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Chapter 3. Introduction 

Arterial (systemic) and pulmonary hypertension are multi-factorial, high-pressure 

disorders. The first one is a civilizational disease, the second one is characterized by 

a very high mortality rate. Treatment resistance cases and low effectiveness makes 

exploring new therapeutic strategies an extremely vital mission. Among many others, 

(endo)cannabinoids recognized for their strong vasorelaxant properties are suggested as 

possible drugs for various types of hypertension. 

In my doctoral dissertation I will refer to the relevant sections, tables and figures 

of the original paper 1 (Remiszewski et al., 2020), the original paper 2 (Remiszewski et 

al., 2022) and a review paper (Remiszewski and Malinowska, 2022). 

Arterial hypertension 

Arterial hypertension has been characterized more precisely in section 2 of the 

review paper. Briefly, it is a multifunctional disease, which main outcome is an increase 

in blood pressure (BP) over 140 mmHg (systolic; SBP) and 80 mmHg (diastolic; DBP). 

Regarding the cause of hypertension development, two main types are introduced: 

primary (essential) hypertension, which accounts for up to 95% of cases but with no one 

and clear origin, and secondary hypertension with identified, other disease-related genesis 

(Ott and Schmieder, 2022). The pathophysiological basis of arterial hypertension is 

multifaceted and consists of the interplay between renal, humoral, vascular and central 

mechanisms, that normally maintain physiological BP, but their failure eventually leads 

to disease progression. With more than one billion people suffering from hypertension 

(30-45% of adults worldwide), this condition is considered the most critical and 

expensive public health problem and the leading single changeable contributor to global 

all-cause mortality and disability (Oparil et al., 2018). A wide range of available treatment 

options cover most of the diagnosed patients, however up to 20% of cases are classified 

as treatment-resistant (Brant et al., 2022). Drugs focusing on novel mechanisms are 

therefore anticipated. 

Pulmonary hypertension 

Pulmonary hypertension (PH) is a rare disease with elevated pressure 

(>20 mmHg) and resistance in the pulmonary circulation. Among the 5 groups of PH, the 

least frequent and most intensively studied is pulmonary arterial hypertension (PAH) 
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(Hassoun, 2021). Compared to arterial hypertension or even to other groups of PH, PAH 

is an extremely rare (ca. 51 cases per million) condition. The greatest problem with PAH 

lies in its high mortality. The average survival of patients receiving pharmacotherapy is 

about 7 years (Bisserier et al., 2020). Such unfavourable statistics are, on one hand, due 

to the complex pathophysiology of the disease including vasculopathy and following 

heart failure (Hassoun, 2021), but on the other hand, are connected with very limited 

therapeutic options, covering mostly pulmonary vasorelaxation (Sommer et al., 2021). 

Lung and heart inflammation and fibrosis, as contributing factors in the pathobiology 

of PH, might become mechanisms of action of explored innovative treatment strategies 

(Sitbon et al., 2019; Prisco et al., 2020). Therefore, the search for novel potential drug 

targets is extremely significant in the case of PAH. Nowadays, a gold standard of care 

in PAH is an early combined therapy with at least two compounds (Ruopp and Cockrill, 

2022). A more detailed description of PH can be found in section 3 of the review article 

and the original article 2. In my original paper 2, I used the terms PAH and PH in the case 

of human and animal studies, respectively, which is a recommended practice. 

Experimental models of hypertension 

Research on pathophysiology and potential therapeutic options would not be 

possible without experimental models of hypertension (Dignam et al., 2022; Jama et al., 

2022). As shown in Table 1 of the review paper, there are many models, which reflect 

primary or secondary arterial hypertension. Among them, the main focus should be placed 

on the spontaneously hypertensive rat (SHR) (primary) and deoxycorticosterone acetate 

(DOCA)-salt (secondary) models, which were used in the original paper 1. Pulmonary 

hypertension is also represented by a couple of models, including a monocrotaline 

(MCT)-induced one at the forefront, which was introduced in the original paper 2, but 

also others, like a hypoxia-induced model with its modification by additional sugen 

administration. 

Cannabinoids and the endocannabinoid system 

 Cannabinoids are the group of compounds first isolated from Cannabis sativa. 

There are 3 main classes of cannabinoids, depending on their origin: 

1) phytocannabinoids – both natural and synthetic compounds having their archetype 

in the plant, e.g. Δ9-tetrahydrocannabinol (THC), cannabidiol (CBD); 
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2) synthetic cannabinoids – synthetic molecules, mostly agonists of cannabinoid 

receptors, e.g. CP-55,940, WIN 55,212-2; 

3) endocannabinoids and endocannabinoid-like compounds – produced and acting 

endogenously, e.g. anandamide (AEA), 2-arachidonoylglycerol (2-AG). 

All 3 classes of cannabinoids can affect the endocannabinoid system, which, 

besides endocannabinoids, is formed with cannabinoid receptors: both classical 

(cannabinoid type 1 (CB1R) and type 2 (CB2R)) and non-classical (transient receptor 

potential vanilloid type 1, TRPV1; GPR18; GPR55; peroxisome proliferator-activated 

receptors, PPAR), enzymes responsible for endocannabinoids synthesis and degradation 

(e.g. fatty acid amide hydrolase, FAAH and monoacylglycerol lipase, MAGL responsible 

for the metabolism of AEA and 2-AG, respectively) or transmembrane transporters. 

A number of compounds, mostly synthetic, act through interaction (other than receptor 

activation) with elements of the endocannabinoid system, e.g. URB597, which inhibits 

FAAH or JD5037, the peripheral antagonist of CB1R. Both pro- and anti-hypertensive 

effects of the sensitive to cannabinoids receptors activation can be found in Figure 1 and 

section 6 of the review paper. 

 Promising results demonstrate the strong, tension-dependent vasodilatory effects 

of (endo)cannabinoids in isolated resistance arteries or pulmonary arteries (including 

human) (see section 7 and Table 2 of the review paper) and the involvement of the 

endocannabinoid tone in the cardiovascular system regulation in hypertension (Toczek 

and Malinowska, 2018). Moreover, numerous studies show the impact 

of (endo)cannabinoids on the cardiovascular system after their acute administration 

(described in detail in section 8 of the review article). The main outcomes include 

different responses in anesthetized and conscious animals. In anesthetized rats, a triphasic 

BP response occurs, with prolonged CB1R-dependent hypotension in phase III. The effect 

is stronger in hypertensive individuals. Conscious experiments resulted however in an 

increase in BP, a mechanism of which is complex, not fully-identified but with the 

participation of CB1Rs (Malinowska et al., 2012). 

All of these together suggest potential therapeutic beneficial effects 

of (endo)cannabinoids in different types of hypertension. Nevertheless, only experiments 

with the chronic administration of these compounds allow for the verification of the above 

theory. 
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Many proposed indications supported by studies and a few registered drugs 

(Epidiolex, Sativex) are proof of the high potential of CBD as a therapeutic solution. 

It may also become a strategy for the treatment of cardiovascular diseases, including 

hypertension (Kicman and Toczek, 2020) not only because of its vasodilatory 

(Baranowska-Kuczko et al., 2020) but also anti-inflammatory (Sunda and Arowolo, 

2020) and anti-oxidant (Pereira et al., 2021) properties. So far, BP-reducing effects 

of CBD were observed under stress conditions in humans (Sultan et al., 2020) and in 

stressed animals (Granjeiro et al., 2011). However, the effect of CBD on the BP 

of hypertensive individuals has been studied in one study only, where in conscious SHR 

a single intraperitoneal (i.p.) dose of CBD failed to diminish BP (Kossakowski et al., 

2019). 

Since peripheral overactivity of CB1Rs induces cardiac, pulmonary, liver and 

kidney fibrosis and promotes inflammation and/or oxidative stress (Puhl, 2020; Kicman 

et al., 2021), their blockade could become a potential therapeutic strategy (Cinar et al., 

2020). Knocking out CB1R or chronic administration of their peripheral antagonists 

(AM6545 or JD5037) diminishes inflammation and fibrosis and enhances animal survival 

in many experimental models. Increased fibrosis and inflammation of the vasculature and 

cardiac tissue are important causes/results of PH development. This is why CB1R 

blockade is being suggested as the target of PH therapy. Using a peripherally restricted 

antagonist of CB1R allows for avoiding central side effects observed previously with 

rimonabant, which was the reason for its withdrawal (Cinar et al., 2020). Metformin, 

an activator of 5' adenosine monophosphate-activated protein kinase (AMPK), was found 

effective in PH not only in animal-based experiments but also in clinical trials (Brittain 

et al., 2020). Taking into account that the gold standard for PAH treatment nowadays is 

an early combined therapy with compounds that affect different pharmacological targets 

(Klinger et al., 2019; Sommer et al., 2021; Tettey et al., 2021; Ruopp and Cockrill, 2022), 

merging CB1R antagonism with other molecular pathways (e.g. AMPK activation) is the 

desired option. It is even more interesting since new compounds with both of these 

properties were recently introduced (Cinar et al., 2020). 
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Chapter 4. The aim of the dissertation with the justification of the undertaken 

research topic 

Arterial (systemic) and pulmonary hypertension are complex, high-pressure 

conditions. Arterial hypertension is a civilizational disease, whereas PH is of concern 

because of its high mortality rate. Treatment resistance cases and low effectiveness makes 

studying novel therapies an extremely essential task. Among many others, 

(endo)cannabinoids known for their strong vasodilatory activity are proposed as potential 

drugs for a variety of types of hypertension. However, chronic experiments are still 

needed to evaluate the significance of (endo)cannabinoids in these indications. 

CBD is a multi-targeted phytocannabinoid with proven anti-oxidant and anti-

inflammatory activity. It has been proposed as a potential anti-hypertensive drug also 

thanks to its direct vasodilatory activity. Although, since acute administration of CBD 

in anesthetized SHR caused no alteration of BP, assessment of its chronic influence 

in various models of experimental hypertension is required to verify its hypotensive 

action. 

Early polytherapy or combined therapy, where therapeutic agents with more than 

one pathway or pharmacological target are used, is nowadays a gold standard in the 

treatment of PH. CB1R antagonism may become useful in PH since it leads to a decrease 

in fibrosis and inflammation in many pathological states. Combining it with an AMPK 

activator, metformin, which has been proved effective in experimental models and 

clinical trials of PAH, not only fulfils the requirement of operating on several targets. It is 

also the beginning of research on a new group of the third-generation CB1R antagonists 

with properties that combine these two mechanisms of action. 

Thus, the aim of my doctoral dissertation was to determine: 

1. the influence of chronic administration of CBD on BP and heart rate (HR) in rats 

with primary and secondary hypertension and its influence on the redox system, 

the endocannabinoid system and levels of polyunsaturated fatty acids (PUFAs) 

in the heart and plasma of rats; 

2. the influence of separate and combined administration of the peripheral CB1R 

antagonist JD5037 and the AMPK activator metformin on the MCT-induced PH 

in rats; 
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3. the effects of chronic administration of (endo)cannabinoids on BP in various 

models of systemic and pulmonary hypertension (based on available literature).  
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Chapter 5. Realization of scientific aims, material and methods, summary 

of research results and discussion  

Material and methods 

All surgical procedures and experimental protocols were approved by the Local 

Ethics Committee for Animal Experiments in Olsztyn (resolutions no. 80/2017, 74/2020, 

9/WNP/WDO/2021 and 39/WNP/2021). 

The experiments were conducted on the following hypertension models: 

I. Arterial hypertension: 

1. Spontaneously hypertensive rat (SHR) (primary/essential) with Wistar-Kyoto 

(WKY) control group. The SHR model was used as the most frequently studied 

genetic hypertensive model. 

2. Deoxycorticosterone acetate (DOCA)-salt (secondary) with Wistar (SHAM) 

control group. The DOCA-salt model was introduced because a salt-rich diet is one 

of the main lifestyle modifiable factors leading to hypertension. 

II. Pulmonary hypertension: 

3. Monocrotaline (MCT)-induced with Wistar (CTR) control group. The MCT-

induced model is considered the most accepted preclinical rodent model 

of established PH (also used for the development of PAH-targeted therapies). 

Detailed information on the models and their development can be found in the 

original papers 1 (SHR and DOCA-salt) and 2 (MCT), and in the review paper. 

 

Following compounds and their vehicles were used chronically in the 

experimental protocol: 

- arterial hypertension: CBD, 10 mg/kg body weight, i.p., once daily for 14 days 

- pulmonary hypertension: JD5037, 3 mg/kg body weight, orally, once daily for 

21 days and metformin, 100 mg/kg body weight, orally, once daily for 21 days. 

JD5037 and metformin were administered separately or in combination. 

The rationale for the doses used can be found in the original papers 1 and 2. 
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Experimental protocols 

I. Arterial hypertension 

 

Figure 1. A simplified scheme of experiments on arterial hypertension using a timeline. 

CBD – cannabidiol; DOCA – deoxycorticosterone acetate; SHAM – sham-operated 

animals; SHR – spontaneously hypertensive rat; WKY – Wistar-Kyoto rat. 

At the beginning of the experiments (day 0), BP (SBP as well as HR) was 

measured using the non-invasive tail-cuff method to confirm hypertension development 

(rats with SBP ≥ 150 mmHg were considered hypertensive). After the measurement, rats 

were randomly assigned to appropriate groups and the first dose of CBD or its vehicle 

was administered. The tail-cuff method-based determination of cardiovascular 

parameters was repeated after 7 and 14 days of the treatment. 

In another subgroup of animals, SBP, DBP and HR were constantly measured 

telemetrically in SHR and WKY. This method allows us to record even the smallest, both 

acute and chronic, changes in those physiological parameters in freely-moving animals. 

Body weight was measured daily, before CBD or its vehicle administration. 

Twenty-four hours after the last dose of CBD or its vehicle rats were anesthetized 

with pentobarbitone sodium (300 μmoL/kg; i.p.) to collect blood and the heart. 

The following parameters were determined in the tissues: 

• endocannabinoids and endocannabinoid-like compounds; 

• FAAH and MAGL activity; 

• CBRs expression; 
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• anti-oxidant enzyme activity and non-enzymatic anti-oxidants level; 

• oxidative protein and lipid modifications; 

• fatty acids. 

 

II. Pulmonary hypertension 

 

Figure 2. A simplified scheme of experiments on pulmonary hypertension using  

a timeline. CTR – control group; MET – metformin; MCT – monocrotaline; PH – 

pulmonary hypertension. 

After a single injection of MCT or its vehicle on day 0, SBP was measured non-

invasively the next day, before the first dose of tested compounds (JD5037 and/or 

metformin) or their vehicles were administered. Body weight was measured daily, before 

compounds or their vehicles administration. After 21 days of treatment, 24 hours after the 

last dose (on day 22), blood glucose was measured from the lateral tail vein and animals 

were anesthetized with ketamine and xylazine (i.p., 1 mL of ketamine 100 mg/mL + 

100 μL of xylazine 20 mg/mL; 300 μL per 250 g of body weight). After induction 

of anesthesia rectal temperature was determined and then a pressure catheter with a sensor 

for the measurement of the right ventricular systolic pressure (RVSP), HR and the rate 

of rise/decrease of right ventricular pressure (dP/dtmin/max) was pushed forward through 

the right jugular vein and placed in the right ventricle (RV). At the same time, blood 

oxygen level and HR were assessed using a pulse oximeter. After RVSP determination, 

the heart and lungs were removed. Next, RV, left ventricle with the septum (LV + S), 

right and left atria, left lung and left kidney were separated and weighed. RV hypertrophy 

was expressed in two ways: as Fulton’s index which is RV weight to LV + S weight 

(RV/LV + S) and as right ventricular hypertrophy index, which is RV weight to body 
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weight of the animal. Lung hypertrophy index was expressed as left lung weight to body 

weight of the animal. Except for hypertrophy indexes, the following parameters were 

determined in the tissues: 

• histopathological scoring and Masson’s trichrome staining in the heart; 

• pulmonary artery vascular wall thickness and alpha smooth muscle actin 

immunohistochemical staining in lungs; 

• remodelling markers’ expression in lungs. 

A detailed description of the procedures and statistical analysis of the results can 

be found in the original papers 1 and 2. 

 

Summary of research results and discussion 

The aim of my dissertation was an evaluation of the influence of chronically 

administered (1) CBD in primary and secondary arterial hypertension and (2) the 

peripheral CB1R antagonist JD5037 alone or combined with the AMPK activator 

metformin in pulmonary hypertension. Additionally, I have reviewed available literature 

on (endo)cannabinoids in systemic and pulmonary hypertension, which helped me to 

indicate if those compounds can be used as effective anti-hypertensive drugs. 

First of all, I have proven that the used models do reflect arterial and pulmonary 

hypertension. In SHR and DOCA-salt significant increases in SBP occurred (to the mean 

value of about 170 mmHg in both models; in both tail-cuff and telemetric method 

in SHR). In the MCT-induced model I have induced mild or early-stage PH with 

increased RVSP, Fulton’s index, oxygen saturation and changes in the pulmonary 

vasculature and cardiac tissue (see Figure 4). Occurrence of mild PH results from 

relatively moderate values of RVSP and lack of many changes characteristic of the end-

stage condition, like high mortality or intense RV fibrosis (lack of collagen I increase and 

only small increase of early predictors of fibrosis – transforming growth factor β1 

(TGFβ1) and galectin-3 (Gal-3)). Since lowering the PAH threshold arose (Simonneau et 

al., 2019), performing experiments and clinical trials on individuals with lower pressure 

is very much awaited. It should be remembered, that all presently used therapies have 

been studied in cases with advanced PH and it is unclear if currently available treatment 

schedules will be helpful for early-diagnosed patients (Stewart et al., 2020). 
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Most importantly, for the first time, I have shown model- and tissue-dependent 

changes in endocannabinoids and/or endocannabinoid-like compounds concentrations in 

systemic hypertension. As shown in Figure 2 and Figure 3 of original paper 1, in addition 

to AEA and 2-AG, which have been described previously (Biernacki et al., 2018), also 

six other endocannabinoid-like compounds’ levels decreased (or tended to decrease) in 

the heart of SHR whereas in the heart of DOCA not only 2-AG but also five others 

increased. On the rule, changes in plasma endocannabinoid levels were similar (but less 

pronounced). 

 

Figure 3. Summary of the most important effects of chronic administration of CBD in 

models of primary (SHR) and secondary (DOCA-salt) arterial hypertension. DOCA – 

deoxycorticosterone acetate; FAAH – fatty acid amide hydrolase; SHAM – sham-

operated animal; SHR – spontaneously hypertensive rat; WKY – Wistar-Kyoto rat.  

 As shown in Figure 3, summarizing results that I have obtained in the original 

paper 1, in arterial hypertension I have not observed the effect of 2-week chronic 

administration of CBD on BP, HR or body weight. There were, however, some alterations 

to other parameters. CBD decreased FAAH activity (as described previously, Leishman 

et al., 2018), diminished lipid peroxidation (but also some anti-oxidant markers) and 

lowered model-dependently levels of endocannabinoids with vasodilatory properties. 

Interestingly, in normotension CBD acted oppositely on FAAH activity and lipid 
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peroxidation (increase); the mechanism of both needs further study. Especially the second 

activity requires carefulness while using CBD in other indications. 

 The lack of anti-hypertensive activity of CBD can be explained by its contrary 

effects on BP, observed not only in my experiments (original paper 1) but also in other 

authors’ studies (Figure 2 in the review paper). First of all, CBD possesses proven 

vasodilatory activity on systemic vessels, also extracted from hypertensive individuals 

(Baranowska-Kuczko et al., 2020). What is more, its chronic administration mostly 

improves the vasodilatory response of arteries (Baranowska-Kuczko et al., 2021) and has 

protective properties on cardiac function (Pędzińska-Betiuk et al., 2021) (original paper 

1). On the other hand, CBD was found to have peripheral sympathomimetic activity 

(Kossakowski et al., 2019), which together with its partial pro-oxidant (drops in levels of 

anti-oxidant vitamins) (original paper 1) and pro-inflammatory (increase of pro-

inflammatory enzyme level) activity (Baranowska-Kuczko et al., 2021) connected with 

the ability to decrease vasodilatory endocannabinoids (original paper 1 and Figure 2 

of the review paper) leads to failure in lowering BP. 

Interestingly, CBD was effective as an anti-PH drug, with anti-inflammatory, anti-

oxidant, anti-hypertrophic and vasodilatory properties (Sadowska et al., 2020; Lu et al., 

2021; Krzyżewska et al., 2022). The superiority of CBD in pulmonary over systemic 

hypertension may result from (1) scheme of administration – in arterial hypertension only 

therapeutic while in PH both therapeutic and preventive were used; (2) differences in 

systemic and pulmonary arteries reactivity to CBD; or (3) smaller role of the 

sympathomimetic activity of CBD in the pulmonary circulation (for details, see review 

paper). 



20 

 

 

Figure 4. Summary of the most important cardiac (left part) and pulmonary (right part) 

effects of chronic administration of JD5037, metformin or their combination in an MCT-

induced model of pulmonary hypertension. dP/dtmax/min – derivatives of RV pressure over 

time; Gal-3 – galectin-3; MCT – monocrotaline; O2 – oxygen; RV – right ventricle; RVSP 

– right ventricular systolic pressure; TGFβ1 – transforming growth factor β1. Figure 

prepared using Servier Medical Art. 

 As shown in Figure 4, summarizing results that I have obtained in the original 

paper 2, monotherapy with JD5037 resulted in partial reverse of fibrotic/inflammatory 

alterations in cardiac tissue. Metformin alone possessed similar activity but it additionally 

decreased RVSP and increased oxygen saturation. The strongest activity was, although, 

observed when JD5037 was combined with metformin. Combined therapy decreased 

RVSP, RV hypertrophy and increased blood oxygen saturation. It also tended to reduce 

pulmonary vascular thickness. Taking into account, that I performed experiments on mild 

(or early-stage) PH, where changes related to the disease are not severe, obtaining 

improvement of such crucial parameters shows the high potential of this treatment.  

The reason for the superior effect of combination therapy against most parameters 

of MCT-induced PH may be that two complementary mechanisms act in parallel. 

However, a potential additive effect of both compounds is conceivable as well since 

JD5037 (and other CB1R antagonists) may act also via activation of AMPK (Liu et al., 

2019). 
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One should keep in mind that other results may be obtained if 1) experimental PH 

is induced by other stimuli, e.g., sugen plus hypoxia; 2) a therapeutic rather than 

a preventive paradigm is used; 3) compounds are administered at a higher dose or for 

a longer time; 4) the end-stage PH is studied (obtained by a longer period of PH 

development, the use of younger rats and/or another strain, e.g., Sprague-Dawley); and 

5) the PH is induced in female animals since in humans it occurs predominantly in women 

(Hester et al., 2019). 

In my review paper, I have compiled all available publications on chronic 

(endo)cannabinoids administration in arterial (31 papers) and pulmonary hypertension 

(6 papers). Effects of the therapies were analyzed according to Dr Page Mosaic Theory 

of hypertension development, where the most relevant mechanisms that may contribute 

to pathophysiology but also become targets of different types of hypertension treatment 

occurs (Harrison et al., 2021). Among them, the most crucial are vascular and cardiac 

effects, inflammation, redox balance and endocannabinoid system involvement (see 

Figure 2 and Figure 3 of the review paper). 

My original research matched results obtained by other authors. The most striking 

finding of the review paper is the difference in the action of the (endo)cannabinoids based 

on their target specificity. Multitarget compounds were not effective as anti-hypertensive 

drugs in arterial hypertension, since they induce responses leading to both a decrease and 

an increase in BP. My original paper 1 showed such activity in the case of CBD. In PH, 

both multi- and monotarget (endo)cannabinoids were found effective. One of the 

examples is JD5037 (especially in combination with metformin). Thus, target-specific 

therapy in PH may be further studied using third-generation CB1R antagonists with 

additional AMPK activation activity. 

In summary, my original research both with the literature review showed, that 

future experiments regarding (endo)cannabinoids in hypertension should be primarily 

focused on monotarget (or target-specific) compounds in systemic hypertension, but both 

mono- and multitarget molecules can be tested in pulmonary hypertension.  
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Chapter 6. Conclusions  

1. Contrary anti- and pro-hypertensive effects of chronic CBD administration result in 

failure of BP decrease in experimental models of primary and secondary 

hypertension in rats. 

2. Chronic 21-day combined administration of metformin and JD5037 attenuated most 

of the mild PH-induced cardiopulmonary alterations and tended to be more efficient 

than any of the monotherapies alone. 

3. Monotarget (or target-specific) but not multitarget (endo)cannabinoids are effective 

and should be further studied as anti-hypertensive drugs in systemic hypertension, 

but both of these groups can be successfully used in PH. 
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Chapter 8. Summary in English 

Arterial (systemic) and pulmonary hypertension (PH) are multi-factorial, high-

pressure disorders. The first one is a civilizational disease, the second one is characterized 

by a very high mortality rate. Among many others, (endo)cannabinoids recognized for 

their strong vasorelaxant properties are suggested as possible drugs for various types 

of hypertension. 

The aim of my dissertation was an evaluation of the influence of chronically 

administered (1) cannabidiol (CBD) in primary and secondary arterial hypertension and 

(2) the peripheral CB1R antagonist JD5037 alone or combined with the AMPK activator 

metformin in PH. Additionally, I have reviewed available literature 

on (endo)cannabinoids in systemic and pulmonary hypertension, which helped me 

to determine if those compounds can be used as effective anti-hypertensive drugs. 

I have performed all experiments on two rat models of systemic hypertension: 

spontaneously hypertensive rat (SHR; primary) and deoxycorticosterone acetate 

(DOCA)-salt (secondary) model, and rat monocrotaline (MCT)-induced model of PH. 

In arterial hypertension, I have not observed the effect of 2-week chronic administration 

of CBD on blood pressure (BP), heart rate or body weight. There were, however, some 

alterations to other parameters. In hypertensive animals, CBD decreased fatty acid amide 

hydrolase (FAAH) activity, diminished lipid peroxidation and lowered model-

dependently levels of endocannabinoids with vasodilatory properties. What is more, 

in normotension, it increased lipid peroxidation and acted as an FAAH activator. 

In PH, monotherapy with JD5037 resulted in partial reverse 

of fibrotic/inflammatory alterations in cardiac tissue. Metformin alone possessed similar 

effects, but it also decreased right ventricular systolic pressure (RVSP) and increased 

oxygen saturation. The strongest activity was, however, observed when JD5037 was 

combined with metformin. Combined therapy decreased RVSP, right ventricle 

hypertrophy and increased blood oxygen saturation. It also tended to reduce pulmonary 

vascular thickness. 

The most striking finding of the review paper is the difference in the action of the 

(endo)cannabinoids based on their target specificity. Multitarget compounds were not 

effective as anti-hypertensive drugs in arterial hypertension, since they induce responses 
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leading to both a decrease and an increase in BP. In PH, both multi- and monotarget 

(endo)cannabinoids were found effective. 

In summary, my original research both with literature review showed that: 

(1) contrary anti- and pro-hypertensive effects of chronic CBD administration result 

in failure of BP decrease in experimental models of primary and secondary hypertension 

in rats; (2) chronic 21-day combined administration of metformin and JD5037 attenuated 

most of the mild PH-induced cardiopulmonary alterations and tended to be more efficient 

than any of the monotherapies alone; and (3) monotarget (or target-specific) but not 

multitarget (endo)cannabinoids are effective and should be further studied as anti-

hypertensive drugs in systemic hypertension, but both of these groups can be successfully 

used in PH. 
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Summary in Polish 

Nadciśnienie tętnicze (systemowe) i nadciśnienie płucne (PH) to 

wieloczynnikowe schorzenia związane z podwyższonym ciśnieniem. Pierwsze to 

powszechna choroba cywilizacyjna, drugie zaś charakteryzuje się bardzo wysoką 

śmiertelnością. Sugeruje się, że (endo)kannabinoidy, znane ze swoich silnych 

właściwości naczyniorozszerzających, mogą stanowić potencjalne leki na różne rodzaje 

nadciśnienia. 

Celem mojej pracy była ocena wpływu przewlekle podawanych: (1) kannabidiolu 

(CBD) w pierwotnym i wtórnym nadciśnieniu tętniczym oraz (2) obwodowego 

antagonisty receptorów kannabinoidowych CB1, JD5037, samego lub w połączeniu 

z aktywatorem AMPK, metforminą, w PH. Dodatkowo dokonałem przeglądu dostępnej 

literatury dotyczącej (endo)kannabinoidów w nadciśnieniu systemowym i płucnym, co 

umożliwiło mi ocenę, czy związki te mogą być stosowane jako skuteczne leki 

przeciwnadciśnieniowe. 

Wszystkie eksperymenty przeprowadziłem na szczurzych modelach 

eksperymentalnych, t.j. dwóch modelach nadciśnienia systemowego: spontanicznego 

(SHR; odpowiadającego ludzkiemu nadciśnieniu pierwotnemu) i indukowanego octanem 

deoksykortykosteronu i wysokosolną dietą (DOCA-salt; nadciśnienie wtórne), a także na 

modelu PH wywołanym monokrotaliną (MCT). W nadciśnieniu tętniczym nie 

zaobserwowałem wpływu 14-dniowego przewlekłego podawania CBD na ciśnienie krwi 

(BP), tętno czy masę ciała. Zauważyłem jednak pewne zmiany innych parametrów. 

U zwierząt z nadciśnieniem CBD zmniejszył aktywność hydrolazy amidowej kwasów 

tłuszczowych (FAAH), peroksydację lipidów i obniżył, zależnie od modelu, poziomy 

endokannabinoidów o właściwościach rozszerzających naczynia krwionośne. 

W normotensji, odwrotnie, zwiększał on peroksydację lipidów i aktywował FAAH. 

W PH monoterapia z użyciem JD5037 spowodowała częściowe odwrócenie 

zmian zwłóknieniowych/zapalnych w tkance serca. Sama metformina wykazywała 

podobną aktywność, ale dodatkowo obniżała ciśnienie prawokomorowe w sercu (RVSP) 

i zwiększała wysycenie krwi tlenem. Najsilniejszą aktywność zaobserwowałem jednak, 

gdy JD5037 podawany był w połączeniu z metforminą. 21-dniowa terapia skojarzona 

obniżała RVSP, przerost prawej komory i zwiększała saturację krwi. Wykazywała 

również tendencję do zmniejszania grubości naczyń płucnych. 
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Najważniejszym obserwacją z przeglądu literatury jest natomiast różnica 

w działaniu (endo)kannabinoidów w oparciu o ich specyficzność związaną z punktami 

uchwytu. Związki o wielu punktach uchwytu (tzw. multitarget) nie były skuteczne jako 

leki przeciwnadciśnieniowe w nadciśnieniu tętniczym, ponieważ indukują odpowiedzi 

prowadzące zarówno do obniżenia, jak i wzrostu BP. W PH skuteczne okazały się 

zarówno (endo)kannabinoidy o wielu, jak i o pojedynczych i/lub sprecyzowanych 

(tzn. monotarget) mechanizmach działania. 

Podsumowując, moje badania oryginalne oraz przegląd literatury wykazały, że: 

(1) przeciwstawne działanie przeciw- i pro-nadciśnieniowe przewlekle podawanego CBD 

skutkuje niepowodzeniem obniżenia BP w eksperymentalnych modelach pierwotnego 

i wtórnego nadciśnienia tętniczego u szczurów; (2) przewlekłe skojarzone podawanie 

metforminy i JD5037 osłabiało większość łagodnych zmian sercowo-płucnych 

wywoływanych przez PH i było bardziej skuteczne niż którakolwiek z monoterapii; oraz 

(3) (endo)kannabinoidy o pojedynczym/sprecyzowanym mechanizmie działania, ale nie 

te o wielu punktach uchwytu są skuteczne i powinny być dalej badane jako potencjalne 

leki przeciwnadciśnieniowe w nadciśnieniu systemowym, ale obie te grupy mogą być 

z powodzeniem stosowane w PH.  
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