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research papers presenting original, high quality research, critical review articles providing compreh-
ensive analysis of research & development within a defined area.
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Anti-inflammatory Activity of Two Antitussive Plants for 
Children: Sericanthe chevalieri and Ceiba pentandra 

Cheickna Cissé1,2*, Mamadou A. Konaré1, Mariam Samaké1, Issiaka Togola1 
1Laboratory of Food Biochemistry and Natural Substances (LBASNa), Faculty of 

Sciences and Techniques (FST), University of Science, Techniques and Technologies 
of Bamako (USTTB), BP: E3206, Bamako, Mali. 

2African Center of Excellence in Bioinformatics of Bamako (ACE-B), University of 
Sciences, Techniques and Technologies of Bamako (USTTB), BP: E3206, Bamako, 

Mali. 

INTRODUCTION
Cough is a natural and essential reflex that helps the body clear the respiratory airways [1-3]. It is the 
main symptom of respiratory infections or non-infectious conditions, often affecting children under the 
age of five. Most commonly, cough is associated with cold symptoms, particularly nasal congestion. 
However, it can also be triggered by other causes such as gastroesophageal reflux (GERD), bronchial 
inflammation (asthma, allergy), or environmental factors like tobacco smoke. In 2021, according to 
pediatricians, cough and cold symptoms accounted for 60% of medical consultations in Mali [4]. 

Antitussives used for treating cough include expectorants (guaifenesin, erdosteine, hypertonic saline 
solution) and agents that reduce the viscosity of secretions, such as mucolytics and mannitol [1, 5, 6]. 
However, alerts from the World Health Organization (WHO) regarding the safety of cough syrups, such 
as the 2022 case in Gambia where 66 children died, highlight the need for safer alternatives [7]. In this 
context, the use of medicinal plants presents an interesting and hopeful prospect [8-12]. 

The objective of this study was to document the plants used in traditional cough treatment for children and 
to conduct a phytochemical study of the two most used plants. An ethnobotanical survey was conducted 
among traditional sellers in the markets of Bamako. A phytochemical screening based on classic color 
reaction and tube precipitation methods was performed. Aluminum trichloride was used to quantify 
flavonoids, whereas the FolinCiocalteu method was utilized to quantify total polyphenols. The anti-protein 
denaturation method was used to assess the extracts' anti-inflammatory properties. In total, 56 participants, 
including 42 women and 14 men, were interviewed. The survey inventoried 17 antitussive plant species 
belonging to 14 botanical families. Sericanthe chevalieri (S. chevalieri) and Ceiba pentandra (C. pentandra) 
were the most frequently cited species. Phytochemical screening of these two plants revealed the presence 
of many major chemical groups such as alkaloids, terpenes, coumarins, tannins, saponins, and flavonoids. 
Macerated extracts (hydroethanolic and aqueous) exhibited the highest levels of phenolic and flavonoid 
compounds in both plants. The best antiinflammatory potential, indicated by the degree of anti-protein 
denaturation, was observed in the hydroethanolic extracts, with an IC50 of 263.48 ± 20.80 µg/mL for S. 
chevalieri and 420.30 ± 19.80 µg/mL for C. pentandra. This study demonstrates that the extracts of C. 
pentandra and S. chevalieri are rich in bioactive substances with significant anti-inflammatory potential, 
which may confer antitussive properties. 

Keywords: Sericanthe chevalieri, Ceiba pentandra, Ethnobotanical survey, Phytochemical screening, Anti
inflammatory activity, Cough 

ABSTRACT
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Plants are known for their intense metabolic activity, resulting in the synthesis of a wide variety of 
bioactive compounds [13-18]. Many medicinal plants possess expectorant and mucolytic properties, 
and their use is welldocumented in various cultures [19-22]. When well-studied and properly used, 
traditional remedies may provide an effective and safer alternative to conventional treatments. These 
remedies typically have fewer side effects, as they are often consumed in more natural and less processed 
forms. Moreover, medicinal plants are more accessible and affordable, making them especially 
attractive to populations in developing countries [13, 18, 23]. Additionally, these plants can not only 
alleviate symptoms but may also target the underlying causes of illness due to their diverse bioactive 
compounds [24]. It is within this context that the present study was undertaken to document the 
medicinal plants used in treating cough in children in Bamako, Mali. Biological investigations were 
conducted on the plants most recommended by traditional healers. 

MATERIALS AND METHODS 
Our study initially involved conducting an ethnobotanical survey among traditional healers, vendors, 
medical doctors, and research professors. The goal was to select plants based on citations, to carry out 
experimental studies in the Laboratory of Food Biochemistry and Natural Substances (LBASNa), 
Faculty of Sciences and Techniques (FST), at the University of Sciences, Techniques, and Technologies 
of Bamako (USTTB).  

Zone of investigation  
The survey was conducted in Bamako, specifically in the neighborhoods and markets of Lafiabougou, 
Hamdallaye ACI, Djikoroni ACI, and Kalaban Coura ACI. Figure 1 provides a map of the investigation 
areas. 

Figure 1. Survey area map showing four neighborhoods of Bamako, Mali.
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Plant material 
The plant material consisted of the bark of Ceiba pentandra (L.) Gaertn. and the leafy branches of 
Sericanthe chevalieri (K. Krause) Robbr., which were purchased from markets in Bamako. The 
identification of the studied plants was carried out at the Laboratory of Botany and Ecotoxicology of the 
Faculty of Sciences and Techniques (FST) at the University of Sciences, Techniques, and Technologies 
of Bamako (USTTB). The samples were carefully washed, dried at room temperature, then ground into 
powder and stored away from light and moisture.

Methods 

Ethnobotanical survey 
A survey form was used to document the plant species employed for treating cough in children, based on 
interviews conducted with market vendors and residents of the survey areas in Bamako for six months 
(from February to July 2022).

Study population 
The study population included market vendors, traditional healers, research professors, medical doctors, 
and herbalists. These participants were randomly selected. The purpose of the study was explained to 
them to obtain their verbal or written free consent. 

Preparation of extracts 
Maceration was performed with 50 g of powdered plant material in 1500 mL of distilled water or 70% 
ethanol for 24 hours at room temperature (25–30 °C), followed by vacuum filtration. The decoction was 
carried out with 50 g of powdered plant material in 1500 mL of distilled water, boiled for 15 minutes at 
room temperature, and then filtered under vacuum. 

Characterization of phytochemicals 
Qualitative tube reactions were performed with the obtained extracts to identify the following 
phytochemical groups: polyphenols (including tannins, flavonoids, saponins, and coumarins), 
alkaloids, and terpenes, following the protocol described by Konaré et al. [14, 25]. The results were 
evaluated as follows: positive (+) and negative (-). 

Total phenolic compounds assay 
The quantification of phenolic compounds was performed using the Folin-Ciocalteu method, following 
a protocol described by Konaré et al. [14]. 500 µL of Folin-Ciocalteu reagent (diluted to 10% in distilled 
water) was added to 100 µL of the extract, followed by 400 µL of Sodium Carbonate (Na2CO3) at 75 
mg/mL. The reaction mixture was incubated for 2 hours at room temperature, protected from light, and 
the absorbance was measured at 765 nm. Using the same process, a calibration curve was created using 
gallic acid at different concentrations (0–100 µg/mL). The calibration curve's regression line was used to 
calculate the amounts of phenolic chemicals present in the extracts. The results are given in milligrams 
of gallic acid equivalent per gram of extract (mg GAE/g). Every measurement was done three times. 

Determination of total flavonoids 
The estimation of total flavonoids was carried out using the aluminum chloride method, following the 
protocol described by Konaré et al. [14]. 200 µL of extract, 800 µL of distilled water, and 50 µL of a 5% 
sodium nitrite (NaNO ) solution were added, respectively. After 5 min of incubation at room temperature 2
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(25–30 °C), 50 µL of 10% (w/v) AlCl3 was added to the mixture. After re-incubation of 6 min, 400 µL of 
1 M sodium acetate, and 1 mL of distilled water were also added. After homogenization, the absorbance 
was read at 510 nm using a spectrophotometer (Thermo Scientific, Biomate 3S). A calibration curve was 
obtained under the same operating conditions with quercetin at different concentrations from 20-120 
µg/mL. The levels of flavonoids were deduced by linear regression equation obtained from the 
calibration curve and then expressed in milligrams of quercetin equivalent per gram of extract (mg 
QE/g). 

Anti-inflammatory activity 
The process of denaturing proteins was done according to Gambhire et al. [26] instructions, updated by 
Koné et al. [27]. To get final concentrations of 62.5, 125, 250, 500, and 1000 µg/mL, the reaction mixture 
(5 mL) was composed of 1 mL of egg white solution, 3 mL of phosphate-buffered saline (PBS, pH 6.4), 
and 1 mL of extracts at different concentrations. As the control, the same volume of distilled water was 
used.  The mixtures were heated to 70 °C for five minutes after being incubated for fifteen minutes at 37 
°C. At 660 nm, the absorbance was measured following cooling. To determine absorbance and viscosity, 
sodium diclofenac was utilized as a reference molecule and treated similarly at final concentrations of 
62.5, 125, 250, 500, and 1000 µg/mL. The percentage inhibition of protein denaturation was calculated 
using the method described by Koné et al. [27], with the equation provided below:

Data analysis 
The survey data were analyzed using SPSS software. For the statistical processing of quantitative 
variables (total phenolic content, total flavonoid content, and anti-inflammatory activity), Minitab v18.1 
software was employed. Fisher's test with a significance level of P = 0.05 was applied in conjunction 
with analysis of variance (ANOVA) to compare the mean values of these variables. 

RESULTS AND DISCUSSION 

Ethnobotanical survey 
A total of 56 people, including 42 women and 14 men, were interviewed. The respondents were aged 
between 25 and 75 years, with the majority being between 25 and 35 age group. The surveyed population 
included traditional practitioners (the majority), vendors, researchers, physicians, and herbalists. From 
the answers, the primary mode of administration for treating cough in children was oral, while decoction 
was the most common extraction method, with 86% of citations. The plants cited and their frequencies of 
citation are presented in Table 1. 

Table 1. List and fidelity level of recommended plants 
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 Fidelity level or index (LF) is the percentage of informants who cited the use of a given species in 
the treatment of a pathology.

A total of 17 species were recorded. The Rubiaceae family was the most represented, followed by the 
Anacardiaceae family. S. chevalieri and C. pentandra were the most cited, each with a fidelity level (FL) 
of 19.64%. As a result, these species were selected for biochemical and biological characterizations. 

Phytochemical study 
The outcomes of the maceration extracts' phytochemical screening (aqueous and hydroethanolic) and 
the decoction of S. chevalieri and C. pentandra are summarized in Table 2.  
 

Table 2. Phytochemical composition of S. chevalieri and C. pentandra extracts 

(+): presence et (-): absence 

Table 2 highlighted the presence of various phytoconstituents such as flavonoids, tannins, coumarins, 
terpenoids, and alkaloids in the extracts of the sampled plants. However, saponins were absent in the 
decoction extracts of both plants. 

Polyphenol and total flavonoid contents 
The levels of specified polyphenols and flavonoids are shown in Table 3.  
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Table 3. Polyphenol and total flavonoid contents of S. chevalieri and C. pentandra extracts 

*Means that do not share any lowercase letters differ greatly for each plant. The means for each extract 
that does not share any capital letters are notably different. 

The analysis of the assays revealed that the flavonoid concentrations were higher in the aqueous extracts 
for both plants S. chevalieri and C. pentandra), with values of 0.268 ± 0.005 and 0.468 ± 0.010 mg 
QE/100 g, respectively. In contrast, the polyphenol levels were higher in the hydroethanolic maceration 
extracts, with values of 0.648 ± 0.022 and 0.544 ± 0.024 mg GAE/g for S. chevalieri and C. pentandra, 
respectively.

Anti-inflammatory activity 
The results of the protein denaturation inhibition capacity with S. chevalieri and C. pentandra extracts 
are presented in Figures 2 and 3. 

 Concentrations (µg/mL)

Figure 2. Effects of S. chevalieri extracts on protein denaturation 
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 Figure 3. Effects of C. pentandra extracts on protein denaturation 

 Figures 2 and 3 demonstrated that extracts of S. chevalieri and C. pentandra could inhibit protein 
denaturation at concentrations ranging from 50 to 800 μg/mL.

The inhibition rates of 50% protein denaturation (IC50) by extracts of S. chevalieri and C. pentandra are 
shown in Table 4.

Table 4. Concentrations of extracts inhibiting 50% protein (Ic50) 

*For each plant species, means that do not share any letters are significantly different. 

The aqueous and hydroethanolic extracts of S. chevalieri exhibited the highest inhibition capacities, 
with Ic50 values of 292.48 ± 14 µg/mL and 263.79 ± 20 µg/mL, respectively. The extracts of C. 
pentandra did not show significant differences depending on the extraction method, with IC50 values of 
485.62 µg/mL, 420.26 ± 20 µg/mL, and 463.98 ± 14 µg/mL for aqueous, hydroethanolic, and decoction 
extracts, respectively (Table 4). 

Cough in children is a recurring health issue that concerns many parents. Given the risks associated with 
conventional medications, particularly for children, it is crucial to explore safer, cost-effective, and 
sustainable alternatives. In this context, the use of medicinal plants presents a promising alternative. 
This study aimed to catalog local medicinal plants used for treating coughs in children in Bamako. 
Among those surveyed, 42% were women and 12% were men. The survey identified 17 plant species 
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across 14 families, with C. pentandra and S. chevalieri being the most notable, each with a fidelity index 
(NF) of 19.64%. The most represented families were Rubiaceae, Anacardiaceae, and Bombacaceae. The 
most used plant parts were leaves with 72 citations, followed by branches and bark with 35 and 12 
citations, respectively. This preference for leaves may be attributed to their role as storage sites for 
secondary metabolites responsible for the medicinal properties of these plants [28-31]. The use of leaves 
is encouraged as it poses minimal risk to plant regeneration and contributes to the conservation of floral 
biodiversity [32]. The survey revealed that the most used mode of administration is oral. Romuald et al. 
[32] suggested that this preference for oral administration may be attributed to the fact that many of the 
treated conditions are associated with bacterial and fungal infections located in deeper organs [32]. 
Additional studies on the pharmacological properties of C. pentandra have shown that both leaves and 
bark are used to treat various pathologies, including cough and fever [20, 21, 33-38].

The phytochemical screening in this investigation showed that while saponins were missing from the 
decoctions of both plants, secondary metabolites such as alkaloids, tannins, flavonoids, coumarins, and 
terpenoids were present in the different extracts. These results differ from those reported by Tala et al. 
[38], which showed the presence of saponins in the bark of C. pentandra. This discrepancy could be 
attributed to methodological differences or climatic variations [39-42]. 

The analysis of the assays revealed higher flavonoid content in the aqueous extracts of S. chevalieri and 
C. pentandra (0.268 ± 0.005 and 0.468 ± 0.010 mg QE/100 g, respectively). The polyphenol content was 
higher in the hydroethanolic macerations (0.648 ± 0.022 and 0.544 ± 0.024 mg GAE/g for S. chevalieri 
and C. pentandra, respectively). This suggests that hydroethanolic and aqueous macerations are the most 
effective extraction methods for polyphenols and flavonoids, respectively. These findings are in line 
with the literature reporting the effectiveness of this solvent phenolic compounds extraction and 
biological activity [25, 31, 43, 44]. This richness in polyphenols and flavonoids may be responsible for 
their antioxidant activities and could explain their traditional use in treating inflammatory diseases [17, 
21, 45, 46]. Indeed, Loganayaki et al. [36] demonstrated that extracts of C. pentandra contain high levels 
of polyphenols and flavonoids, which are correlated with their antioxidant properties. 

Protein denaturation is one of the primary causes of inflammation [25, 26, 47]. This parameter is used to 
evaluate the anti-inflammatory activity of the extracts [21, 46]. Figure 2 showed that the anti-
inflammatory activity was higher in the aqueous extracts of S. chevalieri. For C. pentandra, the anti-
denaturation activity was similar across all extracts (Figure 3). However, the anti-inflammatory activity 
of the extracts from both species was lower compared to that of diclofenac. Table 4 showed that the 
aqueous and hydroethanolic extracts exhibited the best anti-inflammatory activities, with IC50 values of 
292.48 ± 13.97 and 420.30 ± 19.80 μg/mL for S. chevalieri and C. pentandra, respectively. Statistical 
analyses indicated that the observed differences between the species are significant (P < 0.05). These 
values are lower than those reported by Abouelela et al. [20], which indicated that extracts of C. 
pentandra had anti-inflammatory activity comparable to ascorbic acid. This discrepancy could be due to 
several factors, including the plant parts used, the extraction solvents employed, and climatic variations 
in the area where the plants were collected [15, 48, 49]. Further analysis of the extracts of S. chevalieri 
and C. pentandra should also consider the chemical composition of the extracts. Previous studies have 
shown that flavonoids and tannins play a significant role in the anti-inflammatory activity of plants [13, 
21, 50]. A more detailed characterization of the bioactive compounds present in the extracts could 
provide additional insights into the underlying mechanisms of the observed activity.  
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CONCLUSION 

This study demonstrated that S. chevalieri and C. pentandra are the most used species for treating cough 
in Bamako, Mali. Leaves and branches are the most utilized plant parts for treating these conditions. A 
decoction is the most employed preparation method. Phytochemical investigation revealed that the 
leaves of S. chevalieri and the bark of C. pentandra are potential sources of secondary metabolites. The 
dosage results indicated a relatively high content of polyphenols and total flavonoids in the 
hydroethanolic extracts of S. chevalieri, while the aqueous extract of C. pentandra exhibited a high 
content of total flavonoids. Although the extracts of S. chevalieri and C. pentandra showed promising 
anti-inflammatory activity, these various metabolites and their anti-inflammatory effects likely explain 
the traditional use of these plants by local populations. However, further research is needed to optimize 
the characterization of active compounds and assess their efficacy in vivo. These initiatives will advance 
our knowledge of and ability to use medicinal plants to reduce the inflammation linked to children's 
coughs.
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INTRODUCTION
Over the past three decades, our understanding of the role of the vascular endothelium has continuously 
changed, recognizing it as a complex organ that is dynamically controlled and essential for a variety of 
physiological and pathological processes. Initially perceived as a simple semipermeable barrier—"the 
cellophane wrapper" of the vascular tree—recent abundant research underscores its critical 
physiological functions, particularly in regulating vascular tone, blood flow, and platelet activation [1, 
2]. Simple squamous cells with a cobblestone-like appearance, endothelial cells (ECs) line the whole 
cardiovascular system (CVS), including the blood vessels, lymphatic vessels, and walls of the heart, in a 
continuous, thin, and smooth monolayer [1, 3, 4]. The endothelium is home to numerous receptors for 
various biologically active substances (BAS), and it also senses the pressure and volume of the moving 
blood - a phenomenon known as shear stress, which stimulates the synthesis of anticoagulant and 
vasodilatory substances. Therefore, the higher the pressure and speed of the blood flow (in arteries), the 
less likely clots are to form. Endothelial dysfunction (ED), which occurs under the influence of 
damaging factors (mechanical, infectious, metabolic, immune complex, etc.), rapidly reverses the 
direction of its hormonal activity: vasoconstrictors and coagulants are produced [1-4].The biologically 
active substances produced by the endothelium mainly act in a paracrine manner (on neighboring cells) 
and autocrine-paracrine manner (on the endothelium itself), but the vascular wall is a dynamic structure. 
Its endothelium is continuously renewed, and as parts become obsolete, they, along with BAS, enter the 
bloodstream, spread throughout the body, and can affect systemic blood flow. The activity of the 
endothelium can be assessed based on the concentration of BAS in the blood. The structure of the 
vascular wall creates a certain pattern in the distribution of coagulating factors (vasoconstrictors) and 
anticoagulant factors (vasodilators) [2]. As long as the endothelium remains intact and undamaged, it 

Research conducted in recent years has significantly transformed our understanding of the role of the 
vascular endothelium in maintaining the overall homeostasis of the body. It has been revealed that the 
endothelium is responsible for synthesizing a wide range of biologically active substances that play a key 
role in numerous processes both in health and disease - such as hemodynamics, hemostasis, immunological 
responses, and regenerative processes. This extensive endocrine activity has led to the endothelium being 
sometimes referred to as an "endocrine tree." The functioning of the endothelium depends on its functional 
condition, which is shaped by the signals it receives. Endothelial dysfunction understood as an impairment 
of the vasodilatory, antithrombotic, and anti-inflammatory properties of the cells lining the vessels, is 
closely linked to cardiovascular diseases - the leading cause of death worldwide. It is considered a key stage 
in the development of atherosclerosis and one of the major risk factors for hypertension, diabetes mellitus, 
and cardiovascular incidents. This paper aims to gather and present information that will allow for a better 
understanding of the structure and significance of this majestic organ in human physiology.  

Keywords: Endothelium, Endothelial dysfunction, Cardiovascular system, Oxidative stress 

ABSTRACT
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primarily synthesizes anticoagulant factors, which also serve as vasodilators. They provide a non-
thrombogenic surface with highly selective permeability properties, actively regulating molecule 
exchange in response to endogenous or exogenous signals. Covering an approximate surface area of 
4000-7000 m2, the endothelium is one of the body's largest organs, highlighting the significant impact 
its dysfunction can have on body homeostasis [2]. Pathologically, the endothelium serves dual roles: it 
mediates immune responses by amplifying inflammation at injury or infection sites, and as an integral 
component of the cardiovascular system, its dysfunction can lead to disease [2, 3]. This paper aims to 
gather and present information that will allow for a better understanding of the structure and significance 
of this majestic organ in human physiology. 

RESULTS AND DISCUSSION  

Endothelial dysfunction 
There are two types of blood vessels: macrovasculature and microvasculature. Large blood vessels, 
including arteries and veins, that carry blood to and from organs make up the macrovasculature. The ECs 
that make up the majority of the microvasculature are tiny arteries, venules, and capillaries. It is crucial 
for managing the metabolic exchanges between the blood and peripheral tissues as well as local blood 
perfusion. Arterioles, measuring 10100 µm in diameter, are highly innervated and respond to 
sympathetic vasoconstriction, crucial for adjusting vascular peripheral resistance and blood flow 
volume, thereby influencing capillary fluid exchange. Capillaries and venules are the primary sites for 
fluid and macromolecular exchanges, with venules also playing a significant role in leukocyte adhesion. 
This indicates that ED in various locations can disrupt numerous physiological processes within the 
organism [5]. 

ED is identified as a pathological state marked by an imbalance between vasodilating and 
vasoconstricting substances, a loss of anti-thrombotic properties, and increased permeability. It 
encompasses any form of abnormal endothelial activity. Most cardiovascular (CV) risk factors are 
associated with ED, and their therapeutic modification can lead to improvements in vascular function [3, 
4]. A common manifestation of ED is impaired nitric oxide (NO) bioavailability, resulting from either 
reduced production by endothelial nitric oxide synthase (eNOS) or increased degradation by reactive 
oxygen species (ROS) [4]. 
A summary of the interactions and mechanisms of action of various endothelium-derived factors on 
endothelial cells is presented in Figure 1.
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Figure 1. A summary of the interactions and mechanisms of action of various endothelium-derived 
factors on endothelial cells. The image adopted from Bernatova [6] 

ED is a hallmark of cardiovascular disease and arteriosclerotic vascular disease, commonly known as 
atherosclerosis, where it has been consistently documented. The dysregulation of endothelial cells plays 
a pivotal role in a multitude of pathological conditions including vasculitis, hypertension, 
cardiomyopathy, retinopathy, neuropathy, and cancer. ED is not limited to hypertensive individuals but 
is also observed in normotensive subjects with a family history of hypertension, as well as among active 
and passive smokers, and conditions like aging, obesity, diabetes mellitus, dyslipidemia, 
hyperhomocysteinemia, and in patients with inflammatory or infectious diseases. Often, these 
conditions are linked to an overproduction of ROS leading to oxidative stress, which interacts with nitric 
oxide reducing its availability and potentially causing direct cellular damage through the production of 
peroxynitrite. Thus, oxidative stress is a critical mechanism in the development of ED, if not its primary 
cause [5-7]. 

The significance of endothelium in physiology and pathology – molecular mechanisms 
Besides the abovementioned facts, the endothelium plays a crucial role in the innate immune system, 
acting as a barrier to prevent the intrusion and systemic spread of pathogens Tight joints, which quickly 
mend after a vessel burst, preserve the integrity of this barrier. Additionally, the endothelium exerts a 
significant paracrine function, secreting chemokines, interleukins, interferons, and growth factors, and 
it facilitates the recruitment and extravasation of immune cells at inflammation sites. Critical to this 
process are adhesion molecules such as Eselectin, P-selectin, intercellular adhesion molecule (ICAM), 
and vascular cell adhesion molecule (VCAM), present on ECs surface. It has been observed that the four 
classical signs of inflammation - calor (heat), rubor (redness), tumor (swelling), and dolor (pain) - are 
regulated by EC responses to stimuli [5, 6, 8]. Furthermore, the endothelium forms the lymphatic 
vessels, essential components of the peripheral immune system. These blindended tubules, equipped 
with valves, facilitate the drainage of interstitial fluid containing CD45+ cells and potential pathogens. 
Although ECs are integral to the immune system, they do not possess the classical immune cell functions 
such as killing, phagocytosis, or antibody production. Nonetheless, they are an essential part of the 
body's defense system, and their dysfunction can lead to dysregulation of immune processes, a common 
occurrence in numerous diseases. 

Table 1 depicts the fundamental functions of endothelium that are key in the maintenance of the body's 
homeostasis. All those processes could be impaired in ED, which could lead to serious issues that impact 
the entire body. 

Table 1. The main functions played by endothelial cells (ECs) are illustrated by Servier Medical Art.
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Abbreviations used in Table 1, not explained in the text: CCL2 – chemokine C-C motif ligand 2, 
CTGF/CCN2 – connective tissue growth factor, ET – endothelin, fIIa – active factor II – thrombin, FATP 
– fatty acid transport proteins, fV – factor V, GLUT-1 – glucose transporter 1, HGF – hepatocyte growth 
factor, HIF-1α – hypoxia-inducible factor 1-alpha, ICAM – intercellular adhesion molecule 1, IL – 
interleukin, IGF – insulin-like growth factor, LFA-1 – lymphocyte function-associated antigen 1, LDL – 
low-density lipoproteins, mAspAT/FABPPM – mitochondrial aspartate aminotransferase/fatty acid 
binding protein (pm – plasma membrane), oxLDL – oxidized LDL, PAF – plateletactivating factor, 
PAMPs – pathogen-associated molecular patterns, PRR – pattern recognition receptors, PSGL-1 – P-
selectin glycoprotein ligand-1, SR-B1 – scavenger receptor class B, type 1, TGF-β – transforming 
growth factor β, TLR – toll-like receptor, TNFα – tumor necrosis factor α, tPA – tissue plasminogen 
activator, TXA2 – thromboxane A2, uPA – urokinase, VLA-4 – very late antigen-4 (integrin α4β1), 
VEGFR1/2/3 – VEGF receptor 1/2/3, VLDL – very low-density lipoproteins.

Increased oxidative stress, primarily due to an overproduction of ROS, is recognized as a key 
mechanism in the development of ED. The aberrant synthesis of vasoactive molecules caused by this 
oxidative stress further raises the risk of CV disease and impairs vasoregulation [9]. Vessel constriction 
results from an imbalance brought on by decreased secretion of vasodilatory factors and a predominance 
of vasoconstrictive ones. If this imbalance persists for a long time, total peripheral resistance may rise, 
raising blood pressure (BP) throughout the body [10]. This assertion is supported by studies in animal 
models that examined the consequences of eNOS gene deletion and chronic inhibition of NO synthesis 
with Nω-nitro-L-arginine methyl ester, both of which were found to induce arterial hypertension [11-
13]. However, the relationship between ED and hypertension is complex, potentially forming a vicious 
cycle where high BP exacerbates ED through increased shear stress on endothelial cells, thus 
highlighting the importance of antihypertensive therapy to mitigate this process [11].

Virchow's triad is a renowned concept in medicine regarding the formation of thrombosis. It is a 
combination of three factors that underlie the development of blood clots within the blood vessels. Those 
three primary factors are endothelial dysfunction or damage, altered blood flow, and intrinsic 
hypercoagulability. In ED, the balance between prothrombotic and antithrombotic factors is often 
disrupted, necessitating pharmacological intervention to restore homeostasis [14, 15]. Initiated by the 
unpacking of a vascular emergency kit, the release of WeibelPalade bodies (WPB) occurs. WPB are 
secretory organelles found in endothelial cells lining the intima of arteries, capillaries, veins, and the 
endocardium. WPB store factors regulating vascular hemostasis—the release of WPB leads to an 
increase in local serum levels of von Willebrand factor (vWF) and elevated presence of P-selectin on the 
surface of activated ECs [15, 16]. An increase in vWF levels is implicated in thrombotic events, whereas 
Pselectin facilitates the initial recruitment of leukocytes to sites of injury or inflammation [17, 18]. P-
selectin also plays a significant role in the development of arteriosclerotic vascular disease [17, 19], 
though the direct link between WPB exocytosis and atherosclerotic plaque formation requires further 
elucidation.

Angiogenesis disruption is another consequence of ED. Age-related ED may cause endothelial 
apoptosis in the microvasculature, impair the function of endothelial progenitor cells (EPCs), and 
downregulate vascular endothelial growth factor (VEGF), a crucial regulator of angiogenesis across 
various tissues [20]. Cardiovasculardiseases (CVDs), such as coronary artery disease, can diminish the 
function and number of circulating EPCs. Moreover, disruptions in angiogenesis within the context of 
CVD pose significant risks, as they may hinder the formation of compensatory circulation, thereby 
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limiting blood supply to cardiac muscle cells. The impact of angiogenesis disturbances is also 
pronounced in cancer, where hypoxic or damaged cancer cells release VEGF in a paracrine manner. It is 
believed that the majority of EPCs originate from the CD133+ hemangioblast stem cellpopulation, 
mobilized into circulation in response to VEGF or granulocyte-macrophage colony-stimulating factor 
[21]. ED serves as a foundational step in the progression of arteriosclerotic vascular disease, playing a 
pivotal role in its development. Conditions such as hypertriglyceridemia, dyslipidemia, and diabetes 
mellitus are wellestablished contributors to ED. In the context of ED, the increased surface expression of 
adhesive molecules due to inflammation and oxidative stress amplifies the influx of immune cells, 
exacerbating atherogenesis [21]. This process is characterized by chronic dysregulation of adhesion 
molecules, allowing immune cells to bypass the cell migration barrier. Additionally, receptor 
dysregulation and secretion imbalances are implicated in the onset of metabolic disorders, including 
obesity, insulin resistance, dyslipidemia, cognitive impairment, diabetes, and fatty liver disease [7]. The 
consequences of ED are illustrated in Figure 2. In inflammatory conditions, ED arises from a complex 
interplay among the endothelium, pro-inflammatory cytokines, circulating lipids, platelets, and 
traditional CV risk factors. Endothelial cells can be activated by these substances directly or indirectly, 
which compromises their functionality and promotes a pro-atherogenic state. Subclinical vascular 
damage and the development of clinically evident cardiovascular disease are the final results of this 
state. 

Figure 2. Outline of the clinical and pathophysiological repercussions of endothelial dysfunction. 
The image is sourced from Anyfanti et al. [22]

CONCLUSION  

The relationships highlighted indicate that in ED, the processes described above are compromised to 
varying extents. Atherosclerosis, hypertension, dyslipidemia, and altered coagulation system 
characteristics are all significantly linked with CVD. Consequently, addressing ED through 
pharmacological therapy indirectly targets these conditions, enhancing the quality of life and survival 
rates of affected individuals. ED not only represents a CV risk in itself but also maintains strong 
associations with other CV conditions. The endothelium is thought to be one of the most significant 
organs in the human body, and almost any illness may cause it to malfunction. It is impossible to 
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overestimate the importance of this organ in preserving physiological homeostasis, and researchers, 
health professionals, and non-health professionals alike ought to pay it greater attention.
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INTRODUCTION
Protein kinases (PK) have been shown to play a central role in cell survival and regulatory processes, 
mainly at the level of proliferation mechanisms and immune response [1-5]. As a result, they constituted 
a set of increasingly sought-after targets in the treatment of cancers, and inflammatory and autoimmune 
diseases [6-12]. Thus, as part of the development of new so-called targeted therapies, we carried out the 
design and synthesis, in two steps, of new compounds with 2,4-diamino-1,3,5-triazine moiety. The 
literature described several routes to access these compounds [13-15] from arylamine or aryl nitrile 
derivatives with some ester derivates using a microwave reactor [16, 17]. The present study aimed to 
design and synthesize functionalized 2,4-diamino-1,3,5-triazines, potential inhibitors involved in 
immune and inflammatory responses. We reported here the results of syntheses and biological 

The present study aimed to design and synthesize functionalized 2,4-diamino-1,3,5-triazines, potential 
inhibitors involved in immune and inflammatory responses. A two-step synthesis method, initially using a 
microwave reactor for the preparation of reaction intermediates, allowed us to synthesize eleven 6-aryl-2,4-
diamino-1,3,5-triazines 5a-k. The intermediates were biguanide derivatives 3a-f which were synthesized 
under microwave irradiation for 10 min at 130 °C. The 2,4-diamino-1,3,5-triazine derivatives (5a-k) were 
obtained with yields from 16-86%. The compounds synthesized were submitted to biological evaluation on 
twelve protein kinases, through the implementation of a dose-response method which allowed the 
determination of median inhibitory concentration or IC . Indeed, enzymatic activities were carried out in 50

the presence of 10 µM of ATP, in a final volume of 6 µl for 30 min at 30 °C in ADP-Glo buffer. Among the 
triazines synthesized, results of enzymatic activity showed that the most active molecule was compound 5b 
which inhibited PIM1 kinase with IC50 = 1.18 µg/mL. This result is the starting point of a larger research 
program for our group which could investigate the introduction of the substituted group on triazine’s 
terminal amino group.  

Keywords: Protein kinases, Inhibitors, Immunity, Inflammation, Triazines
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evaluation of these compounds on several protein kinases. 

MATERIALS AND METHODS 

All commercial reagents were used for our syntheses without any further purification. All solvents were 
reagent or HPLC grade. Analytical TLC was performed on silica gel 60 F  plates. Column 254

chromatography was carried out on silica gel Merck 60 (70-230 mesh ASTM) and flash 
TMChromatography Grace Reveleris X2 . Melting points were determined on the electrothermal IA 9000 

1 13melting point apparatus and are uncorrected. H and C NMR spectra were recorded in CDCl  or DMSO-3

d  using a Bruker AVANCE 400 MHz spectrometer. Chemical shift values were reported in parts per 6

million (ppm) and coupling constants (J) were given in hertz (Hz). Multiplicities were reported as 
follows: br s = broad singlet, s = singlet, d = doublet, t = triplet, q = quartet, and m = multiplet. LC-MS 
analyses were run on Waters ACQUITY UPLC-MS system composed of a single quadrupole detector 
(SQD), mass spectrometer (MS) equipped with an electrospray ionization interface (ESI), and a 
photodiode array detector (PDA). 

General procedure for the synthesis of biguanides 
To a solution of dicyandiamide (252 mg, 3 mmol, 1 eq) in 5 mL of acetonitrile, was added the 
corresponding amine derivative (1 eq). Trimethylsilyl chloride or TMSCl (1.1 eq) was added dropwise 
to the reaction mixture. Stirring was maintained for a few min to obtain the most homogeneous mixture. 
This mixture, contained in a borosilicate glass vial of 35 ml equipped with snap caps, was put in a CEM 
Discover SP single-mode microwave reactor for 10 min at 130 °C, under pressure of 18 bar and power of 
60 Watt. After 10 min, the reaction mixture was cooled in ice crushed and the precipitate formed was 
filtered, washed with acetonitrile or isopropanol, and dried. The biguanide derivatives (3a-f) were 
obtained as powders and were used with further purification for the next step of synthesis.  

4-methylthio-phenyl-biguanide (3a) 
Compound 3a was obtained according to the general procedure, as a purple powder from dicyandiamide 
2 (252 mg, 3 mmol), 4-(methylthio) aniline 1a (0.373 mL, 3 mmol), and TMSCl (0.417 mL, 3.3 mmol).  

4-Ethymorpholinyl-biguanide (3b) 
Compound 3b was obtained according to the general procedure, as a coral powder from dicyandiamide 2 
(504 mg, 6 mmol), N-ethyl-amino-morpholine 1b (0.8 mL, 6 mmol), and TMSCl (0.834 mL, 6.6 mmol).

4-Cyano-phenyl-biguanide (3c) 
Compound 3c was obtained according to the general procedure, as an orange powder from 
dicyandiamide 2 (504 mg, 6 mmol), 4-aminobenzonitrile 1c (708.84 mg, 6 mmol), and TMSCl (0.834 
mL, 6.6 mmol).  

Benzo[d][1,3]dioxol-5-biguanide (3d) 
Compound 3d was obtained according to the general procedure, as a purple powder from dicyandiamide 
2 (613 mg, 7.29 mmol), 3,4-(methylenedioxy)aniline 1d (1g, 7.29 mmol), and TMSCl (1.01 mL, 8.02 
mmol).
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2,4-Dichloro-phenyl-biguanide (3e) 
Compound 3e was obtained according to the general procedure, as a white powder from dicyandiamide 
2 (311.38 mg, 3.70 mmol), 2,4-dichloroaniline 1e (600 mg, 3.70 mmol), and TMSCl (0.51 mL, 4.07 
mmol).  

3,4-Dichloro-phenyl-biguanide (3f) 
Compound 3f was obtained according to the general procedure, as a beige powder from dicyandiamide 2 
(518.77 mg, 6.17 mmol), 3,4-dichloroaniline 1f (1 g, 6.17 mmol) and TMSCl (0.86 mL, 6.79 mmol).

General procedure for the synthesis of 2,4-diamino-1,3,5-triazines 
To a solution of corresponding biguanide, 3 (1 eq) in 15 ml of anhydrous methanol (MeOH) cooled at 
0°C under nitrogen, were added sodium methanolate or sodium ethanolate (10 to 15 eq). To the cooled 
mixture, the corresponding ester derivative 4 (1.3 to 1.5 eq) was added. The reaction mixture was 
brought to room temperature and stirring was maintained for 30 min. Heating was conducted at reflux for 
3h to 8h, depending on the nature of biguanide derivative 3. After refluxing, the mixture was cooled in 
ice crushed and the precipitate formed was filtered. The product was purified either by extraction or 
washing in organic solvent recrystallization or column chromatography. After purification, the 2,4-
diamino-1,3,5-triazine derivatives (5a-k) were obtained as colored powders with yields from 16% to 
86%. 

6-(4-chlorophenyl)-N2-(4-(methylthio)phenyl)-1,3,5-triazine-2,4-diamine (5a) 
Compound 5a was synthesized according to the general procedure from 4-methylthio-phenyl-biguanide 
hydrochloride 3a (1.05 g, 4.70 mmol), sodium methanolate (3 mL, 53.3 mmol), and 4-chlorobenzoate 4a 
(0.87 mL, 5.56 mmol). The precipitate formed was washed with dichloromethane (DCM), dried, and 
obtained as a beige powder with a yield of 16%. Mp 168 °C. 1H NMR (400 MHz, DMSO-d6), δ: 2.45 (s, 
3H, SCH3), 7.24 (d, J = 8.3 Hz, 4H, H-2’’, H-6’’, Nh2), 7.58 (d, J = 8.4 Hz, 2H, H-3’’, H-5’’), 7.79 (d, J = 
8.1 Hz, 2H, H-3’, H-5’), 8.30 (d, J = 8.3 Hz, 2H, H-2’, H-6’), 9.60 (s, 1H, NH). 13C NMR (101 MHz, 
DMSO):15.89 (SCH3), 120.69 (C-2’’, C-6’’), 127.29 (C-2’, C-6’), 128.40 (C-3’, C-5’), 129.49 (C-4’’), 
130.33 (C-3’’, C-5’’), 135.61 (C-1’), 136.13 (C-4’), 137.49 (C-1’’), 164.45 (C-4), 167.08 (C-6), 169.20 
(C-2). IR, �(cm-1): 3317.56 (N-H), 1361.74 (CH3), 1658.78 (C=Car), 802.39 (C-Har). UPLC ESI/MS, 
[M+H]+: 344.8. 

6-(4-chlorophenyl)-N2-(2-morpholinoethyl)-1,3,5-triazine-2,4-diamine (5b) 
Compound 5b was synthesized according to the general procedure from 4-ethylmorpholinyl-biguanide 
hydrochloride 3b (1 g, 3.99 mmol), sodium methanolate (3 mL, 53.3 mmol) and 4-chlorobenzoate 4a 
(0.75 mL, 4.79 mmol). The reaction mixture was cooled, filtered, and evaporated under vacuum. The 
residue was put in water and extracted several times with diethyl ether. The organic phase was dried and 
evaporated to yield the expected product as a white powder with a yield of 34%. Mp 187 °C. 1H NMR 
(400 MHz, DMSO-d6), δ: 2.44 (m, 6H, H-2’, H-3’’’, H-5’’’), 3.36 - 3.50 (m, 2H, H-1’), 3.51 - 3.60 (m, 
4H, H-2’’’, H-6’’’), 6.80 (br s, 1H, NH), 6.93 (s, 2H, Nh2), 7.54 (m, 2H, H-3’’, H-5’’), 8.25 (m, 2H, H-2’’, 
H-6’’). 13C NMR (101 MHz, DMSO-d6), δ: 53.29 (C-1’), 57.41 (C-3’’’, C-5’’’, C-2’), 66.17 (C-2’’, C-
6’’), 128.23 (C-2’’, C-6’’), 129.34 (C-3’’, C-5’’), 135.75 (C1’’), 135.88 (C-4’’), 166.00 (C-6), 167.23 (C-
4), 168.55 (C-2). IR, v(cm-1): 3267.41 (N-H), 2976.16 (C=CH2), 1604.77 (C=Car), 813.96 (C-Har). 
UPLC ESI/MS, [M+H]+: 335.8. 
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4-((4-amino-6-(4-chlorophenyl)-1,3,5-triazin-2-yl)amino)benzonitrile (5c) 
Compound 5c was synthesized according to the general procedure from 4-cyanophenyl-biguanide 
hydrochloride 3c (1.05 g, 5.2 mmol), sodium methanolate (3 mL, 53.3 mmol), and 4-chlorobenzoate 4a 
(0.84 mL, 5.37 mmol). The precipitate formed was washed with water, and methanol and recrystallized 
from MeOH/H2O mixture (50/50). After filtration, the precipitate was dried and obtained as a white 
powder with a yield of 30%. Mp 298 °C. 1H NMR (400 MHz, DMSO-d6), δ : 7.42 (br s, 2H, NH2), 7.54 - 
7.66 (m, 2H, H-2’’, H-6’’), 7.75 (d, J = 8.8 Hz, 2H, H-3’’, H-5’’), 8.06 (d, J = 8.8 Hz, 2H, H-3’, H-5’), 8.24 
- 8.37 (m, 2H, H-2’, H-6’), 10.11 (s, 1H, NH), 13C NMR (101 MHz, DMSO-d6), δ : 103.24 (C-4’’), 
119.41 (CN), 119.48 (C-2’’, C-6’’), 128.49 (C-2’, C-6’), 129.57 (C-3’, C-5’), 132.84 (C-3’’, C-5’’), 
135.29 (C-1’), 136.39 (C-4’), 144.4 (C-1’’), 164.51 (C-6), 167.06 (C4), 169.54 (C-2). IR, v(cm-1): 
3317.56 (N-H), 1662.64 (C=Car), 802.39 (C-Har). UPLC ESI/MS, [M+H]+: 323.8.

N2-(benzo[d][1,3]dioxol-5-yl)-6-(4-chlorophenyl)-1,3,5-triazine-2,4-diamine (5d) 
Compound 5d was synthesized according to the general procedure from benzo[d][1,3]dioxol-5-
biguanide hydrochloride 3d (800 mg, 3.62 mmol), sodium methanolate (3 mL, 53.3 mmol) and 4-
chlorobenzoate 4a (85 mL, 5.43 mmol). The precipitate formed was successively washed with 
methanol, water, and diethyl ether and dried. It was obtained as a green powder with a yield of 52%. Mp 
206 °C. 1H NMR (400 MHz, DMSO-d6), δ: 5.98 (s, 2H, OCH2O), 6.85 (d, J = 8.4 Hz, 1H, H-5’), 7.14 
(m, 3H, NH2, H-2’), 7.58 (m, 3H, H-3’’, H-5’’, H-6’), 8.28 (d, J = 8.4 Hz, 2H, H-2’’, H-6’’), 9.48 (s, 1H, 
NH). 13C NMR (101 MHz, DMSO-d6), δ: 100.75 (OCH2O), 102.48 (C-2’), 107.77 (C-5’), 112.80 (C-
6’), 128.38 (C-2’’, C-6’’), 129.42 (C-3’’, C-5’’), 134.13 (C-1’’), 135.68 (C-4’’), 136.07 (C-1’), 142.21 
(C-4’), 146.91 (C-3’), 164.38 (C-6), 167.05 (C-4), 169.09 (C-2). IR, v(cm-1): 3325.28 (NH), 1658 
(C=Car), 1473.62 (C=CH2), 808.17 (C-Har). UPLC ESI/MS, [M+H]+: 342.8.

6-(4-chlorophenyl)-N2-(2,4-dichlorophenyl)-2,4-diamino-1,3,5-triazine (5e) 
Compound 5e was synthesized according to the general procedure from 2,4-dichloro-phenyl-biguanide 
hydrochloride 3e (450 mg, 1.83 mmol), sodium methanolate (3 mL, 53.3 mmol) and 4-chlorobenzoate 
4a (0.43 mL, 2.74 mmol). The precipitate formed was successively washed with methanol, water, and 
cyclohexane and dried. It was obtained as a white powder with a yield of 40%. Mp. 239 °C. 1H NMR 
(400 MHz, DMSO-d6), δ: 7.18 (br s, 2H, NH2), 7.44 (dd, J = 8.7, 2.4 Hz, 1H, H-6’’), 7.56 (d, J = 8.6 Hz, 
2H, H-3’, H-5’), 7.68 (d, J = 2.4 Hz, 1H, H-5’’), 7.78 (d, J = 8.7 Hz, 1H, H-3’’), 8.23 (d, J = 8.5 Hz, 2H, H-
2’, H-6’), 8.97 (s, 1H, NH). 13C NMR(101 MHz, DMSO-d6), δ: 127.37 (C-6’’), 128.48 (C-4’’), 128.58 
(C-2’’), 128.79 (C-5’’), 129.16 (C-2’, C-6’), 129.48 (C-3’, C-5’), 129.59 (C-3’’), 134.95 (C-1’), 135.36 
(C-4’), 136.21 (C-1’’), 165.11(C-6), 167.21 (C-4), 169.33 (C-2). IR, v(cm-1): 3342.64 (N-H), 1591.27 
(C=Car, 804.32 (C-Har). UPLC ESI/MS, [M+H]+: 367.6. 

6-(4-chlorophenyl)-N2-(3,4-dichlorophenyl)-2,4-diamino-1,3,5-triazine (5f) 
Compound 5f was synthesized according to the general procedure from 3,4-dichloro-phenyl-biguanide 
hydrochloride 3f (500 mg, 2.03 mmol), sodium methanolate (3 mL, 53.3 mmol) and 4-chlorobenzoate 
4a (0.48 mL, 3.045 mmol). The precipitate formed was washed with methanol, water, and cyclohexane 
and dried. It was obtained as a white powder with a yield of 45%. Mp. 252°C 1H NMR (400 MHz, 
DMSO-d6), δ: 7.37 (sl, 2H, NH2), 7.54 (d, J = 8.8 Hz, 1H, H-2’’), 7.60 (d, J = 8.5 Hz, 2H, H-3’, H-5’), 
7.80 (dd, J = 8.8, 2.3 Hz, 1H, H-2’’), 8.22 (d, J = 1.8 Hz, 1H, H-5’’), 8.29 (d, J = 8.5 Hz, 2H, H-2’, H-6’), 
9.90 (s, 1H, NH). 13C NMR (101 MHz, DMSO-d6), δ : 119.67 (C-6”), 120.78 (C-2’’), 123.23 (C-4’’), 
128.47 (C-2’, C-6’), 129.48 (C-3’, C-5’), 130.18(C-5’’), 130.72 (C-3’’), 135.37 (C-1’), 136.33 (C-4’), 
140. 14 (C-1’’), 164.39 (C-6), 167.02 (C-4), 169.39 (C-2).IR, v(cm-1): 3342.64 (N-H), 1591.27 (C= 
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= Car), 804.32 (C-Har). UPLC ESI/MS, [M+H]+: 367.6.

N-2-(4-(methylthio)phenyl)-6-(pyridin-2-yl)-1,3,5-triazine-2,4-diamine (5g) 
Compound 5g was synthesized according to the general procedure from 4-thiomethyl-phenyl-biguanide 
hydrochloride 3g (525 mg, 2.35 mmol), sodium ethanolate (3 mL, 38.26 mmol), and ethyl-2-picolinate 
4b (0.41 mL, 3.05 mmol). The reaction mixture was evaporated and the solid obtained was recrystallized 
from a MeOH/H2O mixture (1/2). It was obtained as a beige powder with a yield of 23%. Mp 172 °C. 1H 
NMR (400 MHz, DMSO-d6), δ : 2.45 (s, 3H, CH3), 7.26 (m, 4H, H-2’, H-6’, NH2), 7.54 (m, 1H, H-4’’), 
7.83 (d, J = 8.7 Hz, 2H, H-3’, H-5’), 7.96 (td, J = 7.7, 1.7 Hz, 1H, H-5’’), 8.26 (d, J = 7.9 Hz, 1H, H-6’’), 
8.71 (d, J = 4.6 Hz, 1H, H3’’), 9.78 (s, 1H, NH). 13C NMR (101 MHz, DMSO-d6), δ : 15.91 (CH3), 
120.50 (C-2’, C-6’), 123.23 (C-4’’), 125.41 (C-6’’), 127.31 (C-4’), 130.17 (C-3’, C-5’), 136.70 (C-1’), 
137.63 (C-5’’), 149.23 (C-3’’), 154.34 (C-1’’), 164.67 (C-6), 167.33 (C-2), 170.17 (C-4). IR, v(cm-1): 
3180.62 (N-H), 1606.70 (C=Car), 1369.46 (CH3), 825.33 (C-Har). UPLC ESI/MS, [M+H]+: 311.4 

N2-(2,4-dichlorophenyl)-6-(pyridin-2-yl)-2,4-diamino-1,3,5-triazine (5h) 
Compound 5h was synthesized according to the general procedure from 2,4-dichloro-phenyl-biguanide 
hydrochloride 3h (400 mg, 1.625 mmol), 3 mL of sodium ethanolate (38.26 mmol) and ethyl-2-
picolinate 4b (0.44 mL, 3.25 mmol). The reaction mixture was evaporated. Then, the solid formed was 
purified on column chromatography with a DCM/MeOH mixture (9/1). After evaporation under 
vacuum, the dry residue was washed with DCM and was obtained as a pink powder with a yield of 45%. 
Mp 230 °C. 1H NMR (400 MHz, DMSO-d6), δ: 7.02-8.04 (m, 7H, H-3’, H-5’, H-6’, H-4’’, H-5’’, NH2), 
8.20 (d, J = 7.7 Hz, 1H, H-6’’), 8.69 (d, J = 3.8 Hz, 1H, H-3’’), 9.07 (s, 1H, NH). 13C NMR (101 MHz, 
DMSO-d6), δ: 123.31 (C-6’), 125.47 (C-4’’), 127.39 (C-6’’), 128.50 (C-4’), 128.80 (C-5’), 129.23 (C-
2’), 135.00 (C-3’), 136.72 (C-1’), 149.25 (C-5’’), 149.25 (C-3’’), 154.17 (C1’’), 165.38 (C-6), 167.50 
(C-2),  170.40 (C-4). IR, v (cm-1): 3113.11 (N-H), 1606,70 (C=Car), 812,03 (C-Har). UPLC ESI/MS, 
[M+H]+: 334.2.

N2-(3,4-dichlorophenyl)-6-(pyridin-2-yl)-2,4-diamino-1,3,5-triazine (5i) 
Compound 5i was synthesized according to the general procedure from 3,4-dichloro-phenyl-biguanide 
hydrochloride 4i (510 mg, 2.07 mmol), 3 mL of sodium ethanolate (38.26 mmol), and ethyl-2-picolinate 
4b (0.56 mL, 4.14 mmol). The precipitate formed was successively washed with methanol, water, and 
diethyl ether and dried. It was obtained as a pink powder with a yield of 86%. Mp 243 °C. 1H NMR (400 
MHz, DMSO-d6), δ: 7.227.67 (m, 4H, H-2’, H-5’, NH2), 7.84 (d, J = 8.5 Hz, 1H, H-4’’), 7.98 (t, J = 7.2 
Hz, 1H, H-6’), 8.29 (m, 2H, H-5’’, H-6’’), 8.72 (d, J = 3.3 Hz, 1H, H-3’’), 10.11 (s, 1H, NH). 13C NMR 
(101 MHz, DMSO-d6), δ: 119.55 (C-6’), 120.66 (C-2’), 123.18 (C-4’), 123.27 (C-4’’), 125.67 (C-6’’), 
130.16 (C-5’), 130.75 (C-3’), 136.88 (C-5’’), 140.23 (C-1’), 149.36 (C-3’’), 153.94 (C-1’’), 164.63 (C-
6), 167.19 (C-2), 170.20 (C-4). UPLC ESI/MS, [M+H]+: 334.03. IR, v(cm-1): 3147.83 (N-H), 1598.99 
(C=Car), 790.81 (C-Har). UPLC ESI/MS, [M+H]+: 334.2. 

N2-(benzo[d][1,3]dioxol-5-yl)-6-(pyridin-4-yl)-2,4-diamino-1,3,5-triazine (5j) 
Compound 5j was synthesized according to the general procedure from benzo[d][1,3]dioxol-5-
biguanide hydrochloride 4j (650 mg, 2.94 mmol), sodium ethanolate (3 mL, 38.26 mmol) and ethyl 
isonicotinate 4c (0.57 mL, 3.822 mmol). The precipitate formed was successively washed with 
methanol, water and DCM then dried. It was obtained as a grey powder with a yield of 24%. Mp 218 °C. 
1H NMR (400 MHz, DMSO-d6), δ: 5.99 (s, 2H, Ch2), 6.86 (d, J = 8.4 Hz, 1H, Hb), 7.15 (dd, J = 8.4, 1.8 
Hz, 1H, Ha), 7.31 (s, 2H, NH2), 7.58 (s, 1H, He), 8.11 (d, J = 5.5 Hz, 2H, Hg), 8.76 (d, J = 5.7 Hz, 2H, 
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 Hh), 9.60 (s, 1H, NH). 13C NMR (101 MHz, DMSO-d6), δ: 100.79 (OCH2O), 102.59 (C-2’), 107.79 
(C-5’), 112.97 (C-6’), 121.46 (C-2’’, C-6’’), 133.93 (C-1’), 142.37 (C-1’’), 144.21 (C-3’’), 146.93 (C-
5’’), 150.18 (C-6), 164.42 (C-4), 167.13 (C6), 168.64 (C4). IR, v(cm-1): 3180.62 (N-H), 1591.27 
(C=Car), 1487.12 (C=CH2), 802.39 (C- Har). UPLC ESI/MS, [M+H]+: 309.10.

N2-(3,4-dichlorophenyl)-6-(pyridin-4-yl)-1,3,5-triazine-2,4-diamine (5k) 
Compound 5k was synthesized according to the general procedure from 1-(3,4-
dichlorophenyl)biguanide hydrochloride 3k (500 mg, 2.03 mmol), sodium ethanolate (3 mL, 38.26 
mmol), and ethyl isonicotinate 4c (0.39 mL, 2.64 mmol). The precipitate formed was successively 
washed with methanol, water, and diethyl ether and then dried. It was obtained as a pink powder with a 
yield of 36%. Mp 276 °C. 1H NMR (400 MHz, DMSO-d6), δ: 7.55 (m, 3H, H-2’, NH2), 7.81 (dd, J = 8.9, 
2.4 Hz, 1H, H-5’), 8.12 (d, J = 5.9 Hz, 2H, H-2’’, H-6’’), 8.22 (d, J = 1.7 Hz, 1H, H-6’), 8.77 (d, J = 5.8 Hz, 
2H, H-3’’, H-5’’), 10.01 (s, 1H, NH). 13C NMR (101 MHz, DMSO-d6), δ: 119.81 (C-6’), 120.92 (C-2’), 
121.49 (C-6’’, C-2’’), 123.47 (C-4’), 130.23 (C-5’), 130.75 (C-3’), 139.98 (C-1’), 143.91 (C-1’’), 150.27 
(C-3’’, C-5’’), 164.46 (C-6), 167.11 (C-4), 168.96 (C-2). IR, v(cm-1): 3307.92 (N-H), 1600.32 (C=Car), 
804.32 (C-Har). UPLC ESI/MS, [M+H]+: 334.03. 

RESULTS AND DISCUSSION 

Chemistry 
In this work, novel triazines were synthesized in two steps. The first step consisted of adding primary 
amines 1 with dicyandiamide 2 in the presence of chlorotrimethylsilane in acetonitrile, under microwave 
irradiation for 10 min at 130 °C (18 bar, 60 W). The intermediates resulting from this first step were 
biguanides 3a-f (Figure 1).

Figure 1. Synthesis of biguanides

At the end of the reaction, the biguanide formed was cooled in ice crushed, filtered, and washed with 
acetonitrile and isopropanol. The resulting biguanide in powdery form was dried and used without 
further purification for the next step [18]. The yields of synthesized biguanides ranged from 61-95% 
(Table 1). 
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Table 1. Synthesized biguanides. 

Then, biguanides previously obtained were condensed with various esters of interest according to the 
reaction scheme (Figure 2). 

Figure 2. Synthesis of 6-aryl-2,4-diamino-1,3,5-triazines

The reaction was carried out under an inert atmosphere, at the reflux of ethanol or methanol according to 
the chosen base (EtONa or MeONa [19]). The reaction was followed by TLC and UPLC-MS. After 
completion of the reaction, synthesized triazines 5a-k precipitated. The precipitate obtained was 
recovered by filtration and washed successively with methanol and dichloromethane. Depending on its 
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solubility, it was rinsed with ethyl acetate, diethyl ether, or cyclohexane. If necessary, it was either 
recrystallized in a methanol/water mixture 1:1 or 1:2 or purified on a silica gel column with a convenient 
solvent. The yields of 6-aryl-2,4-diamino-1,3,5-triazines (5a-k) ranged from 16-86% (Table 2).

Table 2. Synthesized triazines. 

Biological section 

Table 3. Experimental conditions used for protein kinase assays.
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* Peptide substrates were obtained from ProteoGenix (Schiltigheim, France) or Sigma for Histone H1, 
Poly (L-glutamic acid – L-tyrosine) sodium salt 
** Composition of the buffers: Buffer A: 10 mM MgCl2, 1 mM EGTA, 1 mM DTT, 25 mM Tris-HCl pH 
7.5, 50 µg/mL heparin *** “Sp’’ stands for phosphorylated serine 

Primary screening and IC50 determination 
In this study, synthesized triazines were tested on 12 protein kinases (GSK3-a/b, CDK5/p25, EGFR, 
VEGFR2, EphB1, JAK3, ABL1, DYRK1A, CLK1, CK1ε, and PIM1) (Table 3) to evaluate their 
potential enzymatic activity. Kinase activities were measured using the ADP-GloTM bioluminescent 
kinase assay kit (Promega, Madison, WI) according to the recommendations of the manufacturer, 
described according to the protocol of Zegzouti et al. [20]. These enzymatic activities were detected in 
the presence of 10 µM ATP.  Reactions were carried out in the presence of 10 µM of ATP, in a final 
volume of 6 µl for 30 min at 30 °C in ADP-Glo buffer (25 mM Tris-HCl pH 7.5, 10 mM MgCl2, 1 mM 
EGTA, 1 mM DTT, 50 µg/mL heparin and 0.1 mg/ml of BSA). After that, 6 µl of ADP-GloTM Kinase 
Reagent was added to stop the kinase reaction. After an incubation time of 50 min at room temperature, 
12 µl of ADP-GloTM Kinase Detection Reagent was added for one hour at room temperature. The 
transmitted signal was measured using the Envision (PerkinElmer, Waltham, MA) microplate 
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luminometer and expressed in Relative Light Unit (RLU). Kinase activities were expressed in % of 
maximal activity, i.e. measured in the absence of an inhibitor. In primary screening, chemical 
compounds, dissolved in DMSO, are tested at 10 µM and 1 µM final in the kinase assay. To determine the 
half-maximal inhibitory concentration (Ic50), the assays were performed in duplicate in the absence or 
presence of increasing doses of the tested compounds. Positive controls (for total activity) and negative 
controls (for background noise) were performed with appropriate dilutions of dimethylsulfoxide 
(DMSO). Note that a value ≥ 100 indicates that the compound tested can not inhibit the enzymatic 
activity of the kinase at the concentration tested (Table 4). 

Table 4. Primary screening of triazines. 
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Primary screening results highlighted seven compounds 5a, 5b, 5c, 5d, 5g, 5i and 5k, which inhibited 
kinases EphB1, JAK3, CK1Ɛ, and PIM1. Enzymatic activity percentages of these compounds, at 10 and 
1 μM concentrations, were noticed in Table 4. Dose-response studies were subsequently undertaken 
with Ic50 determination. IC50 of active molecules which obtained the best results were determined in 
Table 5.

Table 5. IC50 determination at 10 µM for active triazines 

From these different results, we were able to identify two chemical cores favorable to the inhibition of 
enzymatic activity. These are 6-chlorophenyl-1,3,5-triazine and 6-(pyridin-2-yl)-1,3,5-triazine which 
carry an aminophenyl group in position 2. The latter must be monosubstituted in the para position of 
amine function by a thiomethyl or nitrile group (compounds 5a, 5c, and 5g). On the one hand, 
polysubstitution in the ortho and para position or the meta and para position by chlorine atoms led to 
inactivity on kinases. On the other hand, introduction into position 2, on 6-chlorophenyl-2,4-diamino-
1,3,5-triazine of ethylamino-morpholinyl substituent (compound 5b) or 5aminobenzodioxole 
(compound 5d) caused inhibition of protein kinases. Moreover, the most active molecule was compound 
5b which inhibited PIM1 kinase (IC50 = 1.18 µg/mL), Table 5. However, introduction at position 6 of the 
pyridine-4-yl group on 1,3,5-triazine moiety resulted in a lack of enzymatic activity, even though this 
structural variation was coupled with the presence, in position 2, of the group previously favorable to 
inhibition such as 5aminobenzodioxole (5j).  

CONCLUSION 

Here, we have reported the synthesis in two steps and the biological evaluation of a series of new 
triazines 5a-k. We successfully developed a library of 11 new compounds with overall yields ranging 
from 16-86%. For the first step, we used microwave irradiation for the synthesis of biguanides 3a-e. This 
approach allowed structural diversity of intermediates biguanides 3a-e which led to final triazines. 
Enzymatic inhibition was measured on all final compounds. Results on protein kinase assays showed 
that the most active molecule was compound 5b which inhibited PIM1 kinase with the value of IC50 = 
1.18 µg/mL. This result is the starting point of a larger research program within our group that can 
investigate the introduction of substituted groups on triazine’s terminal amino group. Therefore, the 
perspectives identified will concern the search for new pharmaco-modulations and structural 
optimization favorable to the increase of protein kinases inhibitory activity involved in immune 
pathophysiology, inflammatory or cancerous diseases, to generate lead compounds, and be able to 
conduct studies on relevant in vivo models. 
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INTRODUCTION

Hypothyroidism is a clinical condition due to lack of production of thyroid hormones for prolonged 
period [1]. The clinical presentations depend on age of its onset and severity. Cretinism in infancy and 
childhood & myxoedema in adulthood [2]. It can be primary hypothyroidism due to the intrinsic disorder 
of thyroid gland. When a middle-aged woman presents with vague symptoms like fatigue, weight gain, 
or depression, a high index of suspicion should be maintained for diagnosis because secondary 
hypothyroidism, which results from failure of TSH production due to diseases of the anterior pituitary or 
hypothalamus, is typically not clinically obvious [3, 4]. m instances of cretiny A Feature A decrease in T3 
and T4 levels and an increase in TSH levels are among the laboratory results. Although instances with 
suprathyroid lesions have low TSH levels, myxoedema is diagnosed by low blood T3 and T4 levels with 
noticeably high TSH [5]. In India, it is the most prevalent thyroid condition, affecting one out of ten 
persons.

Case report 
A newly married lady of 24 years old visited my clinic with complaints of severe hair fall for last 9 
months, with mood swings, fatigue and irregular menstruation also experienced from that particular 
period. She was already a diagnosed case of hypothyroidism and was under Thyronorm 50mg and her 
doctor advised her 75mg on 14.06. 2022.then the couple decide to try homoeopathy after some 
recommendations. She suffered with pneumonia at the age of 3. Her mother suffered from 
hypothyroidism. Grand father and mother (paternal) suffered from hypertension, Urine 7-8 times during 
day at least 1-2 times in night with burning Menarche at the age of 16. Irregular menstruation with 35-37 
days’cycle. Clots, Headache on sun exposure, dry skin with itching, Sweating more on scalp and face, 
generally not comfortable in warmth. 

Hypothyroidism is a clinical Syndrome resulting from a deficiency of thyroid hormones, which leads to 
generalized slowing down of metabolic processes. In infants and children results in marked slowing of 
growth &development with mental retardation. Whereas in adults leading to slowed heart rate, diminished 
oxygen consumption & deposition of glycosaminoglycans in intracellular spaces particularly in skin & 
muscles, female is more prone to suffer from this disorder. The risk is multiplied with increasing age and 
family history of thyroid disorder. The conventional system deals with prolonged use of Levothyroxine 
with subsequent increase or decrease of its doses depending on its condition. In homoeopathy we treat them 
with forming the Totality of Symptoms and by individualistic approach. I report a case of newly Married 
lady of 24 years old presented with hairfall, mood swings, fatigue and Menstrual irregularities. Natrum 
Muraticum in 50 millesimal(LM)potency was prescribed on the basis of totality and individualization.  

Key words: Homoeopathy, LM Potency, Endocrine disorder, Hypothyroidism

ABSTRACT
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Physical generals 
She was whitish complexioned, Average built 
Preferred Spicy food++++and pizza+ or even fried food+ 
Frequent Urination with burning  
Menarche at the age of 16. Menstruation irregular with 35-37 days’ cycle, clots, Headache on sun 
exposure.dry 
skin with itching, Sweating more on scalp and face, generally not comfortable in warmth [5].

Mentals  
The Lady looked calm and composed, easily offended, cannot bear slightest opposition, feels being 
noticed by 
others, fear of crowd, easily crying on grief, sad music, Fear of robbers.   

On examination 
General physical examination 
The patient was of lean thin, with 5.2” height and 46 kg weight. 
Body mass index (BMI) was 20.9. 
Blood pressure was 110/80 mmHg 
Pulse- 89/min  
Respiration 16/min.   
Pallor-Absent,  
Cyanosis-Absent  
Clubbing-Absent

Systemic examination 
On Inspection-swelling absent, on palpation-the thyroid gland was mobile, firm and non-tender. 
Diagnostic Assessment Thyroid profile investigation dated 14.06.2022 2014 TSH level to be 8.8910 
mlU/ML, withT3: 0.69 ng/ML and T4: 7.92 µg%.  

On basis of case taking and totality of symptoms  

· Fear general phobia noise from 
· Fear of thunderstorm 
· Consolation aggravates 
· Hair fall  
· Easily Offended 
· Irregular and delayed menses 
· Hot patient 
· Feels better in cold air 
· Profuse perspiration 
· Dry skin 
· Desires spicy food 
· General aggravation from heat 

MATERIALS AND METHODS
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Case processing 
Analaysis of symptoms 
• Fear of noice • Fear of Thunderstrom • Consolation Aggravates • Hair fall • Desire for spicy food. • 
Easily offended • Delayed and irregular Menses •Hot Patient• Feels better in open Air• Profuse 
Perspiration • Dry skin•general aggravation from heat and sun exposure. 

Mentals- fear of noice, Thunderstrom, consolation Aggravates, offended Easily, Physical Generals- 
Haifalls, Desire for spicy food, general aggravation from heat, better in cold air. 

Particulars 
Dryskin, profuse persipiration, 

Totality of symtoms 

· Fear general phobia noise from 
· Fear of thunderstorm 
· Consolation aggravates 
· Hair fall  
· Easily Offended 
· Irregular and delayed menses 
· Hot patient 
· Feels better in cold air 
· Profuse perspiration 
· Dry skin 
· Desires spicy food 
· General aggravation from heat

Repertorisation After analysis and evaluation of the case, the following rubrics were taken for 
Repertorisation (Figure 1). 
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The Most Important and Major Polycrest Remedy from Mineral Kingdom   Natrum Muraticum was 
chosen. For 15 days, the patient was instructed to take Natrum Muraticum 0/1 twice daily. To attain the 
results, the patient was followed-up every two weeks (Table 1). Discussion in this case, the patient 
presented with complaints of menstrual irregularities and hair fall which are common symptoms of 
hypothyroidism [6]. However, weakness during menses, hypothyroidism usually presents with 
intolerance to cold, loss of appetite and weight gain; whereas in this case, there was amelioration from 
cold air, and no weight gain (BMI: 20.9), which were peculiar. Medicine prescribed on the basis of 
peculiar and characteristic symptoms led to not only relief in signs and symptoms but also restoration of 
TSH levels. 

Table 1. Follow-up and outcomes
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Figure 2. Investigation Reports: As on- 14.06.2022

Figure 3. Thyroid Profile As on 14.06.2022 
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Figure 4. Investigation Report as on 22.09. 2022 

Figure 5. Thyroid profile As on 22.09.2022
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RESULTS AND DISCUSSION 

In Homoeopathy we treat the patient (individual) not the disease by merely its name and diagnosis. Our 
approach to every individual case is to improve the vitality and immunity of the patient with our 
medicines so that the patient can get back to normalcy without any adverse and unwanted complications. 
Whereas same may not be said for the conventional system of medicine. This case presented with 
elevated level of TSH and the patient was already under medication for the same for almost a year. On her 
first visit (14.07.2022) the lady presented with elevated TSH level which was 8.8910mIU/mL (Figure 3). 
Natrum Muraticum 0/1 was the first prescription on basis of Totality of Symptoms and reportorial 
Report and subsequent consultation with Materia Medica.and on her subsequent visits the potency was 
increased and her TSH Level came down to 3.684 mIU/Ml (Figure 5) which is with in normal limits with 
disappearance of symptoms of fear, Hair fall, menstrual irregularities. A normal range of TSH level in a 
short time span of 4 months with non-recurrence of complaints is documentary evidence in favour of 
homoeopathy. Various research studies have shown efficacy of homeopathy in successful treatment of 
sub-clinical Hypothyroidism [7]. 

CONCLUSION  

This case definitely confirms the Efficacy of homoeopathy for managing such endocrine conditions. as it 
is clearly evident that particularly with this patient even after taking Thyronorm for almost a year she was 
not experiencing any relief from her complaints. Rather her condition was becoming worse, which 
prompted her doctor to advice an increased dose of medicine. whereas on proper and detailed history 
taking based on Dr Hahnemann’s homoeopathic Principles we could provide her relief from not only 
physical Symptoms but also her mental Anxiety, Her Also fear improved.
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INTRODUCTION
Parkinson's disease (PD) is a progressive neurodegenerative disorder primarily resulting from the loss of 
dopaminergic neurons in the substantia nigra (SN). These neurons play a crucial role in motor control, 
coordination, and various cognitive functions by producing dopamine. The depletion of dopamine leads 
to the hallmark motor symptoms (MS) of PD, which include tremors, increased muscle tone (rigidity), 
bradykinesia (slowness of movement), and postural instability, contributing to difficulties in gait and 
balance. In addition, PD progression varies significantly between individuals, and while the onset is 
often gradual, the disease inevitably worsens over time. Despite ongoing research, there is no disease-
modifying treatment available for PD. However, symptomatic therapies and various interventions can 
alleviate MS and enhance the quality of life (QoL) for patients [1, 2]. In addition to the well-known MS, 
PD is also associated with a broad spectrum of non-motor symptoms (NMS), which can be equally, if not 
more, debilitating for patients. These NMS include dysarthria (speech difficulties), dysphagia 
(swallowing difficulties), depression, anxiety, sleep disturbances, and cognitive impairments such as 
memory loss and executive dysfunction. Other prevalent NMS include autonomic dysfunctions such as 

Parkinson's disease (PD) is a progressive neurodegenerative disorder characterized by motor symptoms 
such as tremor and rigidity, along with non-motor symptoms such as cognitive decline and depression. 
Current dopaminergic therapies offer symptomatic relief but fail to halt disease progression, underscoring 
the urgent need for novel, disease-modifying therapies. This review explores the potential of repurposed 
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constipation and seborrheic skin disorders [3-6]. The severity and manifestation of these symptoms vary 
widely among patients, with not all experiencing the full spectrum of NMS. These deficits have a 
substantial impact on patient outcomes and make clinical management of PD more difficult. PD affects 
approximately 1 million individuals in the United States alone, with an average age of onset around 60 
years [7]. The annual incidence rate in the U.S. is estimated at 60,000 new cases [8]. Moreover, the 
prevalence increases with age, affecting 1-2% of individuals over 60 years old, and rising to nearly 4% in 
individuals over 80 years old [9]. The disease is more prevalent in men than in women, with a male-to-
female ratio of about 1.5 to 1 [10]. Additionally, PD is more common among white populations 
compared to other racial or ethnic groups [11]. Globally, the burden of PD is expected to rise as the 
population ages, making it a significant public health challenge [12, 13]. Given the current limitations in 
treating PD and the anticipated rise in its global prevalence, there is an urgent need to explore new 
therapeutic fields. Recent research has started to investigate the potential repurposing of drugs from 
other medical fields, such as cardiology and immunology, for PD treatment. This approach involves 
targeting new molecular pathways and mechanisms that may help alleviate symptoms or slow disease 
progression. In this review, we have synthesized the latest findings in this area, particularly focusing on 
repurposed medications such as immunosuppressants and cardiovascular drugs. Our objective is to 
enhance understanding of these emerging therapies and discuss their potential to open new frontiers in 
PD management, aiming to improve patient outcomes and QoL. 

RESULTS AND DISCUSSION  

Background and disease pathology 
At the molecular level, PD is thought to be related to a combination of abnormal protein accumulation, 
inflammation, and the generation of reactive oxygen species (ROS), all of which contribute to the 
degeneration of neurons in the SN (Figure 1). A hallmark of PD is the formation of abnormal protein 
aggregates known as Lewy bodies (LBs) within the nerve cells of the SN, which are primarily composed 
of alpha-synuclein, a protein expressed throughout the brain [14]. These aberrant protein aggregates 
cause neurons' regular functions to be disrupted, which eventually results in their death. Beyond PD, 
LBs are also a feature of other neurodegenerative illnesses, like multiple system atrophy (MSA) and 
dementia with LBs, where their existence is associated with both motor and cognitive symptoms [15]. 
The role of alpha-synuclein in the development of LBs has been extensively studied. Alpha-synuclein is 
a 140 kDa protein encoded by the SNCA gene, and it is suggested to regulate neurotransmitter release 
and maintain the presynaptic cytoskeleton, as well as facilitate vesicular transport within cells [16-18]. 
Although its exact function remains unclear, alpha-synuclein is believed to play a critical role in 
maintaining neuronal integrity and modulating ion channel activity [18]. Furthermore, studies suggest 
that alpha-synuclein is involved in the regulation of oxidative stress and apoptosis [19, 20]. Research 
indicates that alpha-synuclein may promote apoptosis through interactions with mitochondria, which 
are essential for both energy production and the regulation of cell death [21, 22]. Genetic factors, 
including mutations in the SNCA gene and other related genes, have been implicated in the formation of 
LBs and the development of familial PD, though this form of the disease is rare [23, 24]. These genetic 
mutations are thought to increase susceptibility to PD and other alphasynucleinopathies, highlighting 
the potential influence of heritable factors in what has traditionally been considered a sporadic or 
idiopathic disease [24]. 
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Figure 1. The pathophysiology model of PD. Abbreviations: SNCA, Synuclein Alpha Gene; PARK2, 
Parkin Gene; GBA, Glucocerebrosidase Gene; LRRK2, Leucine-Rich Repeat Kinase 2 Gene; PINK1, 
PTENinduced kinase 1; α-Syn, Alpha-Synuclein; ROS, Reactive Oxygen Species; Fe²⁺, Iron ions 
(Ferrous); IL-1β, Interleukin-1 Beta; IL-6, Interleukin-6; TNFα, Tumor Necrosis Factor Alpha; VIR, 
Viruses; TOX, Toxins; and DAMPS, Damage-Associated Molecular Patterns. 

LBs are not exclusive to the SN; they can also be found in other regions of the brain, such as the 
amygdala, hippocampus, hypothalamus, and brainstem nuclei like the locus coeruleus, nucleus basalis 
of Meynert, and dorsal motor nucleus of the vagus nerve. They may also appear in the neocortex and 
amygdala in some cases of PD. Research by Braak and Tredici further revealed that LBs can extend 
beyond the central nervous system (CNS) to peripheral and enteric nervous systems, suggesting a 
broader involvement of these aggregates in PD pathology. In addition to alpha-synuclein, LBs are 
composed of other proteins such as tau, ubiquitin, and neurofilaments, which may contribute to their 
formation and stability [25]. Other proteins, including 14-3-3, DJ-1, parkin, and LRRK2, have also been 
detected in LBs, though their precise roles remain unclear and warrant further investigation [25, 26]. 
Understanding the function of these proteins within LBs, as well as their contributions to the 
pathogenesis of neurodegenerative disorders like PD, is critical for developing potential therapeutic 
interventions targeting this molecular pathology. 

Repurposed drugs for PD treatment- results 

· Immunomodulatory and anti-neurodegenerative therapies

Abelson tyrosine kinase inhibitors 
Abelson Tyrosine Kinase (c-Abl): Abelson tyrosine kinase (c-Abl) is a non-receptor tyrosine kinase 
crucial for cellular stress response. Studies on animal models of PD suggest that the activation of c-Abl 
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contributes to the accumulation of α-Synuclein (α-Syn) and neuronal degradation, making c-Abl a 
potential target for diseasemodifying therapies [27]. Imatinib, the first identified c-Abl inhibitor, has 
been used successfully in the treatment of Chronic Myeloid Leukemia (CML) and gastrointestinal 
stromal tumors. Research in MPTP-induced mouse models of PD demonstrated the neuroprotective 
effects of Imatinib. Administering 30 mg/kg of Imatinib significantly reduced c-Abl tyrosine 
phosphorylation and protected dopaminergic neurons from degeneration [28]. Nilotinib is a second-
generation c-Abl inhibitor with higher selectivity and better brain penetration compared to other 
inhibitors. Several clinical trials have assessed its efficacy in PD patients. In a phase 2, double-blind, 
placebo-controlled study with 63 participants, nilotinib was shown to be safe with no significant adverse 
effects. However, no meaningful clinical improvements in MS were observed [29, 30]. Another study 
confirmed nilotinib's safety but did not show significant motor or non-motor outcome improvements 
compared to the placebo group [31]. Nevertheless, nilotinib has been shown to alter dopamine 
metabolism by increasing the levels of DOPAC and homovanillic acid (HVA), indicating potential 
neurochemical effects that warrant further research [31].

Sargramostim 
Sargramostim is a recombinant human granulocyte-macrophage colony-stimulating factor (GM-CSF) 
that stimulates immune function by activating neutrophils, macrophages, and myeloid dendritic cells. 
Given the involvement of mitochondrial and peripheral immune dysfunction in PD, sargramostim has 
emerged as a potential long-term therapeutic option [32, 33]. Sargramostim was well tolerated in PD 
patients, according to a phase 1 randomized, placebo-controlled research. Adverse events included 
injection site reactions and mild bone discomfort [34]. In addition, sargramostim increased regulatory T-
cell (Treg) subsets and improved MDS-UPDRS Part III scores after six to eight weeks of treatment. A 
subsequent phase 1b study with reduced sargramostim dosing (3 mg/kg/day) showed fewer adverse 
events without worsening MS, though larger studies are necessary to determine its therapeutic efficacy 
[35]. 

Rapamycin (Sirolimus) 
Rapamycin, an mTOR (mammalian target of rapamycin) inhibitor, has been used as an 
immunosuppressant to prevent organ transplant rejection. In PD models, mTOR inhibition by 
rapamycin has been shown to activate autophagy, which helps clear α-Syn aggregates, reduce oxidative 
stress, and alleviate dopaminergic neuronal damage [36]. Studies on mice with parkin and PINK1 
mutations indicate that rapamycin improves PD-related pathology by reducing muscle and 
mitochondrial degeneration [37]. However, more human trials are required to validate these results and 
assess rapamycin's therapeutic potential in individuals with PD. 

Isoalantolactone 
Isoalantolactone is a bioactive sesquiterpene lactone known for its anti-inflammatory and anti-tumor 
properties. Research has shown that IAL can prevent Amyloid β-induced toxicity and ameliorate MPTP-
induced PD symptoms in mouse models [38, 39]. The neuroprotective effects of IAL are thought to be 
mediated through its activation of antioxidant pathways, specifically by stimulating the nuclear factor 
erythroid 2–related factor 2 (Nrf2) signaling pathway [40]. IAL treatment has also been shown to 
preserve dopaminergic neurons and reduce neuroinflammation, making it a promising candidate for PD 
treatment. However, further research is needed to elucidate its molecular mechanisms and therapeutic 
potential.
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Interferon beta IFN-β is a polypeptide drug widely used in the treatment of relapsing multiple sclerosis 
(MS). Recent studies indicate that IFN-β can reduce neuroinflammation and prevent neurodegeneration 
in PD models. IFN-β has been shown to promote α-Syn degradation and protect dopaminergic neurons 
by modulating mitochondrial dynamics through the STAT5-PGAM5-Drp1 pathway [41, 42]. In vivo 
models of PD have demonstrated that IFN-β prevents neuronal loss and oxidative damage. However, 
more research is needed to fully understand the neuroprotective mechanisms of IFN-β and its potential 
for PD therapy. 

· Cardiological and metabolic (anti-diabetic) drugs 

Glucagon-like peptide 1 (GLP-1) agonists 
Exenatide, a GLP-1 agonist, has emerged as one of the most studied drugs for potential repurposing in 
PD treatment. An open-label study showed a clinically significant improvement in both motor and 
cognitive symptoms in patients with moderate PD, with a mean improvement of 2.7 in the MDS-UPDRS 
scale compared to a decline of 2.2 in the control group (P = 0.037). Weight loss was the only notable 
adverse effect [43, 44]. Exenatide also showed the potential to slow down disease progression, as 
demonstrated in another clinical trial, where participants exhibited a mean improvement of 1.0 in MDS-
UPDRS after 60 weeks of treatment (95% CI = -2.6 to 0.7) [45, 46]. Exenatide is currently completing 
phase III trials, and more research is being done on its neuroprotective, anti-apoptotic, anti-
inflammatory, and antioxidative qualities [47]. Other GLP-1 agonists, including liraglutide and 
lixisenatide, are in phase II trials [48]. Semaglutide has shown potential by improving motor 
dysfunction, reducing α-Syn aggregation, and increasing glial cell line-derived neurotrophic factor 
(GDNF) expression in PD mouse models [43].

The relationship between type 2 diabetes mellitus (T2DM) and PD has been recognized since the 1960s. 
A meta analysis of seven population-based cohort studies reported a 38% increased risk of developing 
PD among diabetic patients [49, 50]. Studies have shown widespread insulin resistance and impaired 
insulin signaling in the brains of PD patients [47]. Observational studies indicate that PD patients have 
lower fasting plasma insulin levels and a higher fasting plasma amylin/fasting plasma insulin ratio 
(FPAIR), with FPAIR showing a modest correlation with NMS (NMSS scale) [51]. Insulin has 
neuroprotective effects through the PI3K pathway, which may protect dopaminergic neurons from the 
harmful effects of hyperglycemia [52]. Research on intranasal insulin in rats has demonstrated 
encouraging outcomes in terms of promoting neurogenesis and warding off inflammation and ROS [53]. 
Nevertheless, intranasal insulin did not show appreciable functional or cognitive advantages in phase 
II/III trials for Alzheimer's disease and moderate cognitive impairment [54]. 

Statins 
Among statins, simvastatin has garnered the most attention due to its superior blood-brain barrier 
permeability compared to other statins like pravastatin and rosuvastatin. Preclinical studies in PD mouse 
models (6-OHDA and MPTP-induced) demonstrated simvastatin's neuroprotective effects [55]. 
Although cohort studies suggested that simvastatin may reduce PD risk, other retrospective case-control 
studies provided conflicting results [56]. A randomized controlled trial (RCT) in the UK enrolled 235 
patients to assess simvastatin’s disease-modifying potential in PD. Despite the trial’s rigorous design, 
the results did not support simvastatin as a disease-modifying agent, and further trials were not pursued 
[57]. 
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Metformin 
Metformin, a widely used antidiabetic drug, has shown promising neuroprotective effects in vitro and in 
vivo. These include the inhibition of α-Syn phosphorylation and aggregation, the alleviation of oxidative 
stress, the prevention of mitochondrial dysfunction, the modulation of autophagy through the AMPK 
pathway, and the inhibition of glial cell hyperactivation [58, 59]. Despite these promising preclinical 
findings, recent meta-analyses suggest that metformin use in humans does not correlate with reduced PD 
risk and may even increase the risk, particularly in monotherapy [60]. Issues with metformin’s 
bioavailability in the brain and potential adverse effects from long-term use may explain these 
contradictions. New stratification criteria for identifying PD patients who could benefit from metformin 
are being explored, including studies on patients with idiopathic REM sleep behavior disorder, a group 
at high risk for PD [61, 62].

Sodium-glucose cotransporter-2 (SGLT2) inhibitors 
The pathogenesis of both PD and T2DM shares mechanisms such as mitochondrial dysfunction and 
oxidative stress. SGLT2 inhibitors (flozins) may offer neuroprotective effects through their glucose 
excretion properties, lowering glycated hemoglobin, and reducing ROS production by inhibiting 
NADPH oxidase activity. These actions protect mitochondrial function and reduce inflammation [63]. 
In a murine model of PD, dapagliflozin improved motor dysfunction reduced oxidative stress, and 
attenuated ROS-dependent apoptosis [64]. A large population-based study comparing SGLT2 inhibitors 
with dipeptidyl peptidase-4 inhibitors (DPP4i) found a lower risk of PD in the SGLT2 group (HR = 0.28; 
95% CI: 0.09 to 0.91; p = 0.0349) [65]. 

Deferiprone 
Ferroptosis, an iron-dependent form of cell death, has been implicated in PD pathology, with increased 
iron accumulation observed in the brains of PD patients. Deferiprone, an iron chelator, has shown 
efficacy in reducing oxidative stress, improving motor activity, and preserving dopamine levels in 
preclinical PD models [55, 66]. Positive results from small-scale human studies also prompted the start 
of larger RCTs, such as the 372-participant FAIR PARK II experiment. Regretfully, further findings 
revealed that deferiprone was linked to worse parkinsonism scores among PD patients who had not yet 
started dopaminergic therapies, undermining the drug's potential as a therapeutic intervention [67, 68]. 

Antihypertensive drugs 

Calcium channel blockers (CCBs)
Epidemiological studies suggest that CCBs, particularly isradipine, may reduce PD risk. However, the 
STEADYPD phase III RCT, involving 336 patients, failed to demonstrate isradipine’s efficacy in 
slowing PD progression [56, 69]. While a modest impact on delaying the need for antiparkinsonian 
treatments was observed, the study highlighted dosage limitations as a potential issue [70]. 
Computational analysis using IBM Watson identified nifedipine as another potential candidate, though 
it has been associated with Parkinsonism syndromes in some reports [71, 72]. 

Angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARBs)
Preclinical evidence supports the role of the renin-angiotensin system (RAS) in neuroinflammation and 
oxidative stress in PD, making ACE inhibitors and ARBs attractive therapeutic options. Studies have 
shown that drugs such as captopril and losartan can enhance L-DOPA effects without inducing 
dyskinesias and reduce PD risk in clinical populations [56, 73-77].  However, the quality of evidence 
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remains low, and further trials are necessary to validate these findings [72].

· Anti-infective drugs in PD therapy 

Minocycline 
Minocycline, a second-generation tetracycline antibiotic, exhibits efficacy against both gram-positive 
and gram negative bacteria. Owing to its lipophilicity, it can easily cross the blood-brain barrier (BBB) 
and accumulate in the cerebrospinal fluid (CSF) and CNS. This allows minocycline to be used in the 
treatment of CNS diseases, including PD. Minocycline exerts neuroprotective effects by inhibiting 
proinflammatory molecule production, reducing mitochondrial dysfunction, and preventing microglial 
activation, which are key processes in the etiopathogenesis of PD [78]. Preclinical studies in rotenone-
induced PD rat models have demonstrated that minocycline can slightly alleviate motor deficits, 
although it has not shown significant improvements in motor function in clinical studies involving early 
PD patients [79].

Doxycycline 
Doxycycline, another second-generation tetracycline antibiotic, is commonly used for bacterial 
infections. Recent studies highlight its ability to inhibit α-Syn aggregation and reduce mitochondrial-
derived ROS [80]. In an experiment involving human α-Syn A53T transgenic mice, doxycycline 
treatment (10 mg/kg daily for 30 days) significantly improved motor function, including gait stability 
and muscle strength [81]. This suggests that doxycycline could be a potential therapeutic option for 
addressing both MS and neuropathological changes in PD. A randomized, double-blind, placebo-
controlled trial is currently recruiting PD patients to further assess doxycycline's effects on motor 
performance and cognitive function in individuals receiving levodopa (NCT05492019). 

Geldanamycin 
Geldanamycin is an ansamycin antibiotic originally developed as an anticancer drug. It inhibits the 
function of Heat Shock Protein 90 (Hsp90) and upregulates Heat Shock Protein 70 (Hsp70). Hsp70 is 
known to prevent αSyn misfolding and reduce amyloid aggregation [82]. Inhibition of Hsp90 by 
geldanamycin has shown protective effects against MPTP-induced dopaminergic neurotoxicity in PD 
models, due to the induction of Hsp70, which counters neurotoxicity and mitochondrial stress [83]. 
Despite these promising results, the toxicity of geldanamycin limits its clinical application. However, 
structural analogs of geldanamycin, such as 17-AAG, 17-DMAG, IPI493, and retaspimycin, are 
currently being evaluated in clinical trials as potential treatments for PD [84]. 

Rifampicin 
Rifampicin, an ansamycin antibiotic primarily used to treat mycobacterial infections, has demonstrated 
antiinflammatory, anti-aggregating, and antioxidant properties, making it a potential therapeutic 
candidate for neurological disorders like PD [84]. Rifampicin has been shown in experimental tests to 
lessen neuroinflammation and neurodegeneration brought on by fibrillary aggregates of α-Syn [85]. 
Rifampicin reduced apoptosis in zebrafish models of PD caused by rotenone through the reduction of 
pro-inflammatory cytokines such as IL-1β and IL-6 and the mitigation of mitochondrial oxidative stress 
[86]. These results suggest that rifampicin could modulate neuroinflammation and reduce mitochondrial 
dysfunction in PD, though further evaluation in clinical settings is needed.
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Ceftriaxone 
Ceftriaxone, a third-generation cephalosporin antibiotic, can cross the BBB and has shown 
neuroprotective effects in CNS disorders by upregulating excitatory amino acid transporter 2 (GLT-1) 
expression [87]. Chronic administration of ceftriaxone (200 mg/kg) in MPTP-induced PD rat models 
resulted in significant improvements in motor function and reduced oxidative damage. Furthermore, 
ceftriaxone downregulated neuroinflammation markers such as glial fibrillary acidic protein (GFAP) 
and Toll-like receptor 4 (TLR4) while reducing proinflammatory cytokines (IL-1β, TNF-α, and IL-6) 
[88]. A phase II randomized, double-blind, placebo-controlled trial is underway to assess the efficacy 
and safety of ceftriaxone in patients with PD dementia (NCT03413384). 

Niclosamide 
Niclosamide, an antihelminthic drug, has been recognized for its ability to modulate mitochondrial 
phosphorylation and influence various signaling pathways, including mTOR and JAK/STAT3 [89]. 
Niclosamide has shown promise in activating PINK1, a kinase involved in protecting against 
mitochondrial dysfunction, which is particularly relevant in autosomal recessive PD [90]. Niclosamide 
also promotes neurite growth in dopaminergic neurons and protects against α-Syn-induced 
neurodegeneration through the BMP-Smad pathway [91]. Although niclosamide shows potential as a 
neuroprotective agent, further research in vivo PD models is required to determine its effectiveness and 
safety.

CONCLUSION 

This study highlights the potential of repurposed drugs for PD, focusing on immunomodulatory, 
cardiometabolic, and anti-infective agents. Immunomodulators like c-Abl inhibitors (imatinib, 
nilotinib) show neuroprotective effects by targeting α-Syn aggregation and cellular stress pathways, 
though clinical efficacy remains inconclusive. Cardiometabolic drugs, particularly GLP-1 agonists such 
as exenatide, demonstrate promising results in motor and cognitive symptom improvement, with 
potential disease-modifying effects. Anti-infective agents (minocycline, doxycycline, rifampicin) offer 
neuroprotection through anti-inflammatory and anti-aggregating actions, though clinical translation is 
limited by mixed results and toxicity concerns. While these drugs offer promising therapeutic strategies, 
further large-scale trials are necessary to confirm their efficacy and safety. A deeper understanding of 
their molecular mechanisms in PD could guide the development of optimized treatment approaches.
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