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INTRODUCTION 

Diabetes mellitus (DM) is a glucose metabolism disease 

characterized by chronic hyperglycemia resulting from 

defects in insulin secretion, insulin action, or both. Type 

1 (T1) DM results from an absolute deficiency in insulin 

caused by the failure of secretion by the pancreas.
[1] 

while type 2 (T2) DM is characterized by insulin 

resistance and relative insulin deficiency.
[2] 

Gestational 

diabetes mellitus (GDM) is diagnosed in the second or 

third trimester of pregnancy in women without a 

previous history of DM.
[3]

 Primary prevention is the 

main aim at preventing diabetes from occurring in 

susceptible individuals or in general population.
[4]

 

Diabetes Mellitus can lead to serious complications over 

time if not properly managed, such as cardiovascular 

disease, kidney damage, nerve damage (neuropathy), and 

eye damage (retinopathy).
[5] 

Insulin replacement therapy 

is the mainstay for patients with type 1 DM while diet 

and lifestyle modifications are considered the 

cornerstone for the treatment and management of type 2 

DM.
[6]

 Traditional treatments often involve synthetic 

drugs, which can have side effects and long-term health 

implications.(Table-01) In the past few decades, 

considerable attention has been concentrated on the 

evolution of a novel drug delivery system (NDDS) for 

herbal drugs.
[7]

 Herbal medicine includes herbs, plant 

materials, herbal preparations and herbal finished 

products containing active ingredients that are plant 

parts, or ingredients. Other botanical materials, or 

combinations, and specially used for the prevention and 

treatment of diseases.
[8]

 While herbal medicines offer 

many benefits, they also present challenges such as poor 

solubility, low bioavailability, and instability. These 

challenges necessitate innovative drug delivery systems 

to enhance their therapeutic efficacy.
[9]

 (Fig.2) 

 

Types Novel Herbal Drug Delivery Systems 

Several approaches in case of new herbal drug delivery 

system include different types of expressions such as 

liposomes, phytosomes, pharmacosomes, museums, 

nanoparticles, microspheres, transfersomes, ethosomes, 

transdermal drug delivery system (TDDS), and 

proniosomes etc.
[10]

 (fig.01) 
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Table -01: Antidiabetic drugs in conventional formulations.
[12] 

S. No. Drug/formulation Indication Trade name Manufacturer 

1 Insulin injections T1DM and T2DM 

Lantus Sanofi Aventis 

Humulin & Huminsulin Eli Lilly 

Insugen (Biocon) Biocon 

Wosulin (Wockhardt) Wockhardt 

Insuman (Sanofi Aventis) Sanofi Aventis 

2 Metformin tablets 
Gestational & T2DM, 

Polycystic syndrome 

Glucophage Bristol Myers Squibb 

Riomet Ranbaxy 

Obimet Abbott 

Gluformin AHPL 

3 Glimepiride tablets T2DM 

Amaryl Sanofi Aventis 

Glimy Shrrishti HC 

Orinase CCL 

Glimpid Ranbaxy Lab. 

4 Glibenclamide tablets T2DM 
Daonil&Semi-Daonil Sanofi Aventis 

Euglucon AHPL 

5 Glipizide tablets T2DM 
Glynase USV 

Glucotrol Jenburkt 

6 Gliclazide tablets T2DM 

Glizid Panacea 

Glyloc Cadila 

Reclide Dr. Reddy’s 

7 Rosiglitazone tablets T2DM Avandia Glaxo Smith Kline 

8 Miglitol tablets T2DM Glyset 
Pharmacia and Upjohn 

Company 

9 Repaglinide tablets T2DM Prandin Novo Nordisk INC 

10 Acarbose tablets T2DM 
Glucobay Bayer 

Precose Genovate 

11 
Glibenclamide + Metformin 

tablets 

Gestational & T2DM, 
Aviglen Forte & Aviglen-

MF 
Avinash 

Polycystic syndrome 
BEN-Q-MET Q Check 

Benclamet RPG LS 

12 
Rosiglitazone + Metformin 

tablets 
T2 & Gestational DM Avandamet Glaxo Smith Kline 

13 
Rosiglitazone + 

Glimepiride tablets 
T2DM Avandaryl Glaxo Smith Kline 

14 Liraglutide injection T2DM Victoza Novo Nordisk 

15 Exenatide injection T2DM Exapride Sun pharma 

 

 
Figure 2: Pictorial representation of NHDDSs used 

for the delivery of Antidiabetics.
[13] 

 

Liposomes 

The spherical liposomes include a portion of the 

solvents, which is allowed to freely permeate (float) into 

their core. Condensed phospholipid bilayers vesicles 

with an entirely confined aqueous volume are called 

liposomes.
[14] 

A lipid membrane bi-layer made primarily 

by phospholipids, whether they are organic or 

manufactured. The Head Greek terms "Lipos," which 

represents fat, and "Soma," which denotes flesh, are the 

origin of the phrase "liposome.
[15]

 Liposomes can be 

classified on the basis of size and number of bilayers. 

They are classified as multilamellar vesicles (MLV), 

large unilamellar vesicles (LUV) and small unilamellar 

vesicles (SUV).
[16] 

A variety of herbal liposomal 

formulations have been reported for herbal drugs where 

liposome are able to enhance product performance by 

solubility enhancement, improving bioavailability, 

targeting at site of action and prolonged release of 

drug.
[18] 
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Method of preperation of liposomes 

 Thin film hydration method. (Bangham method) 

 Reverse-phase evaporation method. 

 Solvent injection methods. 

 Detergent removal method. 

 Dehydration-rehydration method. 

 Heating method. 

 Ph jumping method. 

 Microfluidic channel method. 

 Supercritical fluidic method.
[20]

 

 

 
Figure 3. Schematic representation of liposomes.

[17] 

 

Table 2: Liposomal herbal formulations and their applications.
[19] 

Name of Bioactive Component/ Plant Application 

Essential oil from Atractylodes macrocephala Koidz Increase in solubility and bioavailability 

Essential oil of O. dictamnus Increase in activity 

Extracts of Tripterygium wilfordi Reduction in side effects 

Quercetin Increase in bioavailability and reduction in side effects 

Silymarin extract Increase in hepatoprotective activity 

Essential oil of Artemisia arborescens L. Increase in stability 

Capsaicin Increase in permeation as prolongation of action 

Taxanes Decrease in toxicity 

 

Phytosomes 

Phytosome is a complex of phospholipids and natural 

active ingredients. Phytosome increases absorption of 

herbal extract when applied topically or taken orally.
[21]

 

Phytosomes differs from liposomes, in phytosomes 

phytoconstituents and phospholipids are present in1:1 or 

1:2 ratio whereas in liposomes water soluble constituents 

is surrounded by several phosphatidyl choline units. 

Phytosomes are lipophilic vesicular drug delivery system 

with definite melting point, these are freely soluble in 

non-polar solvents and moderately soluble in fats (Figure 

4).
[23] 

 

Table 3: Phytosomes herbal formulations and their applications.
[22] 

Name of Bioactive component / plant Apllication 

Ginseng -Ginsenosides Increase absorption 

Green tea -Epigallocatechin Increase absorption 

Curcumin- Curcumin Increase Bioavabiliaty 

 

 
Figure 4: structure of Phytosome.

[24] 
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Method of preperation of phytosomes 

 Solvent evaporation/thin film hydration method 

 Anti-solvent precipitation 

 Freeze drying or lyophilization.
[25]

 

 

 
Figure 5: Methods of preparation of phytosome.

[26] 

 

Ethosome 
The Ethosomes are non-invasive carriers that allow 

medicinal products to enter deep skin layers and 

systemic circulation. Ethosomes are soft vesicles 

customized to improve the delivery of active agents, such 

as drugs and natural products. They are primarily 

composed of phospholipids (phosphatidylserine, 

phosphatidylcholine, and phosphatidic acid), high 

ethanol concentrations, and deionized water.
[27]

 The high 

concentration of ethanol makes ethosomes the best 

choice for skin due to impairment of the skin lipid 

bilayer. Thus, when ethanol is incorporated into the 

vesicle membrane, it provides the ability to reach 

vesicles to the stratum corneum. Therefore, these soft 

vesicles serve as new vesicular carriers for improved 

skin delivery. The size of ethosomes may be modified 

from nanometers to micrometers. Ethosomes have been 

found to be significantly superior in the quantity and 

depth of drugs delivered through the skin compared to 

liposomes and many other commercial transdermal and 

dermal delivery platforms.
[28,31] 

 

Methods of Preparation of Ethosomes 

 Hot method 

 Cold method 

 Classic Mechanical Dispersion Method.
[32]

 

 

 
Figure: 6. structure of Ethosomal subtypes.

[33] 

 

Nanoparticles (NPs) 

Enhance the solubility and stability of herbal 

compounds. For example, curcumin nanoparticles have 

shown improved bioavailability and glucose-lowering 

effects.
[31]

 Nanoparticles are particles between 1 and 100 

nanometers in size. In nanotechnology, a particle is 

defined as a small object that behaves as a whole unit 

with respect to its transport and properties. Particles are 

further classified according to diameter.
[34]

 [Figure 7] 

 

 
Figure: 7. Structure of Nanoparticle

[32] 

 

Types of Nanoparticles 

Inorganic nanoparticles- The various types of inorganic 

particles, namely, magnetic, metallic, ceramic and 

nanoshells, their description, size. 

 

Organic nanoparticles- The various types of organic 

nanoparticles, namely, carbon nanotubes, quantum dots, 

dendrimers, liposome and polymers, their description 

and size. 

 

Methods of Preparation of Nanoparticles 

 High-pressure homogenization method 

 Solvent emulsification-diffusion method 

 Salting-out method.
[35-36]

 

 

Transfersomes 

Transferosomes are vesicular carrier systems that are 

specially designed to have at least one inner aqueous 

compartment that is enclosed by a lipid bilayer, together 

with an edge activator.
[37]

 (Figure 8) 
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Figure1: Structure of transfersomes.

[38] 

 

Preparation Methods 

 Thin Film Hydration Technique/Rotary 

Evaporation-Sonication Method 

 Vortexing-Sonication Method 

 Modified Handshaking Process 

 Suspension Homogenization Method 

 Centrifugation Process 

 Centrifugation Process 

 Ethanol Injection Method.
[39-40]

 

 

Microphere 

Polymeric delivery devices called microsponges are 

made of porous microspheres. They are small, spherical 

particles that resemble sponges and have a highly porous 

surface.
[38] 

They have less side effects and better patient 

compliance while also being very efficacious, stable, 

non-irritating, non-toxic, nonallergic, and non-

mutagenic.
[41] 

 

Types of Microsphere 

 Bioadhesive microspheres 

 Magnetic microspheres 

 Floating microspheres 

 Radioactive microspheres 

 Mucoadhesive microspheres.
[42]

 

 

Formulation of Microsponges 

 Liquid-Liquid suspension polymerization 

 Quasi-emulsion solvent diffusion 

 Drug Release Mechanism of Microsponges.
[43]

 

 

Transdermal Patches 
Deliver herbal drugs through the skin, bypassing the 

gastrointestinal tract and enhancing bioavailability. 

Transdermal patches containing green tea extract have 

shown potential in managing blood glucose levels.
[44] 

 

Hydrogels 

Hydrogels have been defined as two or multicomponent 

systems consisting of a three-dimensional network of 

polymer chains and water that fills the space between 

macromolecules.
[45]

 Three-dimensional polymer 

networks that can hold large amounts of water and 

encapsulate herbal extracts. Hydrogels loaded with aloe 

vera extract have shown sustained release and improved 

glucose control.
[47] 

 

 

CONCLUSION 

The integration of novel drug delivery systems with 

herbal medicines offers a promising approach for the 

management of diabetes mellitus. These advanced 

delivery systems improve the bioavailability, stability, 

and efficacy of herbal compounds, providing a safer and 

more effective alternative to conventional diabetes 

treatments. Continued research and development in this 

field hold the potential to revolutionize diabetes care and 

improve patient outcomes. 
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