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Abstract  

Ischemic stroke is a leading cause of mortality and disability worldwide, with inflammation playing a central role in 

its pathophysiology. STAT3 and IL-6 are key players in the neuroinflammatory response that underlies neuronal 

injury and repair processes. Δ9-tetrahydrocannabinol (THC), the primary psychoactive in cannabis, and morphine, a 

widely used opioid, are well known to modulate these pathways. Here, we present a combined case study of ischemic 

stroke and in silico analyses to assess the involvement of THC and morphine in stroke pathogenesis. The case study 

concerns a young man with confirmed cannabis and opiate use and acute ischemic stroke. In silico studies reveal that 

STAT3 is a common target of THC and ischemic stroke, while IL-6 is the key target of morphine in relation to stroke. 

THC demonstrates a dual capacity to both activate and inhibit the JAK/STAT3 pathway, while IL-6, via JAK/STAT3 

signaling, exhibits both neuroprotective and destructive properties in ischemic stroke. Our results highlight the 

complex interplay between STAT3, IL-6 and external agents such as THC and morphine in stroke pathology. They 

highlight the need for further experimental studies to validate these molecular interactions and assess the therapeutic 

and pathological implications of targeting these pathways in the management of ischemic stroke. 
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Abbreviation

CNR1: Cannabinoid Receptor 1 

CRHR1: Corticotropin-Releasing Hormone 

Receptor 1 

DRD2: Dopamine Receptor D2 

GSK3B: Glycogen Synthase Kinase 3 Beta 

HDAC1: Histone Deacetylase 1 

IDH1: Isocitrate Dehydrogenase 1 

IL6: Interleukin 6 

IS: Ischemic Stroke 

JAK: Janus Kinase 

JAK2: Janus Kinase 2 

MAOA: Monoamine Oxidase A 

MAOB: Monoamine Oxidase B 

MAPK14: Mitogen-Activated Protein Kinase 14 

MDM2: Mouse Double Minute 2 Homolog 

NOS3: Nitric Oxide Synthase 3 

NR3C1: Nuclear Receptor Subfamily 3 Group C 

Member 1 (Glucocorticoid Receptor) 

OPRM1: Opioid Receptor Mu 1 

PARP1: Poly (ADP-Ribose) Polymerase 1 

PKM: Pyruvate Kinase M1/2 
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STAT3: Signal Transducer and Activator of 

Transcription 3 

TNF-α: Tumor Necrosis Factor-α 

TXN: Thioredoxin 

Δ9-THC: Δ9-Tetrahydrocannabinol                                                                                                                       

1. Introduction  

Ischemic stroke is a medical condition characterized by the 

interruption of blood flow to the brain, leading to a reduction 

in oxygen and nutrient supply. This deprivation results in 

cellular injury, which, if prolonged, causes irreversible 

neuronal death. The primary causes include thrombotic or 

embolic occlusions of cerebral arteries, which are often 

associated with atherosclerosis or cardiovascular disorders 

(Dirnagl et al., 1999). Clinically, ischemic stroke manifests 

sudden neurological deficits, such as motor weakness, 

speech disturbances, and cognitive impairments (Gottesman 

and Hillis, 2010). Stroke ranks as the second leading cause 

of mortality worldwide, contributing to 11.6% of total deaths 

in 2019 (Feigin et al., 2021). Ischemic stroke, the 

predominant type, constituted 62.4% of all stroke cases 

globally during the same year (Feigin et al., 2021). In France, 

25% of ischemic strokes occur before the age of 65. Ischemic 

stroke is the most common form of acquired disability; the 

second most prevalent cause is dementia, and it is the third 

leading cause of death in industrialized countries (Lecoffre 

et al., 2017). In an epidemiological study conducted in 

Casablanca and Rabat, two Moroccan cities, crude stroke 

prevalence was determined to be 284 per 100,000 people, 

with ischemic stroke accounting for 70.9% of total stroke 

cases (Engels et al., 2014). The most frequent causes of 

strokes were atherosclerosis and cardioembolic disease. 

Mortality rates were between 3% and 13% during the acute 

phase. Three-month mortality ranged from 4.3% to 32.5% 

(Kharbach et al., 2019). 

Signal Transducer and Activator of Transcription 3 (STAT3) 

is a major transcription factor engaged in inflammation and 

apoptosis and pierces the main pathophysiology process of 

ischemic stroke; thus, the application of ischemic stroke in 

this study is justified (Millot et al., 2020). In ischemic stroke, 

STAT3 has dual functions: generally, it tends to activate 

neuroinflammation but also leads to tissue repair (Zhong et 

al., 2021). On the other hand, the overactivation of STAT3 

increased neuroinflammation by expressing several 

inflammatory mediators, including TNF-α. This condition 

will finally enhance neuronal damage and blood-brain 

barrier disruption (Zhu et al., 2021). 

Multiple studies have shown STAT3 inhibition to be 

beneficial in ischemic stroke outcomes and 

neuroinflammation. These studies highlight the role of the 

JAK/STAT3 signaling pathway in reducing the expression 

of pro-inflammatory mediators, neuronal apoptosis, and 

oxidative stress, all of which contribute to the 

pathophysiology of ischemic stroke (Li et al., 2019; Xu et al., 

2019; Zhu et al., 2021). Interleukin-6 (IL-6), the mediator 

inflammatory, is a cytokine that participates in many 

activities, hence playing a complex role in the 

pathophysiology of ischemic stroke. IL-6 is a pro-

inflammatory mediator, rapidly increasing after cerebral 

ischemia (Cojocaru et al., 2009). Studies proved that 

activating IL-6 and other cytokines fostering cooperation 

within ischemic regions contributes to the exacerbation of 

damage (Zhu et al., 2022). 

This paper presents a case study of ischemic stroke triggered 

by toxic agents. Toxicology reports show positive results for 

Δ9-Tetrahydrocannabinol and Opiates, which contributes 

toward the possibility of these drugs in the development of 

ISC. To comprehend the molecular mechanisms underlying 

this association, we designed an in silico study to analyze 

how THC and opiates could be implicated in the 

development of ischemic stroke. 

2. Materials and Methods 

2.1. In silico study  

2.1.1.Potential Targets of Δ9-Tetrahydrocannabinol 

and opiates  

ChEMBL database (https://www.ebi.ac.uk/chembl/) and the 

SwissTarget Prediction tool 

(http://www.swisstargetprediction.ch/) were used for the 

identification of potential targets for Δ9-

Tetrahydrocannabinol and Morphine (the primary opiate). 

SwissTargetPrediction determines compound targets by 

examining similarities in chemical structures, while 

ChEMBL provides a more extensive range with its larger 

database of compounds and their corresponding targets. The 

results from both sources were merged, with duplicates 

removed. To ensure consistency, the identified targets were 

mapped to gene symbols using the UniProt database 

(https://www.uniprot.org/) (Xian et al., 2021). 

2.1.1. 2.1.2. Potential Targets of Ischemic Stroke  

The GeneCards database (https://www.genecards.org/) was 

utilized to identify targets linked to Ischemic Stroke by 

searching the term "Ischemic Stroke." GeneCards offers a 

comprehensive collection of genomic, proteomic, and 

disease-related information. Higher scores in GeneCards 

indicated a more significant correlation between a target and 

the related disease (Xian et al., 2021). 

2.1.3. Protein-Protein Interaction (PPI) Network for 

Δ9-Tetrahydrocannabinol-Ischemic Stroke and Morphine-

Ischemic Stroke 

To investigate the interactions between targets linked to Δ9-

Tetrahydrocannabinol-Ischemic Stroke and Morphine-

Ischemic Stroke, a Venn diagram was created to pinpoint 

common targets. These shared targets were examined 

through the STRING database (https://string-db.org/) to 

build a protein-protein interaction (PPI) network, 

showcasing their connections. Cytoscape software was then 

used to rank the most critical targets by evaluating the degree 

https://www.ebi.ac.uk/chembl/
http://www.swisstargetprediction.ch/
https://www.uniprot.org/
https://www.genecards.org/
https://string-db.org/
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values of the interaction nodes in the network (Xian et al., 

2021). 

3. Clinical Observation and In-Silico Study Results 

3.1. Clinical Observation  

A 30-year-old male smoker for five years presented to the 

emergency department with sudden-onset heaviness in the 

left hemibody. Clinical examination revealed a conscious 

patient with left hemiparesis involving facial muscles. The 

remainder of the clinical examination, including 

cardiovascular assessment, was unremarkable and did not 

aid in identifying the etiological diagnosis. 

A CT scan performed 12 hours after symptom onset showed 

a right parietal hypodensity consistent with a superficial right 

middle cerebral artery infarction (Figure 1).  

MRI at 24 hours revealed no additional abnormalities. A 

comprehensive etiological workup including Doppler 

ultrasound of the supra-aortic trunks, transthoracic and 

transesophageal echocardiography, 48-hour ECG 

monitoring, and laboratory tests (complete blood count, 

prothrombin time, activated partial thromboplastin time, 

antithrombin, vitamin B12, proteins C and S, HbA1c, lipid 

profile, TSH, HIV, hepatitis B and C serologies, and 

syphilis) was normal. 

The toxic origin was suspected, and a toxicological test was 

carried out in the blood and urine using multi-drug screening 

cassettes from InTec PRODUCTS, INC. The results were 

positive for cannabis and opiates in the urine.  

The patient later admitted to having recently used cannabis 

significantly. The patient was hospitalized in a neurovascular 

unit and showed good progress after functional 

rehabilitation. A consultation to assist with withdrawal was 

offered to the patient before he was discharged from the 

hospital. 

 

 

 

Figure 1: Brain scan showing right parietal hypodensity consistent with right superficial Sylvian infarction

3.2. In silico results  

After standardization in UniProt and eliminating duplicate 

entries, we identified 100 potential targets for Δ9-

tetrahydrocannabinol using the SwissTargetPrediction and 

ChEMBL databases. Similarly, 100 potential targets for 

morphine were identified. Additionally, 7,381 ischemic 

stroke-related targets were extracted from the GeneCards 

database. Seventy-seven overlapping targets were identified 

between the Δ9-Tetrahydrocannabinol-associated targets and 

ischemic stroke-related genes, and 84 overlapping targets 

were identified between morphine and ischemic stroke 

targets (Figure 2). 

Correlation analysis revealed strong interrelations among 

the shared targets (Figure 3). Cytoscape software was used 

to evaluate these targets further and compute their 

correlation degree values (Table 1).  

For Δ9-Tetrahydrocannabinol, targets such as STAT3, 

PARP1, and PKM exhibited notably higher degree values,  

 

 

Figure 2: Screening analysis of overlapping genetic 

symbols between Δ9-Tetrahydrocannabinol and morphine 

and ischemic stroke 
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suggesting their significant roles as key contributors to Δ9-

Tetrahydrocannabinol-induced ischemic stroke. For 

morphine, targets including IL6, GSK3B, and NR3C1 

presented the highest degree values. 

Table 1: Correlation degree values using Cytoscape 

software  

Δ9-tetrahydrocannabinol - Ischemic Stroke interactions 

Gene name Degree Gene name Degree 

STAT3 20 CNR1 10 

PARP1 13 TXN 10 

PKM 13 JAK2 10 

CRHR1 12 MDM2 9 

IDH1 12 MAPK14 9 

Morphine - Ischemic Stroke interactions 

Gene name Degree Gene name Degree 

IL6 36 MAOB 17 

GSK3B 22 OPRM1 15 

NR3C1 19 NOS3 15 

MAOA 19 HDAC1 14 

DRD2 18 JAK2 14 

4. Discussion 

Signal transducer and activator of transcription 3 (STAT3) 

is a transcription factor that mainly participates in many 

physiological and pathological processes, such as cell 

survival, proliferation, differentiation, and immune response 

(Hillmer et al., 2016; Hirano et al., 2000). It gets activated 

by upstream signaling pathways, particularly through the 

Janus kinase (JAK) pathway; after that, it translocates to the 

nucleus, where it regulates the expression of genes involved 

in those activities (Bhattacharya and Schindler, 2003). 

Dysregulation of STAT3 has been implicated in some 

diseases, including ischemic stroke (Vogel et al., 2015; Zhu 

et al., 2021). 

Many studies have shown that STAT3 gets activated in 

experimental stroke models, both in vivo and in vitro. After 

it is activated, STAT3 controls the expression of many genes 

involved in several cell activities, which are believed to 

greatly affect neural harm and healing processes (Liang et 

al., 2016; Raible et al., 2014). Furthermore, there is debate 

regarding whether activating this pathway enhances 

neurological recovery. Some research indicates that 

interventions targeting STAT3 signaling post-stroke may 

improve functional outcomes and/or reduce cell death (Zhu 

et al., 2013). 

 

 

A)                                                                                                           B) 

 

Figure 3: Protein-protein interaction (PPI) network analysis. (A): Overlapping genes between Δ9-tetrahydrocannabinol 

and ischemic stroke. (B): Overlapping genes between morphine and ischemic stroke 
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Conversely, according to author studies, activation of 

STAT3 can exacerbate neuroinflammation, contributing to 

secondary brain injury, following ischemia, activated 

microglia and expression of many genes that encode 

proinflammatory mediators, including cytokines, 

chemokines, adhesion molecules, and inflammatory 

enzymes (Yi et al., 2007). Persistent STAT3 activation may 

amplify the production of inflammatory mediators, increase 

oxidative stress, and promote neuronal damage (Yu et al., 

2013).  

Cannabis has become the most commonly used illicit drug 

globally since the 1990s. Behind its reputation as a "soft 

drug" lie numerous somatic and psychiatric complications. 

Given its widespread use, any pathology, particularly in 

young individuals, should prompt consideration of its 

potential role (Mallaret et al., 2005). A temporal relationship 

between cannabis consumption and neurovascular events is 

frequently reported (Desbois and Cacoub, 2013; Jouanjus et 

al., 2014; Thomas et al., 2014), often with increased drug use 

hours or days before the stroke (Lawson and Rees, 1996; 

Mateo et al., 2005). Several pathophysiological hypotheses 

attempt to link cannabis to stroke. Vasospasm was initially 

suspected following reports of recurrent transient ischemic 

attacks (TIA) during cannabis use (Lawson and Rees, 1996) 

or ischemic strokes resolving rapidly (Finsterer et al., 2004). 

Moreover, the risk of myocardial infarction is 4.8 times 

higher within an hour of cannabis consumption in patients 

with angina (Mittleman et al., 2001).  

Δ9-Tetrahydrocannabinol (THC), the primary psychoactive 

constituent of cannabis, modulates various cellular signaling 

pathways. The primary molecular targets of THC are 

cannabinoid receptors CB1 and CB2 (Matsuda et al., 1990; 

Munro et al., 1993). CB1 receptors are predominantly 

located in the central nervous system, whereas CB2 

receptors are mainly distributed in the peripheral nervous 

system and immune cells. These cannabinoid receptors 

belong to the G-protein-coupled receptor family and 

regulate various physiological functions (Maia et al., 2023). 

THC has the capability to activate Janus kinases 

(JAKs)/signal transducer and activator of transcription 

proteins (STATs) families (Carmona Rendón et al., 2023; 

Sido et al., 2015). The activation of Janus kinases (JAKs) 

leads to the phosphorylation of STAT3 at tyrosine residues, 

facilitating its dimerization and nuclear translocation. 

STAT3 regulates genes involved in anti-inflammatory 

responses, cell cycle progression, and apoptosis in the 

nucleus. On the other hand, several studies have shown the 

ability of THC to inhibit the JAKS/STAT signaling pathway 

(Chang et al., 2017; Ngaotepprutaram et al., 2013). 

In our in-silico study, STAT3 emerged as a shared target 

between THC and ischemic stroke, highlighting the 

necessity for in vivo and in vitro investigations to evaluate 

THC's potential to activate the JAK/STAT pathway and its 

role in the pathogenesis of ischemic stroke. 

In this case study, toxicological analysis also detected 

opiates, which may induce cerebral lesions through 

hemodynamic mechanisms. Iterative use causes systemic 

effects, including abrupt changes in blood pressure and heart 

rate (Frishman et al., 2003). Respiratory depression, 

symptomatic in overdose cases, may result in hypoxic 

leukoencephalopathy, occasionally associated with 

localized ischemia in areas sensitive to hypoxia (Büttner et 

al., 2000). 

We selected morphine as the representative opioid for our in 

silico study, and the results identified IL6 as the primary 

target of morphine most strongly associated with ischemic 

stroke.  

Interleukin-6 (IL-6) is a multifunctional cytokine that plays 

a central role in immune regulation, inflammation, and acute 

phase response. IL-6 is produced by different cell types such 

as macrophages, endothelial cells, astrocytes, and neurons; 

its function in the inflammatory response is complex as it 

can support both pro-inflammatory and anti-inflammatory 

activity depending on the cellular and molecular 

environment (Scheller et al., 2011). In ischemic stroke, IL-6 

is one of the main mediators of the neuroinflammatory 

response to ischemic brain injury. During ischemic brain 

injury, IL-6 levels become extremely elevated in the brain 

and cerebrospinal fluid as part of the immune response 

against neuronal injury (Cojocaru et al., 2009). This 

cytokine has both neuroprotective and destructive 

properties. The neuroprotective aspect includes the 

possibility of the expression of certain neurotrophic factors 

and an increase in neuronal survival (Feng et al., 2015). 

IL-6 signaling is mainly mediated by the JAK/STAT3 

pathway, where it activates STAT3, a transcription factor 

involved in both cellular repair and inflammatory activities; 

this process may contribute to the pathogenesis of IL-6-

mediated ischemic stroke (Aliena-Valero et al., 2021; Zhong 

et al., 2021). 

Although our patient's outcome was favorable, the literature 

reports cases of extensive ischemic strokes with poor 

prognoses. These findings should alert illicit substance users 

to the severity of their consumption and encourage 

healthcare providers to consider toxic causes when faced 

with acute vascular presentations in young patients. 

5. Conclusion 

Based on case studies and in silico approaches, this work 

highlights the complex interplay between the JAK/STAT3 

pathway, ischemic stroke and external factors such as Δ9-

tetrahydrocannabinol (THC) and morphine. STAT3 appears 

as a key transcription factor involved in various 

physiological and pathological processes, including 

neuroinflammation and neuronal survival, with its 

dysregulation implicated in ischemic stroke. While THC 

shows the ability to activate and inhibit the JAK/STAT3 

pathway, its dual function requires further in vivo and in 

vitro studies to understand its effect on ischemic stroke 

outcomes. 

The results highlight the need for a deeper understanding of 

how external agents impact STAT3 and IL-6 signaling, 

which could lead to new therapeutic perspectives or reveal 

the risks associated with these agents. Future research 

should aim to verify these results in silico experimentally 

and to detail the mechanism of STAT3 and IL-6 modulation 
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by THC and morphine, discussing their therapeutic and 

pathological implications in ischemic stroke. 

Data availability statement 

The original contributions presented in the study are 

included in the article/Supplementary Material; further 

inquiries can be directed to the corresponding authors. 

Funding 

The author(s) declare that no financial support was received 

for this article's research, authorship, and/or publication.  

Conflict of interest 

The authors declare that the research was conducted without 

any commercial or financial relationships that could be 

construed as a potential conflict of interest. 

References  

Aliena-Valero, A., Rius-Pérez, S., Baixauli-Martín, J., 

Torregrosa, G., Chamorro, Á., Pérez, S., Salom, J.B., 

2021. Uric acid neuroprotection associated to IL-

6/STAT3 signaling pathway activation in rat ischemic 

stroke. Molecular neurobiology 58(1), 408-423. 

Bhattacharya, S., Schindler, C., 2003. Regulation of Stat3 

nuclear export. The Journal of clinical investigation 

111(4), 553-559. 

Büttner, A., Mall, G., Penning, R., Weis, S., 2000. The 

neuropathology of heroin abuse. Forensic science 

international 113(1-3), 435-442. 

Carmona Rendón, Y., Garzón, H.S., Bueno-Silva, B., Arce, 

R.M., Suárez, L.J., 2023. Cannabinoids in 

Periodontology: Where Are We Now? Antibiotics 

12(12), 1687. 

Chang, X., Bian, Y., He, Q., Yao, J., Zhu, J., Wu, J., Wang, 

K., Duan, T., 2017. Suppression of STAT3 signaling by 

Δ9-tetrahydrocannabinol (THC) induces trophoblast 

dysfunction. Cellular Physiology and Biochemistry 

42(2), 537-550. 

Cojocaru, I.M., Cojocaru, M., Tănăsescu, R., Iliescu, I., 

Dumitrescu, L., Silosi, I., 2009. Expression of IL-6 

activity in patients with acute ischemic stroke. Romanian 

journal of internal medicine= Revue roumaine de 

medecine interne 47(4), 393-396. 

Desbois, A.C., Cacoub, P., 2013. Cannabis-associated 

arterial disease. Annals of vascular surgery 27(7), 996-

1005. 

Dirnagl, U., Iadecola, C., Moskowitz, M.A., 1999. 

Pathobiology of ischaemic stroke: an integrated view. 

Trends in neurosciences 22(9), 391-397. 

Engels, T., Baglione, Q., Audibert, M., Viallefont, A., 

Mourji, F., El Alaoui Faris, M., Group, G.S., 2014. 

Socioeconomic status and stroke prevalence in Morocco: 

results from the Rabat-Casablanca study. PloS one 9(2), 

e89271. 

Feigin, V.L., Stark, B.A., Johnson, C.O., Roth, G.A., 

Bisignano, C., Abady, G.G., Abbasifard, M., Abbasi-

Kangevari, M., Abd-Allah, F., Abedi, V., 2021. Global, 

regional, and national burden of stroke and its risk 

factors, 1990–2019: a systematic analysis for the Global 

Burden of Disease Study 2019. The Lancet Neurology 

20(10), 795-820. 

Feng, Q., Wang, Y., Yang, Y., 2015. Neuroprotective effect 

of interleukin-6 in a rat model of cerebral ischemia. 

Experimental and therapeutic medicine 9(5), 1695-1701. 

Finsterer, J., Christian, P., Wolfgang, K., 2004. Occipital 

stroke shortly after cannabis consumption. Clinical 

neurology and neurosurgery 106(4), 305-308. 

Frishman, W.H., Del Vecchio, A., Sanal, S., Ismail, A., 

2003. Cardiovascular manifestations of substance abuse: 

part 2: alcohol, amphetamines, heroin, cannabis, and 

caffeine. Heart disease (Hagerstown, Md.) 5(4), 253-271. 

Gottesman, R.F., Hillis, A.E., 2010. Predictors and 

assessment of cognitive dysfunction resulting from 

ischaemic stroke. The Lancet Neurology 9(9), 895-905. 

Hillmer, E.J., Zhang, H., Li, H.S., Watowich, S.S., 2016. 

STAT3 signaling in immunity. Cytokine & growth factor 

reviews 31, 1-15. 

Hirano, T., Ishihara, K., Hibi, M., 2000. Roles of STAT3 in 

mediating the cell growth, differentiation and survival 

signals relayed through the IL-6 family of cytokine 

receptors. Oncogene 19(21), 2548-2556. 

Jouanjus, E., Lapeyre‐Mestre, M., Micallef, J., Abuse, 

F.A.o.t.R., Complications*, D.M.C.W.G.o.C., 2014. 

Cannabis use: signal of increasing risk of serious 

cardiovascular disorders. Journal of the American Heart 

Association 3(2), e000638. 

Kharbach, A., Obtel, M., Lahlou, L., Aasfara, J., Mekaoui, 

N., Razine, R., 2019. Ischemic stroke in Morocco: a 

systematic review. BMC neurology 19, 1-15. 

Lawson, T., Rees, A., 1996. Stroke and transient ischaemic 

attacks in association with substance abuse in a young 

man. Postgraduate medical journal 72(853), 692-693. 

Lecoffre, C., de Peretti, C., Gabet, A., Grimaud, O., 

Woimant, F., Giroud, M., Béjot, Y., Olié, V., 2017. 

L’accident vasculaire cérébral en France: patients 

hospitalisés pour AVC en 2014 et évolutions 2008-2014. 

Bulletin Epidémiologique Hebdomadaire-BEH. 

Li, F., Zhao, H., Han, Z., Wang, R., Tao, Z., Fan, Z., Zhang, 

S., Li, G., Chen, Z., Luo, Y., 2019. Xuesaitong may 

protect against ischemic stroke by modulating microglial 

phenotypes and inhibiting neuronal cell apoptosis via the 

STAT3 signaling pathway. CNS & Neurological 

Disorders-Drug Targets (Formerly Current Drug 

Targets-CNS & Neurological Disorders) 18(2), 115-123. 

Liang, Z., Wu, G., Fan, C., Xu, J., Jiang, S., Yan, X., Di, S., 

Ma, Z., Hu, W., Yang, Y., 2016. The emerging role of 

signal transducer and activator of transcription 3 in 

cerebral ischemic and hemorrhagic stroke. Progress in 

neurobiology 137, 1-16. 

Maia, J., Fonseca, B., Teixeira, N., Correia-da-Silva, G., 

2023. Unveiling the angiogenic effects of cannabinoids: 

enhancers or inhibitors? Biochemical pharmacology, 

115686. 



 

 49 
 

Hoummani et al.                                                                                                                                                                                   JNESMP (2025) Vol. 2/ Issue 1  

https://fmjpublishing.com/index.php/JNESMP 

Mallaret, M., Dal'Bo-Rohrer, D., Demattéis, M., 2005. 

Adverse effects of marijuana. La Revue du Praticien 

55(1), 41-49. 

Mateo, I., Pinedo, A., Gomez-Beldarrain, M., Basterretxea, 

J., Garcia-Monco, J., 2005. Recurrent stroke associated 

with cannabis use. Journal of Neurology, Neurosurgery 

& Psychiatry 76(3), 435-437. 

Matsuda, L.A., Lolait, S.J., Brownstein, M.J., Young, A.C., 

Bonner, T.I., 1990. Structure of a cannabinoid receptor 

and functional expression of the cloned cDNA. Nature 

346(6284), 561-564. 

Millot, P., San, C., Bennana, E., Porte, B., Vignal, N., 

Hugon, J., Paquet, C., Hosten, B., Mouton-Liger, F., 

2020. STAT3 inhibition protects against 

neuroinflammation and BACE1 upregulation induced by 

systemic inflammation. Immunology Letters 228, 129-

134. 

Mittleman, M.A., Lewis, R.A., Maclure, M., Sherwood, 

J.B., Muller, J.E., 2001. Triggering myocardial infarction 

by marijuana. Circulation 103(23), 2805-2809. 

Munro, S., Thomas, K.L., Abu-Shaar, M., 1993. Molecular 

characterization of a peripheral receptor for 

cannabinoids. Nature 365(6441), 61-65. 

Ngaotepprutaram, T., Kaplan, B.L., Carney, S., Crawford, 

R., Kaminski, N.E., 2013. Suppression by Δ9-

tetrahydrocannabinol of the primary immunoglobulin M 

response by human peripheral blood B cells is associated 

with impaired STAT3 activation. Toxicology 310, 84-91. 

Raible, D.J., Frey, L.C., Brooks-Kayal, A.R., 2014. Effects 

of JAK2-STAT3 signaling after cerebral insults. Jak-Stat 

3(2), e29510. 

Scheller, J., Chalaris, A., Schmidt-Arras, D., Rose-John, S., 

2011. The pro-and anti-inflammatory properties of the 

cytokine interleukin-6. Biochimica et Biophysica Acta 

(BBA)-Molecular Cell Research 1813(5), 878-888. 

Sido, J.M., Yang, X., Nagarkatti, P.S., Nagarkatti, M., 2015. 

Δ9-Tetrahydrocannabinol-mediated epigenetic 

modifications elicit myeloid-derived suppressor cell 

activation via STAT3/S100A8. Journal of Leucocyte 

Biology 97(4), 677-688. 

Thomas, G., Kloner, R.A., Rezkalla, S., 2014. Adverse 

cardiovascular, cerebrovascular, and peripheral vascular 

effects of marijuana inhalation: what cardiologists need 

to know. The American journal of cardiology 113(1), 

187-190. 

Vogel, T.P., Milner, J.D., Cooper, M.A., 2015. The ying and 

yang of STAT3 in human disease. Journal of clinical 

immunology 35, 615-623. 

Xian, Z., Tian, J., Zhang, Y., Meng, J., Zhao, Y., Li, C., Yi, 

Y., Han, J., Liu, S., Wang, L., 2021. Study on the 

potential nephrotoxicity and mutagenicity of aristolochic 

acid IVa and its mechanism. Biomedicine & 

Pharmacotherapy 142, 112081. 

Xu, B., He, X., Sui, Y., Wang, X., Wang, X., Ren, L., Zhai, 

Y.-X., 2019. Ginkgetin aglycone attenuates 

neuroinflammation and neuronal injury in the rats with 

ischemic stroke by modulating STAT3/JAK2/SIRT1. 

Folia Neuropathologica 57(1), 16-23. 

Yi, J.-H., Park, S.-W., Kapadia, R., Vemuganti, R., 2007. 

Role of transcription factors in mediating post-ischemic 

cerebral inflammation and brain damage. 

Neurochemistry international 50(7-8), 1014-1027. 

Yu, L., Chen, C., Wang, L.-F., Kuang, X., Liu, K., Zhang, 

H., Du, J.-R., 2013. Neuroprotective effect of kaempferol 

glycosides against brain injury and neuroinflammation 

by inhibiting the activation of NF-κB and STAT3 in 

transient focal stroke. PloS one 8(2), e55839. 

Zhong, Y., Yin, B., Ye, Y., Dekhel, O.Y., Xiong, X., Jian, 

Z., Gu, L., 2021. The bidirectional role of the 

JAK2/STAT3 signaling pathway and related 

mechanisms in cerebral ischemia-reperfusion injury. 

Experimental neurology 341, 113690. 

Zhu, H., Hu, S., Li, Y., Sun, Y., Xiong, X., Hu, X., Chen, J., 

Qiu, S., 2022. Interleukins and ischemic stroke. Frontiers 

in immunology 13, 828447. 

Zhu, H., Jian, Z., Zhong, Y., Ye, Y., Zhang, Y., Hu, X., Pu, 

B., Gu, L., Xiong, X., 2021. Janus kinase inhibition 

ameliorates ischemic stroke injury and 

neuroinflammation through reducing NLRP3 

inflammasome activation via JAK2/STAT3 pathway 

inhibition. Frontiers in Immunology 12, 714943. 

Zhu, H., Zou, L., Tian, J., Du, G., Gao, Y., 2013. SMND-

309, a novel derivative of salvianolic acid B, protects rat 

brains ischemia and reperfusion injury by targeting the 

JAK2/STAT3 pathway. European journal of 

pharmacology 714(1-3), 23-31. 

 


