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A B S T R A C T

Medicinal plants have long played a pivotal role in traditional medicine, and their integration into modern 
healthcare is gaining recognition for their potential in treating a range of conditions, including obesity and in-
fectious diseases. Their bioactive compounds offer a natural, sustainable alternative to synthetic drugs, with 
significant therapeutic benefits. This review focuses on the recent advances of medicinal plants in addressing two 
major global health challenges: obesity and infectious diseases. In modern medicine, these plants are valued for 
their ability to manage weight by influencing metabolic processes such as fat oxidation, insulin sensitivity, and 
inflammation. Additionally, their antimicrobial properties offer effective solutions against drug-resistant path-
ogens, presenting a complementary approach to conventional treatments. Through a comprehensive analysis of 
bioactive compounds, the review investigates their mechanisms, including enzyme inhibition, modulation of 
immune response, and disruption of microbial growth and biofilm formation. Key findings indicate that these 
phytochemicals demonstrate both anti-obesity and antimicrobial activities, with potential to reduce inflamma-
tion, improve metabolic health, and combat drug-resistant infections. In essence, medicinal plants hold signifi-
cant promise as natural therapeutic agents for managing obesity and infectious diseases. Their ability to target 
multiple biological pathways simultaneously makes them effective in addressing the complex interplay between 
metabolic disorders and immune dysfunction.

1. Methods

Authors conducted a literature review on ethnopharmacology, mo-
lecular pathways and antimicrobial resistance sourced from various 
database and original research articles. Information was obtained from 
PubMed, ResearchGate, Google Scholar, WHO website, Taylor and 
Francis and Wiley Online compiled and critically analysed to observe 

trends and current Insights.

2. Medicinal plants in obesity and infectious disease 
management

The systematic exploitation of ethnopharmacological studies has the 
potential to greatly enhance the discovery of bioactive substances that 
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demonstrate substantial effectiveness in addressing a variety of specific 
health problems. For instance, numerous medicinal plants harbour the 
potential to serve as both therapeutic interventions and preventive 
strategies specifically aimed at effectively combating obesity and its 
myriad related comorbidities (Nyakudya et al., 2020). These functions 
also include their roles in providing pertinent antimicrobial properties, 
managing elevated fever effectively, and delivering pain relief effects in 
diverse contexts. While the biological activities of specific plants are 
extensively utilized in traditional medicine practices around the world, 
there exists a significant deficiency in the scientific community con-
cerning the comprehensive evaluation of various plant extracts for their 
numerous pharmacological attributes, particularly in relation to these 
pressing health concerns. Obesity itself is acknowledged as the most 
prevalent nutritional disease impacting populations globally, and 
despite the considerable advancements made in different areas of 
human health and medical research, the prevalence of obesity continues 
to escalate at alarming rates (Rahman et al., 2022). The complications 
that arise from obesity and associated nutritional issues significantly 
contribute to an increased susceptibility to various infectious diseases, 
which further complicates the health profiles of obese individuals and 
substantially enhances their mortality rates. A wealth of plant-derived 

compounds emerges as essential sources for numerous bioactive sub-
stances known to delay the onset of obesity while concurrently impeding 
the expansion and proliferation of infectious diseases (Nyakudya et al., 
2020; Negi et al., 2021; Rahman et al., 2022). In this context, we present 
a comprehensive overview of the engagement of the most extensively 
studied plants that are recognized for their significant roles in the 
management of obesity and its related disorders, including those spe-
cifically linked to antimicrobial activity and febrile infections. More-
over, our discussion will further extend to encompass the putative 
molecular targets associated with the bioactive compounds presented, 
thereby facilitating a deeper understanding of their intricate therapeutic 
mechanisms and potential applications in modern medicinal practices 
(Nyakudya et al., 2020; Negi et al., 2021; Rahman et al., 2022).

3. Obesity and current treatment approaches

Obesity a common disorder that results from the interaction of ge-
netic, nutritional, lifestyle, and environmental factors (Piché et al., 
2020). These metabolic conditions have emerged as a critical global 
health issue, often linked to arteriosclerosis, hypertension, cancer, dia-
betes, and osteoarthritis. Since 1990, adult obesity has more than 

Fig. 1. Classification of Obese Phenotypes and the Role of Medicinal Plants in Modulating Obesity-Associated Risks. This figure shows obesity risk factors, its 
cardiometabolic effects, and the potential benefits of medicinal plants. The left panel outlines obesity risk factors, such as lack of exercise, high-fat diets, and genetics. 
The top right shows obesity’s adverse effects, including increased adiposity, inflammation, insulin resistance, and a shift towards visceral fat and ectopic lipid storage. 
The bottom right illustrates how medicinal plants may counteract these effects by improving insulin sensitivity, balancing adipose tissue distribution, and stabilizing 
lipid storage, highlighting their potential as anti-obesity therapies.
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doubled, and adolescent obesity has quadrupled, with approximately 
2.5 billion adults overweight and 890 million adults classified as obese 
globally in 2022 (World Health Organization [WHO], 2023; Mohajan 
and Mohajan, 2023; Islam et al., 2024). World Health Organization 
(WHO) reports that pharmacological approaches to weight control 
remain challenging due to obesity’s complex etiology. Current man-
agement strategies include blocking nutrient absorption, modulating fat 
metabolism, and regulating adipose signals (Ghosh et al., 2021). 
Although global efforts focus on dietary and lifestyle changes like caloric 
restriction and increased exercise, these strategies have not fully 
addressed obesity, especially in aging populations. Anti-obesity medi-
cations are therefore recommended as additional solutions. Several 
drugs, including orlistat, lorcaserin, phentermine/topiramate, bupro-
pion/naltrexone, and liraglutide, target obesity by increasing 
noradrenaline, dopamine, and serotonin. However, they often cause side 
effects like cardiovascular complications, blood pressure changes, and 
hormonal disruptions (Kumar et al., 2022; Kosmalski et al., 2023). 
Sibutramine, once widely used, was recently withdrawn due to its link 
with non-fatal cardiovascular events (Alobaida et al., 2021). These 
non-viable apharmacological outcomes highlight the need for alterna-
tive treatments. Given their therapeutic potential and historical use in 
traditional medicine, medicinal plants such as illustrated in Fig. 1 are 
increasingly considered for obesity management (Saglam and Sekerler, 
2024). Various plant parts (leaves, stems, roots, seeds, flowers, fruits) 
are rich in bioactive compounds and they account for 25–50 % of drugs 
currently used in healthcare, with ongoing research focused on discov-
ering new bioactive compounds (Babalola et al., 2024).

4. Bioactive Compounds in Medicinal Plants for obesity 
treatment

Cosmos caudatus: Cosmos caudatus, an herbal plant native to Latin 
America and Southeast Asia, is known as Ulam raja in Malaysia and 
Kenikir in Indonesia (Ahda et al., 2023). Scientific research supports its 
traditional use in slowing aging, strengthening bones, and protecting 
against metabolic disorders (Panossian et al., 2021). Extracts from 
Cosmos caudatus have demonstrated preventive effects against hyper-
lipidemia, hypertension, and diabetes, due to their antihypertensive, 
antidiabetic, antioxidant, and antibacterial properties (Ahda et al., 
2023; Latiff et al., 2021). Its anti-obesity potential has been linked to its 
anti-diabetes properties as a result of its useful bioactive constituents 
targeting glucose and fat metabolisms with C.caudatus causing the 
highest weight reduction by 42.5 % in an animal study compared to 
other significant herbs (Murugesu et al., 2020; Rahman et al., 2017; 
Sang et al., 2024) These bioactive compounds play a role in regulating 
obesity by inhibiting fat-metabolizing enzymes such as pancreatic lipase 
and lipoprotein lipase suggesting that Cosmos caudatus may help prevent 
obesity by limiting fat digestion, absorption, and accumulation. Key 
compounds like catechins and quercetin in Cosmos caudatus promote 
lipolysis, breaking down stored fat into free fatty acids and glycerol, 
leading to reduced body fat and improved metabolism (Pham et al., 
2020). Studies have shown that quercetin, rutin, and chlorogenic acid in 
the extract significantly reduce cardiac output and induce diuresis in 
hyperlipidemic rats after 4 weeks of treatment (Rahman et al., 2017). 
Previously, studies according to Moshawih et al., (2017) recommended 
aqueous extracts of the plant containing quercetin as better effective 
against hypertension compared to the hexane and dichloroethane ex-
tracts with a moderate effect. However, recent studies have added that 
the latter has had quite significant effects (Ahda et al., 2023)._ Further 
studies by Firdaus et al. (2021) also identified compounds like catechin, 
kaempferol, quercetin, and procyanidin B1 as major contributors to its 
antihypertensive and fat metabolism-regulating effects. Additionally, 
Cosmos caudatus extract inhibits key enzymes involved in regulating 
glucose level after meal (Murugesu et al., 2020). In human studies, 
8-week administration of Cosmos caudatus significantly improved insulin 
resistance and sensitivity in type 2 diabetic patients (Moshawih et al., 

2017).
Lawsonia inermis: Lawsonia inermis, or henna, is a plant from the 

Lythraceae family, known for its use as a cosmetic dye for thousands of 
years (Moutawalli et al., 2023). It contains a variety of bioactive com-
pounds, including flavonoids, coumarins and alkaloids, which 
contribute to its therapeutic potential. These compounds have been 
shown to treat ulcers, bronchitis, leukoderma, hair loss, and jaundice, 
and exhibit antioxidant, anti-inflammatory, hepatoprotective, and hy-
poglycemic properties (Batiha et al., 2024). Rich in flavonoids and 
polyphenols, Lawsonia inermis helps neutralize oxidative stress, a key 
factor associated with obesity and metabolic disorders. Reducing 
oxidative stress can improve fat metabolism and overall metabolic 
health. The plant has shown potent free radical scavenging activity, high 
phenolic content, and strong pancreatic lipase inhibition (Khantamat 
et al., 2020). Its bioactive compounds, such as tannins and quinones, aid 
in reducing lipid accumulation by regulating fat metabolism and 
enhancing lipid breakdown (Batiha et al., 2024). Its phytochemical 
compounds like lawsonin, gallic acid, and ellagic acid inhibit fat accu-
mulation by down-regulating genes involved in lipid synthesis and 
up-regulating genes promoting lipid degradation (Youl et al., 2024). 
This dual mechanism reduces fat storage and improves fat metabolism, 
contributing to weight loss. Additionally, its antioxidant and 
anti-inflammatory properties also contribute to metabolic regulation 
and combating obesity-related oxidative stress (Moutawalli et al., 2023).

Garcinia cambogia: Garcinia cambogia, a tropical tree native to 
Southeast Asia, India, and parts of Africa, belongs to the Clusiaceae 
family (Brown, 2023). Its primary weight-loss effects are attributed to 
hydroxycitric acid (HCA), known for suppressing appetite, increasing fat 
oxidation, and regulating lipid biosynthesis. HCA inhibits the 
ATP-citrate lyase, which converts carbohydrates into fat, thereby 
reducing fat production and promoting the use of stored fat for energy 
(Shanbhag, 2024). Studies have shown that G. cambogia effectively re-
duces body weight and fat mass in both animals and humans, though 
some human trials report only short-term weight loss (within 12 weeks) 
(Amini et al., 2024). Despite mixed results, G. cambogia offers additional 
benefits, including anti-inflammatory, antioxidant, antidiabetic, and 
hepatoprotective effects (Noreen et al., 2023). Animal studies have 
found no significant toxicity, and human trials show no major side ef-
fects when used at recommended doses. The anti-obesity effects of G. 
cambogia result from several mechanisms, such as suppressing fatty acid 
biosynthesis, reducing appetite, and increasing energy expenditure, 
which collectively reduce fat accumulation and weight gain (Davkova 
et al., 2024; Balkrishna et al., 2023). Research by El Gendy et al. (2024)
showed that G. cambogia extract lowered serum leptin levels and 
improved glucose metabolism in obese mice, suggesting a leptin-like 
effect that enhances energy regulation and metabolic health. Addition-
ally, Kim et al. (2008) found that a mixture of G. cambogia extract, soy 
peptide, and L-carnitine significantly reduced body weight and visceral 
fat in high-fat diet-induced obese rats. Garcinia cambogia shows promise 
as an anti-obesity agent by influencing lipid metabolism, hormonal 
regulation, and gene expression related to fat storage. Although prom-
ising, more research is needed to fully understand G. cambogia mecha-
nisms and clinical efficacy in humans.

Curcuma longa: Curcuma longa, widely known as turmeric or Indian 
saffron, has been used for centuries in traditional medicine to treat 
obesity and diabetes (Fuloria et al., 2022). Its active compound, cur-
cumin, has shown remarkable anti-obesity effects by managing disor-
ders like dyslipidemia, non-alcoholic fatty liver disease (NAFLD), 
cardiovascular disease (CVD), and type 2 diabetes (T2D) (Varì et al., 
2021). Curcumin works by inhibiting fat cell formation, regulating lipid 
metabolism, and boosting energy expenditure. It also improves gut 
microbiota, enhancing metabolic health (Scazzocchio et al., 2020). By 
reducing inflammation, oxidative stress, and insulin resistance, curcu-
min addresses key factors in obesity-related conditions. Research shows 
that C. longa decreases leptin and pro-inflammatory mediators, while 
reducing reactive oxygen species (ROS) and raising insulin and 
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adiponectin levels. Higher serum adiponectin and insulin, along with 
lower ROS, are linked to reduced obesity (Jabczyk et al., 2021). Addi-
tionally, C. longa inhibits the Egr-1 gene, which is associated with 
obesity development (Patel et al., 2020). This regulation of leptin, adi-
ponectin, inflammatory markers, and oxidative stress further supports 
curcumin’s anti-obesity effects (López-Ortega et al., 2022). Varì et al. 
(2021) found that curcumin significantly reduced body weight and 
omental fat in individuals with metabolic syndrome. Both in vitro and in 
vivo studies have confirmed these benefits, with research on mice fed a 
high-fat diet showing reductions in body weight and fat accumulation 
when curcumin was included (Li et al., 2021).

Coffea Arabica: Coffea arabica, a small tree native to Africa, pro-
duces coffee cherries rich in antioxidants and known for their anti- 
obesity and insulin-sensitizing effects (Garg et al., 2021). Its primary 
bioactive compounds include chlorogenic acids, caffeine, trigonelline, 
and diterpenes like cafestol (Alasmari et al., 2020). Chlorogenic acids, 
particularly caffeoylquinic acids (CQAs), play a crucial role in weight 
management by enhancing fat oxidation and improving glucose meta-
bolism, which boosts insulin sensitivity (Wang et al., 2021). Caffeine, a 
central nervous system stimulant in coffee, promotes weight loss by 
acting as a thermogenic agent that increases energy expenditure (Van 
Schaik et al., 2021). It accelerates fat breakdown by inhibiting the 
degradation of cyclic AMP (cAMP), which in turn boosts thermogenesis. 
Additionally, caffeine blocks adenosine receptors (A1, A2A, A2B, A3), 
enhancing lipolysis and metabolic regulation (Shaik Mohamed Sayed 
et al., 2023). The combination of chlorogenic acids and caffeine posi-
tions Coffea arabica as a promising anti-obesity compound, offering both 
fat-burning and metabolic benefits.

Capsicum annuum: Capsicum annuum, commonly known as red 
pepper, is native to southern North America and northern South 
America (Yuca, 2022). This popular spice exhibits anti-obesity effects 
largely due to capsaicin, its active compound concentrated in the fruit’s 
placenta (Duranova et al., 2022). Capsaicin promotes weight loss by 
enhancing thermogenesis, the body’s heat-generating process (Werner, 
2021). Research shows that capsaicin stimulates thermogenesis in 
brown adipose tissue (BAT), facilitating fat breakdown. A single dose 
can elevate whole-body energy expenditure and core temperature by 
activating the sympathetic nervous system (Saito et al., 2020). This 
thermogenic activity, combined with enhanced fat metabolism, con-
tributes to its anti-obesity properties. For an effective anti-obesity 
compound, increasing energy expenditure or reducing energy intake 
without adverse effects is crucial. Capsaicin stimulate the release of 

norepinephrine and epinephrine from the adrenal medulla, activating 
adrenergic receptors and boosting energy expenditure (Werner, 2021). 
It also activates transient receptor potential vanilloid 1 (TRPV1) re-
ceptors, further promoting fat metabolism and reducing body fat 
through increased energy expenditure in adipose tissues (Zhu, 2022). 
Studies indicate that mice fed a capsaicin-enriched diet showed 
increased TRPV1 receptor mRNA expression in adipose tissue and a 24 
% reduction in visceral fat (Shin et al., 2020). This supports the role of 
capsaicin-induced TRPV1 activation in metabolic regulation, potentially 
aiding weight-loss treatments. Additionally, capsaicin reduced body 
weight, body fat, and serum lipid levels—including triglycerides, also 
both low-density and high-density lipoprotein—in obese rats (Azlan 
et al., 2022). It up-regulates the expression of PPARα, PPARγ, uncou-
pling protein-2, and adiponectin while down-regulating leptin (Lu et al., 
2020). These findings highlight capsaicin’s potential as an anti-obesity 
compound.

Hibiscus sabdariffa: Hibiscus sabdariffa, commonly known as Rose-
lle, has long been used as a beverage and traditional remedy in countries 
like Thailand, Nigeria, China, and India (Islam et al., 2021). Its diverse 
bioactive compounds, including flavonoids (quercetin and luteolin), 
chlorogenic acid, gossypetin, hibiscetin, phenols, phenolic acids, and 
anthocyanins like delphinidin-3-sambubioside and 
cyanidin-3-sambubioside, contribute to its therapeutic potential 
(Yasmin et al., 2023). These compounds as illustrated in Table 1 offer 
antioxidant, anti-inflammatory, and anti-carcinogenic benefits while 
supporting the management of diabetes, cardiovascular disease, and 
obesity (Scaria et al., 2020). Anthocyanins in H. sabdariffa specifically 
help reduce fat accumulation by enhancing insulin sensitivity, 
increasing lipoprotein lipase activity, and inhibiting genes involved in 
adipogenesis, leading to reduced fat mass (Yildiz et al., 2020). In vivo 
studies on obese rats show that Hibiscus sabdariffa extract lowers visceral 
fat, reduces inflammatory cytokines, and improves insulin sensitivity 
(Janson et al., 2021). Additionally, both in vitro and in vivo studies 
suggest that the extract inhibits α-amylase, reducing sugar and starch 
absorption to aid in weight loss (Izquierdo-Vega et al., 2020; Zulfiqar 
et al., 2022; Singh et al., 2022). Hibiscus sabdariffa’s weight-reducing 
effects are primarily attributed to its polyphenols and flavonoids, 
which inhibit fat accumulation and support metabolic health. While 
these research have provided evidence of the anti-obesity effect of 
H. sabdariffa, additional work is recommended to confirm if it acts alone 
or in synergy with other bioactive components in relation to a recent 
systematic review and meta-analysis by Dilokthornsakul et al. (2024)

Table 1 
Medicinal plants used in the treatment of Obesity.

PLANT COMPOUNDS MECHANISM OF ACTION REFERENCES

Cosmos 
caudatus

Quercetin, Chlorogenic acid, 
Catechin,Kaempferol and Saponin

Down-regulate the expression of transcription factors like PPARγ (Peroxisome 
Proliferator-Activated Receptor gamma), Boost lipolysis through activation of 
hormone-sensitive lipase (HSL) and hinder pancreatic lipase (PL).

He et al. (2024); Rahman et al. 
(2017); Sang et al., 2024

Lawsonia 
inermis

Quercetin, Apigenin, Tannins, 
Alkaloids Saponins, Gallic acid

Decrease the expression of PPARγ and C/EBPα genes and transcription factors related 
to the formation of fat cells. Stimulate lipolysis by activating enzymes like hormone- 
sensitive lipase (HSL), which breaks down stored triglycerides into free fatty acids

He et al. (2024); Kumar et al. 
(2022)

Garcinia 
cambogia

Hydroxycitric acid (HCA) Inhibit ATP-citrate lyase, thereby reducing the availability of acetyl-CoA, thereby 
limiting the synthesis of fatty acids and cholesterol

Tomar et al. (2019); 
Gwaltney-Brant (2021).

Camellia sinensis Catechins and Caffeine Enhance thermogenesis, inhibit the activity of digestive enzymes, such as pancreatic 
lipase and activation of AMPK which enhances fat oxidation and inhibits fat synthesis 
in the liver

Basu et al. (2023); Xu et al. (2023)

Curcuma longa Curcumin Decrease the expression of PPARγ, C/EBPα and fatty acid-binding protein 4 (FABP4) 
related to the formation of fat

Chen et al. (2021)

Coffea Arabica Caffeine and Chlorogenic acids Increase the release of free fatty acids from fat cells and boosts thermogenesis. Kumar et al. (2022)
Capsicum 

annuum
Capsaicin Enhance thermogenesis and reduce appetite by regulating hormones such as ghrelin 

and leptin.
Duranova et al. (2022); Shaik 
Mohamed Sayed et al. (2023)

Hibiscus 
sabdariffa

Hydroxycitric acid (HCA), 
anthocyanin and flavonoids.

Inhibit the activity of lipogenic enzymes, promoting fat metabolism and improving 
insulin sensitivity

Gwaltney-Brant (2021);

Ilex 
paraguariensis

Caffeine, quercetin, rutin, 
theobromine, chlorogenic acid

enhance thermogenesis and increase pancreatic Lipase activities Aziz et al. (2023)

Caralluma 
fimbriata

Pregnane Glycosides, Flavonoids 
and Saponin

enhance lipolysis and modulate the activity of hunger-related hormones like ghrelin Shaik Mohamed Sayed et al., 2023

E.F. Ofoezie et al.                                                                                                                                                                                                                               Aspects of Molecular Medicine 5 (2025) 100075 

4 



suggesting H.sabdariff had acted synergistically with Lippia Citriodora.
Ilex paraguariensis: Ilex paraguariensis, or Yerba Mate, is a popular 

beverage in North America and Europe, recognized for its potential 
weight loss and fat reduction benefits (Gerber et al., 2023). Made from 
the dried leaves of the plant, it is abundant in bioactive compounds, 
particularly polyphenols like flavonoids (quercetin and rutin) and 
phenolic acids (chlorogenic and caffeic acids), along with caffeine and 
saponins and is depicted in Table 1. Chlorogenic acid plays a significant 
role in weight management by inhibiting adipogenesis, the formation of 
new fat cells (Paluch et al., 2021). Research shows that it can suppress 
genes involved in fat cell differentiation, as evidenced in laboratory cell 
cultures (3T3-L1 cells) and animal models of high-fat diet-induced 
obesity (Sudhakar et al., 2020). Studies indicate that Ilex paraguariensis 
can help reduce insulin resistance, body weight gain, decrease visceral 
fat, and lower serum cholesterol, triglycerides, and LDL cholesterol 
levels (Kudo et al., 2024; Maiztegui et al., 2023; Valença et al., 2022). 
Notably, a clinical trial in Korea demonstrated that a daily intake of 3g of 
Yerba Mate over 12 weeks resulted in significant reductions in 
waist-to-hip ratio, body fat mass, and body fat percentage, along with 
improvements in visceral fat (Gutiérrez-Cuevas et al., 2024). Another 
trial using green mate powder extract (1200 mg/day) for six weeks re-
ported a marked decrease in body fat mass with no adverse effects. 
Additionally, Ilex paraguariensis offers various health benefits, 
including the modulation of signaling pathways, enhancement of in-
testinal motility, inhibition of oxidative stress, and reduction of 
inflammation. Animal studies have shown it can lower cholesterol, 
leptin, and blood glucose levels, contributing to overall weight reduc-
tion (Aziz et al., 2023). Its ability to decrease preadipocyte differentia-
tion and lipid accumulation in fat cells underscores its potential as a 
natural solution for obesity management (Gawron-Gzella et al., 2021).

5. Tomato (Solanum lycopersicum)

Tomatoes are widely recognized for their beneficial effects in man-
aging obesity and diabetes, primarily due to their high content of the 
antioxidant lycopene, dietary fiber, and vitamins. Lycopene helps 
combat oxidative stress, a significant contributor to insulin resistance 
and metabolic dysfunction. The fiber in tomatoes slows the absorption of 
sugars, promoting stable blood glucose levels and improving insulin 
sensitivity. Moreover, the low-calorie content of tomatoes makes them 
an excellent food choice for weight management, aiding in reducing 
visceral fat and improving overall metabolic health (Ali et al., 2020).

6. Mint leaf (Mentha spp)

Mint, particularly Mentha piperita, is a popular herb known for its role 
in managing obesity and diabetes. The menthol and flavonoids present 
in mint leaves help in regulating blood glucose levels by improving in-
sulin sensitivity and stimulating fat oxidation. Mint also has appetite- 
suppressing effects, which can help with weight control by reducing 
overeating. The anti-inflammatory properties of mint reduce adipose 
tissue inflammation, a common issue in obese and diabetic individuals, 
thereby supporting better metabolic health and more effective blood 
sugar regulation as illustrated in (Fig. 1) (Saqib et al., 2022).

Caralluma fimbriata: Caralluma fimbriata, a prominent medicinal 
plant native to Asia, belongs to the Apocynaceae family within the 
Asclepiadoideae subfamily (Ansari et al., 2022). Known for its 
appetite-suppressing properties, this edible succulent cactus is 
commonly found throughout India. Folklore in North India attributes 
appetite-suppressing qualities to this cactus. Standardized extracts of C. 
fimbriata are recognized as safe and effective for addressing obesity and 
overweight issues in Australia, India, and the USA (Anwar et al., 2022). 
Numerous studies involving both animals and humans have investigated 
the weight-loss effects of this plant, thanks to its key phytochemical 
constituents, including pregnane glycosides, flavone glycosides, mega-
stigmane glycosides, and saponins (Anwar et al., 2022; Jayawardena 

et al., 2021). The appetite-suppressing effects of C. fimbriata are mainly 
attributed to its active component, pregnane glycosides. These com-
pounds are suspected to lower ghrelin levels in the stomach and reduce 
neuropeptide Y in the hypothalamus, resulting in reduced appetite and 
subsequent weight loss (Kumar et al., 2022). Recent research suggests 
that consuming Caralluma extract for 60 days can significantly reduce 
waist size, appetite, and calorie intake (Rao et al., 2021). A comparative 
study showed that after 60 days of C. fimbriata extract intake, partici-
pants experienced reductions in weight, BMI, body fat, waist circum-
ference, and food consumption (Rao et al., 2021). These findings could 
contribute to the development of natural remedies for obesity 
management.

7. Lettuce (Lactuca sativa)

Lettuce, a low-calorie vegetable, plays an important role in obesity 
and diabetes management due to its high water content and dietary 
fiber, which help control hunger and regulate blood sugar levels as 
shown in (Fig. 1). The fibers in lettuce slow down carbohydrate ab-
sorption, preventing rapid increases in blood glucose levels and aiding in 
better glycemic control (Slavin and Lloyd, 2012). Lettuce also contains 
antioxidants such as beta-carotene and flavonoids that reduce oxidative 
stress, a significant contributor to the development of insulin resistance. 
Regular consumption of lettuce can complement weight management 
efforts by enhancing satiety and promoting healthier eating patterns, 
especially in individuals with type 2 diabetes (del Río-Celestino and 
Font, 2020).

8. Purple basil (Ocimum basilicum)

Purple basil, a variant of the widely known Ocimum basilicum, is 
rich in bioactive compounds such as flavonoids, essential oils, and an-
tioxidants, all of which contribute to its beneficial effects in obesity and 
diabetes management. Purple basil has been shown and illustrated in 
(Fig. 1) to modulate blood sugar levels by improving insulin sensitivity 
and reducing adiposity (Kamelnia et al., 2023). The plant’s essential oils 
possess anti-inflammatory properties that help mitigate inflammation, a 
key factor in insulin resistance and the development of type 2 diabetes. 
Moreover, purple basil’s high antioxidant content, particularly antho-
cyanins, helps combat oxidative stress, which contributes to metabolic 
dysfunction in obese individuals. Fig. 2 illustrates that the plant mimics 
the actions of Clenbuterol, an anti-obesity medication by facilitating fat 
burning though a stimulation of beta-2-adrenegic receptors (Chakhtoura 
et al., 2023).

9. Daikon radish (Raphanus sativus)

Daikon radish, a root vegetable commonly used in Asian cuisine, is 
beneficial for managing obesity and diabetes due to its low-calorie 
content and high fiber, which promotes satiety and regulates blood 
sugar levels. The fiber in daikon slows down the digestion and absorp-
tion of carbohydrates, preventing rapid blood sugar spikes. Additionally, 
daikon contains anthocyanins and other phytonutrients that have anti-
oxidant properties, which help reduce oxidative stress and inflammation 
associated with insulin resistance. Daikon is a powerful dietary addition 
for controlling glucose levels as research has revealed that the 
α-cyclodextrin-stabilized 4-methylthio-3-butenyl isothiocyanate 
from daikon can contribute to the prevention of diet-induced 
obesity hence, aiding weight management (Okamoto et al., 2019).

10. Guava (Psidium guajava)

Guava, a tropical fruit rich in vitamins A, C, and fiber, has shown 
great promise in the management of obesity and diabetes (Díaz-de-Cerio 
et al., 2017). The fruit’s high fiber content helps regulate blood glucose 
levels by delaying carbohydrate absorption and improving insulin 
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sensitivity Guava is also known for its low glycemic index, making it an 
ideal fruit for diabetic patients. The antioxidants found in guava, 
including flavonoids and carotenoids, help combat oxidative stress and 
reduce inflammation, which is a key factor in the development of insulin 
resistance and metabolic dysfunction (Kumar et al., 2021).

11. Neem tree (Azadirachta indica)

Neem has a long history of use in managing obesity and diabetes. The 
active compounds in neem, such as nimbolide and azadirachtin, are 
known to enhance insulin sensitivity and reduce blood sugar levels. 
Studies have shown that neem extract potentially helps modulate lipid 
metabolism, reducing the accumulation of visceral fat in obese in-
dividuals (Mazumder et al., 2021). Neem’s anti-inflammatory properties 
also help reduce the chronic inflammation associated with obesity and 
insulin resistance, further supporting its role in managing diabetes 
(Yarmohammadi et al., 2021). Neem is often used as an adjunct in the 
treatment of type 2 diabetes.

12. Papaya leaf (Carica papaya)

Papaya leaf, rich in enzymes like papain, has been shown to support 
weight management and improve metabolic health. These enzymes aid 
digestion and nutrient absorption, making papaya leaf extract useful for 
promoting a healthy gut microbiome and preventing gastrointestinal 
disturbances often linked to obesity. Papain particularly has been shown 
to exert anti-obesity effect by influencing a downregulation of 
adipogenesis-related transcription factors, such as C/EBPα, SREBP and 
PPARγ (Kang et al., 2021). Additionally, papaya leaf contains flavonoids 
that exhibit antioxidant properties, helping to reduce oxidative stress 
and inflammation in individuals with type 2 diabetes (Nyakundi and 
Yang, 2023). The plant’s ability to improve insulin sensitivity further 
supports its role in managing blood sugar levels.

13. Orange tree (Citrus sinensis)

Oranges, particularly known for their high vitamin C content, are a 
valuable fruit for managing obesity and diabetes. The fruit is low in 
calories and rich in dietary fiber, which helps regulate blood sugar levels 

Fig. 2. Mechanisms of action of anti-obesity drugs and medicinal plants.
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by slowing glucose absorption in the intestines. The antioxidants, 
especially flavonoids such as hesperidin, found in oranges play a crucial 
role in reducing oxidative stress and improving insulin sensitivity (Aslan 
et al., 2024). Studies suggest that the high fiber content also aids in 
weight management by increasing satiety and reducing overall calorie 
intake (Bosch-Sierra et al., 2019). Furthermore, the polyphenolic com-
pounds in oranges have been shown to reduce inflammation, which is a 
major contributing factor in the development of insulin resistance and 
metabolic dysfunction. Incorporating oranges into a balanced diet can 
help prevent and manage type 2 diabetes and support weight loss in 
obese individuals (Cardile et al., 2015).

Camellia sinensis: Green tea, from the Theaceae family, has long 
been revered as a medicinal plant in India, China, Japan, and Thailand 
(Lan et al., 2023). Its leaves are packed with polyphenolic compounds, 
especially catechins, which make up 60–80 % of its flavan-3-ols (Wang 
et al., 2024). This potent brew contains around Four thousand (4000) 
bioactive compounds, with polyphenols (mainly flavonoids) and alka-
loids like caffeine, theophylline, and theobromine leading the charge. 
Among the most powerful compounds are catechins such as epi-
gallocatechin (EGC), epigallocatechin gallate (EGCG), epicatechin (EC) 
and epicatechin gallate (ECG) which has been extensively studied for its 
beneficial effects in obesity and diabetes management (Ghosh et al., 
2023). Green tea’s anti-obesity powers come from its ability to boost fat 
oxidation, increase energy expenditure, and regulate fat metabolism as 
illustrated in Figs. 1 and 2. EGCG activates the sympathetic nervous 
system, stimulating thermogenesis and fat oxidation in brown adipose 
tissue as shown in Fig. 2, which leads to increased energy expenditure 
and reduced fat accumulation and absorption in the gut (Chakhtoura 
et al., 2023; Xu et al., 2023). Beyond that, catechins improve insulin 
sensitivity and reduce inflammation, fostering better metabolic health 
and weight management (Shahwan et al., 2022). In fact, research sug-
gests EGCG can reduce body weight by up to 29 % in rats in just one 
week when injected into the peritoneum (Faria et al., 2020). Catechins 
also inhibit enzymes like α-amylase and lipase, which are crucial in lipid 
digestion and absorption (Koo and Noh, 2007). Additionally, the cate-
chins in tea have been shown to suppress appetite by influencing neu-
ropeptide expression and the hypothalamic regulation of hunger signals, 
mimicking the actions of anti-obesity medication Phentermine/Topir-
amate thus aiding in weight control as depicted in Fig. 2 (Lee et al., 
2017). Green tea also enhances glucose metabolism and has shown 
potential in lowering postprandial blood glucose levels in individuals 
with type 2 diabetes. The anti-inflammatory properties of tea further 
contribute to reducing the systemic inflammation associated with in-
sulin resistance and obesity as illustrated in Fig. 1. With mounting evi-
dence of its benefits, green tea is poised to play a significant role in the 
prevention and treatment of obesity in the years to come.

14. Dandelion (Taraxacum officinale)

Dandelion, particularly its roots and leaves, is a potent plant used in 
obesity and diabetes management. It has diuretic properties that help 
reduce bloating and support fluid balance, aiding in weight manage-
ment. Dandelion’s high fiber content also assists in regulating blood 
sugar levels by slowing glucose absorption in the digestive system. 
Additionally, Fig. 1 depicts examples of the roles dandelion’s bioactive 
compounds, such as taraxasterol and luteolin, potentially play to 
contribute to reducing inflammation, which plays a major role in insulin 
resistance and metabolic dysfunction (Kania-Dobrowolska and Bar-
aniak, 2022). The plant mimics anti-obesity medication Orlistat that 
inhibits breakdown and absorption of dietary fat through the inhibition 
of pancreatic lipase by targeting fat absorption though the enhancement 
of bile secretion as shown in Fig. 2 (Chakhtoura et al., 2023). Dandelion 
has also been shown to improve insulin sensitivity and lower blood 
glucose, making it a promising natural remedy for managing type 2 
diabetes.

This figure shows the mechanisms of anti-obesity drugs and 

medicinal plants. Phentermine/Topiramate suppresses appetite through 
norepinephrine release and promotes satiety. Tea Plant (Camellia 
sinensis) enhances thermogenesis, fat oxidation, and appetite reduction 
via caffeine and catechins. Clenbuterol stimulates − 2 receptors in adi-
pocytes to promote fat breakdown and muscle preservation. Orlistat 
inhibits pancreatic lipase, reducing fat absorption. Purple Basil (Oci-
mum basilicum) stimulates fat burning and muscle preservation through 
beta-2 receptors. Dandelion (Taraxacum officinale) supports digestion 
and reduces fat absorption by enhancing bile production.

15. Addressing infectious diseases with medicinal plant-based 
phytochemicals

Microorganisms cause infectious diseases, which are harmful to 
health and frequently spread through particular kinds of contact. These 
illnesses can spread to humans through insect bites, contact with 
infected people, places, animals, or environments. The common cold, 
giardiasis, malaria, influenza, measles, pneumonia, salmonella in-
fections, tuberculosis, whooping cough (pertussis), rubella, shingles, 
onchocerciasis, candidiasis, aspergillosis, and clostridial infections are a 
few examples. Acquired immunodeficiency syndrome (AIDS) is another. 
These illnesses are caused by a variety of agents, including helminths, 
bacteria, fungi, viruses, and protozoa. The ongoing increase in antibiotic 
resistance and the negative side effects of synthetic medications, which 
have long been used to treat infectious diseases, should draw attention 
back to the value of traditional therapeutic methods and medicinal 
plants worldwide.

The use of plants for therapeutic and medicinal purposes to treat 
illnesses and enhance human health is known as herbal medicine, or 
phytomedicine. Phytochemicals, derived from the Greek word for 
“phyto" are secondary metabolites that plants produce that shield them 
from microbial infections. The medicinal properties of plants have been 
the subject of recent scientific research worldwide because of their 
potent therapeutic efficacy, antioxidant activity, low side effects, and 
affordability. Every plant produces phytochemicals that are good for 
human health (Babalola et al., 2024) and are rich dietary sources of 
vitamins, minerals, and other biomolecules that are essential for bodily 
maintenance. The metabolites of many plants show pharmacological 
effects. Plant metabolites are classified as primary or secondary me-
tabolites because they are organic compounds. The human body needs 
primary metabolites, including proteins, nucleic acids, lipids, starch, 
and glucose, for growth and development. Many diseases can be effec-
tively treated with secondary metabolites, which include alkaloids, sa-
ponins, flavonoids, steroids, glycosides, terpenoids, volatile oils, and 
tannins (Babalola et al., 2024; El-saadony et al., 2021; Parthasarathy 
et al., 2021).

Pharmacologically active substances are known as phytochemicals. 
Alkaloids, for instance, have diuretic, analgesic, antimalarial, and anti-
spasmodic qualities. The anthelmintic, antiviral, antibacterial, antima-
larial, anticancer, and anti-inflammatory properties of terpenoids are 
well-known. It has been demonstrated that glycosides have antibacte-
rial and antifungal properties, and that flavonoids and phenols have 
antiallergic, antioxidant, and antibacterial qualities. Plant defense, 
antiviral, and anti-inflammatory properties are contributed by saponins 
(Timilsena et al., 2023; Kaushik et al., 2021). Many herbal medicines 
used today are still very important in treating a wide range of human 
ailments and are derived from plants, either directly or indirectly.

16. Mechanisms of antimicrobial action of key phytochemicals

16.1. Curcumin (from Curcuma longa, turmeric)

Curcumin, a polyphenol derived from Curcuma longa (turmeric), is 
well known for its broad range of medicinal benefits, which include 
antibacterial, anti-inflammatory, and antioxidant effects. Because of its 
broad-spectrum activity against pathogens such as bacteria, viruses, 

E.F. Ofoezie et al.                                                                                                                                                                                                                               Aspects of Molecular Medicine 5 (2025) 100075 

7 



fungi, and parasites, its use in the fight against infectious diseases has 
garnered significant scientific attention. Recent research highlights the 
versatility of curcumin in treating infections and improving the effec-
tiveness of antifungal and conventional antibiotics (Hussain et al., 
2023). Curcumin’s ability to damage microbial cell membranes is 
largely responsible for its antimicrobial qualities. Curcumin increases 
the permeability of the membrane by integrating into the lipid bilayer of 
pathogens. This results in the leakage of intracellular contents and the 
death of microbial cells. Moreover, curcumin prevents bacteria from 
using quorum sensing, a mechanism of cell-to-cell communication that 
controls pathogens such as Staphylococcus aureus virulence and biofilm 
formation. Curcumin inhibits coordinated bacterial behaviours, 
including the production of biofilms—protective structures that ward off 
pathogens from antibiotics and immune responses—by interfering with 
quorum sensing (Zheng et al., 2020; Hussain et al., 2023) Curcumin’s 
antimicrobial activity is further enhanced by studies showing that it 
inhibits bacterial DNA gyrase, an enzyme essential for DNA replication 
leading to DNA fragmentation and disrupts membrane integrity (de 
Andrade Neto et al., 2021; Murtadlo et al., 2024; Zouine et al., 2024).

The efficacy of curcumin against a wide variety of bacterial in-
fections is well-established. For instance, it has a notable and strong 
effect on Helicobacter pylori and Escherichia coli, particularly in gastro-
intestinal infections. Due to curcumin’s bactericidal properties as well as 
its capacity to lessen gastric lining inflammation, H. pylori, a major cause 
of peptic ulcers and gastric cancer, has demonstrated susceptibility to 
curcumin. Furthermore, curcumin has been demonstrated to improve 
the effectiveness of traditional antibiotics against Pseudomonas aerugi-
nosa and Staphylococcus aureus drug-resistant strains, indicating its po-
tential for use in combination therapies (Hussain et al., 2023; Zouine 
et al., 2024). Apart from bacterial infections, curcumin has demon-
strated potent antifungal properties. In patients with compromised im-
mune systems, it is especially beneficial against Candida albicans, a 
fungus that causes infections ranging from oral thrush to systemic 
candidiasis (Lee et al., 2022; Leferman et al., 2023). In addition to 
causing fungal cell death through interference with the synthesis of 
fungal cell walls, curcumin has been shown in studies to reverse anti-
fungal resistance when combined with antifungal medications such as 
fluconazole. For treating fungal infections that are challenging to treat, 
curcumin is a useful tool (Kannigadu and N’Da, 2021; Rajasekar et al., 
2021). Curcumin has proven to have antiviral properties as well. Studies 
reveal that curcumin can prevent the growth of a number of viruses, 
including influenza and even SARS-CoV-2, the virus that causes 
COVID-19 (Rattis et al., 2021; Rajagopal et al., 2020; Valença et al., 
2022). As an adjuvant treatment for viral infections, curcumin has 
demonstrated promise by blocking viral entry into host cells and causing 
disruptions in the assembly of viral proteins. Initial results are prom-
ising, but more clinical studies are needed to confirm its role in viral 
infections (Marín-Palma et al., 2021).

The low bioavailability of curcumin has hindered its therapeutic use 
despite its encouraging potential. Curcumin-loaded liposomes and 
nanoparticles are two examples of cutting-edge drug delivery technol-
ogies that have been the focus of recent research to improve curcumin’s 
bioavailability. Curcumin is now a more attractive option for clinical 
applications due to these advancements that have greatly increased its 
systemic absorption and efficacy. The potential of curcumin’s combined 
antimicrobial and anti-inflammatory properties to prevent infections 
and accelerate wound healing is being investigated in topical formula-
tions for wound care, particularly in diabetic patients (Agharazi et al., 
2022; Dehghani et al., 2020; Farooq et al., 2023; Sabet et al., 2021).

16.2. Cinnamaldehyde

Cinnamomum spp. contains a primary bioactive compound called 
cinnamonaldehyde, which is widely known for its strong antibacterial 
qualities. Its efficacy against various microbial infections, especially 
those resulting from Gram-negative bacteria, has been thoroughly 

studied. Because of its capacity to target microbial membranes and 
disrupt bacterial communication pathways, this compound has attracted 
interest in both food preservation and medicine. New insights into its 
therapeutic potential have been provided by recent studies that have 
clarified its mechanisms of action. Because it can damage microbial cell 
membranes, cinnamonaldehyde has antimicrobial properties (Chen 
et al., 2024; Shu et al., 2024). Due to the structural integrity of the lipid 
bilayer being compromised, there is an increase in permeability and 
leakage of vital intracellular contents in the bacterial cells, which ulti-
mately leads to cell death (Zhang et al., 2022). Cinnamaldehyde also 
suppresses quorum sensing, a vital bacterial communication mechanism 
that controls virulence and the formation of biofilms (Chen et al., 2024; 
Topa et al., 2020). Cinnamaldehyde decreases bacterial virulence and 
stops the growth of biofilms, which are extremely resistant to antibiotics 
and the immune system, by obstructing quorum sensing (Barrio-Pujante 
et al., 2024; Li et al., 2023; Topa et al., 2020). Cinnamaldehyde is an 
effective antimicrobial agent because of these two processes, especially 
in clinical and food preservation settings.

Efficacy against a range of pathogens has been demonstrated by 
cinnamon aldehyde. The antimicrobial properties of cinnamon aldehyde 
against Listeria monocytogenes, a dangerous foodborne pathogen that can 
result in life-threatening infections, are among its most important uses. 
Cinnamaldehyde is a useful natural food preservative because studies 
have shown that it can stop Listeria from growing. As a result, food safety 
strategies that aim to prevent contamination now include it (Guan et al., 
2023). Staphylococcus aureus, a common cause of foodborne illnesses 
and skin infections, is another important pathogen that cinnamaldehyde 
targets. S. aureus has been effectively inhibited by cinnamonaldehyde, as 
it damages the bacterium’s cell membrane and prevents the formation of 
biofilms, which are crucial for the survival of the bacteria and the 
development of antibiotic resistance (Kim et al., 2022a,b). Cinna-
maldehyde significantly decreased S. aureus adhesion and virulence, 
according to a recent study (Li et al., 2024), indicating that it may find 
use in clinical settings, particularly for wound care. Escherichia coli is 
another pathogen that causes a variety of gastrointestinal infections; 
cinnamaldehyde has also been found to be effective against it. Its com-
pound value extends to the food and medical industries, as it inhibits the 
formation of biofilms and stops E. coli from growing (Pereira et al., 
2021). Cinnamaldehyde can successfully lower E. coli contamination in a 
range of food matrices, increasing food safety and prolonging shelf life, 
according to recent research in food preservation (Alves et al., 2020).

Cinnamaldehyde’s uses have grown beyond food preservation 
thanks to recent developments. Its use in antimicrobial films and coat-
ings has gained traction in the healthcare industry. These coatings, 
which contain cinnamaldehyde, can lower the risk of infections linked to 
healthcare by inhibiting the growth of bacteria on surfaces and medical 
equipment (Worreth et al., 2022). Furthermore, topical applications of 
cinnamonaldehyde in wound care are being investigated. Its capacity to 
prevent biofilm formation can help treat infections brought on by bac-
teria resistant to antibiotics as well as chronic wounds (Qureshi et al., 
2022). When combined with antibiotics, cinnamonaldehyde has also 
demonstrated synergistic effects. Studies indicate that the addition of 
cinnamonaldehyde to traditional antibiotics may increase their effec-
tiveness by reducing the strength of bacterial defenses like membrane 
integrity and biofilm formation. According to Yin et al. (2023), the 
combination therapy approach presents a viable means of countering 
the increasing danger posed by antibiotic-resistant pathogens.

16.3. Berberine (from Berberis species)

Berberine is a well-known isoquinoline alkaloid that has been widely 
researched for antibacterial effects. Traditionally utilized in Ayurvedic 
and Chinese medicine for therapeutic purposes, recent study has 
confirmed its usefulness in combating a wide range of pathogenic dis-
eases. It is isolated from numerous plants, including Berberis vulgaris 
(barberry), Coptis chinensis (Chinese goldthread), and Hydrastis 
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canadensis (goldenseal), and has been used to treat bacterial, fungal, and 
parasite diseases (Warowicka et al., 2020). Berberine’s antibacterial 
capabilities are demonstrated through a variety of ways, making it an 
effective tool against a wide range of infections. One of its principal 
routes of action is to break the bacterial cell membrane, resulting in 
depolarization and increased permeability. Zorić et al. (2017) found that 
this disruption causes the bacterial cell to lose critical ions and nutrients, 
thus impacting its survival. Furthermore, berberine has been shown to 
decrease nucleic acid synthesis by preventing DNA and RNA synthesis 
(Wan et al., 2020). This technique interrupts critical cellular activities, 
such as bacterial reproduction and transcription, eventually leading to 
microbial death. Berberine also targets certain bacterial enzymes, 
including DNA gyrase and topoisomerase IV, which are required for 
bacterial DNA replication. Berberine inhibits these enzymes, reducing 
the bacteria’s capacity to reproduce and maintain genetic material, 
making it especially effective against resistant strains (Kosalec et al., 
2022). Berberine’s diverse mechanism of action makes it a possible 
alternative or adjuvant in the treatment of antibiotic-resistant illnesses.

Berberine has strong antibacterial properties against a variety of 
diseases, including Gram-positive and Gram-negative bacteria. Studies 
have shown that it is efficient against the primary bacterial species that 
cause human illnesses. Berberine has been demonstrated to decrease the 
growth of Staphylococcus aureus, including MRSA (Zhang et al., 2020). 
This is especially critical given the growing threat posed by 
antibiotic-resistant strains of S. aureus, which cause a wide range of 
infections, including skin problems and life-threatening disorders like 
pneumonia and sepsis. Berberine’s capacity to damage bacterial cell 
membranes and inhibit DNA replication makes it a promising contender 
for treating MRSA (Kosalec et al., 2022). E. coli, a common source of 
urinary tract infections and gastrointestinal illnesses, is another path-
ogen that responds to berberine. The compound’s membrane-disrupting 
capabilities are especially effective against E. coli, lowering its capacity 
to cling to host cells and manufacture toxins, therefore minimizing its 
pathogenicity. Recent investigations have shown that berberine can 
improve antibiotic efficacy against resistant E. coli strains (Cui et al., 
2024; Seo et al., 2021; Meng et al., 2024). Berberine has also demon-
strated potential in the treatment of tuberculosis (Mi et al., 2024). 
Mycobacterium tuberculosis, the bacterium that causes tuberculosis, is 
notoriously difficult to treat due to its complex cell wall and the advent 
of multidrug-resistant forms. Berberine’s ability to block key enzymes 
like DNA gyrase provides a new path for tuberculosis treatment. Ac-
cording to recent studies, berberine could be an effective adjuvant in 
combination with traditional TB medications, perhaps decreasing 
treatment duration and enhancing outcomes (Ozturk et al., 2021). The 
alkaloid antifungal qualities have also been widely reported, with spe-
cific efficacy against Candida albicans, a frequent source of yeast in-
fections. Berberine disrupts fungal cell membranes and inhibits 
mitochondrial function, limiting the ability of Candida to produce bio-
films resistant to antifungal therapies (Gao et al., 2021; Huang et al., 
2020; Xie et al., 2020). Berberine has also been proven to be effective 
against Aspergillus species (Moradi et al., 2024), which are another group 
of fungus that cause serious lung infections, particularly in immuno-
compromised persons. In addition to its antibacterial and antifungal 
characteristics, berberine provides antiparasitic activity. It is useful 
against protozoal infections like Giardia lamblia and Entamoeba histo-
lytica, which cause gastrointestinal illnesses (Bhattacharyya, 2021). 
Berberine suppresses these parasites’ growth and replication, providing 
a natural alternative to synthetic antiprotozoal medications. This has 
important implications for areas where parasite diseases are common, as 
berberine could be a viable and economical therapeutic option.

Recent research has investigated the use of berberine in combination 
therapies to increase its antibacterial properties. One area of particular 
interest is its ability to battle drug-resistant microorganisms. Berberine 
can improve the efficiency of conventional antibiotics by preventing 
biofilm formation and increasing bacterial membrane permeability, 
providing a technique for combating antibiotic resistance (Li et al., 

2021). Berberine’s antibacterial and anti-inflammatory characteristics 
may provide dual benefits in the treatment of gastrointestinal infections 
and inflammatory illnesses, according to clinical research (Lu et al., 
2020). In addition to its direct antibacterial activities, berberine pos-
sesses immunomodulatory qualities, making it a useful tool for treating 
infections in people with weakened immune systems. Berberine en-
hances immunological responses, allowing the body to better protect 
itself against invading diseases while also targeting bacteria directly.

16.4. Allicin

Allicin, a sulphur-containing compound derived from garlic (Allium 
sativum), is well-known for its powerful broad-spectrum antibacterial 
activities. When garlic is crushed, an enzyme called alliinase converts 
alliin into the active component allicin. Allicin has long been recognized 
for its therapeutic applications in infectious disorders, a fact that mod-
ern scientific study has supported via a variety of investigations. This 
bioactive molecule has antibacterial properties against a variety of 
bacteria, fungi, and viruses, making it an attractive option for both 
therapeutic and preventive applications. Allicin has antibacterial prop-
erties through a variety of ways. It primarily disrupts bacterial cell wall 
formation by inhibiting enzymes required for cell wall production, such 
as transpeptidases and muramidases. These enzymes are essential for 
maintaining bacterial cell shape and integrity, and allicin inhibits them, 
resulting in cell wall weakening, leakage, and, ultimately, bacterial 
death. Furthermore, allicin damages bacterial membranes, causing 
increased permeability and loss of important intracellular components 
including ions and proteins. This membrane damage is an important part 
of its bactericidal action, as it works against both Gram-positive and 
Gram-negative bacteria (Senarathna and Gunathilaka, 2023). Another 
important function of allicin is its capacity to impair quorum sensing, a 
communication system utilized by bacteria to control collective activ-
ities such as biofilm formation and virulence factor synthesis. Allicin 
decreases bacterial pathogenicity by suppressing quorum sensing and 
preventing the production of biofilms, which are complex communities 
of bacteria resistant to antibiotics and the host immune system (Jikah 
and Edo, 2023; Snoussi et al., 2022). This makes allicin an effective 
weapon for fighting chronic illnesses and lowering the chance of bac-
terial resistance.

Allicin has shown broad-spectrum antibacterial action against a wide 
range of bacterial species. Research has demonstrated its efficacy against 
Staphylococcus aureus, particularly methicillin-resistant Staphylococcus 
aureus (MRSA), a renowned bacteria that causes difficult-to-treat skin 
infections and systemic problems. Allicin inhibits quorum sensing and 
disrupts cell membranes, dramatically reducing S.aureus growth and 
pathogenicity (Sheppard et al., 2018). This has resulted in ongoing 
research into allicin’s potential application as a topical and systemic 
therapy for resistant bacterial infections. Allicin is also effective against 
Escherichia coli and Pseudomonas aeruginosa, two prominent 
Gram-negative organisms that cause urinary tract infections, gastroin-
testinal problems, and hospital-acquired infections. Pseudomonas aeru-
ginosa is particularly resistant to antibiotics, and allicin’s 
membrane-disrupting capabilities make it a promising treatment op-
tion for these infections. Recent research has demonstrated that allicin 
can suppress P. aeruginosa biofilm development, considerably lowering 
pathogenicity in both in vitro and in vivo models (Farrag et al., 2019). In 
addition to antibacterial activity, allicin contains antifungal character-
istics. It is efficient against Candida species, which are common sources 
of fungal illnesses such oral thrush and vaginal yeast infections (Zainal 
et al., 2021). Allicin targets the fungal cell membrane, specifically 
ergosterol, which is an important component in fungal membrane sta-
bility. This disruption causes the loss of crucial membrane activities, 
resulting in cell death. Allicin’s antifungal properties make it an 
important compound for the treatment of candidiasis and other fungal 
infections, particularly those that are resistant to traditional antifungal 
treatments. Allicin’s antiviral capabilities are also notable. It has 
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demonstrated efficacy against viruses such as herpes simplex virus 
(HSV). Allicin’s capacity to interrupt viral replication, combined with its 
immunomodulatory properties, aids in the treatment of viral infections. 
In vitro experiments have shown that allicin inhibits HSV reproduction 
by interfering with viral entrance into host cells and lowering viral load 
(Horowitz, 2023).

The medicinal applications of allicin go beyond its direct antibacte-
rial properties. Recent research has focused on its usage in combination 
medicines, in which allicin improves the efficacy of conventional anti-
biotics. Research suggests that allicin can enhance the effectiveness of 
antibiotics like ciprofloxacin and gentamicin against drug-resistant 
bacteria by disrupting membranes and reducing biofilm formation 
(Magryś et al., 2021). This opens up the possibility of using allicin as an 
adjuvant therapy in the treatment of multidrug-resistant illnesses, 
lowering antibiotic dosage and reducing adverse effects. In addition to 
its antibacterial properties, allicin’s potential as an immunological 
booster has been investigated (Donma and Donma, 2020). Its capacity to 
influence immunological responses, such as increasing macrophage ac-
tivity and the generation of pro-inflammatory cytokines, helps the body 
clear infections more efficiently. Allicin is a one-of-a-kind molecule in 
the battle against infectious diseases due to its dual action of direct 
antibacterial properties and immune system stimulation.

16.5. Thymol (from thyme and oregano)

Thymol is a natural monoterpenoid phenol found mostly in the 
essential oils of plants such as thyme (Thymus vulgaris) and oregano 
(Origanum vulgare). Thymol, known for its broad-spectrum antibacterial 
activity, has been used in traditional medicine as well as modern 
pharmaceutical uses. Its high antibacterial qualities have made it an 
important chemical in food preservation as well as medical formulations 
used to treat diseases caused by bacteria, fungus, or viruses. Thymol’s 
antibacterial effect is mostly due to its capacity to damage the integrity 
of microbial cell membranes (Kowalczyk et al., 2020). This disturbance 
results in the leakage of essential intracellular components such as 
proteins, nucleic acids, and ions. Thymol undermines microbial cells’ 
structural and functional integrity by increasing membrane perme-
ability, eventually leading to cell death. Thymol also inhibits 
membrane-bound enzymes important for energy synthesis, such as 
ATPase, reducing cellular respiration and energy metabolism in patho-
gens (Liang et al., 2022). This inhibitor stops microbial cells from 
maintaining homeostasis, making them non-viable. Furthermore, thy-
mol’s lipophilicity allows it to integrate into lipid bilayers, disrupting 
bacterial membranes. This property is especially effective against 
Gram-positive and Gram-negative bacteria, as well as fungus. 
Combining the chemical with different antibacterial agents enhances its 
efficiency in multiple applications (Escobar et al., 2020).

Thymol has been proven to have excellent antibacterial properties 
against a variety of infections. For example, studies have shown that it is 
effective against Staphylococcus aureus, a Gram-positive bacterium that 
causes skin infections, pneumonia, and sepsis (Sasso et al., 2006). 
Thymol’s propensity to break bacterial cell membranes makes it 
particularly efficient against S. aureus. This has sparked interest in 
thymol as a topical treatment for skin infections and wound dressings to 
combat resistant bacteria. Thymol has also been shown to be effective 
against Escherichia coli, a Gram-negative bacterium that is commonly 
connected with gastrointestinal infections and foodborne diseases. 
Thymol has been demonstrated to impede E. coli growth by breaking its 
outer membrane, which is necessary for the bacterium’s survival in 
hostile settings (Sasso et al., 2006; Martínez et al., 2021). This makes 
thymol an important component in food safety and preservation since it 
inhibits the growth of E. coli in food products. Thymol is also effective 
against Pseudomonas aeruginosa, a Gram-negative bacterium noted for its 
multidrug resistance and potential to induce persistent infections, 
especially in immunocompromised persons. Thymol can greatly lower 
the development and virulence of P. aeruginosa by disrupting the 

bacterial membrane and blocking critical enzymes, making it a prom-
ising candidate for treating resistant infections (Liu et al., 2021).

Thymol also has potent antifungal properties. Its effectiveness 
against Candida albicans, a common fungal pathogen that causes oral 
and vaginal yeast infections, is well recognized (Jafri and Ahmad, 2020). 
Thymol targets the fungal cell membrane by altering its lipid compo-
nents, particularly ergosterol, causing cell lysis and death. Given the 
growing resistance of Candida species to traditional antifungal treat-
ments, thymol has emerged as a possible natural alternative (Kowalczyk 
et al., 2020). Furthermore, thymol has shown antifungal activity against 
Aspergillus niger, a mold species that can cause respiratory infections, 
especially in people with compromised immune systems (Nakasugi 
et al., 2021). Thymol inhibits spore germination and fungal growth, 
making it effective in preventing fungal contamination in food and 
agricultural products.

Thymol’s antiviral activity, albeit less well studied than its antibac-
terial and antifungal effects, has showed promise against respiratory 
viruses. Notably, thymol has been studied for its ability to inhibit 
influenza viruses (Nandi and Khanna, 2022). Its antiviral mechanism is 
likely to involve disrupting viral envelopes and inhibiting viral repli-
cation. While additional research is needed to fully grasp its antiviral 
potential, thymol’s broad-spectrum antibacterial capabilities make it a 
promising option for future antiviral therapeutics (Kachur and Suntres, 
2020).

Because of its strong antibacterial characteristics, thymol is 
frequently employed in a variety of settings. It is a popular ingredient in 
mouthwashes because of its ability to treat oral infections including 
Streptococcus mutans and Porphyromonas gingivalis, which helps prevent 
dental caries and gingivitis. Thymol is also utilized in disinfectants and 
sanitizers, particularly in food preservation, where its activity against 
foodborne pathogens such as Salmonella enterica and Listeria mono-
cytogenes protects the safety and longevity of perishable items (Coimbra 
et al., 2022). Furthermore, thymol’s use in the pharmaceutical business 
is increasing. Recent research has looked into its potential as a natural 
preservative in pharmaceutical formulations, substituting synthetic 
preservatives that may have negative effects on human health. Topical 
preparations, wound dressings, and antimicrobial coatings are being 
explored for their efficacy against drug-resistant infections (Akermi 
et al., 2022).

16.6. Eugenol

Eugenol, a natural phenolic molecule derived mostly from cloves 
(Syzygium aromaticum), has potent antibacterial, antifungal, and anti-
viral effects. Eugenol, known for its fragrant properties and medicinal 
applications, has long been utilized in traditional medicine to combat a 
variety of infections (Ulanowska and Olas, 2021). Recent research has 
broadened its therapeutic potential by investigating its broad-spectrum 
antibacterial properties and mechanisms of action, with a special focus 
on its efficacy against drug-resistant infections. Eugenol’s antibacterial 
activity stems mostly from its ability to destroy the structural integrity of 
microbial cell membranes. Eugenol increases membrane permeability 
by interacting with the cell membrane’s lipid bilayer, resulting in the 
leaking of important intracellular components such as ions, proteins, 
and other metabolites (Nisar et al., 2021). This loss of key cellular 
components disables bacterial cells and finally leads to cell death. 
Furthermore, eugenol inhibits numerous membrane-bound enzymes 
required for bacterial viability. One of the primary targets is ATPase, an 
enzyme required for ATP generation that inhibits energy production in 
the cell. Eugenol drastically limits the pathogen’s capacity to maintain 
metabolic processes by interfering with ATP generation, eventually 
leading to microbial death (Jeyakumar and Lawrence, 2021; Ulanowska 
and Olas, 2021). Furthermore, eugenol has been found to block bacterial 
protease activity, preventing the breakdown of proteins necessary for 
bacterial growth and replication (Bai et al., 2023).

Eugenol has shown strong antibacterial action against a wide range 
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of pathogens, including both Gram-positive and Gram-negative bacteria. 
Recent investigations have demonstrated its efficacy against Staphylo-
coccus aureus, a prevalent Gram-positive bacterium that causes skin in-
fections, pneumonia, and septicemia. Eugenol’s capacity to rupture the 
bacterial membrane has been shown to effectively reduce S. aureus 
growth, even antibiotic-resistant strains such as MRSA (Bezerra et al., 
2022). This has made eugenol a promising chemical for the development 
of alternate treatments for resistant bacterial illnesses. Eugenol has been 
demonstrated to be effective against Escherichia coli and Pseudomonas 
aeruginosa, both of which are common causes of gastrointestinal and 
respiratory illnesses (Jeyakumar and Lawrence, 2021). Eugenol is an 
efficient antibacterial agent against these diseases because it disrupts the 
outer membrane and leaks cellular contents, which are frequently con-
nected with biofilm development and resistance to conventional anti-
biotics (Ulanowska and Olas, 2021). Recent research has also looked 
into the synergistic effects of eugenol when combined with other anti-
biotics, which have increased its overall antibacterial efficacy (Jafri 
et al., 2020).

Eugenol’s antifungal action is another key component of its medic-
inal promise. It has been demonstrated to be extremely powerful against 
fungal strains such as Candida albicans, which is a major cause of oral 
and vaginal yeast infections. Eugenol disrupts the fungal cell membrane, 
which inhibits the manufacture of ergosterol, a critical component of the 
fungal cell membrane, resulting in cell lysis (Didehdar et al., 2022). This 
makes eugenol an intriguing candidate for antifungal therapy, notably 
in the treatment of candidiasis, which is becoming increasingly resistant 
to standard antifungal medicines. Furthermore, eugenol has antifungal 
properties against Aspergillus niger, a mold species that can cause respi-
ratory infections, especially in immunocompromised people (Ju et al., 
2020). Eugenol, by breaking fungal cell membranes and preventing 
spore germination, can effectively suppress fungal growth and prevent 
infection spread. Its potential applications in agriculture and food safety 
are being researched, particularly for reducing fungal contamination in 
stored crops. Eugenol’s antiviral properties have also received attention, 
particularly for its activity on enveloped viruses. Recent study has 
demonstrated that eugenol is effective against herpes simplex virus 
(HSV), which is a common cause of cold sores and genital herpes. 
Eugenol, by disrupting the viral envelope and interfering with viral 
replication, has the potential to drastically lower viral infectivity. While 
additional research is needed to completely understand its antiviral 
actions, using eugenol in topical preparations to treat HSV infections 
appears promise. Furthermore, some studies suggest that eugenol could 
have broader antiviral effects, especially against respiratory infections. 
Its capacity to suppress viral reproduction and damage viral membranes 
has generated attention in its potential as a natural antiviral drug, 
especially given the rising viral resistance to conventional treatments 
(Wani et al., 2021).

Eugenol’s broad-spectrum antibacterial characteristics have led to its 
use in a variety of pharmaceutical and industrial applications. Eugenol is 
often used in dental care products, such as mouthwashes and tooth-
pastes, because to its capacity to battle oral diseases like Streptococcus 
mutans (Laleman and Teughels, 2020). Its effectiveness in decreasing 
dental plaque formation and treating gingivitis has been well estab-
lished, making it a common constituent in dental formulations (Rani 
et al., 2022; Kumar et al., 2023). Eugenol is also commonly utilized in 
the food sector as a natural preservative due to its antibacterial prop-
erties against foodborne infections (Gürbüz and Korkmaz, 2022). Its use 
into food packaging materials might inhibit the growth of spoilage or-
ganisms, hence increasing the shelf life of perishable products. 
Furthermore, eugenol has been investigated as a possible ingredient in 
pharmaceutical formulations, particularly topical creams and ointments 
used to treat fungal and bacterial skin infections (da Silva et al., 2022).

16.7. Gallic acid (from grapes, tea, and berries)

Gallic acid is a naturally occurring polyphenolic chemical found in 

many plants, including berries, grapes, tea leaves, and pomegranates. It 
has been extensively researched for its biological qualities, which 
include antibacterial, antioxidant, and anti-inflammatory activities. 
Recent research has increased emphasis on gallic acid’s ability to act as a 
therapeutic agent, particularly in the treatment of infectious diseases, 
due to its role in disrupting bacterial and fungal growth and mitigating 
inflammatory responses caused by microbial infections. Gallic acid’s 
antibacterial action stems mostly from its ability to damage microbial 
cell membranes. One of the key ways it accomplishes this is by causing 
oxidative stress within the microbial cell. This oxidative stress damages 
lipid structures in the microbial membrane, increasing permeability and 
resulting in the leakage of essential cellular contents (Tian et al., 2022; 
Flores-Maldonado et al., 2024). This membrane disruption reduces the 
pathogen’s structural integrity and induces apoptosis, or programmed 
cell death, in bacterium and fungal cells. Gallic acid not only causes 
oxidative stress, but it also prevents bacterial biofilms from growing. 
Biofilms are organized populations of bacteria that stick to surfaces and 
are frequently resistant to drugs and immunological responses. These 
biofilms are especially harmful in persistent infections. Gallic acid in-
hibits bacterial growth by preventing biofilm formation, as well as the 
persistence of infections caused by resistant pathogens (Sang et al., 
2024).

Gallic acid exhibits broad-spectrum antibacterial action against both 
Gram-positive and Gram-negative microorganisms. It has been proven 
to be effective against infections such as Escherichia coli, Pseudomonas 
aeruginosa, and Bacillus subtilis (Gobin et al., 2022; Keyvani-Ghamsari 
et al., 2023). Gallic acid was discovered to significantly reduce bacterial 
growth by increasing membrane permeability, which causes cyto-
plasmic content leakage and cell death (Flores-Maldonado et al., 2024). 
Furthermore, it was discovered that gallic acid has increased antimi-
crobial activity when combined with conventional antibiotics, poten-
tially improving the efficacy of antibiotic treatments against resistant 
bacterial strains. Gallic acid synergistically and independently is 
particularly efficient against Pseudomonas aeruginosa 
(Keyvani-Ghamsari et al., 2023; Wang et al., 2021, a bacterium involved 
with a variety of hospital-acquired infections and resistant to numerous 
medications. The compound’s capacity to both generate oxidative 
damage and inhibit biofilm formation has made it an intriguing option 
for treating difficult-to-treat bacterial illnesses. Gallic acid has signifi-
cant antifungal effects. It has been demonstrated to limit the growth of 
fungus species including Candida albicans and Aspergillus niger (Liberato 
et al., 2022). Both of these fungi can cause infections. Gallic acid’s 
antifungal mechanism is similar to its antibacterial effects: it breaks the 
fungal cell membrane via oxidative stress and lipid peroxidation, 
resulting in cellular lysis. Gallic acid’s antioxidant capabilities 
contribute to its antifungal activity. Gallic acid, by lowering oxidative 
stress and neutralizing free radicals, can minimize the damage caused by 
fungal infections to host tissues, especially in chronic or systemic in-
fections (Yang et al., 2020). Furthermore, it has shown the potential to 
be used as an adjunct to existing antimicrobial treatments, providing a 
synergistic effect that enhances the effectiveness of standard therapies 
(Gobin et al., 2022; Khoshi et al., 2024; Rhimi et al., 2020).

In addition to its antimicrobial and antifungal properties, gallic 
acid’s strong antioxidant activity makes it particularly effective in 
managing infections accompanied by inflammation and oxidative stress. 
When the body is combating infections, reactive oxygen species (ROS) 
are created, which can cause tissue damage if not neutralized. Gallic 
acid, by scavenging ROS and lowering oxidative stress, serves to atten-
uate inflammation and prevent additional damage to host tissues during 
an infection (Yang et al., 2020). Recent study has focused on gallic acid’s 
ability to alter immunological responses during infections. In a study on 
bacterial-induced oxidative stress, gallic acid was found to drastically 
reduce the levels of pro-inflammatory cytokines, therefore preventing 
excessive inflammation while simultaneously addressing the underlying 
infection (Keyvani-Ghamsari et al., 2023; Mohamed and Abd El-Twab, 
2016). Gallic acid’s broad-spectrum antibacterial activity, along with 
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its antioxidant and anti-inflammatory properties, makes it a molecule of 
tremendous therapeutic potential. Its potential to increase the efficacy of 
conventional antibiotics and antifungal drugs implies that it could be 
used in combination therapy to treat resistant infections. Furthermore, 
as bacterial resistance to antibiotics increases, gallic acid presents a 
promising natural alternative for tackling this growing public health 
issue.

16.8. Gingerol from ginger

Gingerol, the major bioactive component of Zingiber officinale 
ginger), is widely known for its wide range of antibacterial capabilities. 
This chemical has been well researched for its potential to battle both 
Gram-positive and Gram-negative bacteria, fungus, and even some vi-
ruses. It is especially noteworthy for its therapeutic potential in respi-
ratory and gastrointestinal diseases. Recent study has highlighted 
gingerol’s involvement in altering bacterial metabolic processes, as well 
as its potential use in treating infections with antibiotic resistance 
(Bhaskar et al., 2020; Hayati et al., 2021). Gingerol’s antibacterial effect 

originates from its ability to disrupt critical metabolic pathways within 
microbial cells. Table 2 highlights its mechanism of action as being able 
to suppress the synthesis of proteins and nucleic acids in bacteria, which 
are required for microbial growth and replication (Wang et al., 2020a, 
b). Gingerol causes cell death in pathogens by interrupting these 
mechanisms, making it an effective treatment for a variety of bacterial 
illnesses. Furthermore, gingerol’s capacity to disrupt bacterial cell 
membranes, enhances its antibacterial activity by increasing perme-
ability and generating intracellular leakage (Zhang et al., 2022). In 
addition to targeting bacterial activities, gingerol has been proven to 
have anti-biofilm effects. Gingerol prevents biofilm development by 
interrupting bacterial communication channels, also known as quorum 
sensing, preventing bacteria from coordinating the formation of these 
durable structures as illustrated in Fig. 3. This characteristic is especially 
useful for treating chronic infections produced by biofilm-forming bac-
teria such as Pseudomonas aeruginosa (Shukla et al., 2021).

Recent studies have demonstrated gingerol’s efficacy against a wide 
range of bacterial pathogens, including Gram-positive bacteria such as 
Staphylococcus aureus and Bacillus subtilis, as well as Gram-negative 

Table 2 
Phyto-compounds activities against Infections.

Compound Primary Sources 
(Plants)

Other Sources Mechanism of Action Effectiveness References

Curcumin Curcuma longa 
(Turmeric)

Curcuma aromatica, Curcuma 
zedoaria, Curcuma 
kwangsiensis

Disrupts microbial 
membranes, increases 
permeability, inhibits 
biofilm formation, and 
quorum sensing.

Effective against Escherichia coli, 
Staphylococcus aureus, Helicobacter 
pylori, and Candida albicans. 
Enhances antibiotic efficacy in drug- 
resistant infections.

Patel et al. (2020); Lee et al. 
(2022); Murtadlo et al. (2024); 
Zheng et al. (2020)

Cinnamaldehyde Cinnamomum 
verum (True 
Cinnamon)

Cinnamomum cassia, 
Cinnamomum burmannii, 
Cinnamomum loureiroi

Disrupts bacterial cell 
membranes and inhibits 
quorum sensing.

Active against Listeria 
monocytogenes, Staphylococcus 
aureus, and E. coli. Commonly used 
in food preservation.

Barrio-Pujante et al. (2024); Chen 
et al. (2024); Guan et al. (2023); 
Kim et al., 2022; Li et al. (2024); 
Peirera et al., 2024

Berberine Berberis vulgaris 
(Barberry)

Hydrastis canadensis 
(Goldenseal), Coptis chinensis 
(Chinese Goldthread)

Disrupts bacterial 
membranes, inhibits 
DNA/RNA synthesis, and 
inhibits bacterial DNA 
gyrase.

Active against Staphylococcus aureus 
(including MRSA), E. coli, 
Mycobacterium tuberculosis, and 
fungi like Candida albicans and 
Aspergillus.

Huang et al. (2020); Kosalec et al. 
(2022); Sun et al. (2019); Xi et al., 
2022; Zhang et al. (2020)

Allicin Allium sativum 
(Garlic)

Allium cepa (Onion), Allium 
porrum (Leek), Allium 
schoenoprasum(Chive)

Interferes with cell wall 
synthesis, damages 
microbial membranes, 
and disrupts quorum 
sensing.

Effective against Staphylococcus 
aureus, E. coli, Pseudomonas 
aeruginosa, Candida species, and 
herpes simplex virus.

El-Saber Batiha et al. (2020); 
Jikah and Edo, 2023; 
Parthasarathy et al. (2021); Zainal 
et al. (2021)

Thymol Thymus vulgaris 
(Thyme)

Origanum vulgare (Oregano), 
Satureja hortensis (Savory), 
Thymus serpyllum(Wild 
Thyme)

Disrupts microbial 
membranes, inhibits 
membrane-bound 
enzymes, disrupts cellular 
respiration.

Active against Staphylococcus aureus, 
Salmonella enterica, Pseudomonas 
aeruginosa, Candida albicans, and 
Aspergillus niger. Used in 
mouthwashes and disinfectants.

Jafri et al., 2020; Kowalczyk et al. 
(2020); Liu et al. (2021); Nandi 
and Khanna, 2022; Nakasugi et al. 
(2021);

Eugenol Syzygium 
aromaticum 
(Cloves)

Ocimum gratissimum(African 
Basil), Pimenta dioica 
(Allspice), Ocimum 
tenuiflorum (Holy Basil)

Disrupts bacterial 
membranes, inhibits 
ATPase and protease 
enzymes, interferes with 
energy production.

Active against Staphylococcus aureus, 
E. coli, Pseudomonas aeruginosa, 
herpes simplex virus, and fungal 
strains like Candida albicans and 
Aspergillus niger.

Bezerra et al. (2022); Jafri et al. 
(2020); Jeyakumar and Lawrence, 
2021; Ju et al. (2020)

Gallic Acid Vitis vinifera 
(Grapes), 
Vaccinium spp. 
(Berries)

Camellia sinensis(Tea), 
Punica granatum 
(Pomegranate), Quercus 
robur (Oak)

Causes oxidative stress 
and membrane leakage, 
inhibits bacterial biofilm 
formation.

Effective against E. coli, Pseudomonas 
aeruginosa, Bacillus subtilis, Candida 
albicans, and Aspergillus niger. Also 
reduces inflammation associated 
with infections.

Keyvani-Ghamsari et al. (2023); 
Liberato et al. (2022); Sang et al. 
(2024); Tian et al. (2022); Wang 
et al. (2021); Yang et al. (2020)

Gingerol Zingiber officinale 
(Ginger)

Zingiber zerumbet (Shampoo 
Ginger), Zingiber montanum 
(Bitter Ginger), Alpinia 
officinarum (Lesser Galangal)

Inhibits protein and 
nucleic acid synthesis in 
bacterial cells.

Effective against Gram-positive and 
Gram-negative bacteria, respiratory 
viruses, and gastrointestinal 
pathogens.

Dos Santos et al. (2023); Hayati 
et al. (2021); Shukla et al. (2021); 
Lee et al. (2018)

Quercetin Fagopyrum 
esculentum 
(Buckwheat)

Allium cepa (Onion), 
Capparis spinosa (Caper), 
Morus alba (Mulberry)

Inhibits DNA gyrase, 
damages bacterial cell 
walls, prevents viral 
replication.

Active against Streptococcus 
pneumoniae, Helicobacter pylori, 
Mycobacterium tuberculosis, herpes 
simplex virus, rhinoviruses, 
influenza, and fungal pathogens.

Janeczko et al. (2022); Kim et al. 
(2020); Rizky et al. (2022).

Azadirachtin Azadirachta indica 
(Neem)

Melia azedarach 
(Chinaberry), Melia dubia 
(Malabar Neem), Melia 
toosendan (Chinese 
Toosendan)

Disrupts enzyme systems 
essential for microbial cell 
division and replication.

Effective against Aspergillus species, 
with potential against bacterial 
strains like Staphylococcus aureusand 
Bacillus subtilis. Works 
synergistically with other 
compounds.

Altayb et al. (2022); Hussain et al. 
(2023); Joshi and Prabhakar, 
2021
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bacteria such as Escherichia coli and Salmonella typhi (Dos Santos et al., 
2023; Hughes et al., 2021; Wang et al., 2020a,b). Gingerol has showed 
potential as an alternative or complementary treatment for respiratory 
infections because of its capacity to target both bacterial and viral 
pathogens found in the respiratory system (Yücel et al., 2022). Another 
study looked into gingerol’s usefulness in treating methicillin-resistant 
Staphylococcus aureus (MRSA), a hazardous infection that is resistant 
to several antibiotics. The researchers discovered that gingerol not only 
suppressed MRSA growth but also improved the efficacy of various an-
tibiotics when used in combination therapy (Oyedemi et al., 2019). This 
makes gingerol a promising contender in the ongoing fight against 
antibiotic-resistant microorganisms. However, 6-gingerol, a derivative 
of gingerol has been said to have a less significant effect on biofilm 
formation in some organisms (Dos Santos et al., 2023; Wong and Chow, 
2024). Further studies are needed to determine the reason for the 
inconsistency across microbial species.

Gingerol has considerable antifungal and antiviral properties in 
addition to its antibacterial activity. It has been proven to prevent the 
growth of fungi, including Candida albicans, which is a common source 
of fungal infections in people. Gingerol breaks the fungal cell membrane 
in the same way that it does bacterial cells, causing cell death and 
inhibiting fungal spread (Lee et al., 2018; Xi et al., 2022). Furthermore, 
gingerol’s antiviral effects are gaining popularity, notably in the treat-
ment of respiratory infections. Recent research on gingerol’s capacity to 
prevent viral replication has yielded encouraging results in the treat-
ment of influenza and respiratory syncytial virus infections. Gingerol 
decreases viral load and alleviates symptoms in infected persons by 
inhibiting viral enzymes and proteins required for reproduction (Hayati 
et al., 2021). This makes it a useful natural substance for treating viral 
outbreaks, particularly in cases where conventional antiviral medica-
tions are restricted or ineffective.

Gingerol-rich ginger extracts have long been used in traditional 
medicine to alleviate nausea, vomiting, and inflammation, but recent 
research suggests that they can also be used to directly target infectious 

pathogens in the gastrointestinal tract. Furthermore, gingerol’s potential 
for application in food preservation is being investigated because it 
effectively inhibits the growth of foodborne bacteria, extending shelf life 
and enhancing food safety. Its application in topical formulations for 
skin diseases, particularly those caused by resistant bacteria, is another 
area of active research, with potential for the development of antimi-
crobial creams and ointments (Ahmad et al., 2023). Recent research has 
also revealed that mixing gingerol with regular antibiotics can improve 
their efficacy, particularly against resistant strains (Ham et al., 2021). 
This could serve as a natural supplement to conventional antimicrobial 
medicines, lessening the risk of side effects while perhaps lowering the 
doses required of synthetic antibiotics. Furthermore, gingerol’s 
broad-spectrum effect against bacteria, fungi, and viruses makes it an 
important compound in the search for innovative treatments for a va-
riety of diseases.

16.9. Quercetin (flavonoid found in plants like apples, onions, and green 
tea)

Quercetin is a naturally occurring flavonoid present in many fruits, 
vegetables, and grains. It has received a lot of attention for its broad- 
spectrum health advantages, which include antibacterial, antioxidant, 
and anti-inflammatory qualities. Over the last few decades, research has 
consistently demonstrated quercetin’s ability to resist bacterial, viral, 
and fungal infections, making it a significant bioactive molecule for 
infectious disease management. Quercetin’s antibacterial effects are 
mediated by a number of mechanisms that target infections at various 
phases of growth and reproduction. One of its key routes of action 
against bacteria is the capacity to block DNA gyrase, an enzyme required 
for the supercoiling of bacterial DNA during replication (Nguyen and 
Bhattacharya, 2022) as illustrated in Fig. 3. This disruption prevents 
bacterial multiplication by interfering with essential replication path-
ways. Furthermore, quercetin disrupts the integrity of bacterial cell 
membranes and cell walls, increasing permeability and resulting in cell 

Fig. 3. Phytochemicals elicit its mechanisms against infection via numerous pathways including inhibition of biofilm formation, membrane disruption, imbibition of 
DNA replication, regulation of cell metabolism, inhibition of bacteria toxins, modulation of quorum sensing and inhibition of efflux pump.
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lysis and death.
Its antiviral properties are equally outstanding. Quercetin inhibits 

viral reproduction by attaching to viruses’ surface proteins, preventing 
them from entering host cells. This mechanism has been notably noticed 
in its activity against respiratory viruses, where quercetin inhibits virus 
attachment to respiratory epithelial cells, hence lowering infection 
severity and dissemination and is illustrated further in Table 2 and Fig. 3
(Rizky et al., 2022). Furthermore, quercetin’s antioxidant qualities 
shield host cells from viral-induced oxidative damage, boosting the 
body’s ability to combat infections (Rizky et al., 2022). Several studies 
have shown quercetin’s powerful antibacterial properties against a va-
riety of infections. It is effective against both Gram-positive and 
Gram-negative bacteria, including Helicobacter pylori and Escherichia 
coli (Nguyen and Bhattacharya, 2022). In a study investigating its effi-
cacy against Mycobacterium tuberculosis, the causal agent of tuberculosis, 
quercetin was found to suppress bacterial growth and improve the ef-
fects of conventional antibiotics (Pawar et al., 2020).

Quercetin’s antiviral properties have been extensively researched in 
the context of respiratory infections. Notably, it has demonstrated strong 
action against rhinoviruses, which cause the common cold, as well as 
influenza viruses (Rizky et al., 2022). By inhibiting viral entry and 
replication, quercetin decreases the severity of symptoms and may 
shorten the length of sickness. Recent research reveals that quercetin 
may be effective in the treatment of herpes simplex virus (HSV) in-
fections, both directly antivirally and by increasing the host’s immune 
response to the virus (Kim et al., 2020). In addition to its antibacterial 
and antiviral effects, quercetin is effective against a variety of fungal 
infections. Its antifungal activity is especially strong against Candida 
species, which are common sources of fungal infections in people. 
Quercetin damages these fungi’s cell membranes, resulting in the release 
of crucial cellular contents and fungal death (Janeczko et al., 2022). This 
makes it a good candidate for treating candidiasis and other fungal in-
fections, especially as resistance to traditional antifungal drugs grows.

Given its broad-spectrum antibacterial activity, quercetin is being 
investigated as a potential complement or alternative in the treatment of 
infectious disorders, particularly in circumstances when conventional 
medications are ineffective. Its ability to improve the efficacy of anti-
biotics and antiviral medications emphasizes its medicinal potential. 
Furthermore, quercetin’s antioxidant and anti-inflammatory properties 
protect tissues from infection-induced damage and boost the immune 
system. In the future, quercetin could play an important role in the 
development of new antimicrobial medicines, either as a standalone 
treatment or in combination with existing antibiotics. Its natural prev-
alence in common meals makes it an appealing choice for infection 
prevention methods in susceptible groups.

16.10. Azadirachtin (A Tetranortriterpenoid)

Azadirachtin, a bioactive molecule derived from the neem tree 
(Azadirachta indica), has received widespread interest due to its pesti-
cidal abilities. However, new study has revealed its promise as an 
antibacterial agent, extending its application beyond pest control to 
infectious disease treatment. While it has been widely used for its 
insecticidal properties, the revelation that it can prevent the growth of 
microorganisms, notably fungus, opens up new possibilities for its 
application in infection control. Azadirachtin acts as an antibacterial by 
inhibiting key enzyme systems involved in cell proliferation and 
reproduction (Joshi and Prabhakar, 2021).

Recent research has demonstrated azadirachtin’s capacity to target 
fungal pathogens such as Aspergillus specie, which are known to cause 
invasive fungal infections (Zenat et al., 2024; de Castro e Silva et al., 
2019). Azadirachtin’s potency against these pathogens is of great 
importance, considering the growing concern about antifungal resis-
tance. Its ability to prevent fungal spore formation and proliferation has 
made it an attractive candidate for future study and clinical develop-
ment. Another study found that azadirachtin had synergistic effects 

when mixed with other phytochemicals, implying that it can function in 
concert with other natural components to increase antimicrobial effi-
cacy (Hussain et al., 2023). Interestingly, azadirachtin’s antibacterial 
properties extend to specific bacterial types, particularly Gram-positive 
bacteria. Although its antibacterial potential is less evident than its 
antifungal characteristics, studies have shown minimal action against 
pathogens including Staphylococcus aureus and Bacillus subtilis 
(Mwendwa et al., 2023). However, its true potential rests in its combi-
nation use with other antimicrobial drugs.

Azadirachtin, which has been shown to be active against both fungal 
and bacterial infections, is emerging as a promising chemical. Its 
traditional use in pest management suggests that it has potential in 
agricultural applications for managing plant infections, which can 
indirectly benefit human health by lowering foodborne illnesses. 
Furthermore, combining azadirachtin with chemicals that have broad- 
spectrum antibacterial properties, such as curcumin or allicin, could 
lead to the development of powerful, natural medicinal medicines for 
treating resistant infections.

16.11. Synergistic effects and dual management potential of medicinal 
plants

The synergistic effects of combining multiple medicinal plants have 
emerged as a promising strategy in the management of complex dis-
eases. Synergy occurs when the interaction between bioactive com-
pounds results in an enhanced therapeutic effect greater than the sum of 
the effects of individual components. This is particularly important in 
herbal medicine, where the diversity of bioactive compounds can target 
different biological pathways, improving the overall efficacy of treat-
ment. Many medicinal plants contain compounds like flavonoids, ter-
penoids, and polyphenols, each with distinct actions. However, when 
used in combination, these compounds can exert additive or even syn-
ergistic effects, providing greater anti-inflammatory, antioxidant, and 
antimicrobial benefits (Liu et al., 2022; Sapkota et al., 2022). Interest-
ingly, some of the medicinal plants investigated in this study, provide a 
unique advantage by offering dual benefits, addressing both obesity and 
infectious diseases simultaneously. These plants are rich in bioactive 
compounds that not only aid in weight management but also possess 
antimicrobial properties, making them highly valuable for holistic dis-
ease management. For example, Curcuma longa (Turmeric) is a 
well-known medicinal plant due to its active compound, curcumin as 
discussed earlier. Curcumin is highly effective in managing obesity 
through its ability to activate AMP-activated protein kinase (AMPK), a 
crucial enzyme that promotes fat oxidation and regulates energy bal-
ance. At the same time, curcumin’s potent anti-inflammatory properties 
can reduce levels of pro-inflammatory cytokines, such as TNF-α and IL-6, 
which are often elevated in both obesity and infectious diseases. 
Moreover, curcumin has demonstrated antimicrobial effects, effectively 
combating bacterial, viral, and fungal infections, making it a powerful 
dual-action agent in managing both conditions (Zheng et al., 2020; Varì 
et al., 2021; Hussain et al., 2023). Zingiber officinale (Ginger) is another 
plant with significant dual benefits. The active compounds in ginger, 
particularly gingerols, play a critical role in lipid metabolism, helping to 
prevent fat accumulation and improve insulin sensitivity. This makes 
ginger effective for managing obesity. Additionally, ginger’s strong 
antimicrobial properties have been widely studied, with evidence 
showing its ability to inhibit the growth of pathogens such as Escherichia 
coli and Helicobacter pylori, further supporting its use in the management 
of infectious diseases. More so, the combination of its metabolic and 
antimicrobial effects makes ginger a versatile agent for addressing both 
obesity and infections simultaneously (Seo et al., 2021; Hughes et al., 
2021; Dos Santos et al., 2023). Camellia sinensis (Green Tea) is also rich 
in catechins, particularly EGCG, which has been shown to boost ther-
mogenesis and enhance fat oxidation, thereby aiding in weight loss. 
Furthermore, green tea exhibits notable antimicrobial properties. 
Studies have demonstrated its ability to inhibit the growth of various 
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bacteria, including Streptococcus mutans, and its antiviral effects against 
influenza viruses. These combined properties of green tea make it an 
excellent candidate for managing obesity while simultaneously offering 
protection against infectious agents (Batta, 2020; Gao et al., 2021; 
Moslemifard et al., 2020; Lin et al., 2020). Additionally, Allium sativum 
(Garlic) is widely recognized for its primary bioactive compound, alli-
cin, which exhibits potent antimicrobial properties. Allicin has been 
shown to combat a wide range of pathogens, including bacteria, viruses, 
and fungi. Beyond its antimicrobial role, garlic’s ability to improve 
metabolic parameters such as cholesterol levels and blood pressure links 
it closely to obesity management. More importantly, garlic’s dual action 
in modulating both metabolic and immune responses enhance its po-
tential as a comprehensive therapeutic agent for both obesity and in-
fectious diseases (Anaeigoudari et al., 2021; El-Saber Batiha et al., 2020; 
Sheppard et al., 2018; Shi et al., 2019). Nigella sativa (Black Seed) con-
tains thymoquinone, a bioactive compound with dual-action benefits. 
Thymoquinone has been found to improve lipid profiles and reduce 
body weight by enhancing insulin sensitivity, which is critical in the 
management of obesity. Thymoquinone also demonstrates 
broad-spectrum antimicrobial activity, effectively inhibiting pathogens 
such as Staphylococcus aureus and viruses like hepatitis C. These prop-
erties make Nigella sativa a promising candidate for addressing both 
metabolic disorders and infectious diseases, offering a natural and ho-
listic approach to treatment (Fatima Shad et al., 2021; Habib et al., 
2020). Furthermore, Moringa oleifera (Drumstick Tree) is another plant 
known for its rich antioxidant profile, particularly quercetin and 
chlorogenic acid, both of which have been shown to promote fat 
reduction and improve glucose metabolism. At the same time, Moringa 
oleifera has demonstrated strong antimicrobial properties against path-
ogens such as Escherichia coli and Salmonella. These dual properties 
make it an effective plant for managing obesity-related complications as 
well as combating infections, highlighting its value in integrative ther-
apy (Redha et al., 2021; Adji et al., 2022). In addition, Panax ginseng 
(Ginseng) stands out due to its active components known as ginseno-
sides, which are effective in enhancing fat oxidation and improving in-
sulin sensitivity, thus promoting weight loss. Moreover, ginseng has 
been extensively studied for its immunomodulatory effects, helping to 
bolster the immune system against infections, particularly respiratory 
infections. Its role in both enhancing metabolic health and strengthening 
the body’s defense mechanisms makes it a valuable plant for dual 
management of obesity and infectious diseases (Ghosh et al., 2020; 
Valdés-González et al., 2023; You et al., 2022).

17. Conclusion

Medicinal plants present a promising complementary solution for 
managing both obesity and infectious diseases. Their ability to target 
multiple biological pathways with lower toxicity than synthetic drugs 
positions them as valuable adjuncts in modern healthcare. This review 
has explored the dual role of medicinal plants in managing both obesity 
and infectious diseases, focusing on bioactive compounds like curcumin, 
gingerols, allicin, and others. These compounds exhibit diverse mecha-
nisms, such as enhancing fat metabolism, suppressing appetite, regu-
lating insulin sensitivity, and reducing inflammation, all of which 
contribute to weight management. Additionally, their potent antimi-
crobial properties have been demonstrated through the inhibition of 
bacterial, fungal, and viral growth, making them effective against 
pathogens like Escherichia coli, Candida albicans, and Staphylococcus 
aureus. The combined use of these plants has shown synergistic effects, 
amplifying their therapeutic potential. As interest in integrative medi-
cine grows, the natural and sustainable qualities of these plants could 
play a vital role in developing holistic health strategies. However, more 
clinical trials are necessary to validate their efficacy and optimize their 
use in therapeutic settings, particularly in combating drug-resistant in-
fections and chronic diseases. With further research, medicinal plants 
could become essential components in addressing complex health 

challenges.
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López, A.L., 2024. Antibacterial activity of gallic acid and methyl gallate against 
emerging non-fermenting bacilli. Folia Microbiol. 1–9. https://doi.org/10.1007/ 
s12223-024-01182-z.

Fuloria, S., Mehta, J., Chandel, A., Sekar, M., Rani, N.N.I.M., Begum, M.Y., et al., 2022. 
A comprehensive review on the therapeutic potential of Curcuma longa Linn. in 
relation to its major active constituent curcumin. Front. Pharmacol. 13, 820806. 
https://doi.org/10.3389/fphar.2022.820806.

Gao, S., Zhang, S., Zhang, S., 2021. Enhanced in vitro antimicrobial activity of 
amphotericin B with berberine against dual-species biofilms of Candida albicans and 
Staphylococcus aureus. J. Appl. Microbiol. 130 (4), 1154–1172. https://doi.org/ 
10.1111/jam.14872.

Garg, S.K., Shukla, A., Choudhury, S., 2021. Green coffee beans. In: Nutraceuticals. 
Academic Press, pp. 725–748. https://doi.org/10.1016/B978-0-12-821038- 
3.00042-2.

Gawron-Gzella, A., Chanaj-Kaczmarek, J., Cielecka-Piontek, J., 2021. Yerba mate—a 
long but current history. Nutrients 13 (11), 3706. https://doi.org/10.3390/ 
nu13113706.

Gerber, T., Nunes, A., Moreira, B.R., Maraschin, M., 2023. Yerba mate (Ilex 
paraguariensis A. St.-Hil.) for new therapeutic and nutraceutical interventions: a 
review of patents issued in the last 20 years (2000–2020). Phytother Res. 37 (2), 
527–548. https://doi.org/10.1002/ptr.7632.

Ghosh, R., Bryant, D.L., Farone, A.L., 2020. Panax quinquefolius (North American 
Ginseng) polysaccharides as immunomodulators: current research status and future 
directions. Molecules 25 (24), 5854. https://doi.org/10.3390/molecules25245854.

Ghosh, S., Manchala, S., Raghunath, M., Sharma, G., Singh, A.K., Sinha, J.K., 2021. Role 
of phytomolecules in the treatment of obesity: targets, mechanisms and limitations. 
Curr. Top. Med. Chem. 21 (10), 863–877. https://doi.org/10.2174/ 
1568026621666210305101804.

Ghosh, A., Majumder, S., Samadder, R., Sarkar, S., Nandi, S., Subba, P., et al., 2023. 
Study of in vitro antioxidant and antibacterial potential of different tea clones. 
Pharmacol. Res. Modern Chinese Med. 9, 100312. https://doi.org/10.1016/j. 
prmcm.2023.100312.

Gobin, M., Proust, R., Lack, S., Duciel, L., Des Courtils, C., Pauthe, E., et al., 2022. 
A combination of the natural molecules gallic acid and carvacrol eradicates P. 
aeruginosa and S. aureus mature biofilms. Int. J. Mol. Sci. 23 (13), 7118. https://doi. 
org/10.3390/ijms23137118.

Guan, P., Wang, X., Dong, Z., Song, M., Zhu, H., Suo, B., 2023. Cinnamaldehyde 
inactivates Listeria monocytogenes at a low temperature in ground pork by 
disturbing the expression of stress regulatory genes. Food Biosci. 51, 102277. 
https://doi.org/10.1016/j.fbio.2022.102277.
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Yepes, L.M., Rugeles, M.T., Zapata-Builes, W., Hernandez, J.C., Taborda, N.A., 2021. 
Curcumin inhibits in vitro SARS-CoV-2 infection in vero E6 cells through multiple 
antiviral mechanisms. Molecules 26 (22), 6900. https://doi.org/10.3390/ 
molecules26226900.

Martínez, A., Manrique-Moreno, M., Klaiss-Luna, M.C., Stashenko, E., Zafra, G., Ortiz, C., 
2021. Effect of essential oils on growth inhibition, biofilm formation and membrane 
integrity of Escherichia coli and Staphylococcus aureus. Antibiotics 10 (12), 1474. 
https://doi.org/10.3390/antibiotics10121474.

Mazumder, T., Mamun, I.P., Zaman, M.S., Islam, A.K.M.K., Chowdhury, S., Reza, M.S., 
Hussain, M.S., 2021. Comparative lipid and uric acid suppressing properties of four 
common herbs in high fat-induced obese mice with their total phenolic and 
flavonoid index. Biochem. Biophys. Rep. 26, 100990. https://doi.org/10.1016/j. 
bbrep.2021.100990.

Meng, J., Ding, J., Wang, W., Gu, B., Zhou, F., Wu, D., et al., 2024. Reversal of 
gentamicin sulfate resistance in avian pathogenic Escherichia coli by matrine 
combined with berberine hydrochloride. Arch. Microbiol. 206 (7), 292. https://doi. 
org/10.1007/s00203-024-04021-4.

Mi, J., Wu, X., Liang, J., 2024. The advances in adjuvant therapy for tuberculosis with 
immunoregulatory compounds. Front. Microbiol. 15, 1380848. https://doi.org/ 
10.3389/fmicb.2024.1380848.

Mohajan, D., Mohajan, H.K., 2023. Obesity and its related diseases: a new escalating 
alarming in global health. J. Innov. Med. Res. 2 (3), 12–23. https://doi.org/ 
10.56397/JIMR/2023.03.04.

Mohamed, H.M., Abd El-Twab, S.M., 2016. Gallic acid attenuates chromium-induced 
thyroid dysfunction by modulating antioxidant status and inflammatory cytokines. 
Environ. Toxicol. Pharmacol. 48, 225–236. https://doi.org/10.1016/j. 
etap.2016.08.019.

Moradi, M.S., Kamkar, S., Sharifzadeh, A., Hassan, J., Shokri, H., Abbasi, J., 2024. The in 
vitro effect of berberine sulfate and berberine chloride on the growth and aflatoxin 
production by Aspergillus flavus and Aspergillus parasiticus. Iran. J. Vet. Med. 18 
(2), 223–232. https://doi.org/10.32598/IJVM.18.2.1005399.

Moshawih, S., Cheema, M.S., Ahmad, Z., Zakaria, Z.A., Hakim, M.N., 2017. 
A comprehensive review on Cosmos caudatus (Ulam raja): pharmacology, 
ethnopharmacology, and phytochemistry. Int. Res. J. Edu. Sci. 1 (1), 14–31.

Moslemifard, M., Ghadimi, R., Kamalinejad, M., Shirafkan, H., Mozaffarpur, S.A., 2020. 
Hospital diet for COVID-19, an acute respiratory infectious disease: an evidence- 
based Protocol of a Clinical Trial. Caspian J. Intern. Med. 11 (Suppl. 1), 466. https:// 
doi.org/10.22088/cjim.11.0.466.

Moutawalli, A., Benkhouili, F.Z., Doukkali, A., Benzeid, H., Zahidi, A., 2023. The 
biological and pharmacologic actions of Lawsonia inermis L. Phytomedicine 3 (3), 
100468. https://doi.org/10.1016/j.phyplu.2023.100468.

Murtadlo, A.A.A., Ansori, A.N.M., Kharisma, V.D., 2024. A mini review of Curcuma 
longa: antimicrobial properties. J. Med. Chem. Sci. 7 (1), 215–221. https://doi.org/ 
10.26655/JMCHEMSCI.2024.1.20.

Murugesu, S., Perumal, V., Balan, T., Fatinathan, S., Selvarajoo, P.D., Rozali, M.A.B., 
Aziz, N.I.A., 2020. A review of Cosmos caudatus as A promising antidiabetic plant. 
Malaysian J. Med. Health Sci. 16 (4).

Mwendwa, P.K., Karanja, A.W., Maingi, J.M., 2023. Endophytic Bacillus aerophilus from 
the leaves of Azadirachta indica as a potential biocontrol against Staphylococcus 
aureus. J. Adv. Microbiol. 23 (10), 116–127. https://doi.org/10.9734/jamb/2023/ 
v23i10762.

Nakasugi, L.P., Silva Bomfim, N., Romoli, J.C.Z., Botião Nerilo, S., Veronezi Silva, M., 
Rocha Oliveira, G.H., Machinski, Jr M., 2021. Antifungal and antiaflatoxigenic 
activities of thymol and carvacrol against Aspergillus flavus. Saúde e Pesquisa 14 (1). 
https://doi.org/10.17765/2176-9206.2021v14n1.e7727.

Nandi, T., Khanna, M., 2022. Anti-viral activity of thymol against influenza A virus. EC 
Microbiology 18, 98–103.

Negi, H., Gupta, M., Walia, R., Khataibeh, M., Sarwat, M., 2021. Medicinal plants and 
natural products: more effective and safer pharmacological treatment for the 
management of obesity. Curr. Drug Metabol. 22 (12), 918–930. https://doi.org/ 
10.2174/1389200222666210729114456.

Nguyen, T.L.A., Bhattacharya, D., 2022. Antimicrobial activity of quercetin: an approach 
to its mechanistic principle. Molecules 27 (8), 2494. https://doi.org/10.3390/ 
molecules27082494.

Nisar, M.F., Khadim, M., Rafiq, M., Chen, J., Yang, Y., Wan, C.C., 2021. Pharmacological 
properties and health benefits of eugenol: a comprehensive review. Oxid. Med. Cell. 
Longev. 2021 (1), 2497354. https://doi.org/10.1155/2021/2497354.

Noreen, S., Khan Naizi, M., Tufail, T., Hassan, F., Awuchi, C.G., 2023. Nutraceutical, 
functional, and therapeutic properties of Garcinia cambogia: a review. Int. J. Food 
Prop. 26 (1), 729–738. https://doi.org/10.1080/10942912.2023.2178458.

E.F. Ofoezie et al.                                                                                                                                                                                                                               Aspects of Molecular Medicine 5 (2025) 100075 

18 

https://doi.org/10.3390/ijms23137225
https://doi.org/10.1016/j.jnutbio.2006.12.005
https://doi.org/10.1007/978-3-030-83504-0_7
https://doi.org/10.1007/978-3-030-83504-0_7
https://doi.org/10.3390/healthcare1103043
https://doi.org/10.3390/molecules25184125
https://doi.org/10.29219/fnr.v68.10307
https://doi.org/10.29219/fnr.v68.10307
https://doi.org/10.3390/foods10040752
https://doi.org/10.3390/app12168342
https://doi.org/10.4103/njcp.njcp_787_22
https://doi.org/10.1111/prd.12339
http://refhub.elsevier.com/S2949-6888(25)00013-9/sref120
http://refhub.elsevier.com/S2949-6888(25)00013-9/sref120
https://doi.org/10.1080/16546628.2017.1325307
https://doi.org/10.1080/16546628.2017.1325307
https://doi.org/10.3389/fcimb.2018.00299
https://doi.org/10.3389/fcimb.2018.00299
https://doi.org/10.3389/fcimb.2022.944611
https://doi.org/10.3390/antibiotics12081230
https://doi.org/10.3390/antibiotics12081230
https://doi.org/10.3389/fcimb.2021.660431
https://doi.org/10.1016/j.foodres.2021.110270
https://doi.org/10.1016/j.foodres.2021.110270
https://doi.org/10.3390/fishes8030122
https://doi.org/10.1002/mlf2.12121
https://doi.org/10.1111/jam.15496
https://doi.org/10.1111/jam.15496
https://doi.org/10.2217/fmb-2021-0139
https://doi.org/10.1186/s12906-020-03171-4
https://doi.org/10.1016/j.lwt.2020.110354
https://doi.org/10.3390/foods11182774
https://doi.org/10.3390/foods11182774
https://doi.org/10.3390/ijms23116154
https://doi.org/10.3390/ijms23116154
https://doi.org/10.1039/d0fo00351d
https://doi.org/10.1007/s00203-021-02248-z
https://doi.org/10.1007/s00203-021-02248-z
https://doi.org/10.3390/plants12142620
https://doi.org/10.3390/molecules26226900
https://doi.org/10.3390/molecules26226900
https://doi.org/10.3390/antibiotics10121474
https://doi.org/10.1016/j.bbrep.2021.100990
https://doi.org/10.1016/j.bbrep.2021.100990
https://doi.org/10.1007/s00203-024-04021-4
https://doi.org/10.1007/s00203-024-04021-4
https://doi.org/10.3389/fmicb.2024.1380848
https://doi.org/10.3389/fmicb.2024.1380848
https://doi.org/10.56397/JIMR/2023.03.04
https://doi.org/10.56397/JIMR/2023.03.04
https://doi.org/10.1016/j.etap.2016.08.019
https://doi.org/10.1016/j.etap.2016.08.019
https://doi.org/10.32598/IJVM.18.2.1005399
http://refhub.elsevier.com/S2949-6888(25)00013-9/sref147
http://refhub.elsevier.com/S2949-6888(25)00013-9/sref147
http://refhub.elsevier.com/S2949-6888(25)00013-9/sref147
https://doi.org/10.22088/cjim.11.0.466
https://doi.org/10.22088/cjim.11.0.466
https://doi.org/10.1016/j.phyplu.2023.100468
https://doi.org/10.26655/JMCHEMSCI.2024.1.20
https://doi.org/10.26655/JMCHEMSCI.2024.1.20
http://refhub.elsevier.com/S2949-6888(25)00013-9/sref152
http://refhub.elsevier.com/S2949-6888(25)00013-9/sref152
http://refhub.elsevier.com/S2949-6888(25)00013-9/sref152
https://doi.org/10.9734/jamb/2023/v23i10762
https://doi.org/10.9734/jamb/2023/v23i10762
https://doi.org/10.17765/2176-9206.2021v14n1.e7727
http://refhub.elsevier.com/S2949-6888(25)00013-9/sref155
http://refhub.elsevier.com/S2949-6888(25)00013-9/sref155
https://doi.org/10.2174/1389200222666210729114456
https://doi.org/10.2174/1389200222666210729114456
https://doi.org/10.3390/molecules27082494
https://doi.org/10.3390/molecules27082494
https://doi.org/10.1155/2021/2497354
https://doi.org/10.1080/10942912.2023.2178458


Nyakudya, T.T., Tshabalala, T., Dangarembizi, R., Erlwanger, K.H., Ndhlala, A.R., 2020. 
The potential therapeutic value of medicinal plants in the management of metabolic 
disorders. Molecules 25 (11), 2669. https://doi.org/10.3390/molecules25112669.

Nyakundi, B.B., Yang, J., 2023. Uses of papaya leaf and seaweed supplementations for 
controlling glucose homeostasis in diabetes. Int. J. Mol. Sci. 24 (7), 6846. https:// 
doi.org/10.3390/ijms24076846.

Okamoto, H., Ino, S., Nihei, N., Ikuta, N., Ueno, C., Itoi, A., Yoshikawa, Y., Terao, K., 
Sakamoto, N., 2019. Anti-obesity effects of α-cyclodextrin-stabilized 4-methylthio-3- 
butenyl isothiocyanate from daikon (Raphanus sativus var. longipinnatus) in mice. 
J. Clin. Biochem. Nutr. 65 (2), 99–108. https://doi.org/10.3164/jcbn.19-11.

Oyedemi, B.O., Kotsia, E.M., Stapleton, P.D., Gibbons, S., 2019. Capsaicin and gingerol 
analogues inhibit the growth of efflux-multidrug resistant bacteria and R-plasmids 
conjugal transfer. J. Ethnopharmacol. 245, 111871. https://doi.org/10.1016/j. 
jep.2019.111871.

Ozturk, M., Chia, J.E., Hazra, R., Saqib, M., Maine, R.A., Guler, R., et al., 2021. 
Evaluation of berberine as an adjunct to TB treatment. Front. Immunol. 12, 656419. 
https://doi.org/10.3389/fimmu.2021.656419.
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