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Significant Statement
The physicochemical properties of lignin nanoparticles offer 

an exciting frame for innovative nanomaterials, which can further 
develop after alterations for targeted controlled release. This 
minireview summarizes the recent advancement and challenges 
in effective utilization of coordinated lignin nanoparticles as 
a carrier for drug delivery within the natural environment for 
biopharmaceutical applications.

Introduction
Amid the most recent couple of decades, contrasted with 

synthetic materials, the utilization of polymer-based materials 
in various applications has expanded very quickly [1-3]. 
Agricultural and forestry residues are added up to an invaluable 
renewable source of lignocellulosic materials. Lignin is the second 
most abundant biopolymer, comprises up to 30% of biomass is 
an enormous misspent source of aromatic compounds. Polymers 
have make things easier to human lives and influenced each  
part of cutting edge progress. Today, different sorts of polymers  
are accessible for domestic to aviation applications and can be 
effortlessly observed in regular use [4,5].

Nanoparticles can possibly convert for medical diagnosis 
and therapeutic participations, e.g., diagnostic imaging [6-
8], DNA delivery [9-11], implantable tools, and of particular 
interests in this review, targeting drug delivery [12]. The notable 
development of nanoparticles as “controlled release pool” was 
observed in past, for targeted drug delivery used fighting against 
many of diseases [13]. There is a basic need to understand the 
mechanism of interaction between a material and biological 
system for effective and safe use of nanomaterials for medical 
applications. Furthermore, it is also important to pay attention 
specifically on environment as well as the nanoparticle’s 
biocompatibility [14].

The bio responsive materials are susceptible to biological 
indicators, and interact with therapeutics for the development 
of next-generation medications. The physiological activators 
can be classified into three groups: 1: at organ level 2: related to 
pathological conditions 3: and at cellular specific compartment 
(Figure 1) [15].
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Figure 1: Bioresponsive models for controlled drug release. 
Most bioresponsive systems for controlled drug delivery can be 
classified into three models: a: directly activated, b: progressively 
activated and c: self-regulated. Reprinted with permission.15 
Copyright © 2016, Macmillan Publishers Limited.. 

Biological triggers
The administration method in drug delivery is precisely 

linked to the medication and therapeutics efficiency [16-19]. 
The improvement of medical diagnostics stipulate non-invasive 
or simply persistent advances based on stimuli-responsive 
materials, which permit for real-time monitoring by expansion 
of advanced materials to make accuracy in drug release. With 
the capacity to connect and relate with cells, the emergent 
appeal for tissue engineering and regenerative medicine directs 
to vital prerequisites for donated cell organs. Whereas, in the 
development of medical devices, the assimilation of better 
execution biocompatible materials is fundamental key for 
expanding the antibacterial and anti-inflammation means and 
inhibiting the development of bio films, and fibrosis [20].

Normally, lignin-based functional nanomaterials can be 
interpreted into practical patterns with biocompatibilities, 
which can be reinforced into the required expressions, scaffolds 
or tools in an organized manner with suitable fictionalization 
mode. Hence, the designing of lignin-based bio functional 
nanomaterials, mainly for drug delivery and tissue engineering, 
with the aim of prudence confronts that presently delay clinical 
version [15].

Lignin is one of the most abundant biopolymers in nature, 
and a perfect precursor for the development of environmentally 
friendly nanomaterials, compared to other nanoparticles used 

for the anticancer therapy [21]. Moreover, in vitro cytotoxicity, 
hemotoxicity, and anti-proliferation effect were monitored 
using different carcinoma cell lines [21]. In this minireview, an 
overview of the mechanisms depicts the destiny of creating and 
tailoring lignin-based bio functional nanomaterials with a focus 
on causal motif validation. Subsequently, we focus on the future 
trend towards improving the state-of-the-art that applies these 
values.

The materials which are sensitive to pH are capable to 
make different physical and chemical changes for instance 
dissociation, shrinking, degradation, membrane disruption and 
diffusion, shrinking and swelling [22-24]. Degradation of acid-
cleavage bonds and protonation of ionizable groups can be 
affected by due to pH sensitivity [25]. Concerning pH alterations, 
the coordination complexes have potential to accumulate and 
release drug through cleavage and arrangement of coordination 
bonds. By using several types of carriers, containing mesoporous 
hybrid monoliths, mesoporous metal oxides, mesoporous silica 
nanoparticles, and coordination polymer nanoparticles, has 
been attained during different pH-receptive systems.

The coordination binding strengths in both host-carrier 
and coordination-polymer systems are dependent on the 
pH-responsive system [26]. The drug released in endosomal 
and lysosomal sections, upon H+-stimulus which expose to 
intracellular organelles of cancer cells and eventually start 
killing tumor [27]. Under selected pH conditions, a significant 
release of drug molecules exhibited severe cytotoxicity against 
HeLa cells than coordination polymer nanoparticles (CPNs) [28].

An ideal pH gradient for intracellular delivery, required 
for acidification of endosomes and their subsequent fusion 
with lysosomes. At cancerous cells the local acidification 
commonly found or inflammatory sites have also been often 
used for disease-specific controlled drug delivery. The typical 
examples are the polymerized polymers from maleic anhydride, 
N, N-dimethylaminoethyl methacrylate, acrylic acid, and 
methacrylic acid [29,30]. The proton pump inhibitors and some 
proteins, prevention from gastric degradation is crucial for acid 
degradable drugs. Carboxyl containing groups have a higher 
solubility at basic pH and thus could be used for protecting acid-
susceptible drugs for intestine targeted delivery [31].

The gold standard for estimation of new polymers planed 
for delivery of nucleic acids, although its effectiveness and 
protection has been exceeded by other contenders compared 
to poly-ethylenimine approved by FDA [32]. At present, the 
degradation of Ca3PO4 within acidic solid tumors free confined 
Mn2+, developed pH-achievable contrast agent, which then 
bound to proteins for increased reflexivity during magnetic 
resonance imaging (MRI) [33]. For instance, the nanocarriers 
recognizes with pH- reactive pattern gone through charge 
conversion in somewhat acidic tumor environment which direct 
to up regulate endocytosis in the cancerous cells. For improved 
cancer diagnostics, the charge transferring tactic has also been 
employed for in vivo cancer imaging [34].
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Xing L et al. [35] proposed a simple pH-responsive 
release system by combining a metal ion and ligand or self-
accumulating these groups with biodegradable host molecules 
to form nanoparticles with “metal-ligand” or “host-metal-ligand” 
constructs. Natural systems (e.g., transferrin recycling in cells), is 
turning into a strong contender for a latest stimulus-responsive 
route which is inherent to pH-responsive activities of metal-
organic coordination bonding. Coordination bonds (“metal-
ligand” or the “host-metal”), instigate significant damage to the 
nanoparticles and consequent release of ligand molecules under 
assigned pH conditions [35].

The productive release of anticancer drugs invigorate 
coordination binding groups at pH 5.0-6.5, by selecting 
suitable metal ions, and employing amino group functionalized 
mesoporous silica. In addition, a vector bearing pH-responsive 
binding functional groups is created to facilitate in drug release 
devoid of substantial binding capacities [36]. A mesostructure 
integrated with surfactant/silica hybrid in coordination bonding 
system could be effective for pH-responsive drug delivery 
functions. As result of self-assemble biocompatible F127 Pluronic 
nonionic surfactant and silica source has been designed a meso 
structure via liquid-crystal templating route, in which F127 act 
as host molecules. In addition, metal ions such as Zn, Cu, and Fe 
and drugs have been established whilst into the mesostructure 
synthesis, to develop F127-metal-drug coordination-bonding 
pattern [37].

A pH-responsive system by engineering a coordination 
bond-based “NH2-metal-Doxorubicin (DOX)” arrangement in 
the mesopores has been explored by Zheng H et al. [38]. The 
intensity of coordination bonds on both segments have been 
constructed from the parts of NH2 loading amount, metal ion, and 
the counteranion associates with metal ion. Under physiological 
condition, the pH-responsive delivery system was static 
whereas it was erratic with the DOX release activated by the 
minor decline to pH 6.0-5.0. The effective cellular consumption 
of this pH-responsive system for cancerous cells has been 
verified by cell assay. It provides a new vision into the molecular 
mechanisms which standardize the stimulus of chemical bonds 
in the restrain region. Consequently, it redirects new potential 
of permeable materials for advanced applications in adsorption 
and desorption of biological and paramedical materials for 
antitumor therapy [38].

The pH-tunable inorganic materials have newly come 
forward as substitutes for drug delivery applications however 
organic materials are mainly used. In addition, acid-degradable 
materials for instance Ca3PO4 and liquid metal might be 
interesting owing to their biodegradability and the non-toxic 
or low-toxicity metabolism products [39,40]. The metallic cores 
(composed of gallium-indium alloy) of the nano-formulation 
were able of combination and degradation by attack of protons 
during liquid-metal-based drug-delivery system [40].

Degradation of calcium phosphate within acidic solid tumors 
free restricted Mn2+, just developed an actively pH- contrasting 
agent, which then bound to proteins for improved relativity 
during MRI [33]. At present, the scientists get benefited of pH-
sensitive supramolecular gels that were established in acidic 
environments but soluble at neutral pH values to build gastric-
resident devices. An intestinal elastomer was created with poly 
(acryloyl 6-aminocaproic acid) (PA6ACA) and poly (methacrylic 
acid-co-ethyl acrylate) [41].

The pH-sensitive hydrogels have been exploited for 
construction of smart drug-delivery systems for regenerative 
medicine [42]. For example, dimethyl-aminoethyl methacrylate-
based scaffolds were used to produce a pro-healing outcome 
for tissue regeneration adept of unstable oxygen and nutrient 
transfer by rising in an acidic environment [43].

The redox potential is present in both tissue and cellular 
level. In animal cells, the disulfide couple present in glutathione/
glutathione has been established as the most copious redox 
couple where glutathione is creates at a level that is two to three 
orders of degree higher in the cytosol than in the extracellular 
fluid [44].

A higher glutathione concentration in tumour tissues in 
contrast to normal tissues have exposed in a rodent model 
[45]. The reactive oxygen species (ROS) at reducing state are 
also linked with pathological conditions including cancer, 
arteriosclerosis, stroke, and tissue injury. In presence of 
reducing agents the disulfides transform to thiols, including 
glutathione and the resulting thiol groups can reversibly modify 
disulfide bonds on oxidation [46]. At mild reaction conditions 
of thiol-disulfide replace and construct to disulfide-containing 
materials. Disulfides encored in material system in the form of 
disulfide cross linkers [47,48].

ROS such as hydrogen peroxide (H2O2) and hydroxyl radicals 
mainly targeted Oxidation-responsive materials. Sulfur-based 
is a major class of oxidation-responsive materials. An Oxidation 
exchangeable poly propylene sulfide (PPS) with poly ethylene 
glycol (PEG), researchers are trying to develop amphiphiles 
which enable of self-assertion [49]. Moreover, a thioketal-
containing material has been attained for efficient gene delivery 
[50].

Ferrocene-containing materials have been examined because 
of redox-sensitivity initiated with Ferrocene [51]. A wide range 
of diseases, covering from cardiovascular diseases to drug-
induced organ failure, has the potential to enhance the diagnosis 
and treatment by screening located ROS levels. Developing 
enzyme-free ROS sensors symbolizes an attractive approach 
by integrating ROS-reactive materials. A thin layer of hydro-gel 
polymer having ROS-degradable thiocarbamate linkages was 
able to sensing drug-induced liver injury by noting the oxidative 
pressure in the blood [52].
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However, Lu has thoroughly reviewed a summary of design 
rationale emphasizing on several guidelines with an importance 
on expediting the latent conversion of bioresponsive materials 
(Figure 2) [15]. The structural or mechanistic complexity is 

frequently confined by conversion of bioresponsive materials. 
Biomedical applications of bioresponsive materials should be 
based on homogeneity, rather than garnishing complicated 
structures and integrating with new methodology [15].

Figure 2: Different views incorporating the reacting mode, physiological activators, response elements, material resources, design process 
and translational bioinformatics, serve as ‘building blocks’ for engineering bioresponsive materials for several applications. Reprinted with 
permission.15 Copyright © 2016, Macmillan Publishers Limited.. 

Nanoparticles for drug delivery
Nanoparticles can be used for drug delivery and their size 

particles are in submicron varying from 100-1000nm. As Buzea 
et al. [53] defined nanoparticles “particles as minimum one 
dimension smaller than 1µm and likely as small as atomic and 
molecular length scales (~0.2nm).” The other organizations 
defined nanoparticles as “the particles which should have a size 
less than 100nm in at least one orthogonal direction.” In field 
of nanotechnology, it is not easy to chase extensions due to 
emerging nature of this field appeal a similar range of scopes 
regarding each scientific domain.

For drug delivery, nanosized particles have enormous 
assurance for their viability as pharmaceutical carriers and 
can be prepared using a wide range of materials for instance 
polymers, lipids, viruses, and organo metalic compounds; thus, 
their use in medicine is expected to extend fast for future [54]. 
As for chemotherapy drugs, the nanoparticle drug complexes 
have ability to alleviate toxicity and side effects linked with 
raw pharmaceuticals [54,55]. In addition, for targeted drug 
release and enhanced solubility could be possible via numerous 
methods for example enfolding, micellization, and structural 
design of enclosed protein [56].

The specific localization and reduced toxicity of therapeutic 
drugs is supportive, while, the nanocarriers by itself may cause 
toxicological risk to patients rather than that of toxic chemicals 
[54]. Over the past decade, some of contrary toxicological 
reactions detected, including lung inflammation, aggregation of 

platelets in blood, and malfunction of mitochondria in cells [54].

The toxicological effects may alter with nanoparticle 
composition due to material composition contain metal and 
inorganic particles e.g., silver, gold, platinum, and metal oxide 
[57], solid-lipid nanoparticles, nano emulsions, polymer-based 
materials such as PLGA, and lipid-based particles such as nano 
liposomes. The biological responses can be triggered by make 
some modifications in physicochemical properties such as 
surface exchange, hydrophobicity, solubility, size, shape, and 
aggregation propensities [58]. A major area of study in nano 
medicine biocompatibility will be explored by manipulation of 
these physicochemical properties [59].

Coordination complex of lignin nanoparticles
The lignin polyphenols can be used as the organic matrix 

which further coordinates with the inorganic cross linkers 
such as iron, silver, gold, palladium and platinum. Due to its 
multi functionality, the lignin can be further exploited into the 
development of coordinated complexes with metal ions. The 
previous study shown that kraft lignin can be easily used to 
synthesize microcapsules with non toxic side effects [60]. In 
view of the development of new materials, the researchers are 
trying to explore the different parameters which affecting the 
release and stability of lignin nanoparticles by stacking and/or 
complex formation.

Due to presence of significant amount of phenolic hydroxyl 
groups, assist to synthesis of stable and versatile coordinate 
complexes with metallic ions like Fe (III) reported by Bartzoka 
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et al. [61] The development of reactive materials, owing to the 
active site of the supramolecular structural design with metal 
and organic particles; they hold conjugated physiochemical 
properties of metallic ions and the organic matrix which allow 
for the development of controlled structures and functionalities 
by modifying the different building blocks [62,63]. An active 
substance integrate into nano encapsulation within a coating 
material and has increased massive attention now, since 
it offers a cost-effective way to enclose and deliver several 
actives, including drugs, cells, pesticides and flavors in the 
cavity formed within the shell walls and the internal phase by 
attaining a controlled release rate of the components [64]. As 
a result of their odd properties and applications better to their 
mass complements, nanostructures of natural polymers have 
entertained gradually developing interest [65]. Furthermore, 
evading the use of environmentally effecting organic solvents; 
their preparation methods contain easy handling in aqueous 
medium. The ability to create such tiny structures is vital to a 
great deal of modern science and technology [66,67]. Therefore, 
the development of engineering tactics for nanoparticles and 
nano capsules are at the basis for progress in materials design.

Metallic nanoparticles
Metallic nanoparticles have ability for use in both diagnostic 

imaging and targeted drug delivery. Aim to increase the 
therapeutic sign of anticancer drugs during passive or active 
targeting; these nanoparticles are frequently dispensed in solid 
colloidal system and alleviating toxic effects by preventive drug 
tolerance to healthy cells and tissues [68]. To transfer large drug 
amounts also increase its circulatory half-life because of metal-
based particles potential. Surface modification is probably owing 
to significant surface area-to-volume ratio.

In 1920s, for treatment of tuberculosis, colloidal gold 
nanoparticles were used [57]. Since then, colloidal gold nano 
suspension has been extensively investigated as drug and gene 
delivery tools [54]. They can be produced in diversity forms (e.g. 
rod, dot) [54] and are simply visible within micromolar (µM) 
concentrations, affirming their use in imaging applications [57].

Cells have been exposed regarding to biocompatibility to 
intake gold nanoparticles without any cytotoxicity [54,57]. A 
median lethal dose (LD50) of above 5g/kg of body weight using 
nano gold suspension with a particle diameter of 50nm explained 
by Lai et al. [69] Colloidal gold nano suspension, remain to be 
effectively explored for the function of drug delivery and other 
applications. Research in this field is supposed to expand over 
the next few decades [68].

Established guidelines
Drug release methods, no matter how appealing they 

look, have no power except they are reasoned sufficiently 
biocompatible was earlier referred. Lacking authorization from 
a regulatory agency such as the FDA or the European Medicines 
Agency (EMEA), is repeatedly role of one another. To address the 
specific properties to nanomaterials, could it be immune system 

or surface chemistry modifications are needed to accessible 
instructions tricky run the use of nano medicine (Figure 3).

Figure 3: Encapsulated lignin nanoparticles (LNPs) targeted to 
human cell-lines and their morphological characterizations.

The need for nanotechnology-particular regulatory 
principles is prepared even more transparent, as novel 
applications of nanotechnology in medicine and appeal for 
sanction remain to flow from globally research institutes. Apart 
from, regulated laws have yet to be successful. Overall, continued 
in vitro and in vivo testing is required to construct a catalog of 
data on the matter of nanoparticle biocompatibility. Moreover, 
after ample scientific facts, will regulatory agencies put onward 
in-depth struggle of emergent new guidelines [70].

Conclusion and perspectives
This review is proposing to give an outline of latest 

verdicts of coordination complex of lignin nanoparticles. For 
many years, scientists have been trying to exploit efficient and 
biocompatible drug delivery systems based on nanoparticles 
as carrier. The rising significance of biocompatible drug 
delivery system in linked to human health is still far from our 
final goal. Experimental outcomes should follow the analytical 
procedures that consider finally the effect caused by exposure 
to drug delivered. To develop new techniques, biocompatibility 
is becoming a major barrier because of uncertainty over the 
mechanisms of drug delivery.

Based on the findings to date, the impact of materials 
sensitive to endogenous stimuli undergo from incoherent target 
biological parameters along with patients. Biological signals 
may be significantly unlike between animal models and humans. 
Thus, the specified information linked with the targeted signals 
must be cautiously saved and estimated.

However, the nanoparticles applications are still imperfect 
by their anonymous biocompatibility which may instigate their 
sudden elimination through the immune systems. Certainly, the 
deeper insight of mechanistic studies about physicochemical 
properties of nanoparticles will be effective which refer to 
further explain their specific interaction with the immune 
system. The nanoparticles can be fast assembled because of their 
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immense piling tendency of lignin, as well as, metal chelating 
with phenolic groups at alkaline pH. Metal-lignin nanoparticles 
(M-LNPs) coordinated complex may enhance expression of 
protein, controlled release and stability compared to lignin 
nanoparticles (LNPs).

The particles may be used to create stable complexes 
with transition metals such as gold (Au). The lignin-Au 
nanostructures will be of interest in a wide range of applications 
including computed tomography (CT) imaging, photo thermal 
therapy and radiation therapy. The hydrophobic lignin-NPs will 
be coated with the hydrophilic polymer poly (ethylene glycol) 
(PEG) to prevent particle-particle aggregation and ensure 
stability in the biological milieu. The lignin-NPs are also well 
suited as drug delivery vehicles for hydrophobic small molecule 
chemotherapeutic agents such as paclitaxel and doxorubicin.

Therefore, the lignin-NPs need to be explored for delivery 
of Au and hydrophobic drugs. These findings will help guide the 
design and development of lignin-based nanoparticles (lignin-
NPs) for complexation of inert metals and encapsulation of 
hydrophobic small molecules. The lignin-Au nanostructures 
will have unique physicochemical characteristics and improved 
transport properties unachievable using AuNPs alone, creating 
promise for future applications in radiotherapy of cancer. 
Conclusively, the physicochemical characterizations and radio 
sensitization of this tailored system will motivate us to produce 
new novel materials and their applications in targeted release.
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