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The article presents the use of an interference microscope, using a Mirau objective for the study of the early adhesion process of osteoblast
like bone cells, using the phase shifting technique. The process is carried out on surgical stainless steel surfaces of interest for the developme
of bone implants. Experimental phase maps are directly related to cell profiles. These phase maps are obtained for several adhesion time
which indicate morphological changes in cells. Mainly the change in height profiles through time and the interaction with other surrounding
cells are observed. The experimental system used is appropriate for the time scales observed, in the order of hours, showing strength an
precision in the calculation of the optical phase.
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El ariculo presenta el uso de un microscopio interferencial, empleando un objetivo de Mirau, para el estudio del procesoode adhesi
temprana de@ulasbseas tipo osteoblasto, por medio detlentica de desplazamiento de fase. El proceso es llevado a cabo sobre superficies
de acero quilirgico, que son de intés en el desarrollo de @esisbseas. Los mapas de fagatica obtenidos a diversos tiempos de adbresi
muestran cambios morfagicos en las&lulas; principalmente se observa el cambio en la altura de los perfiles de la fagsa&kiempo y

la formacbn de conexiones intercelulares. El sistema de m&diempleado es apropiado para las escalas de tiempo de évodxtiibidas

por el sistema celular (del orden de horas), presentandogadaita robustez y precisi en el @lculo de la faséptica.

Descriptores: Microscopa interferencial; mapas de fagptica; @lulas osteoblasto; microsdapde fase cuantitativa; superficies opacas.
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1. Introduction because they allow translating the information of the optical
phase to light intensities. These techniques present two basic

The process of ear'y adhesion of an osteoblast-like bone CénraWbaCkS: first it is not pOSSible to obtain quantitative data

is characterized by a morphologic change in the cell, whictPf the optical phase from the values of intensity because there
passes from a spheroid form when the cell is in suspensior$ N0 a simple relationship between both variables. Second,
to a flat morphology with straight edges when it is alreadythey generally require different elements in the objective and
adhered to the surface of the material. Difficulties affect-the light condenser of the optical system, and therefore they
ing the cells through this stage could condition their subseMust be implemented in transmitted light systems and not in-
quent function in the remaining cell processes hiathitro  cident light (reflection); in this case, they are not applicable

andin vivo (proliferation, differentiation or apoptosis, as ap- 0N opaque surfaces (Bennett, Jupnik, Osterberg, & Richards,
propriate). To evaluate this limiting step is fundamental in1951; Danz & Gretscher, 2004; Murphy, 2001).

the characterization of potential materials for bone prosthe- The yse of optical techniques in cellular systems has been
ses (Chapekar, 1996; Johnsenal, 1985; Ratner, Hoffman, increasingly implemented in the last decade for the quanti-
Schoen, & Lemons, 2004). tative study from the optical phase, since it provides infor-
Optical microscopy is generally used in the studyiref  mation about the morphology and the refractive index of the
vitro morphology. Even though the cells are basically trans<ell throughout the optical axis (Barone-Nugegttal.,, 2002;
parent to visible light, the elements that constitute the cytosolCurl, et al, 2004; Popescu, Park, Luet al., 2008; Popescu,
as well as the organelle contained inside the cell, gives th@ark, Choiet al, 2008). The present work shows the imple-
cells a different refractive index from their surrounding envi- mentation of a system of interferential microscopy by phase
ronment, which turns them fundamentally into phase objectshifting, and its viability for the study of the process of early
(Barone-Nugent, Barty, & Nugent, 2002; Cuet al, 2006; adhesion of bone osteoblast-like cells on opaque surfaces,
Murphy, 2001; Popescu, Park, Lugt,al, 2008). Such tech- in order to evaluate cellular processesvitro with the cells
nigues as phase contrast or differential interference contragt viable conditions and without later modifications such as
(DIC) are widely used in biomedical research laboratoriedreatments of fixation or chemical staining procedures, which



436 J. GONZALEZ-LAPREA, A. MARQUEZ, K. NORIS-SWAREZ, AND R. ESCALONA

Light Source that replaces the traditional support of objectives in the mi-

- croscope (@svik, 2002; Hariharan, 2003). The control of the
Caitioi piezoelectric system carries out by means of a frequency-to-
| | voltage circuit converter made in our laboratory, connected

| | ‘ ’ to a conventional pc sound card The performance of this
A homemade controller to drive phase shifting is equal or su-
perior to than obtained with a 16 bit analogic-digital con-
verter (Gonalez-Laprea, Cappelletto, & Escalona, 2010).
|~ Sample The phase reconstructions are realized introducing an arbi-
trary optical phase in five steps af = #/2 rad. The optical
@ phase is experimentally determined from the five acquisitions
using the relation:
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where thel,, are the intensity values at each point of the
interferogram [(z,y)) for each increases af;. Although
the technique of phase shifting requires acquisition times
Cgreater than those of other techniques, these times continue
o]

FIGURE 1. Schematic of the incident light microscope. In detail,
the interferential objective.

can induce modifications in the cellular preparations an
hence significantly alter the parameters being studied (Haya
2004; Romero, &chez, Rodguez, Gonalez, & Suarez,
20009).

eing very small in comparison to the evolution times of

ur biological system under study. Additionally, it has been

demonstrated that redundant information in the methodology
of 5 buckets reduces the effect of errors committed in the
introduction of the optical phase. (Kinnstaetter, Lohmann,
Schwider, & Streibl, 1988; Van Wingerden, Frankena, &

Smorenburg, 1991). Phase unwrapping is carried out follow-
ing an iterative technique according to the branchcut algo-
rithm. (Venema & Schmidt, 2008; Wang & Li, 1999).

In a Mirau interferometer, the light originating from the =~ Once the optical phasé(z,y) is experimentally deter-
source goes through a partially reflecting mirror which actgmined through Eq. (1), the topographical cell profiles:H()
as the reference surface; the transmitted beam is reflected By directly related t@(z, y) by means of the following re-
the sample to later interfere with the reference beam. Thidtionship,

simple design allows the manufacture of objectives with the H(z,y) = A®(z,y) (2)
interferometer in its interior (Fig. 1), which makes the system . i 47”_%61_ . i

very stable under mechanical or thermal disturbances (Hari¥hereX is the wavelength of illuminating light and., isthe
haran, 2003). This compact interferometer is used generall’€an refractive index of the cells, assumed nearly constant in
in the study of polished surfaces or those with small variahis study. (Creath & Wyant, 1990).

tions in their topography (Ge & Kobayashi, 2006). This way,
cells like the osteoblasts which are thin and with refractive2'3' Cellular system

indices similar to the one of their surrounding environment—l—he osteoblasts are bone cells responsible for the regener-

2. Materials and methods

2.1. Mirau interferometer

can suitably be studied with this device. ative process of that tissue, in which they take part secret-
ing the organic component of the extracellular matrix after
2.2. Optical microscopy system adhesion to its substratdn-vitro these cells are character-

ized by the formation of mono-layers of interconnected cells
The interferential microscope consists of a conventionato each other, presenting cells of cuboids morphologies with
Nikon Optiphot microscope of incident light frequently used thicknesses under a few micrometers. For this study the bone
for metallurgical applications which employs a 20X Mirau cells were obtained from calvaria (parietal and frontal bones
type interferential objective. The illumination comes from from the skull of 2-3 days newborn ragprague Dowley
a tungsten lamp with an interferential filter centered\gt  following the methodology described by Noriséazet al.,
546,1 nm wavelength, and a spectral bandwidth of 10 nm(Noris-Suarezgt al., 2003). Once the soft tissue is elimi-
The trinocular head of the microscope allows for simultane-nated (by scrapping), the calvaria were cut in pieces of around
ously obtaining an image for the observer and another for & mn? and submitted to a digestion process using 0.1 mg
digital camera, which allows for control of the system andcollagenase, 0.25 mg trypsin, 0,5 mM EDTA in a D-MEM
the acquisition of digital interferograms (Fig. 1). To obtain culture medium. Incubations were performed by means of
the optical phase, the phase shifting technique is used. Thibree series incubating to 3Z by 20 minutes in smooth agi-
shifting is carried out by means of a piezoelectric transducetation, and cells collected from third extraction process were
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FIGURE 2. a) Interferograms corresponding to a pair of cells in-

teracting after 24.5 hours of seeding. b) Wrapped phase map re-

construction obtained from interferograms. Interferograms shows
a difference between their maximum and minimum of intensity su-
perior at the one hundred gray level.
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FIGURE 3. Osteoblast topographic map in gray levels, after
(2.54-0.3) hours of culture on 316LVM steel. The lateral plots cor-
respond to the profiles throughout the white drawn up lines. A
cross section of about 1n? can be observed approximately and
a maximum height of nearly 300 nm for the osteoblast.
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FIGURE 5. Topographic map in gray scale levels, osteoblast after
(9.3 4 0.3) hours of culture on 316LVM steel. Lateral plots corre-
spond to the profiles throughout the white drawn up lines. A cross
section of about 30@m? can be observed approximately for the
osteoblast and a peak height of some 500 nm.
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FIGURE 6. Topographic map in gray scale levels, osteoblast after
(14.34 0.3) hours of culture on 316LVM steel. Lateral plots cor-
respond to the profiles throughout the white drawn up lines. The
cells begin to form interconnections, links which are nearly visible
in the phase map.

(200.000 U/mL), nonessential amino acids and L-glutamine.
The culture plates were cultivated in atmosphere of appropri-
ate CQ and humidity and the media were changed every 3
or 4 days (Noris-Suareet al., 2003).

In order to evaluate the cellular adhesion on the 316LVM

FIGURE 4. Topographic map in gray scale levels, osteoblast after stainless steel, discs of this material with approximately 1 cm

(7.0+£0.3) hours of culture on 316LVM steel. Lateral plots corre-

diameter were worked with mechanical polishing until ob-

spond to the profiles throughout the white drawn up lines. A crosstajning an average roughness around to Quib In order to

section of about 30um? can be observed approximately and a
peak height of about 400 nm.

plated in culture plates of 100 mm of diameter in the D

study individual sets of cells, approximately 30° cells/cn?
were plated, in order to have a relatively low proportion of

-cells, compared with 2010° cells/cn? that are used gener-

MEM medium complemented with 10% fetal bovine serum,ally when cellular confluence is desired (Noris-Suaeta|.,

100 ug/mL of penicillin (200,000 U/mL) and streptomycin

2003). Also, a test seeding of .6ells/cn? was performed
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FIGURE 7. Topographic map in gray scale levels, osteoblast after FIGURE 8. Topographic map in gray scale levels, osteoblast after
(16.6=£ 0.3) hours of culture on 316LVM steel. Lateral plots corre- (23.34+ 0.3) hours of culture on 316LVM steel. Lateral plots corre-
spond to profiles throughout the white drawn up lines. The processspond to the profiles throughout the drawn up lines. Straight edges
of interconnection between the cells can be clearly observed. and interconnections between the cells can be observed.

to see the effects of cell isolation on their morphology. The
cells were studied in a lapse up to 25 hours after the seeding &

H(nm)
85383
T
=
3

3. Results and discussion

The cells sown on steel discs were placed in the interferen-
tial microscope for their study in the subsequent hours. Fig-
ure 2 shows a typical interferogram under study and the cor-
responding wrapped phase map, corresponding to a pair o
cells interacting after 24.5 hours of seeding.

Diverse osteoblasts cultures were carried out under the
same conditions (95% of humidity and 5% of €@llowing
to observe the modifications of the cells according to their
evolution times. Figures 3 to 8 correspond to images in gray
scale levels related to the topography of the cells, where we

have assumed a homogeneous refractive index average for tHeGURE 9. Topographic map in gray scale levels, osteoblast after
cell of n.; = 1.360. (Curletal, 2005; Rappazt al, 2005). (1654 0.3) hours of culture on 316LVM steel. Lateral plots cor-
The height at each point (H:(y)) of a phase object (in our  respond to the profiles throughout the white drawn up lines. Height
case the cell) as a function of the optical phase is given byoss at nucleus position suggests non ideal conditions for the phys-
Eq. (2). iological functions of the cell.

It is possible to observe in Fig. 3 that after 2.5 hours of
culture, the cell already begins to present the straight edges Figures 3 to 8 allow us to observe and analyze how the
characteristic of its cuboid morphology, even though it main-cell adheres on the substrate as time passes. Although the
tains its reminiscent spherical profile of its state in solutionmaximum height parameter in the cell does not change signif-
(spheroid form). After 7 hours of seeding the cells appeaicantly between the figures (this effect can be attributed to the
extended, spanning a larger surface. In addition, it can be olpresence of the cellular nucleus in this region), the fact that
served how the cell profiles become narrower, implying thethe profile becomes narrower indicates that the cell spreads
loss of their spheroid form, as shown in Figs. 4 and 5. gradually on the surface (Ratnet,al., 2004).

At later times, it is possible to observe not only how the ~ When cells are sown in smaller density {1&el/cn? as
cells follows its process of adhesion but also how it begins tat was described in preceding section), the cultures exhibits a
form the interconnections with the purpose of to establish théow number of cells so that it prevents them to making con-
cell monolayer (Figs. 6, 7 and 8). This process is charactettact and interacting between them. Therefore it is possible
istic of these cell types that require establishing connectionto observe in Fig. 9 how the cell increase its cross section
with their pairs in order to be able to realize other functions(spread), reaching larger lateral dimensions than the cells in
such as the secretion of extracellular matrix and cellular sigsemi confluent cultures This behavior can be compared with
naling processes. other cells with similar time evolution (16 hours in Fig. 7).
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The height loss suggests that a deformation of the cellulaas the establishment of early interconnections that favor the
nucleus is happening, since measurements in other conditiofigrmation of a cellular monolayer an effect that is not eas-
show a constant value of this parameter. It can be inferred thaly observable with other optical microscopy techniques. In
this constant value corresponds to the characteristic height dfie same way, the fact of being able to observe cellular mor-
the cell nucleus placed over 316LVM steel. The morphologigphology on an opaque surface, is of extreme utility to evalu-
changes shown in Fig. 9 suggest that cells are in a state thate the proliferation of cells on any material of interest, even
is not optimal for a suitable development of their biological more if it is considered that these cells are still alive during
functions. (Haber & Thilly, 1978; Yalcin, Perry, & Ghadiali, the observation process and they have not been previously
2007). submitted to any dehydration or another fixation treatment
for microscope observation, like the required ones for others

4. Conclusions microscope techniques, that could modify their morphologic

characteristics.

We have presented the implementation of a Mirau interfer-
ential microscopy technique for the study of cellular systemszcknowledgments
employing bone osteoblast-like cells, of great interest in the
development of materials for bone implant. This microscopyThis work was supported by FONACIT-Venezuela, Research
technique constitutes an extremely useful tool for the studyProject Number G-1997000593, by FONACIT-Venezuela,
of this type of cells, since it allows for the analysis of the dy- Mision Ciencia Fellowship and Siom Bolivar University,
namics of adhesion and early interaction with the substrat®esearch Group Project USB DID-GID61. Tanks to the Ma-
and other cellsn vitro. Also the present technique allows terials Lab from the Vlenezuelan institute for the scientific re-
for observation of morphologic variations in the cells as wellsearch by the steel discs provided.

1. E.D. Barone-Nugent, A. Barty, and K.A. Nugent, Quantitative shifting interferential microscopynternational Journal of Op-
phase-amplitude microscopy I: optical microscofgurnal of tomechatronic$ (2011) 68-79.
Microscopy206(2002) 1_94_203' ] 12. D.A. Haber and W.G. Thilly, Morphological transformation of
2. A.H. Bennett, H. Jupnik, H. Osterberg, and O.W. Richards,  c3H/10T1/2 cells subcultured at low cell densitieiée Science

Phase Microscopy: Principles and Applicatior(dlew York:
John Wiley and Sons, Inc. 1951)

22(1978) 1663-1673.

13. P.HariharanQptical Interferometry2¢® ed. Amsterdam: Aca-

3. K. Creath, and J.C. Wyant, Absolute measurement of surfacé demic Press. 2003)
roughnessApplied Optic29 (1990) 3823-3827. '
4. C.L. Curlet al, Single Cell Volume Measurement by Quanti- 14. M.A. Hayat,Principles and techniques of Electron Microscopy,

tative Phase Microscopy (QPM): A Case Study of Erythrocyte
Morphology.Cellular Physiology and Biochemistty7 (2006)
193-200.

15.

Biological aplicationg4 ed. Cambridge, U.K. Cambridge Uni-
versity Press. 2004)

Johnson, H.J., Northugt al,, Biocompatibility test procedures

5. C.L. Curl, et al, Refractive Index Measurement in Viable Cells for materials evaluation in vitro. Il. Objective methods of toxi-
Using Quantitative Phase-Amplitude Microscopy and Confocal city assessmenflournal of Biomedical Materials Researctd
Microscopy.Cytometry Part 265 (2005) 88-92. (1985) 489-508.

6. C.L. Curl, et al, Quantitative phase microscopy: a new tool 15 K. Kinnstaetter, A.W. Lohmann, J. Schwider, and N. Streibl,

for measurement of cell culture growth and confluency in situ.
European Journal of Physiologi48(2004) 462-468.

M.S. Chapekar, Regulatory concerns in the development of
biologic—biomaterial combinationgournal of Biomedical Ma-
terials Research33(1996) 199-203.

. R. Danz, and P. Gretscher, C-DIC: a new microscopy method-8-

for rational study of phase structures in incident light arrange-
ment.Thin Solid Films462-463(2004) 257-262.

K.J. Gasvik,Optical Metrology(3"¢ ed. West Sussex, England:
John Wiley and Sons Ltd. 2002)

19.

Accuracy of phase shifting interferometpplied Optics27
(1988) 5082-5089.

17. D.B. Murphy, Fundamentals of Light Microscopy and Elec-

tronic Imaging(1 ed. EE. UU. Wiley-Liss, Inc. 2001)

Noris-Suarezet al, Caracterizacin biologica empleando
células osteolalsticas de vidrios del sistema SifaO.CaO.
K20.MgO.R.0O5, Maodificados con AlO; B»Os. Revista lati-
noamericana de metalurgia y material23 (2003) 82-88.

Popescuet al., Optical imaging of cell mass and growth dynam-

10. Z. Ge, and F. Kobayashi, High-precision measurement of afiber ~ 1¢S.Am J Physiol Cell Physidql2008)295538-544.
connector end face by use of a Mirau interferomef@plied 94 G. popescu, Y.K. Park, W. Choi, R.R. Dasari, M.S. Feld, and
Optics45 (2006) 5832-5839. K. Badizadegan, Imaging red blood cell dynamics by quanti-
11. J. Gonalez-Laprea, J. Cappelletto, and R. Escalona, Using a  tative phase microscopilood Cells, Molecules, and Diseases

frequency to voltage converter as a phase controller in phase

41(2008) 10-16.

Rev. Mex. Fis57 (2011) 435-440



440 J. GONZALEZ-LAPREA, A. MARQUEZ, K. NORIS-SWAREZ, AND R. ESCALONA

21. B. Rappaz, P. Marquet, E. Cuche, Y. Emery, C. Depeursinge?24. J. Van Wingerden, H.J. Frankena, and C. Smorenburg, Linear

and P.J. Magistretti, Measurement of the integral refractive in-

dex and dynamic cell morphometry of living cells with digital
holographic microscopyoptics Expres43(2005) 9361-9373.

22. B.D. Ratner, A.S. Hoffman, F.J. Schoen, and J.E. LemBits,

materials science: an introduction to materials in medicine
(2" ed. San Diego, California: Elsevier Academic Press,

2004).

23. M.A. Romero, F. &nchez, J.P. Rofjuez, G. Gonalez, and
K N. Suarez Evaluacbn de la interacdn celular sobre gias
nerviosas mediante MEB comparando dastodos de secado.
Paper presented at the°1Gongreso Interamericano de Micro-
scopa Electbnica, Rosario, Argentina, 2009).

approximation for measurement erros in phase shifting interfer-
ometry.Applied Optics30(1991) 2718-2729.

. T.M. Venema, and J.D. Schmidt, Optical phase unwrapping in

the presence of branch poin@®ptics Expres46 (2008) 6985-
6998.

26. Z. Wang, and S. Li, Optical phase unwrapping in the presence

of branch pointsApplied Optics38 (1999) 805-814.

. H.C. Yalcin, S.F. Perry, and S.N. Ghadiali, Influence of airway

diameter and cell confluence on epithelial cell injury in an in
vitro model of airway reopeninglournal of Applied Physiol-
0gy103(2007) 1796-1807.

Rev. Mex. Fis57 (2011) 435-440



