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Abstract

Background:Cannabis sativa has been used since antiquity for medicinal, ceremonial, and agricultural purposes. Today,

cannabis, commonly known as marijuana, remains the most widely used recreational drug worldwide. As its use increases,

particularly among young adults, reports of adverse effects on vital organs have also increased. This trend underscores the need

for a comprehensive assessment of marijuana’s effects on the cardiovascular system.

Objectives: This study aimed to investigate the effects of C. sativa extract on the viability, proliferation, and expression of

cardiac markers in human cardiomyocytes.

Methods: Human cardiomyocytes (HCMs) were cultured and subsequently exposed to varying concentrations of cannabis

extract. Cell viability was assessed using the MTT assay, and morphological changes were examined on days 3 and 6. Growth

curves and population doubling times were determined over a 6-day period using the trypan blue exclusion method. In

addition, the expression levels of cardiac-specific markers, including GATA4, troponin, and creatine kinase, were quantified

using real-time polymerase chain reaction on days 1, 3, and 6.

Results: No significant changes in cell morphology were observed; however, cell density was consistently higher in the treated

group, particularly at early time points. Growth-curve analysis confirmed these findings, demonstrating higher cell numbers in

treated cultures throughout the study period, consistent with the population doubling time data (74.79 h in the treated group

vs. 80.45 h in the control group, P = 0.005). Furthermore, the treated group exhibited increased expression of cardiac-specific

markers compared with the controls, most notably between day 1 and day 3 (GATA4: 7.97 ± 1.06 vs. 1.48 ± 0.64, P < 0.05; troponin:

3.52 ± 0.85 vs. 1.13 ± 0.92, P = 0.05; creatine kinase: 0.001 ± 0.0008 vs. 1.22 ± 0.90, P = 0.05).

Conclusions:Cannabis sativa extract increased proliferation and upregulated the expression of cardiac genes in HCMs. These

changes may impair normal cardiomyocyte function, which is vital for cardiovascular health. This issue is particularly

important given the increasing global consumption of cannabis-derived substances, driven in part by expanding legalization.
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1. Background

Cannabis sativa, commonly known as marijuana, is

among the most widely used recreational substances

worldwide, primarily because of its pronounced effects

on the central nervous system (1). In recent years,
widespread decriminalization in several countries has

markedly influenced public attitudes toward cannabis,
particularly among younger populations (2). The plant

produces two principal bioactive constituents:

cannabidiol (CBD), which is non-psychoactive, and

tetrahydrocannabinol (THC), its psychoactive

counterpart (3). Cannabidiol has demonstrated
therapeutic potential in various cardiovascular
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conditions, including diabetic cardiomyopathy,

ischemia-induced arrhythmias, and myocardial

infarction (MI) (4-7). In contrast, THC primarily exerts its
effects through modulation of the endocannabinoid

system (ECS), a complex receptor network involved in
regulating immune and endocrine functions, as well as

blood pressure and heart rate (2). Notably, ECS receptors

are minimally expressed in the hearts of healthy
individuals; however, their expression is substantially

altered during the progression of cardiovascular
diseases (8).

Cannabinoid receptor type 1 (CB1) receptors are

present in both the heart (9) and the vasculature (10, 11),

whereas cannabinoid receptor type 2 (CB2) receptors are

exclusively expressed in the heart (12). These receptors

are implicated in multiple pathophysiological and

cardiovascular processes (13-18), including the

regulation of cell proliferation (19), progenitor cell

differentiation, proteolytic activity, cell death, and

metabolic functions in vascular and cardiac tissues (20).

Evidence suggests that CB1 and CB2 receptors may exert

protective effects by safeguarding cardiomyocytes from

damage and modulating cardiometabolic risk factors

and atherogenesis (21). Furthermore, the administration

of cannabinoids such as THC and CBD induces complex

hemodynamic effects, influencing heart rate and

contractility and producing alternating phases of

hypotension and hypertension (22, 23).

Recent studies indicate that cannabis abuse may

contribute to both cardiovascular and neurological

disorders (24-26). Notably, cannabis use has been
associated with an elevated risk of cardiovascular

mortality in young individuals and has been recognized

as a risk factor for MI in the past 5 years (27, 28).

Moreover, cannabis consumption increases the risk of

stroke, accounting for ischemic events in 15% to 40% of

cases among young patients (29). Despite these findings,

the specific effects of cannabis on the cardiac system,

particularly on cardiomyocytes, remain poorly

understood.

2. Objectives

This study aimed to investigate the effects of
cannabis on the biological activity of human

cardiomyocytes.

3. Methods

3.1. Culture of Human Cardiomyocytes

Human cardiomyocytes (HCMs; NCBI code: C599)

were obtained from the local branch of the Pasteur

Institute. These cells, derived from human heart tissue,

were cultured in a specialized medium consisting of

Ham’s F12 and Dulbecco’s modified Eagle medium
(DMEM) at a 1:1 (v/v) ratio, supplemented with 10% fetal

bovine serum (FBS), 5 µg/mL insulin, and 50 ng/mL basic
fibroblast growth factor (bFGF) (Figure 1A). Upon

reaching confluence, cells were detached using 0.05%

trypsin-EDTA for 3 min in a humidified incubator
maintained at 5% CO2. The resulting cell suspension was

centrifuged at 1200 rpm for 10 min; the supernatant was
discarded, and the cell pellet was resuspended in 2 mL

of fresh culture medium. Subsequently, 1 mL of the cell

suspension was seeded into a T25 culture flask

containing 5 mL of culture medium. The flasks were

incubated under the same conditions, and cells were
allowed to proliferate until further experimental use.

3.2. Preparation of Cannabis Extract and Gas
Chromatography-Mass Spectrometry

Flowering branches of C. sativa were obtained from a

certified source and air-dried in a dark, non-humid

environment. A hydroalcoholic extract was prepared

using the percolation method with 70% ethanol as the

extraction solvent. The solvent was completely removed

using a rotary evaporator (IKA, Germany) at 50 rpm and

45°C. The resulting concentrate was further reduced

under vacuum to obtain a viscous extract. The final

preparation was transferred to glass containers and

stored under refrigeration until use. A portion of the

extract was analyzed by gas chromatography-mass

spectrometry to identify its components.

Briefly, chemical profiling of the extract was

performed using a 7890A gas chromatography system

(Agilent Technologies) interfaced with a 7000 Triple

Quadrupole mass spectrometer. Ionization was achieved

by electron impact at an energy of 70 eV. Helium was

used as the mobile phase at a constant flow rate of 1.2

mL/min. The injection port and transfer-line

temperatures were set at 250°C and 280°C, respectively.

Chromatographic separation was performed using a DB-

1MS fused-silica capillary column (30 m × 0.25 mm i.d.,

0.25 μm film thickness). The column oven temperature

was programmed to increase from 60°C to 280°C at a

ramp rate of 4°C per minute, followed by a 4-min

isothermal hold. A 0.1 μL aliquot was introduced using

split injection at a ratio of 1:30, and mass spectral data

were collected over a scan range of 46 - 650 m/z.

Compounds were identified by matching mass spectral

profiles and retention indices with reference data from

the Wiley and NIST libraries, as well as the database

reported by Adams. Relative peak area percentages were

calculated to enable quantitative comparison among
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Figure 1. A, HCM cells in day 0 with elongated or rod-shaped appearance; B, HCM cells in the case group; and C, control group in day 1. Note to the higher cell density in the case
cells due to augmented proliferation; D, HCM cells in the case group; and E, control group in day 3; F, HCM cells in the case group; and G, control group in day 6. Images were
captured using inverted phase-contrast microscope (ECLIPSE, TS100, Nikon) equipped by a digital camera (magnification = 360X).

samples. Quantitative composition was subsequently

estimated using the instrument software based on the

proportional contribution of each chromatographic

peak to the total integrated area.

3.3. MTT Assay

To assess the effect of cannabis extract on cell

viability and determine the optimal concentration for

subsequent experiments, an MTT assay was performed.

Human cardiomyocytes were seeded into three 96-well

plates to evaluate the extract under three treatment

regimens: (1) Single exposure for 1 day; (2) single

exposure for 3 days; and (3) repeated exposure once

daily for 3 consecutive days. After 24 h of incubation,

varying concentrations of cannabis extract (50, 100, 500,

1000, 5000, and 10000 ng/mL) were added to each well

in triplicate. Plates were incubated under standard

culture conditions, and at the designated time points,

the culture medium was removed and replaced with an

MTT solution. After a 4-h incubation, plates were

centrifuged, the supernatant was discarded, and

dimethyl sulfoxide was added to dissolve the formazan

crystals. Absorbance was measured at 570 nm using a

spectrophotometer. The assay was performed in

triplicate. Based on the results, 100 ng/mL was selected
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for downstream experiments because this

concentration did not produce significant proliferative

or inhibitory effects. Notably, this value approximates

the reported blood concentration of cannabis in

smokers (30).

3.4. Definition of Case and Control Groups

Two T25 culture flasks at passage 2 were prepared for

the experimental setup. The stock cannabis extract

solution (20 μg/mL) was diluted to a final concentration

of 100 ng/mL and applied to the HCM culture designated

as the case group. The control group consisted of HCM

cultures treated with an equivalent volume of

phosphate-buffered saline. Images were captured using

an inverted microscope equipped with a digital camera.

All experiments were performed in triplicate.

3.5. Growth Curve and Population Doubling Time

Human cardiomyocytes were seeded into two 18-well

plates, one for the case group and the other for the

control group. Twenty-four hours after seeding, three

wells from each plate were selected for cell counting.

Cells were detached using trypsin-EDTA, centrifuged,

and the resulting pellet was resuspended in 1 mL of

culture medium. Equal volumes of the suspension and

trypan blue dye were mixed, and 2 μL of the mixture was

loaded onto a Neubauer chamber under a coverslip.

Cells were counted in four peripheral squares, and the

mean cell number was recorded as day 1. This procedure

was repeated daily until day 6. All measurements were

conducted in triplicate.

3.6. Expression of Specific Cardiac Markers

Human cardiomyocytes were cultured in three T25

flasks for the case group, with each flask designated for

analysis on days 1, 3, and 6. Corresponding flasks were

prepared for the control group. At each time point, the

culture medium was removed, and cells were detached
using trypsin-EDTA. After centrifugation, total RNA was

extracted using Rnx Plus Solution (CinnaGen, Iran). RNA

quality and concentration were assessed using a

NanoDrop 2000c spectrophotometer (Thermo Fisher

Scientific, USA). Complementary DNA was synthesized
from the RNA template using the AddScript cDNA

Synthesis Kit (Addbio, South Korea). Quantitative real-

time polymerase chain reaction was then performed

using RealQ Plus 2× Master Mix Green (Ampliqon,

Denmark) and specific primers on a StepOne system
(Applied Biosystems). β2-microglobulin served as the

endogenous control (Table 1). All reactions were run in

technical triplicate, and the procedure was repeated

three times.

Table 1. Primer Sequences Used in Real-Time Polymerase Chain Reaction

Marker Forward (5’-->3’) Reverse (5’-->3’)

GATA4 CCCAATCTCGTAGATATG GCTGAGGCTTGATGAG

Troponin T2 AGAGGAGGACTGGAGAG TCTTCTTCTTCATCTTCTTCTG

Creatine kinase ATGACCACTTCCTGTTC ATCTCCTCAATCTTCTGC

β2-microglobulin TTCATCCATCCGACATT CATCTTCAAACCTCCAT

3.7. Statistical Analysis

Continuous variables were expressed as the mean ±

standard deviation. Depending on the data type,

statistical comparisons were conducted using

independent-samples t-tests or one-way analysis of

variance. Analyses were performed using SPSS software

version 16 (IBM Corp., USA). Gene expression levels were

calculated using the 2−ΔΔCt method. A P-value < 0.05 was

considered statistically significant.

4. Results

4.1. Human Cardiomyocyte Culture

Human cardiomyocytes are among the most

physically active cells in the body and exhibit

contractions independent of nervous stimulation. At

the start of culture, these micrometer-sized cells

appeared in the flasks as binucleated, elongated, rod-

shaped cells. After 24 h, no notable differences in HCM

morphology were observed between the case and

control groups. However, the case group showed higher

cell density, indicating stimulated proliferation

compared with the control group (Figure 1B and C). By

day 3, the difference in cell density between the groups

became less pronounced, likely because of accelerated

proliferation in the control group along with a mild

increase in the case group. Morphologically, the cells

remained similar in both groups (Figure 1D and E). On

day 6, limited space in the culture flasks resulted in

confluent growth in both groups, with cells exhibiting

similar shapes (Figure 1F and G).

The viability of HCMs exposed to varying

concentrations of cannabis was assessed using an MTT

assay under three different conditions (Figure 2).

Concentrations of 50, 100, 500, 1000, 5000, and 10000

ng/mL of the extract were prepared and applied to HCMs

under three conditions: (1) One-time exposure for 1 day,

(2) One-time exposure for 3 days, and (3) Three

exposures over 3 days. In the first condition, the lowest

viability was observed after exposure of HCMs to 5000

and 10000 ng/mL (P < 0.05), whereas in the second
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Figure 2. MTT assay shows HCM viability after exposure to different concentrations of cannabis extract. Left: One time exposure during one day, Center: One time exposure
during three days, and Right: Three times exposure during three days. X axis shows concentration of Cannabis sativa extract in ng/mL and Y axis shows percentage of cell
viability (%) (ns, non-significant; Statistical significance was P-value < 0.05; ** P-value < 0.005 and **** P-value < 0.00005).

Table 2. Components of the Cannabis Extract Identified by Gas Chromatography-Mass Spectrometry

Item Component Percent Item Component Percent Item Component Percent

1 Pinene (a-) 3.818 11 Pinene hydrate (trans) 0.471 21 Selinene (a-) 2.451

2 Camphene 0.391 12 Isoborneol 0.364 22 Bisabolene (z-a) 1.141

3 Pinene (β-) 2.148 13 Terpineol (a-) 0.835 23 Alaskene (a-) 0.828

4 Myrcene 7.085 14 Ylangene (a-) 0.4 24 Cadinene (ð-) 1.231

5 Limonene 10.4 15 CBD 0.3363 25 THC 0.229

6 Ocimene (E-B) 0.572 16 Caryophyllene (E-) 22.877 26 Zonarene 10.001

7 Terpinene (y-) 0.421 17 Bergamotene (a-trans) 1.04 27 Selina-3,7 (11)-diene 10.734

8 Mentha-2,4 (8)-diene (ρ) 0.89 18 Humulene (a-) 10.745 28 Nerolidol (E-) 1.224

9 Linalool 3.801 19 Chamigrene (β-) 0.405 29 Maaliol 0.784

10 Fenchol (endo-) 1.279 20 Selinene (β-) 2.75 30 Caryophyllene oxide 0.325

condition, 10000 ng/mL was the only concentration that

caused statistically significant growth inhibition (P <

0.05). In the third condition, all concentrations except

50 and 100 ng/mL inhibited HCM growth (P < 0.05).

4.2. Gas Chromatography-Mass Spectrometry

Analysis of the extract identified several components

(Table 2).

4.3. Growth Curve and Population Doubling Time

As illustrated in Figure 3, the number of cells in the

case group was generally higher than that in the control

group over the 6-day period. Although cell counts in the

case group decreased at two time points (day 3 and day

6) compared with the previous day, they remained

higher than those in the control group at both time

points. Consistent with the growth-curve results, the

population doubling time (PDT) was generally lower in

the case group than in the control group throughout

the 6 days. Specifically, on day 6, the PDT was 74.79 h for

the case group and 80.45 h for the control group.

Notably, the smallest differences in PDT between the

groups were observed on days 3 and 6 (Figure 4).

4.4. Expression of Specific Cardiac Markers

GATA4, troponin, and cardiac creatine kinase are key

markers specifically expressed by cardiomyocytes.
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Figure 3. Growth curve of the case and control groups during six days. In all time points, number of cells in the case group was higher (* P-value < 0.05; ** P-value < 0.01;
Statistical significance was P value < 0.05).

GATA4, an early-stage marker, showed a decreasing

expression trend in the case group compared with the

control group over 6 days. Its expression differed

significantly between day 1 and both days 3 and 6,

whereas the difference between days 3 and 6 was not

significant. A similar decreasing trend was observed for

troponin expression over the 6-day period. Troponin

levels in the case group were significantly higher on day

1 but decreased on days 3 and 6. In contrast, creatine

kinase, a late-stage marker, peaked in expression on day

3, with the lowest expression observed on day 1. The

increase on day 3 was statistically significant compared

with both day 1 and day 6, whereas no significant

difference was found between day 1 and day 6 (Table 3).

5. Discussion

To the best of our knowledge, this is the first study to

investigate the impact of C. sativa extract on the

biological activity of human cardiomyocytes. Over the 6-

day period, no significant morphological changes were

observed in cardiomyocytes exposed to cannabis extract

compared with control cells. However, cell proliferation

appeared to be enhanced, particularly during the first 3

days. Furthermore, the expression of cardiac-specific

markers increased in the treatment group during this

period. Overall, our findings indicate that the biological

activity of human cardiomyocytes is notably enhanced

during the early days of exposure. However, this effect

diminished thereafter, possibly because of a reduced

influence of the extract as cell numbers increased and

the cells adapted to the conditioned medium by day 6.

Over recent decades, the catalog of naturally

occurring constituents identified or isolated from C.
sativa has expanded steadily, reaching 545 distinct

compounds (31). Extracts derived from C. sativa have

been found to possess pro-healing activity, plausibly

attributable to the anti-inflammatory and antioxidant

actions of their predominant bioactive compounds;

these effects have also been demonstrated in in vitro

cellular models (32). In particular, all types of
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Figure 4. Population doubling time of HCM in the case and control groups in six consecutive days (* P-value < 0.05; ** P-value < 0.01; Statistical significance was P-value < 0.05).

Table 3. Expression Ratio of Cardiac-Specific Markers in the Treatment Group vs. Control Group a

Marker Day 1 Day 3 Day 6 P-value P-value Day 1 vs. 3 P-value Day 1 vs. 6 P-value Day 3 vs. 6

GATA4 7.976 ± 1.068 1.484 ± 0.643 0.110 ± 0.251 < 0.001 < 0.001 < 0.001 0.131

Troponin 3.529 ± 0.854 1.137 ± 0.927 0.085 ± 0.694 0.006 0.028 0.005 0.334

Creatine kinase 0.001 ± 0.0008 1.221 ± 0.909 0.136 ± 0.262 0.022 0.028 0.935 0.048

a Values are fold changes in the treatment group vs. the control group derived from 2−ΔΔCt method analysis.

cannabinoids substantially affect the cardiovascular

system (23, 33, 34). Numerous studies have linked

cannabis use to arrhythmia, MI, and acute coronary

syndrome (24-26, 35).

The primary factor underlying cannabis-related

cardiovascular complications is the high concentration

of THC in the plant (36). The formation of stress fibers

and cell elongation after treatment with primary

metabolites of THC has been reported, indicating

cytoskeletal remodeling and cell polarization. In H9c2

cardiomyocytes, these THC metabolites also

downregulate β-catenin (37). Further evidence of the

harmful effects of THC on cell integrity and structure

comes from studies in which high-dose THC metabolite

treatment induced pronounced toxicity, characterized

by irregular nuclei, cytoskeletal degradation, and

membrane perforations (37). Conversely, pretreatment

with an ultra-low dose of THC has been shown to

significantly protect the heart against ischemic injury,
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as evidenced by reduced troponin levels and smaller

infarct size (38).

Another important component of extracts derived

from C. sativa is CBD, which has a broad spectrum of

pharmacological activities, including neuroprotective,

anti-inflammatory, antineoplastic, and analgesic effects

(39, 40). Accumulating experimental and clinical

evidence further supports its role as a protective agent

in cardiovascular pathology (41). A recent investigation

showed that CBD treatment significantly enhanced

myocardial regenerative capacity, reduced infarct area,

and improved functional recovery of cardiac

performance after MI (42). The study further

demonstrated that CBD stimulated the proliferation of

neonatal cardiomyocytes, consistent with our findings.

In fact, CBD exposure was associated with marked

suppression of miR-143 - 3p. Moreover, CBD upregulated

the expression of Yes-associated protein and catenin

delta 1, both of which were identified as downstream

targets of miR-143 - 3p (42). Cannabidiol mitigates the

adverse effects of high glucose on primary HCMs by

reducing the production of reactive oxygen and

nitrogen species, inhibiting nuclear factor-κB

activation, and preventing cell death (43). Cannabidiol

also inhibits vascular smooth muscle cell migration and

proliferation induced by growth factors (44) and

reduces the inflammatory response caused by elevated

glucose levels in endothelial cells within the human

coronary artery (45).

In addition to THC and CBD, C. sativa contains a range

of secondary metabolites (46). Friedelin has been

documented to exert anti-inflammatory, antioxidant,

antipyretic, anticarcinogenic, and antitumor effects (32).

Epi-friedelanol has been reported to demonstrate

notable pharmacological properties, including

anticancer activity (47), suppression of inflammatory

responses (48), and protective effects against cellular

senescence (49). Sterols are also associated with

antihypercholesterolemic and antitumor activities (50).

β-sitosterol exhibits pronounced anti-inflammatory

potential (51), as evidenced by its ability to reduce

peptidoglycan-induced secretion of pro-inflammatory

mediators in keratinocytes and macrophages,

downregulate NLRP3 inflammasome expression, and

suppress both caspase-1 activation and nuclear factor-κB

signaling (32).

Recent independent investigations have shown that

friedelin engages anti-inflammatory pathways in

murine models. This protective effect is associated with

reduced accumulation of the pro-inflammatory

cytokines tumor necrosis factor-α, interleukin (IL)-1, and

IL-6, as well as suppression of autophagic processes

mediated through modulation of the AMPK-mTOR

signaling axis (52). The attenuation of IL-6 production

appears to be mediated by activation of the miR-

146a/IRAK-1 regulatory pathway, whereby upregulation

of miR-146a is concomitant with reduced IRAK-1

expression and contributes to the overall anti-

inflammatory profile of C. sativa (32). From a

pharmacological perspective, this mechanism may be

clinically relevant because it suggests potential

synergistic interactions with therapeutics that directly

target IL-6 signaling, including monoclonal antibodies

against the IL-6 receptor, such as sarilumab and

tocilizumab, or IL-6 itself (53).

Overall, marijuana exposure induces severe

structural changes in the heart, an organ with limited

regenerative capacity. These alterations include cardiac

hypertrophy, increased deposition of extracellular

matrix proteins leading to reduced contractility, and,

with chronic repeated use, cell death and an irreversible

decline in cardiac function (37). Nonetheless, some

indirect benefits associated with cannabis use, such as

reduced rates of other types of smoking (54), a lower

prevalence of obesity and diabetes mellitus, decreased

fasting insulin levels and insulin resistance, and

reduced waist circumference (55), should not

overshadow its detrimental effects on the

cardiovascular system.

This study has several limitations. First, monitoring

changes in a broader range of markers would have

strengthened the findings. In addition, functional

assays in cardiomyocytes from the case group were not

feasible in this study. In future research, we plan to

evaluate the effects of cannabis extract on

cardiomyocytes over a longer duration to better

simulate chronic use. Moreover, animal model studies

will help provide further insights into the

cardiovascular effects of cannabis.

In conclusion, the extract derived from C. sativa

altered growth kinetics and the expression of cardiac-

specific markers in human cardiomyocytes. These

findings warrant consideration in the context of

cardiovascular health because such effects may impair

normal cardiac function, an issue of particular concern

given the rising use of cannabis, especially among

young individuals.

Footnotes

AI Use Disclosure: The authors declare that no

generative AI tools were used in the creation of this

article.

https://brieflands.com/journals/ijpr/articles/168324


Kargar Jahromi H et al. Brieflands

Iran J Pharm Res. 2026; 25(1): e168324 9

Authors' Contribution: Study concept and design: H.

K. J. and I. R. J.; Acquisition of data: V. K. and V. M. and F. E.

and T. A.; Analysis and interpretation of data: I. R. J. and P.

A.; Drafting of the manuscript: I. R. J.; Critical revision of

the manuscript for important intellectual content: All

the authors. Statistical analysis: I. R. J.; Study

supervision: I. R. J.

Conflict of Interests Statement: The authors declare

no conflict of interest.

Data Availability: The dataset presented in the study

is available on request from the corresponding author

during submission or after publication.

Funding/Support: This study was supported by

Jahrom University of Medical Sciences [grant No: 15673].

References

1. Wang ZJ, Martin JA, Gancarz AM, Adank DN, Sim FJ, Dietz DM. Activin

A is increased in the nucleus accumbens following a cocaine binge.

Scientific Reports. 2017;7(1). 43658. https://doi.org/10.1038/srep43658.

2. Zhang J, Fan G, Zhao H, Wang Z, Li F, Zhang P, et al. Targeted

inhibition of focal adhesion kinase attenuates cardiac fibrosis and

preserves heart function in adverse cardiac remodeling. Scientific

Reports. 2017;7(1). 43146. [PubMed ID: 28225063]. [PubMed Central ID:

PMC5320468]. https://doi.org/10.1038/srep43146.

3. Petrescu NB, Jurj A, Sorițău O, Lucaciu OP, Dirzu N, Raduly L, et al.

Cannabidiol and vitamin D3 impact on osteogenic differentiation of

human dental mesenchymal stem cells. Medicina. 2020;56(11):607.

[PubMed ID: 33198232]. [PubMed Central ID: PMC7697067].

https://doi.org/10.3390/medicina56110607.

4. Durst R, Danenberg H, Gallily R, Mechoulam R, Meir K, Grad E, et al.

Cannabidiol, a nonpsychoactive Cannabis constituent, protects

against myocardial ischemic reperfusion injury. American Journal of

Physiology-Heart and Circulatory Physiology. 2007;293(6):H3602-H3607.

[PubMed ID: 17890433]. https://doi.org/10.1152/ajpheart.00098.2007.

5. Walsh SK, Hepburn CY, Kane KA, Wainwright CL. Acute

administration of cannabidiol in vivo suppresses ischaemia-induced

cardiac arrhythmias and reduces infarct size when given at

reperfusion. British Journal of Pharmacology. 2010;160(5):1234-1242.

[PubMed ID: 20590615]. [PubMed Central ID: PMC2936031].

https://doi.org/10.1111/j.1476-5381.2010.00755.x.

6. Rajesh M, Mukhopadhyay P, Bátkai S, Patel V, Saito K, Matsumoto S, et

al. Cannabidiol attenuates cardiac dysfunction, oxidative stress,

fibrosis, and inflammatory and cell death signaling pathways in

diabetic cardiomyopathy. Journal of the American College of Cardiology.

2010;56(25):2115-2125. [PubMed ID: 21144973]. [PubMed Central ID:

PMC3026637]. https://doi.org/10.1016/j.jacc.2010.07.033.

7. Fouad AA, Albuali WH, Al-Mulhim AS, Jresat I. Cardioprotective effect

of cannabidiol in rats exposed to doxorubicin toxicity. Environmental

Toxicology and Pharmacology. 2013;36(2):347-357. [PubMed ID:

23721741]. https://doi.org/10.1016/j.etap.2013.04.018.

8. Rabino M, Mallia S, Castiglioni E, Rovina D, Pompilio G, Gowran A.

The endocannabinoid system and cannabidiol: Past, present, and

prospective for cardiovascular diseases. Pharmaceuticals.

2021;14(9):936. [PubMed ID: 34577636]. [PubMed Central ID:

PMC8472406]. https://doi.org/10.3390/ph14090936.

9. Bonz A, Laser M, Küllmer S, Kniesch S, Babin-Ebell J, Popp V, et al.

Cannabinoids acting on CB1 receptors decrease contractile

performance in human atrial muscle. Journal of Cardiovascular

Pharmacology. 2003;41(4):657-664. https://doi.org/10.1097/00005344-

200304000-00020.

10. Gebremedhin D, Lange AR, Campbell WB, Hillard CJ, Harder DR.

Cannabinoid CB1 receptor of cat cerebral arterial muscle functions

to inhibit L-type Ca²⁺ channel current. American Journal of Physiology-

Heart and Circulatory Physiology. 1999;276(6):H2085-H2093. [PubMed

ID: 10362691]. https://doi.org/10.1152/ajpheart.1999.276.6.h2085.

11. Liu J, Gao B, Mirshahi F, Sanyal AJ, Khanolkar AD, Makriyannis A, et al.

Functional CB1 cannabinoid receptors in human vascular

endothelial cells. Biochem J. 2000;346(Pt 3):835-840. [PubMed ID:

10698714]. [PubMed Central ID: PMC1220920].

https://doi.org/10.1042/bj3460835.

12. Bouchard JF, Lépicier P, Lamontagne D. Contribution of

endocannabinoids in the endothelial protection afforded by

ischemic preconditioning in the isolated rat heart. Life Sciences.

2003;72(16):1859-1870. [PubMed ID: 12586223].

https://doi.org/10.1016/s0024-3205(02)02474-8.

13. Pacher P, Bátkai S, Kunos G. Cardiovascular pharmacology of

cannabinoids. Handbook of experimental pharmacology. 2005;

(168):599-625. [PubMed ID: 16596789]. [PubMed Central ID:

PMC2228270]. https://doi.org/10.1007/3-540-26573-2_20.

14. O’Sullivan SE. Endocannabinoids and the cardiovascular system in

health and disease. Handbook of Experimental Pharmacology.

2015;231:393-422. [PubMed ID: 26408169]. https://doi.org/10.1007/978-

3-319-20825-1_14.

15. Kaschina E. Cannabinoid CB1/CB2 receptors in the heart: expression,

regulation, and function. Cannabinoids in Health and Disease. 2016.

https://doi.org/10.5772/62822.

16. Fulmer ML, Thewke DP. The endocannabinoid system and heart

disease: the role of cannabinoid receptor type 2. Cardiovascular &

Hematological Disorders-Drug Targets. 2018;18(1):34-51. [PubMed ID:

29412125]. [PubMed Central ID: PMC6020134].

https://doi.org/10.2174/1871529x18666180206161457.

17. Steffens S, Pacher P. Targeting cannabinoid receptor CB2 in

cardiovascular disorders: promises and controversies. British Journal

of Pharmacology. 2012;167(2):313-323. [PubMed ID: 22612332]. [PubMed

Central ID: PMC3481040]. https://doi.org/10.1111/j.1476-

5381.2012.02042.x.

18. Slavic S, Lauer D, Sommerfeld M, Kemnitz UR, Grzesiak A, Trappiel M,

et al. Cannabinoid receptor 1 inhibition improves cardiac function

and remodelling after myocardial infarction and in experimental

metabolic syndrome. Journal of Molecular Medicine. 2013;91(7):811-823.

[PubMed ID: 23636507]. https://doi.org/10.1007/s00109-013-1034-0.

19. Greiner B, Sommerfeld M, Kintscher U, Unger T, Kappert K, Kaschina

E. Differential regulation of MMPs, apoptosis and cell proliferation

by the cannabinoid receptors CB1 and CB2 in vascular smooth

muscle cells and cardiac myocytes. Biomedicines. 2022;10(12):3271.

[PubMed ID: 36552027]. [PubMed Central ID: PMC9775096].

https://doi.org/10.3390/biomedicines10123271.

20. Maccarrone M, Bab I, Bíró T, Cabral GA, Dey SK, Di Marzo V, et al.

Endocannabinoid signaling at the periphery: 50 years after THC.

Trends in Pharmacological Sciences. 2015;36(5):277-296. [PubMed ID:

25796370]. [PubMed Central ID: PMC4420685].

https://doi.org/10.1016/j.tips.2015.02.008.

21. Montecucco F, Di Marzo V. At the heart of the matter: the

endocannabinoid system in cardiovascular function and

dysfunction. Trends in Pharmacological Sciences. 2012;33(6):331-340.

[PubMed ID: 22503477]. https://doi.org/10.1016/j.tips.2012.03.002.

22. Stanley CP, Hind WH, O'Sullivan SE. Is the cardiovascular system a

therapeutic target for cannabidiol? British Journal of Clinical

Pharmacology. 2013;75(2):313-322. https://doi.org/10.1111/j.1365-

2125.2012.04351.x.

https://brieflands.com/journals/ijpr/articles/168324
https://doi.org/10.1038/srep43658
http://www.ncbi.nlm.nih.gov/pubmed/28225063
https://www.ncbi.nlm.nih.gov/pmc/PMC5320468
https://doi.org/10.1038/srep43146
http://www.ncbi.nlm.nih.gov/pubmed/33198232
https://www.ncbi.nlm.nih.gov/pmc/PMC7697067
https://doi.org/10.3390/medicina56110607
http://www.ncbi.nlm.nih.gov/pubmed/17890433
https://doi.org/10.1152/ajpheart.00098.2007
http://www.ncbi.nlm.nih.gov/pubmed/20590615
https://www.ncbi.nlm.nih.gov/pmc/PMC2936031
https://doi.org/10.1111/j.1476-5381.2010.00755.x
http://www.ncbi.nlm.nih.gov/pubmed/21144973
https://www.ncbi.nlm.nih.gov/pmc/PMC3026637
https://doi.org/10.1016/j.jacc.2010.07.033
http://www.ncbi.nlm.nih.gov/pubmed/23721741
https://doi.org/10.1016/j.etap.2013.04.018
http://www.ncbi.nlm.nih.gov/pubmed/34577636
https://www.ncbi.nlm.nih.gov/pmc/PMC8472406
https://doi.org/10.3390/ph14090936
https://doi.org/10.1097/00005344-200304000-00020
https://doi.org/10.1097/00005344-200304000-00020
https://doi.org/10.1097/00005344-200304000-00020
https://doi.org/10.1097/00005344-200304000-00020
http://www.ncbi.nlm.nih.gov/pubmed/10362691
https://doi.org/10.1152/ajpheart.1999.276.6.h2085
http://www.ncbi.nlm.nih.gov/pubmed/10698714
https://www.ncbi.nlm.nih.gov/pmc/PMC1220920
https://doi.org/10.1042/bj3460835
http://www.ncbi.nlm.nih.gov/pubmed/12586223
https://doi.org/10.1016/s0024-3205(02)02474-8
http://www.ncbi.nlm.nih.gov/pubmed/16596789
https://www.ncbi.nlm.nih.gov/pmc/PMC2228270
https://doi.org/10.1007/3-540-26573-2_20
http://www.ncbi.nlm.nih.gov/pubmed/26408169
https://doi.org/10.1007/978-3-319-20825-1_14
https://doi.org/10.1007/978-3-319-20825-1_14
https://doi.org/10.5772/62822
http://www.ncbi.nlm.nih.gov/pubmed/29412125
https://www.ncbi.nlm.nih.gov/pmc/PMC6020134
https://doi.org/10.2174/1871529x18666180206161457
http://www.ncbi.nlm.nih.gov/pubmed/22612332
https://www.ncbi.nlm.nih.gov/pmc/PMC3481040
https://doi.org/10.1111/j.1476-5381.2012.02042.x
https://doi.org/10.1111/j.1476-5381.2012.02042.x
http://www.ncbi.nlm.nih.gov/pubmed/23636507
https://doi.org/10.1007/s00109-013-1034-0
http://www.ncbi.nlm.nih.gov/pubmed/36552027
https://www.ncbi.nlm.nih.gov/pmc/PMC9775096
https://doi.org/10.3390/biomedicines10123271
http://www.ncbi.nlm.nih.gov/pubmed/25796370
https://www.ncbi.nlm.nih.gov/pmc/PMC4420685
https://doi.org/10.1016/j.tips.2015.02.008
http://www.ncbi.nlm.nih.gov/pubmed/22503477
https://doi.org/10.1016/j.tips.2012.03.002
https://doi.org/10.1111/j.1365-2125.2012.04351.x
https://doi.org/10.1111/j.1365-2125.2012.04351.x


Kargar Jahromi H et al. Brieflands

10 Iran J Pharm Res. 2026; 25(1): e168324

23. Malinowska B, Baranowska‐Kuczko M, Schlicker E. Triphasic blood

pressure responses to cannabinoids: do we understand the

mechanism? British Journal of Pharmacology. 2012;165(7):2073-2088.

[PubMed ID: 22022923]. [PubMed Central ID: PMC3413845].

https://doi.org/10.1111/j.1476-5381.2011.01747.x.

24. Chandra R, Engeln M, Schiefer C, Patton MH, Martin JA, Werner CT, et

al. Drp1 mitochondrial fission in D1 neurons mediates behavioral

and cellular plasticity during early cocaine abstinence. Neuron.

2017;96(6):1327-1341. [PubMed ID: 29268097]. [PubMed Central ID:

PMC5747376]. https://doi.org/10.1016/j.neuron.2017.11.037.

25. Werner CT, Mitra S, Auerbach BD, Wang ZJ, Martin JA, Stewart AF, et al.

Neuroadaptations in the dorsal hippocampus underlie cocaine

seeking during prolonged abstinence. Proceedings of the National

Academy of Sciences. 2020;117(42):26460-26469. [PubMed ID:

33020308]. [PubMed Central ID: PMC7585028].

https://doi.org/10.1073/pnas.2006133117.

26. Badisa RB, Kumar SS, Mazzio E, Haughbrook RD, Allen JR, Davidson

MW, et al. N-acetyl cysteine mitigates the acute effects of cocaine-

induced toxicity in astroglia-like cells. PLOS ONE. 2015;10(1). e0114285.

[PubMed ID: 25617894]. [PubMed Central ID: PMC4305286].

https://doi.org/10.1371/journal.pone.0114285.

27. Sagris M, Antonopoulos AS, Theofilis P, Oikonomou E, Siasos G,

Tsalamandris S, et al. Risk factors profile of young and older patients

with myocardial infarction. Cardiovascular Research.

2022;118(10):2281-2292. https://doi.org/10.1093/cvr/cvab264.

28. Chami T, Kim CH. Cannabis abuse and elevated risk of myocardial

infarction in the young: a population-based study. Mayo Clinic

Proceedings. 2019. p. 1647-1649.

29. Toossi S, Hess CP, Hills NK, Josephson SA. Neurovascular

complications of cocaine use at a tertiary stroke center. Journal of

Stroke and Cerebrovascular Diseases. 2010;19(4):273-278.

https://doi.org/10.1016/j.jstrokecerebrovasdis.2009.05.002.

30. Schwope DM, Karschner EL, Gorelick DA, Huestis MA. Identification

of recent cannabis use: whole-blood and plasma free and

glucuronidated cannabinoid pharmacokinetics following controlled

smoked cannabis administration. Clinical Chemistry. 2011;57(10):1406-

1414. [PubMed ID: 21836075]. [PubMed Central ID: PMC3717336].

https://doi.org/10.1373/clinchem.2011.171777.

31. ElSohly MA, Gul W. Constituents of Cannabis sativa. Handbook of

Cannabis. 2014;3(1093):187-188.

https://doi.org/10.1093/acprof:oso/9780199662685.003.0001.

32. Ferrini F, et al. Characterization of the biological activity of the

ethanolic extract from the roots of Cannabis sativa L. grown in

aeroponics. 2022;11(5):860.

33. Malinowska B, Toczek M, Pędzińska‐Betiuk A, Schlicker E.

Cannabinoids in arterial, pulmonary and portal hypertension:

mechanisms of action and potential therapeutic significance. British

Journal of Pharmacology. 2019;176(10):1395-1411. [PubMed ID:

29455452]. [PubMed Central ID: PMC6487561].

https://doi.org/10.1111/bph.14168.

34. Sierra S, Luquin N, Navarro-Otano J. The endocannabinoid system in

cardiovascular function: novel insights and clinical implications.

Clinical Autonomic Research. 2018;28(1):35-52. [PubMed ID: 29222605].

https://doi.org/10.1007/s10286-017-0488-5.

35. Badisa RB, Wi S, Jones Z, Mazzio E, Zhou Y, Rosenberg JT, et al. Cellular

and molecular responses to acute cocaine treatment in neuronal-

like N2a cells: potential mechanism for its resistance in cell death.

Cell Death Discovery. 2018;4(1). 76. [PubMed ID: 30210816]. [PubMed

Central ID: PMC6133924]. https://doi.org/10.1038/s41420-018-0078-x.

36. Pacher P, Steffens S, Haskó G, Schindler TH, Kunos G. Cardiovascular

effects of marijuana and synthetic cannabinoids: the good, the bad,

and the ugly. Nature Reviews Cardiology. 2018;15(3):151-166. [PubMed

ID: 28905873]. https://doi.org/10.1038/nrcardio.2017.130.

37. Merve AO, Sobiecka P, Remeškevičius V, Taylor L, Saskoy L, Lawton S, et

al. Metabolites of cannabis induce cardiac toxicity and

morphological alterations in cardiac myocytes. International Journal

of Molecular Sciences. 2022;23(3):1401. [PubMed ID: 35163321]. [PubMed

Central ID: PMC8835806]. https://doi.org/10.3390/ijms23031401.

38. Waldman M, Hochhauser E, Fishbein M, Aravot D, Shainberg A, Sarne

Y. An ultra-low dose of tetrahydrocannabinol provides

cardioprotection. Biochemical Pharmacology. 2013;85(11):1626-1633.

[PubMed ID: 23537701]. https://doi.org/10.1016/j.bcp.2013.03.014.

39. Campos AC, Fogaça MV, Sonego AB, Guimarães FS. Cannabidiol,

neuroprotection and neuropsychiatric disorders. Pharmacological

Research. 2016;112:119-127. [PubMed ID: 26845349].

https://doi.org/10.1016/j.phrs.2016.01.033.

40. Pisanti S, Malfitano AM, Ciaglia E, Lamberti A, Ranieri R, Cuomo G, et

al. Cannabidiol: State of the art and new challenges for therapeutic

applications. Pharmacology & Therapeutics. 2017;175:133-150. [PubMed

ID: 28232276]. https://doi.org/10.1016/j.pharmthera.2017.02.041.

41. Garza-Cervantes JA, Ramos-González M, Lozano O, Jerjes-Sánchez C,

García-Rivas G. Therapeutic applications of cannabinoids in

cardiomyopathy and heart failure. Oxidative Medicine and Cellular

Longevity. 2020;2020(1):4587024-17. [PubMed ID: 33194003]. [PubMed

Central ID: PMC7641267]. https://doi.org/10.1155/2020/4587024.

42. Ren Z, Liu Y, Cai A, Yu Y, Wang X, Lan L, et al. Cannabidiol represses

miR-143 to promote cardiomyocyte proliferation and heart

regeneration after myocardial infarction. European Journal of

Pharmacology. 2024;963. 176245. [PubMed ID: 38052413].

https://doi.org/10.1016/j.ejphar.2023.176245.

43. Rajesh M, Bátkai S, Kechrid M, Mukhopadhyay P, Lee WS, Horváth B, et

al. Cannabidiol attenuates cardiac dysfunction, oxidative stress,

fibrosis, and inflammatory and cell death signaling pathways in

diabetic cardiomyopathy. J Am Coll Cardiol. 2010;56(25):2115-2125.

[PubMed ID: 21144973]. [PubMed Central ID: PMC3026637].

https://doi.org/10.1016/j.jacc.2010.07.033.

44. Schwartz M, Böckmann S, Hinz B. Up-regulation of heme oxygenase-1

expression and inhibition of disease-associated features by

cannabidiol in vascular smooth muscle cells. Oncotarget.

2018;9(77):34595-34616. [PubMed ID: 30349652]. [PubMed Central ID:

PMC6195385]. https://doi.org/10.18632/oncotarget.26191.

45. Rajesh M, Mukhopadhyay P, Bátkai S, Haskó G, Liaudet L, Drel VR, et

al. Cannabidiol attenuates high glucose-induced endothelial cell

inflammatory response and barrier disruption. American Journal of

Physiology-Heart and Circulatory Physiology. 2007;293(1):H610-H619.

[PubMed ID: 17384130]. [PubMed Central ID: PMC2228254].

https://doi.org/10.1152/ajpheart.00236.2007.

46. Jin D, Dai K, Xie Z, Chen J. Secondary metabolites profiled in cannabis

inflorescences, leaves, stem barks, and roots for medicinal purposes.

Scientific Reports. 2020;10(1). 3309. [PubMed ID: 32094454]. [PubMed

Central ID: PMC7039888]. https://doi.org/10.1038/s41598-020-60172-6.

47. Yang J, Fa J, Li B. Apoptosis induction of epifriedelinol on human

cervical cancer cell line. African Journal of Traditional, Complementary

and Alternative Medicines. 2017;14(4):80-86. [PubMed ID: 28638870].

[PubMed Central ID: PMC5471486].

https://doi.org/10.21010/ajtcam.v14i4.10.

48. Kim DK, Lim JP, Kim JW, Park HW, Eun JS. Antitumor and

antiinflammatory constituents from Celtis sinensis. Archives of

Pharmacal Research. 2005;28(1):39-43. [PubMed ID: 15742806].

https://doi.org/10.1007/bf02975133.

49. Yang H, Son JK, Jung B, Zheng M, Kim JR. Epifriedelanol from the root

bark of Ulmus davidiana inhibits cellular senescence in human

primary cells. Planta Medica. 2011;77(5):441-449.

https://doi.org/10.1055/s-0030-1250458.

50. Cicero AFG, Minardi M, Mirembe S, Pedro E, Gaddi A. Effects of a new

low dose soy protein/β-sitosterol association on plasma lipid levels

https://brieflands.com/journals/ijpr/articles/168324
http://www.ncbi.nlm.nih.gov/pubmed/22022923
https://www.ncbi.nlm.nih.gov/pmc/PMC3413845
https://doi.org/10.1111/j.1476-5381.2011.01747.x
http://www.ncbi.nlm.nih.gov/pubmed/29268097
https://www.ncbi.nlm.nih.gov/pmc/PMC5747376
https://doi.org/10.1016/j.neuron.2017.11.037
http://www.ncbi.nlm.nih.gov/pubmed/33020308
https://www.ncbi.nlm.nih.gov/pmc/PMC7585028
https://doi.org/10.1073/pnas.2006133117
http://www.ncbi.nlm.nih.gov/pubmed/25617894
https://www.ncbi.nlm.nih.gov/pmc/PMC4305286
https://doi.org/10.1371/journal.pone.0114285
https://doi.org/10.1093/cvr/cvab264
https://doi.org/10.1016/j.jstrokecerebrovasdis.2009.05.002
http://www.ncbi.nlm.nih.gov/pubmed/21836075
https://www.ncbi.nlm.nih.gov/pmc/PMC3717336
https://doi.org/10.1373/clinchem.2011.171777
https://doi.org/10.1093/acprof:oso/9780199662685.003.0001
http://www.ncbi.nlm.nih.gov/pubmed/29455452
https://www.ncbi.nlm.nih.gov/pmc/PMC6487561
https://doi.org/10.1111/bph.14168
http://www.ncbi.nlm.nih.gov/pubmed/29222605
https://doi.org/10.1007/s10286-017-0488-5
http://www.ncbi.nlm.nih.gov/pubmed/30210816
https://www.ncbi.nlm.nih.gov/pmc/PMC6133924
https://doi.org/10.1038/s41420-018-0078-x
http://www.ncbi.nlm.nih.gov/pubmed/28905873
https://doi.org/10.1038/nrcardio.2017.130
http://www.ncbi.nlm.nih.gov/pubmed/35163321
https://www.ncbi.nlm.nih.gov/pmc/PMC8835806
https://doi.org/10.3390/ijms23031401
http://www.ncbi.nlm.nih.gov/pubmed/23537701
https://doi.org/10.1016/j.bcp.2013.03.014
http://www.ncbi.nlm.nih.gov/pubmed/26845349
https://doi.org/10.1016/j.phrs.2016.01.033
http://www.ncbi.nlm.nih.gov/pubmed/28232276
https://doi.org/10.1016/j.pharmthera.2017.02.041
http://www.ncbi.nlm.nih.gov/pubmed/33194003
https://www.ncbi.nlm.nih.gov/pmc/PMC7641267
https://doi.org/10.1155/2020/4587024
http://www.ncbi.nlm.nih.gov/pubmed/38052413
https://doi.org/10.1016/j.ejphar.2023.176245
http://www.ncbi.nlm.nih.gov/pubmed/21144973
https://www.ncbi.nlm.nih.gov/pmc/PMC3026637
https://doi.org/10.1016/j.jacc.2010.07.033
http://www.ncbi.nlm.nih.gov/pubmed/30349652
https://www.ncbi.nlm.nih.gov/pmc/PMC6195385
https://doi.org/10.18632/oncotarget.26191
http://www.ncbi.nlm.nih.gov/pubmed/17384130
https://www.ncbi.nlm.nih.gov/pmc/PMC2228254
https://doi.org/10.1152/ajpheart.00236.2007
http://www.ncbi.nlm.nih.gov/pubmed/32094454
https://www.ncbi.nlm.nih.gov/pmc/PMC7039888
https://doi.org/10.1038/s41598-020-60172-6
http://www.ncbi.nlm.nih.gov/pubmed/28638870
https://www.ncbi.nlm.nih.gov/pmc/PMC5471486
https://doi.org/10.21010/ajtcam.v14i4.10
http://www.ncbi.nlm.nih.gov/pubmed/15742806
https://doi.org/10.1007/bf02975133
https://doi.org/10.1055/s-0030-1250458


Kargar Jahromi H et al. Brieflands

Iran J Pharm Res. 2026; 25(1): e168324 11

and oxidation. European Journal of Nutrition. 2004;43(5):319-322.

[PubMed ID: 15309453]. https://doi.org/10.1007/s00394-004-0478-y.

51. Liao PC, Lai MH, Hsu KP, Kuo YH, Chen J, Tsai MC, et al. Identification

of β-sitosterol as in vitro anti-inflammatory constituent in Moringa

oleifera. Journal of Agricultural and Food Chemistry. 2018;66(41):10748-

10759. [PubMed ID: 30280897].

https://doi.org/10.1021/acs.jafc.8b04555.

52. Berg AF, Ettich J, Weitz HT, Krusche M, Floss DM, Scheller J, et al.

Exclusive inhibition of IL-6 trans-signaling by soluble gp130FlyRFc.

Cytokine: X. 2021;3(4). 100058. [PubMed ID: 34927050]. [PubMed

Central ID: PMC8649222]. https://doi.org/10.1016/j.cytox.2021.100058.

53. Kishimoto T, Kang S. IL-6 revisited: from rheumatoid arthritis to CAR

T-cell therapy and COVID-19. Annual Review of Immunology.

2022;40(1):323-348. [PubMed ID: 35113729].

https://doi.org/10.1146/annurev-immunol-101220-023458.

54. Morgan CJA, Das RK, Joye A, Curran HV, Kamboj SK. Cannabidiol

reduces cigarette consumption in tobacco smokers: preliminary

findings. Addictive Behaviors. 2013;38(9):2433-2436. [PubMed ID:

23685330]. https://doi.org/10.1016/j.addbeh.2013.03.011.

55. Penner EA, Buettner H, Mittleman MA. The impact of marijuana use

on glucose, insulin, and insulin resistance among US adults. The

American Journal of Medicine. 2013;126(7):583-589. [PubMed ID:

23684393]. https://doi.org/10.1016/j.amjmed.2013.03.002.

https://brieflands.com/journals/ijpr/articles/168324
http://www.ncbi.nlm.nih.gov/pubmed/15309453
https://doi.org/10.1007/s00394-004-0478-y
http://www.ncbi.nlm.nih.gov/pubmed/30280897
https://doi.org/10.1021/acs.jafc.8b04555
http://www.ncbi.nlm.nih.gov/pubmed/34927050
https://www.ncbi.nlm.nih.gov/pmc/PMC8649222
https://doi.org/10.1016/j.cytox.2021.100058
http://www.ncbi.nlm.nih.gov/pubmed/35113729
https://doi.org/10.1146/annurev-immunol-101220-023458
http://www.ncbi.nlm.nih.gov/pubmed/23685330
https://doi.org/10.1016/j.addbeh.2013.03.011
http://www.ncbi.nlm.nih.gov/pubmed/23684393
https://doi.org/10.1016/j.amjmed.2013.03.002

