of life [5, 
6]. Added concerns of opioid therapy include tolerance, 
dose escalation, and dependence that can lead to with-
drawal symptoms upon CIN resolution [7]. Collectively, 
these observations suggest a need to develop novel phar-
macotherapies for CIN.

Cannabinoids (CB) are used in oncology settings to 
control nausea, weight loss, lack of appetite, and chemo-
therapy-related pain [8]. CB analgesia in both chronic 
and acute pain models is mediated through CB1 and CB2 
receptors that are differentially expressed in the central 
and peripheral nervous systems [9, 10]. An emerging 
body of literature supports the notion that endocannabi-
noid systems may also modulate CIN. For example, CB1 
and CB2 direct and indirect agonists attenuate tactile al-
lodynia in rodent models of CIN [5, 11, 12]. However, like 
non-opioid therapies, CB compounds have modest effi-
cacy and are of limited usefulness. 

CB1 and opioid receptors are co-localized in pain 
pathways. Evidence suggests that a dual pharmacothera-
py at these targets may increase CB-mediated analgesic 
effects [13–16]. For example, the CB1 agonist THC shows 
synergistic effects with sub-analgesic doses of the μ-opi- 
oid agonist morphine in a rat arthritic pain model [17]. 
However, the use of any CB1 agonist in oncology settings 
is unlikely due to these compounds increasing the prolif-
eration and growth of some tumor cells [15]. Interest-
ingly, other CB that show low affinity to CB receptors 
also show synergistic effects with low dose opioids. For 
example, cannabidiol (CBD) shows synergistic effects 
with sub-analgesic doses of morphine in an acute pain 
model (i.e., acetic acid writhing) but not against thermal 
pain [18]. Whether a combined CBD-opioid or a bio-
engineered synthetic analogue of CBD-opioid pharma-
cotherapy could provide highly efficacious pain relief 
against CIN is unknown. In Experiment 1, we hypothe-
size a CBD-opioid interaction may enhance the analgesic 
effects against CIN allodynia. Further, in Experiment 2, 
we hypothesize a bio-engineered CBD-opioid pharma-
cotherapy could also produce robust analgesic effects 
compared to CBD alone and in combination with an  
opioid. 

Methods

Animals
Male C57BL/6 mice (25–30 g; Envigo, Indianoplis, IN, USA) 

were housed 5 per polycarbonate tub with soft bedding in a tem-
perature- and humidity-controlled vivarium. The mice were main-
tained under a 12-h light/dark cycle with lights on at 06: 00. Food 
and water were available ad libitum. Animals acclimated to the 
vivarium 1 week prior to experimental manipulations. All experi-
mental procedures were approved by the Institutional Animal 
Care and Use Committee at the University of Mississippi and col-
lected at the University (protocols 13-017 and 15-022).

Behavioral Measures
An electronic von Frey (eVF; Topcat Metrology Ltd., Little 

Downham, UK) quantified the development of tactile allodynia 
during CIN induction and served as the endpoint in analgesic 
screening. The animals were placed into an elevated clear Plexiglas 
enclosure (3.81 × 11.43 × 11.43 cm) with a metal rod floor. After 
an acclimation period of 15 min, a von Frey filament was applied 
to the mid-plantar region of the hind paw and withdrawal thresh-
olds were recorded. The filaments were alternatingly applied to the 
left and right hind paws at 3-min intervals for a total of 4 measure-
ments per paw. The average score of these 8 tests served as the de-
pendent measure. 

Test Compounds
Experiment 1
Cisplatin (Tocris, Ellisville, MO, USA) was dissolved in 0.9% 

saline to yield dosages of 2.3 mg/kg/mL. Lactated Ringer’s solu-
tion (0.25 mL; Abbott laboratories, Chicago, IL, USA) was used 
to hydrate the mice to prevent kidney and liver damage associ-
ated with repeated cisplatin administration. Due to the efficacy 
of alleviating allodynia, morphine served as the gold standard 
analgesic. Morphine sulfate (Research Biochemicals Internation-
al, Natick, MA, USA) was dissolved in 0.9% saline to yield dos-
ages of 0.1 and 2.5 mg/kg/mL. CBD 1.0 and 2.0 mg/kg/mL was 
chosen for this experiment as previous studies in our lab have 
shown it to provide analgesic properties. CBD 1.0 and 2.0 mg/kg/
mL (NIDA Drug Supply Program) solutions were prepared by 
dissolving CBD in 5% ethanol, 5% cremophor, and injectable wa-
ter. All test compounds were administered intraperitoneally (IP). 
Sample sizes ranged from 5 for the drug group of 2.5 mg/kg mor-
phine and 2.0 mg/kg CBD to 9–14 animals for all other drug 
groups.

Experiment 2 
Morphine sulfate was dissolved in 0.9% saline to yield dosages 

of 0.1 and 2.5 mg/kg/mL. NB2111 (Nemus Bioscience Inc., Costa 
Mesa, CA, USA) 1.0–4.0 mg/kg/mL was dissolved in 5% ethanol, 
5% cremophor, and injectable water. Doses of NB2111 were cho-
sen based on the doses used in Experiment 1. All test compounds 
were administered IP. All experimental procedures were approved 
by the Institutional Animal Care and Use Committee at the Uni-
versity of Mississippi (protocol 15-022). Sample sizes ranged from 
9 to 11 animals per drug group. 

Synthesis of NB2111 (CBD-Mono-Val-Mono-Hemisuccinate)
NB2111 was synthesized by Elsohly Laboratories, Inc., Oxford, 

MS, USA. CBD was dissolved in dichloromethane (DCM) and a 
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catalytic amount of 4-dimethylaminopryridine (DMAP). Boc-va-
line (1.1 eq.) was dissolved in DCM and 1.1 eq. of dicyclohexylcar-
bodiimide (DCC). The CBD/DMAP solution was then added to 
Boc-valine/DCC solution. Thin layer chromatography (10% ethyl 
acetate (EtOAc)/90% hexane) indicated the completion of reac-
tion. The product was then purified using silica gel and gradient-
elution (beginning at 0% EtOAc/100% hexane and increasing to 
3% EtOAc/97% hexane) to yield pure CBD-mono-val-boc. CBD-

mono-val-boc was dissolved in tetrahydrofuran with excess HCl(g) 
removed with N2(g) to form CBD-mono-val. CBD-mono-val was 
confirmed by mass spectrometry. CBD-mono-val was dissolved in 
DCM and a catalytic amount of DMAP. Succinic anhydride (1.1 
eq.) and triethylamine was added to the CBD-mono-val/DMAP 
solution. CBD-mono-val-mono-hemisuccinate (NB2111) was  
purified using silica gel and gradient-elution (beginning at 0% 
EtOAc/100% hexane and increasing to 30% EtOAc/70% hexane) 
as pure compound. NB2111 was confirmed by mass spectrometry. 

Cisplatin Induction and Drug Efficacy Screening Procedure
The cisplatin induction protocol is summarized in Table 1. 

Mice received 6 IP injections of cisplatin (2.3 mg/kg/mL) on alter-
nating days with lactated Ringer’s solution on intervening days 
over a 12-day period. Baseline eVF measurements were taken pri-
or to enrollment in the study to ensure balanced group assign-
ments. To monitor the progression of tactile allodynia, additional 
eVF measurements were taken on Ringer’s solution Days 3 and 6 
prior to daily injections. On Ringer’s solution Day 6, eVF measure-
ments revealed significantly lower paw withdrawal thresholds in-
dicative of neuropathy. Drug efficacy screening was conducted 2 
days later to minimize the potential effect that repeated eVF testing 
may have on our CIN endpoint. The mice were counterbalanced 
and assigned to drug groups. All test compounds were delivered 
IP 45 min prior to eVF testing. 

Statistical Analyses 
Data were analyzed with SPSS software using one-way ANO-

VAs for both between-group (e.g., drug treatment conditions) and 
within-group (i.e., pre- versus post-cisplatin administration) com-
parisons. Post-hoc comparisons for group differences used Fish-
er’s least significant difference (LSD). Significance testing was set 
at p < 0.05.

Table 1. Timeline of the cisplatin induction protocol and behav-
ioral testing

Day 1 von Frey baseline
Cisplatin Day 1

Day 2 Ringer’s solution Day 1
Day 3 Cisplatin Day 2
Day 4 Ringer’s solution Day 2
Day 5 Cisplatin Day 3
Day 6 Ringer’s solution Day 3
Day 7 Cisplatin Day 4
Day 8 Ringer’s solution Day 4
Day 9 Cisplatin Day 5
Day 10 Ringer’s solution Day 5
Day 11 Cisplatin Day 6
Day 12 von Frey final

Ringer’s solution 6
Day 13 Drug- and test-free holiday
Day 14 Drug probe test
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Fig. 1. Mean paw withdrawal in grams of 
force (±SEM). Dotted and dashed lines de-
pict baseline responses pre- and post-cis-
platin administration protocol prior to 
drug efficacy screening. Vertical bars rep-
resent mean responses on the drug efficacy 
screening day for drug treatment condi-
tions. Doses are in mg/kg and delivered IP 
45 min prior to testing. * Denotes signifi-
cant attenuation of tactile allodynia com-
pared to the vehicle group (p < 0.05). Sam-
ple sizes were n = 5 for the drug group of 
2.5 mg/kg morphine and 2.0 mg/kg CBD, 
and n = 9–14 animals for all other drug 
groups.
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Results

Experiment 1
The effects of the various test compounds on cisplatin-

induced tactile allodynia are summarized in Figure 1. 
Baseline eVF responses prior to and after cisplatin ad-
ministration are shown as dotted and dashed lines, re-
spectively. Following the cisplatin induction protocol, all 
mice showed lower response thresholds indicative of tac-
tile allodynia. A one-way ANOVA of these data revealed 
a significant decrease in paw withdrawal following the 
cisplatin protocol: F(1,71) = 136.03, p < 0.0001. 

On the drug efficacy screening day, vehicle-treated 
mice continued to show tactile allodynia. A sub-analgesic 
dose of morphine (0.1 mg/kg) did not affect eVF respons-
es, whereas 2.5 mg/kg morphine fully attenuated tactile 
allodynia. CBD produced a modest attenuation of CIN at 
the 1.0 but not at the 2.0 mg/kg dose. The sub-analgesic 
dose of morphine given in combination with 2.0 mg/kg 
CBD attenuated tactile allodynia comparable to 2.5 mg/
kg morphine. This enhanced CBD-opioid effect was 
modestly enhanced with 2.5 mg/kg morphine. 

A one-way ANOVA of these data revealed a significant 
main effect for the drug: F(7,71) = 15.72, p < 0.0001. Fish-
er’s LSD demonstrated that the mean withdrawal thresh-
olds were significantly higher in the vehicle than in the 2.5 
mg/kg morphine, the 1.0 mg/kg CBD, the 0.1 mg/kg mor-
phine in combination with 1.0 and 2.0 mg/kg CBD, and 
the 2.5 mg/kg morphine in combination with 2.0 mg/kg 
CBD groups (p values ≤ 0.0001).

Experiment 2
Efficacy screening of these test compounds on cispla-

tin-induced tactile allodynia are summarized in Figure 2. 
Baseline eVF responses prior to and after cisplatin ad-
ministration are shown as dotted and dashed lines, re-
spectively. Following the cisplatin induction protocol, all 
mice showed lower response thresholds indicative of tac-
tile allodynia. A one-way ANOVA of these data revealed 
a significant decrease in paw withdrawal following the 
cisplatin protocol: F(1,99) = 601.36, p < 0.0001.

On the drug efficacy screening day, vehicle-treated mice 
continued to show tactile allodynia. A sub-analgesic dose 
of morphine (0.1 mg/kg) did not affect eVF responses, 
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Fig. 2. Mean paw withdrawal in grams of force (±SEM). Dotted and dashed lines depict baseline responses pre- 
and post-cisplatin administration protocol prior to drug efficacy screening. Vertical bars represent mean re-
sponses on the drug efficacy screening day for drug treatment conditions. Doses are in mg/kg and delivered IP 
45 min prior to testing. * Denotes significant attenuation of tactile allodynia compared to the vehicle group (p < 
0.05). Sample sizes were n = 9–11.
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whereas 2.5 mg/kg morphine fully attenuated tactile allo-
dynia. NB2111 given alone at 3.0 and 4.0 mg/kg produced 
a dose-dependent attenuation of tactile allodynia equal to 
2.5 mg/kg morphine. The combination of a sub-analgesic 
dose of morphine and NB2111 shifted this dose response 
curve to the left, where 2.0 mg/kg NB2111 attenuated tac-
tile allodynia equal to that of 2.5 mg/kg morphine. 

Consistent with these findings, a one-way ANOVA of 
these data revealed a significant effect for the drug: 
F(10,99) = 9.76, p < 0.0001. Fisher’s LSD demonstrated 
that mean withdrawal thresholds were significantly high-
er compared to vehicle in the 2.0–4.0 mg/kg NB2111 
groups and the drug combination of 0.1 mg/kg morphine 
and 1.0–4.0 mg/kg NB2111 groups (p values ≤ 0.0001).

Discussion

Experiment 1
The results from Experiment 1 demonstrate that a 

6-dosing protocol of 2.3 mg/kg cisplatin over a 12-day 
period leads to robust tactile allodynia in mice, a hallmark 
sign of CIN. Further, tactile allodynia persisted for sev-
eral days after the last cisplatin administration as evi-
denced by continued reduced paw withdrawal thresholds 
in vehicle-treated mice on the drug efficacy screening 
day. These findings are consistent with the literature that 
this and other cisplatin administration protocols produce 
CIN in rodents [5, 19].

Mice receiving 2.5 mg/kg morphine displayed a robust 
attenuation of tactile allodynia. This finding is consistent 
with the literature that opioid agonists produce analgesia 

in a wide variety of pain models including CIN [6]. Mice 
receiving 1.0 mg/kg CBD displayed a modest but signifi-
cant attenuation of tactile allodynia relative to placebo 
but only 60% of the response seen with 2.5 mg/kg mor-
phine. Doubling the dose of CBD (2.0 mg/kg) provided 
no significant enhancement of analgesia relative to pla-
cebo or morphine.

A sub-analgesic dose of morphine (0.1 mg/kg) did not 
further alter the anti-allodynic properties of 1.0 mg/kg 
CBD given alone. However, this sub-analgesic dose of 
morphine greatly enhanced the efficacy of 2.0 mg/kg 
CBD producing an effect equivalent to that of 2.5 mg/kg 
morphine alone. Finally, the effective morphine dose of 
2.5 mg/kg did not further potentiate the 2.0 mg/kg CBD. 
Collectively, these findings demonstrate that the modest 
efficacy of CBD can be greatly enhanced with sub-analge-
sic doses of an opioid agonist. While literature exists that 
demonstrates an analgesic synergy between CBD and 
morphine in models of inflammatory pain [18], this is the 
first report in the literature to describe such findings gen-
eralizable to a murine model of CIN.

The potential of combining sub-analgesic doses of opi-
oids with CBD to treat CIN in oncology settings is not 
without several translational challenges. Foremost among 
these may be the poor absorption of CBD when given by 
enteral administration related to the hydrophobic nature 
of native CB molecules that can hinder transmembranous 
transport. Through chemical modification, our research 
has led to the development of NB2111, a synthetic, bio-
engineered CBD analog (see Fig.  3) that possess several 
characteristics to suggest this compound may provide lon-
ger lasting effects in clinical populations due to enhanced 
bioavailability. Pilot data has shown this compound is 
readily absorbed within 30 min of administration com-
pared to CBD and that stable and biologically relevant 
blood levels persist beyond 8–12 h after administration. 
However, whether NB2111 shows biological activity like 
CBD in the CIN model is unknown. The purpose of Ex-
periment 2 is to study the efficacy of NB2111 to attenuate 
tactile allodynia in a murine CIN model both in combina-
tion of sub-analgesic doses of morphine and without.

Experiment 2
The results from Experiment 2 parallel those seen with 

Experiment 1 and show that this cisplatin administration 
protocol produces robust tactile allodynia in mice, a hall-
mark sign of CIN. 

As in Experiment 1, mice receiving 2.5 mg/kg morphine 
displayed a robust attenuation of tactile allodynia. NB2111 
produced a robust dose-dependent attenuation of tactile 
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Fig. 3. Chemical structure of NB2111, cannabidiol-mono-valin-
ate-mono-hemisuccinate; molecular formula C30H43N6; molecu-
lar weight 513.68. 
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allodynia using 1 mg/kg up to 4 mg/kg, with the response 
equivalent to 2.5 mg/kg morphine at the 3.0 and 4.0 mg/kg 
doses. Further, this NB2111 dose response function shifted 
to the left by the addition of a sub-analgesic dose of mor-
phine. This drug combination achieved a maximum effect 
at the 2.0 mg/kg NB2111 dose that was as efficacious as 2.5 
mg/kg morphine alone. Collectively, these findings dem-
onstrate that (1) NB2111 alone produces robust analgesia 
equal to opioids against CIN and (2) these NB2111 effects 
can be achieved at lower doses when combined with sub-
analgesic doses of an opioid agonist.

Conclusion

Challenges in pain management in oncology settings 
lead to unnecessary suffering, diminished quality of life, 
and, in some instances, decreased life expectancy due to 
patients’ forgoing continued chemotherapy treatment re-
lated to intractable pain. Current therapies against CIN 
are either only modestly effective or are fully effective but 
poorly tolerated. NB2111 may be useful in pain manage-
ment as NB2111 is a biologically active analog of CBD 
that exhibits comparable efficacy to opioids in this CIN 

murine model. Collectively, these findings strongly indi-
cate continued study of NB2111 in the management of 
pain in oncologic settings and, perhaps, other etiologies 
associated with neuropathic pain. 
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