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INTRODUCTION 

 Some pulsed tissues are replaced with non-pulsed damaged tissues that may endanger the 

heart function after a heart attack. The restoration is performed by a patch tissue to repair 

defective tissues. It is supposed to attach to the outside of the heart and connect to the wounded 

area. The patch is made of a conductive polymer on which a separate electrical polymer called 

“alginate” through a process called 3D bioprinter was fabricated. The mechanism of the prepared 

patch for biological and cell behavior needs to be investigated. 

Besides, we explain the results of the combination of these polymers with natural and 

synthetic polymer composites. As a natural and biological soft patch for cardiovascular disease 

(CVD), the adhesion of cells to patch is more efficient and important. In this study, we used a 

novel technique to print sodium alginate for CVD problems with a soft hydrogel patch loaded by 
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a restorative drug. The mechanical and biological properties and severity of degradability of the 

patch can be controlled using a specific polymer. In other words, by producing soft tissue 

patches, researchers and clinical surgeons can obtain more desirable properties made of natural 

and synthetic polymer composites for the treatment of heart disease. In this study, four CVD 

patches are fabricated using 3D bioprinter X4bioFab with various amounts of drug on their 

surfaces containing 2%, 4%, 6%, and 8%. The obtained values for mechanical and biological 

performance present proper features for the sample containing 6% drug. The results indicated 

that the prepared patch can be a suitable candidate for heart disease with sufficientcell 

attachment after a while. 

The heart is one of the most important muscular organs of the human body and is 

considered as one of the strongest ones that delivers oxygenand nutrients to other parts of the 

body [1-5]. The heartbeats begin during development in the uterus before birth [2-6]. During our 

lifetime, the heart may suffer from diseases caused by many modifiable risk factors, such as 

unhealthy diet, smoking, overweight and obesity, inactivity, high blood pressure, diabetes, and 

unfavorably old age [6]. Loss of myocardial tissue may cause irregular heartbeats, heart failure, 

myocardial disruption, and even sudden death [7-8]. These problems have been treated with 

coronary bypass surgery, balloon angioplasty and inserting stents, and heart transplants; 

however, nanotechnology and softtissue engineering can easily solve complicated problems 

using high-technology [9-15]. There are some challenges in cardiac tissue engineering including 

cell adhesion and alignment, electrical impulses, supplying arteries, the thickness of cardiac 

structures, regular cardiac cycles, and tissue integration [16-21]. Various types of scaffold-based 

three-dimensional structures have been studied by researchers. They inserted/injected iPSC-CM 

or cardiac sample cells into the prefabricated three-dimensional scaffolds [21-28]. As shown 

previously, the hiPSCs are derived from cardiac fibroblasts which are better than skin fibroblasts, 

due to their effectiveness in treating myocardial damages. Moreover, cardiac fibroblasts have 

more access to Ca2+ ions, which is a crucial cation for myocardial contraction [29-35]. Recently, 

genetic engineers, biologists, and soft-tissue engineers have developed a type of polymer patch 

that can pick up electrical signals from surrounding cells and transmit those signals between 

wounded slits, contract, and expand with the heart which all are crucial for cardiac muscle 

functions [36- 41]. Patches are automatically glued after printing and can be used for cardiac 
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disease. Experimental studies on the arteries of mice revealed that these patches can work 

efficiently after being implanted transplanted in the myocardium [42-57]. This study aimed to 

investigate and create an artificial patch for the damaged myocardial tissues made with the 3-D 

bioprinter that can be attached to the outer layer of the cardiac tissue. We aimed to create a patch 

that can detect atherosclerotic plaques, is able to deliver therapeutic biomolecules to the site of 

blocked arteries, and eliminate or decrease coronary atherosclerotic plaques. 

3D Bioprinting (3DBP) technologies open many possibilities for the generation of highly 

complex cellularized constructs. Nano-biomaterials have been largely used in tissue engineering 

and regenerative medicine (TERM) for different purposes and functions depending on their 

intrinsic properties and how they have been presented in the biologic environment. Combination 

of bioprinting and nano-biomaterials paves the way for unexpected opportunities in the 

biofabrication scenario, by improving critical weakness of these manufacturing processes while 

enhancing their efficiency by spatially arranging nano-features. 3D organization of cells is 

fundamental for a successful design and maturation of native tissues. A critical challenge for the 

production of biological constructs is to support and guide cell growth toward their natural 

microenvironment ensuring a harmonious presence of specific biochemical and biophysical cues 

to directcell behavior. Also, precise arrays of stimuli need to be designed to induce stem cell 

differentiation toward specific tissues. Introducing nano-sized bioactive material can direct cell 

fate, playing a role in the differentiation process and leading to the biofabrication of functional 

structures. Nano-composite bio-ink can be used to generate cell instructive scaffolds or either 

directly printed with cells. 

The nano-scale size allows these materials to be active at the cellular and sub cellular 

levels, therefore they have been used also for instruct and guide cells, for example CNT array 

configuration modified osteoblasts orientation (Giannona et al., 2007). Moreover, the 

hierarchical structure of micro- and nano-environments of biologic tissues can be mimic by use 

of nano-biomaterials. Typically, the nano hydroxyapatite (nHA) and tricalcium phosphate nano-

composite (nTCP) have shown the ability to be manufactured into bone’s hierarchical like 

structure, with relevant microenvironment and mechanical properties (Yang et al., 2011). 

Furthermore, nano-biomaterials interaction directly with the cell or from the cell’s internal 
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environment, made them perfect candidate for local drug delivery. Sustained release lowers the 

systemic drug dose and aims for direct targeting. Specifically, polymer nano-particles (NPs) can 

be tuned for sustaining release of drugs in a controlled manner (McCarron et al., 2008), but also 

ceramic NPs, which present complementary physical properties have been used as well in drug 

delivery (Yang et al., 2010). Additionally, nano-biomaterials can be remotely controlled and 

stimulate with different energy sources such as near-infrared, ultrasound and magnetic fields 

(Marino et al., 2018). Therefore, they can act as nano-transducers at the cellular or subcellular 

levels allowing for remote modulation of cells functions as biochemical signaling pathways 

(Bonnemay et al., 2015), gene/protein expression (Stanley et al., 2012), electrochemical 

reactions (Xu et al., 2017), neural firing (Yong et al., 2014), and muscle contraction (Marino et 

al., 2017). 

In Figure 1 we schematically represent the focus of this work. We review how 3DBP 

have been used in synergy with nano-technology for applications in TERM, analyzing what are 

the benefits to combine them for biofabrication strategies. Initially we discuss the cell-laden 

nano-composite bio-inks used in 3DBP, focusing on the applications of biomolecule release, 

biomimicking of the extracellular matrix structure, triggering cell response and cell instructive 

remote control. Next, cell-free nano-composite bio-inks for 3DBP are discussed. Finally, new 

technological applications in bionic tissues and soft robotics for TERM are introduced. 
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MATERIALS iAND iMETHODS 

The i3D iprinted ipath iwas ifabricated iby iOMIDAFARINAN icompany iwith ia ihighly 

iprintable ihydrogel iand icreated ia isuitable ienvironment isimilar ito ithe iextracellular imatrix 

ifor icell igrowth iand idifferentiation i[2, i23]. iTo iprint ithis isample, ithe iBIOFABX2 i3D 

iprinter iwas iused iwith itwo iprinting imodules ithat iallow ithe iprinting iof ia ivariety 

iofbiological iand icellular imaterials isimultaneously. 

To imonitor ithe imorphology iof ithe ipatch, ithe iscanning ielectron imicroscopy 

i(SEM) iwas iused. iThe ialginate ipolymer i(bioink) iwas iprepared iaccording ito ithe iprotocol 

iexplained iby iOMID-AFARINAN icompany. iFig.2.1 ishows ischematically ihow ithe 

idesigned ibioprinted ipatch iis iimplemented ito ithe iouter ilayer iof ithe iheart. iFig. i2.2 

ishows ithe ipreparation iprocess iof ithe ipatch ifor itreating ithe icardiac iscars iafter 

icardiovascular idisease i(CVD). iThe ifollowing ipatch icould ibe ievaluated iby iits ibiological 

iand imechanical iproperties iin ia ibiological ienvironment isuch ias iphosphate isaline 

iforseveral idays. iThe idrug iwas ipurchased ifrom ithe iMerck iCompany iand idissolved iin 

ithe idistilled iwater iand istirred ifor i4 ih iusing ia imagnetic istirrer. iThe itensile istrength iand 

ielastic imodulus iwere imeasured iusing ithe ielectronic imechanical imachine. iThe icell 

igrowth iand icell iviability iof ithe ibioprinted ipatch iwere iinvestigated iafter ithree idays iof 

iincubation. 

The ispecial ipatch ihad i4 ivarious idrug icontent. iAccording ito ithe iobserved itensile 

istrength iand ibiological ifeatures, ithe ipatch ihad isatisfactory imechanical iand ibiological 

iproperties, iindicating ithat ithat iwe imay iuse isimilar iproducts ifor icardiac iapplications. 

iDuring ithe iuse iof ithese icells, ithe inumber iof icapillaries iin ithe ipart iof ithe iheart 

imodeled ias ia icardiac iarrest iwas iincreased. iFig.2.3 ishows ithe itensile istrength iof ithe 

ifabricated ipatch imade iby ithe ibio3Dprinter iBIOFABX2 imodel. iIt ican ibe iseen ithat ithe 

icoated idrug ion ithe isurface iof ithe ipatch iincreased ithe itensile istress iuntil ithe ithird 
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isample. iAs ithe iamount iof idrug iincreases iby imore ithan i6%, ithe itensile istrength 

idecreases iregarding ithe iamount iof idrug iand istress-strain idiagram. iFig.2.3 ialso ishows ia 

iline ichart ias ian iindependent ivariable iof ithe imass iof isample. iThe igraph ishows ithe 

itensile istrength ivalue iin ithe irange iof i34 iKPa ito i32 iKPa iacts ias ia ihyperviscoelastic 

iproperties. iFig. i2.4 ishows ia idecreasing itrend iof ithe isamples’ iweight iafter isoaking ifor 

ithree idays iin iPBS. iThe igraphs ishow ithat ias ithe isample icoating iamount iincreases, ithe 

iweight iloss idecreases, ithat iis icorresponding ito ithe ifunctional igroup iof icoated idrugs 

i[11-27]. iFig.2.5 i(a-b) iillustrates ithe imorphology iof ithe iprinted ipatch iwith iSEM. iThe 

iporous isizes iranged ifrom i200 ito i300 imicrons. iThe ishape iof ithe iporosity iis icubic ithat 

ienables icardiac istem icells ito ienter ithe iholes iand iregenerate ithe idefective itissue. iFig.2.6 

iindicates ithe iMTT iassay iof ithe isample iincubated 

 

http://www.ijfans.org/


Research Paper 

  e-ISSN 2320 –7876 www.ijfans.org 

Vol.11, Iss.9, Dec 2022 
© 2012 IJFANS. All Rights Reserved 

 

151 
 

Fig. i2.1. iBioXfab i3D ibioprinter imachine, ifabricated i3D ipatch, iSEM iimages iof 

ithe ifabricated ipatch, iand iapplication iof ithe iprepared ipatch ifor ithe icardiac iapplication 

iusing ialginate ihydrogels iand ihyaluronic iacid 

 

 

 

Fig. i2.2. iSchematic iof ithe ipreparation iof ipolymeric ifiller ifor iCVD iapplication 

iusing ithe ibioprinter 
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Fig. i2.3. iTensile istrength iof ipolymeric ipatch ifor iCVD iapplication iusing ithe 

ibioprinter 

 

 

Figure i2.4. iAmount iof idegradation iand iweight iloss iof ithe ifour isamples iin ithe 

iphosphate ibuffer 
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Figure i2.5. iSEM iimages iof i(a) ibioprinted ipatch iwith icubic ishape, iand i(b) 

imagnified ipatch iwith icubic ishape 

 

Fig. i2.6. iMTT iassay iresult iof ithe istrength iof ipolymeric ipatch ifor iCVD 

iapplication iusing ibioprinter 
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Table i2.1: iTensile istrength, idegradation irate, iand iMTT iassay iof ithe ibioprinted 

ipatch ifor iCVD idisease. 

Nano-Alginate iPolymer iUsing iBioxfab i3D iBioprinter 

Currently iavailable ibio-ink iformulations iare ilimited idue ito ithe irequirements iof 

i“good” iprintability i(e.g., ishear ithinning, ishape iretention). iMoreover, ihigh icell iviability 

iand ilong-term ifunction iare inecessary. iConsidering ithe iextrusion ibased i3DBP ifor 

iinstance, iPluronic ihydrogels ihave igreat iprintability iproperties, ibut icells ido inot isurvive 

iand iproliferate iin ithe ilong-term iin ivitro iculture iin ia iPluronic iconcentration ihigher ithan 

i5 iw:v% i(Khattak iet ial., i2005; iFedorovich iet ial., i2009). iA ipossible isolution iwas ifound 

iby inano-structuring ithese ihydrogels ito iincrease itheir ibiocompatibility. iPure iPluronic 

i(PF127), icombined iwith idiacrylated iPluronic iF127 i(PF127-DA), icreates inano-pores iafter 

iwash-out iof ithe ipure iPF127 ifrom ithe iUV-crosslinked istructure. iMuller iet ial. icombined 

ithe inew ihydrogel iformulation iwith ibovine ichondrocytes, ibioprinted ithem iin ia isimple 

istructure iand icultivated ithem iup ito i14 idays. iCell iviability iat ithe iend iof ithe iexperiment 

iwas isignificantly ihigher icompared ito itheir iviability iin ithe ibulk iPluronic igel istructure, 

ireported ito ibe i86.3% 

compared ito i61.6% i(Müller iet ial., i2015). iComplementary ito ithe icreation iof inano-pores 

iinside ia ihydrogel, iembedding inanobiomaterials iinside ithe ibio-ink iallowed ifor inano-

composite ibioinks iformulation idirected ito ispecific iachievements iin icellular iconstructs ifor 

iTERM ihere ireported. 
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Nano-Composite iBio-Inks ifor iBiomolecule iRelease iChemical icues iare iimportant 

ifor istem icell idifferentiation,and ispecific istimuli iare iparticularly inecessary iin iorder ito 

iinduce idifferentiation iin ibone ior icartilage itissues. iGrowth ifactors iare icommonly 

iprovided iin itissue iengineering ibecause ithey iare iresponsible ifor ispatial iand itemporal icell 

ifunctions. iUnfortunately, iwithout iprotecting ithese imolecules, ithey iexperience idegradation 

iand iquick ielimination ieven ithough ithey iare iadministrated iin ihigh idose i(Chen iet ial., 

i2010). iThis iis ieven imore icritical iwhen iapplied iwithin ia ibio-ink, iwhich iprocess imay 

ifurther idecrease istability iof ifragile iproteins. iA inovel iapproach iintroduced iby iZhu iet ial. 

iallows ifor inano-carriers iof itransforming igrowth ifactor ibeta i1 i(TGF-b1) idirectly iinside 

ithe ibioprinted icartilage iconstruct, ifrom iwhich iTGF-b1 ican ibe isustained ireleased, 

iobtaining ia isignificant iimproved iMSCs ichondrogenesis idifferentiation. iIn ithis istudy 

istereolithography ibased i3DBP iwas iused ito icreate ithe icartilage iconstruct. 

 iA imovable ihead iwith ia iUV-source iwas iused ito icrosslink ithe isquare ishaped 

icartilage iconstruct. iThe ibioink iwas ia igelatin imethacrylate i(GelMA)-based ihydrogel 

icombined iwith iTGF-b1 iloaded inano-spheres i(average isize iof i120 inm) iwhich iwhere 

ifabricate ithrough ia ico-axial ielectrospraying imethod i(Zhu iet ial., i2015). iThe inano-

carrier’s isurrounding ishell iof ipoly(lactic-co-glycolicacid) i(PLGA) islowly idegrades iand 

isustains ithe irelease iof iits icontent i(Danhier iet ial., i2012). iThe iqPCR ianalysis irevealed 

ithat ithe iexpression ilevels iof icollagen iII iand iaggrecan iof iMSCs iladen iinto ithe ihydrogel 

iincreased iwhen ithe ibioink iwas ienriched iwith iTGF-b1 inano-carriers i(Zhu iet ial., i2018). 

iThis iis ia ivalid istrategy ifor iembedding ibiomolecules iinto ibioprinted iconstructs. iIndeed, 

iwith ithis iapproach iis ipossible ito irecapitulate ithe idynamic ipresence iof ibiomolecules iinto 

ithe iECM. iHowever, ituning ithe ibiomolecule irelease icould irequire ia ilong ioptimization 

itime ito iachieve ithe idesired irelease iprofile. iThis itop-down ifabrication iapproach, ithough, 

ileaves iback ia inot ineglectable iamount iof iunused imaterial, iwhich iis inot ioptimal iif ithe 

imaterial iis iprecious ior iits iavailability iis ilimited. iEnvisioning iclinical iapplications, ithe 

idonor ibiological imaterial iis ioften ia ilimiting ifactor. iMoreover, ithe ifabrication itime icould 

ibe ireduced iif ithe iUV-light iexposure icould ibe ivolumetric iinstead iof ipunctual ias iwith ia 

iUV-light ilaser isource. 
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Cell iInstructive iNano-Composite iBio-Inks ifor iMatrix iProperties iEnhancement 

NANO-COMPOSITE iBIO-INKS iFOR iBIONIC iTISSUES iAND iSOFT iROBOTS 

Exploring ithe isynergistic icombination iof i3DBP iand inanotechnology, ifabrication iof 

icomplex ibiologic istructures iwith iactive iproperties iis ithe ifuturistic iapplication iof isuch 

itechnologies. iSensing, imoving icapabilities iand ishape imodification ihave ibeen iincluded iin 

ibiologic iconstructs. iFunctional ielectronic icomponents iand ibiological itissue ihave ibeen 

iintegrated ithrough ibioprinting iof inano-enriched ibio-ink. iFor iexample, inanoelectronics 

imaterials iand icell-laden ihydrogels ihave ibeen ideposited itogether iin ia imodel iof ia ihuman 

ihear. iWith ithis iknowhow, iit iis ipossible ito imanufacture icyborg itissues iwhich iare ithree-

dimensional icombination iof ielectronics iand iengineered itissue. iIn ithe iexample iof ithe 

ibionic ihear, ithe ibioprinted iconstruct icould ireceive iand itransmit iradiofrequency isounds. 

iThis iproof iof iconcept ishowed ithe iintegration iof ielectronic icircuits ibuilt iup iwith inano-

elements iin ia i3D ibiological iconstruct. iIt iovertakes ithe iplanar iflexible ielectronic idevices 

iand isensors ipreviously iused, ieven ithough inow ithe iconductive ielements iare idiscrete iand 

inot icontinuous i(Mannoor iet ial., i2013). 

A ibionic itissue imust imimic ithe inative iorgan’s ifunctionality, ireplacing ia ilost ibody 

ifunction ior ieven iimproving iit. iDesigned inano-biomaterials isurfaces icombined iwith 

iadditive imanufacturing ihave ishown ipotential iin iengineering ibioactive idevices. iFor 

iexample, inatural ired iblood icell i(RBC) imembrane ihave ibeen iwrapped ionto iPLGA inano-

particles i(RGB-NPs) ito imimic inatural iRBCs iwith ia ifinal idimension iof i133 inm iin isize. 

iExploiting ithe inatural ibehavior iof iRBC imembrane, iRBC-NPs ihave ithe icapacity ito ibind, 

ithrough ia inon-specific ibonding, ihemolytic itoxins. iIn idoing iso, ithey ican ibe iintegrated ias 

ian iactive icomponent iin ia idetoxification ibioprinted idevice, iwhich iwas ideveloped iby 

iembedding iRBC-NPs iinside ia ihydrogel ifor ibiomimetic idetoxification iproperties iclose ito 

ithe iliver ifunction. 

Following ithe iapplication iof ia imagnetic ifield, ithe iIONPs iself-assembled iin inano-

rods iwhich igave imagnetic ianisotropy ito ithe ihydrogel imatrix. iIndeed, iafter ithe 

ifabrication iprocess ithe iluminescent isignal ihave ibeen idetected ifrom ithe iscaffold iplaced 
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iunder i˜0.6 imm ilayer iof ichicken ibreast imuscle iupon iexcitation iat i800 inm. iAlso, 

iorientation iand irotation iof ithe iconstruct ialong ithe idirection iof ian iapplied iexternal 

imagnetic ifield ihave ibeen ishown ito ibe ipossible i(Augurio iet ial., i2019). 

The iexcellent ibiocompatibility iand icontactless imanipulation iof ithis inano-composite 

ihydrogels iopen ithe iway itoward ifuture iapplications iof ithe isynergy inano-technology-

bioprinting iwhere isoft-robotics idevices iwill ibe ifabricated ifor iminimally iinvasive 

iendoscopic itools. 

3D iBioinks iBased ion iAlginate ifor iBiomedical iApplications 

Three-dimensional i(3D) ibioprinting iis ian iappealing iand irevolutionary 

imanufacturing iapproach ifor ithe iaccurate iplacement iof ibiologics, isuch ias iliving icells iand 

iextracellular imatrix i(ECM) icomponents, iin ithe iform iof ia i3D ihierarchical istructure ito 

ifabricate isynthetic imulticellular itissues. iMany isynthetic iand inatural ipolymers iare iapplied 

ias icell iprinting ibioinks. iOne iof ithem, ialginate i(Alg), iis ian iinexpensive ibiomaterial ithat 

iis iamong ithe imost iexamined ihydrogel imaterials iintended ifor ivascular, icartilage, iand 

ibone itissue iprinting. iIt ihas ialso ibeen istudied ipertaining ito ithe iliver, ikidney, iand iskin, 

idue ito iits iexcellent icell iresponse iand iflexible igelation ipreparation ithrough idivalent iions 

iincluding icalcium. iNevertheless, iAlg ihydrogels ipossess icertain inegative iaspects, 

iincluding iweak imechanical icharacteristics, ipoor iprintability, ipoor istructural istability, iand 

ipoor icell iattachment, iwhich imay irestrict iits iusage ialong iwith ithe i3D iprinting iapproach 

ito iprepare iartificial itissue. iIn ithis ireview ipaper, iwe iprepare ithe iaccessible imaterials ito 

ibe iable ito iencourage iand iboost inew iAlg-based ibioink iformulations iwith isuperior 

icharacteristics ifor iupcoming ipurposes iin idrug idelivery isystems. 

Moreover, ithe imajor ioutcomes iare idiscussed, iand ithe ioutstanding iconcerns 

iregarding ithis iarea iand ithe iscope ifor iupcoming iexamination iare ioutlined. iThe ibody 

isystem ihas irestricted ifunctionality iregarding iregeneration. iRecent itreatment ichoices ito 

isubstitute iimpaired itissue iand iorgans idepend ion iacquiring itissue ithrough ian iidentical 

iperson, i ior itransplantation ifrom icadavers ithat ihave ibeen ideveloped ivery iquickly. 

http://www.ijfans.org/


Research Paper 

  e-ISSN 2320 –7876 www.ijfans.org 

Vol.11, Iss.9, Dec 2022 
© 2012 IJFANS. All Rights Reserved 

 

158 
 

iHowever, ithere iare irestrictions ito ithese itreatments ithat iconsist iof idonor iposition, iits 

iside ie_ect, iand idonor ishortage i[1,2]. 

These iconditions iadditionally isupport ithe idemand iregarding ibiological 

ireplacements iand ithe iareas iof itissue iengineering i(TE), iand ithus iregenerative imedicine iis 

ian ie_ective iroute iin ithe idirection iof iregeneration idevelopment. iWork iin ithe iarea ihas 

ideveloped ito igenerate iwhat iwe iconsider ito ibe ian iinnovative iarea—regenerative 

itechnological iknow-how, idescribed ias ithe ia_uence iof iinnovative imaterials iengineering, 

istem icell itechnology, iand iclinical itranslation iconcerning ithe ireproduction iof 

isophisticated itissues iand ibody iorgan idevices i[1,2]. iNumerous iapproaches iare iemployed 

iin ithis icontext; iamong ithem, ithe iadditive imanufacturing i(AM) ihas icaptivated ia ilot iof 

iconsideration. iAM ior i3D iprinting iis idesigned ito iincorporate iliving icells iin i3D 

ibiomaterials. iThis iinnovative isystem ienables ithe iautomated iand ireproducible igeneration 

iof i3D iwell-designed iliving itissues ithrough idepositing ilayer-by-layer ibiocompatible 

imaterials i(typically iincluding ibiochemicals) iwith ia ihigh-accuracy iplacing iof icells i[1–3]. i 

This iapproach ienables ithe imanufacturing iof i3D, iscalable iand iaccurate igeometries, 

iwhich iare igenerally inot iprovided ithrough iother imethods iincluding i2D iand i3D icell 

icultures i[2–4]. iInitially, iCharles iHull icreated i3D iprinting i[5], iwhich ihe idescribed ias 

i“stereolithography”, iin ithe ibeginning iof ithe i1980s, iand ifromthen ion, ithis itechnology 

ihas ideveloped iinto inumerous ikind imethods i[5]. iAll i3D iprinting itechniques iprovide 

ipositive iaspects iand inegatives i[5,6]. iThe ikind iof i3D iprinter iselected iregarding ian 

iapplication itypically irelies ion ithe icomponents ito ibe iemployed iand iprecisely ihow ithe 

ilayers iin ithe icompleted iproduct iare iattached. iThe ithree imost ifrequently iused i3D iprinter 

itechnologies ifor imedical ipurposes iare iselective ilaser isintering i(SLS), ithermal iinkjet 

i(TIJ) iprinting, iand ifused ideposition imodeling i(FDM) i[6,7]. iBiomaterials iemployed iin 

iAM iapproaches icomprising icells, ibase istructure imaterial, iand isome iother inecessary 

icomponents iare iknown ias i“bioinks”. iThe ibioink iparticles iare imulticellular iaggregates 

itypically iin ithe iform iof icylinders imade iup iof icell itypes idependable iwith ithe itissue ior 

iorgan isystem ito ibe iprepared i[8]. iA iperfect ibioink imaterial imust ihave ia inumber iof 

icharacteristics, iincluding 
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ALGINATE iAS iPRINTABLE iMATERIAL 

 

Figure i4.1. iUnits iof ithe ialginate iblock itypes: i(a) iβ-(1-4)-D-mannuronic iacid; i(b) 

iα-(1-4)-L-guluronic iacid i[2]. 

The imolecular iweight, ishown ias ian iaverage iof iall ithe imolecules iexisting iin ithe 

ispecimens, iof iAlg, ivaries iaround i33,000–400,000 ig/mol. iThe i1% iw/v iaqueous iNa-Alg 

isolution ipossesses ia idynamic iviscosity i20–400 imPa_s iat i20 i°C. iAlternatively, iAlg 

isolubility iis irestricted ithrough ithe isolvent ipH i(a ireduction iin ipH imight iresult iin 

ipolymer iprecipitation), iionic istrength, iand ithe inumber iof igelling iions i[40,41]. iHowever, 

ithe icytocompatibility iof iAlg iis isubstantially iexamined iin ivitro ialong iwith iin ivivo. 

iThere istill iexists ian iissue iconcerning ithe iinfluence iof ithe iAlg icomposition. iHowever, 

imost iof ithis imisunderstanding iprobably ipertains ito inumerous idegrees iof ipurity iin ithe 

iAlg iexamined iin iseveral istudies. iThe iimmunogenic ireaction iat ithe iinjection ior 

iimplantation isites icould ibe icaused iby iimpurities ikeeping iin ithe iAlg. iConsidering ithat 

iAlg iis iacquired ithrough inatural iresources, iseveral icontaminants, iincluding iheavy imetals 

iand iendotoxins, imight iexist. iSignificantly, iAlg ipurified ithrough ia imulti-phase iextraction 

itreatment ito ian iextremely ihigh ipurity idid inot istimulate iany isubstantial iforeign ibody 

iresponse ias isoon ias iimplanted idirectly iinto ianimals i[42]. iAlg iwould inot iinduce 

iconsiderable iinflammatory ireaction iwhen iapplied iin ian iin-vivo icondition, iconsisting iof 

ithe iuse iof ibioinks ifor i3D-printers. 

Applications iin iBiomedical iField 
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Figure i4.2. iVarious iapplication iof i3D iprinted ialginate iconstructs iin itissue 

iengineering. 

Bone iRegeneration 

Bone idefects iwith ismall isize imight ibe ifixed ithrough ithe iself-healing iperformance 

iof ibone itissue i(BT), ihowever imassive ibone idefects imight imerely ibe ifixed ivia iBT 

itransplantation. iThe icurrent iexamination imethods ifor irestoring iimpaired ibone itissue iare 

ibone itissue iengineering i(BTE) imethods, ibecause iof ithe iissues iencountered iin iacquiring 

imaterials iregarding ian iautogenous ibone igraft i[93,94]. iIn ithis iinvestigation, i3D 

ibioprinting iapproaches iwere iutilized ias ian iappealing iapproach iin ithe icurrent iyears 

i[95,96]. iCompared ito iconventional iBTE, i3D ibioprinting ihas isuperb ipossibilities ito 

icreate itissues iwith inumerous ibiomaterials, icells, iand ibioactive imaterials iin ia ipatient, 

iwhich iare icertain idisorder iforms i[97]. iNevertheless, iBT ibioprinting irequires iinks iwith 

iappropriate iviscosity, imechanical iperformance, iand iapatite iformation icapacity ito ienhance 
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ibioactivity iand icreate ichemical ibonds iwith iadjacent iBT ifollowing iimplantation i[98,99]. 

One iof ithe idesirable iapproaches ifor iproducing iAlg-based iinks iis iencapsulated iwith 

ibioceramics iinto ia ipolymeric imatrix. iAn iin ivivo iexperiment iwas iconducted iby iWang iet 

ial. i[98] iregarding iprinted isodium iAlg/Gel/hASCs i(AG iconstruct) iand isodium 

iAlg/Gel/nHAp/hASCs i(AGH iconstruct) iand iattained iconstructs iimplanted iin imice ifor 

ieight iweeks. iTo ievaluate ibone iformation iability, imicro-CT iscans iwere icarried iout. 

iOutcomes ipointed iout ithat ithe ino-cells-encapsulated iAG iconstruct iand ino-cells-

encapsulated iAGH iconstruct ihad ibeen ireasonably iloose. iFurthermore, ithe ihydrogel-based 

iconstructs ipointed iout ithe isoft iand ibrittle istructure ithat imade ithe iconstructs ihard ito 

imaintain ithe ifollowing iimplantation. iThe iAG iand iAGH iconstruct iencapsulated iwith 

ihASCs icells ikept ithe iinitial ishape, iwith iminor ialterations iin iappearance; ithe istructure 

iwas ireasonably itough, iand icell igrowth iwas inoticeable ivia ithe ipores i(Figure ic) i[98]. 

iFurthermore, iosteogenic idi_erentiation iof iAG iand iAGH iconstruct iencapsulated iwith 

ihASCs icells iexhibited ithat ithe ipresence iof inHAp icauses ienhancement iof iosteogenic 

idi_erentiation iof ithe iAGH iconstructs iin ivitro iand iin ivivo iexperiments, iwhich imaking iit 

isuitable ifor iBTE iapplications. 
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Figure i4.3. iOsteoblasts iviability iand imetabolic iactivity iin i3D iprinted iAl/Al-

sulfate ibio-inks: i(a) ifluorescence iimages iof ilive/dead; i(b) i3D-printed icells imetabolic 

iactivities iin ihydrogels iat iday i7 iof iincubation i[102]; i(c) imorphological ianalysis ibefore 

iand iafter iimplantations. 

Cartilage iRegeneration 

 i i i i i i i iArticular icartilage idisorders ihave irestricted ie_ciency ifor iself-reproduction iand 

irecovery. iCartilage iinjuries ifrequently ilead ito idiscomfort iand ireduced iperformance ifor 

ithe ia_ected iperson iand iusually ihasten ithe iprogress iof iosteoarthritis iin ithe ijoint. i3D 

ibioprinting imight iprovide itreatment isolution ioptions iwhich imay ipossibly iconquer ithe 

irestrictions iof icurrent imanagement ioptions, iincluding ithe icreation iof ifibrocartilage, idonor 
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isite imorbidity, ihypertrophy iof iimplant. iThe imixture iof icells, inatural-based imaterials, 

iand ibiochemical icomponents icould ipresent ithe iopportunity iof itrue icartilage ireproduction 

i[106]. iIn ithis iperspective, iAlg iis iextensively iused iin icartilage i3D ibioprinting. iMarkstedt 

iet ial. i[107] ievaluated ia ishear ithinning ibioink iof iNFC iencapsulated iAlg iwith ithe irapid 

icross-linking icapacity iregarding ithe i3D ibioprinting iof iTE. iTheir i3D iproduct iwith ia 

ismall icross-linked igrid iworking ias ia irigid igel iis ishown iin iFigure i4.3A–C i[107]. iIn 

iMarkstedt iet ial. i[107] iinvestigated ithe ishapes isimilar ito icartilage itissues, iincluding ian 

iear iand ia imeniscus ihad ibeen ie_ectively iprinted, iFigure i4.3D–F. iActually, iwith iprinting 

iperiods iof ias imuch ias i20 imin ifor ithese ilarger isized iconstructs, ithe iprinted iproducts 

ilose itheir iform ithroughout ithe iprinting iprocedure ibecause iof ithe iink’s iviscosity. iIt 

iappears ithat itheir iink iseemed ito ibe iamong ithe iappealing imaterials iregarding icartilage 

itissue iprinting iin icomplicated ishapes iin ithe iappropriate imanufacture iperiod i[107]. 

iMuller iet ial. i[108] ifabricated iAlg isulfate-based ibioink iloaded iwith inanocellulose. iThey 

irevealed ithat iwhen ithe ibioink iwas ibasically iprinted, ithe ibiological iresponse iof ithe icells 

iwas iextremely iinfluenced iby ithe inozzle idimensions iand ishape. iCell iproliferation iand 

igrowth iwere ipreserved ialong iwith ithe ilowest iextrusion ipressure iand ishear istress. 

iNevertheless, iextruding ithe iAlg isulfate/nanocellulose ibioink iand ichondrocytes 

iconsiderably ia_ected icell iviability, iespecially iif iemploying inozzles iand ivalves iwith ia 

ismall idiameter. iFor ithis ireason, ithe ichoice iof ineedle ishape iand ibioink irequires ituning 

ithe ifactors ifor igreat iprinting iquality iand igreat icell iviability, iin iaddition ito icell igrowth, 

istructure iand imatrix ideposition i[108]. 
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Figure i4.4. i(A) i3D iprinted igrids i(7.2 i× i7.2 imm2). i(B) iThe ideformity iof igrids 

iwith isqueezing, iand i(C) irestoring iafter isqueezing. i(D) i3D iprinted ihuman iear; i(E) i(side 

iview) iand i(F) i(top iview) 

CONCLUSION 

The imechanical iperformance iof ithe idesigned ipatch iwas iimproved iin ia isample 

icontaining i6 iwt% idrug, iwhile ithe isample iwith i8 iwt% idrug imay ihave ia idownward 

itrend icompared ito ithe ipure isample. iThe idegradation iof ithe ipatch idecreases iwith ithe 

iaddition iof ithe idrug ito ithe ibioink iafter isoaking ifor ithree idays iin ithe iPBS isolution. 

iRegarding ithe imorphological ibehavior iof ithe ibioprinted ipatch, iit ihas ia icubic ishape iwith 

i300-micron ipores iand ia ihomogenized ishape. iThe imain iadvantages iof iusing ithese 

ibiopolymers ibioink iare ithat itheir iporosity, idensity, istructure, iand icomposition ican ibe 

icontrolled iand ithey ican ibe idesigned ifor icells iand ivarious icardiac iapplications. 

Synergistic icombination iof ibioprinting iand inano-technology ihave ibeen 

idemonstrated ivalid iapproach ifor ia ibiofabrication iprocess imore iefficient iwith ia iclear 

iadded ivalue iin iTERM iapplications. iTwo imain ibiofabrication iapproaches ihave ibeen 

iadopted: i(a) ibioprinting iof icell-laden inano-composite ibio-inks ifor idirect ifabrication iof 

inano-functionalized iconstructs, iand i(b) icell-free iapproach iwhere ia inano-composite 

ibiomaterial iis iused ito ifabricate iscaffolds. iIn iboth icases ithe ipresence iof inano-features 
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iinside ithe ibiological iconstructs isupport iand iincrease ithe icell idifferentiation itoward 

imature itissue, ibut ithe itwo iapproaches ihave idifferent ibenefits iand iapplications. 

iNanocomposite ibio-inks ican imodify ithe ipure ihydrogel’s irheological iproperties. 

iMeanwhile, ithe ihydrogel icrosslinking icapability ican iretain inano-biomaterials iinside ithe 

igel’s imatrix iafter ibioprinting iwith iactive ior ipassive ibindings. iNano-composite ibio-inks 

ihave ibeen iused ito itrigger ispecific icell iresponses. iNevertheless, ia istrict iclassification iof 

itargeted iapplications iis inot icompletely iclear. iOverall, ithe inano-composite’s ifunctionalities 

iwhich iwere iidentified iin ithis ireview iwork iare irelated ito icontrol ithe ibiomolecule irelease 

iclose ito ithe icell isurrounding, ito iinstruct icells iand ienhance ithe imatrix’s iproperties, ito 

itrigger icellular iresponses iand ito iremotely icontrol icell ibehavior. iNanofeaturing iinside 

ibioprinted iconstructs ican ialso ibe iachieved iwithout idirectly iembedding inano-biomaterials 

iinside ithe ibio-ink, ibut ithrough ithe idesign iof ibio-ink icompositions iwhich ican iself-

assemble iin inano-structures i(e.g., inanofibers ior inano-pores). iProtein iabsorption, icell 

iadhesion iand idifferentiation ihave iproven ito ibe ienhanced iwhen icells iwere iladen iin iself-

assembled inano-featured ibioinks. iMoreover, inano-biomaterials ican iintroduce ipassive 

icomponents iinside ibiological iconstructs ifor iremotely icontrol iand icontactless istimulation 

iof ithe ibiological iconstruct. iUltrasounds ior imagnetic ifield iare iuseful itools ito ilocally 

istimulate icells ito idifferentiate ior icontrol ithe isubstrate imovement, irecreating ithe inatural 

itissue’s idynamics. iBionic itissue iand isoft irobotics iare ithe ifuture iapplications iof 

isynergistic icombination iof iadditive imanufacturing iand inano-technology, ias ithey iopen ithe 

iprospective ifor iorgan-inspired iactive isoft itissues ifabrication. 
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