
Introduction

On December 31st 2019, China notified the outbreak to the 

World Health Organization and on 1st January the Huanan sea 

food market was closed. On 7th January the virus was identified 

as a coronavirus that had >95% homology with the bat 

coronavirus and > 70% similarity with the SARS- CoV. 

Environmental samples from the Huanan sea food market also 

tested positive, signifying that the virus originated from there 

( ). The number of cases started increasing Xinhua, 2020

exponentially, some of which did not have exposure to the live 

animal market, suggestive of the fact that human-to-human 

transmission was occurring (Huang et al, 2020).

In 2020, the typical respiratory syndrome known as severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), causes a 

covid-19 disease which is a global challenge (Lofti et al., 

2020). In the current pandemic, this disease majorly infects 

the respiratory system, especially the low respiratory system. 

This virus threatens human health which leads to increase in 

mortality rate of humans worldwide (Cascella et al., 2020). 

Covid-19 patients may suffer by chronic diseases like 

cardiovascular and cerebrovascular diseases and in severe 

cases it may infect endocrine system, digestive system and 

mostly affects respiratory system and nervous system. 

Usually, novel coronaviruses increase complications like 

organ function damage, respiratory injury, renal injury, 

ARDS (Acute Respiratory Distress Syndrome). 

In the first case of SARS-Cov-2 identified in seafood market, 

Wuhan, China in late December 2019, presumed as 

pneumonia a highly infective disease (Li et al., 2020). 

Pulmonary disease (damage parts of lungs and other 

respiratory parts) globally, a health issue that reduces the life 

period as well as causes premature death. These problems 

injure lungs, so it gives rise to shortage of lungs for 

transplantation (Soriano, 2020). Masses of people were 
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facing long-term lung damage which makes a vast difference to 

Covid-19 patients. In severe Covid-19 infection the patients are 

affected by permanent lung damage (Pallab, 2020). During 

covid-19 infection, the respiratory system showed 

inflammation, which made it difficult to control the 

inflammation in the initial stage. Till now, numerous studies 

have been conducted to evaluate the safety, technique, vaccines, 

methods, etc. in wide range of research field. Researchers are 

suggesting therapeutical applications for Covid-19 using tissue 

engineering and regenerative medicine (TERM) products like 

stem cells, growth hormone, their derivatives (eg: exosomes) 

(Shafiee et al., 2021). Tissue engineering scaffolds greatly 

regenerate the damaged tissues and organs in our body. The 

usage of scaffolds with nanomaterial efficiently works on 

inflammation caused by lung tissue damages in Covid-19. This 

article examines various attributes like lung tissue damage 

regeneration using tissue engineering with nanomaterial applied 

for Covid-19 disease (Padmanabhan et al., 2015). 

Covid-19 

Severe acute respiratory syndrome coronavirus 2 is a highly 

transmissible and highly infective virus (Tatara, 2020).It 

originated in Wuhan city of China (Shereen et al., 2020). First 

they presumed it was started in the wet market, Huanan seafood 

market (Wang et al., 2020). It was a cause for the covid-19 

disease (Zoonotic origin-Infection transfer from animal to 

human) (MacKenzie et al., 2020). SARS-CoV-2 genome was 

96% similar to bat-Cov (Guo et al., 2020). Coronavirus has 

crown-like spikes on the outer wall and it has a size of 65-120nm 

in diameter. It has a single-stranded RNA material which sized 

from 26 to 32 kb. The coronavirus enters into other organisms 

with the help of genes for viral replication, nucleocapsid and 

spikes formation. To enter into humans this SARS coronavirus 

uses exopeptidase as a receptor. The genes like trypsin-like 

protease (HAT), cathepsins and transmembrane protease serine 

2 (TMPRSS2) will help the virus to transmit. The 394 glutamine 

residue in the RBD region of SARS-CoV-2 is recognized by the 

critical lysine 31 residue on the human ACE2 receptor and the 

virus will enter into human. The incubation period of this virus is 

about 1 to 14 days (Tatara, 2020). Transmission of virus has two 

chances one is droplet and fomite Transmission. Viral particles 

enter through the nose, eyes or mouth and bind to the ACE2 

receptor in our body in lungs, kidney, intestinal (WHO. 2020). 

After the antigen entry, our body's two main immune lines 

(innate and adaptive immune response) get an impulse. It shows 

some clinical manifestations like high fever, tiredness, dry 

cough, sore throat, difficulty breathing, chills, loss of taste and 

smell and so on. In some cases, patients may be asymptomatic 

too. When it triggers our immune system, it has the ability to kill 

most viral particles quickly and show inflammation to trap 

viruses to spill out from our body. To destroy the virus, T Cells 

and B Cells may produce antibodies to kill the virus. 

Release, secreted protein cytokines to infect the targeted 

cell (Chowdhury et al., 2020). 

Lung tissue damage due to Covid-19 

When a virus enters the body, it gets contact with a mucous 

membrane that lines nose, mouth and eyes. After virus entry 

makes new virus parts by using healthy cell and infects 

nearby cells. The virus affects the airways and multiplies 

along the cells.  Initial stage, the patient has respiratory 

symptoms directly impacts the lungs (Hosseini et al., 2020). 

Covid-19 captures the lungs cells and adjoining cells of it. 

Low respiratory infection travels down the airways of 

alveoli,a tiny air sac (Science Daily, 2020; Neha, 2020). 

SARS-CoV-2 causes infection of ACE2 assertion cells lies 

on epithelial cells of alveolar type 2 cells (Ptompetchara et 

al, 2020). Tissue-Engineeredinside type 2 cells the virus 

infects and multiple within the cells (Shravanti, 2020). 

Lungs become filled with fluid accumulation (Panagis, 

2020). In some cases, studies of Covid-19 showed tissue 

damage with edema, bleeding and intra-alveolar fibrin 

settling with hyaline membrane (Laguipo et al., 2020). The 

respiratory tract infection includes nasal congestion, runny 

nose, fever and dyspnea (National Jewish Health, 2021; 

Yuki et al., 2020). In some extensive cases patients affected 

by blood clotting of lung arteries, veins and lung cells were 

abnormally large, leading to syncytia (The Hindu, 2020). 

Globally recognized that respiratory disease will damage 

pulmonary interstitial arteriolar walls (Li et al., 2020). After 

multiplication of cells, it infects tissues in airways and 

increases levels of BALFs, serum in covid-19 also 

increases cytokines levels like CCL-2, IFN-1, IFN-11, IL-

6, etc., leads to cell death. These all cause multi organ 

damages and may lead to myocardial inflammation and 

fibrotic lungs ARDS (Harrison et al., 2020). Even though 

the patient in recovered state of Covid-19, lungs are still in 

damaged state, they need the ventilation and gas exchange 

is not completely functioning like a healthy people and in 

severe cases causes death due to this disease including 

central nervous system, cardiac, liver, kidney may also 

affect (The Economic Times, 2020; Zheng et al.,2020). 

Tissue engineering in lungs 

Many tissue engineering techniques are used to treat 

pulmonary diseases which are worldwide public health 

problems (Kubo, 2012). Scaffolds composed with natural 

or synthetic polymers can be used to treat the lung damage. 

Tissue engineering helps to limit lung transplantation 

(Tebyanian et al., 2019). For tissue engineering we need a 

scaffold to incorporate cells, source of stem cells (such as 

embryonic stem cells, endogenous pulmonary stem cells, 
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extra pulmonary stem cells, growth factors and bioreactor to 

cultivate cells. The cells are placed inside the scaffold and 

cultured in a bioreactor. When the patient's cells are placed in the 

biomaterials and used in affected lung tissue this will make the 

lung compatible to targeted immune system and cures the 

damage caused by infection (Tsuchiya et al., 2020). Recently, a 

human lung culture model was made from the human lung cells 

which is used to study the infections caused to lungs such as 

SARS COV -2 (Salahudeen et al., 2020). To study fibrosis in the 

lung due to infection, aviral infection microtissue was designed 

which detects the changes in stiffness of the lung tissue (Jane, 

2020; Azimietal, 2020). Scaffold with poly (vinylidene fluoride-

co-trifluoroethylene) [ P(VDF-TrFE)] incorporating zinc oxide 

(ZnO), in the form of electrospun fiber meshes showed the anti-

inflammatory, antimicrobial activity, increases the cell growth 

in the lungs (Aiyelabegan et al., 2016).The albumin loaded on 

the scaffolds will be effective in treating the lungs (Singh et 

al.,2020). So lung tissue engineering reduces the lung 

transplantation and it can be used to treat some inflammations 

caused by viral diseases. These tissue engineering can contribute 

in this time of Covid-19 pandemic to lead the way to prevent and 

treat (Meyer, 2020). Tissue engineering widely a great path for 

detecting future viral diseases (Tatara et al., 2016). This tissue 

engineering technique helps to know about infection, design in 

DDS and increases biocompatibility (Henderson et al., 2020). 

Biofabrication gives proper disease models to discover 

medicine for disease. For example, 2D and 3D models of lung 

are used to find medicines for Covid-19 (Farre et al , 2020). 3D .

models can be used to study the progression of disease and in 

drug discovery (Alsafadi et al., 2017). The 3D models are better 

than animal models and 2D models, as they provide 3D multi 

cell interactions (Laura Elizabeth Lansdowne, 2020). 3-D 

bioprinted models help to check how the drug response in tissue. 

For infections such as virus, 3D bioprinted lung model is used 

widely (Gerckens et al., 2019). Recently for Covid-19 patients 

computational lung model was developed (Jakob Richter, 

2020). 

Nanoscaffolds for lung tissue damage

SARS-CoV-2 primarily infects the respiratory system first after 

then extending to other organs of the body like heart, kidney, 

liver and so on (Li et al., 2020). Although, this virus affects 

directly our tissue when we observed in covid-19 patients, the 

virus can reach the organs of the body as these organs 

expressACE2 receptors (Hamming et al., 2004). In our body, 

highly expel ACE2 receptors present in lungs, bronchial cells act 

as entry site and binding site for SARS-CoV-2 virus (Turner et 

al., 2004).  Nanoscaffold directly safe and effective for 

eliminating the spreading of virus through initial interactions of 

virus spike protein with human cell surface ACE2 receptor and 

disrupt the virus replication (Chauhan et al., 2020).Currently 

various vaccines, technique are suggesting for global 

health, we are in an urgent situation to develop advanced 

therapeutics options for Covid-19 cases on account of we 

can't control the spreading of virus still now (Cortiella et al., 

2006; Ghoraishizadeh et al., 2014). Cell therapy has some 

possibilities to regenerate the function of myocardial tissue 

because the lung tissue damage is most commonly in Covid-

19 patients (Buxton, 2009; Letizia et al., 2013). Many 

studies were going on in this field like stem cell isolation for 

making a scaffold with great effective nanotechnology 

(Solchaga et al., 2011). The experts were saying that 

nanoscaffold can provide a nanofibre to produce an actual 

regenerative medicine using tissue engineering with 

nanomaterials (Kunisaki et al., 2006). Nanotechnology was 

widely used for pulmonary therapies,in effluxing of cancer 

cells, blockading the apoptosis in sepsis (Raji et al., 2020). 

These scaffolds can work on intra and extracellular cell 

contact.Nanomaterial scaffolds are manufactured through 

various methods like electrospinning which can display the 

properties for the purpose (Campos et al., 2020). In lung 

tissue damage, the  method of nanoscaffold is ex vivo

frequently used in regeneration of lung tissue (Ahn et al., 

2020). So some studies explaining the sources for airways 

and alveolar like structured scaffolds production for lung 

tissue regeneration. These scaffolds can be worn for the 

present pandemic Covid-19 patients, especially gold 

nanoparticles which have a unique property in biomedical 

applications. The AuNPs scaffold is the finest for virus- 

infected tissue regeneration for all respiratory systems 

(Kostarelos, 2020). Nanoscaffold, it's a greatest strategy to 

regenerate the lung tissue damage in Covid-19 patients 

which gives a thousands of benefits to improve the potential 

of lung tissue regeneration and blood diseases too. Covid-

19 majorly infects lower respiratory tract and some viral 

organs such as cardiac, liver, kidney, GIT, CNS and causes 

various organ damage and complication which all leads to 

death (Lurie et al., 2020). Table 1. depicts the applications 

of nanocarriers in tissue engineering.

Prominent role of nanoscaffolds in Covid-19

Nanotechnology plays a crucial role in therapeutics for the 

current outbreak which fast-tracks the Covid-19 research 

(Singh et al., 2017). Nanoscaffolds are a great approach for 

designing the nanocarriers. Nanocarriers are having a 

potential to antiviral and biological therapeutics for Covid-

19 patients (Hisatoshi et al., 2008). Nanoscaffolds 

discharge the overcoming tissue barriers and play an 

important function in loaded antigens (Cortiella et al., 

2006). While using the nanoscaffolds for lung tissue 

damage and even for other organs it targets both the two 

main lines of defense of our body, innate and adaptive 
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immunity. These nanomedicine scaffolds are restrained antigens 

from active cells. It implies the drug discovery for SARS-CoV-2. 

Nanoscaffolds are advantageous in application of detection, 

diagnosis, treatment for lung tissue damage due to viral 

infections (Fathi-Achachelouei et al., 2019; Tabata, 2009). 

Nanotechnology scaffolds (n-scaffold) is a biodegradable 

polymer which is beneficial in natural extracellular matrix and 

nanoscale fibrous structure stimulation (Ferracane and 

Giannobile, 2014). These provide enormous mechanical 

strength to monitor the cellular activities in regenerative 

medicine (Zhang et al., 2018). Distribute cells with micro 

ecosystems, enhance and regulate the capability of cell-based 

tissue engineering majorly functioning on DDS (drug delivery 

system) (Ebrahimi et al., 2019). Fibrous structure nanoscaffolds 

are short in diffusional path which leads to high porosity and 

interconnected with drug delivery for various purposes like 

transporting the nutrients (Wang et al., 2012). Bioactive glass 

NP-scaffolds, AuNPs, CP group of scaffolds, silica NP scaffolds 

are all involved in repair of tissue damage for Covid-19 patients 

with high eminent resources like biocompatibility, naturally 

tissue regeneration, high security and cheap (Funda et al., 2020). 

The major advantage of these NP-scaffolds are uniformly 

morphological and have chemical stability (Deng et al., 2012). 

Delicate nanoscaffolds are applied in reinforced cross linking 

agents and pores in the material allows it to interact with interior 

tissue which infiltrates within scaffolds. Invasive surgery can be 

restored by self-hardening biomaterial scaffolds which release 

the minerals from it and generate apatite crystals too 

(D'Amora et al., 2017). Nanoscaffolds for lung tissue repair 

produce vascularization for oxygen supply and nutrients for 

cells. Sometimes it helps to remove metabolic waste 

products and regulates the cellular metabolism within the 

scaffolds (Yancong et al., 2015). Relieves cell adhesion and 

involves in formation of tissue for scaffolds and it guides 

the cellular activities. Appropriate physio-chemical 

properties for tissue regeneration and controlled 

degradation are assets by using this (Christopher ., et al

2015). Peculiar events in tissue levels are controlled and 

endorse the progressive maturation and remodeling take 

account in kinetics degradation too (Mi et al., 2016; Graham 

et al., 2015).

Limitation of nanoscaffolds 

The nanoscaffolds for lung tissue damage have an 

enormous benefit even though it has some limitation like 

low solubility, unstable bioactivity and reduce the life 

period of bioactive molecules such as growth factors, 

cytokines, inhibitors, genes, etc., (Hosseinpour et al., 

2017). Nanoscaffolds have a contract agent which 

decreases the bioactive agent delivery and monetization 

need more attention for it (Ionescu et al., 2010). In tissue 

regeneration, the major disadvantage is impairment of 

cellular differentiation because of inadequate production of 

extrinsic factors produced by nanoscaffolds (Vieira et al., 

2017). These have biocompatibility and great regenerative 

property but it cannot control the framework degradation in 

every process of repairment (Liu et al., 2008). In the initial 

stage of action, it frees up a huge amount of diffusion path in 

a wide range of areas in the scaffolds. Sometimes, some 

nanoscaffolds with nanoparticles like silica can produce an 

irregular toxicity. Drug delivery, degradation, mechanical 

strength, these properties become very poor. Nanoscaffolds 

can cause very low toughness. The main importance we 

should maintain is the level of biological factors and drug 

delivery system in nanoscaffolds making because it makes 

instability and cause risk factors into scaffolds in the repair 

process (Carbone et al., 2014). 

Conclusion 

Pneumonia can decrease the oxygen and can increase the 

lipid accumulation in the lung thus damaging the lung 

tissue. It reduces the alveolar capillary barrier function and 

develops the intestinal lung edema. Infections like Covid-

19 cause damage to the lungs that occurs with edema and 

bleeding;also the intra-alveolar fibrin settles with a hyaline 

membrane. In this context, tissue engineering and stem cell 

therapy has a great scope and possibility that they can 

reduce lung damage. Tissue engineering helps in the design 
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Table 1. Applications of Nanocarriers in Tissue Engineering

S.No Nanocarrier Advantages Disadvantages Reference 

1 Liposomes Biocompatible; It is used for both 

polar and nonpolar agents. 

Less stability; Large 

scale production is 

difficult due to high 

cost. 

Karami et 

al., 2018 

2 Gold  Adaptable size; Biocompatible; Can 

synthesize and bind with multiple 

agents; Good electrical and 

mechanical property. 

High cost for large 

scale production; Not 

biodegradable. 

Ding  et al., 

2014 

3 Carbon 

nanotube 

Can integrate with multiple 

bioactive agents; Can able to 

enclose and deliver multiple agents; 

Large surface area. 

Toxic; Not 

biodegradable; Less 

soluble in water. 

Kirkpatrick  

et al., 2012 

4 Quantum 

dots 

Tunable size; Imaging property; 

High photo stability; Long lifetime 

with high quantum yield. 

Less stable; Toxic in 

invivo system; Multi 

exponential of 

fluorescence. 

 

Shan et al., 

2011 

5 Silica  High bioavailability; Well defined 

surface properties. 

Preparation of well-

ordered material is 

difficult; Disintegrate 

in size distribution. 

Jafari et al., 

2019 

6 Polymeric 

micells 

Increase the solubility of high 

lipophilic drugs; Decrease surface 

free energy. 

Low loading 

capability; Uses only 

lipophilic drug. 

Kahraman et 

al., 2017 

7 Dendrimer  Provides multifunctional 

nanomaterial; Used for targeting, 

imaging system. 

High cost for their 

synthesis; Toxicity in 

cellular function. 

Mehta et al., 

2019 

 

Asian Journal of Pharmacy and Pharmacology 2021;7(3):118-125                                                 121



of disease models to study about the disease and also to discover 

drugs. The various biomaterials in tissue engineering like 

scaffolds can be designed to reduce lung damage. These 

improve the adsorption of ECM proteins like collagen and 

reduce the damage. Nanoscale structural elements in tissue 

engineering scaffolds can be effective in promotion of cell 

distribution and new tissue formation so tissue engineering 

plays an important role in case of infections like Covid-19 to 

design the disease models. Lung damage due to infections like 

SARS Corona Virus 2 can be regenerated using tissue 

engineering as scaffolds and other biomaterials heal the tissue 

damage and aid in growth of new cells. 
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