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Abstract

Metabolic Syndrome (MS) is one of the most commonly used names for a clinical entity that brings together or associates di�erent disorders that increase the risk of 
cardiovascular disease. Cannabis sativa has been used as an herbal medicine for tens of centuries. �is study aimed to analyze the e�ects of cannabis oil administration 
on cannabinoid-induced tetrad, systolic and diastolic blood pressure, and metabolic parameters in normal female rats fed a sucrose-rich diet (SRD). Female Wistar 
rats were fed with the one of following diets for 21 days: Reference Diet (RD): standard commercial laboratory diet, SRD, and SRD+Cannabis oil (SRD+Ca): oral 
administration of 1 mg/kg body weight of cannabis oil daily. �e full spectrum cannabis oil contains a total cannabinoid CBD:THC 2:1 ratio. 

Cannabis oil administration in the SRD signi�cantly increased analgesia and decreased locomotion. Systolic and diastolic blood pressures decreased during the 
experimental protocol. In the SRD+Ca group, serum triglyceride levels decreased signi�cantly, without changes in cholesterol and glucose levels. In addition, serum 
uric acid, AST, ALT and AP levels were signi�cantly decreased. In the liver, the abnormalities of the histological sections observed in the SRD group and triglycerides 
and cholesterol content improved remarkably with the cannabis oil administration. Our results suggest that the administration of full-spectrum cannabis oil, could 
be useful as a strategy to prevent some of the alterations present in MS, including hypertension, dyslipidemia, and liver damage. Furthermore, the analgesic e�ect of 
cannabis oil could be observed in female rats fed an SRD.
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Introduction

In recent years, di�erent metabolic disorders, including obesity, 
insulin resistance, hypertension, and dyslipidemia, among others, 
have favored the development of Metabolic Syndrome (MS) and are 
considered risk factors for type 2 diabetes mellitus and cardiovascular 
disease. MS has attained the status of a global epidemic [1,2]. Our 
research group has signi�cant experience and has made interesting 
contributions to the study of the metabolic alterations present in MS, using 
an experimental model induced nutritionally by the administration of a 
Sucrose-Rich Diet (SRD) and a sedentary lifestyle in male Wistar rats [3-5].

Currently, few natural pharmaceutical strategies are available to 
treat MS. �e use of plants as medicines has predated human history. A 
medicinal plant is any plant that contains substances with therapeutic 
potential in one or more parts. Recently, one notable medicinal plant 
that has continued to gain attention over the years is Cannabis sativa. 
Cannabis sativa L., an annual plant belonging to the Cannabaceae 
family, is native to Asia. It has been used as an herbal medicine for tens 
of centuries to treat various diseases and symptoms [6-8]. Some of the 

possible metabolic e�ects of medicinal cannabis have been investigated, 
although the results are still controversial. Current studies have focused 
on two cannabinoids, CBD and THC, with great therapeutic potential 
in in�ammatory diseases, diabetes, and diabetic complications [9-11]. 
Our group has previously reported that cannabis oil (CBD:THC, 2:1) 
improved systolic and diastolic blood pressure, dyslipidemia, steatosis, 
and liver damage in male Wistar rats fed a SRD [12]. Given that MS is 
an epidemic that increases the risk of type 2 diabetes, cardiovascular 
disease, atherosclerosis, and death, it is essential to analyze the 
usefulness of cannabis and its components in MS.

�erefore, in this study, we investigated the e�ects of a full-
spectrum cannabis oil, CBD:THC 2:1, on the cannabis tetrad, systolic 
and diastolic blood pressure, serum metabolic parameters and liver 
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steatosis in experimental MS induced by SRD-fed female rats. To our 
knowledge, this is the �rst study to examine the metabolic e�ects of the 
oral administration of cannabis oil (CBD:THC, 2:1 ratio) in SRD-fed 
female rats. 

Materials and methods

Cannabis oil Preparation and Characterization

Cannabis oil was obtained from dried in�orescences of the Canna-
bis sativa CAT1 variety grown at the Environmental Research Center 
(CIM-CONICET-UNLP) (RESOL-2021-3236-APN-MS), as previously 
described by Degrave et al [12]. Cannabis oil contains 0.60 mg/mL CBD 
and 0.43 mg/mL THC, at a CBD:THC, 2:1 ratio. Finally, adequate dilution 
was performed to obtain the working oil at a concentration of 1 mg/mL. 

Animals and Diets 

Female Wistar rats (n=18) were purchased from the Veterinary 
Sciences Institute of Litoral (ICIVET- Litoral). Faculty of Veterinary, 
National University of Litoral (Esperanza, Santa Fe, Argentine) and 
were maintained with unrestricted access to water and food under 
controlled temperature (22 ± 1 °C), humidity, and air �ow conditions, 
with a �xed 12-h light/dark cycle (light on 07.00 AM to 7.00 PM). 
Adequate measures were taken to minimize pain or discomfort in the 
rats, and the smallest number of animals possible was used. �is study 
was performed in strict accordance with the NIH guidelines for the care 
and use of laboratory animals and approved by the Institutional Ethics 
Committee of the Faculty of Biochemistry and Biological Sciences. 

�e animals were initially fed a standard powdered commercial 
rodent diet (GEPSA FEED, Buenos Aires, Argentina). Rats 130-140 g 
(young adults) were randomly divided into three experimental groups 
for 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 SRD plus orally administered cannabis oil 
(SRD+Ca, n = 6) at a dose of 1 mg/kg body weight daily during the 
experimental protocol (21 d). �e diet compositions are detailed in a 
study by Degrave et al [12]. �e rats began and �nished the experimental 
protocol in the same stage of the estrous cycle (diestrus or proestrus). 
Individual body weight was recorded daily. Food intake of the 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 a.m. and 
experiments were performed between 07.00 and 09.00 a.m. Animals 
were anesthetized with intraperitoneal sodium pentobarbital (60 mg/kg 
body weight). Blood samples were collected from the inferior vena cava 
and rapidly centrifuged, and serum was either immediately assayed or 
stored at -20 °C until use. �e liver of each rat was totally removed, 
weighed, and sectioned for di�erent subsequent assays. Liver samples 
were �xed in 10% (v/v) bu�ered formalin for 24 h at room temperature 
and embedded in para�n for histology analysis or frozen and stored at 
the temperature of liquid N2.

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-cu� non-invasive blood pressure system (Kent Scienti�c 
Corporation, Torrington, CT, USA) as previously described [13].

Cannabinoid-Induced Tetrad Test 

Rats were evaluated for hypolocomotion (open �eld test), 
hypothermia (body temperature), cataleptic (bar test) and analgesic 
(hot plate test) e�ects, as previously described in Degrave et al. [12].

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). 
�e activities of serum 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). Triglycerides and total cholesterol contents in liver 
were extracted with chloroform-methanol (2:1) mixture. Aliquots were 
evaporated and total cholesterol and triglycerides were analyzed using 
the enzymatic methods mentioned previously. 

Liver histology 

A semi-automatic rotary microtome (Leica ®M2025) was used to 
obtain para�n-embedded (5 µm thickness) liver cross-sections that 
were stained with hematoxylin–eosin (H&E) to provide an overall 
view of the tissue. �e images of the stained sections were recorded 
with a Spot Insight V3.5 color video camera, attached to a microscope 
(Olympus BH2, Tokyo, Japan). At least ten �elds were recorded in each 
section by using a Dplan 20X objective to evaluate the histological 
features of tissue.

Statistical Analysis 

Results were expressed as mean ± SEM. Statistical comparisons 
were made transversely between di�erent dietary groups. Data were 
tested for variance using Levene’s test and normality by Shapiro-Wilk’s 
test. �e statistical di�erence 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 statistically signi�cant (SPSS 
17.0 for Windows, SPSS INC. Chicago, Illinois).

Results

Body weight, food intake, and time course of systolic and 

diastolic blood pressure. 

Initial body weight, �nal body weights and �nal food intake were 
similar between the animals in the di�erent experimental groups (Table 
1). Time course of systolic and diastolic blood pressure was evaluated 
throughout the experimental period in the three dietary groups. At 
weeks 1, 2, and 3, SRD-fed rats showed a signi�cant (P<0.05) increase in 
systolic and diastolic blood pressure compared with the RD-fed group. 

RD SRD SRD+Ca

Initial body weight (g) 138,8 ± 1,2 138,4 ± 2,7 141,67 ± 1,3

Final body weight (g) 178,0 ± 2,5 180,3 ± 4,3 179,7 ± 2,3

Food intake (g/day) 12,66 ± 0,38 12,78 ± 0,29 12,13 ± 0,92

Diastolic blood pressure (mmHg)

Week 1 (day 0 to 7) 81.14 ± 1.25 87.00 ± 1,10* 84.13 ± 1.21#

Week 2 (day 8 to 15) 81.15 ± 1.08 88.31 ± 0.96* 81.87 ± 1.22

Week 3 (day 16 to 21) 82.50 ± 0.56 90.75 ± 0.67* 81.40 ± 0.88

Sistolic blood pressure (mmHg)

Week 1 (day 0 to 7) 115.04 ± 1.24 122.51 ± 1.24* 117.78 ± 1.11#

Week 2 (day 8 to 15) 118.79 ± 1.03 127.34 ± 1.00* 119.6 ± 1.62

Week 3 (day 16 to 21) 119.73 ± 0.52 128.33 ± 0.81* 119.31 ± 0.79

Table 1: Body weight, food intake, and time course of systolic and diastolic blood pressure 

throughout the experimental period in female rats fed a reference diet (RD), sucrose-rich 

diet (SRD) or SRD with cannabis oil (SRD+Ca).

Values are expressed as mean ± SEM, n=6. *P<0.05 SRD vs RD and SRD+Ca, #P<0.05 

SRD+Ca vs SRD and RD when one variable at a time was compared by one-way ANOVA 

followed by Newman-Keuls´ test.
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Cannabis Oil administration (SRD+Ca) decreased both parameters 
signi�cantly (P<0.05) at week 1, although they did not reach the 
reference values. At weeks 2 and 3, a signi�cant reduction (P<0.05) was 
observed in both parameters compared with the SRD group, reaching 
reference values.

Cannabis E�ects in the Tetrad Assay 

Table 2 shows that the incorporation of Cannabis Oil (SRD+Ca) 
signi�cantly increased (P<0.05) the analgesia. Locomotion, which 
increased in the SRD group, decreased signi�cantly (P<0.05) in the 
SRD+Ca group, reaching the reference values. �ere were no signi�cant 
di�erences in the body temperature and catalepsy between the di�erent 
experimental groups.

Serum Metabolites and Liver Damage Enzyme Activities

Figure 1 shows that at the end of the experimental protocol, serum 

triglyceride and uric acid levels were signi�cantly higher in SRD-fed 

rats compared to RD-fed rats. Cannabis oil administration (SRD+Ca) 

signi�cantly decreased (P<0.05) serum Tg levels, reaching the reference 

values. Uric acid levels were signi�cantly reduced (P<0.05), although 

the values were still higher than those of the RD group. No changes in 

serum glucose and cholesterol levels were observed among the three 

dietary groups. AST, ALT, and AP serum levels were signi�cantly higher 

(P<0.05) in SRD-fed rats than in RD-fed rats. In the SRD+Ca group, 

AST and ALT enzymes decreased signi�cantly (P<0.05), reaching 

values similar to those observed in the RD group. AP enzyme levels 

were signi�cantly reduced (P<0.05), although the values were higher 

than those in the RD group.

Histological analysis and triglycerides and cholesterol 

content in liver tissue 

Figure 2 shows an abnormal accumulation of lipid droplets within 

the cytoplasm of hepatocytes and in�ltration of in�ammatory cells in 

RD SRD SRD+Ca

Analgesia (s) 3.00 ± 0.57 3.2 ± 0.59 5.4 ± 0.39#

Locomotion (cm) 13.28 ± 1.98 25.48 ± 1.36* 15.73 ± 1.96b

Catalepsy (s) 2.25 ± 0.35 2.40 ± 0.38 2.20 ± 0.32

Temperature (°C) 27.30 ± 0.31 27.50 ± 0.56 27.32 ± 0.61

Table 2: Cannabinoid-induced tetrad test in female rats fed a reference diet (RD), sucrose-

rich diet (SRD) or SRD with cannabis oil (SRD+Ca).

Values are expressed as mean ± SEM, n=6. *P<0.05 SRD vs RD and SRD+Ca, #P<0.05 

SRD+Ca vs SRD and RD when one variable at a time was compared by one-way ANOVA 

followed by Newman-Keuls´ test.

Figure 1: Serum metabolites and liver damage enzyme activities in female rats fed a 

reference diet (RD), sucrose-rich diet (SRD) or SRD with cannabis oil (SRD+Ca). A) 

Triglycerides, B) Cholesterol, C) Glucose, D) Uric Acid, E) AST, F) ALT, G) AP. Values 

are expressed as mean ± SEM, n=6. *P<0.05 SRD vs RD and SRD+Ca, #P<0.05 SRD+Ca 

vs SRD and RD. when one variable at a time was compared by one-way ANOVA followed 

by Newman-Keuls´ test.

Figure 2: Histological analysis and triglycerides and cholesterol content in liver tissue. 

A) Representative photomicrograph of histological abnormalities observed in liver sections 

in female rats fed a reference diet (RD), sucrose-rich diet (SRD) or SRD with cannabis oil 

(SRD+Ca). The accumulation of lipid droplets (black arrow) and in昀氀ammatory foci (red 
arrow) are observed in the liver section H&E-stained. 400× magni昀椀cation. B) Liver Tg 
content, C) Liver cholesterol content. WT: wet tissue. Values are expressed as mean ± SEM, 

n=6. *P<0.05 SRD vs RD and SRD+Ca, #P<0.05 SRD+Ca vs SRD and RD. when one 

variable at a time was compared by one-way ANOVA followed by Newman-Keuls´ test.
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�e metabolic e�ects of cannabis oil have recently been investigated, 
and its medical usefulness in metabolic diseases continues to be 
studied. In our study, we observed that cannabis oil administration 
to SRD-fed female rats signi�cantly improved serum triglyceride and 
uric acid levels with no change in cholesterol and glucose levels. Serum 
AST and ALT are used as markers of liver injury. Administration of 
cannabis oil results in a reduction in serum levels of these enzymes. 
In the liver, we observed an improvement in the abnormalities of the 
histological sections observed in the SRD group, and in the triglyceride 
and cholesterol contents, suggesting a signi�cant decrease in steatosis 
and liver damage, showing the hepatoprotective e�ect of cannabis oil 
used in the present study. We did not �nd studies evaluating the e�ect 
of cannabis oil on dyslipidemia, steatosis and liver damage in animal 
models of MS in female rats. Other studies in rats suggested that 
cannabinoids Δ9-THC and/or CBD increased high-density lipoprotein 
cholesterol concentration, reduced cholesterol and triglycerides serum 
levels, and decreased hepatic triglyceride accumulation and liver 
damage in other animal models (streptozotocin induced diabetes 
rats; induced by chronic alcohol feeding mice, high fat-cholesterol 
diet) [27-29]. We recently showed that cannabis oil administration 
(CBD:THC, 2:1 ratio) improves hypertension and dyslipidemia, and 
mitigates steatosis and liver damage induced by SRD in male rats [12]. 
Clinical studies have shown that several cannabinoids (CBD, THC, 
or THCV) have bene�cial e�ects on biochemical parameters, such as 
blood glucose, total cholesterol, high-density lipoprotein cholesterol, 
triglycerides, and liver damage, in diabetic patients [30-32].

�e results of this study provide new information on the bene�cial 
e�ects of cannabis oil administration, with CBD:THC 2:1 ratio, useful 
in the treatment of several parameters included in MS, including 
hypertension, dyslipidemia, steatosis, and liver damage. However, 
further research is needed to clarify the mechanisms of action that act 
in these pathologies.

Conclusion

�e present study demonstrated the bene�cial e�ects of cannabis oil 
on hypertension, dyslipidemia, steatosis, and liver damage induced by 
SRD in female rats. In addition, the analgesic e�ect of cannabis oil was 
observed in SRD-fed female rats. Furthermore, our results suggest that 
cannabis oil may serve as a natural nutraceutical agent for preventing or 
ameliorating metabolic disorders related to MS.

Finally, although promising, these results warrant further 
investigation before extrapolating the use of cannabis oil as a 
complementary nutraceutical that could help in the treatment of some 
metabolic disorders present in humans MS.
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histological sections of the SRD group. �ese results were accompanied 
by a signi�cant increase (P<0.05) in triglyceride and cholesterol content 
in the liver tissue. Cannabis oil administration remarkably improved 
the abnormalities of the histological sections. �e triglyceride content 
decreased signi�cantly (P<0.05), although the values were still higher 
than those of the RD group, and the cholesterol content was similar to 
the values of the RD group.

Discussion

Morphological and physiological di�erences associated with sex are 
common in animals, and the mechanisms that explain sex di�erences 
in response to obesity, MS, and type 2 diabetes mellitus are not well 
understood. It is essential to clarify the e�ect of sex on the incidence 
of these diseases and o�er e�ective strategies for their prevention and 
treatment [14]. Our previous research using an experimental model 
induced nutritionally by the administration of a SRD and a sedentary 
lifestyle in male Wistar rats developed some of the metabolic alterations 
that mimic many of the aforementioned signs present in human MS [3-
5].

Medicinal cannabis therapy has garnered considerable attention 
in recent years. In this study, we showed data that cannabis oil 
administration rich in CBD-THC (2:1) resulted in signi�cant 
improvement in several parameters of MS in female rats fed a sucrose-
rich diet. We observed that cannabis oil administration did not a�ect 
body weight and food intake but decreased systolic and diastolic blood 
pressure in dyslipidemic and hypertensive female rats fed a SRD. Very 
few studies have investigated the e�ects of cannabis or cannabinoids 
on hypertension in female rats. In a clinical study, Valle [15] observed 
that cannabis use was associated with lower blood pressure levels in 
both sexes, but in a higher manner in women. In addition, Abuhasira et 
al. [16] showed that cannabis treatment (with di�erent CBD and THC 
ratios) for 3 months in hipertensive older adults (women and men) 
was associated with a reduction in systolic and diastolic blood pressure 
values. In animal studies, the e�ects of cannabis oil on blood pressure 
were inconsistent and varied according to the hypertension model, 
with the majority being conducted in male rats [17,18]. In addition, 
we previously reported that cannabis oil administration (CBD:THC, 
2:1) decreased systolic and diastolic blood pressure in male Wister rats 
fed a SRD [12]. �is is the �rst study evaluating the e�ect of cannabis 
oil (CBD-THC, 2:1) administration on systolic and diastolic blood 
pressure in SRD-fed hypertensive female rats.

Cannabis plant as a whole has analgesic properties. In our study, 
we demonstrated that administration of cannabis oil (CBD:THC, 2:1) 
signi�cantly increased analgesia in female rats. Moore and Weerts [19] 
demonstrated that oral administration of THC showed sex di�erences 
over the time course of mechanical antinociception. In females the 
antinociceptive e�ects were less a�er 315 minutes, while in males, it 
was the same at all time points. Antinociceptive e�ects were observed 
in both sexes; although males mainly showed slower onset and longer 
antinociceptive e�ects compared to females. On the other hand, oral 
administration of CBD did not detect antinociceptive e�ects in male 
or female rats. Despite well-documented sex di�erences in humans 
with pain [20-22], few studies have investigated sex di�erences in 
cannabinoid analgesia, with diverse results [23-25]. In animal studies, 
Cra� et al. [26] used acute pain tests to show that THC is more potent 
in female rats than in male rats. We previously demonstrated that 
male rats showed increased analgesia a�er cannabis oil administration 
(CBD:THC, 2:1) [12]. �e present study is the �rst that evaluated the 
analgesic e�ects of cannabis oil, with a CBD:THC, 2:1 cannabinoids 
ratio, in female rats fed a SRD. 
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