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Abstract 

Type 2 diabetes is a chronic disease resulting from complex metabolic disruptions, particularly a 

dysregulation of glucose metabolism. Although physicians commonly prescribe oral antidiabetic 

medications available on the market, these treatments are often associated with undesirable side 

effects and demonstrate limited effectiveness in reducing diabetes-related complications. Currently, 

phytotherapy is gaining increasing attention, used alone in prediabetic patients in the form of 

macerations or infusions, or as a complement to synthetic medications in capsule form, to treat 

diabetes and mitigate its complications. Many patients turn to traditional remedies, such as infusions 

and macerations, to manage diabetes symptoms. In this review, we analyzed the most frequently used 

oral antidiabetic drugs within our population, highlighting their side effects. We also examined certain 

medicinal plants reported in the experimental literature through in vivo and in vitro studies. Lastly, we 

compiled data from clinical and experimental studies on the synergy between medicinal plants and 

synthetic drugs. The results indicate that the combined use of medicinal plants with synthetic 

antidiabetics significantly reduces blood glucose levels and HbA1c rates while limiting side effects. 

However, gaps remain regarding the precise nature of the interactions between plants and drugs, 

whether synergistic, antagonistic, or additive, emphasizing the need for further research in this 

promising field.  
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I INTRODUCTION 

Diabetes mellitus is one of the most common chronic 

metabolic disorders worldwide, typically characterized 

by hyperglycemia, resulting either from decreased insulin 

secretion or resistance to insulin. This condition 

gradually causes damage to various body systems, 

leading to multiple complications, especially in the eyes, 

heart, kidneys, blood vessels, and nerves [1]. There are 

two main types of diabetes: type 1 diabetes (T1D) and 

type 2 diabetes (T2D). 

T1D, also known as insulin-dependent diabetes (IDD), is 

caused by insufficient insulin production by the beta cells 

in the islets of Langerhans in the pancreas. This type of 

diabetes generally develops in children and adolescents. 

On the other hand, T2D, or non-insulin-dependent 

diabetes (NIDD), is characterized by cellular resistance to 

insulin [2]. This latter form of diabetes represents a major 

public health concern globally, as it is mainly associated 

with lifestyle factors such as physical inactivity, 

smoking, obesity, and alcohol consumption. T2D 

contributes to increased cardiovascular morbidity and 

mortality. The global prevalence of diabetes has nearly 

doubled since 1980, rising from 4.7% to 8.5% of the 

adult population [3]. In 2015, it was estimated that 415 

million adults were living with diabetes, and this figure is 

expected to reach 642 million by 2040 [4]. 

In Algeria, diabetes is also on the rise, affecting 14.4% of 

the population aged 18 to 69, which corresponds to 

around 4 million people in 2018 [5]. This increase in 

diabetes prevalence is accompanied by a rise in 

associated risk factors such as overweight and obesity. If 

diabetes is not properly managed, it can lead to severe 

complications such as blindness, kidney failure, 

amputations, and other outcomes that significantly affect 

quality of life [6]. 

Among all individuals with diabetes, type 2 diabetes 

accounts for approximately 90% of cases. This 

proportion is particularly high in developing countries 

and continues to grow each year [1]. 

The various oral antidiabetic drugs that exert 

hypoglycemic effects through different mechanisms, 

along with the associated side effects, have highlighted 

the need for more effective, reliable, and cost-efficient 

management approaches. The global use of 

complementary and alternative medicines (CAM) for 

managing diseases like diabetes has increased rapidly 

over the past decade. It has been reported that up to 

72.8% of individuals with diabetes have used herbal 

medicines, dietary supplements, or other CAM therapies 

[7]. Additionally, research indicates that most people 

who use CAM therapies do so in combination with, 

rather than as a replacement for, conventional medicine 

[8]. A large number of medicinal plants are believed to 

have antidiabetic properties and have been used to 

manage diabetes [9]. However, the concurrent use of 

antidiabetic medicinal plants and pharmaceutical drugs 

raises concerns about safety. Unlike conventional drugs, 

whose components are well-defined and mechanisms of 

action well understood, medicinal plants contain a vast 

array of bioactive compounds. The interaction between 

these compounds and drugs, as well as their effects when 

taken simultaneously, is still poorly understood, making 

it challenging to predict potential interactions. 

While many studies have highlighted the potentially 

harmful effects of interactions between medicinal plants 

and drugs, there are also in vivo and preclinical studies 

showing that certain plant components may enhance or 

facilitate the action of antidiabetic agents. These 

molecules target crucial therapeutic pathways, such as 

blood glucose regulation via AMPK activation, inhibition 

of carbohydrate enzymes, or modulation of insulin 

sensitivity. 

The positive interactions between these natural 

compounds and antidiabetic drugs can lead to increased 

efficacy through additive or synergistic effects. 

Molecular docking studies have shown that these 

compounds can bind to essential therapeutic targets, such 

as AMP-activated protein kinase (AMPK), thereby 

providing a deeper understanding of interactions at a 

precise molecular level. 

This review aims to provide an overview of studies 

addressing the interactions between antidiabetic plants 

and oral antidiabetic drugs (OADs), identifying both the 

positive and negative aspects of these interactions while 

incorporating recent advances in molecular docking to 

shed light on the underlying mechanisms.  

II. PROFILE OF ANTIDIABETIC DRUGS 

The profile of synthetic oral antidiabetic drugs (OADs) 

includes various classes, each with unique mechanisms of 

action, such as stimulating insulin release and enhancing 

peripheral glucose absorption [1]. These medications are 

primarily used in managing type 2 diabetes (T2D). 

Recent studies highlight the prevalence and clinical 

implications of specific drug classes, reflecting the 

complex management required due to significant side 

effects. Despite considerable progress in diabetes 

treatment over recent years, the outcomes remain 

suboptimal, with numerous adverse and even toxic 

effects associated with the use of these pharmaceutical 

agents. Table 1 below summarizes the main antidiabetic 

agents and their specific therapeutic targets, aiming to 

improve treatment efficacy while minimizing side 



 
 
effects. Additionally, molecular docking studies have 

deepened our understanding of the interactions between 

OADs’ active compounds and their targets, opening 

promising avenues for developing new therapeutic agents 

derived from medicinal plants. 

Biguanides 

Biguanides, derived from guanidine extracted from 

Galega officinalis, have been used for centuries for their 

antidiabetic properties [10]. Among them, metformin 

(1,1-dimethylbiguanide) has become the gold standard 

treatment for type 2 diabetes due to its efficacy and 

relative safety [11 , 12]. Its mechanism of action involves 

multiple pathways. Metformin enters cells via organic 

cation transporters (hOCT1) and, in high concentrations 

in the intestine, inhibits complex I of the mitochondrial 

respiratory chain. This promotes increased anaerobic 

glycolysis, lactate production, and glucose utilization 

[13]. In the liver, metformin reduces gluconeogenesis and 

glycogenolysis by inhibiting AMPK and glycerol-3-

phosphate dehydrogenase. It also alters hepatic redox 

states, thereby lowering ATP levels and slowing the 

conversion of lactate into glucose [14]. In peripheral 

tissues, it enhances glucose utilization, improves insulin 

sensitivity, and reduces intestinal glucose absorption 

[15]. 

Beyond its central role in diabetes management, 

metformin has diverse therapeutic applications. It lowers 

the risk of cardiovascular complications, helps manage 

metabolic diseases like non-alcoholic fatty liver disease 

(NAFLD) and obesity, and has a neutral or favorable 

effect on body weight [16]. It is also being explored for 

neurodegenerative diseases, such as Alzheimer’s and 

Parkinson’s, where it modulates metabolic pathways and 

slows aging processes [17]. In oncology, innovative 

derivatives like AUTAC-Biguanides and Biguanide-

PROTACs target mitochondria for their antiproliferative 

properties [17]. However, the use of metformin can be 

associated with adverse effects, including gastrointestinal 

disturbances, vitamin B12 deficiency, and, rarely, lactic 

acidosis, particularly in patients with renal impairment 

[18]. These characteristics make metformin a versatile 

drug, with impacts extending far beyond the simple 

regulation of blood glucose. 

Glitazones 

Thiazolidinediones (TZDs), also known as glitazones, are 

agonists of the nuclear receptors PPARγ (Peroxisome 

Proliferator-Activated Receptor Gamma), which are 

primarily expressed in adipose tissue, muscles, the liver, 

and the brain. These receptors, activated by fatty acids, 

regulate the expression of genes involved in glucose and 

lipid metabolism, translating nutritional signals into 

metabolic responses. Glitazones improve insulin 

sensitivity, lower blood glucose levels, and exert 

beneficial effects on lipid metabolism and vascular 

endothelium [19]. In adipose tissue, the stimulation of 

PPARγ receptors promotes adipocyte differentiation and 

the secretion of adiponectin, a hormone that enhances 

fatty acid oxidation and reduces hepatic glucose 

production, thereby mitigating insulin resistance. 

Additionally, glitazones decrease the release of pro-

inflammatory signals, such as TNFα, leptin, and free fatty 

acids, which are often associated with insulin resistance 

[20]. In the liver, they suppress gluconeogenesis, 

reducing fasting blood glucose levels. Meanwhile, by 

stimulating glucose uptake in muscle tissue, they lower 

postprandial blood glucose levels [21]. However, the use 

of pioglitazone, a representative of this class, is 

associated with side effects. The most common include 

visual disturbances (notably at the beginning of treatment 

due to glycemic fluctuations), edema (especially macular 

edema), weight gain, upper respiratory tract infections, 

decreased bone density, and hypoesthesia (reduced 

sensory sensitivity) [22]. These side effects sometimes 

limit the long-term use of these drugs, although their 

metabolic benefits remain undeniable. 

Other Medications 

Drugs that reduce glucose absorption or promote its 

elimination play a significant role in managing diabetes, 

particularly type 2 diabetes. These treatments aim to 

lower blood glucose levels by targeting different stages 

of the digestive and renal processes. 

α-Glucosidase Inhibitors 

Acarbose, a bacterial oligosaccharide that inhibits alpha-

glucosidase, was the first inhibitor introduced in 1990 for 

the treatment of type 2 diabetes. Isolated from 

Actinoplanas utahensis, it reduces postprandial blood 

glucose and enhances insulin secretion [23, 24]. Other 

inhibitors, such as voglibose, a synthetic derivative of 

valiolamine produced by Streptomyces hygroscopicus, 

delay the digestion of complex carbohydrates by 

blocking enzymes such as maltase and sucrase [25]. 

These inhibitors slow the conversion of carbohydrates 

into glucose in the small intestine, reducing glucose 

absorption, thereby lowering postprandial blood glucose 

and, over time, HbA1c levels, especially in cases of 

postprandial hyperglycemia [26]. Acarbose has also 

demonstrated anticancer activity by depriving tumor cells 

of essential glucose for their survival, thereby reducing 

tumor metabolism and inducing oxidative stress and 

apoptosis, particularly in breast cancer. In metastatic 

renal carcinoma, it enhances immune responses through 

CD8+ T cells and boosts treatments such as anti-PD-1 

immunotherapy, limiting tumor growth and metastases. 



 
 
However, these drugs are associated with frequent 

gastrointestinal side effects (flatulence, diarrhea, 

abdominal pain) due to the fermentation of undigested 

carbohydrates. They may also cause hepatobiliary 

disorders (elevated liver enzymes, jaundice) and rare skin 

reactions (rashes, urticaria) [27]. 

 

Glucagon-like peptide-1 (GLP-1) 

GLP-1 is a peptide hormone composed of 30 amino 

acids, produced in the epithelial cells of the intestine. Its 

release is triggered by food intake, but GLP-1 is rapidly 

metabolized and inactivated by the enzyme dipeptidyl 

peptidase IV [28]. GLP-1 acts through a beta receptor; 

receptor activation by GLP-1 stimulates insulin secretion, 

enhances insulin gene transcription, increases insulin 

biosynthesis, promotes cell proliferation and survival, 

and reduces cell death. Additionally, GLP-1 inhibits 

glucagon secretion [29]. The side effects include nausea, 

vomiting, and diarrhea, but they are generally mild and 

transient [30].  

III.    PLANTS USED IN THE TREATMENT OF 

DIABETES 

Traditional remedies worldwide have always supported 

the use of medicinal plants in the treatment of human 

diseases. Alternative medicine attracts researchers to 

explore the biological activity of numerous potent 

bioactive molecules with hypoglycemic properties. In 

this section, we have selected only two studies for each 

chosen plant, whether in vivo or in vitro, from the most 

recent research on medicinal plants used to treat type 2 

diabetes (Table 02). These studies evaluate the 

therapeutic strategies employed against this metabolic 

disease, the doses used, and the results obtained, as well 

as the phytochemical characteristics of the plant extracts. 

Nigella sativa, belonging to the Ranunculaceae family, 

has seeds rich in essential nutrients, vitamins, minerals, 

and phenolic compounds with therapeutic effects [31]. 

The main components of N. sativa are thymoquinone and 

p-cymene, which are considered the most active 

compounds in several studies. In Table 02, we highlight 

two recent studies on the activity of N. sativa essential oil 

in diabetic rats. These studies demonstrated the positive 

pharmacological effects of N. sativa seeds, including 

antioxidant properties that improve glucose tolerance, 

reduce hepatic gluconeogenesis, increase insulin levels, 

and regulate lipid profiles and hepatorenal functions. 

Additionally, markers such as PDX-1, NEUROG-3, INS-

1, and INS-2 showed positive regulation, suggesting 

pancreatic tissue regeneration in diabetic rats. Based on  

 

 

 

 

Therapeutic 

Agent 
Therapeutic 

Target 
Effect Side Effects Other Therapeutic 

Applications 
references  

Metformin Complex I of 

mitochondrial 

respiratory chain, 
AMPK. 

  

-Increases insulin sensitivity 

in muscle and liver.  

- Reduces hepatic 

gluconeogenesis. 

 -Increases fatty acid 

oxidation. 

- Risk of lactic acidosis 

in patients with renal 

insufficiency or in the 
event of overdose. 

-Accumulation of 

lactate. 
-Gastrointestinal 

disturbances, vitamin 

B12 deficiency. 
- haemolytic anaemia 

increases creatinine and 

AST levels 

Cancer treatment 

AUTAC-Biguanide and 

Biguanide-PROTACs 
these new hybrid compounds are 

designed to target 

mitochondria.superior and 
selective antiproliferative 

properties. 

-Neurodegenerative diseases 
such as Alzheimer's disease can 

use 

biguanides, in particular 
cycloguanil, which inhibits the 

NMDA receptor in hippocampal 

neurons. 
-Non-alcoholic Fatty Liver 

Disease (NAFLD) 

-Obesity Management. 

[52]   [53]   

[54]   [55]  [56]     
[57]    

Glitazone PPARγ Receptor Improves insulin sensitivity, 
reduces hepatic 

gluconeogenesis, enhances 

lipid metabolism  
  

-Weight gain, edema, 
risk of macular edema, 

reduced bone density 

-the risk of 
cardiovascular 

-  [19]  [20]      



 
 

Acrabose  α glucosidase  Reduces postprandial blood 

glucose by delaying 
carbohydrate digestion  

-Augmente la sécrétion 

d’insuline. 
-Diminuer le taux HbAc1.  

Gastrointestinal 

discomfort (flatulence, 
diarrhea), hepatobiliary 

issues, rare skin 

reactions 

Anticancer activity (e.g., breast 

cancer, metastatic renal 
carcinoma) 

-Reinforcing PD-1 and 

Rapamycin immunotherapy 
treatment  

[23]  [27]           

GLP-1R 

Agonists 

GLP-1 Receptor Enhances glucose-
dependent insulin secretion, 

inhibits glucagon secretion, 

reduces appetite, slows 
gastric emptying 

Nausea, vomiting, 
diarrhea, risk of 

pancreatitis 

- [28]       

Table1: Oral Antidiabetics: Overview of Therapeutic Targets and Associated Effects

this context, thymoquinone exhibits multiple mechanisms 

contributing to its antidiabetic effects, such as insulin-

mimicking properties by influencing key enzymes like 

AMP-activated protein kinase (AMPK), insulin secretion  

stimulation and impact on carbohydrate digestion. 

According to Woo and al [32], thymoquinone has shown 

an ability to enhance PPAR-γ activity, suggesting it 

might act as a ligand for this receptor. This hypothesis 

was confirmed by an in-silico study by Megantara et al. 

[33], which revealed that thymoquinone acts as a PPAR-γ 

agonist, interacting similarly to pioglitazone. Moreover, 

due to the potentially superior safety profile of natural 

products compared to synthetic compounds particularly 

in avoiding side effects like cardiotoxicity associated 

with pioglitazone and/or the risk of bladder cancer in 

diabetic patients treated with pioglitazone, thymoquinone 

could represent a promising alternative [33].     

Sesamum indicum, belonging to the Pedaliaceae family, 

has seeds rich in vitamin A, B vitamins (B1, B2, B3, B6, 

B9) [34], vitamin E [35], and has long been used as a 

nutritional product. It is known for rejuvenating the liver 

and kidneys, nourishing the blood, and alleviating 

intestinal dryness [36]. Sesame seeds also contain 

phenolic compounds and bioactive lignans, such as 

sesamin, episesamin, sesamol, and sesamolin, making 

sesame a unique source of health benefits [37]. Previous 

studies have shown that sesamin and sesamolin are the 

most important components contributing to the 

therapeutic effects of this plant [38]. Two recent studies 

on sesame seeds demonstrated a significant reduction in 

blood glucose, glycated hemoglobin (HbA1c), and an 

improvement in lipid profiles, along with enhanced 

antioxidant status in diabetic rats. These results suggest 

that sesame may increase insulin sensitivity and/or 

stimulate hepatic glycogen synthesis [39]. Additionally, 

an in vitro study revealed that sesame seeds inhibit alpha-

amylase and alpha-glucosidase enzymes, resulting in 

reduced intestinal glucose absorption and better blood 

glucose management [39]. Furthermore, another study 

indicated that sesamin retains its activity at high 

temperatures, showing good thermal stability of its 

antioxidant properties [40]. 

Fenugreek (Trigonella foenum-graecum), an annual plant 

from the legume family [41], has been traditionally used 

to treat various diseases, including diabetes [42]. Its seeds 

and leaves contain several compounds with significant 

hypoglycemic effects. These isolated compounds activate 

AMPK and GLP-1, inhibit DPP-IV, and prevent 

oxidative damage. Among them, trigonelline (TRG), a 

major bioactive compound in fenugreek seeds, plays a 

crucial role [42]. Studies by Jyothi, D. et al [43] and 

Yella, S. and al [44] demonstrated that ethanolic extracts 

of fenugreek improved blood glucose levels, lipid 

profiles, and promoted weight loss in diabetic rats. 

However, an elevation in AST and ALT levels was 

observed in rats treated with the extract for 21 days at a 

dose of 100 mg/kg. Another study by Afifi, N and al [45] 

explored the effect of trigonelline (TRG) in mitigating 

hepatic complications and molecular alterations 

associated with insulin resistance induced by a high-fat 

and fructose-rich diet in rats. The results showed that oral 

TRG treatment significantly reduced HOMA-IR 

("homeostatic model assessment-IR"), hepatic lipids, 

oxidative stress biomarkers, and inflammatory cytokines. 

TRG also improved histopathological changes, DNA 

cytometry alterations, and molecular changes induced by 

the high-fat and fructose-rich diet (HFFR). Studies in 

rodent tissues further indicated that TRG influences 

multiple signaling and metabolic pathways, such as 

mitochondrial oxidative phosphorylation. Serum 

trigonelline levels were linked to NAD+ levels in skeletal 

muscle [46]. These findings suggest that trigonelline is a 

novel metabolite with potential therapeutic applications 

in addressing age-related mitochondrial dysfunction, 

mitigating hepatic complications associated with insulin 

resistance, and serving as a biomarker for evaluating 

NAD+ levels.  

Aloe vera (Aloe barbadensis), a tropical plant from the 

Asphodelaceae family (formerly Liliaceae), thrives in 

parts of Africa and the islands of the Indian Ocean. It is 



 
 
renowned for its therapeutic properties, including 

anticancer activity, and anti-inflammatory, antiviral, 

antioxidant, and antidiabetic effects [47], attributed to 

phenolic compounds such as acemannan. In traditional 

medicine, Aloe vera is used for various conditions like 

fungal infections, tuberculosis, and gastric ulcers. A 

Canadian study Dick WR and al [48]   evaluated the 

efficacy of Aloe vera consumption in reducing fasting 

blood glucose and HbA1c levels. The results indicated 

that Aloe vera significantly reduced blood glucose levels 

in individuals with glucose levels exceeding 2 g/L, 

suggesting its role in stimulating insulin release. 

Moreover, Omer et al [49]. demonstrated that acemannan 

exhibits significant antidiabetic properties in STZ-

induced diabetic rats. The study reported reductions in 

blood glucose levels and HbA1c, crucial markers for 

diabetes management. Acemannan was also shown to 

decrease inflammatory cytokine levels and caspase-3 

activity, an enzyme involved in cell apoptosis [49]. These 

findings underscore Aloe vera's potential as an adjunctive 

natural treatment for diabetes, contributing to better 

glycemic control and inflammation management. 

Ginger (Zingiber officinale), an essential medicinal plant 

in traditional Chinese medicine, is recognized for its 

diverse therapeutic properties, including anti-arthritic, 

anti-migraine, antithrombotic, anti-inflammatory, 

hypolipidemic, and anti-nausea effects. The bioactive 

compounds in ginger, primarily gingerols, have 

demonstrated the ability to inhibit the biosynthesis of 

prostaglandins and leukotrienes [50] and suppress 

angiogenesis [51]. Additionally, some ginger constituents 

exhibit serotonin receptor-blocking activity, which may 

contribute to its pharmacological effects [58]. Studies 

(summarized in Table 2) conducted on diabetic rats have 

revealed that ginger can significantly reduce blood 

glucose levels, improve lipid profiles, and decrease 

proteinuria. These findings suggest that the bioactive 

components of ginger may facilitate pancreatic β-cell 

regeneration and insulin production [51]. Furthermore, 

ginger has been shown to inhibit hepatic glucose 

production, promote glycogen synthesis in the liver, 

enhance peripheral glucose uptake, and reduce insulin 

resistance. Its potent antioxidant properties further 

support its role in mitigating oxidative stress associated 

with diabetes. These promising results underscore the 

potential of ginger as a natural adjunct therapy for 

improving glycemic control and overall metabolic health 

in diabetic patients. 

Thyme (Thymus vulgaris), a medicinal plant belonging to 

the Lamiaceae family, is renowned for its richness in 

bioactive phenolic compounds, including steroids, 

terpenoids, flavonoids, alkaloids, tannins, and saponins. 

The essential oil (EO) of thyme is particularly abundant 

in thymol and carvacrol, its primary constituents [59]. 

Moreover, thyme is an excellent source of vitamins such 

as vitamin A, vitamin C, and vitamin B6, which possess 

significant pharmacological properties. The leaves of 

Thymus vulgaris are also rich in essential minerals, 

including potassium, calcium, iron, manganese, 

magnesium, and selenium [60]. Traditionally, thyme has 

been used to treat a variety of ailments, such as 

gastrointestinal disorders and respiratory conditions 

including bronchitis, asthma, and cystic fibrosis. 

Additionally, it is recognized for its potential in 

managing hypercholesterolemia, menstrual disorders, 

hypertension, and cardiovascular diseases [61] [62]. 

Table 2 summarizes findings from in vitro studies 

evaluating the antihyperglycemic activity of three types 

of thyme extracts: hydromethanolic extract, aqueous 

extract, and essential oil. Results indicate that the 

hydromethanolic extract exhibits significantly higher 

inhibitory activity against α-glucosidase and α-amylase 

enzymes compared to the aqueous extract and essential 

oil. This enhanced activity is attributed to the high 

phenolic content of the hydromethanolic extract. In 

contrast, the essential oil, despite its bioactivity, 

demonstrates lower efficacy due to its predominantly 

lipophilic composition. 

Artemisia (herba-alba), commonly known as white 

wormwood and a member of the Asteraceae family, is 

rich in polyphenols, particularly dicaffeoylquinic acid. 

This plant is widely utilized in traditional medicine, 

especially in Algeria, to treat various diseases, with a 

notable focus on diabetes mellitus. Its use in diabetes 

treatment is among the most frequently documented in 

the scientific literature [63, 64, 65, 66]. Two studies have 

reported the hypoglycemic effects of aqueous and 

ethanolic extracts of Artemisia herba-alba Asso. These 

extracts were administered at doses of 0.39 g/kg and 0.4 

g/kg of body weight, respectively, in alloxan-induced 

diabetic rats. Additionally, Yujie Huang and al [67]   

demonstrated that dicaffeoylquinic acid, the major 

bioactive compound in Artemisia herba-alba, effectively 

improved glucose-lipid metabolism disorders and 

reduced inflammation in diabetic mice when 

administered at a dose of 200 mg/kg. Interestingly, this 

dose proved more beneficial than a higher dose of 400 

mg/kg. The beneficial effects are attributed to the 

regulation of gut microbiota, increased levels of 

conjugated bile acids, and the inactivation of the 

enterohepatic FXR-FGF15 signaling axis. These findings 

highlight the therapeutic potential of Artemisia herba-

alba in diabetes management, particularly through its 

action on metabolic and inflammatory pathways. 

Eucalyptus, particularly the species Eucalyptus 

camaldulensis and Eucalyptus globulus, is widely 

recognized in traditional medicine for its numerous 

therapeutic benefits, especially in managing metabolic 



 
 
disorders such as diabetes. These species are rich in 

bioactive compounds, notably gallic acid and chlorogenic 

acid, which play a pivotal role in their antidiabetic 

activity [68]. These molecules exhibit strong antioxidant 

properties, inhibit digestive enzymes like alpha-amylase, 

and enhance insulin sensitivity, thereby aiding in blood 

glucose regulation. A recent study by Akinmoladun and 

al [69] evaluated the effects of a hydroethanolic extract 

of Eucalyptus at a dose of 400 mg/kg in diabetic animal 

models. The results demonstrated a significant reduction 

in blood glucose levels, improved hematological 

parameters, enhanced antioxidant activity, and a 

favorable weight loss. Furthermore, Uadia and al [70]    

reported that a diet enriched with 10% Eucalyptus 

camaldulensis leaves over 14 days led to notable 

improvements in lipid profiles, as well as kidney and 

liver function. These findings underscore the therapeutic 

potential of Eucalyptus extracts in treating metabolic 

disorders associated with diabetes, highlighting their 

impact on both glycemic control and overall metabolic 

health. 

Citrus aurantium, also known as bitter orange and 

belonging to the Rutaceae family, is a plant with 

numerous therapeutic properties [71]. Its juice is 

recognized for its antiseptic, anti-bilious, and hemostatic 

effects. Traditionally, it has been used to treat 

gastrointestinal disorders such as intestinal ulcers, 

diarrhea, and constipation [72]. Additionally, Citrus 

aurantium has shown significant potential in reducing 

blood glucose levels in diabetic patients, regulating lipid 

profiles, improving cardiac circulation, purifying the 

blood, and managing hepatic and biliary disorders. These 

effects are attributed to its bioactive compounds, notably 

hesperetin and naringenin, which contribute to its 

antidiabetic and antihypercholesterolemic properties [73]. 

[74] demonstrated the antidiabetic properties of an 

aqueous extract of Citrus aurantium administered at a 

dose of 0.5 ml in C57BL/KsBom-db (db/db) mice over 

45 days. The treatment resulted in body weight loss, 

normoglycemia, increased plasma triglycerides 

(indicating enhanced fatty acid mobilization), and 

improved insulin sensitivity, suggesting a favorable 

metabolic regulation and enhanced β-cell responsiveness. 

Similarly, Sharma and al [75] investigated the effects of 

an alcoholic extract at doses of 300 and 500 mg/kg/day 

over 21 days. The extract significantly reduced blood 

glucose, total cholesterol, triglycerides, and LDL levels 

while increasing HDL levels, with more pronounced 

effects at the higher dose. These findings highlight the 

dose-dependent efficacy of Citrus aurantium extracts in 

improving glycemic and lipid parameters, supporting its 

potential role in enhancing insulin sensitivity and 

stimulating β-cell insulin secretion. Collectively, these 

results position Citrus aurantium as a promising 

candidate for the management of metabolic disorders 

such as diabetes and dyslipidemia. 

Cinnamomum cassia possesses potential therapeutic 

properties and has been used since ancient times in 

traditional medicine. Numerous pharmacological and 

clinical effects have been observed throughout its usage. 

Cinnamaldehyde, one of its most active compounds, 

exhibits significant antidiabetic properties. A study by 

Cordero-Pérez and al [80] on the antidiabetic activity of 

cinnamon oil administered for five days demonstrated 

normalized blood glucose levels in diabetic rats. 

Additionally, Vijayakumar et al [85]. investigated the 

effects of alcoholic extracts and found that this treatment 

induces hypoglycemia, enhances the activity of 

tricarboxylic acid (TCA) cycle enzymes, and improves 

liver and kidney profiles while regenerating beta cells. 

Other studies on cinnamaldehyde show that treatment 

with cinnamaldehyde for two months increases glycogen 

content in skeletal muscle by restoring GLUT4 levels in 

STZ-induced rats [81]. Furthermore, Juan and al [82]. 

revealed that cinnamaldehyde treatment increases 

GLUT4 mRNA expression by enhancing phospho-Akt 

(Thr308) expression in the skeletal muscle of C57BLKS 

db/db mice [82]. These findings suggest that 

cinnamaldehyde improves glucose homeostasis, 

optimizes lipid profiles, and modulates autophagy in 

various tissues [83], making it a promising adjunctive 

treatment for diabetes management [84]. 

 

Plant Molecule  Method  Results References  

Black seed  

Nigella sativa 

Thymoquinone  

(C10H12O2) 

 

Oil obtained by cold pressing. 

Dose: 4 mg/kg/day via oral gavage 

for 21 days. 

↓ [Glycemia] and ↑ 

[Insulinemia], ↓ Oxidative 

stress, ↓ [LDL]; [TG]; 
[Cholesterol]. 

Upregulation of PDX-1, 

NEUROG-3, INS-1, and INS-
2, indicating pancreatic 

regeneration.. 

[76]    

 
p-cymene  

C10H14 

Oil: 5 ml/kg/day, Seeds: 150 

mg/kg/day for 28 days. 

Improvement in glucose 

levels, lipid profiles, hepatic, 

[77]    

https://pubchem.ncbi.nlm.nih.gov/#query=C10H12O2


 
 

 

and renal functions. 

Histological preservation of 
islets of Langerhans 

compared to untreated 

diabetic rats.  

Sesame  

Sesamum 

indicum  

Sesamin  

C20H18O6   

 

 
 

 

Sesamoulin   

C20H18O7 

 

 

Doses: 20 and 60 mg/kg/day for 

50 days (form not specified). 

 
 

 

 
 

  

↓ [Glycemia], [HbA1c], 

[ALT], [AST], 

[Triglycerides]; ↑ [Insulin]. 
Enhanced antioxidant 

activities (SOD, CAT, GPx) 

in the liver.  

[78]    

  
les doses de l’huile utilisées sont 
350 et 700 mg/kg/j P.O., le SSO 

contient 150 -300 mg de ω- 6 FA 

↓[Gly],[trig], [cholestérol] 
[LDL]et [VLDL], avec ↑ 

[HDL].  

[79]    

Cinnamon 

Cinnamomum 

cassia 

Cinnamaldehyde 

 C9H8O 

 

Oil dose: 300 mg/kg/day via 

gavage for 5 days. 

 

 

 

 

 

  

↓ [Glycemia] after 4 hours of 

treatment. No significant 

changes in hepatic or renal 
function markers (ALT, AST, 

CREA, UREA), confirming 

safety at the tested dose. 

[80]    

  
Ethanol extracts: 300, 400, and 

500 mg/kg/day for 28 days. 

↓ [Gly], ↑ TCA cycle enzyme 

activities. ↓ [AST], [ALT], 

[ALP], [UREA], [CREAT]. 
Improved pancreatic 

architecture and beta-cell 

regeneration. 

[85] 



 
 

Fenugreek 

Trigonella 
Foenum-

Graecum 

Trigonelline 

C7H7NO2  

 

Ethanol extract: 1 g/kg/day for 15 

days. 

↓ [Gly] and body weight loss 

in rats. 

[43]    

  
Ethanol extract: 100 mg/kg/day for 

21 days. 

↓[Gly], [Chol], [LDL], 

[VLDL]; ↑ [HDL], but ↑ 

[AST], [ALT]. 

[44]    

Aloe vera 

Aloe 

barbadensis  

Acemannan 

C66H100NO49 

 

Gel extract: 400 mg/kg/day for 28 

days. 

↓[Gly], improved pancreatic 

and hepatorenal tissue 

architecture 

[86] 

  
Aqueous extract: 100, 250, 500 

mg/kg/day for 10 days. 

↓ [Gly], improved hepatic 

tissue architecture. 

[87] 

Ginger  

Zingiber 

officinale 

(6)-Gingerol 

C17H26O4 

 

 

Ethanol extracts: 100, 250, 500 

mg/kg/day for 10 days. 

↓[Gly] 

  

[88] 

Aqueous extract: 500 mg/kg/day 
for 7 weeks. 

 

 

 

↓ [Gly], ↓ [Chol], ↓ [Trig], ↓ 
[Urinary proteins] compared 

to diabetic rats. 

[89] 

Thyme 

Thymus vulgaris 

Thymol  

C10H14O 

 

 

Carvacrol  

C10H14O 

 

 

 
 

  

Hydromethanolic and aqueous 

extracts. 
 

 

 
 

  

α-glucosidase: IC50 = 0.51 ± 

0.02 and 0.24 ± 0.09 mg/ml 

respectively, 

 α-amylase : IC50 = 1.56 ± 

0.09 mg/ml and ≥ 2.50mg/ml. 

 

[90] 

Essential oil  α-glucosidase  

IC50= 4.66 ± 0.42 mg/ ml  

 

α-Amylase 

IC50=37.67 ± 0.12 mg/ ml. 

 

 

[91] 

  



 
 

Wormwood 

Artemisia herba-

alba 

 

Dicaffeoylquinic acid  

C24H25O12 

 

 

Aqueous extract: 400 mg/kg/day 

for 30 days.    

↓ [Glycemia], ↓ [UREA], ↓ 

[CREAT]. Improved renal 
tissue and reduced oxidative 

stress. 

[92] 

Ethanolic extract: used is 390 

mg/kg/d for 60 days  

↓[Gly] [93]   

Eucalyptus 

Eucalyptus 
camaldulensis 

and globulus 

Gallic acid 

 

Ethanol extract: 400 mg/kg/day for 

21 days.  

Weight loss, improved 

hematological parameters, ↑ 

antioxidant activity, ↓ [Gly]. 

[69]    

 
Chlorogenic acid 

 

The rats were fed a diet containing 

10% Eucalyptus camaldulensis 

leaves for 14 days. 

↓[Gly], ↓[Urea], [Crea], 

[Chol], [LDL] with ↑[HDL], 

and ↓[AST], [ALT], 
[Albumin], [Total protein], as 

well as ↓[Total bilirubin] 

compared to diabetic rats. 
Enhances antioxidant activity 

(AOX).  

  

[70]    

Bitter orange 

Citrus aurantium 

Hesperetin 

C16H14O6 

 

 

Naringenin 

C15H12O5 

 

Aqueous extract: 0.5 ml/kg for 45 

days. 

Weight loss, normoglycemia, 

↑insulin sensitivity. ↑ [Trig], 
indicating adipose tissue 

lipolysis. 

[74]    

 

Alcoholic extract: used was 300 
and 500 mg/kg/day for 21 days. 

 

 

 

↓[Glucose], [Cholesterol], 
[Triglycerides], [LDL] and 

↑[HDL] at a dose of 500 

mg/kg, showing better effects 
compared to the 300 mg/kg 

dose. 

[75]    

  

Table 2: Medicinal Plants and Their Extracts in Diabetes Management  

 

 



 
 
IV      OPTIMIZING ANTIDIABETIC 

TREATMENTS WITH BIOACTIVE COMPOUND 

SYNERGIES 

The interaction between bioactive compounds and 

antidiabetic drugs (ADDs), as well as their impact on the 

body, has garnered increasing attention in recent 

research. These studies highlight their potential to 

enhance therapeutic strategies for diabetes management, 

particularly by amplifying hypoglycemic effects and 

mitigating complications associated with the disease. The 

synergistic use of bioactive compounds with antidiabetic 

drugs has shown promising results in improving 

glycemic control and reducing diabetes-related 

complications. In our review, we investigated the 

synergistic effects of the 10 medicinal plants listed in the 

previous table. However, for three of these plants (Citrus 

aurantium,Eucalyptus, Thymus vulgaris), we did not find 

studies addressing their synergistic effects with ADDs. 

Therefore, we focused on three other plants (Oat grains, 

Pomegranate, Garlic) for which studies on their 

combination with antidiabetic drugs were available. 

Table 03 below summarizes the key findings from these 

studies.  

In a study conducted by Sankar and al [94], the 

combination of sesame oil with glibenclamide in diabetic 

patients resulted in a significant reduction in fasting 

blood glucose (FBG) levels, glycated hemoglobin 

(HbA1c), total cholesterol, triglycerides, and LDL levels, 

while increasing HDL cholesterol. Furthermore, this 

combination enhanced antioxidant defenses, as evidenced 

by increased activities of superoxide dismutase (SOD), 

glutathione peroxidase (GPx), and catalase (CAT), as 

well as elevated levels of vitamin C, vitamin E, β-

carotene, and reduced glutathione (GSH). We previously 

reported that sesame oil exhibited an additive effect with 

antihypertensive and antidiabetic drugs, simultaneously 

lowering blood pressure and blood glucose levels in 

hypertensive and diabetic-hypertensive patients [94]. 

This combined therapy demonstrated remarkable effects 

compared to groups treated with monotherapies. The 

exact mechanism by which sesame oil improves HbA1c 

levels remains unclear but may be linked to its 

antioxidant properties. Additionally, previous studies 

have shown that diets rich in monounsaturated fatty acids 

(MUFA) improve glycemic control [95]. Sesame oil, 

which contains 40% MUFA, may have enhanced its 

antihyperglycemic effects. Moreover, sesame lignans 

such as sesamin and episesamin play a crucial role in 

modulating cholesterol metabolism by inhibiting its 

synthesis and absorption, as reported in spontaneously 

hypertensive rats prone to stroke [96]. These compounds, 

abundantly present in sesame oil, may explain the 

observed improvement in lipid profiles, further 

strengthening its role as a complementary therapeutic 

agent in managing diabetes and associated metabolic 

disorders. 

Similarly, Bamosa and al [97] explored the effects of 

combining Nigella sativa seeds with various antidiabetic 

drugs (glibenclamide, metformin, and rosiglitazone) over 

three months in diabetic patients. A daily dose of 2 g of 

Nigella sativa seeds significantly reduced fasting blood 

glucose (FBG), 2-hour postprandial glucose (2h PG), and 

HbA1c without affecting body weight, while also 

improving insulin sensitivity as evidenced by decreased 

HOMA2-IR scores. Additionally, research on Nigella 

sativa has highlighted its antidiabetic mechanisms and 

molecular targets. The active compound thymoquinone 

plays a pivotal role by modulating key pathways such as 

AMPK activation, which enhances glucose uptake in 

peripheral tissues and promotes GLUT-4 translocation to 

the plasma membrane [98]. Studies have also 

demonstrated its inhibitory effects on α-amylase and α-

glucosidase enzymes, thereby reducing postprandial 

glucose spikes. Furthermore, Nigella sativa reduces  

oxidative stress and inflammation, two major 

contributors to insulin resistance, through the 

upregulation of antioxidant enzymes and suppression of 

pro-inflammatory cytokines like TNF-α and IL-6 [99]. 

Interactions between Nigella sativa and antidiabetic drugs 

suggest potential synergistic benefits. For instance, its 

combination with metformin may amplify glucose-

lowering effects by enhancing insulin sensitivity, while 

reducing metformin's gastrointestinal side effects. 

Similarly, when combined with glibenclamide, Nigella 

sativa may potentiate insulin secretion through pancreatic 

β-cell protection and regeneration [100]. These findings 

underline the therapeutic potential of Nigella sativa as an 

adjunct treatment for diabetes, warranting further 

investigation into its molecular mechanisms and clinical 

applications. 

In another investigation, Bugudare and al [101] assessed 

the effects of combining Cinnamomum cassia with 

glibenclamide, metformin, or both in diabetic rats. 

Although no hypoglycemic synergy was observed with 

the combinations of HAECC + glibenclamide or 

metformin, HAECC alone at 666.66 mg/kg effectively 

normalized blood glucose levels, reduced serum 

cholesterol, and increased HDL levels, exhibiting effects 

comparable to glibenclamide and metformin. Recent 

findings by Jianqin Yu and al. (2024) offer valuable 

insights into the antidiabetic mechanisms of 

Cinnamomum cassia (CC). Using advanced 

bioinformatics tools, including TCMSP, DisGeNET, and 

GeneCards, the study identified 11 active components 

and 66 potential antidiabetic targets of CC. Molecular 

docking analyses revealed a high binding affinity of CC's 



 
 
bioactive compounds to key targets such as PPAR-γ and 

IL-6 receptors. Furthermore, in vivo experiments 

conducted on a T2DM mouse model demonstrated that 

CC modulates PPAR-γ activity and suppresses IL-6-

mediated inflammation, thereby enhancing its 

antidiabetic effects. These findings underscore the multi-

pathway therapeutic potential of CC, highlighting its role 

in regulating glucose metabolism, improving lipid 

profiles, and controlling inflammation. Combined with 

the results of Bugudare and al [101], which demonstrated 

CC’s standalone efficacy in normalizing blood glucose 

and improving lipid profiles, this evidence strongly 

supports the integration of CC as a complementary 

approach in diabetes management. 

Huseini and al [102] evaluated the effects of adding Aloe 

vera to glyburide or metformin in diabetic patients. The 

study demonstrated that both combinations significantly 

reduced fasting blood glucose (FBG), HbA1c, 

cholesterol, and LDL levels. Notably, no adverse effects 

were reported, highlighting the potential safety and 

efficacy of Aloe vera as an adjunct therapy. When 

combined with glyburide or metformin, Aloe vera may 

amplify glucose-lowering effects through complementary 

pathways, potentially allowing for dose reductions of 

these medications. In addition to these clinical findings, 

Aloe vera has shown potential hepatoprotective effects in 

diabetes. Oral administration of Aloe vera extract 

improved hepatic function in streptozotocin (STZ)-

induced diabetes [103]. The bioactive component 

anthraquinone has been reported to promote glucose 

tolerance and insulin sensitivity by upregulating insulin 

receptor substrates (IRS-1), activating phosphoinositide-

3-kinase (PI3Ks), and modulating metabolic-related 

genes [104]. 

The study conducted by Haritha and al [105] evaluated 

the synergistic effect of combining fenugreek seed 

powder (1 g/kg) with glimepiride or insulin in male 

diabetic Sprague-Dawley rats over an 8-week period. The 

combination of fenugreek with antidiabetic drugs may 

enhance their respective mechanisms of action. The 

pharmacological properties of fenugreek are attributed to 

its various constituents. Dialyzed fenugreek seed extract 

has been reported to exert a hypoglycemic effect by 

stimulating the insulin signaling pathway, leading to the 

activation of tyrosine phosphorylation of insulin receptor 

B, insulin receptor substrate 1 (IRS1), and the p85 

subunit of PI3-kinase in adipocytes and liver cells, which 

promotes GLUT4 translocation to the cell surface [85]. 

Fenugreek may also exert its therapeutic effects through 

its alkaloids by modulating insulin secretion [106]. 

Additionally, fenugreek treatment normalized the lipid 

profile due to its ability to stimulate insulin secretion 

[107]. 

The study conducted by Hsan L. Al-Omari and al [108] 

examined the effects of combining crude Ginger extract 

(GCE) with glibenclamide and insulin in diabetic rats. 

The combination of GCE at 25 mg/kg with glibenclamide 

resulted in a more pronounced reduction in blood glucose 

levels compared to glibenclamide alone. Similarly, 

administering GCE at 50 mg/kg in combination with 

insulin produced a significant decrease in blood glucose 

levels, greater than that achieved with insulin alone. At a 

lower dose of 25 mg/kg, GCE appears to effectively 

complement the action of glibenclamide, which 

stimulates insulin secretion. This low-dose combination 

may enhance glucose uptake in peripheral tissues and 

optimize the effect of glibenclamide. At a dose of 50 

mg/kg, GCE could excessively increase insulin 

sensitivity, leading to a more intense insulin action in 

peripheral tissues (muscles, liver, adipose tissues). Such a 

response might be disproportionate to the administered 

insulin dose (1.2 IU/kg), thereby increasing the risk of 

hypoglycemia. Furthermore, another study by Abhilash 

and al [109]  reported that combining ginger with 

glibenclamide could not only enhance the hypoglycemic 

effect but also improve cellular defenses by increasing 

the activity of antioxidant enzymes such as catalase 

(CAT) and superoxide dismutase (SOD). These 

observations suggest that ginger, through its bioactive 

properties, exerts a synergistic effect with conventional 

antidiabetic agents like glibenclamide and insulin. Crude 

ginger extract could thus improve metabolic responses by 

increasing insulin sensitivity and promoting better 

glycemic control. However, the exact mechanism 

underlying these interactions remains unclear. 

The study by Poonam and al [110]  examined the effects 

of combining aqueous garlic extract Allium sativum, 

(ASE) with glibenclamide in diabetic rats. The 

experimental groups received ASE (500 mg/kg) in 

combination with either a low dose (0.25 mg/kg) or a 

high dose (0.5 mg/kg) of glibenclamide. The results 

revealed that both combinations significantly reduced 

blood glucose levels (54.68% with the low dose and 

55.5% with the high dose) and were more effective in 

promoting weight gain compared to glibenclamide alone. 

The hypoglycemic effect of garlic is attributed to its 

sulfur-containing compounds, particularly di(2-propenyl) 

disulfide and 2-propenyl propyl disulfide, which are 

thought to stimulate insulin secretion either directly or 

indirectly. As highlighted by Poonam and al [110] , these 

compounds may also preserve endogenous insulin by 

preventing its inactivation through interactions with thiol-

containing molecules such as cysteine, glutathione, and 

serum albumins. Additionally, garlic extract has been 

shown to improve glucose utilization, as it significantly 

lowered blood glucose levels in glucose-loaded rats. This 

effect may result from the restoration of delayed insulin 



 
 
responses or the inhibition of intestinal glucose 

absorption. ASE exhibited a synergistic effect with 

glibenclamide, suggesting its potential to reduce the 

required dose of glibenclamide while enhancing 

therapeutic efficacy and minimizing side effects. 

Furthermore, garlic extract was reported to stimulate 

insulin production, promote pancreatic islet neogenesis, 

and restore glucose homeostasis in diabetic rats [111]. 

Histopathological improvements in the pancreas were 

also observed following garlic treatment, as reported by 

Masjedi and  al [112]. These findings emphasize the 

therapeutic potential of garlic in diabetes management, 

particularly as an adjunct to conventional antidiabetic 

drugs like glibenclamide. 

Chakraborty and al [113] evaluated the combined effects 

of Pomegranate juice (PJ) and tolbutamide (TOL) in 

diabetic rats. The treatment group received TOL (20 

mg/kg) alongside PJ (3 mL/rat), leading to a significant 

reduction in blood glucose levels and an increase in 

serum insulin levels. However, this combination also 

caused an elevation in markers such as AST, ALT, ALP, 

CK-MB, CK-NAC, LDH, creatinine, and albumin, 

suggesting potential hepatic or metabolic impacts. The 

hypoglycemic effect of TOL is well-known and is 

primarily attributed to its ability to stimulate insulin 

secretion from pancreatic β-cells. Conversely, the 

antidiabetic effects of PJ are associated with its strong 

free radical scavenging properties, offering protection 

against oxidative stress induced by diabetes. 

Additionally, PJ has been shown to exhibit agonistic 

activity on receptor binding and nitric oxide production, 

further supporting glycemic control [114]. These findings 

indicate a potential synergistic interaction between TOL 

and PJ, wherein TOL lowers blood glucose by enhancing 

insulin secretion, while PJ improves insulin sensitivity 

and mitigates oxidative stress. 

The combined effects of Artemisia turanica extract and 

metformin on diabetic rats were investigated by [115]. 

Diabetes was induced using streptozotocin (STZ), and the 

rats were treated with Artemisia turanica extract (70 

mg/kg) and metformin (300 mg/kg) for four weeks, 

starting three days post-STZ injection. This combination 

therapy significantly reduced serum levels of AST and 

ALT, indicating improved liver function. It also 

decreased hepatic malondialdehyde (MDA), a marker of 

oxidative stress, while enhancing antioxidant defenses, as 

evidenced by increased total thiol content, superoxide 

dismutase (SOD) activity, and catalase activity in the 

liver. Furthermore, the coadministration of metformin 

and Artemisia turanica extract improved lipid profiles by 

significantly increasing serum HDL-C and reducing 

serum LDL-C. Serum cholesterol and triglycerides were 

lowered by 14% and 26%, respectively. These 

hypolipidemic effects are consistent with previous 

findings on other Artemisia species, such as Artemisia 

vulgaris and Artemisia sieberi, which have been 

attributed to their bioactive compounds [116]. 

Phytochemical analysis of Artemisia turanica extract 

identified tannins, flavonoids, terpenoids, and steroids, 

which are likely responsible for its lipid-lowering 

properties. The study highlights the therapeutic potential 

of Artemisia turanica as an adjunctive treatment 

alongside metformin for improving glycemic control, 

liver function, and lipid profiles, making it a promising 

candidate for managing diabetes and its complications. 

All the medicinal plants listed in Table 03 contain 

bioactive compounds with significant therapeutic 

potential for type 2 diabetes. The main targets of 

antidiabetic metabolites derived from medicinal plants 

are illustrated in Figure 01. Bioactive metabolites from 

natural sources have demonstrated notable efficacy in 

targeting key pathways and enzymes involved in diabetes 

management. For instance, the formation of Advanced 

Glycation End-products (AGEs), a major factor in 

diabetic complications, can be mitigated by bioactive 

molecules that inhibit glycation or neutralize reactive 

carbonyl species [117]. Similarly, various plant-derived 

compounds, thereby reducing carbohydrate digestion and 

glucose absorption [118], effectively inhibit the enzymes 

α-glucosidase and α-amylase, critical in postprandial 

glucose regulation. Furthermore, aldose reductase, 

implicated in diabetic neuropathy and retinopathy, 

represents another significant target for bioactive 

metabolites, which prevent sorbitol accumulation in the 

polyol pathway [119]. Additionally, angiotensin-

converting enzyme (ACE) inhibitors derived from natural 

products can help manage diabetes-induced hypertension 

by modulating vascular tone. The regulation of Tyrosine 

Protein Phosphatase 1B (PTP1B), an inhibitor of insulin 

signaling, through natural inhibitors enhances insulin 

sensitivity and glucose uptake [120]. Bioactive 

compounds also exhibit antioxidant activity by reducing 

ROS formation and lipid peroxidation, protecting cells 

from oxidative stress-induced damage. Furthermore, 

metabolites that activate GLUT-4 translocation and 

AMP-activated protein kinase (AMPK) contribute to 

improved glucose uptake and metabolic homeostasis. 

Plante + ADO Experimentation method Type of study Results Reference 



 
 

sesame oil+  

glibenclamide 
Diabetic patients consume 35 g of sesame oil 

in a salad alongside glibenclamide. 
 Patients 
(32 male and 28 
female) 

⬇ Reduction in blood glucose levels and 

HbA1c. 
⬇ Decrease in total cholesterol, 

triglycerides, and LDL levels. 
⬆ Increase in HDL levels. 
Antioxidant improvements: Enhanced 
activities of SOD, GPx, and CAT 

enzymes, along with increased levels of 

vitamin C, vitamin E, β-carotene, and 
reduced glutathione (GSH). 

[94]   

Nigella sativa 
seeds+ + 

(glipenclamide, 

metformin, 

rosiglitazone) 

Randomly divided into three dose groups, 
capsules containing Nigella sativa were orally 

administered at doses of 1, 2, and 3 g/day for 

three months to diabetic patients receiving 
standard treatment. 

Patients 94  
(43 males and 

51 females) 

The 2 g/day dose reduced FBG, 2h PG, 
and HbA1c without changes in body 

weight, and decreased HOMA2.   

B       [97] 
 

(Cinnamomum 
Cassia + 

Glibenclamide)  
(Cinnamomum 
Cassia + 

Metformin). 
 (Cinnamomum 
Cassia + 

Glibenclamide + 

Metformin)  

Groupe: Extrait hydroalcoolique de 
Cinnamomum Cassi (285.71 mg/kg + 

glibenclamide (1 mg/kg), Group : HAECC 

(666.66 mg/kg) + glibenclamide (1 mg/kg), 
Group 9: HAECC (285.71 mg/kg + metformin 

(300 mg/kg), Group : HAECC (666.66 mg/kg) 

+ metformin (300 mg/kg), Group : HAECC 
(285.71 mg/kg + glibenclamide (1 mg/kg) and 

metformin (300 mg/kg), Group : HAECC 

(666.66 mg/kg) + glibenclamide (1 mg/kg) and 

metformin (300 mg/kg). 

HAECC: hydroalcoholic extract of 

Cinnamomum cassia 

 

diabetic rats Hypoglycemic Synergy: 
No hypoglycemic synergy observed with 

the combinations of HAECC + 

glibenclamide or metformin. 
Comparison of Treatments: 
-The effect of HAECC combined with 

glibenclamide or metformin is similar to 
that of the drugs alone. 
-Glibenclamide shows slightly greater 

effects compared to HAECC and 
metformin. 
Effects of HAECC 666.66 mg/kg: 
-Normalizes blood glucose levels. 
-Reduces serum cholesterol and increases 

HDL, with effects comparable to those of 

glibenclamide and metformin. 

[101] 

Aloe vera+ 
glyburide 
Aloe 

vera+metformine 

Type 2 diabetic patients undergoing daily 
treatment with 
-Two tablets of glyburide (5 mg each) and two 

tablets of metformin (500 mg each). 
-Group received aloe vera gel (one 300 mg 

capsule every 12 hours) for two months. 

67 patients aged 
40 to 60 years  

⬇[Gly], [HbA1c], [TC]and  [LDL]  
No adverse effects were reported. 

[102]   

Fenugreek + 

Glimepiride 
 
Fenugreek + 
Insulin  

- 1 g/kg of fenugreek seed  powder combined 

with   Glimepiride  was administered to 

diabetic rats for 8 weeks. 
-1 g/kg of fenugreek seed powder was 

administered with insulin treatment  

Diabetic male  
Sprague-

Dawley rats  

Reduction in [Gly], [TC], [TG], and 

[LDL], accompanied by an increase in 

albumin levels, total protein, and body 
weight observed during the 8th week 

[105]   

Ginger crude 
extract (GCE)+ 
Glibenclamide 
 
Ginger crude 
extract (GCE)+ 

Insulin  

-Glibenclamide (5 mg/kg, orally) was 
administered, followed by GCE (25, 50, or 100 

mg/kg, orally). 
- An injection of insulin (1.2 IU/kg, 
intraperitoneally) was then given, followed by 

another dose of GCE (25, 50, or 100 mg/kg, 

orally).  

Diabetic Male 
albino rats.  

-At a dose of 25 mg/kg of GCE with 
glibenclamide: a greater reduction in 

blood glucose levels than with 

glibenclamide alone. 
 
-At a dose of 50 mg/kg of GCE with 

insulin: a greater reduction in blood 

glucose levels than with insulin alone.  

 
[108]  

Aqueous extract of 

garlic (Allium 
sativum) + 

Glibenclamide 

Diabetic rats received ASE (500 mg/kg) 

combined with either a low dose (0.25 mg/kg) 
or a high dose (0.5 mg/kg) of glibenclamide. 

Diabetic rats 

Wistar  
-The combination of glibenclamide with 

ASE achieved significant blood glucose 
reductions (54.68% with low dose and 

55.5% with high dose) and was more 

effective in promoting body weight gain. 

[110]   

Pomegranate juice 

(PJ)+ tolbutamide 

-Diabetic rats received the combination of 

TOL (20mg/kg) and PJ (3mL/rat). 
Diabetic adult 

Wistar albino 

The combination of TOL and PJ 

significantly reduced blood glucose levels, 

[113]   



 
 

(TOL). rats increased serum insulin, and elevated 

markers such as AST, ALT, ALP, CK-
MB, CK-NAC, LDH, creatinine, and 

albumin. 

Artemisia turanica 

+ metformin 
 

 

 
  

Artemisia turanica extract (70 mg/kg) and 

metformin (300 mg/kg) were orally 
administered to rats for 4 weeks, starting three 

days after STZ injection. 

Diabetic male 

Wistar rats 
⬇ AST  
⬇ ALT  
⬇  the liver tissue level of MDA 
⬆Liver total thiol content 
⬆Liver superoxide dismutase (SOD) 
⬆Liver catalase activity 

[115]   

Oat grains + 
Metformin 

Ten diabetic rats were treated daily with oat 
grains and metformin (200 mg/kg, orally). 

Diabetic male 
Wistar rats 

no significant difference the mean body 
weight   

 

⬇ fasting blood glucose  

 

⬇blood insulin level 

 

⬇blood HOMA level 

⬇ TG ,CT, and LDL 

⬆ HDL 

⬇ mean blood MDA level 

normal architecture of the pancreatic 

tissue 
 

The hepatocytes appeared more or less 

normal in shape (polygonal) and size 
 

 

Ghaly, R. et al, 

2022 

Table 3: Summarizing medicinal plants combined with antidiabetic drugs. 

 

 

 

 

 

 

 

Fig 1 : Bioactive Metabolites and Their 

Role in Diabetes Inhibition.  

 

 

 

 

 

 

V.      INTEREST OF THE MLSD TECHNIQUE IN 

DRUG INTERACTIONS 

Multiple Ligand Simultaneous Docking (MLSD) is an 

advanced computational technique that models and 

analyzes the simultaneous interaction of multiple ligands 

within the same binding site of a target protein [121]. 



 
 
Unlike traditional docking, which examines the 

interactions of one ligand at a time, MLSD provides a 

comprehensive view of competitive, cooperative, and 

synergistic behaviors between ligands [122] [123]. By 

exploring competitive and cooperative binding effects, 

MLSD can identify therapeutic synergies or antagonisms 

that might remain undetected using conventional 

approaches [124] [125]. This technique plays a crucial 

role in developing therapeutic combinations by 

optimizing efficacy while reducing required doses, 

thereby minimizing side effects [126] [127]. 

Additionally, MLSD aids in predicting potential 

resistance mechanisms associated with drug 

combinations, guiding the rational design of multi-target 

therapeutic strategies. The insights obtained from MLSD 

are also valuable for understanding how ligands mutually 

influence their binding affinities, unveiling potential 

improvements in therapeutic efficacy when 

phytochemical compounds are combined with 

conventional treatments [124] [127]. This method 

accelerates drug discovery by simulating complex 

interactions in biological systems prior to experimental 

validation. It serves as an indispensable tool for 

polypharmacological approaches aimed at maximizing 

clinical benefits and providing safer, more effective 

Treatments [124]. 

MLSD in Diabetes Research 

In our research on the Multiple Ligand Simultaneous 

Docking (MLSD) technique, we found that this method is 

still relatively unknown and rarely utilized, with only 

three articles identified that discuss its application. Two 

of these studies explore the interaction of a single ligand 

with two distinct enzymatic targets. For instance, 

compound 4f, a derivative of 4-thiazolidinone, 

simultaneously inhibits aldose reductase (AR) and 

protein tyrosine phosphatase 1B (PTP1B), two key 

enzymes involved in diabetes complications [128]. 

Similarly, Gedunin, a natural molecule, demonstrates 

superior inhibition of 

salivary and pancreatic α-amylase compared to acarbose, 

a reference drug for diabetes treatment [129]. The third 

study examines the combined effect of two drugs, aspirin 

(ASP) and pioglitazone (PGL), on the enzyme catalase. 

This combination significantly enhances catalase activity 

compared to PGL alone, with ASP increasing the 

stability and affinity of catalase for PGL, thereby 

amplifying its catalytic effect [130]. 

These findings highlight the potential of the MLSD 

technique to identify complex multi-target interactions, 

focusing primarily on the interactions between a ligand 

and multiple enzymatic targets. However, this method 

does not address specific interactions between phenolic 

molecules and drugs targeting a single or dual site. The 

limited use of this approach in the literature nonetheless 

underscores the need for further research to expand its 

application and better exploit its advantages in designing 

novel treatments for complex diseases such as diabetes. 

General conclusion 

The interaction between medicinal plants and antidiabetic 

pharmaceutical agents can significantly alter their 

pharmacokinetic and/or pharmacodynamic properties. 

These interactions are inherently complex due to the 

presence of multiple bioactive components in plants, 

which target various sites and exert therapeutic effects by 

modulating or correcting specific anomalies. The 

beneficial effects of medicinal plants on diabetes have 

been corroborated by numerous studies. 

 

In this review, the co-administration of medicinal plants 

with synthetic drugs has been summarized in Tables 2 

and 3. While the predominant mechanisms of action of 

certain molecules or a combination of bioactive 

compounds have been presented—demonstrating their 

potential to mimic the actions of synthetic agents without 

inducing adverse effects—the precise mechanisms of 

action of these plants remain poorly understood and 

insufficiently established. 

 

The application of Multiple Ligand Simultaneous 

Docking (MLSD) is still relatively unknown and 

underutilized in in silico studies. However, employing 

this technique is critical to investigating the interactions 

between natural and synthetic molecules targeting the 

same site. MLSD can provide valuable insights and 

hypotheses before progressing to in vitro and in vivo 

testing, enabling a deeper understanding of the 

synergistic or competitive dynamics between these 

compounds. 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4 : Targets and Ligands Used in Molecular Docking for Diabetes Treatment 
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