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Abstract
Introduction: Diabetes mellitus (DM) is a common endo-
crinopathy in felines. Treatment is based on glycemic
control and management of clinical signs by insulin ad-
ministration coupled with a low-carbohydrate and high-
protein content diet. However, achieving adequate re-
mission or glycemia control is not always possible. Effects
of cannabinoids on the regulation of glucose uptake and
the incidence of diabetes have been observed in exper-
imental models. Nevertheless, little is known about their
possible relevance in controlling this condition in veter-
inary and human medicine. Case Presentation: This is a
case study of an 18-year-old, neutered, mixed-breed fe-
male domestic longhair cat diagnosed with type 2 DM. She
was treated with long-acting glargine (3–5 IU/12 h), and
her diet changed to ultra-processed commercial food for
diabetic cats. Three months after the start of the treatment
with insulin, cannabidiol (CBD)-enriched extract in
handmade olive oil, tetrahydrocannabinol: CBD ratio = 1:
24, was incorporated. The route of administration was
oromucosal. After 3 months, the glycemia was reduced.
The patient decreased the polyuria/polydipsia, recovered

sleep cycles, remained attentive to all movements, and
increased her physical activity. Conclusion: This report
provides evidence that using a CBD-rich extract was ef-
fective as a co-adjuvant in alleviating clinical signs of DM
and concurrent disorders, allowing for the reduction of
insulin intake. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Diabetes mellitus (DM) is a chronic metabolic dis-
order in which the body’s ability to produce or respond
to the hormone insulin is impaired. This results in
abnormal carbohydrate metabolism and elevated glu-
cose levels in the blood and urine. DM is one of the most
common and prominent metabolic diseases diagnosed
in canine and feline families after human beings. The
clinical features are rarely observed in other large do-
mestic animals such as horses, cattle, buffalo, swine, and
other small ruminants [1].

DM in felines presents a prevalence ranging from
0.25% to 1% depending on the region and the feline
breeds analyzed [2, 3]. Risk factors bring together ge-
netic and environmental determinants. The latter in-
clude obesity, low physical activity, age, male sex,
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neutering, indoor confinement, and a specific type of
medication [4]. The classification of DM in veterinary
medicine is based on the human counterpart. The
common and general forms of DM are known to be
insulin-dependent (ID) type 1 and non-IDDM type 2.
Type 3 DM has been identified as a complication of
insulin antagonisms, occurring due to pancreatic islet
damage by pancreatic necrosis, tumor progression, and
pancreatitis [1]. Type 2 DM is the most common in cats,
characterized by insulin resistance and β-cell failure to
maintain euglycemia [2].

The endocannabinoid system (ECS) is conserved in
many animal species, from invertebrates to mammals
[5, 6]. It comprises ligands, receptors, and enzymes that
control the synthesis and degradation of ligands.
Cannabinoid receptors 1 (CB1R) and 2 (CB2R) are the
classical transmembrane receptors coupled to the G
protein [7]. Moreover, other proteins like ionic
channels or intracellular receptors are distributed in
different organs, conforming with a diversity of ligands,
the endocannabinoidome, a term which would better
reflect the multisystem influence of cannabinoids and
ECS modulators [8]. ECS plays an essential role in
regulating body weight, food intake, the development
of hyperglycemia, insulin resistance, and dyslipidemia
[9, 10]. Experimental models indicated that peripheral
overactivation of the ECS, mainly the CB1R signaling,
plays a significant role in the progression of insulin
resistance, diabetes (especially type 2), and its age-
related comorbidities such as atherosclerosis, ne-
phropathy, neuropathy, and retinopathy [6].

Like in humans, predisposing factors for type 2 DM
in cats are overweight, sedentarism, and aging [11].
Managing DM in cats represents a challenge for
guardians and the veterinary care team to prevent/delay
deterioration in the patient’s quality of life. Treatment
of diabetic cats focuses on maximizing the chances of
remission through tight control of blood glucose (72
to <180 mg/dL) [2]. For long-term diabetic cats, clinical
management usually includes optimizing body weight
by feeding an appropriate diet to avoid clinical hy-
poglycemia [2, 12, 13]. Incorporating cannabinoids in
managing DM and the possible beneficial and adverse
effects have little scientific evidence. For example,
among other cannabinoids, cannabidiol (CBD) exhibits
anti-inflammatory and antioxidant properties and
modulates several cellular processes in which ECS is
involved [14]. Their properties in controlling clinical
signs of several human diseases encouraged people to
suggest cannabinoids to veterinarians for treatment
pathologies in pets [15]. However, more extensive

information is necessary to consider cannabinoid use
for animals. This work aimed to evaluate whether
applying a CBD-rich extract induces changes in
symptoms associated with type 2 DM in a feline patient
as a co-adjuvant treatment.

Case Presentation

A female feline patient, mixed-breed, 18 years old,
spayed, weighing 5.2 kg, was treated. Anamnesis was
accompanied by biochemical analysis to confirm the
feline type 2 DM diagnosis. Fructosamine levels were
464 μmol/L (reference value felines <340 μmol/L).
Measurement of glycosuria was carried out by visually
reading a reagent strip. Treatment started with long-
acting basal insulin glargine, commercially known as
Toujeo® (300 U/mL), from the SANOFI laboratory,
administered 3–5 IU every 12 h (BID) for 3 months. The
diet changed to ultra-processed commercial food for
diabetic cats. The brand was Royal Canin (Diabetic
Feline) with the following analytical constituents: pro-
tein: 46.0% – fat content: 12.0% – crude ash:
6.4% – crude fibers: 3.8% – starch: 19% – total sugars:
1.5% – essential fatty acids: 2.88%.

Due to the difficulty in stabilizing the glycemia and
the associated clinical signs, we started cannabinoid
administration added to insulin treatment. We utilized a
full-spectrum CBD-enriched cannabis extract from
Chemotype 3 of Cannabis sativa Blue Shark strain (high
proportion of CBD, determined by the genetics of the
plant). This extract was provided by a private cultivation

Table 1. Extract characteristics and dosage

CBD-enriched extract

Chemotype of the plant 3

CBD in the extract, mg/mL 6.4

THC in the extract, mg/mL 0.2

Drops/day during the treatment 8

CBD dose expressed in mg/kg/day 0.49

THC dose expressed in mg/kg/day 0.002

Concentration of the main cannabinoids, CBD and THC,
expressed in mg/mL, present in the extract obtained from
Cannabis sp Blue Shark strain. The number of drops adminis-
tered via oromucosal and doses of CBD and THC received in
mg/kg/day during the treatment are indicated. CBD, cannabi-
diol; THC, tetrahydrocannabinol.

CannabidiolandType2DiabetesTreatment
in Feline
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in Rosario, Santa Fe, Argentina. The extract contained
olive oil as the vehicle, and the tetrahydrocannabinol
(THC): CBD ratio was 1:24. Determination of canna-
binoids in the extract was performed through third-
party services using high-performance liquid chroma-
tography (Agilent Tec). The extraction method used was
Rick Simpson Oil. The limit of detection for cannabi-
noids was 0.001 mg/mL, and the limit of quantification
was 0.005 mg/mL. The data were analyzed using open
Chemstation software. Three months after starting
treatment with insulin glargine, CBD-enriched extract
was incorporated and sustained for 3 months. The CBD-
enriched extract was administered via oromucosal,
1 h after the meal, every 12 h (BID), separated from
insulin application. Table 1 summarizes the character-
istics of the extract and doses received expressed as
mg/kg/day.

Treatment with CBD-enriched extract produced a
significant decrease in glycemia, with average values
from 244.47 ± 17.07 mg/dL (n = 34) to 147.88 ±
13.04 mg/dL (n = 17), presenting sporadic hypergly-
cemia peaks (250–350 mg/dL) associated with stressful
situations (otitis, pain due to infection in dental pieces,
presence of maintenance personnel in the house). De-
spite these specific events, cannabinoid treatment al-
lowed the reduction of insulin doses from 5 to 4 IU.

Figure 1 shows the variation of glycemia throughout the
treatment and average values before and after 3 months
of CBD-enriched extract administration, in addition to
the insulin. Values related to the stressful situations
mentioned above were excluded.

In conjunction with improved blood glucose regula-
tion, polyuria/polydipsia was reduced, and the patient
recovered sleep cycles, remained attentive to all move-
ments, and began to play. Table 2 displays hepatic, lipid,
and renal function indicators measured before and after
3 months of treatment with the extract. These parameters
remained constant. Only a slight increment of ALP and
glucose levels was detected, and they also remained below
the reference levels.

Discussion

This case report shows the beneficial effects of a
CBD-dominant extract in a feline patient with type 2
DM. As described before, age, overweight, and genetics
associated with cat breeds are comorbidity factors [4].
Tonkinese, Norwegian Forest, and Burmese cats had
increased odds of DM compared to crossbred cats [16].
In this case, being overweight, neutering, and aging
were relevant to developing type 2 DM in this cat.

Fig. 1. Glycemia levels before and after 3 months of treatment with a CBD-enriched extract. a Glucose values
expressed every 2 weeks during treatment with long-acting basal insulin glargine, 3–5 IU every 12 h (BID) only, or in
combination with 0.49 mg/kg/day of CBD present in the extract. b Average glucose levels result during ad-
ministration of insulin and after 3 months of treatment in combination with CBD-enriched extract. The difference
was significant. Results were expressed as mean ± SEM. Test Student for two samples. *p < 0.05.
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CBD-dominant extract, administered as a co-adjuvant
treatment to insulin application, showed improved
glycemia accompanied by reduced polyuria/polydipsia
and glycosuria.

There is little information from studies in animal
models about the use of full-spectrum preparations for
treating insulin resistance and diabetes progression. In
obese rats, cannabis extracts showed protective effects
on β-cell survival and function, probably due to the
control of pro-inflammatory pathways [17]. Other
reports indicated that CBD improved metabolic dys-
function by incrementing insulin levels and reducing
glycemia, fructosamine lipid, and total cholesterol
[18]. Researchers showed that, CBD and Δ 9-
tetrahydrocannabivarin (Δ9-THCV), both non-
psychotropic cannabinoids, contributed to regulating
glucose and lipid metabolism [14].

Despite this evidence in animal models, there is little
information about the clinical impact of cannabinoids
in diabetic cats. This case report constitutes a precedent
of the use of CBD-enriched extract as a co-adjuvant to

insulin treatment. Doses, frequency, and the way of
administration of CBD or CBD-enriched extracts are
relevant issues that need to be considered for medical
use. For example, the administration of 100 mg twice
daily of CBD in patients with type 2 DM had no effect
compared with placebo, only a decreased polypeptidic
hormone resistin and increased glucose-dependent
insulinotropic peptide have been detected [19]. In
humans, 0.18 mg/kg/day of CBD oil did not affect
glycemia [20]. Herein, the dose of CBD, the main
cannabinoid, was 0.49 mg/kg/day, administered twice a
day (BID), transmucosal. This dose, smaller than other
reports, was enough to control glycemia. A probable
cause of the effectiveness might be the combination of
an adequate dose of CBD with other cannabinoids and
terpenes in this full-spectrum preparation. The pro-
tective impact of α-humulene on the function and
survival of β-cells in diabetic rats has been reported
[21]. β-caryophyllene, in conjunction with glibencla-
mide, a standard hypoglycemic drug, significantly re-
duced glycemia in rats with induced type 2 DM [22].

Table 2. Hepatic, lipid, and renal profile before and 3 months after the addition of a CBD-enriched extract to insulin treatment

Analyte Value before oil
treatment

Three months after oil
treatment

Normal range in
felines

Hepatic profile
GPT (ALT) alanine aminotrasferase or glutamic pyruvic
transaminase

57 58 <80 U/L

GOT (AST) aspartate aminotransferase or glutamic-
oxaloacetic transaminase

20 20 <70 U/L

GGT gamma-glutamyltransferase 5 – 0–10 U/L
Total protein 7.2 8.3 5.6–7.8 g/dL
Albumin 3.58 3.7 2.1–3.6 g/dL
Globulin – 4.6 3–4 g/dL
Albumin/globulin ratio 0.9 – 0.5–1.3
ALP (alkaline phosphatase) 62 87 <100 U/L
Total bilirubin 0.14 0.01 0–0.6 mg/dL
Direct bilirubin 0.00 0.00 0–0.3 mg/dL
Indirect bilirubin 0.14 –
Glucose 76 83 70–110 mg/dL

Lipid profile
Cholesterol 184 289 0–150 mg/dL
Triglyceride levels 47 100 50–100 mg/dL
HDL cholesterol – 200 >100 mg/dL
LDL cholesterol – 69 <60 mg/mL

Renal profile
Creatinine 2.34 2.9 <1.5 mg/dL
Urea 66 114 30–60 mg/dL
Phosphorus 4.6 4.8 2.6–6 mg/dL

All parameters remained below the reference levels, suggesting that CBD-dominant extract administration via oromusosal, each
12 h (BID) during this period, was safe.

CannabidiolandType2DiabetesTreatment
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Another aspect to consider is the occurrence of
adverse effects of cannabis administration. Although
animals may well tolerate CBD, and it may have few
side effects, we need to be careful with products with
excess THC or toxins, such as heavy metals or pesti-
cides that may cause harm. The most common signs of
side effects are neurological, gastrointestinal, heart rate
variation, and temperature control [15].

In the context of type 2 DM, information about side
effects related to cannabinoid consumption is diverse.
A report on a human diabetic patient shows that the
replacement of insulin degludec for CBD oil did not
produce secondary effects [20]. Contrarily, rimona-
bant, a synthetic CB1R inverse agonist, has effectively
reduced food intake and body weight, two factors as-
sociated with type 2 DM. Although rimonabant was
also effective in improving glucose homeostasis, it was
not considered a plausible treatment due to numerous
side effects [23]. In contrast, CBD and tetrahy-
drocannabivarin (THCV) act as antagonistic of CB1R
and do not present adverse side effects such as psy-
choactive effects, depression, or anxiety [6]. On the
other hand, the phytocannabinoid Δ9-THC is a stim-
ulant of appetite and increases food intake, added to the
psychotropic effect, not resulting in an indicated
compound to treat diabetes [24]. Natural full-spectrum
oil with 24:1 CBD:THC ratio used here shows positive
results without secondary effects.

Herein, hepatic enzymes remain unaltered. Only the
ALP exhibited a slight increment among the analyzed
parameters, although it remained below the reference
level. A study about the effects of long-term oral sup-
plementation of healthy cats with 4 mg/kg of CBD
extract did not show variation in hepatic parameters.
They found an alanine aminotransferase increment
4 weeks after starting the study. In the long term, values
did not show statistical differences compared with the
placebo group [25]. It has been observed that the
consumption of high therapeutic doses of CBD (more
than 20 mg/kg/day) in both human patients and animal
models increases the probability of hepatotoxicity, even
more so when combined with other drugs, as in the case
of certain antiepileptics. However, there is a lower risk of
adverse hepatic effects at lower concentrations of can-
nabinoids contained in homemade extracts, dietary
supplements, and food products [26]. More studies are
needed to determine the doses at which hepatotoxic
effects occur. In the same way, glucose exhibited a slight
increment in the patient, which was not statistically
significant compared to the treatment before CBD-
enriched extract. As reported, glucose levels in cats

present high variability under multiple situations. Stress
hyperglycemia is frequent in sick cats or cats displaying
signs of fear, including the stress of visits to medical
facilities. Ambiental factors are challenging for man-
aging DM [27].

Finally, a cannabinoid extract was conducted to reduce
neuropathic pain, possibly associated with the control of
oxidative stress [28, 29]. Such could explain why sleep
regulation and activity state during wakefulness improved
in this patient. The question remains about the effects of
other compounds in extracts obtained from Cannabis sp
that could potentiate the effect of cannabinoids. As we
mentioned before, terpenes and flavonoids, among
others, constitute a therapeutic potential in complications
associated with DM [6, 30].

In summary, the present report constitutes a precedent
showing that treatment with a CBD-rich extract im-
proved the clinical condition of this feline patient with
type 2 DM. However, further studies will be necessary to
determine the mechanisms of action of phytocannabi-
noids. For example, other cannabinoid receptors beyond
CB1R and CB2R are involved in the pathogenesis of DM,
such as PPARs [31]. Further studies are needed to elu-
cidate the mechanisms of action of cannabinoids on ECS
and their role in DM.

Our results contribute to evaluating the relevance of
the ECS in the development and progression of diabetes
and the potential use of phytocannabinoids as part of the
treatment. This case report constitutes a precedent for the
medical use of phytocannabinoids in veterinary medicine.
Information about the ECS and the potential of canna-
binoids as contributors to DM treatment should be ex-
plored deeply.

Conclusion

This case report shows the beneficial effects of a CBD-
enriched phytocannabinoid extract in a feline patient
with type 2 DM. Added to glycemia control, indicators
measured showed an improvement in the patient’s
quality of life. Moreover, neurological and behavioral
aspects associated with DM and aging improved. No
secondary effects were observed.
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