
RESEARCH PAPER 

IJDDT, Volume 16 Issue 13s, 2026 Page 564 

 

COLON-TARGETED NANOFORMULATIONS OF HERBAL COMPOUNDS: PHARMACOGNOSTIC  
BASIS, FORMULATION STRATEGIES, AND PHARMACOLOGICAL OUTCOMES 

 
Mr. Tadikonda Sandeep1, C.L. Sindhura2, K. Sampath Kumar3, Nimmala Raviteja4,  

Thirumalaikumaran.R5, Pradeep Kumar Reddy Siddavatam6, Arey Vaishnavi7*  
 
1,7*Assistant Professor, Crescent School of Pharmacy, B.S. Abdur Rahman Crescent Institute of Science & Technology,   

     Vandalur, Chennai-48, India-600048. 
2Associate professor, Department of pharmacy practice, Narayana Pharmacy College, Chinthareddy Palem -Nellore,  

   Andhra Pradesh-524 004. 
3Department of Pharmaceutics, Malla Reddy Institute of Pharmaceutical Sciences, Mallareddy Vishwavidyapeeth   

 (Deemed to be University), Maisammaguda, Hyderabad 500100, Telangana, India. 
4Associate Professor, Jagan’s College of Pharmacy, Nellore, Andhra Pradesh 

5Professor & Head, Department of Pharmacognosy, Saveetha institute of Medical and Technical sciences, Chennai. 
6Research Scholar, Department of Pharmacy Practice, Saveetha Institute of Medical and Technical Sciences, Chennai. 

 
 Corresponding Author  

Arey Vaishnavi 
                                                                Mail ID: areyvaishnavireddy1993@gmail.com 
 
ABSTRACT 
Colon-targeted herbal therapeutics have emerged into the limelight as a consequence of their natural safety profile and 
multi-target pharmacology being applied in the treatment of inflammatory bowel disease, colorectal cancer and microbial-
infections. However, most of the herbal compounds are typified by poor stability, low solubility and degradation in the 
upper gastrointestinal system thus restricting their treatment ability. Nanoformulations strategies offer the possible solution 
of maintaining phytochemicals during delivery, increasing adhesion at the mucus, and delivering to the colon with 
controlled delivery or stimuli-sensitive delivery. The phytochemical composition and bioconversion with colonic 
microflora are the most important knowledge of the pharmacognostic properties of the botanical identity of the plant, which 
is essential to select the appropriate actives of the plant. Polymeric nanoparticles, lipid-based carriers and polysaccharide-
triggered systems are such sophisticated nanotechnology platforms that have demonstrated improved delivery efficacy and 
bioavailability. These nanoformulations have been demonstrated as having a higher anti-inflammatory, anticancer, 
antimicrobial and antioxidant activity in in vitro and in vivo studies that render these nanoformulations next-generation 
therapeutic in colon-targeted therapy. 
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1. INTRODUCTION 

1.1 Burden of Colon-Related Diseases (IBD, CRC, 
Infections) 

Inflammatory bowel disease (IBD), colorectal cancer 
(CRC), irritable bowel syndrome and microbial 
infections are some of the leading health issues that cause 
significant health burden in the whole world. IBD, 
ulcerative colitis, and Crohn disease are long-term 
illnesses that impact thousands of people every year and 
affect millions of people across the globe. Colorectal 
cancer is the third most frequently diagnosed cancer and 
the level is increasing among the young people. Colon 
parasitism and bacterial colonies also play a major role 
in causing serious morbidity in developing nations(1). 
These are usually chronic, recurrent and hard to treat 
using conventional therapies. Thus, there is growing 

interest in the creation of localized, targeted and 
efficacious therapeutic approaches with safe herbal 
compounds(2). 

1.2 Limitations of Conventional Herbal Formulations 

Even though herbal medicines were traditionally applied 
in treating colon disorders, the conventional formulations 
are also confronted with great challenges. Majority of 
phytochemicals are poorly soluble in aqueous phase, 
insoluble, unproductive and unstable in acidic or 
enzyme-rich stomach and small intestine. Numerous 
herbal substances are broken down in the small intestines 
and are not present in sufficient amounts at the site(3). 
Moreover, high metabolism, inadequate bioavailability, 
and high dose are factors that decrease clinical efficacy. 
Uncertainty on the source of plants and inability to 
standardize formulations also add to reproducibility 
problems. These constraints underscore the importance 
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of sophisticated delivery mechanisms that will be in a 
position to shield actives in the herbs and guarantee 
precise discharge in the colon(4). 

1.3 Advantages of Colon-Targeted Delivery 

Colon-targeted delivery possesses several therapeutic 
advantages on herbal compounds in colonic disease 
treatment. It allows direct delivery to the location of 
inflammation, infection or tumour development that will 
lead to a higher concentration of the drug in the area and 
a higher treatment effect. By attacking the colon, also the 
breakdown in the stomach and small intestine is 
prevented and enhances the stability and bioavailability 
of the labile herbal actives. Site-specific and controlled 
release reduces systemic side effects as well as dosing 
schedule that improves patient compliance. Besides, the 
elevated transit time, neutral pH, and dense microbial 
population of the colon also provide favourable 
conditions to initiate the action of some of the pro-herbal 
components through microbiota-mediated 
bioconversion(5). 

1.4 Role of Nanotechnology 

Nanotechnology has a transformational effect of 
enhancing delivery of herbal compounds to the colon. 
Nanocarriers preserve the phytochemicals, increase their 
solubility, and enhance the adhesion to the mucosal. 
Nanocarriers can be modified in terms of particle size, 
surface charge, and polymeric coats to stay intact in the 
upper GI tract and degrade to release their cargo only in 
colonic pH, enzymatic activity, or in the presence of 
microbes. Polymeric nanoparticles, lipid-based systems 
and polysaccharide coated carriers have all shown 
increased therapeutic activity in IBD, colon cancer and 
infection models. Nanotechnology is therefore able to 
deliver herbal actives to the colon specifically, with a 
high level of control and efficiency(6, 7). 

This review gives a blanket outline of colon targeted 
nanoformulations of herbal compounds, where 
pharmacognostic principles, development methods, and 
pharmacological results are incorporated. The first one 
addresses the applicability of herbal therapeutics in the 
treatment of colon disorders and the necessity of the local 
delivery. The review then looks at the different 
nanotechnology platforms that have been developed to 
target the colon, such as pH-responsive, enzyme-
responsive, microbiota-responsive, and ligand-modified 
platforms. Also mentioned are in vitro and in vivo 
techniques of evaluation, pharmacokinetic behavior and 
therapeutic efficacy. Lastly, the paper discusses the 
current problems, technological innovations, and 
opportunities in the future of standardizing, effective, 
and clinically translatable nano-herbal preparations to 
colon therapy. 

2. Pharmacognostic Basis of Herbal Compounds for 
Colon Disorders 

2.1 Importance of Pharmacognosy in Colon Therapy 

2.1.1 Traditional Use of Herbs in GI Disorders 

Pharmacognosy forms the basis of the traditional herbal 
remedies that are used in gastrointestinal disorders in 
Ayurvedic herbal remedies, Chinese herbal remedies and 
folklore herbal remedies(8). Herbs Turmeric, aloe vera, 
bael (Aegle marmelos), liquorice, and boswellia have 
been traditionally used in the treatment of diarrhoea, 
colitis, abdominal pain, and microbial infections. They 
have therapeutic benefits that are associated with the 
presence of bioactive phytochemicals that have anti-
inflammatory, antispasmodic, and mucosal-healing 
properties. The use of traditional knowledge in making 
modern choices of plant species used in treatment and 
care is safe and effective. This historical application will 
provide an insight into dose forms, preparation processes 
and therapeutic indications that can be used in the 
development of colon-targeted nanoformulations(9). 

2.1.2 Correlation Between Botanical Identity and 
Efficacy 

Species, part of plant and chemotype are direct impacts 
of botanical identity in relation to the therapeutic effects 
of herbal drugs. Phytochemical variation, which is 
determined by the dissimilarity in the environment, 
genetic and also harvesting seasons, affects clinical 
outcomes. Pharmacognostic authentication is used to 
ensure proper identification is carried out through the 
macroscopic, microscopic and phytochemical analysis. 
When the botanical characterization is performed 
properly, the contamination is avoided, stability and 
preserved pharmacological activity is maintained. The 
activity of curcumin, quercetin, berberine, or boswellic 
acids in the colon-targeted therapy lies in the integrity 
and quality of the starting plant material and, therefore, 
pharmacognostic validation is an essential step in the 
synthesis of viable nanoformulations(10). 

2.2 Bioactive Phytoconstituents with Colon-Specific 
Activity 

2.2.1 Polyphenols 

Curcumin and quercetin are polyphenols that have a 
strong anti-inflammatory, antioxidant, and anticancer 
action and can be used in the treatment of colon 
disorders, including IBD and colorectal cancer. Their low 
solubility, high metabolism and instability in the GI tract 
are however limiting therapeutic potentials. 
Nanoformulations ensure that these compounds are not 
degraded and increase their localization in the colon. 
Nanoparticles of curcumin and quercetin-nanocarriers 
have been shown to have better mucosal penetration, 
inflammatory cytokines inhibition and tumour pathways 
inhibition. They also interact with gut microbiota, which 
also contributes to synergistic therapeutic effects(11, 12). 

2.2.2 Flavonoids 
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Rutin, kaempferol and naringenin are popularly known 
as great anti-inflammatory and antioxidant properties of 
flavonoids. They control oxidative stress-responses, 
prevent inflammatory mediators and assist mucosal 
repair-dominant activities that are useful in IBD and 
ulcerative colitis. The composition of the gut microbiota 
is also regulated by flavonoids, which enhances the 
functionality of the barriers and reduces the 
inflammation. They will be insoluble in water and will 
be unstable, on the other hand, requiring advanced 
delivery systems. The nanoformulations, which are 
colon-targeted, enhance the absorption and therapeutic 
transfer into the lower GI tract(13). 

2.2.3 Terpenoids 

Boswellic acids, ginsenosides as well as thymol are 
terpenoids which have anti-inflammatory, antimicrobial, 
and anticancer properties which are applicable to colon 
therapy. As an example, boswellic acids (5-lipoxygenase 
inhibitors) reduce colonic inflammation, whereas 
ginsenosides have an immunomodulatory and 
cytoprotective effect. Their lipophilicity leads to their 
low oral bioavailability and they require 
nanoencapsulation to delivery. Nanoparticles, loaded 
with terpenoids, have demonstrated improved stability, 
tissue location and therapeutic effects in colon disease 
models(14, 15). 

2.2.4 Alkaloids 

The alkaloids including berberine and piperine are very 
active in IBD, cancer of the colon, and microorganisms’ 
infection. Berberine maintains gut microbiota, reduces 
inflammatory cytokines, and induces pathogenic cell 
apoptosis(16). The efficacy limits, however, to the high 
absorption and degradation by the GI tract 
characteristics. Its stability is enhanced by the use of 
nanoformulations and it releases selectively to the colon. 
Piperile having a bioavailability behavior is also 
antimicrobial and, its incorporation in nanocarriers, 
forms an efficient targeted delivery to the colon(17). 

2.2.5 Polysaccharides 

The herbal polysaccharides like inulin, pectin, aloe 
polysaccharides, and guar gum have the prebiotic effect, 
immunomodulatory and anti-inflammatory effect. In the 
upper GI tract, they are not easily digested and are 
fermented by colon microbiota, which are ideal carriers 
or active agents of colon targeting. Enzyme-triggered and 
microbiota-responsive nanoformulations rely on their 
inherent properties of creating gels or matrices. 
Nanoparticles made of polysaccharides can be used to 
improve mucosal recovery and to prevent oxidative 
stress and inflammation(18). 

2.3 Stability and Bioconversion in the GI Tract 

2.3.1 Enzymatic Degradation 

Most of the herbal compounds are digested by the 
digestive enzymes: esterases, proteases and glycosidases 
before they reach the colon. This makes them 
substantively less therapeutically available. 
Nanoencapsulated phytochemicals are protected by 
enzymes in the stomach and small intestine by 
nanoencapsulation. Also, pectin/chitosan nanocarriers 
that respond to enzymes can be used and are intact until 
colonic microbial enzymes are present, and then they 
degrade(19). 

2.3.2 pH Sensitivity 

The GI tract has different PH levels, which are as 
follows: acidic (pH 1-3) in the stomach and almost 
neutral (pH 6-7) in the colon. Most phytochemicals are 
sensitive to acidic or alkaline environments, pH-sensitive 
polymers such as Eudragit protect the nanoformulations 
in the stomach, and only dissolve in the colonic pH. This 
is a localized delivery that enhances stability and 
therapeutic concentration of the colon(20). 

2.3.3 Microbiota-Mediated Activation of Herbal 
Compounds 

Gut microbiota requires herbal compounds to react into 
their active metabolites. An example is that the 
metabolism of curcumin into tetrahydro curcumin with a 
better antioxidant effect and ginsenosides into more 
active ones by bacterial deglycosylation. It should also 
be mentioned that these bioconversion routes have been 
identified such that nanoformulations can be formulated 
with such a characteristic that drugs are strategically 
released in the colon with significant concentration of 
microbiota. The nano-polysaccharide systems 
particularly use this mechanism of activation(21). 

2.4 Pharmacognostic Challenges 

2.4.1 Variability in Herbal Raw Materials 

The material of herbs differs extensively because of the 
plant species, geographical of the source, mode of 
cultivation, time of harvest and storage. This variability 
causes inconsistency in phytochemical concentrations as 
well as variation in therapeutic effects. Pharmacognostic 
assessment such as botanical verification, macroscopic 
and microscopic study and chemical profiling are crucial 
in quality and reproducibility of colon-targeted herbal 
nanoformulation(22). 

2.4.2 Lack of Standardization 

One of the biggest problems with herbal medicine is 
standardization. Reproducibility is deterred by 
variability in the methods of extraction, absence of 
validated biomarkers and inconsistent processing 
methods. In the absence of standardization, it is hard to 
provide the appropriate dosing and therapeutic reliability. 
Nanoformulations need the same starting material in 
order to ensure good encapsulation and predictable 
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pharmacological behavior. There is thus a need to 
homogenize extraction protocols, phytochemical 
profiles, in order to develop colon target nano-herbal 
systems successfully(23). 

The basis of colon-targeted development of herbal drugs 
is pharmacognostic evaluation that will guarantee proper 
botanical identity, therapeutic relevance, and 
biochemical behavior of herb-derived compounds. In 
order to achieve better clarity and give a comparative 
perspective, the following table is a summary of 
significant groups of herb phytoconstituents used in 
colon diseases, their pharmacologic potential, GI 
stability properties, and formulation issues associated 
with the same. This systematic review assists in the 
comprehension of why certain compounds are selected to 
be targeted to the colon utilizing nanoformulation and the 
significance of the pharmacognostic understanding in the 
achievement of optimality in therapeutic results as 
shown in Table 1. 

Table 1: Pharmacognostic Characteristics of Herbal 
Compounds Used in Colon-Targeted 
Nanoformulations 

Phytoc
hemica
l Class 

Key 
Herbal 
Comp
ounds 

Colon-
Relevant 
Pharmac
ological 
Activity 

GI 
Stabilit

y / 
Bioconv
ersion 

Behavio
r 

Pharma
cognosti

c/ 
Formul

ation 
Challen

ges 
Polyph
enols 

Curcu
min, 
Querce
tin 

Anti-
inflamma
tory, 
antioxida
nt, 
anticance
r 

Unstabl
e in 
acidic 
pH; 
degrade
d by 
enzyme
s; 
converte
d by 
microbi
ota into 
active 
metabol
ites 

Poor 
solubilit
y, rapid 
metaboli
sm, low 
bioavail
ability 

Flavon
oids 

Rutin, 
Naring
enin, 
Kaemp
ferol 

Anti-
inflamma
tory, 
mucosal 
healing, 
antioxida
nt 

Moderat
e 
stability
; partial 
degradat
ion in 
upper 
GI; 
enhance
d 
activity 
after 

Low 
permeab
ility, 
variable 
content 
in raw 
material 

microbi
al 
ferment
ation 

Terpen
oids 

Boswel
lic 
acids, 
Ginsen
osides 

Anti-
inflamma
tory, 
anti-
cancer, 
antimicro
bial 

Sensitiv
e to 
gastric 
and 
intestina
l 
enzyme
s; 
microbi
ota-
mediate
d 
deglyco
sylation 
enhance
s 
activity 

Lipophil
icity, 
poor oral 
absorpti
on 

Alkaloi
ds 

Berberi
ne, 
Piperin
e 

Antimicr
obial, 
anti-IBD, 
anti-
cancer 

Degrade
d by 
intestina
l 
enzyme
s; 
limited 
absorpti
on; 
microbi
al 
metabol
ism 
influenc
es 
efficacy 

Bitter 
taste, 
low 
solubilit
y, 
instabilit
y in GI 
fluids 

Polysa
ccharid
es 

Pectin, 
Inulin, 
Aloe 
polysa
ccharid
es 

Prebiotic, 
immuno
modulato
ry, anti-
inflamma
tory 

Resistan
t to 
stomach
/intestin
al 
digestio
n; 
ferment
ed by 
colonic 
microbi
ota 

High 
molecul
ar 
weight; 
requires 
specific 
nano-
carrier 
techniqu
es 

Genera
l 
Herbal 
Extract
s 

Turmer
ic, 
Boswel
lia, 
Aloe 
vera 

Multi-
target GI 
therapeut
ic 
benefits 

Variable 
stability
; 
influenc
ed by 
extracti
on 
method 

Raw 
material 
variabilit
y, lack 
of 
standard 
markers 
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Compl
ex 
Extract 
Mixtur
es 

Polyhe
rbal 
formul
ations 

Synergist
ic anti-
inflamma
tory + 
antimicro
bial 
effects 

Differin
g 
stability 
among 
constitu
ents; 
diverse 
bioconv
ersion 
pathway
s 

Difficult 
standard
ization; 
batch 
inconsist
ency 

3. Rationale for Colon Targeting in Herbal Medicine 

3.1 Localized Treatment Needs 

3.1.1 Inflammation  

IBD and ulcerative colitis are inflammatory bowel 
diseases that involve the mucosa of the colon to 
inflammatory diseases that can potentially require long-
term treatment. Herbal products like curcumin, boswellic 
acids, quercetin have very high anti-inflammatory and 
antioxidant effects that are unable to circulate at 
therapeutic levels when given systemically via 
conventional modes of administration. Colon-targeted 
delivery can also be employed to guarantee that high 
local concentration of these phytochemicals is delivered 
to the inflamed area, and the delivery results in high local 
concentration, rapid mucosal healing, minimal systemic 
adverse effects and the patient complies. Nano 
formulations can also be considered a further step in 
targeting the herbal actives by protecting them during GI 
transit and releasing them during a controlled release in 
the colon milieu(24). 

3.1.2 Colon Cancer 

The colorectal cancer is one of the most prevalent causes 
of cancer deaths in the world. Many natural products 
which include curcumin, resveratrol, berberine and 
quercetin exhibit pronounced anti-proliferation and pro-
apoptotic effects on colon cancerous cells. Colon-
specific nanoparticles enable the localization of drugs to 
tumour lymphoid tissue improving the selectivity of the 
therapeutic as well as reducing the systemic toxicity of 
the therapeutic. The system of nano-delivery can be used 
to enhance the bioavailability and the local concentration 
of anticancer phytochemicals through bypassing 
metabolic breakdown and high mucosal retention. This 
very particular design enhances the escalation of 
apoptosis, tumour-promoting inflammatory pathway 
blockage, and long-term inhibition of 
chemoprevention(25). 

3.1.3 Parasitic Infections (Amoebiasis) 

Entamoeba histolytica causes amoebiasis which can 
cause serious cases of dysentery and tissue injury 
especially in the colon. Herbal extracts like berberine, 
neem extracts and garlic extracts are highly anti-parasitic 
and antimicrobial. Their efficacy however reduces when 

ruined in the upper GI tract. Colon-targeted formulations 
are meant to see these active molecules located to the 
infected area to maximise parasite elimination and 
minimise systemic contact. Nano formulations increase 
the efficacy of therapy, by increasing retention time, 
speeding up the rate of action, and decreasing the 
frequency of recurrence following chronic parasitic 
infections(26, 27). 

3.2 Systemic Delivery Through Colon Absorption 

3.2.1 Avoiding First-Pass Metabolism 

They include herb compounds that degrade highly or 
hepatic first-pass degrades when absorbed across the 
stomach or the small intestines leading to inefficiency 
systemic availability. Effects of the colon specific 
delivery is that the early metabolism pathways are 
avoided because drug-metabolizing enzyme 
concentration is less in the colon, and permits a slower 
and longer absorption. The plan improves the systemic 
exposures of bioactive herb-based compounds that have 
low bioavailability i.e. curcumin or ginsenosides. The 
nano formulations are also better in enhancing absorption 
because of increased solubility and also the route of 
absorption through the colonic mucosa(28). 

3.2.2 Controlled Release for Chronic Conditions 

Controlled therapeutic exposure is a requirement in many 
colon related diseases such as IBD and irritable bowel 
syndrome. Colon target nano preparations allow longer 
release of herbal compounds, thus maintaining 
therapeutic levels in the colon at prolonged levels. This 
slow delivery helps to reduce the frequency of dosing, 
have a consistent level of drug exposure and lowers the 
variation in plasma concentrations, which might trigger 
a flare-up. These systems can respond to pH, enzyme, or 
microbiota activity, and they can release drugs under 
certain conditions only, which makes them a good 
solution to the continuous management of chronic 
diseases with greater adherence to therapies(29). 

3.3 Advantages of Nano formulations Over 
Conventional Approaches 

3.3.1 Improved Solubility 

The majority of herbal actives such as curcumin and 
boswellic acid are poorly soluble in water and this 
inhibits their absorption and pharmacologic effects. 
Nanoparticle formulations enhance solubility by 
reducing the size of the particles, thereby increasing their 
surface area and dispersion of the biological fluids. 
Lipid-based and polymeric nanoparticles encapsulate 
hydrophobic phytochemicals enabling their dissolution 
with a high degree of solubility ensuring a greater 
bioavailability. This is because this solubility is enhanced 
in colon-targeted systems and therefore, the appropriate 
levels of drug can reach the site of action(30). 
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3.3.2 Better Mucosal Permeation 

Nanocarriers adhere to colonic mucosal surface easily 
and tight junctions are permeated by nanocarriers easily 
thus enhancing herbal actives permeation which is 
normally signified by low absorption. Mucoadhesive 
nanoparticles, systems whose surfaces have been 
modified to facilitate local uptake and retention are 
examples of polysaccharide-based carriers. The impact 
of this is increased pharmacological effects particularly 
on diseases of inflammation which need penetration of 
deep tissues. It is also more mucosally permeated hence 
fewer doses with greater therapeutic results(31). 

3.3.3 Protection from Gastric Degradation 

Phytochemicals can be destroyed by acidic gastric pH, or 
by digestive enzymes, e.g. flavonoids, terpenoids, 
alkaloids. Nano formulations have a protective shell that 
serves to block early degradation to ensure that the 
payload is transported intact across the stomach and 
small intestine. pH-sensitive polymers, polysaccharide 
matrices, and enteric-coated nanocarriers release their 
cargo only in the neutral pH conditions of the colon. This 
focused protection increases the therapeutic efficacy as 
well as minimizes the drug wastage in the GI tract(32). 

4. Nanotechnology Platforms for Colon-Targeted 
Delivery 

4.1 Polymeric Nanoparticles 

4.1.1 Natural Polymers 

Because of their biodegradability, biocompatibility and 
responsiveness to colonic microflora, natural polymers 
are extensively employed to form colon-specific 
nanoformulations. Chitosan is mucoadhesive and 
controlled release and only dissolves in acidic 
conditions, so chitosan is appropriate to use in the upper 
GI protection. Pectin and guar gum are not digested in 
the stomach and small intestine but digested in the 
colonic bacterium, and released through the action of 
enzymes. These polymers enhance stability, shield herbal 
actives against adverse environments as well as increase 
localized therapeutic levels. Their natural derivation also 
reduces toxicity and hence they are the best vectors of 
chronic colon diseases such as IBD(33). 

4.1.2 Synthetic Polymers  

Synthetic polymers can be easily controlled in terms of 
particle size, release kinetics and rate of degradation. 
PLGA (poly lactic-co-glycolic acid) is approved by FDA 
and provides prolonged release and great resistance to 
enzymatic damages(34). Eudragit polymers are also pH 
responsive and dissolve in neutral to alkaline pH of the 
colon to avoid early release of drug. These polymers 
guarantee the high encapsulation efficacy, stability 
during the GI transit, and targeted drug delivery. They are 
also permitting surface modification to permit better 

targeting and permeation. The use of synthetic polymer 
nanoparticles in the treatment of colon cancer and 
inflammatory disorders is because of its reliability and 
reproducibility(35). 

4.2 Lipid-Based Nanocarriers 

4.2.1 SLN and NLC 

Nanostructured lipid carriers (NLC) and Solid lipid 
nanoparticles (SLN) are stable and are biocompatible in 
the delivery of lipophilic herbs. SLNs carry out 
controlled release and phytochemical oxidation and 
hydrolysis protection. NLCs can use mixed solid and 
liquid lipids, which gives it a superior drug loading and 
removes drug expulsion during storage. Both systems 
enhance adhesion of the mucosal region, and ensure that 
the deep tissue of the colon is penetrated. Their lipid 
matrix will be more useful in dissolving their 
hydrophobic compounds of curcumin, boswellic acids 
and berberine. They find wide usage in the treatment of 
colon cancer and inflammatory illnesses(36). 

4.2.2 Nano emulsions 

Nano emulsions are oil-in-water or water-in-oil systems 
whose diameter is usually less than 200 nm. They 
enhance immensely the solubility, absorption, and 
dispersion of low solubility herbal compounds. With an 
excellent Stability, easy scaled, and fast-acting 
characteristics, nanoemulsions are excellent. In the case 
of colon targeting, they are disposed of together with an 
enteric coating, or polysaccharide gel to ensure 
protection of the upper GI. They have a small droplet size 
increasing mucosal permeation, and therefore they are 
very effective at delivering lipophilic phytochemicals. 
Anti-inflammatory and antimicrobial herbals that are 
delivered locally to the colon are particularly beneficial 
to have as nanoemulsions(37). 

4.3 Polysaccharide-Based Nanocarriers 

4.3.1 Dextran 

Dextran is a natural polysaccharide, which is resistant to 
the digestive system of the stomach and small intestine 
and can be digested by the colonic enzyme, hence is ideal 
in colon-pointed drug delivery. Dextran as a nanocarrier 
has high water solubility, biocompatibility and capable of 
creating stable nanoparticles with herbal actives. It is 
microbiologically degradable and this provides it with 
site-specific release. Nanoparticles made of dextran, as 
carriers of antioxidants and anti-inflammatory agents, 
have proven to have a high level of efficacy when 
delivering their contents to the colon (particularly in 
ulcerative colitis models)(38). 

4.3.2 Inulin 

Inulin is an anti-digestive prebiotic polysaccharide that is 
a precursor to microbiota fermentation in the colon. This 
attribute renders it very appropriate in colon-targeted 
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nanoformulations. Inulin nanoparticles help stabilize 
herbal compounds and stimulate the growth of beneficial 
microbiota, which helps in the healing of the mucosa. 
Short-chain fatty acids are produced during their 
fermentation process and this also decreases 
inflammation. Phytochemicals such as quercetin and 
curcumin have a wide application in inulin-based 
systems of delivery in the management of IBD(39). 

4.3.3 Cellulose Derivatives 

There are a wide range of cellulose derivatives, including 
hydroxypropyl methylcellulose (HPMC), ethyl cellulose 
and cellulose acetate phthalate, which have been widely 
applied in colon-directed technologies. They offer a good 
film-forming behavior, pH-reactive behavior as well as 
mechanical strength. These derivatives ensure that the 
gastric degradation of herbal actives is prevented and 
they are released in the colon selectively. They are 
commonly used together with other biodegradable 
polysaccharides in order to obtain enzyme-based release. 
Nanocarriers of cellulose can be used especially in 
chronic colonic inflammation and oxidative stress(40). 

4.4 Hybrid and Multifunctional Nanocarriers 

4.4.1 Polymer–Lipid Hybrids 

Polymer-lipid hybrid nanoparticles are a crossbreed of 
polymeric nanoparticles excellence and lipid carriers’ 
excellence as far as stability and drug-loading capacity 
are considered respectively. The phytochemicals are 
entrusted by the polymer core, and biocompatibility and 
solubility is enhanced by the lipid shell. Some of the 
hybrid nanocarriers include controlled delivery, 
enhanced mucoadhesion and colon-specific 
accumulation. They have particularly been applied in the 
treatment of colon cancer and IBD using hydrophobic 
herbal components(41). 

4.4.2 Mucoadhesive Nanoparticles 

Mucoadhesive nanocarriers are constructed in such a 
way that they stick to the colonic mucosal table against 
prolonged durations to enhance drug retention and local 
absorption. The adhesion is usually enhanced with 
polymers like chitosan, Carbopol as well as thiolated 
derivatives. The nanoparticles would guarantee that the 
inflamed or diseased colon tissue is in contact over a long 
period, enhancing therapeutic efficacy. Mucoadhesive 
herbal nanoformulations have demonstrated better 
results of reducing inflammation, improving mucosal 
repair as well as anticancer phytochemicals(42, 43). 

5. Strategies for Colon-Targeted Nanoformulations 

5.1 pH-Responsive Systems 

Due to the pH-sensitive solubility, Eudragit polymers are 
highly effective in colon targeting. Based on the neutral-
alkaline pH of the colon (6-7.5), Eudragit L, S, and FS 
dissolve, which makes sure that no drugs are released in 

the acidic stomach or slightly acidic small intestine. The 
Eudragit-coated nanoformulations are safe throughout 
the upper GI and depolymerize to release their herbal 
cargo at the colon. It offers some of the most dependable 
site-specific delivery especially of volatile 
phytochemicals such as curcumin and quercetin(44). 

pH-responsive polymers are designed to dissolve under 
special conditions of GI pH so that the drug can be 
released selectively in the colon. HPMCP, cellulose 
acetate phthalate and Eudragit variants are only dissolved 
at higher PH levels which are characteristic of the colonic 
environment. When used on nanoparticles, these 
polymers can be used to control drug release in time and 
space. This reduces the premature drug leakage, 
increases bioavailability and assures therapeutic 
concentrations at the site of disease. The pH-dependent 
systems are particularly effective in the treatment of 
ulcerative colitis and colorectal cancer(45). 

5.2 Enzyme-Triggered Systems 

Pectin, guar gum, inulin and dextran are non-digestible 
polysaccharide in the upper GI that will be readily 
degraded by colonic microflora. Ready-to-wear 
nanocarriers composed of these polymers do not degrade 
until they reach the colon at which point they are 
degraded into enzymes such as pectinases, xylanases, 
and b-galactosidases, which breakdown the 
polysaccharide matrix. This is the degradation promoted 
by this enzyme which ensures a uniform, localized 
release of herbal actives. The systems resemble natural 
physiological processes highly and therefore enhance 
precision of the therapeutic system and decrease 
systemic exposure(46). 

5.3 Time-Dependent Delivery 

Time-controlled delivery systems are designed to liberate 
drugs following a given lag interval that is equal to GI 
transit time (usually 5-6 hours). This makes sure that the 
active compound is released in the colon because the 
nanoformulation will evade the stomach and the small 
intestine. Pulsatile systems use polymers that swell or 
erode over time and the release of the drug will occur 
only when the target time has passed. The approach is 
helpful during chronotherapy of colonic conditions, in 
which the activity of a drug is synchronized with the 
onset of symptoms, including early-morning 
exacerbations in ulcerative colitis(47). 

5.4 Ligand-Targeted Nanocarriers 

Ligand-targeted nanocarriers improve specificity with 
overexpressed receptors on diseased colon cells. Cells of 
colorectal cancer express the highest levels of folate 
receptors and CD44 receptors (targeted by hyaluronic 
acid). Receptor-mediated endocytosis of the 
nanoparticles by functionalizing them with folate or 
hyaluronic acid leads to increased uptake of herbal 
compounds like curcumin, resveratrol and berberine. 
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This will augment therapeutic efficacy, minimize 
systemic toxicity, and enhance tumour-site accumulation 
and thus ligand-targeted systems are very effective in the 
treatment of colon cancer(48, 49). 

5.5 Microbiota-Responsive Nanocarriers 

Microbiota-responsive nanocarriers exploit microbiome 
metabolic activity on the intestines to deliver drugs. 
These systems consist of the materials developed to be 
designed such as azo-polymers, polysaccharides or 
biomimetic coating that are cleaved by bacterial 
enzymes, such as azoreductases, glycosidases and 
reductases. These levels of enzymes are so high in the 
colon, such that it is ensured that the activation is site-
specific. This kind of smart systems suit best herbal 
compounds which are best transformed by microbiota or 
which require local action in inflammatory and infectious 
colitis diseases(50). 

6. Formulation Considerations for Herbal 
Nanoformulations 

The different physicochemical and biopharmaceutical 
parameters should be optimum to design effective colon-
targeted nanoformulation of herbal compounds. These 
parameters influence the loading capacity, stability 
during the GI transit, behaving release in colon and 
therapeutic performance at target site. The efficiency of 
encapsulation of phytochemicals, their stability, release 
kinetics, particle size and surface charge are the outcome 
of the ability of a nanoformulation to preserve the 
phytochemicals, release them intact at the colon and 
interact with the mucosa of the colon(7) as shown in 
Table 2.  

Table 2: Key Formulation Considerations for Colon-
Targeted Herbal Nanoformulations 

Formulation 
Parameter 

Importance Impact on 
Colon-

Targeted 
Delivery 

Encapsulation 
Efficiency 

Determines how 
much herbal 
active is 
successfully 
loaded into the 
nanocarrier. 
Influenced by 
polymer/lipid 
selection and 
drug–carrier 
compatibility. 

High 
encapsulation 
ensures 
adequate dose 
reaches the 
colon, 
minimizes drug 
loss during GI 
transit, and 
enhances 
therapeutic 
efficacy. 

Stability and 
Degradation 
Protection 

Prevents 
phytochemical 
degradation from 
gastric acid, 
enzymes, and 

Ensures intact 
delivery to the 
colon, 
preserves 
biological 

oxidative 
conditions. Uses 
protective 
polymers, 
coatings, and 
lipid matrices. 

activity, 
reduces 
premature 
release, and 
improves shelf-
life. 

Controlled and 
Sustained 
Release 
Profiles 

Achieved 
through polymer 
composition, 
cross-linking 
degree, and 
nanocarrier 
structure. 
Controls where 
and how fast 
drug is released. 

Enables site-
specific release 
in the colon, 
maintains 
therapeutic 
levels, reduces 
dosing 
frequency, and 
minimizes 
systemic side 
effects. 

Particle Size 
Optimization 
for Colon 
Uptake 

Nanoparticles 
between 100–
300 nm show 
optimal mucus 
penetration and 
retention. 
Particle size 
influences 
absorption and 
biodistribution. 

Ensures better 
colon 
permeability, 
enhances 
mucosal 
penetration, 
and promotes 
accumulation 
at inflamed or 
cancerous 
sites. 

Surface 
Charge and 
Mucoadhesion 

Surface charge 
affects 
nanoparticle 
interactions with 
mucosal 
surfaces. 
Mucoadhesive 
polymers such as 
chitosan improve 
retention. 

Enhances 
adhesion to 
colonic 
mucosa, 
prolongs 
residence time, 
improves local 
drug uptake, 
and strengthens 
therapeutic 
outcomes. 

7. In Vitro Evaluation of Colon-Targeted Herbal 
Nanoformulations 

In vitro testing is essential in establishing the ability of 
colon-targeted herbal nanoformulations to survive 
gastrointestinal passage, deliver its cargo to the right 
location, traumatize colonic tissues and generate 
therapeutic effects without being toxic. Simulated GI 
fluids, release, simulated colon cell lines as well as 
cytotoxicity studies are standardized in vitro tests that 
enable researchers to make predictions about formulation 
performance prior to making in vivo predictions. The 
approaches aid in the evaluation of stability, aimed at 
efficiency, permeability, and safety of herbal 
nanoformulations meant to be delivered to the colon(51). 
The table provided below gives a summary of the major 
in vitro assessment methods and the specific reason why 
they are crucial in the development of a colon-targeted 
herbal drug as shown in Table 3. 



COLON-TARGETED NANOFORMULATIONS OF HERBAL COMPOUNDS: PHARMACOGNOSTIC  
BASIS, FORMULATION STRATEGIES, AND PHARMACOLOGICAL OUTCOMES 

. 

IJDDT, Volume 16 Issue 13s, 2026 Page 572 

 

Table 3: In Vitro Evaluation Methods for Colon-
Targeted Herbal Nanoformulations 

Evaluation 
Method 

Purpose Relevance to Colon-
Targeted 

Nanoformulations 
Simulated 
GI Transit 
Studies 
(SGF, SIF, 
SCF) 

Assess 
nanoparticle 
stability in 
stomach 
(SGF), small 
intestine 
(SIF), and 
colonic fluid 
(SCF) 
conditions. 

Ensures formulation 
survives upper GI 
tract and releases 
drug specifically in 
SCF; confirms pH- 
or enzyme-triggered 
behavior. 

Release 
Kinetics 

Measures 
rate and 
pattern of 
herbal drug 
release from 
nanocarriers 
under 
controlled 
conditions. 

Determines 
controlled/sustained 
release in colon, 
prevents premature 
leakage, and ensures 
therapeutic levels at 
target site. 

Permeation 
Studies 
(Caco-2, 
HT-29 Cell 
Lines) 

Model 
intestinal and 
colonic 
epithelial 
barriers to 
evaluate 
nanoparticle 
permeability 
and uptake. 

Predicts colon 
mucosal penetration, 
absorption, and 
enhancement of 
bioavailability; 
useful for targeting 
inflamed tissues or 
cancer cells. 

Cytotoxicity 
Studies 

Uses cell 
viability 
assays (MTT, 
SRB, LDH) 
to assess 
safety of 
formulation. 

Ensures herbal 
nanoformulations are 
non-toxic to healthy 
colon cells; essential 
for selecting safe 
concentrations for in 
vivo studies. 

8. In-Vivo Evaluation and Pharmacokinetics 

There is also the need to do in-vivo testing in order to 
determine the level on which the colon-targeted herbal 
nanoformulations are exhibiting the desired biological 
behavior in the body. Animal models allow testing of 
tissue distribution, efficacy of colon specific targeting, 
pharmacokinetic activity and systemic safety(52). The 
parameters prove the survivability of the gastrointestinal 
tract, positioning of the target, efficient delivery of an 
active ingredient and tolerable safety levels of a 
particular formulation as shown in Table 4.  

Table 4: In-vivo Evaluation and Pharmacokinetic 
Assessment of Colon-Targeted Herbal 
Nanoformulations 

Evaluation 
Parameter 

Purpose Relevance to 
Colon-

Targeting and 
Nano-Herbal 

Delivery 
Animal Models 
for Colon 
Disorders 

Use of 
mice/rats with 
induced IBD 
(DSS, TNBS), 
colon cancer 
models, 
parasitic 
infection 
models. 

Enables 
evaluation of 
therapeutic 
effectiveness, 
inflammation 
reduction, 
tumor 
regression, or 
parasite 
clearance in 
realistic disease 
conditions. 

Biodistribution 
of 
Nanoformulatio
ns 

Tracks 
nanoparticle 
distribution 
across organs 
using 
fluorescence, 
radiolabels, or 
imaging. 

Confirms 
minimal 
systemic spread 
and higher 
localization in 
the colon; 
evaluates 
targeting ability 
and safety. 

Colon-Specific 
Accumulation 

Measures 
nanoparticle 
retention and 
penetration in 
colon tissue. 

Demonstrates 
successful colon 
targeting, 
improved 
mucosal 
adherence, and 
enhanced 
therapeutic 
residence time. 

Pharmacokinetic 
Parameters 
(Cmax, Tmax, 
AUC) 

Determines 
absorption 
rate, peak 
concentration, 
and total drug 
exposure. 

Helps evaluate 
whether 
nanoformulatio
ns improve 
bioavailability 
of herbal actives 
while sustaining 
drug levels in 
colon tissue. 

Toxicological 
Assessment 

Includes 
histopatholog
y, 
biochemical 
markers, 
organ weight, 
and safety 
profiling. 

Ensures the 
formulation 
does not induce 
colonic 
irritation, 
systemic 
toxicity, or 
organ damage, 
supporting 
clinical safety. 

9. Pharmacological Outcomes 

The normal nanoformulations of herbs have been proved 
to show enormous pharmacological effects as they help 
to deliver directly to the disease place; phytochemicals 
augment the medicine concentration, stability as well as 
the biological activity of the phytochemicals. 
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Nanoformulations have been shown to increase natural 
anti-inflammatory, anticancer, antimicrobial, and 
antioxidant effects of herbs in the natural environment by 
preventing biodegradation in the upper gastrointestinal 
tract and increasing colonic content. Such effects are 
enhanced by improved drug kinetics, increased 
absorption by the mucosa and optimum association with 
cellular pathways. Nanotechnology combination hence 
facilitates nano-herbal systems to attain high therapeutic 
effects and low systemic toxicity of herbal actives at 
minimum dosage of herbal actives, thus nano-herbal 
systems promises as a colon therapeutic agent of the 
future(53, 54). 

9.1 Anti-Inflammatory Effects in IBD Models 

9.1.1 Cytokine Modulation 

Colon-targeted herbal nanoparticles are also 
demonstrated as effective in the regulation of such 
inflammatory cytokines as TNF-a, IL-1b, IL-6, and IFN-
g which play a key role in ensuring the pathogenesis of 
mucosal inflammation in IBD. The availability of the 
anti-inflammatory phytochemicals (curcumin, quercetin, 
boswellic acids) at the local level is increased through 
nanoencapsulation to avoid the expression of pro-
inflammatory genes and provoke the generation of anti-
inflammatory cytokines (IL-10). Nanoformulations 
reduce neutrophil inflammation, prevent NF-kB 
signaling and re-epithelial repair by targeting herbal 
actives to foci of inflammation. The effect of this 
regulated cytokine is increased therapeutic response and 
early healing of cytokines in colitis models(55). 

9.1.2 Reduced Oxidative Stress 

Another major cause of IBD pathogenesis is oxidative 
stress since it causes the destruction of epithelial cells 
and inflammation. Herbal compounds having antioxidant 
properties such as polyphenols and flavonoids respond to 
reactive oxygen species (ROS), enhance endogenous 
antioxidant enzymes, such as SOD, CAT and GPx. These 
phytochemicals can be encased by nanoformulations to 
prevent degradation and improve the penetration of the 
phytochemicals at inflamed areas of the colon. This 
results into reduced lipid peroxidation, improved 
performance of the mitochondria and protection of the 
mucosa. These antioxidants are very important in 
repairing the tissues and suppressing oxidative damages 
in IBD models(56, 57). 

9.2 Anti-Cancer Effects in Colon Cancer Models 

9.2.1 Apoptosis 

The anti-cancer effects of colon-specific herbal 
nanoformulations induce apoptosis in cancerous cells 
through multiple mechanisms that is, destabilization of 
mitochondria, activation of caspases, and blockage of the 
survival pathway, such as PI3K/Akt and STAT3. 
Nanoencapsulation has been applied in enhancing the 

delivery of anticancer herbals such as curcumin, 
berberine and resveratrol and their intracellular 
absorption and retention. These nanoformulations 
mediate the mechanism of DNA fragmentation, anti-
apoptotic protein (Bcl-2) down-regulation, and pro-
apoptotic up-regulation (Bax). Enhanced bioavailability 
will give effectual activation of programmed cell death 
procedures within tumours tissues and enhanced tumours 
regression(58, 59). 

9.2.2 Tumour Inhibition 

Inhibitory effect on the tumour development through the 
lowering of angiogenesis, iHS oncogenic signalling and 
interference with metastasis is also an effect of herbal 
nanoformulations. Nanocarriers are used to direct the 
concentration in tumors tissue, as a result of high 
permeability and retention (EPR) effect and ligand-
mediated targeting. Phytochemicals that are delivered 
with the help of nanoparticles down-regulate the 
synthesis of cytokines and prostaglandins comprising of 
VEGF, MMP-9, and COX-2 thereby suppressing tumor 
growth and invasion. They are also anti-inflammatory 
and antioxidant effect and this poses an undesirable 
situation when cancer cells are developing. As a result, 
the nanoformulations have a better ability to inhibit 
tumors as compared to the uncooked herbal extractions 
on colon cancer models(60). 

9.3 Antimicrobial and Anti-Parasitic Effects 

Nanoformulations of herbs have stronger antimicrobial 
and anti-parasitic effect against the pathogenic E. 
histolytica, Clostridium difficile and bacterial 
overgrowth of the colon. The phytochemicals berberine, 
the garlic compounds and the neem constituents are 
antimicrobial and are highly soluble and encapsulate 
well. Nanoformulations are better to avoid microbial 
biofilm and serve as a lasting concentration of drugs in 
the colon. Their delivery system is meant to maximize 
the number of the pathogen in order to replenish the 
equilibrium of microbes and reduction of recurrence. 
Colon-specific release can be applied in parasitic 
infections such as amoebiasis where local effect is 
required in the infected site more effective in the 
destruction and healing of mucosa(61). 

9.4 Enhancement of Systemic Bioavailability 

Nanoformulations have profound effects on the 
enhancement of the systemic bioavailability of herbal 
compounds; they increase their solubility, inhibit their 
degradation in the GI tract, and improve their uptake by 
the mucosal area. The lower enzymatic activity and 
increased transit time of the colon enable the 
nanoformulations to release phytochemicals in a slow 
manner to provide increased absorption. Nanocarriers 
enhance permeability of colonic epithelium by 
mucoadhesion and optimal particle size. Thus, the poorly 
orally bioavailable compounds, like curcumin, 
resveratrol, and ginsenosides, have a high plasma 
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concentration and an enhanced therapeutic efficacy. 
Systemic treatment of chronic inflammatory and 
metabolic disorder is also facilitated by this improved 
bioavailability(47). 

10. Challenges and Future Perspective: 

Significant therapeutic potential is associated with the 
emergence of colon-targeted herbal nano formulations, 
but these advancements are coupled by various 
challenges associated with variations in raw materials, 
formulation stability, scale-up, regulatory analysis, and 
lack of complete knowledge of interactions between the 
gut microbiota. The solution to these problems lies in 
new scientific methods and new technologies(62). Smart 
drug delivery systems, optimization based on artificial 
intelligence, custom herbal therapy, and multi-omics 
system integration will be the future of this field to 
improve understanding of drug-microbiota-host 
interactions as shown in Table 5. 

Table 5: Challenges and Future Perspectives in 
Colon-Targeted Herbal Nanoformulations 

Challenge
s 

Descriptio
n 

Future 
Perspecti

ves 

Potential 
Impact 

Raw 
Material 
Variability 

Variability 
in plant 
species, 
chemotypes
, cultivation 
conditions, 
and 
extraction 
processes 
affects 
phytochemi
cal 
consistency
. 

Personaliz
ed colon-
targeted 
herbal 
therapy 

Enables 
individuali
zed herbal 
dosing 
based on 
patient 
response 
and 
phytochem
ical 
profiles. 

Stability 
Issues 

Herbal 
compounds 
degrade 
due to pH, 
enzymes, 
heat, 
oxidation, 
and poor 
compatibili
ty with 
nanocarrier
s. 

Smart 
microbiota
-
responsive 
nanocarrie
rs 

Ensures 
selective 
drug 
release, 
enhanced 
stability, 
and precise 
targeting 
within the 
colon. 

Scale-Up 
Difficultie
s 

Nano 
formulation 
techniques 
like high-
pressure 
homogeniz
ation or 

AI-driven 
formulatio
n 
optimizati
on 

Reduces 
trial-and-
error, 
improves 
reproducibi
lity, and 
accelerates 

microfluidi
cs face 
reproducibi
lity and 
cost 
barriers at 
industrial 
scale. 

commercia
l 
manufactur
ing. 

Regulator
y 
Complexit
ies 

Combined 
challenges 
of herbal 
variability, 
nano-
specific 
safety 
concerns, 
and lack of 
harmonized 
guidelines. 

Integratio
n of multi-
omics 
(genomics
, 
metabolo
mics, 
microbio
mics) 

Provides 
mechanisti
c 
understand
ing, 
supports 
regulatory 
documenta
tion, and 
improves 
credibility. 

Incomplet
e 
Understan
ding of 
Microbiot
a 
Interaction
s 

Microbiota 
influence 
drug 
activation, 
degradation
, and 
therapeutic 
outcomes, 
but these 
pathways 
remain 
poorly 
defined. 

AI + 
multi-
omics 
approache
s 

Reveals 
host–
microbe–
drug 
interaction
s, enabling 
rational 
design of 
colon-
targeted 
systems. 

 

Conclusion 

Much has been done concerning the development of 
colon-targeted herbal nano formulations, where 
pharmacognostic information is incorporated in the most 
advanced nanotechnology platforms, to counter the 
shortcomings of the conventional herbal treatments. 
Lipid-based, polysaccharide-responsive, polymeric and 
hybrid nano formulation strategies have improved the 
stability, solubility and targeted delivery of 
phytochemicals resulting in an improvement in the anti-
inflammatory, anticancer, antimicrobial and systemic 
therapeutic effects. Regardless of these developments, 
there is an urgent need to have a standardized herbal raw 
material, reproducible production processes, and greater 
insightfulness into the microbiota-mediated processes so 
that clinical performance can be consistent. 
Nanotechnology remains critical in the contemporary 
modernization of herbal medicine through the provision 
of controlled release, site specific drug delivery as well 
as improved pharmacokinetics. Colon-targeted herbal 
nanomedicines have a great potential to become safe, 
effective and personalized treatments in the future with 
integration of smart microbiota-responsive carrier, AI-
based optimization and multi-omics tools. 
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