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Abstract. Biological hydrogels are widely used as extracellular environment for encapsulating 

and growing cells. Mechanical properties of hydrogels can influence cell function, 

mechanotransduction and cellular behavior such as growth, migration, adhesion, differentiation 

and morphology. Microenvironmental modulus of hydrogels dictates cell behavior and growth. 

The main purpose of the current study was to determine elastic modulus of two well-known 

hydrogels (Agarose and Gelatin Methacryloyl) using Atomic Force Microscope (AFM). The 

elastic modulus was calculated from force-deflection curve obtained by indenting an indenter 

in the direction normal to the plane of the gel surface. The elastic moduli of the prescribed gels 

were found to be strongly influenced by the level of concentration in the gel. Elastic modulus 

of 1% agarose and 2% agarose was found comparable with 10% GelMA and 20% GelMA, 

respectively. Results obtained from indentation experiments and those published in the 

literature revealed that AFM can be successfully and confidently used to determine elastic 

response of hydrogels in the solid state.   

1.  Introduction 

Biological hydrogels closely mimic native extracellular matrices (ECMs) and possess physical 

properties closed to many soft biological tissues [1]. Water based hydrogels are unique biomaterials 

offering desirable characteristics such as biodegradability and porosity required for several 

applications in biomedical engineering [2]. Polymer based hydrogels are widely used in several 

biomedical devices, sensing technologies in medicine and are considered as safe and efficient drug 

carriers. Several applications of hydrogels in biomedical field were enabled by conducting extensive 

research on tuning their elastic properties from a few kPa to a few MPa. Tremendous research work 

has been carried out on developing hydrogels with control mechanical properties, chemical 

composition, and structure closed to native biological tissues [3]. One of the techniques for tuning the 

elastic properties of hydrogels is by varying the crosslinking density of the polymeric network. The 

elastic properties of hydrogels can be modified by varying the hydrogel concentration [4-7]. 

Mechanical and rheological properties of hydrogels reported in the published literature are elastic 

modulus, shear modulus, Poisson’s ratio, viscosity, shear stress, loss modulus and storage modulus. 
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Two well-known hydrogels used for electrophoresis or chromatography and variety of cell culture 

applications are Agarose and Gelatin Methacrylol (GelMA). Agarose based hydrogels are tested as a 

suitable biomaterial for its biocompatibility, viscoelastic properties mimicking tissue, and ease of 

casting into variety of complex shapes and sizes. GelMA hydrogels possesses essential properties of 

native extracellular matrix which encourage cells proliferation in GelMA-based scaffolds.  

Determination of mechanical properties of hydrogels is importance for variety of applications in 

biomedical engineering. Several mechanical properties such as elastic modulus, strength, viscoelastic 

properties and rheological properties of hydrogels have been reported in the published literature [4, 8-

11]. Stiffness of the hydrogel network significantly affect proliferation of cells and several other 

biological characteristics associated with gels [6,12]. The mentioned properties were measured using 

dynamic mechanical analyzer (DMA), nanoindentation, microtester, rheometer, and atomic force 

microscopy (AFM) indentation. Tension and compression tests were also used to measure the 

prescribed property of hydrogels in solid state [13,14]. One of the most commonly used techniques to 

study the mechanical behaviour of hydrogels is using an indenter pushed into the hydrogel. Detailed 

information on mechanical characterization of hydrogels is referred elsewhere [4]. 

AFM has successfully been applied to measure elastic properties of hydrogels [9,15], cells [15], 

cells scaffolds [16] and other soft elastic materials [17]. AFM provides advanced level of resolution 

maps for surface topography and can measure substrate stiffness, viscoelasticity and adhesion AFM 

with its continuous evolution has widely been used to assess mechanical properties of soft materials 

such as gel. Elastic properties of several hydrogels based soft materials measured using AFM are 

reported in a recent study [10]. Published literature on the mechanical properties presented 

inconsistent data on mechanical properties which make selection of a particular hydrogel for a specific 

application difficult. This study finds elastic modulus of agarose and GelMA hydrogels using AFM 

and compared the results.  

2.  Materials and Methods 

To prepare agarose gels with 1% (w/v) and 2% (w/v) concentrations, agarose powder weight 1 gram 

and 2 grams were dissolved in 100 ml de-ionized water and boiled for approximately two minutes in 

the microwave. To form GelMA hydrogels, GelMA precursor solutions were prepared by dissolving 

freeze-dried GelMA in deionized water at 40
o
C. Aqueous solutions of 10% and 20% GelMA were 

prepared since this range of concentration has been found to have stiffness suitable for cell viability.  

The Dimension 3100 AFM was used to find force-deflection. The equipment can measure the 

deflection of the sharp tip attached to a micron-sized cantilever. A DNP-10 tip B with a stiffness of 

006 N/m and nominal tip radius of 20 nm was used to measure the elastic modulus of the surface 

Indentation experiment was repeated three times for each sample at different locations. All tests were 

carried out at room temperature (25
o
C). Experimental set up for measurement of elastic modulus is 

shown in figure 1. 

 

Figure 1. Experimental set up for measurement of elastic modulus and surface topography. 
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3.  Results  

The vertical displacement of the cantilever and its deflection (called force curve) were simultaneously 

recorded. The curve was obtained by moving the indenter in the direction normal to the plane surface 

of the sample. A typical force-deflection cure obtained from AFM measurements is shown in figure 2. 

The data points obtained were fit to a curve which was later used to determine elastic modulus of gel 

specimens.   

 

Figure 2. Typical force-deflection graph obtained from AFM measurements. 

 

Variation of elastic modulus for both types of gels and two different concentrations is shown in 

figure 3. The elastic modulus was significantly increased with increase in concentration. The elastic 

modulus was found to increase from an average value of 168 kPa to 230 kPa (35% increase) when 

concentration of agarose was increased from 1% to 2%. Similarly, the elastic modulus was noted to 

rise from an average value of 133 kPa to 171 kPa (38% increase) when concentration of GelMA was 

increased from 10% to 20%. The elastic moduli measured for 1 % and 2% agarose was found 

comparable to 10% and 20% GelMA, respectively.  

 

Figure 3. Variation of elastic modulus with gel concentration. 

4. Conclusion 
Atomic force microscopy (AFM) is used to determine elastic properties of agarose gel and Gelatin 
Methacryloyl of different concentrations. The elastic modulus increased with increase in level of 
concentrations in the gel. The study provided results on elastic modulus of two types of gels which are 
consistent with the published data AFM can be successfully used to determine elastic properties of 
hydrogels with porosity and water content. Further studies are suggested to determine elastic modulus 
of gels having concentrations more than studied in this paper  



NANOMTECH 2019

IOP Conf. Series: Journal of Physics: Conf. Series 1455 (2020) 012012

IOP Publishing

doi:10.1088/1742-6596/1455/1/012012

4

 
 
 
 
 
 

Acknowledgement 
Authors would like to acknowledge financial support from Sultan Qaboos University (Grant No: 
CL/SQU-GCC/17/03). 
 

References 

[1]    Tibbitt M W and Anseth K S 2009 Hydrogels as extracellular matrix mimics for 3D cell culture 

Biotechnol. Bioeng 103 655 

[2]      Peppas N A, Hilt J Z, Khademhosseini A and Langer R 2006 Adv. Mater 18 1345  

[3]      Lutolf M and Hubbell J 2005 Nat. Biotechnol 23 47  

[4]      Oyen M 2014 Int. Mat. Rev 59 44 

[5]    Normand V, Lootens D L, Amici E, Plucknett K P and Aymard P 2000 Biomacromolecules 1  

730 

[6]    Wu Y, Xiang Y, Fang J, Li X, Lin Z, Dai G, Yin J, Wei P and Zhang D 2019 Biosci. Rep 39  

BSR20181748 

[7]     Sun M, Chi G, Li P, Lv S, Xu J, Xu Z, Xia Y, Tan Y, Xu J and Li L et al 2018 Int. J. Med. Sci 

15 257 

[8]    Yue K, Trujillo-deSantiago G, Alvarez M M, Tamayol A, N, Annabi and Khademhosseini A 

2015 Biomaterials 73 254  

[9]      Drira Z and Yadavalli V K 2013 J. Mech. Behav. Biomed. Mater 18 20  

[10]    Markert C D, Guo X, Skardal A, Wang Z, Bharadwaj S, Zhang Y, Bonin K and Guthold M 

2013 J. Mech. Behav. Biomed. Mater 27 115 

[11]      Zhou M, Lee B H, Tan Y J and Tan L P 2019 Biofabrication 11 025011  

[12]      Li X, Chen S, Li J, Wang X, Zhang J, Kawazoe N and Chen G 2016 Polymers 8 269  

[13]      Drury J L, Dennis R G and Mooney D J Biomaterials 2004 25 3187  

[14]    Svensson A, Nicklasson E, Harrah T, Panilaitis B, Kaplan D, Brittberg M and Gatenholm P 

2005 Biomaterials 26 419  

[15]     Schillers H, Rianna C, Sch¨ape J, Luque T, Doschke H, W¨alte M, Uriarte J J, Campillo N, G 

P, Michanetzis and Bobrowska J et al 2017 Scientific Reports 7 5117  

[16]      Iturri J and Toca-Herrera J L 2017 Polymers 9 383 

[17]      Lin D C, Dimitriadis E K and Horkay F 2007 J. Biomech. Eng 129 904  

 

 

 

 

 

 

 

 


