
Manufacturing Technology Today, Vol. 19, No. 9, September 20208

Technical Paper

*Corresponding author,
  E-mail:r.dchailesh@gmail.com 

1. Introduction

Cell culture is the process where cells are grown 
in an external environment from the organism 
under controlled conditions. It is one of the 
oldest techniques in medical history, which 
dates back to the nineteenth century, when an 
English physiologist, Sydney Ringer maintained 
the beating of an animal heart in a salt solution 
consisting chlorides of sodium, potassium, 
calcium and magnesium. In the mid nineteenth 
century, cell culture took a steep advancement to 
support research in virology. Viruses were grown 
in cell culture samples for the purpose of vaccine 
manufacturing, injectable polio vaccine became 
one of the first mass produced product by cell 
culture techniques. Earlier cell cultures were 
done on  a petri dish which is also known as 2D 
cell culture, but to provide cell conditions close 
to its natural environment, 3D cell culture was 
introduced. In 3D cell culture, cells are grown in 
the extracellular matrix with a three-dimensional 
high aspect ratio surface textures [1,2]. Since the 
3D structure is designed in such a way to mimic 
the natural environment of the cells, better 
biocompatibility is observed.

Surface textures ranging from several nano to 
micrometers can be produced by laser surface 
texturing. A  wide  range of machinability of 

different types of materials and structures 
from nano to microscale level, high resolution, 
fast, repeatable and contactless process make 
femto second laser one of the prime options for 
making surface textures on biomaterials for cell 
culture applications [3,4]. These textures are 
produced on biomaterials which can be defined 
as “a nonviable material used in a medical device, 
intended to interact with biological systems” [5]. 
High strength, low density and high corrosion 
resistance make TI-6Al-4V one  of  the  most  
popular materials for cell culture applications.  
A femtosecond laser  is used to scan the surface  
and Laser Induced Periodic Surface Structures 
(LIPSS) are produced which  increases  the adhesion 
and biocompatibility of cells. In this paper, the 
effect of different  biomaterials  and surface 
textures on the cell  cultured  are  studied. 

2. Materials and Methods

2.1 Sample preparation

Biomaterials  are   those  materials which  can 
interact  with  a  biological  system  without  
producing any adverse effect and are generally 
employed in  medical applications such  as  
scaffolds etc. In cell culture on laser surface 
textured samples, experiments have been 
conducted on various materials such as PMMA, 
PDMS, Polystyrene, Ti-6Al-4V, Stainless steel, NiTi, 
Mg-6Gd-Ca, etc. using cells such  as  Astrocyte 
cells, Murine calvarial preosteoblasts cells 
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(MC3T3-E1), L929 murine  fibroblast  cells, human  
mesenchymal stem cells, NIH/3T3 fibroblasts cells, 
PC12 cells, DRG/SCG  nerve  cells,  etc.

An ultrashort  laser  setup  is used  to  create   
texture on these materials which may range from 
several nanometers to a few micrometers as  
shown in Fig.1. [6]. A scanner is  used  for steering  
the laser beam  with  increased  accuracy  and  
precision. In the experiment performed on  
Ti-6Al-4V to study the cell growth of C3H10 
T1/2 murine mesenchymal stem cells, Ophélie   
Raimbault et al., (2016), produced grooves of  
width 25 μm, 50 μm or 75 μm, depth of 1 μm or 5 
μm, and 10 μm  for  25 μm width  and a constant 
pitch  of  10 μm [8]. In the experiment  performed 
by Rui Zhou et al., (2017), the groove width of 20, 
50 and 100 μm and constant pitch of 10 μm were  
produced on NiTi alloy  using a pulsed laser 
of  wavelength 1064 nm to study Human  
mesenchymal stem cells morphology and its  
interaction  with  the  surface [9].

In the experiment performed by Guoqing Hu et al.,  
(2018), Mg-6Gd-Ca surface was first ablated 
using Ti-sapphire chirped-pulse regenerative 
amplification laser system of wave length 1064 
nm and then LIPSS of depth 250 nm and pitch 
900 nm were produced on the ablated surface 
to study the Murine calvarial preosteo blasts cell 
biocompatibility, Fig.2. [7]. In the experiment 
performed  by  Ajay  V. Singh et al., (2015), on 
PDMS, grooves  of  width  250 nm, depth  500 nm  
and  pitch 1 μm  were produced  to study cell and  
nuclear elongation and alignment on patterned 
surfaces, compared  to flat surfaces [10]. In  the  
experiment performed  by Evon S. Ereifej et al., 
(2012) on  PMMA, grooves of width 277 nm, 500 
nm and  depth 200 nm were produced to study  
the effect  of  nano patterning on astrocyte cell 
reactivity [11]. 
 
2.2 Characterization

Characterization of samples is primarily done to 
check  the morphology and surface chemistry   
of the   grooves produced which includes groove 
width, depth, pitch and surface roughness, 
presence of different chemical composition 
on surface, etc. Different  instruments such as  
confocal microscopy, AFM, SEM, FTIR, etc. are used  
for  the  purpose.  

In the experiment performed by Guoqing  Hu 
et al., (2018), characterization  of  Mg-6Gd-Ca  
textured surface  was  done by SEM and AFM 

and morphology  of  the  surface  was  studied,  
Fig.3. [7].
 
2.3 Contact angle measurement

Contact angle measurement is done before and 
after texturing to check wettability of surface 
which  plays  a  crucial  role  in  cell  adhesion. `

In  the  experiment  performed by Ophélie  
Raimbault  et al., (2016), 2.5 ± 0.2 μl  water  droplet 
was used to measure the static contact  angle of 

Fig. 1. Laser surface texturing setup.

Fig. 2. Laser surface texturing of  
Mg-6Gd-Ca using Ti-sapphire chirped-pulse 

regenerative amplification laser system.

Fig. 3. (a) SEM (b) AFM characterization 
of laser melted Mg alloy surface.

(a) (b)
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samples  dipped   in boiling  water  and samples  
kept in ambient air after texturing [8]. In the 
experiment  performed   by Rui  Zhou et al ., (2017),   
2 μl  water droplet was used  to  measure  the   
contact angles Fig. 4. [9]. In the experiment 
conducted  by Wilhelm Pfleging  et al., (2007), 
distilled water was used to find the contact angle  
of the textured and non-textured surfaces [12].

2.4 Cell culture

Textured samples are first cleaned using reagents 
such as chloroform, ethanol, isopropanol, etc. to 
remove biological and dust particles present on 
the surface. These samples are then sterilized at 

a suitable temperature for a certain time period. 
The sterilized samples  are coated with ECM  
matrix such as collagen, laminin, etc. and  are 
incubated for a few hours in order to prepare 
them for cell cultures. The cells are then  seeded 
on these prepared samples with other mediums  
and serum such as DMEM, FBS, etc. at  the 
appropriate concentration and then are incubated 
at the appropriate  temperature to allow cell 
growth [13]. The  growth and proliferation of cells 
on these samples  are checked  at  periodic  time  
intervals.

After cell culture, cell spreading, proliferation, 
migration, morphology,  viability, etc. are  tested 
using  equipment  such   as SEM, Confocal   
Microscopy,   AFM, etc. In   the experiment    
performed by Guoqing Hu et al., (2018), the cell 
spreading was studied under SEM for all  three 
samples Fig. 5. [6] (non-texture, laser melted and 
laser melted and textured). The adhesion of the 
cells to the surface was  studied  using fluorescence 
imaging of laser melted and laser melted 
and textured surface, which showed varying  
morphology  of  the  cells as shown  in Fig.6. [7].

3. Conclusion

Cell culture mainly depends on the surface 
chemistry, wettability, surface roughness, and 
rigidity  of  the  samples on which the cells 
are being cultured. It can be concluded from  
the experiments  performed on cell culture 
that textured surfaces have several significant 
advantages  over  non-textured  surfaces. The   
cells adhesion is improved and cells stretch  
heavily on textured surface with long filopodia 
distribution on their outer edges. The use of 
pulsed laser for producing these textures has 
many benefits such as limited heat affected  
zone, small material distortion, environmentally 
friendly properties, cost-effective, etc. over  
other processes such as hot  embossing,  
electrospinning,  etc.

Fig. 4. Contact angle measurement of NiTi alloy.

Fig. 5. SEM imaging of (a) non-textured  
(b) laser melted (c) laser melted 

and laser textured samples.

Fig. 6. Fluorescence imaging of (a) laser melted 
(b) laser melted and textured samples.

               (a)                            (b)
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Cell adhesion  to the substrate surface  is  one 
of the  essential  factors to  be noted in any cell 
culture experiments. They play a significant role 
in cell communication and  regulation, in turn, 
control cell behavior  and function. It can be 
noted from the experiments conducted that the 
cells exhibit good  surface adhesion on textured 
samples as compared to non-textured samples. 
Versatile topographies such as grooves, pores, 
ridges improve the binding strength of the  
cells to the surface  of  the  substrates.  On  texturing  
with lasers  of different wave lengths, 193 nm   
and  247 nm, on  polystyrene  samples, the cells 
showed  adhesion on surfaces textured with 
247 nm wave length laser at lower fluence as  
compared to that of the 193 nm laser. The cell 
adhesion improved significantly at 9 mJ/cm2  
and dropped to zero after 19 mJ/cm2. This  
increase in adhesion can be attributed to the 
removal of -COOH groups from the surface, 
which in turn increased the wettability of the 
surface. The increase in laser fluence causes the  
increase in surface roughness of the textured 
surface, which has a negative effect on 
the hydrophilic nature of the surface, thus  
affecting the adhesion capability of the cells to the 
surface. 

Wettability of  the  surface plays  a  significant  
role in the adhesion and spreading  of cells on 
the sample surfaces. Cells  growing on  less   
hydrophobic surfaces shows a  wide area  of 
dense filopodia  extension  in  comparison  to 
cells growing on more hydrophobic surfaces. The 
wettability of these materials can be modified by  
laser surface texturing, due to the change in the 
surface chemistry  and  morphology.  The   surface 
chemistry of the samples can be modified by 
changing the laser fluence, which in turn causes 
chemical bond modification. Higher  fluence 
produces  groups such as O-C, O=C, etc. which  
affects  the  wettability of  the surface.  The  
presence  of  polar  groups  such  as  O-C, O=C, 
O-C=O increases  the  hydrophilic  nature of the 
surface and whereas non-polar groups such as 
C-C(H) decrease  their  hydrophilic  nature. As  the  
samples are being  ablated  formation of oxides  
takes  place  which   increases  the hydrophilic 
nature whereas a steep change in contact angle  
can  be observed from hydrophilic to hydrophobic 
when the samples are exposed to air, since 
the ambient air has various organic matters  
with non-polar  short  chain,  which  due  to  
carboxylation  gets chemisorbed into the surface, 
reducing  their hydrophilicity. 

4. References

1. Wu, Z.Z., Zhao, Y. & Kisaalita, W.S. (2006). 
Interfacing sh-sy5y human neuroblastoma 
cells with su-8 microstructures. Colloids and 
Surfaces B: Biointerfaces, 52(1), 14–21.

2. Millet, L.J., Bora, A., Sweedler, J.V., & Gillette, 
M.U. (2010). Direct cellular peptidomics of 
supraoptic magnocellular & hippocampal 
neurons in low-density co-cultures. ACS 
Chemical Neuroscience, 1(1), 36–48.  
https://doi.org/10.1021/cn9000022

3. Vorobyev, A.Y., & Guo, C. (2013). Direct 
femtosecond laser surface nano/ 
microstructuring & its applications. Laser & 
Photonics Review, 7(3), 385–407.

4. Ahmmed, K.M.T., Grambow, C., & Kietzig, A.M. 
(2014). Fabrication of micro/nano structures on 
metals by femtosecond. Laser Micromachining, 
Micromachines, 5(4), 1219–1253.

5. Thomas, S., Grohens, Y. & Ninan, N. (2015). 
Nanotechnology Applications for Tissue 
Engineering. Elsevier Inc.  

6. Martinez-Calderon, M., MansoSilván, M., 
Rodriguez, A., Gomez-Aranzadi, M., Garcia-
Ruiz, J.P., Olaizola, S. M. and Martín Palma, R. 
J. (2016). Surface Micro and Nano Texturing of 
Stainless Steel by Femtosecond Laser for the 
Control of Cell Migration. Scientific Reports, 
2016, 6, 36296.

7. Hu, G., Guan, K., Lu, L., Zhang, J., Lu, N & Guan, Y. 
(2018). Engineered functional surfaces by laser 
microprocessing for biomedical applications. 
Precision Engineering, 2018, 4(6), 822-830.

8. Raimbault, O., Benayoun, S., Anselme, K., 
Mauclair, C., Bourgade, T., Kietzig, A.M., 
Lauriault, P.L.G., Valette, S. & Donnet, C. (2016). 
Effects of femtosecond laser-textured ti-6al-
4v on wettability and cell response. Materials 
Science & Engineering:C, 69, 311–320.

9. Zhou,R., Lu, X., Lin, S. & Huang, T. (2017). Laser 
texturing of niti alloy with enhanced bioactivity 
for stem cell growth and alignment. Journal of 
Laser Micro / Nanoengineering, 12(1), 22-27.

10. Singh, A.V., Raymond, M., Pace, F., Certo, A., 
Zuidema, J.M., McKay, C.A., Gilbert, R., Lu, 
X.L., & Wan, L.Q. (2015). Astrocytes increase 
atp exocytosis mediated calcium signaling in 
response to microgroove structures. Scientific 
Reports 5, 7847.

11. Ereifej, E.S., Matthew, H.W., Newaz, G., 



Manufacturing Technology Today, Vol. 19, No. 9, September 202012

Technical Paper

Mukhopadhyay, A., Auner, G., Salakhutdinov, 
I., & VandeVord, P. J. (2013). Nanopatterning 
effects on astrocyte reactivity. Journal of 
Biomedical Materials Research. Part A, 101(6), 
1743–1757. https://doi.org/10.1002/jbm.a. 
34480

12. Pfleging, W., Bruns, M.,  Welle, A., & Wilson, 
S. (2007). Laser-assisted modification 
of polystyrene surfaces for cell culture 

applications. Applied Surface Science, 253(23), 
9177–9184.

13. Koufaki, N., Ranella, A., Aifantis, K.E., 
Barberoglou, M., Psycharakis, S., Fotakis, C., & 
Stratakis, E. (2011). Controlling cell adhesion 
via replication of laser micro/nano-textured 
surfaces on polymers. Biofabrication, 3(4), 
045004. https://doi.org/10.1088/1758-5082/3 
/4/045004

R.D. Chaileshwar is a graduate in Mechanical Engineering from SRM  
Institute of Science and Technology in 2017 and Master in Design and  
Manufacturing from Indian Institute of Technology (IIT) Tirupati in 2020. His 
area of interest includes laser surface texturing, surface characterisation and  
cell culture.

Dr. Mamilla Ravi Sankar is currently an Associate Professor in the Department 
of Mechanical Engineering, IIT Tirupati, Andhra Pradesh. Prior to this he worked 
as Assistant Professor in IIT Guwahati. He did his B.Tech from Sri Venkateswara 
University, Tirupati and M. Tech   as   well   as   Ph.D   from   IIT   Kanpur.   His   research    
group   focuses   on   Micro-Nano Manufacturing, Sustainable Manufacturing, 
Precision 3D Printing, Online Monitoring, Bio- Manufacturing, Coatings, Tribology 
and Rheology. His lab also involves in development of lab scale Innovations to 
Commercial Manufacturing Products (Paper to Patent to Product Technologies). 
He has published over 60 in internationally reputed journals, 100 international 
conferences, 6 Patents, 2 Edited Books and more than 10 Book chapters.  
Presently, his lab possesses with various funding from BARC, DST, DRDO, MeitY, 
BIRAC, SERB, IMPRINT, IIT Guwahati, and IIT Tirupati.

He is recipient of prestigious awards such as Institution of Engineers India (IEI) 
Young Engineers Award-2015 in Production Engineering, Indian Society for 
Advancement in Materials and Process Engineering (ISAMPE)-2011 and finalist 
of Indian National Academy of Engineering (INAE) Young Engineer Award-2014 
(Mechanical Engineering). His research group received 3 best paper awards  
and 3 best poster awards in national as well as international conferences.  
Apart from academic awards, he has also received Institute Blues Award of IIT 
Kanpur for his Outstanding Games and Sports Achievements.

Sunil Magadum is a Scientist at Central Manufacturing Technology Institute, 
Bengaluru. He has done his post graduation (M.E - Mechanical) in Manufacturing 
Science and Engineering from UVCE, Bengaluru. He has over 8 years of  
experience in the field of Precision Engineering & Advanced Manufacturing. 
His areas of interest are Laser based Micromachining, Surface Micro-texturing, 
Cryogenic Machining, Development of Bio-medical devices, Micro-fluidic  devices 
and Indigenous Metrology Artifacts. He has published over 10 publications in 
National /International Journals & Conferences. 


