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Abstract 

Herbal medicine has been utilized extensively throughout ancient times. Advancements in the fields of phytochemistry and phy- 

topharmacology has made it feasible to better understand the chemical composition and biological functions of certain medicinal 

plant products. The presence of active compounds is necessary for the efficacy of many species of medicinal plants. Most physi- 

ologically active components in extracts, such as tannins, terpenoids, and flavonoids, are highly soluble in aqueous solutions but 

exhibit poor absorption due to their large molecular size, low permeability, or inability to traverse lipid cell membranes. As a result, 

their bioavailability and efficacy are reduced, making certain extracts unsuitable for healthcare applications. There has been a lot 

of research into combining nanotechnology with herbal medicine because of the potential for nanostructured systems to enhance 

the benefits of plant extracts by reducing dosage requirements, minimizing side effects, and enhancing activity. Nanosystems may 

deliver a sufficient quantity of the active component to the targeted site of action during the course of the treatment. Conventional 

therapy fails to meet these requirements. The aim of this study is to review nanotechnology-based medicine delivery systems and 

herbal remedies. 
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1. Introduction 

Throughout human evolution, various groups have recog- 

nized and utilized plants as herbal medicines. This has 

been done from the earliest days of human history, when 

people learned to choose plants for food and medicine. 

Throughout the second half of the 20th century, however, 

allopathic medicines gradually replaced herbal therapies, 

especially in the West. These days, allopathic medicine 

is more prevalent than traditional medicine, especially in 

wealthier countries. However, most developing countries 

continue to use these herbal medicines, likely due to the 

high cost of synthetic medications [1]. As per the World 

Health Organization [2], 80 percent of individuals in de- 

veloping countries depend on traditional medicine to ei- 

ther supplement or fulfill their basic medical requirements. 

Despite the pharmaceutical industry’s encouragement and 

support during the creation of allopathic pharmaceuticals, 

a considerable portion of the population in many coun- 

tries still seeks medical attention through alternative meth- 

ods. Many of these rituals have their roots in medicinal 

herbs. The majority of those who use these natural re- 

sources do so because they cannot afford alternative ther- 

apies. However, due to global economic, political, and so- 

cial changes, their therapeutic application has decreased 

significantly [3,4]. 

Research on the molecular structure of medicinal 

plants and their widely used applications is currently a 

top priority for all scientific associations. The research’s 

findings may lead to more creative drugs that have fewer 

negative effects than those that are presently on the mar- 

ket [5]. Natural products’ enormous diversity of physic- 

ochemical and biological properties, in addition to their 

architecture, have also impressed researchers. Still, ex- 

cept for those used for local medicinal requirements, very 

few plants have been investigated for their potential as 

medicines. Consequently, there is inadequate data to de- 

scribe the true potential [6–8]. The biological properties 
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of therapeutic plants found all over the world have been 

studied by numerous research teams. These studies ex- 

plore the potential benefits of various plant species for 

the pharmaceutical industry, based on scientific research 

and public knowledge about the therapeutic benefits of 

medicinal plants. Approximately 50% of approved medi- 

cations between 1981 and 2006 were derived, directly or 

indirectly, from natural ingredients [1]. 

The chemical intricacy of extracts is crucial to the 

effectiveness of the formulation, as it needs to release 

the active ingredient. Therefore, medicines must con- 

trol both biological response and active absorption while 

simultaneously boosting drug solubility, delaying drug 

breakdown, reducing toxicity, and flavor masking [9–11]. 

Through phytochemical and phytopharmacological inves- 

tigations, the biological characteristics and composition 

of some medicinal plant products have already been ob- 

tained. For the most part, the biologically active compo- 

nents of extracts, like tannins, terpenoids, and flavonoids, 

are highly water-soluble but have low absorption because 

they are large, cannot cross lipid membranes, and have 

poor absorption, which reduces bioavailability and effi- 

cacy. Some research indicates that in vitro evaluations of 

herbal treatments demonstrate great efficacy, which, how- 

ever, is not consistent with the results of in vivo experiments. 

Additionally, some critical ingredients are hardly ever em- 

ployed because they have undesirable qualities or are incom- 

patible with other formulation ingredients [12,13]. 

Numerous nanotechnological techniques, such as 

liposomes, polymeric nanoparticles, solid lipid nanoparti- 

cles (SLNs), liquid crystal (LC) systems, precursor sys- 

tems for liquid crystals (PSLCs), and microemulsions, 

have been tried to break through this obstacle. These 

tactics have the ability to change an element’s actions 

within a biological environment and allow the use of many 

chemicals in the same formulation. These technological 

developments have changed the way drugs are distributed. 

The capacity to increase the efficacy of active compounds 

and restore inert substances that were removed from the 

formulation, is one of the innovative drug delivery tech- 

nologies. 

The potential to enhance novel compounds prior to 

their therapeutic or commercial application—for example, 

by increasing their efficacy and selectivity, averting ther- 

mal or photodegradation, reducing adverse effects, and 

controlling the release of active ingredients—further en- 

hances the appeal of this strategy [14–16]. Combined with 

the recent advances in pharmacological research, there is 

an urgent need for progress in nanoscience and nanotech- 

nology, relevant to the application of nanoscale materials, 

which had hitherto only been the purview of the cosmet- 

ics sector. Solutions to challenging areas of formulation 

preparation can be enhanced and revolutionized by scien- 

tific breakthroughs [17]. Nanostructures can effectively 

extend the duration of a formulation’s action and mix 

active substances with differing degrees of lipophilicity 

and hydrophilicity. Additionally, they can increase the 

stability and solubility of active ingredients. Addition- 

ally, this technology can be used to target the adminis- 

tration of a drug to certain organs or tissues at specific 

ages [18–21]. Due to its advantages, such as improved re- 

lease methods and the ability to design novel formulations 

that were previously unfeasible (because of numerous 

variables surrounding the active ingredients), nanotech- 

nology has attracted increasing interest from the pharma- 

ceutical sector [22]. 

It is important to draw attention to some of the draw- 

backs of nanotechnology, even though it has benefits for 

many medical fields. Clinical researchers have identified 

certain drawbacks, including high expense, challenges in 

scaling up operations, and the easily inhaled nature of 

nanoparticles. These particles can cause hazardous lung 

conditions and often lead to other illnesses that may dis- 

rupt homeostasis or even result in death [23,24]. The 

application of nanotechnology to plant extracts has re- 

ceived an extensive amount of attention in the literature 

because nanostructured systems have the potential to im- 

prove the therapeutic properties of plant extracts. These 

systems can support the continuous release of active ingre- 

dients, require smaller dosage, minimize side effects, and 

enhance overall activity [25,26]. In a review published 

by [10], many studies that employed nanostructured de- 

vices to improve the properties of botanical extracts were 

highlighted. In order to increase the absorption of the ac- 

tive components, Bhattacharya and Ghosh [27] used lipid- 

based systems in combination with infusions of green 

tea and ginseng (Panax ginseng CA Meyer) (Araliaceae) 

in a variety of formulations. Radix salvia miltiorrhiza 

Bunhe (Lamiaceae) was used by Su et al., [28] to create 

nanoparticles, and they observed a notable increase in the 

extract’s bioavailability. After working with Artemisia 

arborescens L. (Asteraceae) to create liposomes, Sinico 

et al. found that these systems aided the biologically ac- 

tive ingredients in breaking through the cytoplasmic viral 

barrier [2]. 

Rajendran et al. synthesized nanoparticles through 

a methanolic extract of Ocimum sanctum L. (Lamiaceae) 

and reported that the encapsulated extract demonstrated 

stronger antimicrobial properties than in free-form prepa- 

ration against Escherichia coli, Bacillus subtilis, Pseu- 

domonas aeruginosa, and Staphylococcus aureus [26]. 

The effectiveness of herbal products, or medicinal plants, 

depends on the presence of active compounds. Since con- 

ventional therapies fall short of these conditions, novel car- 
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riers should route the active constituent toward the chosen 

target and deliver it at a suitable concentration through- 

out the duration of the therapy. It may be discovered 

that a certain action is lost entirely or partially when ex- 

tracted substances are separated or purified. Furthermore, 

a few constituents are extremely vulnerable to the stom- 

ach’s acidic pH, which encourages their breakdown and 

loss of intended impact after consumption. These barriers 

prevent the use of some extracts in clinical settings [12]. 

Numerous nanotechnology-based drug delivery systems, 

including liposomes, polymeric nanoparticles, solid lipid 

nanoparticles (SLNs), liquid crystal (LC) systems, precur- 

sor systems for liquid crystals (PSLCs), and microemul- 

sions, can be used to improve a formulation’s most desired 

properties [10]. Furthermore, tiny particles could offer a 

future where function is assured, overcoming the chal- 

lenges associated with the use of therapeutic plants. [12]. 

2. Phytomedicine and 
Nano-Structured Drug Delivery 
System 

The field of medication delivery systems with nanostruc- 

tures is becoming more and more well-known. According 

to published research, these carriers have great promise 

for changing the way that phytoactive-based medication 

delivery methods are used today [29]. Instead, a variety 

of studies have been conducted and reported on detail- 

ing the alteration of the medications’ physicochemical and 

biological properties. Figure 1 shows the broad applica- 

tion of the nanostructured systems developed for the de- 

livery of phytomedicine. Enhancing the water solubility 

of weakly soluble phytoactives, such andrographolide and 

curcumin, has enabled recent advancements in the deliv- 

ery of phytomedicine [30], as well as the release of herbal 

substances after oral administration; increase targetabil- 

ity by limiting non-specific medication availability to the 

undesirable site; increase safety; and enhance biological 

absorption through the gastrointestinal system [31], sim- 

plify the dosage schedule for frequently prescribed drugs; 

increase the phytoactives’ stability during the extraction, 

formulation, and storage processes; and improve thera- 

peutic efficacy to increase patient adherence and decrease 

dose-dependent adverse effects [32,33]. 

Nanocarriers that facilitate the transfer of phyto- 

molecules to the site of action demonstrate a range of ad- 

vantages, including phytosomes, nanoparticles, nanocap- 

sules, lipid carriers, and solid lipid nanoparticles [34]. 

Systems such as this are being developed to treat un- 

treated medical disorders for which traditional dosage 

forms are not appropriate. By enhancing dissolution, phar- 

macokinetic properties profile Absorption, distribution, 

metabolism, and excretion (ADME), accessibility, tar- 

getability, effectiveness, and safety, nano-phytomedicines 

present significant potential for improving the delivery of 

isolated and validated herbal compounds, proving to be 

superior to traditional dosage forms. 

3. Drug Delivery System with 
Nanostructure for Improving the 
Aqueous Solubility of 
Phytomolecules 

The solubility of phytocompounds is a critical concern that 

limits their widespread application. Bioactivity-guided 

fractionation and isolation methods are commonly em- 

ployed to obtain the majority of phytomolecules. It is 

not permitted to utilize molecules or extracts other than 

water-based extracts parenterally or orally. By exercising 

extra caution while maintaining blood therapeutic levels 

requires these compounds to be readily accessible in the 

systemic circulation, the solubility of these molecules in- 

side biological systems has been improved. Reducing the 

size of the particles, forming solid dispersions and disper- 

sion, adding co-solvents, adding surfactants/solubilizers, 

etc. are some of the most popular techniques for making 

the molecules more soluble [35,36]. 

It has been reported that nanopharmaceuticals im- 

prove phytomolecules’ solubility. Due to their capacity to 

create persistent nanoparticles and droplet that are easily 

loaded with medications or emulsified to alter their phys- 

iochemical properties, nanocarriers are unique techniques 

for enhancing solubility [37,38]. They have the potential 

to significantly increase the solubility of phytomolecules; 

curcumin, for example, has become substantially more 

soluble when present in nanoparticle form [39]. By trans- 

forming BCS class 2 medications into easier to dissolve 

nano-phytomedicines, oral absorption is improved. Dif- 

ferent approaches have been attempted to make these 

drugs more soluble because this is the rate-limiting phase 

that keeps a large amount of the medicine out of the sys- 

temic circulation (Table 1). 

The most common methods for achieving solubility 

augmentation include surface modification with lipids or 

polymers, nanoparticle formation, and surface area en- 

hancement [39,40]. According to a study by Piazzini 

et al. [41], Nanoemulsion can improve the permeabil- 

ity of biological membranes and the solubility of Vitex 

agnus-castus (VAC) extract. Improving oral delivery of 

VAC extract was the main aim of this approach. The size 

of the drug-encapsulated nanoparticles was reduced to 

11.82~0.125 nm by using triacetin, labrasol, cremophor 

EL, and water as the oil, surfactant, co-surfactant, and 
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Figure 1: Advanced phytomedicine delivery via a nanostructured system. 

 

aqueous phase, respectivelywhich resulted in a tenfold 

increase in VAC solubility. This method made the VAC 

extract completely soluble in water. 

Since nanoemulsion has demonstrated high poten- 

tial in solubilizing the extract, it was expected that im- 

provements in both solubility and permeability would lead 

to increased oral bioavailability of VAC extract [41]. Sys- 

tems of nanoparticles have the ability to modify the hy- 

drophobic surface of phytoconstituents. Considerable re- 

search has been done on the use of nanoparticles to im- 

prove the solubility of hydrophobic medications in wa- 

ter. Nanoparticles are expected to greatly increase the 

drug’s solubility by dispersing it more broadly. Combin- 

ing surface modification and particle size reduction has 

been found to be quite efficient in several cases [42,43]. 

One approach involves encapsulating two well-known 

polyphenols, epicatechin and morin, within protein-based 

nanomaterials using nanoparticles. The combination of 

morin and epicatechin enhanced the release of drugs in 

biological systems by incorporating serum albumin nano- 

materials having tiny particles molecules (170~6 nm to 

200~12 nm) over the surface [40]. It’s not just solubility 

that matters. It is nearly invariably linked to the dissolu- 

tion, dispersion, localised availability, and bioavailability 

of medications. Thus, studies are conducted on it as well 

as other variables including penetration, absorption, and 

bioavailability. 

4. Nanoparticles and Improved 
Pharmacokinetic Profile of 
Phytomolecules 

Pharmacokinetics describes how the body responds to 

the absorption, distribution, metabolism, and excretion 

of an active constituent after administration. The drug 

goes through the different phases i.e., liberation, absorp- 

tion, distribution, metabolism and excretion denoted by 

the term LADME, once it enters the biological milieu of 

the GIT. These days, the term “liberation” is also being 

employed. It signifies the release of the active ingredient 

from the delivery mechanism, which is equally crucial 

for its absorption. Most pharmacologists believe that the 

drug’s absorption and release occur during the same pro- 

cedure. They take into account that the medication is 

frequently given in an active state, which means that there 

is no release phase prior to absorption. 

However, absorption is a pointless phenomenon un- 

til the medication is liberated or released from novel car- 

rier systems. Prior to developing the dosage forms’ phar- 

macokinetic profile, the liberation process needs to be 

supported by nano-phytomedicine. The term “toxico- 

logical aspect” of medicine is frequently shortened to 

“ADME-Tox” or “ADMET”. Most applications of nano- 

phytomedicine entail a controlled or gradual release of 

medicine. When drug release is regulated, the drug re- 

mains in the body for a longer amount of time. Increased 

tissue dispersion and redistribution follow from this, es- 

pecially when using cytotoxic drugs. As a result, healthy 

body cells could perish. It is therefore another important 

issue that is being looked at. 

The medicine’s ability to effectively cross the bio- 

logical barrierdepends on a number of factors, such as 

log P, the mucosal membrane’s thickness, and the avail- 

ability of the active ingredient in a solubilized state. The 

drug’s distribution throughout the body and its organs is 

influenced by a number of parameters, including its bio- 

logical half-life, pH or temperature stability, and plasma 

protein binding. Enzymes involved in drug metabolism, 
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such as glucuronosyltransferases and cytochrome P450, 

can support or impede the chemical breakdown of drugs. 

The amount of medication that is dispersed throughout the 

circulatory system and the amount that has been digested 

determine how much of it is expelled. Different dosages 

and methods of medicine administration have an impact 

on pharmacokinetic properties. 

It is the goal of nano-phytomedicines to alter the 

pharmacokinetic behaviour of the chosen active ingre- 

dients. Encapsulation alters the drug’s surface directly, 

affecting the rate at which the less absorbed active ingre- 

dients are absorbed. Nanoemulsion may be useful in im- 

proving solubility, which could raise the permeability of 

VAC extract when tested using the parallel artificial mem- 

brane permeation assay (PAMPA) (Piazzini et al. [41]). 

When converted into a nanoemulsion, VAC has a higher 

penetration rate, which may enhance oral bioavailabil- 

ity [41]. The passage of active ingredients through the 

biological membrane is intimately linked to digestion. 

Variations in permeability can also occasionally be used 

to alter the rate of absorption through the skin, whichen- 

ables transdermal penetration of the formulation into the 

skin [44]. According to a study by Lin et al. [45], ultra- 

deformable lipid (UDL) vesicles are useful for expanding 

the use of Chinese herbal medicine, especially for the 

transdermal administration of imperatorin (IMP). When 

compared to its suspension equivalent, cationic UDLs 

with smaller particle sizes (>100 nm) and high entrap- 

ment efficacy (60.32%~2.82%) increased the amount of 

IMP that penetrated the skin by 3.45 times. In this in- 

stance, modifying the surface of IMP by cationic UDLs 

proved to be rather advantageous, increasing availability 

in the various skin layers through enhanced transdermal 

flux and longer IMP release [45]. 

The production of a nanoemulsion improved the di- 

gestive system’s absorption of phytoestrogenic diarylhep- 

tanoids. Gynecological illnesses can be effectively treated 

with phytoestrogenic diarylheptanoids, which are primar- 

ily sourced from C. comosa. Through the development 

of C. comosa’s nanoemulsion, barriers pertaining to the 

plant’s absorption were revealed and overcome, allowing 

for a wider range of applications. Once C. comosa was 

emulsified, the hexane extract was tested in terms of in- 

testinal absorptions. (4E,6E)-1,7-diphenylhepta-4,6-dien- 

3-ol (DA1) and (6E)-1,7-diphenylhept-6-en-3-ol (DA2) 

make up the majority of this extract. A homogenous 

size distribution, a negative surface charge, and nano- 

sized droplets of the generated nanoemulsion were some 

of the chemically and physically changed components, 

which led to improved drug absorption. Compared to 

pure oil, these nanodroplets demonstrated enhanced gas- 

trointestinal absorption efficiencies that were five to 10 

times faster [46]. 

Other pharmacokinetic requirements, such as distri- 

bution, must be satisfied in order to maintain therapeutic 

blood levels. The drug’s stability at a specific pH or tem- 

perature, biological half-life, and reduced plasma protein 

binding for better dispersion are all improved. Preclinical 

results by Chang et al. indicate that encapsulating sily- 

marin in liposome and ethosome has much improved its 

oral bioavailability and tissue distribution. Changes to the 

liposome and ethosome surface were shown to alter the 

drug’s pharmacokinetic profile. The same rationale has 

led to extensive prior research on lipidic and ethanolic en- 

capsulation. 

Due to the silymarin’s increased solubility in water, 

it has expanded its distribution within the systemic circu- 

lation. Silymarin’s low water solubility was the main fac- 

tor contributing to its low oral bioavailability; this could 

be fixed by vesicular techniques, which also improved 

the drug’s overall therapeutic efficacy [47]. The phar- 

macokinetics and organ distribution of icariin should be 

improved by the previously investigated production of 

PG-liposomes for intraperitoneal administration in small 

animals. 

ICAPG-liposomes improved the distribution of icariin 

into the spleen, liver, lung, kidney, heart, and brain when 

compared to its solution equivalent. Enhanced AUC(0-t) 

in the majority of tissues (except from the mouse lung), 

decreased clearance, extended MRT(0-t), and biological 

half-life in all tissues (apart from the brain) were the out- 

comes of the enhanced volume of distribution of icariin in 

tissues [48]. 

Li et al.’s most recent study established the poten- 

tial of liposomal drug delivery technology to improve 

baicalin’s pharmacokinetics profile and bio-distribution. 

Chinese hospitals have long used baicalin (BA), which 

is thought to be the main ingredient in the dry root ex- 

tract of Scrella baicalensis, in order to treat cerebral is- 

chemia since it is neuroprotective. Its poor lipid solubility 

severely restricts its oral absorption. To improve its thera- 

peutic relevance, it was developed as a special liposomal 

carrier (BA-LP). The drug’s lipophilicity was enhanced, 

leading to an improvement in its level in the brain due to 

its increased lipophilicity. 

The particle size range of BA-LP was 160–190 nm, 

its entrapment efficacy was 42%, and its zeta potential 

was +5.7 mV. Due to its controlled release features, the 

drug’s in vitro release kinetic model—which employed 

the biphasic dynamic model equation—was shown to of- 

fer the best fit to BA-LP. There were greater Cmax and 

AUC0–t, or 1.5–2 times, compared to normal rat brain tis- 

sue, whichshows a larger distribution of BA in the brain 
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compared to normal rats. Changes in tissue distribution 

following liposome production led to decreased amounts 

of BA in the kidney and higher concentrations in the liver, 

heart, brain, and lungs. It was believed that BA-LP may 

serve as a carrier to improve the therapeutic efficacy of 

molecules similar to BA, as liposomal drug delivery meth- 

ods were more effective in delivering BA [49]. 

When it comes to enhancing absorption and phar- 

macokinetic properties, nanostructured liposomal drug de- 

livery methods have demonstrated significant promise. 

Plant-based compounds have been extensively researched 

for their potential to help separate medications from the 

water phase to the lipid phase, encapsulate aqueous and 

lipid-based medications, alter the surface, and be compat- 

ible with the biological environment. Distribution is es- 

sential to drug delivery since it ensures the drugs’ higher 

bioavailability. Tables 1 and 2 present an assortment of 

nanocarriers that are intended to enhance the pharmacoki- 

netic characteristics of pharmaceuticals. 

 

 

Table 1: Nano-phytomedicines with therapeutic benefits, lipid-based nanomedicines are developed for the enhancement of solubility, 

pharmacokinetic profile (ADME), bioavailability, target ability, efficacy, and safety. Rai et al. [50]. 
 
 
 
 
 
 
 
 

 

essential oil 

 

 

 

and prolonged release 

 

 

release and improved site specificity 

Catechins Increased permeation through skin 
Antioxidant and 

chemo-preventive 

Breviscapin Sustained drug delivery 
Cardiovascular 

diseases 

 

 

Transdermal [55] 

 

Intramuscular [56] 

Nano-structured lipid/polymeric carriers 

Triptolide 
Enhanced permeation through stratum 

corneum by virtue of increased hydration 

 

 

Anti-inflammatory Topical [57] 
 

Flavonoids and 

lignans 
Improved aqueous solubility 

Hepatoprotective and 

antioxidant effects 
Oral [58] 

Triptolide Improved safety Anti-inflammatory Oral [59] 

Artemisinin Sustained drug release Anticancer In vitro [60] 

Breviscapine 
Prolong the half-life and decreased RES 

uptake 

Cardiovascular and 

cerebrovascular 
Intravenous [61] 

Camptothecin 
Prolonged blood circulation and high 

deposition in tumors 

 

Anticancer In vitro [62] 
 

 

Phytosomes 
 

Silybin 

Flavonoids 
Increased oral absorption of silybin 

Hepatoprotective, 

antioxidant 
Oral [63] 

Naringenin Prolonged duration of action Antioxidant activity Oral [64] 

Source: - Sabuj MZ, Islam N. Nanophytomedicine: An Effective Way for Improving Drug Delivery and Bioavailability of Herbal Medicines. 

Nanophytomedicine: Concept to Clinic. 2020:55-70 [65]. 

Phyto-Constituent Value Addition Indication 
Route of 

Administration 
Reference 

Liposomes   

Silymarin Improve bioavailability Hepatoprotective Buccal [51] 

Artemisia 
Targeting delivery to cells, enhanced 

arborescens 
permeation 

Antiviral 

 

In vitro 

 

[10] 

Garlicin Increased efficacy – – [12] 

Usnea acid 
Increased solubility, Improved localization 

Anti- mycobacterial In vitro [52] 

Wogonin Sustained release effect Anticancer In vivo [53] 

Colchicine 
Enhance skin deposition, prolonged drug 

Antigout Topical [54] 
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Table 2: Nanoemulsions of phytomedicines for the improved solubility, pharmacokinetic profile (ADME), bioavailability, target ability, 

efficacy, and safety. 
 

 

Phyto-Constituent Value Addition Indication  
Route of 

Administration 
Reference 

Nanoemulsions 

 

Zedoary turmeric oil 

 

 

Improved aqueous dispersibility, 

stability and oral bioavailability 

 

Enhanced penetration of drugs 

 

 

Hepatoprotection 

anticancer and 

antibacterial 

 

 

 

Oral [66] 

Triptolide 

 

Chlorogenic acid from 

green coffee 

through the stratum corneum by 

increased hydration 

Improved aqueous dispersibility, 

stability and oral bioavailability 

Anti-inflammatory Topical [67] 

 

 

Antioxidant activity Oral [67] 

 

Salicylic acid 
Controlled release and improved 

dermal retention 

Anti-inflammatory 

activity 
Topical [32] 

 
Mentha essential oil 

Control the release, avoid the 

contact with the skin and reduce 

Anti-fungal activity 

against vaginal 
 

Topical 
 

[33] 

 the evaporation candidiasis   

Vesicular systems     

Colchicine Increase skin penetration Antigout In vitro [68] 

Matrine 
Improved the percutaneous 

permeation 
Anti-inflammatory Topical [68] 

 
 

Microspheres 

 

bioavailability 

size 

 

(MVO) contact with the skin 
 

 

5. A Drug Delivery System with 
Nanostructure for Increased 
Bioavailability 

 
Reports detail the numerous efforts undertaken by re- 

searchers to create nanocarrier systems that improve the 

solubility and stability of herbal medications. Drug dis- 

solution at blood pH, drug absorption, drug distribution 

into systemic circulation, first-pass metabolism, GI stabil- 

ity, and drug molecular weight are other factors that af- 

fect bioavailability. Part of the phytomedicine efforts to 

improve bioavailability include increasing medication ab- 

sorption [71]. Through the development of nanoformu- 

lations, silymarin solubility was increased in one study. 

This improved the drug’s bioavailability and, as a result, 

its therapeutic efficacy as an antiviral, anticancer, an- 

tioxidant, and hepatoprotectant. Water-insoluble active 

plant components can now be encased in a variety of 

nanocarriers due to technological advancements in solu- 

bility enhancement. The most cutting-edge technology ac- 

cessible is the creation of nanovesicles and nanocarriers. 

For example, silymarin may significantly promote pas- 

sive diffusion in aqueous nanovesicles [65]. Additionally, 

as cyclovirobuxine D’s solubility improved, SNEDDSs 

were created to boost the drug’s bioavailability. Propy- 

lene glycol, oleic acid, Solutol SH15, and cyclovirobux- 

ine D were combined in the following ratios to create 

the final Self-Nanoemulsifying Drug Delivery System 

(SNEDDS) formulation: 3:24:38:38. Scattering of the ul- 

timate SNEDDS structure developed impulsively and was 

changed into a 64.80 ± 3.58 nm globule-sized nanoemul- 

sion. Greater drug solubility, a quick rate of absorption, 

an enhanced area under the curve, better penetration, and 

a decreased efflux were all linked to the investigated med- 

ication’s increased dispersion. All of these qualities led to 

a 200.22% improvement in SNEDDS’s relative bioavail- 

Zedoary oil 
Sustained release and Higher 

Hepatoprotective Oral [69] 

Quercetin 
Significantly decreases the dose 

Anticancer In vitro [70] 

Mentha spicata Alleviate skin irritation and 

L. var. viridis oil volatility and to avoid direct Anti-fungal activity 
 

Topical 
 

[30] 
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ability over commercial tablets. Proposing SNEDDS car- 

riers as a viable option for an oral administration of cy- 

clovirobuxine D-like medications with enhanced bioavail- 

ability, the authors highlighted the possible application 

of SNEDDS in phytomedicine [72]. One of the most re- 

searched carriers for increasing the bioavailability of med- 

ications is nanoemulsion. 

Nanoemulsions, colloidal particle systems compris- 

ing an organic phase and a water phase, are formulated us- 

ing an appropriate stabilizing surfactant. These systems 

are thermodynamically metastable and isotropic in na- 

ture. The surfactant-based interface, which can reversibly 

change the biological membrane’s structure, facilitates 

drug absorption into the membrane. 

Its ability to load drugs that are both hydrophilic and 

hydrophobic is by far its biggest advantage. The various 

types of nanoemulsions that have been created for various 

uses are listed in Table 2. Despite being highly soluble in 

water, breviscapine has a very limited oral bioavailability 

and this is because to the GIT’s low stability and pene- 

tration. By employing nanoemulsion, a nanocarrier that 

facilitates oral absorption, breviscapine’s bioavailability 

through the oral route has been increased. It also helped 

to boost the internal stability of medication. Higher drug 

encapsulation and constant droplet size contributed to the 

identification of these features, and it was discovered that 

the increase in bioavailability might reach 249.7% when 

compared to relative bioavailability. The reason behind 

this was the capacity of breviscapine to be encapsulated 

in a nanoemulsion, so preventing direct exposure to the 

gastrointestinal environment [73]. 

6. Improved Target Ability with 
Nano-Phytomedicine 

When a minority cell or group of minority cells is iden- 

tified as requiring therapy, it is referred to as a target. 

For the greatest potential treatment result, enhanced tar- 

get specificity is meant to aid in pharmacological target 

identification and maximal drug concentration. In order 

to prevent pharmaceutically active chemicals, active in- 

gredients, or treatments from spreading to nearby tissues 

and organs, specific kinds of drug carrier systems are used 

to deliver them only to the intended site of action. These 

are delivery or transport vectors that sequester the medica- 

tion while delivering it to the intended cells. Specifically, 

targeted areas of action may include the capillary bed, an 

intracellular region, or a certain cell type. 

Target ability requires the creation of a carrier with 

an agent that can selectively recognize a certain target. 

For instance, the carrier needs to be able to distinguish 

between normal and tumour cells. When a drug is deliv- 

ered to its intended location by a carrier, ligands assist in 

its identification and ensure the carrier is site-specific. En- 

dogenous hormones, polypeptides, and particular antibod- 

ies are examples of ligand systems. Treating or preventing 

diseases is the main way that pharmaceuticals’ target ca- 

pacities are improved. Biological instability, pharmacoki- 

netic/pharmacodynamic, short biological lifespan, large 

volume of dispersion, low specificity, low therapeutic in- 

dex, low drug dissolution, reduced absorption through the 

gastrointestinal tract, high-plasma adhering of proteins, 

and instabilities of the drugs in the gastric environment 

are all taken into account when developing targeted drug 

delivery systems. Reducing side effects related to the dif- 

fusion of drugs into other tissues is the main goal of this 

strategy. Among other qualities, a system for the delivery 

of targeted drugs should be immunogenicity-free, chem- 

ically and physiologically stable, able to limit drug dis- 

tribution to specific tissues, cells, or organs, and have a 

consistent capillary distribution. 

It has to be under control in addition to manufactur- 

ing the drug at the optimal therapeutic dose. A carrier’s de- 

sign ensures that the least quantity of medication leaks dur- 

ing transit. When designing carriers, additional important 

considerations include the biodegradability and ease of re- 

moval of polymers from the body. These setups should 

be easy to make, inexpensive, and replicable. When con- 

structing these carriers, other factors are taken into ac- 

count, such as target cell features, marker traits, or trans- 

port carriers—vehicles that deliver medications to specific 

receptors by using ligands and physically changed compo- 

nents. 

Cyclovirobotuxine D (CVB-D) is a steroidal alka- 

loid that is extracted from the Chinese herb Buxus micro- 

phylla. It is commonly used to treat cerebrovascular issues 

and various cardiovascular disorders. The clinical applica- 

tion needs to be enhanced because there aren’t many for- 

mulations of CVB-D under investigation. Another drug 

that may be a bioactive phytoconstituent in triple-negative 

breast cancer is thymoquinone, which is extracted from 

the volatile oil of Nigella black cumin seeds. Several 

molecular targets in cancer, such as ROS, PPAR-γ, p53, 

p73 STST3, nuclear factor-̡B, and others, are said to ex- 

hibit its antineoplastic action [74]. 

Angiopep-2-conjugated liposomes have shown 

promise as targeted carriers for brain distribution due 

to their natural affinity for the low-density lipoprotein 

receptor-related protein-1 (LRP1), enabling them to cross 

the blood-brain barrier effectively. There is currently 

interest in the nasal route of administration due to its 

ability to target particular brain regions [75]. Further- 

more, targeting the liver has shown a lot of promise for 

nano-phytomedicine [76].  Despite tremendous efforts, 
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millions of individuals worldwide suffer from liver ill- 

nesses. Having said this, treating illnesses linked to the 

liver effectively is immensely imperative. A number of 

substances, including alcohol, drugs, plants, waterborne 

and industrial pollutants, and industrial pollutants, can 

harm the liver and aggravate liver illnesses. Nevertheless, 

a variety of herbal medicines are used to cure illnesses like 

cirrhosis, hepatitis, and cancer. Using herbal remedies to 

treat liver issues is now well established. 

Nonetheless, the idea of customized drug delivery 

systems was investigated, ensuring the greatest potential 

usage of these medications. In liver targeting, receptor lig- 

and binding is the basic concept. There are multiple types 

of liver-resident receptors on the surface of hepatocytes, 

including Kupffer cells, hepatic stellate cells, sinusoidal 

endothelial cells, etc., and they are utilized in an effort to 

increase the drug’s liver-available form. These receptor 

targets determine the choice of several ligand types, such 

as galactosylated, lactobionic acid, and asialofetuin. The 

ligands are attached to the surface of numerous micropar- 

ticles, liposomes, nanoparticles, and many more. There 

have been several particle techniques employed for liver 

targeting, including liposomes, niosomes, nanoparticles, 

micelles, and nanosuspensions [77]. Apart from improv- 

ing the drug’s liver-targeting properties, vinegar-baked 

Radix Bupleuri (VBRB), a traditional Chinese medication, 

offers other medical effects as well. When combined with 

10-hydroxycamptothecin (HCPT), VBRB’s ability to im- 

prove target ability was investigated after loading in poly- 

meric micelles. 

VBRB dramatically improved the liver-targeting ef- 

fectiveness of HCPT encapsulated in polymeric micelles 

when administered in conjunction with oral medicine. Us- 

ing meridian directed medications in concert with mod- 

ern drug delivery methods to better target active phar- 

maceuticals was a simple, yet effective strategy that was 

demonstrated by this approach [78]. According to a re- 

view by Bartneck et al. (2014), nanomedicine may be 

used to treat liver fibrosis and inflammation [79]. It is 

possible that some nanomaterials will trigger macrophage 

activation, such as AuNRs (gold nanorods treated with 

peptides). Targeting mannose receptors can be utilized 

to guide macrophages in liver diseases. Targeting HSC, 

which are responsible for collagen production, is achiev- 

able using nanoconstructs designed to identify specific 

markers such as insulin-like growth factor II (IGF-II), 

platelet-derived growth factor (PDGF) receptor β, perox- 

isome proliferator-activated receptor 1 (PPAR1), and in- 

tegrins that are active during fibrosis. [79]. A polymeric 

nanoparticle-based intraperitoneal injection of curcumin 

called NanoCurcTM has been developed. This technique 

successfully reduced liver damage and fibrosis [80]. 

Quercetin is a subcutaneously injected 

nanomedicine that binds to the galactosyl receptor prefer- 

entially and efficiently to hepatocytes [81]. Consequently, 

the utilization of macromolecular carriers emerged as a 

feasible approach for efficient bone targeting [82]. To pre- 

vent steroid-related osteonecrosis in small animals, icar- 

itin has been administered via a new bone-targeted drug 

delivery technique. This approach has been shown to be 

effective in avoiding steroid-induced osteonecrosis. By 

encouraging bone formation and decreasing fat deposition 

and bone resorption, it works at osteoonecrotic responsive 

skeletal locations. Once the impact of a novel phyto- 

molecule, icaritin, on osteogenesis was discovered, the 

authors developed a bone-targeted delivery method with 

anti-bone resorption and anti-adipogenesis effects. Both 

Asp8-liposome and liposome-icaritin have not shown any 

discernible effectiveness against high SAON. However, 

in rats treated with steroids, Asp8-liposome-icaritin signif- 

icantly decreased the death of osteocytes, downregulated 

osteoclastogenesis, and upregulated osteogenesis. 

Administering Asp8-liposome-icaritin resulted in the 

prevention of bone resorption, suppression of adiposeness, 

and enhancement of bone formation [83]. Nanomedicine has 

been applied to hair follicles in addition to the liver, kid- 

neys, and cancers. Bendable liposomes that are resistant 

to methicillin-resistant Staphylococcus aureus (MRSA) 

enhanced hair follicle targeting and made it possible to 

administer chloramphenicol for more efficient therapy of 

difficult-to-treat bacterial invasions of hair follicles. De- 

formable liposomes were discovered to have good bio- 

compatibility against keratinocytes and neutrophils and to 

be safe for topical application on skin [84]. 

These findings highlight the great potential of 

nanomedicine in reaching any level of the body, i.e., cells, 

tissues, or organs, with phytoconstituent delivery. These 

characteristics of nanomedicine are caused by the nanocar- 

riers’ versatile shape and structure, ultra-deformable in- 

tegrity, surface charge, nano size range, and variety of 

polymer properties. The potential for targeting phyto- 

constituents to the brain, liver, kidney, bone, tumor site, 

and specific cells is considerable; nevertheless, additional 

study is required to optimize their therapeutic pertinence 

and incorporate these carriers into a highly scalable pro- 

duction method. 

7. Nano-Phytomedicine and 
Improved Safety 

Physicochemical aspects of the drugs also demonstrate an 

increase in safety. A potential avenue for enhancing safety 

is the study of nanophytomedicine and safe medication 

distribution, which is supported by a ton of new research. 
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Improved safety is a further application for nanomedicine, 

and these carriers are quite helpful in handling such sit- 

uations. The purpose of the thymoquinone-rich fraction na- 

noemulsion (TQRFNE) was to increase the acute toxicity of 

thymoquinone. TQRFNE lessened the drug’s associated tox- 

icity in experiments conducted on Sprague Dawley rats. 

Comparing the TQRFNE group to the group that re- 

ceived distilled water, it was discovered that characteris- 

tics such common behavior, body weight, food and water 

consumption, relative organ weight, hematological, histol- 

ogy, and clinical biochemistry remained unaltered. Fur- 

thermore, throughout the experimental period, no reports 

of fatalities or toxicological symbols were recorded [85]. 

Using Multispectral Optoacoustic Tomography (MSOT) 

imaging, the potency of a conjugated polymer-based ra- 

tiometric nanoprobe against in vivo herb-induced liver in- 

jury has been evaluated. This ratiometric nanoprobe was 

designed for in vivo imaging of hepatic injury employing 

MSOT imaging, which enables precise identification of 

the site of liver injury. 

In order to create an internal standard, the liposomal 

nanoprobe was made up of a responsive dye (IX-2NH2) 

that could only react with NO and a conjugated polymer 

based on diketopyrrolopyrrole (DPP-TT). Using 3D data 

from the mouse model, ratiometric optoacoustic diagno- 

sis of liver damage caused by herbal medicines offers a 

method to reduce liver toxicity without invasive proce- 

dures [86]. These processes have been developed into 

multiple variations to date. Nanomedicine-based molec- 

ular imaging has been acknowledged as a significant field 

in safety pharmacology. Optoacoustic and photoacous- 

tic imaging, CT scanning, Magnetic resonance imagings 

(MRIs), ultrasounds, and scanning are among the tech- 

niques now being employed to improve patient safety. 

8. Nano-Phytomedicine: 
Applications in Therapeutics 

Proteins, bioactive lipids, and miRNA are examples of ex- 

tracellular messengers that function as cell-to-cell messen- 

gers in a manner similar to the exosomes secreted by mam- 

malian cells [87]. When it comes to getting low dose drugs 

(such proteins, peptides, and siRNAs) to where they are 

supposed to go, chemically manufactured nanoparticles 

have two main disadvantages. Before the created nanopar- 

ticles are deemed therapeutically useful, their components 

need to be assessed for low fabrication scalability and 

probable in vivo safety. However, plant-based nanoparti- 

cles are thought to be able to get beyond these restrictions. 

It is noteworthy that ingesting these nanoparticles 

has no risks. In interspecies communication, they may 

serve as natural cures against certain ailments.  More- 

over, nanoparticles based on plant-derived lipids can help 

precisely transport drugs to their targeted site. Veg- 

etable nanoparticles derived from plants could be eas- 

ily manufactured on a big scale, unlike synthetically cre- 

ated nanoparticles. The grape juice nanocarriers, ginger, 

carrot juice, and tomato juice are extracted using eco- 

friendly methods. In the field of nanomedicine, these 

nano-phytocomposites offer a fresh approach to produc- 

ing therapeutic nanoparticles [88]. 

Nanoparticles made of botanical ingredients are vi- 

tal for interspecies communication and beneficial against 

inflammatory diseases and cancer. Recent findings in- 

dicate that oral administration of grape exosome-based 

nanocarriers to mice promotes the growth of intestinal 

stem cells throughout the intestine and intestinal epithelial 

cell proliferation. Moreover, it seemed that saliva, diges- 

tive fluids, and intestinal proteolytic enzymes could not 

degrade grape exosome-like oral nanoparticles. Based on 

the currently available information, ingestible plant-based 

nanoparticles can enter the colon through the oral route, 

where they can be absorbed by intestinal cells and utilized 

for various purposes like intestinal regeneration. 

Edible nanoparticles with anti-inflammatory and 

colonic tissue-targeting properties could be a novel, non- 

toxic delivery method for the management of gastroin- 

testinal tract pain, including inflammatory bowel disease, 

and could be readily developed on a large scale [89]. 

Metallic nanoparticles can have additional or beneficial 

effects when used in combination with other medicinal 

treatments, and they are also used as a medicinal ingre- 

dient. Among the metallic nanoparticles that have been 

produced are Ag, Au, Fe, and others. When ingested, the 

chemical process utilized to produce metallic nanoparti- 

cles is hazardous and deadly. As a result, “green” syn- 

thesis methods in chemistry are gaining traction. These 

regulations are desperately needed in light of the environ- 

mental problems. 

It has been demonstrated to have strong bacterici- 

dal and inhibitory properties in addition to anti-fungal, 

anti-inflammatory, and anti-angiogenesis effects. These 

attributes make it valuable in the disciplines of catalysis, 

biosensors, high sensitivity biomolecular recognition, and 

medicine. Many methods, such as ion sputtering, chem- 

ical reduction, and sol gel, can be used to create silver 

nanoparticles [90]. The production of silver nanoparticles 

using a unique reducing agent was summarized by Khan 

et al. This “green reductant” was made from plant extracts 

and used as a reducing agent to create silver nanoparticles. 

This investigation was carried out in response to the in- 

creased demand for silver nanoparticles (Ag-NPs) in the 

pharmaceutical industry. 
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These nanoparticles are used in the biomedical sec- 

tor because of their antibacterial, antifungal, or anticancer 

properties. The usage of hazardous chemicals in the chem- 

ical synthesis process makes alternative methods neces- 

sary, even if it is an effective way to produce nanoparticles 

with the necessary size, shape, and crystallinity. Neverthe- 

less, the resulting Ag-NPs’ size, shape, and crystallinity 

are not under the control of these biological processes. 

Novel bio-inspired synthetic procedures have been inves- 

tigated and have demonstrated some promise in reducing 

adverse environmental effects [91,92]. An overview of 

Ag-NP manufacturing via chemical and environmentally 

friendly methods is given in their compilation. “Green 

synthesis” was developed as a response to the limitations 

of chemical and biological synthesis. In order to cre- 

ate Ag-NPs with the right size, morphology, shape, crys- 

tallinity, and biological effect while using the fewest num- 

ber of hazardous materials possible, various plant extracts 

and phytomolecules were used, along with their chemical 

and biological characteristics. Their action on particle syn- 

thesis was demonstrated. Olive, beet root, mangosteen, 

Ziziphora tenuior, Abutilon indica, Solanum tricobatum, 

Erythrina indica, leaf extracts of Acalypha indica, and 

Sesuvium portulacastrum have all been used in the green 

synthesis of Ag-NPs. 

It has been documented that silver nanoparticles 

(silver-NPs) range in size from 5 to 20 nm. The poten- 

tial biological applications of silver nanoparticles surface 

functionalized by phytomolecules are now under investi- 

gation [93]. Ag-NPs’ antibacterial properties have led to 

their extensive use in the medical field, textile coatings, 

food preservation, wound healing, color reduction, and 

other environmental applications [94,95]. Compounds 

containing elemental silver have shown potentialin treat- 

ing a range of bacterial and fungal illnesses. Using A. 

indica extract-mediated silver nanoparticles, potential an- 

tibacterial agents have been investigated. Silver nanopar- 

ticles produced by green synthesis have been shown to 

have higher antibacterial action against S. aureus and E. 

coli. Consequently, these hold great promise for the man- 

agement of diverse infectious diseases and conditions. 

9. Conclusions and Future 
Prospective 

When a drug-loaded innovative carrier system is created 

using nanotechnology-based methods, it is commonly re- 

ferred to as nanomedicine. This is because the systems 

can be effectively used for disease prevention, diagnos- 

tics, or therapy. The careful integration of nanotechnology 

concepts and methods with phytomedicines has become 

a significant priority in recent times. Researchers are be- 

coming increasingly interested in using these formulations 

to treat and control chronic diseases like cancer, arthri- 

tis, such as, Parkinson’s, Alzheimer’s, and epilepsy, and 

other conditions because of their success and potential at 

the clinical level. These formulations’ improved absorp- 

tion and bioavailability, rapid dissolution, quicker onset 

of action, higher plasma concentration, prolonged actions, 

site-specific targeting, decreased toxicity, and improved 

pharmacological performances have already increased in- 

terest in these formulations. In summary, the pharmaceu- 

tical industries are drawn to the integration of new tech- 

nology in the production of herbal medicine-based prepa- 

rations, as it offers superior alternatives to conventional 

dosage forms, hence improving people’s health through 

the use of these “herbal remedies”. Even though nan- 

otechnology offers immense potential and benefits, only 

a small number of these products—nanophytomedicinal 

meagre—have found their way into clinical settings. This 

is because such products require sophisticated machinery, 

complicated scaling procedures, high preparation costs, 

potential health and environmental risks from produced 

nanoparticles, and short shelf lives for developed formula- 

tions. These issues remain significant obstacles that must 

be addressed in a very systematic manner. 

List of Abbreviations 

SLNs Solid Lipid Nanoparticles 

LC Liquid Crystal 

PSLCs Precursor Systems for Liquid Crystals 

ADME 
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GIT Gastrointestinal Tract 
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CVB-D Cyclovirobotuxine D 

LRP1 Lipoprotein Receptor-Related Protein-1 
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HCPT Hydroxycamptothecin 

IGF-II Insulin-Like Growth Factor II 

PDGF Platelet-Derived Growth Factor 
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