THE DIABETIC FOOT

Cannabidiol (CBD)
and Diabetes

New evidence has correlated a benefit.

BY WENJAY SUNG, DPM

edical cannabis has
been documented as
an alternative to opi-
oids for neuropathic,
chronic, and neuro-
genic pain.! Cannabis contains over 483
known compounds in the plant and
more than 65 active cannabinoids with
the primary cannabinoids being del-
ta9-tetrahydrocannabinol (THC) and
cannabidiol.* Cannabinoids are a class
of diverse chemical compounds that
act on the cannabinoid receptors in
cells. Some receptors are found in the
brain and spinal cord (CB1 receptors),
or more specifically, the basal ganglia
and limbic system. Other receptors are
found throughout the entire body, par-
ticularly within the immune system or
immune-derived cells (CB2 receptors).?
CB2 receptors appear to be re-
sponsible for the anti-inflammatory
and possibly other therapeutic effects
of cannabis seen in animal models.*
Cannabinoid receptor activation also
produces physiological effects including
euphoria, psychosis, impaired memory
and cognition, reduced locomotor func-
tion,and increased appetite, as well as
anti-emetic, pain-relieving, anti-spastic-
ity and sleep-promoting effects.®
Cannabidiol (CBD) is a non-in-
toxicating major constituent of the
Cannabis sativa plant that has been
increasing in interest due to its po-
tentially diverse range of therapeutic
properties and its favorable safety and
tolerability profile.c Side-effects are
generally mild and infrequent, such as
sleepiness, diarrhea, or increased tem-
perature. It is also reported that clini-
cally significant drug interactions pose
a low risk.” There is no evidence for
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dependency or abuse potential with
CBD use, as concluded by the World
Health Organization Expert Commit-
tee on Drug Dependence.®

The purported effects of CBD in-
clude analgesic, anti-inflammatory, an-
tioxidant, anxiolytic, anticonvulsant,
and cytotoxic effects, which are medi-
ated through signaling mechanisms,
including the cannabinoid receptor 1
(weak agonist), the cannabinoid re-
ceptor 2 (inverse agonist), the sero-
tonin la receptor (5-HT1A), G pro-

and biogenesis in a myocardial injury
model,”® which could also contribute
to its beneficial properties observed in
diabetes and diabetic complications.
CBD is not normally smoked or in-
haled. However, it can be applied topi-
cally on the skin or edible as an oil form.
CBD oil is made by extracting CBD from
the cannabis plant. It is then diluted
with a carrier oil such as coconut or
hemp seed. The concentration and uses
of CBD oils can vary. Unlike the psy-
choactive tetrahydrocannabinol (THC)

New emerging evidence has correlated a benefit

of CBD for patients suffering with diabetes.

tein-coupled receptor 55 (GPR55), G
protein coupled receptor 18 (GPR18),
and the transient receptor potential
cation channel sub-family V member 1
(TRPV1) receptors, among others.®
Several studies have looked at
whether CBD could be a potential reg-
ulator or additive to moderate glu-
cose levels for patients with diabetes.
Numerous experimental studies have
also demonstrated beneficial effects
of cannabidiol, which does not in-
teract with classical cannabinoid re-
ceptors in vivo, in primary diabetes
and various diabetic complications,
including retinopathy, cardiomyopa-
thy, and neuropathy.’ In these studies,
the beneficial effects of cannabidiol
were largely attributed to its antiox-
idant, anti-inflammatory and tissue
protective effects.” A recent study
also demonstrated that cannabidi-
ol improved mitochondrial function

substance which gives cannabis users
the “high” feeling, CBD oil contains less
than 0.2% THC. Because CBD is not
psychoactive, it does not change a user’s
state of mind, but it does appear to pro-
duce significant changes in the body.

In animal studies, cannabidiol has
shown multiple effects in the con-
text of hyperglycemia, mainly through
its anti-inflammatory and antioxidant
properties.'""* In animal models of
obesity, four weeks of treatment with
CBD 3 mg/kg produced a 55% in-
crease in HDL-C concentration and
reduced total cholesterol by >25%.
In addition, the same dose reduced
liver TGs and increased both liver gly-
cogen and adiponectin concentration.
There is also evidence from animal
studies showing that CBD modulates
cardiovascular response to stress.! In
2016, the first-ever investigation of the
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effects of CBD and THCV on dyslipid-
emia and glycemic control in subjects
with type 2 diabetes was published in
Diabetes Care.'

This randomized, double-blind,
placebo-controlled study enrolled
62 subjects with non-insulin-treat-
ed type 2 diabetes, who were ran-
domized to five treatment arms: CBD
(100 mg twice daily), THCV (5 mg
twice daily), 1:1 ratio of CBD and
THCV (5 mg/5 mg, twice daily), 20:1
ratio of CBD and THCV (100 mg/5
mg, twice daily), or matched placebo
for 13 weeks. Their results showed
that compared with the baseline (but
not placebo), CBD decreased resistin
(-898 pg/ml; P < 0.05) and increased
glucose-dependent insulinotropic
peptide (21.9 pg/ml; P < 0.05). CBD
was well-tolerated. In conclusion, the
authors believed these cannabis com-
pounds could represent a new ther-
apeutic agent in glycemic control in
subjects with type 2 diabetes.

The British Journal of Clinical
Pharmacology did a systematic re-
view of clinical CBD dosing in pop-
ulations to treat various ailments."”
They found only 35 studies met in-
clusion criteria covering 13 medical
contexts. Twenty-three studies re-
ported a significant improvement in
primary outcomes (e.g., psychotic
symptoms, anxiety, seizures), with
doses ranging between <1 and 50
mg/kg/d. Plasma concentrations
were not provided in any publication.
CBD was reported as well-tolerated.

Epilepsy was the most frequently
studied medical condition, with all 11
studies demonstrating positive effects
of CBD on reducing seizure frequency
or severity (average 15 mg/kg/d within
randomized controlled trials). There
was no signal of positive activity of
CBD in small randomized controlled
trials (range n = 6-62) assessing dia-
betes, Crohn’s disease, ocular hyper-
tension, fatty liver disease, or chronic
pain. However, low doses (average 2.4
mg/kg/d) were used in these studies.
They concluded that CBD at low doses
did not have a clinical effect or change
the primary outcomes in the studies
looking at diabetes.

However, new emerging evidence
has correlated a benefit of CBD for

patients suffering with diabetes. A
milestone study published in the
American Journal of Medicine® in
2013 concluded that cannabis com-
pounds may help control blood
sugar, cannabis users are less likely
to be obese, and have lower body
mass index (BMI) measurements—
despite the fact that they seemed to
take in more calories, and pot smok-
ers also had higher levels of “good
cholesterol” and smaller waistlines.

On June 25, 2018, the FDA ap-
proved Epidiolex” (Greenwich Bio-
sciences), a CBD-heavy formula in-
dicated for pediatric epilepsy. With
over 30 states including the District
of Columbia having a medical ex-
emption or allowing recreational use
of cannabis (consumption of the to-
tality of the plant), physicians are
increasingly likely to be asked to pre-
scribe some type of marijuana-based
medication. However, Epidiolex has
a warning label indicating possible
liver injury and recommendation for
routine monitoring when using this
medication. Liver toxicity is an ad-
verse reaction to various substances.
Alcohol, drugs, and even some natu-
ral supplements can all take their toll
on liver function—even in healthy
individuals. Studies are showing that
CBD might be just as detrimental to
the human liver as other chemicals.®

One study investigated Cannabi-
diol (CBD) hepatotoxicity in eight-
week-old male mice.”

The authors chose to use allome-
trically-scaled mouse-equivalent doses
of the maximum recommended human
maintenance dose of CBD in Epidiolex®
(20 mg/kg). They found that 615 mg/
kg CBD increased LBW ratios, ALT,
AST, and total bilirubin. Hepatotoxicity
gene expression arrays revealed that
CBD differentially regulated more than
50 genes, many of which were linked
to oxidative stress responses, lipid me-
tabolism pathways, and drug metabo-
lizing enzymes.

In conclusion, CBD exhibited
clear signs of hepatotoxicity, possi-
bly of a cholestatic nature. The in-
volvement of numerous pathways
associated with lipid and xenobiotic
metabolism raises serious concerns
about potential drug interactions as
well as the safety of CBD.

These newer studies pause the
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sudden fame and attention CBD is get-
ting as a possible treatment and won-
der drug. Although it may have bene-
ficial effects for patients with diabetes,
physicians should be cautious and rec-
ommend liver monitoring. Long-term
studies are still needed to determine
the best course of action with CBD but
there is no doubt of its potential. PM

References

! Hill KP. Medical marijuana for treat-
ment of chronic pain and other medical and
psychiatric problems: a clinical review. J Am
Med Assoc. 2015; 313(24):2474-2483.

* Pertwee RG. Cannabinoid pharmacol-
ogy: the first 66 years. Br J Pharmacol. 2006;
147(S1):S163-S171.

* Joy JE, Watson SJ Jr., Benson JA Jr.,
eds. Marijuana and Medicine: Assessing the
Science Base. National Academies Press,
1999.

* Pacher P, Mechoulam R (April 2011).
“Is lipid signaling through cannabinoid
2 receptors part of a protective system?”.
Progress in Lipid Research. 50 (2): 193-211.
doi:10.1016/j.plipres.2011.01.001. PMC
3062638?. PMID 21295074.

* Koppel BS, Brust JC, Fife T, et al. Sys-
tematic review: Efficacy and safety of med-
ical marijuana in selected neurologic disor-
ders report of the Guideline Development
Subcommittee of the American Academy of
Neurology. Neurology. 2014; 82(17):1556-
1563.

¢ WHO. Cannabidiol (CBD): World
Health Organisation Expert Committee on
Drug Dependence Thirty-ninth Meeting.
2017. Available from: https://www.who.int/
medicines/access/controlled-substances/5.2_
CBD.pdf. Accessed September 10, 2019.

7 Stout SM, Cimino NM. Exoge-
nous cannabinoids as substrates, in-
hibitors, and inducers of human drug
metabolizing enzymes: a systematic re-
view. Drug Metab Rev. 2014;46(1):86-95.
10.3109/03602532.2013.849268.

8 McPartland JM, Duncan M, Di
Marzo V, Pertwee RG. Are cannabidiol and
Delta(9) ?tetrahydrocannabivarin negative
modulators of the endocannabinoid sys-
tem? A systematic review. Br J Pharmacol.
2015;172(3):7372753. 10.1111/bph.12944.

° Horvath B, Mukhopadhyay P, Haské
G, Pacher P (2012). The endocannabinoid
system and plant?derived cannabinoids in
diabetes and diabetic complications. Am J
Pathol 180: 432-442.

' Hao E, Mukhopadhyay P, Cao Z, Erde-
lyi K, Holocav E (2015). Cannabidiol protects
against doxorubicin?induced cardiomyopathy
by modulating mitochondrial function and
biogenesis. Mol Med 21: 38-45.

" Rajesh M, Mukhopadhyay P, Batkai

Continued on page 108

www.podiatrym.com



THE DIABETIC FOOT

Cannabidiol (from page 106)

S, et al. Cannabidiol attenuates high glu-
cose-induced endothelial cell inflammatory
response and barrier disruption. Am J Physi-
ol Heart Circ Physiol 2007;293:H610-H619p-
mid:17384130.

> El-Remessy AB, Al-Shabrawey M,
Khalifa Y, Tsai NT, Caldwell RB, Liou GI.
Neuroprotective and blood-retinal barri-
er-preserving effects of cannabidiol in exper-
imental diabetes. Am J Pathol 2006;168:235-
244pmid:16400026.

® Toth CC, Jedrzejewski NM, Ellis CL,
Frey WH 2nd. Cannabinoid-mediated mod-
ulation of neuropathic pain and microglial
accumulation in a model of murine type I di-
abetic peripheral neuropathic pain. Mol Pain
2010;6:16pmid:20236533

' Rajesh M, Mukhopadhyay P, Batkai S,
et al. Cannabidiol attenuates cardiac dysfunc-
tion, oxidative stress, fibrosis, and inflam-
matory and cell death signaling pathways in
diabetic cardiomyopathy. J Am Coll Cardiol
2010;56:2115-2125pmid:21144973.

' Stanley CP, Wheal AJ, Randall MD,
O’Sullivan SE. Cannabinoids alter endothelial
function in the Zucker rat model of type 2

diabetes. Eur J Pharmacol 2013;720:376-
382pmid:24120371.

e Khalid A. Jadoon, Stuart H. Ratcliffe,
David A. Barrett, E. Louise Thomas, Co-
linStott, Jimmy D. Bell, Saoirse E. O’Sulli-
van, Garry D. Tan. Efficacy and Safety of
Cannabidiol and Tetrahydrocannabivarin on
Glycemic and Lipid Parameters in Patients
With Type 2 Diabetes: A Randomized, Dou-
ble-Blind, Placebo-Controlled, Parallel Group
Pilot Study. Diabetes Care Oct 2016, 39 (10)
1777-1786; DOI: 10.2337/dc16-0650.

7 Millar SA, Stone NL, Bellman ZD,
Yates AS, England TJ, O’Sullivan SE. A
systematic review of cannabidiol dosing in
clinical populations. Br J Clin Pharmacol.
2019 Sep;85(9):1888-1900. doi: 10.1111/
bcp.14038. Epub 2019 Jul 19. PMID:
31222854; PMCID: PMC6710502.

' The Impact of Marijuana Use on Glu-
cose, Insulin, and Insulin Resistance among
US Adults. Penner, Elizabeth A. et al.The
American Journal of Medicine, Volume 126,
Issue 7, 583-589

" https://www.accessdata.fda.gov/drug-
satfda_docs/label/2018,/2103651bl.pdf

* Adams, M. (2019, July 7). Marijuana
Study Finds CBD Can Cause Liver Dam-

age. Retrieved from https://www.forbes.
com/sites/mikeadams/2019/06/18/mari-
juana-study-finds-cbd-can-cause-liver-dam-
age/#12ccdb9143ff.

*' Ewing LE, Skinner CM, Quick CM,
Kennon-McGill S, McGill MR, Walker LA,
ElSohly MA, Gurley BJ, Koturbash I. Hep-
atotoxicity of a Cannabidiol-Rich Cannabis
Extract in the Mouse Model. Molecules.
2019 Apr 30;24(9):1694. doi: 10.3390/mol-
ecules24091694. PMID: 31052254; PMCID:
PMC6539990.

Dr. Sung practices in
Arcadia and Orange,
CA. He completed his
advanced surgical fellow-
ship at the ACFAS rec-
ognized Weil Foot-Ankle
& Orthopedic Institute
(2011, Chicago, IL) after
graduating as chief resi-
dent from the University
of Pittsburgh Medical Center (2010). Dr. Sung is
board certified by the American Board of Foot
and Ankle Surgery and is a fellow of the American
College of Foot and Ankle Surgeons.

NOVEMBER/DECEMBER 2019 | PODIATRY MANAGEMENT

www.podiatrym.com



