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Objective: The aim of the present study was to analyse the effects of cannabis oil on cannabinoid-induced
tetrad, blood pressure, and metabolic parameters in rats normal fed a sucrose-rich diet (SRD).

Methods: Male Wistar rats were fed the following diets for 21 days: Reference Diet (RD): standard
commercial laboratory diet, SRD and SRD+Cannabis oil (SRD+Ca): the oral administration of 1 mg/kg of
body weight of cannabis oil daily. Cannabis oil present a total cannabinoids CBD:THC 2:1 ratio. During
the experimental period, body weight, food intake, blood pressure, body temperature, locomotion, catalepsy
and analgesia were evaluated. At the end of the experimental period, levels of glucose, triglycerides,
cholesterol, uric acid, AST, ALT and AP in serum were evaluated. In liver were determined AST, ALT and
AP enzymes and triglycerides and cholesterol content.

Results: A cannabis oil administration significantly increased (P<0.05) analgesia, and locomotion was also
significantly decreased, which was found to be increased in the SRD group. Systolic and diastolic blood
pressure decreased during the experiment. In the SRD+Ca group, serum triglycerides and cholesterol levels
significantly decreased, reaching values similar to RD group, without changes in glucose levels. In addition,
serum uric acid and AP levels significantly decreased, although did not obtain reference values. AST and
ALT levels in serum and liver significantly decreased, reaching reference values. At the liver, the
triglycerides and cholesterol content significantly decreased with the administration of cannabis oil,
although not reaching to reference values.

Conclusions: Our results suggest that cannabis oil could be useful as a therapeutic strategy to prevent some
of the alterations present in Metabolic Syndrome, including hypertension, dyslipidemia and liver damage.
In addition, the analgesic effect of cannabis oil could be observed in SRD-fed rats.
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Introduction

Metabolic Syndrome (MS) increases the risk of Type 2 diabetes and
cardiovascular disease. Its main components are dyslipidemia, elevation
of arterial blood pressure, dysregulated glucose homeostasis, abdominal
obesity and insulin resistance. Recently, other abnormalities such as
chronic proinflammatory and prothrombotic states and non-alcoholic
fatty liver disease (NASH) have been added to the entity of this
Syndrome. MS is a combination of metabolic disorders influenced by
genetic and environmental factors, now reaches epidemic proportions in
the world [1, 2]. Several studies have experimentally demonstrated that
rats fed sucrose-fructose rich diets display many of the metabolic
changes observed in the human MS phenotype [3-5]. We previously
showed that rats fed a SRD during 3 weeks have dyslipidemia, with a
combination of increased VLDL-Tg secretion and a defective removal
mechanism of Tg from the circulation. This was accompanied by a
significant increase in liver triglyceride storage [6, 7].

Currently, there are only a few specific pharmaceutical strategies
available to treat MS. In recent years, the therapeutic properties of the
chemical compounds present in Cannabis (cannabinoids) have generated
great expectations in society. Although the Cannabis plant has been used
in medicine for thousands of years, its therapeutic use currently raises a
debate rarely seen in the study of other natural products. Cannabis sativa
is native to Asia, it is an annual plant that belongs to the Cannabaceae
family. Ithas been used as a herbal medicine for tens of centuries to treat
various diseases and symptoms. Therefore, it is believed that its
consumption has positive effects against diseases such as depression,
diabetes, multiple sclerosis, glaucoma, asthma, autoimmune diseases
and cancer; in pain management, insomnia, lack of appetite, nausea,
vomiting, epilepsy and cerebral ischaemia, among others. The most
common form of consumption is inhaled or in the form of oil. Adverse
reactions are minimal, transitory and of low toxicity, and its use as a
complementary and/or alternative treatment to traditional medicine for
the aforementioned diseases has been proven [8, 9].

J Food Nutr Metabol doi:10.31487/j.JFNM.2023.01.01

In total, more than a thousand compounds have been identified in the
plant, including cannabinoids, terpenes, terpenoids, flavonoids,
flavonoid  glycosides, polyphenols, steroids, among others.
Cannabinoids are classified as phytocannabinoids (of plant origin) to
distinguish them from endocannabinoids (non-plant). The main
cannabinoids in cannabis include tetrahydrocannabinol (THC),
cannabidiol (CBD) and cannabichromene (CBC), their precursor
cannabigerol (CBG) and cannabinol (CBN) [10, 11]. Recent studies
show that the endocannabinoid system can have a significant influence
by decreasing the production of reactive oxygen species, inflammation
and subsequent tissue damage, in addition to having some effects on lipid
and glucose metabolism. Some recent studies have focused on two
cannabinoids, such as CBD and THC, which have great therapeutic
potential in inflammatory diseases, diabetes and diabetic complications
[12-14].

In this study, we investigate the effects of cannabis oil on cannabinoid-
induced tetrad, blood pressure, and metabolic parameters present in
experimental Metabolic Syndrome induced by SRD-fed rats. To our
knowledge, this is the first study to examine the metabolic effects of oral
administration of cannabis oil (CBD:THC 2:1 ratio) in SRD-fed rats.

Materials and Methods
| Cannabis oil Preparation and Characterization

Cannabis oil was obtained from dried inflorescences of the Cannabis
sativa CAT1 variety grown at Environmental Research Center (CIM-
CONICET-UNLP) (RESOL-2021-3236-APN-MS). Briefly, in order to
obtain neutral cannabinoides the inflorescences were first decarboxilated
in oven (145 °C) during 7 min. After that, an alcoholic extraction (10 ml
ethanol 96° per gram of inflorescence) was carried out and subsequently
the ethanol was evaporated at low temperature with rotavapor (Buchi R
3000). The resulting resin was diluted in corn oil and the cannabinoids
in the oil were quantified by HPLC/UV-DAD techniques and analytical
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standards (Cerilliant Co.) as described in Sedan et al. [15]. Cannabis oil
contains 0.60 mg/ml CBD and 0.43 mg/ml THC, with a CBD:THC ratio
of 2:1. Finally, the adequate dilution was carried out to obtain the
working oil with a concentration of 1 mg/ml.

Il Animals and Diets

Male Wistar rats (n=18) purchased from the Veterinary Sciences
Institute of Litoral (Instituto de Ciencias Veterinarias del Litoral,
ICIVET-Litoral) -Facultad de Veterinaria, Universidad Nacional del
Litoral (Esperanza, Santa Fe, Argentina) were maintained with
unrestricted access to water and food under controlled temperature (22 +
1 °C), humidity (50-60%) and air flow conditions, with a fixed 12-h
light/dark cycle (light on 07.00 AM to 7.00 PM). Adequate measures
were taken to minimize the pain or discomfort of the rats and we used
the smallest number of animals possible. This study was performed in
strict accordance with the NIH guidelines for the care and use of
laboratory animals and was approved by the Institutional Ethics
Committee of the Faculty of Biochemistry and Biological Sciences.

Table 1: Composition of experimental diets.

The animals were initially fed a standard powdered rodent commercial
diet (GEPSA FEED, Buenos Aires, Argentina). When the rat’s weight
was 180-190 g, they were randomly divided into three experimental
groups during 21 days: 1) Rats fed a standard powdered rodent
commercial diet (Reference diet, RD, n = 6). 2) Rats fed a semisynthetic
sucrose rich diet (SRD, n =6). 3) Rats fed a SRD plus oral administered
cannabis oil (SRD+Ca, n = 6). The cannabis oil was administered orally,
using a dose of 1 mg/kg body weight daily during the experimental
protocol (21 days). The diet compositions are given in (Table 1). The
individual body weight and food intake of animals in each group were
assessed twice a week throughout the experimental period (21 days). At
the end, the food was removed at 07.00 h and experiments were
performed between 07.00 and 09.00 h. The animals were anaesthetized
with intraperitoneal sodium pentobarbital (60 mg/kg body weight).
Blood samples were collected from the inferior vena cava, rapidly
centrifuged and serum was either immediately assayed or stored at -20
°C until used. The liver of each rat was totally removed, weighed, and
stored at the temperature of liquid N,. The animals were euthanized by
removal of vital organ (heart).

SRD?
Diet ingredients (g/kg diet)
Sucrose 580
Casein (vitamin free)® 165
Corn oil 105
Salt mix 35
Vitamin mix 10
Choline Chloride 2
Methionine 3
Fiber (cellulose) 100
Energy (kJ/g) 16.3

2 The home-made SRD experimental diet is based on the modified AIN-93M diet. ® Casein was provided by Saputo Molfino Hermanos S.A., Buenos Aires,

Argentine.

Reference diet (RD): Rodent commercial diet (GEPSA FEED, Buenos Aires, Argentina) containing (g/kg diet): carbohydrate (corn, sorghum, wheat, oats,
barley) 427; protein 180; fat 39; fiber 55; minerals and vitamins 169; moisture 130; digestible energy 12.5 kJ/g.

111 Determination of Blood Pressure

Blood pressure was measured in the three dietary groups in conscious
animals during the experimental period using a CODA™ Monitor of tail-
cuff non-invasive blood pressure system (Kent Scientific Corporation,
Torrington, CT, USA) as previously described [16].

IV Cannabinoid-Induced Tetrad Test

Rats were evaluated for hypolocomotion (open feld test), hypothermia
(body temperature), cataleptic (bar test) and analgesic (hot plate test)
efects, using the procedures of the tetrad tests as reported by Meta-
Laurent et al., with some modifications [17]. Briefly, locomotor activity
was assessed 30 min after treatment, for a 5 min period in a
polycarbonate box (60 x 60 x 25 cm), and Anymaze software (Stoelting,
Wood Dale, Illinois) was used to determine distance traveled. Rectal
temperature was assessed 50 min after cannabis oil administration, using
an infrared thermometer. Catalepsy was assessed 55 min after cannabis
oil administration in a box with a 0.7 cm in diameter placed 4.5 cm off
of the ground. The front paws of the rat are placed gently on the
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horizontal bar and the hind legs on the floor of the cage. The timer is
started, stopped when the rat descends from the bar. Analgesia was
assessed 85 min after cannabis oil administration in the tail immersion
assay, where each rat was hand-held and 1 cm of the tail was submerged
into a 52-53°C water bath. The latency for the rat to withdrawal its tail
was scored.

V Analytical Methods

Serum triglyceride, cholesterol, uric acid and glucose levels were
measured by spectrophotometric methods using commercial enzymatic
kits according to the manufacturer’s protocols (Wiener Lab., Argentina;
Randox Laboratories Limited, United Kingdom). The activities of serum
and hepatic aspartate aminotransferase (AST), alanine aminotransferase
(ALT) and alkaline phosphatase (AP) enzymes were measured by
spectrophotometric methods using commercial enzymatic kits according
to the manufacturer’s protocols (Wiener Lab., Argentina). For preparing
the liver homogenate, the frozen tissue was homogenized in 10-volumes
of ice-cold 0.1 M potassium phosphate buffer (pH 7.4). The homogenate
was centrifuged at 10,000 rpm for 15 min, and the supernatant used by
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measure the hepatic damage enzyme activity. Triglycerides and total
cholesterol content in liver were extracted with chloroform-methanol
(2:1) mixture. Aliquots were evaporated and total cholesterol and
triglycerides were analysed using enzymatic methods mentioned before.

VI Statistical Analysis

Results were expressed as mean + SEM. Statistical comparisons were
made transversely between different dietary groups. Data were tested for
variance using Levene’s test and normality by Shapiro-Wilk’s test. The
statistical difference between groups (RD, SRD and SRD+Ca) was
determined by one-way ANOVA followed by post-hoc Newman-Keuls'

test. P values lower than 0.05 were considered to be statistically
significant (SPSS 17.0 for Windows, SPSS INC. Chicago, lllinois).

Results

| Body Weight, Food Intake and Liver Weight

Figure 1A shows that throughout the experimental protocol (21 days)
there was no significant difference in body weight in the experimental

groups. Final food intake and liver weight did not differ between the
groups (Figure 1B and 1C).
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Figure 1: Body weight, food intake and liver weight of rats fed a control diet, sucrose-rich diet (SRD) or SRD with cannabis oil (SRD+Ca).
A) Body weight during the experimental period. Cannabis oil was administrated from the beginning of the experiment and during 3 weeks. Values are means
for six animals per group, with standard errors represented by vertical bars. B) Food final intake and C) liver weight. Values are mean + SEM (n=6). Bars

that do not share the same letter are significantly different, (P<0.05).
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11 Time Course of Systolic and Diastolic Blood Pressure

Table 2 shows the time course of systolic and diastolic blood pressure
throughout the experimental period in the three dietary groups. In the
first week of diet administration there were no significant differences in
diastolic and systolic pressure between the experimental groups. From

week 2 until the end, the animals SRD-fed showed a significant increase
(P<0.05) in systolic and diastolic blood pressure compared with the RD-
fed group. The administration of Cannabis oil (SRD+Ca) resulted in a
significant reduction (P<0.05) in both parameters from the second week
of administration, compared to the SRD group, reaching reference
values.

Table 2: Time course of systolic and diastolic blood pressure throughout the experimental period in rats fed a reference diet (RD), sucrose-rich diet (SRD)

or SRD with cannabis oil (SRD+Ca).

RD SRD SRD+Ca
Diastolic Blood Pressure (mmHg)
Week 1 (day 0 to 7) 75.14 £1.51° 76.572 £1,491* 74.30 £1.07°
Week 2 (day 8 to 15) 7427 +1.10° 80.540 + 1.550* 76.05 + 1.06°
Week 3 (day 16 to 21) 7820+ 1.34° 87.909 + 1.382° 79.53 + 1.05°
Systolic Blood Pressure (mmHg)
Week 1 (day 0 to 7) 111.17 +0.63° 109.78 + 1.36° 108.52 + 1.03¢
Week 2 (day 8 to 15) 109.00 + 0.75° 120.28 + 1.04° 110.80 + 1.72°
Week 3 (day 16 to 21) 119.58 + 0.98° 132.96 +0.19? 117.67 £ 0.25°

Values are expressed as mean = SEM, n=6. Values in a line that do not share the same superscript letter are significantly different (P < 0.05) when one
variable at a time was compared by one-way ANOVA followed by Newman-Keuls” test.

111 Cannabis Effects in the Tetrad Assay

The cannabinoid activity of cannabis oil was evaluated by the tetrad of
behavioural tests on rats. The tetrad includes the assessment of
spontaneous activity (locomotion), immobility index (catalepsy),
analgesia and changes in rectal temperature. Figure 2 shows that the
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incorporation of cannabis oil (SRD+Ca) significantly increased (P<0.05)
analgesia. The locomotion, which was found to be increased in the SRD
group, was significantly decreased (P<0.05) in the SRD+Ca group,
reaching reference values. There were no significant differences in body
temperature and catalepsy between the experimental groups.
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Figure 2: Cannabinoid-Induced Tetrad test in rats fed a reference diet (RD), sucrose-rich diet (SRD) or SRD with cannabis oil (SRD+Ca).
A) locomotion, B) temperature, C) catalepsy and D) analgesia.. Values are mean + SEM (n= 6). Bars that do not share the same letter are significantly

different, (P<0.05).
IV Serum Metabolites and Liver Damage Enzyme Activity

Table 3 shows that at the end of experimental protocol, both serum
triglyceride, cholesterol and uric acid levels were significantly higher in
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SRD-fed rats compared with RD-fed rats. The administration of
Cannabis oil (SRD+Ca) significantly decreased (P<0.05) serum Tg and
cholesterol levels reaching reference values and uric acid levels was
significantly reduced (P<0.05), although the values was still higher than
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RD group. No changes in serum glucose were recorded in the three
dietary groups. Serum AST, ALT and AP levels were significantly
increased (P<0.05) in SRD-fed rats compared to RD-fed rats. In the
SRD+Ca group, AST and ALT enzymes significantly decreased

(P<0.05) reached values similar to those observed in the RD group. AP
enzyme was significantly reduced (P<0.05), although the values was still
higher than RD group.

Table 3: Serum metabolites and liver damage enzyme activity in rats fed a reference diet (RD), sucrose-rich diet (SRD) or SRD with cannabis oil (SRD+Ca).

RD SRD SRD+Ca

Glucose (mM) 7.71£0.112 7.84 £0.072 7.62 £0.22%
Triglyceride (mM) 1.32 £0.09° 3.08 +0.16° 1.46 £0.11°
Cholesterol (mM) 2.07 £0.07° 2.63 £0.06° 220 £0.11°
Uric acid (mM) 49.20 +5.77¢ 122.22 +8.832 72.49 + 4.19°
AST (U/L) 19.56 + 0.75° 27.31+0.82* 2154 +1.35°
ALT (U/L) 20.93 +1.39° 29.92 £0.73% 2157 £1.97°
AP (U/L) 672.42 £ 54.61° 1183.01 + 25.07¢ 1032.03 + 11.95°

Values are expressed as mean + SEM, n=6. Values in a line that do not share the same superscript letter are significantly different (P < 0.05) when one
variable at a time was compared by one-way ANOVA followed by Newman-Keuls” test.

V Metabolites and Damage Enzyme Activity in Liver

In (Figure 3) shows that in the liver, triglyceride and cholesterol content
were significantly increased (P<0.05) in the SRD group compared to the
RD group. In the SRD+Ca group, triglyceride content significantly
decreased (P<0.05), although the values were still higher than RD group,

while the cholesterol content returned to RD-group values. Furthermore,
the SRD-fed rats had significantly higher (P<0.05) AST, ALT and AP
hepatic levels, compared to RD-fed rats. In the SRD+Ca group, the
values of AST and ALT hepatic enzymes returned to the values found in
the RD-fed rats. AP hepatic enzyme was significantly reduced (P<0.05),
although the values was still higher than RD group.
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Figure 3: Metabolites hepatic and biomarkers of liver injure.
A) Triglyceride, B) cholesterol hepatic content, C) AST, D) ALT and E) AP liver enzymes. Values are mean + SEM (n = 6). Bars that do not share the same

letter are significantly different, (P<0.05).
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Discussion

Cannabis preparations have been used for recreational and therapeutic
purposes for thousands of years. These or some of their components
activate an endogenous system of the body, the so-called
endocannabinoid system, which is a complex physiological system that
acts on metabolic pathways, which have not yet been explored. In this
study, we present data showing that administration of a cannabis oil rich
in CBD-THC (2:1) resulted of significant improvement in the several
parameters present of MS. We observed that cannabis oil did not affect
the body weight, food intake and liver weight. In this line, Assa-Glazer
et al. observed that none of the plant extracts administrated in the study
affected food consumption in mice a high-fat/cholesterol diet for 6 weeks
[18]. During this period, cannabis extracts (CN1: rich in CBD, CN2: rich
in THC, and CN6: similar concentrations of both phytocannabinoids)
were administrated orally at a concentration of 5 mg/kg every 3 days.
Wierucka-Rybak et al. revealed that CBD injections (3 mg/kg for 3 days)
in rats fed high sucrose diet did not cause significant change in food
intake and body weight [19].

However, other studies that investigated the impact of CBD or THC on
food intake showed contradictory results. It has been reported that THC
increases appetite and subsequent food intake [20]. Studies show that the
hyperphagic effects of THC are mostly acute and are absent after a few
days of administration. THC administered orally at a dose of 2 mg/kg,
increased appetite 1 h after administration although the animals
subsequently compensated for their hyperphagia, so that 24-h intakes
were similar to controls [21]. On the other hand, Ignatowska-Jankowska
et al. demonstrated that CBD (2.5 and 5 mg/kg) induced a decrease in
body weight gain in rats, while other studies have shown no significant
impact on food intake and body weight in mice and rats, respectively
[22-24]. This contradiction may be explained by the concentrations of
cannabinoids (i.e., THC and/or CBD) administered, time and route of
administration used in the experiments.

Endocannabinoids are implicated in the pathogenesis of hypertension
[25]. In our study, we show that the cannabis oil administration
decreased systolic and diastolic blood pressure in dyslipidemic and
hypertensive rats fed with a SRD. There are very few studies on the
effects of cannabis or cannabinoids on hypertension. In this line, the
majority of clinical evidence suggests that CBD dose not impact blood
pressure in the populations assessed. In addition, there are very few
clinical studies carried out in populations with high blood pressure, since
CBD intervention studies have generally been carried out in healthy
individuals or with non-cardiovascular conditions exposed to stress
(cold, physical activity, public speaking), and more studies are required
to determine if CBD supplementation can reduce blood pressure in
patients with hypertension [26, 27]. On the other hand, in a study
conducted with THC, they showed that inhalation of cannabis smoke
from cigarettes (2.8% A9-THC) lowered blood pressure more durably in
hypertensive subjects compared to normotensive subjects [28]. In animal
studies, the effects of CBD on blood pressure were inconsistent and
varied depending on the model of hypertension [29]. This is the first
study evaluating the effect of cannabis oil (CBD-THC, 2:1)
administration on systolic and diastolic blood pressure in SRD-fed
hypertensive rats.
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Cannabis sativa has been used for more than four centuries to treat a
variety of medical conditions including pain. Cannabis plant as a whole
has analgesic properties. In our study, we demonstrated that the
administration of cannabis oil (CDC:THC 2:1) significantly increased
analgesia in rats. In this line, Harris et al. demonstrated that THC
administration produced robust analgesia equivalent to the full cannabis
extract in male Sprague-Dawley rats [30]. Moore & Weerts showed a
greater potency of oral THC to produce thermal antinociceptive effects
in male rats, but oral CBD no antinociceptive effects were detected in
the tail flick test, and in fact, increased pain sensitivity was observed
after the highest dose of CBD (30 mg/kg) [31].

Cannabinoids have demonstrated beneficial effects on diabetes and lipid
metabolism. In our study, we observed that cannabis oil administration
to SRD-fed rats, significantly improved serum triglyceride, cholesterol
and uric acid levels with no change in glucose levels. Enzymes AST and
ALT are used as markers of liver injury. The cannabis oil administration
presented reduction in these enzymes in serum and liver, together with
an improvement in the hepatic content of triglyceride and cholesterol,
suggesting a significant decrease in steatosis and liver damage, showing
the hepatoprotective effect of cannabis oil used in present study. In this
line, some studies suggest that the cannabinoids A9-THC and/or CBD
increase HDL-C concentration, reduce total cholesterol and triglyceride
in serum and decreases hepatic triglyceride accumulation and liver
damage in other animal models [32-35]. Although none of them were
performed in male Wistar rats fed with a SRD. In clinical studies, have
shown that several cannabinoids (CBD, THC or THCV) has beneficial
effects on biochemical parameters, such as blood glucose, total
cholesterol, high density lipoprotein (HDL) cholesterol, and
triglycerides, and liver damage which are altered in diabetic patients [36,
37].

Cannabinoid-based therapies may also protect against diabetic
complications. The results of this study provide new information on the
beneficial effects of the administration of cannabis oil, with CBD and
THC ratios of 2 to 1, useful in the treatment of several parameters
included in the MS, among as hypertension, dyslipidemia and liver
damage. However, to discover the complete mechanism behind these
phenomena, further research is needed.

Conclusions

The present study demonstrates the beneficial effect of cannabis oil upon
hypertension, dyslipidemia, mitigating steatosis and liver damage
induced by a SRD. In addition, the analgesic effect of cannabis oil could
be observed in SRD-fed rats. Furthermore, our results suggested that
cannabis oil could serve as a new therapeutic agent to prevent or
ameliorate metabolic disorders related included in MS.

Finally, although care must be taken when extrapolating these results
from rats to humans, this animal model proves to be useful to study the
mechanisms that determine the influence of nutrients/nutraceuticals in
the development and management of metabolic diseases.
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